radiocarbon during the ensuing dark period. These data will
be used to calculate the quantum efficiency of photosynthesis
and will also be used in attempts to model primary production
in the Antarctic on a seasonal and geographical basis.
Cellular adaptation. The relatively low standing stock of phytoplankton in nutrient-rich antarctic waters most likely reflects
grazing pressure as well as loss of cells from the euphotic zone
by physical mixing processes. The ciD data indicated a "mixed
layer" in nearly all vertical profiles. The extent to which cells
have time to adapt, either chemically or physiologically, to
conditions at any depth will be controlled by the rate at which
the water is mixed in the upper layer. If the rate of turbulent
mixing is high, one would not expect to detect chemical or
physiological adaptation in cells as a function of depth. Our
studies with cells from various depths in the euphotic zone
suggest that cells do have time to adapt to conditions existing
at various depths. This is suggested by the following obseiv
ations:
1. In the many radiocarbon incorporation experiments in
which cells from various depths were exposed to a range of
light intensities, cells from deeper water showed photoinhibitory effects much more than did cells from surface waters.
2. Absorption and spectral fluorescence characteristics
showed differences in cells from various depths in the water
column.

Many samples were taken for chemical analyses (carbon,
nitrogen, phosphorus, biogenic silica, adenosine triphosphate, lipid, protein, carbohydrate, and photosynthetic pigments) to see if the differences in physiological characteristics
are also reflected in chemical composition of the cells. Data on
the species composition of these samples will also be considered in regard to interpretation of the physiological and chemical information.
In addition to the study of phytoplankton, a limited number
of water and net samples were obtained at eight stations for
a preliminary examination of the species and numbers of
microzooplankton; these samples will be examined by J . R.
Beers at Scripps Institution of Oceanography.
Authors Paden and Holm-Hansen participated in both legs
of the Melville expedition; Hewes and Weaver participated in
leg 1, and Kiefer, Neon, and Sakshaug participated in leg 2.
This work was supported by National Science Foundation
grant DPP 79-21295.

Bacterioplankton distributional
patterns and metabolic activities in
the Scotia Sea

growth rates followed chlorophyll a profiles (rather than primary productivity profiles), suggesting that bacterial growth
was not directly related to the new photosynthate production
(figure). (4) Average population doubling times were 2-4
days. (5) Leucine and glucose pool turnover rates were rapid,
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We carried out a comprehensive study of the distributional
patterns and production rates of bacterioplankton during leg
2 of the Melville cruise. The bacterially mediated turnover of
selected dissolved organic matter (Dom) components was also
measured. These measurements were done at all stations and
generally at 12 depth intervals. The broad objectives of the
study were (1) to quantify the energy and material flow
through the bacterioplankton component of the food web and
(2) to evaluate the role of bacterioplankton in nitrogen and
carbon cycles in the study area.
Results available to date suggest the following general features of bacterially mediated processes studied: (1) Bacterial
standing stocks were 200 million to 500 million bacteria per
liter, roughly equal to the standing stocks in southern California offshore water. (2) Bacteria were large; the average bacterial
volume was consistently and significantly (perhaps 50-100
percent) larger than bacteria in southern California water. (3)
The depth distribution of bacterio plankton occurrence and
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on the order of 5 percent per hour and 1 percent per hour,
respectively. (6) Temperature optimum for growth and metabolism was around 7°C, although the rates at -1'C were only
about 30 percent lower than the maximum.
Our study leads to a general picture of bacterioplankton in

Microbial nitrogen metabolism in the
Scotia Sea
ISAO KoIKE

Ocean Research Institute
University of Tokyo
Nakano, Tokyo, 164 Japan
ULF RØNNER
Goteborgs Universitet
413 19 Goteborg, Sweden
OSMUND HOLM-HANSEN
Scripps Institution of Oceanography
University of California-San Diego
La Jolla, California 92093
Waters south of the Antarctic Convergence (Polar Front) are
high in nutrients, with nitrate concentrations generally in the
range of 15 to 30 micromolars (Holm-Hansen et al. 1977). It is
unlikely that phytoplankton growth rates are ever limited by
any inorganic nutrient deficiency. There is much interest,
however, in microbial nitrogen metabolism, for the following
reasons: (1) by determining the relative uptake rates of ammonia and nitrate, it is possible to estimate what fraction of
primary production is remineralized in the euphotic zone and
how much is lost to deeper water and to the benthos (Dugdale
and Goering 1967; Eppley and Peterson 1979); (2) the rates of
assimilation, transfer, and mineralization of nitrogenous compounds by various populations of organisms are an important
component in efforts to model dynamics of the food web 'in
antarctic waters.
Previous studies have shown that uptake of ammonia by
antarctic phytoplankton occurs at rates comparable to rates of
uptake of nitrate (Olson 1980). Ammonia concentrations in
antarctic waters are generally fairly high, in the range of 0.1 to
3.0 micromolars throughout the euphitoc zone (Bidigare, Johnson, and Biggs, Antarctic Journal, this issue; Biggs et al. 1979).
As part of the RN Melville expedition to the eastern Scotia
Sea, we investigated the uptake and recycling of nitrogenous
nutrients by microbial assemblages by use of the nitrogen-is
( 15 N) tracer technique. All water samples were incubated in
either polycarbonate or borosilicate bottles maintained at surface water temperature and exposed to varying light intensities
by use of neutral density filters. During leg 1, nitrite, nitrate,
and ammonia uptake rates were determined at three different
depths (40 percent, 8 percent, and 1 percent of ambient light
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the study area as a quantitatively significant and metabolically
dynamic component of the biota.
All three authors were on the ship during leg 2. This work
was supported in part by National Science Foundation grant
DPP 79-21295.

intensity) at 13 stations; during leg 2, rates of nitrate and
ammonia were similarly studied at 11 stations, including
coastal waters near Elephant Island, pelagic waters both north
and south of the Scotia Ridge in the vicinity of South Orkney
Islands, and waters north and south of the Polar Front in the
Drake Passage. Several other measurements were also taken
to support and to help in interpretation of the assimilation
data. Assimilation rates of nitrate and ammonia were determined on samples that were (1) prefiltered through nylon nets
having mesh sizes of 10, 20, or 100 micrometers; (2) exposed
to light intensities other than those simulating the light flux
at the depth from which the sample had been obtained; (3)
enriched with varying concentrations of the 15 N substrates;
and (4) incubated for varying periods of time. The rates of
ammonia regeneration by microbial cells were determined by
a 15N-dilution technique. These data on ammonia regeneration by microbial cells will be considered in conjunction with
data on ammonia excretion by larger planktonic organisms
(see Bidigare et al., Antarctic Journal, this issue; Ikeda, Antarctic Journal, this issue).
The table (page 166) shows the uptake rates of ammonia and
nitrate at three depths of the euphotic zone at a station near
Elephant Island, in addition to some fractionation data. At
this station, concentrations of nitrate (24 to 25 micromolars),
ammonia (1.8 to 2.1 micromolars), and chlorophyll a (0.6 to 0.8
microgram per liter) were nearly uniform in the euphotic
zone. The rate of ammonia assimilation with depth decreases
much less than that of nitrate; ammonia uptake accounted for
72, 84, and 95 percent of total nitrogen uptake in samples from
2, 10, and 30 meters, respectively. Thus, ammonia, which is
supplied primarily by means of regeneration within the
euphotic zone, is the major nitrogenous source for phytoplankton growth. The fractionation data in table indicate that
small phytoplankton (those that pass through a net having a
mesh size of 10 micrometers) show a relatively higher rate of
ammonia assimilation as compared to nitrate assimilation
rates at the three depths investigated. Such a difference in
nitrogen preference in relation to cell size might have important implications in regard to species composition as influenced by nitrate and ammonia concentrations.
In addition to conducting these 15N-enrichment experiments, we obtained samples for determination of the natural
abundance ratio of 15N/14 N in the organic matter in krill, phytoplankton, and fish; water samples were also preserved, with
mercuric chloride (HgC12), for determination of this ratio in
nitrate and ammonia. These data, in conjunction with isotopic
fractionation factors for various pathways of nitrogen metabolism, will aid in interpretation of routes and fluxes of nitrogen
in the lower trophic levels in antarctic waters.
Author Rçnner participated in leg 1, Koike in leg 2, and
Holm-Hansen in both legs. This work was supported in part
by National Science Foundation grant DPP 79-21295.
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Ammonium (NH) and nitrate (NO) rates of microbial cells from station 138 near Elephant Island

Measurement

Control
(without fractionation)

Depth, 2 meters; light, 46% of la
0.69
Chlorophyll
a (Mg/I)
46.6
NH uptake rate (A)b
(B)C
67.9
18.3
NO uptake rate (A)
26.5
(B)
Depth, 10 meters; light, 8.2% of
0.68
Chlorophyll a (Mg/I)
38.1
NH1 uptake rate (A)
56.0
(B)
7.40
NO uptake rate (A)
10.9
(B)
Depth, 30 meters; light, 1.3% of 10
0.77
Chlorophyll a (Mg/I)
22.4
NH1 uptake rate (A)
29.1
(B)
1.32
NO uptake rate (A)
1.71
(B)

Cell size
Less than 100 /Am

Less than 10 Mm

0.57

0.26

70.2

97.7

17.1

26.9

0.59
69.2
13.3
ND
ND
ND

0.27
111
10.4
0.26
61.2
4.46

al. = light flux at sea surface.
b Rate in nanogram-atom nitrogen per liter per day.
c Rate in nanogram-atom nitrogen per microgram chlorophyll a per day.
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Distribution and abundance of krill in
the Scotia Sea as observed
acoustically, 1981
MICHAEL C. MACAULAY

Northwest and Alaska Fisheries Center
Resource Assessment and Conservation Engineering Division
Seattle, Washington 98109

