
have been possible without the support of the captain and crew
of Wv Hero and the help of other scientists and personnel at
Palmer Station.
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Properties of antifreeze proteins from
fish blood and penguin egg-white

proteins

DAVID T. OSUGA and ROBERT E. FEENEY

Department of Food Science and Technology
University of California-Davis

Davis, California 95616

YIN YEH

Department of Applied Science
University of California-Davis

Davis, California 95616

Yin Yeh, physicist in the Department of Applied Science at
the University of California-Davis (ucD), and Michael Knauf,
Master of Science student from UCD, spent approximately 1
month at McMurdo-Station solely to acquire fish blood serum.
The two arrived on 1 November and were able to begin opera-
lions in a fish house on 10 November 1982. They obtained a total
yield of approximately 1 liter of blood serum from 1,250 spec-
imens of Pagothenia borchgrevinki. As the blood serum was ob-
tained, it was centrifuged from the cellular material and frozen
for transport back to UCD. Specimens of Dissostichus mawsoni,
which had been used as experimental fish in the aquarium at
McMurdo station by A. L. DeVries, were also obtained and bled
(with Dr. DeVries' help) yielding approximately I liter of diluted
serum, which was frozen and taken to Davis.

The crude fractionations have been completed on most of the
serum returned from Antarctica. Final purifications of the anti-
freeze glycoproteins, however, will take more time. The yields
on the P. borchgrevinki serum were comparable to our earlier
studies of both antarctic and arctic species, measuring approx-
imately 33.8 grams of total antifreeze. The purification of these
components will, of course, greatly reduce the overall yields.
Unfortunately, the activities found in the D. rnawsoni serum
were only about 36 percent of what had been previously ob-
tained, undoubtedly due to the biological history of the fish.
Nevertheless, the amount of material obtained in the serum was

approximately 12 grams, and this will be important for our
studies. The usual yields in the antifreeze proteins from P.
borchgrevinki for the so-called larger molecular-weight "active"
components should be approximately 3.9 grams, and for the
smaller molecular-weight much-less-active material, the yield
should be approximately 29.9 grams. Correspondingly, the D.
mawsoni yield will be approximately 36 percent lower because
purifying materials from sera of lower activity is more difficult.

Studies have continued on the potentiation of antifreeze ac-
tivities in mixtures of small and large glycoproteins when ice
made from deeply supercooled solutions is used to nucleate the
solutions (Burcham et al. 1982, 1983). Thus, when the smaller
peptide chains of antifreeze glycoproteins from P. borchgrevinki
are tested with ice made at - 1°C, they function, but when
tested with ice made at —6°C, they do not function. However,
when the smaller ones are mixed with the larger ones, they
function with ice made at —6°C. Both the structure of the ice
and the structure of the antifreeze proteins influence this poten-
tiation; this might be of significance for understanding how the
antifreeze proteins function at ice surfaces.

During the past year, we published a long-term study on the
sulfhydryl-containing proteins of penguin egg white (Osuga et
al. 1983). A "new" major egg-white albumin in penguin egg
white was described. We have named this Penalbumin (table).
Penalbumin replaces about half of the ovalbumin in the egg
white and has some resemblances to the penguin ovalbumin
but has twice the content of carbohydrate and no phosphorous.
The eggs of the two species of penguins tested—the Adélie
(Pygoscelis adeliae) and the emperor (Aptenodytes forsteri)—both
contain this interesting protein.

This work was supported in part by National Science Founda-
tion grants DPP 81-16963 and DPP 78-26015 and National In-
stitutes of Health grant GM 23817.
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Physical and chemical properties of penalbumin, penguin ovalbumin, chicken ovalbumin, penguin serum albumin, and bovine serum albumin

Property	 Penalbumin	 Penguin	 Chicken	 Penguin	 Bovine
oval bumin	ovalbumin	serum albumin	serum albumin

Molecular weight
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• Breeding and feeding ecologies of
pygoscelid penguins

WAYNE Z. TRIVELPIECE, SUSAN C. TRIVELPIECE,

NICHOLAS J . VOLKMAN, and STEPHEN H. WARE

Point Reyes Bird Observatory
Stinson Beach, California 94970

We have completed the final year of a project designed to
compare the breeding and feeding ecologies of the sympatric
populations of pygoscelid penguins at Point Thomas, King
George Island, South Shetland Islands (62°10'S 58°30'W). We
spent 5 October 1982 to 5 March 1983 at the Polish Academy of
Science's Arctowski Station, where we have been visiting scien-
tists throughout the 3-year tenure of this project. Our broad
objectives were to collect detailed quantitative data on the
breeding biology of the three penguin species and to determine
the type and amount of prey they consumed throughout the
breeding season.

During 1982-1983, unlike two previous seasons (1977-1978
and 1981-1982), the three pygoscelid penguin species had very

different reproductive success rates. Adélie and chinstrap pen-
guins fledged only 0.67 and 0.56 chicks per breeding pair,
respectively, significantly below their 1.00 and 1.02 mean chicks
fledged during 1977-1978 and 1981-1982. However, gentoo
penguins fledged 1.17 chicks per pair in 1982-1983, a success
rate higher (but not significantly) than their 1.01 chicks fledged
per pair mean for the earlier period. We believe that differences
in the courtship strategies and incubation routines of the three
pygoscelids may have accounted for these results. Adélie and
chinstrap penguins fasted for 2-3 weeks between arrival and
egg laying. Following clutch completion, the male Adélie as-
sumed the first incubation shift and fasted another 10-19 days;
the female went to sea to feed. In chinstraps, either the male or
female took the first incubation shift of approximately 7 days.
Unlike its congeners, gentoo penguin pairs feed daily early in
courtship and relieve each other at the nest about every 24 hours
throughout incubation.

The major cause of egg mortality among Adélies and
chinstraps was desertion of the nest by the incubating bird prior
to the return of its mate. The mean first incubation shift among
Adélie males was 15-17 days in the 1982-1983 season, signifi-
cantly longer than the mean 10-12 days shift in 1981-1982. Due
to an apparent food shortage early in the season, neither Adé-
lies nor chinstraps could recover from their pre-incubation fasts
in time to relieve their mates. Gentoo penguins were able to
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maintain their condition throughout courtship and incubation
via small daily intakes of food. The gentoo's strategy of short
daily feeding trips appears to be much more successful during
years of low food availability.

This year we collected 39, 23, and 34 complete stomach con-
tents of breeding Adélie, chinstrap, and gentoo penguins, re-
spectively, using a modification of the stomach pumping meth-
od described by Wilson (in press). The diets of pygoscelid
penguins in Admiralty Bay are very consistent year to year. As
in two previous seasons (1977-1978 and 1981-1982), Adélie and
chinstrap penguins ate 99 percent krill (Euphausia superba), and
gentoo penguins ate 84 percent krill and 16 percent fish. Other
findings consistent over the 3-year period were (1) Adélies
returned with the most digested stomach contents, gentoos the
least, and (2) Adélie mean relief times during the chick guard
phase were significantly longer than gentoo or chinstrap. These
results suggest that Adélie penguins feed further offshore than
do either of its congeners.

Interestingly, we continued to find differences in the diets of
male and female gentoo penguins. Gentoo penguins ate on
average 16 percent fish, however, males ate 23-32 percent fish
and females ate only 2-15 percent. Comparing the bill sizes of
Adélie, chinstrap, and gentoo penguins revealed that whereas
the first two species had an 80 percent overlap in bill size

between sexes, gentoos had only a 10 percent overlap. Di-
morphism indices (DI, after Storer 1966, Ainley and Emison
1972), for bill size (the square root of culmen length x bill depth
at nares) indicated that in all three species, males were larger
than females and that the gentoo was the most sexually di-
morphic species (DI = 7.3, 8.2, and 11.3 for Adélie, chinstrap,
and gentoo penguins, respectively). The greater degree of sex-
ual dimorphism in bill size and diet of gentoo penguins may
reflect the fact that, unlike its congeners, it is nonmigratory
during the winter when food availability may be low, and intra-
specific competition for it intense.

This research was supported by National Science Foundation
grant DPP 81-17205.
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The effect of lighting conditions on
circadian rhythmicity in the body
temperature of Adélie penguins

SHARON A. SICKLES and DAVID E. MURRISH

Department of Biological Sciences
State University of New York-Binghamton

Binghamton, New York 13901

Biological rhythms have been observed in organisms ranging
from single-celled eukaryotes to the most complex multicellular
plants and animals. Many behavioral and physiological func-
tions exhibit variation according to the time of day. These varia-
tions have been termed circadian rhythms because the period of
the rhythm is approximately 24 hours even when there are no
temporal cues from the environment. Normally, 24-hour en-
vironmental cues serve to reset the "biological clock" so that the
rhythm remains in the correct phase relationship with the en-
vironment and with the other rhythms of the organism. The
primary synchronizer of the circadian timing system is the
light-dark (LD) cycle experienced by the organism.

The natural lighting in polar regions provides periods of
relatively constant lighting conditions with continuous light in
summer and continuous dark in winter. The other seasons
subject organisms to varying LD cycles. Muller-Schwarze (1968)
found that Adélie penguins, Pygoscelis adeliae, exhibited circa-
dian rhythms in activity during the austral summer. It is not

known if polar organisms display prominent circadian rhythms
throughout the year. We did a preliminary set of experiments to
see if circadian rhythms in a physiological variable exist in a
polar bird.

The core (body) temperature of free-ranging and captive
Adélie penguins was monitored by radio telemetry in De-
cember 1982. The nonincubating members of four pairs of birds
with eggs were captured, anesthetized with halothane and
temperature transmitters (AVM Instruments, Inc.) were placed
in the peritoneal cavity. The birds were released near their nests
and were monitored continuously for 2 days to assure recovery.
Body temperatures were again determined from these birds in
the rookery in early January. Following this, the birds were
recaptured and placed in a communal outdoor pen. They were
maintained in the natural photoperiod of continuous light (LL)
for 4 days. The light intensity in these latitudes varies from
greater than 50,000 lux during sunny middays to less than 1,000
lux at twilight (Gallardo and Piezzi 1973). Cloud cover also
caused the intensity of light to vary.

Body temperature data were analyzed using period-and-
phase analysis on a microcomputer (Sulzman 1982). This al-
lowed us to characterize the periodicity of the data and to
establish the presence or absence of rhythmicity.

The body temperature of an Adélie penguin under different
lighting conditions is shown in the figure. Analysis indicated
that in the natural photoperiod, the body temperatures of both
penned birds and birds in the field were arrhythmic (block A of
the figure).

The birds were placed on a LD cycle following the LL exposure.
The light period of 16 hours was natural sunlight and the dark
period of 8 hours was obtained with a light-tight cover on the
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Body temperatures of a penned Adélie penguin measured between 9
January 1983 and 19 January 1983: "A" shows the body temperature
In the natural photoperiod (LL), "B" In a light/dark (LD) 16-to-8 pho-
toperiod; "C" in constant dark conditions (Do).

pen. This LD 16:8 cycle entrained the birds to a 24-hour period
(block B of figure). Body temperatures were considerably higher
during the day and lower during the night as is typical of
diurnal homeotherms. There was also an anticipatory increase

in body temperture shortly before lights on suggesting that the
rhythm is endogenous in nature (Fuller, Sulzman, and Moore-
Ede 1979).

One bird was placed in complete dark (CD) for 2 days follow-
ing the LD 16:8 portion of the study. The body temperature
rhythm of the bird persisted although the mean was lower than
in LD conditions (block C of figure). The persistence of the
rhythm in constant dark demonstrated the endogenous nature
of the rhythm and that an LD 16:8 cycle was an effective syn-
chronizer of body temperature. The lower range of temperature
values in the rhythm is typical of a diurna homeotherm in DD

conditions because light intensity has been shown to influence
the level of body temperature (Fuller et al. 1981). Organisms
often lose rhythmicity in constant conditions after a period of
time. This gradual loss of rhythmicity is called damping out.
The present study was not long enough to determine if damp-
ing out occurs in the body temperature rhythm of Adélie
penguins.

Circadian rhythms in antarctic organisms have not been ex-
tensively investigated. This preliminary research clearly de-
fines the need for considerable study of examine the effects of
the extreme photoperiods on the circadian timekeeping system
of organisms indigenous to the polar regions.

Sharon Sickles and David Murrish were at Palmer Station
from 24 December 1982 to 17 February 1983. This work was
supported by National Science Foundation grant DPP 80-19988.
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Fur seal research at Bird Island, South
Georgia

JOHN L. BENGTSON and DANIEL J. SCHNEIDER

Department of Ecology and Behavioral Biology
University of Minnesota

Minneapolis, Minnesota 55455

From 1 December 1982 to 27 March 1983 we participated in the
British Antarctic Survey's research program on antarctic fur
seals (Arctocephalus gaze/la) at Bird Island, South Georgia
(54°00'S 38°03'W). This season's work continued our investiga-
tion of how reproductive and behavioral parameters of antarctic
seals may reflect ecological changes within the ecosystem. The
research was organized into three subprojects: (1) studying the
relationship between female behavior and fine tooth structure,
(2) monitoring female behavior at sea, and (3) examining spec-
imen material.

The amount of time that female fur seals spend feeding at sea
during their lactation period may be related to the relative abun-
dance of local food supplies (Doidge, McCann, and Croxall in
press). Perhaps in years of low local food availability, females
require longer periods at sea to find enough food to replenish
energy reserves before returning to suckle their pups. Because
antarctic fur seal females feed almost exclusively on antarctic
krill (Euphausia superba) (Bonner 1968), analysis of the number of
feeding trips made from year-to-year might provide a clue into
the range of fluctuations in local krill abundance through time
and its consequences within the krill-based food web.

Some of the fine layers present in the dentine of fur seal teeth
have been postulated to be related to the feeding/suckling cycles
made by adult females during lactation (Scheffer and Peterson
1967; Payne 1978). If it could be demonstrated that these layers
are indeed related to feeding trips, one could determine the
number of feeding trips made by females in a given calendar
year by counting the layers laid down by pups or their mothers
during the pup-rearing period. Such counts would enable the
calculation of the Inean number of feeding trips made per calen-
dar year over each of the past 25 years; because fur seals live up
to 15 years, teeth from the 1982-83 and 1972-74 (Payne 1978) Bird
Island collections may provide estimates back to about 1957.

This past season, the feeding/suckling behavior of 28 females
and their pups was monitored from pupping through near-
weaning to provide a sample of seals with a known behavioral
history. Females were captured from harems, telemetered with
radio frequency transmitters, and returned to their pups. Chart
recorders hooked to scanning receivers monitored the presence
of females on the beach 24 hours a day, providing a complete
record of the number, duration, and timing of feeding trips.

Intramuscular injections of oxy-tetracycline were administered
to these females and pups periodically during the lactation
period. Tetracycline is incorporated into new tooth tissue and
fluoresces when examined under ultraviolet light, thereby
providing a benchmark of which layers were being laid down
when (Gurevich, Stewart, and Cornell 1980). When teeth from
monitored seals are examined, the tetracycline marks, fine
layers, and behavior patterns will be compared to show how
behavior may relate to tooth structure.

A second portion of our project investigated the behavior of
female fur seals at sea during their feeding trips. Movements of
female at sea were monitored by triangulating their location
from two small tracking stations on Bird Island mountain peaks.
When females at sea were within radio range, simultaneous
bearings from each tracking station were taken every 15 min-
utes. In this way, it was possible to determine females' speed of
traveling, favored routes, and probable feeding areas. The main
feeding area used this past season was probably located to the
northwest of Bird Island somewhere beyond 20 kilometers off-
shore, the limit of our radio range.

The third part of this program was to describe various aspects
of the reproductive biology of antarctic fur seals. Reproductive
tracts were collected from 238 females, 15 males, and 25 pups of
the year sacrificed as part of the British research program at Bird
Island. Examining the ovaries of 30 females taken 3 to 12 days
after pupping confirmed the timing of ovulation as between 5
and 8 days postpartum. These observations support the former
assumption that females ovulate just before going to sea for
their first feeding trip after pupping (Doidge et al. in press).
Teeth collected from all seals sacrificed, in addition to 163 seals
that died of natural causes, will be used for age determination
and estimation of the number of feeding trips made in previous
years.

This work was supported by National Science Foundation
grant DPP 80-20087 and the British Antarctic Survey.
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Microprocessor-controlled monitoring
of bradycardia in free-diving Weddell

seals
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The Weddell seal (Leptonychotes weddelli) can dive to depths in
excess of 500 meters and remain submerged for more than an
hour. The Weddell seal is able to remain submerged for these
periods by having large oxygen stores which can be carefully
conserved. It is believed that during diving, certain organs and
tissues vasoconstrict and have reduced blood flow. Bradycardia
in Weddell seals has been measured in the laboratory during
forced head immersion and while free diving beneath the 3-
meter thick annual ice using 80-meter break-off electrocar-
diogram (ECG) leads (Kooyman and Campbell 1972), which,
unfortunately, measure only the first few minutes of the seals'
dives. The heart rate measured in simulated laboratory diving
was consistently lower than that measured in the field, and
some have claimed that laboratory seals exhibit a "fright" rather
than a diving bradycardia (Kanwisher, Gabrielson, and Kan-
wisher 1981). We decided to resolve these differences of opinion
by designing and constructing a microprocessor-controlled
monitor which could be attached to freely diving seals to mea-
sure and store records of their average heart rates and seawater
depth every 30 seconds.

We had three constraints upon the design of a microcom-
puter monitor to measure heart rate and depth for Weddell
seals. First, the monitor had to be able to withstand seawater
pressure at 500 meters depth—a pressure of 750 pounds per
square inch or 50 atmospheres. Second, the monitor had to be
able to withstand rapid temperature change and intense cold,
because when seals hauled out of the relatively warm seawater
(- 2°C), the monitor would be exposed to the polar environ-
ment with possible temperatures of –40°C. Third, the monitor
had to consume as little power as possible to extend the life of its
batteries. Conservation of power was achieved by using low-
power semiconductor technology including an 8-bit micro-
processor and 14K (or 14,336) bytes of random-access memory
(i.e., user-available memory) with machine-language software.
The current consumption of the monitor was reduced to 5
milliamperes average. The entire microprocessor-controlled
monitor was assembled onto three circuit boards each measur-

ing 10 centimeters x 10 centimeters. The three boards were
sandwiched and cast into a block of rigid thermal epoxy in-
sulator. The computer was powered by two epoxy encapsulated
lithium "D" cells which provided 6 volts at 9 ampere-hours.

The experimental protocol we followed was developed by
Kooyman et al. 1980. An adult male seal was selected at one of
the colonies near McMurdo Station on Ross Island, Antarctica
and sledged to a previously surveyed field site at which two
holes, 10 meters apart, were drilled through the annual ice on
McMurdo Sound. The field site was chosen to be at least 6
kilometers from the nearest natural ice crack so that when a
computer-monitored seal was released at this site, it could not
surface to breathe elsewhere. A fish hut, acting as a field labora-
tory, with a hole in its floor was placed over one of these holes
and the other entry and exit hole was blocked during an experi -
ment so that the seal would be obliged to surface in the field
laboratory between dives. The field laboratory contained a
Zenith Z90 minicomputer, to which heart rate and depth data
were transmitted at 57.6K baud (57,600 bits per second) via a
fiber-optic lead which we connected for a few seconds when the
seal surfaced. Figure 1 shows a seal in an ice hole with a fiber-
optic float ready for connection.

Figure 1. Weddell seal surfaced for breathing at a drilled, isolated
hole through the 9-foot-thick fast ice. The fiber-optic communica-
tions line from the diving computer is seen floating on the surface.
This was briefly connected to the surface computer to transfer
physiologic and depth data and preprogram the diving computer.

The microcomputer monitor and battery pack were fastened
to the seal in an indirect manner. ' neoprene sheet, through
which some stainless steel bolts had been previously mounted,
was glued to the dorsal fur of the seal using cyanoacrylate glue.
This glue is fast setting and created a bond, which is very strong
initially then slowly degrades. The computer and batteries were
then bolted onto the neoprene sheet. At the conclusion of an
experiment the outside hole was re-opened and, after the seal
hauled out, the computer and batteries were unbolted; the
neoprene sheet was left attached to the seal. The seal was then
returned to its capture site and when the glue degraded suffi-
ciently, the neoprene sheet fell off, a process that took several
weeks.
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Figure 2. Seawater depth and average seal heart rate were recorded
each 30 seconds by the diving computer during free diving of
monitored Weddell seals. [Heart rate (HR) is measured in beats per
minute (bpm).]

Although depth and ECG were recorded on four seals, one
seal far surpassed all others in the quality and quantity of data
produced, and the majority of our data came from this seal. This
seal had heart rate and depth recorded every 30 seconds for

over 94 hours, providing a total of 22,700 data points. During
this time the seal produced a wide variety of dive lengths and
depths; the longest dive was 52 minutes and the deepest was
486 meters. Figure 2 provides a sample of heart rate and sea-
water depths during free diving. With each submersion a bra-
dycardia was evident.

We also used our diving computer to control other undersea
measurements. In addition to heart rate and depth measure-
ments the computer initiated and controlled an aortic blood
sampling roller pump. We obtained 40 arterial blood samples
during undersea free diving at depths up to 350 meters.

This research was supported by National Science Foundation
grant DPP 81-00212.
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Research on McMurdo Sound's Weddell seal population con-
tinued in three main areas during the 1982-1983 field season.
(1) Tagging and census work provided the long-term focus for
our population dynamics research at McMurdo Sound. (2) A
study was made of concurrent distribution of seals and a con-
spicuous prey species, the antarctic cod (Dissostichus rnawsoni),
which may be an important food source to breeding adults
during the nonbreeding season (Calhaem and Christoffel 1969).
(3) The distribution and behavior of juvenile seals (less than 5
years old) were studied to understand age-class interactions
and their effects on population dynamics.

Population demographic studies continued with tagging of
all pups born in the 1982-1983 season and retagging of adults
and subadults that had lost a single tag; an effort to increase the
proportion of tagged adult males to make our population esti-
mates of that group more precise was successful. Seven cen-
suses were conducted and the results indicate a population size
of around 650 adult-size females and over 200 adult males. Pup
production this season was 385. These figures are comparable
to those of the last 3 years and indicate a fairly stable population,
though it is much reduced from the 1960's and early 1970's
(DeMaster 1978; Siniff et al. 1977; Stirling 1969). Harvest of seals
by the New Zealand Antarctic Research Programme was re-
duced to 36, and their cooperation made material from the kill
available for analyses of age structure and genetic composition
of the population. Electrophoretic analysis of that material was
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Figure 1. Radio transmitter attached to the pelage of a weaned
Weddell seal pup.

conducted at the Savannah River Ecology Laboratory in April
1983 and the results are in preparation.

This season we surveyed locations in McMurdo Sound to
compare the distribution antarctic cod and seal population. A
series of holes was drilled, each was fished for a 24-hour period
between late October and early December, and the distribution
of cod was compared to seal distribution and bathymetric
characters. Not surprisingly, cod concentrations were well re-
moved from breeding seal colonies. Additionally, seal scats
collected at the same time from various areas both in and away
from the colonies show greater predation by seals on small fish
and crustaceans than on cod. Small, midwater fish dominated
stomach samples from seals killed by the New Zealand Ant-
arctic Research Program as well (Dearborn 1965 and this study).
The paucity of cod remains in scat and stomach samples does
not preclude interaction between the two species. The exclusive
distribution of Weddell seals and antarctic cod suggests (1) that
seals are effectively depleting the cod population from local
areas (2) that cod avoid seal concentrations, or (3) their pre-
ferred habitats simple do not overlap at this season.

The distribution of adult and subadult age classes in
McMurdo Sound was studied by aerial survey transects and tag
sightings in areas removed from the breeding colonies. Segre-
gation by age in this population has previously been noted on a
small scale in late summer (Stirling 1969). Transects showed

Figure 2. Sue Braun and Ward Testa prepare a glue-on pelage trans-
mitter for a weaned Weddell seal pup in Erebus Bay.

substantial concentrations of 1-3 year old seals near the edge of
fast ice. We suspect that conditions in this area are quite dif-
ferent from those further from open water where adults are
more common, and such factors as predation by killer whales or
prey availability may affect survival of these two segments of the
population differently. The possible social basis of this segrega-
tion is being studied. Also, the incorporation of weaned pups
into the subadult population in late summer is being studied by
means of radio-telemetry (see figures 1 and 2).

This research was supported by National Science Foundation
grant DPP 80-20097.
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Terrestrial biology

Plant communities of the Antarctic
Peninsula near Palmer Station
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and soil temperature, relative humidity, soil moisture, incom-
ing and net radiation, precipitation, evaporation, and wind
speed and direction were measured. The most complete obser-
vations were made at four locations in Arthur Harbor (figure 1).

O C 2	
Stepping Stone J.,,. 1 . Mu. 2a 1983

10-

We investigated the diversity of plant communities, their
controlling factors, and recovery after disturbances, including
human, in various ice-free areas along the Antarctic Peninsula,
particularly near Palmer Station.

Field operations were conducted between 23 December 1982
and 26 March 1983. Arthur Harbor operations were supported
from Palmer Station and the Antarctic Peninsula operations by
Iv Hero. Mark Losleben worked as field assistant and cli-

matologist between 23 December and 7 March.
The following sites were sampled: Deception and Nelson

Islands, South Shetland Islands; Biscoe Point, Cape Prince Al-
bert de Monaco, and several islands and points in Arthur Har-
bor, Anvers Island; Goudier Island, Port Lockroy near Wiencke
Island; Green Island, Berthelot Islands (a specially protected
area from the U.S. Antarctic Research Program, for which a
permit was acquired); Humphries Heights, Graham Coast; and
Cierra Point, Danco Coast.

At each site, plots were photographed and sampled for the
plant taxa present, their cover, soil, and selected environmental
factors including disturbance. Many of the total of 571 plots
were permanently marked. Sampling covered approximately 50
different plant communities. Climatic variables including air

Figure 1. (Right) Diurnal range of daily air temperature at 10 cen-
timeters above ground at four sites in Arthur Harbor, measured with
a homemade Stevenson screen on a hygrothermograph (Weather
Measure). Mean daily temperature for Stepping Stone was calcu-
lated by averaging readings taken at 2—hour intervals. The tem-
peratures were slightly higher on a flat island covered with vascular
plants (Stepping Stone) than on a flat island covered with mossbank
(Shortcut), but the temperature and relative humidity pattern was
very similar suggesting other controls of mossbank occurrence
such as substrate and/or availability of mossbank meltwater rich in
nutrients from penguin guano throughout the growing season. The
north slope on Litchfield Island (mossbank) was the warmest and
the south slope (moss and algae communities) was the coldest
station; amplitude of temperatures was dampened on the south
slope. Both sites on Litchfield Island were noticeably warmer in
January.
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We also made measurements of depth of thaw and observations
of frost-sorted features.

A discontinuous 5,000-square meter stand of Descharnpsia
antarctica Desv. and Colobanthus quitensis (Kunth) Barti., the only
two antarctic vascular plants, was sampled at 64°49'S on Biscoe
Point; this was probably the site examined by Turquet (1906;

Smith and Corner 1973). Very likely, Biscoe Point represents the
southernmost large stand of these two taxa, and it was pro-
posed for protection.

Recent ice and snow-patch recession in the Arthur Harbor
area (Smith 1982) probably adversely affected the moisture sup-
ply of mossbanks which show a considerable quantity of dead

Figure 2. Very little original vegetation has recovered in places where peat was cut out of a mossbank on Norsel Point, Anvers Island. The
average diameter of lichens colonizing the rock bared by peat removal is 16 millimeters. The peat is approximately 30 centimeters deep. These
plots probably date from the time of the British Base near Old Palmer on Norsel Point. Base operated between 1955 and 1958 and for short
periods until it accidentally burned to the ground in 1971 (Hattersley-Smith personal communication; Lipps 1978; Smith personal communica-
tion; Walton personal communication).

Figure 3. A moss community which has developed on a human-disturbed, moist surface at Port Lockroy, Goudier Island, near Wiencke Island.
This British Base A operated between 1944 and 1962 (Hattersley-Smith personal communication; Lipps 1978; Smith personal communication;
Walton personal communication). Particularly communities dominated by pleurocarpous mosses or by Bryum and Pohila in moist habitats
appear to be noticeably resilient to disturbance. These mosses often act as both dominants and colonizers, while strong, mossbank-forming
dominants such as Polytrichum and Chorisodontium colonize only rarely. Lichen diameters on human-disturbed surfaces at Port Lockroy
ranged between 5 and 15 millimeters.
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mosses and are being colonized by lichens. Daily summer pre-
cipitation, which is greater in the north and is sufficient for
growth of mossbanks on Signy Island, South Orkney Islands
(Fenton and Smith 1982), does not support vigorous growth of
mossbanks in Arthur Harbor at present. The ice and snow-
patch recession must have been limited or it did not affect the
moisture supply to the mossbank on the southernmost visited
site, Green Island, where mosses are growing well.

The recession of a thin ice sheet on Carnage Point probably
occurred relatively rapidly during the century (cf. Collins 1976;
Smith 1982). Shortness of time available since the recession,
rather than the construction of Palmer Station and use of tracked
vehicles (Smith 1982), appears to be the reason for the sparse
colonization of most of the Carnage Point by plants. Native
plants from Norsel Point were transplanted to Carnage Point to
test this hypothesis.

Colonization and recovery after disturbance appear to be
very slow, especially in habitats less than optimal for plant
growth. On Norsel Point, an old system of plots was pointed
out to us by D. E. Murrish. Only a few mosses and lichens
vegetate the vertical sides of the rnossbank where the peat was
cut out (figure 2). This supports the hypothesis that the present
conditions in Arthur Harbor are not favorable for mossbanks. In
places where there is enough moisture and other conditions are
favorable, bryophytes which do not form rnossbanks may de-
velop high cover in recovering communities (figure 3). Other
investigated human disturbances included the vicinity of Pal-
mer Station, old Palmer Station on Norsel Point, British Base N
on Norsel Point, Argentine base Primavera, Hughes Bay, and
sites on Deception Island.

Dynamics of mature communities also appear to be very
slow. Dead plants have high cover and occur in up to 20 square
meter-patches on both fine material and rocks. Most plants
were probably killed during austral summers with excep-
tionally bad weather and icy conditions; some plants could have
been killed during unusual droughts. Due to slow decomposi-

tion in the cold environment, the dead plants persist and pre-
vent recolonization and community recovery for long periods.
Common disturbances by animals may have adverse or sub-
sidizing effects.

Studies of plant strategies and seedling survival in various
communities have been initiated. Competition and environ-
ment manipulation transplant experiments with native plants
were started on Carnage Point. Transport of propagules by birds
will be investigated.

This research was supported by National Science Foundation
grant DPP 82-01047. I would like to thank Captain P. Lenie, the
crew of the iIv Hero, and the Palmer Station personnel for their
great support.
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Skua and petrel sightings in interior
antarctic ranges—Thiel and southern

Pensacola Mountains

ARTHUR B. FORD

U.S. Geological Survey
Menlo Park, California 94025

Geologic field parties occasionally have unusual oppor-
tunities to observe rare birdlife in interior parts of Antarctica far
from coastal nesting sites, where most ornithologic studies are
carried out. Such sightings are of great importance to knowl-
edge of the behavior and territorial range of antarctic seabirds

(Halle 1973). According to Halle (1973), the reporting of bird
observations may generally be overlooked, because of scientists'
overspecialization in narrow research fields. This failure to re-
port observations probably accounts for the scarcity of reports of
sightings near the South Pole after those from Robert F. Scott's
1911-1912 polar journey. On that expedition, south-polar skuas
(Catharacta maccormicki) were observed within 260 kilometers of
the South Pole (Eklund 1964)—it was not until December
1967-January 1968 [when birds were sighted near there (Halle
1973)] and in summer 1977-1978 [(Axelrod 1979), when solitary
skuas visited Amundsen-Scott South Pole Station] that the next
reportings of sightings were published. In a 1962 experiment to
test the flight and navigational abilities of this species, six adult
skuas were flown by airplane to the South Pole and released; in
less than 10 days, at least one had made its way back to its Cape
Crozier nest 1,330 kilometers away (Eklund 1964). From this
study it is reasonable to conclude that birds are capable of
navigating far inland and that the lack of reported sightings
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does not mean that there are no birds away from the coastal
regions.

This report describes several bird sightings during U.S. Geo-
logical Survey geologic fieldwork in the 1960's and 1970's in
some of the ranges of the Transantarctic Mountains closest to
the South Pole.

Thiel Mountains. Field parties were stationed in the Thiel
Mountains (figure) during January 1961 and from early
November 1961 to early January 1962. We were placed by R4D
aircraft from Byrd Station. A highly visible base camp with a
Jamesway hut was established on a broad expanse of snow and
ice about 15 kilometers from the nearest mountains. In the two
summers, we were visited on a single occasion by a solitary
skua that arrived at about 0830 hours, 11 January 1961. Because
we were inside the hut, we did not see the skua's arrival. When
discovered, the bird was standing on the camp refuse pile about
50 meters from the hut. In our rush to photograph our first
visitor, we frightened it off, and it flew southward, disappearing
over the horizon of the polar plateau.

We were surprised on the following day to find a small chick-
enlike leg bone at the top of the refuse pile. Since our dinner
menus had consisted only of Bolton trail rations—meat-bar
stews, soups, and pemmican—the bone had to have been
brought by the skua and left behind in its hasty departure. The
visit was a few days after Major A. Havola's 1960-1961 Byrd-Pole
tractor traverse (figure), passing near the Thiel Mountains. We
therefore considered it likely that the skua had picked up the
bone from a traverse-party midden, but it might also have
picked it up from Byrd Station or elsewhere. In our hasty identi-
fication, we neglected to consider that the bone might even have
been that of another antarctic bird. In any case, it is of interest
that the bird was carrying such provision for its long interior
flight.

Map showing areas of bird sightings, 1961-1966.

The fact that the bird was alone and that it appeared so soon
after the tractor traverse suggests that the skua was following
vehicle tracks, until our camp became visible. When it left, the
skua appeared to be generally following Havola's traverse route
toward the South Pole. The skua could not have been guided by
aircraft contrails, as was suggested by Axelrod (1979) in her
report of skua flights in other interior regions, because there
were no aircraft operating in the vicinity and because our camp
was 500 kilometers from the flight route between McMurdo and
South Pole Stations, too great a distance for the contrails to be
visible. With their keen eyesight (Eklund 1964), skuas should
easily be able to follow a chain of nunataks southward to this
area from the Ellsworth Mountains, about 500 kilometers away,
where there have been more numerous visits by south-polar
skuas (Splettstoesser 1981). However, in this case, the coinci-
dence in timing with the tractor traverse suggests that this skua
was guided by the vehicle tracks.

Patuxent Range. No avian visits were observed during field-
work in the period 10 November 1962 to 5 February 1963 in the
Patuxent Range, where we were placed, and in midseason re-
supplied, by R41) aircraft. A visit by a single south-polar skua
was, however, observed the following summer when a snow-
mobile traverse party, working mainly in the Neptune Range to
the north, crossed the Academy Glacier to revisit the Patuxent
Range. As the snowmobile traverse party approached the
1962-1963 summer's Jamesway-hut base camp near the south
margin of the glacier, at 1910 hours, 18 December 1963, the skua
suddenly appeared and cavorted around the moving sledges.
When the vehicles stopped, the bird landed a few tens of meters
from the party but refused to eat morsels of chocolate and
canned pemmican that were tossed out to it (Schmidt personal
communication). The skua remained behind when the party left
and was not seen again. Aircraft were not operating in the
vicinity before or during its visit.

Pecora Escarpment. During the 1962-1963 Patuxent Range
fieldwork, we made a snowmobile traverse southward for a first
visit to the then-unnamed Pecora Escarpment (figure), which
we had seen on the horizon of distant aerial photography. A
lengthy blizzard made travel hazardous and stopped the tra-
verse at latitude 85°30'S on the Patuxent Ice Stream. At 0015
hours on 10 January, the screeching calls of bird surprised us
and brought us out of our tent to see the visitor. The sighting of
this bird, later identified (Watson 1975, plate 6) as a snow petrel
(Pagodroma nivea), was reported by Schmidt and Ford (1963, p.
23), who described it as follows: ". . . the only non-human life
of any type seen during the entire 3 months in the field was one
snow petrel sighted on 6 January (sic), well south of the Patux-
ent Mountains, at about latitude 85.5° 5 on the long trip to the
southern nunataks. The bird appeared at midnight on a beau-
tiful sunny clear day after 3'/2 days of storm and white-out
conditions, and its wild diving and swooping antics within feet
of our clicking cameras indicated a delight as great as our own in
seeing another form of life. The petrel departed on a straight
northerly course toward the Patuxent Mountains after cavorting
for more than 5 minutes." (The date was erroneously reported
as 6, rather than 10, January.) Again, only vehicle tracks were
available as possible guides for the visit. Although sightings of
snow petrels seem to be much less common than of skuas in
inland areas, petrels have been reported from the Ellsworth
Mountains (Splettstoesser 1981), Marie Byrd Land (Rugh 1974),
and Victoria Land (Ricker 1964). Our sighting of this species,
however, is much farther south than any other sighting known
to the writer.
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Central and northern ranges of the Pensacola Mountains
were studied during early November to February summer sea-
sons of 1963-1964 and 1965-1966 and for shorter periods in
several later years. No avian visits were observed in the Nep-
tune Range in 1963-1964. However, in 1965-1966, numerous
but uncounted visits by skuas to the large midden of a 40-
person helicopter base facility in the north-central Neptune
Range were doubtless attracted by the abundant helicopter,
LC-130 Hercules, and R4D aircraft activity that summer
throughout the Pensacola Mountains. During work in January
1974 and November-December 1976 and 1978 in areas of the
Dufek Massif and the Forrestal Range, lying north of the Nep-
tune Range, birds were sighted on but a single occasion: in mid-
December 1978, two snow petrels were seen from afar flying
over Davis Valley (82°30' S 51° W) at the northeast end of Dufek
Massif (Reynolds fieldnotes). Near the south margin of the
Filchner Ice Shelf and only about 500 kilometers from the Wed-
deli Sea, this broad ice-free valley containing a small pond, algal
mats, and abundant meltwater would appear to be attractive to
seabirds. The sighting of the two birds in but 4 days of work in
the valley suggests that it is.
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The primary aim of our 3-year study was to characterize the
extent to and mechanisms by which organisms native to the
unusual southern Victoria Land lakes are adapted for survival
and growth under certain environmental extremes. The second
year report addressed adaptations of algae, heterotrophic bacte-
ria, and an aquatic moss to low light, low temperature, hyper-
salinity, and high concentrations of dissolved oxygen. We also
discussed adaptations of the lakes' modern algalbacterial
stromatolites to nonturbulence and the absence of metazoa
(Parker et al. 1982a). Additional new information on these lakes
include Cathey and others (1982); Kaspar and others (1982);
Love and others (1982, 1983); Parker and others (1982b, c);
Seaburg, Kaspar, and Parker (in press); Seaburg and Parker (in
press); Simmons and others (1983); and Wharton, Parker, and
Simmons (in press). During this third year, we have furthered
our understanding of the adaptations to low light, low tem-
perature, high dissolved oxygen; also, we have obtained new

evidence for phosphorus limitation and stromatolite structure,
distribution, and lipid content.

