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Cover: The seasons of the Antarctic (clockwise from upper left)

Spring: Since 1985 researchers have mon-
itored annual decrease in the abundance
of ozone in the stratosphere above Ant-
arctica. Beginning at onset of the austral
spring, the decrease—also known as the
“ozone hole”—is brought about primarily
by chemical reactions that occur on the
surfaces of ice crystals in polar stratos-
pheric clouds as sunlight returns to the
Southern Hemisphere.

Credit: National Oceanic and
Atmospheric Administration.

Summer: During the austral summer,
the National Science Foundation sup-
ports, as part of the U.S. Antarctic Pro-
gram, approximately 120 research pro-
jects, conducted by more than 600
researchers and technicians, at the three
U.S. research stations (McMurdo,
Amundsen-Scott South Pole, and
Palmer), at field camps in the McMurdo
Dry Valleys and in remote areas of the
continent, aboard the Polar Duke or
Nathaniel B. Palmer, and in cooperation
with other national antarctic programs.
Recently, Amundsen-Scott South Pole
Station at the geographic South Pole has

become a center for astrophysical
research, including such projects as the
Antarctic Muon and Neutrino Detector
Array shown in this photograph.

Credit: NSF photo by Lynn Simarski.

Fall: The arrival at McMurdo Station of
the cargo ship, which brings supplies and
equipment for the next austral summer,
heralds the coming winter. The ship also
carries waste materials for recycling or
disposal back to the United States at the
end of each austral summer operating
season.

Credit: NSF photo.

Winter: Improved satellite communica-
tions for tracking ice have extended the
ability of Polar Duke and Nathaniel B.
Palmer to operate during the austral win-
ter. While Polar Duke operates primarily
in the Antarctic Peninsula region,
Nathaniel B. Palmer regulars conducts
winter cruises in the Ross and Weddell Sea
regions, as well as along the Peninsula.

Credit: NSF photo by Kevin Wood,
Antarctic Support Associates.
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NSF dedicates Martin A. Pomerantz Observatory at South Pole

strophysicist Martin A. Pomerantz

has been honored in Antarctica with
the dedication of an observatory bearing
his name at the U.S. Amundsen-Scott
South Pole Station. Pomerantz, who has
worked in antarctic research since 1959
and conducted experiments at the South
Pole since 1964, currently is involved in a
helioseismology project to probe the Sun’s
interior.

Now president-emeritus at the Uni-
versity of Delaware’s Bartol Research Insti-
tute, Pomerantz has also led research in
the fields of submillimeter astronomy,
cosmic and gamma rays, and measure-
ment of cosmic background radiation.
Pomerantz came to Bartol in 1938 as a
research assistant after receiving his A.B.
from Syracuse University and M.S. from
the University of Pennsylvania. He also
holds a Ph.D. from Temple University, an

Sc.D from Swarthmore, and an honorary
doctorate from the University of Uppsala
in Sweden.

In addition to serving as a research fel-
low, professor, visiting professor, and lec-
turer both here and abroad, Pomerantz has
led a number of National Geographic
Expeditions; worked on eight national and
international scientific committees; served
on the board of trustees for the Franklin
Institute; edited the Journal of the Franklin
Institute; served on the editorial board for
Space Science Reviews; and participated in
five professional associations.

The observatory named in his honor
is a two-story elevated structure having
270 square meters of interior space and
housing equipment for four projects: the
antarctic muon and neutrino detector
array (AMANDA), the South Pole Infrared
Explorer (SPIREX), the cosmic background

The Antarctic Journal, past and future

n January 1966 the National Science

Foundation (NSF) and the U.S. Naval
Support Force, Antarctica, (NSFA) distrib-
uted the first issue of the Antarctic Journal.
This “new” publication combined two ear-
lier publications—the Antarctic Report
(NSF) and the Bulletin of the U.S. Antarctic
Projects Officer (NSFA)—that had been
published independently by the two agen-
cies since the International Geophysical
Year. The goal of the journal was to pro-
vide a common outlet for information on
the scientific and logistic aspects of the
U.S. effort in Antarctica to a broad audi-
ence that includes program participants
and interested observers.