As part of FIBEX (First International Biological Investigations
of Antarctic Systems and Stocks Experiment) the National
Oceanic and Atmospheric Administration (NOAA), in cooperation with the National Science Foundation, this year fielded
a hydroacoustic assessment team to assess the antarctic krill
population. The team, composed of personnel from the Northwest and Alaska Fisheries Center and the Northeast Fisheries
Center, was directed to use high-frequency sound to estimate
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the krill population in the area to be covered during the Scripps
Institution of Oceanography's Vulcan-6 and Vulcan-7 surveys
of the Scotia Sea (53°S to 60°S, 50°W to 33°W).
The experiment was conducted by transmitting three frequencies simultaneously from a 4-foot V-fin (Braincon, Inc.)
towed at a depth of 6-8 meters. The transducers were mounted
in the fin in such a way that two frequencies (50 and 120
kilohertz) were directed downward and the third frequency
(105 kilohertz) was directed sideward. This combination permitted simultaneous observations of acoustic targets in the
vertical/horizontal planes.
Field analysis of the acoustic data was done by the method
recommended in BIOMASS handbook 7. The target strength per
unit biomass of krill was estimated to be approximately -65
decibels per gram (wet weight) of krill (Mathison personal
communication). This value was used to calculate the biomass
of krill reported in this article. It should be noted that the
results reported here are based on a limited analysis of data
conducted in the field.
The abundance of krill patches observed on the first leg of
the cruise was very low. Small patches (10-40 meters horizon-
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tally by 5-20 meters vertically) that contained adult krill were
located in the area east of South Georgia Island (samples were
obtained by hauls of a BONGO sampling net). The abundance
in these patches is estimated to be 200-1,000 grams per cubic
meter.
Numerous patches and larger concentrations were found in
certain parts of the area surveyed during the second leg. The
average patch size was larger (patches 100 meters or more
horizontally by 40-60 meters vertically were common) and
occasional large swarms (3-5 kilometers by 8-12 kilometers
horizontally and 80- 100 meters vertically) were noted (figure).
The large patches were estimated to contain 1,000-2,000 grams
of krill per cubic meter. This suggests that individual swarms
ranged in weight from 2 to 10 million metric tons.
On both legs of the cruise, the average size of krill ranged
from 2 to 4 centimeters. In most samples individual krill 3 to
4 centimeters in total length predominated. This indicates that
most individuals were nearly 2 years old. Samples often contained specimens of only one sex.
The use of three frequencies simultaneously was very useful
in establishing the identity of targets and helped make up for
the relatively limited net sampling in some areas. Because of
the discrimination that could be achieved by using three frequencies, a few good net samples provided a clue to the identity of several patterns of targets. The presence of adult krill
was indicated by strong signals on the 50-kilohertz and the
120-kilohertz systems. The results suggest that problems of cooccurrence of different organisms can be resolved quite reliably if two or more carefully chosen frequencies are used simultaneously.
These studies have revealed certain inadequacies of sampling, particularly in the area of obtaining net samples of
acoustically identifiable targets. In retrospect, it seems that
adult krill must be considered more truly nektonic. The larval,
juvenile, and 1-year-old individuals appear to be quite adequately sampled by small nets (BONGO and MOCNESS, or multiple opening-closing net systems), towed at speeds up to 2-3
knots. However, individuals older than 1 year appear capable
of avoiding capture at these speeds, at least much of the time.
Also, because they are distributed in highly concentrated layers and discontinuous patches, positioning of nets to take
samples for comparison with acoustic estimates is exceedingly
difficult. We might recommend using large, midwater trawls
or small nets having coarse mesh (openings 0.5-1 centimeter
large) towed at 4-6 knots.
The pattern of distribution of krill appears to be much more
complicated than is commonly suggested. The sea-surface
expression of patches and swarms appears to be a less common, perhaps seasonally fluctuating, phenomenon. Swarms
seemed to have an identity for 2 to 3 days and then disperse
into many smaller patches over a period of hours or days,
remaining dispersed for a day or two and then reforming in
a different location. It is not known if this type of behavior is
typical. Long-term studies are needed to determine withinseason and between-season variations in swarm size and rates
of aggregation and dispersal.
I wish to thank Kendra Daly (February-March 1981), T.
Saunders English (January-February 1981), John Garrison
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Typical echogram from the large swarm observed at Elephant
Island on 8 March 1981. This is part of approximately 2 hours of
continuous trace of this magnitude and is representative of the
"super swarm" for which the 10-million-metric-ton estimate was
made. The depth scale marks indicate 20-meter Intervals.

(January-February 1981), and Ole A. Mathison
(February- March 1981) for their participation and assistance
during the field efforts. The cooperation of Bob Marak (February-March 1981) and Ken Sherman, the Northeast Fisheries
Center, was greatly appreciated. The project was supported
by NOAAlNational Marine Fisheries Service through the Northwest and Alaska Fisheries Center, the University of Washington, Department of Oceanography, and the Northeast Fisheries Center. Ship time on the RIVMelville was provided by the
National Science Foundation through the Scripps Institution
of Oceanography.
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Nutrient chemistry of ammonium in
antarctic surface waters
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As part of the First International BIOMASS Experiment (FIBEx),
our January—March 1981 fieldwork aboard iJv Melville continued and extended investigations of the interrelationships
between phytoplankton-zooplankton-ambient NH which
we had initiated in the Scotia Sea in 1978-79 on Islas Orcadas
cruises 17 and 19 (Biggs et al. 1979). Those cruises had confirmed that high levels of ambient NH ("regenerated nitrogen") reduced the uptake of NO ("new nitrogen") by Scotia
Sea phytoplankton assemblages (Glibert, Biggs, and McCarthy
in preparation; Olson 1980). Such a reduction is ecologically
significant, for when phytoplankton and zooplankton are coupled in a mass balance for nitrogen, a reduced uptake rate of
"new nitrogen" means that less production is available for
export to higher trophic levels (Eppley and Peterson 1979).
Specifically, previous studies had shown that NO uptake
accounted for less than half of the total nitrogen uptake when
ambient NH levels exceeded 0.5-1.0 microgram-atoms per
liter. Since average ambient NH1 in the mixed layer of the
Scotia Sea increases threefold, from 0.3 to 1.1 microgram-atoms
per liter, as austral spring proceeds into austral summer (Biggs
and Bidigare 1981), this suggests a broadly seasonal shift in
ecosystem structure, from dependence on "new nitrogen" to
dependence on "regenerated nitrogen."
For FIBEX, we examined the spatial variability in ambient
NH in relation to NOj , NO , PO 3 , Si(OH)4 , and selected
physical and biological parameters. On leg 1 (Vulcan-6) five
mesoscale transects were run, with conductivity-temperaturedepth (ciD) cast hydrostations spaced about every 15 kilometers (see Holm-Hansen and Foster, Antarctic Journal, this
issue). At each of these stations, discrete water samples were
collected at 12 depths in the upper 1,000 meters (seven or more
of these samples were in the upper 200 meters) by a rosette
multisampler attached to the ciD and analyzed aboard ship
with a five-channel autoanalyzer. On the subsequent leg (Vulcan-7), we looked at finer scale spatial variability in nutrient
distribution. A dozen vertical pumped profiles (0-120 meters)
and one horizontal pumped profile (1,500 meters horizontally
at a depth of 42 meters) were made by attaching a submersible
pump immediately below the CTD (figure 1). This multi-instrument package allowed fine-scale resolution of physical
(salinity, temperature), chemical (oxygen, nutrients), and
biological (chlorophyll fluorescence) parameters when the
sample stream was fed into the shipboard autoanalyzer which
sampled in continuous flow mode and through a flow-through
fluorometer (Turner Designs, model 10). Our pumped profiles
were made in conjunction with net and acoustic surveys carried out by other investigators (Brinton et al., Antarctic Journal,
this issue; Macaulay, Antarctic Journal, this issue) so that we
could correlate ambient NH concentrations with approximate zooplankton biomass.
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Figure 2 presents two pumped vertical profiles taken inside
a krill "super swarm" observed off Elephant Island and two
taken adjacent to but outside the swarm. Note that NH concentrations in the swarm were elevated 50-100 percent, reaching levels that saturate phytoplankton nitrogen-uptake kinetics. Conversely, chlorophyll levels inside the krill swarm were
reduced 60 percent, suggesting intense phytoplankton grazing. The differences in ambient NH and 0 2 between the
swarm and outside, coupled with measured metabolic rates
for krill (Biggs and Bidigare 1981; also see below) suggest that
krill swarms at a density of 5 grams per liter interact with and
modify water parcels on time scales of 40-60 minutes. Our
data emphasize that, on a time scale of hours, krill swarms can
excrete enough NH to mediate fine-scale and coarse-scale
shifts in nitrogen-based production that are independent of
the broadly seasonal change noted earlier.
Bidigare and King (in press) have reported that glutamate
dehydrogenase (GDH) activity is tightly coupled to rates of
NH excretion in temperate crustaceans. Since GDH activity
(microgram-atoms NH per milligram biomass per hour) can
be assayed readily, and zooplankton biomass (milligrams per
cubic meter) can be computed from net hauls, one can calculate
the impact of ammonium excretion (microgram-atoms NH
/

1

9

Figure 1. Sampling configuration of submersible pump employed
for R/vMeIvlIle fieldwork, March 1981, with pump shackled below
CTD fitted with rosette multisampler frame.
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Figure 2. Pumped vertical profiles of (A) NH and (B) chlorophyll measured by M. Johnson and A. Neon, respectively, during FIBEX
fieldwork aboard n/v Melville. Casts 79 and 80 were made within a "super swarm" of krill, for which biomass averaged 5 grams per liter
distributed throughout an area of 5 square kilometers and ranging in depth from 10 to 200 meters. Casts 76 and 77 were made adjacent
to and outside the swarm. ug • at titer-' = microgram-atoms per liter; mg m 3 = milligrams per cubic meter.

per cubic meter per hour), subject to the normal limitations
and biases of estimating zooplankton biomass with nets.
Aboard Melville ,. both NH excretion and GDH activity were
assayed using mixed zooplankton samples, collections of larval
krill, and hyperiid amphipods and adult krill selected individually from plankton tows. GDH activity tracked NH excretion over a three-order-of-magnitude range in body size
(1-1,000 milligrams wet weight), although both indices were
highly variable in freshly field-collected adult krill. Two timecourse excretion experiments, in which adult krill were maintained for 54 hours in filtered seawater, demonstrated that
NH excretion could decrease 50 percent after only 24 hours of
starvation. This suggests that much of the variability in NH4
excretion among krill of similar size probably reflects differences in their nutritional state in their natural environment.
A two- or threefold change in NH excretion on a 24-hour
time scale, coupled with an ambit of 30-40 centimeters per
second for individual krill (Kils 1979), has important implications for NH patchiness, which, in turn, will influence phytoplankton NO uptake on coarse- and mesoscales of time
and space. Other experiments showed that urea excretion represented about one-third of the total nitrogen regenerated by
krill. Urea, like NH , is taken up preferentially to "new nitrogen" by oceanic phytoplankton (McCarthy, Taylor, and Taft
1977).
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J. D. Guffy was a participant in leg 1; R. R. Bidigare and
M. A. Johnson participated in leg 2. This research was supported by National Science Foundation grant DPP 79-21355,
directed by D. C. Biggs.
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Chemical sampling of the eastern
Scotia Sea
ROBERT L. MICHEL

Scripps Institution of Oceanography
University of California
La Jolla, California 92093

On leg 1 of the Scotia Sea expedition, samples were collected
for analysis of nutrients, tritium, and carbon-14. Nutrients
were collected at all odd-numbered stations at eight depths
(5, 50, 100, 200, 300, 500, 750, and 1,000 meters). Tritium profiles were collected at stations 1, 7, 11, 15, 29, 33, 37, 43, 47, 55,
71, and 79; 12 samples were collected at each station (one at
each of 12 depths-5, 25, 50, 75, 100, 150, 200, 300, 400, 500,
750, and 1,000 meters). Results from samples analyzed from
station 1 are reported in the table. One precipitation sample
was collected at station 28; it had a tritium concentration of 9.8
+ 0.4 i'u (1 ni equals 1 tritium atom per 1018 hydrogen atoms).
Tritium stations were chosen to encompass the water masses
on each side of the convergence as well as in the convergence.
Upwelling tends to lower tritium concentrations throughout
the water column, while overturn adds tritium to the deeper
layers. We expect our sampling series to clarify the importance
of these two processes in the convergence.
Samples of dissolved inorganic carbonate in surface waters
were collected at approximately every third station and
extracted by the method outlined by Williams and Linick

