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NSF issues final regulations for
Antarctic Conservation Act

The National Science Foundation
(NSF), in its capacity as manager of the
U.S. Antarctic Program, has issued final
regulations that govern how alleged Vio-

lations of the 1978 Antarctic Con-
servation Act will be handled. Effective
20 March 1989, these regulations enable
the Foundation to initiate enforcement
actions against U.S. citizens who violate
the provisions of the Act. Included in the
final regulations are

• compliance procedures
• notice of and opportunity for

response
• pre-hearing activities and motion

practice
• hearing procedures
• penalty assessments
• permit revocations
• settlement
• appeals.

These procedures, along with other spe-
cifics related to the new regulations, are
outlined in the 16 February 1989 issue of
the Federal Register (volume 54, number
31).

Antarctic Conservation Act
Among the Foundation's responsibili-

ties is enforcing the provisions of the
1978 Conservation Act. The act is the
U.S. implementation of a 1964 Antarctic
Recommendation (111-8), the 'Agreed
Measures for the Conservation of Ant-
arctic Fauna and Flora." The Agreed
Measures recommended that the Con-
sultative Parties establish a permit sys-
tem for various activities in Antarctica
and designate certain mammals and spe-
cific geographic areas as specially pro-
tected sites. The U.S. law is intended not
only to implement these recommenda-
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Dedicated on 29 January 1989, the new McMurdo Station chapel replaces a temporary structure
used by the community since 1978. The new chapel is on a knoll overlooking McMurdo Sound from
which the Royal Society Mountain Range can be seen. In the background (left) is the U.S. Coast
Guard icebreaker Polar Sea. See page 13 of this issue of the Antarctic Journal for the history of the
"Chapel of the Snows" and a description of the dedication ceremony.

U.S. Navy photo by Craig Peterson.

A/i



ow 
f

NSF photo by Russ Kinne.

These Weddell seals, resting on the sea ice near Ross Island, are protected by the 1978 Antarctic
Conservation Act. To tag the seals, as these biologists are doing, requires a Conservation Act permit,
issued by the National Science Foundation. On 20 March 1989, final regulations on the administra-
tion and enforcement of the 1978 Act will be effective.
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tions but also to conserve and protect the
antarctic mammals, birds, and plants
and the ecosystem upon which they de-
pend. The Conservation Act applies to
all U.S. citizens in Antarctica whether
they participate in the U.S. government
program or not.

Under the Act, it is unlawful to
• take an yy iiia m nia I or bird nati v'

Antarctica
• collect an y plant native to Antarctica

in a specially protected area
• enter any specially protected area or

certain sites of special scientific interest
• import into or export from the

United States any mammal or bird native
to Antarctica or any plant collected in a
specially protected area

• introduce into Antarctica any non-
indigenous plant or animal.
The Act defines "take" to mean "to re-
move, harass, molest, harm, pursue,
hunt, shoot, wound, kill, trap, capture,
restrain, or tag" any native mammal or
bird or to attempt to engage in such con-
duct. It also mandates civil and criminal
penalties for noncompliance with these
regulations.
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Editor: Winifred Reuning

Antarctic Journal of the United States,
established in 1966, reports on U.S. ac-
tivities in Antarctica and related ac-
tivities elsewhere, and on trends in the
U.S. Antarctic Research Program. It is
published quarterly (March, June, Sep-
tember, and December) with a fifth an-
nual review issue by he Division of Polar
Programs, National Science Founda-
tion, Washington, D.C. 20550. Tele-
phone: 202/357-7817.

The Antarctic Journal is sold by the copy
of on subscription through the U.S. Gov-
ernment Printing Office. Requests for
prices of individual issues and subscrip-
tions, address changes, and information
about other subscription matters should
be sent to the Superintendent of Docu-
ments, U.S. Government Printing Of-
fice, Washington, D.C. 20402.

The Director of the National Science
Foundation has determined that the
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.

Permits, issued by the Foundation, are
required for any activity involving native
mammals, birds, and plants as well for
entry into or collection from Specially
Protected Areas (SPAs), areas of out-
standing ecological interest. The Act es-
tablishes areas of unique scientific value
that need protection from interference,
Sites of Special Scientific Interest (SSSIs).
Entry into some of these areas without a
permit also is prohibited.

1989 final regulations
Until recently, the Foundation han-

dled the enforcement and instances of
noncompliance informally. However,
over the last 5 years the number of vis-
itors, particularly U.S. citizens, has in-
creased dramatically. Now, besides sci-
ence and support personnel participat-
ing in the U.S. Antarctic Program, more
tour groups and non-government expe-
ditions are travelling to and in Antarctica
and the southern oceans.

For example, between 5 December
1983 and 5 February 1984 eight ships car-
rying 822 passengers visited Palmer Sta-
tion, Anvers Island, and other nearby
islands. However, between 7 December
1986 and 25 February 1987, 1,295 tourists
on 13 ships visited the Palmer area. Dur-
ing the 1987-1988 austral summer, the
Foundation limited the number of station
visits that tour operators could make to
Palmer Station. Despite these limita-
tions, 10 ships brought 1,102 tourists to
the area. Tour operations also expanded
in 1988 to other areas of the continent. In

January 1988 50 tourists arrived by air-
plane at the U.S. Amundsen-Scott South
Pole Station. During this same time,
more countries have established active
research programs in Antarctica, in-
creasing the burden on the fragile ter-
restrial and marine ecosystems.

As a result, NSF acted to establish for-
mal enforcement and hearing pro-
cedures. While the new procedures do
not attempt to limit access to the con-
tinent, they are designed to ensure effec-
tive and fair handling of complaints and
to deter violations of environmental and
conservation regulations and preserve
opportunities for scientific study.

Although the Foundation published
regulations in the Federal Register in
November 1988 and requested public
comment, the agency offered the public
an additional opportunity to provide ad-
vise during a June 1988 hearing. At this
hearing, NSF encouraged further com-
ment on the regulations and on possible
tourism guidelines that it is considering.
Scientists, tour operators, lawyers, en-
vironmentalists, and members of the
public attended and provided informa-
tion which NSF considered in preparing
the final regulations. The comments re-
sulting from the hearing also were pub-
lished in the Federal Register.

Information on the final regulations
may be obtained from Robert M. An-
dersen, Deputy General Counsel, Na-
tional Science Foundation, Office of the
General Counsel, Washington, D.C.
20550. Currently, NSF is revising its Con-



servation Act booklet to include the final
regulations and all currently approved
SPAs and SSSIs. The book should be
available during the 1989 summer and

For a decade, the amount of ozone in
the upper atmosphere over Antarctica
has decreased dramatically during the
austral spring. The most spectacular de-
crease occurred in October 1987, when
total ozone abundance above Antarctica
dropped to 50 percent below normal
winter levels. In some areas instruments
recorded levels as much as 90 percent
below normal.

Ozone exists throughout the at-
mosphere but is principally concen-
trated in a layer 15 miles above the Earth.
Acting like a filter, it screens out much of
the solar radiation that can damage living
organisms. The Sun emits ultraviolet ra-
diation at varying levels of intensity.
These can be divided into categories
based on wavelength. Two of these—U V-
B (280 to 320 nanometers) and UV-C (200
to 280 nanometers)—are lethal to organ-
isms, while one—UV-A (320 to 400
nanometers) can damage organisms, but
only at high levels is it as destructive as
UV-B or UV-C.

Biologists have studied the effects of
increased ultraviolet (UV) radiation on
temperate and tropical organisms and
have found that as little as a 1-percent
increase in exposure to UV radiation can
cause damage. Because no similar data
existed for the Antarctic, the National
Science Foundation (NSF) supported
during the 1987-1988 and 1988-1989 aus-
tral summers the investigations that

NSF illustration.

Ozone exists in varying amounts throughout
the atmosphere but is concentrated in a layer at
altitude of between 9 and 18 miles (15 and 30
kilometers). This life-protecting layer filters
wavelengths of solar ultraviolet radiation that
can be harmful to all living creatures (including
humans) and all plants. Atmospheric scientists
have implicated man-made chlorofluorocar-
bons present in the Earth's upper atmosphere
as the primary chemical mechanism in the
chain of reactions destroying the ozone layer
above Antarctica.

Biologists are presently evaluating what
damage may have already occurred to organ-
isms in the antarctic marine ecosystem and are
continuing to probe how organisms and people
respond to increased exposure to damaging
levels of UV radiation.

can be obtained through the Polar Coor-
dination and Information Section, Divi-
sion of Polar Programs, at the address
above.

focused on how antarctic marine organ-
isms reacted when exposed to increased
levels of UV radiation.

To increase the awareness of the scien-
tific community about antarctic UV re-
search, NSF and the Environmental Pro-
tection Agency's Environmental Re-
search Laboratory (EPA/ERL) in Cor-
vallis, Oregon, held a 2-day workshop in
Washington, D.C. in June 1988. The
workshop brought together 51 scientists
from Australia, Chile, Argentina, and
U.S. universities and Federal agencies to
discuss UV-radiation and biological re-
search in Antarctica. More than 70 peo-
ple attended.

The primary goals for the workshop
were

• to review what is known about the
effects of UV-B on organisms and about
UV radiation measurements for re-
searchers interested in studying how en-
hanced exposure to UV-B radiation af -
fects antarctic organisms and people
working in Antarctica

• to describe the network developed
by the U.S. Antarctic Program (USAP) to
monitor ultraviolet radiation in Ant-
arctica and South America

• to provide a forum for discussions
between researchers who are interested

in conducting UV-radiation studies in
Antarctica and established UV
researchers.

The workshop began with presenta-
tions that reviewed what is known about
UV radiation effects on organisms. After
these presentations, the group discussed
the USAP UV-radiation monitoring
equipment and program. Additionally,
Martyn M. Caldwell, Utah State Univer-
sity, led a tutorial and discussion on UV
lights, filters, and measurements used in
biological research. His presentation
stressed that mimicking solar UV radia-
tion with artificial light sources and accu-
rately measuring UV doses is exceed-
ingly difficult. All participants agreed
that a standard protocol for UV lights,
filters, and measurements should he es-
tablished to ensure that results from
studies can he compared.

Summary of workshop presentations
Although workshop speakers focused

on research results from the lower lati-
tudes, speakers and participants, where
possible, commented on the implica-
tions of UV trends for antarctic organ-
isms. Their comments are outlined
below.

The response of marine and terrestrial or-
ganisnis. Several speakers discussed the
relationship between ozone depletion
over the Antarctic and UV radiations
effects. In October 1987 ozone values in
some areas were close to zero at the al-
titude where the maximum values for
ozone usually occur. Although in the fu-
ture ozone values may fall again to the
1987 minimum, ozone levels closer to the
Earth's surface may not drop below this
level if ozone is not depleted from the
lower altitudes.