Although the content of the journal
has remained consistent with the original
goals set by NSF, format and frequency
have changed a great deal over the last
three decades. During its first decade, the
journal was published six times a year and
had a page count ranging from about 260
to 360 pages per year. In an effort to cut
costs, NSF reduced the frequency of publi-
cation, in 1976, from six issues a year to
four but did not reduce the number pages
published during the year. Shortly after
this, in 1977, the changing needs and
interests of the antarctic science and logis-

tics community caused NSF to again mod-
ify the journal’s frequency and length, and
the journal took on its present appear-
ance—short quarterly issues and a sub-
stantially longer fifth issue that reviewed
the preliminary results of research pro-
jects conducted as part of the U.S. nation-
al program in Antarctica.

radiation anisotropy experiment (COBRA),
and the Advanced Telescope Project (ATP).
The latter three projects are part of the
Center for Astrophysical Research in
Antarctica (CARA).

Construction of the observatory took
less than a year. During the 1993-1994 aus-
tral summer, the observatory was framed
up and closed in, and the interior work was
completed during the 1994 winter. Located
about 1 kilometer from the main South
Pole Station, the observatory sits in a
region known as the “dark sector,” where
electromagnetic noise, including light and
radio waves, is minimized. Two nearby
telescopes, SPIREX and PYTHON, can be
controlled from inside the observatory.

National Science Foundation Director
Neal Lane conducted the ceremony to
name the observatory on 3 December
1995.

Over the last 15 years, the U.S. Antarc-
tic Program (USAP) has grown in size and
complexity. This growth has had an impact
on the Antarctic Journal, particularly the
annual review issue. As the figure accom-
panying this article indicates, the growth
of the review issue parallels the increase in
the number of science projects supported

The growth of the Anfarctic Journal and of USAP,
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by USAP during the last 15 years. For
example, the 1980 review issue included
139 papers and was 233 pages long. In
comparison, the 1994 review issue had 174
papers and was 383 pages long; the 1995
review, which is currently in preparation,
has approximately 200 papers and will
most likely be more than 400 pages long.
In a time of streamlining, increasing
material and mailing costs, and decreasing
budgets, the journal’s growth combined

with the increase in the number of people
who receive the journal has led the Office of
Polar Programs (OPP) to begin investigat-
ing ways to control or reduce costs while
still meeting the needs of the U.S. antarctic
science community. For the 1995 review
issue, this meant strictly adhering to the
word and illustration limits set out in the
guide to authors. We are also looking at
ways to use new technology to electronical-
ly distribute the journal via the World Wide

Web (WWW). This project has already
begun: past and current quarterly issues of
the journal have been posted to OPP’s
home page on the NSF Web server. We hope
that this effort will not only reduce costs in
the future but also will expand the reader-
ship of the journal. To view the issues that
have already been posted to the WWW go
to the NSF home page at www.nsf.gov,
select “program areas,” followed by “polar
programs” and “publications.”

Science news from The Ice: Highlights from the
1994-1995 austral summer

Seymour Island yields the secrets of
its past

aleontologists working with the U.S.

Antarctic Program on Seymour Island
near the Antarctic Peninsula have discov-
ered fossils of a gigantic mollusk and an
oversized ancestor of the modern-day
armadillo as well as fish fossils that may
provide corroborating evidence for an
ancient catastrophic meteorite strike. The
island, part of the James Ross Island
group, has proved to be a treasure trove of
past biodiversity in the southernmost lati-
tudes, so far providing fossils of 800 differ-
ent species.

No other high-latitude locale can
match the geologic record of Seymour
Island, one of the few ice-free patches of
Antarctica. The island’s badlands land-
scape is a layer cake of sediments and fos-
sils piled up almost continuously over 40
million years, from the late Cretaceous (80
million years ago) to the Eocene (about 37
million years ago). The rocks span the
time of mass extinction of life at the
boundary of the Cretaceous and Tertiary
periods, when the dinosaurs and many
other species disappeared, 65 million
years ago. The island has also yielded the
first mammal fossils found in Antarctica
and the oldest penguin fossils known.