Low light. Seaburg and others (in press) have produced the
first estimate of the photosynthetic quantum efficiency for a
phytoplankton community in high latitude polar ecosystems,
namely for Lakes Bonney, Fryxell, Hoare, and Vanda. Their
estimates indicate that the phytoplankton of these four lakes
either (1) convert light to organic matter more efficiently or (2)
trap light more efficiently than freshwater or marine phy-
toplankton elsewhere.

During the 1982-1983 field season microbial mat from the
anoxic depths of Lake Fryxell fixed significant levels of car-
bon-14 bicarbonate (H 14CO 3 ) and carbon-14-acetate at in situ
low-light levels. This suggests the presence of the anaerobic
photosynthetic bacteria (e.g., Rhodospirillaceae, Chromatiaceae
and/or Chlorobiaceae).

Low temperature. Seaburg and Parker (in press) examined
freshwater Virginia algae isolated from both cold (less than 6°C)
and warm (greater than 20°C) habitats using methods identical
with those applied earlier to antarctic lake algal isolates (Sea-
burg, Parker, and Simmons 1981). Comparison of data shows
clearly that the antarctic lakes have a significantly higher pro-
portion of algal taxa adapted to good growth at the colder
temperatures and correspondingly are more frequently inhib-
ited by the warmer temperatures.

Experiments during the 1982-1983 field season also showed
that dark respiration measured as carbon-14 dioxide ("CO,)
evolution from unilabeled glucose in lake water was highest at
about 12°C, less but still appreciable at 4°C, and severely inhib-
ited at 20°C.

Oxygen effects. Mikell, Parker, and Simmons (1983) have
shown that high dissolved oxygen levels simulating those of the
sub-ice waters of southern Victoria Land lakes severely inhibit
the growth and metabolism of planktonic bacteria from the
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oxygen saturated oligotrophic alpine Mountain Lake, Cues
County, Virginia. All evidence points to an intracellular site of
oxygen or oxygen byproduct inhibition. These results are in
striking contrast to similar experiments conducted on the
planktonic bacterial communities of the antarctic lakes where
bacterial growth and metabolism were not inhibited and some-
times apparently stimulated by high dissolved oxygen levels
(Mike!! and Parker in preparation).

Phosphorus limitations. In situ phosphorus-33-labeled phos-
phate (33PO4 3) uptake rates by plankton have been conducted
in the four lakes during three austral summers (Seaburg et al. in
preparation.) A total of 40 tracer and 20 nontracer level experi-
ments showed that, while turnover times for natural phosphate
(PO4 3) pools were much longer than for temperate latitude
lakes, phosphorus probably is a major limiting nutrient for
plankton growth and productivity. Notable exceptions are at
lake depths where light is severely limiting, phosphorus has
accumulated, or plankton densities are very low.

Stromatolites. A unique feature of at least five southern Vic-
toria Land lakes are the benthic bluegreen algal-bacterial-di-
atomaceous mats which have formed modern stromatolites,
representing the only cold freshwater stromatolites presently
known on Earth. Various stromatolite types occur in Lakes
Bonney(B), Chad(C), Fryxell(F), Hoare(H), and Vanda(V) rang-
ing to various depths. These include columnar liftoff (B, C, F, H),
aerobic prostrate (B, C, F, H, V), anaerobic prostrate (F, H, V), and
pinnacle mats (B, V). Other types of mats, such as floating,
frozen in ice, and moat mats are ephemeral and do not form
stromatolites. Wharton and others (in press) have presented
details of the mat distribution, stratigraphic features, and algal
species composition and have discussed the more important
variables influencing their growth and form.

Recently we have begun to examine the lipids extracted from
select stromatolites, including free fatty acids, fatty acid trig-
lycerides, hydrocarbons, sterols, and steroids (Orcutt and Par-
ker, unpublished). The undegraded, excellent preservation of
these lipid components with increasing depth of select
stromatolitic cores from these lakes reinforce the findings of
Simmons and others (1983) that chlorophyll and adenosine
triphosphate were very stable in antarctic lake sediments in
contrast to temperate lake sediments. From our preliminary
survey of the lipids it has become clear that the major groups of
micro-organisms occurring in the stromatolitic mats and cores
(e.g., diatoms, bluegreen algae and bacteria, yeasts) reflect the
lipid composition. Examination of the lipids from deeper cores
should contribute significantly to an understanding of bio-
chemical diagenesis of cold freshwater stromatolites and possi-
bly the rates and pathways of carbon cycling within these lakes.
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The antarcic dry valley soils are generally highly saline (Cam-
eron 1967; Hall 1968; Tedrow and Ugolini 1966). It is surprising,
therefore, that previous microbiological investigations of dry
valley soils have indicated a decline in halotolerance with de-
creasing growth temperature (Benoit and Hall 1970; Cameron
1972; Hall 1968; Ugolini 1970). We have initiated a study aimed
at the examination of halotolerance as a function of temperature
in strains of bacteria we have isolated from saline dry valley
antarctic soil samples. Enrichment and isolation procedures
were designed to select for micro-organisms capable of growth
under conditions of high sodium chloride (NaCl) con-
centrations at relatively low temperatures (e.g., 5°C).

Several soil samples collected from a variety of locations with-
in Wright Valley and Taylor Valley were provided to our group
by Robert E. Benoit of the Virginia Polytechnic Institute. These
soil samples were maintained at dry-ice temperatures in transit
to our group and have subsequently been maintained at - 40°C.
Growth was enriched in liquid media. Media TYEHES* con-
tained HES salts [0.85 molar (M) NaCl, 0.04 M calcium chloride,
0.2 M magnesium sulfate], 0.01 percent Trypticase (Baltimore
Biological Laboratories), and 0.01 percent yeast extract (Difco).
The pH of the media was adjusted to 7.4 prior to sterilization by
autoclaving. Tubes (16 x 150 millimeter) containing 10 milli-
liters of media were inoculated with soil (0.1 gram) and incu-
bated at 5°C in the light (approximately 35 centimeters from a 60
watt bulb) without agitation. Initial growth was observed in
enrichment cultures approximately 5 days to 4 weeks after inoc-
ulation. A variety of morphological forms were observed such
as cocci, motile rods, and nonmotile rods. Micro-organisms
were isolated from enrichment culture using TYE-HES media.
supplemented with 0.7 percent Noble agar (Difco) at 5°C. The
morphologies of some of these strains are illustrated in the
figure.

All isolated strains tolerated relatively high concentrations of
NaC1(e.g., up to 2.0 M). The temperature optimum of all strains
was between 15-25°C. One of the isolates, an orange pig-

* TYE-HES is a growth medium.

mented, Gram-positive, obligately aerobic coccus (block C of
the figure) was chosen for further study. This isolate, strain A4a,
was capable of growth in the presence of 2.0 M NaCl at 0°C.

Growth rates of strain A4a were determined at different tem-
peratures in media containing HES salts upplemented with
0.05 percent trypticase and 0.05 percent yeast extract. NaCl
concentration was varied in these studies from 0.0 M added
NaCl to 2.0 M NaCl. The final pH was 7.2. Cells were grown in
100 milliliters of medium in 250 milliliter side-arm flasks which
were incubated on a rotary shaker within a Psychrotherm in-
cubator (New Brunswick Inc.). These media were inoculated
with 5 milliliters of a culture grown in medium containing I M
NaCl at room temperature for 36 hours. Growth was monitored
using a Klett-Summerson colorimeter equipped with a 660
nanometer filter.

Growth studies indicated that strain A4a was capable of
growth over wide ranges of temperature (0-40°C) and NaCl
concentrations (0-2.0 M). The optimal growth temperature was
found to be approximately 25°C at all concentrations of NaCl
examined (data not shown). Growth rate decreased with in-
creasing concentrations of NaCl at all temperatures, and strain
A4a grew in media not supplemented with NaCl. Growth in
media containing high concentrations of NaCl was therefore the
result of halotolerance, and a specific NaCl requirement was not
detected in these studies.

To further characterize strain A4a, the guanine plus cytosine
(G+c) content of the DNA (Mandel and Marmur (1968; Marmur
1961) and phospholipid composition were determined. The C
+c composition was 48.7 ± 0.6 molar percent. Phospholipid
analysis revealed three major phospholipids which were identi-
fied as phosphatidyl glycerol, cardiolipin, and phosphatidyl
ethanolamine. Identification was based on relative mobilities in
several one-dimensional thin layer chromatography solvent
systems (as compared with appropriate standards) as well as
reactivity with a variety of spray reagents. The presence of
significant levels of phosphatidyl ethanolamine (e.g., up to 40
percent) and the DNA-base composition indicated that strain
A4a was a member of the genus Planococcus. Planococci have
been isolated from marine environments (Kocur and Schleifer
1981) however, this is the first report, as far as we are aware, of a
species of Planococcus isolated from dry valley soils. Mor-
phologically similar micro-organisms, however, have been de-
scribed as common forms in the dry valley soils (Benoit and Hall
1970; Cameron, Honour, and Morelli 1976; Cameron, King, and
David 1970; Horowitz, Cameron, and Hubbard 1972; Meyer et
al. 1962). It is therefore possible that a more detailed charac-
terization of such reported strains would indicate that the
halotolerant planococci constitute a significant group of the
microbial flora within the dry valley soils.

This research was supported by National Science Foundation
grant DPP 81-20605.
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Lake Vanda, located in Wright Valley, Antarctica, has been the
subject of considerable limnological attention over the past 20
years. The major ion chemistry and physical limnology of the
lake have been discussed by numerous authors including (An-
gino, Armitage, and Tash (1965); Green and Canfield (in prepa-
ration-a); Ragotzkie and Likens (1964); Toni and Yamagata
(1981); and Wilson (1964). The origin of the lake's salts continues
to be a somewhat perplexing issue and has been debated by
several of the above authors, as well as by Cartwright and Harris
(1981). Notably absent from the literature, however, is a detailed
discussion of the dynamics of nutrient behavior within the
Vanda-Onyx system. This paper serves as a continuing report
on the activities of our field party during the 1980-1981 field
season, with an emphasis on the nutrient chemistry of Lake
Vanda and the Onyx River.

Lake Vanda has been classified as an ultra -oligotrophic lake
(Goldman, Mason, and Hobbie 1967) and is recognized as being
one of the least biologically productive and clearest lakes in the
world. Goldman and others (1967) observed that the highest
rates of productivity occurred in the warm middle regions of the
lake's monimolimnion and postulated that Lake Vanda's low
mixolimnetic water temperature could be responsible for this
low productivity. They also noted enhanced biological activity
when lake littoral waters were spiked with a solution containing
the nutrient nitrate, suggesting that nitrate limitation might also
be a factor in the low productivity. Unfortunately, no water
column nutrient data were available at the time to lend support
to either of these hypotheses. In an effort to determine what role
nutrient limitation might play in controlling the lake's biological
productivity and to consider, in general, the dynamics of nu-
trient behavior within the Vanda-Onyx system, a study was
undertaken in which lake waters were analyzed for nitrate,
nitrite, ammonia, total phosphorus, and dissolved orthophos-
phate. The Onyx River, Lake Vanda's major input stream, was
sampled 23 times throughout the flow season and was also
analyzed for the same nutrients, as well as for condensed phos-
phate. These data were used, along with 12 years of Onyx River
flow data collected by the New Zealand Ministry of Works
(Chinn personal communication), to calculate residence times
for various nutrient species in the region above the chemocline.

Figures 1 and 2 show the seasonal variations in nutrient
concentrations for the Onyx River. During initial flow, con-
centrations of phosphorus and nitrogen were high but dropped
markedly after a few days. Concentrations became relatively
constant after the first week. The initially high nutrient levels
could be a result of the long contact time that the first flowing

* Present address: Department of Geology and Geophysics, Yale University,
New Haven, Connecticut 06520.
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Figure 1. Phosphorus concentration vs. time for the Onyx River.
["p. gil" denotes micrograms per liter; "P" denotes phosphorus;
"PO4-P" is a standard oceanographic (and limnologic) unit where
the weight of the nutrient species (i.e., phosphorus and nitrogen) is
expressed per unit volume and the prescript PO 4, NH3 , NO3, expres-
ses the form of the nutrient species.]
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Figure 2. Concentrations of nitrate-nitrogen vs. time for the Onyx
River. ("Vg/1" denotes micrograms per liter.)

waters have with the valley soils (1-2 weeks) on their course
from the Wright Lower Glacier to the lake. Also, evidence pre-
sented by Green and Canfield (1981) suggests that Bull Lake
(located just upstream from Lake Vanda) acts as a trap for
nutrients, which are incorporated into biological material, and
then released during the winter months. The flushing of these
regenerated nutrients during early flow could contribute to the
first summer pulse of nitrogen and phosphorus. Given the flow
rate of the Onyx River early in the season (50 liters per second)
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and the size of Bull Lake (approximately 100 meters by 200
meters by 2 meters deep), it takes 4 to 5 days for this small
waterbody to be flushed by the Onyx. During the first few days
of Onyx flow, the composition of the river entering Lake Vanda
may represent, to a large extent, the composition of Bull Lake.

Table 1 shows the seasonal, flow-weighted, average con-
centrations for nutrients entering Lake Vanda. Approximately
80 percent of the Onyx River phosphorus is present in particu-
late form. Some of this particulate posphorus is likely to be
organic in nature. However, given the high levels of iron in the
river (approximately 300 micrograms per liter), and the affinity
of phosphorus for iron oxide surfaces (Stumm and Morgan
1970), it is plausible that a large fraction of this particulate
phosphorus may be inorganically bound to hydrous iron ox-
ides. We estimate that on average 22 kilograms of total phos-
phorus enters Lake Vanda each year. Given that the lake's sur-
face area is 5.4 x 100 square meters, this influx represents one of
the lowest areal phosphorus loadings in the world and clearly
suggests that Lake Vanda owes its oligotrophic state to the
dearth of incoming phosphorus.

The atomic ratio of NO 3-N to PO,-P(D) for Onyx River water
entering Lake Vanda is approximately 16, the ratio of nitrogen to
phosphorus reported by Redfield, Ketchum, and Richards
(1964) is aquatic algae. Based on this consideration alone, nei-
ther phosphorus nor nitrogen would appear to be limiting
because both are available in the inflow waters in just the ratio
required for biological uptake. The situation changes dras-
tically, however, in the lake itself.

Table 2 presents nutrient concentrations as a function of
depth in the water column, along with values for dissolved
oxygen and chloride. Oxygen is presented to map the oxic-
anoxic boundary, while chloride shows the location of the
chemocline and the underlying brine. The nutrient versus
depth profile reported here agrees reasonably well with that
reported recently by Vincent (1981) for the same field season.
Nitrate concentrations parallel those of chloride (and the other
major ions) down to a depth of 54 meters. At 54 meters, the
nitrate concentration is at a maximum and quickly falls to zero at
the oxic-anoxic interface. Nitrite behaves in a similar manner.
By contrast, the concentrations of phosphorus, both total and
dissolved, are relatively constant well into the lake's diffusional
zone. Total and dissolved phosphorus concentrations increase
rapidly, beginning a few meters above the oxic-anoxic interface,
and they continue to increase with depth to the lake bottom.
Ammonia, a product of anoxic, biological respiration, is present

at low levels throughout the upper lake but attains high con-
centrations below 60 meters.

The data in table 2 allow questions concerning nutrient limita-
tion and low productivity to be addressed. On the strength of
these values, Lake Vanda is not nitrogen-limited but rather is
phosphorus-limited at all depths. At 48 meters, for example,
there are 841 nitrate nitrogen atoms for every one of
orthophosphate phosphorus (compare this to the 16-to-1 ratio
found in marine plankton). Because the supply of nutrients to
Lake Vanda contains dissolved nitrogen and phosphorus in a
16-to-1 ratio, it is likely that the excess nitrogen required for high
water-column ratios of nitrogen and phosphorus is at least in
part explained by a diffusional input of nitrogen into the upper
lake from the brine. Details of nutrient distribution in the lake
are being developed for a separate paper.

If we consider the water column nutrient distributions and
the low phosphorus concentrations above the chemocline, the
greater biological activity observed by Goldman in the 57-60
meter region can now be attributed to the enhanced availability
of dissolved phosphorus at these depths, rather than to in-
creased temperature. The algae in the waters between 57 and 60
meters are exposed to an optimum combination of diffusionally
derived phosphorus from the anoxic zone below and to a still
sufficient input of sunlight from above.

Using data collected during the 1980-1981 field season, it is
possible to compute a true steady-state residence time for phos-
phorus in the upper lake and an apparent residence time for
nitrogen in the same region. Here residence time is defined as
the ratio of the total mass of an element in a reservoir to its
annual rate of input. The relatively low concentrations of phos-
phorus in the water column suggest that this element has proba-
bly attained a true steady state over the past 1,000 years, where-
as nitrogen may still be accumulating in the upper reservoir. For
nitrogen we therefore report an "apparent" residence time
value.

The Onyx River is the only important input for phosphorus to
the upper lake, but for nitrogen, inputs from both the Onyx
River and diffusional inputs, from the lower lake, must be
considered. We calculate the upper lake residence time for
phosphorus to be 66 years; for nitrogen the apparent residence
time is 250 years. From these considerations it appears that
phosphorus is more rapidly removed from Lake Vanda's mix-
olimnetic waters than nitrogen. This conclusion agrees well
with observations regarding nitrogen to phosphorus ratios,
where the aforementioned dramatic increase in nitrogen/phos-

Table 1. Average concentrations of nutrients in the Onyx River during 1980-1981 flow seasona

PO4-P	 PO4-P	 PO4-P	 NO3-N
(dissolved)	 (total)	 (condensed)	nitrate nitrogen

Dissolved orthophosphate Total phosphorus	condensed phosphorus

1.2
	

6.2
	 1.7

	 8.2

NO2-N
nitrite nitrogen

after
17 December

1980 (see
figure 2)

NH,-N
ammonia nitrogen

nd.

a In micrograms per liter.
b "nd." denotes not detected.
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Table 2. Water column nutrient, chloride, and dissolved 0 2 concentrations in Lake Vandaa

Depth	PO4-P(T)	 POP(D)	 NO3-N	NO2-N	NH,-N
(in meters)	total phosphorus	dissolved orthophosphate	nitrate	nitrite	ammonia	Chloride	Dissolved

nitrogen	nitrogen	nitrogen	 oxygen

5
	

11.0
	

0.60
	

84.7
	

0.64
	

293
	

12.2
15
	 9.9	 0.78

	
80.7
	

0.60
	

6.0
	

356
	

15.9
25
	

7.3
	

0.87
	

63.9
	

0.44
	

493
	

14.8
35
	

7.0
	

0.73
	

62.9
	

0.38
	

0.0
	

510
	

15.6
45
	

7.0
	

0.40
	

96.0
	

0.42	 1,040
	

14.3
48
	

12.5
	

0.40
	

152
	

0.44	 3.2
	

1,550
	

13.1
51
	

7.4	 < 0.01
	

1,008
	

3.05
	

1.6
	

8,220
	

11.5
54
	

15.8
	

0.66
	

2,000
	

10.6
	

58
	

17,600
	

12.7
57
	

22.4
	

1.3
	

951
	

3.0
	

1,560
	

30,000
	

4.7
60
	

87.1
	

20.4
	

0.0
	

0.0
	

7,100
	

49,300
	

0.0
65
	

215
	

100
	

0.0
	

0.0
	

7,100
	

67,400
	

0.0

a All nutrients are micrograms per liter. Chloride is in milligrams per liter. Dissolved oxygen is in milliliters per liter.
TQrii and Yamagata (1981).

denotes no data taken.

phorus values occurred in going from the Onyx River to the lake
itself.

Phosphorus is not likely to be removed from the upper lake
entirely by biological particles (algae). The concentration of
chlorophyll a in this region is about 0.05 micrograms per liter
(Jones personal communication), corresponding to a biolog-
ically bound phosphorus concentration of only 0.03 micro-
grams per liter. This is roughly 200 times less than the actual
amount of particulate phosphorus in the lake, suggesting that
the remainder is inorganically bound. Knowing the strong af-
finity of dissolved ionic phosphate for iron oxide surfaces, such
an association with iron in Lake Vanda could reasonably ac-
count for significant phosphorus removal from the water
column.

Phosphorus and nitrogen behave quite differently in the Lake
Vanda-Onyx River system. Like the trace metals (Green and
Canfield in preparation-b), phosphorus shows little tendency to
accumulate in the water column, except in and just above the
anoxic zone. The major removal mechanisms for phosphorus
from the upper lake are likely to include sorption onto inorganic
surfaces and uptake by algae. Nitrogen, on the other hand, is
characterized by a much longer apparent residence time, sug-
gesting that it, like the major ions, tends to accumulate to some
extent in this closed-basin lake.

The results presented here suggest that productivity in Lake
Vanda is limited by low areal phosphorus loads from the Onyx
River and by the absence of phosphorus recycling within the
lake. The relative abundance of water column nitrogen can be
attributed to nitrogen "pumping" from the anoxic brine into the
water above. This latter phenomenon is dependent of course
upon the lake's history-upon the evaporation and filling cycles
discussed by Wilson-and it points out the need to link the
biological present of these systems with their geochemical past.

We express our thanks to John Wood for making the McMur-
do lab a comfortable place in which to work and to VXE-6 for
transportation to and from the field. We cannot thank Pete
Johnson of Vanda station enough for his hospitality. Also, we
gratefully acknowledge the support of the National Science

Foundation for making this research possible (grant DPP
79-20860).
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Environmental extremes in Antarctica, especially in the ice-
free regions, may limit life to a narrow zone under the surface of
certain rocks. Micro-organisms inhabit either fissures and
cracks or the structural cavities of porous sandstone rocks. Since
1976 geological, meteorological, and biological investigations
have helped us to understand the nature of these highly adapt-
ed communities in southern Victoria Land (Friedmann 1982).
Between November 1982 and February 1983, we worked at
Linnaeus Terrace (77°36'S 161°05'E) and near Mount Dido
(77°29'S 171°11'E). The field team included: Christopher P.
McKay, James A. Nienow, Stephen A. Norton, David A. Tyler, J.
Robie Vestal, and Rebecca Weed. The objective of our study is to
gain a comprehensive understanding of the cryptoendolithic
microbial ecosystem, including its implications for earth sci-
ences. With sufficient data, we will be able to assess the impact
of biogenous weathering on geological processes occurring in
southern Victoria Land's ice-free valleys. During the 1982-1983
austral summer, we gathered data on lichen growth variation in
microbial biomass, the microenvironment inside the rock sub-
strate, seasonal changes in temperature and light, weathering
processes, and weathering rates.

Pattern of lichen growth. One important question concerning
the growth of the cryptoendolithic lichens in the Beacon sand-
stone is whether lichens grow in a radial manner similar to
epiphytic lichens. If they grow radially with the outer portions
being more recent, then possibly there are areas within a rock
containing dead lichens. Viable biomass measurements were
made to test this hypothesis.

Six large, flat lichenized rocks (approximately 2,500 cen-
timeters each) were chosen from Linnaeus Terrace. Circular
areas were measured at various locations on the rock surface.
The rock under the areas containing the lichen zone was col-

lected and crushed to the consistency of sand. Lipids were
extracted with chloroform/methanol/water (1/2/0.5 per volume)
from the microbiota in the sand and were then digested with
perchloric acid at 180°C. The amount of the remaining phos-
phate was determined colormetrically, a procedure that mea-
sures the extracted phospholipids that indicate viable biomass
(White et al. 1979).

The data reveal (table) some variation (7 to 53 percent) of the
biomass within each rock and some variation among the six
rocks. This was shown by a one-way analysis of variance
(p<O.00S). Even though this is true, all of the mean biomasses
were within the same order of magnitude and only varied by 19
percent.

We conclude that there are viable micro-organisms
throughout the rock and that their biomasses may vary because
of such factors as surface topology, degree of silicification, orien-
tation to the sun and wind, chemical composition of the rock,
and amount of available water.

Microenvironmental data. This past season we began continu-
ous monitoring of the microenvironmental conditions in colo-
nized rocks. The main component of the system is an ARGOS
Data Acquisition Platform (ADAP) manufactured by Polar Re-
search Laboratories Inc. of Santa Barbara, California. The unit is
portable, self-contained, and runs on batteries that recharge
during the summer by a solar cell array. The ADAP samples 32
sensors, stores the data, and transmits it once every 200 sec-
onds to the National Oceanic and Atmospheric Administra-
tion's polar-orbiting TIROS satellites, which relay the data to the
ARGOS service (Centre spatial de Toulouse, France) via ground
stations. The data is then collected on magnetic tape for further
analysis. The number of satellite passes over a given platform
ranges from 7 per day at the equator to 28 per day at the North
and South Poles.

The ADAP unit is connected to sensors that monitor the tem-
perature of the rocks and the air, the relative humidity in the
pore spaces of the rocks and in the air, the wind speed near the
ground, the photosynthetically active radiation flux, the surface
conductivity of the rocks (an indication of the presence of
water), and soil temperatures. The system has potential to in-
clude other sensors as well.

Remote data systems have several advantages. Most impor-
tantly they allow us to monitor the conditions in the cryptoen-

Variation in microbial biomass' of the cryptoendolithic lichen micro-
biota In Beacon sandstone from Linnaeus Terrace

Micromoles of	 Number of
Rock sample	phosphate per square	Coefficient	samples

number	centimeter 	of variation	per rock

1	 0.0507 ± 0.017	 34	24
2	 0.0398 ± 0.021	 53	15
3	 0.0482 ± 0.013	 27	8
4	 0.0600 ± 0.004	 7	3
5	 0.0680 ± 0.021	 29	3
6C	0.0500 ± 0.006	 12	3

a Biomass is measured as the amount of phosphate in the extractable
lipids.

b Values are the mean ± 1 standard deviation.
The mean of means for the 6 rocks sampled is 0.0530 ± 0.0098. (The
coefficient of variation is 19.)
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dolithic environment throughout the austral summer. Of par-
ticular interest are the temperature, light, and moisture regimes
in late summer, which may be the most biologically active
period. Remote systems also minimize the impact on the en-
vironment by decreasing the amount of field time required. The
data acquisition system was successfully operating during the
entire 1983 austral winter. The coldest air temperature (1 meter
above ground) was - 37°C on 15 August 1983, 0 hours 46 min-
utes universal time.

Moisture measurements. The availability of moisture in the
rocks is a key factor in determining their suitability as an abode
for life. Melting snow was reported earlier as being the main
source of water for cryptoendolithic micro-organisms (Fried -
mann 1978). Field measurements have confirmed previous ob-
servations (Kappen, Friedmann, and Garty 1981) that the rocks
retain water for long periods. We have observed that the
amount of snow reaching the terrace varies considerably from
year to year and that large snow deposits in the lee of large rocks
and in topographic depressions may persist for longer than an
annual cycle.

A particularly heavy snowfall in December 1980 left drifts that
were still identifiable 2 years later. Although it is possible that
these drifts were renewed by subsequent snowfall, we con-
ducted a simple experiment that demonstrated the long resi-
dence time of snow on the terrace. In December 1980 a snow
mound was constructed in an area that was not sheltered and
where snow would not normally accumulate. The mound's
initial height was about 1.5 meters with a 2-meter-square base.
After 1 year the mound was approximately 1 meter high and still
easily recognizable. After a second year the mound was about
0.5 meters high and covered approximately 50 percent of the
original mound's area.

The long residence time of snow accumulations and the hold-
ing capacity of the rocks suggest that the effects of a wet season
could last for more than 1 year. The growth of the micro-organ-
isms in rocks on the terrace may be significantly greater during
these wet years.

Weathering processes. Three weathering processes acting on
Beacon sandstones are: (1) accumulation of an iron-enriched
crust, (2) exfoliation associated with colonization by endolithic
micro-organisms, and (3) silicification. Each weathering crust
overprints the previous ones in varying rock microclimates
within the field area, suggesting that they represent ongoing
processes with comparable rates. They govern geochemical
cycling and textures on many surfaces, while the pervasive
weathering agents—frost action, salt fretting, and aeolian trans-
port—dominate physical disintegration.

Airborne weathering products from the Ferrar Dolerite and
Beacon lithologies contribute to the weathering crusts. Transi-
tional colors (oranges, reds, browns) and textures (friable to
silicified) on Beacon bedrock and desert lag reflect changes in
the mineralogic form of ferric iron and changes in permeability
caused by silicification. Our initial work on weathering-crust
formation includes analyses of possible lichen exudates under-
neath colonized areas and of elements in colonized and un-
colonized rocks. These features, which we hope to characterize

through petrographic, scanning and transmission electron mi-
croscope, and atomic absorption analyses, represent the sur-
faces and solutions that determine nutrient availability and
weathering rates.

Weathering rates. This past season, we began a long-term
study of weathering rates, employing photogrammetric tech-
niques. Colonized and uncolonized rock surfaces with different
exposures to sun and wind are being studied on a comparative
basis.

Nine sites (seven at Linnaeus Terrace and two near Mount
Dido) were selected for study. The sites are characterized as
follows:
• Three sites are uncolonized and unsilicified and are being

subjected to wind erosion (deflation).
• Three sites are totally colonized with no deflation and re-

tarded silicification.
• Three sites have a mixture of colonized rock, silicified rock,

and deflating rock.
Each site included one or two stereophotogrammetric mod-

els. A model is a 1- by 1.5-meter area which is covered by the
overlap of two photographs and includes 12 control points. The
models were photographed in overlapping frames from a
height of 4 meters in color and black-and-white and from a
height of 1.5 meters in color.

The photography, which we plan to repeat during the
1984-1985 austral summer, will help us to identify rapidly areas
that have undergone exfoliation. Exfoliation is visible because of
(1) color changes (in the case of colonized or silicified areas) or
(2) relief changes. The latter can be identified by stereo model
comparison of photographs taken at different times. After areas
of mass removal have been identified, the volume of material
removed can be calculated by computing a "before" and "after"
topologic surface of the rock based on the survey control and
standard photogrammetric techniques. The removed material
lies between the two calculated surfaces. Because accuracy both
vertically and horizontally is about 0.5 millimeters, this tech-
nique's resolution is precise, nearly down to the grain size of the
rock.

This research was supported by National Science Foundation
grant DPP 80-17581.
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Medical studies

Respiratory virus infections during the
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Outbreaks of common colds have been noted among person-
nel at many isolated antarctic stations immediately following
the end of the isolation period and resumption of contact with
the outside world (Allen 1973; Muchmore and Shurley 1974;
Parkinson, Muchmore, and Scott 1979a). The etiologic agents
responsible for these end-of-isolation outbreaks at South Pole
and McMurdo Stations have been identified. Viruses recovered
have included rhinovirus, parain flue nzavirus types 1 and 3
(Parkinson et al. 1979a) and adenovirus (Dick et al. 1978). The
introduction of these agents to an isolated, susceptible com-
munity and the resulting outbreak of infection support current
concepts of common-cold epidemiology. However, apparently
contrary to these concepts are reports of occurrences of com-
mon colds during the middle of the isolation period, long after
the accepted incubation period for human common cold viruses
and when the introduction of new virus to the community was
impossible (Allen 1973; Allen et al. 1973).

We have recorded occurrences of mid-isolation common
colds among the 18-20 subjects wintering at South Pole Station
each year since our observations began in 1974 (table). These
outbreaks often begin 7-18 and 22-27 weeks after the beginning
of the winter isolation period. Symptoms are typically mild to
moderate and include coryza, malaise, sore throat, headache,
and nasal congestion. The symptoms last for 4 to 7 days and
often appear to spread to one or more additional subjects within
7 days. The occurrence of these infections poses several inter-
esting problems concerning their etiology and the source of
virus within this closed community.

During the 1974 winter, colds occurred in two apparently
related clusters, one beginning on 2 April and a second on 7
September. Two subjects gave histories of opening boxes of
electrical components and clothing. Howeyer, opening boxes of
supplies is a recurring event for all personnel throughout the
year. Eleven acute throat swabs were collected from this winter
group, stored at - 20°C, and transported to the University of

Otago in Dunedin, New Zealand for processing; no virus was
isolated. In 1975 a major outbreak of colds began on 14 June,
two days after a meeting of the 300 club. This time 101 throat
swabs were collected throughout the winter period and re-
turned to New Zealand for processing, but again no virus was
grown.

During winter 1976, episodes of respiratory tract illness oc-
curred in May and August. Again no virus was grown from the
specimens taken during these outbreaks. However, para-
influenzavirus types 1 and 3 had been recovered from both
winter and summer support personnel at McMurdo and South
Pole Stations the preceding austral summer (October-December
1975). Hemagglutination inhibition assays on multiple sera col-
lected from the 1976 winter group showed changes in antibody
titers to parainfluenzavirus types 1 and 3 corresponding to the
episodes of infection (Parkinson, Muchmore, and Scott 1979b).
These results suggest that parainfluenzaviruses were responsi-
ble for the mid-isolation colds that occurred during the 1976
winter isolation period. In contrast, however, few changes in
parainfluenzavirus antibody titers were detectable in the 1977
wintering subjects.

Colds occurred after 10 and 22 weeks of complete social
isolation during the winter of 1978. Parairtfluenzaviruses types
1 and 3 were recovered from both symptomatic and
asymptomatic subjects by direct inoculation of throat-swab
specimens into cell cultures maintained throughout the winter
at South Pole Station by a wintering scientist (Joe E. Hump-
hries). Fourfold changes in antibody titers were also detected in
both symptomatic and asymptomatic subjects during these epi-

Mid-Isolation upper respiratory infections (uRI) South Pole Station,
Antarctica

Station	 URI	 URI	Station
Year	closing	episode 1	episode 2	opening

1974	17 Feb.	2 Apr.	(7) a	7 Sept. (6)	2 Nov.
1975	13 Feb.	14 June (7)	12 July	(3)	25 Oct.
1976	13 Feb.	2 May	(4)	5 Aug. (4)	30 Oct.
1977	13 Feb.	9 May (3)	None	3 Nov.
1978	9 Feb.	4 Apr.	(8)	22 Aug. (1)	1 Nov.

1979	12 Feb.	5 Apr.	(4)	5 Aug.	(2)	2 Nov.
1980	10 Feb.	10 Apr.	(2)	1 Sept. (2)	5 Nov.
1981	9 Feb.	6 Apr.	(2)	23 July	(2)	5 Nov.
1982	10 Feb.	15 Jun.	(5)	10 Aug. (3)	6 Nov.

a Numbers in parentheses are the number of winter-over individuals with
symptoms. Each winter-over group consists of 18-20 individuals.
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sodes indicating the presence of parainfluenzaviruses within
this community during isolation (Muchmore et al. 1979).

During the 1981 winter, colds occurred from 6 to 12 April and
again from 23 to 29 July. Of the eight acute throat-swab spec-
imens collected, stored frozen during the winter, and inocu -
lated into cell culture at South Pole Station during the following
summer, one rhinovirus type 28 was recovered from a specimen
collected on 29 July 1981. The source of a rhinovirus obtained
from this asymptomatic subject, who had been socially isolated
for 24 weeks, is unknown. However, a midwinter airdrop into
South Pole Station took place on 22 June 1981. Although the
persistence of rhinovirus in the environment at South Pole
Station for 32 days is unlikely, this possibility cannot be
excluded.

During the 1982 winter, colds were again present but were
accompanied by acute gastrointestinal symptoms beginning on
18 June. This outbreak began 7 days prior to the United States
Air Force midwinter air drop for 1982. No virus or bacterial
pathogens were isolated from frozen acute specimens collected
during this year. Serologic assays and studies for the presence of
noncultivable viruses are still in progress.

The presence of human respiratory and enteric viruses in this
community after more than 10 weeks of total isolation suggests
the long-term persistence of these viruses either in the environ-
ment or in one or more subjects isolated at the South Pole. We
have shown previously that pa rain flue nzaviruses do not sur-
vive on surfaces for 10 weeks in the south polar environment,
and that the environment did not provide the source of para-
influenzavirus related colds observed during the 1978 winter
(Parkinson et al. 1982).

The absence of parainfluenzavirus serologic responses dur-
ing 1977, the recovery of rhinovirus from a symptomatic subject
during 1981, and the presence of nonbacterial gastroenteritis
during the 1982 winter at South Pole Station suggest that more
than one virus may be involved in the etiology of these mid-
winter common-cold episodes. The data presented demon-
strate clearly that upper respiratory viral infections occur with

low frequency in people in isolated groups. Identification of the
source of these viruses will provide an added dimension of
complexity to the epidemiology of the common cold.

This research has been supported by National Science Foun-
dation grant DPP 80-20092, the Oklahoma Medical Research
Foundation, and the Research Service of the Veterans Admin-
istration, Oklahoma City, Oklahoma.
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Decline in parainfluenzavirus specific
antibody avidity preceding common

cold during isolation at the South Pole
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Two episodes of common colds were observed among 22
healthy human subjects isolated for 8.5 months at South Pole
Station during 1978 (Muchmore et al. 1979). These episodes
occurred after 10 and 22 weeks of complete social isolation.
Parainfluenzavirus types 1 and 3 were recovered from both
symptomatic and asymptomatic subjects by inoculation of
throat-swab specimens into cell cultures maintained at South
Pole Station throughout the winter. Fourfold changes in anti-
body levels, as measured by hemagglutination inhibition (HI)

assay, were detected in both symptomatic and asymptomatic
subjects indicating the presence of both clinical and subclinical
parainfluenzavirus-related infections within this community
during isolation. These observations raise questions as to the
nature of parainfluenzavirus persistence and the possible pro-
tective role of antiviral antibodies in this community. HI assays
which measure the quantity of virus specific antibody in serum
are traditionally used as indicators of susceptibility to para-
influenzavirus infections. However, the human adult normally
possesses preexisting levels of HI antibody to para-
influenzaviruses, and frequently the relationship between sus-
ceptibility to infection and HI antibody titers cannot be
established.

In the work reported here, we have attempted to show that
quantitative changes in the virus-specific antibody binding
(antibody avidity) can be measured, and that this antibody
avidity may be useful as an indicator of susceptibility to infec-
tion in man.

Nineteen of the 22 subjects wintering at South Pole Station
during the 1978 winter season volunteered to participate in this
study. Serum specimens were collected routinely throughout
the year beginning in September 1977 and subsequently in
November 1977, and January, March, July, October, and
November 1978. Antibody avidity to parainfluenzavirus type 3
was measured using a solid-phase radioimmunoassay (RIA).