Concentration of tritium units as a function of depth In the Scotia
Sea, station 1, 24 January 1981
Depth (in meters)

TUa

5
25
50
100
150
200
300
400

0.47
0.43
0.44
0.32
0.25
0.25
0.29
0.16

a Qne TU equals 1 tritium atom per 1018 hydrogen atoms.
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(1975). These samples are being returned to the Mount Soledad
Radiocarbon Laboratory to be analyzed for carbon-14. Sampling programs in the early 1970's had shown a significant
difference in the surface carbon-14 concentrations of Weddell
Sea waters and those of the Drake Passage (Ostlund et al. 1976;
Weiss, Ostlund, and Craig 1979). Sections across the confluence should indicate whether this difference still exists.
Biological samples were also collected for carbon-14 analysis
from selected net tows. Samples of krill were obtained from
stations 74, 94, 95, and 100. A phytoplankton sample was
collected from station 95. Biomass such as krill should have a
carbon-14 content representative of the waters in which they
feed. Assuming a difference in carbon-14 between Weddell
and Scotia Sea waters, we should be able to observe whether
the krill we collected are long-term residents of the water
masses in which they were found or migrants from the other
side of the convergence. During the 1980 International Weddell
Sea Oceanographic Expedition, two krill samples were collected for carbon-14 analysis (Foster et al. 1980). Both apparently were living in Weddell Sea water masses, and they had
similar carbon-14 contents (station 80, 74°21.4'S 31°17.3'W,
= —92 ± 6°/oo; station 130, 59°25.6'S 47(57.8'W, A14C =
-96 ± 13%o, where A14 is the depletion inputs per mil of
carbon-14 relative to pre-1950 atmospheric concentration in
CO2).
This program was supported by National Science Foundation grant DPP 79-21295. E. M. Druffel and T. W. Linick analyzed the carbon-14 samples, and T. L. Jackson was in charge
of technical analysis of tritium samples. The sampling program
was carried out by R. L. Michel and S. M. Griffin aboard the
R/V Melville from 20 January to 20 February 1981.
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Physical oceanography of the
eastern Scotia Sea
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The physical oceanography program in the eastern Scotia
Sea was aimed at investigating the boundary region between
the water flowing through the Drake Passage and that emanating from the Weddell Sea. A total of 133 hydrographic
stations were taken in five sections with a station spacing of
56S
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10 nautical miles. A Neil Brown Mark III CTD-0 2 profiler was
used on every station to provide continuous vertical profiles
of temperature, salinity, and oxygen. Calibration data for the
ciD-02 profiler were obtained by shipboard analysis of samples
taken with a General Oceanics rosette sampler with Niskin
bottles and reversing thermometers.
Although final processing of the salinity and oxygen data is
still in progress, processing of temperature data from the first
leg is nearly complete. The figure shows the temperature field
along the section across the Scotia Sea running along 38°06'W
from the southern Scotia Ridge to South Georgia. The striking
feature of the section is the apparent lack of a clear-cut boundary between the Weddell Sea and Drake Passage waters.
Rather, it appears that the entire region is characterized by an
assemblage of eddies having diameters of the order of 50 to 70
kilometers. The presence of the eddies may explain the lack of
agreement among earlier investigators about the position of
the boundary between the two waters.
This work was supported by National Science Foundation
grant DPP 79-21295. The authors were assisted in the field by
Arthur W. Hester and Frank Sanchez, Jr. of Scripps Institution
of Oceanography and by Eric Brinton of the University of
California, Santa Barbara.
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Bio-optical studies in the Scotia Sea
DALE A. KIEFER and

B. GREG MITCHELL

University of Southern California
Los Angeles, California 90007
AMW NE0RI

Scripps Institution of Oceanography
University of California, San Diego
La Jolla, California 92093
During both legs of the Melville cruise in the Scotia Sea,
optical measurements were made of suspended particles in an
attempt to characterize the relationship between water color
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and biological production. These measurements included
three areas of interest: (1) acquisition and analysis of satellite
imagery of surface temperature and color, (2) descriptions of
light scattering by particles of different sizes, and (3) determinations of the absorption and fluorescence properties of
these particles. It is hoped that these three areas not only will
supply new tools for examining the plankton ecosystem, but
also will help oceanographers describe in more detail the fate
of radiant energy that enters the water column throughout the
year.
Coverage of antarctic waters during January, February, and
March 1981 was provided by the Coastal Zone Color Scanner
and infrared radiometer aboard the Nimbus 7 satellite. Because
much of the sky was overcast much of the time, it is likely that
the imagery of the Scotia Sea will be quite limited. Tapes that
appear promising will be processed for mapping of sea surface
chlorophyll concentration and temperature.
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Large-angle scattering by suspended particles was measured
with a Brice-Phoenix scatter meter. By examining the filtrate
of seawater passed through membrane filters having varying
pore diameters, contributions to light scattering by differing
size fractions of particles were determined. Preliminary data
indicate that particles that pass through a 1.0-micrometer pore,
the size range for most marine bacteria, contribute significantly to the scattering of light in the Scotia Sea. Bacterial
counts made simultaneoulsy with the optical measurements
will help us determine the importance of scattering by bacteria
and phytoplankton.
Measurements of spectral absorption by suspended particles
and of the excitation spectrum for chlorophyll a fluorescence
were made with a specially constructed spectrophotometer.
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These spectra indicate that the principal contributors to light
absorption in the Scotia Sea are the pigments found in phytoplankton cells or in detrital particles produced by the grazing
of herbivorous zooplankton. From measurements of the
absorption and fluorescence excitation spectra, we will be able
to calculate relative spectral quantum efficiencies for fluorescence and photosynthesis, a calculation that has not been
attempted previously. We are hopeful that such measurement
will help us interpret satellite imagery, characterize the species
and pigment composition of crops within the Scotia Sea, and
aid in a general mathematical description of seasonal primary
production in these waters.
This work was supported in part by National Science Foundation grant DPP 79-21295. G. Mitchell participated in leg 1; D.
A. Kiefer and A. Neon participated in leg 2.
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Terrestrial biology
Physiological adaptations of biota in
antarctic oasis lakes
JR., B. C. PARKER, R. A. WHARTON, JR.,
F. C. LOVE, and K. G. SEABURG

C. M. SIMMONS,

Department of Biology
Virginia Polytechnic Institute and State University
Blacksburg, Virginia 24061
The primary objective of our investigation of antarctic lake
physiological adaptations is identification of physiological
adaptations to environmental extremes in the numerous
microhabitats of the highly diverse lakes of southern Victoria
Land. A secondary objective is assessment of the degree to
which the native biotic communities of these lakes change
their lacustrine environment. To obtain data we took samples
from the lake surface and, using SCUBA, collected lake benthos
through dive holes cut through the thick (4-6 meters) permanent ice (fieldwork conducted October 1980 through January 1981). These field studies serve to identify potentially
interesting biological adaptations and processes, which then
can be explored more thoroughly in a laboratory, using simulated microcosms. On the basis of earlier studies we have
identified adaptations to the major environmental variables of
light, temperature, salinity, turbulence, oxygen, and nutrient
availability as of special interest. In this report of our first field
season, we address primarily the benthic algal mats, which
were observed and collected in all four lakes visited during the
1980-81 field season: Lakes Bonney, Hoare, Fryxell, and
Vanda. Many of these mats, when they bind sediment and/or
precipitate minerals such as calcite, are preserved in these
lakes as nascent stromatolites.
On the basis of data collected this past season, we suggest
that algal mats growing beneath permanent, poorly transparent lake ice have adapted to the lower available light by making
more photosynthetic pigments per amount of organic matter
than do mats growing beneath water not covered by ice. The
antarctic lake algae appear not to possess any unique photosynthetic pigments. The ratio of chlorophyll a to adenosine
triphosphate (ATP) is consistently greater for extracts of mats
collected below the permanent ice. This greater ratio, we
believe, is due to two factors: (1) production of more chlorophyll relative to the amount of ATP present in the dimly lit lake
habitats and (2) slower or less completely degraded chlorophyll
in the nonliving layers of the mats beneath permanent lake
1981 REVIEW

ice. An unusual state of chlorophyll a preservation in lake
sediment is shown in the table. Other cores showed preservation in only the top two layers.
Adaptations to salinity have been observed in Lake Bonney,
where chemical stratification going from fresh to very saline
water is pronounced. The SCUBA reconnaissance in the east
lobe found a striking change in appearance of the algal community with changing depth beneath the permanent ice down
to approximately 16 meters, below which no attached mat
community was found (i.e., approximately 78,000 micromhos
per centimeter). Other variables may also be involved.
The significance of the nascent stromatolites within these
lakes was recognized only a few years ago. First, at least three
of the lakes (Bonney, Fryxell, and Hoare) have rather ephemeral nascent stromatolites. These stromatolites, which consist
of blue-green algal mats in the shallower waters beneath the
4-5 meters of permanent ice, produce excesses of photosynthetic oxygen. Gas bubbles form and sometimes grow as large
as 1 centimeter in diameter. By remaining trapped in the algal
mat, they aid upward growth of the mats. Some of the mats
tear loose, float upward, and freeze within the new lake ice.
A significant amount of this mat frozen in the lake ice ultimately reaches the upper ice surface. There, the mat's selectively accumulated minerals and entrapped sediments lyophilize and blow away. We propose that this process of mat
escape from these arheic lakes has had a dramatic effect on the
geochemistry of the lakes' shallow waters (Parker and Sim mons 1981; Parker, Simmons, Wharton, Love, and Seaburg
1981). The more permanent stromatolites are forming deeper
in these lakes, at depths where surface-ice abrasion and excessive photosynthetic-oxygen production and accumulation do
not occur.
For 2 years our research has included study of stromatolites
in southern Victoria Land lakes. Stromatolites are represented
in the fossil record for the past approximately 3.5 billion years,
Relative abundance of chlorophyll a and ATP (adenosine
triphosphate) and their ratios in a 32-centimeter benthic core
Depth