A Cretaceous-age hot dog. The new
mollusk specimen, which resembles a
ribbed firehose curled back on itself in the
shape of a giant paper clip, belongs to the
ammonites. This group of mollusks—relat-
ed to the pearly nautilus—became extinct
65 million years ago. Called Diplomoceras
maximum, the nearly 2-meter-long fossil is
the most complete example of this species
known, according to William Zinsmeister,

paleontologist at Purdue University. Pur-
due graduate student Anton Oleinik found

the fossil which, uncoiled, would stretch
more than 4 meters.

The animal’s fleshy, wormlike body
occupied only about half of its shell. “It
would have made a nice morsel—a real
Cretaceous-era hot dog—for a mosasaur,”
Zinsmeister said. Mosasaurs—huge marine
lizards related to modern monitor lizards
such as the Komodo dragon—preyed upon
ammonites. A 1-meter-long mosasaur
skull, with teeth 7.5 centimeters long, was
also found on Seymour Island this year.

D. maximum belongs to an ammonite
group called heteromorphs. These am-
monites, unlike their hydrodynamically
streamlined cousins, took on a wide vari-
ety of bizarre and ungainly shell shapes. It
was once thought that heteromorphs
could live only in isolated areas of the
ocean, free from competition. Now it is
clear, however, that ammonites such as D.
maximum were extremely successful, liv-
ing throughout the world’s oceans for mil-
lions of years during the Mesozoic Era.

“You might refer to Diplomoceras as
the ‘Forrest Gump’ of the Mesozoic seas,”
said Zinsmeister. “This creature’s success
shows that the world doesn’t always
belong to the sleek and swift.”

“The ocean around the Antarctic
Peninsula 65 million years ago was proba-
bly a nice place to be,” Zinsmeister contin-
ued. Temperatures there, both on land and
sea, were much warmer than today’s. “Pic-
ture a ‘Flintstones’ scenario—thick forests
on land, with volcanoes puffing away. The
oceans around Antarctica teemed with

Reconstruction of Diplomoceras maximum as drawn by
Anton Oleinik. If uncoiled, D. maximum would stretch to
nearly 4 meters.
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life, ranging from clams and snails to giant
marine reptiles like mosasaurs and ple-
siosaurs.”

Fish fossils fuel asteroid impact de-
bate. While working on Seymour Island,
Zinsmeister also discovered a bed of fos-
silized fish bones that may be the first
remains of direct victims from the cata-
strophic event 65 million years ago that
wiped out the dinosaurs and 70 percent of
the world’s species.

The fossil “horizon of death” dates
from the boundary of the Cretaceous/Ter-
tiary (K/T) geologic periods 65 million
years ago. Covering more than 12 square
kilometers of the island, the bone bed
rests directly above a layer of iridium, an
element that is rare on Earth but is a com-
mon signature of meteorite impact. Zins-
meister presented his findings 9 Novem-
ber 1995 at the Geological Society of
America meeting in New Orleans.

A widely believed theory holds that a
giant asteroid hit the Earth and set off the
mass extinctions at the K/T boundary. The
impact site most favored by scientists is a
large crater in Mexico’s Yucatan.

“The fish bones are an exciting dis-
covery that should help us better under-
stand environmental changes at a crucial
time in Earth history—the end of the Cre-
taceous,” commented Scott Borg, director
of NSF’s antarctic geology and geophysics
program. “Seymour Island is an important
site for understanding what happened on
a global scale to the environment at that
time. When the sediments containing the
fish bones were deposited, the island was
located in the far southern latitudes—just
like today—and very far from the probable
impact site in the Yucatan. The polar
region has a very different atmospheric
circulation than the tropics or temperate
regions, so we can compare the excellent
exposures of Seymour Island’s K/T fossils
to sites of the same age at other latitudes
to construct a fuller picture.”