From this assay both the total and virus-specific antibody bound
to parainfluenzavirus type 3 antigen can be determined. A plot
of the ratio of bound/free antibody versus bound antibody
yields a straight line graph, and the slope of this curve (- K) is
termed the "avidity constant in liters per mole (Lm- 1 )." HI

assays were carried out using standard methods. (Lennette and
Schmidt 1979). Statistical analysis of these results was limited to
the Wilcoxon-Mann-Whitney rank sum test because the RIA

data are not yet available on all subjects for all time periods.
Geometric mean HI titers and avidity constants were calcu-

lated for each time period, and computer curve fitting programs
(Apple II, Interactive Software Inc.) were employed to obtain
the curves shown in the figure. High levels of HI antibody and
high virus-specific antibody avidities were measured in serum
from this population during the austral summer, stimulated by
the outbreaks of parainfluenzavirus-related common colds
which predominate in both McMurdo and South Pole Stations
during October and November each year (Parkinson 1979 et al).
Fewer colds occurred at South Pole Station during January and
February 1978, and this decrease is accompanied by a sharp
decline in both HI and antibody avidity levels in this population.
Low mean virus-specific antibody avidity was demonstrated in
this population coinciding with both the midwinter outbreaks
of common colds which occurred among 8 out of 22 subjects in
April 1978 after 10 weeks isolation, and also in August 1978 after
27 weeks of isolation. In the latter episode, only one symp-
tomatic subject was observed. The subsequent increase in anti-
body avidity after each of these episodes of illness may be
attributed to the presence of clinical and subclinical infections
within this captive group. Statistically, differences below the 10
percent confidence level were demonstrated between avidity
constants measured in January and March (7.3 x 10 7LM-' to 3.3
>< 107LM 1 ; p<O.l), between January and July (7.3 X 107 LM-1to
2.2 x 107LM 1; p<0.07), and between July and November (2.2
X 107 LM- 1 to 4.8 x 107LM 1; p<0.08). Results of the con-
ventional serologic tests (i.e., the mean HI titers measured in
this population appeared to decrease with time during this
study, but these changes were not fourfold and are not consid-
ered statistically significant).

OCT DEC FEB APR JUN AUG OCT

Paralnfluenzavirus type 3 geometric mean hemagglutination inhibi-
tion (HI) titers and antibody avidity constants (K) of sequential sera
collected from winter subjects at South Pole Station during 1977 and
1978.
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These quantitative decreases in the antibody avidity levels,
and subsequent common-cold outbreaks suggest that when the
antibody avidity level for the whole group falls below a certain
threshold level, virus carriers previously dormant might then
become active as the source of new clinical and subclinical
infections within this closed community. This study suggests
that high serum antibody avidity is important in maintaining
immunological resistance to respiratory parainfluenzavirus in-
fections in man.

This research has been supported by National Science Foun -
dation grant DPP 80-20092, the Oklahoma Medical Research
Foundation, and the Research Service of the Veterans Admin-
istration, Oklahoma City, Oklahoma.
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According to widely accepted scientific theory, persons in
polar communities emerging from isolation have enhanced sus-
ceptibility to and greater severity of respiratory disease when
compared with persons in normal communities. (Holmes et al.
1976; Jawetz, Melnick, and Adelberg 1982; Paul and Freese 1933.)
Although provocative, the studies supporting this theory are
few in number and have methodological limitations such as
failure to use same time and place controls, failure to use con-
trols at all, or small numbers of persons studied.

We had the unique opportunity to test this enhanced suscep-
tibility theory in a common-cold study at McMurdo Station,
Antarctica, comparing 191 winter personnel emerging from ap-
proximately 6 months isolation to 408 newly arrived summer
personnel controls. The winter and summer personnel North
American and New Zealand men of similar age and ethnicity
who lived and worked together in the closed McMurdo com-
munity during the WINFLY (winter-fly-in) period, between late
August and early October in 1975, 1976, and 1977.

Colds were defined as any symptomatic respiratory illness
lasting 2 days or longer. In addition, all colds were classified as
incoming colds (developing in summer personnel on or within 4
days of McMurdo arrival), indigenous colds (developing in winter
pesonnel within 4 days of the first arriving WINFLY flight), and

antarctic colds (developing 5 or more days after McMurdo arrival
for summer personnel or 5 or more days after the arrival of the
first WINFLY flight for winter personnel).

Colds were assessed for severity, duration, and epi-
demiologic characteristics. Using a quantitative symptom ques-
tionnaire (D'Alessio et at. 1976) a total daily symptom severity
score was obtained and cold duration was noted. Daily inci-
dence (new illness) and prevalence (total illness) curves for all
colds were plotted (figures 1 and 2). antarctic cold incidence and
period prevalence during WINFLY were calculated (table). Period
prevalence is expressed as a rate and reflects all cases that
occurred during the WINFLY period. Period prevalence was cal-
culated for winter personnel from the sum of indigenous colds
plus winter personnel antarctic colds and for summer personnel
from the sum of incoming colds plus summer personnel antarctic
colds.

The results of our study failed to show meaningful dif-
ferences in respiratory illness parameters between the winter
and the summer personnel. The two groups were similar (table)
in daily mean symptom severity scores (p = 0.51), in mean max-
imum symptom severity scores (p=O.98), and in illness dura-
tion (p =0.98). Daily incidence curves for all new colds by year
(figure 1) and for colds in winter personnel only by year (figure
2) failed to show evidence of epidemic patterns, remaining
nearly flat throughout WINFLY. The antarctic cold incidence rates
for winter and summer personnel were not significantly dif-
ferent in 1975 (x2=0.3, p>0.2) or 1977 (x2 =0.7, p>0.2). Al-
though the antarctic cold incidence rate was slightly higher for
winter personnel in 1976 (x 2 6.3, p<0. O25), the accompanying
period prevalence rates for the 1976 winter and summer person-
nel were similar (x2 =0.1, p>0.2). One would expect a lower
summer personnel antarctic cold incidence in 1976 because 33
percent of summer personnel entered McMurdo with incoming
colds (contrasted to only 8 percent of winter personnel found to
have indigenous colds) thereby eliminating these ill persons as
susceptibles and leaving them at least partially immune to rein-
fection during the remainder of WINFLY. The period prevalence
was also similar between groups in 1977 (x 2 =0.8, p>0.2) but
significantly higher in summer personnel in 1975 (x 2 = 10.35,
p<0.01), which is the reverse of what would be expected if
winter personnel had increased susceptibility.

In conclusion, the widely held assumption that isolated per-
sons become more susceptible to and develop greater severity
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Population size, severity, duration, and incidence of antarctic contracted colds and period prevalence of colds in winter personnel compared to
summer personnel during WINFLY 1975, 1976, and 1977

1975	 1976	 1977

Winter	Summer	Winter	Summer	Winter	Summer

Population size	 52	 146	64	 136	 75	 126
Mean duration in days a	8.9	 7.8	8.2	 7.8	6.8	 8.0
Median duration in days'	 7.0	 6.0	10.0	 8.0	6.0	 7.0
Mean symptom severity score (MSSS)b	 5.4	 4.8	5.7	 5.4	6.1	 7.9
Mean maximum symptom severity	 8.1	 6.7	8.3	 8.1	 8.9	10.5

score (MMSS5)b
Incidence (in percent) of	 53.8	49.3	37.5	20.6	24.0	19.0

antarctic contracted colds
Period prevalence of all colds	 55.8	79.5	45.3	43.4	26.7	32.5

a Since termination date of illness was not known for 24 percent of colds, a regression analysis with incomplete survival data was used to allow for the
censored observations.

b Symptom severity scores were obtained using a standardized symptom questionnaire described in the text. "M555" denotes mean average of all total
daily symptom scores by group. 'MM555" denotes mean average of the highest symptom score for each cold in each group.

of respiratory disease compared to persons in normal commu-
nities is not supported by our study of North American and
New Zealand men at McMurdo Station.

This research was supported by grant DPP 76-83918 from the
National Science Foundation.
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Lower atmosphere

Tracking antarctic winds

E. J. MROZ and MOHAMMED ALE!

Los Alamos National Laboratory
University of California

Los Alamos, New Mexico 87545

For the early antarctic explorers, the often fierce winds of
Antarctica posed a real threat to life. For today's scientists the
wind is little more than an annoyance. To the meteorologist, it
presents a challenge. Where does the wind come from? Where
is it going and why? What are the implications for the weather
and climate of the region? Other disciplines share the mete-
orologists' interest. Glaciologists are unravelling the history of
climate in Antarctica recorded in layers of snow and ice. The
details of the transport mechanisms are important to under-
standing the transport of water as well as natural and man-made
gases and particles to the continent. Antarctica still has the
cleanest air on Earth. It is a unique laboratory for studying
man's impact on the atmosphere and on an important region of
the Earth.

From a meteorological perspective the antarctic continent is a
high, cold, and reflective dome. Air near the surface drains off
the antarctic dome much like water from a mountain. It is
channeled by valleys and glaciers, diverted by mountains, but it
ultimately "drains" off the continent and out over the surround-
ing ocean. During this drainage process, it is turned westward
by the Coriolis force and becomes part of the narrow band of
easterly winds that prevail along the antarctic coastal regions.
This drainage process is called katabatic flow. It occurs year
round but is stronger and more persistent in winter than in
summer (Parish 1982).

To make up for the air "lost" from the continent by the ka-
tabatic winds, there must be an equally large and continuous
supply of air to the continent. This supply comes from the
upper levels of the antarctic atmosphere (Rubin and Weyant
1963). This region is characterized by generally westerly winds.
They can be visualized as slowly spiralling poleward from about
65°S latitude and sinking toward the surface of the continent
until the air becomes part of the katabatic flow.

This over-simplified view of antarctic circulation has been
complicated by results of studies of antarctic atmospheric chem-
istry. It has become increasingly clear that there are marked
seasonal differences in the atmospheric chemistry at the South
Pole. The aerosol concentration in summer is higher than in
winter by a factor of 10 or more (Hogan and Barnard 1978). The

summer aerosol consists mainly of sulfate but also contains
significant amounts of aluminum and cosmogenic radionu-
clides (Cunningham and Zoller 1981; Maenhaut, Zoller and
Coles 1979). The presence of aluminum indicates that one
source for the summer aerosol is the weathering and suspen-
sion of exposed soils and subsequent transport poleward by the
circulation pattern described above. The presence of elevated
levels of sulfate and cosmogenic radionuclides indicates that the
stratosphere is also a source of aerosol to the surface of the
continent. Some of the sulfate may be of volcanic origin (Delmas
1982; Radke 1982). Mount Erebus is an active volcano less than
1,500 kilometers away from the South Pole. In winter the conti-
nental and stratospheric sources are much weaker. The aerosol
concentration at South Pole is reduced to just a few partcles per
cubic centimeter of air. The winter aerosol like the sumer aero-
sol consists mainly of sulfate, but the concentration of sodium
chloride is much higher in winter than in summer. This indi-
cates that sea salt is transported from the open ocean around
Antarctica to the pole. Similar seasonal effects have been ob-
served for carbon dioxide and ozone (U.S. Department of Com-
merce 1982). The influence of man can also be seen in the
presence of fluorocarbons and other antropogenic trace gases.

We started by asking where the wind comes from. Now our
question is the same, but the focus is different. What are the
relative strengths and time dependences of the continental, sea,
stratospheric, volcanic, and anthropogenic sources to the con-
tinent? What is the nature of the meridional flow from the
middle to high southern latitudes? Our approach is to release a
tracer at a time and place of our choosing to examine the merid-
ional transport of air to the continent.

Los Alamos National Laboratory has developed two at-
mospheric tracers capable of being detected at distances thou-
sands of kilometers from the point of release (Fowler and Barr in
press). The tracers, 12CD4 and 13 CD, are analogs of methane and
are called heavy methanes because they are made from car-
bon-13 and deuterium. The key to the use of these tracers at
such long ranges is the state-of-the-art mass spectrometry ca-
pability at Los Alamos. This capability allows the detection of a
few parts of tracer in 1018 parts of air.

The first release is planned for January 1984 with subsequent
releases in April and September 1984. The first two releases will
be of one tracer at about 18,000 feet altitude and at about 65°S
between New Zealand and Antarctica. The third release will be
a dual release of both tracers. One tracer will be released at the
surface while the other tracer will be released at about 18,000
feet.

Samples will be collected both on the ground and by aircraft.
Ground-level samples will be collected at Amundsen-Scott,
Palmer, and McMurdo Stations. Samples will also be collected at
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Halley Bay (United Kingdom), Dumont D'Urville (France),
Syowa (Japan), and Casey and Mawson (Australia) with the
cooperation of the personnel at these stations. The sampler
consists of a small pump that fills a plastic bag with air at a
constant rate. The bag is periodically emptied by a compressor
into a pressure vessel until the required amount of air (about 360
liters) is collected. Airborne sampling will be conducted by
piggybacking on VXE-6 LC-130 flights following the releases in
January and September 1984. These samplers will strip out any
heavy methanes that may be present in the air onto activated
charcoal at liquid nitrogen temperature. The past season
(1982-1983) was used to field-test prototype whole-air and
cryogenic samplers.

After collection, the samples will be returned to Los Alamos
for analysis. The tracer data will be interpreted in conjunction
with meteorological data to define the path taken by the tracer
from the release point to the sampling location.

Other participants in this effort include P. R. Guthals, A.
Mason, and W. Efurd. This project is supported by National
Science Foundation grant DPP 81-1562 and by the U.S. Depart-
ment of Energy. Los Alamos National Laboratory is operated by
the University of California for the U.S. Department of Energy.
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Katabatic wind in Adélie Land

C. WENDLER and Y. KODAMA

Geophysical Institute
University of Alaska

Fairbanks, Alaska 99701

A. POGGI*

University of Grenoble
Grenoble, France

No other single phenomenon has such a strong influence on
the climate of a whole continent, as the katabatic wind has on
Antarctica. Because the reflectivity of snow is high, even during
the summer, little energy is absorbed at the snow surface, the
radiation budget is negative most of the time, and the air above
the snow is cooled. As a consequence, a thin layer of air is
steadily moving under the force of gravitation from the high
plateaus toward the periphery of Antarctica.

Although the katabatic wind has been described and studied
for many years (starting with Mawson 1915) better understand-
ing of the phenomenon has been hampered by a lack of observa-
tional data. It was possible to obtain either fixed-point data from
a manned station on a year-round basis or data from a traverse
that might have followed a "trajectory" of the wind, but the
latter ones were not collected simultaneously at different places
on the same slope.

* Deceased March 1983.

With the advance of technology in unmanned automatic
weather stations (Aws), this deficiency in data collection could be
overcome. Therefore, a joint U.S.-French experiment was de-
signed in Adélie Land, where strong downslope winds are
observed nearly continuously (Mather and Miller 1967). The
United States concentrated their measurements on the upper
slopes while the French made their measurements in the coastal
areas and telemetered their data to the year-round manned
station at Dumont d'Urville. The goals and results obtained so
far have been previously described (André et al. in press;
Gosink 1982; Poggi et al. 1982; Wendler and Kodama in press;
Wendler, Kodama, and Poggi 1982; Wendler and Poggi 1980) so
we will concentrate in this review on the work carried out
during the last year.

In the summer season of 1982-1983, a traverse with Expedi-
tion Polaries Francaises was made to service the previously
installed AWS and to establish one new station. Over-snow
vehicles were used because the area is too rough—large sastrugi
are formed by the strong winds (figure 1)—to carry out landings
with an LC-130 on an unprepared skiway. Besides the servicing
of the stations, our scientific goal was to obtain measurements
of the boundary layer during the traverse. Because our automat-
ic weather stations measure meteorological parameters at only
one height (about 3 meters above the surface) and the French
are using 20-meter towers with five levels of instrumentation,
measurements in the boundary layer were limited to the lower
levels. To extend these data, the French (Sennequier personal
communication) made measurements during January 1983 at a
fixed station (D10) near the coast, using drones and balloons,
while at the same time we moved up slope from sea level to
2,450-meter altitude, making measurements during the tra-
verse with an air-sonde system, which was carried either by kite
or by balloon.
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Figure 1. Large sastrugi are observed in Adélie Land about 200
kilometers away from the coast at an altitude of about 1,500 meters.

Of the five AWS's installed to date, the lowest one is used for
intercomparison with the French measurements, three are on
the slopes of the antarctic plateau at 1,560-, 2,130-, and 2,450-
meter altitudes, and one is located on top of Dome C (3,280
meters). Dome C is the highest point in the area and was chosen
for an ice-drilling experiment. The distance from
Dumont d'Urville is 1,080 kilometers. The area is totally flat and
the adjacent slopes are inclined on the order of 1:10 4 (Williams
personal communication). For more geographical details of the
AWS sites, see the table.

The monthly mean meteorological elements measured at D10
and Dome C in 1982 are shown in figure 2. The climatic con-
ditions at Dome C are very different when compared to D10
and the rest of the slope stations. Temperatures at Dome C are
about 45°C lower than D10 and D57 in the winter. This tern-

I2-

8 JAN	FEB	MAR	APR	MAY	JJN	JUL	AUM	SEP	OCT	NOV	DEC

Figure 2. Temperature, pressure, wind speed, and wind direction for
a coastal (Dl 0) and an inland station (Dome C) in Adélie Land. ("m/s"
denotes meters per second; "mb' denotes millibar.)

perature gradient is greater than the adiabatic lapse rate and is
related to the gravity flow (Ball 1956; Mahrt in press). The
temperature at Dome C dropped to a minimum of —84.5°C,
while at D10 temperatures below - 40°C were never observed.

Figure 2 shows that the resultant wind direction at Dome C is
fluctuating but at the coastal station it is very consistent (mean
annual wind constancy 0.9). The wind speeds at Dome C are

Geographic setting of the automatic weather stations in Adélie Land

Station	 Location	 Height	 Distance from	 Slope	 Azimuth of
(in meters)	Dumont d'Urville	 maximum upsiope

(in kilometers)

D10

	

	
66°42'S
	

240	 10
	

2 >< 10-2	 210°
139°48'E

D47

	

	
67°23'S
	

1,560
	

110
	

6 >< 10
	 210°

138°43'E
D57

	

	
68°1 l's
	

2,103
	

210
	

6 x 10
	 210°

137°32'E
D80

	

	
70°01 'S
	

2,450
	

440
	

1 x 10
	

210°
134°43'E

Dome C	 74°30'S
	

3,280
	

1,080
123000'E

a Dome C, the highest point in the region, is flat; the adjacent slopes are inclined on the order of 1:10
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Figure 3. Profile measurements of temperature, wind speed, and wind direction through the boundary layer. These data were obtained with an
air-sonde system and recorded on Hewlett-Packard equipment. ("m" denotes meter; "cal cm- 2 " denotes calories per square centimeter; "m/s! '

denotes meters per second.)

extremely low relative to other stations, showing no seasonal
variations.

Our boundary measurements obtained vertical profiles of
dry-bulb and wet-bulb temperatures, atmospheric pressure,
wind speed, and direction. These are being used to understand
better the physical structure of the katabatic wind layer. An
example is given in figure 3, which shows the results of two
soundings at D57 on 20 January 1983. The temperature profile
during the evening (1745 local standard time) shows lapse con-
ditions below the height of 200 meters, and a small inversion,
which might be a remnant from the previous day, can be seen at
about 280 meters. Wind 'speed profiles for the same sounding
do not show any distinctive maximum in the boundary layer.
Near midnight (2340) the inversion is fully developed in the
lowest 150 meters, and a distinctive maximum wind speed
appears at the same height. Wind direction changes in the
inversion layer are counterclockwise and are almost constant in
the layer above. The radiation budget was measured between
these two soundings, and it was -31 calories per square cen-
timeter for this period; 19 calories per square centimeter were
needed to cool the air in the lowest 300 meters from early
evening to midnight. Hence, the radiatidn budget can easily
explain the developing of the strong surface inversion during
the night in the summer.

This diurnal cycle in establishing and destroying of the sur-
face inversion also explains the corresponding strong diurnal
cycle in wind speed, which is observed in the coastal areas
during the summer, showing a minimum in the early afternoon
(Wendler and Kodama in press).

This study was supported by National Science Foundation
grant DPP 81-00161. Our thanks go to many individuals of the
U.S. Antarctic Research Program as well as Expeditions Polaires

Francaises (Vaugelade and R. Guillard), and to C. Weller for his
valuable comments. Our special thanks go to the other mem-
bers of the traverse team, whose helpfulness and dedication
made this work not only possible but very delightful. They are:
C. Busicchia, P. Laffont, B. Piccot, M. Pourchet, M. Savage, D.
Simon, and J. Wiget.
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Numerical simulation of katabatic flow

THOMAS R. PARISH

Department of Atmospheric Science
University of Wyoming

Laramie, Wyoming 82071

Katabatic flow over the antarctic continent is forced primarily
by the strong radiational cooling of the lowest layer of air adja-
cent to the sloping ice terrain. This is shown by the extremely
high wind constancy values (see table) and well established
relationships of mean yearly resultant wind direction and/or
sastrugi orientation with the fall line of the terrain. Nev-
ertheless, significant variation in the-time-averaged intensity of
katabatic flow along the coastal perimeter has been observed.
As seen in the table, katabatic winds are approximately 75
percent stronger at Cape Denison and Port Martin than at other
similarly situated coastal stations fully exposed to winds off the
ice cap. These facts suggest that to interpret the katabatic signal
properly, a clear understanding of the dynamics and ther-
modynamics of the atmosphere in the lowest few hundred
meters over the coastal and interior ice slopes is essential.

To gain insight into the forcing of katabatic winds, a three-
dimensional numerical model was developed and several
model experiments were performed. The model was patterned
after Anthes and Warner (1978); a discussion of the two-dimen-
sional version is found in Parish (1983). The model consists of
four prognostic equations (both u and v horizontal motion com-
ponent equations, the continuity equation, and the ther-
modynamic equation) and is written in terrain-following sigma
coordinates to allow for non-uniform ice topographic features.
Physical processes such as radiative cooling, turbulent heat
transfer, and frictional dissipation are simulated by standard
bouhdary layer parameterization schemes (Parish 1983). The
model has 10 vertical levels with the highest resolution near the
surface. A section of an idealized ice terrain profile, closely

representative of the ice topography upslope from the station
Mirnyy, is used in the numerical experiments. The model ter-
rain stretches about 400 kilometers along the coast and extends
some 350 kilometers into the interior. Thus, model experiments
can evaluate the significance of physical processes in the inte-
rior of the ice terrain on coastal katabatic winds.

To isolate terrain influences, the numerical experiments were
initialized about a basic state of no motion. The temperature
sounding at the beginning of the model integration period was
assumed to be isothermal. Such conditions are frequently ob-
served in the lower antarctic atmosphere, especially near the
coast, when mixing processes break down the inversion struc-
ture. Model results suggest katabatic winds develop rapidly
due to the strong radiative loss at the surface. By 10 hours, a
well-defined katabatic wind structure has formed. The simula-
tions yield qualitatively accurate representations of observed
wind and temperature profiles. Figure 1 shows the profile struc-
tures which have evolved over the 10-hour integration period
for points near the coast and in the interior of the model ice
continent. The wind profile in each case shows the charac-
teristic low-level wind maximum with the coastal site display-
ing stronger katabatic winds. Also, temperature profiles in fig-
ure 1 show reasonable inversion structures with the stronger
inversion of 17°C over the interior site. These results suggest the
model is able to simulate some of the gross features of katabatic
flow with some fidelity.

Parish (1981) has proposed that the Cape Denison/Port Martin
wind phenomenon is a result of a large concentration of drain-
age currents upslope of Adélie Land. The convergence of cold
air provides a large reservoir of negatively buoyant air from
which the coastal katabatic flow can feed. The time-averaged
map of Parish (1982) reveals the strong confluence pattern. As a
test of this hypothesis, lateral variations in the model ice terrain,
representative of those found south of Adélie Land coast, have
been introduced (see ice contours in figure 2). These surface
irregularities disrupt the uniform drainage pattern, resulting in
a convergence of cold air east of the ridges. The katabatic flow
regime which has evolved over the 10-hour integration shows
marked horizontal contrast. Figure 2 depicts the katabatic flow
streamlines and wind speeds at about 50 meters above ground.

Mean yearly resultant wind (in meters per second) statistics for stations in the interior and coastal regions of Antarctica

Resultant
Stations	 ION	 wind

Interior Stations
Pionerskaya (69.70S 95.50E)	 9.3,131°
Charcot (69.40S 139.0°E)	 8.6,163'
Vostok (78.5 0S 106.90E)	 16

	
4.1,243'

Amundsen-Scott (90.0'S)	 16
	

4.6,039°
Byrd (80.0'S 120.0°W)	 14	 6.6,013'

Coastal Stations
Cape Denison (67.9 0S 142.70E)	 2

	
19.0,161'

Port Martin (66.8 0S 141.40E)	 2
	

16.9,146'
Mawson (67.60S 62.90E)	 15	 9.8,130'
Mirnyy (66.6 0S 93.0'E)	 17	 9.7,127'
Molodezhnaya (67.70S 45.90E)

	
11
	

8.4,126'

a "N" refers to the length of the data record in years.
The deviation angle is the angle between resultant wind and fall line of the ice terrain.

1983 REVIEW

Directional	Deviation
constancy	angl'

	

0.92	55'
0.91
0.81
0.79
0.86

0.97
0.94

	

0.93	10'

	

0.90	—50'

	

0.85	—10'

239



/

(a)	 'I
150

INTERIOR	 100
('.'220km
FROM COAST)

50

200

$50

E
$00

N

50

/////
I
/

/
/

I

(b)(a)

300

200

E

>.
100

0

r.I.i.]

200

E

>-
00

I	 I	 1	 0!
5	$0	15	20 V(m/s)	 5	10	15	20

235	240	245	250 T(K)	 235	240	245	250

Figure 1. Vertical profiles of wind and temperature after 10-hour model integration period for interior (a) and coastal (b) regions of model terrain.
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Figure 2. Streamline pattern (a) and katabatic wind speeds(b)after 10-hour model integration period for 50-meter level aboveground. Ice terrain
height contours are denoted by thin solid lines. ("Km" denotes kilometer.)

	Notice the strong convergence of streamlines (block A of figure	cluded. These experiments yield qualitatively similar results.

	

2); this zone is characterized by significantly colder tern-	The inference from such numerical studies is that the cold air

	

peratures because of the collection of drainage currents. Ka-	drainage pattern in the interior of Antarctica is a key ingredient

	

tabatic wind speeds (block B of figure 2) show the importance of	forcing strong, persistent katabatic flow at the coast. Given an

	

the large cold air supply. Magnitudes of katabatic flow along the	unlimited cold-air supply pool upsiope, all coastal regions

	

coast exceed 20 meters per second downslope of the con-	would perhaps experience conditions similar to those along

	

vergence zone but as little as 9 meters per second away from the	Adélie coast.

	

influence of large cold air reservoirs. Similar experiments have	This work was supported in part by National Science Founda-

	

been conducted in which upper-level synoptic forcing is in-	tion grant DPP 81-15976.
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Air-sea interactions over the Ross Sea
in the surface boundary layer

V. K. SAXENA and T. B. CURTIN

Department of Marine, Earth and Atmospheric Sciences
North Carolina State University
Raleigh, North Carolina 27650

Previous studies have demonstrated (Saxena 1981; 1982;
1983) that organic particulates are present in the antarctic coast-
al clouds over the Ross Ice Shelf. During the period from De-
cember 1982 to January 1983, our investigations were extended
to test our hypothesis regarding the origin of these organic
particulates. It is currently believed that organic particulates are
produced by the wave action at the surface of the Ross Sea off
the annual ice edge. Advection coupled with localized updraft
is responsible for ingesting these particulates into the coastal
clouds. Processes leading to the transfer of organic material
from the ocean to the atmosphere are already documented
(Blanchard and Syzdek 1972, 1974). Experiments over the At-
lantic coast have shown (Baier et al. 1974; Gershey 1983) the
abundance of organic material in sea-surface films and bubble-
generated aerosols.

The field team was deployed for about 3 weeks from 18
December 1982 through 11 January 1983. A cloud water collec-
tion probe (cwcp) was used aboard the LC-130 aircraft for pen-
etrating low lying stratus clouds. The procedure for collecting
the cloud water has already been described (Saxena 1983). Pre-
cipitation samples were also collected at the McMurdo Station.
Using the Coast Guard floatable helicopters, a portable buoy
was deployed over the exposed Ross Sea water off the annual ice
edge. Figure 1 shows the design of the buoy on which is
mounted a submicroscopic particulate sampling assembly (SPSA
in a sealed box. It is equipped with a time delay circuit so that

SPSA comes on 10 minutes after the helicopter has left the
deployment location. This precludes sampling of aerosol parti-
cles generated by the helicopter wake effects. A Niskin bottle is
attached to the buoy, which is 1 meter in diameter, to collect the
sea water samples simultaneously. For safety reasons, two heli-
copters were involved in the operations.

The experimental run started at 0830 New Zealand Standard
Time (NzsT) on a fair weather day, and the buoy was loaded on
one of the helicopters equipped with a sling. An SPSA unit was
placed on board the other helicopter which also carried a copper
sampling tube (2.54 centimeters, inside diameter) attached to its

side and projected sufficiently forward of its nose by a precalcu-
lated length to avoid sampling within the helicopter boundary
layer. Under the surveillance of the Coast Guard radar aboard
the icebreaker, helicopters were ordered to proceed to a pre-
determined site over the exposed sea water. On its way to the
experimental site, one of the helicopters collected Nucleopore
filter samples. Upon arrival at the site, the helicopter with the
buoy hovered to about 3 meters above the sea surface and
deployed the buoy while the other helicopter kept a vigil. After
deployment, the helicopters proceeded to Marble Point for re-
fueling. On our way back, the buoy was retrieved using the
radar tracking facility aboard the icebreaker and a Nucleopore
filter sample was taken. In the second to last mission, one of the
helicopters developed engine trouble at Marble Point, and the
mission was completed with one helicopter alone.

Cloud water samples were collected on 27 December and 31
December 1982 when the low-level clouds moved over the Ross
Ice Shelf. Satellite imagery was used to pick an experimental site

AIR/ WATER SAMPLING BUOY (PORTABLE)

DEPLOYMENT/ RETRIEVAL
RING

AIR SAMPLE INTAKE

STROBE LIGHT

RIGID TRIPOD

ROWER SUPPLY/CONTROLLER
AIR FILTER ASSEMBLY
SEALED UNIT

TOROIDAL BUOYANCY
ELEMENT (INFLATABLE)

RIGID BRIDLE

NISKIN BOTTLE

BALLAST WEIGHT RING

3ALLAST WEIGHT/
WC CA1.0rc

Figure 1. A portable buoy that was deployed by the Coast Guard
helicopters for sampling at the air-sea interface.
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and LC-130 aircraft was flown for a total of 10 hours for collect-
ing the cloud water using cwcP.

Analysis of the collected cloud water, precipitation, sea water,
and particulate samples is underway. The former three will be
analyzed for their pH content, salinity, cation and anion con-
centrations, organic material content, dry residue morphology
and elemental composition. Particulate samples on Nucleopore
filters will be analyzed to produce particle morphology, aerosol
concentration and size distribution (since the sample volume is
known), elemental composition, and organic particle identifica-
tion. Concentration of ice forming nuclei on the filters will be
measured using subfreezing thermal diffusion chamber and the
drop freezing technique.

The collected samples provide an unusual and unique oppor-
tunity to study the air-sea interactions using organic material
and elemental composition as tracers. Examples of the analysis
are shown in figures 2 and 3. Figure 2 (block a) shows the
morphological features of aerosol particles collected at 150
meters above ground level on 9 January 1983 during an experi-

Figure 2. (a) Electron micrographs of aerosol particles collected at
150 meters above ground level over the Ross Ice Shelf on 9 January
1983. (b) X-ray energy spectrum of three selected particles. ("1im"
denotes micrometers.)

mental run from McMurdo Station to the ice edge. Obviously,
aerosol particles ranging between 5-7 micrometers in diameter
are present in unexpected numbers. The X-ray energy spectrum
of three selected particles shown in figure 2 (block b) indicates
that two out of three particles have abundant potassium—a
characteristic of organic material such as phytoplankton. Elec-
tron micrographs of the cloud water residue collected on 27
December 1982 are shown in figure 3 (block a). The residue was
then washed with distilled water and dried, the morphology of
which is shown in figure 3 (block b). The X-ray energy scan of
the dry residue shows that sodium, silicon, chlorine, po-
tassium, and calcium are present in the sample. The last two
elements are again characteristics of organic material. Evidence
therefore exists that antarctic macroscopic meteorology is influ-
enced by the microlayer oceanography.

The work was supported by the Division of Polar Programs,
National Science Foundation grant DPP 79-22058. Assistance of

!01

Figure 3. (a) Dry residue morphology and X-ray energy spectrum of
the cloud water sample collected at the air-sea Interface on 27
December 1982. (b) Electron micrographs of the Insoluble residue of
the cloud water sample. ("rim" denotes micrometer.)
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Farn Parungo, National Oceanic and Atmospheric Administra-
tion, Boulder, Colorado in analyzing the samples is gratefully
acknowledged.
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Antarctic hydroxyl radical
measurements

JOHN C. SHEPPARD, RICHARD J. HARDY and J. FRED HOPPER

Department of Chemical Engineering
Washington State University

Pullman, Washington 99164-2710

This research was directed toward determination of the hy-
droxyl radical concentration in the mid-January, lower-tro-
pospheric antarctic air. Current thought is that the hydroxyl
radical plays a central role in the Earth's atmospheric pho-
tochemistry as an oxidant of trace gases, including carbon mon-
oxide (CO), methane (CH,), and methyl chloroform (CH3CC13).
Campbell (1980) has shown that lifetimes of these trace gases are
shortest in the equatorial latitudes and longest near the poles
because of their inverse dependence on the tropospheric hy-
droxyl radical concentration. Thus, most of the photochemical
oxidation in the Earth's atmosphere occurs between the Tropics
of Cancer and Capricorn (22°N to 22°S). Measurement of hydro-
xyl radical concentrations at various latitudes would test this
hypothesis.

During the 1981-1982 austral summer research season, this
Washington State University group (Hopper and Hardy) per-
formed hydroxyl radical measurements at the McMurdo and
South Pole Stations. The carbon-14 tracer method (Campbell,
Sheppard, and Au 1979) used in these measurements involves
the injection of high purity carbon-14 labelled carbon monoxide
("CO) into a 100 liter ultraviolet-transparent teflon reaction
vessel, followed by rapid removal of small aliquots (3 to 14 liters)
at reaction times ranging between 20 and 90 seconds. During
this reaction time, a small fraction of the 14C0 is pho-
tochemically oxidized to ' 4CO2 by the hydroxyl radical. Samples
containing 14CO2 were returned to the Washington State Uni-
versity radiocarbon dating laboratory for additional purification
and were counted in low-level methane proportional counting
tubes to determine their 14CO2 contents. Plots of the fraction of
14C0 converted to 14CO2 as a function of time yield slopes that
are proportional to the hydroxyl radical concentrations. Be-
cause of low-level 14C contamination in some of the collection
tubes, it was necessary to treat the remaining data from the four
McMurdo Station experiments, conducted under nearly identi-
cal reaction conditions, in a single time-average regression anal-
ysis. The important reaction conditions-ozone, water vapor,
temperature, and ultraviolet intensity-were determined in
parallel with each hydroxyl radical measurement. The supple-
mentary data, [03, H20, temperature, and J(O'D), the pho-
toproduction rate of metastable oxygen] and the results of four

Table 1. Supplemental data for antarctic hydroxyl radical experiments

Measurement	 Temperature	 H20
	

03 (in parts	 J (OD)
(°C)
	

(torr)	 per billion)
	 (10-6 sec 1)

McMurdo
MCM-1	 -0.6

	
2.9	 1.0

MCM-2	 -4.0
	

2.2	 0.98
MCM-3	 -3.0

	
2.4	 0.78

MCM-4	 -3.0
	

2.4	 0.98
Average MCM	 -2.6 ± 2.3

	
2.5 ± 0.5
	

8.9 ± 0.3
	

0.92 ± 0.18
South Pole	 _30.4a	 0.32a	 7. la	 0.51 ± 0.1

POL-2,3,4

Personal communication, R. G. Williscroft, Station Chief, National Oceanic and Atmospheric Administration/Global Monitoring for Climate Change.
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0
30

77.9°S

90'S

46.7°N

13.5'N

0
30

0
100

0
100

1.5 >< 10
3.8 > 10

0.12 x 10
0.44 x 10
2.8 >'. 106
4.4 x 10
5.2 >< 106
9.4 >: 106

<4 x 10

0.9 x 10 to
5.4 x 10
5.4 ± 1.6 x 106

12.5 ± 7.6 )< 106

McMurdo
(combined
regression)

South Pole

Pullman, WA'
(Average, 6 runs)

Ragged Pointc
Barbados
(Average, 6 runs)

McMurdo Station and three South Pole Station hydroxyl radical
measurements are summarized in tables 1 and 2 respectively.

Measurements were conducted upwind of local sources of
hydrocarbons, CO and NO, (aircraft and vehicular traffic), that
could potentially alter the on-going atmospheric photochemis-
try and the hydroxyl radical concentrations. McMurdo Station
experiments were carried out at a site just upwind (east) of the
Radio Transmitter Station between 10 and 12 January 1982.
Atmospheric conditions varied from clear to high thin cirrus
clouds with winds gusting between 10 and 15 knots. South Pole
Station experiments were conducted at a site due west of the
Clean Air Facility along the boundary of the Clean Air Quadrant
on 20 January 1982. The sky was clear and the wind speed was
about 4 knots.

Analysis of the data obtained from these hydroxyl radical
experiments produced three findings. (1) The background
14CO2 signal of the apparatus was equivalent to 2.5 >< 10 hydro-
xyl radicals per cubic centimeter. (2) The average hydroxyl radi-
cal concentration of midday, mid-January tropospheric air at
McMurdo Station was less than 4.0 >< 10 1 per cubic centimeter,
the upper limit value a result of 14C contamination in the collec-
tion system. (3) At the South Pole the measured hydroxyl radi-
cal concentration was between 0.9 x 101 and 5.4 x 10, with an
average of 3.2 x 10 1 for three determinations. Low-level 14C

contamination was also responsible for the spread in the South
Pole data.

Using a simple steady-state model, the data in table 1,
Rasmussen, Khalil, and Dalluge's (1980) antarctic CO, and the
probable range of nitrogen oxide (NO,) concentrations, hydrox-
yl radical concentrations were calculated for each of the re-
ported measurement sites. Table 2 contains these estimated and

measured hydroxyl radical concentrations; and for comparison,
values measured at Pullman, Washington and Barbados Islands
of the Caribbean region are included.

The calculated and measured hydroxyl radical concentrations
at the antarctic sites are in reasonable agreement in view of the
large uncertainties in both the model calculations and in the
measurement of very low radical concentrations near the detec-
tion limit of a partially contaminated apparatus. Taken as a
whole, these measurements suggest that the summertime,
midday hydroxyl radical concentrations in antarctic tro-
pospheric air are certainly below 5 x 10 1 per cubic centimeter,
probably lower. With uncontaminated equipment, we believe
that this measurement method can easily detect hydroxyl radi-
cal concentrations below 105 per cubic centimeter, and possibly
as low as 3 x 10g . The latter would require extreme precautions
to avoid all forms of 14C contamination.

Comparison of the McMurdo Station and South Pole Station
data with previous measurements made in Pullman, Wash-
ington, and the Caribbean Island of Barbados shows that the
hydroxyl radical concentration does appear to be highest in the
tropics, lowest in the antarctic polar region, and intermediate in
the midlatitudes. Obviously many more measurements must
be made to outline clearly the distribution of hydroxyl radical
concentrations in the Earth's atmosphere. Thus, additional
measurements of hydroxyl radical concentrations in antarctic
air are also desirable.