Chlorophylla

ATP

Ratio

- 1 c
5— 5 c
20-22 cm

Xa
—.35X
---.04X

Low
High
-

30-32 cm

--21X

X
.07X
None
detected
None
detected

-

= amount of chlorophyll a measured at the surface of the mat.
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but their prevalance in the fossil record was drastically reduced
during the lower Paleozoic (Awramik 1981). Their decline is
thought to be due to the evolution and diversification of
eucaryotes and metazoans (Garrett 1970). Modern stromatolites are restricted to extreme environments that preclude
organisms that either compete with or destroy algal mats and
their resultant sedimentary structures. Recognition of their
presence in antarctic lakes constitutes the first observation of
polar stromatolites (Parker, Simmons, Wharton, and Seaburg
in press). Because these lakes exhibit a paucity of metazoans
and turbulence and low light intensities, they may represent
reasonable analogs of Precambrian ecosystems.
Our investigations show that Phormidium frigidum is the
dominant species in all of these mats. Therefore, the various
stromatolitic morphologies in these lakes reflect adaptation to
various combinations of ecological properties (i.e., light, temperature, and water chemistry) and/or variations in the components of mat communities. Observations this past year
revealed types of mat growth that strongly resemble fossil
stromatolites that became extinct at the end of the Precambrian
(Raaben 1969). Lake Fryxell contains mat that is precipitating
columnar calcite casts. This is apparently the result of the high
water hardness of this lake. This year also marked the first
time a vibracorer was used beneath the ice in Antarctica (figure). A vibracorer is specially designed to collect soft sediments with a minimum of distortion. Penetration was made
to till in two lakes.
Antarctic lakes are valuable natural laboratories. Because
they lack higher invertebrates and vertebrates, they resemble
in many ways ecosystems that occurred more than 600 million
years ago. The result is that we have the opportunity to study
analogs of ancient ecosystems and, by manipulating these
communities under controlled, artificial laboratory conditions,
we can gain insight into the effects of different environmental
conditions in the past on stromatolite morphology.
We wish to thank the National Science Foundation for DPP
grant 79-20805 which supported this research. We are also
grateful to many for field and/or laboratory assistance: Dale
Andersen, lain Farrance, Mark Kaspar, and Arpad Vass.
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Vibracore operation on Lake Hoare. The vibracorer consists of a
Wyco electric vibrator connected to a 20-foot section of aluminum
pipe. The vibrator is powered by a high-cycle generator.
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From 8 December 1980 to 7 January 1981, my associates and
I continued the survey of microorganisms and the study of
microclimate in the mountainous regions of the dry valleys.
Over 100 samples of cryptoendolithic lichens were collected
from different localities. On the basis of their infrequent sexual
stages, three genera (Buellia, Lecidea, and Acarospora) could be
identified. These genera are unrelated and belong to different
families. Yet, their cryptoendolithic stages, which are sterile,
are morphologically similar and distinguishable only on the
ANTARCTIC JOURNAL

basis of chemical characteristics. It remains to be investigated
whether cryptoendolithic lichens are growth forms of epilithic
species or exist only as cryptoendoliths, having been permanently adapted to their environment.
Microclimatological parameters (rock temperature at different depths, light, and relative humidity inside rocks and of
the air) were continuously recorded on Linnaeus Terrace
(77 036'S 16105'E) (Asgard Range), near the site of the automatic
weather station. There is indication that the principal reason
for the absence of life forms on the rock surface is the rapid
rate of alternate freezing and thawing. Thus, on 25 December,
during a period of 42 minutes (starting at 8:30), temperature
on the rock surface moved across 0°C no less than 14 times. At
the same time, temperature in the lichen zone (3 millimeters
below the surface) was more stable and always above freezing
point. The rapid alternation of freezing and thawing is a physiological stress with which most organisms are unable to cope.
The cryptoendolithic way of life (inside porous rocks) presupposes a specific morphogenetic adaptation that enables organisms to penetrate the rock substrate, thus evading the extreme
and stressful conditions on the surface and take refuge in a
protected niche. Some results were presented in a paper at the

Symposium on Subantarctic Terrestrial Ecosystems, organized
by the Comité National Français des Recherches Antarctiques
at the University of Rennes, France, (Friedmann, Friedmann,
and McKay in press).
Aseptic samples of rocks and of adjacent soils were used to
culture algae, fungi, and bacteria. Cultures of bacteria were
sent to P. Hirsch, University of Kiel, Germany, and yeast
cultures to H. Vichniac, Department of Microbiology, University of Oklahoma, Stillwater, for further study.
Members of the field party were: Mason E. Hale (lichencology), Eliezer Kashi (geology), Christopher P. McKay (micrometeorology), Roseli 0. Friedmann (microbiology), and E. I.
Friedmann.
This research was supported by National Science Foundation grant DPP 77-21858.
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Terrestrial invertebrates of the maritime antarctic (Palmer
Station, 64°46'S 64°03'W) endure prolonged freezing and nearconstant low temperatures (Baust 1980, 1981). Typical microhabitats do not afford ample periods of elevated temperatures
that might permit completion of a life cycle. At best, a few
days of relatively warm temperatures (5°-10°C) during the
austral summer may provide an opportunity for adult emergence, egg laying, and hatching (Edwards and Baust 1981).
The immature stages must, however, maintain life processes
at or below freezing for 90 percent of the year.
Two groups of free-living terrestrial arthropods dominate in
this region. Insects are represented by a holometabolous dipteran, Belgica antarctica, and a few collembolan species, of
which Cryptopygus antarcticus is most abundant. Mites represent a second major group. As illustrated in figure 1, these
groups use two distinct hardening strategies. Belgica is freezing-tolerant and elevates supercooling points (sCP) to approximately —5.4°C with the onset of "winter." This SCP elevation
suggests a recruitment of endogenous ice nucleators (Baust
and Zachariassen in press) as found in other polar insects. The
diminution of supercooling capacity is adaptive in that it
ensures early freezing during occasional exposures below
1981 REVIEW
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Figure 1. Seasonal changes In microhabitat temperatures
recorded 1 centimeter below the surface and supercooling points
(scP) of three dominant terrestrial arthropods of the Palmer Station
area. B = Belgica antarctica; C = Cryptopygus antarcticus; A =
Alaskozytes antarcticus.
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-5°C and thereby reduces the probability of intracellular ice
formation (Baust and Lee in press).
The collembolans and mites, as represented by Cryptopygus
and Alaskozetes antarcticus, respectively, are freezing-intolerant but depress SCP to levels well below extreme winter microhabitat temperatures (Baust 1980). Each species produces an
array of antifreeze/cryoprotective agents that afford protection
by as yet unknown mechanisms. These protective agents
include glycerol, glucose, fructose, and trehalose. In addition,
Belgica demonstrates a novel metabolic flexibility in that it
produces either glycerol or erythritol as a cryoprotectant. The
nature of the control that allows for such a metabolic shift is
unknown since the glycolytic branch points are decidedly different. It has been reported that dietary carbon sources may
have an effect on cryoprotectant composition in Belgica (Baust
and Edwards 1979). The hypothesis suggesting that cryoprotective agents may be directly sequestered from food sources
requires further study. If substantiated, it would represent a
unique variation in hardening strategies.
An additional inference supporting this hypothesis may be
drawn from the observation that separate populations of Be!gica have qualitatively identical but quantitatively different
cryoprotectant compositions (figure 2). Species collected on
the same days from different islands having nearly identical
microhabitat temperatures contained erythritol, glucose, and
trehalose as the predominant protective agents. However, the
levels and patterns of change were quite dissimilar. The total
protective potential of these agents, as indicated by collective
hydroxyl equivalents, was not significantly different between
subpopulations.
In addition to its ability to survive continually low temperatures, Belgica endures prolonged freshwater immersion dur-

ing melt periods, saline immersion during evaporation of melt
ponds, desiccation during late summer microhabitat drying,
and anaerobiotic conditions resulting from either encasement
in ice (up to 7 months) or residence in decaying seal detritus.
Belgica will tolerate, with 100 percent survival, 28 days of
immersion in fresh water, 7 days in 1.0 molar saline, and 28
days under nitrogen (all at 0°-6°C). Remarkably, within the
summer ambient temperature range (0°-10°C), it can withstand a loss of 60 percent of its body water without mortality.
This loss yields a total body water content as low as 35 percent
(figure 3).
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These presumed stresses are experienced concomitantly
with low temperatures. There are no separate stress indicators
that would facilitate the identification of each environmental
variable on cryoprotectant metabolism. It is known, however,
that each of these potential stressors is capable of eliciting
similar metabolic responses in other, nonpolar invertebrates
(i.e., glycerol and trehalose accumulations).
This work was supported by National Science Foundation
grant DPI' 78-21116 to J . C. Baust. The 1980-81 field team
comprised Richard Lee (December—March 1981), David Johnson, and Robert Watkins (December 1980—December 1981).
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Figure 2. Patterns of cryoprotectant-concentration variability in
subpopulations of Belgica antarctica found in the Palmer Station
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While conducting geological research in the Ellsworth
Mountains during the 1979-80 season, I sighted two species
of birds. I report this information because it may be useful to
researchers who maintain records of migrations of bird species
in Antarctica. Since occasional and haphazard observations of
this kind are not often reported in the literature, I also describe
the circumstances of these sightings. In addition, I report on
bird sightings dating back to 1960 from my personal observations.
The south polar skua, as well as a number of the other
species of flying birds and penguins, are common around
much of Antarctica's coastline. The south polar skua* (Catharacta maccormicki), in particular, is very common at McMurdo
Station (figure 1). They are also common among the Adélie
penguin (Pygoscelis adeliae) rookeries I have visited on Ross
Island, and presumably in other coastal rookeries as well.
Skuas nest within the vicinity of rookeries, preying on eggs or
chicks (figure 2).
Migrations of the south polar skua into the interior of Antarctica have been reported (Axelrod 1979; Rugh 1974). For
example, I saw a number of them at Byrd Station, about 700
kilometers from the nearest coast, during the 1960-61 and
1961-62 seasons. Their migration distances northward are
substantial; in one instance, a south polar skua banded near
Palmer Station on 20 January 1975 was found 31 July 1975 at
Godthabsfjord, Greenland (about 64°N 52°W) (Parmelee,
Fraser, and Neilson 1977; Salomonsen 1976).
Ellsworth Mountains, 1979-80. In the 1979-80 austral season
a field camp was constructed in the Ellsworth Mountains, 2,000
kilometers east of McMurdo (see Splettstoesser and Webers
1980). Camp construction began the day of the first flight there,
November 8, at a site in about the middle of the north-south
trending mountains and about 650 kilometers from the nearest
coast. I arrived at camp on December 2; about December 20 a
skua appeared in camp at the garbage piles and was seen
sporadically over the next several days before it disappeared.
Some camp occupants reported seeing two skuas.
On December 25, two white birds presumed to be snow
petrels (Pagodroma nivea) flew over the camp at a height of
about 50 meters, circling a group of camp occupants engaged
in a volleyball game before flying away out of sight. No other
snow petrels or skuas were reported during the remainder of
the season, which lasted until mid-January.
Ellsworth Mountains, 1961-62. During a previous geologic
investigation in the Ellsworth Mountains (Anderson et al.
1962), T. Bastien and I observed a lone skua on 2 December
1961 as it flew over our temporary camp in the northern Sentinel Range, at 77°33'S 86°58'W, about 450 kilometers from the

*A11 skuas described in this article are presumed to be of this species.
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nearest coast. The bird did not land, but hovered about 10
meters overhead, nearly motionless, for a few seconds while
observing us, then flew out of sight in a generally southerly
direction. Coincidentally, earlier that day an R41) had flown
over us after it had left Camp Sky-Hi (later Eights Station). No
additional skuas were observed during the duration of our
work in the Ellsworth Mountains, through 4 February 1962.
Some individuals, including Axelrod (1979), have theorized
that skuas, and perhaps other flying birds, might follow aircraft contrails and thus migrate inland under some circumstances.
Our field party traveled by motor toboggan about 1,200
kilometers throughout the Sentinel and Heritage Ranges in a
little more than 2 months. Only four flights and landings were
made to the Ellsworth Mountains from Byrd Station during
that season. If there is any correlation between aircraft activity

Figure 2. South polar skua and Adélie penguins at Cape Crozier,
February 1961. Down-covered chicks are segregated Into crèches,
guarded by adults against the skua in the foreground. Numerous
penguin carcasses are scattered In the foreground.