Additionally, Arlin Kruger (NASA-
Goddard Space Flight Center) and John
Fredrick (University of Chicago) stressed

Ozone depletion focuses concern on
UV-radiation effects
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that the elevation of the Sun strongly af-
fects how much UV-B radiation reaches
the surface. Toward the equator and be-
tween 21 June (austral winter solstice)
and 21 December (austral summer sol-
stice), the midday elevation of the Sun
gradually increases. Consequently, even
if ozone levels remain the same as or
higher than the 1987 minimum, a larger
ozone-depleted region or one that lasts
longer could significantly increase the
amount of UV-B radiation that penetrates
to the Earth's surface.

According to Dr. Fredrick's calcula-
tions, over the McMurdo Sound region
on 5 October 1987, the day on which the
lowest levels of ozone were recorded, the
UV-B levels were comparable to those
occurring on the summer solstice at the
same location. These data suggest that
antarctic organisms may not have experi-
enced record levels of exposure to UV-B,
despite a higher level of UV-B exposure
during the 1987 austral spring.

Existing data show that the "ozone
hole" moves, and, over a few days, a
organisms in a single geographic region
may experience dramatically different
levels of exposure to UV-B radiation. Al-
ready, researchers have recorded signifi-
cant changes (greater than 150 Dobson
units) in the amount of ozone near sur-
face over a few days. Referring to these
areas as the "Middle-UV front," Ray-
mond Smith (University of California,
Santa Barbara) pointed out that organ-
isms accustomed to gradual seasonal
changes in UV-B exposure may be unable
to respond to similar or more rapid
changes that occur in a shorter period of
time. He also suggested that the "Mid-
dle-UV front" may provide researchers
with an unique opportunity. Because
reconstructing the solar UV-B spectrum
with artificial light sources is difficult,
this "front" may enable biologists to
study what happens when organisms
are exposed to significant changes in
exposure.

According to Martyn Caldwell and
Richard Setlow (Brookhaven National
Laboratories), the gaps in scientific un-
derstanding of UV-B radiation effects on
organisms are not limited to the south
polar regions—generally, more informa-
tion is needed from research sites
throughout the world. Caldwell also em-
phasized the importance of obtaining ac-
curate measurements to describe those
biologically relevant UV spectra that can
damage organisms and people. Because
different cellular processes have dif-
ferent action spectra, increased exposure
to UV radiation causes damage to a par-
ticular system or organism only if the
relevant spectrum or spectra have specif-
ic characteristics, such as an increase in
detrimental effects as the ability of ozone
to absorb longer wavelengths of UV radi-
ation (i.e., UV-B) decreases. Dr. Setlow
added that antarctic investigators

needed to establish the relationships
among the amount of exposure to UV-B,
the rate at which the organism was ex-
posed, and how organisms respond.

Bruce Chalker (Australian Institute of
Marine Sciences) noted that many trop-
ical organisms protect themselves from
UV-B with amino acid compounds that
absorb strongly in the UV-B region. He
urged that investigators test antarctic or-
ganisms for the presence of UV-absorb-
ing compounds and, because many or-
ganisms only synthesize these com-
pounds when needed, suggested that
during UV-enhancement studies organ-
isms should be preconditioned on ecolo-
gically appropriate time scales.

Human response to increased UV ex-
posure. According to Dr. Fredrick, people
working and travelling in Antarctica
presently do not risk being harmed by
increased UV exposure. His calculations
indicate that the UV-B levels to which
people in Antarctica are exposed are still
lower than those in the United States.
However, Hugh Taylor (Wilmer In-
stitute, Johns Hopkins Hospital) did em-
phasize that all personnel working in
Antarctica should use sunglasses coated
with a compound that absorbs 100 per-
cent of UV wavelengths below 400
nanometers.

USAP UV-monitoring system
Although, scientists agree that de-

creased ozone levels will increase the
amount of solar UV radiation that pene-
trates the atmosphere, existing models
cannot accurately predict the levels of
UV-radiation that reach the Earth's sur-
face in high latitudes. To directly meas-
ure the changing UV intensities result-
ing from the "ozone hole," the National
Science Foundation developed a net-
work of UV monitors at the three U.S.
stations—McMurdo, Amundsen-Scott
South Pole, and Palmer—and at
Ushuaia, Argentina.

During daylight, data are recorded
hourly over three wavelength ranges-

Atmospheric scientists continued
their early season investigations of ozone
depletion during the 1988-1989 austral
summer. The three teams that made up
the third National Ozone Expedition
(NOZE III) arrived at McMurdo Station
in August to continue their search for the
mechanism causing the ozone depletion.
This year's studies yielded strong evi-
dence that supports data obtained dur-

280 to 305 nanometers, 280 to 350
nanometers, and 280 to 700 nanometers.
After transmission to the United States,
these raw data are verified, archived,
and processed. The final data will be cor-
rected for calibration variations that may
occur from year to year and will be evalu-
ated by panel established by NSF

Workshop conclusion
All speakers and participants agreed

that USAP's priority should be studying
the effects of increased UV exposure on
the marine phytoplankton, because the
marine ecosystem, which has a food
chain based largely on phytoplankton, is
the most productive in Antarctica. They
also suggested that terrestrial plots be
monitored for long-term effects of UV-B
radiation.

All believed that the new monitoring
system is essential for understanding
how decreased levels of ozone will affect
organisms and human beings. They
unanimously agreed that a similar net-
work should be established in the United
States and other countries. Although the
National Oceanic and Atmospheric Ad-
ministration (NOAA) has monitored UV
radiation since 1974, the group noted
that the type of equipment used by
NOAA (Robertson-Berger meters) cover
only small range of the UV spectrum (290
to 330 nanometers) and are biased to
wavelengths that are not strongly ab-
sorbed by ozone. Their suggestion was
that NOAA should replace these with
spectroradiometers like those used by
USAP.

A detailed report on the workshop is
available through the Division of Polar
Programs. Edited C. Susan Weiler, the
report includes an abstract and a short
reference list for each presentation. To
obtain a copy of Ultraviolet radiation and
biological research in Antarctica, contact the
Polar Information Program, Division of
Polar Programs, National Science Foun-
dation, Washington, D.C. 20550; (tele-
phone, 202/357-7817).

ing the 1987 NOZE II. These data, ob-
tained by the team from the University
of Wyoming, describe more clearly the
specific process by which manmade
chlorofluorocarbons (CFCs) destroy
ozone in the stratosphere.

CFCs are used mostly in refrigeration,
air conditioning, and industrial solvents
(in many countries but not the United
States) as aerosol propellants. Above

NOZE Ill data provide clues to how CFCs destroy
ozone
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Ozone (03) forms in photochemical process in
which ultraviolet radiation breaks down mo-
lecular oxygen (02) to single atoms of oxygen.
These single atoms then recombine with mo-
lecular oxygen. (See illustration.)

The most recent data obtained at McMurdo
Station confirm the role of chlorine from chlo-
rofluorocarbons (CFCs) in the destruction cy-
cle. The second illustration shows simplified
version of how this occurs. When CFCs are
exposed to solar ultraviolet radiation (UV) in the
upper atmosphere, they break down, leaving
chlorine atoms free to combine with the oxygen
atoms from ozone and molecular oxygen.
Rather than recombining with molecular oxy-
gen, the oxygen atoms combine with the chlo-
rine to form chlorine monoxide. As the cycle
continues, more oxygen is tied in chlorine mon-
oxide and ozone is depleted.

The unique climate dynamics of the antarctic
region appear to make this process possible.
The winter atmosphere above Antarctica,
which is isolated from lower-latitude sources of
ozone, and atmospheric temperatures below

80° make it possible for clouds made of ice-
crystals (polar stratospheric clouds) to form.
These clouds provide the environment in which
the ozone-destructive cycle occurs.

NSF illustrations.

Antarctica a unique combination of low
temperatures, isolated air masses, and
polar stratospheric clouds—factors that
are common in the southern polar at-
mosphere at the beginning of the austral
spring— permit CFC, to drive ozone de-
pletion, creating the "ozone hole." The
high-altitude polar stratospheric clouds,
which form only at temperatures below
–80°C, appear to change the chemistry
of chlorine by removing nitrogen oxides
from the atmosphere and preventing ox-
ides from binding chlorine into a
harmless form. (For more information on
the formation of the "ozone hole," see
the June 1988, December 1988, and the
1987 and 1988 review issues of the Ant-
arctic Journal.)

Although researchers have theorized
previously that chlorine and chlorine
chemistry are key to the depletion pro-
cess, the scientific team from the State
University of New York at Stony Brook
(SUNY, Stony Brook) believes that their
data confirm that one chemical mecha-
nism, involving chlorine, dominates the
process. Bromine, which scientists also
have thought to be an important factor,
appears to play a minor role. Their re-
sults are presented in the 1 December
1988 issue of Nature in a paper by Philip
Solomon, Robert de Zafra, J.W. Barrett,
M. Jaramillo, L. Emmons, and A.
Parrish.

While at McMurdo Station, the team,
led by Solomon and de Zafra, measured

the amounts of chlorine monoxide pres-
ent in atmosphere during the day and
night and over an altitude where most of
the depletion occurs. According to Sol-
omon, these experimental data are crit-
ical to understanding the "ozone hole."
Describing their work, he said "We
found that the speed and altitude range
of the ozone depletion could be ex-
plained by only one of the mechanisms
proposed for antarctic ozone depletion

This mechanism, proposed in 1987 by
NASA scientist Mario Molina of the Jet
Propulsion Laboratory, suggests that
chlorine monoxide combines with itself
and serves as a catalyst to speed ozone
destruction. Consisting of one atom of
chlorine and one atom of oxygen, chlo-
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rine monoxide initially forms as the chlo-
rine from CFCs breaks apart ozone. At
high concentrations, chlorine monoxide
combines with itself but then is broken
down by solar ultraviolet radiation. This
creates a cycle in which ozone-destroy-
ing chlorine regenerates and begins
again its destructive process.

Solomon believes that this mechanism
indicates how powerful the impact of
CFCs is. As the concentration of chlorine
monoxide increases, the amount of
ozone depleted from the stratosphere in-
creases quadratically. At these altitudes
(between 9 and 12 miles-15 and 20 kilo-
meters), the primary source of chlorine
and chlorine monoxide is CFCs. Sol-
omon also suggests that the mechanism
is efficient enough to remove all of the
ozone in the lower stratosphere in only a
few weeks.

