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Figure 2. Bird densities (Birds/Km2) along a transect northeast of King George island, running from deep water across the continental slope into
shelf water. ("Km2" denotes square kilometer; "fms" denotes fathoms.)

increase in bird numbers involved a very large (more than
2,500) flock of cape pigeons (Daption capensis) which were ac-
tively feeding. The items we saw several birds catch looked like
krill. Our data from expendable bathythermograph casts on that
transect suggest that an anomalous body of warm (3.0°-4.0°C)
water was upwelling to the surface immediately over the steep-
est portion of the continental slope and under the area where
the cape pigeons were feeding.

Off northeastern Argentina on 17 March 1984, the Polar Sea
set a course which transected the front between the cold (11°C)
Falkland current and the warmer (22°C) shelf water (figure 3). In
the immediate vicinity of this interface, we saw 400 or more
long-tailed j aegers (Stercorarius longicaudus). These observations
tend to substantiate our hypotheses (Hunt and Veit 1983) that
long-tailed jaegers winter in substantial numbers in this area,
and secondly, that the jaegers are especially attracted to the
vicinity of this front. Our use this year of the ship's infrared
satellite imagery helped to clarify that the massive con-
centrations of birds which have previously been reported in this
area (e.g. Brown 1980) are there because of upwelling associated
with the western boundary of the Falkland current.

These findings support quantitatively a concept which has
been known in a qualitative sense since at least the early part of
this century (Murphy 1936), in that large numbers of birds (as
well as fish and mammals) have been found in the vicinity of
continental slopes. Through our studies, we hope to show
under which conditions birds are attracted to shelf-break fronts,
and ultimately, why they are attracted to such areas. Our most
important research goal now is to determine how the birds'
prey items are affected by the oceanographic patterns which we
presume to be influencing the birds. We plan to accomplish this

Figure 3. Major surface currents off Argentina. Derived from infrared
satellite imagery, 16 March 1984, obtain from USCGC Polar Sea.
("Km" denotes kilometer.)
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by sampling plankton communities along the transects during
which we count birds.

On this season's cruise, we also had the unusual opportunity
to study the ornithology of the largely unexplored coastal wa-
ters between the Edward VII Peninsula and Mount Siple (73°S
123°W) between 16 February and 9 March 1984. The seas in that
sector were heavily ice covered but, in the western sectors,
supported large numbers of molting Adélie and emperor
penguins. These observations concur with our findings of last
year, when in the Weddell Sea, we observed large numbers of
molting Adélie penguins during the period 24-28 February
1983. The glaciologists (C. Denton) and vulcanologists (W.
LeMausurier) working ashore at Mount Siple reported nesting
colonies of Adélie penguins and south polar skuas (Cat haracta

maccormicki). They estimated that 3,000 pairs of Adélies bred
there but saw no young. Several fledging skuas were seen and
the colony there may have contained on the order of 100-500
birds.

This work was supported by National Science Foundation
grant DPP 82-06052, G.L. Hunt, Jr., principal investigator. We
would like to thank the officers and crew of the USCGC Polar Sea

for their skillful assistance.
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Population studies of the south polar
skua

D. C. AINLEY, C. A. RIBIc, and R. C. WOOD

Point Reyes Bird Observatory
Stinson Beach, California 94970

Most of what is known about seabirds concerns their social
behavior and breeding biology, in other words, that part of their
natural history leading through the fledging of young. Unfor-
tunately, we know little about population biology; information
about adult survivorship, mortality, and longevity could put
available data on breeding productivity in perspective. Both
types of data are needed to construct a species' life table and
both are needed to understand changes in population size, but
demographic data are much more difficult to collect than data
on productivity, primarily because gathering demographic data
requires a tremendous investment of time (and money).

We studied the population biology of the south polar skua
Catharacta maccormicki at Cape Crozier, Ross Island. The project
began in the 1961-1962 season, the first of nine consecutive
seasons that R.C. Wood banded all chicks which hatched and
survived to at least 2 weeks of age. When these birds returned as
subadults and adults in following years, their presence and
breeding behavior were recorded. Using these data, we can
analyze demographic characteristics for birds up to 8 years of
age.

The project was discontinued after 1970-1971 except for 2
years of censuses made by S.H. Morrell and D.C. Ainley in
1974-1975 and 1975-1976 (birds 5-14 years old). Then in the
1980-1981 summer season we began a 4-year effort to collect
data on older birds (11-22 years old).

During the past four seasons, 1981-1982 to 1983-1984, we
returned to Cape Crozier for 3-week periods and again cen-
sused known-age skuas and determined their breeding status.

Results from one year to the next within these four, indicate an
annual survivorship close to 99 percent in oldest birds, which
compares to an average 94 percent over an earlier 4-year-period
for breeding skuas of unknown ages but certainly including
younger birds (Wood 1971). The high survivorship among
oldest skuas is among the highest ever measured in birds. It
contrasts, or balances, this species' unusually poor reproduc-
tive performance at Crozier. We have also found that skuas are
extremely faithful to their mates; in many cases, pairs have been
together for decades, even staying together while moving their
nesting territory appreciable distances. A by-product of our
observations was the discovery that one can determine the sex
of south polar skuas by comparing the relative size and color of
mated pairs: females are larger and lighter in color. This discov-
ery will allow us to separate our demographic analyses by sex, a
rare opportunity in the already rare demographic studies which
are almost always monomorphic.

During the last three seasons, we also successfully surveyed
all skua nesting areas elsewhere on Ross Island and on the
Victoria Land coast from Cape Chocolate (southern McMurdo
Sound) to Cape Adare. This was done from a helicopter and on
board an ice breaker. To calculate emigration rates for the
Crozier population, we were looking for skuas that had hatched
and been banded at Cape Crozier, but which had moved to new
sites to breed. These rates are critical for adjusting the demo-
graphic parameters of the Crozier-breeding population. We
found only four Crozier birds, all from the two largest year
classes, which indicates very low emigration rates for this popu-
lation. Interestingly, in the course of our searches, we found
about a dozen breeding skuas that had been banded as chicks by
the French at Pointe Ceologie. Why so many birds (relatively
speaking) apparently moved from that region to the Ross Sea
region is not known.

Using survey data, we have also been able to approximate a
total Ross Sea population for the south polar skua. This is the
first region-wide census of an antarctic seabird, other than
penguins. Although we are still compiling results, it appears
that about 3,900 breeding pairs exist in the region. It also ap-
pears that skuas nest on virtually every piece of flat, exposed
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coastal land in the Ross Sea region and not necessarily where
penguins also nest, as might be expected.

During the past 2 years, we have computerized all data
gathered on the Crozier population since 1961, and we will
begin analysis of that data soon. When completed, the project
will be one of the few that consider the demography of a long-
lived seabird. This unique set of data will be useful in under-
standing the factors that regulate populations of higher verte-
brates. Even at this early stage of analysis, however, it already
appears that the skuas of Cape Crozier may be somewhat un-
usual among vertebrates in that factors unrelated to density
seem to be of paramount importance to the regulation of their
population.

During the four final field seasons, Phil Henderson, Steve
Morrell, Susan Sanders, Judy Sherburne, and Larry Spear
provided helpful assistance in the field. Their help, and that
provided by personnel of ITT Antarctic Services, VXE-6, and
USCGC Glacier is much appreciated. This project was funded by
National Science Foundation grant DPP 79-20796.
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Terrestrial biology

Antarctic cryptoendolithic microbial
ecosystem research during the

1983-1984 austral summer

E. I. FRIEDMANN

Department of Biological Science
Florida State University

Tallahassee, Florida 32306

The exploration of the crytoendolithic microbial community
in the Ross Desert* of southern Victoria Land began in 1974.
Field studies have been carried out yearly since the 1976-1977
season. This microbial community, the dominant, if not sole,
community of the antarctic desert, forms an ecosystem that is
simple with respect to trophic levels and species number, al-
though the organisms span a wide taxonomic range. Because of
its simplicity, it is eminently suitable for a comprehensive ana-
lytical study. Such a study, in turn, raises a wide rang of biolog-
ical problems which call for a variety of approaches and meth-
odologies. It is now also evident that these problems cannot be
understood without considering the complex interactions be-
tween the biological and geological-geochemical process or
without the study of the physical (microclimatic) environment.

These requirements necessitated a multidisciplinary ap-
proach that could be realized only by the cooperation of several
scientists and laboratories. These scientists now form the ant-
arctic cryptoendolithic microbial ecosystem research group
with over 20 members from nearly as many laboratories in the
United States, Germany, Israel, the United Kingdom, and Aus-

* Ross Desert is an unofficial name but has been proposed to the
Advisory Committee on Antarctic Names. It is used here to indicate
the ice-free region of southern Victoria Land, between approximately
76°30' and 78°30'S. The designation "dry valleys," often used for this
area, is a misnomer because the region includes mountain ranges as
well as valleys. The unofficial name "McMurdo oasis" is similarly
unsuited, because this region is a true desert.

tria. The work of the group is coordinated by the exchange of
materials, (collected specimens, living cultures, and oberva-
tional and experimental data), through the publication of a
regular newsletter, and by yearly workshop symposia where
results of ongoing research are discussed and plans for the
coming field season finalized. The annual symposia have been
held in Washington, D.C. (1982), in Santa Fe, New Mexico,
(1983), and in Cincinnati, Ohio (1984).

Senior investigators from diverse disciplines regularly par-
ticipate in the yearly field work. Members of the field group
during the 1983-1984 season were: T.W. Federle (University of
Alabama), M. Hale (Smithsonian Institution), C.P. McKay (Na-
tional Aeronautic and Space Administration/Ames Research
Center), R. Ocampo-Friedmann (Florida A&M University), J.R.
Vestal (University of Cincinnati), H.S. Vishniac (Oklahoma
State University), Ging-Hoen Huang (graduate student, Florida
State University), and E. I. Friedmann (Florida State
University).

Some preliminary results of the field activities of the group
are being reported by Hale and Ocampo-Friedmann; McKay
and Friedmann; Vestal, Federle, and Friedmann; and Vishniac
(Antarctic Journal, this issue).

Field research of the antarctic cryptoendolithic microbial eco-
system research group is supported by National Science Foun-
dation grant DPP 83-14180; laboratory research is supported by
National Aeronautics and Space Administration grant NSG 7337.

References

Hale, M.E., and R. Ocampo-Friedmann, 1984. Ascospore cultures of
lichen phycobionts from the antarctic desert. Antarctic Journal of the
U.S., 19(5).

McKay, C.P., and E.I. Friedmann, 1984. Continuous temperature mea-
surements in the cryptoendolithic microbial habitat by satellite-relay
data acquisition system. Antarctic Journal of the U.S., 19(5).

Vestal, JR., T.W. Federle, and E.I. Friedmann. 1984. The effects of light
and temperature on the antarctic cryptoendolithic microbiota in vitro.
Antarctic Journal of the U.S., 19(5).

Vishniac, H.S. 1984. Yeast biomass in Ross Desert soils: Evaluation of
quantitation methods and sample transport effects. Antarctic Journal
of the U.S., 19(5).

1984 REVIEW	 169



Ascospore cultures of lichen
phycobionts from the antarctic desert

M. E. HALE

Department of Botany
National Museum of Natural History

Smithsonian Institution
Washington, D.C. 20560

R. OCAMPO-FRIEDMANN

Division of Mathematics and Natural Sciences
Florida A&M University
Tallahassee, Florida 32307

During the 1983-1984 austral summer, cultures of lichen phy-
cobionts were isolated from ascopores in fruiting bodies of
fertile stages. The lichens are cryptoendolithic, chasmoen-
dolithic, and epilithic forms collected in the mountainous areas
of the Ross Desert (Acarospora sp., Buellia grisea Dodge & Baker,
Buellia pallida Dodge & Baker, Lecidea capsulata Dodge & Baker,
Lecidea phillipsiana R. Filson, Lecanora sp., and Rinodina sp.). The
isolation method of Ahmadjian (1961) was followed with minor
modifications: portions of mature apothecia from freshly col-

lected samples were affixed with petroleum jelly to the inside of
the cover of a Gelman Tissue Culture Dish which contained
sterile solid nutrient medium. Several standard mycological
media were used with equal success. The attached ascocarps
were wetted with a drop of sterile double distilled water and the
dish inverted so that the cover with the ascospores was at the
top. As the ascocarps absorb moisture, the spores are forcibly
discharged onto the underlying medium. During this time,
cultures were kept at 4°C.

As soon as the spores were released, each dish was sealed
with parafilm as drying of the agar medium inhibits ascospore
germination. Upon germination, small blocks of agar with a few
(preferably single) spores were cut out aseptically and trans-
ferred to fresh medium. Cultures were maintained at 10°C ±
1°C.

One hundred and twenty strains were isolated and are being
maintained in the culture collection of microorganisms from
extreme dry environments in the Department of Biological Sci-
ence, Florida State University.

Field research was supported by National Science Foundation
grant DPP 83-14180; laboratory research was supported by Na-
tional Aeronautics and Space Administration grant NSG 7337.
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Continuous temperature
measurements in the cryptoendolithic
microbial habitat by satellite-relay data

acquisition system

C. P. McKAY

Solar System Exploration Office
NASA-Ames Research Center

Moffett Field, California 94035

E. I. FRIEDMANN

Department of Biological Science
Florida State University

Tallahassee, Florida 32306

Ecological research in Antarctica is hampered by the diffi-
culty of obtaining field data over the entire year. The logistical
difficulties of supporting year-round field parties and the desire
to minimize disturbance of the unique ecosystems of the Ant-
arctic suggest that automatic data acquisition systems could play
a key role in field research in areas away from the main winter-
over stations.

Previous studies of the physical ecology of the cryptoen-
dolithic microbial communities of the antarctic cold desert have

been limited to data collected during field work (Friedmann
1977; Kappen, Friedmann, and Garty 1981; McKay and Fried-
mann in press). In this paper we present temperature data
acquired with a satellite-relay data acquisition system. The data
set considered here is only the first section of a continuous data
log extending throughout the summer and winter months
(Friedmann, McKay, and Nienow in preparation).

The satellite-relay system employed is based on the antarctic
automatic weather stations of Stearns and Savage (1981) and
Stearns (1982). The satellite transmission and power systems
and the range of sensors developed for measurements in the
cryptoendolithic habitat are described in McKay et al. (1983).

Temperature is measured with a semiconductor sensor. The
active device is a National Semiconductor (Santa Clara, Califor-
nia) LM134-3 current source packaged in a hermetically sealed
cylindrical metal can, approximately 4 millimeters in both
height and diameter. The sensor current is directly proportional
to absolute temperature. This device is an ideal remote tem-
perature sensor because it does not lose accuracy over long wire
runs. The sensor current is passed through a precision resistor
with a low temperature coefficient, and the voltage across this
resistor is the output signal. Calibration of the LM134-3 consists
of slope adjustment only, and since the output extrapolates to 0
at OK, it is independent of any initial inaccuracy. Pre-con-
ditioning of the input signals is handled by custom manufac-
tured electronics (National Research and Technology, Tall-
ahassee, Florida).

Data are processed by an Argos Data Acquisition Platform
(ADAP, manufactured by Polar Research Laboratories, Santa
Barbara, California). The ADAP is a self-contained, portable data
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system designed for remote areas. Each unit is capable of sam-
pling 32 channels in the form of analog ground-referenced
voltages from 0 to 5 volts. In operation, the ADAP completes a
sampling sequence once every 200 seconds. In each sampling
sequence, the unit samples all 32 channels for more than a 1-
second interval and then stores, digitizes, and transmits the
data to the TIROS/NOAA series satellites. When the satellite's orbit
places it within the view of a platform, the transmissions are
received and relayed to the ARGOS center (Centre Spatial) in
Toulouse, France. The fact that the satellites are in polar orbits
makes this system particularly well suited for use in Antarctica
where data transmission to geostationary satellites is often im-
possible. The total number of satellite passes over a given plat-
form averages about seven a day at the equator and up to 28 per
day at the poles. Currently there are two satellites active in this
series, TIROS 7 and 8, in sun-synchronous polar orbits with
periods of about 100 minutes. Three additional spacecraft in this
series are under construction and are scheduled for launch in
1984, 1985, and 1986-1987.

The major problem in the design of a ground station in Ant-
arctica is ensuring survival throughout the austral winter. For
our system, power is supplied by eight 12—volt 40-ampere-hour
lead-acid gel batteries (Power Sonic, Redwood City, California)
recharged during the summer months by an array of solar cells.
The average power requirement of the system, including ADAP,
ancillary electronics and sensors is about 0.6 watts. This load
can be sustained for over 8 months with the battery supply. All
electronic components are rated or tested to -40°C.

Temperature variations of the air and of the surface of two
Beacon sandstone outcrops are reported here. Air temperature
was measured at a distance of about 1 meter from the rock
sensors and at a height of about 70 centimeters above the sur-
face, screened from direct solar radiation by a polished metal
cylinder. The site of the "colonized rock" is a sandstone outcrop,
colonized by cryptoendolithic microorganisms. The crust is
brown from the accumulation of iron compounds. The orienta-
tion of the measured face is vertical, and it faces the sun directly
in the morning hours. This is the same rock boulder measured
earlier by Kappen, Friedmann, and Garty (1981) and McKay
and Friedmann (in press). The location of the sensor is the same
as "site a" in McKay and Friedmann (in press). The "un-
colonized rock" is a horizontal Beacon sandstone surface with
no iron incrustation and without microbal colonization. It is not
in the shadow of any other rock boulder and during the obser-
vation period it received nearly continuous sunlight.

Figure 1 shows temperature variations over a 16.3-day period
beginning 21 December 1983, each profile being based on over
1,300 data points.

Figure 2, parts a, b, and c, show the cumulative time histo-
grams for the data in figure 1. The cumulative time is the sum of
all the time intervals during which the temperature is within the
limits of the histogram step. The algorithm that calculates the
cumulative time distributions (developed by T. Lung at the
National Aeronautics and Space Administration) assumes linear
interpolation between events. As an example for the use of the
cumulative time graph, we note that the uncolonized rock spent
a total of about 1 day at temperatures between 0.0°C and 2.0°C
during the 16.3-day interval. The total areas in each of the
cumulative time histograms are the same and equal the total
period of measurements (16.3 days). Figure 2d shows the frac-
tion of the total time that temperature exceeded a specified level
for each of the three profiles. This was calculated by summing
all cumulative time values for the intervals exceeding the spec-
ified level and dividing by the total time interval.
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Figure 1. Temperatures of air and of two rock surfaces between 22
December 1983 and 7 January 1984, recorded by satellite transmis-
sion. Each graph represents 1303 data points without averaging or
smoothing.

Both rock surfaces were considerably warmer than the air
with a temperature differential between the air and the colo-
nized rock face of about 15°C during the day. The maximum
rock surface termperature observed was 17.3°C. In addition, the
air temperature showed considerably more short-term varia-
tions than the temperature of either rock surface (figure 1). The
biological importance of such variations has been discussed by
McKay and Friedmann (in press).

A comparison of the solid and dotted lines in figure 2d shows
that both the "uncolonized" rock and the "colonized" rock
reached temperatures exceeding -2°C for the same time period.
Experimental data indicate (Kappen and Friedmann 1983; Ves-
tal, Federle, and Friedmann, Antarctic Journal, this issue) that
biological activity takes place at this temperature. However, the
"colonized" rock reaches biologically significant, higher tem-
perature levels for considerably longer time periods than the
"uncolonized" rock. For example, the total time that the tem-
perature exceeds 4°C (figure 2d) during the period of measure-
ments is 3.60 days for the "colonized" rock, 1.85 days for the
"uncolonized" rock, and 0.0 days for the air.

At this time, available experimental biological data are still too
fragmentary to determine the cumulative time/temperature
threshold for microbial colonization of rocks. The year-round
satellite-mediated microclimatological measurements are de-
signed to provide the physical basis for such studies.

Field research was supported by National Science Foundation
grant DPP 83-14180; laboratory research was suppored by Na-
tional Aeronautics and Space Administration grant NSG 7337.
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The effects of light and temperature
on antarctic cryptoendolithic

microbiota in vitro

J. R. VESTAL
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Photosynthetic activity of the cryptoendolithic microbial
community in Beacon sandstone (Friedmann 1982) at Linnaeus
Terrace was studied under controlled conditions. Phycobionts
of lichens and non-lichenized green algae and cyanobacteria are
the primary producers of this ecosystem. Light intensity and
temperature are major environmental factors, and we studied,
in the laboratory, their effects on photosynthetic incorporation
of carbon-14 bicarbonate. The results may help to explain how
these physical factors affect metabolism in nature.

The biotic zones of colonized rocks were excised and
powdered to sand consistency with mortar and pestle. This
homogeneous material was kept at a temperature below 10°C
during manipulation and stored at -20°C. One and one half
gram aliquots were placed into glass vials containing 0.48 milli-
liter of cold (1°C) bicarbonate buffer (0.6 micromoles per milli-
liter, pH 7.5) to which subsequently 20 microliter of carbon-14
bicarbonate solution (0.434 nanomoles, 0.2 microCurie) was
added. Dark controls were covered with aluminum foil. The
vials were capped with parafilm-coated corks and incubated in a
termostatically repulated water bath either under constant light
(120 microEinsteins per square meter per second), at varying
temperatures or under constant temperature (10°C) at varying
light conditions. Light level was varied by placing pieces of
fiberglass window screen between the light source and the
samples. After 2 hours incubation, the vials were removed,
placed into 20 milliliter scintillation vials and crushed. One
milliliter 0.1 normal hydrochloric acid was added to each vial for
1 hour to drive off the unfixed bicarbonate, followed by 1 milli-
liter of 1 percent sodium dodecyl sulfate solution to solubilize
the cellular contents. After 1 hour, 10 milliliters of Aquasol
counting solution was added and the radioactivity determined
in a scintillation counter. We corrected for quenching by using
an internal standard. Light samples were replicated in sextupli-
cate and the dark controls in triplicate. All experimental pro-
cedures were carried out in the Eklund Biological Research
Laboratory at McMurdo Station.

Figure 1 shows that photosyntheseis occurred at -2°C, but not
at -3° or -5°C. Activity peaked at 5°C and remained significantly
high until 25°C. It decreased at 30°C and there was no activity at

PHOTOSYNTHESIS vs TEMPERATURE

TEMPERATURE (°C)

Figure 1. The effect of temperature on the photosynthetic uptake of
H 14CO, by the cryptoendolithic microbiota in vitro.

35°C. These data indicate that photosynthesis takes place at
temperatures below 0°C, as reported by Kappen and Fried-
mann (1983). It should be pointed out that several epilithic
antarctic lichens are known to have temperature compensation
points well below, 0°C, and probably have some photosynthetic
metabolism even around -15°C (Lange and Kappen 1972). Pho-
tosynthesis below the freezing point could be explained either
by the presence of a solute which prevents ice formation or the
carbon fixation enzyme, ribulose bisphosphate carboxylase, re-
mains active at subzero temperatures; further studies will be
necessary to determine which hypothesis is correct. There is
some indication in figure 1 that temperature dependence of
photosynthetic metabolism may follow a bimodal curve with
one maximum around 5°C and another at a higher range.
Should further studies confirm this, it could be then explained
by the presence of the two photosynthetic populations in the
rocks. The more temperature sensitive population could be the
psychrophilic non-lichenized green alga Hemichioris antarctica
(Tschermak-Woess and Friedmann in press). The broad peak
between 10° and 25°C could be due to the activity of the lichen
phycobiont (Trebouxia or Pseudotrebouxia, Archibald, personal
communication) as some antarctic phycobionts show consider-
able growth at 20°C (Schofield and Ahmadjian 1972; Ocampo-
Friedmann 1984, personal communication.)

When the samples were exposed to various light intensities,
there was a linear response (0.01<p<0.02; r=-.951) (figure 2).
As under natural conditions, there is a steep light gradient in
the rock. This has a controlling effect on microbial photo-
synthetic activity. Nienow and Friedmann (1984) have shown
that light intensity in the colonized zone ranges between 102
and 10 of ambient light (photon flux density) at the rock
surface.

If for example, on a cloudless December day at noon, the
ambient light is about 1,800-2,000 microEinstein per square
meter per second, the light inside the rock in the colonized zone
would be about 0.2-20 microEinstein per square meter per
second. At the same time, temperature inside the rock is likely
to reach between 5° and 10°C (Friedmann 1977; Kappen, Fried-
mann, and Garty 1981; McKay and Friedmann in press). Under
such conditions, the photosynthetic rate would be between 0.01
to 0.1 milligrams of carbon fixed per hour per square meter.

1984 REVIEW	 173



PHOTOSYNTHESIS vs LIGHT INTENSITY

0	20	40	60	80	100	120

LIGHT INTENSITY (ji Ei/m%ec)

Figure 2. The effect of light intensity on the photosynthetic uptake of
H14CO, by the cryptoendolithic microbiota in vitro.

These values indicate that reasonable rates of metabolism are
likely to take place in nature.
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Yeast biomass in Ross Desert soils:
Evaluation of quantitation methods

and sample transport effects

H. S. VIsHNIAc

Department of Botany and Microbiology
Oklahoma State University
Stillwater, Oklahoma 74078

The soil microbiota of the Ross Desert (ice-free valleys of
southern Victoria Land) is understandably depauperate. The
sparsity of microbial populations has made it necessary to rely
heavily upon viable counts as an index of biomass but at the
same time has given rise to the suspicion that exogenous mi-
crobes were providing most, if not all, of the colonies counted.
Bacterial isolates have indeed been wholly or predominantly
mesophilic (Cameron 1971; Johnson, Madden, and Swafford
1978; Vishniac unpublished data). The few algal isolates from
soil have been tentatively identified with soil algae of other
climes or those of cryptoendolithic lichens (E.I. Friedmann and
R. 0. Friedmann, unpublished data). Yeasts which are both psy-
chrophilic and unique to Ross Desert soils have, however, been
isolated (Vishniac and Hempfling 1979). These yeasts provide
the best index of indigenous biomass currently available. This
study was an attempt to quantify yeast biomass in Ross Desert
soils and to determine whether this biomass changes between
the time of sample collection and examination of frozen soil
samples some months later.

Growth of mixed inoculum of indigenous yeasts in medium M-3C.
(shaken at 160 revolutions per minute in refrigerated water bath at
10°4 0: total count by absorbance at 650 nanometers •: total count
by colonies developing on spread plates of medium with 1.8 percent
agar, glucose substrate. Differential counts obtained by substitut-
ing appropriate substrates for glucose are indicated by the following
symbols:. = Cryptococcus socialis 3aYl/biotype 17; 0 = C. vis-
hniadll var. asocialis 30bY33/biotype 18; 7 = C. sp. (undescribed)
3aY86/biotype 19; A = C. consortionis 3aY92/biotype 20.
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Ross Desert collection sites

Location

Linnaeus Terrace, slightly west of Mount
Oliver

Mount Dido, east slope, under a small
lichenized rock (evidence of recent
snowfall)

Mount Dido, east slope, under highly
lichenized cliff

Dais, granitic eastern end

Tyrol Valley, eastern plateau

Tyrol Valley, eastern plateau

Linnaeus Terrace, near narrow dolerite dike

Linnaeus Terrace, less lichenized site just
below east end

Linnaeus Terrace, below richly lichenized
east end

University Valley, frozen glacial melt stream
bed

University Valley, dolerite talus on north
slope

University Valley, south slope

University Valley, between unweathered
sandstone boulders near edge of glacier

University Valley, midvalley among dolerite
and slightly weathered sandstone
boulders

Sample
number 

A834-50

A834-51

A834-52

A834-53

A834-55

A834-56

A834-57

A834-58

A834-59

A834-60

A834-61

A834-62

A834-63

A834-64

Total mass of subsamples used for sprinkle plates
Depth of	 (in grams)

soil sample
(in centimeters)	Used at	Hand-carried	Shipped to

McMurdo Station	to Oklahoma	Oklahoma

0-1
	

0.18
	

0.73
	 b

1-2
	

0.11
	

0.46
2-4
	

0.14
	

0.75

0-1
	

0.29
	

0.80
1-2 (permafrost)
	

0.39
	

1.15
	

0.61

0-1
	

0.15
	

1.07
1-2 (permafrost)
	

0.26
	

0.86

0-1
	

0.13
	

0.12
	

0.78

0-1
	

0.10
	

1.37

0-1
	

0.35
	

1.26
	

0.50

0.5-2
	

0.11
	

0.47
	

0.46

0.5-2
	

0.11
	

0.52

0.5-2
	

0.16
	

0.68	 0.62

Approximately	 0.25
	

1.03	 -
0-2

0-3
	

0.15
	

0.80	 -

0-3
	

0.13
	

0.53
	

0.75

1-2
	

0.11
	

0.48

1-3
	

0.17
	

0.62

o Not all 17 samples collected could be examined at McMurdo Station. This table lists only those samples examined at McMurdo.
b Not available.

Determining the biomass of yeasts indigenous to Ross Desert
soils has been difficult; such yeasts are not recoverable on con-
ventional yeast media, nor was every biotype quantitatively
recovered from media tailored to the apparent requirements of
the first isolates (Vishniac 1983). The isolation of yeasts from
three of the six sites examined by a non-quantitative enrichment
technique using the tailored medium suggested that yeast bio-
mass might be relatively high (Vishniac 1983). This possibility
was explored by examining soil samples (chosen for physical
similarity to previously fertile samples) collected from 17 sites
during the 1983-1984 austral summer, using a medium (M-3C)
which allowed growth at roughly equivalent maximum rates
(0.19-0.22 at 100 C) of the four indigenous biotypes isolated by
enrichment (figure). Medium M-3C contains glucose, 0.2 per-
cent; yeast extract, 0.01 percent; substitute sodium glutamate,
pH 6.0, 0.2 millimolar; substitute ammonium chloride 0.2 milli-
molar; potassium phosphate buffer, pH 6.0, 1.0 millimolar sub-
stitute magnesium sulfate 0.2 millimolar; substitute boric acid
50 micrograms per milliliter; potassium iodide, 10 micrograms
per milliliter; trace metal mixture (Vishniac and Santer 1957) 1.0
milliliter per liter; sodium chloride, 50 millimolar; Wickerham's
vitamin mixture (without folic acid) (from Phaff, Miller, and

Mrak 1978) at 1/io the recommended concentration. The soil
samples which were examined within 24 hours of collection,
after exposure to ambient temperatures only, are listed in the
table. Hand-carried subsamples kept frozen with small
amounts of dry ice and selected subsamples (indicated in the
table) shipped to Port Hueneme and transported subsequently
by commercial frozen foods carrier were examined twice later
(within 1 month and after 4 months) in Oklahoma. Un-
published data indicate that the number of microcolonies of
yeasts in soil samples stored at - 80°C after transport remains
unchanged for at least 2 years.

Soil samples were examined by sprinkling between 0.10 and
0.40 grams (depending upon soil texture) on the surface of solid
(1.8 percent agar) M-3C which had been spread with 0.375
milligrams of streptomycin sulfate and 2.5 milligrams of pen-
icillin C (in 0.1 milliliter of solution) just before use. Where
larger amounts are indicated in the table, the subsamples were
sprinkled in several petri dishes of medium. Media for use at
McMurdo Station were prepared in 25 square centimeter cant-
neck tissue culture flasks.

The samples from 14 sites examined at McMurdo Station were
expected to include approximately 7 from sites containing yeast
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microcolonies and at least 1 with a sufficient number of yeast
microcolonies to make possible statistically significant assess-
ment of transport effects as well as of yeast biomass in Ross
Desert soils. Seven out of 12 suitable sites from which shipped
samples had earlier been examined in my laboratory contained
at least one yeast microcolony per gram; two contained more
than 100 microcolonies per gram. Sample A834-53 did contain a
sufficient number of yeast microcolonies (an undescribed Ster-
igmatomyces sp.) to permit evaluation of transport effects. These
appear to be negligible. Yeast colonies appeared on A834-53 soil
grains at the following rates: McMurdo Station, 100 micro-
colonies per gram; hand-carried, 133 microcolonies per gram;
shipped (count defective because of bacterial growth), at least 44
microcolonies per gram. Only three other sites were fertile:
• A834-51 (1-2-centimeters depth)

• McMurdo Station subsample—i microcolony
• Subsample hand-carried to Oklahoma-0 microcolonies
• Subsample shipped to Oklahoma-2 microcolonies

• A834-57
• McMurdo Station subsample-0 microcolonies
• Subsample hand-carried to Oklahoma-0 microcolonies
• Subsample shipped to Oklahoma-1 microcolony

• A834-66 (University Valley, granular dolerite silt and clay
from dry drainage area near valley mouth. This sample was
not examined at McMurdo Station.)
• Subsample hand-carried to Okalhoma—i microcolony in

0.25 grams
• Subsample shipped to Oklahoma-1 microcolony in 0.3

grams
Isolates from these sites have not yet been identified but are
known to be psychrophilic yeasts.

The total of four yeast-containing sites in the 1983-1984 col-
lections lowers the overall fertility score of soils at least super-
ficially suited to the growth of indigenous yeasts to ii out of 29.
It should be emphasized that all of these soils would have been
considered yeastless, if not sterile, by previous investigators.

The yeasts which other investigators have reported from ant-
arctic sites were extremely rare in our collections—none has so
far been identified in any series of sprinkle plates. (One meso-
philic ascomycoteran yeast, however, appeared earlier among
isolates from one of the extremely fertile sites.) The fertile soils
of other investigators appear to have been most frequently
collected at less and and possibly less exposed sites. The aver-
age Ross Desert soil contains less than 1 microcolony per gram;
the most fertile on the order of 100 microcolonies per gram of
indigenous yeasts.

This work was supported by National Science Foundation
grant DPP 80-17581 to E.I. Friedmann and National Aeronautics
and Space Administration grant NAGW-26 to H.S. Vishniac. The
contribution of Polar Programs support personnel, particularly
to maintaining samples and cultures at appropriate tem-
peratures during transport, is gratefully acknowledged.
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Physiological adaptations to high
oxygen by heterotrophic bacteria from

Lake Hoare

A. T. MIKELL JR.
and

B. C. PARKER

Biology Department
Virginia Polytechnic Institute and State University

Blacksburg, Virginia 24061

For 5 years we have investigated physiological adaptations of
algae, consumer animals and bacteria which comprise the
planktonic or benthic attached mat communities of several
southern Victoria Land oasis lakes. Findings not elaborated in
previous issues of this journal include Simmons et al. (1983),
Mike!!, Parker, and Simmons (1983, 1984), Wharton, Parker, and
Simmons (1983), Seaburg and Parker (1983), Seaburg, Kaspar,

and Parker (1983), Parker and Wharton (in press), Parker and
Simmons (in press). In this final report, we shall address only
findings on physiological adaptations of heterotrophic bacteria
to the perpetual very high dissolved oxygen (HD0) levels within
these lakes.

A unique combination of three features has brought about
and perpetuated the HDO conditions within the shallower sub-
ice depths of these lakes: (1) the uncracked 4-6 meter thick
perennial ice covers which form barriers for diffusion of gases;
(2) the lack of mixing of the water columns which perpetuates
the physical, chemical, and biological stratification; and (3) the
physiologically low light-adapted, oxygen-producing photo-
synthetic algae. These three features largely are responsible for
the HDO conditions (greater than 42 milligrams of oxygen per
liter or greater than three times normal saturation) within these
oligotrophic lakes (Mikell et al. 1984; Parker and Simmons in
press; Parker and Wharton in press).

Because oxygen or its byproducts are known to be toxic or
inhibitory to all forms of life and because these lakes are essen-
tially the only known shallow depth perpetual HDO environ-
ments, we sought to determine whether the heterotrophic bac-
terial communities of these ecosystems were adapted phys-
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iologically for oxygen toxicity protection. Findings so far
include:

More than 106 per milliliter bacterial cells (0.3-1.0 micrometer
in size) occur in the plankton of Lake Hoare's HDO waters, as
determined by direct fluorescence counts (Mikell et al. 1984).
Larger bacteria (greater than 0.8 micrometer in size) occur in
oligotrophic, oxygen-saturated Mountain Lake, Virginia and
Lake Hoare benthic algal mats. Many Mountain Lake bac-
terioplankton are attached to detritus, while those of Lake
Hoare are comparatively free of detritus.

S In terms of carbon-14-glucose assimilation and respiration
rates, HDO is highly toxic to Mountain Lake bacterioplankton
(Mikell et al. 1983) and to dispersed or suspended Lake Hoare
mats, but HDO is not toxic to Lake Hoare bacterioplankton
(Mikell et al. 1984).

S Culture development of bacterial colonies which comprise
more than 1.0 percent of total counts for Lake Hoare bac-
terioplankton, is inhibited probably because of artificial sub-
strate enrichment (Mikell et al. 1984).
Thus, oxygen toxicity which is generally widespread in the

biosphere would seem to be surprisingly reduced in the bac-
terioplankton of Lake Hoare, an environment characterized by
oligotrophic HDO conditions.

The mechanism(s) for this extreme adaptation of oxygen tox-
icity protection in Lake Hoare's bacterioplankton is (are) un-
known, but several probable mechanisms are presently under
investigation. They relate to (1) the nature of oligotrophy, (2)
certain protective enzymes, (3) exocellular polymers, and/or (4)
certain carotenoids.

Oligotrophy. Nutrient scarcity, by reducing oxygen consump-
tion, may limit the formation of toxic byproducts and prevent
them from reaching growth-inhibiting levels (Kuznetsov, Du-
binina, and Lapteva 1979). We have demonstrated higher HDO
growth rates in the planktonic isolates as nutrients are lowered
from 10,000 to 100 milligrams per liter. Turbidity is below detec-
tion at lower nutrient levels, so we are developing other biomass
indicators to measure HDO growth rates from 100 to 1 milligrams
nutrient concentrations.

Enzymes. All isolates from Lake Hoare have catalase which
degrades toxic peroxide. The several isolates tested from this
lake have inducible superoxide dismutase (SOD) which de-
grades superoxide (McCord and Fridovich 1969). We are cur-
rently evaluating SOD levels in several HDO selected isolates. The
type(s) of SOD present and their activities under HDO and nor-
mal atmospheric dissolved oxygen (ADO) conditions will be
sought.

Exocellular polymers. One mat isolate tested shows higher
sedimentation rates when grown under HDO compared to ADO.
Exocellular carbohydrate comprised a significantly higher per-
centage of total cell mass in the HDO cultures. This supports our
hypothesis that diffusion limitation by exocellular polymers is
another mechanism for HDO protection (Mikell et al. 1984).
Other mat isolates are being evaluated as well.

Carotenoids. Best known as photoreceptor pigments in photo-
synthetic organisms, some carotenoids can quench singlet oxy-
gen, a form of high-energy oxygen that induces photo-oxidative
death (Krinsky 1979, Pearl, Tucker, and Bland 1983). While this
mechanism may not be anticipated in low-light environments,
all of our HDO-selected isolates produce copious quantities of
carotenoids. Carotenoids may trap other oxygen-induced radi-
cals as well (Burton and Ingold 1984).Several of the purified
carotenoids demonstrate reactivity with oxygen which is rever-
sible with selected reducing agents. Products and reactants of

these carotenoids are being analyzed by mass spectrometry. We
have several mutants of the HDO-selected isolates that lack one
or more of the carotenoids, and we are evaluating the effect of
HDO on their growth rates compared to the parent strains.