177

and skua migration to the interior of the continent, the low
incidence of flights in 1961-62, coupled with our nomadic
existence and numerous dispersed campsites, may have hampered skuas in locating our camps.
In the next season in the Ellsworth Mountains, 1962-63, C.
Craddock (personal communication) made two sightings of
lone snow petrels in the northern Sentinel Range, on December
4 and 5. R. H. Rutford (personal communication) saw no birds
in the northern Sentinel Range during the 1963-64 season,
even though a central base camp had been established and
occupied during the season.
To complete this account of the Ellsworth Mountains, lichens
have been observed on many of the rocks throughout the
range, beginning with the first geologic survey of the range in
1961-62. In 1979-80, samples were collected by several of us
and given to Dr. I. Friedmann (Florida State University) at
McMurdo to aid him in his research. A sample that I collected
on 23 December 1979 from a quartzite outcrop at 79°50'S
81°30'W, elevation 750 meters above sea level, is by no means
the farthest south occurrence (Wisconsin Range, 86°09'S
131°14'W, as cited by Wise and Gressitt 1965). In addition, R.
H. Rufford collected a moss sample from the northeast-facing
slope of a peak at about 78°59'S 84023'W in the southern Sentinel Range in 1979-80. This sample was also given to Dr. I.
Friedmann at McMurdo.
Jones Mountains, 1960-61. In the 1960-61 season, during
geological investigation of the Jones Mountains (Craddock,
Bastien, and Rutford 1964), it was not thought unusual to see
skuas at our camp (73°30'S 94°30'W) or elsewhere in the range
because the main camp was only 100 kilometers from the coast
of the Bellingshausen Sea, and mountainous and other ice-free
areas of the Eights Coast, Walgreen Coast, and Thurston Island
are nearby. As many as 10 to 12 skuas were seen at the main
camp at any one time.
In an attempt to assist biologists in recording possibly useful
information from an area about which little was known at that
time, we captured several skuas by luring them to an area near
camp. We placed food on the snow and surrounded it by a
cord noose. When the skua stepped inside the noose perimeter, we tightened the noose by pulling the other end of a long
extensionof the cord, thereby snaring one or both of the bird's
legs. We then fastened a makeshift band to the bird's leg
(figure 3). Unfortunately, we had not anticipated a birdbanding project as a sideline to our geologic work, and we had no
authentic leg bands. Instead, we used tear strips unwound
from metal coffee cans and scribed the words "University of
Minnesota Eights Coast 1961" into the metal on each band.
About six birds were banded and released. Some banded birds
returned to the same noose later for food, apparently having
learned little from the earlier episode. To our knowledge, none
of the banded skuas was ever captured later.
Gilbert, Early, and King (1969) have reported on the algae,
lichens, mosses, (snow?) petrels, and skuas they found in their
survey in the Jones Mountains in the latter half of January
1969. We also found all of those things in the 1960-61 season.
For example, we observed a large population of snow petrels
shortly after we arrived in December 1960; most were nesting
in weathered hollows in volcanic cliffs near our main camp.
Several high rocky spots contained piles of small bones, skulls,
and feathers, suggesting that something, probably the skuas,
had been feeding on the petrels. This population, estimated
at 1,000 birds, and the bird-banding incidents, were reported
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Figure 3. South polar skua captured at Jones Mountains in January
1961, prior to banding. Cord used for capture is attached to left
leg.

to the noted ornithologist, R. C. Murphy, after the field season
(Craddock personal communication). We assumed that this
was a petrel breeding site, because some of the birds were
observed to be incubating eggs at the time of our visit. Members of our 1960-61 field party also reported seeing a snow
petrel at Byrd Station on about December 1.
One additional bird sighting can be mentioned here. On 2
January 1961, after a storm of winds greater than 60 knots and
considerable blowing snow, an Adélie penguin appeared suddenly at our main camp. We presumed that it came from the
nearby coast (at least 100 kilometers to the nearest open water)
and became disoriented in the storm. We attempted to feed it,
but it took no food and made no signs of wanting to leave our
camp. As the storm continued, at lesser intensity, the penguin
reclined on its belly on the lee side of a snowdrift and appeared
to be waiting out the storm and gathering strength. On about
4 or 5 January it was gone, having left sometime during the
night. No one saw it leave, and there was no trace of footprints
to identify the direction of departure. Evidence of penguin
tracks in the interior of Antarctica at much greater distances
from coastlines (300 to 400 kilometers) has been reported by
Sladen and Ostenso (1960).
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Coalsack Bluff, 1969-70. One further circumstance of skua
sightings is reported here, during the 1969-70 season at Coalsack Bluff, west of Beardmore Glacier, where a Jamesway camp
was established at 84°17'S 162°20'E in support of geological
investigations conducted in that area (Elliot 1970). I was present at the initial put-in flight on 16 November 1969 for camp
construction and stayed through December 18. Coalsack Bluff
camp was about 700 kilometers from the nearest open-water
coast at McMurdo Sound. On 4 December five skuas appeared
suddenly at camp, and on 7 December nine were sighted.
Skuas were present throughout my time at the camp, mainly
at the camp garbage piles. This camp was about on the flight
line between McMurdo and South Pole Station, a route of
frequent flights during the austral summer, thus lending more
credence to the suggestion that skuas follow aircraft contrails.
This manuscript benefited from review and comments by
Campbell Craddock, David F. Parmelee, Robert H. Rutford,
and Gerald F. Webers. Fieldwork in the seasons specified was
supported by the National Science Foundation Division of
Polar Programs while I was affiliated with the University of
Minnesota (1960-61, 1961-62, 1979-80) and the Ohio State
University Institute of Polar Studies (1969-70). The 1979-80
season in the Ellsworth Mountains was under the direction of
G. F. Webers, Macalester College (NSF grant DPP 78-21720).
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Winter fly-in outbreak of
symptomatic respiratory infection at
Scott Base
KENNETH MCDONALD

Christchurch Hospital
Christchurch, New Zealand
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and
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During the 1977, 1979, and 1980 winter fly-in (WINFLY) periods, E. C. Dick and colleagues studied the etiology and epidemiology of symptomatic respiratory infection (SRI) at Scott
Base. This base (population 12-23 persons during WINFLY), a
New Zealand scientific installation, is located on Pram Point
approximately 2 miles by road from the larger U.S.-managed
McMurdo Station (population approximately 200 during
WINFLY).

During WINFLY 1977, 1979, and the first 21/2 weeks of WINFLY
1980, sRi's at Scott Base were few to nonexistent. At the outset
of WINFLY 1977, three new Scott Base residents arrived from
New Zealand with mild-to-moderate colds, and two rhinovirus types-67 and 86—were cultured therefrom. There were
no additional respiratory illnesses, nor any seroconversions,
among Scott Base personnel during this 6-week period, even
though more than half the 22-person population was susceptible to these agents (serum antibody titers of < 1:8). Nor did
Scott Base share in a WINFLY 1977 outbreak of adenovirus 21
disease at McMurdo, as might have been expected since adenovirus 21 is one of the serotypes often associated with epidemics (Foy and Grayston 1976). That no outbreak occurred at Scott
Base is particularly surprising since 19 of the 22 Scott Base
residents were susceptible (serum antibody titer of < 1:3).
Scott Base and McMurdo personnel were together nearly every
180

day, and there was much intermingling in the recreational
areas of the two installations.
During WINFLY 1979, there was evidence of modest intrabase
virus dissemination in the 23-person Scott Base population
(figure 1). Four men arrived from New Zealand with mild-tomoderate SRI's. Influenza B virus was grown from two individuals, both of whom had influenza-like illnesses (see 30
August data). The other entering cases were typical colds, and
efforts to diagnose these etiologically have been unsuccessful
to date. There were one second-generation influenza B case
(6 September) and five other etiologically undiagnosed colds
over the remaining 5 weeks of WINFLY. Simultaneous with the
Scott Base cases, there was a widespread outbreak of influenza
B and rhinovirus-caused SRI at McMurdo Station.
The epidemiology of SRI during WINFLY 1980 differed markedly from that of prior years in that there was a sharp outbreak
of SRI during the last half of WINFLY (figure 2). As usual, none
of the winter-over personnel at Scott Base had a cold at the
outset of WINFLY, and for the first 19 days there were no colds
in the 12-man population. There were only two new arrivals,
and neither had a cold. There were the usual frequent visits
between the personnel of McMurdo and Scott Base. Especially
notable was a very crowded party on 6 September held in a
McMurdo lounge. At least five men from Scott Base attended
this function and stayed several hours; none of them caught
a cold, despite the fact that the Americans at McMurdo were
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Figure 1. Incidence and prevalence of symptomatic respiratory
Infection (SRI) in 23 residents (10 winter-over personnel and 13
newcomers) at Scott Base, 1979 winter fly-in period. The numerals
at the top of the columns indicate actual number of cases. Counted
as "antarctic cases" are those that occurred in winter-over personnel or in newcomers after 4 days in residence. Influenza B was
Isolated from the two cases beginning on 30 October and from one
of the two cases beginning 6 September.
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Figure 2. Incidence and prevalence of symptomatic respiratory
Infection (SRI) in 12 residents (10 winter-over personnel and 2 newcomers) at Scott Base, 1980 winter fly-in period. The numerals at
the top of the columns indicate actual number of cases. The winterover party was held at Scott Base.

suffering from sRi's caused by adenoviruses, rhinoviruses,
parainfluenza viruses, and unidentified agents. Since we had
observed very little, if any, interbase dissemination in 1977
and 1979, the absence of infected Scott Base personnel after
what would appear to have been substantial exposure was not
considered unusual. Accordingly, the sharp outbreak of SRI
that followed a later, Scott Base-hosted party (approximately
40 people) for Americans and New Zealanders who were just
completing their overwintering ordeal was unexpected. Eventually, 9 of the 12 Scott Base residents caught colds.
One case (12 September) began the day before the party,
and it is possible that he alone caused the outbreak. However,
this seems unlikely in view of the history of poor intrabase
spread. Also, this individual's symptoms were extremely mild
until September 15, and there is evidence from our laboratory

Nasopharyngeal secretory immune
and nonimmune substances in
personnel at South Pole, 1978
winter-over period
HAROLD

C.