Using their September 1987 data, the
Stony Brook team was able to calculate
how much ozone would be destroyed by
the various proposed mechanisms.
Their chlorine monOxide measurements,
taken at altitudes from 10.5 to 28 miles
(17 to 45 kilometers), are the only data
obtained above 11 miles (18 kilometers),
the heart of the depleted region. After
months of analysis, they were able to
determine from the raw data chlorine
concentrations at various altitudes and
times.

During NOZE III, the University of
Wyoming team, led by David Hofmann,
used instrumented balloons to take pro-
files of ozone and temperature from the
ground to 18 miles (29 kilometers). Their
objective was to identify where in the air
column ozone is being destroyed. The
addition of these data enabled the Stony
Brook team to single out Molina's mecha-
nism as the one that best explained what
the researchers were observing.

The Stony Brook field measurements
were made by a technique derived from
radio astronomy. Similar to methods
used to explore the chemistry of the gal-
axy, this techique, called millimeter-
wave spectroscopy, identifies com-
pounds by their distinct rotational fre-
quencies. The millimeter-wave radio sig-
nals from the rotating molecules are
received by a sensitive heterodyne de-
tector on the ground. Dr. de Zafra noted
that in 1986 (NOZE I) they made the first
chlorine monoxide measurements in
Antarctica and found a huge excess of
the compound in the lower stratosphere
where the depletion is greatest. He adds
"During 1987 we used a more sensitive
instrument that gave a detailed picture of
chlorine monoxide throughout the re-
gion where it is in great excess, between
17 and 23 kilometers, an altitude at
which ozone depletion has tapered off to
essentially zero."

The NOZE III measurements, made
by Hofmann's team, show that large

numbers of cloud particles (with diame-
ters greater than 0.2 micrometers) are
present at altitudes of 7.9, 8.8, 9, 10, and
10.7 miles (12.7, 14.1, 15, 16, and 17.2
kilometers). This is the region of highest
depletion. Hofmann believes that the
particles are most likely composed of ni-
tric trihydrate, a compound that other
investigators have suggested may augu-

Columbia accedes to the
Antarctic Treaty

In January 1989, Columbia acceded to
the Antarctic Treaty, becoming the 39th
nation to recognize the 1961 treaty. Since
the treaty entered into force, 27 nations
(including Columbia) have acceded. Ac-
cession to the Treaty is open to "any state
which is member of the United Nations,
or any other state which may be invited
to accede to the Treaty with consent of all
Consultative Parties." (Article XII, para-
graph 1.)

During the last 12 years, 10 of these
nations have become consultative par-
ties. The other acceding nations are Aus-
tria, Canada, Czechoslovakia, Denmark,
Ecuador, the Netherlands, Romania,
Bulgaria, Papua New Guinea, Peru,
Hungary, Finland, the Republic of Cuba,
the Republic of Korea, Greece, and the
Democratic People's Republic of Korea.
These countries agree to abide by the
Treaty but do not participate in its opera-
tion. Since the twelfth Antarctic Treaty
Consultative Meeting in 1985, these na-
tions, however, have been invited to par-

Carol A. Roberts, who joined the Na-
tional Science Foundation's Division of
Polar Programs (DPP) in August 1988,
became DPP's Deputy Division Director
on 1 November 1988. She replaces retir-
ing deputy director Alfred N. Fowler,
who had served as in that capacity since
1974.

Dr. Roberts came to NSF from the
Naval Air Systems Command, where
she was director of the Division of Sur-
veillance and Avionics. Earlier, she was
deputy division director of the Informa-
tion Science and Human Factors Divi-
sion of the National Aeronautics and
Space Administration. She also has had a
13-year career in aviation safety with Na-
tional Transportation Safety Board. A
Professional Engineer, Dr. Roberts
earned her doctoral degree from Cath-
olic University in electrical engineering.

Mr. Fowler joined the Division of Polar
Programs in July 1974 after a 26-year ca-
reer in the U.S. Navy. Immediately be-

ment the ozone-removal process. Al-
though the chemistry in this set of reac-
tions is still unclear, Hofmann theorizes
that active chlorine is produced. The ac-
tive chlorine may have a role in pho-
tochemical reactions but only in dense
clouds. The results of the University of
Wyoming investigation were published
in the 2 February 1989 issue of Nature.

ticipate as observers at regular meetings
of the consultative parties.

The consultative parties, all of which
are original signatories to the Treaty or
have substantial programs in Antarctica,
are Argentina, Australia, Belgium, Bra-
zil, Chile, France, the Federal Republic of
Germany, German Democratic Republic,
India, Italy, Japan, New Zealand, Nor-
way, the People's Republic of China, Pol-
and, the Republic of South Africa, the
Soviet Union, Spain, Sweden, the Unit-
ed Kingdom, the United States, and
Uruguay.

To achieve consultative status a coun-
try must demonstrate its interest in Ant-
arctica by conducting substantial scien-
tific research in Antarctica. Establishing
a scientific station and sending a scien-
tific expedition to Antarctica are exam-
ples of "substantial scientific research."
Consultative parties participate in the
deliberations, recommendations, and
decisions of the Antarctic Treaty con-
sultative meetings. A recommendation
to the Treaty requires unanimous ap-
proval by all voting representatives, but
it does not enter into force until all of the
consultative parties have ratified it.

fore joining NSF, he had served as Com-
mander of the Naval Support Force
Antarctica. He holds a bachelor of sci-
ence degree in aviation operations from
Parks College of Aeronautical Tech-
nology, St. Louis University, a bachelor
of science degree in aeronautical engi-
neering from the U.S. Navy Postgradu-
ate School, and a master's degree in in-
ternational affairs from George Wash-
ington University. Mr. Fowler joined the
Navy in 1948 and retired in June 1974 as a
captain.

Although Mr. Fowler has retired from
the Federal government, he will con-
tinue to be involved in antarctic policy
matters. MNAP (or Managers of Na-
tional Antarctic Programs), the forum for
government officials in charge of their
nations' antarctic programs, unan-
imously agreed to appoint Mr. Fowler as
executive secretary of the newly formed
Standing Committee on Antarctic Logis-
tics and Operations.

Polar programs division gets new Deputy Division
Director
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Arctic communications technology successfully
used to link antarctic stations

An Alaskan firm, Meteor Data Inc.,
successfully tested a meteor-burst com-
munications system in January 1989. The
test linked McMurdo and Amundsen-
Scott South Pole stations, which are 840
miles apart. This system transmits infor-
mation by bouncing radio waves off the
electron trails of meteors. The January
test is the first known use of meteor-
burst radios in Antarctica.

To transmit data, the system uses the
ion trails left in the wake of meteors that
have penetrated the Earth's upper at-
mosphere. Each day an estimated 100
billion meteors bombard the Earth; each
meteor leaves an ionization trail in the
upper atmosphere. Although these trails
survive only a few tenths of a second,
they have sufficient electron densities to
reflect radio signals and transmit short
sequences of data at a very high rate
known as a burst.

U.S. Antarctic Program administrators
will use the system to transmit messages
that would have been sent on regular

high-frequency (HF) radio. Often in pol-
ar regions, HF transmissions are inter-
rupted by electromagnetic disturbances
in the upper atmosphere. They also can
be disrupted by geographic obstacles
and can fade with distance.

The tests showed that meteor-burst
method could overcome some of these
problems and will offer the U.S. pro-
gram sure, low-error-rate transmissions.
The system will be used to primarily to
link McMurdo Station with inland sta-
tions and remote field parties.

According to Erick Chiang, a manager
in the Polar Operations Section of Divi-
sion of Polar Programs, 'As in the Arctic,
Antarctica's high latitude and scattered
small populations challenge commu-
nicators. Standard radio is subject to sev-
eral limitations. Many of the communi-
cation satellites are over the horizon or
too close to the horizon for reliable con-
nections. The meteor-burst approach ex-
ploits natural events that are going on in
the upper atmosphere all the time."

Although meteor-burst radio was de-
veloped in the 1950s, the advent of com-
munications satellites in 1960s turned at-
tention away from this system. Now,
because compact, low-cost micro-
processors are readily available, the
method is perceived as being more prac-
tical. Microprocessors make it possible
for users to transmit information as if it
were a telegram or electronic mail. As
data bounces off the meteor trail, the mi-
croprocessor verifies the accuracy of the
bursts and reassembles them into full
messages. Incoming messages also are
stored in the receiver until the user
chooses to read them.

The contract with Meteor Data Inc. is
part of the Foundation's effort to improve
communications among U.S. antarctic
stations and between the United States
and Antarctica. Presently, a mix of satel-
lite and surface systems is used for com-
munications, but these are vulnerable to
disruptions. Use of the meteor-burst
method also was supported by U.S. Ant-
arctic Program Safety Review Panel in its
1988 review of the U.S. program. NSF
hopes to begin issuing the meteor-burst
systems to field parties during the
1989-1990 austral summer.

The surface mass balance of the ant-
arctic ice sheet plays a vital role in many
glaciological, geophysical, and mete-
orological studies. It is fundamentally
important to scientists attempting to de-
termine whether the ice sheet, either re-
gionally or in toto, is growing or shrink-
ing. Consequently, it c important not
only to extend the measurements of
mass balance but also to assess the re-
liability of existing data sets and to reject
those that are contradicted by better sub-
stantiated studies.

Surface-balance compilations
In recent reports (Giovinetto and

Bentley 1985; Giovinetto and Bull 1987),
we analyzed the development of surface-
balance compilations from 1960 to 1985
for sectors such as Queen Maud Land/
Enderby Land and Wilkes Land and for
regions such as Eights Coast and Palmer
Land (figure 1). We also discussed the
decision to choose between incompatible
data sets for sections of the Amery Ice
Shelf/Lambert Glacier system, Adélie

Land, western Marie Byrd Land, and the
eastern Marie Byrd Land/southern
Ronne Ice Shelf system, rather than sim-
ply to average them, as other researchers
had done previously. We based this deci-
sion on the recognition that estimates of
surface mass balance from stratigraphic
interpretations alone are difficult and
subject to large errors, especially on the
cold interior plateau of the continent.
Particularly difficult are stratigraphic in-
terpretations made later and based on
densities and descriptive data recorded
by other observers in the field.