In the past, Zinsmeister had argued—
based on 20 years of research on late Cre-
taceous marine fossils in Antarctica—that
the southernmost continent’s fossil record
did not support the asteroid-extinction
theory. Even after finding the bed of fish
bones, he thinks that the picture may be
more complicated and that change was
more prolonged than sudden.

“The fossil record in Antarctica sug-
gests that the final extinction event wasn't
immediate but, rather, occurred over a

period of time up to 500,000 years,” he
said. “We actually see a decrease in the
global diversity of life starting between 8
and 10 million years before the impact.”

He points out that two important
marine animals—the ammonites and the
inoceramid bivalves, a clam relative—began
disappearing from the fossil record about 10
million years before the K/T boundary.

“l think the events at the end of the
Cretaceous were not due to a single cata-
strophic event but represent a conjunction
of events—climatic change, maybe a period
of volcanism, and then, ultimately, a major
impact or catastrophic event,” he said.

“The reigning idea is that the Earth
had a bad day from the impact, but I think
it had a series of bad days,” Zinsmeister
said. “The Earth’s biosphere was already
stressed to a critical point, and the impact
could have pushed it over the edge, caus-
ing local catastrophes such as the fish kill
in the Antarctic.”

A Volkswagen-sized armadillo. Pieces
of a bulky relative of the armadillo, known
as a glyptodont, were also found during
the 1994-1995 research season protruding
from Seymour Island’s sands. The 40- to
45-million-year-old beast resembled a
Volkswagen beetle in size and shape but
sported an armored tail, according to ver-
tebrate paleontologist Judd Case of St.
Mary’s College of California, who found
the fossil along with paleontologists Dan
Cheney of the Smithsonian Institution and
Michael Woodburn and Barry Albright of
the University of California at Riverside.

The armored creature lived some 20
million years after the ammonite found by
Oleinik, when the Antarctic Peninsula had
a cool temperate climate similar to that of
the Pacific Northwest. The beast probably
wandered along streams, munching lush
vegetation along the banks.

Glyptodont remains have been found
in North and South America but never this
far south. “It’s unusually big for this time
period, with pieces of its carapace, or
shell, ranging in size from a teacup saucer
to adinner plate,” Case said.

The glyptodont resembles fossil
cousins found in Patagonia but is much
larger than others from the same period. It
joins fossil marsupials of the time, as well
as ungulates or hoofed mammals, and a
large, running carnivorous bird—all pecu-
liar to the southern part of South America
and Antarctica, and different from contem-
porary fauna elsewhere in South America.
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“Clearly, Patagonia was connected to
the Antarctic Peninsula at that time, and
somehow cut off biologically from the rest
of South America,” Case said. Today, the
stormy Drake Passage divides South
America from Antarctica.

Also on Seymour Island this season,
Case and colleagues found pieces of pen-
guin bone that are several million years
older than the glyptodont remains. The
fossil penguins, the oldest known, stood
about as tall as today’s Emperor, the
largest living penguin. On previous expe-
ditions, they found bones from penguins
more than 5 feet tall, the largest ever
known.

Clouds and polar ozone depletion
cientists from the National Center for
Atmospheric Research (NCAR) in

Boulder, Colorado, are using a new tool to

study the very high stratospheric clouds,

crucial to the processes creating polar
ozone depletion.

Jim Dye, Darrel Baumgardner, Bruce
Gandrud, and their co-workers at NCAR
have developed an aerosol spectrometer
to measure the characteristics of stratos-
pheric aerosols and polar stratospheric
clouds. Chlorine compounds react on the
surfaces of these particles to release
ozone-destroying chlorine molecules. The
spectrometer uses a laser to determine the
size, concentration, and optical properties
of stratospheric particles. From a particle’s
optical characteristics, researchers can
deduce information about its chemical
composition.

The spectrometer may also shed light
on whether clouds absorb more energy
than theory predicts. The instrument will
measure haze droplets as small as 0.3
micrometers in diameter; such small
droplets have been typically ignored in
previous cloud measurements.