This research was supported by National Science Foundation
grant DPP 82-20827. We wish to thank Elmer Robinson and
Malcolm J. Campbell for their invaluable advice and Yvonne
Welter and Karl Huston who assisted at various stages of this
project.

Table 2. Measured and calculated hydroxyl radical concentrations

Measurement	 Latitude	Measured 	 Calculated 	 [NO,] Assumed in

site	 [OH] (in cubic	 [OH] (in cubic	 calculation (in parts
centimeters)	 centimeters)	 per thousand)

a All measurements made under midday, clear sky, summertime conditions.
Supplemental data in table 1 used in these calculations.
These data taken from Campbell and Sheppard (in preparation).
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Antarctic automatic weather stations,
austral summer 1982-1983

CHARLES R. STEARNS and GEORGE WEIDNER

Department of Meteorology
University of Wisconsin

Madison, Wisconsin 53706

Automatic weather stations (Aws) measuring wind speed and
direction, air temperature and pressure are deployed on the
antarctic continent as shown in figures 1 and 2. The locations
and period of record are given in table 1. The computer-based
AWS units telemeter the data to polar-orbiting satellites
equipped with the Argos data collection system (Savage,
Stearns, and Teague 1981; Stearns 1982; Stearns and Savage
1981).

Spin

Fossil BI

Figure 1. Antarctic continent showing the sites for the AWS units as
of January 1983 (except for those in the McMurdo Station vicinity).
The actual locations and periods of record are given in table 1. D-1 0
Is about 10 kilometers south of Dumónt d'Urviiie. ("GMT" denotes
Greenwich mean time.)

wind study by G. Wendler of the University of Alaska. Michael
Savage went on the traverse to install and calibrate the AWS

units.
The AWS sites in the McMurdo area are shown in figure 2. The

AWS unit previously at Mount Oliver, Asgard Mountains in
support of E. I. Friedmann's biology project was removed, con-
verted from 6-volt direct-current to 12-volt direct-current
power, and installed just east of White Island on the Ross Ice
Shelf at Nancy Site. Other AWS units in figure 2 were serviced,
and Jimmy Site was moved from Starr Glacier near McMurdo
Station to Bucky Wilson's site at Windless Bight. The remaining
sites were visited for servicing. Assistance during January 1983
was provided by Hugh Slotten.

The AWS units around McMurdo Station are used for mete-
orological support of the air operations and as a mesoscale
network to determine wind velocity divergence and thus the
vertical motion at a height of 3 meters.

Sites on the Ross Ice Shelf such as Meeley and Ferrell are
difficult to locate. Beacon transmitters operating on the heli-
copter automatic direction finder (ADF) frequencies and
powered by solar panels were installed at Laurie, Nancy, Ferrell,
and Meeley sites. The beacons could be detected at a distance of
10 nautical miles by the helicopters. It is hoped that the beacon
transmitters will reduce the helicopter flying time previously
required to search for the AWS sites.

Snow accumulation data for the sites as determined from
photographs of the AWS tower are: Laurie, December 1982 to
January 1983, 38 centimeters; Manning, November 1980 to De-
cember 1981, 64 centimeters, and December 1981 to January
1983, 37 centimeters; Ferrell, December 1981 to January 1983,
110 centimeters. The 2-year accumulation for Manning and
Ferrell of 101 centimeters and 110 centimeters respectively are
in good agreement as are the 1-year accumulations for Laurie
and Manning of 38 centimeters and 37 centimeters,
respectively.

162J 164 166 WhIlloCk
-16.0	1 700E

ROSS SEA

77^	 71
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The purpose of the AWS units in the vicinity of the Antarctic
Peninsula is to study the flow of stable air from the east which is
blocked by the barrier formed by the Antarctic Peninsula. The
resulting thermal wind vector turns the air flow toward the
north. The northward flow occasionally carries ice from the
Weddell Sea into the south Atlantic which reduces sea surface
temperatures by more than 3°C at 50°S 45°E (van Loon 1972).

One AWS unit was deployed to the ice rise site on the Larsen
Ice Shelf in austral summer 1982-1983 by the British Antarctic
Survey in support of research on the barrier wind flow along the
Antarctic Peninsula.

An overland traverse was made by Expeditions Polaires Fran-
caises from Dumont d'Urville to D-80 in support of a katabatic

8.74/@11rnY \\

T	
11.2

5m/s	 ROSS ICE SHELF

\ 
ci	

I1Z

26.115 
Meeley

7O5Man.nInc

0215 GMT 15 MARCH 1982

Figure 2. AWS sites in the McMurdo Station area as of January 1983.
The mean pressure used in the station data is for March 1982.
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Antarctic automatic weather station (Aws) as of austral summer 1982-1983

AWS
identification

Site	 number

McMurdo area 
Manning	 8905
Marble Point	 8906
Ferrell	 8907
Nancy	 8908
Laurie	 8910

8911
Jimmy	 8911

8918
Whitlock	 8913
Meeley	 8915
Asgard	 8908

Other AWS sites
Byrd	 8903
Dome C	 8904
Siple	 8909

Antarctic Peninsula area
Ice Rise	 8912
Spine	 8919
Fossil B
Butler I

Dumont d'Urville area
D-80	 8900
D-10	 8901
D-47	 8914
D-57	 8916

Proposed deployment austral summer 1983-1984
Byrd Glacier
Terra Nova Bay
Ross Ice Shelf

Elevation
Location	 (in meters)

	 Starta	 Stop"

78.76S 166.85 E
	

74
	

25/11/80
77.44S 163.74 E
	

121
	

5/2/80
78.03S 170.79 E
	

44
	

10/12/80
77.90S 168.07 E
	

25
	

17/1/83
77.56S 170.09 E
	

25
	

15/12/81
	

18/4/82

	

23/1/83
	

23/3/83
77.80 5 166.71 E
	

202
	

7/12/81
	

20/7/82

	

24/10/82
	

5/1/82
77.75 5 167.67 E
	

39
	

9/2/83
	

21/3/83
76.14S 168.40E
	

275
	

23/1/82
78.50S 170.14E
	

49
	

4/12/80
77.60S 161.15E
	

1,580
	

1/2/80
	

6/1/83

80.00 S 120.00W
	

1,530
	

5/2/80
74.50 S 123.00 E
	

3,280
	

4/2/80
	

31/1/83
75-90S 84.30 W
	

900
	

1/1/82

66.90S 60.60 W
	

50
	

7/2/83
67.60S 66.00 W
	

1,540
	

9/3/80
	

20/3/83
71.33S 68.37W
	

Planned
70.02S 60.35 W
	

Planned

70.02 5 134.70 E
	

2,500
	

14/1/83
66.67 S 139.80 E
	

240
	

1/1/83
67.40 S 138.70 E
	

1,560
	

24/1/83
68.20 S 137.52 E
	

2,103
	

16/1/82

80.2S 163E
75.2S 163E
78.4S 175W

8 Day/month/year.
b McMurdo area locations were revised from survey and satellite, 28 June 1983. Height was determined by barometry-error ± 5 meters, 28 June 1983.

Wind speed and direction, air temperature and pressure for
15 March 1982 are shown in figure 2. The convergence of the
wind direction and the contrasting air temperatures across the
convergence zone were associated with warmer air which ap-
parently moved into the area from the relatively open ocean
northeast of Ross Island. Similar abrupt temperature decreases
of 10°C to 15°C were experienced by the earlier explorers who
reported a need to don more clothing (Simpson 1919). The AWS

data were sufficient to show that the temperature changes oc-
curred within a 10-minute period.

This work is supported by National Science Foundation grant
DPP 79-25040. Members of the Radio Science Laboratory under
the direction of Alan Peterson (Stanford University) designed,
developed, and initially deployed the AWS units. Chris Bales of
the British Antarctic Survey is deploying the AWS units around
the Antarctic Peninsula. Expeditions Polaires Francaises con-
ducted the traverse from Dumont d'Urville to D-80 under the
leadership of Pierre Laffont. The VXE-6 helicopter pilots and
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crew were determined to find the AWS units, which are difficult
to locate, on the Ross Ice Shelf and their efforts were successful.
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Meteorological and aerosol
experiments in Antarctica

A. W. HOGAN

Atmospheric Sciences Research Center
State University of New York at Albany

Albany, New York 12222

B. MURPHEY

Atmospheric Sciences Research Center
State University of New York at Albany

and
Georgia institute of Technology

Atlanta, Georgia 30332

K. KEBSCHULL and R. TOWNSEND

Atmospheric Sciences Research Center
and

Department of Atmospheric Science
State University of New York at Albany

Albany, New York 12222

Research programs were conducted at both South Pole and
McMurdo Station during austral summer 1982-1983. The study
of winter meteorological phenomena at McMurdo continues
through austral winter 1983 under the leadership of B.

Murphey at McMurdo Station.
Hogan, Murphey, Kebschull and Townsend departed the

continental United States 27 December 1982, and arrived at

McMurdo 31 December 1982. Hogan and Murphey examined
and recalibrated the aerosol and ozone instrumentation which
had been installed in the cosmic ray observatory during 1981.
Excellent records of surface ozone and aerosol concentration
had been collected at the cosmic ray laboratory during the
previous winter. Kebschull and Townsend departed for South
Pole Station, to begin a study of the structure of near surface air
over the polar plateau using slow rising meteorological balloons
and to examine the transport of aerosol material to the polar
surface from these layers. Hogan and Murphey joined them
there for intensive experiments through 15 January 1983.

Kebschull and Townsend continued balloon soundings and
aerosol measurements at South Pole Station through 28 January
1983, while Hogan and Murphey returned to McMurdo Station
to prepare additional aerosol instrumentation for Murphey's
wintering program.

Analysis of ozone records obtained at the cosmic ray laborato-
ry indicate that stratosphere-troposphere air exchange is fre-
quent, in the McMurdo area during spring and early summer. A
similar 10-year study of surface ozone at South Pole Station by
Oltmann and Komyhr (1976) found little evidence of such ex-
change reaching the surface levels on the polar plateau. A mete-
orological analysis of atmospheric structure and circulation ac-
companying these increases in surface ozone concentration
continues.

The slow-rise balloon soundings at South Pole Station al-
lowed us to define the meteorological conditions accompanying
aerosol advection to the surface of the polar plateau. During the
period 7-14 January 1983, first warm moist air from the Weddell
Sea area and then cold dry subsident air from the interior of
Antarctica was advected over South Pole Station. The cloud-
iness associated with the moist air reduced the amount of out-
going terrestrial radiation, and this (combined with an increase
in above-surface wind velocity) caused the persistent near-sur-

AMUNDSEN-SCOTT SOUTH POLE STATION

MONTHLY MEAN AEROSOL CONCENTRATION

Monthly mean aerosol concentrations observed at the surface at South Pole Station as analyzed by J. Samson.
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face temperature inversion over South Pole Station to break on
10 January 1983. Aerosol concentrations increased by more than
a tenfold factor, while ozone concentrations halved, accom-
panying this inversion break. The inversion reformed on 11
January, and surface aerosol and ozone concentrations returned
to pre-event levels. Analysis of collected aerosol specimens, by
microscopy and electron microscopy continues.

The meteorological conditions experienced on the polar
plateau were "unusual" during January 1983. Most frequently,
the short austral summer at South Pole Station is characterized
by nearly clear skies and suspended ice crystals which produce
spectacular optical effects. January 1983 was a month of cloudy
skies, with these clouds most frequently being alto stratus and
even alto cumulus, made of supercooled water drops, rather
than the more usual cirro stratus made up of small ice crystals.
Supercooled water fog at a temperature of - 33°C occurred on 1
day as well.

Additionally, the sky in general had a markedly different
appearance, with a bright aureole about the sun and much hazy
scatter of light through the arc of 90 degrees about the sun.
Although some of this light scattering and sky brightening may
have been due to volcanic material in the upper layers, much of
the effect seems to have been caused by asymetric plate-type ice
crystals in the lower atmosphere which were frequently found
in replicas collected by Kebschull and Townsend.

Situation reports and teletype messages from B. Murphey
indicate that aerosol collections and measurements are proceed-
ing at McMurdo Station and that frequent storms have provided
interesting and challenging conditions during fall and early
winter.

In addition to this year's field work, a doctoral thesis, based
on field work at McMurdo and South Pole Stations in 1980-1982
austral summers has been completed by R. Henry. A master's
thesis based on aerosol observations at South Pole Station in
1981 was completed by J. Samson. (The figure is reproduced
from this thesis.)

This work was supported by National Science Foundation
grants DPP 79-05987 and DPP 81-15231. We offer special thanks to
W. Merrifield and R. Mulkern for their assistance at the cosmic
ray laboratory; to the McMurdo meteorological detachment, the
meteorological office at South Pole Station; and to National
Oceanic and Atmospheric Administration-Geophysical
Monitoring for Climate Change for many years of enjoyable
cooperation.
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Studies of atmospheric energy
transfer processes at the South Pole

JOHN J. CARROLL

Department of Land, Air and Water Resources
University of California
Davis, California 95616

Using data we collected during the period of 1975 through
1977 and that collected by the Weather Service and other experi-
menters, we are continuing our studies of the conditions and
mechanisms that affect the transfer of radiant and thermal ener-
gy near the surface at the South Pole. The overall energy budget
has been described previously (Carroll 1982a) as have surface
reflection effects (Caroll 1982b; Carroll and Fitch 1981). The
major focus of the current work is to describe the statistical
distribution of variations in the local meteorological conditions
and to examine these in terms of the fluid dynamical response
of the atmospheric boundary layer to large-scale as well as local
forcing.

An example of the type of behavior we are examining is
shown in figure 1, a plot of the departure of air temperature
from its seasonal average versus the departure of the wind
speed from its average for the austral winter of 1975. It is quite

30

	

20-	•	:

r
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Figure 1. Scatter plot of the deviation of air temperature from its
winter 1975 mean value (temperature = -60.8°C) versus the devia-
tion in wind speed from its winter 1975 mean (3.4 meters per
second).
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factors at work as well. For example, figure 2 shows the winter
wind rose (a) and two temperature event roses (b, c) that graph-
ically give the observed frequency of wind speeds and of tem-
perature deviations from their winter averages. What these
clearly show is that the warmer conditions nearly always are
associated with wind from the northern quadrant, while the
cooler periods are nearly always winter winds from the eastern
quadrant. While it is also true that wind speeds are strongest
when the wind is from the north and the mixing hypothesis
could still be valid, the evidence supports an advection hypoth-
esis equally well. That is, that the air to the east of the station is
always colder than the air to the north.

Because we have no data in either of those two directions
within distances useful for resolving the problem, we must
examine the mechanisms that would operate under the first
hypothesis to evaluate its viability and leave the validity of the
advection hypothesis to be judged by default. We are pursuing
this latter effort through careful analysis of turbulence data
obtained in 1977 and through the use of an evolving numerical
model of the atmospheric boundary layer, the prototype of
which was described in Carroll and Fitzjarrald (1979). Prelim-
inary results indicate that the response of the boundary layer to
changes in large-scale forcing can produce sufficient downmix-
ing to explain the temperature data, suggesting that the first
hypothesis is the correct one.

This work is supported in part by National Science Founda-
tion grant DPP 81-16747 and by the California Agricultural Ex-
periment Station.
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Figure 2. (a) Wind rose for the South Pole for the winters of 1975,
1976, and 1977. (b) Event rose for the air temperature in excess of
winter seasonal means for same 3 years. (c) Same as (b) for air
temperatures below the seasonal means. ("OBS" denotes observa-
tions; "TAVG" denotes average temperature; "MI'S" denotes meters
per second.)

clear from this figure that in winter the air temperature near the
surface is strongly dependent on the wind speed, that is, the
coldest conditions are almost always associated with light
winds while the majority of warm conditions are associated
with above-average wind speeds. While one might be tempted
to draw the conclusion that high wind speeds imply enhanced
vertical mixing of warmer air from above, there may be other
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Rare trace gases at the South Pole

R. A. RASMUSSEN and M. A. K. KHALIL

Department of Environmental Science
Oregon Graduate Center
Beaverton, Oregon 97006

The growth of population and industry has led to the ac-
cumulation of dozens of exotic gases in the Earth's atmosphere.
All are present in extremely small quantities, each at con-
centrations less than a few tenths of parts per billion. Most of
these compounds have long atmospheric lifetimes, ranging
from a decade to perhaps centuries or more, thus creating the
potential for continued accumulation and long-term perturba-
tions of the Earth's environment. At present CC1 3F and CC12F2
are considered to be the most significant contributors to a possi-
ble future depletion of the stratospheric ozone layer, and in-
creasing carbon dioxide (CO,) is regarded as the principal con-
tributor to an anticipated significant warming of the Earth over
the next 20-50 years, (Gribbin 1978; National Research Council
1979). The theory of stratospheric ozone depletion by chlo-
rofluorocarbons has led to intensive research on atmospheric
trace gases for nearly a decade now. Measurements of fluorocar-

bons CCI3F (F-Il) and CCL 2F2 (F-12) made at the South Pole have
added considerably to the present knowledge of their lifetimes,
dispersion, and sources (Chang and Penner 1978; Fink and
Klais 1978; Khalil and Rasmussen 1981; Rasmussen, Khalil, and
Dalluge 1981; Rowland et al. 1982). Most of these data have been
described in earlier publications of Rasmussen (1978),
Rasmussen and Khalil (1982), and Rasmussen, Khalil, and
Dalluge (1980).

Our antarctic research has shown that a number of much
rarer manmade gases, including fluorocarbons CHC1F2 (F-22)
and C2 C13F3 (F-113) and sulfur hexafluoride (SF,), have also
reached the South Pole. At present little is known about the
annual emissions or atmospheric removal processes of these
trace gases. It is likely that they are very long-lived, with life-
times of several decades.

In this paper, we show the rise of CHC1F 2 (F-22), C2C11F1
(F-113), and SF, at the South Pole. For contrast, concentrations
of these gases at midnorthern latitudes (45°N, Oregon) are
reported as well. To demonstrate the unique atmospheric be-
havior of long-lived manmade gases, we have also included
measurements of chloroform (CHC1 1 ), which has both natural
and anthropogenic sources, and of methyliodide (CH 3I), which
is believed to be entirely natural. Each of the gases discussed
here, natural or anthropogenic, is present at less than 100 parts
per trillion by volume, thus making them among the rarest trace
gases ever measured in the Earth's atmosphere.

The information we have obtained thus far is summarized in
the table and figures 1 and 2.

Rare natural and anthropogenic trace gases at the South Polea

Sources

Anthropogenic:
propellent, refrigerant, plastics
and chemical manufacturing

Anthropogenic:
refrigerant, foaming agent, solvent

Anth ropogenic:
electrical equipment,
atmospheric tracer

Anthropogenic:
F-22 production, pharmaceutical
products, dyes, pesticides
Natural: oceanic

Natural: oceanic

Sinks

Reaction with tropospheric OH;
photo decomposition in
stratosphere (T > 10 yrs)

Reaction with 0(D), photo
decomposition in stratosphere
(T > 10 yrs)

Stratosphere (T > 10 yrs)

Reaction with OH, short-lived
('r < 1 yr)

Reaction with sunlight, short-
lived (T	days)

a C represents concentrations; ± values are 90 percent confidence limits; "s' denotes South Pole; "PNW" denotes Pacific northwest (Oregon). CH3I
concentrations vary from year to year by over a factor of 5. For F-22, F-113, and SF, concentrations, the formula C = C 0exp (0t) was employed to estimate
the relative rate of change. "b' denotes 1003 to convert to percentage per year. "r" denotes atmospheric lifetime. '-" denotes no trend detected.
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Figure 1. Monthly average concentrations of CHCIF 21 C 2 C13F3 , and
SF, at the South Pole (s p) and the Pacific northwest ( pNw). The
vertical bars indicate 90 percent confidence limits of the average
concentration. For sulfur hexafluoride (SF.) these limits are smaller
than the size of the circles used to represent the average value. The
solid lines are C = C. exp (3t).

Fluorocarbons (F-22 and F-113). These exotic fluorocarbons are
thought to be entirely manmade. At present rates of increase
their doubling time in the atmosphere is about 6 years, which
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Figure 2. Average concentrations of chloroform (CHCi 3) and meth-
yliodide (CH 31) at the South Pole (sr) and Pacific northwest (PNw).
For CHCI31 PNW values are averaged over the winter, and the vertical
bars represent 90 percent confidence limits. For CH 3I 1 con-
centrations were found to be low but variable over a factor of 5. The
solid lines are to group data. ("pptv" denotes parts per trillion by
volume.)

may be regarded as rapid accumulation. If the concentrations of
F-22 and F-113 become large enough, they may affect the global
environment by the same mechanisms as proposed for the
fluorocarbons CC1 3F (F-li) and CC12F 2 (F-12); or the cumulative
effects of the exotic fluorocarbons such as F-22 and F-113 may
become significant even if each gas by itself is innocuous.

Sulfur hexafluoride. SF6 is present at concentrations of less than
one part per trillion by volume, and based on what we know
now, it is unlikely to affect the global environment. It can,
however, be used as a tracer of air motions on a global scale.

Chloroform (CHC13) and met hyliodide (CHI). As shown in figure
2, CHC13 and CH3I behave differently from the other gases. Both
are much shorter-lived and thus more variable in concentration.
Because of this variability, any long-term trends, if they exist at
all, are not yet detectable. The very existence of these gases at
the South Pole indicates their natural origins. Since much of the
southern part of the southern hemisphere is oceanic, it is likely
to be the source of CHC1 3 and CH3I.

These results are particularly significant for the case of chlo-
roform since it is generally thought to be primarily an-
thropogenic (National Research Council 1978). Its global life-
time is estimated to be only about 6 months, since it reacts
rapidly with tropospheric hydroxyl (OH) radicals. If CHC1 3 is
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entirely anthropogenic, much of it which reaches the South Pole
would have to be transported through the tropics, where its
lifetime is even shorter due to a greater abundance of OH in that
region. Thus, it should not even be detectable at the South Pole
(Khalil, Rasmussen, and Hoyt in press). On the other hand, the
sizable difference of concentration between Oregon and the
South Pole suggests that a significant portion of it may be
anthropogenic. Mass balance calculations based on the data
shown here suggest that the oceans and anthropogenic sources
contribute about equal amounts of CHC1 3 to the atmosphere.

This work was supported in part by National Science Founda-
tion grant DPP 81-08684. We thank the National Oceanic and
Atmospheric Administration/Global Monitoring for Climate
Change personnel for collecting air samples at the South Pole,
and Rohith Gunawardena, Bob Dalluge, Trish Quinn, Don
Stearns, and Bob Watkins for laboratory work at Oregon Gradu-
ate Center.

Additional support for this work was provided by the Bio-
spherics Research Corporation and the Andarz Company.
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Measurement of the column densities
of water, nitric acid (HNOj,

fluorocarbons (CF2Cl 2 and CFCI 3) and
ozone during the austral winter

DAVID G. MURCRAY

University of Denver
Department of Physics

Denver, Colorado 80208

A grating spectro-radiometer is being prepared for operation
at South Pole Station during the 1984-1985 austral winter. This
instrument will measure the column densities of trace gases by
spectral analysis of the thermal radiation from the atmosphere.

The concentration of the gases to be measured may be in parts
per billion or less. As a result, the thermal emissions associated
with these gases are quite small, that is, on the order of 10 to
10 watt per square centimeter, per micrometer per steradium.
It is important, therefore, that the instrument parameters are
optimum.

Computer simulation of the expected emission spectrum can
be, and has been, used as a guide in the instrument develop-
ment. These calculations, however, assume an ideal at-
mosphere: the effects of atmospheric particulates (i.e., ice crys-
tals, cirrus clouds, etc.) are ignored. Because much of the winter
data may be taken under less than ideal conditions, measure-
ments under various atmospheric conditions at South Pole Sta-
tion were desirable as an aid in final determination of design
parameters.

A prototype instrument was installed at South Pole Station in
November 1982. Data was taken under conditions ranging from
totally clear skies to overcast with visibilities down to 0.5 mile.
Observations were made on a total of 8 days during the period
from 20 November through 30 November. F. H. Murcray, F. G.
Fernald, and J. Gillis participated in the field program.

Analysis of the data obtained suggest that a spectral band-
width of 0.5 wave number instead of the 1.5-2 wave number
employed in the prototype would greatly facilitate the computa-
tion of column densities, particularly when light cirrus clouds
are present.

This spectral bandwidth can be realized while maintaining
adequate energy throughput with a spectrometer utilizing
larger optics than the prototype. This instrument is therefore
being prepared for operation at South Pole Station during the
1984-4985 winter.

This work is supported by National Science Foundation grant
DPP 81-18005.
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Air chemistry monitoring at
Palmer Station

ELMER ROBINSON and W. LEE BAMESBERGER

Air Pollution Research Section
Washington State University
Pullman, Washington 99164

This research season we continued the air chemistry studies
at Palmer Station. The air chemistry station that had been in-
stalled in January-February 1982 was operated continuously
during the winter. The operations are continuing with a 1983
winter program. Data collected in the 1982 season are being
analyzed and some preliminary results are described in this
article.

Erection of the field station was completed on 16 January
1982, and full operation, including the two automated gas chro-
matographs and the computer-controlled data system, was
achieved about 15 February 1982.

The instrumentation consists of: (1) an automated electron
capture gas chromatographic halocarbon analyzer for the analy-
sis of fluorocarbons CC12 F2 (F-12) and CC13F (F-il), methyl chlo-
roform (CH3CCl), carbon tetrachloride (CC1 4), and nitrous ox-
ide (N20); (2) an automatic flame ionization gas chromatograph
for the analysis of carbon monoxide (CO), methane (CH,), and
carbon dioxide (CO 2); (3) an ozone (0 3) photometer; (4) a con-
densation nuclei (cN) counter, and (5) a Hewlett-Packard 85 data
system with strip chart backup. The instruments are standard-
ized against pre-calibrated gas mixtures. The CO2 data will be
correlated with the National Oceanic and Atmospheric Admin-
istration/Global Monitoring for Climate Change (NOAA/GMCC)

program through NOAA flask samples taken regularly at Palmer
and through an exchange of standard gas samples. Weather
data are included using the Palmer Station records. Recorded
wind data and the response of the CN counter are used to
identify periods when emissions from Palmer Station sources

(e.g., the power plant) may be affecting the observations and
those data are flagged for special consideration.

The major operational difficulty during the first year of opera-
tion was the failure of the hydrogen gas generator supplying the
fuel gas for the flame ionization detector-gas chromatograph.
This occurred in late July, and when the generator could not be
repaired, it meant the loss of the CH4-CO-0O2 data until a
replacement unit could be delivered on the first R/v Hero cruise
of 1982-1983. Another problem was an inlet sample line blower
that was not large enough to overcome wind suction in strong
winds. Until a larger blower unit was installed about 15 May,
this problem resulted in a record that could not be processed by
the computer system, and some data were lost. The record is
being manually checked and logged, but the following data
tabulations do not include the early station record. CO data are
also not included because the concentrations are too low for
reliable automatic scaling and computer processing. Manual
tabulation is being done. Other problems were relatively minor
and did not result in any extensive loss of observational data.

The table shows the preliminary results of time trend anal-
yses of average weekly data for the Palmer Station record based
on 31 weeks of data for the halocarbons and N 20. These data
cover the period from the week of 17 May 1982 through the
week of 15 December 1982. Standardizations and other system
checks are still being carried out so these are just preliminary
data. Figures 1 and 2 show plots of the weekly average values for
the CC12F2 (F-12) and for N 20. The F-12 trend shows a steadily
increasing atmospheric concentration because this stable an-
thropogenic compound is continually produced and released to
the atmosphere. This time trend for F-12 shows an annual
increase of about 4.2 percent. The N 2O time trend is also up-
ward but at a much slower rate of about 0.9 percent per year. The
correlation coefficient for N20 given in the table indicates that
although the time trend for N 2O is relatively small, it is statis-
tically significant.

The table also shows the statistical time trends for the CO2

and CH, weekly average data for the period 17 May to 15 July
1982. These data are more limited because of the break in the
data in mid-July but a significant time trend was still obtained
for the CH4 data. The CO2 results, while they show an increase
in concentration as expected, are not statistically significant for
this short sampling period. Since both CO 2 and CH4 are part of

Trace gas measurements at Palmer Station: Preliminary results, 1982

a "ppt" denotes parts per trillion; "ppb" denotes parts per billion; "ppm" denotes parts per million.
Statistical significance of the concentration time trend.
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Figure I. Average weekly F-12 concentration (parts per trillion), 16
May to 15 December 1982, Palmer Station. ("CONC" denotes
concentration.)

the global biogenic emission regime this shortened trend may
be influenced by seasonal as well as longer term changes.

Ozone concentrations at Palmer ranged between 10 and 30
parts per billion (ppb), and the concentrations of Aitken nuclei
(cN) were generally within the range of 200 to 1,000 CN per
milliliter. This latter value is generally typical of clean maritime
air masses. The ozone concentration seems to be similar to the
long-term range of values at South Pole Station where the GMCC
monthly mean values have ranged from about 15 to 25 ppb.

Further analyses of this data record from Palmer are in pro-
cess. In particular we are looking at correlations of the hourly
and daily records with synoptic weather changes and com-
parisons with other antarctic and high latitude stations.

294 l_	I I	£	I	I	I I	I I	I I	I	I
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Figure 2. Average weekly N 20 concentration (parts per billion), 16
May to 15 December 1982, Palmer Station. ("CONC" denotes
concentration.)

The air chemistry station operations have also supported two
other Department of Polar Programs studies, namely, the NOAA
CO 2 flask sampling program and the North Carolina State Uni-
versity cloud physics research by V. Saxena. For the NOAA
program, air samples were collected in flasks for CO 2 analysis at
the NOAA laboratory and for Dr. Saxena's research, special filters
were used in an air sampling program which are to be returned
to him for chemical analysis and nucleation assessment.

This research was supported by National Science Foundation
grant DPP 80-0579701. Fred A. Menzia served as the winter air
quality scientist for the 1982 austral winter season. For the 1983
winter season, the winter duties were assumed by Stephen F.
Waylett and Annette S. Waylett.
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Upper atmosphere studies

Superpressure balloon measurements
of stratospheric electric fields

ROBERT H. HOLzwORTH

Geophysics Program, AK-50
University of Washington

Seattle, Washington 98195

The first prototype flights of a National Science Foundation
and National Aeronautics and Space Administration jointly
sponsored superpressure balloon experiment were launched
from Christchurch, New Zealand in March 1983. The micro-
processor-controlled payloads aboard the balloons were de-
signed to obtain long-duration measurements in the strat-
osphere of the vector electric field and a variety of other electric
parameters. The two balloon launches were the first test flights
of the payload configuration that will be used for several
months beginning in December 1983 to obtain multiple simul-
taneous stratospheric electric field measurements. The objec-
tives of this experiment include a variety of studies concerned
with the interaction and coupling between global electric cur-
rent systems. This report will summarize the instrumentation
and the preliminary results of these test flights.

The primary sensors are orthogonal, double-Langmuir
probes operated in a high impedance (z > 10 14 (1) mode to
measure direct-current electric fields with millivolt-per-meter
sensitivity (see Mozer and Serlin 1969). To aid in data interpreta-
tion as well as to address other independent scientific ques-
tions, the payloads included instruments which measured: (1)
very-low-frequency electric power at 1.5, 3, and 6 kilohertz, (2)
magnetospheric hiss near 4.5 kilohertz due to wave particle
dynamics, (3) positive and negative electric conductivity (Holz-

worth 1981), (4) background ionization rates (Neher 1953), (5)
vector magnetic field, and (6) the optical lightning stroke rate.
All sensors were controlled and/or sampled by a dual micro-
processor data system using COSMAC 1802 processors. The
payload was rotated twice a minute to eliminate direct-current
electronic offset effects, and the data were averaged and trans-
mitted to the ARGOS polar-orbiting data-collection platform.
Further details on the instrumentation are found in Schroeder
and others (1981) and Holzworth (1983).

Both prototype flights were successful. All electric field sen-
sors worked flawlessly, and ultraviolet probe degradation did
not appear to be a problem even several weeks into each flight.
Figure 1 shows the known (as of this writing) trajectories at
26 kilometers altitude. Figure 2 shows a sample of the raw

double-probe electric-field data from payload EMA 1 (for elec-
trodynamics of the middle atmosphere). The two panels show
totally independent data sets from the two perpendicular pair of
horizontal probes. These probes are rotated about a vertical axis
resulting in a quasi-sinusoidal output. One can see from figure
2 that both probes recorded the same basic envelope of electric-
field variations even though turbulence on a time scale of a few
minutes was often observed. The raw data is sampled once
every 5 seconds resulting in six points per rotation and probe
output V43 leads V21 by 90°.

As an example of the analyzed (i.e., despun) electric-field
data, figure 3 shows 10-minute average data from a thun-
derstorm. The vertical electric field becomes inverted in polar-
ity, and the horizontal field obtains a similar magnitude with
slowly varying direction as the storm is passed over or dissi-
pates. This signature is very similar to storms seen in the North-
ern Hemisphere (cf. Holzworth 1981).

With the successful test flight of the prototype payloads, the
main experiment goals can be addressed on schedule with a
series of flights to begin in December 1983. The main scientific
objectives of these flights are studies of magnetospheric/at-

çç1	0°	E4s

90°

Figure 1. Trajectories of two superpressure balloon flights at 26-
kilometer altitude launched from Christchurch, New Zealand in
March and April 1983.
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Figure 2. Raw electric-field data from two independent sensors on
one payload indicating a large degree of turbulence in the mid-
latitude stratospheric electric field. ("UT" denotes universal time;
"mv/rn" denotes millivolts per meter.)

mospheric electrical coupling, global response to a solar flare or
major magnetic storm, and spatial and temporal electric
turbulence.

The instruments for this international collaboration were de-
signed and built by personnel at the University of Washington,
Cornell University, Utah State University, Stanford University,
the University of Otago (New Zealand), the Aerospace Corpo-
ration, and the National Center for Atmospheric Research. The
co-investigators and principal staff at these institutions were
M. Kelley, P. Kintner, S. Powell*, A. Shaw, R. Williamson,
R. Dowden*, B. Edgar, T. Onsager* , D. Boulter* , V. Lally*,
N. Carlson*, J. Smalley*, and E. Lichtfield* . This research was
jointly sponsored by the National Science Foundation and the
National Aeronautics and Space Administration under grant
ATM 82-12283.

* At the launch site in March and April 1983.
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Figure 3. Typical thunderstorm signature in the stratospheric elec-
tric field as seen in the 10-minute average data from EMA 1.
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Measurement of ionospheric electron
columnar content changes over

McMurdo Station

DAVID S. Coco and JAMES R. CLYNCH

Applied Research Laboratories
The University of Texas-Austin

Austin, Texas 78712

To study the effects of ionospheric scintillations on the track-
ing of navigation satellites in the south polar regions, Applied
Research Laboratories of The University of Texas-Austin
(ARL:UT) has collected ionospheric electron columnar content
change data at McMurdo Station from 1979 to the present.
ARL:UT operates the satellite tracking station at McMurdo Sta-
tion for Navy Navigation Satellites (NNs's) and, in addition,
collects ionospheric data with a special piece of hardware called
the refraction offset generator (R0G). We have collected a large
amount of data during the period (1979-1982) about solar max-
imum that provides an important tool for studying the mor-
phology and spatial structure of the ionospheric irregularities in
the south polar region.

The NSS's transmit coherent radio signals at frequencies of 150
and 400 megahertz. These two signals are used to remove the

effects of the ionosphere from navigation. The ROG hardware
retrieves this ionospheric information providing a measure of
the change in the number of electrons along the line of sight as
the satellite passes over McMurdo Station in a 1,000-kilometer
orbit. The absolute number of electrons along the line of sight is
not obtained unless an additional reference measurement is
provided.

The ROG satellite tracking schedule for 1982-1983 was de-
signed to allow comparison with other data sources such as the
Dynamics Explorer satellites. Special tracking schedules were
also introduced to collect data during severe geomagnetic
storms. Approximatey 3,000 satellite passes of ROG data have
been recorded at McMurdo Station and shipped to ARL:UT for
analysis. The ionospheric area covered by this data set includes
large portions of the auroral oval and the polar cap.

Analysis of the ROG data is still in the early stages, but several
important results have come to light from a preliminary analy-
sis of the 1979 data. First, the irregularities appear to be very
strongly aligned along the magnetic field, as expected from
theory and from observations in the north polar regions. Sec-
ond, the intensity of the irregularities is not a function of the
activity level of the local magnetic field. This result has been
reported in some, but not all, of the previous polar ionospheric
studies. Further analysis of the full data set and comparison of
the results to other data sets is continuing.

The ROG equipment was operated by S. DeWeese and
R. Meegan during the 1982-1983 season. Antarctic logistic sup-
port was provided by National Science Foundation grant DPP 68-
00508.

Atmospheric infrasound from volcanic
eruptions in 1982

BRUCE N. MCKIBBEN

Geophysical Institute
University of Alaska

Fairbanks, Alaska 99701

Observations of atmospheric infrasonic waves have been
made at Windless Bight (77°45'S 167°35'E) near McMurdo Sta-
tion since 1976. In 1981 the system was expanded to cover the
passband of periods from 1 to 100 seconds, and a digital data
acquisition and analysis system was installed. In January 1982,
the digital system was upgraded to incorporate real-time ap-
plication of data adaptive pure-state filtering (Samson and
Olson 1981). Another computer and a full-time operator were
added to the program to allow additional analysis to be per-
formed throughout the year.

Through the 1982 austral winter season, computer software
was developed to facilitate the retrieval and analysis of the data
collected. This software package includes time-domain analy-
sis, spectral analysis, frequency-wavenumber (f-k) analysis,

pure-state filtering, beam-steer vector filtering, and rudimen-
tary graphics. A method was also developed for transmitting
analysis results and diagrams to Fairbanks, Alaska.

The f-k analysis in use at Windless Bight provides information
on the signal power relative to its velocity and azimuth of
arrival. The analysis is performed on a frequency-by-frequency
basis to give the complete f-k spectrum. At each frequency, a
slowness (inverse velocity) vs. azimuth (S-O) diagram is pro-
duced, which displays contours of the power function in wave-
number space. This analysis is useful for determining the
power in each signal if two or more signals are recorded
simultaneously.

Infrasonic waves produced by the explosive eruptions of El
Chichonal Volcano in Mexico (17°20'N 93°12'W) on 29 March, 3
April, and 4 April 1982 were observed at Windless Bight. The
signals from four eruptions were recorded travelling in the
direct great circle path from the source to Windless Bight. In
addition, signals travelling in the antipodal path from two of
these eruptions were recorded.

El Chichonal is located 12,101 kilometers from Windless Bight
at a true azimuth of 950W Assuming the velocity of sound to be
300 meters per second, it should take 11.2 hours for the in-
frasonic wave to arrive at the detector site. Actual travel times
are given in tables 1 and 2. Azimuth of arrival for each signal, as
determined by the time-domain analysis, is also shown in ta-
bles 1 and 2. Estimates of the azimuth and velocity can also be
made from the peak of the S-O diagram for the frequency of
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El Chichonal I
El Chichonal III
El Chichonal IV
El Chichonal V
Galunggung

8 Universal time.
b In hours and minutes.

In meters per second.
d In kilotons.