Choices that we made led to a balance-
rate compilation for the ice sheet that de-
parted significantly from those pub-
lished previously. We worked from a
database of between 1,200 and 1,500
points from over 200 sources. Our com-
pilation shows smaller rates in the inte-
rior, larger rates in several coastal areas,
and reduced rates in a few narrow zones
near the margin (figure 2). A schematic
comparison of this compilation with 19
that were published between 1960 and

1985* suggests a general trend in which
compilations have progressively shown
smaller rates in the interior and larger
rates in the periphery (table I and figure
3). Specifically, the compilation of
Giovinetto and Bentley (1985), compared
with the mean of 12 other compilations
completed since 1971 (each with a
database of between 500 and 1,000
points), shows:

• a mean rate that is smaller by 8
percent,

• lower rates (by approximately 20
percent) on the nine-tenths of the ice
sheet that lies within the 350-kilogram-
per-square-meter-per-year isopleth * *

• higher rates (by approximately 30
percent) on the remaining one-tenth of
the ice sheet that lies seaward of the 350-
kilogram-per-square-meter-per-year
isopleth, mostly in coastal zones.

Differences are of the same kind, but
slightly larger, if comparison is made in-
stead with seven compilations published
before 1971, each of which used a
database of less than 500 points. Here we
discuss some of the details that were con-

'Four of these, which represent a direct line of
development to Giovinetto and Bentley (1985), were
excluded.

** An isopleth is a line drawn on a map through
points having the same numeric value.

Choosing between some incompatible
regional surlace-mass-balance data sets
in Antarctica
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Figure 1. Antarctica, showing features mentioned in the text. Lines marked F-4 through F-7 show the locations of the cross sections illustrated in figures 4
through 7; the corresponding regions discussed in the text are shaded.

Figure 2. Map of surface-mass-balance rate (from Giovinetto and Bentley 1985). Numbers on isopleths are in units of 100 kilograms per square meter per
year.
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Table 1. Surface mass-balance rate according to different compilations (1961-1985)

NOTE: Numbers tabulated in the first six columns are the percentage of the entire area of the antarctic ice sheet that lies within, or between, the indicated
balance-rate isopleths. The total area accounted for in the table is 98 percent; the remaining 2 percent is a portion of the Antarctic Peninsula that is not
considered in this (or most other) compilations. The last two columns give the mean balance rates for those parts of the continent in which the balance
rate is greater than 200 kilograms per square meter per year (next to last column), and for the whole continent (exclusive of the same 2 percent, last
column). Summarized from Giovinetto and Bull (1987).

°50
Compilations	 percent

Mean of 7, 1961-1970	 10
Mean of 12, 1971-1985	 19
Giovinetto and Bentley (1985)	34

a In kilograms per square meter per year.

Balance-rate range a

50-100	'100	100-200	'200	200
percent	percent	percent	percent	percent

26	36	32	68	30
22	41	29	70	28
14	48	33	81	17

Mean balance rates, b

in areas where
b* -_ 200 a	Overalla

290	161
310	156
410	143

sidered in making selections between in-
compatible data sets.

Selection of data sets
For the Adélie Land sector, methods

used by different compilers show bal-
ance rates (particularly in an area cen-
tered at a latitude of approximately 74°S)
have varied greatly. In part, the discrep-
ancies have arisen because it is difficult to
produce smooth isopleths based on all of
the data available for the region and be-
cause the data sets themselves show
large and incompatible differences be-
tween them (figure 4).

We selected data sets D (Lorius 1962)
and E (Giovinetto 1963) and interpola-
tion between them, over data sets A
(Lister 1960), B (Bull 1971), and C (Stuart
and Heine 1961), because data sets D and
E are supported by stake network and
isotopic data at key points (Lorius 1963;
Epstein, Sharp, and Cow 1965). Al -
though the portion of our composite pro-
file of the balance rate between 69°S and
73°S appears in figure 4 to be an inter-
polation between parts of sets C and D, it
is actually an extrapolation of a balance-
rate compilation for the sector 90°E to
150°E (Young et al. 1982) based on the
latest topography (Drewry 1983).

The composite profile interpolation
from 73°S to 78°S is supported by other
interpolations, along lines oriented east
to west between stake-network and iso-
topic data for locations in eastern Wilkes
Land (Palais, Whillans, and Bull 1982;
Young et al. 1982) and Victoria Land
(Crary 1963; Giovinetto 1963). The stud-
ies by Lister (1960), Bull (1971), and
Stuart and Heine (1961) predated these
additional correlative measurements
and, consequently, yielded values that
are clearly too large. Nevertheless, most
compilations published after 1963 or
published even as recently as 1985, have
been based on attempts at reconciling
these incompatible data sets. These at-
tempts have resulted in rather large dis-
crepancies between the isopleth patterns
shown in different compilations and in
relatively large mass input estimates.

Voiding sets A, B, and C requires dele-
tion of 16 data points located along ap-
proximately 145°E between 78°S and
89°S, eight data points along approx-
imately 78°S between 132°E and 153°F,
and approximately 17 data points located
in the sector 140°E to 160°E between 71°S
and 78°S. Our selection reduces by as
much as 80 percent the estimate of the
balance rate in parts of the Adélie Land
sector and by approximately 60° for the
whole sector.

Incompatible surface-balance-rate
compilations for the Ross Ice Shelf and
for western Marie Byrd Land may be il-
lustrated by examining a profile along
82°S latitude (figure 5). We selected sets
A (Koerner 1964; Brecher 1964, 1967a,
1967b), B (Giovinetto 1961), C (Heap and
Rundle 1964), D (Thomas et al. 1984),
and E (Clausen et al. 1979), which agree
well with each other and lead to an easy
interpolation, over sets F (Bull 1971) and
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C (Crary et al. 1962). Sets A and C are
based on combined stratigraphic and
stake-network data; sets D and E repre-
sent short-distance extrapolations from
balance compilations based on oxygen-
isotope and stake network data. Sets B, F,
and C are based solely on stratigraphic
interpretations. Rates reported by Bull
(1971) in data set F (18 data points be-
tween longitudes 123°W and 131°W and
latitudes 78°S and 85°S) were based on
his interpretation of stratigraphic data
collected by others and did not have the
benefit of comparison with measure-
ments made on the adjacent ice shelf
since the 1970s.

Our interpolation is brought into
question, however, by recent bomb-fall-
out-horizon measurements in western
Marie Byrd Land (Whillans and Bind-
schadler 1988). These new measure-
ments substantiate at least part of set F
and suggest that in the area along 125°W

Figure 3. Areal distribution of surface-mass-balance rates in Antarctica (modified from Giovinetto
and Bull 1987). Circles denote mean of seven compilations, 1961-1970; stars denote mean of 12
compilations 1971-1985; triangles denote data from Giovinetto and Bentley (1985).

March 1989



B

A	 D
A	

LIIa a	 LL

gO
-

0

x

U	

1O490'

X

•

x

/

Fm

A
ALa

IA	 L	A
I	 a

_--L.	
a

A

200
C'

a)0
100

(0
-o
a)
0
(2

(1)

the rates of either drifting snow deposi-
tion or precipitation, or both, are larger
than was assumed. The former would
imply that the snow deposition increases
because of the decrease in surface slope;
the latter would indicate lower lifting
condensation levels than reported by
Rubin and Giovinetto (1962) (see discus-
sion of eastern Marie Byrd Land below).
The new data indicate that our compila-
tion should be modified to show addi-
tional 100- and 150-kilogram-per-square-
meter-per-year isopleths covering a
small area within the present 100-kilo-
gram-per-square-meter-per-year iso-
pleth, thus depicting a localized reversal

of the balance-rate trend in this region of
western Marie Byrd Land.

The inaccuracy of data set G-14 data
points in the southeastern Ross Ice Shelf
(79°S to 86 0S 160°W to 170°W)—was
pointed out some time ago (Clausen and
Dansgaard 1977; see also Giovinetto's
unpublished 1971 compilation pre-
sented in Giovinetto and Bull 1987). The
chosen profile leads to balance rates ap-
proximately 40 percent lower than those
indicated by data sets F and C and ap-
proximately 35 percent lower for the area
as a whole. Our interpolation is support-
ed by data collected along 131°W (the
profile includes set B) that show rates

decreasing from 110 kilograms per
square meter per year at 78°S to 98 kilo-
grams per square meter per year at 85°S
(Rubin and Giovinetto 1962).

Problems remaining in some regions

In eastern Marie Byrd Land and the
southern Ronne Ice Shelf, the main diffi-
culty has arisen from data sets for the
area extending, from Henry Ice Rise to
the Whitmore Mountains (figure 6). Sets
A (Giovinetto 1960) and B (Bull 1971),
based on interpretations of stratigraphic
data collected by others, are incompati-
ble with an interpolation between data
sets C (Reinwarth et al. 1982; Reinwarth
and Graf 1985) and D (Koerner 1964;
Brecher 1964, 1967a, 1967b; the same as
set A in figure 5). Sets C and D also are
based on stratigraphic interpretations,
but the interpretations were performed
by the field observers themselves and
were supported by some stake-network
and isotopic data (Reinwarth et al. 1985).
Data sets A' and B' are also from
Giovinetto (1960) and Bull (1971) but
were based on different sets of field ob-
servations than those used by the same
authors to produce sets A and B. We
selected interpolation between the better
substantiated data sets. This interpola-
tion is further supported by other data
sets for areas lying north and south of
the transect in figure 6 (Rubin and
Giovinetto 1962; Brecher 1964, 1967a;
Behrendt 1964; Shimizu 1964). The data
plotted in figure 6 are limited to locations
near the transect and therefore are not
fully representative of the area! inter-
polation. Voiding sets A and B requires
deletion of 26 data points located along a
500-kilometer traverse leg that crosses
our transect in the southwestern area of
the ice shelf and between that traverse
leg and 90°W.

In a discussion of the reliability of set
B, Ciovinetto and Bull (1987) noted that,
although they believed the values to be
too high, the balance-rate gradient in the
set is reasonable relative to the surface
elevation in eastern Marie Byrd Land. If
the higher balance rates were to be sub-
stantiated, however, it would suggest
that the lifting condensation levels are
lower than reported by Rubin and
Giovinetto (1962). Lifting condensation
level determinations are reliable for com-
parative purposes but not for establish-
ing the actual condensation levels of air
masses and depressions advecting over
an area. Should the systematic and in-
herently large errors of radiosonde rela-
tive-humidity data (Morrissey and
Brousaides 1970) be eliminated or re-
duced in the future (Taylor et al. 1983),
and if these new data support the bal-
ance-rate values in set B, we would have
to modify our compilation to show addi-
tional 150- and 200-kilogram-per-square-
meter-per-year isopleths covering a
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Figure 4. Composite profiles of surface-mass-balance rates and surface elevation along 1400E,
Adélie Land (174 in figure 1) (modified after Giovinetto 1963). References for data sets A (triangles), B
(diamonds), C (squares), D (crosses), and E (circles) are given in the text. Closed symbols in each
set represent data points located within 100 kilometers of the transect.
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Figure 5. Composite profiles of surface-mass-balance rate and surface elevation along 820S,
western Marie Byrd Land and eastern Ross Ice Shelf. References for data sets A (closed circles), B
(crosses), C (open circles), D (dashed line), E (dotted lines), F (open triangles), and G (closed
triangles) are given in the text.
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Figure 7. Composite profiles of surface mass-
balance rate and surface elevation along the
LambertGiacier/Amery ice Shelf drainage sys-
tem (adapted from Giovinetto and Bentley
1985; modified from Giovinetto and Bull 1987).
Circles denote data from Allison (1979); tri-
angles denote data from McIntyre (1985a).

small area within the present 150-kilo-
gram-per-square-meter-per-year iso-
pleth, thus depicting a localized reversal
of the balance-rate trend in eastern as
well as western Marie Byrd Land.