In conclusion, the Lake Hoare bacteria are extraordinarily
well-adapted to metabolism and growth under the unusual
perpetual HDO conditions. Evidence suggests that one or a
combination of mechanisms are operating for oxygen toxicity
protection. These include (1) the perpetual oligotrophic condi-
tions slowly substrate catabolism; (2) the enzymes catalase and
SOD which would destroy certain toxic oxygen byproducts; (3)
production of exocellular polymers which bind cells together in
the benthic mat and slow the diffusison of oxygen into cells; and
(4) various carotenoids which may deactivate toxic oxygen by-
products. The heterotrophic bacteria of Lake Hoare, thus
provide a unique model for the study of oxygen toxicity protec-
tion mechanisms, which are, without doubt, applicable
throughout the biosphere.

We thank the Division of Polar Programs, National Science
Foundation, for research grant DPI' 80-12988 Supplement,
which supported part of this research.

References

Burton, G.W., and K.U. Ingold. 1984. 13-Carotene; An unusual type of
lipid antioxidant. Science, 224, 569-573.

Krinsky, N.I. 1979. Carotenoid pigments: Multiple mechanisms for
coping with the stress of photosensitized oxidations. In M. Shilo
(Ed.), Strategies of microbial life in extreme environments. Weinheim,
Federal Republic of Germany: Verlag Chemie.

Kuznetsov, SI., G.A. Dubinina, and N.A. Lapteva. 1979. Biology of
oligotrophic bacteria. Annual Review of Microbiology, 33, 377-387.

McCord, J.M., and I. Fridovich. 1969. Superoxide dismutase an en-
zymatic function for erythrocuprein. Journal of Biological Chemistry,
244, 6049-6055.

Mikell, A.T., Jr., B.C. Parker, and G.M. Simmons, Jr. 1983. Sensitivity of
an oligotrophic lake planktonic bacterial community to oxygen stress.
Applied and Environmental Microbiology, 46, 545-548.

Mikell, A.T., Jr., B.C. Parker, and G.M. Simmons, Jr. 1984. Response of
an antarctic lake heterotrophic community to high dissolved oxygen.
Applied and Environmental Microbiology, 47, 1062-1066.

Parker, B.C., A.T. Mikell, and G.M. Simmons, Jr. 1983. Strategies for
growth and survival of antarctic oasis lake biota. Antarctic Journal of the
U.S., 18(5), 220-221.

Parker, B.C. and G. M. Simmons, Jr. In press. Paucity of nutrient cycling
and absence of food chains in the unique lakes of southern Victoria
Land. In W.R. Siegfried (Ed.). Fourth International (SCAR) Sym-
posium on Antarctic Biology, Nutrient cycling and food chains. Federal
Republic of Germany: Springer-Verlag.

Parker, B.C. and R.A. Wharton, Jr. In press. Physiological ecology of
blue-green algal mats (modern stromatolites) in Antarctic oasis lakes.
Archives für Hydrobiologie.

Pearl, H.W., J. Tucker, and P.T. Bland. 1983. Carotenoid enhancement
and its role in maintaining blue-green algal (Microcystis aeruginosa)
surface blooms. Limnology and Oceanography, 28, 847-857.

Seaburg, K. G., M. Kaspar, and B.C. Parker. 1983. Photosynthetic quan-
tum efficiencies of phytoplankton from perennially ice-covered ant-
arctic lakes. Journal of Physcology, 19, 446-452.

Seaburg, K.G., and B.C. Parker. 1983. Seasonal differences in the tem-
perature ranges of growth of Virginia algae. Journal of Phycology, 19,
380-386.

Simmons, Jr., G.M., R.A. Wharton, Jr., B.C. Parker, and D.T. Ander-
son. 1983. Chlorophyll and adenosine triphosphate levels in antarctic
and temperate lake sediments. Microbial Ecology, 9, 123-135.

Wharton, R.A., Jr., B.C. Parker, and G.M. Simmons, Jr. 1983. Distribu-
tion, species composition, and morphology of algal mats
(stromatolites) in antarctic dry valley lakes. Phycologia, 22, 355-365.

1984 REVIEW	 177



Nutrient chemistry of Lakes Fryxell
and Hoare and associated glacial feed

streams

THOMAS J. GARDNER, WILLIAM J . GREEN,
MICHAEL P. ANGLE and LAWRENCE C. VARNER

[	LC	VALL EY

SCALE	

5K	
)	

\\

(COMMONWEALTH

17 A N DA

School of Interdisciplinary Studies
Western College Program

Miami University
Oxford, Ohio 45056

One of the objectives of our work in the Taylor Valley during
the 1982-1983 field season was to study the chemistry of nu-
trient species (total and dissolved phosphorus, nitrate, nitrite,
and ammonia) in Lakes Fryxell and Hoare and in the overland
glacial meltwater streams that feed them. The nutrient chemis-
try of Lake Fryxell has received some attention in the literature
(Parker et al. 1982a; Parker et al. 1982b; Toni et al. 1975; Vincent
1981) but Lake Hoare and the meltstreams that feed each lake
have received virtually none. The present study was under-
taken as part of a systethatic effort to characterize nutrient
behavior in Lakes Fryxell and Hoare to determine (1) the depth
vs. concentration profiles for nutrients in both lakes; (2) the
annual loading of each nutrient to the lakes from the meltwater
streams and from direct glacial runoff; (3) the residence time
(the average time in years an element spends in the water
column) for each nutrient; and finally, to attempt (4) to explain
why these two nearby lakes (on the east and west edges of the
Canada glacier) exhibit such marked productivity differences.

This paper should be read as a preliminary report on nutrient
distributions in these two systems.

Materials and Methods. Lake Hoare was sampled for nutrients
from a dive hole located over the deepest area on 19 November
1982. An acid-washed 3 liter plastic Kemmerer sampler was
used to collect water at 3-meter intervals from the ice surface
down to 29 meters. Samples were taken in acid-washed 1 liter
Nalgene bottles. Partitioning of phosphorus into dissolved and
total fractions was accomplished by pressure filtration through
acid-washed 0.45 micron pore size Millipore filters in a polycar-
bonate filtration apparatus. The samples were stored frozen in
the dark until analysis.

Lake Fryxell was sampled in December 1982. This time, sam-
ples were collected using a Barnant centrifugal pump. Filtration
was accomplished with the placement of a 0.45 micron pore size
Millipore filter (in an appropriate Millipore casing) in the
flowstream of the pump. The samples were frozen in the dark to
- 20°C upon return to the Eklund Laboratory. Water from the
meltstreams was collected in identical bottles, with only a sur-
face grab sample taken. Filtration, when attempted, was accom-
plished on site.

Total and dissolved phosphorus was determined using the
method of Strickland and Parsons (1972). Standard methods of
analysis (APHA 1975) were used to determine nitrite, nitrate
(cadmium reduction method), and ammonia (phenate method).

Lakes Hoare and Fryxell are shown in the figure.
Lake Hoare. Table 1 presents data from Lake Hoare and se-

lected data from the two streams feeding the lake. In the lake,
dissolved ortho-phosphate (the fraction available to producers)
remains relatively low until the anoxic zone is reached at 27

Location of streams in the Lake Hoare and Lake Fryxell systems.
(Adapted from Elston and Bressler 1981.)

meters. At 27 and 29 meters, increasingly reducing conditions
apparently promote the resolubilization and release of phos-
phorus from its solid phases; the concentration of dissolved
ortho-phosphate, as well as its percentage of the total fraction
increase at these depths. Total phosphorus also remains rela-
tively constant in the water column, displaying a large change in
concentration only at 27 meters.

Table 1 also presents the atomic ratios of nitrogen to phos-
phorus (NIP) in the water column. Vollenweider (1968) reports
an atomic N/P ratio of 10:1 in algal cells, and this can be taken as a
rough index of algal nutrient requirements. Ratios of available
water column nutrients greater than about 10:1 suggest that
phosphorus maybe limiting, whereas ratios less than 10:1 indi-
cate growth limitation by nitrogen. In the upper-waters of Lake
Hoare, nitrogen is limiting down to at least 9 meters, but below
this depth atomic nitrogen greatly exceeds atomic phosphorus
and phosphorus becomes (by the above criterion) limiting to 27
meters. With the resolubilization of phosphorus in the reducing
zone, however, phosphorus is released and nitrogen again be-
comes limiting.

This phenomenon of phosphorus limitation at mid-depth is
possibly due to the nitrification of diffusional ammonia from the
anoxic zone in the presence of oxygenated water and certain

Table 1. Nutrient concentrations for the Lake Hoare systema

Sample Total Dissolved	
(N 

\b

PO4-P P-PO4-P NO3-N NO2-N NH3-N

	

Lake Hoare 3	5.0	2.5	2.5	 0.6	2.8

	

6	60	2.5	3.0	 1.8	4.2

	

9	67	1.5	1.0	 1.1	3.3

	

12	85	1.8	 0.4

	

15	71	4.8	45	 0.2 21

	

18	65	1.8	36	 0.1	44

	

21	56	2.1	48	 1.4	51

	

24	46	 87	 1.4

	

27	198	116	n.d.c	270	5.2
29 516	440	nd.	579	2.9

	

Creek 1, 12121	44	 36	 1.8

	

Creek 1, 12/31	40	 29	 1.6

	

Creek 2, 12/22	6.3	 6.8	 2.4

a In micrograms per liter.
b Ratio of ug-at. dissolved nitrogen to ug-atoms dissolved O-PO4-P

"nd." denotes not detectable.
"-" denotes no data.
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nitrifying bacteria. This process makes nitrogen more available
in the 12-24-meter zone where Parker et al. (1982-a) have re-
ported higher chlorophyll a concentrations. Thus, in the depths
of greatest potential productivity, phosphorus is the limiting
nutrient in Lake Hoare. This phosphorus limitation is in con-
trast to the Lake Hoare inflow streams (table 1) which, based on
limited dissolved phosphorus data, appear to be strongly nitro-
gen limited. Total phosphorus concentrations in the oxic upper
lake are reflective of the concentrations found in the streams.

Lake Hoare streams. Nutrient fluxes to the lakes were deter-
mined from estimated yearly stream-flows and measured con-
centrations. Two overland streams make significant contribu-
tions to the Lake Hoare water and nutrient budgets, and each
was sampled intermittently throughout the flow season. The
instantaneous and total yearly flow of these streams were esti-
mated using a weir on the larger of the two streams (creek 1) and
a pygmy flow meter on the smaller (creek 2). Table 2 sum-
marizes the annual input of nutrients from these streams and
from the Canada glacier, based on average concentrations and
total flow. Annual loadings (in grams of nutrient per square
meter of lake surface) are very low for all nutrients. Indeed, in
comparing total phosphorus and nitrogen areal loading in these
lakes to the over 200 lakes reported by Rast and Lee (1978), the
Lake Hoare system exhibits lower loadings for phosphorus and
nitrogen than any of these. This is reflected in the system's very
low productivity-among dry valley lakes, only Lake Vanda in
Wright Valley exhibits lower productivity (Simmons et al. 1980).
Unlike Lake Vanda, however, the inflow streams to Lake Hoare
and a large fraction of the lake's water column are N-limited.

Lake Fryxell streams. Table 3 shows the annual contribution of
nutrients to Lake Fryxeliby each of its inflows. Areal loading for
each nutrient is again extremely low in comparison to the lakes
studied by Rast and Lee (1978).

Total phosphorus loading (in grams per square meter) for
Lake Fryxell is higher than it is for Lake Hoare (0.012 grams per
square meter in Fryxell vs. 0.005 grams per square meter in
Hoare). In contrast, nitrate-nitrogen loading per square meter is
lower in Lake Fryxell (0.003 grams per square meter in Fryxell
vs. 0.006 in Hoare). This low nitrogen loading appears to have
significantly influenced the lakes' nutrient chemistry, since
Lake Fryxell is strongly nitrogen limited at all depths. Nitrogen
also appears to be the limiting nutrient in all of the Fryxell
streams.

Lake Fryxell. Nitrate in Lake Fryxell was observed at
piezometric 3 meters but was not detectable below that depth.
Nitrite was not detectable until 9 meters. Total and dissolved

Table 2. Summary of nutrient inputs to Lake Hoare
1982-1983 Flow Season

Total annual Total phosphorus	NO3-N loading
flow	loading	(in kilograms

(in kilograms	per year)(in liters)	per year)

Creek 1	1.1 x 108	6.5	 4.6
Creek 2	5.5 x 107	0.69	 0.25
Canada Glacier	3.4 x 1011	3.3	 6.4

Total loading	5.05 x 108	10.5	 11.3
Areal loading

(in grams per
square meter)	 0.005	0.0069

Table 3. Summary of annual nutrient inputs' to Lake Fryxell'

Annualnnual
Annual total	

dissolved	Annual
Creek	flow	 ortho-phosphate	nitrate

phosphorus(in liters)	loading	
phosphorus	loading

loading

3	4.2 x 108	38.7	10.9	9.8
4	4.0 x 108	3.4	 0.7	2.8
5	2.5 x 108	15.7	 3.7	0.2
6	 1.4 x 108	7.1	 1.7	8.8
7	 1.4 x 108	12.2	 2.3	0.0
8	0.8 x 108	1.76	0.5	0.2
9	0.6 x 108	2.0	 1.3	0.4

10	 0.6 x 108	2.3	 0.4	0.7
11	 0.3 x 108	1.9	 -	0.1

Total loading	1.6 x 108	84.0	21.5	23.0

Areal loading
(in grams
per square
meter)	 (0.012)	(0.003)	(0.003)

a Based on estimated annual discharge and on average nutrient
concentrations.

phosphorus increased with depth, with total phosphorus in-
creasing rapidly after 9 meters. The values are presented in
table 4 and agree with those reported by Toni et al. (1975).
Possible factors contributing to nitrogen limitation in Lake Fryx-
ell are the low quantity of nitrate in the inflowing streams and
the importance of nitrogen removal by escaping algal mats.
According to Parker et al. (1982-b) escaping algal mats remove
55 kilograms of nitrogen per year and only 31 kilograms of
phosphorus.

Present and future work. We are currently estimating the total
amount (in kilograms) of each nutrient species in the lakes by

Table 4. Nutrient concentrations in the Lake Fryxell system'

Total DissolvedSample	PO4-P O-PO 4-P NO3-N NO2-N NH3-N ()

Lake Fryxell 3	3.1	2.3	3.1	n.d.c	1.8 4.90
6	26.6	6.0	nd.	nd.	7.0 2.60
9	169.0	170.0	nd.	1.2	487.0 6.60

12	521.0	515.0	nd.	2.3	1,439.0 6.40
15	1,960.0	700.0	nd.	5.4	3,079.0 3.60

Stream 3, 1/13d	132.0	26.0	26.0	_e	-	2.30
Stream 4, 12/3	10.0	2.3	1.6	-	-	1.60
Stream 5, 12/22	85.7	14.7	nd.	-	-	0.00
Stream 6, 12/3	31.0	12.2	36.7	-	-	6.90
Stream 7, 12/22	83.0	16.7	nd.	-	-	0.00
Stream 8, 1/13	23.6	8.9	nd.	-	-	1.20
Stream 9, 1/13	34.8	21.3	nd.	-	-	0.78
Stream 10, 12/22	49.4	6.9	3.0	-	-	2.30

a In micrograms per liter.
b Ratio of J.g-at. dissolved nitrogen to p.g-at. dissolved phosphorus.

"nd." denotes not detected.
Stream concentrations represent single measurements on the data
indicated.

denotes no analysis performed.
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combining our raw concentration data with depth adjusted
estimates of water body volume. In conjunction with loading
estimates, we will then estimate nutrient residence times, to
gain some sense of nitrogen and phosphorus dynamics in these
lakes.

Work in the future will center on modeling of diffusion pro-
cesses for nutrients within the lakes. Specifically, we will be
looking at the rate of diffusion of ammonia into the upper waters
of Lake Fryxell and its conversion to available (and limiting)
nitrate. This will permit comparison of internal versus external
loading and will further aid in determining why this lake is
more productive than its oligotrophic neighbor, Lake Hoare.

We wish to thank George Simmons and his students for their
assistance and companionship in the field; and VXE-6 for effi-
cient logistics support. We gratefully acknowledge the support
of National Science Foundation grant DPP 81-17644.
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Studies of plant communities of the
Antarctic Peninsula near Palmer

Station

V. KOMARKOVA

Institute of Arctic and Alpine Research and
Department of Environmental, Organismic, and

Population Biology
University of Colorado

Boulder, Colorado 80309

Field operations started on 14 December 1983 and were con-
cluded on 25 March 1984; Stan Scott and Miho Toi worked as
field assistants during the entire time. Arthur Harbor opera-
lions were again supported from Palmer Station and the Ant-
arctic Peninsula operations by RIv Hero. Two sites were visited
with the French yacht f'Murr (homeport, Brest).

The following sites were sampled during the 1983-1984 sum-
mer: Anchorage and Horseshoe Islands; Goudier Island; Minot
Point, Cape Claude, Metchnikoff Point, and Buls Bay on Bra-
bant Island; Melchior Islands; Spigot Peak on Danco Coast;
Keller Point, Point Thomas, Fildes Peninsula, Suffield Point,
Demay Point, and Point Durant on King George Island, and
Ardley Island, South Shetland Islands; Santos Peak, Leith Cove
and Spring Point on Danco Coast: Quinton and Giard Points,
Cape Monaco, Biscoe Point, point north of Biscoe Point, and
several islands and points in Arthur Harbor area on Anvers

Island; Dream Island; Gossler Islands; Joubin Islands; Argen-
tine Islands; Almirante Brown Station (Argentina); and Bryde
Island. Sampling of plant communities and their environment
including some climatic variables and disturbance continued at
each site; many plots were permanently marked or revisited.

Samples of vascular plants, mosses, and lichens from many
additional localities along the Antarctic Peninsula were ob-
tained from Sally and Jerome Poncet, owners of the French
yacht Damien II (homeport, La Rochelle) who discovered the
new southernmost locality of the two native antarctic vascular
plants Deschampsia antarctica Desv. and Colobanthus quitensis
(Kunth) Bard. on Terra Firma Islands at 62°42'S in Marguerite
Bay on 16 February 1984. Both plants were growing vigorously
and reproduced well there in 1984 so that they could probably
occur farther south if suitable habitats were available (cf. Smith
1982). Altogether, twenty-four new localities of vascular plants
(14 for D. antarctica, 2 for C. quitensis, and 8 for both species)
were reported (Komarkova, S. Poncet, and J . Poncet in prepara-
tion) which brings the list of known vascular plant localities in
the Antarctic Peninsula area to 116 (figure 1). Damien II, with six
seasons of experience in the waters of the Antarctic Pensinula,
proved very efficient at work requiring frequent landings in
shallow waters near shore such as studies of plant or bird
distributions; it is available for charter for research purposes.

The most complete environmental monitoring was carried
out on the Stepping Stcne Island, Arthur Harbor area (64°S).
Plant and soil temperatures, soil moisture, photosynthetically
active radiation, wind speed, and precipitation were recorded
by a Campbell Scientific model CR21 micrologger and air tem-
perature and relative humidity were recorded by a hygrother-
mograph. Plant and soil temperature and soil moisture probes
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Figure 1. Localities of Deschampsia antarctica Desv. and Cob-
banthus quitensis (Kunth) Barti. in the Antarctic Peninsula area,
Including the localities listed by Greene and Holtom (1971). Full
circle indicates the presence of both species, left half-full circle the
presence of D. antarctica, and right halt-full circle the presence of C.
quitensis. The localities are grouped in the three least glaciated
areas: South Shetland Islands, area between Cierva Point and Cape
Garcia, and Marguerite Bay. D. antarctica alone occurs in 58 percent
of localities and C. quitensis alone in 3 percent of localities; both
species occur in 39 percent of localities. This reflects the consider-
ably wider ecological range of D. antarctica. The distribution of
vascular plants within ice-free areas may be determined, for exam-
ple, by the radiation receipts of the habitat, geologic substrate,
exposure to winds and storms, recent glacier movements, topogra-
phy, altitude, and by the animal and human disturbance
(Komarkova, S. Poncet, and J. Poncet in preparation).

were located in adjacent Deschampsia- and Colobanthus-domi-
nated communities where phenological changes and leaf and
plant growth were observed at regular intervals. Two periods of
soil drought developed at the Deschampsia site (figure 2). The
first drought occurred during a period of intensive leaf growth,
and was not associated with exceptional air relative humidity,
vapor pressure deficit, or wind speed. Die-back of both De-

schampsia and Colobanthus plants was observed, after both soil
drought periods (figure 3). Greatest die-back occurred on north-
facing rock ledges and other topographically high sites with
shallow soil.

The die-back due to desiccation occurred also on Biscoe Point
in the vicinity of Arthur Harbor, but not at Point Thomas, King
George Island (62°S), at the ecological optimum of the two

25	 I	 S	 15	 22	29	 5	 12	 19	 re	4	II

	December I	 January	 I	 February	 I	 March

Figure 2. Daily maximum soil moisture at 1 centimeter below the surface in the root zone of D. antarctica (solid line and C. quitensis (dashed
line). Soil moisture was measured with Delmhorst model 221 gypsum soil moisture blocks. Due to the nature of the polynomials used to convert
the volt output into bars, the range of calculated values is limited to 0.1-15.0 bars even if some voltages indicated values in excess of 15.0 bars
(arrows). Precipitation was measured by a Sierra-Misco model 2501 tipping bucket rain gauge recording the number of pulses indicating the
times at which 1 millimeter of water was collected. Two periods of soil drought developed, in each case after 11 days of no precipitation, between
15 and 19 January and 6 and 7 February 1984 on the Deschampsia site. The soil drought was associated with die-back of the monitored
Deschampsia tussock. The monitored Colobanthus cushion did not die-back during the drought while some nearby cushions did; apparently,
very small differences in the distribution of moist soil layers and of roots decided whether the plants experienced soil drought or not.
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Figure 3. D. antarctica tussock (left, 8 centimeters in diameter)
which died back during the first period of soil drought on Stepping
Stone Island between 16 and 19 January 1984. The light (rusty
brown) color of the tussock on the left contrasts with the dark green
color of the tussocks in a small depression on the right side of the
photograph. The amount of current dead phytomass reached 50-90
percent in the rusty brown plants; Inflorescences died only in plants
with the highest current dead percentage. Only very few live leaves
appeared at the time the photograph was taken (25 February 1984).
The recovery of tussocks and cushions, which died back less, was
faster; few tussocks and cushions did not recover at all In 1984.

vascular plants in the Antarctic Peninsula area. During the soil
droughts on Stepping Stone Island, the longest period with no
precipitation lasted only 5 days on Point Thomas. Apparently,
near their southern limits, vascular plants are not only stressed
by lower mean annual temperature (- 4°C in the Anvers Island
area vs. -3°C in the South Shetland Islands; Reynolds 1981),
but also by significantly greater environmental fluctuations of
the more continental climate in the south. The recorded soil
drought documents only one of several hypothesized events
which may produce large patches of dead plants which occur
in the southern stands; for example, plants may also be killed
by freeze up or, in topographically low positions, by persist-
ing snow or water logging (Komarkova, Scott, and Toi in
preparation).

This research was supported by National Science Foundation
grant DPP 82-01047. I would like to thank Captain P.J. Lenie, the
crews of the iIv Hero and U.S. Coast Guard boat Sea 3, and the
Palmer Station personnel for their great support.
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Medical studies

Rhinovirus infections in an isolated
antarctic station: Transmission of the

viruses

E. C. DICK and D. M. WARSHAUER
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University of Wisconsin

Madison, Wisconsin 53706

A. D. MANDEL

Ames Research Center
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Moffett Field, California 94035

There is considerable evidence that rhinovirus infections may
spread with difficulty in healthy Western populations. [Rhi-
noviruses are the major cause of the common cold in adults, and
in children they may cause asthma and other serious respiratory
tract infections as well (Minor et al. 1974; Gwaltney 1982)]. As
examples, Beem (1969) reported that only 4 of 14 rhinovirus
types spread in 27 nursery school children; and we observed
that four of six rhinovirus types infected less than 25 percent of
antibody-free individuals among 100 persons in 25 neighboring
familes (Dick and Chesney, 1981). In these latter studies, it was
noted also that the viruses spread chiefly among family mem-
bers and very close neighbors (Dick, Blumer, and Evans 1967).

Transmission chains in such open populations are not,
however, "clean," in that several viruses often circulate simul-
taneously and a viral interference phenomenon may cause a
lasting cross-resistance among heterotypically infected individ-
uals. (Fleet et al. 1965; Dick and Chesney 1981). An ideal time
and location for studying virus transmission under circum-
stances where few agents are present simultaneously is the
winter-fly-in (wINFLY) period at McMurdo Station. At this time,
a group of new personnel from the U.S. lives in isolation for 5-6
weeks with another group of Americans which is just finishing
overwintering.

During WINFLY 1976, we examined the epidemiology of two
non-typable rhinoviruses, McM 4 and McM 88, in nearly all
inhabitants. One hundred thirty-six new arrivals [summer (Su)

men] shared McMurdo with 64 men who were overwintering
[winter-over (wo) men]. The su men had arrived chiefly on two
early September flights, and the combined populations were
isolated until 6 October (figure 1). Thirty-one of the su men had
incoming colds and at least seven were caused by McM 88 and
two by McM 4. During the remainder of WINFLY, 52 additional
colds were detected in 47 men and at least 18 of these colds were
McM 88-associated. No additional McM 4 cases were found.

Viral diagnosis was performed in a well equipped laboratory
bulding 56, figure 2) using conventional methods (Meschievitz,
Schultz, and Dick 1984). Viral etiology was established for only
30 of 91 infections: 28 McM 88 (including 3 subclinical serodiag-
nosed cases) and 2 McM 4. However, because of undiagnosable
colds (legend, figure 1), possible cell culture insensitivity, and
the reportedly poor rate of seroconversions by rhinovirus infec-
tees (Fox 1976), we estimate that approximately 15 McM 88
diagnoses were missed. Therefore, 50 percent of all colds were
probably McM 88-caused. In fact, during the period 10-25 Sep-
tember half the colds on base were McM 88 infections (figure 2).
Approximately 70 percent of the population was antibody-free
(less than 1:3) to each virus.	 -

Figure 1 describes each person-cold as part of the overall
epidemic curves. Two to three new colds arose each day, and on

30

25

20

IS	 Total Colds

0 10

	

-	

-=--	 Colds

• McM 88 Cold

Incoming and	U McM 4 Cold

Indigenous Colds	Cold, Unknown Etiology
fl No Antibody to McM 88

Antibody ty McM 88
10	 Non-diagnosable Cold

J Indigenous Cold3 Also Hod McM 88 Infection
15	 I Square I Cold

	

311	5	10	IS	20	25	301	5
September	 October

	

63	71	2
No of Men on Each Incoming Flight

Figure 1. Number of new colds and of total colds by day and etiology,
McMurdo Station, 1976. Population: 200 men. Legend: (1) A cold =
any respiratory Illness lasting 2 days or longer. (2) An incoming cold
= a cold in su men which began less than five days after landing. (3)
An indigenous cold = a cold in wo men which was manifest on or
before 3 September. (4) An Antarctic cold = any new cold which
began 4 days after arrival (for su men) or after 3 September (for wo
men). (5) A diagnosable cold = a cold diagnosable for rhinoviruses
McM 4 or McM 88; the convalescent serum specimen had to be taken
at least 10 days after illness onset. Note most non-diagnosable
colds occurred after 24 September. (6) Total colds = colds present;
e.g., on 15 September, there were 30 colds: 16 of unknown cause,
one by McM 4 and 13 by McM 88. Note also that there were six new
antarctic colds that day, two of which were McM 88-caused.

1831984 REVIEW



NN

,4Z

1 Zo,1̂1 ,55 6	1

Building Use
Work
Berthing

MMess

Recreation
° Other

) RD OR

W int
Qua r te r'"\

Bay \\

N
Scale • I in ca. 250 ft.

Observation
Hill

Living quarters Number of
residents Totals

(rate)

Incoming and
indigenous' colds

(rate)

All colds

Antarctic
colds
(rate)

McM 88-caused colds

Incoming	Antarctic	Totalscolds	colds	(rate)(rate)	(rate)

Figure 2. Location and uses of buildings at McMurdo Station during
WINFLY 1976. important buildings: 56 (Biology (and Virology) labora-
tory]; 125 (Civilian housing); 126 (Water Distillation plant); 136
(Power plant); 137 (Civilian housing); 142 (Dispensary); 155 (Main
housing and dining unit); 156 (Administration); 182 (Firehouse).
("in" denotes inch; "Co." denotes about; "ft." denotes ft."

.4

The antarctic cold (see legend figure 1) McM 88 attack rate
varied widely over the nine housing units (table). Five buildings
(182, 137, 126, 142, and the transmitter station) apparently had
no McM 88 infections, and the rate in building 155 was only 8
percent. The rates in the other three McM 88-infected units were
much higher, 21-43 percent, but many susceptibles still
remained.

It would appear that the epidemiologic and volunteer studies
cited at the onset of this paper which suggest rhinoviruses are
difficult to disseminate in North American urban populations
are borne out in the purer virologic atmosphere of Antarctica.

These investigations were supported in part by National Sci-
ence Foundation grant DPP 76-83918, National Aeronautics and
Space Administration grant NSG-2104, and a grant by the S.C.
Johnson, Co., Racine, Wisconsin.

average 15-20 colds were present simultaneously. Total colds	 References
peaked at 30 on 15 September.

Beem, M.O. 1969. Acute respiratory illness in nursery school children:The men lived in nine units (see figure 2 and the table). The	A longitudinal study of the occurrence of illness and respiratorymain housing and messing quarters (building 155) contained	viruses. American Journal of Epidemiology, 90(1), 30-44.137 men, 1-3 per room, and the remaining men were dis-	Dick, E.C., C.R. Blumer, and A.S. Evans. 1967. Epidemiology of infec-
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Overall incidence of colds and of McM 88 infectiona in the several living quarters, McMurdo Station, Antarctica, WINFLY, 1976

Building 155 (Main
living unit)
	

137
	

23 (17%)
	

34 (25%)
	57 (42%)	5 (4%)	11 (8%)	16 (12%)8

Building 136 (Power
plant)
	

14
	

7 (50%)
	

8 (57%)
	

15 (107%)
	

1 (7%)	3 (21%)	4 (29%)
Building 125 (Civilian

housing)
	

14
	

3 (21%)
	

6 (43%)
	9 (64%)	1 (7%)	4 (29%)	5 (36%)

Building 182
(Firehouse)
	

10
	 0	 1 (10%)

	
1 (10%)
	

0	 0	 0
Building 137 (Civilian

housing)
	

8
	

2 (25%)
	2 (25%)	4 (50%)

	
0
	

0
	

0
Williams Field
	

7
	 0	 3 (43%)

	3 (43%)	0
	

3 (43%)
	3 (43%)&

Building 126 (Water
distillation plant)
	

5
	

0
	 0	 0

	
0
	

0
	

0
Transmitter station	 3

	 1 (33%)C	0	 1 (33%)
	

0
	

0
	

0
Building 142

(Dispensary)
	

2
	

0
	

1 (50%)
	

0
	

0
	 0

Totals	 200	36 (18%)
	

55 (27%)
	

91 (46%)
	

7 (3.5%)
	21 (10.5%)	28 (14%)

a There were three subclinical McM 88 infections: one each, in building 155, building 125, and Williams Field. They are counted as antarctic colds.
I See legend for figure 1 for definitions of these terms. Four indigenous colds were in the power plant and one in building 155.

One incoming McM 4 cold each occurred in building 155 and the transmitter station.
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Recovery of herpes virus type 1 from
the respiratory tract of subjects at
South Pole Station during the 1983

winter
M. L. VICKERS, A. J. PARKINSON, H. G. MUCHMORE, and

E. N. SCOTT

Oklahoma Medical Research Foundation
Department of Medicine
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and

The Veterans Administration Medical Center
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Oklahoma City, Oklahoma 73190

Previous work at South Pole station has shown that upper
respiratory tract infections (RTI) occur during the 8 1/2 months of
winter isolation, usually several months after the station is
closed to outside traffic, and long after the accepted incubation
period for most human upper respiratory viruses (Muchmore,
Parkinson, and Scott 1983). By virus isolation and serologic test-
ing of specimens collected from symptomatic and asympto-
matic subjects during the winter at South Pole Station, para-
influenza viruses 1 and 3 (Muchmore et al. 1979), and a rhi-
novirus (Parkinson, Muchmore, and Scott, Antarctic Journal,
this issue) have been implicated as etiologic agents of these
midwinter RTI outbreaks.

In 1983 cell cultures were again maintained throughout the
winter at South Pole Station to recover persisting human respi-
ratory viruses that may be the etiologic agent(s) causing the
midwinter episodes of RTI. Nineteen of the 20 winter personnel
volunteered to participate in the project. Throat swabs and
serum were collected initially at the Orientation Conference in
Washington, D.C. in September 1982 and each month while
paticipants were present at South Pole Station. Five cell lines
were maintained throughout during the year including MDCK,
LLC—MK2, HeLa, HEp-2, and MRC-5. Throat swabs were
swirled in 1.5 milliliter Hanks-balanced salt solution with 0.5
percent gelatin, and inoculated into duplicate cell cultures as
soon as possible, usually within 1 to 4 hours after obtaining
the swab. Cultures were observed daily for cytopathic effect
and tested for hemadsorption periodically before terminating
at 21 days. Viral agents were identified using commercial
fluorescein-conjugated specific antisera. Serum samples were
frozen at - 70°C during the winter, transported in dry-ice to the
home laboratory, and tested for antibody by virus neutraliza-
tion tests.

RTI's observed among the wintering personnel are recorded
in the figure. Several RTI's occurred after orientation in Sep-
tember 1982, but specimens were not collected from these sub-
jects. After opening of the South Pole Station on 6 November
1982, mild to moderate RTI's were seen in several departing 1982
wintering, 1982-1983 summer, and new 1983 wintering person-
nel. The station began winter operations 6 February 1983, re-
sulting in total isolation for 8 1/2 months. Two RTI's were noted
during the winter. One beginning 7 April with symptoms of
headache, sore throat, and malaise, and the other with more
severe sore throat, with coryza and cough, occurred 1 week
after the midwinter air-drop 21 June. Eight subjects reported
sore throats at various times throughout the winter. Two indi-
viduals reported a sore throat in February after winter opera-
tions began, two subjects in June, one in July, one in August,
and two 1 week prior to the station's beginning summer opera-
tions in November. Four isolates of herpes virus were made in
MRC-5 cells. All were typed by fluorescein-conjugated mono-
clonal antibody and were found to be herpes simplex virus type
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1 (HSV-1). Two of these isolates were made from the same
individual, (February and August isolates), who reported no RTI

symptoms during the winter period, but developed cold sores
on both occasions 1 week following specimen collection and
virus isolation. Two HSV-1 isolates were obtained from person-
nel with respiratory symptoms, one from a subject with a sore
throat (February isolate) and one isolate from a subject with
short-duration (i.e., less than 24 hours) "flu-like" symptoms in
May. These symptoms were thought to be due to the inhalation
of fumes from a blow-torch and not of viral origin. All subjects
from whom the virus was isolated reported histories of recur-
rent oral herpetic lesions. Four additional subjects experienced
cold sores, but not RTI symptoms, at intervals during the winter
isolation period. No virus was recovered from throat swabs of
these individuals, and the lesions were not cultured. No other
cytopathic or hemadsorbing viruses were recovered from spec-
imens collected during the 1983 winter. Of the 19 participants,
12 (63 percent) had detectable neutralizing antibody to HSV-1.
All individuals possessed neutralizing antibody to para-
influenza virus types 2 and 3. The individual who reported the
RTi in April had a four-fold rise in antibody to parainfluenza
virus type 2, suggesting a recent infection. However, without
virus isolation, the specificity of this response cannot be
confirmed.

Although upper respiratory infections again occurred during
the winter of 1983 at South Pole Station, they appeared to be
limited to a few individuals and with little evidence of horizon-
tal transmission. No viral agents could be identified con-
clusively as the etiologic agents of these illnesses. HSV-1 has

been shown to be a persistent infection of man, causing recur-
rent oral herpetic lesions, and although this virus has also been
implicated as a cause of RTI's in young adults (Glezen, Fernald,
and Lohr 1975; Lindgren, Douglas, and Couch 1968), HSV-1 did
not appear to be clearly related to the RTI's observed during the
1983 winter at South Pole.

This work has been supported by National Science Founda-
tion grant DPP 80-20092, the Oklahoma Medical Research Foun-
dation, and the Research Service of the Veterans Administra-
tion, Oklahoma City, Oklahoma.
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Rhinovirus respiratory tract infections
during isolation at South Pole Station
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Episodes of respiratory tract infections (RhI) occurred among
the 17 personnel wintering at South Pole Station during 1981
(figure). One subject (subject 13) reported an RTI 10 March 1981,
4 weeks after station closing and the beginning of the winter
isolation period. A second subject (subject 1) reported two
separate RTI'S, one beginning 6 April and a second beginning 27
April 1981. Another episode of RTI's began 23 July, 4 weeks after
the 1981 midwinter air-drop, and involved two subjects (sub-
jects 3 and 5). Symptoms varied from mild—including sore

ASO ND .J F M A M J J A SO ND

RTI 0	 MONTHS

Numbers of respiratory tract infections (RTI) reported during
1980-1981 at South Pole Station.
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throat and nasal congestion lasting less then 2 days (subjects 3
and 13)—to moderate—including initial sore throat, nasal con-
gestion, coryza, and malaise lasting from 4 to 6 days (subjects 1
and 5).

Throat swabs were collected from only the few subjects with
symptoms. These swabs were frozen in a virus transport medi-
um consisting of Hanks balanced salts solution with 0.5 percent
gelatin added and were stored at - 70°C for the duration of the
winter. Serum specimens were collected monthly from all vol-
unteer subjects. These were also stored at - 70°C throughout
the winter period.

After station opening on 1 November 1981, the throat swabs
were inoculated into semicontinuous (MRC-5) and continuous
(Hep-2, Hela M, LLC-MK2, and MDCK) cell cultures for virus
isolation. A virus producing cytopathic effect in MRC-5 cells
only was recovered from subject 5 from a specimen collected 27
July 1981, 4 days after the onset of symptoms. The virus was
grown to high titer, lyophilized, and shipped to the U.S. in dry
ice. The virus was subsequently shown, by M.K. Cooney, De-
partment of Pathobiology, University of Washington, Seattle,
Washington to be equally neutralized by monotypic antisera
prepared against rhinovirus prototype viruses 28 and 53. No
other cytopathic or hemadsorbing viruses were recovered from
acute specimens collected during the 1981 winter.