Table 1. Time domain analysis results for direct great circle path signals

Travel	 Travel	 Trace

	

Event time"	 time 	velocityc	velocityc

0532 29 March	11:14	 299	 367
0850	3 April	 11:17	 298	 380
0200	4 April	 11:48	 285	 360
1122	4 April	 11:29	 293	 380
2040 4 April	 8:00	 295	 377

Arrival
	

Energy
azimuth	released

102°
	

630
120°
	

66
110°
	

31
110°
	

243
310°
	

25

Table 2. Time domain analysis results for antipodal path signals

	

	maximum power. S-O diagrams for the 1122 universal time (UT) 4
April eruption (figure) give results in close agreement with the

Travel Travel	Trace	Arrival	time-domain analysis. It can be seen that the apparent azimuth
Signal	Event time 	time 	velocityc velocityc azimuth	of arrival is shifted 10° to 20° east of the true azimuth of the

source. This shift can he attributed to transverse winds over the

El Chichonal II 0532 29 March 25:54	299	378	2950	
southern oceans. Using a method described by Posey and
Pierce (1971), estimates of the energy release of the four erup-El Chichonal VI 1122 4 April	25:50	300	395	280°	tions were made and are listed in table 1 (Olson and Wilson
1983).8 Universal time.	 On 5 April 1982 one infrasonic signal was also recorded fromb In hours and minutes.	 the eruption of Galunggung Volcano in Java (7°15'S 108°3'E).

In meters per second.	 This volcano is 8,520 kilometers from Windless Bight at a true

	

E. C. V	 E. C. VI

AZIMUTH	 AZIMUTH

Slowness vs. azimuth diagrams for direct (on the right) and antipodal (on the left) signals from 1122 universal time 4 April 1982 eruption of El
Chichonal Volcano. (See table.) ("E.C." denotes El Chichonal.)
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azimuth of 299°. The actual time of eruption was not known.
The observed signal arrival time was 0441 UT. Assuming a
velocity of 295 meters per second, the eruption was estimated to
have occurred at 2040 UT on 4 April. This estimate was in agree-
ment with local observations. An estimate of the energy release
of the Galunggung eruption was calculated and is given in table
1.

Over the years, Windless Bight has proven to be an excellent
site for the detection of infrasound due to its extremely low
average wind noise. The ability to detect infrasonic signals from
major volcanic eruptions anywhere on the globe has been
shown by the five eruptions (four from El Chichonal and one
from Galunggung) detected in 1982.

The principal investigator was Charles Wilson; he was in the
field in January 1982 and January 1983. Other field personnel
were: B. David Spell (January 1982), Ian Wilson (January 1983),
Bruce McKibben (December 1981 to November 1982 and Janu-

ary-February 1983), and Kathleen Driscoll (October 1982 to Jan-
uary 1984).

This research was supported by Air Force Office of Scientific
Research under contract F49620-81-C-0091 and National Science
Foundation grant DPP 81-21669.
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Riometry in Antarctica

D. L. DETRICK and T. J. RoSENBERG

Institute for Physical Science and Technology
University of Maryland

College Park, Maryland 20742

L. J. LANZEROTTI and C. C. MACLENNAN

Bell Laboratories
Murray Hill, New Jersey 07974

As part of the expanding facilities for upper atmospheric
physics research at South Pole and McMurdo Stations, the Uni-
versity of Maryland installed a digital data acquisition system at
both stations during the 1981-1982 austral summer season. In
the 1982-1983 summer season, an identical system was in-
stalled at Siple Station, and a 30 megahertz riometer was placed
at Palmer Station. The data acquisition systems now operating at
all stations (except Palmer) are designed to digitize and record
analog signals at any one of three fixed sampling rates: 10, 1, or
0.1 hertz. The University of Maryland riometers (Siple: 30
megahertz; McMurdo: 30 and 51.4 megahertz; South Pole: 20.5,
30, and 51.4 megahertz) are sampled at the 1-hertz rate. In
addition, at Siple and South Pole Stations, magnetic (1 hertz; 10
hertz), very-low-frequency emission (1 hertz), and auroral in-
tensity (1 hertz) variations are recorded at the indicated sam-
pling rates.

Simultaneous digital recording of complementary signals is
an extremely valuable aid toward the understanding of pro-
cesses occurring in the Earth's upper atmosphere. To demon-
strate the importance of this, we will examine, briefly, some
examples from South Pole and McMurdo Stations recorded
during the first year of operation. We limit this report to a

consideration of the riometer data and some accompanying
magnetic variations from the Bell Laboratories' fluxgate
magnetometer.

The riometer is sensitive to processes in the ionosphere that
perturb the signal level of the radiation the receiver detects. In
common use, the broadband radiowave noise emanating from
the galaxy serves as a steady source of radiation. Two
ionospheric processes that may affect the received power of this
signal are attenuation (absorption) by local electron density
enhancements such as are produced by energetic particle pre-
cipitation and scattering of the signal by large-scale density
irregularities (see, for example, D'Angelo 1976, 1978, 1981).
Each riometer is sensitive to a specific frequency of the source
radiation. Because of the vertical structure of the ionosphere,
multiple riometers operating at different frequencies provide
information about the intensity, hardness (characteristic ener-
gy), and physical extent of electron precipitation from the mag-
netosphere, in the case of D-region absorption. Also, it may be
possible to assess the size, or spacing, of large-scale perturba-
tions capable of selectively scattering radiation of a particular
frequency.

The absorption event shown in figure 1 is typical of numer-
ous similar events that occur at South Pole Station in the pre-
magnetic-midnight time sector. This event is noteworthy for
several reasons. The rapid onset of the event and its short
duration indicate a rapidly moving disturbance. The assump-
tion that the disturbance is in motion is supported by the charac-
teristic shape of the magnetometer Z-component, suggesting a
moving horizontal current system which passes overhead at
approximately 2255 universal time (UT) when Z = 0. Notice that
the 20.5 megahertz riometer signal is completely blanked out
briefly during the event, indicating a very intense electron
precipitation.

Figure 2 shows a type of event that occurs frequently at
McMurdo Station, particularly in the summer months. The
figure represents the band-pass filtered 30 megahertz riometer
signal for 5 successive days in 1982; the plots are centered about
magnetic noon (approximately 2030 UT). Note the wavelike
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Figure 1. Pre-midnight absorption event at South Pole Station.
("MHz" denotes megahertz; "UT" denotes universal time; "nT" de-
notes nanotesla.)

nature of the perturbations with quasi-periods in the 10-30
minute range and the often abrupt change in character of the
oscillations at noon. Because satellite particle measurements in
the polar cap rarely show significant electron fluxes above a few
kiloelectronvolts, it is not obvious that this phenomenon is
caused by absorption due to modulated electron precipitation-
produced density enhancements. On the other hand, the effect
may be related to scattering from density irregularities caused
by plasma instabilities, as suggested in the references cited.
This can be tested by examining data from instruments that
provide other information about ionospheric electric and mag-
netic fields and particle precipitation. Preparations are now in
progress to install a 3-axis magnetometer at McMurdo Station,
as part of our 1983-1984 summer program.

This work was supported by National Science Foundation
grant DPP 79-25014. Participating in the antarctic field activities
from the University of Maryland were T. J. Rosenberg, L. F.
Lutz, and D. L. Detrick. Our research efforts in Antarctica
during 1983 are being aided by numerous individuals from
cooperating institutions. We would like to acknowledge the

1 April

	

—0.5 1	 L_LL	I

2 April

0.5- 3 April

	

0.5	April

ro

1500 1700 1900 2100 2300 0100 UT

30 MHz Riorneter 1 McMurdo, 19B2

Figure 2. Band-pass filtered 30 megahertz riometer signal at
McMurdo Station. ("MHz" denotes megahertz; "UT" denotes univer-
sal time; "dB" denotes decibel.)

valuable assistance of Kay Driscoll (University of Alaska) and
John Woodbury (Bartol Research Foundation) at McMurdo Sta-
tion, Mike Trimpi (Stanford University) at Palmer Station, John
Green and Dave Shafer (Stanford University) at Siple Station,
and Jim Hetrick and Ken Mighell (Bartol Research Foundation)
at South Pole Station.
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Cosmic ray intensity variations

MARTIN A. POMERANTZ

Bartol Research Foundation of The Franklin Institute
University of Delaware

Newark, Delaware 19711

The most spectacular visible event that can occur on the Sun is
a sudden chromospheric eruption, a solar flare. In some cases,
the energy release is equivalent to the explosion of almost a
million hydrogen bombs. This exceeds the total amount of
thermal energy stored up in the whole corona and chro-
mosphere. The mechanism of this phenomenon (which also
occurs on other stars) is still a subject of intense investigation,
and our knowledge of how charged particles with energies
occasionally reaching 10 billion electron volts are accelerated
remains quite incomplete.

Flares that produce particles having sufficient energy to make
their effect detectable by ground-based cosmic ray detectors are
rare—fewer than one per year on average. One ground-level
enhancement (GLE), number 35 on the list, occurred last year on
7 December 1982 (figure 1). The peak intensity, 33 percent above
the pre-event level, was the second highest since 1960, the
initial year of operation of Bartol's first cosmic ray observatory in
Antarctica. Although a detailed study of this event remains to
be carried out when data from foreign stations in the worldwide
cosmic ray network become available, the observations at three

SOUTH POLE--1982	 ::

2 MINUTE DATA
DEC. 8, 1982

49.

42
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Figure 1. The ground level enhancement (GLE) which occurred on 7
December 1982 as observed by the world's most sensitive detector
of relativistic solar cosmic rays, at South Pole Station. The upper
curve (dots) represents observations, with unshielded counters (so-
called bare counters, "BC"), of neutrons produced in the at-
mosphere; the lower curve (solid line) corresponds to neutrons
produced locally within the so-called "pile" arrangement (neutron
monitor, "NM"). The intensity difference arises from the slightly
lower energy of response of the bare counter, reflecting a solar
particle spectrum which decreases rapidly with energy. The ab-
scissa is time, expressed as day of year; thus, 342.00 is 0000 univer-
sal time on 8 December.
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Figure 2. Variations of surface and underground intensity at McMur-
do Station and Mawson, respectively, during the unusually dis-
turbed period 23 June to 27 November 1982. The difference between
the intensity profiles of underground muon intensity (mean magnet-
ic rigidity 80 gigavolts) and nucleonic intensity (mean rigidity 10
gigavoits) arises from the superposition of two modulation effects
with different energy dependences. The bottom curve shows the
result of removing from the underground curve the isotropic For-
bush decrease effect, which dominates the nucleonic intensity pro-
file, by appropriately scaling the latter, as indicated. The remaining
variations at Mawson reflect a north-south anisotropy, the direction
of which changes with the 27-day solar rotational period.

Bartol stations have already recorded some puzzling charac-
teristics. Unfortunately, the neutron monitor at McMurdo Sta-
tion was undergoing maintenance at the time of the GLE.

The first of a recently planned series of investigations with
our Australian colleague, R. M. Jacklyn, who operates an un-
derground cosmic ray detection system at Mawson Station, has
yielded a new and entirely unexpected result (Jacklyn and
Pomerantz, 1983). As is shown in figure 2, a comparison of the
data recorded during a long highly disturbed period from June
to November 1982 revealed significant differences in the inten-
sity vs. time profiles of the McMurdo Station neutron monitor
(mean rigidity of response about 9 gigavolts) and a new under-
ground telescope at Mawson (mean rigidity of response about
180 gigavolts). Preliminary analysis, which also involves obser-
vations by a multi-directional surface telescope at Nagoya,
Japan has led to the conclusion that the effect is produced by the
superposition of a north-south anisotropy and a worldwide
Forbush decrease. As is often the case, this remarkable event
occurred after an extended visit to Hobart during which an
extensive program of collaborative studies was formulated, and
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the effect is one which could not have been anticipated during
the planning discussions.

During the 1982-1983 season, the winter-over observers were
James Hetrick and Kenneth Mighell at South Pole Station and
Jonathan Woodbury at McMurdo Station. This work was sup-
ported in part by National Science Foundation grant DPP
79-23218-02.
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Antarctic automatic geophysical
observatories

S. E. HARRIS and S. B. MENDE

Lockheed Palo Alto Research Laboratory
Palo Alto, California 94304

In the past 2 decades of exploration of the Earth's electro-
magnetic environment (the magnetosphere), a complex system
of interacting magnetic and electric fields, plasmas, and electric
currents has been observed to surround the Earth. In the fu-

ture, increasing emphasis will be placed on synthesizing a com-
prehensive model of the coupled solar wind/magnetosphere!
ionosphere/atmosphere system. This goal requires coordinated
observations using multiple instruments at multiple stations,
which are chosen systematically to provide optimum scientific
opportunities. Until now, the choice of observing sites has been
determined largely by logistical considerations that are often at
odds with scientific requirements. This is particularly true in
Antarctica where only a few manned stations are available for
geophysical observations.

In the next few years, the research will be directed toward the
understanding of how this closely coupled time-dependent
system works, and to improve the understanding of these pro-
cesses, a multi-station observatory network is planned for
Antarctica.

Figure 1. Prototype Automatic Geophysical Observatory deployed at South Pole Station, January 1983.
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The Lockheed Palo Alto Research Laboratory built a pro-
totype Automatic Geophysical Observatory (AGO) for such use
in Antarctica. These AGO'S are multi-user facilities, providing
power and data storage for a complement of ground-based
instruments and will allow extensive space-time monitoring of
the Earth's geophysical environment. The development of the
AGO is aimed specifically toward satisfying the need for an
unmanned observatory chain in the high latitude regions of
Antarctica.

The prototype AGO, deployed at South Pole Station in January
1983 for field testing, is shown in figure 1. A rather small, well-
insulated hut houses the electronic instrumentation and a pro-
pane-burning thermoelectric generator (lEG). Enough fuel for 1
year of unattended operation (2,841 liters) is stored in 45-kilo-
gram cylinders outside the hut. Also seen in figure 1, on the
roof of the hut, are the cooling fins for the thermal control
system and the optical dome for the auroral slit photometer.

The interior of the instrument hut is warmed to an average
temperature corresponding to an ordinary laboratory environ-
ment using the waste heat from the generator. This is controlled
by dissipating excess heat from the TEG directly to the outside air
by means of a variable thermal conductance heat pipe. The
resulting relatively mild environment inside the hut (as com-
pared to the unabated antarctic environment) minimizes the

effort required in designing electronic and mechanical systems
for thermal stability.

Figure 2 shows a schematic diagram of the AGO. The TEG has
no moving parts, burns propane in a flameless catalytic reac-
tion, and supplies 50 watts of electrical power and approx-
imately 1,900 watts of usable waste heat. Propane does not
vaporize below - 40°C, therefore it is necessary to pressurize
the fuel system with compressed nitrogen (N 2) and pipe liquid
propane into the hut where it is revaporized before entering the
TEG.

Data collection for all experiments in the AGO, as well as an
accurate clock, is provided by a microprocessor-controller data
acquisition system developed especially for this application.
Either analog or digital data is sampled from each instrument at
predetermined rates, organized into blocks and stored tem-
porarily in buffer memory as illustrated in figure 3. The use of
buffer memory allows us to store data collected at a relatively
slow rate (300 bits per second) and record it at a much higher
rate (75 kilobits per second) on an intermittent basis. Thus
standard 14-track instrumentation tape recorders can be used,
and their average power consumption will still be low. Two
recorders are used for reliability, but an entire year of data (10
gigabits) is recorded on a single 14-inch tape on both machines.

The 50-watt continuous power supply is available to run the

Figure 2. Diagram of major components in the Automatic Geophysical Observatory. Two racks contain the instrumentation and data system,
Including the sample instruments (photometer and riometer) deployed at South Pole Station in the prototype Automatic Geophysical
Observatory.
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Figure 3. Block diagram of the Automatic Geophysical Observatory data system illustrating data flow and storage. ("G bit" denotes gigabit; "M
bit" denotes megabit.)

station, including the instrumentation and the tape recorders.	tapes for blank ones and refueling the propane tanks. These
A battery charging system permits using more than 50 watts for	data tapes will be returned to the United States for decoding,
short periods of time and the tape recorders operate in this	and each experimenter's data will be distributed on standard
fashion. Tests at South Pole Station show the average power	digital magnetic tapes.
consumption of the AGO data system and system sensors (tern-	The AGO was deployed by the authors and Kermit L. Smith of
perature and power monitors) to be only 18 watts. This leaves	the Lockheed Research Laboratories.
about 32 watts for the various experimenter sensors.	 This work was supported by National Science Foundation

Once a year the AGO chain will be serviced, exchanging data	contract DPP 81-05624.
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Magnetic pulsation activity at
South Pole Station

ROGER L. ARNOLDY

University of New Hampshire
Space Science Center

Durham, New Hampshire 03824

L. J. CAHILL, JR.

University of Minnesota
Space Science Center

Minneapolis, Minnesota 55455

The year 1982 was the first year of continuous digital record-
ing of geomagnetic pulsations at the South Pole from the Uni-
versity of New Hampshire/University of Minnesota induction

antennas. There can be many sources for the signals observed at
the South Pole ranging from solar wind pulsations to reso-
nances excited deep within the magnetosphere. South Pole
Station is uniquely located to sample both the dayside cusp
region and high latitude nightside auroral activity resulting in
large diurnal effects.

We made a first attempt to characterize the pulsation activity
at the South Pole by defining an activity index. This index is the
averaged amplitude of the high-pass filtered data from the x-
axis antenna. The filter edge is set at 0.1 hertz, hence the index
includes Pi 1, Pc 1, and Pc 2 pulsations. Hours in which the
activity index exceeded 0.2 were recorded for the first 147 days
of 1982.

Because the output amplitude of the induction antennas is
frequency dependent, an activity index in excess of 0.2 means
an average amplitude exceeding 0.5 nanotesla at 0.1 hertz and
exceeding 0.2 nanoteslas at 0.5 hertz. A plot of the number of
occurrence hours as a function of universal time (UT) is given in
figure 1 for a level of geomagnetic activity such that the daily
sum of K (K) was less than 25. Local midnight (1520 UT) and
noon (0330 UT) are magnetically defined, that is, noon has the

Figure 1. Number of hours the magnetic pulsation activity index
exceeded 0.2 as a function of universal time for days when was
less than or equal to 25.

Figure 2. Number of hours the magnetic pulsation activity index
exceeded 0.2 as a function of universal time for days when
exceeded 25.
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magnetic pole tilted away from the Sun in the invariant magnet-
ic meridian. Nightside auroral and dayside cusp activity are
evident in the figure. The maximum nightside and dayside
activity, however, precedes local midnight and noon by a couple
of hours. A similar rotation away from the noon/midnight me-
ridian is evident in other geophysical measurements such as the
average field-aligned current pattern (Heppner 1972; lijima and
Potemra 1976) and plasma injection into synchronous orbit
(Arnoldy and Moore in preparation).

A plot similar to the one in figure 1, but for higher geomag-
netic activity, K> 25, is given in figure 2. The ratio of noon-to-
midnight activity is greater here than in figure 1. Finally, the
nightside maximum activity has shifted to still earlier hours
now preceding midnight by almost 3 hours. This is consistent
with a similar shift in auroral activity during high K.

The geophysical significance of these curves must await more
detailed analysis and correlation with other south polar data

sets and magnetospheric measurements. A correlation with the
Dynamics Explorer satellite data will be of particular interest in
understanding the origin and significance of the pulsations.

This work was supported by National Science Foundation
grant DPP 79-23294.
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Solar seismology at the South Pole:
Studies of solar oscillations

MARTIN A. POMERANTZ

Bartol Research Foundation of The Franklin Institute
University of Delaware

Newark, Delaware 19711

The analysis of solar oscillation observations is a time-con-
suming and long, drawn-out affair. Work is still continuing in
extracting every bit of new information from the unique data set
that was acquired during the first campaign of the full-disk
Doppler-shift experiment during the 1979-1980 austral summer
(Grec, Fosst, and Pomerantz 1983). Similarly, more than 600
million bytes of computer data obtained last year by the spa-
tially resolved intensity experiment constitute a formidable
challenge, and thus far, results have been ground out slowly.
There is no question about the success of this collaborative
undertaking; for example, we have succeeded in identifying
normal modes of solar oscillations in a range of f values (where

represents the number of modes of a harmonic wave around
the Sun's circumference) that had previously been inaccessible
either to the full-disk technique, which integrates over the
entire solar disk (0 < f <4) or to the spatially resolved observa-
tions at mid-latitude sites that only a relatively few years ago had
established the global character of the 5-minute osiillations (4
equals approximately 100).

During the past year, an entirely new concept for conducting
solar-observations at the South Pole was designed, developed,
and successfully tested in the field. The original vertical tele-
scope, comprising a heliostat, 8-centimeter objective, 80-20
beam splitter, Paschen prism for rotating the beam, a guiding
port, and an experiment port, has been replaced by a much
superior and conceptually simpler system. (See figure.) The

new arrangement consists of a vertical rotating table atop of
which is an inclined experiment bed; one end of the bed can
move vertically. A guide telescope and a separate visual tele-
scope, which displays a small solar image, are mounted under
the inclined platform and can be adjusted to alignment with the
optical axis of the experimental optical system. The experimen-
tal package contains precisely the optics required by the detec-
tor, thereby eliminating multiple reflecting surfaces, passage
through a complicated image rotator, and other disadvantages
of the original "conventional" telescope. The field trials during
the 1982-1983 austral summer revealed that the new system not
only has eliminated all of the problems that were inherent in the
original arrangment but also attains a guiding precision far
exceeding that required by the most demanding experiment.

A drastically improved full-disk experimental package was
constructed by our French colleagues in the light of earlier
experience at the South Pole. A superior Lyot filter now elimi-
nates contamination from telluric water vapor lines which pre-
viously had overlapped part of the spectral line from which the
Doppler-shifts are determined (hydrogen alpha), thereby intro-
ducing peaks in the power spectrum at low frequencies (long
periods) that are not of solar origin. An electro-optical modu-
lator has replaced the mechanical modulator, and other im-
provements were made as well. The prototype operated satis-
factorily at the South Pole during a number of clear periods,
showing that the background noise had been reduced by a
significant factor. However, the desired long, continuous run
did not materialize. Although there were at least two extended
periods of cloudless days during the 1982-1983 summer season,
both were missed because of a later-than-planned start due to
instrumental problems that arose at Nice and an earlier-than-
anticipated termination. A complete redesign and rebuilding of
the system using a standard computer and other changes in the
hardware so that the experiment can be operated and repaired
by any of the observers operating in shifts during an extended
campaign is being carried out.

Experiments with a wind-fence designed to reduce the wind
speed at the instrument yielded dramatic results and made it
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The new solar telescope platform, with the updated version of the Nice solar oscillation experiment mounted in position. The small cylindrical
package on the top is a Swiss apparatus for attempting to observe solar oscillations in white light.

possible to assemble the equipment even on days when the
high wind-chill factor previously would have made such opera-
tions extremely difficult.

In addition to the author, Eric Fossat, Gerard Grec, James
Hetrick, and Kenneth Mighell participated in the field work.
This work was supported in part by National Science Founda-
tion grant DPP 81-19627.
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Observations of solar oscillations at
the South Pole

ROBIN STEBBINS and RICHARD MANN

Sacramento Peak Observatory
Sunspot, New Mexico 88349

Like all material objects, the Sun has a spectrum of natural
mechanical resonances, an acoustic normal-mode spectrum. As
with musical instruments, the structure and geometry of the
star are coded in the resonances. There are few other direct
measurements of a star's global properties. However, the Sun's
acoustic spectrum is extraordinarily dense and complex—on
the order of 107 modes between 0 and 5.5 millihertz—requiring
observational information about spatial and temporal co-
herence to resolve the modes. A south polar site allows the
possibility of continuous, multi-day observations necessary for
resolution of individual modes.

A telescope specially designed for detecting brightness man-
ifestations of solar oscillations at the solar surface and capable of
operating in the south polar environment (Stebbins 1981) was
shipped to the South Pole. The two-person field team (the
authors) and all equipment arrived at the Amundsen-Scott
South Pole Station on 8 November 1982. After minor shipping
damage was remedied, the telescope was assembled, erected,
and made operational by 16 November (figure 1). The field team
commenced 12-hour observing watches and data collection on
22 November.

The observing watches were maintained through 31 January,
and observations were made throughout the austral summer.
No clear weather stretches were missed because of telescope
downtime. Optional software and hardware development was
carried on throughout the season during periods of bad
weather. Parts of the telescope were disassembled and reas-
sembled without difficulty, testifying to the basic stability of the
equipment. The telescope was winterized in early February and
left in place for a rapid startup the following season. The field
team departed the continent 7 February 1983.

During the south polar summer, over 600 hours of data were
acquired representing more than one third of the entire season.

Figure 2 shows the coverage. The good observing weather oc-
curred in November and December, with the exception of one
excellent segment at the end of January. The large number of
days with weather suitable for astronomical observations seems
to be extraordinary for the South Pole (Stebbins and Wilson
1983).

The number, length, and distribution of data sets is crucial for
resolving the acoustic spectrum of the Sun. The distribution is
seen in figure 2; the number and length is displayed in figure 3.
The longest data set (23 on figures 2 and 3) is 115 hours, permit-
ting a frequency resolution of 2.4 millihertz. We know from
theoretical considerations that this should be sufficient to re-
solve the least dense region of the acoustic spectrum. However,
the extraordinary distribution will probably admit Fourier anal-
ysis of the entire season as a single data set with gaps, yielding a
frequency resolution of 0.15 millihertz. This resolution con-
stitutes a unique opportunity indeed for understanding the
Sun.

All but the last data set were previewed at the South Pole after
acquisition, and they appeared to be in good order. All 180 tapes
have been successfully returned to Sacramento Peak Observato-

// 3
tie

Figure 1. The telescope located near the Amundsen-Scott South
Pole Station during the 1982-1983 austral summer.
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Figure 2. Data set coverage during the 1982-1983 austral summer. The data set numbers are shown above the bar indicating duration. (Line art
courtesy of Sacramento Peak Observatory, Association of Universities for Research in Astronomy, Inc.)
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Figure 3. Histogram showing the frequency of occurrence of data sets of certain lengths. The data set number appears inside the vertical bars
to which that set belongs. (Line art courtesy of Sacramento Peak Observatory, Association of Universities for Research in Astronomy, Inc.)

ry for reduction and analysis. The reduction (Stebbins and
Wilson 1983) consists of: (1) calibrating the data for detector
properties, (2) averaging the 1.0-second time grid into a 1.0-
minute time grid, (3) analyzing the brightness distribution at
the Sun's edge for manifestations of oscillations, and (4) Fourier
transforming the resultant time strings to produce power spec-
tra. The first three steps have already been applied satisfactorily
to about one third of the data.

After several sets of data have been reduced to power spectra,
analysis for the Sun's internal properties can begin. This will
involve such activities as mode identification and the deter-
mination of multiplet splitting. Once this work has been done,
the next phase will consist of a repeat analysis treating all of the
data sets as a single set with gaps.

This work was supported in part by National Science Founda-
tion grant DPP 80-01469. Sacramento Peak Observatory is oper-
ated by the Association of Universities for Research in Astrono-
my, Inc. under contract AST 78-17292 with the National Science
Foundation.
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Siple 21- and 42-kilometer antennas:
Measurement and performance

C. R. CARLSON

Starlab
Stanford University

Stanford, California 94305

This paper gives the performance of the 21-kilometer-long
and 42-kilometer-long very-low-frequency (VLF) dipole anten-
nas in operation at Siple Station, Antarctica. Extension of the
existing 21-kilometer center-fed dipole antenna to 42-kilometer
was completed during the 1982-1983 austral summer.

VLF transmissions began in Antarctica in 1965 with a 33.6-
kilometer dipole laid on the ice at Byrd Station (L = 7.25 earth
radii) and used jointly by Stanford University and the Univer-
sity of Washington. However, the geomagnetic latitude of Byrd
was found to be too high for receiving ducted transmissions in
the conjugate hemisphere (Helliwell and Katsufrakis 1974). Ac-
cordingly, the lower latitude site of the present Siple Station was
selected (L = 4.2 earth radii). A 21-kilometer horizontal dipole
antenna and a VLF transmitter were placed in operation there in
1972.

The 21-kilometer antenna is resonant near 5.1 kilohertz. This
resonance is near one-half the equatorial gyrofrequency on the
magnetic field line which passes through Siple. The new 42-
kilometer antenna has a one-half wavelength resonance near
2.49 kilohertz, which is near the center of the 1-4-kilohertz band
that has been found to be most promising for wave injection
experiments (Carpenter and Bao 1983). One of the main pur-
poses of the 42-kilometer antenna is to increase the number of
opportunities to observe interactions below approximately 2
kilohertz. At such frequencies interacting electrons have higher
energies and hence, when precipitated, can penetrate more
deeply into the lower ionosphere.

In January 1983, measurements of current and voltage were
made over the full lengths of both the 21-kilometer and the
extended 42-kilometer antennas. Figure 1 shows the measure-
ment procedure and antenna construction. The antenna is sus-
pended approximately 6 meters above the ice layer, from towers
spaced approximately 60 meters apart and set aproximately 1.5
meters into the ice. The top few meters of the old tower, which
with previous extensions penetrates approximately 20 meters
into the ice, can also be seen in figure 1. The ice layer is approx-
imately 1,900 meters thick and has been modeled as a dielectric
layer of low conductivity between the antenna and the con-
ducting rock layers below (Raghuram, mith, and Bell 1974).
Measurements were made at the first and second resonant
frequencies of both antennas and also at the third resonant
frequency of the 42-kilometer antenna.

The current in the 42-kilometer antenna and the voltage
between the antenna and the support tower are plotted in figure
2 for the second resonance frequency, 7.75 kilohertz. The volt-
age measurements showed high variance, including an "end
effect" voltage drop. Because the tower is not connected to a
ground plane, its potential is probably controlled mainly by the
ice near the tower. For this reason and because of external fields
coupled to the voltage measuring equipment, the voltage mea-

surements are difficult to interpret. The voltage between the
antenna and the old tower was also measured along with the
short-circuit current between the antenna and the new and old
towers. The two voltage measurements tended to be similar.
The maximum short-circuit current in the new tower was negli-
gible, while the maximum old tower short-circuit current was
approximately 3.5 percent of the maximum antenna current
apparently resulting from the increased tower-to-ice surface
area.

With the 10.5-kilometer extension on each end of the 21-
kilometer antenna in place but not connected, the maximum
current in the extension was approximately 0.025 percent of the
maximum current in the 21-kilometer antenna. This small value
was expected, because the extension is in the "shadow" of the
radiated field.

In the table the electrical properties of the antennas are given
at the various resonant frequencies. The table and figure 2 both
show that the two legs of the antenna are not symmetrical.
Measurements placed the electrical center of the short antenna
on the west leg of the antenna, approximately 60 meters from
the center taps. From the resonant frequencies and the length of
the antenna, phase velocities V. were calculated and were
found to increase with frequency thus providing information
on the dispersive nature of the system. The input impedance
values were measured using a bridge circuit within the lab and
represent the sum of the radiation resistance and the ohmic
losses of the total system. These losses include the energy
dissipated in the ice and rock and all other near field
components.

The standing wave patterns of the current measurements
were used to calculate a, the nepers per meter attenuation in the
complex propagation constant X = a + i 3, where 3 is the wave
number or phase shift constant. The losses are seen to increase
with frequency and are also greater on the west leg. The propa-
gation constant is known to be a function of environmental
changes. As the snow level changes, the input impedance and
resonant frequency also change. Also, over a period of less than
half an hour, 3 percent variations in the measured antenna
current were correlated with local weather changes.

El

Figure 1. Photograph showing the Siple very-low-frequency anten-
na and the technique used for measuring the various currents and
voltages.

270	 ANTARCTIC JOURNAL



U)
uJ
a:
uJ05

f=7.75kHz	—WEST I EAST—
4-

	

/	0
0 /	

I0/	\	\ 0 0 o
3	

0

'9	0
–I'0\

:/ 'I/	;	\/I

	

'	

0

:I
I' I\
I'

	

0'	I

	

\	'
0I
6 0

/	 /	
t

I	 0 9 

\\I'	
I

I	 I/!-
0

0J	

I 0

1.5

U)
1.0 0>0—J

-344 -240	-120	0	120
	

240	344
TOWER NUMBER
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Electrical properties of the 21- and 42-kilometer very-low-frequency antennas

	Frequency	Impedance	a (in Nepers per	 13 (in rads	 V, (in kilometers
Configuration	 (in kilohertz)

	
(in ohms)
	

kilometer	 per kilometer)	 per second)

21-kilometer	 5.09
	

100
	

0.028 (east)
	

01.15
	 2.14 x 10

0.031 (west)
21-kilometer	 16.40	 535

	
0.039 (east)
	

0.45
	

2.30 x 10
0.041 (west)

42-kilometer	 2.49
	

75	 <0.014 (east)
	

0.75
	 2.09 x 10

<0.014 (west)
42-kilometer	 7.75

	
415
	

0.017 (east)
	

0.22
	 2.17 x 10

0.018 (west)
42-kilometer	 13.40

	
770
	

0.043 (east)
	

0.37
	

2.20 x 10
0.045 (west)

As a next step, the antenna measurements need to be com-
pared with rocket measurements (Kintner et al. 1983) and the-
oretical models (Raghuram etal. 1974) and a new, refined model
developed.

This work was supported in part by the National Science
Foundation grant DPP 80-22282. (The manuscript was prepared
by K. Faes.) Much credit is due to R. A. Helliwell, U. S. man,
D. Shafer, J . Green, and T. Wolf for their technical and experi-
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mental contributions, and to J. P. Katsufrakis for his efforts
toward the construction of the 42-kilometer antenna.
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Studies of the spectral broadening
effect with the Siple Station VLF

transmitter
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The Siple Station very-low-frequency (VLF) transmitter has
been used in the past to gain knowledge concerning wave-
particle interactions in the ionosphere and magnetosphere (Bell
et al. 1983;, Helliwell and Katsufrakis 1974). This knowledge is
essential in understanding processes which govern the life-
times of energetic particles in the Earth's environment.

While most of the data from Siple Station VLF wave-injection
experiments have been acquired at ground stations (notably
Roberval Station, which is magnetically conjugate to Siple Sta-
tion), in situ satellite measurements have been very important in
determining the properties of both the injected VLF waves and
the interacting particles (Bell, man, and Helliwell 1981; Bell et
al. 1983; Kimura et al. 1983). In the past, data acquired on both
high- and low-altitude satellites have indicated that most impor-
tant VLF wave-particle interactions took place at high altitudes
close to the magnetic equatorial plane.

However, recent low-altitude VLF wave-injection experiments
involving the Siple Station VLF transmitter, the Omega naviga-
tional transmitter in North Dakota, and the three satellites isis-i
(Canada), isis-11 (Canada), and ISEE-1 (United States) have dem-
onstrated the existence of a new phenomenon in which initially
narrowband (approximately 1 hertz) signals from ground-
based VLF transmitters undergo a significant frequency band-
width increase as they propagate through regions where ener-
getic electron precipitation is thought to take place. The effect
has been observed at satellite altitudes in the range 700-3,800
kilometers, on both upgoing and downgoing signals. The af-

fected transmitter signals lie in the range 4-20 kilohertz and the
frequency bandwidth can increase to as high as 10 percent of the
original frequency of the input signal. The bandwidth increase
occurs only in the presence of impulsive VLF hiss and/or a lower-
hybrid-resonance (LHR) (Laaspere, Johnson, and Semprebon
1971) noise band with an irregular lower cutoff frequency, and
only for signals whose frequency lies above the local LHR

frequency at the satellite location. Dispersion in the compo-
nents of the affected pulses suggests that the bandwidth in-
creases may be due to a Doppler shift effect in which the initial
signal scatters from plasma density irregularities at low al-
titudes and couples into quasi-electrostatic modes of short
wavelength. The large Doppler shift associated with these
short-wavelength modes produces a significant increase in the
bandwidth of the signal as observed on a moving satellite. Since
impulsive VLF hiss and irregular LHR noise bands have been
linked to energetic (E < 1 kiloelectronvolt) electron precipitation
in the past, it appears likely that the irregularities which scatter
the injected signals are produced by precipitating electrons (Bell
et al. In Press).

Satellite data acquired near the Omega, North Dakota, trans-
mitter indicate that the electric field intensity of spectrally
broadened pulses is approximately 5 decibels greater than that
of pulses in nearby "normal" regions.This finding suggests that
the spectral broadening mechanism may involve a plasma in-
stability which produces wave growth during the scattering
process. The free energy necessary for this instability is most
probably supplied by the precipitating electrons.

To study this new type of wave-particle interaction, special
telemetry equipment was installed at Siple Station in January
1982 so that VLF data from the isIs-i and isis-ii satellites could be
recorded at Siple when the subsatellite points of these space-
craft were within a few thousand kilometers of the station.
Short-path transmissions to the isis satellites were then made to
determine the dependence of the spectral broadening effect
upon the amplitude and frequency of the injected waves.

Examples of the spectral broadening effect are shown in
figures 1 and 2. Figure 1 shows a series of swept-frequency Siple
transmitter signals as received on the Isis-il satellite at a time
when the subsatellite point was near Siple Station. The upper
panel of part (a) shows six swept-frequency transmissions from
Siple when the local LHR frequency at the satellite was below 3
kilohertz. The lower panel of (a) shows the signals as transmit-
ted at Siple. The bandwidth of the received signals lie in the
range 200-500 hertz, approximately two orders of magnitude
larger than the nominal bandwidth of the transmitted signals.
The upper panel of part (b) shows six swept-frequency trans-
missions from Siple when the local LHR frequency was above the
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Figure 1. An example of the spectral broadening effect as observed on the isis-ii satellite. (a) The upper panel shows spectrally broadened
signals from the Siple transmitter as observed on the spacecraft. All signal frequencies are above the local lower-hybrid-resonance (LHR)
frequency. The lower panel shows the signals as transmitted at Siple Station. (b) The upper panel shows normal signals from the Siple
transmitter as received on the spacecraft. All signal frequencies are below the local LHR frequency. The lower panel shows the signals as
transmitted at Siple Station. ("UT" denotes universal time.)

highest transmitted frequency. The local LHR frequency is equal
to the lower cutoff frequency of the LHR noise band and is
marked by an arrow on the frequency axis at the beginning of
the spectrogram (Laaspere et al. 1971). The lower panel of (b)
shows the signals as transmitted at Siple. It is clear that the
bandwidth of the transmitted and received signals are
comparable.

Figure 2 shows an example of isis-i data at a time when the
subsatellite point was near Siple Station. The top panel shows
the wave electric field spectrum in the 0-10-kilohertz range. The
middle panel shows a portion of these data with higher fre-
quency resolution. The bottom panel shows the transmitter
format as recorded at Siple Station. At this time the transmission
format consisted of a series of pulses of 1-second duration that
were stepped in frequency to create up and down "staircases."
During the first 10 seconds, the pulses exhibit a narrow band-
width (less than 10 hertz), and each pulse is followed by a two-
hop whistler-mode echo of about 3-second duration which also

1983 REVIEW

exhibits a narrow bandwidth. Slightly past the 10-second mark,
the lower cutoff frequency of the [FIR noise band jumps in value
to approximately 4 kilohertz and becomes irregular. Starting at
this point, the received signals as well as the two-hop echoes
exhibit significant spectral broadening. Following the 25-sec-
ond mark, two pulses below the irregular MR noise band can be
seen to exhibit a normal bandwidth. This example shows that
upward and downward propagating signals can exhibit spectral
broadening at the same time.