These difficulties notwithstanding,
our interpolation delineates a large area
within this region in which the balance
rate is only slightly greater than 100 kilo-
grams per square meter per year (figure
2). This is in places as much as 55 percent
smaller than shown in previous compila-
tions and results in a mean that is 40
percent smaller.

For some regions choosing between
incompatible data sets, and/or inter-
pretation thereof, is difficult because
there is not enough evidence to support
one set convincingly over the other. This
situation arises in the Lambert Glacier
basin. For this region, Allison (1979) and
McIntyre (1985a) presented distribu-
tions of balance rates (figure 7) that differ
greatly not only in the basin itself but in
the whole sector from 40°E to 100°E. Both
sets of measurements are based on the
same set of stake networks around the
drainage periphery of Lambert Glacier,
but they differ in their extrapolation into
a large area devoid of direct measure-
ments. Although we recognize that his
interpretation may be incorrect (Allison,
Young, and Medhurst 1985), we have
somewhat arbitrarily chosen Mcintyre's
(1985a) interpretation, because at least he
has based his interpretation on some sat-
ellite data (microwave brightness tem-
peratures) and because we have found
that lower surface balance rates in the
antarctic interior are almost always more
nearly correct. Nevertheless, both inter-
pretations appear possible; the discrep-
ancy can only be resolved by additional
measurements taken during traverses
that are planned for the area (Allison et
al. 1985); McIntyre 1985b).

Extrapolation of the stake data north-
ward on the basis of air flow suggests to
us that the balance rate is zero or slightly
negative on Lambert Glacier (figure 7).
For the Amery Ice Shelf, we have taken
balance rates from Budd, Landon-Smith,
and Wishart 1967), with some adjust-
ments for movement of the ice shelf and
for the fact that our section lies west of
the main body of the data (Giovinetto
and Bull 1987). As a result of our choices,
we reduced the balance rate in parts of
the Lambert-Amery transect (shown in
figure 7) from 75- to -25-kilogram-per-
square-meter-per-year. The mean bal-
ance for the basin is approximately 55
percent smaller than shown in previous
compilations.

Summary
In this article we have discussed four

examples of corrections to compilations
of the balance rate effected by selecting
between incompatible data sets rather
than indiscriminately using all the avail-
able data. The four regions in question
total 2.9 million square kilometers in
area, or approximately one-fifth of the
whole ice sheet. The consequent de-
crease in balance-rate estimates within

those areas (summarized in table 2) var-
ies between 35 and 60 percent. Dif-
ferences such as these partially explain
the discrepancy between recent balance-
rate estimates for particular drainage
systems noted by Radok et al. (1986).
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Maximum	 Mean

Selected	Percentage	 Selected	Percentage
Region	Area 	All sets'	sets 	difference	All sets'	sets 	difference
F-4	1046	210	40	-81	115	45	-61
F-5	583	150	90	-40	140	90	-36
F-6	350	245	105	-57	200	120	-40
F-7	901	75	25	-133	70	30	-57

a in thousands of square kilometers.
b in kilograms per square meter per year.
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sic, hymns, and readings from the Bible.
Lt. M. Brad Yorton, chaplain of the U.S.
Navy's Naval Support Force Antarctica,
whose support includes religious serv-
ices at the station, presided. Also par-
ticipating in the ceremony were Ronald
R. La Count, the senior U.S. representa-
tive in Antarctica at the time of the dedi-
cation; Captain Dwight Fisher and Com-
mander John V. Smith, the commanding
officers of the Naval Support Force Ant-
arctica (NSFA) and the Antarctic De-
velopment Squadron Six (VXE-6); Neal
Terry, personnel coordinator for ITT!
Antarctic Services, Inc. (NSF's support
contractor); and guest speaker Father
Gerard Creagh from Hoon Hay Parish in
Christchurch, New Zealand.

Mr. La Count described for the group
the construction of the new chapel and
recalled how volunteers had erected the
station's earlier chapels in their spare
time. He also cited official reports that
documented over the years the signifi-
cance of worship for those at the station,
whose work took them far from their
families and their home communities.

This service marked the second time
that Father Creagh had participated in a
ceremony to dedicate a site for religious
services at McMurdo Station, as he was
the invited speaker in 1979 when the
community gathered for a similar service
recognizing the makeshift chapel that
has been replaced by the new structure.
In his address he praised those who built
the chapel in just 4 months. "The result is
truly deserving of the accolade found in
the twenty-first chapter of the Book of

Revelation: 'This is God's dwelling
among people."

Continuing, he noted that "Another
chapter in the history of a unique opera-
tion is about to begin—.a unique opera-
tion in peaceful cooperation and coexis-
tence on the only continent that has no
weapons, has known no class struggles
or wars, and from which nuclear explo-
sions and waste are banned by treaty."

Earlier chapels
In preparation for antarctic research to

be conducted during the International
Geophysical Year (1957-1958), U.S.
Naval Construction Battalion personnel
(Seabees) began building McMurdo Sta-
tion during the 1955-1956 austral sum-
mer. The original plans for the station did
not include a chapel; instead, religious
services were to be held in the station
mess hall. However, according Admiral
George Dufek, who commanded Deep
Freeze I, "As the construction of the
buildings at McMurdo progressed a
mysterious pile of lumber, planks, nails,
Quonset hut sections, and assorted ma-
terials began to accumulate on a knoll
overlooking the camp."

The Chaplain, Father John C. Condit,
and volunteers from the construction
battalion gradually gathered enough ma-
terials to build what was to become the
first church ever erected in Antarctica.
All of the work was done by volunteers
after their daily duties were finished. Ad-
miral Dufek also observed that "The
men, after a hard day's work, would drift
over to the church site. Before the main

New Chapel of the
Snows dedicated at
McMurdo Station

McMurdo Station once again has a
permanent place of worship. To com-
memorate this occasion, approximately
80 people gathered on Sunday, 29 Janu-
ary 1989 to dedicate the new Chapel of
the Snows, which is the third chapel to
be raised at the station.

Just 840 miles from the South Pole, the
Chapel of the Snows is the world's south-
ernmost building erected primarily for
religious services. It also is the only
known house of worship in Antarctica.
Situated on a knoll overlooking McMur-
do Sound and the peaks and glaciers of
the Transantarctic Mountains, the new
chapel replaces the temporary building,
a makeshift hut, that has been used for
religious services and related activities
for 11 years.

Dedication ceremony
The hour-long dedication ceremony

attracted an overflow crowd from
McMurdo Station and Scott Base, the
nearby research station operated by New
Zealand. The service included piano mu-
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U.S. Navy photo by Craig Peterson.

The new chapel was filled to capacity during the 29 January 1989 dedication of the new chapel.
Among the speakers were the Senior U.S. Representative in Antarctica, the Commander of the
Naval Support Force, and a New Zealand priest who had participated in the 1978 dedication of the
temporary chapel.

camp was finished a tidy neat church
with a steeple was to stand on a ridge
overlooking the camp. Later it even had a
bell, procured from a small gasoline
tanker." When the Chapel of the Snows
was completed, Father Condit had the
world's most southern parish.

For 22 years this simple building
provided a place of worship for person-
nel not only at McMurdo Station but also
from nearby Scott Base. On 22 August
1978 at about 5 a.m., a fire, believed to
have begun in one of the buildings heat-
ers, broke out. At first the fire-fighting
crew thought that they had controlled
blaze, but a sudden flare-up suggested
to them that the fire had spread between
the interior and exterior shells along the
top of the building. Despite their efforts,
fire soon engulfed the structure.

Fearing that the fire would spread to
the adjacent structure, Building 108, or
destroy the communications cables
strung between poles near the front of
the chapel, the crew brought a bulldozer
to the building and pushed in its front.
Soon, however, they noticed the roof of
building 108 was smoldering. With the
bulldozer, they isolated sections that
were still burning; snow was dumped

these sections and the smoldering roof of
the other building. By 7:40 a.m. the fire
was under control, but the chapel was
destroyed. Only a few religious objects
and the chapel bell were recovered.

To replace the chapel, volunteers con-
verted a quonset hut near the station's
main building. While they worked to
complete this temporary chapel, the
Chalet served as the site for the com-
munity's religious services. However,
this building, which normally houses
NSF and contractor offices, could not ac-
commodate both Sunday morning serv-
ices and daily administrative activities
during the summer season. On Easter
Sunday 1979, the temporary chapel was
dedicated.

Although the original chapel and the
temporary building were built entirely
by volunteers, the new building was con-
structed as part of the National Science
Foundation's plan to refurbish the
McMurdo Station. The 2,016-square-foot
wood structure contains office space, a
central worship area that normally seats
63, and McMurdo's only organ. Mate-
rials to complete the building were sal-
vaged from older structures that were
ripped down during the several-year re-
building of the station.

Automatic Geophysical
Observatory program

To extend its capacity to support sci-
ence in Antarctica, the the Division of
Polar Programs (DPP) of the National Sci-
ence Foundation (NSF) is developing an
automatic geophysical observatories
(AGOs) program. Although this pro-
gram was initiated at the urging of the
upper atmospheric physics community
for ionospheric, magnetospheric and
thermospheric studies and aeronomy,
DPP anticipates that the observatories
will have other uses. Examples of such
other studies include tropospheric or
stratospheric chemistry, seismology, or
collection meteoric dust.

The unmanned observatory is de-
signed to operate for extended periods in
remote areas and will provide shelter,
power, heat, and data acquisition for sev-
eral experiments. These multi-user sys-
tems will be transportable to almost any
site in Antarctica.

DPP plans to deploy six AGOs in Ant-
arctica during the next 5 years. The first
two AGOs are expected to be deployed
during the austral summer of 1990-1991.
Each austral summer after this, two more
should be deployed. Similar measure-
ments made at manned antarctic stations
could complement those made from the
AGOs, and investigators are encouraged
to explore such possibilities.