Serum neutralization assays were carried out using standard
methods (Lennette and Schmidt 1979), to determine the rhi-
novirus 28/53 specific antibody levels in sera collected throughout
the year from all volunteer subjects. The person from whom the
rhinovirus was recovered (subject 5), demonstrated a sustained
serologic response when the acute serum antibody titer (July
1981, less than 2) was compared to convalescent serum anti-
body titers (August 1981, 32) (table 1), confirming rhinovirus
28/53to be the etiologic agent of this RTI which occurred 25 weeks
after station closing. Additional serologic responses to rhi-
novirus 28/53 were detected in asymptomatic subjects (subjects 1,
9, 10, and 12-15) both during the austral summer prior to station
closing, and periodically throughout the winter isolation
period. Serum neutralization titers to human para-
influenzavirus type 3 were also determined on all subjects (table
2), and a significant serologic response was demonstrated in
one symptomatic subject (subject 1) following his RTI which

occurred in April. In addition serologic responses were demon-
strated in asymptomatic subjects prior to and during the winter
isolation period. No antibody response by any subject was
detected by neutralization assays to parainfluenzavirus type 2.
While the observed serologic responses suggest infection by
parainfluenzavirus type 3, the absence of virus isolation does
not allow confirmation.

While human parainfluenzaviruses have been implicated as
etiologic agents of mid-isolation Rh's at South Pole Station in
1976 (Muchmore et al. 1978) and 1978 (Muchmore et al. 1979),
this is the first time a rhinovirus has recovered from any subject
during the winter at South Pole Station. The origin of rhinovirus
28/53 within this community is unknown. Other rhinovirus types
and parainfluenzaviruses types 1 and 3 have been recovered
frequently during the outbreaks of RTI which occur during the
austral summer seasons each year at McMurdo and South Pole
Stations (Parkinson et al. 1976; Parkinson, Muchmore, and Scott
1979; Meschievitz et al. 1982). The presence of serologic re-
sponses in South Pole Station subjects to both parainflu-
enzavirus type 3 and rhinovirus 28/s during the 1980-1981 aus-
tral summer, suggests the presence of these viruses within this
community before the station closed for the winter in February
1981. While prolonged survival of rhinovirus within the indoor
station environment is unlikely, long-term virus survival in the
cold, dry outdoor south polar environment or the introduction
of rhinovirus type 28/53 to this community during the 22 June
midwinter air-drop cannot be excluded. However, the presence
of antibody, together with specific serologic responses to rhi-
novirus 28/53 among asymptomatic subjects after station closing
and before the midwinter air-drop, suggests survival and per-
sistence of virus within this community by person-to-person
transmission of asymptomatic infection.

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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Table 1. Geometric mean neutralization titers of subjects with serologic responses to rhinovirus type 28/53 from November 1980 through
October 1981 and September 1982

Austral summer	 Winter isolation
Subject	11/80	12/80	1/81	2/81	3/81	4/81	5/81	6/81	7/81	8/81	9/81	10/81	9/82
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Table 2. Geometric mean neutralization titers of subjects with serologic responses to parainfluenzavirus type 3 from
November 1980 through October 1981

Austral summer	 Winter isolation
Subject	11/80	12/80	1/81	2/81	3/81	4/81	5/81	6/81	7/81	8/81	9/81	10/81
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160
160
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120
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80
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a Respiratory tract infection.
b The underlined numbers indicate a change in titer fourfold (two tubes) or greater.
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Lower atmosphere studies

Antarctic automatic weather stations,
austral summer 1983-1984
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The automatic weather stations (Aws) measure air tem-
perature, air pressure, wind speed, and wind direction at a
nominal height of 3 meters under the control of a microcom-
puter. The data are transmitted to the Argos system on the
National Oceanic and Atmospheric Administration's (NOAA) 7
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Figure 1. The vertical temperature difference between 3.0 meters
and 0.5 meters (Delta T), air temperature, wind direction, and wind
speed as a function of Greenwich mean time (GMT) on the Ross Ice
Shelf near Cape Crozier, Ross Island, Antarctica.

and 8 polar orbiting satellites for later retrieval (Stearns and
Savage 1981; Stearns 1982; Stearns and Weidner 1983).

Seven complete and eight partial AWS units were constructed
during the summer of 1983. The partial AWS units, which in-
clude the computer and interface board, are completed by the
pressure gauge and transmitter systems from AWS units that
need either repairs or conversion from 6-volt direct current
(vDc) to 12-vDc power.

Changes were made in the read-only-memory (Rom) so that
four previous wind speeds and direction are transmitted in-
stead of mean values. Thus, five values of the pressure, tem-
perature, wind speed, and wind direction at 10-minute inter-
vals are transmitted every 200 seconds. In addition, provision
was made to transmit three values each of two additional mea-
surements (Stearns and Weidner 1984).

The addition of relative humdiity and vertical air temperature
difference measurements required an additional amplifier for
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each. The Intersil 7605 was used with a gain of 20 for the Vaisala	The AWS unit at Dome C had stopped transmitting 31 January
relative humidity sensor and a gain of 830 for the thermocouple	1983 (Stearns and Weidner 1983) and needed to be replaced
used to measure the vertical air temperature difference between	because the data are crucial to the katabatic wind study of G.
0.5 meters and 3.0 meters.	 Wendler of the University of Alaska. The AWS unit at Siple was

The table gives the location, start date, and status of all AWS	selected as the Dome C replacement. A 12-vDc battery powered
units as of 30 May 1984.	 unit was then installed at Siple so that data transmissions would

Automatic weather stations, Antarctica

Geographic	 Elevation
Identification	location	Latitude	Longitude	(in meters)	Start date	Status as of 30 May 1984

8900	0-80
	

70.020S	134.720E
	

2,500	14/1/83
	

Data from this unit have not been received for
some time thus the identification number may
be used for another unit.

8901	 D-10
	

66.700S	139-800E
	

240	15/1/84
	

Unit is operating satisfactorily.a
8902 Rothera Point Unit is to be returned to Madison for repairs. it will

be redeployed in austral summer 1984-1985
by the British Antarctic Survey.

8903
	

Byrd Subglacial
	

80.00°S
	

120.00°W
	

1,530
	

2/80
	

Unit is operating satisfactorily.
Basin

8904
	

Dome C
	

74.50°S
	

1 23.00°E
	

3,280
	

13/1/84
	

Unit is operating satisfactorily.
8905
	

Minna Bluff
	

78.77°S
	

166.850E
	

74
	

25/11/80
	

Unit is operating satisfactorily.
8906
	

Marble Point
	

77.430S
	

163.750E
	

121
	

2/80
	

Unit is operating satisfactorily.
8907
	

Ross ice	78.02°S
	

170.800E
	

44
	

10/12/80
	

Unit is operating satisfactorily.
8908B 	Cape Crozier	77.55°S

	
170.090E
	

27
	

14/1/84
	

Unit is operating satisfactorily. Unit has relative
humidity and temperature difference detector.

8909B
	

Arrival Heights	77.90°S
	

166.72°E
	

200?
	

24/1/84
	

Unit is operating satisfactorily. Unit has relative
humidity and temperature difference detector.

8910B
	

Siple Station	75.90°S
	

84.30°W
	

900
	

26/11/83
	

Unit is operating satisfactorily.
8911B
	

White island
	779505	166.17°E

	
25?
	

23/1/84
	

Unit is operating satisfactorily. Unit has relative
humidity and temperature difference detector.

8912
	

Larsen Ice	67.00°S
	

60.47°W
	

50?
	

7/2/83
	

Unit is transmitting incorrect data.
8913
	

Franklin island
	

76.24°S
	

168.660E
	

274
	

23/1/82
	

Unit is operating satisfactorily.
8914B D-47 67.38°S 138.720E 1,560 10/1/84 Unit was completely replaced in austral summer

1983-1984. The returned parts will be used for
AWS 8924 and 8925. Unit is operating satisfac-
torily.

8915	Ross Ice	78.520S	170.180E
	

52
	

4/12/80
	

Unit is operating satisfactorily.
8916B D-57 68.180S 137.520E 2,103 6/1/84 Unit was completely replaced in austral summer

1983-1984. The returned parts will be used for
AWS 8924 and 8925. Unit is operating satisfac-
torily.

8917 Rothera Point Unit is to be returned to Madison for repairs. it will
be redeployed in austral summer 1984-1985
by the British Antarctic Survey.

8918	Windless Bight	77.750S	167.670E
	

39	9/2/83
	

Unit is operating satisfactorily.
8919 Spine 67.650S 66.07°W 1,540 9/3/83 Data are good, but the wind speed is zero and the

wind direction is constant. Unit is operating sat-
isfactorily.

8920	Madison	 Unit is ready for redeployment in austral summer
1984-1985 by the British Antarctic Survey.

8921B	Byrd Glacier	79.980S	165.030E
	

75?	16/1/84
	

Unit was operating satisfactorily but stopped op-
erating on 17 April 1984. Unit has relative hu-
midity and temperature difference detector.

8922B	inexpressible	74.920S	163.600E	80?	6/2/84
	

Unit is operating satisfactorily.
Island

8923B	Ross ice	78.310S	172.50°W	42	1/2/84
	

Unit is operating satisfactorily.
8924B
	

Parts from AWS 8914 and 8916 will be used for this
unit.

8925B
	

Parts from AWS 8914 and 8916 will be used for this
unit.

8926B	Madison	 Unit is ready for redeployment in austral summer
1984-1985 by the British Antarctic Survey.

A total of 18 of the 27 automatic weather stations were operating satisfactorily as of 30 May 1984.
b The "B" after the identification number indicates the new read-only-memory program.
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continue after Siple Station closed. The AWS unit removed from
Siple was checked, converted to AWS 8904, and successfully
installed at Dome C. One integrated circuit had failed in the old
AWS 8904 after 3 years of operation at one of the coldest places on
the planet.

Nancy Site near White Island had to be removed as the site
was just inside the white-out landing zone for Willy Field. AWS
8911B was reinstalled just outside the white-out landing zone
near White Island and named Tiffany Site.

Batteries, regulator, boom, and aerovane were replaced at
Whitlock Site, 300 meters above the Ross Sea on Franklin Is-
land. Salt corrosion had corroded an exposed positive wire
preventing the batteries from charging. The presence of salt 300
meters above the ocean is surprising but with wind speeds
above 20 meters per second combined with the nearly vertical
cliff on the island it is likely that the salt spray was carried to the
island top by strong upward air motion.

AWS 8921 was installed on the Ross Ice Shelf near Byrd
Glacier. The purpose is to study the barrier wind flow and the
air flow down the Byrd Glacier onto the Ross Ice Shelf.

AWS 8907 at Ferrell Site had stopped 22 August 1983 due to
corrosion breaking a circuit trace on the central processing unit
(CPU) board. The CPU board was cleaned and repaired, and the
AWS unit was reinstalled at Ferrell Site.

The radioisotope thermal generator at Manning Site (Aws

8905) was dug out and installed on a raised platform.
AWS 8918 at Windless Bight had stopped 21 March 1983. The

unit was returned to McMurdo where the transmitter was
found to have shifted frequency. Adjustments were made, and
the unit was reinstalled at Windless Bight.

AWS 8909 was installed at Arrival Heights near McMurdo.
The unit used new CPU and interface boards combined with the
transmitter and pressure gauge systems from the unit removed
from Dome C. AWS 8909 also measures relative humidity and
vertical temperature difference.

Figure 1 shows the 3.0-meter to 0.5-meter temperature dif-
ference (Delta T) as a function of time along with air tem-
perature, wind speed, and wind direction at 3-meter height.
The Delta T and wind speed will be used to estimate the sensible
heat flux to the air. The vertical air temperature difference clear-
ly decreases as the wind speed increases.

Figure 2 shows the relative humidity as a function of time
along with the air temperature, wind speed, and wind direction
all at a height of 3.0 meters. The time series was selected because
of the large swing in relative humidity for the period and shows
variation with air temperature and wind direction.

George Weidner and Edwin Eloranta were in Antarctica from
21 November 1983 to 13 December 1983. While there, they
removed Nancy Site, went to Siple Station, repaired and re-
deployed 8907, 8911, and 8918. Mike Savage, Greg Vetter, and
Chris Breckenridge were in Antarctica from 4 January 1984 to 26
January 1984 servicing Dome C, Laurie, Manning, Tiffany, and
Arrival Heights sites. Jay Ardi installed AWS 8922B and 8923B
using the ice breaker helicopter.

This research was supported by National Science Foundation
grant DPI' 83-06265 and DPP 79-25040.
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Atmospheric tracers released in
Antarctica

E. J. MROZ, M. ALEI, J. H. CAPPI5, P. R. GUTHALS,
A. S. MASON, and D. J. ROKOP
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The antarctic tracer experiment is designed to increase scien-
tific understanding of meridional atmospheric transport pro-
cesses in Antarctica. Meridional transport is responsible for
bringing pollutants, both natural and manmade, to Antarctica
from the lower latitudes. These materials then become part of
the record of climate history that is frozen in the polar ice cap.
The project consists of releasing unique gases into the at-
mosphere at a time and place of our choosing and subsequently
sampling the antarctic atmosphere in search of the tracer gases.
Figure 1 shows the experimental concept and the location of the
stations where sampling for the tracer is being conducted.

The tracers used are 13C134 and 12CD4 . These gases are isotopic
analogs of methane and are called "heavy methanes" because
they are composed of the heavy isotopes of carbon and hydro-
gen, namely carbon-13 ( 13C) and deuterium. These gases can be
detected in the atmosphere at a level of a few parts in 1018 parts
of air. This extremely low level of detection means that the gases
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Figure 1. Conceptual view of the antarctic tracer experiment.
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can be detected up to about 2,000 kilometers from the point of
release.

Field operations 1983-1984. A major undertaking for the early
portion of the 1983-1984 season was the deployment of
samplers to eight stations on the antarctic continent; samplers
were installed at McMurdo, Palmer, and Amundsen-Scott Sta-
tions (United States), Halley Bay (United Kingdom), Dumont
d'Urville (France), Syowa (Japan), and Casey and Mawson
(Australia). Sampling at non-U.S. locations is being conducted
with the cooperation of personnel stationed there.

The heavy methane tracer was released after the sampling
network was established. The first release took place at 55°00'S
167°47'E at 5,500 meters above mean sea level on 9 January 1984
(0015Z). The release was made from a National Science Founda-
tion LC-130 airplane flying from Christchurch, New Zealand
toward McMurdo Station. The release lasted for 5 minutes dur-
ing which time the airplane traveled about 50 kilometers. This is
an instantaneous "puff" release when compared to the trans-
port scale of over 1,000 kilometers.

Upon release of the tracer, all sampling stations were notified
to begin sampling. The sampling protocol consists of collecting
one continuous sample over 3 days. This protocol is followed for
60 days after the release. Thus 20 samples are collected by each
station following each release.

Following the January release, additional samples were col-
lected by a cryogenic sampler developed for use on board
LC-130 airplanes. Samples were collected on a nearly daily basis
from 9 January to 15 February by taking advantage of the nor-
mal flight operations of VXE-6. Samples were collected on
flights between McMurdo and Siple, Byrd, Amundsen-Scott
Stations as well as between McMurdo and Christchurch. Other
flights on which samples were collected included flights to the
Siple coast, Martin Hills, Mount Smart, and the Ohio Range
areas. About 100 samples were collected by this means.

A second release was made on 8 June 1984. This release was
conducted with the assistance of the U.S. Air Force using a
WC-135 aircraft and was made at 59°40'S 160°45'W at 5,500
meters altitude. Sampling was conducted at the antarctic sta-
tions in the manner described above. Of course, no airborne
sampling could be conducted during the austral winter.

Trajectory Analysis. Understanding the path by which the
tracer travels is an important aspect of this research. A trajectory
forecast of the first tracer release in January 1984 has been
performed by meteorologists of the U.S. Air Force, the British
Antarctic Survey, and Washington State University. The results
are shown in figure 2. Trajectories A through D were forecast by
David Limbert of the British Antarctic Survey while trajectory E
was forecast by the U.S. Air Force. The forecast by Elmer Robin-

Figure 2. Forecast tracer trajectories following the release on 9 January 1984. The points along each trajectory were computed at 12-hour
Intervals. The date of the OOZ (midnight Greenwich mean time) analysis is indicated by the format ddIOO.
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son of Washington State University is essentially the same as
trajectory C. The dearth of meteorological observations in the
high southern latitudes exacerbates the uncertainties associated
with trajectory forecasting. The plotted forecasts of the tracer
trajectories show a wide divergence of possible paths after just a
few days. However, all of the forecasts agree that the initial path
was toward the east and south.

We are currently analyzing the samples that were obtained

following the January release for the presence of the tracer.
When we detect the tracer at any of the sampling locations, we
will identify the meteorological path by which it must have
arrived at the sampling location. Comparison of the forecasted
and actual paths will increase our understanding of at-
mospheric transport in Antarctica.

This research was supported by National Science Foundation
grant DPP 81-18562.

Meteorological variation of antarctic
aerosols

J. A. SAMSON,
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State University of New York

Albany, New York 12222

C. KUKLA and
W. EGAN

Lamont-Doherty Geophysical Observatory
of Columbia University

Palisades, New York 10964

A 30-meter meteorological tower was erected at South Pole
Station and instrumented during the 1983-1984 austral sum-
mer. The tower is located at the edge of the "clean air sector," 100
meters from the clean-air facility, along the 120°E meridian of
longitude. Winds are measured from the tower at the 3-meter
and 30-meter levels and recorded by the Global Monitoring for
Climate Change staff at the clean-air facility. An additional wind
set records wind direction and speed at the height of the sam-
pling stacks.

We mounted an experimental precipitation gauge at the 25-
meter level. This gauge has a cylindrical wind shield 50 cen-
timeters in diameter and 60 centimeters high surrounding a
catch funnel with a diameter of 25 centimers. A 1-liter catch
bottle is mounted at the outlet of the funnel. Visual observations
during the austral summer showed hoar frost and rime forma-
tion to be confined to the outside of the wind screen. We are still
evaluating the precipitation gauge.

Two "smoke detectors" which sense changes in atmospheric
conductivity due to particle presence are mounted on the tower,
at levels near the anemometers. The presence of suspended ice
crystals causes a change in conductivity similar to that caused
by the presence of smoke, and gives a recordable electrical
signal, so the electrical signal provides a record of the periods
when ice crystals are present. Additional experiments may al-
low us to differentiate between blowing and drifting snow by
comparing the 3- and 30-meter signals.

The austral summer 1983-1984 was meteorologically unusual
in the polar plateau. The surface temperature remained cold
throughout November and large hoar frost needles formed on

the cold firn surface when slightly warmer air was advected to
the South Pole in December. These frost crystals continued to
accrete, achieving lengths of 2-3 centimeters by early January.

The hoar frost appeared quite dense and covered most of the
surface. We measured 1-meter square area on the surface in the
clean-air sector on 6 January and carefully scraped the hoar
frost from the surface with a spatula. The frost crystals filled
three 1-liter sample bottles but weighed only 130 grams. This is
equivalent to 130 grams per square meter or 0.13 millimeters of
precipitation, a smaller amount than it appears to be and small-
er than the 0.4 millimeters found to accrete in a few hours
during a supercooled fog (Kikuchi and Hogan, 1976).

The hoar crystals were also unusual in that they were quite
resistant to erosion by wind. Past observations have shown
surface hoar to begin eroding and drifting at wind speeds of 6-7
meters per second, but these deposits did not erode in winds of
9-10 meters per second on 13 and 14 January. On 14 January,
very warm air was advected onto the polar plateau, accom-
panied by winds in excess of 10 meters per second and relatively
heavy snow. This snow continued through 15 January and the
hoar frost crystals provided surface roughness which trapped
the snow to prevent its drifting. The new snow was scraped
from the surface at 0200 universal time 15 January by the same
technique. The 2-3 centimeters of accumulated snow was
equivalent to 1.85 millimeters of water, which is one of the
largest falls observed at the South Pole.

We carefully noted the meteorological events surrounding
this storm. Aerosol collections were made, and suspended par-
ticles were measured by instrumental and optical techniques
through the storm. Deposited particles have been filtered from
both the hoar and new snow, and the albedo of the surface was
measured. Analysis of this event should allow us to estimate
particle deposition on the polar plateau and the physical influ-
ence of the particles on some properties of the firn. Preliminary
analysis indicates that silicate particles were precipitated by this
storm, and that the major deposition occurred from the first
kilometer of air above the station.

This work was supported by National Science Foundation
grant DPP 81-15231. We thank M. Finn and the entire Antarctic
Services crew for erecting the meteorological tower, F. Gilchrist,
M. Miller, and K. Hughes for meteorological support, and the
entire Global Monitoring for Climate Change organization for
their help in instrumentation of the meteorological tower and
subsequent recording of data.
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Winter meteorological phenomena of
the McMurdo area
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A major portion of the last decade's antarctic meteorological
research has been attempted at South Pole Station. While the
south polar plateau has a unique and interesting meteorological
regime, coastal Antarctica experiences more intense storms and
exchange events, especially during winter and spring. A series
of aerosol and ozone experiments were conducted [with the
help of the Naval Support Force Antarctica (NSFA) mete-
orological observations] at McMurdo during 1983. These mea-
surements and the meteorological observations allow estima-
tion of exchange of particles and gases among atmospheric
layers.

A series of measurements, made by cooperating cosmic ray
and infrasound observers during two previous winters estab-
lished a firm basis for the wintering program. We retained the
primary aerosol- and ozone-measuring instruments at the cos-
mic ray observatory and prepared a second observation station
near Scott's Hut for sampling onshore winds. We used the
phase contrast microscope and other apparatus in the biological
laboratory for preliminary analyses of collected particle sam-
ples and returned the preserved samples to the United States in
November 1983. Analysis of these particles with a scanning
electron microscope and energy dispersive X-ray analysis
continues.

The preliminary results obtained indicate that troposphere-
stratosphere exchange is much more vigorous over the Ross Ice
Shelf (78S) than over the interior of Antarctica. The radiation
imbalance of the polar plateau causes such stable stratification of
the polar troposphere that little exchange occurs, even when
storms penetrate to the vicinity of the South Pole. Komyhr and
Gras (1968), Oltmans and Komyhr (1976), and Oltmans (1980)
found little evidence of exchange over the plateau after exten-
sive ozone soundings and a long period of surface ozone obser-
vations. The surface ozone record at McMurdo shows frequent
occurrence of stratospheric-tropospheric exchange, because

surface ozone concentration often increases by a factor of two or
more, preceding and following storm events. This exchange
seems especially vigorous in spring, as surface ozone con-
centrations of more than 100 parts per billion by volume were
found following a September storm.

Aerosol particles are exchanged horizontally, apparently
from sea to ice, in the advective portion of the storm, when
surface winds are accelerating. The surface aerosol con-
centration increases as the storm system approaches and sur-
face wind increases. The concentration remains near maximum
as the deep mixing occurs when the storm system dissipates
and returns to typical values when the storm system has
passed. Several case studies of ozone and aerosol variation
around storms have been extracted from the winter observation
record for thorough analysis and publication.

The presence of nacreous clouds was noted by the observer
during several clear periods in winter. Visual sightings of the
cloud phenomena from the ground are rare in the Antarctic
simply because there are so few observers. The stratospheric
clouds have been sighted previously in both polar regions by
the SAM H satellite system (McCormick et al. 1982). The clouds
(also known as mother-of-pearls) persisted from several min-
utes to a few hours. Photographs were made of several nacreous
cloud events. In general, most observations coincided with high
pressure ridging across the continental plateau. The NSFA Mete-
orological Detachment soundings obtained in closest times
proximity to the nacreous cloud sightings are being analyzed to
determine if these high-level clouds can be associated with a
specific stratosphere flow and temperature regime.

This work has been supported by National Science Founda-
tion grants DPP 79-05987 and DPP 83-14537. The authors express
their thanks to Martin Pomerantz and Charles Wilson for their
cooperation. The enthusiastic support of all personnel of the
McMurdo Meteorological Office constitutes a major contribu-
tion to this work, and we offer them our thanks.
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Volcanic eruptions contribute aerosols and particulate mate-
rial to the atmosphere. By analyzing the soluble and insoluble
impurities in ice cores, it is possible to evaluate past contribu-
tions of volcanism to the atmosphere. The source of the im-
purities may be from violent eruptions, such as Mount St.
Helens and El Chichon, which had a global effect, or from
smaller eruptions which have only a local effect. The objective
of our study was to estimate the rate of sulfur dioxide (SO 2) and
particulate emission from Mount Erebus and evaluate its effect
on the antarctic atmospheric aerosol load.

Mount Erebus, the largest volcano on Ross Island is one of
two active volcanoes in the western Ross Sea area; the other
Mount Melbourne is insignificant as an aerosol source. A dis-
tinct volcano plume has been a characteristic feature of Mount
Erebus, since the volcano was discovered in 1841 by Sir James
Ross. Since 1972 a persistent, convecting lava lake has been
present in the inner crater of Mount Erebus (Kyle et al. 1982).
Although strombolian eruptions are frequent, they are so small
that they do not disperse significant amounts of volcanic ash
very far from the summit crater. The aerosols on the other hand
appear to be emitted in significant quantities and the charac-
teristic lenticular plume can be seen on occasions to extend for
hundreds of kilometers.

The SO2 flux was measured using a Barringer correlation
spectrometer (coSPEc-v) mounted aboard a National Science
Foundation LC-130 Hercules airplane flown by U.S. Navy pi-
lots. A survey method similar to Casadevall et al. (1981) was
used. The instrument was positioned on the upper bunk in the
cockpit so that it looked upward through a quartz window
mounted in the crew escape hatch. On four flights we flew six or
seven traverses under the perpendicular to the plume being
emitted from Mount Erebus. The COSPEC measured the absorp-
tion of ultraviolet skylight by SO2 in the plume. Emission rates
were determined by multiplying the estimated cross-section
S02 burden by the windspeed, as read from the inertial naviga-

tion system on the aircraft. Our estimated SO 2 emission rates
are given in the table.

For the particle measurements we used a 10-stage quartz
crystal microbalance (QcM) impactor. Air samples were col-
lected through a isokinetic probe mounted in the sextant port
above the navigator's desk on the LC-130 aircraft. The QCM gave
real-time measurements of the particle mass in ten equal log-
arithmic size intervals from 0.05 to 25 micrometers and larger.
The particles were retained on the quartz plates for laboratory
examination of morphology and elemental composition. Sam-
ples were collected by flying through the center of the plume,
perpendicular to its dispersal axis and in traverses along the
length of the plume. On 9 December 1983 we measured a mean
particle flux of 21 ± 3 metric tonnes per day. The ratio of the SO2
flux to total particle flux was 14:1.

Our mean S02 emission rate for Mount Erebus is 230 ± 90
metric tonnes per day (table). Polian and Lambert (1979) re-
ported an SO2 emission rate of 3 tonnes per day, whereas Radke
(1982) reported 35 tonnes per day. Our estimate is significantly
higher, but typical of that found in post-eruptive volcanoes
(Berresheim and Jaesehke, 1983). It is probable that Mount
Erebus may contribute significant amounts of SO 2 to the at-
mospheric sulfur budget in the Ross Sea embayment, although
compared to the total antarctic atmospheric budget, it may be
less significant (Delmas 1982) than suggested by Radke (1982).
It is possible that Mount Erebus may contribute to the antarctic
stratosphere during winter when the tropopause is significantly
lower and the plume could be injected into the stratosphere. If
this were to occur, then Mount Erebus may leave a chemical
signature in the snow and ice of the east antarctic ice sheet.

This work was supported by National Science Foundation
grant DPP 80-21402. We would like to thank the VXE-6 LC-130
Hercules crew and personnel for their wonderful support.
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Sulfur dioxide emission rates from Mount Erebus

Number of
Date	 Traverses	 Tonnes per day

9/12/83	 6	 290 ± 140
14/12/83	 7	 150 ± 30
17/12/83	 7	 290 ± 65
19/12/83	 7	 200 ± 50

Mean	 230 ± 90
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Size distribution of aerosols in the
vicinity of Ross Island
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As part of a general study of submicron particles suspended
in the troposphere at locations far from industrial pollution, we
are investigating microscopic aerosols in the vicinity of Ross
Island. The purpose is to determine the physics controlling the
size distributions of aerosols in a variety of air masses that flow
into the McMurdo area.

Special attention is being directed toward the size distribution
of particles in dry, cold air originating from the central ice sheet
(continental Antarctica) and air masses originating from oceanic
area (maritime polar). We are particularly interested in very
small (radius less than about 10-6 centimeters) particles whose
presence indicates production from gaseous precursors.

The aerosol experiments are being conducted in the vicinity
of the cosmic ray building at McMurdo Station. A diffusion
battery (consisting of Nuclepore filters) is used to deduce the
size spectrum of the particles within the size range 10 to 106
centimeters (Twomey 1976). Particles in this range (so-called
Aitken particles) are very mobile and attach quickly to obstacles
or hydrometeors, like ice crystals or snowflakes and also they
are lost rapidly by coagulation under the driving force of ther-
mal Brownian motion. Due to the many processes which re-
move or modify these particles, their lifetimes are quite short
and it therefore is assured that the ones being detected are
produced in the polar or subpolar regions within distances of a
few hundred kilometers.

During the summer months, contamination from combus-
tion products originating at Scott and McMurdo bases was fre-
quently encountered, but when the contamination occurred it
was very obvious from large spikes and fluctuations in the
records. Nevertheless, there were clean azimuths from which
incoming air contained steady and very low (i.e., 100 per cubic
centimeter) concentrations of particles over hours of time. We
found the tendency for particle concentration to increase and
mean particle size to decrease during periods of air subsidence.
Hogan and Barnard (1978) previously reported similar find-
ings. The mean size and concentration of aerosol particles also
decreased during storms.

The diffusion battery measurements indicate that the particle
size spectrum in Antarctica is bimodal, at least in summertime
polar air mass systems. There seems to be an accumulation
mode near 3 x 10 centimeters and a nucleation mode cen-
tered at about 106 centimeters diameter. It will be of interest to
see if the nucleation mode, which possibly may arise by photo-
induced nucleation of trace sulfur-bearing gases, disappears in
the dark months.

During the summer we found very little absorbing material in
the aerosols from the clean sector, (aerosol absorption coeffi-
cient approximately 10 -8 per meter). The calculated optical scat-
tering coefficient (at mid-visible wavelengths) was in the range 5
X 10 to 2 x 10-6 per meter: these numbers are consistent with
previous measurements (Shaw 1982) of the aerosol optical
thickness.
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Detection of El Chichon volcanic
aerosol in the antarctic stratosphere

D. J. HOFMANN and J. M. ROSEN

Department of Physics and Astronomy
University of Wyoming

Laramie, Wyoming 82071

From 1972 to 1980 the University of Wyoming's Atmospheric
Physics group conducted annual balloon soundings at McMur-
do and/or South Pole Stations to study stratospheric aerosols
and trace gases. These results were reported in previous issues
of Antarctic Journal (Hofmann, Rosen, and Kjome 1972;
Hofmann, Pinnick, and Rosen 1973; Rosen et al. 1974;
Hofmann, Rosen, and Olson 1975; Hofmann et al. 1976;
Hofmann et al. 1977; Hofmann et al. 1978; Hofmann etal. 1979;

Hofmann et al. 1980). Substantial variations in the antarctic
stratospheric sulfate layer were not observed during this period
and antarctic measurements were terminated in 1980.

Following four major volcanic eruptions during the period
from 1980 to 1982, culminating in that of El Chichon in Mexico in
April 1982, we observed that sulfuric acid aerosol levels in-
creased dramatically in the northern hemisphere (Hofmann
and Rosen 1983-a, 1983-b). In addition, measurements at
Laramie, Wyoming indicated that sulfuric acid condensation
nuclei (radius equals approximately 0.01 micrometer) were
being formed at altitudes of about 30 kilometers in the Arctic,
well after the eruptions. It was theorized (Rosen and Hofmann
1983) that these nuclei were formed from volcanically derived
sulfuric acid vapor during large, rapid temperature variations in
the polar region, such as those that occur during the winter-
spring season.

In 1983 we proposed to return to Antarctica and conduct a
single sounding at McMurdo as early in the summer season as
possible. The purpose was twofold. First, we wanted to find out
to what extent the El Chichon aerosol had reached the antarctic
stratosphere, and second, we wanted to determine whether the
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proposed mechanism for aerosol production at 30 kilometers
was operative over the Antarctic during the corresponding sea-
son (winter-spring). To do this in a single sounding, the largest
balloon ever used in Antarctica (7,230-cubic-meter volume) had
to be launched under what was expected to be adverse weather
conditions.

An optical-type aerosol detector, which detects particles by
light scattering and sorts them into two integral size ranges
(radii greater than or equal to 0.15 and 0.25 micrometers), was
used. The ratio of these two size ranges is indicative of the size
distribution. A thermal growth chamber was cycled in and out
with a 30-second period. This allowed extending the size range
down to radii greater than or equal to 0.01 micrometers, which
we have collectively called condensation nuclei (cN).

The total payload, weighing about 27 kilograms, was suc-
cessfully launched at McMurdo on 27 October 1983, 1 week after
the helicopters became operative. They recovered the payload
about 55 kilometers from McMurdo after a balloon ascent to
about 32 kilometers (105,000 feet) and subsequent parachute
descent. We met both our study objectives in this single flight.

Figure 1 shows the vertical profile of the concentration of
aerosol with radii greater than or equal to 0.15 micrometers and
the ratio of radii greater than or equal to 0.15 to radii greater than
or equal to 0.25 micrometers concentrations (termed the "aero-
sol-size ratio"). Figure 1 also shows profiles of the same quan-
tities obtained at McMurdo on 16 January 1979, during a period
of low volcanic activity. An extensive aerosol layer is obvious
between about 11 and 17 kilometers in the 1983 data. The small
size ratio in the layer indicates the presence of particles which
are larger than normal as was typical of the El Chichon aerosol.
The very low concentrations above about 18 kilometers in the
1983 data appear unusual.

The peak aerosol mixing ratio (particles per milligram am-
bient air) in the layer was about 30 particles per milligram. A
sounding at Laramie on 21 October 1983 indicated a peak mix-
ing ratio of about 40 particles per milligram in the layer which
was centered at about 20 kilometers. A higher altitude layer at
midlatitude as compared to the polar regions is consistent with
the variation of tropopause height. Thus, horizontal transport
to the antarctic stratosphere from the northern hemisphere was
efficient in the 18 months which elapsed between the eruption
and our observations.

Figure 2 compares the CN observations of 1983 with those of
1976. There is a large (about a factor of 50) increase in the 20-30
kilometer region. Concentrations as high as 100 particles per
cubic centimeter suggest a lifetime (determined by coagulation)
of only a few weeks for these small particles. It is thus quite
probable that they were nucleated over the Antarctic in a man-
ner similar to that which creates CN over the northern hemi-
sphere polar regions in the corresponding season. The CN
layer begins at precisely the point where an unusual absence of
larger (radii greater than or equal to 0.15 micrometers) aerosol
begins (see figure 1) as if one were being lost to form the other.
Figure 2 also shows the temperature profiles indicating typical
summer (1976) and winter (1983) values. We note, however,
that the upper stratosphere in 1983 was very warm for a winter
stratosphere.

Figure 3 shows temperature data at 10 and 30 millibars (about
29 and 22 kilometers altitude, respectively) as obtained by radi-
osondes at South Pole Station during October 1983. A strat-
ospheric warmingapparently began between 7 and 11 October.
As has been theorized following observations at Laramie in 1983
(Hofmann, Rosen, and Gringel in press), stratospheric warm-
ings create temperatures that are high enough to vaporize exist-

Figure 1. Aerosol concentration and size ratio profiles measured with balloon-borne particle detectors at McMurdo during 1979 and 1983.("km"
denotes kilometers; "r" denotes radius; "rim" denotes micrometer; 11 cm 3" denotes per cubic centimeter.)
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Figure 3. Radiosonde temperatures at the 10- and 30-millibar (mb)
pressure levels measured at South Pole Station In October 1983.

ing sulfuric acid/water aerosol thus creating a large con-
centration of acidic vapor. If this vapor is subsequently cooled
rapidly enough, (which is apparently what happens during
transit to Laramie in the northern hemisphere) nucleation can
occur. The process is similar to the formation of fog and appears
to operate in the antarctic stratosphere as well. It is thus quite
probable that the air parcel above about 17 kilometers had been

in a very warm region, and thus the nearly complete vaporiza-
tion of the aerosol present resulted. Subsequent cooling then
caused the new CN to form in place of the vaporized aerosols. In
this manner only I aerosol per cubic centimeter having radii
around 0.1 micrometers would result in the order of 10 per
cubic centimeter with radii around 0.01 micrometers. These
would, in a period of about 2 weeks, coagulate to concentrations
of about 100 per cubic centimeter as observed.

The only apparent difference in CN formation in the two polar
stratospheres appears to be that it occurs at a lower altitude in
the Antarctic. While the upper boundary has never been deter-
mined, the lower boundary is near 30 kilometers in the north -
ern hemisphere while it is apparently at only about 20 kilo-
meters in the southern hemisphere. This difference is probably
related to the different thermal regimes operative.

The measurement will be repeated in 1984, possibly with an
additional sounding at McMurdo or South Pole.

D.J. Hofmann, J. W. Harder, N. T. Kjome, and G. L. Olson were
in the field from 12 October to 2 November. Erick Chiang
provided the South Pole Station temperature data. This work
was supported in part by National Science Foundation grant
ATM 82-19766.
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Coreless winter in Adélie Land,
Antarctica, in 1983

Y. KODAMA and C. WENDLER

Geophysical Institute
University of Alaska

Fairbanks, Alaska 99701

The "kernlose" or "coreless" pattern of winter temperature is
typical in arctic regions as well as in Antarctica (Wexler 1958,
1959; van Loon 1967; Loewe 1969; Thompson 1969). In the
comprehensive study by Loewe (1969) the definition of coreless
winter and all that was known about it to that point is well
documented . * In this paper, we report the preliminary result of
our study of the temperature regime in its relationship to other
meteorological parameters, which will add a new aspect to the
study of coreless winter in Antarctica.

Four Automatic Weather Stations were installed on a slope of
Adélie Land, Antarctica (Wendler, Gosink, and Poggi 1981), and
another one at the top of an ice dome, Dome C. In this study, the
data from D80 (latitude 70°01' 5, longitude 134°43' E, and al-
titude 2,500 meters), D47 (latitude 67°23' S, longitude 138°43' E,
and altitude 1,560 meters), and D10 (latitude 66'42'S, longitude
139°48' E, and altitude 240 meters) are analyzed for the period
from January to November in 1983.

Figure 1 shows the monthly mean air temperatures for three
stations on the icy slope of Adélie Land in 1983. From this figure
one can easily see the coreless winter temperature patterns,
with distinctive reversals of the expected course in June and
September. One would expect, for the long-term mean, that the
curve would be U-shaped with less pronounced reversals
(Schwerdtfeger 1970). Although average temperatures in sum-
mer are similar for all stations, in winter D80 is much colder
than D10 or D47. The temperature courses, however, are very

*Coreless winters are winters in which the mean monthly temperatures
during a number of months differ little from each other.

similar for three stations, indicating that the coreless winter is a
phenomenon for the whole of Adélie Land. From February to
April the drop in temperature is steep and in the months of May
and June a warming of the temperature was observed. In July all
stations recorded the coldest monthly mean temperatures.
Warm spells are seen in August and September and a cold spell
is again observed in October.

To find a more objective measure for warm and cold spells, all
data from April to September were taken and the absolute
temperature deviations larger than 1 standard deviation from
the average were defined as warm or cold spells, respectively.