MUCHMORE, ALAN

and E.

NAN

J . PARKINSON,

Scorr

Oklahoma Medical Research Foundation
University of Oklahoma College of Medicine
Veterans Administration Medical Center
Oklahoma City, Oklahoma 73104
In humans, protection from acute respiratory tract infections
is associated largely with the antiviral and antibacterial
substances present in the mucus blanket on the surface of the
respiratory mucosa. Such substances include immunoglobulin
A (IgA), interferon, siderophilin, and lysozyme. Secretory IgA
(RTI's)
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(D'Alessio et al. 1976; Dick and Chesney 1981) as well as from
others (Fox, Cooney, and Hall 1975) that mild colds spread
poorly, if at all. It seems more likely that the six Americans
from McMurdo who had colds and attended the party, plus
perhaps the one New Zealander, caused the five colds that
became symptomatic between 15 and 17 September, and possibly those that began 19 and 20 September. The incubation
period of most colds is 2-5 days, but it can go as high as about
8 days (Evans 1976).
There were at least two viruses at Scott Base during this
small epidemic, as the last two cases (27 and 28 September)
were second colds.
As yet we have been unable to isolate the viruses causing
this outbreak.
We are extremely grateful to the personnel of Scott Base and
McMurdo Station for their indispensable help.
This research was supported by National Science Foundation grants DPP 76-83918 and DPP 80-15486, National Aeronautics and Space Administration grant NSG 2104, and a grant
from the S. C. Johnson Company, Racine, Wisconsin.
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plays a major role in protecting against viral and bacterial
infections. The concentration of IgA in nasal washings from
humans appears to vary markedly between individuals but is
remarkably constant for each individual. Low concentrations
of secretory IgA have been shown to correlate with increased
susceptibility to infection. RTI's generally are followed by a
transitory rise in IgA levels in human nasal washings, with
peak levels frequently occurring between 2 and 4 weeks after
onset of illness; however, specific IgA may persist for several
months (Rossen, Kasel, and Couch 1971). A close functional
relationship appears to exist between lysozyme and secretory
IgA. Lysozyme is an enzyme possessing bacterolytic activity
which is greatly enhanced by the presence of specific IgA (Hill
and Porter 1974).
South Pole Station provides an extreme environment where
wintering personnel experience great changes in temperature
and humidity each time they move from indoor to outdoor
environments. We have demonstrated that the transition from
an indoor to an outdoor environment at South Pole alters the
total protein content of human nasal secretions (Muchmore et
181

al. 1980). The long-term impact of the cold, dry south polar
environments on the secretion of antiviral and antibacterial
substances in the upper respiratory tract and the resulting
effect of this environment on susceptibility to RTI's have not
been studied.
Since many of the immune and nonimmune substances in
the upper respiratory tract are protein in nature, IgA often
accounting for as much as 30 percent of the total, the measurement of the nasopharyngeal total protein provides an
indication of the total amount of antiviral and antibacterial
substances present. We have measured the total protein (modified Lowry method), IgA (indirect radioimmunoassay), and
lysozyme (bacteriolytic assay) levels of serial nasopharyngeal
washings obtained from 18 volunteer subjects wintering at
South Pole during 1978. Specimens were collected first in the
United States in September 1977 (U.S. baseline specimen)
prior to deployment to Antarctica, again on arrival at South
Pole in November 1977, and subsequently in January, March,
July, October, and November 1978. The nasopharyngeal total
protein profile (figure 1) shows a progressive decline in the
mean total protein concentration from that observed in the
U.S. baseline specimen. The decline is seen after arrival at
South Pole and persists until after station closing in February
1978. This downward trend is paralleled by similar decreases
in both mean total IgA and lysozyme levels (figures 2 and 3),
suggesting a change in the immune status of this isolated
population. As previously reported, RTI's occurred in this population in 8 of 20 winter-over volunteers in April and 1 of 20
in August 1978. Parainfluenza virus types 1 and 3 were recovered from symptomatic and asymptomatic subjects during the
outbreak (Muchmore et al. 1979). Infections appear to coincide
with low mean levels of total protein, IgA, and lysozyme (fig-
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Figure 2. The mean total IgA concentration of serial nasopharyngeal washes collected from volunteers, 1978 winter-over period
(in micrograms per milliliter), as determined by indirect radioimmunoassay. RTI = respiratory tract Infection.
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ures 1, 2, and 3), perhaps reflecting an increased susceptibility
to upper respiratory tract infection in these subjects. The
nasopharyngeal total protein levels measured in July were
significantly higher, and this increase apparently is due to
post-infection responses (figure 1). However, the increase in
total IgA is less apparent, and no increase in total lysozyme
levels can be detected (figures 2 and 3). Since peak secretory
IgA levels are reported to occur in subjects between 2 and 4
weeks after infection, elevated IgA levels in this group would
not be expected 21/2 months after the outbreak of infection.
The occurrence of RTI in only one subject in August, with no
observed secondary spread of clinical illness to other subjects,
may indicate persistence of protective specific IgA in this population which restricted further spread of infection.
ANTARCTIC JOURNAL

The reason for the observed decreases in nasopharyngeal
total protein, IgA, and lysozyme in winter-over personnel after
arrival at South Pole is unknown. They might be related to
environmental and physiologic factors induced by exposure
of the respiratory tracts to the extremes of cold and dryness
characteristic of the south polar environment. Both cold air
and low humidity have been related to arrest of ciliary activity
and mucus flow (Horstmann et al. 1977). Since proper mucociliary function is required for the distribution of immune and
nonimmune resistance factors throughout the respiratory
tract, loss or impairment of this function might result in a local
decrease in availability of substances necessary for maintenance of immunity and consequent increase in susceptibility
to viral and bacterial infections.
This work was supported by National Science Foundation
grant DPP 80-19528, the Oklahoma Medical Research Foundation, and the Research Service of the Veterans Administration
Medical Center, Oklahoma City, Oklahoma.

Identification of parainfluenza virus
isolates recovered during 1978
winter-over period
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Oklahoma Medical Research Foundation
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Oklahoma City, Oklahoma 73104
Parainfluenza virus types 1 and 3 were recovered from winter-over personnel at South Pole Station during 1978. The initial isolates were made by the 1978 winter-over scientist, Dr.
J . E. Humphries, by direct inoculation of throat and nasal wash
specimens into continuous cell lines maintained at South Pole
throughout the winter. Virus was detected by hemadsorption
using washed human group 0 cells. Cell cultures showing
positive hemadsorption, characteristic of viruses of the myxovirus and paramyxovirus groups, were subpassaged into fresh
cell cultures, which were incubated to confirm the presence of
hemadsorbing agents. All cultures showing hemadsorption
were stored frozen at -70°C for the duration of the winter.
After station opening in November, all frozen cell culture
residuals and original specimens were reinoculated into fresh
cell cultures for identification of isolates by hemadsorption
inhibition (HI) using parainfluenza virus types 1, 2, and 3
specific antisera. Virus recoveries from each winter-over vol unteer subject, together with the respiratory tract illnesses
observed during the isolation period, were reported in 1979
(Muchmore et al. 1979). Because of the unexpectedly high
number of possible virus isolates recovered, only 14 of 48 could
be identified by hemadsorption inhibition with the limited
supply of antisera on hand at South Pole. In an attempt to
confirm these identifications and to type the remaining isolates, all cultures showing positive hemadsorption were aliquoted in glass ampules and frozen in dry ice (-80°C) and in
1981 REVIEW
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liquid nitrogen (-200°C) for shipment back to the United
States. Both the dry ice and liquid nitrogen containers were
temporarily lost in transit within the United States aboard
commercial air carriers. They arrived in Oklahoma City 27
days after consignment, the dry ice and liquid nitrogen
exhausted and the specimens completely thawed. Exhaustive
attempts to recover viable virus from the thawed cell culture
residuals and from the original specimens were unsuccessful.
However, detection and identification of the viral antigens in
these cell cultures were possible using indirect, solid-phase
radioimmunoassay (RIA) and enzyme immunoassay (ELk).
For these assay systems, the thawed cell cultures were
diluted and a small amount of each dilution was fixed onto a
solid phase (polyvinyl microplate wells). Parainfluenza virus
specific type 1, 2, or 3 (horse antibody) was added to the wells
to bind to any virus antigen present. Any bound specific
antibody (type 1, 2, or 3) was in turn detected by the addition
of radio-labeled (1251) or enzyme-labeled (alkaline phosphatase) antihorse antibody. The presence of parainfluenza virus
type specific antigens was determined by comparing the
amount of labeled antibody bound to the test microplate well
with the amount bound to control wells containing cell culture
residual without viral antigen. In the RIA system, wells were
counted individually in a gamma spectrophotometer; for the
EIA system, the optical absorbance of each well was measured
30 minutes after the addition of enzyme substrate.
The major advantages of RIA and EIA over conventional HAl
for identification of parainfluenza virus isolates are: (1) a viable
virus growing in an intact cell monolayer is not required, and
(2) the sensitivity of these assays allows the detection and
identification of very small amounts of viral antigen in the cell
culture.
Of the original 12 hemadsorbing agents detected in the 1978
winter virus cultures, 7 were identified as parainfluenza virus
type 1 by HA!, and 11 as parainfluenza virus type 1 and 1 as
parainfluenza virus type 3 by RIA and EIA (table 1). Of the
remaining 36 specimens yielding hemadsorbing agents when
reinoculated into cell cultures in November 1978 after station
opening, 10 and 24 were identified as type 1 by HAl and ELA,
respectively.
183

Table 1. Identification of hemadsorblng agents recovered from specimens collected during winter-over 1978 by hemadsorption
Inhibition (HAl), enzyme immunoassay (EIA), and radloimmunoassay (AlA)
Identification method

November 1978
reinoculation of
positive cultures
Reinoculation of
original specimens

Total
number
inoculated

Total number
hemadsorption
positive

P1

12

12

105

48

HAI

Note. P1 = parainfluenza virus type 1, P2 = parainfluenza virus type 2, and

The use of RIA and EIA systems to detect and identify parainfluenza virus antigen in cell cultures from which viable virus
could no longer be grown has confirmed the presence of both
parainfluenza virus types 1 and 3 in subjects at South Pole
during the winter 1978. To date we have identified 27 of the
48 hemadsorbing agents recovered from throat swab and/or
nasal wash specimens collected from 20 subjects as originally
reported in 1979 (table 2). The high frequency of virus shedding we observed in these healthy subjects is remarkable,
particularly the shedding that occurred in asymptomatic subjects. Corroboration of these observations is indicated and will
be sought by repeating the winter-over virus culture studies.
The observed viral shedding could be related to the diminished levels of antiviral substances present in the nasopharyngeal mucosa of these subjects, resulting in either reactivation of an existing (persistent) infection and/or an increased
susceptibility to reinfection (Muchmore, Parkinson, and Scott,
Antarctic Journal, this issue).
This work was supported by National Science Foundation
grant DPP 80-19528, the Oklahoma Medical Research Foundation, and the Research Service of the Veterans Administration
Medical Center, Oklahoma City, Oklahoma.
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EIA

AlA

P2

p3

P1

P2

p3

P1

P2

p3

7

0

0

11

0

1

11

0

1

10

0

1

24

0

1

ND ND ND

p 3 = parainfluenza virus type 3.