Antarctic sea-ice algae display
surprise autumn bloom

Igae locked up inside the ice covering

the southwestern corner of Antarc-
tica’s Weddell Sea undergo an unexpected
autumn bloom, according to an article in
the 4 November 1995 issue of Science. The
perennially iced-over region lay beyond
the reach of researchers until 1992, when
the joint U.S.-Russian Ice Station Weddell
1 set up shop afloat an ice floe to conduct
5 months of investigations. Labyrinthine
sea ice, riddled with channels like Swiss
cheese, is a nursery ground for krill, the



shrimplike mainstay of the southern
ocean food web. The unexpected second
algal bloom—the first is in spring—fur-
nishes winter food for the krill.

“Virtually no ‘biologically active’ light
reaches the water beneath the ice, so the
algae living within the ice may be the only
producers of food in that permanently ice-
covered area,” says Cornelius Sullivan,
director of NSF’s Office of Polar Programs
and coauthor of the paper. “It was a sur-
prise that there was enough light in the
antarctic autumn to allow a second
bloom.” As porous areas of the ice freeze,
the process kicks off an exchange between
nutrient-depleted brine in the ice and sea
water, replenishing the nutrients in the
ice. The results suggest that autumnal
blooms are an important food source in
some areas of sea ice. The paper’s lead
author is C.H. Fritsen of the University of
Southern California, and other authors are
V.I. Lytle, University of Tasmania, and S.F
Ackley, U.S. Army Cold Regions Research
and Engineering Laboratory.

Antarctic ice drillers pass
3,000-meter depth at Vostok

ce-core drillers at Russia’s Vostok

Station, which is situated on the polar
plateau of East Antarctica at an elevation
of approximately 3,500 meters, recently
passed 3,000 meters—a depth at which
the ice is about 300,000 years old. Vostok
ice cores studied over the past decade by
Russian, U.S., and French scientists have
yielded unique information about envi-
ronmental and climatic changes over the
last glacial-interglacial period. For exam-
ple, analyses of air bubbles trapped in the
ice confirm that levels of carbon dioxide

and methane—gasses critical to green-
house warming—were higher between,
compared to during, glacial times.

The depths of the Vostok core, when
extracted, will be much older than the
deep cores of the Greenland ice sheet
completed several years ago. (Less snow
falls in this part of Antarctica every year, so
each meter of ice holds more years of
snowfall.) NSF supports U.S. scientists
who study the ice cores—the deepest
available for Antarctica—and provides
some logistical support for Vostok Station,
which was established by the former Sovi-
et Union more than 37 years ago.

Antarctica’s icefields catch many a
falling star

s a green, phosphorescent streak mo-

mentarily marks the night sky, a low
rumble, reminiscent of a train in the dis-
tance, announces the arrival to Earth of
another meteorite, a rock from space.

Seekers of meteorites, one of the best
sources of information about our solar
system, have found them in abundance in
Antarctica. The annual hunt for antarctic
meteorites is like a bargain-priced space
mission that lets geologists explore the
extraterrestrial worlds without leaving
their home planet, according to Ralph
Harvey, a planetary geologist at the Uni-
versity of Tennessee. Each year, Harvey
leads a team of scientists and assistants
into the field. Since Japanese scientists
discovered the first concentration of
antarctic meteorites, the continent has
yielded more than 16,000 finds to U.S. and
Japanese researchers.

Meteorites carry clues to how the
planets formed and what the early solar

A note to recipients of the Antarctic
Journal of the United States

his volume (30, issue numbers 1 through 4) of the Antarctic Journal is a compila-

tion of materials that were scheduled to be published in the 1995 quarterly
issues. The two regular features of each issue—“Foundation awards of funds for
antarctic projects” and “Weather at U.S. stations”—cover full-year periods. Awards
are listed for 1 September 1994 through 31 August 1995; weather (from stations for-
warding information) is recorded for November 1994 through October 1995.