The table shows the differences of the mean pressures and
resultant wind speeds and directions for warm and cold spells
from the overall averages. Surprisingly, during warm spells the
atmosphere pressure is higher than the averages for all three
stations, and lower for cold spells. This is just the opposite of

1 --- D-10
4 --- D-47
8 --- D-80

240 I	r--	 I I i1

JF M O M JJSOND

Figure 1. Monthly mean temperatures in 1983 in Adélie Land, Ant-
arctica. ("K" denotes Kelvin.)
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The differences in atmospheric pressure and resultant wind
speed and direction from their averages for the cases of the

temperatures which deviate more than 1 standard deviation ((rT)
from the average, for the three stations in Adéiie Land,

Antarctica. The bar denotes the average.

Pressure	Wind speed
Wind directionTemperature	 deviationdeviation	 deviationStation	deviation	-	(WS - WS)(P P)	

(meters per (WD - WD)(T - T)	
(millibar)	

second) (degree)

080	>1	 12.4	-1.3	-12.0

	

-8.3	-0.6	 4.0
047	>T	 9.7	-0.8	-12.0

	

-5.8	0.5	10.0
D10	>T	9.2	-0.5	-4.0

	

-4.0	-2.1	 3.0

what one would usually expect: warm spells are caused by in-
creased warm air advection, which is normally connected with
increased cyclonic activity, and one expects cold spells to be
caused by decreased warm air advection and decreased cloud-
iness, both typical for an anticyclone.

In figure 2 the pressure is plotted against temperature. A
correlation factor of 0.22-0.25 was found, which is significant at
the 99 percent level.

From the table, one can also see that the resultant wind
direction for warm spells is more cross-slope and more down-
slope for the cold spells when compared with the mean. Most of
the time, wind speeds are lower for both warm and cold spells
when compared to the average conditions.

Besides the findings above, some other results, which are not
shown in detail due to the space limitations, are:
• The differences in pressure between the stations are smaller

for warm spells and larger for cold spells, a result to be
expected.

• The pressure is falling for 66 percent of the time when warm
spells are observed and rising for about 70 percent of the time
cold spells are observed.

• The interdiurnal variation of the atmospheric pressure,
which can usually be taken as a sign of the cyclonic activity
(Schwerdtfeger 1970), were not related to temperature or
pressure.
One explanation of this surprising result, that high at-

mospheric pressure is connected to above normal tem-
peratures, might be the following: high atmospheric pressure at
the stations in Adélie Land is an indicator that the anticyclone
over the antarctic plateau is stronger than normal. This extends
and intensifies the pressure ridge between the two semiperma-
nent cyclones which are situated at about 1000 E and 170° Wjust
off the coast of the antarctic continent (Schwerdtfeger 1970).
This in turn increases the advection of warm air into Adélie
Land as well as further inland on the continent. If this holds
true, a weak point of Wexier's explanation for coreless winter
would be solved. He could explain the coreless winter tem-
perature for the coastal stations by increased cyclonic activity;
however, the pronounced coreless winter temperature pattern
on the antarctic plateau is difficult to explain in this manner. Our
explanation, in which warm air advection is by anticyclones,
makes the coreless winter temperature patterns more plausible
for the inland stations. For below normal temperatures the

opposite argument could be made. However, synoptic weather
maps must be analyzed to verify this point.

This study was supported by National Science Foundation
grant DPP 81-00161. Our thanks go to many individuals who
worked for the automatic weather stations: University of
Wisconsin (Sterns), Expeditions Polaires Fracaises (Vaugelade
and Guillard) and individuals in the U.S. Antarctic Research
Program.
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Ice crystal nucleation on antarctic
hygroscopic aerosols

T. OHTAKE and A. G. FOUNTAIN

Geophysical Institute
University of Alaska

Fairbanks, Alaska 99701

Aerosols at the South Pole were sampled to (1) clarify the
mechanism of formation of polar atmospheric ice crystals and
(2) test their ice nucleation ability under humidity conditions
that were below water-saturation level. This was done to deter-
mine whether or not the aerosols would nucleate ice crystals
through direct condensation of water vapor at temperatures
lower than - 25°C. The ice nucleus concentrations on filters
were measured at the South Pole with a vapor-diffusion type ice
nucleus counter at temperatures of - 25°C and - 37°C and
humidities at ice saturation and between ice- and water-satura-
tions in December 1982 and November 1983, respectively.

The observations showed that aerosol concentrations of 100 to
400 particles per cubic meter were nucleated to ice crystals in the
antarctic atmosphere at about 82 percent relative humidity (over
water) as indicated in the figure; this agrees with the expected
ice-crystal concentrations and humidity conditions in the polar
atmosphere (Ohtake 1976).

It was discovered that aerosols may display a memory effect
in their ice-nucleating ability after experiencing low tem-
peratures (Higuchi and Fukuta 1965). If aerosols have even a
very small amount of ice present in surface capillaries, the ice
can grow even at humidities between ice- and water-satura-
tions. To test the memory-nucleation ability of aerosols, the
exposed filters were bisected: one half of each filter was main-
tained at temperatures below - 25°C, while the other half was
warmed up above the freezing point to destroy the nucleation
memory.

The concentration of ice crystals which were nucleated on the
warmed filters averaged two-thirds the number of ice crystals
formed on the cold filters. The ratio of concentrations of ice
crystals formed on both filters, as well as the ice-nucleus con-
centrations, varied from day to day. This observation supports
the suggestion that there is a capillary effect of solid particles to
be ice nuclei. The capillary effect on ice nucleation seems to
change daily with variations of the vertical temperature profile
or the occurrence of subsiding air in the polar atmosphere.

In the observations of ice nuclei in 1983, only aerosols with a
particular size range (between 0.01 and 0.6 micrometers in
diameter) were collected on one of two filters. With this special
selection of the size range of aerosols, air containing the aero-
sols was passed through a Nuclepore filter with pore sizes of 1

micrometer at a rate of 10.6 liters per minute. Seventy-five
percent of aerosol particles larger than 0.6 micrometers are not
transmitted through the pores on the filter, while particles
smaller than 0.01 micrometers are coagulated by the pores and
blocked by the Nuclepore filter at a sampling rate of 10.6 liters
per minute (Shaw 1983).

Using this technique, we found no appreciable difference in
the numbers of ice crystals on the sampling filters (Millipore)
with or without inclusion of the transmission filter (Nuclepore).
Even though this arrangement of aerosol sampling was not
used in 1982, it has been assumed that the size range of aerosols
tested in 1982 was the same as that of aerosols tested later.

It is suggested, on the basis of the observations, that many
aerosols in the polar atmosphere deliquesce in ambient humid
air of about 82 percent relative humidity (in 1982) and 79 percent
relative humidity (in 1983) and are followed by freezing of the
submicron-sized water droplets to ice crystals at temperatures
below - 25°C and - 37°C, respectively. These short-lived water
droplets and subsequent ice crystals are small enough to be
nearly invisible, unless the ice crystals grow to a larger size.
These ice crystals must be responsible for causing ice-crystal
displays in the polar atmosphere or the clear-sky precipitation.
The mechanism may be closely related to cirrus cloud formation
even in the temperate regions. The aerosols may be minute
sulfuric acid particles which are formed or transported in the
lower stratosphere. Chemical analysis of the aerosol particles
collected on electron microscope specimen grids by means of an
electrostatic aerosol sampler is presently underway.

This research is supported by National Science Foundation
grant DPP 83-03964. The authors wish to express their apprecia-
tion to A. W. Hogan for his kind arrangement of sharing logistic
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support for the antarctic study in 1982, and to G.E. Shaw for his
assistance with the Nuclepore transmission device and valuable
discussion of the results.
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Geophysical monitoring for climatic
change, Amundsen-Scott South Pole

Station, 1983-1984

R. E. BRAINARD

National Oceanic and Atmospheric Administration
Air Resources Laboratory
Boulder, Colorado 80303

The objective of the National Oceanic and Atmospheric Ad-
ministration's (N0AA) Geophysical Monitoring for Climatic
Change (GMcc) program is to establish, through continuous
monitoring, baseline measurements of various atmospheric pa-
rameters and to assess these measurements for their effect on
global climate. Because the measurements are baseline in
nature, these data are collected at remote locations far removed
from pollutant sources so that global levels may be monitored.
GMCC maintains observatories at these locations: Point Barrow,
Alaska; Mauna Loa, Hawaii, Cape Matatula, American Samoa;
and Amundsen-Scott South Pole Station, Antarctica. Measure-
ments obtained at these stations are being used to determine
whether gases or particulates introduced into the atmosphere
by natural causes or human activities are significant in their
effect on climate and, if so, to determine the anthropogenic
impact related to those changes (Mendonca 1979; Herbert 1980;
DeLuisi 1981).

The South Pole Station GMCC observatory continued normal
operations during the 1982-1983 season. The various GMCC and
GMCC-cooperative projects were performed and maintained by
Russell Brainard, Lt NOAA Corps, who served as chief observer;
Gregory Seidelberg, an electronics technician, who was present
for the austral summer only, and Steve Fahnenstiel, a physicist,
who worked on the project from January until November. All
GMCC projects were carried out at the clean-air facility. The
clean-air facility is situated 92 meters upwind of the nearest fuel
arch and over 200 meters upwind of the geodesic dome. The
clean-air facility is isolated upwind of the main station to avoid
local contamination from the station power plant and other
activities.

The next several paragraphs contain a brief summary of the
type of measurements made by the GMCC program at the South
Pole during the 1982-1983 season.

Carbon Dioxide. Continuous carbon dioxide measurements
were made with an ultrarot absorbtion Schreiber (uRAs) 21
nondispersive, infrared gas analyzer. Discrete samples using

0.5 liter glass flasks were alternately taken through the analyzer
(same sampling lines as used for continuous measurements)
and from the clean-air facility roof using a portable pressurizing
pack (P3 sampler). The 0.5 liter flask samples were taken week-
ly. In addition, discrete samples using 5 liter evacuated glass
flasks were taken twice monthly from the clean-air facility roof
for Scripps Institution of Oceanography.

Aerosols. A General Electric condensation nuclei counter
(GECNC) was used to make continuous measurements of Aitken
nuclei concentrations. Discrete condensation nuclei observa-
tions were made twice daily with a Pollak counter. These obser-
vations were used as a calibration standard for the GECNC. Con-
tinuous measurements of aerosol light scattering properties
were made using a four wavelength nephelometer.

Meteorology. Continuous measurements of wind direction
and speed, snow temperature, air temperature, frost-point
temperature, and barometric pressure were made.

Solar Radiation. During the austral summer, continuous mea-
surements were taken of direct (normal incidence) spectral irra-
diance and global (horizontal incidence) spectral irradiance.
Direct irradiance was measured with two Eppley normal-inci-
dence pyrheliometers (NIP'S) on an equatorial mount. One of the
NIP's had an RG-8 filter. Discrete direct irradiance observations
were made three or four times daily under clear sky conditions
using a NIP with a filter wheel (with quartz, OG-1, RG-2, and
RG-8 filters) attached. Global irradiance was measured using
three Eppley global-spectral pyranometers with quartz, OG-1
and RG-8 filter domes. Snow-surface albedo measurements
were made using three down-facing Eppley global spectral
pyranometers with quartz, OG-1, and RG-8 filter domes. At-
mospheric turbidity was measured discretely 3-4 times daily
under clear sky conditions using two dual wavelength (380 and
500 nanometers; 778 and 862 nanometers) sunphotometers.
Terrestrial (infrared) radiation was measured for the first time
during the austral winter using an Eppley pyrgeometer. Total
slant path atmospheric water vapor content was measured dis-
cretely using an infrared solar hygrometer.

Ozone. A Dasibi ultraviolet ozone monitor was used to make
continuous measurements of surface ozone. Total ozone mea-
surements were taken three times daily during the austral sum-
mer using a Dobson spectrophotometer. During the winter,
focused-image moon observations were made whenever condi -
tions allowed.

Halocarbons. Discrete samples of outside air were collected
and pressurized in 0.3 liter stainless steel cylinders which were
sent to GMCC personnel in Boulder to be analyzed for tn-
chiorofluoromethane (F-il), chlorodifluoromethane (F-12), and
nitrous oxide (N20). This was done weekly during the austral
summer and monthly during the austral winter.
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Methane. As a new cooperative project for the National Center
for Atmospheric Research, methane concentrations were meas-
ured daily using a baseline portable gas chromatograph. In
addition, weekly flask samples were taken and sent to the
National Center for Atmospheric Research for analysis.

Carbon 12113. Two 10-liter stainless steel cylinders were filled
each month and sent to the U.S. Geological Survey in Denver,
Colorado to be analyzed for the carbon 12/13 ratio and methane.

Fluorocarbons. Two pairs of stainless steel flasks were filled
and pressurized each week and sent to the Oregon Graduate
Center to be analyzed for fluorocarbons and other trace gases.

Snow acidity. Weekly samples of fresh snow were taken up-
wind of the clean-air facility. The samples were sent to NOAA'S

Mauna Loa Observatory for analysis.
Atmospheric chemistry. Weekly, bimonthly, and tn-monthly

filter samples were taken for the University of Maryland, Uni-
versity of Arizona, University of California, Berkeley, State Uni-
versity of New York, Albany, and the U.S. Department of Ener-
gy. These filter samples were all sent to their respective institu-
tions for analysis of the particulates found over the south polar
plateau.

The GMCC Program at South Pole Station is operated by the Air
Resources Laboratory of NOAA with support from the National
Science Foundation. For additional information and a review of
all activities since 1972, see GMCC program summary reports
1-12. In addition to data acquisition and archival work, the
GMCC organization is actively involved in atmospheric research.
Data analysis and interpretation and research publications are
part of the continuing work performed at the Environmental
Research Laboratories located in Boulder, Colorado.
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Boundary layer air chemistry research
at the South Pole

E. ROBINSON and D. R. CRONN

Laboratory for Atmospheric Research
College of Engineering

Washington State University
Pullman, Washington 99164-2730

second). In the laboratory, instrument problems developed in
the CO2-CH4-CO gas chromatograph and replacement parts
were not available to repair the unit. Thus, there are no profile
data for these three trace gases.

The table presents the F-12 and N 20 concentration data for
two of the 19 profiles obtained with the tethersonde during this
past field season. Flight 4 was made on 13 December 1983 and is
an example of profiles obtained during synoptic conditions that
produced air-mass transport from the region of the antarctic
plateau. The profile for F-12 shows generally decreasing con-
centrations with altitude between the 1-meter and 110-meter

The objective of the first year of this 2-year research program
was to carry out a study of atmospheric trace gas concentration
profiles in the boundary layer at the South Pole. The trace gases
of interest included the halocarbons trichiorofluoromethane
(F-il) and dichiorodifluoromethane (F-12), carbon tetrachloride
(CC14), methyl chloroform (CH3 CC!3), nitrous oxide (N20), car-
bon dioxide (CO2), carbon monoxide (CO), and methane (Cl-I4).

The field program was carried out at the South Pole between
10 November 1983 and 22 January 1984. The major pieces of
laboratory equipment included two gas chromatographs, one
for halocarbons and N 20 and one for CO2, CH4, and CO. and a
tethersonde system for profile sampling and meteorological
profiles. The first tethersonde flight for meteorological data
(i.e., wind and temperature) was made on 17 November 1983,
and the first successful trace-gas profile was obtained on 25
November 1983. The trace gas profile study was set up and
operated from space in the clean-air facility. The profiles were
obtained from a location on the edge of the clean air sector near
the clean-air facility.

The meteorological conditions at the South Pole during the
1983-1984 season were unusual because there were frequent
periods of strong winds. The winds limited tethersonde opera-
tions, because the balloon's flight was unstable when the sur-
face wind exceeded about 10 to 12 knots (5 to 6 meters per

Low-level profiles for fluorocarbon-12 and nitrous oxide at the
South Pole, 1983

Fluorocarbon-12	Nitrous oxide
Flight number	Height	(in parts	(in parts

and date	(in meters) per trillion)	per billion)

Flight 4	 110	 326.1	 303.1
13/12/83	 90	 329.4	 302.1

	

80	 329.0	 305.5

	

50	 326.6	 303.5

	

20	 330.7	 302.9

	

15	 328.7	 303.1

	

5	 328.1	 303.1

	

330.7	 302.8

Flight 9	 100	 333.7	 306.8
28/12/83	 80	 334.0	 304.6

	

50	 334.2	 305.5

	

20	 330.9	 304.4

	

10	 332.8	 305.4

	

5	 333.3	 305.2

	

1	 335.5	 307.2

	

0	 335.8	 309.1
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heights. The table also shows the F-12 and N 20 data from flight
9 flown later in the season on 28 December 1983. The synoptic
conditions during this period were such that the station was
under the influence of air-mass transport from the Weddell Sea
region. This influence created a strong surface-layer gradient
for both F-12 and N 20 and then generally increasing con-
centrations above the 20-meter level. In the former profile, flight
4, lower-level gradients were not well defined while above
about 20 meters F-12 concentrations tended to decrease; N20
showed no clear trend with increasing height. In terms of con-
centrations, the average values for both F-12 and N 20 were
higher for flight 9 with the Weddell Sea air mass transport than
for flight 4 with flow from the antarctic plateau. However, it is

too early in our study of these data to determine whether this is
a consistent pattern for the 1983-1984 observations.

The analysis of the South Pole profiles is proceeding. Using a
computer file of the individual samples a variety of statistical
procedures will be used to examine the data. Averages, correla-
tions, and identifiable patterns will be sought and subjected to
statistical significance testing.

The field program at the South Pole was carried out by Fred
Menzia and Matthew Loizeaux with assistance early in the
season from Elmer Robinson. Special thanks are due to the
National Oceanic and Atmospheric Administration/Global
Monitoring for Climate Change staff and their assistance to our
laboratory operations in the clean air facility.

Variability of methane and carbon
monoxide at the South Pole

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

Department of Chemical, Biological, and Environmental Sciences
Oregon Graduate Center
Beaverton, Oregon 97006

It is apparent that the global atmospheric concentration of
methane is increasing steadily, and now there is reason to
believe that the levels of carbon monoxide may also be rising in
the northern hemisphere (Rasmussen and Khalil 1981; Khalil
and Rasmussen 1984). If methane builds up to sufficiently high
concentrations in the atmosphere, it may add to the warming of
the Earth (the greenhouse effect) and affect climate, it may
increase ozone in the troposphere; and it may protect the strato-
spheric ozone layer from destruction by man-made chlorine-
containng compounds such as the fluorocarbons (Rasmussen
and Khalil 1982). By a series of chemical reactions starting with
hydroxyl radicals, much of the methane in the troposphere is
converted to carbon monoxide. Therefore, the increase of meth-
ane can also add increasing amounts of carbon monoxide into
the atmosphere. Increasing levels of carbon monoxide (and
methane) may in turn deplete hydroxyl radicals in the tro-

posphere, disturbing the cycles and removing dozens of natural
and anthropogenic trace gases. Since the atmospheric lifetime
of carbon monoxide is relatively short, much of the enormous
anthropogenic emissions in the northern hemisphere do not
reach the South Pole. The atmospheric reactions of methane
may therefore provide most of the carbon monoxide observed
in Antarctica. The global atmospheric lifetime of methane is
about 8 years, which means that distant anthropogenic sources
have a large effect on the trend observed deep in the southern
hemisphere. In this paper we will discuss the trends and sea-
sonal cycles of methane and carbon monoxide observed at the
South Pole.

During austral summer 1983-1984, we obtained three air sam-
ples from the South Pole every 2 days. The observed con-
centrations of carbon monoxide and methane (in figure 1) show
a part of the natural seasonal cycle. The line in the figure for
methane is obtained from a mass balance model described in
detail by Khalil and Rasmussen (1983). The model consists of
four latitudinally separated regions and includes the effects of
transport and chemistry of trace gases in the atmosphere. The
seasonal variations of methane result from the estimated cycle
of hydroxyl radicals (Logan et al. 1981). The production of
hydroxyl radicals requires sunlight, which is most abundant
during the austral summer. The increasing levels of hydroxyl
radicals in the summer drive down the concentrations of meth-
ane and probably the concentrations of carbon monoxide. The
cycles of carbon monoxide and methane at the South Pole are
closely related by the production and destruction of these gases
leading to a high correlation between the observed con-

The increase of methane and carbon monoxide at the South Pole

bC (in parts per billion
C0a	 r 	 by volume per year)d	 13c (in percentage per year)

Standard	Nonparametric	Standard	Nonparametric

Methane	 1483
Carbon monoxide	 39

	

0.997	17.4(±1.4)	 17(±1.5)	 1.2(±0.1)	 1.2(±0.1)

	

0.84	 2.1(±2.2)	 1.8(0.5,4)	5.1(±5.4)	 5.5(1,10)

a C0 is the concentration in the base year (1979 for methane, 1980 for carbon monoxide) estimated from linear least squares analysis.
b r is the correlation coefficient between concentration and time.
C b and 13 are rates of increase, and the ± values are 90 percent confidence limits.
d 1 part per billion by volume means 1 molecule of gas per billion molecules of air.
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Figure 1. Seasonal variation of carbon monoxide (CO) and methane
(CH,) at the South Pole. The data show parts of seasonal cycles
driven by the natural seasonal variations of hydroxyl radicals that
remove carbon monoxide and methane from the atmosphere. The
line in the figure for methane is from the model described by Khalil
and Rasmussen (1982) and reflects the expected variation of meth-
ane caused by the cycle of hydroxyl radicals. ("ppbv" denotes parts
per billion by volume.)

centrations (r = 0.86, r> 0 at a < 0.05; Snedecor and Cochran
1972).

On a longer time scale the concentration of methane is seen to
be increasing steadily at the South Pole, although the rate of
increase varies somewhat from year to year; the concentration of

carbon monoxide also may be going up, but the evidence is only
marginally statistically significant. In figure 2 the monthly con-
centrations of methane and carbon monoxide are shown. The
concentrations of methane and carbon monoxide at comparable
seasons are respectively about 8 percent and 50 percent less at
the South Pole than at mid-northern latitudes (Oregon: 45°N).
We analyzed these data to estimate the trends by both non-
parametric and standard statistical methods. The results are
summarized in the table (Snedecor and Cochran 1972; Hol-
lander and Wolfe 1973).

On average at the South Pole, methane increased at about 1.2
percent per year over 5 years. After 2 more years of measure-
ments, this average rate continues to be exactly the same as we
reported earlier (Khalil and Rasmussen 1983), although the
uncertainty of the average rate has become even less. These
increases may be caused mostly by increasing emissions (Khalil
and Rasmussen 1983). The increase of methane at the South
Pole appears to be a little slower than at mid-northern latitudes;
this may be caused by differences in the rates of increase of
emissions (or changes of hydroxyl radicals) between the two
hemispheres.

The average trend of carbon monoxide at the South Pole turns
out to be about 5 percent per year, but statistically we cannot
place much confidence in this estimate since even at best the
approximate 90 percent confidence limits are between 1 percent
and 10 percent per year. The entire case for the increase of
carbon monoxide at the South Pole is only marginally signifi-
cant (a = 0.05). Increases of about 1 percent per year can be
explained by the increase of methane provided that methane
contributes most of the carbon monoxide observed at the South
Pole. A faster increase cannot be easily explained on the basis of
anthropogenic causes. At present there are enormous uncer-
tainties in evaluating the trend of carbon monoxide, especially
at the South Pole, since data are sparse and concentrations are
low, variable, and subject to various experimental uncertainties.

This work was supported in part by a grant from the National
Science Foundation (DPP 81-08684). Additional assistance was
obtained through Biosphenc Research Corp. and the Andarz
Co. We thank National Oceanic and Atmospheric Administra-
tion/Global Monitoring for Climate Change for collecting air
samples.
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Measurement of the column densities
of water, nitric acid, ozone, and

fluorocarbons 11 and 12 during the
antarctic winter

D. C. MuRcRAY, F. H. MuRcRAY, and F J. MURCRAY

Department of Physics
University of Denver

Denver, Colorado 80208

The column densities of several minor atmospheric constitu-
ents—water (H 20), nitric acid (HNO 3), ozone (03), fluorocar-
bon-11 (CF 2C1 2), and fluorocarbon-12 (CFC1 3)—are expected to
change over the course of the antarctic winter. The H 20 densities
are strongly sensitive to ambient temperature; the other constit-
uents are involved in stratospheric photochemistry and hence
are subject to alteration in concentration by the absence of solar
photon input for an extended period

A spectral radiometer is being readied for installation at South
Pole Station during the 1984-1985 austral summer to measure
the column densities of these gases by analysis of their thermal
emission spectra. This instrument will operate through the 1985
austral winter.

The radiometer is a 1.25-meter grating spectrometer using
three detectors, each operating in one of the first three orders of
the grating. The grating is blazed for maximum efficiency at 22

micrometers in the first order, and hence peaks at 11 microme-
ters in the second, and 7.3 micrometers in the third order. Order
sorting is accomplished with optical filtering at the detectors.

The range of wavelengths resulting from the three channel
operation gives optimum sensitivity for HNO 3 and the fluo-
rocarbons, and also covers a wide range of H 20 line strengths.
The optimum detectors for the spectral region covered require
cooling below 200 Kelvin. Liquid cryogents are not practical for
winter-over operations, so the system is equipped with a
closed-cycle helium refrigerator which will maintain the detec-
tors at 9°Kelvin.

The spectrometer and low-signal level electronics will be
mounted outside. Insulation and thermostated heaters will
provide suitable temperature environments where required,
but the instrument will follow the ambient temperature.

The high-level electronics, data recorders, refrigeration com-
pressor, etc., will be housed inside the clean-air facility.

Instrument operation is totally automatic under control of a
microprocessor. A sequence of spectral scans will be performed
at 8.5-hour intervals. Between spectral scans the radiance at key
wavelengths will be sampled once each second. The data will be
recorded in digital form on two 67-megabyte tape cassettes
which can store the winter's data without replacement.

Once the system is installed and checked out, human inter-
vention will not be required, except in the case of malfunction.
Data from the 1985 winter will be evaluated in November, and
based on this evaluation, the instrument will either be refur-
bished for another winter's operation or retrograded for
modification.

This work was supported by National Science Foundation
grant DPP 81-18005.

Atmospheric submicron particle
collection at South Pole Station,

1983-1984

Westinghouse Research Laboratories
Pittsburgh, Pennsylvania 15260

A device built at the Westinghouse Research Laboratories for
collection of particles by electrostatic precipitation (figure 1) was
installed in the clean-air facility at Amundsen-Scott South Pole
Station in December, 1983. The collector is designed to be most
efficient for collection of particles 0.3 micrometer in diameter
but will accumulate particles with decreasing frequency toward
its lower and upper limits of about 0.01 and 1 micrometer,
respectively. It is hoped that some fraction of the particles col-
lected by this device will prove to be of extraterrestrial origin.

With increasing availability of methods useful in analyzing
tiny particles there has been a resurgence of interest in cosmic

Figure 1. The electrostatic precipitator. The air Intake is at left, and
an exhaust fan is at right. The walls of the main chamber are plex-
iglass, therefore parts of the Interior can be seen. A 0.006 inch (0.15
millimeter) tungsten wire, maintained at a high-voltage potential,
extends across the left part of the main chamber and provides a
negative-charge ionization source for air molecules. Dust particles
pick up static charges from collisions with charged air molecules.
To the right side of the main chamber are nine 1.75 x 5 inch (4.45 x
12.7 centimeter) sampling plates arranged three across on each of
three shelves; these are maintained at a high positive charge, to
attract the negatively charged dust grams to the collecting surfaces.
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dust collection (cf., Brownlee et al. 1980; Clanton, Gooding, and
Blanchard 1982). To our knowledge, however, no one else cur-
rently is seeking to find and characterize individual cosmic dust
particles in the submicron size range. We feel that in this size
range absolute numbers of extraterrestrial particles may be
greater, and that the character of these particles may be different
in one or more ways. We hope such differences will provide
insights into the source(s) of the particles.

The particle trapping technique used in our collector is de-
signed to minimize contamination after collection and avoid
problems connected with locating and physically transferring
submicron-size grains (figure 2). Preliminary examination of
plates exposed during December 1983 and January 1984 indicate
that the collector is operating as planned: a large number and
variety of particles were collected, and most were submicron in
size. Initial single-particle analyses indicate the presence of
sulfuric acid droplets (volcanic), fly ash (fossil-fuel burning),
and one fragment of a siliceous radiolarian shell (marine con-
tamination). Two additional particle types of unknown origin
are quite abundant: tiny grains containing calcium and sulfur,
and somewhat larger grains of iron or iron oxide composed of

aggregates of needle-like crystals (figure 3). Whether or not
these are extraterrestrial is still an open question, but they do
indicate that the method is capable of capturing very tiny, very
fragile grains. Collections are continuing during the austral
winter.

This work has been supported by National Science Founda-
tion grant DPP 78-21104. We wish to acknowledge a very satisfac-
tory and fruitful collaboration with Gaylord Penney and James
Hoburg of Carnegie-Mellon University and Raymond Sloss of
Westinghouse Corporation in the design and construction of
the dust collector.

References

Brownlee, D.E., L. Pilachowski, E. Olzewski, and P.W. Hodge. 1980.
Analysis of Interplanetary Dust Collections. In I. Halliday, and B.A.
McIntosh (Eds.), Solid Particles in the Solar System. Boston: Reidel.

Clanton, U.S., J.L. Gooding, and D.P. Blanchard. 1982. NASA cosmic
dust program: A source of extraterrestrial material for research. Mete-
oritics, 17, 197-198.

208	 ANTARCTIC JOURNAL



7t Figure 3. STEM photos of collected dust grains. Sphere is a fly ash
particle 1.5 micrometers in diameter. Needle-like crystalline aggre-
gates show only an iron peak on analysis, therefore are iron or an
iron compound. Selected-area-diffraction, (SAD) measurements
suggest it is either goethite (FeO.OH) or magnetite (Fe304). The very
small, more equidimensional grains show peaks due to calcium and
sulfur.

Air chemistrychemistry monitoring at Palmer
Station

E. ROBINSON, D. R. CRANN and W. L. BAMESBERGER

Laboratory for Atmospheric Research
College of Engineering

Washington State University
Pullman, Washington 99164-2730

The objectives of the 1983-1984 phase of this research pro-
gram, covering the fourth year of the program and the begin-
fling of the third year of field operations, were to continue the
operation of the Palmer air chemistry station and to continue the
analysis of the data being produced by the Palmer Station pro-
gram. Previous annual reports have described the establish-
ment and operation of the station. During 1983, the instrumen-
tal operations at Palmer Station proceeded with relatively little
instrumental down time during the winter period. Crews were
changed in December 1983 and the instrumentation was im-
proved by the installation of weather instruments that are re-
corded by the air chemistry data system and integrated into the
computerized data record. The recorded weather data include
wind speed, wind direction, air temperature, dew point, and

barometric pressure. Hourly values are recorded by the data
system to coincide with the hourly air chemistry data. In Janu-
ary 1983, the carbon monoxide channel of the Cane gas chro-
matograph was upgraded, and during 1983 essentially a full
year of carbon dioxide data was obtained. In addition, during
the period of January to March 1984, a program of precipitation
chemistry was carried out at Palmer Station using the station
laboratory facilities to determine the pH, acidity, and several
inorganic constituents of rain and snow at the station.

Data covering approximately the first 20 to 22 months of
routine operation of the sampling station are available for this
status summary. The halocarbon and nitrous oxide data given
here consist primarily of weekly average results beginning with
the week of 4 April 1982 through the week of 4 December 1983, a
total of 89 weeks. The carbon dioxide/carbon monoxide/meth-
ane data begin with the week of 31 January 1982, but the period
from 17 July 1982 until 15 January 1983 is missing because of
instrument problems during the winter. These sequences of
data were obtainedd from the HP-85 data tapes returned to
Washington State University for processing. Approximately a 4-
week break occurred in the record in December 1982 and Janu-
ary 1983 while the system was being refurbished.

Table 1 shows the results of a time-trend regression analysis
of the average weekly data for the Palmer Station record cover-
ing the period from the start of operations through the week of
11 December 1983. These concentration data are expressed as
mixing ratios with reference to dry air. Standardizations and
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Observed
average mixing ratio	 Annual time

week of 9 January 1983
	

trend b,
Constituent Correlation	 Data

coefficient	 period

Table 1. Trace atmospheric constituent mixing ratio resuitsa,
Palmer Station, Antarctica

January 1982 through December 1983

0.97
0.99
0.91
0.81
0.84

CCI3F (F-1 1)
CCl2F2 (F-12)
Methyl chloroform
Carbon tetrachloride
Nitrous oxide
Carbon dioxide
Methane
Carbon monoxide
Ozone
Aitken particles

189.8 pptd	 +8.9±0.2 ppt/yre (47%)
314.4 ppt	 + 12.4±0.2 ppt/yr (3.9%)
118.6 ppt	 + 7.8±0.3 pptlyr (6.6%)
148.9 ppt	 + 2.4±0.2 ppt/yr (1.6%)
301.6 ppbt	+3.0±0.2 ppb/yr9 (1.0%)
337.4 ppm h	 -i

1.51 ppm	 -i
57 ppb	 -i

10-30 ppb (approximate annual range)
200-1,000 CN/mek (approximate annual range)

4/4/82-11/12/83
Ft

31/l/82-11/12/83)

24/1/82-11/12/83
24/1/82-11/12/83

a Expressed on a dry-air basis.
b Based on weekly average data, percentage calculated from observed data for week of 9/1/83.
c ±1 standard error.
d Parts per trillion.

Parts per trillion per year.
Parts per billion.
Parts per billion per year.
Parts per million.

'Pronounced seasonal cycle precludes estimation of useful annual trend.
No samples for period 18 July 1982 through 18 January 1983.

Ic Condensation nuclei per milliliter.

other system checks are an on-going activity at this time so these
data should be considered as preliminary, although any
changes are not expected to be large.

The data in table 1 show that for each of the compounds being
measured there is an increasing annual trend. The indicated
time trends are generally attributed to the accumulation in the
atmosphere of anthropogenic emissions of these very slow re-
acting compounds. It should be noted that these time trends are
significantly greater than the calculated standard errors in the
regression calculation. The two chlorofluorocarbons, F-li and
F-12, showed increasing concentration trends of 4.7 and 3.9
percent respectively. These rates of increase are significantly
less than were found during the mid 1970's in Antarctica but are
in line with more recent global data.

By using the hourly air chemistry data in conjunction with
meteorological observations, the effects of changing synoptic
weather conditions can be seen on the trace gas concentrations
observed at Palmer Station. The figure shows one such event
which occurred over a 4-day period beginning at midnight, ii
October 1983. As the pressure and temperature records indi-
cate, a sharp cold front passed the station at about 2000 IT on 11
October. This frontal passage was accompanied by a drop in the
ozone concentration from about 25 parts per billion prior to the
front to less than 10 parts per billion a few hours after the
passage. The nitrous oxide record had a steady downward
trend after the frontal passage, as shown by the bottom part of
the figure. The other trace gases, e.g., F-il and F-12, also
showed decreasing concentrations similar to that of nitrous
oxide. Wind direction shifts indicated that this cold front proba-
bly brought an antarctic air mass over the station. The fact that
the ozone concentration drops with the frontal passage would
seem to indicate that a stratospheric intrusion was not a signifi-

cant factor in this situation. Other frontal passages at Palmer
Station have been accompanied by a sharp increase in ozone
and decreases in trace gas concentrations. Explanations for
these apparent impacts of synoptic weather events on the trace
gas concentration patterns will be sought in our more detailed
study of the Palmer Station data set.

In the precipitation chemistry program, rain and snow sam-
ples were taken of each precipitation event occurring between 1
January and 30 March 1984. A modified Hubbard-Brook collec-
tor was used consisting of a polyethylene-lined, stainless-steel
funnel set on a Nalgene base connected with Tygon tubing to a
Nalgene sample bottle. Covers were available to ensure that
wet-only samples were collected and to avoid contamination
from one event to another. The samplers were rinsed between
each sampling event with a dilute sulphuric-acid solution and
then thoroughly washed with distilled water. Covers then re-
mained on the samplers until the next sampling event. In the
cleaning process the pH of the final rinse water was checked and
compared to the pH of the distilled water to ensure that all of the
acid was removed. To ensure that the polyethylene and Nalgene
were not acting as ion-exchangers or sinks, the final rinse of
randomly selected samples was analyzed for the same param-
eters as the rain and snow samples. The rinses did not contain a
significant amount of any of the ions measured.

Rain samples were analyzed for pH and acidity immediately
following an event. Snow samples were taken inside, allowed to
melt, and then analyzed for pH and acidity. The samples were
then placed in a 4°C refrigerator and analyzed for potassium in
January; potassium, sulfates, chlorides, and calcium in Febru-
ary; and chloride and calcium in March. These analyses were
performed weekly. A summary of the values obtained is shown
in table 2.
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Table 2. Palmer Station precipitation chemistry

Summary of volume-weighted means
Month	 Amount	 pH	Acidity	Potassium	Sulfate	Chlorine	Calcium

January	343 mla (0.17 in	4.78	_C	0.35 ppm	 -	 -
February	6399 ml (3.20 in)	4.54	4.39	0.52 ppm	7.99 ppm	10.03 ppm	0.93 ppm
March	5785 ml (2.89 in)	5.57	2.57	 -	 -	 8.54 ppm	1.37 ppm

Milliliter.
Inch.
Not measured.

d Parts per million.
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Upper atmosphere studies__________________

Riometry in Antarctica

D. L. DETRICK and T. J. ROSENBERG

Institute for Physical Science and Technology
University of Maryland

College Park, Maryland 20742

The University of Maryland's antarctic riometer program is
one of several projects involved in the study of the Earth's upper
atmosphere and magnetosphere in polar regions. The upper
atmosphere environment under investigation begins with the
D-region ionosphere, at about 40 kilometers altitude, and ex-
tends upward to include the near-space regions of the geomag-
netic field, out to distances of several Earth radii. The Earth's
ionosphere provides a "window" for examining physical pro-
cesses that occur within and outside the upper atmosphere.
One of the principal studies of this region involves analysis of
the causes and effects of electron precipitation; some of the
effects of this precipitation include auroral activity, magnetic
variations, and disruption of radio communications. In par-
ticular, it is important to determine how these effects are related
to the occurrence of magnetic storms and substorms and how
solar wind plasma and magnetic field energy are coupled to the
magnetosphere.

The nometer is a type of sensitive radio receiver that is tuned
to a particular frequency of the spectrum of cosmic radio noise
emanating from the galaxy. The frequencies selected are par-
ticularly susceptible to absorption by electron density enhance-
ments in the D-region ionosphere, caused by electrons pre-
cipitating into the atmosphere. While auroral displays can be
visually examined only in darkness, the riometer makes use of
the perturbations in radio-wave propagation to measure the
intensity and time development of electron precipitation. In
common use, the nometer operates continuously, providing
data when some other types of instrumentation cannot.

The University of Maryland operates riometers at several
antarctic locations, including South Pole Station and McMurdo
Station. In conjunction with AT&T Bell Laboratories, we have
maintained a 30 megahertz riometer at Siple Station and at
several locations in the Siple conjugate region for several years.
At South Pole Station, three riometers are in operation, at 20.5
megahertz, 30 megahertz, and 51.4 megahertz. At McMurdo
Station, two riometers operate at 30 megahertz, and 51.4
megahertz.