Table 2. Virus isolation and upper respiratory infections at South
Pole Station, winter-over 1978
Isolation month
Subject

Mar

Apr

Jul

Aug

Sep

Nov

1
2
3
4
5

+(1)
+(1)
+(1)
+(1)
+

+uRl
+(3)
+
0
0

+
+
+(1)
0
0

+(1)uRl
+
-

+
+(1)
+
0
0

0
+
0
+

6

10

+(1)
+(1)
+
+(1)
+(1)

+URI
0
+(1)
0

0
0
0
0
+(1)

0
0
+

+(1)
0
0
0
0

0
0
0
+
0

11
12
13
14
15

0
0
0
0
-

+(1)ui +(1)
+(1)uRl +(1)
+
+
+(1) URI 0
+(1)uRI -

0
0
+(1)
0

0
0
+(1)
+(1)
-

0
0
+
0
-

16
17
18
19
20

0
0
0
0
0

0
0
0
OURI
OuRI

0
0

+(1)
+
+
+(1)
+

0
0
0
+
0

7

8
9

+
0
0
0
0

Note. + = hemadsorbing agent recovered; (1) = parainfluenza virus

type 1 identified; (3) = parainfluenza virus type 3 identified; 0 = no
virus recovered; - = no specimen collected; uni = upper respiratory infection.
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Lower atmosphere studies_______________
Aerosol studies
AusTiN W. HOGAN and STEPHEN BARNARD
Atmospheric Sciences Research Center
State University of New York-Albany
Albany, New York 12222
JOHN GRAS
Commonwealth Scientific and Industrial Research Organization
Epping, New South Wales
Australia
The antarctic activities of the Atmospheric Sciences Research
Center party during austral summer 1980-81 were devoted
primarily to conducting the meteorological flight program
aboard an instrumented VXE-6 aircraft XD-03 (159131) and
completing aerosol studies begun a year earlier at Vanda station. The table shows the measurements of ozone and aerosol
concentrations taken during the trans-Pacific flight from
southern California to Antarctica.
Vertical profiles were taken during the descent to Barbers
Point (Hawaii) on 9 October 1980 and during the ascent from
Barbers Point on 10 October 1980. Another vertical profile was
taken during the descent to American Samoa on 10 October
1980. While in Christchurch, New Zealand, the crew flew three
missions to investigate the nature of the volcanic plume from
White Island and to intersect air of recent stratospheric history
descending in the vicinity of the jetstream. The vertical profiles
and the findings from the Christchurch missions are not
included in this report.
The results of this trans-Pacific flight, the three preceding
trans-Pacific flights with XD-03, three research missions over
Antarctica with XD-03, previous surface observations by the
authors, and data obtained from high altitudes by the National
Aeronautics and Space Administration GASP (Global Atmospheric Sampling Program) program have been assembled to
provide a theory of aerosol transport over the Pacific. A paper
outlining the theory is being written. The transport hypothesis
can be summarized in three points.
1. Moist surface air, enriched in particulates but depleted
in ozone, is carried aloft by convective cells of the Intertropical
Convergence Zone (rrcz) and spreads, subsiding and drying,
through the tropical troposphere of both hemispheres. The
aerosol concentration in both tradewind zones is quite homo1981 REVIEW

geneous with respect to both latitude and altitude above the
trade inversion.
2. The storms of 40°-60°S latitude also carry moist, aerosolladen air to considerable altitude. This air flows in the general
direction of Antarctica through the summer. This results in a
relatively homogeneous upper troposphere/lower stratosphere
over Antarctica with gradual, rather than abrupt, changes in
aerosol and water vapor concentration at the tropopause.
3. The mid- and upper-troposphere are the favored transport layers for meteorological transport of gases and particles
into the Antarctic prior to the breakdown of the circumpolar
vortex in November.
S. Barnard and J . Gras began a 3-week series of aerosol and
solar observations at Vanda station in mid-November through
the kind invitation of the New Zealand Department of Industrial and Scientific Research, Antarctic Division. Observations
included particulate number and sizing techniques and measurements of incident solar radiation through various filters
to obtain turbidity factors through different air masses. Preliminary investigations concerning variations in the measured
values through the Wright Valley were made using close helicopter support and transects up and along the valley walls.
In an attempt to determine the character of the lower atmosphere above the valley floor eight soundings were obtained
using commercially available temperature (dry and wet bulb)
sondes. The sondes were launched under different weather
conditions and were timed to be relatively close to soundings
at McMurdo. In addition to the soundings, 20 pibals were
released during the observation periods to estimate low-level
wind regimes.
Preliminary results indicate surface aerosol number concentrations varied between 100 and 500 per cubic centimeter, with
higher concentrations occurring with increased surface wind
speeds. Greater fluctuation in concentration was seen in easterly surface winds than in westerlies (down-valley toward
Lower Wright Glacier). Mean turbidity values (/3 = 0.017)
indicated less attenuation than at the South Pole (/3 0.022),
where values were obtained in late December through January.
Pibals indicated a general westerly flow aloft near the top of
the Asgaard and Olympus ranges regardless of the direction
at the surface, although the westerly appeared stronger during
surface easterlies. Above mountain range level (1,500-2,000
meters above sea level), the temperature soundings were comparable to coincident McMurdo soundings and also showed
the general warming and drying effects of the valley below
that level.
This work was supported by National Science Foundation
grant DPP 79-05987.
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Record of ozone and aerosol concentration measurements taken during the trans-Pacific flight

Date
9
October
1980

10
October
1980

11
October
1980

24
October
1980

Flight
level
(feet)

Location

Conditions

Ozone
concentration
(parts/million)

Aerosol
concentration
(per cm3)

West of Point
Mugu, California

20,000 Fog and stratus. Easterly wind.

0.055

300-500

29°N 139°W

24,000 Cumulus below flight level. Northerly wind.

0.035

<200

100 nautical miles
north of the
Hawaiian Islands
24°N 150°W

24,000 Wind continued to shift to the west and became weaker.
Packed cumulus in the tradewind layer below flight level.

0.035"

150-200

From Barbers
Point, Naval Air
Station, Oahu,
Hawaii to 18°N

16,000 Cumulonimbus turrets visible at 18°N latitude. Air
relatively dry. Light northeasterly winds.

0.035

350

17°N

18.000 Cumulonimbus turrets. Aerosol and ozone
concentrations increased in the convected air.

120 -1 0°N

20,000 Intertropical Convergence Zone (rrcz) marked by
extensive band of convective turrets and rising air that
was frequently water-saturated.

0.010-0.020

500-1,000

4°N

22,000 Cumulus became smaller; air became much drier.
Aircraft flew out of the south side of the ITCz.

0.038

400

Southern
tradewind zone

24,000 Very light wind. Dry air.

0.020b

250b

160S

-

Air quite moist.

17°S

16,000 Air considerably drier. Weak westerly wind.

0.045

500

200S

20,000 Northwesterly winds of 30 knots when the aircraft
entered the temperate zone spring season.

0.078

450

250S

20,000 Dry westerly wind of 60 knots.

0.096

400

250S

22,000 Westerly wind of 77 knots. Air slightly more moist.

280S

22,000 Aircraft apparently passed beneath the core of the
subtropical jet stream. Wind maximum of 97 knots at
300°.

31 0S
Christchurch, New
Zealand
48.50S

20,000 Aircraft in clouds. Winds at 290 0 at 80 knots.

51 0S

20,000 Aircraft topped the cirrus and turbulence. Air slightly
drier. Westerly wind diminished to 60 knots.

580S

22,200 Some cirrus.

0.066

300

Decreased

Relatively
constant

24,000 Diminished westerly winds. Air uniformly dry.

0.050

300

18,000 Strong west-northwesterly winds. Large, deep storm in
flight track. Slightly turbulent. Water-saturated air.

0.020

-

0.010

400

67°S

0.010-0-020

> 400

Descent for ice reconnaissance in clear air above the
polar easterlies.

"Comparable to measurements taken at Mauna Loa Observatory at 2,800 meters above sea level.
b Comparable to measurements taken at 24,000 feet in the northern tradewind zone.

Southern Hemisphere aerosols
GLENN E. SHAW

and

VIRGINIA FERRELL

Geophysical Institute
University of Alaska
Fairbanks, Alaska 99701
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Aerosols over Antarctica and along the Christchurch-toMcMurdo track were studied from October to November 1980
in experiments involving the science-configured C-130 aircraft. Over open water and to altitudes extending to approximately 1 kilometer, sea salt material (indicated by the presence
of chlorine and sodium) predominated as an aerosol, but the
sea salt concentration declined above 1 kilometer, approximately as exp(-h/H) with H 1 kilometer (h = altitude).
ANTARcTIC JOURNAL

At altitudes between 2 and 8 kilometers, the predominant
aerosol was sulfur-rich material, presumably in the form of
sulfates, with trace amounts of other elements (i.e., silicon,
aluminum, calcium, magnesium, potassium, titanium, iron,
and zinc.)
Over exposed land, primarily over New Zealand, we found
irregular particles that frequently showed coincoidal fracturing
or evidence of being composed of crystalline material and
sometimes, especially over Antarctica, had conglomerates of
other particles attached to the parent by coagulation. Invariably, these particles exhibited strong Al (aluminum) and Si
(silicon) X-ray resonance lines, indicating that they are crustal.
Generally, the crust-derived particles were more abundant at
low than at high altitudes, and the mean size of crust-derived
particles tended to decrease both with increasing altitude and
with increasing distance from exposed land. Their size and
the fact that they tend to be confined to an area of radius less
than 100 kilometers from the continental coast indicate that
they must have relatively brief lifetimes (approximately 1 day).
The idea that crustal aerosol is confined to regions around
exposed land is not completely accurate, however; some particles appearing to be crustal in nature occasionally were collected as far south as the ice sheet, but they were rare and
always under 1 micrometer in diameter. The midtroposphere
aerosol is somewhat patchy, sometimes varying in concentration by a factor of 2 between consecutive samples taken 100

Microphysical measurements in
antarctic coastal clouds and the
subcloud layer
V. K. SAXENA