Data such as those shown in the figures will allow a deter-
mination of the signal bandwidth as a function of wave ampli-
tude and frequency and will allow the measurement of the wave
intensity increase which occurs in regions of spectral broaden-
ing. Knowledge of these characteristics of the spectral broaden-
ing effect will aid our understanding of wave-particle interac-
tions in the ionosphere and low-altitude magnetosphere.

This research was supported under National Aeronautics and
Space Administration grant NGL 05-020-008.
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Figure 2. An example of the spectral broadening effect as observed on the isis-i satellite. The upper panel shows a 0-10-kilohertz spectrogram
In which the transmitter signals appear In "stairstep" format. The middle panel shows the same signals with higher frequency resolution. The
lower panel shows the transmitter format as recorded at Siple Station. The spectral broadening of the transmitter signals begins near the 10-
second mark as the lower-hybrid-resonance (LHR) noise band becomes irregular. ("UT" denotes universal time.)
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Observations of standing waves in VLF
hiss over Siple Station

R. BRITTAIN and P. M. KINTNER

School of Electrical Engineering
Cornell University

Ithaca, New York 14853

During austral summer 1980-1981 three Nike-Tomahawk
sounding rockets (N-T 18.203-205) were flown from Siple Sta-
tion as part of a large-scale program in magnetospheric physics.
Both naturally occurring and artifically stimulated very-low-
frequency (VLF) radio waves and energetic particles were inves-
tigated by means of sounding rockets, balloons, and ground-
based instruments. An overview description has been given by
Matthews (1981) and Kintner, Brittain, and Kelley (1981). The
data analysis phase of this campaign is now far advanced, and
here we present some of the results of the wave data obtained on
the Nike-Tomahawk rockets.

At the interface of the neutral atmosphere and the
ionosphere, the electron density varies rapidly over distances
that are small compared to the wavelengths of VLF waves, and so

a combination of reflection, absorption, and transmission is
expected to occur across the interface. Evidence that downcom-
ing whistler mode waves do reflect has been provided by multi-
ple-hop whistlers and natural periodic emissions (Helliwell
1965). Various properties of the observed waves suggest that
reflection occurs at about 100-kilometer altitude.

On each of the flights, the electric and magnetic VLF receivers
on the rockets observed naturally occurring hiss in the frequen-
cy range 1.3-3.5 kilohertz, with a characteristic signature of
amplitude "stripes" on a conventional sonogram (frequency-
time plot) as shown in figure 1. These stripes showed a whistler-
like dispersion (frequency decreasing with time) on the upleg,
appearing first at an altitude of 90-95 kilometers and extending
for as much as 40 kilometers. On the down leg, the stripes were
observed at the same altitude but with the pattern reversed in
time. This may be understood if we interpret the stripes as a
spatial interference pattern through which the rocket flies. As-
suming a single wave-vector direction for the incident (down-
coming) VLF waves, reflection from a sharp gradient of refractive
index will produce a standing-wave pattern due to interference
of the incident and reflected waves above the reflection layer
(Brittain et al. 1983). No such patterns were observed by the VLF

receivers operating at the same time on the ground at Siple or at
the magnetic conjugate point.

Figure 1 shows an example of "stripes" from the upleg of N-T
18.205, taken as the rocket entered the ionosphere. An example
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Figure 1. Rocket N-T 18.205 up-leg data. (a) Sonogram of magnetic (x) channel. (b) Line drawing showing the position of the stripes in (a) and
identifying the Siple Station transmitter and a coincidental whistler. ('KHz" denotes kilohertz; "Km" denotes kilometer; "cw" denotes
continuous wave.)
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of downleg stripes (from rocket 18.204) is shown in figure 2
where we also show the output of a Langmuir probe experiment
(current is proportional to electron density). The data has been
plotted on a frequency-height sonogram and also as 1 divided
by the square root of the frequency (11\/f) vs. height, which
"linearizes" the stripes if the wavelength varies as 1/\/f (whistler
mode dispersion, see below). It can be seen here that the waves
appear to have reflected from an enhancement in the electron
density at 96-kilometer altitude.

This pattern of upleg and downleg stripes was observed on all
three of the rockets (with the exception of one downleg) and
appears to be a common feature of the lower ionosphere during
periods of VLF activity. If the interpretation as a standing-wave
pattern is correct, the stripe spacing should be related to the
wavelength of the waves and so permit a measurement of refrac-
tive index. In one example, we calculate n = 43.7 for a frequency
of 3.85 kilohertz, in good agreement with two independent
determinations of refractive index from the Siple Station trans-
mitter signal.

The appearance of the standing waves as seen by the rocket is
explained by assuming a quasilongitudinal approximation for
the refractive index of whistler mode waves in the ionosphere,

and setting the phase difference between incident and reflected
waves at height h above the reflection level to an odd-integer
multiple of 'ii (for a null in the pattern). We obtain, for a null of
order n:

h Vf = (2n + 1)cVfge F(O,4)
2fpe

where fg, is electron gyrofrequency, fpe is plasma frequency and
F(O,4) is a function of incident wave-vector angle and geomag-
netic dip angle. For a constant electron density and wave-vector
angle the right-hand side becomes a constant for fixed n (a
given null) and hence 1/Vf becomes a linear function of al-
titude. For certain conditions the function F varies rapidly with
incident wave-vector angle and so we conclude that the clear
observation of stripes to high order is evidence of a narrow
range of wave-vector angles in the hiss.

We acknowledge the collaboration of D. L. Carpenter at Stan-
ford University and J. C. Siren at University of Maryland in
analyzing this data. This research was supported by National
Science Foundation grant DPP 80-23968 at Cornell and grants DPP

80-22282 and DPP 80-22540 at Stanford.
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Siple Station VLF two-frequency
squelch experiments

ROBERT A. HELLIWELL

Starlab
Stanford University

Stanford, California 94305

bels both signals are suppressed roughly equally. Near this
region of mutual suppression there are sidebands at multiples
of A f, with the upper sidebands usually being stronger. On
many occasions half-harmonic sidebands are seen, usually be-
tween 12 and 12 + A f . An example is shown in figure 2, where z
f equals 40 hertz, with a half-harmonic appearing at 4,730 hertz.
This effect may be connected with the self-excited sidebands, or

kHz	R 	 II OCT 82	 1633UT

A surprising property of the Earth's magnetosphere is its
ability selectively to amplify coherent, as opposed to noisy,
very-low-frequency (VLF) whistler-mode signals by approx-
imately 30 decibels (10 decibel equals one order of magnitude in
power) and to trigger narrowband VLF emissions (Helliwell and
Katsufrakis 1974, 1978). We shall refer to this interaction as the
"coherent wave instability" (cwi). Although no complete theory
of the cwi is yet available, the required energy is believed to
come from radiation belt electrons through the mechanism of a
Doppler-shifted cyclotron resonance with circularly polarized
waves (Helliwell and man 1982). Theoretical work on this prob-
lem is difficult because of the highly nonlinear (e.g., generation
of new frequencies) character of the observed interactions. Ex-
periments conducted from Siple Station have therefore con-
tinued to play a key role in this field.

Because coherence of the driving signal plays a critical role in
amplification and triggering, new types of modulation experi-
ments are desirable. To meet this need a new transmitter (called
"Jupiter") with AM and FM capability was placed in operation at
Siple Station in 1979 to replace the smaller, less flexible Zeus
transmitter. The purpose of this article is to describe a new
Jupiter experiment in which two equal-amplitude signals at
frequencies 11 and 12 were observed to squelch one another
when 12 - 11 equals approximately 20 hertz. These new experi-
ments extend earlier results obtained using the limited FM
capability of the Zeus transmitter (Chang, Helliwell, and Bell
1980).

Examples of the transmitted and received signal spectra are
shown in figure 1, along with the average amplitude of the
received signal; 12 is varied up and down in steps of 10 hertz
between f I + 10 hertz and f + 270 hertz. The total signal
output is a maximum for A f equals 0 and then drops by more
than 20 decibels at A f equals approximately 20 hertz. With
further increase in A f the signal recovers first at 12 and then at
f . The two frequencies are virtually uncoupled for A I is greater
than 100-200 hertz. As the amplitude increases, triggering rate
and emission intensity both increase. AtA f equals 20-30 deci-

:: 
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Figure 1. Two-frequency variable separation experiment. Upper
three panels show transmitted format, received spectrum, and re-
ceived amplitude (300-hertz filter bandwidth), respectively. Lower
three panels show the same formats but with expanded frequency
and time scales.
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f apart, which are amplified just like the driven signals to
produce the observed spectrum. The other effect is the suppres-
sion of a periodic emission by a similar preceeding emission
(Brice 1965). Such suppression decreases as the time between
events increases. Thus an instability may occur in which a
transient increase in one emission tends to reduce the next and
that in turn allows the next emission to be larger. The result is
the generation of a periodic wave train at double the beat period.
This idea was first used to explain the prevalence of three-phase
over two-phase periodic emissions. In the present instance (see
figure 2) such alternation in growth introduces a modulation
component at A f/2.

An understanding of these coherence effects is necessary to
the development of a comprehensive model of the cwi. This
work is expected to lead to new techniques for the measure-
ment and control of plasmas. In particular, it may be possible to
employ wave injection from the ground to measure electron
fluxes in the radiation belts without the use of satellites.

This work was supported in part by National Science Founda-
tion grant DPP 80-22282 and DPP 80-22540. The manuscript was
prepared by K. Dean.

The author acknowledges the contribution of Siple Station
winter engineers Tom Wolfe (November 1981 to January 1983),
John Green (November 1982 to present), and Dave Shafer
(November 1982 to present).

Figure 2. Half-harmonic generation by two carriers (marked by ar-
rows on left) spaced 40 hertz apart. The two carriers and their first-
order sidebands are shown by lines connecting the dynamic spec-
trum on left with the average amplitude spectrum on right. The
upper arrow of the right-hand spectrum marks the half-harmonic.
The effective bandwidth of the analyzing filter is 2 hertz.

pulsations, recently reported in association with a single-fre-
quency, nontriggering Siple signal (Park 1981), in which com-
parable modulation periods were observed.

An explanation of both the sidebands and the half-harmonic
can be found in two previously demonstrated effects. In one,
called "gap triggering" (Chang and Helliwell 1979), a 10-milli-
second gap in a single-frequency wave train launches a rising-
frequency emission which is often entrained by the driving
signal when it is switched back on. The result is a transient
fluctuation in amplitude and frequency. A similar effect may
occur at each null of the beat between 11 and 1, giving rise to a
non-sinusoidal modulation of both amplitude and frequency at

f . The resulting harmonics of A f are then added to f' and 12
giving rise to (and the resufling) sideband components, spaced
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Magnetic pulsation observatories have been in operation at
Siple Station, Antarctica, and at the magnetic conjugate location
Roberval, Quebec, for several years. The broad goals of this

program include study of the generation and propagation of
ultra-low-frequency (uLF) waves in the magnetosphere. In par-
ticular, comparison of wave spectra, amplitude, and polariza-
tion at opposite ends of a magnetic field line allows us to see
how well the observed waves resemble the waves predicted in
several theoretical treatments. In August 1981 the DE-1 satellite
was launched. One of the plans for this satellite was a period of
several months during which the trajectory near apogee would
carry the satellite parallel to the magnetic field lines near the
Siple magnetic latitude. From April through August 1982 the
satellite spent several hours during each 7-hour orbit close to
the Siple magnetic field shell. Once a day the orbit was also near
the Siple-Roberval longitude. During the 5-month period, we
found a number of events for which the Dynamics Explorer-1
(DE-1) satellite was in approximate magnetic conjugacy with
Siple and Roberval. One of these events occurred on 14 July
1982 and the Roberval record is shown in figure 1. The pulsa-
tions (approximately 200-second period) are particularly strong
in the x (north) component starting near 1835 and again near
1900 universal time (UT). A weaker response is seen in the Y

component and a small amplitude wave of about 40-second
period can be seen in both x and Y from 1850 to 1900 UT.

The Siple and Roberval magnetometers are search-coil instru-
ments, many turns of wire around a high permeability rod, so
the output is proportional to the time rate of charge of the
Earth's magnetic field (dB/dt) over the range 0.001 to 5 hertz
(Taylor et al. 1975). On the other hand, the DE-1 magnetometer
records components of B and pulsations of sufficient amplitude
can be observed over about the same range (Farthing et al.
1981). Figure 2 gives the response to the 14 July pulsation event
at DE-1. The first segment of the three-part event is strongest in
BO and Br (1832-1840 UT). The third segment (1900-1920 UT) is in
B4 (east-west) while the 40-second wave, relatively stronger

(nT/s)

X 

-4

4

Yo

-4

4

Z 

-4

Rober Val	 14 July 1982	 dB/dt

1830	1840	1850	1900	1910	1920	1930
UT

Figure 1. Record of dBldt from Roberval, Quebec on 14 July 1982. The first segment of the wave event starts at about 1833 and the last segment
near 1855 universal time (UT). X is north, v east, and z up. ("nTis" denotes nanotesla per second.)

1983 REVIEW	 279



DE-1	14 July 1982	GMS
(nT)	0

-40
Br

-80

ABe

	

0- 	 -

	

40-	I	 I	I

ABO 0

	

-40-	 I	 I	-
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Figure 2. Record of the same event at the DE-1 satellite near the
magnetic equator. ("ILAT" labels the field line that starts at, for
example, 62.60 latitude on the ground. "MLT" is magnetic local time.
"MLAT" is magnetic latitude. "BO" is in the main field direction; "Br"
Is radially outward; and "Bd" is east-west. "Lon" denotes
longitude.)

SIPLE

than at Roberval, is seen in Br and 134. The Siple record, figure 3,
has recognizable waves in each of the three segments men-
tioned above but the amplitude is lower than that seen at
Roberval.

Although firm conclusions await analysis of many other
events, some features of this single event merit discussion.

First, the observations at Siple, Roberval, and DE-1 support
the idea of the waves as a resonant oscillation of magnetic field
lines. DE-1 is not quite conjugate to the ground stations during
the event but is about 2 hours east of them so this indicates that
the waves extend over at least a 2-hour section of the magnetic
field shell. The waves start in the Be and Br components of the
satellite; there is an oscillation of the field magnitude indicating
a compressional wave. The compressional wave decays rapidly
and subsequent waves are principally transverse. The 240-sec-
ond wave, 1900-1920 UT, is an azimuthal, east-west wave at the
equator. The same three t\B4 pulsations of increasing ampli-
tude, 1858-1900 UT, are seen at Roberval in Bx, north-south,
1855-1905 UT. The 90° rotation of the plane of polarization agrees
with that predicted by Hughes and Southwood (1976) and
confirmed by Walker and others (1979).

Second, the 40-second waves are less distinct at the ground
stations than at DE-1 despite the increased high-frequency re-
sponse by the dB/dt detectors. Even shorter period waves,
10-20 seconds appear in the ground records shown since these
were recorded at 10 data points per second while the DE-1 data
shown were 1 point per 6 seconds.
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Figure 3. The event at Siple. X is at top, v is in the middle, and z vertical. ("nTis" denotes nanotesla per second.)

280	 ANTARCTIC JOURNAL



Third, the 40-second waves, unlike the 240-second compo-
nent are strong in ABr as well as AB. The polarization is linear
at about 45° to the magnetic meridian plane. The nature of this
component is not clear at present. It may be a harmonic field line
resonance, perhaps a 6th harmonic of the 240-second pulations.
If so, it is strange that its duration is only about 10 minutes.

Finally, the relatively weaker amplitude at Siple may be due to
low conductivity in the dark winter ionosphere at Siple in July.
Oscillating ionospheric E region currents, set in motion by the
field line resonance, are thought to be responsible for the pulsa-
tions observed on the ground. The sunlit ionosphere at
Roberval should have sufficient conductivity to allow substan-
tial oscillating currents while the low conductivity at Siple de-
creased the current amplitude and thus the ground pulsations.

L. J . Cahill and H. Dolben were in the field in January 1980.
This work was supported in part by National Science Founda-

tion grant DPI' 81-20957 and National Aeronautics and Space
Administration contract NAS 5-25398.
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Recent advances from studies of the
Trimpi effect
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Very-low-frequency (VLF) wave observations first made dur-
ing austral winter 1963 at Eights Station appear to be leading to
an important new technique for studying transient aspects of
magnetospheric wave-particle scattering. The scattering effects
are made evident through electron density changes in the D

region of the ionosphere. In addition, a number of typical
ionospheric perturbation responses have been seen to occur in
less than 100 milliseconds during lightning discharges. Appar-
ently this is a new result; it may represent vertical transport of
charge upward into the ionosphere above a thundercloud, as
suggested by VLF probe signal data. Such a phenomenon would
be an important mechanism contributing to worldwide ex-
change of charge in the atmosphere.

The general method, which is based historically on the ex-
treme stability of subionospheric VLF propagation (Pierce 1957),
with corresponding high sensitivity to preturbations of the
ionosphere (Potrema and Rosenberg 1973), has been exten-
sively used in studies of both large-scale geophysical effects
caused by substorms, solar flares, and polar cap anomalies and
of propagation changes associated with the day/night termi-
nator. Ionospheric variations register such effects by causing
gradual phase or amplitude changes in VLF or other sub-
ionospheric signals. As we will discuss here, recent observa-
tions at Siple and Palmer Stations have shown that faster varia-
tions commonly occur and that significant gains can be made to
resolve further the time structure, altitude, and spatial extent
(latitude/longitude) of single events.

To apply the technique, radio signals propagating in the
Earth-ionosphere waveguide are monitored continuously, re-
corded, and then reproduced for laboratory study using a sys-
tem which is optimized to reject noise only to the extent neces-
sary to pass the particular ionospheric transients being sought.
This flexibility is important because of the rather wide variation
in noise background, especially in the case of impulsive spher-
ics at low frequencies, which sometimes require special pro-
cessing (Davis and Meyers 1976). The original Trimpi amplitude
changes (Helliwell, Katsufrakis, and Trimpi, 1973) are now
known to be representative of a basic transient process com-
posed of two parts: a rise time controlled by the source of the
perturbation and a decay time controlled by the equilibrium
dynamics of the electron population at an altitude characteristic
of the probe signal frequency.

Recent results have extended our knowledge of how the
perturbation details can be expected to vary when this sort of
ionospheric transient is caused by different kinds of magne-
tospheric waves. The waves induce pitch-angle changes of ener-
getic electrons which are precipitated into the lower ionosphere
after the interaction. Originally associated with whistlers on a
time scale with about 2-second resolution (Helliwell etal. 1973),
the VLF Trimpi amplitude changes are now routinely analyzed
to 100-millisecond resolution. Typically the perturbation rise
time is 200 milliseconds for whistler scattering with onset occur-
ring about 1 second after the spheric, and these parameters
repeat with little variation during a period which includes per-
haps 10 or 20 events. In one case, however, the perturbation
onset time was seen to drift slowly toward the whistler by
almost a full second during 45 minutes observing time, all other
characteristics remaining essentially constant. At present, such
changes are assumed to be due to secondary variations in the
details of pitch-angle scattering interactions caused by dif-
ferences among whistlers and in the energetic particle popula-
tion in the magnetosphere. Some rise times as long as a second
have been observed in which the scattering wave is a single,
well-defined whistler. Such cases are thought to result when the
precipitating particle bunch has been spread out in time as a
result of particles mirroring at the conjugate point before pre-
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cipitation. Generally, however, a slow rise is a cumulative effect
and occurs when several whistlers appear in rapid succession
(Armstrong in preparation; Helliwell et al. 1973) or analogously
when particles are precipitated during noise bursts (Dingle and
Carpenter 1981), which often have closely spaced elements.

Another recent advance has been the discovery of a new class
of Trimpi perturbations which show the typical decay time
(about 30 seconds) but very fast rise time (about 100 milli-
seconds), in effect a step change in amplitude. This occurs at the
time of a strong, broadband spheric which is usually received
later in the Antarctic as a whistler having strong extra-low-
frequency (ELF) components down to 300 hertz. One example
selected from about 25 such events observed at Siple Station is
shown in the figure, which emphasizes the initial step ampli-
tude increase of the subionospheric VLF probe signal (lower
panel); the full recovery is not shown. The spheric is aligned at
time T equals 0 and results in a whistler (upper panel at about T
equals 1 second) with a strong ELF tail, most of which has been
cut off at the right-hand edge of the spectrogram. Primarily
because of the similar decay time, these perturbations are also
thought to be caused by the deposition of excess electrons at D-

region altitudes, as in the case of magnetospheric scattering by
whistlers. Other mechanisms are possible, however, such as ion
effects below the normal D region or the Luxembourg effect, in
which radiofrequency radiation from the lightning discharge
process affects the D-region electron population directly, either
through non-ionizing or dissociative heating.

The literature contains several reports (Atlas 1958; Boys 1926;
Jones 1958; Malan 1937; Rumi 1957) of various kinds of currents

which may flow upward from clouds as part of the discharge
process accompanying lightning. Malan, who witnessed one
such discharge in the company of another observer, noted its
characteristics in detail (Malan 1937) and in a later work (Malan
and Schonland 1951) mentioned such a discharge again in con-
nection with slow (10-100 millisecond) electrostatic field
changes. These were observed separately from the rapid (1
millisecond) electrostatic field changes which occur during the
return strokes of visible lightning. Later, Brook, Kitagawa, and
Workman (1962) found that currents flowing during such con-
tinuing or c-field changes could transfer large amounts of
charge and thereby contribute significantly to the discharge
process. As Rao's (1967) discussion suggests, such c-processes
seem to be strong candidates for the major source of broadband
ELF radiation simply because other discharge processes are of
much shorter duration. Our Trimpi perturbation results indicate
the possibility of significant amounts of transferred charge and
accompanying whistlers and spherics show unusually strong
ELF components. The data were recorded 25 October 1980, dur-
ing a period when severe storm conditions were widely re-
ported over most of the northern Atlantic Ocean (U.S. Depart-
ment of Commerce 1981).

A more complete presentation of these results is being pre-
pared for future publication.

This work was supported by the National Science Foundation
grants DPP 82-22282, DPI 79-24600, and DPP 80-22540. Fieldwork
was conducted during the austral winter by P. Anaszkiewicz (in
1982), W. Armstrong (in 1979), J . Billey (in 1980),
M. Dermedziew (in 1980), B. Fortnam (in 1979), J . Green (1981),
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The amplitude of a 21.4-kilohertz very-low-frequency (VLF) signal (lower panel) propagated subionospherically from Annapolis, Maryland, to
Siple Station, Antarctica, shows a sudden Increase at the time of a spheric. VLF signals are reflected from the ionosphere at about 60-90
kilometers altitude, and because the amplitude change occurs in about 20 milliseconds in this case, a direct effect of lightning on the
Ionosphere seems to be implied. This particular discharge also has resulted in a whistler (upper panel) which arrives after slower propagation
through the magnetosphere. ("UT" denotes universal time; "khz" denotes Kilohertz; "ampl" denotes amplitude; "si" denotes Siple Station; "a"
denotes the initial amplitude and "1.2A" gives the scale.)
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M. Trimpi (1963), and T. Wolf (1982). The manuscript was pre-
pared by K. Faes.
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Suppression of natural VLF noise by
whistlers

W. B. GAIL

Starlab
Stanford University

Stanford, California 94305

Radio waves in the very-low-frequency (VLF) portion of the
electromagnetic spectrum (approximately 3-30 kilohertz)
provide a very useful tool for studying the Earth's magne-
tosphere. VLF waves originating in one hemisphere can propa-
gate outward along the Earth's dipole-like magnetic field lines
and return along the same field lines to the opposite hemi-
sphere. The transformation of the waves as they propagate
along these paths reveals much about the Earth's near-space
environment.

Lightning is a copious source of VLF wave energy. Lightning-
generated VLF waves are dispersed in frequency as they travel
through the magnetosphere; they arrive at the opposite hemi-
sphere as 1-2-second-long gliding tones known as whistlers.
VLF waves are also produced independently within the magne-
tosphere, often appearing as frequency-limited noise bands
which persist for several hours. It is believed that these waves
are produced by high-energy particles trapped in the Earth's
magnetic field.

It has been known for many years that whistlers can act as
triggers to generate some types of magnetospheric noise.
Helliwell and others (1980) demonstrated that whistlers can also
attenuate portions of these naturally occurring noise bands.

Broadband tape recordings of VLF noise at Siple Station in Ant-
arctica and Roberval in Quebec on 24 July 1977 showed distinct
reductions in the noise signal strength for a period of 10-20
seconds following a number of whistlers. A recent analysis of
data from South Pole, Palmer, and Byrd Stations in Antarctica as
well as Siple has revealed that this whistler-induced suppres-
sion process is far more common than previously suspected.
Data acquired at South Pole during 1981 showed suppression
events on 20 percent of all winter days; similar events have now
been identified on 5 percent of all days at Siple during 1977,
1978, and 1980.

Figure 1 shows a real-time chart recording of two typical
events observed at the South Pole during 1981. The amplitude
of the VLF noise in the 1-2-kilohertz band is plotted as a function
of time. The ambient noise amplitude indicates the level of
naturally occurring VLF noise. In both events, the arrival of a
whistler, indicated by a large impulsive increase in the chart
trace, was followed immediately by a transient reduction in the
natural noise level.

Figure 2 illustrates a similar event observed at Siple Station. In
figure 2a, an amplitude chart similar to that of figure 1 shows a
period of 10 minutes during which several events were ob-
served. Figure 2b is an expanded section of figure 2a for a
particularly well-defined event, and figure 2c is the correspond-
ing spectral record. In this event, a band of naturally occurring
noise in the range 2-4 kilohertz was suppressed for approx-
imately 10 seconds by the whistler that occurred at 1126:42
universal time. The decrease in noise level is indicated by the
reduced darkness of the 2-4-kilohertz band in the spectral rec-
ord and a similar reduction in the chart amplitude. Both records
show that the natural noise recovered to the pre-event level by
1126:52 universal time.

The similarity of other suppression events to these examples
and the high occurrence rate lead us to believe that noise sup-
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pression by whistlers is a relatively common magnetospheric
phenomenon. The evidence indicates (Helliwell et al. 1980) that
whistlers interact with the particles that are believed to produce
natural VLF noise. Theory predicts that particles should be scat-
tered out of their existing magnetospheric orbits during this
interaction (Roberts 1966). It is possible that such a change in the
particle population along the path results in the type of tran-
sient noise reduction that is observed.

The events observed at Siple on 24 July 1977 (figure 2) were
also correlated on a one-to-one basis with particle precipitation
events seen by a photometer. Particle precipitation is an area of
much interest, because it represents a mechanism for transfer-
ring energy from the magnetosphere to the ionosphere. Pre-
cipitation can create ionospheric irregularities that affect both
ground and satellite communications. The 24 July events from
Siple not only provide support for the wave/particle interaction
model but also suggest that suppression may be a driving mech-
anism for particle loss from the magnetosphere.

It is possible that suppression events are a natural analog to
the quiet-band effect (Raghuram et al. 1977), in which portions
of noise bands were found to be attenuated by Siple transmitter
signals. Both effects are particularly interesting because they
involve interactions between coherent and incoherent waves.
Present theories of wave/particle interactions use different mod-

els for coherent and incoherent waves, and it is hoped that
suppression events will help to reconcile these models.

This work was supported by the National Science Foundation
grants DPP 79-23171, DPP 79-24600, DPP 80-22282, and DPP

80-22540. Field work was conducted by W. Gail (1980-1981)
and, among others, W. Armstrong (1976-1977 and 1978-1979),
and J. Doolittle (1976-1977). The manuscript was prepared by K.
Faes.
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Whistler-induced perturbations of
broadcast band signals

DONALD L. CARPENTER, J. P. KATSUFRAKIS, M. L. TRIMPI

and M. DERMEDZIEW

Starlab
Stanford University

Stanford, California 94305

Since its discovery at Eights Station, Antarctica, in 1963 by VLF

(very-low-frequency) observer Michael Trimpi, the so-called
"Trimpi effect" (Helliwell, Katsufrakis, and Trimpi 1973) has
developed in importance as a method for studying the process
by which natural and man-made waves injected into the Earth's
magnetosphere induce particle precipitation events. In these
events, the motions of energetic electrons in trapped orbits
along the Earth's magnetic field are perturbed by waves in such
a way that the electrons become untrapped, reaching altitudes
near 100 kilometers or less, where they interact with the upper
atmosphere to produce enhanced regions of ionization. When
this happens at nighttime and near 80 kilometers, the patches of
enhanced ionization can induce disturbances in the observed
amplitude and phase of subionospherically propagating signals
from communication and navigation transmitters (e.g.,
Helliwell et al. 1973; Lohrey and Kaiser 1979). Thus the occur-
rence of a Trimpi event typically appears to a field observer as a
fast (approximately 1-second) change in the level of a signal, say

NSS (station call letters, Annapolis, Maryland) at 21.4 kilohertz,
at the time of reception of a lightning-induced whistler.

Recent research based on observations at Palmer and Siple
Stations has provided new information on the driving waves,
including, for example, evidence that the size of the sub-
ionospheric change is proportional to the amplitude of the
correlated whistler (Carpenter and LaBelle 1982).

While previous work has focused upon subionospheric sig-
nals in the 17-24-kilohertz range, a current observational pro-
gram at Siple and Palmer is devoted to study of Trimpi effects at
frequencies in the low- and medium-frequency (LF and MF)

bands from approximately 30 kilohertz to approximately 1
megahertz. The Antarctic is ideal for such work; the observable
spectrum is relatively uncrowded and hence there are relatively
few problems with multiple sources at frequencies of interest.

Trimpi event occurrences on a southern hemisphere source at
37.2 kilohertz are reported to be more frequent than on signals
near 20 kilohertz. Of particular interest is the fact that well-
defined perturbations have also been seen on 780- and 800-
kilohertz signals originating in South America. Figure 1 shows
an example of perturbations recorded at Palmer on a wide range
of frequencies from 12.9 kilohertz to 780 kilohertz. The top
record displays the phase of the Argentine Omega transmitter,
while the others show amplitude. On the first four records,
covering 12.9 kilohertz to 37.2 kilohertz, changes occur simul-
taneously and are consistent in sign within a given record. The
changes exhibit recovery time constants in the range approx-
imately 30-60 seconds as reported previously for signals near 20
kilohertz by Helliwell and others (1973). In contrast, the 780-
kilohertz record at first shows no clear changes until about 0546
universal time. Then mixed negative and positive changes oc-
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Figure 2. Palmer Station records showing the occurrence of fast
(approximately 2-second) amplitude changes on a 780-kilohertz
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upper part of the two expanded whistler records a voltage controlled
oscillator (vco) representing the 780-kilohertz signal is displayed on
a vertically compressed scale.

Figure 1. Section of chart record from Palmer Station showing si-
multaneous perturbations on subionospheric signals ranging in
frequency from 12.9 kilohertz (top panel) to 780 kilohertz.

cur until about 0600 universal time, after which the changes are
negative until the end of the record. The changes correlated
with those in the other records are large, on the order of 50
percent in amplitude, and are clearly much faster than most
other variations in the 780-kilohertz data. However, they are not
followed immediately by exponential decay to an approximately
pre-event level, as in the VLF-LF cases shown. Instead there are
brief periods of roughly constant amplitude which last approx-
imately 30 seconds or longer, followed, in this particular case,
by rising trends.

Figure 2 shows an example of a correlation between whistlers
and several strong perturbations in a 780-kilohertz signal re-
corded at Palmer. The upper two panels compare 780-kilohertz
signal amplitude with the 0-10 frequency-time spectrum of
whistlers recorded during a 2.5-minute period. Arrows above
the record show the times of signal-level chznges that coincide
with strong multi-component whistlers. Two of these whistler
events are shown on an expanded record below; their times of
origin are marked by arrows. The second event included two
closely spaced whistlers.

Wave reflection heights and conditions for reflection in the
ionosphere are frequency-dependent, facts that will permit us
to investigate properties of ionospheric perturbations as a func-
tion of altitude. There is much variety in the events in terms of
occurrence on multiple frequencies, observation at multiple
ground stations, and occurrence on paths from various great
circle directions. This information will be used in ongoing stud-
ies of the spatial distribution of the ionospheric perturbations
induced by individual whistlers.

This work was supported by the National Science Foundation
under grants DPP 79-24600 and DPP 80-22282. Fieldwork was
carried out by M. Trimpi, M. Dermedziew, J . Billey, J. Green,
and P. Anaszkiewicz. The manuscript was prepared by K. Faes.
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Services, support, other

U.S. observer team visits
foreign research stations

ALBERT S. CHAPMAN

Office of Oceans and Polar Affairs
Bureau of Oceans and international Environmental

and Scientific Affairs,
U.S. Department of State
Washington, D.C. 20520

The Antarctic Treaty promotes scientific inquiry throughout
Antarctica and the exchange of scientific information. It also
prohibits in Antarctica activities of a military nature, nuclear
explosions, and the disposal of radioactive waste. To ensure the
observance of all of these principles, article VII of the treaty
provides that each of the consultative parties of the treaty may
designate observers who shall have complete freedom of access
at any time to any or all areas of Antarctica.

This unique observation function is an important element in
the vitality of the Antarctic Treaty system. Teams of U.S.
observers have been sent to Antarctica at fairly regular intervals
since the treaty came into force in 1961. During the period 17
January to 10 March 1983 our team of four U.S. observers, the
seventh in the series, visited 14 foreign research stations in
Antarctica.

The decision to carry out an inspection at this time was made
by the Antarctic Policy Group, an interagency body which
provides guidance on U.S. policy in Antarctica. The policy
group concluded that this time our team should be sent around
East Antarctica, a sector of the continent which had not been
effectively visited since 1967. Some of the stations in this region,
so remote from the customary centers of activity for the U.S.
Antarctic Research Program (USARP), had never been visited.
Clearly, it was time to pay a call on them to maintain the
credibility of this confidence-building feature of the treaty
system.

In addition to myself as leader, our team included Ron
Gaiduk, a senior diplomat with remarkable linguistic talents;
Commander Maria Kazanowska, U.S. Navy, an oceanographer
and linguist; and Colonel John Raymond, a U.S. Army arms
expert assigned to the Arms Control and Disarmament Agency.
Kazanowska had been a member of the 1980 Observer Team,
but none of the rest of us had had previous experience in polar
regions. Ed Todd, Senior U.S. Representative in Antarctica,
undertook to remedy that by arranging a short but intensive
Antarctic orientation for us which included informal tours of
Amundsen-Scott and McMurdo Stations. In addition, we bene-

fited from informal visits to New Zealand's Scott and Vanda
stations, which gave us some useful practice in the business of
treaty inspection.

On 21 January we were welcomed aboard the usccc Polar Star
to begin our westward circumnavigation. This was our home
and base of operations during the Antarctic observation tour.
We shared it with a group of 13 scientists under the leadership
of Osmund Holm-Hansen of the Scripps Institution of
Oceanography.

All of the nations with research stations had been notified
through diplomatic channels that our team was in Antarctica,
but our intent to visit particular stations was not announced to
the stations until the previous evening by radio. Our method of
operation was to penetrate the coastal ice (if necessary) to within
helicopter range of the station, fly in for a visit of from 3 to 8
hours, and return the same day to the ship. By visiting in this
way, we hoped to minimize impact on the routine and resources
of our hosts.

For us team members the trip had some of the feeling of a
royal progress. We were welcomed everywhere with enthusi-
asm, because frequently our hosts had not seen a new face for
many months. After the serious business of the inspection
(asking about station activities, equipment, logistics, etc., and
taking a tour of the facilities) was over, our visit was often the
cause for celebration. We exchanged souvenirs and toasts and
shared the wish that such cooperation and friendship could
prevail elsewhere in the world.

During the 47-day circumnavigation, the Polar Star covered a
distance of approximately 7,500 nautical miles (westward from
McMurdo Station to Palmer Station—the long way). We visited
four Soviet stations (Leningradskaya, Mirnyy, Molodezhnaya,
and Novolazarevskaya), three Australian stations (Casey,
Davis, and Mawson), two Argentine stations (General Belgrano
II and Marambio), and one station each of France (Dumont
D'Urville), Japan (Syowa), South Africa (SANAE III), Federal Re-
public of Germany (Georg von Neumayer), and the United
Kingdom (Halley). Some are perched on rocky outcrops sur-
rounded by ice or glaciers and a few are on bare islands just off
the coast. Others are situated at the coast in areas miraculously
free of ice. Several sit on (or in) ice shelves with little to be seen
of them except ventilator shafts and antennas projecting above
the surface. All seem to have a rather tenuous toehold in this
inherently hostile environment.

A wide variety of research is in progress in East Antarctica,
varying according to the opportunities offered by the particular
location. Meteorological and upper atmospheric studies are
carried on practically everywhere, while glaciology, geology,
and biology are frequently seasonal and restricted to fewer of
the stations.

Nowhere did we find a reluctance to answer questions or a
hesitation about showing base facilities. The scientists were
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eager to explain their projects and the techniques and equip-
ment they used. In the absence of any evidence to the contrary,
we concluded that all stations we visited were complying with
the provisions and the spirit of the treaty.

Unexpected bonuses during the circumnavigation were the
brief encounters we had with the Indian and West German
Antarctic expeditions. We found that the Indians had estab-
lished a summer base on the edge of an ice shelf near the USSR'S
Novolazarevskaya Station. They came aboard the Polar Star
briefly at the invitation of our captain and, in turn, invited us to
visit their encampment, but we were pressed for time and
regretfully declined.

The West German polar research vessel Polarstern, on its
maiden voyage to Antarctica, was encountered far south in the

Weddell Sea near the end of our trip. We exchanged visits across
the ice floe in which both ships were parked, and the German
scientists showed us their remarkable vessel with modest but
justifiable pride.

The highly successful Treaty observation program was accom-
plished at some cost to the scientific projects using the Polar Star
as a platform. However, our ship made such good progress (due
partly to extraordinarily favorable ice and weather conditions)
that toward the end of the tour approximately 10 days could be
devoted solely to scientific activities. We observers were happy
that our scientist friends finally had their innings. Throughout
the cruise the Coast Guardsmen showed their professionalism
and their interest in all the projects. We greatly appreciated this,
as well as the room they made for us in a crowded vessel.

Polar Research Board:
Antarctic-related activities June 1982

to June 1983

W. TIMOTHY HUSHEN and BERTITA E. COMPTON

National Research Council
National Academy of Sciences-National

Academy of Engineering-National
Institute of Medicine
Washington, D.C.