Our scientific studies during the past year have emphasized
investigations of the electron intensity and spatial distribution
in high latitude precipitation spikes (Imhof et al. in press), the
ionospheric signatures of the dayside polar cusp (Rosenberg et
al. 1984), and the characteristics of morning sector long-period
(Pc 5,6) magnetic and absorption pulsations at the equatorward
edge of the diffuse aurora (Oksman et al. 1984).

During the 1983-1984 austral summer season, T.J. Rosenberg
(principal investigator), L. Lutz, and D.L. Detrick participated
in the University of Maryland's activities in Antarctica, arriving
in McMurdo on 8 January and departing on 21 January. C.G.
Maclennan, from AT&T Bell Laboratories, provided support for
our activities.

The emphasis during this time was placed principally on
activities at McMurdo Station. In support of upper atmosphere
research activities at locations where its riometers are installed,
the University of Maryland provides a digital data-acquisition
system to record data in a computer-compatible format. In past
years, only the signals from the two riometers were recorded at
McMurdo Station. During the 1983-1984 season, we assisted
AT&T Bell Laboratories in the installation of a 3-axis fluxgate
magnetometer and Boston College in the placement of a 2-
channel photometer at McMurdo Station. To accommodate the
additional signals, the data-acquisition system at Siple Station,
which was closed down during the season, was relocated at
McMurdo.

During the 1984-1985 summer season, a new facility for up-
per atmosphere research at McMurdo will be constructed at
Arrival Heights. This area was examined to find suitable loca -
tions for the placement of the riometer antennas and the flux-
gate magnetometer.

The winter-over personnel at both South Pole and McMurdo
Stations were provided with additional information on the op-
eration and maintenance of the instrumentation and recording
systems. In addition, computer software support for our pro-
gram at South Pole was upgraded. During the 1984 winter
season, our operations at McMurdo are maintained by B.
McKibben (University of Alaska) and A. Anger (Bartol Research
Foundation). At South Pole, R. Dyson and D. Clements (both of
Bartol Research Foundation) oversee the operation of the pro-
gram. We gratefully acknowledge their support.

This work was supported by National Science Foundation
grants DPP 79-25014 and DPP 83-04844.
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Automatic geophysical observatories
in Antarctica

J. H. DOOLITTLE and S. B. MENDE

Lockheed Palo Alto Research Laboratories
Palo Alto, California 94304

The opportunity to make year-round routine measurements
of geophysical quantities in Antarctica is usually limited to the
few manned sites. When further locations of scientific impor-
tance are considered, it is often difficult to justify the enormous
cost of establishing and operating additional manned stations.
An attractive alternative is to deploy relatively low-cost automat-
ic science platforms that can operate unattended for a year at a
time. The unmanned facilities must provide shelter, heat,
power, and ample data storage for all experiments on board.

Field testing of a prototype automatic geophysical observato-
ry (AGO) began in 1983 near South Pole Station. Built by Lock-
heed Palo Alto Research Laboratory as a multi-user facility, the
AGO provides a room-temperature environment for a comple-
ment of instruments inside a well-insulated 7 x 5 x 6 foot en-
closure (figure 1). Heat and electrical power are provided con-
tinuously by a five-burner thermoelectric generator (TEG) which
burns propane in a flameless catalytic reaction and has no
moving parts. Enough fuel to run the TEG for a year is provided
by 35 100-pound tanks connected in series outside the shelter.
Figure 2 shows the AGO service team connecting the replace-
ment tanks in preparation for the second year of prototype
operations. Since propane is not self-pressurizing at tem-
peratures below - 42°C, dry nitrogen gas is used to push the
liquid through the series of tanks.

A microprocessor-controlled data-acquisition system collects
data for all experiments and provides an accurate digital clock.
The experiments supported during the prototype operation
include two Lockheed photometer channels, two University of
Maryland riometer channels, and five engineering parameters
describing the status of the AGO power and thermal systems.
Analog or digital data from the various experiments is sampled

El

Figure 1. Shelter for prototype automatic geophysical observatory.

Figure 2. AGO service team interconnects 35 replacement fuel tanks
while carpenters refurbish the shelter.

at predefined rates and packed into blocks in solid state buffer
memory. The memory has a 4 megabit capacity and can hold 5
hours of data where the several inputs are sampled at rates up to
8 samples per second. The buffer memory allows the use of
standard 14 track instrumentation recorders operating on a 1
percent duty cycle with a resulting low average power con-
sumption. Two such recorders are operated in parallel to give
redundancy. The tape is recorded one track at a time with each
pass through the reel storing about one month's data. Since the
momentary power demand of the recorders exceeds the lEG
output, batteries are used to supply the needed power capacity.

Several design discrepancies were encountered during the
first year which compromised the unmanned reliability of the
prototype AGO. These included a freeze-up of the exhaust stack,
leaks in the propane service valves, an improperly closing door,
and lack of insulation in one wall. Most of these problems were
corrected by the summer field before beginning the second year
of prototype operations. The AGO is now operating well but has
required the assistance of station power to maintain the battery
charge because of damage incurred by the TEG last year. A
replacement TEG will be installed next year.

Next austral summer an improved thermal control system
will also be installed in the AGO. The new heat exchanger (figure
3) will use a thermostatic control valve to throttle the flow of a
refrigerant fluid from the heat source at the TEG to an exterior
radiator. A fin-to-air heat exchanger will provide a path for heat
to enter the room. A partition will isolate the generator from the
room so that heat can enter the room only by the controlled
path. A portion of the waste heat will also be directed to a special
radiator that will prevent condensation from forming near the
exhaust outlet.
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Figure 3. Reconfiguration of AGO components to include an actively
controlled thermal system.
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A final year of prototype field operations will be run at the
South Pole in 1985. Plans then call for putting an AGO into
service at an isolated site near the "Pole of Inaccessibility" begin-
ning December 1986. The proposed location (83°S 48°E) is the
nominal geomagnetic conjugate to Sondre Stromfjord, Green-
land, which is the site of the very high latitude incoherent
scatter radar facility. At the. new AGO site routine geomagnetic
and upper atmospheric observations will be made to measure
the dynamic features of the poleward side of the auroral oval
and the polar cap in conjunction with measurements made in
Greenland. Daily observations of the dayside magnetospheric
cusp will also provide useful data for comparison to similar
measurements made about 1.5 hours later at South Pole Station.

We wish to thank Ralph A. Nobles, Michael Comberiati, and
all other support and winter-over personnel that have contrib-
uted to the AGO refueling and field operations. Development of
the automatic geophysical observatory is supported by National
Science Foundation contract DPP 81-05624.

Mountain-associated infrasonic waves

C. R. WILSON

Geophysical Institute
University of Alaska

Fairbanks, Alaska 99701

Traveling pressure waves with periods of 1-100 seconds were
observed with a spaced array of microplanes at Windless Bight
(77°45'S 167°35'E) near McMurdo Station. The array of micro-
planes used a digital data-acquisition and analysis system. One
class of infrasonic waves, called "mountain-associated infra-
sound waves" (MAw), was observed only from very specific
directions. MAW are thought to be generated in the wind tur-
bulence behind mountain ranges as aerodynamic infrasound.
At Windless Bight there are two direction bands from which
MAW are observed: 130°-160° toward the Antarctic Peninsula
and 330°-350° toward Australia (see figure).

Because I was using only one infrasonic station, it was not
possible to locate the source region of these MAW. Last year at
Tennant Creek in Australia, in association with the Australian
National University, a digital analysis system, identical to that
used in McMurdo Station, was put on-line with an existing
infrasonic microphone array. The addition of this second in-
frasonic observatory should make it possible to triangulate on
the source locations of the tvlAw observed at Windless Bight. The
digital infrasonic data are now being analyzed from Tennant
Creek and Windless Bight to see if mAw have been observed
simultaneously.

During the 1983-1984 austral summer, the infrasonic equip-
ment building at McMurdo Station was enlarged with the addi-

tion of a clean room. The DEC PDP 11/03 microcomputers and
digtal tape drives were moved into the clean room where a
positive ion generator and humidifier are used to prevent com-
puter crashes from static electrical discharges. A new paper-
tape punch was installed in the system so data messages can be
prepared by the off-line computer directly from the magnetic
data tapes.

This reseach is supported by Air Force Office of Scientific
Research under contract number F49620-81-C-0091 and the Na-
tional Science Foundation under grant number DPP 81-21669.

ANTARCTIC INFRASONIC MOUNTAIN-ASSOCIATED WAVES, 1981
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Mountain-associated Infrasonic waves observed at Windless Bight,
1981.
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Cosmic-ray intensity variations

M. A. POMERANTZ

Bartol Research Foundation of The Franklin Institute
University of Delaware

Newark, Delaware 19716

Although several discoveries have resulted this year from our
analytical and theoretical studies of data recorded at our polar
stations during earlier years, the outstanding solar cosmic-ray
event, which occurred on 16 February 1984, was over-
whelmingly the most dramatic in "real time." The largest record-
ed magnitude (205 percent) was, of course, at South Pole Station
(figure 1, left side) which houses the world's most sensitive
ground-based detector of solar cosmic rays. The rise time was
remarkably rapid: the peak was attained in only 8 minutes,
indicating very rapid ejection of the gigaelectronvolt protons.

Although the flare was beyond the limb on the Sun's invisible
disk, we know from observations of solar radio emissions,
which originate high in the corona, and hence are visible from
Earth, that particle acceleration commenced at 0858 universal
time. The particles observed at South Pole Station were clearly
accelerated over a very short interval, since they had to propa-
gate around one-sixth of the Sun's circumference, from about
30° beyond the limb to the foot of the magnetic field line at 60°W
heliolongitude that connects the Sun to the Earth. The com-
parison with the corresponding record for McMurdo (figure 1,
right side) reveals that the solar cosmic ray flux was exceedingly
anisotropic. Finally, this event is the first for which 10-second
resolution data were available, thanks to the University of
Maryland recorder, to which, happily, the cosmic-ray detector
was attached.

We estimate that the peak flux of particles with relativistic
energies (above 1 gigaelectronvolt) which reached the Earth at a
location which looked along the sun-earth interplanetary mag-

SOUTH POLE FEB. 16, 1984	(N. M. )	2 MINUTES

netic field line during this remarkable ground-level enhance-
ment (GLE) was about 300-400 percent above the pre-event
level. No event approaching this magnitude has occurred since
1956, when the fifth GLE exceeding 600 percent was observed.
Thus the 28-year hiatus in blockbuster solar flare particle events
may be nearing an end.

It is also notable that the last four GLE producing flares oc-
curred in the Sun's southern hemisphere, whereas only five out
of the 33 earlier events were associated with southern hemi-
sphere flares. If this persists, it would be indicative of a change
in the Sun's internal structure.

A theoretical breakthrough (Bieber and Pomerantz 1984) was
achieved when analysis of the exceedingly small "steady state"
north-south anisotropy, determined from the neutron monitor
observations over the period 1965-1982 at McMurdo Station,
Antarctica and Thule, Greenland, showed that the relative in-
tensity difference depends upon the polarity of the interplane-
tary magnetic field (IMF). The higher intensity is observed at
Thule when the interplanetary sector is pointing toward the
sun and at McMurdo when it is pointing away. This is consistent
with the origin of the effect arising from B x n drift, where B is
the IMF intensity, and An is the cosmic-ray radial gradient.
However, there was no indication of a dependence on the phase
of the solar cycle or on the polarity of the solar poloidal magnet-
ic field (figure 2). Modulation models in which particle drifts
play a predominant role predict that the radial gradient, and
hence the steady state north-south anisotropy, should differ
radically between epochs of positive and negative solar polarity;
however, this result shows that drifts, a highly controversial
mechanism in cosmic-ray modulation theories, are not a domi-
nant factor in the transport of 10 gigaelectronvolt cosmic rays.

Further study with Australian colleagues (Jacklyn and
Pomerantz 1984, in press; Jacklyn, Pomerantz, and Duldig 1984)
of 27-day waves in the intensity of high energy cosmic rays
detected at Mawson Station, has yielded the significant new
result that there are two components to this strange effect that
had originally been discovered at lower energies from analysis
of the neutron monitor data from McMurdo Station (Duggal
and Pomerantz 1979-a, 1979-b; Duggal et al. 1981; Jacklyn and

MOMURDO FEB. 16, 1984	(N. M.)	2 MINUTES

Figure 1. (Left) The ground-level enhancement of 16 Febraury 1984, as observed by the neutron monitor at South Pole Station. Each data point
represents counts accumulated in 2 minutes. (Right) Same for McMurdo, showing the extremely anisotropic character of this event. ("N.M."
denotes neutron monitor; "UT" denotes universal time.)
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Figure 2. Yearly average north-south anisotropy (N-s) expressed in
a percentage, determined from the observations at McMurdo Station
and Thule. This is an exceedingly small effect requiring sophisti-
cated analytical procedures to extract It from the data. The 17-year
average is 0.059 ± 0.006. The times of polarity reversals of the solar
poloidal magnetic field are marked at the top.

Pomerantz 1983). One is a north-south asymmetry component
which exhibits reversal of phase between the two hemispheres,
while the other is an isotropic component of constant phase.
Figure 3 illustrates the nature of the analysis which confirms
this conclusion and which it is hoped will provide a basis for
theoretical understanding of this phenomenon.

During the 1983-1984 season, the winter observers were
David Clements and Richard Dyson at South Pole Station, and
Alexander Anger at McMurdo Station. John Bieber of Bartol and
Robert Jacklyn and Marc Duldig, Antarctic Division, Depart-
ment of Science and Technology, Australia, have been actively
involved in carrying out this work. This work was supported in
part by the National Science Foundation under grant DPP
83-00544.
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Global scale electric fields

R. H. HOLZWORTH

Space Sciences Division
Geophysics Program

University of Washington
Seattle, Washington 98195

During the months from December 1983 through March
1984, a major long-duration balloon experiment was conducted
in which the electrical properties of the stratosphere were meas-
ured. These balloons were launched from Christchurch, New
Zealand by the National Center for Atmospheric Research
(NCAR) with sponsorship jointly by the National Science Foun-
dation and the National Aeronautics and Space Administration.
The payloads carried experiments designed and built by Cor-
nell University, Utah State University, NCAR, the University of
Washington, and the University of Otago in New Zealand. The
data from six superpressure balloons in addition to the data
from two earlier prototype balloon flights (Holzworth 1983-b)
constitutes the largest vector electric field data set over collected
in the stratosphere. The balloons floated at a 26-kilometer al-
titude and meandered over much of the southern hemisphere
from 39°S to nearly 80°S. The most important result so far
obtained from early data analysis is the observation that the
global source of atmospheric electricity due primarily to world-
wide thunderstorms is highly variable on a day-to-day basis.

The sensors have been described by Holzworth (1983-a,
1983-b). They basically consist of instruments to measure:
• Vector quasi-direct-current electric field,
• Very-low-frequency electric waves from 1-8 kilohertz,
• Cosmic ray ionization rate,
• Positive and negative polar conductivity,
• Optical lightning flash rate,
• Vector magnetic field,
• Air temperature,
• Air pressure, and
• Magnetospheric electromagnetic hiss noise.
During these flights, all on-board instruments performed as
designed with high reliability.

Figure 1 presents a mass plot of the trajectories of the balloons
up to 1 March 1984, including the longest flight, which was over
6 weeks in duration. This data set includes over 180 payload
days with at least one payload up continuously from 13 De-
cember until midMarch 1984; this includes three solar rotations
(four counting the prototype flights).

From early quick-look plots of the data, it was immediately
obvious that the vertical electric fields on two simultaneous
payloads was nearly identical much of the time. Of course,
when any payload was in the vicinity of a thunderstorm (within
100 kilometers) that electric field was dominated by that storm.
Much of the remainder of the time these payloads (even when
separated by over 2,000 kilometers) recorded the same vertical
field. This, then, is an indication of the large-scale southern
hemisphere electric current system. Figure 2 presents the data
from just 2 weeks (all averaged together) when two balloons
measured the same vertical field to within 10 percent. Also
shown is the unitary variation curve (first measured by the ship
Carnegie in the 1920's) of the heavily averaged surface electric
field. Clearly the present measurements are reminiscent of the

.ccT	0'	EAST

"ST	180. €P'

Figure 1. Superpressure balloon trajectories 1983-1984.

expected global variations. The new discovery of this experi-
ment is shown in figure 3. Here we present a week of the data
which went into figure 2. As one can see, the large-scale varia-
tions (seen by two widely separated payloads simultaneously)
vary greatly from day to day. This observation runs counter to
the current lore that the global circuit is more or less consistent
from day to day and that any measured variations are due to
local weather conditions (clouds, haze, aerosols, winds, and the
like). As a result of these observations, many present theories of
global electrification will have to be modified.

I would like to thank my colleagues (B. Edgar, M. Kelley, P.
Kintner, K. Norville, A. Shaw, and R. Williamson) and field
support staff (D. Boulter, T. Onsager, and S. Powell) who helped
make this experiment happen. A special thank-you goes to the

FAIR WEATHER VERTICAL ELECTRIC FIELD
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Figure 2. Fair-weather vertical electrical field from two payloads (10-
minute average). ("V/m" denotes volts per minute.)
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NCAR support crew under J. Smalley. This research was sup-
ported by National Science Foundation grant ATM 82-12283.
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extent. In the figure, the X-ray intensity vs. time profiles for the
spike are compared with the cosmic-noise absorption measured
at South Pole Station. The ratio of X-ray counts in channel 2 to
those recorded in channel 1 are plotted in the bottom section of
the figure to provide a measure of the spectral changes with
time. After approximately 2301 UT the riometer absorption de-
creased rapidly while the X-ray fluxes emitted from a large area
at the south polar region remained relatively constant. This
behavior indicates that after occurrence of the spike, the region
of precipitation moved away from the South Pole Station.

In cooperation with T. Rosenberg at the University of Mary-
land, we are now in the process of comparing ground-based
nometer and satellite bremsstrahlung X-ray measurements for
several events in 1982 and 1983. Additional coordinated data are
being acquired in 1984 for eventual analysis. Some of the most
promising times of coordination are listed in table 1.

Comparisons are being made between the bremsstrahlung X-
ray intensities and energy spectra measured from balloons
launched at Siple Station and the precipitating electrons ob-
served from the P78-1 satellite during the 1980-1981 campaigns.
The satellite data were taken with fine angular (approximately
3°) resolution and cover electron energies from 68 kiloelectron-
volts to approximately 1 megaelectronvolts. From the measured
pitch-angle distribution near the edge of the loss cone, calcula -
tions are being made of the expected bremsstrahlung X-ray
production and these are compared with the X-rays observed
from the balloons. Some of the events being studied are listed in
table 2.

Table 2. List of coordinated electron X-ray events being studied

Coordination time	Satellite longitude
Date	 (in universal time)	at 750S latitude

30 December 1980
	

1923
	

86° W
5 January 1981	 1921

	
88° W

6 January 1981
	

0313
	

80° W
13 January 1981	 1917

	
85° W

Coordinated satellite and antarctic
ground-based measurements of

precipitating electrons

W. L. IMHOF and E. E. GAINES

Lockheed Palo Alto Research Laboratory
Palo Alto, California 94304

An electron precipitation event occurred near 2300 universal
time (UT) on 27 June 1982 in the vicinity of South Pole Station; we
investigated it using bremsstrahlung X-ray mapping data taken
from two satellites and using ground-based nometer and mag-
netometer data. This collaborative effort involved scientists
from several laboratories, and the results have been submitted
for publication in the Journal of Geophysical Research (Imhof e' 31
in preparation). The feature of greatest interest was an intense
spike of approximately 10-seconds duration and limited spatial

Table 1. List of time intervals for which coordinated riometer and
X-ray measurements are being analyzed

Time interval of interest
Date	 (in universal time)

3 March 1982	 1041-1047
18 July 1982	 1247-1251
18 January 1983	 1303-1308
18 January 1983	 1438-1443
7 February 1983	 1709-1716
13 February 1983	 0757-0803
15 February 1983
	

0430-0436
20 February 1983	 0039-0043
20 March 1983	 0445-0450
31 March 1983	 1422-1427
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Measurement of ionospheric electron
columnar content changes over

McMurdo Station
D. S. Coco and

J. R. CLYNCH

Applied Research Laboratories
University of Texas

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, the University of Texas at 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 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 about solar maximum
(1979-1983). The data provide an important tool for studying
the morphology and spatial structure of the ionospheric irreg-
ularities in the south polar region.

The NNS'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 hard-
ware retrieves this ionospheric information providing a meas-
ure 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 measure-
ment is provided.

High-resolution differential-Doppler ionosphere measure-
ments were recorded on a regular basis during the period
1979-1983 at McMurdo Station. Since that time they have been
recorded on a more sporadic basis to monitor selected
geophysical phenomena. A subset of these data, consisting of
2,500 passes recorded during the maximum of the solar cycle
(1979-1981), was selected for initial analysis. We have found
that the detection of ionospheric irregularities in this data sub-
set is highly dependent upon the angle between the station-
satellite line of sight and the magnetic field line in the
ionosphere. This finding is consistent with magnetic-field-
aligned irregularities that have been predicted and detected by
other methods. The morphology of these data is currently being
investigated.

A bistatic experiment is planned for the austral summer of
1984-1985 in the McMurdo Station area to assess the usefulness
of comparing simultaneous differential-Doppler data from two
stations to estimate the spatial dimensions of polar ionospheric
irregularities. We plan to place one mobile receiver in various
positions along the traverse from McMurdo Station to Cape
McKay (77.7°S 168.5°E) and another mobile receiver at McMur-
do Station. The two receivers will be separated by 25, 50, and
100 kilometers at various times during the week-long experi-
ment. The two receivers will track the same satellite simul-
taneously but will view slightly different regions of the
ionosphere. These two measurements will provide more infor-
mation on the spatial dimensions of the ionospheric irreg-
ularities than a single measurement, but the undetermined drift
velocity of the irregularities will produce a further ambiguity. If
a value is assigned to either the drift velocity or the size of the
irregularities, the other quantity can be estimated.

Honea and J. Williams operated the ROG equipment and per-
formed the bistatic experiment during the 1983-1984 season.
Antarctic logistic support was provided by National Science
Foundation grant DPP 68-00508.

Use of subionospheric Siple
transmitter signals to study burst

precipitation outside the plasmapause
D. L. CARPENTER and U. S. NAN

STAR Laboratory, Stanford University
Stanford, California 94305

A. J. SMITH*

British Antarctic Survey (NERC)
Cambridge CB3 OET, England

The transient precipitation of particles from the Earth's radia-
tion belts into the ionosphere at subauroral latitudes has been a
subject of major interest to investigators in recent years. Much
related work has been done at Siple and its conjugate, Roberval,
Canada, taking advantage of the extended winter-night observ-
ing opportunities at the high geographic latitude of Siple (76°S)

*present address: Department of Physics, University of Sheffield,
Sheffield S37RH, England.

as well as of the proximity of Siple to the South Atlantic magnet-
ic anomaly. Near the anomaly the orbits of trapped radiation-
belt electrons reach relatively low altitudes, and pertubations of
these orbits through resonant interactions with very low fre-
quency (VLF) waves propagating along geomagnetic field lines
can be expected to produce significant effects as the particles
give up their energy at ionospheric heights. These effects have
been studied using a variety of techniques. In the region pole-
ward of the plasmapause, the precipitating particle energies and
fluxes are often such that the effects can be detected by photo-
meters, riometers, and balloon-borne X-ray detectors (e.g.,
Rosenberg, Helliwell, and Katsufrakis 1971; Helliwell et al.
1980). In this paper we report the use of another method, which
is capable of providing information in extension of and comple-
mentary to the results provided by the other techniques.

The method involves use of the subionospheric signal from
the Siple VLF transmitter as a probe of the Earth-ionosphere
wave guide along paths to stations Palmer, Halley, and South
Pole. The map of figure 1 shows the geometry involved and the
locations of L shells (geomagnetic field lines which extend at
their apex to the number of geocentric Earth radii indicated). In
the directions of Halley and South Pole Stations, the paths will
frequently lie entirely poleward of the plasmapause, while the
path to Palmer will usually lie at least partially beneath the
plasmasphere.
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Figure 1. Map showing great circle paths from the Siple VLF transmit-
ter to receivers at Palmer (PA), Halley (HB), and South Pole (SP)
Stations. Geomagnetic L-shells corresponding to field lines reach-
ing -3, 4, and 5 Earth radii geocentric distance at the equatorial
plane, are indicated. ("km" denotes kilometer.)

The idea of the experiment is that when a wave such as a
lightning-induced whistler propagates along the geomagnetic
field lines, particles of energy exceeding about 50 kiloelectron-
volts are precipitated. Ionization enhancements are thereby
produced near the 85 kilometer altitude of waveguide signal
reflection. These give rise to phase and amplitude changes in
the received signal, which can then be interpreted in terms of
precipitation along the associated path or paths. The power of
the method lies both in the known sensitivity of the VLF to
precipitation effects (e.g., Potemra and Rosenberg 1973), as well
as the ability to observe regions well beyond the areas near the
station that are accessible to other instruments. The location and
size of the region or regions of precipitation can be investigated
further by examining additional signal paths, analyzing the
correlated whistlers for information on their path location, per-
forming comparisons with results from other instruments, and
modeling of the propagation paths.

The method is a relatively new application of the Siple trans-
mitter system and has not yet been employed extensively. Fig-
ure 2 shows an example of whistler-induced perturbations on a
3.79 kilohertz Siple signal received at Halley and South Pole
Stations. The upper panels are amplitude records of the Siple
signal, while the lower panels show, the corresponding broad-
band 0-5 kilohertz VLF activity received at Halley and South Pole
Stations, respectively. The Siple signal appears as a horizontal
line on these records. Arrows between panels C and D show the
occurrence of two whistlers and correlated approximate 20-
percent decreases in Siple signal amplitude.

Figure 3 (a and b) show another analysis of the South Pole
Station data of figure 2, this time employing a technique de-
veloped by E. Paschal (Paschal and Helliwell 1984), in which the
records are processed digitally in a manner that removes tape-
speed variations. A longer period of South Pole Station data is
shown in figure 3c, with corresponding broadband records on
figure 3d. In this case the phase record (figure 3b) has signal-to-
noise properties superior to those of the amplitude data of
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Figure 2. Amplitude (A) perturbations in the form of two -10
second-long -20 percent decreases in a Siple 3.79 kilohertz signal,
observed simultaneously at Halley (a) and South Pole (b). Associ-
ated broadband 0-5 kilohertz spectrograms are shown in panels (C)
and (d). The whistlers trigger very-low-frequency emissions which
then exhibit multiple echoes. ("f" denotes frequency; "iV/M" de-
notes microvolts per minute; "UT" denotes universal time; "HB"
denotes Halley Station; "SP" denotes South Pole Station.)

figure 3a. Note that in addition to the large phase perturbations
marked above panel D, much smaller events, not readily recog-
nized on the amplitude records, can also be identified (arrows
below panel D). Additional analysis of the events of figures 2
and 3 indicates that the precipitation occurred within approx-
imately 250-300 kilometers of Siple and near the path to South
Pole Station. The changes on the signal at Halley may have been
produced by a second precipitation region or by effects of the
region involved in the perturbations at South Pole Station.

Figure 4 shows whistler-related perturbations on Siple sig-
nals received at Palmer during a highly disturbed period. The
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Figure 3. South Pole records of the events of figure 2. Figures 3a and
3b show amplitude (A) and phase, respectively, obtained by Pas-
chal's digital processing method (Paschal and Helllwell 1984). Fig-
ure 3c shows a longer period of phase data, compared to the broad-
band record of figure 3d. ("f" denotes frequency; "kHz" denotes
kilohertz; ".ts" denotes microseconds; "dB" denotes decibels;
"UT" denotes universal time.)
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Figure 4. Phase perturbations (below) on a 2.45 kilohertz (kHz) Siple
signal received at Palmer Station. The whistlers involved in the
precipitation are Indicated by spikes on the 2-4 kilohertz amplitude
chart above. ("V/m" denotes microvolts per minute; "ps" denotes
microseconds; "UT" denotes universal time; "VLF" denotes very
low frequency; "PA" denotes Palmer; "Siple TX" denotes Siple
signal.)

lower panel shows a series of fast phase advances of approx-
imately 8 microseconds on a 2.45 kilohertz Siple signal, fol-
lowed by recoveries lasting approximately 30 seconds. These
occurred in time correlation with whistlers, which are indicated
on the upper record of 2-4 kilohertz as positive spikes. The
events most clearly identifiable as whistlers show a negative
spike as well, followed by a slow recovery. This effect is evi-
dence of temporary suppression of background noise by the
whistler, as discussed recently by Gail and Carpenter (1984).

Vertical lines show the temporal correlation between represen-
tative whistlers and fast phase advances. In this case, amplitude
variations at Palmer were not well defined. Analysis of the
correlated whistlers indicated that the precipitation occurred at
along a geomagnetic field line of L equals approximately 3.3,
near the current outer limits of the plasmasphere, and (figure 1)
near the midrange of the Siple-Palmer path.

Other data (see Gail, Antarctic Journal, this issue) suggest that
observations of this kind can be useful in studying a wide
variety of precipitation phenomena that affect the high-latitude
ionosphere. This type of work is well suited to international
cooperation, since a multi-station approach such as that illus-
trated in figure 1 is required. It is planned to apply the method
on a regular basis during renewed operations at Siple in 1986.

This work was sponsored by National Science Foundation
grants DPP 79-23171, 82-17820, and 81-17092.
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Observations of the midlatitude
ionospheric trough from Siple Station

FT. BERKEY and J. R. DOUPNIK

Center for Atmospheric and Space Sciences
Utah State University
Logan, Utah 84321

Regular observations of the ionosphere from Siple Station
began in January 1982 and continued until just prior to station
closing in January 1984 using a digitally controlled high-fre.
quency radar designed and constructed by the Space Environ -
ment Laboratory of the National Oceanic and Atmospheric
Administration (see Grubb 1979).

The transmitting antenna at Siple is a trapped traveling wave
dipole 670 meters in length which operates over the entire 0.1 to
30 megahertz band and provides illumination over a hemi-

sphere. The absence of a conductive "ground" at Siple makes
this antenna efficient at low frequencies. Since the ionospheric
plasma is a refractive medium at these radio frequencies our
transmitted pulses penetrate the ionosphere and are reflected
from regions where the electron density reaches a value propor-
tional to the wave frequency squared. For example, pulses at 100
kilohertz are reflected at the very low plasma density of 124
electrons per cubic centimeter.

The receiving array consists of eight dipole antennas config-
ured as two concentric square patterns of 100 and 25 meters
width; two arrays are needed to be able to receive at both high
and low frequencies. Echo signals are measured by using a pair
of dipoles (north-south or east-west) simultaneously; each
member is connected to a separate phase coherent receiver and
the outputs are combined in a real-time computer to form an
interferometer. By combining the angles of arrival, time of
flight, and phase measurements, the spatial location and polar-
ization of each of many echoes can be estimated. Repeating the
measurement some tens of milliseconds later permits us to
calculate the differential motion of an echoing region and hence
its apparent velocity vector.
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Figure 1. Example ionograms on two winter nights showing the trough (F-region echoes near 1 megahertz) and the auroral structure (more
diffuse F-region echoes above 1.5 megahertz) plus D- and E-region echoes. Both Intervals were magnetically quiet, although 15 August was
preceded by substorm activity. ("km" denotes kilometer; "MHz" denotes megahertz.)
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Figure 2. Location of echoes for lonograms accumulated over one winter night. Echoes within the Idicated windows are replotted In the
magnetic north-south plane. The left half of the figure (a) shows auroral echoes to the south and possible plasmaspheric echoes (plus some
aliased auroral ones) to the north. The right half of the figure (b) shows trough minimum density echoes over 5.75 hours. Note the abundance of
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The radar is operated under computer control and can be
programmed to follow a detailed operating schedule. Normal
operations include both swept frequency (ionosonde) and fixed
frequency sounding modes. A real-time display enables the
operator to "steer" the radar to optimize data quality.

A primary reason for operating at Siple Station is the cooper-
ative study among a number of groups of the interaction be-
tween natural and man-made very-low-frequency (VLF) emis-
sions and the energetic particles in the magnetosphere.
Stanford University, one of these study groups, operates a
powerful VLF transmitter at Siple to provide controlled emis-
sions. These groups also maintain monitoring equipment at the
other end of the field line in Roberval, Canada.

Polar-orbiting satellites and ground-based radar systems
have convincingly demonstrated that a region of anomalously
low electron density is a persistent feature of the nighttime
midlatitude F-region near L = 4 (Muldrew 1965; Stanley 1966;
Bowman 1969; Rodger and Pinnock 1980, 1982; Dudeney et al.
1982, 1983). The location of this regime of depleted plasma,
which has been termed the midlatitude ionospheric trough, is a
function of the level of global magnetic activity (Rycroft and
Burnell 1970) and persists for several hours of local time at any
given longitude (Wrenn and Raitt 1975).

The trough represents a boundary between the relatively
stable midlatitude ionosphere and the highly convective and
unstable auroral ionosphere. Today we understand that the
magnetospheric part of the trough, between the plasmaspheric
boundary and the plasma sheet, represents an accumulation of
events occurring over many days of activity simply because of
the enormous volume of the magnetic flux tubes in the magne-
tosphere. The ionospheric part responds to convective and
chemical activity with a time constant measured in minutes.
Thus, the high- and low-altitude signatures of the same basic
magnetospheric processes can be quite different at a given
moment and yet yield nearly the same statistical locations when
averages are taken over many days or weeks.

Several examples of ionograms recorded when the mid-
latitude trough was nearly overhead at Siple are shown in figure
1. They illustrate the ionospheric signatures associated with the
occurrence of the trough, namely the trough minimum density
echo and echoes from the steep gradient of increasing electron
density at the boundaries of the trough. The low values of
electron density representative of the trough minimum density
are manifest on the ionograms by the F-region traces between
300 and 700 kilometers having critical frequencies less than 1.5
megahertz. Echoes from the boundaries of the trough, where
the ionosphere is markedly denser, are highly spread and have
critical frequencies in the range from 4 to 7 megahertz.

The upper panel of figure 2 shows the distribution in height
and north-south displacement of echoes within the windows
outlined on the ionogram of the lower panel. The window used
in figure 2a filters echoes within the highly spread region of the
ionogram between 1.5 and 4.1 megahertz; auroral echoes are
concentrated 150 kilometers to the south with some additional
(plasmaspheric?) structure well to the north. The data shown in
figure 2b have been filtered through a window centered on the
trough minimum. These data show the trough minimum to be
located about 80 kilometers north (equatorward) of Siple. Off
scale to the left on these averaged ionograms are many echoes
in the ionospheric D- and E-regions from high-energy but low-
flux precipitating particles.

The spatial location of echoes can also be displayed as a map
in the sky overhead of Siple such as in figure 3 for the trough
minimum density region during the 4-interval 0555:52-0559:42
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Figure 3. An overhead map of trough echoes for a 4.8-minute Interval
on 15 August 1982. A single frequency, 1.25 megahertz, and a 400 to
500 kilometer range window were employed. Right slanting symbols
Indicate the preponderance of ordinary mode polarization. ("km"
denotes kilometer; "MHz" denotes megahertz.)

universal time on 15 August 1982; the operating frequency was
1.25 megahertz which is equivalent to a reflecting plasma densi -
ty of about 1.9 x 10 electrons per cubic centimeter. Roughness
of the plasma distribution causes echoes to be observed over a
large area centered about 90 kilometers northwest of Siple.

This work has been supported by National Science Founda-
tion grants DPP 81-00220 and DPP 83-08044. Field operations
were conducted by S.J. Walter (winter 1982), I.L. McNulty
(winter 1983), J.R. Doupnik (November 1982 to January 1983,
December 1983 to January 1984), F.T. Berkey (December 1981 to
January 1983, and January 1983), J. C. Devlin (January 1983), and
G. Duncan (December 1981 to January 1982).
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Simulation of magnetospheric hiss	5 DEC 53	 50	 1444 000T

from Siple Station

R. A. HELLIWELL, J. P. KATSUFRAKIS, D. L. CARPENTER,
and U: S. INAN

STAR Laboratory
Stanford University

Stanford, California 94305

Investigation of the coherent wave instability using the Siple
Station very-low-frequency (VLF) transmitter has led to an inter-
esting new experiment in which magnetospheric hiss is simu-
lated by controlled transmissions. One purpose of the study is
to determine whether the hiss generation mechanism is the
same as that for coherent emissions.

Magnetospheric hiss and chorus emissions are of increased
interest because similar phenomena have recently been dis-
covered in the magnetospheres of Jupiter and Saturn. Hiss and
chorus thus would appear to be present throughout the cosmos
wherever plasmas with magnetic fields exist. Along with other
types of waves, hiss and chorus are believed to play a major role
in the regulation of the radiation belts. They are evidence of an
important physical mechanism for the conversion of plasma
energy to electromagnetic waves.

To simulate the random fluctuations of VLF hiss without
lowering the average power of the Siple transmitter, we em-
ployed a repleated sequence (1 second long) of constant-ampli-
tude 10-millisecond pulses whose frequencies were chosen ran-
domly within a 400-hertz band. Propagation over the magne-
tosphenc paths from Siple Station to Roberval, Quebec was
accompanied by sufficient dispersion to cause appreciable over-
lap in time of pulses at different frequencies. It was expected,
therefore, that when the signal reached the equatorial plane
(main interaction region) the amplitude would show fluctua-
tions in time resembling those in actual random noise.

On several occasions the noise simulation format was suc-
cessfully recorded at Roberval. At times the received signal
spectra were indistinguishable from that of bandlimited white
noise; at other times it contained discrete rising-tone elements
like those found in natural "chorus." Two examples of simulated
hiss are shown in figure 1, where the transmitted "hiss" spec-
trum is displayed just below the received signal at Roberval.
Both show rising emissions beginning at the upper edge of the
hiss band. The only difference between the two formats is that

3 5— I
5	 10	 15	 20S

OUT

3 5

1 
30	 1 35	 40	 45	 50s

Figure 1. Dynamic spectra of simulated hiss experiment. Lower
portions of each panel show the spectrum of the hiss as transmitted
from Siple Station. in the lower panel the frequency sequence Is the
negative (mirror image about the center frequency) of that in the
upper panel. Upper portions of each panel show the spectrum as
received at Roberval, Quebec. Natural hiss is present in the back-
ground. Each spectrum shows rising emissions triggered at the top
of the band, with a tendency for emissions to repeat at the recycling
period of 1 second. ("f(kHz)" denotes frequency in kilohertz; "RO"
denotes Roberval; "UT" çlenotes universal time; "s" denotes
second.)

in the lower one, the sequence of frequencies is reversed. It will
be seen that the triggered emissions in both panels exhibit the 1
second periodicity of the transmitted format. However, the
patterns are not the same in the two panels, thus demonstrating
the sensitivity of the triggering process to the frequency se-
quencing of the 10-millisecond wave packets.