We are publishing this single volume to correct scheduling problems that have
occurred over the last 18 months and to help ensure that future issues will be pub-
lished in a timely fashion. The 1995 review issue (volume 30, number 5) and the
March 1996 quarterly issue (volume 31, number 1) are currently in production. We
regret any inconvenience that scheduling problems may have caused and hope that
readers will find the material contained in this volume interesting and useful.
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system was like. Most are fragments of
asteroids, but some are pieces of larger
bodies—the moon or even other planets.
Scientists believe that several antarctic
meteorites came from Mars because the
gases trapped in the meteorites are similar
to those found in the atmosphere on Mars
by the Viking landers.

Meteorites fall to Earth all the time,
and no more seem to land in Antarctica
than elsewhere on the planet, so why is
Antarctica the motherlode of meteorites,
supplying an estimated one-third to one-
half of the world’s scientific samples?
“There’s no exotic reason, like the ozone
hole forming a gateway for debris from
space,” laughs Harvey. In fact, one reason
is that the frigid antarctic climate pre-
serves the space rocks. An antarctic mete-
orite that landed hundreds of thousands
of years ago looks “fresh,” whereas a
meteorite landing in warmer latitudes
breaks down into soil within a few hun-
dred years.

The movement of Antarctica’s ice also
concentrates meteorites in particular “hot
spots.” Like a conveyor belt, the ice moves
the meteorites along until the flow is
blocked by mountains or an obstruction in
the glacier’s bed. Old ice is pushed upward
from below, where it then remains for long
periods, while winds relentlessly scour the
ice surface free of snow, causing mete-
orites to accumulate.

“These are ideal places to hunt for
things that fall from the sky,” Harvey says.
“Terrestrial rocks are rare, so any stone
you find on ice is probably a meteorite.”
Every year, he and his field team, along
with their snowmobiles, are dropped off
by airplane in a remote but promising
spot, often pinpointed earlier from the air.
“Once we start our traverse, that special
feeling of leaving everything behind sets
in,” Harvey says. His team camps for 6
weeks out on the ice sheet, sometimes
forced to huddle inside tents for days as
storms rage outside. Where samples prove
abundant, the scientists search systemati-
cally, lining up snowmobiles about 30
meters apart and driving slowly in parallel,
scanning for rocks.

Many meteorites are covered by a
black, burned-looking, frothy crust,
acquired from their fiery journey through
the Earth’s atmosphere. If the crust has
weathered away, the meteorites are often
polished to a glossy sheen, which catches
the experienced eye. Each rock is picked



up with forceps and sealed in a specially
cleaned nylon bag. The season’s take is
kept frozen until it arrives at the Johnson
Space Center in Houston, Texas. If a sam-
ple were to thaw earlier, water could enter,
rusting and dissolving the minerals the
meteorite contains.

A rock from Mars that Harvey is cur-
rently studying—"“my favorite Martian,” as
he calls it—was found in Antarctica’s Allan
Hills. It contains carbonate, an unusual
mineral for a meteorite. “The carbonate

might have been deposited by fluids trav-
eling through the Martian crust—an
explanation with staggering implications
for what Mars is like,” Harvey says. “We
know that at some time in the past, Mars
had an active system of rivers, and today
we see polar caps, vapor clouds, and frost
on the planet’s surface. But we don’t know
what kinds of fluids these are, or how
warm Mars was in the past. Carbonates
left by these fluids can tell us how warm
and wet Mars might actually have been.”

After six field seasons in Antarctica,
working with meteorites has transformed
Harvey’s view of Earth. “I now look at our
planet as a giant wrecking ball crashing
through the Universe, sampling whatever
happens into its path,” he says. “Antarctic
meteorites are providing new and exciting
ideas about our solar system.”

Based on material by Lynn Simarski, Public
Affairs Specialist, NSF, Office of Legislative
and Public Affairs.