The Polar Research Board is a multidisciplinary body whose
members* include representatives of earth, ocean, and at-
mospheric sciences, climate research, biology and medicine,
and engineering and are drawn from academic, industrial, and
governmental organizations. In fulfilling its dual mandate to
advise federal agencies on research in polar regions and to
participate in the Scientific Committee on Antarctic Research
(SCAR) of the International Council of Scientific Unions (Icsu) on
behalf of the National Academy of Sciences, the Board conducts
a wide range of studies and ensures representation of the U.S.
polar science community in a variety of meetings and planning

*C . R. Bentley (Chairman), Vera Alexander, J. 0. Fletcher, W. L. Gates,
B. C. Gerwick, Jr., R. M. Goody, A. L. Gordon, H. 0. Jahns, P. L.
Johnson, A. H. Lachenbruch, L. J . Lanzerotti, C. M. Pierce, J. G.
Roederer, E. F. Roots, R. H. Rutford, and D. B. Siniff. Ex officio: J. H.
Zumberge, U.S. Delegate to SCAR; M. F. Meier, Chairman, Committee
on Glaciology; J. Brown, Chairman, Committee on Permafrost. U.S.
Representatives to SCAR Working Groups: R. W. Risebrough, Biology;
R. B. Southard, Geodesy and Cartography; D. Elliot, Geology; C. B.
Bull, Glaciology; C. M. Pierce, Human Biology and Medicine; A. N.
Fowler, Logistics; G. Weller, Meteorology; C. R. Bentley, Solid Earth
Geophysics; L. Lanzerotti, Upper Atmospheric Physics. Staff: W. Tim-
othy Hushen, Executive Secretary; Bertita E. Compton, Staff Officer;
Muriel A. Dodd, Administrative Assistant.

activities of SCAR and of other international organizations with
polar interests. During the past year, the Board met twice, and
its committees and ad hoc study groups held 15 meetings. The
Board also published 11 reports—eight on special studies and
activities and three annual reports. The primary activity of the
Board was preparation of a report recommending research di-
rections for the U.S. Antarctic Research Program. Work con-
tinued on the "Polar Research—A Strategy" series of studies
through which the Board is recommending directions for polar
research over the next 2 decades.

Domestic activities. A principal activity of the Board during
1982 and early 1983 was preparation of a report responding to a
request from the National Science Foundation's Director of Polar
Programs for recommendations on a core program of antarctic
research. Research Emphases in the U.S. Antarctic Program (in
press) identifies major scientific questions in four broad areas of
polar science: marine and terrestrial biology; climatic variability;
geodynamic, stratigraphic, and glacial history of Antarctica;
and the upper atmosphere and near-earth space. The Board
established priorities among these questions and recom-
mended a set of eight large-scale projects and several smaller
projects through which groups of questions could be ad-
dressed. It further recommended that the U.S. Antarctic Pro-
gram include certain continuing activities, such as collection of
meteorites, monitoring and data-collection, and mapping. The
report also addresses science-support aspects, including data
management, international coordination, and facilities and in-
strumentation. In particular, it calls for support systems permit-
ting longer operating seasons and covering wider geographic
areas. It proposes a more flexible array of modes of transporta-
tion and support, a winter "fly-in," and an alternate-year-field-
program mode of operation.

The series of studies, Polar Research—A Strategy, initiated by
the Board in 1980, continued during the past year. To date the
following reports have been published: An Evaluation of Ant-
arctic Marine Ecosystem Research; Study of the Upper Atmosphere and
Near-Earth Space in Polar Regions: Scientific Status and Recommen-
dations for Future Directions; Polar Biomedical Research—An Assess-
ment, with an appendix, Polar Medicine—A Literature Review;
Snow and Ice Research: An Assessment; and Permafrost Research
Needs and Priorities for the 1980's (See also Antarctic Journal of the
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U.S., Volume 17, No. 5, 1982 Review Issue. Work continued on
The Polar Regions and Climatic Change and on Antarctic Solid-Earth
Geosciences, a new study on southern ocean physical and chemi-
cal oceanography was initiated, and plans for additional studies
in the "strategy series" were considered.

In its report, published in September 1983, the Committee on
Polar Biomedical Research pointed out that even if most U.S.
polar biomedical research is conducted in the north polar zone,
a biomedical program in the Antarctic would be useful, par-
ticularly if it could be conducted in conjunction with programs
the United States already sponsors in Antarctica. Comparative
medical investigations could be undertaken in both polar zones
to determine possible hormonal alterations, changes due to
photoperiodicity, sleep habits, and clinicallsubclinical hypo-
thermia. Work, light, and exposure to cold in the two polar
zones could be contrasted to explore physiological and psycho-
logical changes. Further, special ergonomic studies in the Ant-
arctic might indicate the extreme limits for human performance
under climatic duress. For human biology, field experiments in
the Antarctic represent controlled studies with a selected, tran-
sient population, which is almost entirely white, adult, and
male, whereas the arctic "laboratory" is far less controlled.

The Committee on Glaciology also completed its "strategy"
report, Snow and Ice Research: An Assessment (in press in May
1983) in which it reviewed research in this field over the past
dozen years and recommended directions and priorities for
future research. The Committee organized its highest priority
recommendations in two broad categories: (1) the interaction of
snow and ice with past and present climate, and (2) the direct
impact of snow and ice on society. It also considered needs for
facilities and instrumentation, logistics, data management, and
international cooperation associated with the recommended
goals and priorities.

In addition, the Committee developed plans for a workshop
to be held in Madison, Wisconsin, 5-7 July 1983, immediately
following an international symposium on ice and climate mod-
eling at Northwestern University. The subject of the Commit-
tee's workshop is "Potential CO2-Induced Changes in the En-
vironment of West Antarctica." The objective is to bring those
engaged in developing climate models together with those en-
gaged in research on glaciers and sea ice for an exchange of
information and thereby improve coordination of observational
and modeling efforts and climate model simulations.

Another report in the "strategy" series Permafrost Research
Needs and Priorities for the 1980s (in press) was completed during
the past year, while work continued on The Polar Regions and
Climatic Change. The latter will deal principally with (1) polar
energy transfer processes and their effects on global climatic
fluctuations; (2) polar sources (e.g., glaciers, ocean sediments)
of information on past climates; and (3) concerns for the future,
such as responses of glaciers and marine ice to climatic
variations.

A new study in the "strategy" series, which began in Febru-
ary 1983, focuses on antarctic solid-earth geosciences research
and is chiefly concerned with the evolution of (1) the crust of the
antarctic continent and adjacent seafloor, and (2) the antarctic
environment, including climate and biota. These topics will be
approached from the perspectives of potential resources,
geodynamics, global climate, and modern geological processes.
The Committee expects to suggest research needs in three crit-
ical transect zones.

In addition, the Board initiated a new study of antarctic phys-
ical and chemical oceanography to meet the need for redefini-

tion of priorities and of future directions as the period covered
by the 1974 report on southern ocean dynamics draws to a close.
The Polar Research Board is cooperating with the Ocean Sci-
ences and Policy Board in the organization of this study.

International activities. Activity in 1982 centered on the Seven-
teenth Meeting of SCAR in Leningrad, U.S.S.R. 5-9 July. U.S.
delegates were James H. Zumberge and Charles R. Bentley. In
addition to the meetings of delegates, the Working Groups on
Biology, Logistics, and Upper-Atmosphere Physics met, and a
Symposium on Logistics was held. James H. Zumberge was
elected to a 4-year term as president of SCAR at this meeting, and
W. Timothy Hushen was appointed to the SCAR Finance
Committee.

The SCAR Group of Specialists on Antarctic Climate Research
presented its report on the results of its survey of Antarctic
Treaty nations to determine activities relevant to the World
Climate Research Program and its recommendations for contri-
butions to the program.

The SCAR Group of Specialists on Antarctic Environmental
Implications of Mineral Exploration and Exploitation, for which
Board member Robert H. Rutford serves as Convenor, con-
tinued work during 1982 and early 1983 on a report to SCAR that
will be submitted in summer 1983.

Planning for the Second Biological Investigations of Marine
Antarctic Systems and Stocks (BIOMASS) Experiment (SIBEX),
scheduled for December 1983-March 1985, continued during
the past year, with representatives of the U.S. research com-
munity taking an active part in developing these plans. The
SCAR Group of Specialists on Southern Ocean Ecosystems and
Their Living Resources, which is convened by Sayed Z. El-
Sayed, advises on the BIOMASS Program. The Polar Research
Board, with support from the National Science Foundation,
selected and supported U.S. scientists to participate in interna-
tional scientific and planning meetings related to BIOMASS, as
well as provided the U.S. contribution to the International BlO-
MASS Fund. The Board hopes to obtain funding for the U.S.
contributions for the years 1983, 1984, and 1985, that is, up to
the time of the scheduled review of the BIOMASS organization
and program in 1986.

The SCAR Working Group on Oceanography was disbanded
at SCAR xvii and a new group was subsequently organized under
the Scientific Committee for Oceanic Research (SC0R). Board
member Arnold Gordon serves on this new body—SCOR
Working Group 74 on the General Circulation of the Southern
Ocean. The Group expects to produce a report in 1984 that will
delineate gaps in knowledge of the general circulation of the
southern ocean and suggest research programs of chemical and
physical oceanography that might address these needs. Arnold
Gordon also participated in the Fourth Session of the Pro-
gramme Group for the Southern Oceans of the UNESCO
Intergovernmental Oceanographic Commission, which met in
March 1983 in Paris.

The Working Group on Human Biology and Medicine held
an informal meeting in conjunction with the International Bio-
medical Expedition to the Antarctic workshop, in Paris, France,
in January 1983. The results of the workshop will be presented
at the Fifth International Symposium on Circumpolar Health, to
be held in Alaska in May 1984. Board member Chester M. Pierce
has advised and assisted the organizing committee for this
symposium.

Two other SCAR Working Groups, on Geology and on Solid-
Earth Geophysics, also met following the Leningrad meeting.
Charles R. Bentley and David H. Elliot participated in these
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sessions, both of which took place in Adelaide, Australia, in
August.

In addition to these activities and many others in which Board
members took part, the Board published its 24th annual report
to SCAR on U.S. antarctic research activities and its 13th report
on earth sciences investigations in the U.S. Antarctic Research
Program. The latter is a special project of the SCAR Working
Group on Geology, with U. S. member David H. Elliot taking the
lead in surveying the U.S. research community for input to this
annual catalog. U.S. representatives to other SCAR Working
Groups have agreed to explore with their respective groups the
possibility of issuing similar listings of research and related
publications.

The Board devoted much of its fall 1982 meeting to considera-
tion and preparation of a U.S. response to a set of recommenda-
tions to Antarctic Treaty Nations from SCAR XVII, which ap-
peared in SCAR Circular 464. These recommendations were

directed to a number of publication and information-exchange
activities, logistic matters, the amount of national contributions,
Sites of Special Scientific Interest, and related concerns. During
1983, the Board will begin developing a U.S. position on matters
to come before SCAR XVIII in 1984.

The work described in this report was supported by two
National Science Foundation grants DPP 82-07098R and
DPP 79-27065), with contributions from the National
Oceanic and Atmospheric Administration, the Office of
Naval Research, and the Department of Energy, and by
grants from the Department of Defense, the U.S. Geo-
logical Survey, and the Andrew W. Mellon Foundation.
Additional information is available in the Polar Research
Board Annual Report 1982 and Future Plans, available from
the Polar Research Board.

Antarctic marine geology research
facility and core library, 1982-1983

DENNIS S. CASSIDY

Department of Geology
Florida State University

Tallahassee, Florida 32306

A chronicle of the year's activities (1 June 1982 to 31 May 1983)
by staff of the Florida State University's (FSu) Antarctic Marine
Geology Research Facility and Core Library is primarily a record
of the distribution of samples, the receipt and processing of new
materials, and core-describing.

During this period, a total of 2,161 samples were distributed
to 17 investigators representing 12 institutions in Japan, Swe-
den, and the United States. Distribution was made on the basis
of 33 separate requests, and samples were taken from 349 indi-
vidual piston, trigger, Phleger, and drill cores and grabbed,
trawled, and dredged specimens. The following specifies sam-
ple sources.

USNS Eltanin: 898 samples from 124 piston cores collected
aboard 27 of the 47 coring cruises of this vessel; 24 samples from
24 trigger cores of one cruise and 21 samples from four Camp-
bell grabs and four Blake trawls of two cruises.

ARA Islas Orcadas: 542 samples from 62 piston cores repre-
senting each of the five coring cruises and four samples from
four trigger cores of one cruise.

International Weddell Sea Oceanographic Expedition (IwSOF): 472
samples from 12 piston cores and two Phleger cores retrieved
aboard the 1968, 1969, and 1970 IWSOE cruises of USCGC Glacier.

Operation Deep Freeze 1980 (USCGC Glacier): 12 samples from
one piston core recovered in the Ross Sea.

Operation Deep Freeze 1981 (USCGC Glacier): 8 samples from two
piston cores retrieved from the eastern Amundsen Sea.

Operation Deep Freeze 1982 (usCcc Glacier): 73 samples from 72
piston cores and 26 samples from 26 bottom grabs recovered
from a variety of locations off both coasts of the northern Ant-
arctic Peninsula.

Ross Ice Shelf Project (RIsP): 49 samples were removed from 8 of
the 47 gravity cores recovered through the 1978-1979 RISP J-9
drill hole.

Dry Valley Drilling Project (DVDP): 40 samples were distributed
from frozen drill cores of 4 holes (DVDP 4A, 12, 13, and 14).

Inventory records indicate that a total of 179,811 samples have
been removed, recorded, and distributed from the FSU
collection since the beginning of the program in 1962. Of these,
the majority (169,222, or 94 percent) are from USNS EltaninlARA
Islas Orcadas cores and dredge hauls. The remainder (10,589
samples) are from DVDP, RISP, IWSOE, Deep Freeze, and arctic
core sediments and grab samples. (Note: These totals do not
include: (1) the removal of minuscule amounts of sediment
used in the preparation of smear slides required for core-de-
scribing; (2) similar samples removed for reconnaissance work
by visiting investigators, or (3) samples removed prior to 1962
from any of the early Deep Freeze cores received at FSU by a
resident principal investigator. Samples in these categories are
estimated to number about 16,000—an average of one sample
per meter of core housed at the facility.

A major effort of the year's curatorial program involved the
transfer, on loan, of more than I metric ton of sediment to
project scientists at Rice University for on-site analyses and
whole-core X-radiography. The shipment included one-half of
each core section of all cores recovered during Operation Deep
Freeze 1981 (eastern Amundsen Sea and Bransfield Strait) and
1982 (northern Antarctic Peninsula) aboard USCGC Glacier, as
well as several piston cores recovered aboard cruise 1678 of ARA
Islas Orcadas. (Archival core halves remain in storage at the
facility; the distributed core halves will be returned to storage
approximately 1 year from the date of transfer. Prior to transfer,
each core half was inspected for macroscopically visible compo-
nents such as macrofossils, nodules, sedimentary clasts, and
rocks. These features were recorded for inclusion in the final
sediment descriptions ., currently in progress.)
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The acquisition of new specimens includes the May 1983
receipt of 17 piston cores (22 meters), 37 subcores (15 meters)
from box cores, and 20 grab samples, all of which were re-
covered by John B. Anderson (Rice University), and David J.
DeMaster and Charles A. Nittrouer (North Carolina State Uni-
versity) aboard USCGC Glacier in the Ross Sea-Sulzberger Bay
area during Operation Deep Freeze 1983.

Also received during May were approximately 120 meters of
frozen AX drill core from six holes in southern Victoria Land's
eastern Taylor Valley (ETV). These sediments, recovered by Do-
nald P. Elston's (U.S. Geological Survey) field team, supple-
ment the 1,147 meters of DVDP (1,100 meters, Cassidy 1981) and
ETV (47 meters; Elston, Robinson, and Bressier 1981) drill core
shipped previously to FSU.

Transferred to the facility from the University of Connecticut
were approximately 70 kilograms of rocks collected during the
1968 and 1969 IWSOE cruises of USCGC Glacier. Retrieved at 33 ship
stations in the Weddell Sea, these specimens were recovered
using a Van Veen grab sampler, a small biological trawl, an
anchor dredge, and an epibenthic sled (Dale 1968; Rankin,
Clark, and Biernbaum 1969).

Specimens returned to the collection include 141 frozen,
whole-core segments (150 kilograms) of DVDP drill core that
were distributed in 1976 to the University of Wyoming for
thermal conductivity measurements (Bucher 1980).

Core-describing was completed of the 21.28 meters of piston
core (12 cores) recovered aboard USCGC Glacier during Operation
Deep Freeze 1981, as was the printing and distribution of a
volume of core descriptions for these sediments (Kaharoeddin
et al. 1983). This volume, the twelfth in a series of core descrip-
tion volumes produced by staff of the Antarctic Research Facili-
ty (Goodell 1964, 1965, 1968; Frakes 1971, 1973; Cassidy et al.
1977a, 1977b; Kaharoeddin 1978; Kaharoeddin et al. 1979, 1980,
1982), supplements earlier volumes of Deep Freeze sediment
descriptions prepared by Anderson and others (1981) and Kel-
logg and others (1981).

The next volume in this series will present the descriptions of
sediments recovered aboard USCGC Glacier during Operation
Deep Freeze 1982. These sediments comprise 119 grab samples
and 315 meters of piston and trigger cores, of which approx-
imately 60 percent have been described. Upon completion,
core-describing is planned for Deep Freeze 1980 (partially de-
scribed) and 1983 specimens.

Curatorial activities at the Antarctic Research Facility are sup-
ported by National Science Foundation contract C-1059.
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IWSOE and Operation Deep Freeze:
A curatorial review of the sediment

collections

DENNIS S. CASSIDY

Department of Geology
Florida State University

Tallahassee, Florida 32306

This is the fourth in a series of articles reviewing the curatorial
status of a major component of the sedimentary collections
housed at the Florida State University's (FSu) Antarctic Marine
Geology Research Facility and Core Library. Past reviews have
summarized project collections of USNS Eltanin (Cassidy and
Shepley 1977), ARA Islas Orcadas (Cassidy 1980), and the Dry
Valley Drilling Project (Cassidy 1981). This review is concerned
with a collection of piston, trigger, and Phleger cores, and
grabbed, trawled, and dredged specimens retrieved since 1968
from bottom sediments of the antarctic continental margin and
shelf seas aboard 10 cruises of USCGC Glacier and one cruise of
USCGC Burton Island. (Prior to 1968, during which year the FSU

curatorial program was formally established, a variety of gravity
cores and grab samples were collected by several United States
vessels operating in coastal waters of the antarctic continental
margin during the early Deep Freeze expeditions of the 1950s
and 1960s. Although many of the recovered specimens were
directed to the FSU Department of Geology for study by a resi-
dent investigator, most were used in their entirety for purposes
of laboratory analysis, and no formal records exist regarding
total meterage and numbers of cores received, or of samples
distributed from them.)

Projects (since 1968) from which specimens have been re-
ceived are those of the International Weddell Sea
Oceanographic Expeditions (IwsoE) of 1968, 1969, and 1970,
and Operations Deep Freeze 1975 (Amundsen Sea), 1976 and
1978 (Ross Sea), 1979 (Dumont d'Urville Sea), 1980 (western
Ross Sea), 1981 (Bransfield Strait and Amundsen Sea), 1982
(northern Antarctic Peninsula), and 1983 (Ross Sea-Sulzberger
Bay area). Operation Deep Freeze 1975 was carried out aboard
Burton Island; all other projects used Glacier. Figures 1 and 2
show the general locations of the areas of sediment recovery.
Precise location data for recovered specimens appear on maps
and in tables that accompany the core description volumes and
related literature.

Liner-encased IWSOE and Deep Freeze core sediment totals
nearly 1,000 meters (426 piston, 70 trigger, and 15 Phleger cores;

Figure 1. Shown in black are the areas (indicated by arrows) of sediment recovery for projects discussed in this report. (See figure 2 for
recovery areas of Operation Deep Freeze 1975 and 1981.)
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Figure 2. Location map for piston cores recovered aboard USCGC Glacier, Operation Deep Freeze 1981 (Kaharoeddin et al. 1983). Also shown is
the location (Indicated by star) of single grab sample received from Operation Deep Freeze 1975, eastern Amundsen Sea.

approximately 6 percent of the total meterage of cores stored at
the facility), with the extent of core recovery ranging from 11.45
meters of Phieger cores (15 cores) during IWSOE 1968 to 315
meters of piston (143 cores) and trigger (6 cores) cores during
Operation Deep Freeze 1982. (Cores were received from ten of
the eleven cruises; only one grab sample was received from
Operation Deep Freeze 1975.)

Dredged, trawled, and grabbed specimens were retrieved
aboard seven cruises (IwsoE 1968 and 1969, and Operations
Deep Freeze 1975, 1979, 1980, 1982, and 1983) at 335 ship sta-
tions. The majority (approximately 90 percent) are grab samples
consisting of fine grain sediment and/or gravel. These samples
are stored in plastic bags and average approximately 150 cubic
centimeters per sample. The remaining 10 percent, recovered
from the Weddell Sea aboard Glacier during IWSOE 1968 and
1969, constitute about one-half of the total weight of specimens
in this category. The IWSOE specimens consist of glacial erratic
boulders, cobbles, and pebbles recovered by the epibenthic
sled, Van Veen grab, anchor dredge, and small biological trawl
(Dale 1968; Rankin, Clark, and Biernbaum 1969).

To 31 May 1983, 5,383 samples have been distributed from the
IWSOE and Deep Freeze collections. This total does not include:
(1) the removal of small amounts of sediment used to prepare
smear slides for descriptive purposes; (2) the removal of sam-
ples from the sediments prior to their receipt at FSU, or (3) the
disposition of samples from any of the cores or other specimens
recovered by the early Deep Freeze expeditions of the 1950s and
1960s.

Three volumes of sediment descriptions have been com-
pleted for project materials (Anderson et al. 1981; Kaharoeddin
et al. 1983; Kellogg et al 1981). A fourth volume is in preparation
for sediments recovered during Deep Freeze 1982. Preliminary
descriptions are available for Deep Freeze 1980 piston cores.
Additional volumes are planned for Deep Freeze 1983 and sub-
sequently collected sediments.

The intensity during recent years of an unprecedented as-
sault upon the sedimentary record of the western antarctic
continental margin, particularly by project scientists at Rice
University under the direction of John B. Anderson, is reflected
by an abundance of documented results. A comprehensive
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bibliography of publications, including theses, dissertations,
and core description volumes are concerned with the results of
analyses performed upon samples that have been distributed
from IWSOE and Deep Freeze sediments (including those that
were recovered by the early Deep Freeze expeditions of the
1950s and 1960s), has been prepared. Copies of this bibliogra -
phy, currently listing 108 references, are available upon request
to the curator of the Antarctic Research Facility.

A majority of the entries are publications based upon labora-
tory and/or field analyses and observations made by their au-
thor(s), whereas others are either review articles which sum-
marize the status of knowledge concerning collected materials,
or are publications concerned primarily with studies of inde-
pendently collected specimens, but which incorporate IWSOE/
Deep Freeze sediment data published by other authors.

Not included in the bibliography are: (1) abstracts; (2) articles
appearing in this issue of the Antarctic Journal of the U.S.; (3)
summary articles reviewing the status of yearly activities of the
FSU Antarctic Research Facility's curatorial program; (4) a very
limited number of publications concerning sediments collected
during the U.S. Navy's Operation High Jump of 1946-1947, or
(5) project summaries that appeared in various issues of the
Bulletin of the U.S. Antarctic Projects Officer, a precursor to the
Antarctic Journal of the U.S. Almost all of these, however, are
referenced in one or more of the publications appearing in the
bibliography, and each of them provides valuable historical
information related to the development of the modern-day,
:ontinuing program of exploration aboard Deep Freeze vessels.

Funding in support of the FSU curatorial program has been
provided by National Science Foundation Division of Polar Pro-
grams contracts C-564 and C-1059.
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Biological services and collections

B. J. LANDRUM

Smithsonian Oceanographic Sorting Center
Smithsonian Institution

Washington, D. C. 20560

The Smithsonian Oceanographic Sorting Center's primary
goal is to aid researchers by encouraging systematic studies and
related analyses of biological collections. To accomplish this, the
staff is organized to receive, record, sort, and curate fauna and
flora, especially those collected from mariie environments.
After samples are sorted into basic taxonomic groups, the or-
ganisms are shipped to specialists throughout the world for
study. To facilitate analyses of the antarctic biota, nearly all of
the marine samples collected by grantees and contractors of the
U.S. Antarctic Research Program (usARI') have been processed
at the Sorting Center since 1964. These antarctic and suban-
tarctic biological collections comprised nearly 6,000 samples of
zooplankton, benthic invertebrates and algae, and a few collec-
tions of fishes.

Most of the antarctic samples have undergone the sorting
process, resulting in about 102,500 lots containing nearly 21

million specimens that have been classified and prepared for
specialists to analyze. Each of the taxonomic groups found in
the samples is entered in a computer data base during process-
ing. This creates a complete and readily accessible inventory
and provides for selective retrieval of records and specimens
with single or multiple specifications of taxa and sampling pa-
rameters. Many of the sorted collections have been requested
by and sent to specialists in various taxonomic groups; approx-
imately 250 researchers have used the collections.

In the past year, 920 antarctic samples were processed, in-
cluding new benthic invertebrate samples taken during RIv Hero
cruise 82-4 and some older samples. Approximately 192,400
specimens were prepared for shipment and storage; that
number includes the results of other sorting activities. We ship-
ped 1,182 sorted lots containing about 45,500 specimens to 26
specialists in 60 shipments. The shipments included large col-
lections of various groups of pelagic copepods, oplophorid
shrimps, and siphonophores. Shipments of benthic polychaete
worms were made to four specialists, and substantial ship-
ments of bryozoans, nematod worms, amphipods, and isopods
were made. In addition, some large collections (euphausiids,
siphonophores, copepods, benthic nemertia ns, and actinians),
which had been identified by specialists and then returned to
the Sorting Center, were documented in the files and trans-
shipped to the U.S. Museum of Natural History for permanent
deposition.
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Numerous other sorted collections are still available to scien-
tists for study. To further expedite analyses of the remaining
material, we are now concentrating on (1) the reclassification of
large and complex groups, (2) classification of associative organ-
isms such as the many groups found in sponges, (3) re-exam-
ination and classification of such organisms that are returned to
the Sorting Center after examination by specialists, (4) general
and specialized sorting of new collections, and (5) seeking new
investigators to study the newly sorted collections.

Finding new investigators can be one of the most difficult
activities because of the scarcity of systematists who are trained
to undertake the tasks of studying the diverse, and often pre-
viously undescribed, fauna and flora in the antarctic and suban-
tarctic environments. In recognition of this situation, our con-
tinuing "Cooperative Systematics Program" was established to
support subcontracts with specialists for study and preparation
of reports on selected taxa. This has proved to be a productive
means of expediting analyses of the remaining collections, be-
cause it enables some specialists to undertake or complete work
on otherwise unstudied or unreported taxa. At present 19 stud-

ies are in progress. Some of these will result in major taxonomic
revisions and biogeographic analyses on groups such as
bryozoans and siphonophores.

Recently, we have begun to prepare the collections for a
forthcoming move of the Sorting Center to a new laboratory and
storage facility constructed by the Smithsonian Institution in
nearby Silver Hill, Maryland. The new building (Museum Sup-
port Center) has been well designed to maintain the proper
environmental conditions required in the various storage areas
designated for differing types of collections, including wet and
dry storage of the antarctic collections. We expect to start the
move in the fall of 1983 and anticipate some curtailment of
regular activities the following year as the move gets fully un-
derway. Nevertheless, we continue to welcome inquiries from
scientists and others concerned with the antarctic collections.

Processing of polar collections and maintenance of a cen-
tralized data base are supported by National Science Founda-
tion contract DPP 74-13988. The cooperative systematic program
is supported by National Science Foundation grant DPP
79-20835.

IGY: The third great age of discovery

STEPHEN J. PYNE

History Department
University of Iowa

Iowa City, Iowa 52242

The International Geophysical Year (icY) (1957-1958) drama-
tized a new era of exploration by Western civilization. Like other
eras, it exposed new geographic areas to inspection, inaugu-
rated a particular style of exploration, and reflected, while it
simultaneously helped to shape, new intellectual syndromes.
Conceived in this way, the IGY announced the most recent of
three ages of discovery that have developed since the
Renaissance.

The first age revealed the world ocean and had its grand
expression in a voyage of circumnavigation. The process began
with the interior seas of Europe and spread out through the
Atlantic. It was principally maritime, intimately tied to the
founding of coastal cities, the development of maritime em-
pires, and the mapping of the world's coastlines. The second
age moved into the continental interiors, beginning again with
Europe. Its grand expression was the traverse across a con-
tinent; its movements were inextricably bound up with the
colonization of interior lands and the mapping of the world's
oceanographic and continental surfaces. The first age accom-
panied the scientific revolution, proposing a new geography of
the Earth and a new cosmology for the heavens. The second age
coincided with the growth of natural history, particularly the
earth and life sciences.

The third age undertook the geophysical inventory of the
solar system, beginning with planet Earth. In particular, the

third age investigated the outer atmosphere and ionosphere,
previously unvisited; mapped the solid floor of the oceans; and
surveyed, for the first time with any comprehensiveness, the
interior of Antarctica. Instead of comparing seas or continents,
the third age compared planets. As a prototype for the era, the
ic'' has the historical and symbolic stature of the voyages of
Columbus, daGama, and Magellan for the first age; the travels
of Humboldt, Pallas, and Lewis and Clark for the second. Like
other eras, the third age of discovery posed problems of intellec-
tual and geopolitical assimilation—the newly exposed lands
had to be incorporated, on one hand, into political, social, and
economic systems and, on the other, into systems of science,
literature, and art.

The role of Antarctica in the ic y was fundamental, and the
south polar regions became a point of departure for the third
age at large. The IGY began as a proposal for a Third Interna-
tional Polar Year initiated by Lloyd Berkner, a veteran of Byrd's
second expedition; Antarctica was the scene for some of the
most intense geophysical research and from the success of the
antarctic programs grew some of the themes, techniques, and
institutions that characterized the third age as a whole. The
Antarctic Treaty was the first of a series of international agree-
ments to govern the new landscapes made accessible by the
third age. A new Law of the Sea Treaty attempted to deal with
the government of the ocean floor. Various agreements and
partial treaties have extended the principles of international law
to the outer atmosphere and interplanetary space.

Apart from geopolitical problems posed by its discoveries,
the third age's principal product has been information. The
third age, like those before it, contributed to an information
explosion that compelled substantial revisions within inherited
systems of thought. Moreover, for the first time, landscapes
were explored that were truly uninhabited; information un-
known to humanity, not simply to Western civilization, was
processed. In all previous ages, exploration was strongly ethno-
centric. Much of what passed for discovery was really a process
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of introducing the knowledge of non-European peoples to the
culture of Europe. This was manifest, too, in the international
agreements with regard to the new lands, none of which could
appeal to traditional notions of conquest and colonization but
had to develop the basis for some different global regime.

The geography of the third age, however, was qualitatively
new, and it was accompanied by a qualitative leap in the
character of exploration. The ICY brought "Big Science" to explo-
ration. The consequences were most pronounced, naturally, in

the earth sciences. But there was a metaphysical as well as a
geophysical reformation. The third age occurred within the
context of modernism, of the chance universe, of a shattered
historicism—all of which are reflected in contemporary theories
about the Earth. The landscape aesthetics of the third age be-
long with the canons of abstract and minimalist art rather than
with the landscape tradition that recorded the second age.

This work was supported by the Antarctic Fellowship, Na-
tional Endowment for the Humanities FA-1295-81.

Antarctic Research Series

JUDY C. HOLOVIAK

American Geophysical Union
Washington, D.C. 20009

Since 1963, the Antarctic Research Series has been the pub-
lication medium for extensive reports on antarctic research that
are too lengthy or comprehensive for inclusion in standard
disciplinary journals. The series encourages collections of pa-
pers on specific geographic areas as well as volumes that focus
on particular disciplinary problems. Marine biology,
oceanology, meteorology, upper atmospheric physics, ter-
restrial biology, snow and ice, human adaptability, and geology
have all been covered by the series. The Antarctic Research
Series continues to be the definitive series presenting au-
thoritative work with uniformly high scientific and editorial
standards from the leading scientists engaged in antarctic
research.

All papers in the series are subject to peer review. After
scientific review and revision are complete, papers are re-
viewed by an American Geophysical Union (AGU) copy editor
for style, consistency, and general publication requirements.
After the author has confirmed that changes made by the copy
editor are satisfactory, the paper is typed to strict AGU

specifications. Authors who have access to automatic type-
writers or word processing equipment are urged to undertake

the preparation of the final typescript. Special rates for reprints
are available for authors providing final typescripts to AGU
specifications.

To speed publication and increase distribution by keeping
costs down, individual papers are published as they are com-
pleted. Usually two or three closely related papers are pub-
lished in a softcover minibook. Individuals may purchase the
separate minibooks or subscribe to a volume. Libraries with
standing orders receive the individual papers as they are pub-
lished and bind them when all papers within a specific volume
are published. Each paper is assigned to a thematic volume.
Several topical volumes may be in production simultaneously.

Individuals wishing to develop a thematic volume for the
series must prepare a proposal for review by the Board of
Associate Editors. Authors of individual papers may wish to
contact a Board member through AGU to find out if a volume in a
specific field is in process and whether his work is appropriate
for inclusion.

Current Board members are Charles R. Bentley (Chairman),
Sam Colbeck, Robert H. Eather, David H. Elliot, Dennis E.
Hayes, Louis S. Kornicker, Heinz Lettau, and Bruce Parker. The
Board has recently approved a volume on the Cenozoic pal-
eoenvironment of the southern ocean and several other vol-
umes are being developed. Three other volumes are currently
in production.

Proposal forms and information for contributors are available
from AGU, 2000 Florida Avenue, N.W., Washington, D.C.
20009. Catalogs of books in print are divided according to phys-
ical or biological sciences; copies of both are available from AGU.

Publication of the Antarctic Research Series has been sup-
ported by National Science Foundation grant DPP 80-19997.
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Specialized literature reviews based on
the Antarctic Bibliography

GEZA T. THURONYI

Science and Technology Division
Library of Congress

Washington, D.C. 20540

The Cold Regions Bibliography Project at the Library of Con-
gress continues to abstract and index the world's antarctic liter-
ature, providing the only bibliographic service devoted
exclusively to the Antarctic in the form of the monthly abstract-
ing journal Current Antarctic Literature and its hard-bound 18-
month cumulation, the Antarctic Bibliography. Coverage was be-
gun in 1962 and thus is well past the 20-year mark. With a
companion voume, Antarctic Bibliography 1951-1961, that was
published retrospectively (in 1970), the coverage extends to
over 30 years.

Thirty years is long enough to pursue studies of how a scien-
tific discipline or research topic developed in respect to the

interest it generated, the shifts in emphasis that occurred, the
refinement of methods used, etc.

In an attempt to indicate some ways in which such studies
could be undertaken, the topic "National Interests and Interna-
tional Cooperation" was chosen, partly because of the managea-
ble amount of literature relating to it. Such literature is grouped,
in the Antarctic Bibliography, under the heading of "Political
Geography." First, a count of items thus classified was made.
Results of the count are presented in the figure which shows the
number of books, reports, or articles published in the field of
political geography during each year from 1951 through 1982.

An examination of the figure reveals two peaks in the annual
number of items published, one in 1960, the year following the
conclusion of the Antarctic Treaty (this upsurge is attributable
mostly to anonymous notes on the Antarctic Treaty), the other
in 1977-1978, this one due to mounting concern over the exploi-
tation of mineral and other resources and to negotiations relat-
ing to the law of the sea. A slackening of interest is found during
the mid 1960's, presumably because of the stability created by
the Antarctic Treaty, until new problems began to surface in the
early 1970's.

Looking at the content of the documents, we find some de-
velopment in the preponderance of themes from year to year.

Annual number of published items, 1951-1982.
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Thus, in the early and mid 1950's discussions of national claims,
especially those of South American nations, were dominant. In
the later 1950's attention shifted to the International
Geophysical Year and the Antarctic Treaty. In the 1960's writers
were attracted to measures in furtherance of the Antarctic
Treaty: the consultative meetings, inspection, and peaceful co-
operation. The early 1970's brought broader discussions of the
political experiment based on the Antarctic Treaty, also growing
awareness of the need for regulating the use of natural re-
sources, as well as continued reporting of consultative meet-
ings, inspections, etc. During the late 1970's several major
works were published, dealing with alternate regimes for Ant-
arctica, the legal issues involved, and allocation of biological
and mineral resources. The latter themes continue to dominate
the literature of the 1980's.

This brief outline obviously cannot do justice to the variety of
topics covered in 30 years' literature, but a detailed review
would exceed the space limitations of this article. Instead, some
interest may be served by citing a few of the more significant
papers. Again because of space limitations this chronological
listing is confined (with one exception) to papers (or books)
published in 1977 or later. The Antarctic Bibliography abstract
number follows the entry in parentheses.

Schatz, G. S. (Ed.) 1974. Science, technology, and sovereignty
in the polar regions. Lexington, Mass.: D.C. Heath and Co.,
215 pp. (For abstract see Antarctic Bibliography, 8M-14533.)

Adzharov, K. A. 1977. Territorial problems in present-day inter-
national law. (In Russian.) Kubanskiy Gosudatstren nyy Un iver-
sitet, Nauchnye Trudy, No. 248, 93 pp. (11M-23328)

Auburn, F. M. 1977. Offshore oil and gas in Antarctica. German
Yearbook of International Law, Vol. 20, 173 pp. (1OM-21266)

Oerding, J. B. 1977. Frozen friction point; a geopolitical analysis of
sovereignty in the Antarctic Peninsula. Masters thesis, Univer-
sity of Florida, Gainesville, 160 pp. (9M-18361)

Theile, K. 1977. Possibilities of internationalization of Ant-
arctica. (In German.) Doctoral thesis, Saint Gallen,
Switzerland, St. Gallen University, 117 pp. (10M-20288)

Soden, D. L. 1978. Political and legal analysis: The Antarctic Treaty.
Unpublished manuscript, 90 pp. (10M-20151)

Symposium on Antarctic Resources. 1978. Proceedings. Univer-
sity of Miami Law Review, 33(2), 285-514. (1OM-21468)

Burton, S. J. 1979. New stresses on the Antarctic Treaty. Virginia
Law Review, 65(3), 421-512. (12M-25832)

Mitchell, B., and Kimball, L. 1979. Conflict over the cold con-
tinent. Foreign Policy, 35, 124-141. (I1M-23814)

Sollie, F. 1979. Trends and prospects for regimes for living and mineral
resources in the Antarctic, Lysaker, Norway: F. Nansen Founda-
tion, 20 pp. (10M-21369)

Suter, K. D. 1979. Antarctica: World law and the last wilderness.
Sidney: Friends of the Earth, 66 pp. (12M-25359)

Colson, D. A. 1980. Antarctic Treaty system The mineral issue.
Law and Policy in International Business, 12(4), 841-902.
(12M-24626)

Harry, R. L. 1981. Antarctic regime and the Law of the Sea
Convention: An Australian view. Virginia Journal of Interna-
tional Law, 21(4), 727-744. (13M-27112, Current Antarctic Lit-
erature No. 123)

Joyner, C. C. 1981. Exclusive economic zone and Antarctica.
Virginia Journal of International Law, 21(4), 691-725 (12M-26164)

Mitchell, B. 1981. Cracks in the ice. Wilson Quarterly, 5(4), 69-84.
(12M-25235)

Auburn, F. M. 1982. Antarctic law and politics. Bloomington:
Indiana University Press, 261 pp. (13M-26649, CAL No. 120)

Bush, W. M., comp. 1982. Antarctica and international law: A
collection of inter-state and national documents. (2 vols.) New
York: Oceana Publications. (13M-27736, CAL No. 127)

Quigg, P. W. 1983. A pole apart: The emerging issue of Antarctica.
New York: McGraw Hill, 299 pp. (13M-27549, CAL No. 126)

The above three approaches to assessing the literature—
quantitative appraisal, topical examination, and selection of
representative works—are offered as initial suggestions for
more complete studies to be undertaken, it is hoped, in various
fields by scholars with an interest in observing research trends
and developments.