To investigate whether triggering by the simulated hiss
would show a threshold effect similar to that seen in the growth
and triggering of emissions from coherent waves, we employed
the format shown in figure 2. Here the frequency sequencing is
the same as in the upper panel of figure 1, but the signal power
is stepped 2 decibels every 2 seconds; up in the upper panel and
down in the lower panel. It is clear that there was a background
of natural hiss which showed occasional triggering but was not
as active as the manmade hiss spectrum.

Since the pattern of the transmitted 10-millisecond wave
packets clearly affects the triggering, as demonstrated in figure
1, the question arises as to what happens over a period of time
when changing dispersion alters the phase relationships of
adjacent wave packets. An example is shown in figure 3, where
the data in the upper and lower panels were recorded nearly 2
hours apart and at different frequencies. In the upper panel, the
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Figure 2. Same as figure 1 except that the transmitted power is
changed In steps of 2 decibels every 2 seconds, upward to full power
In the upper panel and downward from full power in the lower panel.
Emissions are seen to be triggered only when the transmitted power
Is within 4 decibels of maximum. ("f(kHz)" denotes frequency in
kilohertz; "RO" denotes Roberval; "UT" denotes universal time; "5"
denotes second.)
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Figure 3. Same simulation format as in upper panel of figure 1 begins
at 32.2 seconds, but with expanded frequency and time scales.
Lower portion of each panel shows the amplitude of the envelope of
the received hiss. Spectrum of upper panel (where time is greater
than 32.2 seconds) resembles band-limited white noise, with a 5-
decibel range. Lower panel shows chorus-like structure and a 13-
decibel range. Strong signals prior to 1453:32.2 universal time are
emissions triggered by a single frequency transmitter pulse at 2.6
kilohertz. The triggered "hook" has about the same peak intensity
as the chorus-like elements. ("kHz" denotes kilohertz; "dB" denotes
decibel; "UT" denotes universal time.)

400-hertz simulated noiseband (starting at 32.2 seconds) resem-
bles bandlimited white noise. The 1-second repetition period is
clearly visible in the data. In the lower panel, on the other hand,
there are several well defined rising elements which resemble
those found in natural chorus.

The amplitude chart below the lower spectrum in figure 3
shows the enhancement in intensity of some of these elements,
including evidence of temporal growth. It is postulated that
these chorus-like elements are the result of "splicing" together a
series of 10-millisecond wave packets that happen to have the
frequency and phase relationships suitable for interacting co-
herently with the same counter-streaming electrons. Since such
ensembles of wave packets encounter the rising tone region first
[based on one theory for emission generation in which risers
and fallers are generated on the wave injection and wave recep-
tion sides of the equator, respectively (Helliwell 1967) 1, it is
therefore more likely that this region will produce discrete
emissions. As these fully formed risers travel across the equator
into the falling-tone region, they tend to suppress the growth of
fallers that might otherwise have been created. However, some
falling and constant tones have been observed in the hiss,
indicating that different combinations are possible.

A tentative conclusion from this experiment is that mid-
latitude VLF hiss may be just another aspect of the growth and
triggering mechanism found in coherent signals (for example,
chorus and VLF signals injected into the magnetosphere using
the Siple transmitter).

Further experiments on simulated hiss are planned for the
next phase of our Siple Station operations beginning in January
1986. With the planned improvements in the antenna system,
which will employ two crossed dipoles, it will be possible to
radiate a circularly polarized signal. In this case, we expect to
get a factor of two increase in the effective radiated power,
which will help to ensure that the simulated noise signal will
exceed the threshold for triggering.

Active wave-injection experiments, such as those underway
at Siple Station, will, we believe, play a crucial role in advancing
our understanding of wave-particle interactions in the
magnetosphere.

This work was supported by the Division of Polar Programs of
the National Science Foundation under grants DPP 83-18508 and
DPP 83-17092.
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Growth suppression and sideband
generation by Siple Station transmitter

signals
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Over the past decade, coherent very-low-frequency (VLF)

wave-injection experiments have been carried out using the
Stanford University experimental transmitter located at Siple
Station, Antarctica (750S 84°W) and operating in the 1.5-6 kilo-
hertz range (Helliwell and Katsufrakis 1974; Helliwell 1983). As
depicted in figure 1, VLF signals are injected into the magne-
tosphere from Siple Station and observed at the conjugate point
near Roberval, Canada. In the earlier experiments, roughly
exponential temporal growth was observed to be as much as 30
decibels. Growth was usually followed by the triggering of
emissions, often when no other magnetospheric noise could be
detected at the receiver.

The scope of the coherent wave injection experiments was
increased by the addition of two separate exciter channels,
permitting the use of two frequencies. This led to the discovery
of new aspects of the coherent wave instability such as co-
herence bandwidth, growth suppression, and sideband gener-
ation (Helliwell 1983). Figure 2 shows initial results of an experi-
ment on sideband generation and wave-wave interaction
between two input signals at slightly different frequencies.

The lower panel in figure 2 (see left side of figure, portions
labeled "Al" and "A2") shows the transmitted signal format. In
case Al, a 2.32 kilohertz signal is initiated at the 3-second point
and constitutes the only input signal until the 4-second mark,
when a second signal, at 2.30 kilohertz, is turned on. In case A2,
both signals are turned on simultaneously at the 6-second mark,

but the lower frequency signal is turned off after 1 second. The
middle panel shows the dynamic spectrum of the signal re-
ceived at Roberval, while the upper panel shows the intensity of
the received signal in a 100-hertz bandwidth centered at 2.30
kilohertz. We see that the first signal grows rapidly with time
(approximately 60 decibels per second) prior to the triggering of
a multicomponent emission. Because the growth and triggering
occurs before the turn-on of the second signal, the latter has no
effect on this process. In the second case, however, we see little
growth and no triggering within the first second, apparently
due to the suppression resulting from the presence of the sec-
ond frequency. As soon as the second signal is turned off at the
7-second mark, rapid temporal growth (similar to the first sec-
ond of Al) and emission triggering are observed.

This result demonstrates a very important property of this
wave instability, namely that it is coherent. The presence of a
second signal appears to interfere with the phase bunching of
the electrons by the first signal and significantly reduces the
intensity of the stimulated radiation.

Observations of sideband generation during a closely related
experiment is shown in figure 2 (right side of figure). The format
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Figure 1. Meridian cross-section of the Earth-ionosphere-magne-
tosphere showing a geomagnetic-field-aligned (ducted) signal path
from the Siple Station very-low-frequency transmitter (T) to the
ground receiver at Roberval, Canada (R). A non-ducted path is also
shown.

Figure 2. Growth suppression and sideband generation experiment.
Lower panel: Transmitted spectrum (shifted later In time to allow for
one-hop propagation delay). Middle panel: Dynamic spectra of the
signal received at Roberval. Upper panel: Signal amplitude In a 100-
hertz bandwidth centered at 2.3 kilohertz. In case Bi, the lower
frequency signal Intensity is Increased by 20 decibels per second In
the first second. In B2, the Intensity of the same signal Is tapered
down by 20 decibels per second during the last second.
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of this half of figure 2 is similar to that of the left half. In this case,
the upper frequency (2.32 kilohertz signal is present at full
intensity throughout the two 2-second periods, but the 2.30
kilohertz signal is brought up in amplitude at a rate of 20 deci-
bels per second between the 3- and 4-second marks and is kept
at full intensity for 1 second. Similarly, in the second part, the
amplitude is tapered down from full level at 20 decibels per
second between the 7- and 8-second marks. Case Bi shows the
initiation of rapid temporal growth which is subsequently in-
hibited as the second signal increases in intensity. As a result,
the growth is not fully developed, and no independent emis-
sions are triggered. However, we see that multiple sidebands
are generated and sustained temporarily until the second signal
is strong enough to suppress most of the temporal growth. The
sideband spacing is equal to 20 hertz, the difference frequency
between the two input signals.

Case B2 shows suppression in the beginning portion. The
total signal level in the upper panel first decreases when the
lower frequency component is reduced in intensity because the
upper frequency component is significantly weaker, as shown
by the middle panel. This reduction is tentatively attributed to
multipath interference at the upper frequency. Temporal
growth is initiated when the lower frequency signal is too weak
to suppress growth significantly at the upper frequency. Side-
band generation is again seen, indicating the effect of the lower
frequency signal, in spite of its lowered amplitude. Except for
the sidebands, triggering of independent omissions does not
occur, presumably because of the early termination of the upper
frequency signal. It is interesting to note that sideband genera-

tion starts at about the same ratio (approximately 15 decibels) of
the upper-to-lower signal amplitude in both cases Bi and B2.

The results shown clearly illustrate the controllability of the
coherent wave instability through proper choice of the frequen -
cy spectrum and amplitude of the input signals. While the
instability manifests itself in a complex manner, its properties
can be measured with high accuracy through the use of con-
trolled wave-injection from the ground. Thus, active wave-in-
jection experiments are valuable tools for testing theoretical
models as well as for developing new understanding of these
phenomena. These experiments on coherent nonlinear wave-
particle interaction are helping us to understand naturally oc-
curring electromagnetic wave (e.g., chorus) in terrestrial and
planetary magnetospheres. They may also lead to the develop-
ment of ground-based tools for measuring the energetic particle
distributions in the magnetosphere.

The Siple/Roberval experiments are supported by the Divi-
sion of Polar Programs of the National Science Foundation un-
der grants DPP 80-22282 and DPP 80-22540.
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Siple Station/Dynamics Explorer-1
satellite very-low-frequency wave-

injection experiments

U. S. NAN, R. A. HELLIWELL, and J. P. KATSUFRAKIs

STAR Laboratory
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Stanford, California 94305

occasion are amplified, generate sidebands and trigger VLF
emissions. The experiments were carried out during the peri-
ods of May-August 1982 and September-December 1983, when
the Dynamics Explorer-1 (DE-1) spacecraft was in an almost
field-aligned orbit with apogee (-4.6 Earth radii) close to the
geomagnetic equator. As depicted in figure 1, these experi-

SIPLE/DE-1 VLF WAVE INJECTION EXPERIMENT

PARTICLES

Introduction. A large fraction of the wave energy radiated from
a ground-based very-low-frequency (VLF) signal source such as
the experimental transmitter at Siple Station, Antarctica propa -
gates in the magnetosphere in the non-ducted mode. These
waves, propagating at an angle to the static magnetic field, are in
general not observed at ground stations but are readily ob-
served on satellites. Study and understanding of non-ducted
waves is important for assessing the overall effect of ground-
based signal sources as well as for possible future experiments
involving in situ transmissions.

In this context the Siple/Dynamics Explorer-1 VLF wave-injec-
tion experiments were aimed at studying the propagation, am-
plification, and emission triggering by non-ducted VLF whistler
mode signals. Results indicate that the injected signals, while
propagating in the magnetosphere in the non-ducted mode, on

*
DE-I

ES

WAVES

Figure 1. Schematic showing the components of the Sipie/DE-1 VLF
wave-injection experiments.
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ments employed VLF waves (1-6 kilohertz) injected from the
Siple Station (L'4.3) transmitter; observations of these signals
as well as those of natural origin were made with the Stanford
University Linear Wave Receiver (LwR) on the DE-1 satellite
operating in the 1.5-16 kilohertz range. In most cases, we
monitored the satellite data in real time for the purpose of
optimally selecting the receiver modes as well as the frequency
and format of the injected waves. Simultaneous broadband data
were also collected at ground stations at Roberval, Quebec,
Canada (conjugate to Siple) and Palmer, Antarctica (L--2.3). (L,
finesare geomagnetic field lines which extend at their apex to
the number of geocentric Earth radii indicated.) Real-time com-
munications between Stanford and other sites (Siple, Palmer,
Roberval) were maintained through an ATS-3 satellite link.

Ground-satellite observations. Figure 2 shows the simultaneous
reception of Siple transmitter signals on the ground at Roberval
and on the DE-1 satellite. The bottom panel shows the fre-
quency-time format of transmissions, the middle panel the dy-
namic spectrum of the signals received on DE-1 using the mag-
netic antenna, and the top panel the spectrum of the received
signal at Roberval. The records are aligned in absolute time so
that the ground-to-ground and ground-to-satellite time delays
can be clearly seen. In this case the transmitter signals (frequen-
cy ramps) were first seen on the satellite, then at Roberval and
then again on the satellite, probably as a result of reflection from
the lower ionosphere. This process, involving direct non-duct-
ed propagation to the satellite as well as reflections following
initial propagation in duct(s) may be an important means by
which waves that are amplified and/or generated in ducts can
propagate out and populate the magnetosphere. Detailed study
of the Siple signal propagation modes up to the satellite indicate
that the measurements of non-ducted transmitter signals can be
used as a means to diagnose the magnetosphenc cold plasma
distribution (Rastani, man, and Helliwell in preparation).

Emission triggering by Siple transmitter signals. Figure 3 (left)
shows the triggering of a rising emission by the injected Siple
signals. The lower panel shows the transmitted format and is
aligned in absolute time with the dynamic spectra of the signal
received on DE-1 as shown on the upper panel. The time delay
for the first arriving signal components is found to be approx-
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Figure 2. Simultaneous reception of Sipie transmitter signals at
Roberval and on DE-1. The bottom panel shows the transmitted
format. All panels are aligned in absolute time.

imately 1.4 seconds, but the apparent elongation of the pulses
indicates the presence of signals arriving over more than one
path. Only one of the transmitted frequencies is amplified and
triggers an emission while the others do not show any evidence
of amplification. 'This result demonstrates the frequency selec-
tivity of the triggering process. The triggered emissions last
much longer than the stimulating pulse.

While emissions triggered by non-ducted signals from higher
power VLF navigation and communication transmitters have
been observed (Bell, man, and Helliwell 1981; man and
Helliwell 1982), such events triggered by Siple signals are rela-
tively rare. This and the facts that (1) ducted Siple signals
observed at Roberval are found to be amplified and (2) they
trigger emissions more often than those observed on the satel-
lite suggest that the threshold for emission triggering by non-
ducted signals may be higher than that for ducted signals.
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Figure 3. (Left) Emission triggering by SIple signals received on DE-1. The lower panels show the transmitted format aligned In absolute time
with the dynamic spectra shown in the upper panels. (Right) Sideband generation by Sipie signals received on DE-1. The lower panels show the
transmitted format aligned in absolute time with the dynamic spectra shown in the upper panels.
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Further analysis of the data from the Siple/DE-1 experiments is
expected to shed more light on these questions.

Sideband generation. Our real time observations of the events of
figure 3 (left) led us to try other transmission formats. Results of
one of these trials is shown in figure 3 (right), representing a
period approximately 28 minutes after the time of figure 3 (left).
In this case, the transmitted format consisted of two signals
with slowly separating frequencies. We observe the generation
of sidebands with frequency spacing equal to the difference
frequency of the two injected signals. The sidebands are evi-
dence of nonlinear wave-particle interaction that in this case
does not lead into an emission triggering. In the second part of
this format, the two signals are initiated with a large frequency
separation and are brought together in frequency with time. No
significant sideband components are observed for the second
part. This indicates that for sideband generation to occur, parti-
cles first have to be phase organized by the wave. While this
would be possible for the first case during the time when the
two signals are at the same frequency, in the second case the two
signals interfere with the phase bunching of one another and
significant stimulated currents cannot develop. The latter is
consistent with the suppression effects that are observed for
ducted signals (Helliwell 1983).

Summary. Results of Siple/DE-1 wave-injection experiments
show evidence of emission triggering and sideband generation

by the injected signals. Detailed measurements of the signal
characteristics can on occasion be used for cold plasma diag-
nostics. The study of the mechanism of amplification and side-
band generation by non-ducted signals remains a challenging
problem in magnetospheric physics.

The Stanford University experiments on the DE-1 satellite are
being supported by the National Aeronautics and Space Ad-
ministration under grant NAS5-25688. The Siple/Roberval ex-
periments are supported by the National Science Foundation
under grants DPP 80-22282 and DPP 80-22540.
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Siple Station VLF wave-injection
experiments: ISIS and ISEE satellite
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The Siple Station very-low-frequency (VLF) transmitter is
used primarily to inject coherent VLF waves into the ionosphere
and magnetosphere to study nonlinear interactiot s between
coherent waves and the energetic particles that populate the
Earth's radiation belts. In these interactions the perturbing
waves may be amplified by as much as 30 decibels, VLF emis-
sions may be produced, and the resonant energetic electrons
may be scattered into the atmospheric-loss cone, eventually
precipitating into the lower ionosphere to produce
Bremstrahlung X-rays, optical emissions, and plasma density
enhancements (Rosenberg, Helliwell, and Katsufrakis 1971;

Helliwell, Katsufrakis, and Trimpi 1973; Helliwell and Kat-
sufrakis 1974; Helliwell et al. 1980).

The main goal of the Siple Station VLF wave-injection experi-
ments is to understand the physics of nonlinear wave-particle
interactions in the ionosphere and magnetosphere. This knowl-
edge is essential if we are to achieve a full understanding of the
mechanisms which determine the lifetime of energetic particles
in the magnetosphere of the Earth, as well as in the magne-
tosphere of other planets in our solar system.

An important component of the Siple Station VLF wave-injec-
tion experiments has been the support provided by various
satellites, such as Explorer 45 (USA), Exos-B (Japan), ISEE-1
(USA), ISIS-1 (Canada), ISIS-2 (Canada), and DE-1 (USA). Cor-
relative data from these satellites have been used to determine
the characteristics of the injected waves and energetic particles
in the ionosphere and magnetosphere and to establish the
importance of coherent whistler-mode waves in magne-
tospheric wave-particle interactions (Bell et al. 1981, 1983-a,
1983-b). In particular during the past year, correlative data from
the ISIS-2 and ISEE-1 satellites have demonstrated the existence
of two new effects concerning coherent VLF waves and energetic
electrons.

Impulsive bandwidth increases. VLF wave data from the ISIS-2
satellite has shown that coherent VLF signals from the Siple
Station VLF transmitter are observed to exhibit impulsive band-
width increases of up to 30 percent of the nominal carrier
frequency as these signals propagate upward through the
ionosphere and low altitude magnetosphere to the satellite at a
1,400-kilometer altitude. The bandwidth increases typically en-
dure for 30 milliseconds and generally the sidebands are rough-
ly symmetrical about the nominal carrier frequency. This phe-
nomenon is possibly the transient analog of the recently
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reported spectral broadening effect (Bell et al. 1983-b) but the
connection is not clear. In most cases the bandwidth increase is
associated with an increase in signal amplitude of up to 20
decibels, suggesting that the phenomenon is the result of a
rapidly evolving plasma instability.

Figure 1 shows examples of the impulsive bandwidth in-
creases observed on Siple transmitter pulses on 4 July 1983. The
spectrogram in the upper panel shows Siple pulses in the pres-
ence of a band of impulsive VLF hiss with an irregular lower
cutoff frequency located near 3.5 kilohertz. At this time the
Siple pulses show occasional impulsive bandwidth increases.
The middle panel shows Siple pulses at a slightly later time
when impulsive bandwidth increases occur more often, and the
signal bandwidth reaches a maximum value of about 1 kilohertz
near the 19-second mark. Near the 22-second mark (see arrow
on time axis) a whistler arrives at the satellite and from its lower
cutoff frequency the local lower-hybrid-resonance (LHR) fre-
quency can be determined. Two instances of impulsive band-
width increase occur near the 23-second mark where the signal
frequency lies below the local LHR frequency. Signals lying
within the LHR noise band show a uniform spectral broadening
similar to that reported previously (Bell et al. 1983-b). The lower
panel shows the transmitter pulse format corresponding to the
satellite data in the two top panels.

One possible mechanism for the impulsive-bandwidth-in-
crease effect is the following: thin sheets of energetic electron
precipitation in the subauroral region create a multitude of
magnetic field aligned irregularities of transverse scale of ap-
proximately 200 meters in which the ion density, temperature,
and composition may differ from that of neighboring regions.
As a result of these irregularities the lower-hybrid-resonance
frequency is a rapidly varying function of position, giving rise
to the irregular lower cutoff frequency of the impulsive hiss
band. The Siple pulses are scattered coherently from the irreg-
ularities and the scattered wave spectrum has components with
wave normals nearly perpendicular to the Earth's magnetic
field.

In irregularities where the local LHR frequency is approx-
imately equal to the pulse frequency the high wave normal
angle components of the scattered Siple signals trigger a quasi-
electrostatic coherent-wave plasma instability which produces
enhanced signal levels in the irregularity. Because of the short
wave length, these waves are observed on the satellite with
large doppler shift, producing the impulsive bandwidth in-
creases observed in the data.

If this interpretation is correct, it suggests that coherent VLF

signals can act as catalysts to trigger natural plasma instabilities

1115 - It

-	 .'.

0	 07I	I HR

\

30 sec

Figure 1. Spectrograms showing examples of the Impulsive band-
width Increases observed In Siple Station transmitter signals.
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Figure 2. Examples of ISEE-1 data showing evidence of multipath
propagation.

in the subauroral ionosphere and lower magnetosphere. Thus,
controlled studies of these instabilities may be possible. Fur-
thermore, it suggests that impulsive bandwidth increases could
be used as a diagnostic tool to study the characteristics of field-
aligned irregularities in the subauroral region.

Multipath propagation. Data from the ISEE-1 satellite has re-
cently demonstrated that multipath propagation is a fundamen-
tal property of non-ducted waves from the Siple Station VLF

transmitter. It was found that in general at any point in the
magnetosphere the direct signals from the transmitter arrived
almost simultaneously along two or more closely spaced ray
paths.

Figure 2 shows examples of data received on ISEE-1 which
show this effect. The top panel shows a spectrogram of Siple
signals when pulses of length varying from 50 milliseconds to
200 milliseconds were transmitted. The second panel shows the
amplitude of the electric field component in the spin plane of
the antenna observed with a 300 hertz bandwidth filter cen-
tered at 6.0 kilohertz. Amplitude charts of this kind were used
to measure time delays, field intensities, and pulse duration.
Pulses were found to be elongated 20-200 milliseconds, indicat-
ing the presence of multiple paths.

The third panel shows a spectrogram of Siple signals when
pulses of 20-second length were transmitted at 4.0 kilohertz.
The fourth panel shows the amplitude of the electric field com-
ponent in the spin plane of the antenna for the spectrogram
shown in panel 3. The observed amplitude fading patterns
show a period of approximately 1.5 seconds resulting from the
regular 3.0-second spin period of the satellite, as well as other
periods (on the order of 1 second) introduced by the presence of
Siple transmitter signals which have propagated to the satellite
along different, but closely spaced, paths. The existence of
multiple paths has important implications for wave-particle in-
teractions in the magnetosphere. Since each signal travels a
slightly different path, its refractive index and wave normal
direction will differ from that of other waves arriving at a given
point. As a result of this an energetic electron moving through

dB

kHz

dB
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this wave field will experience a doppler broadened signal of
bandwidth Af, where typically zf approximately equals 10-100
hertz. Components of this multiple path wave structure will
interfere over a time scale T equals approximately 1/sf, limiting
the time available for interaction. This suggests that coherent
interactions between energetic electrons and non-ducted Siple
transmitter signals in the magnetosphere take place over much
shorter distances than the 1,000-2,000 kilometers hypothesized
for the case of ducted signals (Helliwell 1967). Such a reduction
might account for the less frequent occurrence of emissions
triggered by non-ducted signals.

The existence of multipath propagation also implies that mag-
netic field-aligned irregularities commonly exist in the
ionosphere over Siple Station with horizontal scales of 1-10
kilometers and plasma density variations of a small percentage.
Thus, the satellite data can be used as a diagnostic tool to study
the cold plasma distribution in the ionosphere.

In the future, it is planned that new ISEE-1 satellite measure-
ments will be carried out during Siple Station wave-injection
experiments to further increase our understanding of interac-
tions between non-ducted coherent VLF waves and energetic
particles in the ionosphere and magnetosphere.

This research was sponsored by the National Aeronautics and
Space Administration under grants NAS5-25744 and NGLr05-
020-008.
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Particle precipitation at high latitudes
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Particle precipitation is an important mechanism for energy
transfer between the magnetosphere and the ionosphere.
Trapped radiation belt particles that normally mirror above the
ionosphere can interact with waves and be showered into the
ionosphere where they collide with atmospheric neutrals. Sub-
ionospheric very-low-frequency (VLF) signals are perturbed by
the resultant density enhancements and thus provide a sen-
sitive method for observing particle precipitation. At lower lati-
tudes, whistlers often precipitate particles in this manner in
what are known as "Trimpi" events. Recently, Dingle and Car-
penter (1981) reported several events at higher latitudes during
which VLF signal perturbations were associated with bursts of
VLF noise.

On several days in July 1982, a continuous wave (cw) signal at
3.8 kilohertz was transmitted from Siple Station to South Pole
Station to study precipitation along high latitude paths. The
path from Siple to South Pole is particularly good for this type of
study because it lies entirely at the latitudes of interest and is not
subject to competing ionization from sunlight for long periods.

Figure 1 shows a sequence of events seen on 14 July 1982. The
two spectrograms at the top are broadband-VLF recorded at
South Pole Station in the bands 0-5 kilohertz and 0-1.5 kilo-
hertz. The top chart is the amplitude of the subionosphenc
Siple transmission received at South Pole Station. The bottom
chart is the amplitude of VLF noise in the band 0.7-1.3 kilohertz.

The noise bursts indicated by the arrows correspond closely to
increases in the Siple signal amplitude. During the first event,
the signal amplitude increased by 3 decibels in 12 seconds,
implying that precipitation continued throughout much of the
noise burst. The second and third events had smaller increases
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Figure 1. Perturbation of the Sipie Station transmitter signal ob-
served at South Pole Station: (a) Spectrogram showing frequency
versus time with amplitude shown by darkness; (b) Same as (a) with
expanded frequency scale; (c) Amplitude of the subionospheric
Sipie Station transmitter signal received at South Pole Station; (d)
Amplitude of VLF noise in the band 0.7-1.3 kilohertz. Both (c) and (d)
were integrated with a 0.3 second time constant. The three events of
Interest are indicated with arrows. The constant tone near 4 kilohertz
Is the Siple continuous wave signal and the break prior to 1540
universal time Is for recording of the wwv time standard broadcast.
("ii.V/m" denotes microvolts per meter; "kHz" denotes kilohertz;as 	denotes universal time.)
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Figure 2. Perturbation of the Siple Station transmitter signal ob-
served at South Pole Station: (a) Spectrogram showing frequency
versus time with amplitude shown by darkness; (b) Amplitude of the
subionospheric Siple transmitter signal received at South Pole; (c)
Amplitude of very-low-frequency noise In the band 0.7-1.3 kilohertz.
Both (b) and (c) were integrated with a 0.3-second time constant.
("1i.V/m" denotes microvolts per meter; "kHz" denotes kilohertz;
is 	denotes universal time.)

and shorter rise times, possibly indicating that most of the
available particles were precipitated by the first noise burst.

Figure 2 shows a different event on an expanded time scale.
The amplitude increase in the Siple signal is clearly associated
with the short-duration noise burst that occurred around

1542:27 universal time (UT). The signal increased by 2 decibels in
5 seconds. Since the noise burst itself was only 2 seconds long,
the precipitation must have been prolonged by particle echoing
or some other mechanism.

The particles precipitated during these events are thought to
be electrons with energies of at least 100 kiloelectronvolts. This
is consistent with previous observations. To account for the
precipitation of such energetic particles by waves with frequen-
cies of 0.5-1.0 kilohertz, however, the wave-particle interactions
must take place at much higher latitudes than even those ob-
served by Dingle and Carpenter (1981). In addition, the events
on 14 July 1982 indicate that precipitation at these latitudes may
consist of both slowly varying events (figure 1) and impulsive
events (figure 2). The amplitude of the Siple signal received at
South Pole Station and the amplitude of the natural noise in the
band 0.5-1.0 kilohertz are well correlated on this day, suggest-
ing that the ambient magnetospheric wave level may play a
primary role in determining the variations if not the absolute
level of subionospheric signals.

The wintering scientists involved with this work were M.
Dermedziew and T. Wolfe at Siple Station and J. Dalton at South
Pole Station. This work was supported by National Science
Foundation grants DPP 82-18219, DPP 83-17092, and DPI'
80-22282.
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Hydromagnetic and very-low-
frequency wave studies at the South

Pole

L. J. LANZEROTTI, C. G. MACLENNAN, and L. V. MEDF0RD

AT&T Bell Laboratories
Murray Hill, New Jersey 07974

D. L. CARPENTER

STAR Laboratory
Stanford University

Stanford, California 94035

As a part of the concentrated United States program at South
Pole Station to investigate in detail the southern magne-
tosphenc cusp region, we have begun magnetic field and very-
low-frequency (VLF) measurements in cooperation with other
U.S. investigators involved with complementary studies. The
intent of the magnetic field and VLF research is to intensively
examine geophysical wave phenomena in the southern polar
cap and cusp region of the magnetosphere. The magnetic field

measurements, made with fluxgate magnetometers, cover the
frequency range from approximately 0.5 hertz to 0 hertz while
the VLF measurements, made with a loop antenna, cover the
range from approximately 0.5 to approximately 50 kilohertz, in
several narrow bands. The analog magnetometer data (three
magnetic components) and the narrow-band VLF signals are
digitized at 1-second intervals and written in computer-com-
patible format on magnetic tape using the University of Mary-
land data-acquisition system (Rosenberg and Detrick, Antarctic
Journal, this issue).

The magnetic field lines originating in the south polar region
can be either closed, connecting to the opposite hemisphere of
the Earth, or open to interplanetary space, where they are
probably interconnected with the interplanetary (solar) mag-
netic field. The field configuration at the South Pole is a strong
function of magnetic local time and of the conditions of the solar
wind (which determine the overall configuration of the magne-
tosphere). During local night, the South Pole is on magnetic
field lines that are often open, whereas during local day hours
the field lines can be open or closed depending on solar-wind
conditions. The solar-wind parameters which control open and
closed dayside magnetospheric field conditions over the South
Pole are as yet incompletely understood but are related to the
conditions of the solar-wind plasma and the embedded mag-
netic field. In this report, we draw attention to the observation
of the occurrence of simultaneous narrow-banded periodic van-
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ations (central period approximately 35 seconds) in the magnet-
ic field intensity and the VLF emissions for an extended interval
of time around local noon hours at the South Pole. The impor-
tance of these observations lies in the fact that although such
simultaneous variations in magnetic field and VLF emissions
occur frequently in the Earth's magnetosphere at lower latitudes
where the field lines are always closed, they have not been
investigated at very high latitudes. Their occurrence indicates
the existence of closed magnetospheric field lines at the South
Pole at this time and thus provides a method of determining the
magnetosphere configuration from the ground.

Dynamic spectral analyses of the magnetic field components
in the north/south (H-component) and east/west (D-component)
directions and the VLF emissions in the 0.5-1.0 kilohertz range
are shown in the figure. The dynamic spectra were calculated
using 30-minute intervals of 10-second data. Power spectra for
each of the three geophysical quantities for 30-minute intervals
were calculated with a fast Fourier transform algorithm after
first treating the data with a prolate spheroidal data window
(the Thomson window; Thomson et al. 1976). The 30-minute
time intervals of data were then shifted by 5-minutes and new
spectra were calculated. The spectral amplitudes were color
coded and gray-scale coded to provide a representation of the
spectral power as a function of frequency and of time. During
much of the local night hours, approximately 00-08 universal
time (UT), on the day illustrated there were relatively few geo-
magnetic and VLF fluctuations in the frequency interval shown.
However, beginning shortly after local morning, at approx-
imately 08 UT, the magnetic field fluctuations began to increase
in intensity. At approximately the same time the fluctuation
levels in the VLF signal also increased. For several hours begin-
fling about 1000 UT and spanning local noon there was a signifi-
cant enhancement in the fluctuation levels of both the magnetic
field and the VLF variations with a central period of approx-
imately 35 seconds. An interruption in the banded variations
occurred at approximately 18 UT, coinciding with a burst in the
higher frequency (10-15 kilohertz; not shown here) VLF signals.

Variations in VLF emissions with periods of about 30 seconds
have been termed quasi-periodic (QP) variations and have been
extensively studied at lower latitude antarctic stations such as
Syowa, Byrd, and Eights (e.g., Sato et al. 1974; Sato 1980; Ho
1973), as well as in the areas conjugate to these stations, Iceland,
Great Whale River, and Baie St. Paul, respectively. Such QP
emissions associated with geomagnetic pulsations (GP) (as in
the figure) have been statistically shown to be predominantly
local daytime phenomena. Qualitative models of the QP/GP phe-
nomenon require closed magnetosphere field lines (e.g., Sato
1980). Thus, we would not expect to observe such QP/GP emis-
sions at South Pole Station if the field lines at local noon ex-
tended into the magnetospheric cusp and polar cap. Therefore,
during the particular day shown in the figure the field lines
originating over the South Pole are most probably closed
through the dayside magnetosphere, intersecting the northern
hemisphere in the conjugate region near Frobisher Bay,
Canada.

Preliminary results obtained from calculations of the size of
the expected southern polar cap region on this day, using actual
measured values of the interplanetary magnetic field and under
the assumption that there is total interconnection of the Earth's
magnetic field with the interplanetary field, shows that the
South Pole should indeed have been located on closed magne-
tospheric field lines during the time of the QP/GP emissions were
observed. Confirmation that closed field lines exist at the South
Pole during such interplanetary conditions will come with si-
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Dynamic spectra of data from South Pole Station for 5 January 1982.
The top two panels are for the H (geomagnetic north-south) and D
(geomagnetic east-west) components of the magnetometer; the
lower panel is for the 0.5-1.0 kilohertz very-low-frequency (VLF)
channel. The open (solid) triangles mark magnetic local noon (mid-
night). The simultaneous enhancement in the magnetometer and
the VLF at approximately 0.3 hertz (quasi-periodic/geomagnetic
pulsations) beginning at approximately 12 universal time Is a phe-
nomenon associated with closed magnetosphere field lines and is
the first occurrence observed at the South Pole. ("mHz" denotes
millihertz; "KHz" denotes kilohertz; "UT(h)" denotes universal time
(In hours).]

multaneous measurements planned for 1985 for Frobisher Bay.
Further discussion of this particular event and its physical im-
plications for hydromagnetic waves and VLF emissions at very
high geomagnetic latitudes on closed magnetospheric field
lines will be published separately.

During the next year or two, magnetic field and VLF measure-
ments such as these will be continued at South Pole Station. In
addition, similar measurements will begin at Arrival Heights
near McMurdo Station. This geomagnetic location should al-
most always be connected to open magnetic field lines in the
southern polar cap region of the magnetosphere. Comparison
of data between South Pole and McMurdo Station under various
interplanetary conditions will provide further understanding
on the control of magnetosphere configurations by the solar
wind.

The logistics support for the magnetic field measurements
was provided by the National Science Foundation, Division of
Polar Programs. The VLF measurements were supported by
National Science Foundation grant DPP 82-18219 to Stanford
University.
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Monochromatic imaging of the 6,300
angstrom emissions from South Pole

Station

S. B. MENDE

Lockheed Palo Alto Research Laboratory
Palo Alto, California 94304

The 24-hour winter night permits the continuous observation
of the polar aurora from South Pole Station. From these observa-
tions the diurnal movement and the response of the aurora to
magnetic activity can be monitored. There is a large offset
between the Earth's magnetic pole and the geographic South
Pole. If a station like South Pole Station is considered to rotate in
the magnetic frame of reference (i.e., around the magnetic pole)
then there is a time of day, magnetic midday, when the station is
nearest to the sun. This time occurs at 1530 universal time (UT) at
South Pole Station. At this time the magnetic field lines of the
Earth link the aurora to the dayside magnetosphere. The mag-
netosphere has a pair of morphological singularities on the
dayside, the cusps which may be the entry points of particles
from the solar wind. Akasofu (1972-a, 1972-b) has studied the
behavior of auroras during magnetic midday using all-sky cam-
eras at South Pole Station. Eather, Mende, and Weber (1979)
have used photometer data and found a systematic relationship
between the position of the cusp-associated auroras and the
intensity of the nighttime auroral electrojet current.

More recently Eather (1984) has operated a high-time-resolu-
tion image-intensifier slit camera at South Pole Station where he
was able to monitor the latitudinal behavior of auroras 24 hours
a day during the polar night. This camera operated in the 6,300
angstrom oxygen emission characteristic of the soft, particle-
produced cusp auroras. Eather's high time resolution instru-
ment permitted the observation of rapid latitudinal motions of
the aurora. It appears from the data that the rapid poleward
movements do not seem to occur prior to local magnetic mid-
night (opposite of magnetic midday) and that rapid equator-
ward movements seem to occur preferentially after local mag-
netic midday. The single dimensional nature of the slit camera
leaves a few ambiguities regarding the observations which can
be resolved by a two-dimensional, image-intensified 6,300 all-
sky camera. It was envisaged that such a device could separate
the latitudinal effects from temporal fluctuations. In addition
the imaging camera would be able to describe the characteristics
of these observed rapidly moving forms.

To make the observations a special instrument had to be built.
The instrument had to take low-light level observations of the
6,300 angstrom emission of the polar cusp auroras. Large all-
sky field of view and narrow spectral resolution were also a
requirement. We have used an image-intensified photographic
version of the instrument described by Mende, Eather, and
Aamodt (1977). Figure 1 illustrates the instrument.

A special 170-degree fish-eye lens is mounted inside the
double dome. This produces an image of the entire sky at the
location of the filter. The filter selects a narrow 30-angstrom
band from the incoming light. The image intensifier camera
objective re-images and demagnifies the image on the pho-
tocathode of the image tube. The image tube is a microchannel
plate-intensified second generation intensifier which has a light

amplification gain of fifty thousand. The intensified image is
once again re-imaged on the film plane by the combination of
the 85 and 50 millimeter lenses.

During the winter of 1983 the camera was used to make
observations. The camera was operated continuously with a 2-
second exposure every 3 minutes.

A collage of a typical day of observation is shown on figure 2.
The exposure nearest to the hour was printed for the 24-hour
period starting at 0600 UT on 8 June 1983 and ending at 0600 UT

on 9 June 1983. Each picture was oriented so that the direction
toward the magnetic pole is toward the center of the circle. The
frame nearest to magnetic midday 1500 UT was located on the
top of the picture. Thus the frame nearest to magnetic midnight
is at the bottom. The collage attempts to represent the in-
stantaneous view of the auroral oval from above during the
apparent rotation of the Earth around the magnetic pole.

From this collage we can see these general properties of the
auroral oval:
• The auroral oval is continuous. There is aurora in every

frame. Just prior to midnight the aurora goes very far equa-
torward and but there is distinct aurora at the edge of the
frame. This, therefore, contradicts some of the reports which
have maintained that there is a significant gap in optical
aurora near midday.

• The diurnal shift of the auroral oval is clearly visible. The
aurora generally takes up its most poleward position during
midday and its most equatorward position at midnight.
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Figure 1. Schematic diagram of the image intensified mono-
chromatic all-sky cameras. ("mm" denotes millimeter.)
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• In these observations, the auroras are mostly directed in the
east/west or tangential direction. Thus they appear to be sun-
aligned mainly in the dawn/dusk region. There appears to be
no evidence for the sun-aligned connection between the mid-
night or midday part of the auroral oval. The search for such
sun-aligned connections is interesting because of the re-
ported significance (Frank et al. 1982) of the so called "theta
auroras." These were observed to bridge the polar cap from
the midday to the midnight region. Perhaps the closest event
to a theta aurora is seen on the frame halfway between mid-
night and dawn where there is a distinct branch of the aurora
extending toward the midday region almost perpendicular to
the normal east-west direction of the aurora.
From the above discussion it can be seen that a very interest-

ing data set was obtained at South Pole Station with the mono-
chromatic all-sky camera during the austral winter of 1983. The
data analysis is in progress to search for a better understanding
of the observed features and their relationship with previous
observations.