The major features of the AGOs will
be:

interior volume of 8 feet by 8 feet by
16 feet

• 1-year unattended operation
• at least 1.5-Gigabyte data storage
• "shirt sleeve" temperatures with

very low humidity
• a 40-watt total capacity for experi-

mental electrical power
• very limited near real-time data via

satellite
• ports in the roof for optical domes

and windows
• tubular feed-throughs for outside

sensors
• standard 19-inch instrument racks
• clock time correct to 10

microseconds.
The AGO structures will be made of

plastic composites, including CFC ex-
panded foam, and the power and heat
will be derived from burning LPG. Con-
sequently, the AGOs may not be suitable
for all atmospheric chemistry studies.

The first pair of AGOs will be deliv-
ered to McMurdo Station in late January
1990 for testing at the station during the
austral winter. During the 1990-1991 aus-
tral summer, the instruments will be in-
tegrated into the AGOs, which will be
deployed during that summer. The pro-
cess will then be repeated once, and pos-
sibly twice. By 1993 the Division hopes to
have six AGOs deployed and operating.
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This prototype automated geophysical observatory (AGO) was tested near Amundsen-Scott South
Pole Station between 1983 and 1986. LPG fuel is stored in the tanks to the left of the shelter. An
external heat exchanger radiated excess heat as required by thermal control system.

Proposals
Proposals, which are due to the Na-

tional Science Foundation no later than I
June 1989, should contain a deployment
location as well as a duration for which
the experiment is expected to run. Ac-
cording to the Foundation's policy, re-
search funds generally awarded to U.S.
educational institutions. Proposals from
Federal government laboratories and for-
eign institutions to use the AGOs are
appropriate. Although NSF would not
expect to fund the researchers from
these organizations, such investigations
should be supportable by fielding them
in the AGO's. The proposals will be eval-
uated by a panel and the proposers will
be notified of the fate of their proposals
by 1 January 1990.

Future plans
AGOs constitute a new facility for

DPP, and the opportunity to use them
for research will be continuing. Because
they will be serviced annually, inves-
tigators will be able to remove instru-
ments and install new ones. From time
to time, each system will be moved to
new locations according to scientific
requirements.

Periodic upgrades will be made. For
instance, with evolving technology the

capacity to store data is expected to in-
crease. Also under consideration are
plans that would dramatically increase
the amount of data that can be transmit-
ted via satellite to the United States and
that could provide command capability.

To obtain an AGO proposal kit or addi-
tional information, contact John Lynch,
Division of Polar Programs, Room 620,
National Science Foundation, 1800 G St.,
NW, Washington, D.C.; telephone
(202)357-7894.

International conference on technology
for polar areas, June 1988 Trondheim,
Norway

POLARTECH '88, the second Interna-
tional Conference on Technology for Pol-
ar Areas, was held at the Norwegian
Institute of Technology, Trondheim,
Norway, on 15-17 June 1988. About 140
persons from 12 countries registered for
the conference. The first POLARTECH
conference was held in Helsinki in 1986.

The Trondheim conference included
55 technical papers and, on the first day
of the conference, invited speakers who
addressed topics vital to the develop-
ment activities in polar regions. The con-
ference was dedicated to advancing tech-
nology for cold environments with em-
phasis on the practical implications of
theories and applications of products
and systems. It provided an interna-
tional forum in which polar technology
experts could exchange ideas and dis-
cuss economic and technological aspects
of future development in polar and sub-
polar regions. In planning the con-
ference, organizers gave special atten-
tion to oil and gas exploration and

production and transportation in cold
offshore environments.

The 55 technical papers, which were
grouped into nine session topics, were
presented in three concurrent sessions
on the second and third days of the con-
ference. Session topics included (the
number of papers presented at each ses-
sion is shown in parentheses):

• ship transport (5)
• ice/structure interaction (11)
• land-based activities (5)
• exploratory drilling (6)
• ice drift and management (7)
• oil and gas production systems (9)
• ice properties (7)
• performance in cold climates (1)
• materials (4).
Exhibits by Norwegian companies and

a publisher were placed around the gen-
eral meeting area outside the session
rooms. Technical excursions were made
on the last afternoon to three major facili-
ties belonging to Norwegian Institute of
Technology and the Foundation for Sci-

entific and Industrial Research at the
Norwegian Institute of Technology, two
of the sponsors of the conference. Fifty-
one of the technical papers (see Splett-
stoesser and Bresnahan 1988, for exam-
ple) and seven of the invited papers were
printed in two proceedings volumes that
were distributed to all registrants on the
first day of the conference (Hansen and
Storm 1988).

The conference setting provided many
opportunities to discuss varied aspects
of the United States' and other countries'
activities in both polar regions. Much of
the POLARTECH program pertained to
applications for resource development in
the Arctic, with possible analogs to
Antarctica.

Field Trip to Spitsbergen
Although the conference-sponsored

field trip to Spitsbergen, the largest is-
land in the Svalbard archipelago, was
cancelled because of an insufficient
number of registrants, I arranged a pri-
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vate, 3-day trip there with the assistance
of a conference participant who was a
member of the organizing committee
and was able to put me in contact with a
geologist. The visit provided me with the
opportunity to observe Store Norske
Spitsbergen Kulkompani (the Nor-
wegian coal company) building struc-
tures and coal-mining facilities in a polar
setting and to compare these observa-
tions with those that I made during an
August 1979 visit to Longyearbyen.

In some respects, Longyearbyen, the
Norwegian mining settlement on
Spitsbergen, is analogous to McMurdo
Station on Ross Island, Antarctica. The
community is located at 78°12'N, which
is somewhat further north than McMur-
do is south at 77°51'S. However, Long-
yearbyen, as well as most of Svalbard,
has a much milder climate than McMur-
do because of the influence of the Gulf
Stream in the North Atlantic Ocean. De-
spite climatic differences both Svalbard
and Ross Island are in the permafrost
zone, and consequently, construction
and development are restricted. Addi-
tionally, wildlife, prevalent in both re-
gions, must be considered in environ-
mental assessments of potential
damages resulting from any resource
development.

During my brief stay at Longyearbyen,
I traveled to the operating coal mines and
a few of the closed mines, explored the
town thoroughly, and was on nearly all
of the 30 to 35 kilometers of roads, which
with the exception of some tarmac roads
in the town and at the airport, are dirt or
gravel. The town of Longyearbyen,
which is about 4 kilometers from the air-
port, includes the offices of the Nor-
wegian coal company, a single market
(combining groceries, dry goods, and
souvenirs), restaurant, cafeteria, mu-
seum, church, and post office. It was
founded in 1906 by American John M.
Longyear, who began mining operations
there. Store Norske Spitsbergen
Kulkompani (SNSK) bought all the
American interests in 1916 and has
mined coal at Longyearbyen ever since.
Seven mines have been in operation.
Currently, only mines 3 and 7 are pro-
ducing, although mine 7 was shut down
at the time of my visit because of an un-
derground fire in the coal beds, which
began earlier in June.

The coal in this area is all Tertiary in
age, and crops out on most of the cliff
faces along the fjord in which Longyear-
byen is located. This part of Spitsbergen
(the largest island in the Svalbard archi-
pelago) is a Tertiary basin, with older
rocks cropping out on the east and west
sides. The Soviets are mining coal at
Barentsburg, a settlement with a popula-
tion of approximately 2,000 people about
35 kilometers southwest of Longyear-
byen. Both Norwegians and Soviets

make periodic social visits to each other's
settlements.

All mines are drift mines. Excavation
and haulage are done horizontally into
the cliffs, and mining is done in the per-
mafrost zone of the rock (mean annual
temperature is –4.5°C). Mined coal at
Longyearbyen is transported from mine
7 to the town by truck, over about 13
kilometers of road. Coal from earlier
mines (5 and 6, for example) was trans-
ported to town by aerial buckets on a
tram system. The wooden tram towers
are still there, but the system is no longer
used. Mine 7, the farthest of any of the
mines from town, is also at the end of the
longest road in the area. Total coal pro-
duction by SNSK in 1987 was 399,000
tons, including 38,000 tons from produc-
tion at Svea, another facility operated by
the Norwegians about 45 kilometers
southeast of Longyearbyen.

The company operates at a loss. In
view of the present production volume,
coal prices, and the heavy expenses in-
curred to run the community in Long-
yearbyen, Store Norske is expected to
experience substantial losses in the years
ahead (from annual report of SNSK by
Board of Directors); however, Store
Norske and Norsk Hydro did conduct a
seismic program earlier in 1988 on land,
as part of a survey for potential oil and
gas deposits.

The population of Longyearbyen is
about 1,200 year-round residents, al-
though all consider themselves to be
transients because of the term assign-
ments with the company. A tax-reduc-
tion program is used as an incentive for
the work force. All structures are mod-
ern, and new housing developments
continue to be built. Some of the mined
coal is used to fire the generators at the
town power plant and provide elec-
tricity. The town's harbor and dock are
located near the power plant. The water
supply is a meltwater lake located about I
kilometer east of town. Water is pumped
from the lake and piped to a local filter-
ing plant. Nearly all piping is above
ground, similar to McMurdo Station's.
The airport is modern, with one tarmac
runway. Flights from Norway are made
several times a week by both SAS and
Braathens S.A.F.E. jet aircraft. The per-
mafrost terrain is much in evidence ev-
erywhere, because meltwater remains
on the surface where there is no gradient
to carry it to the sea.

Daytime temperatures ranged from
about 5 to 10° on 17-20 June, and much of
the winter's snowfall was still in evi-
dence. Mining operations did not seem
to affect any of the wildlife. Reindeer
were abundant everywhere, as well as
arctic foxes and numerous birds, such as
dovekies, snow buntings, eiders, arctic
terns, fulmars, black guillemots, purple
sandpipers, ivory gulls, and arctic skuas,

for example. There is a hunting season
on many of the birds, and also on seals,
foxes, and reindeer. Although plants
(some flowering) and grasses occur on
nearly all ground areas, there are no
trees or shrubs.

Summary
Both the conference at Trondheim and

the visit to Longyearbyen were very
useful for gaining information about
other countries' activities in the Arctic
and for informing others about U.S. ac-
tivities in Antarctica. As noted above,
parallels exist between facilities at Long-
yearbyen and McMurdo Station, with
only some minor exceptions.