Pegasus: A glacial-ice runway for wheeled flight
operations at McMurdo Station

he U.S. Antarctic Program (USAP)

relies heavily on aircraft support
between Christchurch, New Zealand, and
McMurdo Station. The austral summer
field season begins in early October when
the smooth annual sea ice in McMurdo
Sound is thick enough to support heavy
aircraft. Wheeled C-130 Hercules, C-141
Starlifters, and C-5 Galaxy airplanes oper-
ate routinely from this runway until mid-
December when near-melting air temper-
atures and intense 24-hour-per-day sun-
shine combine to deteriorate the sea-ice
surface and force abandonment of the
runway.

For the remainder of the season,
which ends in late February, flight opera-
tions are shifted to a semi-permanent,
groomed skiway located on a deep snow
field on the Ross Ice Shelf (figure 1). Only
airplanes with very low-ground-pressure
tires or those that are ski-equipped can
operate from this skiway because of its low
bearing strength. The USAP uses special-
ized LC-130 Hercules (equipped with both
skis and wheels) to satisfy the logistics
needs of the more than 1,000 people using
McMurdo Station as a support base at this
time of year. Only nine LC-130s exist; five
are under the control of the USAP.
Demand for these few airplanes has typi-
cally been so great that a backlog of per-
sonnel and crucial cargo often has
occurred. This backlog severely constrains
the USAP from the middle to the end of
the season.

In 1989, the Cold Regions Research
and Engineering Laboratory (CRREL) initi-
ated a study to determine how a runway
on the Ross Ice Shelf near McMurdo Sta-

tion could be created. The proposed
glacial-ice runway had to be capable of
supporting heavy wheeled aircraft during
the period after the sea ice deteriorated.
Using historical records and air photos,
the study group chose a site 13 kilometers
south of McMurdo Station in an area that
has a thin, but permanent and complete,
snow cover. The snow at the site is under-
lain by a contiguous mass of glacial ice
about 30 meters (m) thick.

Runway construction
uring the 1991-1992
field season, the snow

cover was stripped from a

surveyed 3,000- by 90-m area

to expose the undulating ice
surface. Large ice blisters
were rough graded, and low
areas were filled by flood
water from a portable snow
melter. In August 1992, fol-
lowing the austral winter,
accumulated winter snow
was removed, and a survey of
the ice surface was used to
establish the desired grade
for the runway to minimize
construction. A laser-guided
grader (figure 2) with a spe-
cially built chisel-tool blade
(figure 3) was used to level
the ice surface to a high stan-
dard for smoothness. A high-
capacity snowblower was
used to remove the graded
ice (figure 4). Grading and
clearing were completed by
the end of October 1992.

airfields.
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Protection during peak solar period
n December and the first half of
January, warm air temperatures pre-

dominate (-7°C to +1°C), and exposed

glacial ice often experiences enough heat-
ing due to absorbed radiation to cause
melting. Melting usually occurs slightly
below the surface of the ice. When melt
pools form, they are generally large and
widespread enough to render a runway
useless before complete refreezing in
March or later.

illiams
Field

Pegasus runway




To protect against melting, the grad-
ed ice surface was covered with a 25-cen-
timeter (cm) layer of snow. During the
construction phase (1992-1993), material
from along the sides of the runway was
blown back onto the graded ice surface to
provide protection. During subsequent
seasons, snow present on the runway fol-
lowing the winter provided the source for
this cover. The protective snow cover
must be in place by the end of November,
just before the peak of the austral sum-
mer.

Throughout December and the first
week of January, the snow cover required
compaction (accomplished with heavy,
rubber-tired rollers) to increase its ability

to attenuate penetrating solar radiation.
Planing and dragging were also done to
provide a highly reflective, porous surface.
Measurements of air, snow, and subsur-
face ice-temperature profiles, together
with the intensity of the incoming solar
radiation, were used to monitor snow-
cover performance and to govern snow
maintenance activities.

Sometime between 7 and 15 January,
the air temperature in the McMurdo Sta-
tion region begins its downward trend.
Within several days of the onset of cool-
ing, the average daily air temperature
drops below the highest temperature
measured within the ice for that day. With
the annual cooling trend thus established,

Figure 3. Custom-built grader blade for leveling glacial ice.
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the protective snow cover could be
stripped from the runway.