This research was supported by National Science Foundation
grant DPP 80-16574.
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MIDDAY

Figure 2. A collage of selected frames from a typical day's observa-
tion. Each frame nearest to the hour was printed for the 24-hour
period starting at 0600 universal time on 8 June 1983 and ending at
0600 universal time on 9 June 1983. Each picture was oriented so
that the direction toward the magnetic pole is toward the center of
the circle. The frame nearest to magnetic midday 1500 universal
time was located on the top of the picture. Thus the frame nearest to
magnetic midnight is at the bottom. The collage attempts to repre-
sent the instantaneous view of the auroral oval from above during
the apparent rotation of the Earth around the magnetic pole.

Mende S.B., R.H. Eather, and E.K. Aamodt. 1977. Instrument for the
monochromatic observation of all sky auroral images. Applied Optics,
16, 1691.

Solar seismology at the South Pole

M. A. POMERANTZ

Bartol Research Foundation of The Franklin Institute
University of Delaware

Newark, Delaware 19716

After four successive austral summer campaigns, none was
conducted during the 1983-1984 field season. However, we
made considerable progress in modifying the full-disk experi -
mental package and in laying the groundwork for implement-
mg a solar dopplergraph with the spatial resolution that is
required to observe the higher degree modes, that is, global
oscillations with many lines of nodes around the spherical sur-
face. Furthermore, Jack Harvey and Tom Duvall in Tucson and
Eric Fossat and Gerard Grec in Nice have done much analytical
work to derive the significant information that exists in the tapes
recorded during earlier high-quality observing runs at South
Pole Station.

To process the data tapes analysts must reassemble the equip-
ment at Tucson to make various calibrations; copy the field
cassette tapes containing a total of 600 megabytes onto 25 mag-
netic tapes; then apply the inevitable corrections for zero level,
gain variations, defective picture elements (pixels), atmospheric
contributions, polarization effects in the telescope (which has
now been replaced with a system immune from such prob-
lems), and non-linearity. Computer programs to remove these
effects were developed, as were methods for the reduction of
the final set of corrected images by spherical harmonics and
Fourier transformations. A technique has also been developed
for inverting the measured frequencies to determine the inter-
nal solar rotation rate as a function of both radius and latitude.
Although various conflicting results on internal rotation rates
have previously appeared in the literature, no earlier observa-
tions could, even in principle, reveal the latitudinal depend-
ence. Furthermore, the superior conditions that prevail at the
South Pole will provide incontrovertible results on the crucial
subject of internal rotation.

The "final" version of the sodium cell optical resonance spec-
trophotometer was developed this year. Based upon experience
in the field during the 1982-1983 austral summer campaign, a
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number of significant modifications have been made. In par-
ticular, it is planned to obtain observations as often as the
weather permits over virtually the entire period that South Pole
Station is open. The instrument is designed to be operated by
any of a number of qualified individuals who will be at South
Pole Station during the 1984-1985 summer, and it is hoped that
the full-disk experiment in its new format will continue to
operate during successive summers through a complete solar

cycle to study the long-term characteristics of the global solar
oscillations and their dependence upon the level of solar
activity.

In addition to the author, Jack Harvey and Tom Duvall at the
National Solar Observatory, and Eric Fossat and Gerard Grec at
the Nice Observatory, have been actively involved in carrying
out this program. This work was supported in part by the
National Science Foundation under grant DPP 81-19627.

South Pole astronomical observatory

F. B. WOOD, K. Y. CHEN
and C. SCHNEIDER

Department of Astronomy
University of Florida

Gainesville, Florida 32611

F. GI0vANE

Space Astronomy Laboratory
University of Florida

Gainesville, Florida 32611

Some 15 years ago, a small telescope was taken to the pole for
such test purposes. The results were extremely encouraging,
but since they rested on visual estimates, a more objective
survey was obviously needed. Filtered photoelectric observa-
tion was the obvious answer. Because of the extremely severe
conditions, it seemed better to make these by a completely
automated telescope; one has been built for this purpose and is
now erected at the pole (see figure).

The telescope so constructed has an 8-centimeter objective
and is of 50-centimeter focal length. It has standard UBV filters
(to isolate the ultraviolet, the blue, and the visual regions of the
spectrum) and others centered on helium and carbon emission
lines. These were chosen because part of the proposed program
is study of the peculiar close binary, gamma two Velorum,

There are two primary reasons for placing a telescope at the
south terrestrial pole. First, because of the extreme dryness, the
atmosphere should be more transparent to radiation in the near
infrared spectral region. Of greater importance, however is the
fact that as the Earth rotates, the diurnal movements of the stars
are always parallel to the horizon. This makes extinction correc-
tions (to allow for loss of light in passage through the Earth's
atmosphere) easier, and of course, the stars never set. This is
especially important in the study of variable stars since only at
the South Pole can very long uninterrupted sets of measures be
made. With the sun below the horizon for nearly 6 months at a
stretch, the observing runs are not broken by spells of daylight.

We might mention the obvious—the same conditions exist at
the North Pole, but (1) the southern skies have been studied less
than the northern ones and contain, for example, the
Magellanic clouds (the nearest external galaxies) and the central
region of our own Milky Way, and (2) there are no provisions at
the North Pole for housing, food, transportation, and the many
other supplies needed for survival as well as study.

Thus, it is easy to justify the need for the establishment of an
astronomical observatory at 90°S. However, a number of ques-
tions must be answered before any appreciable amount of
funds is invested:
• How steady is the atmosphere as measured by the "seeing"?
• What are the possible changes in the transparency?
• How many clear hours are available?
• What are the possible effects of auroral activity on the obser-

vations? All in all, a site "survey" with a relatively small and
inexpensive telescope should be made before considering a
major operation.

University of Florida automated telescope at the south terrestrial
pole.
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which has shown rapid variation in these lines. Also, sky obser-
vations are to be made through an oxygen line filter. This should
permit a study of changes in the aurora (Giovane et al. 1983).

By the end of the year (October 1984) we hope to have useful
scientific results, but at the very least, we will have had several
months of field testing and should be able to make any neces-
sary alterations in the equipment.

This research was supported by National Science Foundation
grant DPP 82-17830. For help in various aspects of the develop-
ment and construction of the telescope and the associated pro-
gramming, we wish to acknowledge the contribution of W.B.

Greenman, Jorge Levy, Alan Messer, Jack McKisson, Mack
Mann, J.P. Oliver, and Hans Schrader. We also wish to thank
many people at the Amundsen-Scott Station who gave us valu-
able help during our stay at the South Pole.
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Dayside aurora studies with a color
keogram camera and zenith

photometers

R. H. EATHER

Boston College
Physics Department

Chestnut Hill, Massachusetts 02167

We have previously described the color keogram camera op-
erated at South Pole Station (Eather and Mende 1981; Eather
1982). Several new features of cusp-associated dayside aurora
have been identified and are described in a paper by Eather
(1984). To allow more sensitive coordinated studies with
riometers, a two-channel zenithal photometer was installed at
South Pole Station in January 1983 and a second such instru-
ment was installed at McMurdo Station in January 1984.

All instrumentation operated successfully throughout the
1983 austral winter and coordinated studies are currently un-

derway with riometer, very-low-frequency, ultra-low-frequency
magnetometer, and Dynamics Explorer satellite imaging data.

We have also recently completed (using South Pole Station
keogram data) a study of the influence of the interplanetary
magnetic field and substorms on dayside aurora! position. We
concluded that substorm effects are the dominant driving
mechanism, and I report this work in detail elsewhere (in
preparation).

This work is supported by National Science Foundation grant
DPP 82-15312. Fieldwork was carried out by R.H. Eather and
D.L. Bourke, January, 1983.
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Services, support, other

Polar Research Board: Antarctic-
related activities June 1983 to June

1984

W. T. HUSHEN and B. E. COMPTON

National Research Council
of the

National Academy of Sciences
Washington, D.C. 20418

Since its founding in 1958, the Polar Research Board has
monitored the status and needs of polar science and assisted
U.S. government agencies in the development and mainte-
nance of strong programs of polar research that are responsive
to scientific opportunities and national interests in the Arctic
and Antarctic. A second major set of responsibilities derives
from the Board's role as U.S. National Committee for the Scien-
tific Committee on Antarctic Research (SCAR) of the Interna-
tional Council of Scientific Unions. The Board ensures par-
ticipation of the U.S. polar research community in the meetings
and planning activities of this organization and encourages
international cooperation in research recommended by SCAR.

The Board meets semiannually, in spring and fall, to review
its program, develop U.S. positions on matters to come before
SCAR, and provide a forum for the presentation and discussion
of information about federal agency programs in the Arctic and
Antarctic, as well as about the activities of nonfederal organiza-
tions with polar interests. Interaction at Board meetings often
reveals questions or needs that become the focus for new stud-
ies—either as part of the Board's ongoing 'Polar Research—A
Strategy" series or as specific responses to federal agency re-
quests for advice on some aspect of a program.

The Board and its subgroups are multidisciplinary, with rep-
resentatives of biological, earth, medical, physical, and social
sciences and of engineering . * It has two standing committees,
on glaciology and permafrost, and a number of ad hoc groups

*Curren t Board membership: C.R. Bentley (Chairman), W. Lawrence
Gates, Ben C. Gerwick, Jr., Richard M. Goody, Arnold L. Gordon,
Hans 0. Jahns, Philip L. Johnson, Arthur H. Lachenbruch, Louis J.
Lanzerotti, Chester M. Pierce, Juan G. Roederer, Robert H. Rutford,
John H. Steele, Ian Stirling, and Cornelius W. Sullivan. Ex-officio mem-
bers: Jerry Brown (Chairman, Committee on Permafrost), Mark F
Meier (Chairman, Committee on Glaciology), and James H. Zumberge
(U.S. Delegate to SCAR).

that are appointed to conduct specific studies and are dis-
charged on their completion.

The Board tries to maintain balance in its membership be-
tween those with arctic and antarctic experience and expertise
and, over time, to maintain balance in its program, though as
U.S. National Committee for SCAR, much of its attention is
focused on antarctic concerns. This report deals only with the
Board's antarctic activities.

During calendar year 1983 the Board and its subgroups held
18 meetings in connection with their own projects and also took
part in seven meetings of other organizations concerned with
polar research. In addition, although 1983 was not a year in
which the SCAR biennial plenary sessions were held, there were
19 gatherings related to activities of SCAR, its Groups of Spe-
cialists and Working Groups, or the Antarctic Treaty Nations
that were of particular interest to the Board and in which its
members, sponsors, or affiliates took part. In addition to these
activities, the Board published eight reports during 1983. Nine
others were in various stages of preparation.

Domestic activities. In 1983, the Board published its report
Research Emphases for the U.S. Antarctic Program, which was
widely distributed. The report was reprinted in response to the
heavy demand for it. [A summary of the report appeared in the
Antarctic Journal of the U.S., 18(5) and EOS, 65(24).] The report
served as the basis for National Academy of Science testimony
before Congress on the "Implementing Legislation for the Con-
vention for the Conservation of Antarctic Marine Living
Resources."

In 1980 the Polar Research Board initiated a series of studies to
develop a strategy for polar research over the next decade. The
last such survey had been published in 1970. Rather than a
single volume covering the entire field, the Board decided on a
series of reports on various disciplines of polar science or par-
ticular problems and questions related to polar research. The
principal objectives are to review the status of research, to
identify promising directions for future effort, and to recom-
mend priorities in research. The reports also deal with the
facilities and support required to realize the recommended re-
search objectives. To date, these reports in the series have been
issued:
• An evaluation of antarctic marine ecosystem research, 1981
• Study of the upper atmosphere and near-Earth space in polar regions;

Scientific status and recommendations for future directions, 1982
• Polar biomedical research: an assessment, with a separately

bound appendix, Polar medicine–a literature review, 1982
• Snow and ice research: an assessment, 1983
• Permafrost research: an assessment of future needs, 1983. Four

additional studies in the series are in progress, and plans for
two new ones are under way.
Three of the strategy studies currently in progress deal with

antarctic solid-earth geosciences, antarctic physical and chemi-
cal oceanography, and the polar regions and climatic change.
The first is concerned with the evolution of the crust of the
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antarctic continent and the adjacent seafloor and with the ant-
arctic environment. Geological processes, geodynamics, global
climate links, and implications for potential resource explora-
tion and development are discussed. A research strategy, in-
cluding scientific priorities, methodology, and chronology for
future research will be recommended. The oceanographic
study focuses on water-mass conversion, dynamics and ther-
modynamics of the Antarctic Circumpolar Current, coupling of
the southern ocean with the world ocean, sea/air/ice interac-
tion, and large-scale modeling. The third study looks at the
polar regions as sources of climatic unrest, in particular, the
influence of antarctic sea ice on climate dynamics and the role of
the antarctic continent as a global heat sink. The study also
deals with the development (using data preserved in ice sheets,
ocean-floor sediments, and, in the arctic, tundra and boreal
zones) of a quantitative record of past climate variations and the
processes responsible for them. The study concludes with a
discussion of future environmental concerns, such as a possible
increase in world sea level resulting from the melting of ant-
arctic ice sheets. Research needs and priorities are outlined in
each of these fields. The study was in press at the time this
article was prepared; reports on the other two studies are ex-
pected within the next 18 months.

A major project in 1983 was the Workshop on Potential Car-
bon-Dioxide-Induced Changes in the Environment of West
Antarctica, organized by the Board's Committee on Glaciology
and held at the University of Wisconsin, Madison, 5-7 July
1983. The objective of the workshop was to respond to a series
of questions posed by the Carbon Dioxide Research Division of
the Department of Energy which requested the study. These
questions pertained to the adequacy of climate model simula-
tions in representing present conditions; the information re-
quired to determine the sensitivity of antarctic ice caps, shelves,
and sea ice to warming; the application of climate model results
to time-dependent ice dynamics; priorities in efforts to improve
models; and improved coordination between observational
studies and theoretical work and modeling. The workshop
provided an opportunity for theoreticians to gain a better un-
derstanding of the physical processes they are attempting to
model and the data that are available; in turn, research scientists
were informed about the needs of the model-makers and the
types of data required to improve models. The Committee on
Glaciology prepared a summary report presenting the major
findings and recommendations of the workshop. An appendix
includes the 12 workshop presentations and constitutes the
proceedings. (The report was in press at the time this article was
prepared.)

Subsequent to this workshop, in further discussions with the
Department of Energy and at the Committee on Glaciology's
December 1983 meeting, agreement was reached on the need
for a definitive study on the relationship between land ice and
sea level, especially in relation to possible carbon-dioxide-in-
duced climatic change. Several recent reports have asserted that
glacier melts will significantly raise sea level over the next cen-
tury. The study would examine the evidence for an exchange of
water between land ice and ocean over the past century (includ-
ing glaciological, oceanographic, and geoidal evidence), gaps in
understanding of the processes involved in such an exchange,
and predictions for the future. The study is expected to get
underway by fall 1984.

In response to a request from the National Science Founda-
tion, the Committee on Glaciology held a workshop on the
"Analysis of Deep Ice Core from Greenland" in February 1984.
The results of this workshop and responses to a Committee

survey of the U.S. scientific community identify potential inter-
est in and analysis of deep ice core. The results of this workshop
and survey are also applicable to ice cores from Antarctica.

In January 1984, the Board's Committee on Polar Biomedical
Research began work on a follow-up to its 1982 strategy study.
Part of the new study deals with improving awareness, access,
and application of polar biomedical data. Committee members
are making site visits to facilities for storing and processing of
antarctic and arctic polar biomedical data and are exploring the
feasibility of an information-exchange and advisory research
center in polar biomedicine.

The second part of the study is concerned with medical edu-
cation and promotion of polar biomedical research. Three ques-
tions are being addressed: (1) How can current multidisciplin-
ary health care and medical curricula and training be enhanced
to include polar biomedicine? (2) What inducements can be
offered to careers in polar biomedicine? (3) What means can be
used to promote polar biomedical research?

The Committee on Polar Biomedical Research expects to com-
plete its study and publish its report during the first part of
1985.

International activities. The National Academy of Sciences is
the U.S. adhering organization to the International Council of
Scientific Unions (Icsu). In addition to unions and commis-
sions, icsu has scientific committees, one of which is SCAR. The
principal purpose of SCAR is to foster international cooperation
and coordination in Antarctic research. It has nine standing
Working Groups and five Groups of Specialists that carry out
much of its work in support of this objective. It also sponsors
symposia and conferences and publishes reports on these, as
well as many handbooks, special reports, and documents help-
ful to those engaged in polar . research. Even though there is no
official connection between SCAR and the Antarctic Treaty Na-
tions; SCAR serves as an unofficial advisory body to the Treaty
Nations in matters of science and technology. In recent years a
number of non-Treaty nations have become interested in Ant-
arctic research, and several of these have been accorded "Ob-
server" status in SCAR.

Although there was no plenary meeting in SCAR in 1983, Polar
Research Board members were active in a number of SCAR meet-
ings and projects and considered issues that will come before
the fall 1984 SCAR session in the Federal Republic of Germany to
include Antarctic conservation matters, SCAR'S response to the
United Nations on a study on the Antarctic Treaty System and
Man's Impact on the Antarctic Environment. Of particular con-
cern to the Board were designated "Sites of Special Scientific
Interest" (SSSI's) and "Specially Protected Areas" (SPA's). The
Board assisted in circulating information about those 551's and
SPA's that were scheduled to expire in July 1985 so that the
relevant Working Groups and the SCAR Executive could initiate
the necessary review procedures. Subsequently, the Treaty Na-
tions extended these sites through 1985 to permit completion of
the review and consideration at the next SCAR Plenary Session.
Further, the Board has surveyed the U.S. scientific community
in regard to the nature of research conducted at the 5551's, the
need for continued protection for some sites, and possible new
sites. The Board is developing management plans for four new
sites recommended for protection as well as developing the
concept of a new category of protective sites. To assist in this
endeavor, a special session was held immediately before the
Board's fall 1983 meeting at which concerned agencies and
nongovernmental organizations could discuss plans for the
atlas, SCAR activities related to conservation, and ways to
strengthen these measures and enhance future conservation
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efforts. An "Atlas of Antarctic Protected Areas," is to be issued
in 1985 prior to the joint SCARIIUCN (International Union for the
Conservation of Nature and Natural Resource) Symposium on
the Scientific Requirements for Antarctic Conservation.

From the days of earliest planning, the Board has been active
in the development of the SCAR international research program
on Biological Investigations of Marine Antarctic Systems and
Stocks (BIOMASS). The First International BIOMASS Experiment
(FIBEx) took place from January through March 1981 and re-
sulted in a more reliable estimate of total krill abundance than
had been possible previously as well as new information on krill
biology, ecology, behavior, and distribution. The Second Inter-
national BIOMASS Experiment (sIBEx) will span two southern
summer seasons, 1983-1984 and 1984-1985 and will focus on
both the relationship of krill to the physical and chemical en-
vironment and trophodynamics, particularly with regard to
fish, squid, birds, and marine mammals. Seventeen ships rep-
resenting 11 nations will participate in SIBEX.

Optimizing access to and use of the data from BIOMASS has
been an ongoing concern and has led to plans for a BIOMASS Data
Center, which would be the first international center handling
detailed numerical marine biological data. It would provide not
only a data archiving and distribution system but computer
facilities for future data analysis, and it would stimulate
awareness and use of BIOMASS data through interpretation
workshops. Representatives of the Board have taken a leading
part in these plans, and the Board has sought funds for the
annual U.S. Contribution of the BIOMASS Special Fund, a part of
which supports these data-related activities.

In regard to antarctic mineral resources, a member of the
Board chaired the SCAR group of Specialists on Environmental

Implications of Possible Mineral Resource Exploration and Ex-
ploitation, which prepared a report and recommendations to
SCAR on this subject. Continuing concern about mineral re-
source questions and the role of the Antarctic Treaty in relation
to them led the Board to join with the Antarctican Society in
sponsoring two lectures in 1983, one in April by G. Larminie of
British Petroleum on "Applications of Arctic Oil Technology to
Antarctica," and one in October by R.T. Scully of the Depart-
ment of State on "Future of the Antarctic Treaty System."

Currently, the Board is encouraging plans for a conference in
Antarctica to discuss further operation of the Antarctic Treaty
System. Increased interest in Antarctica and the Antarctic
Treaty System, exhibited by recent United Nations activities,
have made clear the need for heightened awareness of the
realities of the antarctic environment, current activities in the
Antarctic, and the nature and working of the Treaty System.
Papers delivered at the Conference would be published and are
expected to be a useful resource for both the Treaty and non-
Treaty nations, for science and industry, and for the broader
international community concerned with the future of
Antarctica.

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 and the Office of Naval Research,
and by grants from the Department of Energy, Department of
Defense, U.S. Geological Survey, and Andrew W. Mellon Foun-
dation. Additional information is available in the Polar Research

Board annual repoit 1983 and future plans, available from the Polar
Research Board.

NASA participation in the 25th
Japanese Antarctic Research

Expedition (JARE 25)
P. WASILEWSKI

NASA-Goddard Space Flight Center
Greenbelt, Maryland 20771

The Japanese icebreaker Shirase departed Freemantle, Aus-
tralia on 3 December 1983 on her maiden voyage to Antarctica
with a complement of 240 including the Navy crew, 51 members
of the summer and winter expedition teams and me—the only
American, a National Aeronautics and Space Administration
(NASA) scientist. The summer expedition team included NHK
public television personnel, the press, and representatives of
corporations responsible for construction of the major compo-
nents of Shirase, such as the hull, engines, and control systems.
Takesi Nagata, director of the National Institute for Polar Re-
search (NIPR) and the only Japanese scientist to visit the Ant-
arctic aboard Soya, Fuji, and Shirase, the three modern-day Ja-
panese icebreakers, was a member of the summer team.

During transit to the ice, Biological Investigations of Marine
Antarctic Species and Systems (BIOMASS) stations were estab-

lished, providing the opportunity to conduct biological and
chemical oceanography experiments. Sea-water chemistry, nu-
trient content, salinity, and temperature were determined at
each station. Plankton counts were made and dredging
provided a wealth of antarctica bottom fauna for study.

The expedition was composed of scientific and logistical lead-
ership from the NIPR, as well as scientific and technical staffing
from the NIPR, universities, government laboratories, and the
private sector. One very impressive aspect of the Japanese oper-
ation which portends well for the wintering experience was the

Figure 1. Members of the JARE 25 team view the initial bottom dredge
from the helicopter deck of the Shirase.
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Figure 2. The gasoline-powered drill used to collect 1,185 rock cores
at lnnhovde, Austhovde, Vesthovde, Skarvsnes, East Ongul, and
West Ongul (regionally located In Lutzow Holm Bay) provides a
scale for one of the spectacular boudinage structures in the high-
grade metamorphic terrain of East Ongui.

evolution of a diverse group of individuals into a versatile and
cohesive unit. A nucleus of professional NIPR personnel, re-
sponsible for scientific and logistical leadership and a source of
experience, provided the impetus. From the time of arrival at
Syowa Station (located at 69 000'S and 39°35'E in the Lutzow
Holm Bay region of East Antarctica), all members of the JARE 25,
the scientists, technical support, doctor, cook, the press, and
the American scientist worked together. Foundations were dug,
cement poured, and plumbing and wiring completed. Fuel
barrels, which had been off loaded from helicopters, were
rolled up a reasonable but strenuous incline to a storage area.
Outdoor barbecues and evening parties were well attended.
Each individual contributed to preparing the station for the
winter and thereby became aware of the body of the station,
including the heartbeat—that is, the new power plant installed
and put into operation byJARE 25 in the building constructed by
members of JARE 24. New and useful skills were learned by all,
confidence levels were raised, and a spirit of cooperation and
unity emerged. This was a pleasant experience for me; I was
glad to have the opportunity to be a part of this.

Since the focus of the summer field operations was the ice-
breaker Shirase, similar comraderie developed between the
Shirase crew and the expedition team at all levels.

Using the helicopters from Shirase, we visited Innhovde,
Austhovde, Vesthovde, and Skarvsnes for 4-5 days of field
camping at each site to accomplish geological reconnaissance,
rock core drilling, and surveying. At these sites and the East
(site of Syowa Station) and West Ongul Islands, we drilled 1,185
cores (about 90 percent oriented) which provide the most de-
tailed paleomagnetic sampling available from the Lutzow Holm
Bay region. One of the primary reasons for the NASA participa-
tion was to extend the crustal magnetization studies being con-
ducted at Goddard Space Flight Center to the antarctic con-
tinent. The Lutzow Holm Bay region is primarily granulite
grade metamorphic terrain, at one time part of the lower
reaches of the crust. We expect a detailed paleomagnetic study
of the Lutzow Holm Bay region, including structural and cool-
ing history information, to emerge from the extensive sample
array. We have tried to sample all lithologies present at each of
the visited sites and, coupled with the geological information
and laboratory measurements, we expect to develop a crustal
magnetization model for the region. This should contribute to
our understanding of the development of large-scale magne-
tization contrasts in the continental crust. The research will be
conducted cooperatively with the NIPR in Tokyo and the NASA-
Goddard Space Flight Center.

Upon completion of the summer field work and the Syowa
Station supply and support, the Shirase moved to Breid Bay to
engage in the establishment of a preliminary antarctic base with
appropriate shelter, food, fuel, and vehicles. These were set in
place for future summer field season activity pending decisions
to be made by NIPR.Prior to leaving the established camp, a
geological reconnaissance in the Sør Rondane Mountains was
completed. Syowa Station accommodates 30-40 civilian person-
nel during the winter. The science at Syowa is primarily set up
for auroral, ionospheric, biological, and meteorological re-
search. Sophisticated equipment used for each area of research
is computer interfaced, and satellite links exist for mete-
orological research and communications and are established
during field surveys for geodetic positioning.

Smithsonian Magazine coverage of
Antarctica

M. PARFIT

Smithsonian Magazine
Washington, D.C. 20560

I am a free-lance writer who undertook an assignment in 1983
to research and write a wide-ranging article about Antarctica for
Smithsonian Magazine. To gather information for my article, I
made two trips to the Antarctic during the 1983-1984 field
season, the austral summer.

My first trip to Antarctica began on 15 November 1983 in
conjunction with the annual press tour, which also included
Malcolm Browne,of Discover Magazine, Ellen Hale of Gannett

News Service, and Robert Cooke of the Boston Globe. Together,
we visited McMurdo Station (which this year boasted a new
camp at The Strand Moraines and a new aquarium); we viewed
the dry valleys (totally ice- and snow-free areas, almost like
deserts on an otherwise snow-covered continent); and we
toured Amundsen-Scott South Pole Station (named to honor
the Norwegian and the Englishman who in 1911 raced one
another across Antarctica to be the first to set foot on the South
Pole). On 23 November, Browne, Hale, and Cooke left.

I stayed on through 8 December interviewing research teams,
support personnel from ITT/Antarctic Services, Inc., and mem-
bers of the U.S. Navy Support Force. My journalistic needs
were incorporated into the hectic but surprisingly smooth logis-
tical operations without a hitch; all those with whom I talked
were cooperative and helpful. I participated in a survival school
and took a brief but invigorating swim in Lake Vanda. I had not
expected to cover sports in Antarctica, but on Thanksgiving Day
I found myself shooting photos of the Thanksgiving Day "Pen-
guin Bowl" football game, and later the Vanda immersion be-
came a short article in Sports Illustrated.
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On 7 February 1984, I returned to McMurdo Station then
went on to Amundsen-Scott South Pole Station to cover the
transition of that station from summer to winter operations. I
conducted more interviews trying to learn as much as I could
about communications, station operation, medical conditions,
and ongoing scientific studies. Back at McMurdo, I conducted
more interviews. I was interested in the details of specific stud-
ies and operations and also in what they could predict about
both the scientific and political future of Antarctica.

I left McMurdo Station on 16 February on board the USCGC
Polar Sea. From its deck, I observed the first helicopter and boat
landings on Siple Island off the coast of Marie Byrd Land.

When the Polar Sea reached Palmer Station, I disembarked
and boarded the iIv Hero (see figure). On board the Hero, I

observed research projects designed to study krill, shrimp-like
creatures that are sometimes found in huge "superswarms" in
the southern oceans. I disembarked at Teniente Marsh Base on
King George Island and stayed there from 29 March to 8 April
interviewing Chilean families and personnel from both Chile's
Marsh Base and the Soviet Union's Bellingshausen Base. The
iIv Hero returned, and on 12 April, I accompanied the Hero's

crew to Argentina's Almirante Brown Base to document the fire
that had destroyed that base and the successful evacuation of its
personnel. The RIv Hero made ports of call at Argentina's Jubany
Base and Poland's Arctowski Base.

To complement the information gathered in Antarctica, I
went to Tokyo, Japan from 21 to 31 May to cover—from the
outside—the informal mineral-rights negotiations meetings
conducted by the Antarctic Treaty Consultative Nations. Al-
though the meetings were closed to the press, I conducted
interviews with many of the delegates there to get a grasp on

The RIv Hero, which is based at Palmer Station, is a research vessel
owned by the National Science Foundation. I conducted interviews
on board the Hero and at its ports of call during my second trip to the
Antarctic.

the complexities of the Antarctic Treaty system.
My article is scheduled to be published in Smithsonian Maga-

zine in two parts in October and November 1984.
Travel in Antarctica was supported by the National Science

Foundation.

Antarctic Marine Geology Research
Facility and Core Library, 1983-1984

D. S. CASSIDY

Department of Geology
Florida State University

Tallahassee, Florida 32306

The role of the Florida State University's (Fsu) Antarctic Ma-
rine Geology Research Facility and Core Library within that of
the U.S. Antarctic Research Program (usARP) is largely one of
service in response to a demand by scientists throughout the
world for samples from the collections stored at the facility and
for information pertaining to these collections. Services
provided for the year 1 June 1983 to 31 May 1984 include, in
addition to the distribution of samples, the receiving and pro-
cessing of new materials, describing cores, and performing
miscellaneous tasks associated with visitor needs.

Samples were distributed from the more than 16,000 meters
of piston, trigger, Phleger, and drill cores, and from dredged,
trawled, and grabbed sediments comprising the USARP collec-
tion. The following specifies sample sources.

Eltanin: FSU distributed 5,236 samples from 111 piston cores
collected aboard 24 of the 47 coring cruises; eight samples were
removed from two trigger cores of two cruises and four samples
from four Phleger cores of one cruise. FSU also distributed 141
samples from 109 Blake and Menzies trawls, Campbell and
Petersen grabs, and rock dredges from 23 cruises.

Islas Orcadas: Researchers sampled 41 piston cores and 63
trigger cores for 258 and 101 samples, respectively. Cores
sampled represent each of the five coring cruises of this vessel.

International Weddell Sea Oceanographic Expedition (IWSOE):
Laboratory scientists took 144 piston core and 32 Phleger core'
samples from four piston and four Phleger cores retrieved
aboard the 1968 and 1970 IWSOE cruises of USCGC Glacier.

Operation Deep Freeze 1979 (USCGC Glacier): FSU distributed
127 samples from four piston cores and one sample from a
Dietz-LaFond grab, recovered off the Adélie and George V
coasts.

Operation Deep Freeze 1982 (LJSCGC Glacier): Researchers re-
moved 48 samples from 12 piston cores and 67 samples from 63
Dietz-LaFond grabs, all retrieved off the coast of the northern
Antarctic Peninsula.

Dry Valley Drilling Project (DVDP): FSU distributed 12 samples
from one drill hole (DVDP 4, Lake Vanda).

Distribution of these 6,179 samples, which were taken from
422 different cores, dredges, trawls, and bottom grabs re-
covered aboard 43 cruises of three vessels, and from one drill
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hole of DVDP, was to 29 investigators representing 20 institu-
tions in five countries (Argentina, Brazil, Yugoslavia, Sweden,
and the United States). Smear slide samples (numbering several
hundred) are not included in this total, nor are miscellaneous
core segments and rock samples sent on-loan to scientists for
nondestructive measurements and X-radiography.

Inventory records for the year show that:
• The 6,179 samples were distributed on the basis of 41 separate

requests (an average of 25 samples per working day, one
request every 6 working days, and 151 samples per request),
and

• more than half of the total number of samples were taken
from Eltanin core, dredge, trawl, and grab samples collected
between 1962 and 1964 (cruises 3 through 14).

These statistics reflect the highly active status of the USARP
sediment collection in custody at the Antarctic Research Facility.
(Note: Approximately 250 bagged splits of grab samples and the
sampling halves of 360 meters of piston and trigger cores re-
trieved aboard USCGC Glacier during austral summers
1980-1981, 1981-1982, and 1982-1983 are currently in tempo-
rary storage at Rice University for active study and sampling by
project scientists under the direction of John B. Anderson.
Samples taken at that institution are not included in the FSU
sample distribution totals.)

Core receipt for the year was limited to approximately 275
meters of frozen drill core recovered from southern Victoria
Land's eastern Taylor Valley (Ely) by members of a U.S. Geo-
logical Survey field team participating in the third drilling sea-
son of the Dry Valleys/McMurdo Sound Magnetostratigraphy
and Sedimentology Project. Received on 23 April 1984, the
shipment consisted of 93 boxes of core (655 kilograms) re-
covered from drill holes ETV-9 through ETV-13. ETV drill core in
storage at FSU now totals 442 meters.

FSU also received approximately 150 kilograms of frozen rock
specimens collected in Antarctica's dry valleys by E. Imre Fried-
mann (Fsu Department of Biology) and 50 kilograms of grab and
other bag samples recovered by John B. Anderson (Rice Univer-
sity) aboard Glacier during the austral summer 1979-1980 in the
Ross Sea (Anderson and Kurtz 1980). The latter specimens had
been held for study since 1980 by Anderson. Miscellaneous
sample residues also were returned to the collection.

FSU completed core descriptions of the 148 piston and trigger
cores (315 meters), 120 grab samples, and miscellaneous bagged
recovery (24 samples) of sediments retrieved aboard USCGC
Glacier during austral summer 1981-1982 (northern Antarctic
Peninsula). We also completed the descriptions of the 21.9
meters of piston-core sediment (17 cores), 22 grab samples, and
miscellaneous bag samples recovered aboard Glacier during
austral summer 1982-1983 (Ross Sea-Sulzberger Bay area).

In preparation by staff of the facility are the final stages of
compilation of a volume of sediment descriptions for the austral
summers 1981-1982 and 1982-1983 materials (Kaharoeddin et
al. 1984). This volume will be the twenty-second in a series of
various documents (Goodell 1964, 1965, 1968; Frakes 1971, 1973;
Simkin et al. 1973; Dry Valley Drilling Project 1974, 1975, 1976;
Cassidy et al. 1977—a, 1977—b; Kaharoeddin 1978; Webb 1978,
1979; Anderson et al. 1981; Elston, Robinson, and Bressler 1981;
Kellogg et al. 1981; Kaharoeddin et al. 1979, 1980, 1982, 1983)
that present the descriptions and attendant data of cored and
otherwise obtained sediments comprising the USARP collection
in storage at the FSU facility.

Highlights of this year's activity with respect to visitor traffic
involve three major programs: those of (1) the U.S. Geological
Survey (usGs) (Menlo Park) aboard the USGS research vessel,

Samuel P. Lee, operating in waters of the Ross Sea and adjacent
continental margins; (2) the Brazilian Antarctic Program (PRo-
ANTAR), and (3) CIROS (Cenozoic Investigations in the Western
Ross Sea), a New Zealand drilling project (Barrett 1982).

USGS personnel made two visits to FSU for 35 millimeter
continuous strip-film color photography of selected USNS
Eltanin and USCGC Glacier piston cores retrieved from areas to be
investigated by the January 1984 cruise of Samuel P. Lee.

A contingent of visiting scientists from Brazil, representing
the Federal University of Rio Grande of the South (Porto Alegre)
and the Federal Division of Geology and Mineralogy (Brasilia),
provided operational liaison between PROANTAR interests in
Antarctica and the resources of the FSU Antarctic Research Facil-
ity with respect to sample availability in the region of the re-
cently established Brazilian base (Commandante Ferraz) on
King George Island.

The expedition manager of the Victoria University of Well-
ington's (New Zealand) field drilling team for Project CIROS also
visited FSU. The CIROS project is expected to recover 1,500 meters
of drill core over a 3-year period beginning with the 1984-1985
field season. Although it is exclusively funded by the New
Zealand government, the project is of interest to a considerable
number of U.S. investigators concerned with the history of
Cenozoic glaciation in the Ross Sea/McMurdo Sound area. In
support of this interest, the National Science Foundation has
agreed to the FSU facility being designated as the depository for
one-half splits of all CIROS core. Coordination of U.S. research
interests in these materials will be the responsibility of Peter
Noel-Webb (Ohio State University).

A particularly valuable resource available to visitors is the
Antarctic Reference Library, a collection of reprints, maps, ref-
erence volumes, serial publications, and other literature com-
prising several thousand items that document high-latitude
investigations in, around, or related to Antarctica, with special
emphasis being placed upon the acquisition of publications that
concern the results of analyses performed upon samples dis-
tributed from the sediment collections. An active exchange of
publications is maintained with institutional and individual
members of the antarctic research community.

Funding in support of the FSU curatorial program is provided
by National Science Foundation contract C-1059.

References

Anderson, J.B., and D.D. Kurtz. 1980. The scientific program—USCGC
Glacier Deep Freeze 80, cruise report. Houston, Texas: Rice University,
Department of Geology.

Anderson, J.B., S.B. Davis, E.W. Domack, D.D. Kurtz, K.M. Baishaw,
and R. Wright. 1981. Marine sediment core descriptions, IWSOE 68, 69,
70; Deep Freeze 1979. Houston: Rice University, Department of
Geology.

Barrett, P.J. 1982. Proposal for Cenozoic Investigations in the Western Ross Sea
(CIROS). (Internal document.) Wellington: Victoria University of
Wellington, Antarctic Research Centre.

Cassidy, D.S., F.A. Kaharoeddin, I. Zemmels, and M.B. Knapp. 1977-a.
USNS Eltanin: an inventory of core location data, with core location maps
and cruise 55 core descriptions. (Contribution 44). Tallahassee: Florida
State University, Department of Geology, Sedimentology Research
Laboratory.

Cassidy, D.S., P.F. Ciesielski, F.A. Kaharoeddin, S.W. Wise, Jr., and I.
Zemmels. 1977-b. ARA Islas Orcadas cruise 0775 sediment descriptions.
(Contribution 45). Tallahassee: Florida State University, Department
of Geology, Sedimentology Research Laboratory.

Dry Valley Drilling Project. 1974. Dry Valley Drilling Project Bulletin. (Vol.
3). DeKaIb, Ill.: Northern Illinois University.

Dry Valley Drilling Project. 1975. In M.G. Mudrey, and L.D. McGinnis

244	 ANTARCTIC JOURNAL



(Eds.), Dry Valley Drilling Project Bulletin. (Vol. 5). DeKaib, Ill.: North-
ern Illinois University.