With the June 1988 signing of the new
Convention on the Regulation of Ant-
arctic Mineral Resource Activity, such
arctic examples as the Svalbard archi-
pelago, where coal has been mined for
many years, may prove useful, es-
pecially for environmental considera-
tions. Mining activities and wildlife pres-
ence at Longyearbyen appear to be
compatible. Government officials at the
airport hand out a brochure on littering
and a booklet on "Environmental Regu-
lations for Svalbard" upon arrival on a
flight. At this time, they also request that
tourists notify authorities of their pres-
ence, and of their itineraries and sched-
ules in the event that assistance (search
and rescue) might become necessary.

Attendance at the conference was
made possible by National Science Foun-
dation grant DPP 88-02782 (Division of
Polar Programs). The above summary of
conference and field trip activities was
excerpted from the final report on this
grant.

—John F. Splettstoesser, Minnesota
Geological Survey, University of Min-
nesota, Saint Paul, Minnesota 55114.
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Library of Congress
releases new Antarctic
Bibliography volume

The sixteenth volume of the Antarctic
Bibliography is now available through the
U.S. Government Printing Office. This
volume, prepared by the Cold Regions
Bibliography Project of the Library of
Congress Science and Technology Divi-
sion, is part of a continuing series of
compilations that includes indexes and
abstracts of current antarctic literature
published since 1962. A companion vol-
ume to the series, Antarctic Bibliography,
1951-1961, extends the coverage retro-
spectively. The National Science Founda-
tion has provided support to the Library
of Congress for this project since 1963 as
part of the Polar Information Program.

Containing 2,861 abstracts of the
world's antarctic literature, volume 16
was compiled during 18 months that
ended in June 1988. These entries num-
bered 34,661 to 37,522 were first pub-
lished in the Library's monthly bulletin
Current Antarctic Literature. These bul-
letins are generated from a com-
puterized data base that is also used to
produce the cumulative listing and in-
dexes. Current Antarctic Literature is avail-
able to qualified scientists and institu-
tions through the Polar Information
Program, Polar Coordination and Infor-
mation Section, Division of Polar Pro-
grams, National Science Foundation,
Washington, D.C. 20550 (telephone
202/357-7817). The data base can be
queried on line as the COLD data base in
SDC's Orbit bibliographic retrieval
system.

The 652-page, hardbound volume is
arranged in the following 13 subject cate-
gories—general; biological sciences; car-
tography; expeditions; geological sci-
ences; ice and snow; logistics, equip-
ment, and supplies; medical sciences;
meteorology; oceanography; at-
mospheric physics; terrestrial physics;
and political geography. Abstracts that
may fall into more than one category are
listed in one section only and cross-refer-
enced at the end of the other pertinent
sections.

Four indexes are included—author,
subject, geographic, and grantee. The
author index includes coauthors and, for
anonymous articles, the journal title.
The geographic index contains names of
stations, places, and geographic features
as approved by the U.S. Board on Geo-
graphic Names. The grantee index
provides the names of organizations and
institutions that have received support
form the National Science Foundation.

Abstracts are designed to be infor-
mative, and no attempt is made to verify
or critically evaluate the author's state-
ments or conclusions. For foreign-lan-
March 1989

guage articles, the title is given in En-
glish first with the original title following
in brackets.

Although most of the publications that
are abstracted are in the Library of Con-
gress collection, many significant items
were received on loan or through ex-
change with other institutions through
the Division of Polar Programs. Some
also were received as review copies or
reprints directly from publishers or au-
thors. Because review copies help to
make the compilation more current and
complete, the project staff encourages
publishers and authors to send these to
the Library of Congress, Science and
Technology Division, Cold Regions Bib-
liography Project, Washington, D.C.
20540.

Requests for photocopies of docu-
ments cited in the bibliography (except
for documents protected by copyright)
should be directed to the Library of Con-
gress Photoduplication Service, Depart-
ment C-177, 10 First Street SE, Wash-
ington, D.C. 20540. In most instances
U.S. government or government-spon-
sored technical reports may be obtained
from the National Technical Information
Service (NTIS), Springfield, Virginia
22151. For these reports, the bibli-
ographic citation includes the NTIS
order number, which should be used
when requesting copies.

Volume 16 of the Antarctic Bibliography
is available for $36 from the Superinten-
dent of Documents, U.S. Government
Printing Office, Washington, D.C.
20402. When ordering, please cite stock
number 030-018-00027-3. Some earlier
volumes are now out of print at the Gov-
ernment Printing Office but are still
available in limited quantities from the
Library of Congress to institutions wish-
ing to complete a set. Inquiries for these
volumes should be addressed to the
Cold Regions Bibliography Project at the
address above. An order blank for vol-
ume 16 may be obtained from the Polar
Information Program, Division of Polar
Programs.

DPP Science Section
reorganized

To meet the growing need for greater
integration in research programs, the Di-
vision of Polar Programs reviewed the
structure and make-up of its Science Sec-
tion. Because of the inter-disciplinary
nature of polar research and the in-
creased focus on the polar aspects of
global geoscience, DPP managers decid-
ed that some program responsibilities
should be reassigned.

The following outlines the new organ-
ization and shows the manager responsi-
ble for each science program:

• Aeronomy and Astrophysics, John
Lynch
Middle atmosphere
Upper Atmosphere
Astronomy and astrophysics

• Biology and Medicine, Polly Penhale
Marine productivity and ecosystem

dynamics
Terrestrial and freshwater ecosys-

tems
Population biology, physiological

ecology, and behavior adaptation
Human behavior and medicine

• Earth Sciences, Herman Zimmerman
Quaternary geology and paleocli-

matology
Surficial processes
Sedimentary geology and paleon-

tology
Continental geophysics and tecton-

ics
Geochemistry, petrogenesis, and

mineral resources
Marine geology and geophysics

• Glaciology, Harold Borns
Paleoclimates from ice cores
Ice dynamics and geophysics
Numerical modelling
Glacial geology

• Ocean and Climate Systems, Bernhard
Lettau
Physical oceanography
Chemical oceanography
Sea-ice dynamics
Meterology
Environmental modelling
Ocean engineering

Ted DeLaca continues to be in charge
of section and will receive additional
support from Jane Dionne, who has
been assigned as his special assistant.
Drs. Lettau and Lynch also wil be re-
sponsible for science/logistics coordina-
tion and NSF cross-directorate pro-
grams, respectively.

Proposal preparation and deadlines
Questions related to specific scientific

programs supported by DPP should be
directed to the appropriate program
manager (check the above list) at
202/357-7894.

The NSF Guide to Programs and Grants
for Research and Education in Science and
Engineering contain additional informa-
tion on research project support. These
can be obtained from Forms, National
Science Foundation, Washington, D.C.
20550. For additional information con-
cerning field support in Antarctica, a
proposal preparation kit is available from
the Polar Coordination and Information
Section (PCI), Division of Polar Pro-
grams, National Science Foundation,
Washington, D. C. (telephone,
202/357-7817). Research in Greenland
must be approved by the Danish govern-
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Foundation awards of funds
for antarctic projects,
1 October to 31 December 1988

Following is a list of National Science Foundation antarctic awards made from 1
October to 31 December 1988. 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.

ment; information and forms also can be
obtained from PCI.

For antarctic research, the deadline for
receipt of proposals is 1 June. Proposals
received by 1 June normally will be con-
sidered for field work beginning no
sooner than 15 months later to provide
sufficient lead time for logistics and sup-
port planning. Proposals received on 1
June 1989 will be considered for

• research in Antarctica during the
1990-1991 austral summer (September
1990 through March 1991) and extending
through the 1991 austral winter, if
appropriate

• research or data analysis in United
States, as early as October 1989.
Some field projects that require large
amounts of equipment in Antarctica may
not be fielded until the 1991-1992 austral
summer so that material and equipment
can be transported by ship.

Proposals for arctic research support-
ed by DPP must be received no later than
1 September. However, most other NSF
programs that support arctic research
have no specific deadlines or have sever-
al target dates per year. Contact specific
programs for these data and refer to the
NSF Bulletin for announcements of pro-
gram deadlines and target dates.

Errata

The following errors appeared in pa-
pers published in the 1987 review issue
of the Antarctic Journal (volume 22,
number 5).

In "Geochemistry of Chilean Archi-
pelago bottom sediments, 55°-42°S lati-
tude" (pages 139-140) by ER. Siegel, P. P.
Hearn, and J.W. Pierce, the second and
third sentences of the paper should have
read: "The sediments have a large range
in granulometry from totally gravel, peb-
bles, or coarse-shell detritus, to 0.3-98.8
percent sand, 0.5-96.2 percent silt, and
0.1-60.1 percent clay. The difference in
granulometry is a function of sample lo-
cation with respect to river or glacial dis-
charge, and halmrolysis (submarine
weathering) in the archipelago system."
In the table (page 139), the heading for
column four should have read "Less than
2 micrometer size (n=25)" and, in the
same column, the Yttrium should have
been "14.7" and rather than 12.7.

In "RACER: Temporal and spatial dis-
tribution of phytoplankton biomass and
primary production" (pages 142-144) by
0. Holm-Hansen, R. Letelier, and B.G.
Mitchell, the first sentence in the first full
paragraph, column two, page 142
should have been: "Preliminary exam-
ination of approximately 300 profiles of
chlorophyll a concentration and of water
density (sigma-t) as recorded in the up-
per 200 meters of the water column by
our profiling unit showed, first, that
chlorophyll a is fairly uniformly dis-
tributed throughout the entire upper
mixed layer and, second, that con-
centrations decrease rapidly below the
pycnocline." On page 144, in second
paragraph, first column, the first sen-
tence should have been: "Although nu-
trients in antarctic waters are generally
considered to be in excess for phy-
toplankton requirements, during the
RACER study nitrate concentrations as
low as 1.0 micro-molar and ammonium
concentrations as high as 10 micro-molar
were observed at stations with high bio-
mass and high rates of production."

U.S. Navy helicopter
damaged in accident

One of the U.S. Navy UH-1N helicop-
ters that support U.S. scientists in Ant-
arctica was damaged on 10 January 1989
when it crashed on the Ross Ice Shelf.
The accident occurred during a science
support flight to check the operation of
an automatic weather station.

The three VXE-6 crew members and
two passengers were on board the heli-
copter but were not seriously injured.
Two search-and-rescue helicopters were
dispatched from McMurdo Station and
brought the crew and passengers back.
All were examined and released by the
Navy doctors at McMurdo.

The incident occurred about 48 nau-
tical miles from McMurdo Station. At the
time of the crash the crew was investigat-
ing landing sites that would enable the
passengers to have easy access to the
weather station. The automatic weather
stations run year-round, collect data,
and transmit this information via satel-
lite. The data are used not only for
weather forecasting in Antarctica but
also for meteorology investigations.