The Antarctic Bibliography can supply the basic material for
comprehensive reviews as it continues, from year to year, to
record the world literature.
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Mapping activities in Antarctica

R. B. SOUTHARD

National Mapping Division
U.S. Geological Survey
Reston, Virginia 22092

As it has for the past quarter century, the National Mapping
Division of the U.S. Geological Survey once again fielded a
team of cartographers in Antarctica for the 1982-1983 austral
summer. Two members of the team obtained control for map-
ping and the other two relieved two division personnel who
had wintered at Amundsen-Scott South Pole Station.

The control party, working jointly with two cartographers
from the New Zealand Department of Lands and Survey, estab-
lished horizontal and vertical control that meets the require-
ments to produce 11 1:50,000-scale maps. These maps will
expand coverage to the north and south of an area of the dry
valleys already covered by eight published 1:50,000-scale maps.
The control was obtained using conventional triangulation and
electronic distance-measuring equipment and methods as well
as Navy navigation satellite tracking receivers. Sixty-nine new
stations were set using conventional methods and four pre-
viously established stations were occupied with the tracking

equipment to obtain satellite-generated positions for com-
parison purposes.

For the eleventh consecutive year, two members of the South
Pole team relieved the wintering cartographers who had been at
the station for about 1 year. The wintering cartographers had
continued to work in support of two major programs—satellite
tracking and seismology. Round-the-clock overflights of a series
of Navy navigation satellites were tracked and the data transmit-
ted to the United States for reduction and dissemination. The
seismic station at the South Pole, a vital link in the Worldwide
Standardized Seismograph Network because of its unique loca-
tion, is an extremely important source of seismic data for the
Southern Hemisphere, because it can provide essential azimuth
control for many epicenter solutions occurring in southern lati-
tudes. The team members maintained the system, interpreted
the data, and prepared it for transmittal to the United States.

New aerial photo coverage was acquired over a portion of the
dry valley area. A division photonavigator assisted the U.S.
Navy flight crews in the photo missions. This mapping-quality
photography will be used to produce 1:50,000-scale maps of the
area.

The division continued maintenance of the U.S. Antarctic
Cartographic Library. This library contains U.S. holdings of
cartographic materials including aerial film, aerial photographs,
and antarctic maps published by the U.S. Geological Survey
and other countries. The information is used extensively by
antarctic researchers and others in the scientific community.

These programs were funded by National Science Founda-
tion grant DPP 81-12853.

Antarctic support operations

ROBERT A. BECKER

ITT/Antarctic Services, Inc.
Paramus, New Jersey 07652

Field season 1982-1983 was ITT/Antarctic Services, Inc. (ANS)

third year of supplying support services to the United States
Antarctic Research Program. During 1982-1983, 222 ANS

employees deployed to Antarctica. Deployment of 286 National
Science Foundation (NSF) grantees associated with 84 research
programs was also arranged by ANS. These programs were
directly supported by ANS personnel prior to and during the
field season.

Support responsibilities included operation and mainte-
nance of facilities at Williams Field, some at McMurdo Station,
South Pole Station, and Siple Station. In the peninsula area, ANS

operated and maintained Palmer Station as well as the RIv Hero.
In addition, construction and related projects approved by the
National Science Foundation were completed at the various
sites. These efforts were coordinated through Project Head-
quarters at Paramus, New Jersey, and auxiliary offices main-

tamed at Port Hueneme, California, and Christchurch, New
Zealand. Specific support of Hero/Palmer operations was
effected through Chilean ship husbanding agencies.

McMurdo Station. Preseason activity commenced with the
arrival of WINFLY aircraft. ANS personnel reactivated facilities at
Williams Field and began annual preparations at McMurdo for
the upcoming austral summer. During the season, ANS

personnel completed 144 work orders in support of science
projects, upgraded the McMurdo laundry facility, and im-
proved the station power plant and outside distribution system,
(figure 1). A hydrographic survey to determine the best location
for the new salt-water intake line and new sewer outfall line was
undertaken. The ANS antenna team effected repairs to antennas
damaged during the 1982 winter and installed six new FM

industrial net antennas. Two functions newly assumed by ANS

this year were the operation of the station telephone exchange
and responsibility for emergency standby power generation
units. Work at Williams Field (in addition to routine snow road
and skiway maintenance, included construction of a 2.5 meter
high 50,000-square-meter berm and construction of a tempo-
rary Jamesway galley in preparation for the establishment of
Williams Field III. The Berg Field Center, Eklund Biology Cen-
ter, and NSF Chalet (the primary science support centers)
provided direct assistance to over 200 researchers.

Summer activities at McMurdo Station ended on 23 February.
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Figure 1. ITT Antarctic Services, Inc. linemen at work on the ice
runway electrical distribution system, 1982-1983 austral summer.

South Pole Station. A multiyear program to correct station
midlife deficiencies was initiated this season. Major projects
included redirection and elevation of the sewer outfall and
replacement of the existing lift pump with a masticator model;
upgrading of the balloon inflation tower and activation of the
hydrogen generator; and institution of a comprehensive site
landscaping routine. The station's electrical distribution system
received specific attention. The primary power switchgear was
cleaned and all buried distribution cables were excavated and
elevated to cable trays along the arch walls. A new feeder was
installed between the power plant and the helium arch and a
disconnect switch was installed to separate clean air facility and

aircraft ground control feeders. A structural engineering field
investigation was conducted to determine the condition of the
dome. Scheduled science support tasks were satisfactorily com-
pleted. Heavy demands were placed on station resources at
turnover and at other times during the season because of peak
population support requirements and several unexpected air-
craft mishaps.

The station closed on 9 February.
Siple Station. Inclement weather hampered operations at Siple

Station throughout the season. Heavy snow accumulation dur-
ing the 1982 winter necessitated extension and/or modification
of all arch penetrations and surface structures (figure 2). This
work was expanded in anticipation of the planned deactivation
of the station at the conclusion of the 1983-1984 summer. A
significant achievement was the timely completion of the sched-
uled dipole antenna project. A 10-person team raised the exist-
ing 21-kilometer dipole antenna and extended it to 42 kilo-
meters despite frequently unfavorable weather conditions.

Austral summer activities were concluded on 8 February.
Palmer Station. Improvements to existing laboratory space

were initiated to meet the demands of an expanding scienc
program. Other facility improvements included repair and op-
erational testing of the pressurized fire system and the erection
of a new prefabricated storage building. Future requirements
were further addressed through an on-site engineering review
and survey. A 6-meter communications tower and high-fre-
quency rotatable periodic log antenna were erected to improve
communications capabilities. Nine Palmer based biological pro-
grams were supported in addition to annual upper atmospheric
and meteorological research.

The station closed on 15 April.
Ship Operations. A changed political climate required reloca-

tion of iIv Hero's base of operations from Ushuaia, Argentina to

iIlk

Figure 2. Siple Station, 1982-1983 austral summer, showing the extended hatchways, generator exhaust, antenna turntower, and snowmelter.
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Punta Arenas, Chile. Repairs to the vessel resulted in an ex-
tended yard period to replace a damaged bow stem and keel
section. Repairs and sea trials were concluded on 16 November
and a revised cruise schedule began 27 November. Austral
summer cruises experienced minimal mechanical failures or

other unscheduled occurrences. During the season, i/v Hero
provided specialized trawling and diving support to eight bio-
logical programs.

These activities were funded by National Science Foundation
contract DPP 80-03801.

U.S. Navy Antarctic Development
Squadron Six activities, 1982-1983

MICHAEL J. HARRIS

U.S. Navy Antarctic Development Squadron Six
Point Mugu, California 93042

Deep Freeze 83 marked the 28th year of Antarctic Develop-
ment Squadron Six (VXE-6) airlift support of U.S. scientific
research projects in Antarctica.

Flight operations in support of Deep Freeze 83 commenced in
late August 1982 with the execution of Operation Winter Fly-In
(WINFLY). Three NSF LC-130 Hercules aircraft, along with a
contingent of flight crew and squadron support personnel,
departed Point Mugu, California, on 18 August for
Christchurch, New Zealand. The first of seven 18-hour turn-
around flights to McMurdo Station was launched on August 24.
A total of 204 passengers and 81,363 pounds of cargo were
delivered to the Williams Field skiway during the austral winter
twilight. In 4 days the LC-130 crews logged 108.6 flight hours
completing WINFLY 83 operations. By 30 August, all three aircraft
had returned to Point Mugu.

The Deep Freeze 83 summer support season began for VXE-6
on 10 October when UH-1N Huey helicopter crews began rein-
doctrination flights at McMurdo Station. The helicopter flight
crewmen and support personnel arrived prior to the LC-130
deployment by Air Force C-141 airlift to the ice runway. On 12
October, three LC-130s departed Point Mugu for Christchurch
with three more Hercules departing Point Mugu on the follow-
ing day, bringing the number of deployed squadron aircraft to
six LC-130s and seven UH-lNs. After reoutfitting flight crews
and reestablishing its detachment at Christchurch, VXE-6 com-
mand was shifted to McMurdo Station on 19 October with the
arrival of all six LC-130s to the Williams Field ice runway.

UH-IN science missions began on 19 October with the Lake
Hoare party "put-in." LC-130 ice runway training flights and
crew survival training commenced on 20 October. While LC-130
skiway and open field training was underway, a UH-1N crew
helped New Zealand personnel reopen the Lake Vanda Station.
The first operational flight by LC-130 was on 26 October with the
Byrd Surface Camp Station reconnaissance and fuel sampling.
Byrd was reopened the following day by another LC-130 crew.

Siple Station winter-over personnel greeted the first relief
crews on 5 November. On 6 November, Captain Brian Shoe-
maker, Commander, Naval Support Force Antarctica, accom-
panied Commander Michael J . Harris, Commanding Officer,
Antarctic Development Squadron Six, and David Bresnahan,

NSF Representative Antarctica, on the in].tial South Pole Station
flight of Deep Freeze 83 on XD-03. On landing, XD-03 sheared
the nose landing gear strut on the snow-covered skiway and
remained at South Pole Station for 16 days. A VXE-6 mainte-
nance detachment was sent to South Pole Station to repair XD-
03. Their LC-130 was used to retrieve passengers intending to
depart on XD-03. On 17 November, while XD-03 was being
repaired, the nose landing gear on XD-07 collapsed on touch-
down at South Pole Station. After pinning the landing gear
down, XD-07 was returned to McMurdo Station that same day.
Ultimate impact on the squadron mission was negligible, since
enough aircraft were available to absorb mission requirements
over the ensuing 2 weeks during which XD-03 was grounded.
The additional maintenance personnel housed at South Pole
Station did constitute an increased burden on station facilities
and stores, but the accommodation offered by South Pole Sta-
tion personnel was exceptional.

Weather conditions were best described as typical for an
austral summer. Because it was taken into account in preseason
planning, the weather proved to be a neutral factor in the
squadron's effort to complete its mission. Two helicopter crews
were left stranded away from McMurdo overnight by low vis-
ibility during the first week of November. On 8 November, a
LC-130 on a Siple flight diverted to South Pole Station rather
than refuel at Byrd where low cloud layers and visibility made
approach and landing hazardous. An inoperative fuel pump
forced the crew to remain at South Pole Station overnight until
maintenance personnel were flown in by another LC-130.

One LC-130 was dispatched on 7 November to transport a
heart attack victim to Christchurch. Over the Deep Freeze sea-
son, 23 patients were flown from McMurdo to Christchurch.
The squadron's medical evacuation (MEDEVAC) capability was
substantially improved this year with the acquisition of a sur-
plus Air Force Special Airborne Medical Care Unit. Intraconti-
nental flights included the UH-1N transport of a researcher
with an acute case of pneumonia from the Mount Erebus sum-
mit to McMurdo.

Assistant Secretary of the Navy, Melvin R. Paisley, was flown
to South Pole Station for a tour on 8 November. He was given a
helicopter tour of the dry valleys the following day. Com-
mander U.S. Naval Third Fleet, Vice Admiral W. P. Lawrence
arrived one day after Mr. Paisley's departure on 13 November.
He was given the same tours of the South Pole and dry valleys.
Distinguished visitor tours proved substantial throughout de-
ployment. The news media used NSF aircraft during the first 2
weeks of December. Representatives from five U.S. newspapers
were housed overnight at Lake Hoare on 3 December, when
weather prevented their return to McMurdo by UH-1N. Hugh
Downs and his ABC "20/20" news team were photographing
USARP operations while Prince Edward of Great Britain visited
the New Zealand station at Scott Base.
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Of particular note this season was the large number of science
party and open field "put-ins" conducted by LC-130. The first
LC-130 open field "put-in" of the K-2 Project at Browning Pass on
13 November coincided with the S-060 party arrival at Mills
Valley. The S-060 party "pull-out" presented complications. Un-
favorable snow conditions, along with ice fog, hampered this
northern Victoria Land "pull-out" on December 20. After 3
hours on deck at Mills Valley, where numerous unsuccessful
takeoff runs were made, including one jet-assisted takeoff (JATO)
attempt, the aircraft commander elected to use a downhill grade
along with a second JATO firing to become airborne. Damage to
the aircraft which occurred during the northern Victoria Land
"pull-out" necessitated the aircraft's return to Christchurch for
repairs. Following the S-058, Theil Mountain "put-in," a LC-130
made a three-engine return to McMurdo Station with an en-
gine-driven generator failure.

Not all LC-130 open field work was so eventful—the S-063
project, a joint U.S. Antarctic Research Program and British
Antarctic Survey program to establish fuel caches at Mount
Smart, Ellsworth Mountains, and Martin Hills went smoothy as
did the S-059 Szabo Bluff Radioactivity Survey and the air sam-
pling for S-282.

All UH-1N science missions, totalling 788.7 hours, were com-
pleted without major difficulty. Over 40 percent of the season's

helicopter tasking was flown during December. The Helicopter
Division during Deep Freeze 83 flew over 1,348.6 hours.

Final closeout of McMurdo Station was on February 23. Dur-
ing the season, the squadron LC-130 and UH-IN aircraft flew
4,976.3 of 5,618.5 allotted hours, transported 3,599,605 pounds
of cargo, 251,416 gallons of DFA (fuel), 182,265 gallons of jr
(aircraft fuel), and 4,716 passengers.

On return to Point Mugu, XD-05 made an emergency ski
down landing at Naval Air Station, Barbers Point, Hawaii. A
hydraulic line failure was repaired allowing XD-05 to arrive
within hours of the main body on February 25. XD-03, which
had remained behind in Christchurch for replacement of its
nose landing gear, returned to Point Mugu on February 26 to
officially close Deep Freeze 83.

Despite component failures, weather delays, and communi-
cations blackouts, VXE-6 was able to complete its assigned
mission on schedule and under budget. Numerous commenda-
tions have been given Antarctic Development Squadron Six
following completion of this highly successful season, includ-
ing nomination for the U.S. Navy's Meritorious Unit Commen-
dation and the selection as recipient of the Chief of Naval Oper-
ations Aviation Safety Award and a citation from the National
Science Foundation.

Antarctic automatic weather stations
as forecasting aids

DAVID A. FLEMING

U.S. Naval Support Force, Antarctica
Port Hueneme, California 93043

Meteorological support of flight operations is probably more
crucial within Antarctica than in any other region of the world.
The flight path from Christchurch, New Zealand, to McMurdo
Station, Antarctica, (the most direct route and the only route
used by the United States Antarctic Research Program) is
unique because there are no alternate landing sights available
for an aircraft once the point of safe return to New Zealand has
been passed. Therefore, the 24-hour forecast issued for the ice
runway or Williams Field complex (the Antarctic landing sight)
by the Naval Support Force Antarctica Forecast Duty Officer is
the determining factor in a "go" or "no-go" situation for the
pilot. For the U.S. ski-equipped LC-130 aircraft a "whiteout"
(total loss of surface and horizon definition due to either falling
snow, blowing snow, or fog) at the skiway is not as serious as it is
for the wheeled aircraft of the U.S. Air Force or New Zealand
Air Force. The LC-130 aircraft have the capability of landing on
the open ungroomed ice shelf, while the U.S. and New Zealand
Air Force are restricted to the prepared ice runway.

The lack of surface and upper-air weather data in the Ant-
arctic is well-known in the scientific community. The closest

regularly reporting weather stations around McMurdo are
South Pole (1,171.6 kilometers), Leningradskaya (857.8 kilo-
meters) and Vostok (1,110.4 kilometers). This data "grid" is so
inadequate that it is not even sufficient for a decent large-scale
analysis much less the small-scale analysis necessary for local
forecasting in the Ross Island region. The antarctic automatic
weather stations have filled a portion of the data void in this
region well, at least in the meso-scale around Ross Island.

The benefit of the stations with respect to forecasting wind
speed and direction is obvious. Because all strong wind events
for the Ross Island region come, often abruptly, from the south,
a close look at the stations to the south and southeast can often
give a 3- to 6-hour or more "heads-up" of approaching strong
winds.

The most difficult weather event to forecast, however, for
Williams Field and the ice runway and one that can often lead to
below minimum runway conditions for the aircraft, especially
during the latter part of the austral summer operating season, is
fog. Unfortunately, satellite imagery is of minimal assistance
because the fog, without precipitation, is primarily caused by
radiational cooling and moisture advection (moisture not in the
visible condensed state). A close look at the dense fog occur-
rences during the period from 1 November 1982 to 31 January
1983 revealed a strong correlation between a wind from the
southeast quadrant (090 to 170T) at Ferrel Station (8907) and
dense fog at Williams Field. The mean flow pattern for the
region around Ross Island can be inferred from the figure. This
flow pattern is relatively stable and results in a no-fog situation.
Any deviation from this flow signals a change in the dynamic
state of the atmosphere, especially in the low-level. The period
from 1 November 1982 to 31 January 1983 seems to indicate that
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Location of automatic weather stations around Ross Island and
their mean wind direction. (From Antarctic Automatic Weather Sta-
tion Data Archiving Center at the Department of Meteorology, Uni-
versity of Wisconsin, MadiOlology, Uni-
versity of Wisconsin, Madison, Wisconsin.)

moisture advection into the Williams Field region occurs when
the surface flow backs into the southeast quadrant in the region
of station 8907.
• on 17 December 1982 the wind at station 8907 backed to

southeast at 0600 Greenwich mean time (GMT) (Z) and per-
sisted until 18Z when the wind returned to the normal south-
erly direction. Dense fog developed at Williams Field at 14Z (8
hours after the southeast windshift at 8907) and persisted
until 21Z.

• On 21 December 1982 the wind at station 8907 backed to
southeast at 15Z and persisted until OOZ. Dense fog de-
veloped at Williams Field at 1730Z (21/2 hours after the south-
east windshift at 8907) and persisted until 2015Z. Patchy fog
persisted until OOZ.

• On 29 December 1982 the wind at station 8907 backed to east-
southeast at 15Z and persisted until 03Z the next day. Dense
fog developed at Williams Field at 2010Z (5 hours after south-
east windshift at 8907) and persisted until 2245Z, but patchy
fog persisted until 05Z the next day.

• On 2 January 1983 the wind at station 8907 backed to south-
east at 03Z and persisted until 1530Z. Dense fog developed at
Williams Field at 19Z and persisted until 2030Z. Distant fog
persisted until 06Z the next day.

• On 22 January there was southeast wind at 8907 from OOZ to
06Z. Dense fog at Williams Field for brief period around
0515Z. Patchy and distant fog persisted from 03 to 07Z. (Fog
might have been dense for longer period had it not occurred
during the warmest part of the day.)

• On 27 and 29 January dense fog occurred at Williams Field
with a southeast wind at 8907.

• On 30 November 1982 the wind at station 8907 shifted to
southeast at 09Z and persisted until 03Z the next day. No fog
developed at Williams Field. Two possible explanations for
this may be (1) the strength of the wind during this period
was slightly less than the previous cases and (2) there also
may not have been sufficient moisture available to the east
during this period. (Moisture sensors for the automatic
weather stations are planned for installation during the next
two Deep Freeze seasons.)

• On 19 December 1982 dense fog developed at. the Williams
Field complex while the wind at station 8907 did not shift to
the southeast quadrant. Fog during this period developed
with marked warming at Williams Field whereas in the pre-
vious positive cases fog occurred with marked radiation cool-
ing. Although data from Laurie Station (8910) was not avail-
able for this period, Whitlock Station (8913) reported north to
northeast winds prior to and during this fog period. Appar-
ently moisture was advected from the warm and moist open
water to the north. (Laurie Station, just east of Cape Crozier,
was returned to normal operation in January of 1983 and will
undoubtedly provide useful data for observing moisture ad-
vection from the north for the next operating season.)

• On 13 January there was a southeast wind at 8907 between 03
and 06Z. No fog developed at Williams Field, probably be-
cause the wind came at the warmest period of day. (It appears
that southeast wind must occur and persist into the early
"evening" hours in order for fog to develop.)

• On 20 January there was a southeast wind at 8907 between
15Z and 03Z the next day. No fog developed at Williams Field,
probably because wind speed was les than 4 knots
throughout period.
What supports the strong correlation between the southeast

winds at 8907 and fog development at Williams Field even more
is that in no other period, other than the ones previously men-
tioned, did fog without precipitation occur. There also appears
to be a good correlation between the onset of snow during the
other times when the wind at 8907 backed southeast. There
were no incidences where the wind at 8907 was southeast (great-
er than 4 knots) without either fog or snow sometime during or
after the southeast wind shift at 8907.

Therefore, with the exception of a few brief and anomalous
periods between 1 November 1982 and 31 January 1983 there
appears to be an apparent strong correlation between a wind
within the southeast quadrant at station 8907 and the develop-
ment of fog at Williams Field. Fog often occurs 3 to 8 hours (or
more) after the wind shift. The expertise of the duty mete-
orologist combined with a correlation factor such as this will
lead to better forecasting skill with respect to fog and even
precipitation during future Deep Freeze deployment seasons.

The antarctic automatic weather station program is supported
by National Science Foundation grant DPP 79-25040 under the
supervision of Charles Stearns, Department of Meteorology,
University of Wisconsin, Madison, Wisconsin 53706.
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Ship operations, 1982-1983

TIMOTHY G. MCKINNA

U.S. Naval Support Force, Antarctica
Port Hueneme, California 93043

Two icebreakers operated in the Antarctic this season in sup-
port of the U.S. Antarctic Research Program. USCGC Polar Star
from Seattle, Washington, and USCGC Glacier from Long Beach,
California, were assigned to support Deep Freeze 83. The dry
cargo ship USNS Southern Cross and the tankship USNS Maumee
provided the resupply support. There was no ice damage to
vessels during this operating season nor were there any search-
and-rescue incidents. Ship schedules were made based on Polar
Star breaking the channel with Glacier nearby to assist if neces-
sary and to support science activities in McMurdo Sound and
Ross Sea. The schedules allowed for maximum utilization of
ship time for science support while escorting supply ships
safely in and out of McMurdo Sound. Polar Star embarked
National Science Foundation and ITT/Antarctic Services, Inc.
personnel for passage to Palmer Station while in Valparaiso,
Chile and also carried dry cargo and fuel for Palmer Station
arriving on 24 December 1982. Passengers and cargo were dis-
charged and the next stop was McMurdo Station. The channel
break in was accomplished in a timely fashion, Maumee was
escorted into Winter Quarters Bay, and Polar Star fueled and
made ready for circumnavigation of Antarctica. This voyage was
a first for a United States icebreaker although Glacier went west
from McMurdo Station to Palmer Station in 1955 on her maiden
voyage as Admiral Byrd's flagship, missing only the small seg-
ment from Palmer to McMurdo.

During the circumnavigation, Polar Star visited 14 foreign
scientific stations and supported a multidisciplinary scientific
team.

Glacier remained in the Ross Sea area conducting four sepa-
rate scientific cruises. During this period, the science cruises
had to be interrupted for short periods of time to allow Glacier to
escort the Maumee out of Winter Quarters Bay and the Southern
Cross into Winter Quarters Bay two times, the last one on 19
February 1983. On final departure from McMurdo, Glacier
towed the ice wharf to sea for disposal and headed for Well-
ington, New Zealand via Campbell Island.

Fast ice conditions during Deep Freeze 1983 shipping season
were essentially the same as those encountered in the past
several seasons. Pack ice in the Ross Sea was very light. As the

season progressed, the annual ice broke away quickly and
open-water conditions prevailed in McMurdo Sound up to the
permanent ice shelf, allowing easy movement of vessels.

USNS Maumee loaded petroleum products in mid-December
in Greece and navigated directly to the Antarctic arriving at
McMurdo under escort of Polar Star on 20 January 1983. It took 4
days for Maumee to discharge all the cargo to tanks ashore;
Glacier escorted her to sea 24 January.

USNS Southern Cross commenced loading cargo in Port
Hueneme, California on 3 January 1983. She departed on 8
January and sailed directly to McMurdo arriving on 27 January.
This was the first time any vessel navigated from the U.S. to
McMurdo nonstop. Unique cargo demands made this voyage
necessary; time was critical because of the need to make two
trips to McMurdo prior to the end of February. Southern Cross
departed McMurdo with Glacier's assistance on 3 February and
made a 5-day transit to Port Lyttleton, New Zealand. Despite
poor weather conditions and mechanical failures in cargo hand-
ling gear, the ship was able to offload retrograde cargo, hackload
McMurdo cargo, and take on fuel in 48 hours. She again transit-
ted the seas between New Zealand and McMurdo in 5 days
arriving on 15 February. It took 4 days to offload cargo and load
retrograde cargo; departure was on 19 February 1983.

The ice wharf was a source of constant concern this year. It
had been used for three seasons and the cracks had never
healed" properly. The first offload was accomplished on a

rather large portion of the wharf, but it caused major cracks to
re-open. Prior to the second offload, the Glacier assisted shore
workers in moving some large sections of the broken wharf to
sea, leaving a relatively small, but solid portion of the wharf to
work. This slowed the work but made it slightly safer; one truck
and trailer did crack through the ice at the edge where there was
severe undercutting. The vehicle was retrieved, but major
damage resulted; fortunately only minor injuries were sus-
tained by two men. The remaining portion of the ice wharf was
towed to sea by Glacier the afternoon of 19 February and a new
wharf is to be constructed during the winter months.

Two passenger vessels, the motor vessel Lindblad Explorer and
the motor vessel World Discoverer visited McMurdo on 8 and 9
February. Both vessels anchored in Winter Quarters Bay and
sent passengers ashore in small boats. In addition, two Russian
research vessels, the Admiral Vladimirski and the Yunony cruised
into McMurdo Sound without stopping.

The cargo ship operations were supported by National Sci-
ence Foundation Interagency agreement CA-165. Icebreaker op-
erations were supported by National Science Foundation agree-
ment with the U.S. Coast Guard. Commander Tim McKinna,
USCG is the Coast Guard Liaison Officer and Ship Operations
Officer with U.S. Naval Support Force, Antarctica.
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NSFA's homeport representative,
Port Hueneme 1982-1983

FRANK A. DADDARIO

U.S. Naval Support Force, Antarctica
Port Hueneme, California 93043

As in years past, the Naval Support Force, Antarctica's home-
port representative at Port Hueneme, California, was responsi-
ble for moving passengers and cargo to the Antarctic and South
America in a timely manner. This summer support season, the
homeport period was from 4 October 1982 to 5 March 1983.

The homeport detachment consisted of a terminal operations
movement center and supply, medical, communications, and
personnel departments for a total of 13 personnel.

Cargo operations centered around three major evolutions:
Special Assignment Airlift Missions (SAAM), kilo shipments,
and the annual resupply vessel.

This year two SAAM missions were loaded at Point Mugu,
California. Each mission moved 12 passengers and over 58,000
pounds of cargo to Christchurch, New Zealand.

Kilo shipments were moved to Christchurch from Port
Hueneme via Military Airlift Command channels or shipped in
containers on commercial vessels.

The annual resupply vessel, the USNS Southern Cross, was
loaded at Port Hueneme with a total of 2,132 long tons and 7,661
measurement tons of cargo 3-8 January. Additionally 48 con-
tainer loads were sent to Christchurch, for the Southern Cross'
second shuttle to McMurdo Station.

Passenger movement to Christchurch via commercial air-
lines, totaled 1,353 military and civilian personnel, while 79
personnel were moved to South America.

The return of personnel to the United States began in mid-
January and was successfully concluded in March.

Detachment Christchurch
1982-1983

DANIEL J. GUZMAN

U.S. Naval Support Force, Antarctica
Detachment Christchurch

Christchurch, New Zealand

U.S. Naval Support Force, Antarctica Detachment
Christchurch, is a vital link in the logistical chain between the
United States and McMurdo Station in support of the U.S.
Antarctic Research Program. Base facilities are located on 86
acres of property adjacent to the Christchurch International
Airport. Approximately 47 permanent U.S. Navy personnel
and 25 U.S. and New Zealand civilians operate the base under
the command of Commander W. A. Jones. The Detachment

processes supplies and passengers bound for Antarctica and
maintains the complex of 81 buildings that house, feed, and
otherwise support transient personnel on their way to and from
Antarctica.

Organizational departments constituting the Detachment in-
clude Administration, Communications, Air, Supply, Transpor-
tation, Public Works, and Medical. A tenant command at De-
tachment Christchurch is the U.S. Air Force's 619 Military Airlift
Support Squadron, Operating Location Delta. The National Sci-
ence Foundation also maintains (under contract) a small force of
personnel and a cold weather clothing warehouse at the base.

During the austral summer season, the Detachment is aug-
mented by personnel from Naval Support Force, Antarctica,
Antarctic Development Squadron Six, the Royal New Zealand
Air Force, and the New Zealand Army.

During a normal operating season, Detachment Christchurch
handles over 200,000 recorded messages, about 1,000 high-
frequency voice conferences, and some 300,000 pounds of mail
and issues cold weather clothing to approximately 1,300 person-
nel for use in Antarctica.
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Antarctic research opportunities

U.S. scientists are invited to request National Science Foun-
dation funds and logistics for the support of research projects as
a part of the United States Antarctic Research Program. This
program fosters research on worldwide and regional problems
of current scientific importance and seeks to expand fundamen -
tal knowledge of the region. The National Science Foundation
will provide financing and logistics. Proposals must be received
by 1 June of the year before the research is to begin, that is
proposals received by 1 June 1985 will be considered for imple-
mentation in the 1986-1987 austral summer. Research is con-
ducted primarily in biological and medical sciences, ocean sci-
ences, earth sciences, glaciology, and atmospheric sciences
(meteorology, upper atmosphere physics, and solar
astronomy).

Submitting proposals

Investigators wishing to perform antarctic research must ob-
tain a proposal preparation kit. The kit, available from the Polar
Information Program, Division of Polar Programs, National Sci-
ence Foundation, Washington, D.C. 20550, contains the NSF
publication Grants for Scientific and Engineering Research (NSF
83-67), forms for a project summary and proposal budget,
forms and checklists for the budget, logistics and support re-
quirements, and the Antarctic Conservation Act booklet and
permit request.

Investigators generally are associated with universities and,
to a lesser extent, with federal agencies and other organizations
and may propose to perform research and analysis individually,
in small teams, or in large interdisciplinary groups. Those sci-
entists requiring only operational support, but no direct fund-
ing, still are obliged to submit a formal proposal so that their
logistics and needs can be evaluated in competition with the
needs of others.

Proposals, with project descriptions no longer than 15 single-
spaced pages, are usually submitted by the scientist's employ-
ing organization. Questions about specific research programs
should be directed to the program manager of that scientific
discipline at the Division of Polar Programs (202/357-7894).
Graduate students are not encouraged to initiate proposals but
may participate as assistants to principal investigators holding
research grants. U.S. universities and colleges submit most of
the successful proposals; nonprofit, nonacademic research and
private profit-seeking organizations occasionally receive
awards. Under special circumstances, unaffiliated U.S. scien-
tists or scientists employed by other Federal agencies may be
eligible for support.

As a signatory to the Antarctic Treaty, the United States en-
courages international cooperation in Antarctica to more effec-
tively accomplish both science projects and logistics. Some ex-
amples are exchanges of personnel among stations, cooperative
planning and execution of large-scale projects such as deep rock
core drilling and glaciological exploration, and the exchange or
shared use of logistics assets such as ships and aircraft. The

United States has pursued cooperative projects with every one
of the 16 Antarctic Treaty consultative nation.

Special considerations

Because antarctic research is expeditionary, operational and
logistics planning receives great emphasis and must be consid-
ered from the beginning. During proposal preparation, contact
with the Operations Section of the Division of Polar Programs
(202/357-7808) may be helpful in defining logistics operational
requirements.

Through a Foundation contractor and by arrangement with
the Department of Defense, grantees are provided certain serv-
ices and items of equipment without cost to their grants;
however, scientific equipment provided by the contractor now
must be budgeted for and defended in the proposal even if it
will be provided by the support contractor.

Any U.S. investigator contemplating antarctic research
should become familiar with the provisions of the Antarctic
Conservation Act of 1978 (Public Law 95-541). The act provides
for conservation and protection of native mammals, birds, and
some plants and the ecosystems of which they are a part. Under
the provisions of the act it is unlawful, unless authorized by
permit, to take native mammals or birds, to introduce species,
to enter certain special areas, or to discharge pollutants. Vio-
lators of the act are subject to fines (up to $10,000) and/or 1-year
imprisonment.

Specimens for research

The Foundation's Division of Polar Programs supports collec-
tion and analysis of polar ice, sediment, rock cores, and mete-
orite samples and of biological samples. These specimens are
available to a qualified investigator for study if approved by the
Foundation's Division of Polar Programs.

The State University of New York at Buffalo stores and curates
ice cores from Antarctica and Greenland. Florida State Univer-
sity in Tallahassee, Florida, stores and curates sediment and
rock cores. The Smithsonian Oceanographic Sorting Center
stores, sorts, and curates biological specimens. The Division of
Polar Programs funds operation of these facilities.

Since 1978 NSF, the Johnson Space Center of the National
Aeronautics and Space Administration, and the Smithsonian
Institution have cooperated in the collection, curation, storage,
and distribution of antarctic meteorites. NSF supports mete-
orite collections as a part of the U.S. Antarctic Research Pro-
gram and oversees subsequent allocations for antarctic mete-
orite samples to qualified scientists in many countries. The
Johnson Space Center and Smithsonian Institution curate, doc-
ument, and complete examinations before the Foundation au-
thorizes distributing samples to researchers. Investigators in-
terested in studying meteorite samples should submit their
requests to the Secretary of the Meteorite Working Group,
NASA, Johnson Space Center, Houston, Texas 77058.
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Information about these collections may be obtained from the
Division's Polar Information Program.

Antarctic information sources

The National Academy of Sciences published in 1983 a 48-
page report, Research em phases for the U.S. Antarctic Program, that
reviews trends in and status of U.S. antarctic research. The
report identifies important scientific questions, recommends
priorities among these questions as a guide to program plan-
ning, and suggests specific large and small research projects. It
is available in limited quantities from the Academy's Polar Re-
search Board, 2101 Constitution Avenue, NW., Washington,
D. C. 20418.

The Polar Research Board has a series of pamphlets giving
recommendations for several scientific disciplines. For further
information, contact the Polar Research Board.

An article by A.L. Washburn, former chairman of the Polar
Research Board, National Academy of Sciences, reviews a few
of the scientific challenges of polar research ("Focus on polar
research," Science, 8 August 1980, pp. 643-652).

Reviews of scientific activities are presented in Research in the
Antarctic (L.O. Quam, ed., 1971) and in Polar Research: To the
Present, and the Future (MA. McWhinnie, ed., 1978), both pub-
lished by the American Association for the Advancement of
Science, Washington, D.C. A survey of scientific and political
concerns appears in Frozen Future: A Prophetic Report from Ant-
arctica (Richard S. Lewis and Philip M. Smith, eds., 1973; New
York, Quadrangle Books). A review of some polar research
appeared in the Foundation's magazine Mosaic, September/Oc-
tober 1978 issue.

A synthesis of physical and biological knowledge is available
as the Antarctic Map Folio Series, published by the American
Geographical Society between 1964 and 1975. Although some of

the folios are out of print, those that remain can be purchased
from the Smithsonian Oceanographic Sorting Center, Wash-
ington, D.C. 20560. A list of available folios with prices can be
obtained from the Division of Polar Program's Polar Information
Program.

Maps at 1:250,000, 1:500,000, and other scales are available
from the U.S. Geological Survey. One-sheet maps of the whole
continent are available from the National Geographic Society
(Washington, D.C. 202/296-7500) and the Department of Fish-
eries and Oceans (P.O. Box 8080, Ottawa, Ontario, Canada K1 
3H6).

In 1983 Scott Polar Research Institute (Lensfield Road,
Cambridge CB2 1ER, England) published the first nine sections
of a new glaciological and geophysical folio, Antarctica:
Glaciological and geophysical folio; the remaining sheets are in
production. Much of the data for the folio was collected in
cooperation with the Technical University of Denmark, the U.S.
Geological Survey, and the Johns Hopkins University. The Na-
tional Science Foundation and the U.K. Natural Environment
Research Council supported the project. Orders for the folio
should be directed to Scott Polar Institute.

An ongoing Library of Congress Antarctic Bibliography project
covers the world antarctic literature since 1951. Thirteen vol-
umes citing 31,225 titles have been published to date by the
Government Printing Office; a monthly listing of abstracts (Cur-
rent Antarctic Literature) is available free to libraries and working
investigators. A Navy Antarctic Bibliography lists publications
that appeared from earliest times to 1951; it is available as a
hardbound reprint from Greenwood Press, 88 Post Road West,
P.O. Box 5007, Westport, Connecticut 06881; telephone,
203/226-3571.

For further information on these resources contact the Polar
Information Program, Division of Polar Programs, National Sci-
ence Foundation, Washington, D.C. 20550.

* U.S. GOVERNMENT PRINTING OFFICE: 1984-445-932

Back cover. Three miles from McMurdo Station the U.S. Coast Guard icebreaker Polar Star opens a channel in McMurdo Sound sea Ice In
January 1982. During the 1982-1983 austral summer, Polar Star circumnavigated Antarctica while transporting a four-person U.S. State
Department team to observe antarctic stations of other nations. Also participating in the cruise were five groups of scientists who collected
data on marine microorganisms, the ocean's physical characteristics, and distribution of whale, seals, and birds. (U.S. Navy photo by Dana
Babin)
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