Dry Valley Drilling Project. 1976. In P.J. Barrett, and S.B. Treves (Eds.),
Dry Valley Drilling Project Bulletin. (Vol. 7). DeKalb, Ill.: Northern
Illinois University.

Elston, D.P., P.H. Robinson, and S.L. Bressler. 1981. Stratigraphy, sedi-
mentologv, and paleomagnetism of the Coral Ridge sand body, eastern Taylor
Valley, Victoria Land, Antarctica. (U.S. Geological Survey Open File
Report 81-1303.) Washington, D.C.: U.S. Government Printing
Office.

Frakes, L.A. 1971. USNS Eltanin core descriptions, cruises 32-45. (Contri-
bution 33). Tallahassee: Florida State University, Department of
Geology, Sedimentology Research Laboratory.

Frakes, L.A. 1973. USNS Eltanin sediment descriptions, cruises 4-54. (Con-
tribution 37). Tallahassee: Florida State University, Department of
Geology, Sedimentology Research Laboratory.

Goodell, H . G. 1964. Marine geology of the Drake Passage, Scotia Sea, and
South Sandwich Trench. (Contribution 7). Tallahassee: Florida State
University, Department of Geology, Sedimentology Research
Laboratory.

Goodell, H. G. 1965. Marine geology, USNS Eltanin, cruises 9-15. (Contri-
bution 11). Tallahassee: Florida State University, Department of
Geology, Sedimentology Research Laboratory.

Goodell, H.G. 1968. USNS Eltanin core descriptions, cruises 16-27. (Con-
tribution 25). Tallahassee: Florida State University, Department of
Geology, Sedimentology Research Laboratory.

Kaharoeddin, F.A. 1978. ARA Islas Orcadas cruise 1176 sediment descrip-
tions. (Contribution 46). Tallahassee: Florida State University, Depart-
ment of Geology, Sedimentology Research Laboratory.

Kaharoeddin, EA., M.R. Eggers, E.H. Goldstein, R.S. Graves, D.K.
Watkins, J.A. Bergen, and S.C. Jones. 1980. ARA Islas Orcadas cruise
1578 sediment descriptions. (Contribution 48). Tallahassee: Florida State
University, Department of Geology, Sedimentology Research
Laboratory.

Kaharoeddin, EA., M.R. Eggers, R.S. Graves, E.H. Goldstein, J.G.
Hattner, S.C. Jones, and P.F. Ciesielski. 1979. ARA Islas Orcadas cruise
1277 sediment descriptions. (Contribution 47). Tallahassee: Florida State
University, Department of Geology, Sedimentology Research
Laboratory.

Kaharoeddin, EA., R.S. Graves, J.A. Bergen, M.R. Eggers, D.M. Har-
wood, C.L. Humphreys, E.H. Goldstein, S.C. Jones, and D.K.
Watkins. 1982. ARA Islas Orcadas cruise 1678 sediment descriptions.
(Contribution 50). Tallahassee: Florida State University, Department
of Geology, Sedimentology Research Laboratory.

Kaharoeddin, EA., R.S. Graves, J.A. Bergen, S. Knüttel, and P.R
Ciesielski. 1983. USCGC Glacier Operation Deep Freeze 1981, Bransfield
Strait and eastern Amundsen Sea piston core descriptions. (Contribution
51). Tallahassee: Florida State University, Department of Geology,
Sedimentology Research Laboratory.

Kaharoeddin, EA., S. KnUttel, G.E. Wiegand, T.H. Lang, R.S. Graves,
C. L. Humphreys, and P. F. Ciesielski. 1984. USCGC Glacier: Operations
Deep Freeze 1982 and 1983 sediment descriptions. (Contribution 52).
Tallahassee: Florida State University, Department of Geology, Sedi-
mentology Research Laboratory.

Kellogg, T.B., D.E. Kellogg, K.R. Melanson, and K.G. Austin. 1981.
USCGC Glacier 1976 and 1978 cruises, Ross Sea, Antarctica, sediment
descriptions. Orono: University of Maine at Orono, Department of
Geological Sciences and Institute for Quaternary Studies.

Simkin, T., N. Wilson, S. Francisco, L. Thomas, and R. Hekinian. 1973.
Inventory of rock samples from antarctic seas, cruises 3 to 45 of USNS Eltanin.
(Unpublished data on computer printout.) Washington, D.C.:
Smithsonian Oceanographic Sorting Center, Geology Section.

Webb, P.N. 1978. Initial report on geological materials collected at RISP site
1-9, 1977-1978. (RISP Technical Report 78-1). Lincoln: University of
Nebraska, Ross Ice Shelf Project Management Office.

Webb, P.N. 1979. Initial report on geological materials collected at RISP site
J-9, 1978-1979. (RISP Technical Report 79-1). Lincoln: University of
Nebraska, Ross Ice Shelf Project Management Office.

World Data Center-A for Glaciology
antarctic-related activities, 1983-1984

R. G. BARRY and A. M. BRENNAN

WDC-A for Glaciology
University of Colorado

Boulder, Colorado 80309

The World Data Center-A for Glaciology (Snow and Ice)
(wDc-A) has been involved in 1983 with several antarctic data
management, analysis, and archiving projects.

Because of the climatic significance of antarctic snow- and ice-
phenomena, WDC-A organized and convened a specialist work-
shop to address the problems of antarctic climate-related data.
The workshop, sponsored by the Scientific Committee on Ant-
arctic Research (SCAR), was held in conjunction with the XVIII
General Assembly of the International Union of Geodesy and
Geophysics at Hamburg, Federal Republic of Germany on 14-15
August 1983. Twelve participants and six observers (from eight
countries) representing the major disciplinary fields of antarctic
climate research and specialists on data management took part.
A summary of the workshop discussions and recommenda-
tions is published in Glaciological Data Report, GD-15, June 1984
(Barry 1984-b).

The workshop participants recommended: implementation
of a data management strategy for antarctic climate data; prepa-
ration of a detailed catalog of existing data; release of antarctic
data promptly via existing archiving channels; preparation of
standardized readily accessible digital sets of meteorological
data for the antarctic region; and publication of a standardized
annual synopsis of antarctic climate data. The recommenda-
tions are specifically directed to SCAR, but they are also being
forwarded to the World Meteorological Organization (wMO)
Executive Committee on Working Group on Antarctic Mete-
orology, the wo World Climate Data Programme, and the
relevant World Data Centers.

The workshop report also presents a preliminary survey of
antarctic data sets, based on materials submitted by the work-
shop participants. A summary of data categories, observational
sources, networks, and disposition for the broad subject areas
of synoptic meteorology, climatology, oceanography, and
glaciology is included as an appendix. A preliminary inventory
of data held by various archives (in Australia, England, Japan,
New Zealand, Norway, Poland, and the United States) is also
provided. Future updates are planned to make this compilation
more comprehensive.

The report contains a comparison of recent studies of ant-
arctic sea ice area prepared by A.P. Sturman, Visiting Fellow,
and Mark Anderson, Graduate Research Assistant, at the Uni-
versity of Colorado's Cooperative Institute for Research in En-
vironmental Sciences (CIRES). Seven sea-ice data sets are inter-
compared. All data sets were derived from the Navy/National
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Oceanic and Atmospheric Administration (N0AA) Joint Ice Cen-
ter charts but using different methods of analysis and criteria
for data selection. Significant differences in mean annual and
monthly ice areas were identified suggesting that caution is
needed in applying or extending these data sets.

WDC-A has contributed a "Snow and Ice" chapter to the
CODATA Directory of Data Sources for Science and Technology
(Barry 1984-a). This chapter provides an overview of the prin-
cipal agencies and institutions involved in glaciological data
collection. Its scope is worldwide, but information is presented
about numerous U.S. and foreign scientists doing research on
the Antarctic.

The forthcoming update of the NOAAlNational Environmen-
tal Satellite Data, and Information Service (NESDIS) Environ-
mental Inventories, Antarctic Area will include plots of coverage of
WDC-A's holdings of Defense Meteorological Satellite Program
data, ice thickness profiles, and geomagnetics generated during
National Science Foundation funded remote-sensing flights in
1977-1978 and 1978-1979. Also included is a plot indicating the
sites of ice-core drilling activity. This plot resulted from an
inventory, which WDC-A has compiled, of ice cores reported in
the literature between 1949 and 1980.

Two new data sets of particular interest to antarctic re-
searchers have been added to the WDC-A holdings. (1) The
Scanning Multichannel Microwave Radiometer (sMMR) data set
consists of individual cryospheric parameters for regions north
of 23°N and south of 50°S latitudes. The data are available on
magnetic tapes in orbital and mapped format. The temporal

coverage for each format varies: daily orbital data; 3-day inte-
grated mapped data (2 data-days per 3-4 calendar days); and
monthly averages of sea-ice concentration only. Currently only
the first year of data, October 1978 through November 1979, is
available. Updates to the WDC products will be created when the
original data are released by the National Aeronautics and Space
Administration. (2) The Navy/NOAA Joint Ice Center (jic) Digi-
tal Data have been digitized and gridded by the jIc from the
weekly sea-ice charts (copies of these are also archived in WDc-
A). The gridded data are spaced at less than or equal to 15-
nautical-mile intervals on an evenly divisible, latitude-long-
itude geographic grid. Sea-ice concentrations, ice type, surface
features, and other related information are coded using the
proposed wMo Standard Gridded Sea Ice Information (SIGRID)
system. Copies of a report describing this digital format are
available from WDC-A.

This work was supported in part by Department of Corn-
merce/NOAA contract NA79RAH00002 from the National
Geophysical Data Center, NOAA/NESDIS.
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Bibliographic control of the growing
antarctic literature

C. T. THuRorwI

Science and Technology Division
Library of Congress

Washington, D.C. 20540

In 1963 the National Science Foundation issued a grant to the
Library of Congress for the bibliographic control of antarctic
world literature. The grant, originally awarded for 1 year, was
renewed for successive periods, and continues to be in effect.
The service, provided under the agreement by the Cold Re-
gions Bibliography Project, has been designed primarily as a
support activity, to help the Foundation's Division of Polar Pro-
grams (DPP) fulfill its functions effectively. The project ad-
dresses itself, essentially, to three needs of the Foundation.
• Current awareness. To meet this need, the Library of Con-

gress publishes the monthly bulletin Current Antarctic Liter-
ature (CAL), containing citations and abstracts of antarctic
world literature.

• Retrospective searching. To facilitate this, citations and ab-
stracts are cumulated every 18 months into hard-bound, in-
dexed volumes under the title Antarctic Bibliography (AB). Fur-
thermore, the full bibliographic records are available for on-

line retrieval through the System Development Corporation's
ORBIT system.

• Documentation. Each document cited in CAL/AB is reduced to
microfiche.
In addition, the project serves the scientific community at

large by contributing to world-wide dissemination of results of
antarctic research, as encouraged by the Antarctic Treaty.

The base product of the project's activity is the machine-
readable bibliographic citation with abstract and index terms,
which lends itself to automated manipulation and re-packag-
ing. The document cited may be a journal article, technical or
administrative report, conference paper, monograph, map, etc.
Because of the considerable diversity of antarctic source docu-
ments we cannot rely on a fixed list of subscriptions, but other—
often more time-consuming—methods must be used to locate
pertinent items.

The project's bibliographic citations (printed and computer-
stored) now number over 30,000, with an accession rate of 1,600
per year, based on the last 9 years. During the 12-month period
from June 1983 to May 1984 the increase was 1,870, 17 percent
above average. This can be attributed in part to the recent
publication of several conference proceedings, e.g., the Seventh
symposium on antarctic meteorites, (see CAL E-28034), Fourth sym-
posium on polar meteorology and glaciology (1-28154), Fifth sym-
posium on coordinated observations of the ionosphere and the magne-
tosphere in the polar regions (K-28266), Biomass colloquium in 1982
(B-28941), Third symposium on antarctic geosciences (E-29111), Fifth
symposium on polar meteorology and glaciology (1-29260), all spon-
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sored and published by the National Institute of Polar Research,
Tokyo; Antarctic resources policy: scientific, legal, and political issues

(A-28807), Seminar and report of the krill biology group (B-29339),
and Fourth international symposium on antarctic earth science
(E-29517). Another factor in the increase of literature is the entry
of several new countries into the antarctic research community,
as exemplified by the 30 papers published by the Department of
Ocean Development, New Delhi, in its report on the First
Indian Expedition to Antarctica (A-29432). It remains to be seen
whether the increase marks a trend or merely a temporary
fluctuation.

A recent development for the project's was the publication of
cumulative indexes to volumes 8-12 of the Antarctic Bibliography.

Even though they were produced from data already machine-
readable and properly tagged, these indexes required a fair
amount of editing, modification, and cross-referencing, to
avoid inconsistencies brought about by changes in vocabulary
and indexing practices over an input period of over 7 years. In
anticipation of these difficulties, the project's indexing policies
have been, and continue to be, rather conservative, even
though the need for adaptation to changing scientific concepts
and terminology is fully recognized. For subject indexing, a

fixed vocabulary is used that is changed from time to time only
after thorough consultation. Similarly, the subject categories
used to arrange the citations into 13 sections have not been
changed since the bibliography's inception. It may soon become
appropriate to contemplate some modifications. One category
that appears to be diminishing in significance is "Expeditions,"
which was represented by 2.7 percent of items cited in volume I
(1963-1964) and is down to 1.02 percent in volume 13
(1982-1983). On the other hand, a good argument can be made
for creating new categories for the growing literature on mete-
orites and on the catching and processing of krill, for example.
Conservative tendencies, however, are encouraged by the diffi-
culty of reindexing the mass of data on file and the fact that other
agencies who receive the computerized data (the System De-
velopment Corporation, Santa Monica and the National In-
stitute of Polar Research, Tokyo) rely on a high level of
consistency.

Meanwhile, the primary goal remains to provide complete
and timely coverage of the world literature. Authors and pub-
lishers can help by sending publications, reprints, or citations
to: Cold Regions Bibliography Project, Science and Technology
Division, Library of Congress, Washington, D.C. 20540.

Antarctic Research Series

J. C. H0L0vIAK

American Geophysical Union
2000 Florida Avenue, NW
Washington, D.C. 20009

The Antarctic Research Series is a book series designed to serve
scientists and graduate students actively engaged in antarctic or
closely related research and others versed in the biological or
physical sciences. It continues to be the publication medium for
extensive reports on antarctic research that are too lengthy or
comprehensive for inclusion in standard disciplinary journals.
The series has been published by the American Geophysical
Union (AGu) since 1963 with continuing grant support from the
National Science Foundation (DPP 80-19997).

Priorities for publication are set by the Board of Associate
Editors which works with the individual editors of each volume
to assure that the objectives of the series are met, that the best
possible papers are presented, and that publication is achieved
in a timely manner. Each paper is critically reviewed by two or
more expert referees to ensure that the standards of scientific
excellence set by the AGU publications program are maintained.
Marine biology, oceanology, meteorology, upper atmospheric
physics, terrestrial biology, snow and ice, human adaptability,
and geology have all been covered by the series. The Antarctic

Research Series is the definitive series presenting authoritative
work with uniformly high scientific and editorial standards
from the leading scientists engaged in antarctic research.

Breaking with traditional format, the series provides for rapid
publication with soft-cover minibooks which allow papers to be
published as they are completed or as results become available.

Usually two or three closely related articles are published to-
gether. Individuals may purchase the separate minibooks or
subscribe to a volume. Libraries with standing orders receive
the individual papers as they are published 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 publication simultaneously.

Future topics to be published in the series include geology
and paleontology of Seymour Island, Cenozoic paleoenviron-
ment of the southern ocean, biology of the antarctic seas,
geology of northern Victoria Land, and volcanology.

Individuals wanting to develop a thematic volume for the
series must prepare a proposal for review by the Board of
Associate Editors. Authors of individual papers should contact
a Board member through AGU to determine whether a volume
in a specific field is in process and whether the work is appropri-
ate for inclusion.

Proposal forms and information for contributors are available
from AGU, 2000 Florida Avenue, NW, Washington, DC 20009
(202) 462-6903. Catalogs of books in print are divided according
to physical or biological sciences; copies of both are available
from AGU.

These Antarctic Research Series volumes were published in
1983:

• Volume 34. Paper 3: Biology of the Antarctic Seas XI/Antarctic
Chaetognatha: United States Antarctic Research Program
Eltanin Cruises 8-28, Part 1.

• Volume 37. Terrestrial Biology 11/Contribution to the Flora
and Vegetation of Isla de los Estades, Tierra del Fuego,
Argentina.

• Volume 38. Biology of the Antarctic Seas XIII.
• Volume 39. Paper 1: Some Antarctic and Sub-Antarctic Sea

Anemones (Coelenterata: Ptychodactiaria and Actiniaria.)
Paper 2: Antarctic Chaetognatha: United States Antarctic Re-
search Program Eltanin Cruises 10-23, 25, and 27, Part 2.
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Paper 3: Polychaetes of the Family Spionidae from South
America, Antarctica, and Adjacent Seas and Islands. Paper 4:
Antarctic Nemerteans: The Anatomy, Distribution, and Biol-
ogy of Parborlasia corrugatus (McIntosh 1876) (Hetero-
nemertea, Lineidae). Paper 5: Calanoid Copepods Of the Fam-
ily Phaennidae from Antarctic and Subantarctic Waters.

These Antarctic Research Series volumes were published in
1984:

• Volume 36. Paper 4: The Paleomagnetic Investigation of
Flows and Sills from the Queen Alexandra Range, Ant-

arctica. Paper 5: Central Transantarctic Mountains Non-
marine Deposits. Paper 6: Geology of Coalsack Bluff, Ant-
arctica. Paper 7: Triassic Stratigraphy of the Shackleton
Glacier Arc.
Volume 40. Biology of the Antarctic Seas XV/Antarctic
Halacaroidea.
Volume 41. Paper 1: More Antarctic and Subantarctic Sea
Anemones (Coelenterata: Coraffimorpharia and Actiniaria).
Paper 2: The Ascothoracid Crustacean Ascothorax Gigas: Re-
description, Larval Development, and Notes on Its Infesta-
tion of the Antarctic Opohicaroid.

.

S

Mapping activities in Antarctica

R. B. SOUTHARD

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

The National Mapping Division (NMD) of the U.S. Geological
Survey (usGs) has maintained the role of Antarctic Mapping
Center for the United States for more than one quarter of a
century. During that time the contributions made to the car-
tographic coverage have been many. Over 130 maps at varying
scales have already been published by NMD. These maps vary
from 1:50,000-scale topographic maps to a satellite-image map
at 1:2,188,800 scale. By far the majority of the maps published
are at the 1:250,000 scale. This provides a reasonable level of
detail to meet most current needs at a cost that is commensurate
with funding capacity and field mapping activities in the hostile
antarctic environment.

During the 1983-1984 summer season, NMD sent two car-
tographers, William Harris and Ralph Vomaske, to Antarctica to
continue the long-standing effort to establish a unified geodetic
control network for mapping and for geodetic analysis and
computations. This year the work was conducted in the dry
valley region of the Royal Society Range to support U.S. and
New Zealand mapping in the area. Both satellite Doppler tech-
niques and conventional surveying techniques were employed.

As usual, support was also provided to projects being con-
ducted by scientists in other disciplines in addition to the mis-
sion objectives of the mapping program.

Geodetic activities kept the cartographers longer than usual
in Antarctica this year. They joined the team of scientists on the
USCGC Polar Sea and attempted to get satellite Doppler position-
ing at various coastal locations that were otherwise unreachable.
Bad weather precluded their meeting some mission objectives;
however, they did obtain a new, more accurate position for
Mount Siple. That and the discovery of a new island at approx-
imately 73°06'30"S 126°29'00"W by Dick Cameron of the Na-
tional Science Foundation underscores the continuing need for
cartographic work in Antarctica.

In all, a total of 20 satellite Doppler positions were obtained
during the season and many more positions were obtained by
conventional methods as parts of traverses or as radial spur
lines. Although some points were obtained by intersection, this
technique was used only where absolutely necessary because of
the difficulty of precise identification of unoccupied points.

In addition, the cartographic team visited Amundsen-Scott
South Pole Station and conducted a triangulation survey that
relocated the copper tube marking the true geographic South
Pole (TGSP). The reference point at South Pole Station is the
satellite Doppler antenna located near the geodesic dome. Re-
cent data (August 1983) show that the reference point is 460
meters from the TGSP and that the snow surface elevation is
2,806 meters above sea level. Precise positioning computations
indicate that the ice sheet at the South Pole is moving at the rate
of approximately 10 meters per year.

The uscs operates a fixed satellite Doppler receiving station
year-round at Amundsen-Scott South Pole Station. The satel-
lite-tracking observations obtained daily provide orbital config-
uration data used to establish precise ephemerides of individual
navigational satellites.

In addition, a USGS seismometer is operated and maintained.
With its isolated location, remote from manmade disturbances,
the seismometer serves as a vital link in the Worldwide Stan-
dardized Seismological Network. Tremors recorded elsewhere
in the Southern Hemisphere are confirmed or refuted at South
Pole.

USGS personnel wintering during the 1983-1984 season are
Gary Foltz and Christopher Baumann.

We were very successful in obtaining aerial photography. By
using films and printing techniques not previously attempted
for antarctic work, NMD cartographer Jerry Mullins successfully
captured snow surface detail of ice stream B that was previously
unobtainable. We also obtained aerial photographs with excel-
lent detail of penguin rookeries in the Ross Sea area as well as
mapping quality aerial photographs of the Royal Society Range,
Mount Siple, Turks Head, Tryggve Point, and Mason Spur.

During 1984 three 1:1,000,000-scale maps were released as
open-file reports. They are the Ronne Ice Shelf, Berkner Island,
and Filchner Ice Shelf satellite-image maps. In addition, five
more open-file reports have been released consisting of pre-
liminary special map data that had previously been prepared.
They are: Cape Crozier, Ross Island (1:4,800 and 1:2,400 scales);
Wright Valley Labyrinth Area (1:20,000 scale); Ice-Free Valleys,
Victoria Land (1:100,000); Skelton Glacier (1:100,000); and Pen-
sacola Mountains (1:50,000).

The Shackleton Mountains topographic reconnaissance map
(scale 1:250,000) was published in 1984, as was a new map index
including new maps published since the last index and listing
the open-file reports available and how to obtain them.

Preliminary work has also begun on a new series of satellite-
image maps. These will use new digital enhancement tech-
nologies as well as special image map technologies developed
through NMD's involvement in satellite-image mapping
throughout the world.
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Multispectral digital mapping of
Antarctica with Landsat images

B. K. LuccHITTA and E. M. ELIASON

U.S. Geological Survey
Flagstaff, Arizona 86001

S. SOUTHWORTH

U.S. Geological Survey
(591) National Center
Reston, Virginia 22092

A program to prepare digital mosaics of multispectral (mss)
Landsat images has been initiated by the U.S. Geological Sur-
vey to provide accurate synoptic views of land and ice features
in Antarctica. The mosaics aid in understanding the kinematics
and dynamics of the ice shield and, when compared with other
images taken in different years, furnish information on the
waxing and waning of the antarctic ice sheets. Additionally,
derivative products of the images will aid in the identification of
types of snow, ice, and soil.

About 170 computer-compatible tapes (figure 1) have been
acquired covering the coastline along Victoria Land, Marie Byrd
Land, the Antarctic Peninsula, and selected areas in the
Ellsworth Mountains, the Shackleton Range, and Dronning
Maud Land. The areas were chosen because their Landsat im-
ages accurately portray nunataks and the coastline as seen in the
early to mid-1970's. Landsat coverage of Antarctica extends to
only about latitude 81°S; therefore, large parts of the Transan -
tarctic Mountains are not available for analysis.

Calibration of data from individual Landsat images involves
radiometric corrections, noise removal, and geometric correc-
tions. Further processing includes haze removal, image-enhan-
cement techniques, geometric transformation to a standard pol-
ar projection, and digital techniques to minimize tone
mismatching at scene boundaries. The mosaics will be pub-
lished eventually as colored image maps at scales of 1:1,000,000
and 1:250,000. Previously published Landsat-image maps were
based mostly on unenhanced paper prints. The comparison
pair in figure 2 shows that significant improvements in image
quality can be obtained by the digital-enhancement process.

The preparation of multispectral digital mosaics of Antarctica
is not without problems. Some tapes are no longer available
because of degradation during tape storage. Many images are
saturated in bands 4 and 5, and to some extent in band 6; band 7
is never saturated. The saturation appears to depend on Sun
angle: Sun-elevation angles between 15° and 22° generally yield
unsaturated images, angles below 15° yield degraded images
because of atmospheric effects and large shadows, angles high-
er than 22° yield saturated images. Consequently, images ac-
quired inland and close to the South Pole tend to be unsaturated
because of their low Sun angles, whereas images taken near the
west antarctic coastline and the Antarctic Peninsula tend to be
saturated. Only snow and ice information is degraded; rock,
soil, and water data remain usable.

We are currently developing a restoration technique for re-
constructing the saturated snow and ice information in bands 4
and 5. If an image contains undulating terrain, slopes facing
away from the sun will be lower in brightness value and less

subject to saturation than flat areas or slopes facing toward the
Sun. To a first order, the spectral-color ratios of snow and ice will
be independent of sun-elevation angle. During the restoration,
images are scanned for snow and ice areas that are unsaturated,
and statistical relations are established between the band ratios
4/7, 5/7, and 6/7. From these relations, band 5 can be predicted
as a function of the 6/7 ratio and intensity of band 7, and band 4
can be predicted as a function of the 6/7 and 5/7 ratios and
intensity of band 7. A second pass through the data will apply
these functional relations to saturated areas. For images having
insufficient areas of unsaturated snow and ice, the functional
relation from other less saturated images can be applied.

Another problem in digital mosaicking is tone matching of
images having different color and brightness signatures caused
by differing Sun-elevation angles and atmospheric conditions.
To minimize tone mismatching of images in a mosaic, the mean
and standard deviation of density numbers in overlapping im-
age areas are determined and compared. Multiplicative and
additive constants are then calculated; their iterative application
to each image minimizes the sum of the differences in the mean
and standard deviation for the overlapping areas, and the im-
ages thus approach uniform tones.

Analysis of preliminary mosaics and derivative maps has
yielded geologic as well as glaciologic results. The spectral sig-
natures of soil and rock are sufficiently different from those of
snow and ice to permit the preparation of maps showing only
nunataks, thus furnishing precise information on their location.
Bedrock and soil exposures in nunataks are generally small, but
where bedrock exposures are extensive, as in the dry valleys of
Victoria Land, lack of vegetation and presence of a clean at-
mosphere and physically weathered bedrock facilitate discrimi-
nation of rock types. On the basis of spectral ratios, sandstones
can be clearly distinguished from dolerites and granites. Struc-
tural information is enhanced in first-derivative images, result-
ing in the recognition of lineation sets. Meteorites, whose pres-
ence in Antarctica recently acquired much significance, occur

Figure 1. Aerial coverage of Landsat scenes and computer-compati-
ble tapes acquired by the U.S. Geological Survey. ("-" denotes
approximately; "KM" denotes kilometer.)
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Figure 2. Landsat image 2281-07424(30 October 1975) showing the JUtuistraumen Glacier in Dronning Maud Land. (Left) Unenhanced band 7.
(Right) Composite of enhanced bands 4, 5, and 7. Notice improved definition of flow lines in glacier (right center), in wind streaks crossing
glacier (lower right center) and in undulations of ice sheet. Blue-Ice areas (arrows) show as light blue in false-color version. ("KM" denotes
kilometer.)

mostly in blue-ice areas. Blue ice is easily identified on multi-
spectral Landsat images, and many new such areas are being
discovered. Also, blue-ice areas appear to be preferentially de-
veloped over buried mountain ranges; this relation is aiding in
their identification and location. For glaciological research, the
synoptic view of the Landsat-image mosaics permits a regional

picture of glacial systems and aids in the interpretation of the
dynamics of the antarctic ice sheets. Furthermore, the mosaics
precisely delineate the coastline as it existed during the early to
mid-1970's; this information will provide an important baseline
for the evaluation of future changes in the Antarctic ice sheets.
Such changes have profound implications for world climate.

ITT/Antarctic Services, Inc. support to
U.S. Antarctic Research Program

1983-1984

R. A. BECKER

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

This marked the fourth year that ITT/Antarctic Services, Inc.
(ANs) has provided support service to the United States Ant-
arctic Research Program. Primary responsibilities were divided
between continental Antarctica and the Antarctic Peninsula. In
the continental area, ANS operated and maintained facilities at
Williams Field, McMurdo Station, South Pole Station, Siple

Station, and a remote field camp located on the Siple Coast. In
the peninsula area, ANS's primary tasks were operating and
maintaining Palmer Station and the RIv Hero. Specific con-
struction and renovation projects, as approved by the National
Science Foundation, were either begun, continued, or com -
pleted at all locations. Support of annual scientific investiga-
tions at the various sites was also an ANS responsibility.

Contract management was based at Paramus, New Jersey;
specialized support functions were effected through offices
maintained at Port Hueneme, California and Christchurch,
New Zealand. Direct support of Hero/Palmer Station operations
was coordinated through Chilean ship husbanding agencies.
During 1983-1984, 274 ANS employees deployed to Antarctica.
ANS also arranged deployment of 431 National Science Foun -
dation sponsored grantees affiliated with 96 research programs.

McMurdo Station. An ANS contingent arrived on winter fly-in
(wINFLY) aircraft to begin preparations for the upcoming field
Christchurch by 24 August, but because the weather was bad at
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season. Williams Field was reopened, a construction camp was
established at the site of Williams Field III, and pre-season
opening tasks were completed at McMurdo Station. During the
austral summer, ANS completed 699 work orders in support of
science projects. Among these were construction of a camp at
The Strand Moraines and construction of a new aquarium.
Major construction tasks included continued work on the new
water distillation plant, initial construction of a new salt-water
intake quay and extension of the existing sewer discharge quay,
and the emplacement of new structures at Williams Field III.
Other significant projects were the successful commissioning of
the International Maritime Satellite (INMARSAT) system, replace-
ment or repair of various communications antenna arrays by the
ANS antenna team and installation of a new base telephone
exchange. Functions newly assumed by ANS this season were
station landfill management and operation and maintenance
responsibility for 32 U.S. Antarctic Research Program build-
ings. As in past seasons, the Chalet, Berg Field Center, and
Eklund Biological Center provided direct assistance to scientific
researchers.

McMurdo Station began winter operations on 19 February.
South Pole Station. Efforts to improve South Pole Station-

facilities and operations continued during 1983-1984. The up-
grade of the station's electrical distribution system neared com-
pletion, with a rework of Skylab (the last major project)
scheduled for the 1984 winter. A power bypass between the
summer camp and the main station power plant was installed.
We made progress in station landscaping by removing snow
from primary access points and burying the old dump. The ANS
antenna team erected a new 30-meter meteorology tower near
the clean-air facility and installed a new antenna for improved
communications with Palmer Station. Major renovation projects
included leveling of the power plant module, reconstruction of
the garage floor and station bulkheads, and improvements to
the domestic water system. Principal science support tasks in-
cluded erection of a Jamesway complex for a French drilling
team, construction of a platform for a new telescope, and com-
pletion of a new optics room in Skylab. Another item of note
was the satisfactory performance of the hydrogen generator.
Since February 1983, almost all meteorological balloons have
been launched with hydrogen.

Austral winter operations began 11 February.
Siple Station. Work at Siple Station was directed toward pre-

paring the facility for a scheduled 2-year closure. We removed
the arch bulkheads and shaved the ice walls, leveled the mod-

ules, enlarged the food storage caves, and extended selected
station access points and exhaust structures. The entire summer
camp complex was disassembled. All components as well as
surface supply caches and vehicles were placed on high, spe-
cially constructed snow berms. All communications and se-
lected science antennas were either removed for storage or
secured to their towers. During the field season, Siple provided
refueling service to British Antarctic Survey Twin Otter air-
planes. In anticipation of future requirements, a refueling sys-
tem was installed for use by these aircraft while the station is
closed.

Siple Station was winterized and closed according to plan on
20 January.

Siple Coast Field Camp. A small field camp was established at
site "Upstream B" (83'31'S 138°05'W) in the Siple Coast area in
support of glaciological and geophysical investigations. The
camp, consisting of two Jamesways and a generator structure,
was constructed by ANs civil engineering personnel and then
operated by two ANS support employees for the duration of the
field season.

The camp, which is scheduled to reopen in November 1984,
was closed for the season on 25 January.

Palmer Station. Improvements to station facilities proceeded
according to schedule. The sea-water intake system was re-
designed, a new carpenter shop was completed and the old
shop was converted to a laboratory/dive locker, a new fire detec-
tion/alarm system was installed and a Jamesway was replaced
by a new prefabricated structure. Routine support was
provided to a full range of scientific programs.

The station began winter operations on 15 April.
RIV Hero. During the austral winter Rlv Hero completed four

cruises in the Patagonian Canals of southern Chile in support of
geological mapping studies. The vessel completed its annual
maintenance drydock period on schedule. After return to Pun-
ta Arenas, summer operations commenced and proceeded ac-
cording to plan with no time lost because of unscheduled main-
tenance. We supported shipboard biological science programs
which included sampling and diving to study krill and fish and
shore parties deploying to study bird and plant life. The Hero
made a midseason visit to Ushuaia, Argentina, the first port call
since early 1982.

The iIv Hero returned to Punta Arenas for standdown main-
tenance in late April.

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

U.S. Navy Antarctic Development
Squadron Six activities, 1983-1984

W. H. BARTON and K. E. N0HE

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

Antarctic Development Squadron Six is assigned to provide
airlift support for the U.S. Antarctic Research Program. On 17
August 1983 Operation Deep Freeze 84 (the U.S. Navy compo-
nent of the U.S. Antarctic Program) began when three ski-

equipped LC-130 Hercules airplanes departed from the squad-
ron's homeport in Port Mugu, California. The mission, called
Operation Winter-Fly-in (WINFLY), was to transport to McMurdo
Station the personnel and materials required to prepare the
station for the austral summer operations.

The transit of the Pacific was uneventful for the three
LC-130's, but when they arrived in New Zealand, only one
plane was able to land in Christchurch because of deteriorating
weather conditions. The other two planes, one of which had
one engine secured, were diverted to Auckland where they
were both able to land successfully. The next day the LC-130
with the failed engine made a three-engine take-off and flew to
Christchurch with the other plane following.

The 1983 WINFLY was the most difficult WINFLY in recent mem-
ory. All personnel and materials were assembled at
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McMurdo Station, the first two of the six scheduled round-trip
flights to Antarctica had to be delayed for 2 days. The first two
flights were made on 26 August and one flight was made on 27
August; the remaining three flights were scheduled for 28 Au-
gust. All three LC-130's departed on schedule at 1 1/2-hour inter-
vals with good weather forecast for arrival at McMurdo Station.
However, after the last airplane passed the point of safe return,
the conditions at McMurdo Station began to deteriorate rapidly.
All three planes were committed to land at McMurdo faced with
zero ceiling, zero visibility, and winds gusting over 60 knots.
Hoping that weather conditions would improve, they circled
McMurdo Station until the fuel level became critical. No other
options were available; the three planes were forced to land in
the emergency white-out area. All three commanders executed
safe landings, a feat for which they were later cited and awarded
the Air Medal. Even the long taxi back to the field proved to be
perilous because one plane was running out of fuel just as it
reached the field. The crew and passengers took shelter until
the storm cleared the following day. The eventful WINFLY was
finally completed.

The summer support season officially began on 11 October
when the squadron departed from California. After a brief stay
in Christchurch to outfit personnel and airplanes for polar
operations, the Command shifted to McMurdo Station on 19
October. Only five LC-130's deployed initially. The sixth was
undergoing a major communications package update by Lock-
heed and did not arrive in Antarctica until 28 November.

On 3 October a C-141 airlift pre-positioned the helicopter
aircrew and maintenance personnel at McMurdo Station. Their
task was to de-winterize three UH-1N twin-engine Huey heli-
copters and to complete polar pilot and aircrew training. Dur-
ing the training period, Marble Point was also opened for
UH-1N refueling operations and support for a New Zealand
traverse party. Between 3 and 19 October, some science and
logistics missions were conducted on a not-to-interfere basis
with the training (such as the opening of Marble Point). Official
commencement of helicopter support operations began on 19
October. Within 2 weeks, the squadron had opened Vanda
Station, Byrd Surface Camp, South Pole Station, and Siple Sta -
tion. During Operation Deep Freeze 84, VXE-6 LC-130 airplanes
and UH-1N helicopters flew 4,637 flight hours carrying 5,682
passengers, over 3.3 million pounds of mail and cargo, and

306,278 gallons of fuel to, from, and around Antarc4ica.
The season was distinguished by a significant increase in

open-field work by the LC-130's. The largest project was Siple
Coast, a collective term applied to a combined glaciological
program working the coast located on the east side of the Ross
Ice Shelf. The work in this area consisted of four groups work-
ing from six camp locations, each supplied by LC-130 open-field
put-in's. Other U.S. projects included: (1) several aerial map-
ping/photography flights with a specially designed camera in
one LC-130, (2) open-field party put-in Allen Hills in search of
meteorite specimens, and (3) three Mount Erebus volcanic
plume study flights. VXE-6 LC-130 aircraft flew several flights
for the British Antarctic Survey, putting in a field party at Martin
Hills and establishing fuel caches at Siple Station, Mount Smart,
and Jones Mountain. An Ohio Range scientific survey put-in
was also accomplished by squadron LC-130's for New Zealand.
The project also included an airdrop of supplies in December.

VXE-6 provided the sole search and rcue (sAR) capability for
the U.S. Antarctic Research Program. No searches were neces-
sary during Operation Deep Freeze 84, but VXE-6 made numer-
ous rescues and medical evacuations. The UH-1N's rescued
scientific personnel from Allen Hills, Mount Erebus, Castle
Rock (in the McMurdo area), and the Erebus Glacier Tongue;
LC-130's evacuated several personnel from South Pole and
McMurdo Stations. The Pararescue Team stood ready
throughout the field season, but they were not called upon to
provide SAR or medical assistance.

The final helicopter flight was flown on 7 February 1984. The
LC-130's continued to transport fuel, cargo, and personnel to all
outlying stations until 11 February when South Pole Station
began winter operations. Siple Station was closed on 20 January
and is not scheduled to be occupied until November 1985.

Flight operations for Deep Freeze 84 were completed on 19
February with the summer close-out of McMurdo Station.
While in Christchurch on 19 February, the squadron partici-
pated in the Christchurch International Airport Aircraft Display
Show. On 20 February, the squadron departed for NAS Point
Mugu, California. All planes made the transit uneventfully
with the last plane arriving at Point Mugu on 22 February.
Following an all-hands safety standdown, the squadron began
the summer training cycle in preparation for Operation Deep
Freeze 85.

Back cover. This fossil (Chasmocarcinus seymourensis Feldmann and Zinsmeister, 1984), one of the first fossil crabs found in Antarctica,
represents the first occurrence of the genus In the fossil record. The species is only one of several unique discoveries of decapod crustaceans
on Seymour Island. (Photo by Rodney M. Feldmann, Kent State University.)
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