Biology and medicine

Detrich, H. William. Northeastern Uni-
versity, Boston, Massachusetts. As-
sembly and stability of microtubules
from antarctic fish at low tem-
peratures. DPP 86-14788. $114,809.

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.
$131,736.

Testa, J. Ward. University of Alaska In-
stitute for Marine Sciences, Fairbanks,
Alaska. Synchrony in population pa-
rameters among antarctic seals. DPP
87-16073. $9,960.

Earth sciences

Elliot, David H. Ohio State University,
Columbus, Ohio. Cretaceous and Ter-
tiary strata of the James Ross Basin and
the evolution of the Antarctic Penin-
sula. DPP 87-16258. $56,233.

Feldman, Rodney M. Kent State Univer-
sity, Kent, Ohio. Paleobiology of Cre-
taceous and Tertiary decapod crusta-
ceans from Seymour Island. DPP
87-15945. $35,046.

Zinsmeister, William J . Purdue Univer-
sity, West Lafayette, Indiana. Paleon-
tologic investigation of the Cretaceus!
Tertiary boundary on Seymour Island.
DPP 84-16783. $100,000.

Ocean sciences

Gordon, Louis I. Oregon State Univer-
sity, Corvallis, Oregon. Nutrient and
oxygen chemistry of the central Wed-
dell Sea, austral winter 1989. DPP
88-16570. $152,946.

Upper atmosphere

Bering, Edgar A. University of Houston,
University Park, Houston, Texas.
Analysis of data obtained by a balloon-
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Adeline penguins play at the ice edge near Ross Island. These sea birds are one of the seven types of penguins protected by the Antarctic Conservation
Act. The act, which is the U.S. implementation of the 1964 Antarctic Treaty "Agreed Measures for the Conservation Antarctic Fauna and Flora. protects
14 bird species, one type of dolphin, six types of seals, and four types of whales—all of which have been designated native to Antarctica. Also, covered by
this act are native fungi, vascular plants, bryophytes, lichens, marine algae, and freshwater algae.

borne study of the ionospheric electric
field at the South Geographic Pole.
DPP 84-15203. $70,000.

Gardner, Chester S. University of Illin-
ois, Urbana, Illinois. Sodium-lidar
studies of the antarctic upper at-
mosphere at the Amundsen-Scott
South Pole Station. DPP 87-18089.
Support only ($39,999).

Helliwell, Robert A. Stanford University,

March 1989

Stanford, California. Very-low-fre-
quency wave-particle interaction ex-
periments on the magnetosphere and
ionosphere from Siple Station, Ant-
arctica, and Lake Mistissini, Quebec.
DPP 86-13783. $207,164.

man, Umran S. Stanford University,
Stanford, California. Lightening-in-
duced burst particle precipitation from
the magnetosphere. DPP 86-11623.
$85,235.

Mende, Stephen B. Lockheed Missle
and Space Corporation, Palo Alto, Cal-
ifornia. Antarctic auroral imaging.
DPP 88-16825. $79,064.

Meteorology

Rosen, James M. University of Wyom-
ing, Laramie, Wyoming. A study of
polar stratospheric clouds at the South
Pole. DPP 88-16563. $112,000.
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U.S. Navy photo by B.M. Anderson.

In October 1969, a man walks towards the original Chapel of the Snows, which was built by volunteers in 1956 but burnt down during the 1978 austral
winter. The new chapel was built as part of the ongoing effort to improve facilities at McMurdo Station.

Support and services	 Fisher, Dwight D. Department of De-	Hanover, New Hampshire. Technical

	

fense, Washington, D.C. Logistic sup-	support for the U.S. Antarctic Pro-
Becker, Robert A. ITT Antarctic Services,	port of the U.S. Program in Antarctica.	gram. DPP 87-20063. $299,706.

Inc. Paramus, New Jersey. Specialized	DPP 76-10886. $30,000,000.
support of the United States of Amer-	 Schommer, John. Department of Inte-
ica Antarctic Program. DPP 80-03801.	 nor, Washington, D.C. Aviation man-
$20,000,000.	 Kwock, Edison C. Dept. of the Navy,	agement services (Twin Otter airplane

	

Naval Facility and Engineering Corn-	support to science field parties). DPP
Davis, Russ E. Scripps Institution of	rnand, Arlington, Virginia. Engineer-	84-15220. $4,500.

Oceanography, La Jolla, California.	ing support for Antarctic Program.
McMurdo Sound Station: Upgrade,	DPP 84-01823. $237,000.	 Thuronyi, Geza T. Library of Congress,
maintenance, and Antarctic Resource	 Washington, D.C. Abstracting and in-
Center meteorological satellite. DPP	Link, Lewis E. U.S. Army Cold Regions	dexing service for current antarctic lit-
88-15818. $338,834.	 Research and Engineering Laboratory,	erature. DPP 70-01013. $188,320.
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California Girl Scout joins U.S.
scientists in Antarctica

When the Girl Scouts of the United States of
America selected 19-year-old Julie Hagelin to
participate in the 1988-1989 U.S. Antarctic Pro-
gram, Ms. Hagelin became a part of an unique
tradition. The tradition began when Boy Scout
Paul Siple was selected to travel with Richard
E. Byrd's first antarctic expedition (11928-1930).
Since Byrd's expedition, three Boy Scouts and
two other Girl Scouts have joined U.S. scien-
tists in Antarctica. All of these young people
have been selected by the scout organizations
after nationwide competitions; all have had
special interests that attracted them to
Antarctica.

Unlike Siple who wintered with Byrd's expedi-
tion, Ms. Hagelin, a college freshman at
Pomona College in Clairmont, California, spent
only about eight weeks in Antarctica. But, dur-
ing her 8-week stay, she worked with several
scientists and visited historic landmarks and
U.S. stations and camps. Here, Julie displays
the Girl Scout Antarctic Research Project flag.
To her left is one of Robert Scott's antarctic
huts. In the background is McMurdo Station,
the main U.S. research station. U.S. Navy photo.

At McMurdo Station, Ms. Hagelin and Ronald La Count, Senior U.S. Representative in Antarctica
during Ms. Hagelin's visit, stand in front of a bust of Admiral Richard E. Byrd.

U.S. Navy photo.

At McMurdo's Eklund Biological Center, Doug-
las Wartzok, Purdue University, shows Ms.
Hagelin samples collected during his investiga-
tion of how seals use their sensory systems to
navigate under ice-laden, antarctic waters. As
a high school senior, Ms. Hagelin won recogni-
tion for aptitude in science and worked with
biologists from NASA/Ames Research Center.

U.S. Navy photo
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Weather Summary for McMurdo Station,
October 1987 to April 1988
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October	November	December	January	February*
Feature	 1987	1987	1987	1988	1988

Average temperature (°C)
	-16.9	-6.8	-0.3	-2.0

Temperature maximum (°C)	3.3	9.9 	13.4	8.4
(date)	 (2)	(30)	(U)	(5)
Temperature minimum (°C)	-26.5	-17.2	-6.3	-9.1
(date)	 (21)	(15)	(14) 
Average station pressure (mb)

	981.4	979.9	987.1	991.5

Pressure maximum (mb)	993.2	991.2	991.6	997.7
(date)	 (3)	(27)	(7)	(7)

Pressure minimum (mb)	957.7	970.9	982.4	979.2
(date)	 (22)	(15)	(18)	(31)

Snowfall (mm)	 53.34	TRACE	35.56	- 53.34
Prevailing wind direction	iio°	1300	1100	1200

Average wind
(M /sec)	 5.2	5.2	5.2	4.9

Fastest wind	 29.5	25.8	19.3	21.9
(m /sec)	 ( 1 )	(24)	(17)	(1)

(date)	 1800	0700	1900	1800

Average sky cover	 6.5	5.7	6.7	6.8

Number clear days	 8.0	8.0	6.0	4.0
Number partly cloudy days	3.0	7.0 	4.0	7.0

Number cloudy days	 20.0	15.0	21.0	20.0

Number days with visibility
less than O.4km.	 3.0	.

* Data for February 1988 not available.
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Palmer* South Pole
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Weather at U.S. stations
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November 1988	 December 1988

Feature	 McMurdo	Palmer	South Pole	McMurdo	Palmer*	South Pole	McMurdo

Average temperature (°C)
	-10.8	1.7	-38.3	-5.7	 -29.5	-4.8

Temperature maximum (°C)	-2.8	7.0	-31.6	1.8	 -21.1	2.0
(date)	 (17)	(30)	(24)	(19) 	(25)	(11)
Temperature minimum (°C)	-25.8	-4.0	-44.1	-14.8	 -35.1	-10.5
(date)	 (3)	(5)	(3)	(13)	 (2)	(18)
Average station pressure (nib)	983.2	984.5	680.9	984.4	 684.9	986.6

Pressure maximum (nib)	 999.6	995.0	685.6	997.7	 697.9	994.3
(date)	 ( 1 )	(9)	(25)	(19)	 (18)	(19)
Pressure minimum (nib)	 9735	973.0	677.3	970.0 -	 676.4	977.5
(date)	 (14)	(16)	(14)	(7)	 (6)	(3)

Snowfall (mm)	 177.8	187.96	TRACE	238.8	 TRACE	154.9
Prevailing wind direction	0700	1700	0900	0900 	0800	1000
Average wind

(rn/see)	 3.6	3.3	4.02	4.02	 3.9	3.6

Fastest wind	 20.6	20.6	12.9	18.8	 9.8	22.8
(m /sec)	 (3)	(7)	(3)	(13)	 (3)	(4)
(date)	 0900	3600	0100	1000	 3600	1000

Average sky cover	 7.9	9/10	5.6	7.8	 5.6	7.8
Number clear days

	3.0	1.0	10.1	1.0	- 	11.3	1.0
Number partly cloudy days	4.0	3.0	7.7	10.0 	5.4	8.0
Number cloudy days	23.0	26.0	12.3	20.0 	14.4	22.0
Number days with visibility

less than 0.4 km.	 2.0	--	0.4	0.0	 0.0

Prepared from information received by teletype from the stations. Locations: McMurdo 77 051'S 166040'3E, Palmer 64 ©46'S 6403'W, Amundsen-
Scott South Pole 90S. Elevations: McMurdo sea level, Palmer sea level, Amundsen-Scott South Pole 2835 meters. For prior data and daily logs,
contact National Climate Center, Asheville, North Carolina 28801.
* Palmer Station data will be published in a later issue.
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U.S. Navy photo by Craig Peterson.

Kathryn Price of Meteor Data Inc., the NSF contractor that tested meteor-burst communications at McMurdo Station, operates the new system. (See
article on page 7.)
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