Certification of runway strength
I n preparation for wheeled aircraft oper-
ations, the integrity of the runway was
tested with a proof cart. The cart, which
replicates the main landing gear of a C-130
or C-141, has a flat deck for ballast to sim-
ulate the load, plus a factor of safety, on
the aircraft’s main landing gear (figure 5).
The runway was tracked with the proof
cart along its entire length, plus overrun
areas at either end. Tire tracks were placed
no more than 1 m apart.

During proof testing for C-130 aircraft
in January 1993, approximately 30 weak
spots were found. In these locations, the
ice failed by crumbling, leaving a slight
depression in the surface. Excavation of
failed points revealed that they had an
average size of 2.8 square meters and were
15-45 cm deep. In nearly every case, fail-
ure points were associated with a thin
(2.5- to 6-millimeter) gap below the ice
surface. This gap was most likely caused
during refreezing of melt pools that were
known to have been present at this site
during the 1991-1992 field season when
initial construction activities exposed the
ice surface and melt pools formed.

Each failure point was excavated, and
all of the fractured ice around the edges
was dislodged. The ice chunks were bro-
ken into fist-sized pieces and packed into
the cavity. Cold water was used to flood
the cavity, making an ice bath that froze
completely within 48 hours. Numerous
patched spots were re-tested, and all were
found to be sound. On 1 February 1993,
the runway was certified for operation of
wheeled Hercules aircraft.

During the following season (1993-
1994), the proof cart, reconfigured to
duplicate C-141 main landing gear, was
ballasted to a load of 174,300 kilograms
(kg), approximately 25 percent greater
than the maximum take-off load on the
main landing gear. The tires were inflated
to 1,800 kilopascals (kPa), compared to
the 1,375-kPa maximum pressure for the
C-141.

Proof testing of the runway for C-141
aircraft was completed immediately after
the protective snow cover was stripped
away on 10 January. No ice failures
occurred. After 2 days of proof testing, the
runway was dragged and planed to pro-
vide an extremely smooth operating sur-



face. The runway was certified for both C-
130 and C-141 aircraft and opened for air
operations.

Test flights and operations
Before wheeled aircraft could operate
on the runway, flight tests were per-
formed to determine the high-speed char-
acteristics and surface traction of the run-
way. On 6 February 1993, an LC-130 oper-
ating on wheels performed a series of
landing, taxi, steering, braking, and take-
off tests. All test flight results were deemed
excellent by the flight crew, and no ill
effects were noted on the runway surface.

Full flight operations began from the
glacial-ice runway on 8 February 1993. LC-
130 aircraft were used to fly cargo from
McMurdo Station to Amundsen-Scott .
South Pole Station allowing an extra 3,600 e «
kg of payload by taking off on wheels. LC- Figure 4. Large-capacity snowblower used to remove snow and graded ice from runway.
130s operating on wheels and a standard
C-130 (figure 6) also used the runway to fly
passengers to Christchurch. This change
made it possible to increase the number of
passengers carried on each flight to 30-50,
compared to the usual 15-30 when the
plane used skis for take off. The runway
was closely inspected following each of the
first 15 flights. No damage or wear could be
detected, and no ice failures occurred.

In preparation for the 1994 flight sea-
son, an LC-130 was again used to certify
runway integrity. On 25 January 1994, a
wheeled landing, high-speed taxi test,
braking test, and a take-off were complet-
ed. The flight crew reported that the run-
way had a superb operating surface, stat-

Figure 5. Proof cart configured and ballasted for C-141 aircraft proof testing.

”l:l

ing that the surface was smoother than
most of the concrete runways from which
they operate.

The 1994 operating season began on
26 January and extended through 27 Feb-
ruary. Numerous LC-130 flights (on
wheels) were operated in supplying the
South Pole, and a conventional C-130 was
operated between Christchurch and
McMurdo Station on an e