Department of Marine, Earth, and Atmospheric Sciences
North Carolina State University
Raleigh, North Carolina 27650
During the 1980-81 austral summer, measurements of
microphysical parameters were made along the antarctic coast.
Objectives were (1) determination of the cloud nucleation
characteristics of aerosol particles that participate in the formation of antarctic coastal clouds, (2) study of variations in the
cloud droplet size spectra through direct measurements within
the clouds, (3) simultaneous measurements of the Aitken
nuclei concentration, and (4) determination of the primary
chemical constituents of cloud water collected directly by
means of aircraft penetrations. In addition, aerosol samples
were collected for later analysis by electron microscopy and Xray energy diffraction spectrometry.
To accomplish the objectives, a cloud condensation nucleus
(ccN) spectrometer (Fukuta and Saxena 1979a, 1979b) capable
of measuring in real-time spatial and temporal distributions
of the CCN activity spectrum was installed in an instrumented
LC– 130 aircraft equipped with sensors for pressure, humidity,
and aircraft position. A forward-scattering spectrometer probe
(model FSSP-100, Particle Measuring Systems) was attached
1981 REVIEW

kilometers apart. However, the mixing ratio of particle mass
loading to air density was found to be nearly constant in the
Southern Hemisphere, in great contrast to what one finds over
polluted continental regions, where aerosol concentration
more usually decreases by a factor of 2 for each approximately
1-kilometer increment of altitude.
The airborne aerosol-sensing experiments were supplemented with surface-based measurements of the monochromatic optical extinction and optical scattering coefficients of
aerosols at several elevations in the Victoria Mountain Range
and at the South Pole. The data indicate that the aerosol over
the great ice sheet is homogeneous—on vertical scales of
approximately 6-8 kilometers and on horizontal scales of
approximately 1,000 kilometers. The form of the microparticle
size distribution function (sensed indirectly by inverting
optical measurements), the composition of the particles (predominantly sulfur-bearing compounds), and the large-scale
homogeneity lead us to conclude that most of the particles are
secondary products nucleated from trace sulfur-bearing gases,
presumably from marine sources, which have lingered in the
atmosphere for 0.1-0.2 year.
This work was sponsored by National Science Foundation
grant DPP 79-20804. We are grateful to the VXE-6 squadron and
to the Naval Meteorological Office for support and friendly
participation way beyond the call of duty.

to the tip of the left wing of the aircraft. The mountings for the
probe were designed to prevent the boundary layer effects on
sampling the cloudy air. Cloud water was collected by means
of teflon probes that were exposed to the supercooled cloud
droplets through a hole in the fuselage.
The results of these field experiments are being analyzed.
Figure 1 presents an infrared absorption spectrum recorded
by the Perkin-Elmer infrared spectrophotometer for the cloud
water collected on 3 November 1980 around 75°53'S 172°20'E.
The minimum in transmittance at a frequency of 3,400 per
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Figure 1. Analysis of the cloud water sample by a Perkin-Elmer
spectrophotometer. Absorption peaks can be seen as a function
of wavelength. Frequencies are given In per centimeter.
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centimeter represents the presence of amines and/or hydroxy
compounds, and three consecutive minima in the frequency
range of 1,600-1,400 per centimeter represent the presence of
proteinaceous matter. For the desiccated water specimen,
scanning electron micrographs and energy dispersive X-ray
scans were made. An abundance of formed elements, which
are biological in origin, were found. The X-ray data showed
the major inorganic elements present to be silicon, sulfur,
chlorine, and potassium. The silicon seems to derive from
silicates, which are also indicated by the infrared scans shown
in figure 1 at 1,040 per centimeter, and the sulfur seems to
derive from the sulfates that are indicated at 1,100 per centimeter. The relatively high abundance of potassium and chlorine suggests that the major ionically bonded salt in the cloud
water was potassium chloride (KC1), which is known to be
enriched inside the biological cells. These observations lead
to the conclusion that the antarctic coastal cloud water contained cloud condensation nuclei derived from biogenic
sources. This is the first time directly sampled cloud water has
shown the involvement of the biogenic nuclei in antarctic
coastal clouds.
In figure 2, CCN concentration (active at 1 percent supersaturation), dew point, and air temperature are plotted as
• • TOTAL TEMPERATURE
o-o DEW POINT TEMP.
a
CCN

1000

functions of altitude at approximately 76°06'S 168°35'E. The
CCN concentration varied from 50 to 325 per cubic centimeter,
the minimum occurring at 640 meters measured from sea level
and the maximum at 830 meters measured from sea level. The
CCN measurements in the subcloud layer will be correlated
with the cloud droplet size distribution data. In figure 3, the
Aitken nuclei concentration, measured with the help of an EOne counter, is shown plotted as a function of altitude at
750 50'S 169 0 24'E. The maximum (approximately 1,200 per cubic
centimeter) in the Aitken nuclei concentration occurs at 2,500
meters measured from sea level. Such vertical profiles will be
used to analyze the sources of aerosol in the antarctic region.
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This work was supported by National Science Foundation
grant DPP 79-22058. Robert E. Baier of Arvin Calspan Advanced
Technology Center enthusiastically analyzed the cloud water
samples and provided useful discussion.

a

I
I
250
500
CCN CONCENTRATION (cm3)
I00
00
TEMPERATURE (°C)

I
750
100

Figure 2. Number concentration of cloud condensation nuclei (ccN)
active at 1 percent supersaturation as a function of altitude at a
location of about 760 06'S 186035'E. Dew point and air temperatures
also are plotted. Concentration is given In per cubic centimeter.
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Figure 3. Number concentration of Aitken nuclei as a function of
altitude at a location of about 75 050'S 169024'E. Concentration is
given In per cubic centimeter.
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Air chemistry and meteorology
ELMER ROBINSON

and

DAGMAR

R. CRONN

Air Pollution Research
Chemical Engineering Department
Washington State University
Pullman, Washington 99164

The objective of this research, both in Antarctica and during
the California to New Zealand aircraft deployment operation,
was to conduct air chemistry studies related to meteorological
exchange processes in the troposphere and lower stratosphere,
especially in Antarctica. Atmospheric samples were collected
using both an LC-130 aircraft, AJC 131, and McMurdo-based
helicopters. Sample analysis was done primarily onsite at
McMurdo during the sampling program. Analyses included
the halocarbons F-li (CFC1 3 ), F-12 (CF2 C12 ), methyl chloroform (CH3 CC13 ), and carbon tetrachloride (CC1 4 ); nitrous
oxide (N 2 0); and the C2 hydrocarbons, ethane, ethylene, and
acetylene. Aircraft sampling missions emphasized vertical
profiles and other sampling that would permit detailed examination of exchange processes between the land surface and
the atmosphere and between the troposphere and the stratosphere. The collected data have not yet been evaluated in
detail. Some preliminary results are presented briefly in this
article.
The Washington State University instrumentation on board
A/C 131 included a continuous ozone (0 3 ) analyzer, a stripchart recorder, two Metal Bellows vacuum pumps, and a constant pressure manifold system. Halocarbon and hydrocarbon
sampling was done by pressurizing whole-air samples into
special 1-liter and 6-liter stainless steel canisters for subsequent analysis at the McMurdo laboratory.
Helicopter air sampling flights began on 31 October 1980
and continued until 4 December 1980. A total of 13 helicopter
flights were made; on each flight 12 samples were collected
between 100 feet and 10,000 feet. On the helicopter, the sample
inlet was on a landing skid forward of the pilot's canopy.
Figure 1 presents the plotted results from one helicopter
flight (over the Ross Ice Shelf south of McMurdo in November
1980). The plotted data show the results of analyses for F-li,
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Figure 1. McMurdo altitude profiles—Helicopter flight C, 7 November 1980. PPT = parts per trillion (1012); PPB = parts per billion
(10-9).
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F-12, CH3 CC1 3 , CC1 4 , and N20- To the left is plotted the
temperature sounding as obtained from the pilot's cockpit
sensor. Wind from the McMurdo noon sounding is also
shown. The temperature profile indicates a weak inversion
layer to about 1,000 feet and then decreasing temperatures to
10,000 feet. The air chemistry samples show, in general, markedly increasing concentrations through the surface inversion
(e.g., see the F-li and N 20 records). Between the top of the
surface layer and 10,000 feet there are also measurable changes
between sample altitudes. Sampling and analytical precision
were checked carefully, and duplicate samples were routinely
taken at 10,000 feet. For F-il there was agreement within 1
part per trillion for 75 percent of the samples. The other analyses were also satisfactory. Thus, the type of pattern seen in
the F-il profile is believed to be generally representative of
conditions at this time.
This set of profiles is not unique in the data set; rather, it
is generally typical. However, in some of the other profiles
the surface layer (to about 1,000 feet) shows significant decreases in concentration, in contrast with the increases shown
in figure 1.
Since study of these situations is in its early stages, we are
not ready to explain how essentially nonreactive atmospheric
constituents such as the halocarbons can be found in layers
with significant concentration gradients. We intend to look at
synoptic weather patterns and at possible wintertime atmospheric events that could affect the concentrations of tropospheric constituents. One mechanism that could cause concentration changes is the injection of stratospheric air into the
troposphere. This has been observed through air chemistry
measurements on A/C 131 a number of times. Our experiences
on the 1980 C-130 flights in the vicinity of the polar jet streams
are described in the following section.
While A/C 131 was in Christchurch in October 1980 two
flights were made into the area of the polar jet stream circulation. Both of these flights encountered circulation systems
where stratospheric air was subsiding into lower altitudes.
Twleve samples were taken on these flights to correlate with
the jet stream circulation. These samples, along with a number
of the samples from the Christchurch-to-McMurdo transit
flights, make a total of 27 samples that are applicable to a jet
stream-circulation analysis in the latitude zone of 34° to 60°S.
Figure 2 shows the results of comparing ozone and the halocarbon F-li concentrations in these samples in the vicinity of
jet streams. There is a strong inverse correlation (r = —0.91)
for these data. Although this ozone—F-11 correlation is strong,
there is not a good correlation between altitude alone and
either ozone or F-li, as shown by the altitude data indicated
beside each sample point. These more detailed data show a
pattern that seems to be similar to what has been seen in
previous years across the polar jet stream south of New Zealand. Here, stratospheric air, as indicated by high ozone content, subsides on the poleward side of the jet stream and is
injected into the troposphere. This stratospheric air is also
relatively low in halocarbons. Thus, these jet streams are areas
of mixing between the lower stratosphere and the upper troposphere. Northern Hemisphere jet stream mixing has been
examined in detail by Danielsen (1968), and Singh, Ludwig,
and Johnson (1978) have proposed that this injection of stratospheric air is the major source of ozone in the troposphere.
There has been much less study of jet stream circulations in
the Southern Hemisphere, although Hogan and Robinson
(1981) have reported on some of the earlier results obtained in
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the antarctic C-130 studies. Figure 3 shows the results of a jet
stream transit in November 1977. Note the inverse relationship
between ozone and F-12. As shown by the wind record, this
intrusion of stratospheric air occurred on the pole side of the
jet stream. Over Antarctica the changes in the tropopause
through the winter also may play a role in the chemistry of the
troposphere. These topics are being actively investigated.
This research was supported by National Science Foundation grant DPP 79-21003. In addition to the authors, the field
team included Fred A. Menzia, who helped operate the trace
gas laboratory at McMurdo and acted as science crew on some
flights.
The VXE-6 air crews on both the C-130 A/C 131 and the

Automatic weather stations,
1980-1981
and

MICHAEL L. SAVAGE

Department of Meteorology
University of Wisconsin
Madison, Wisconsin 53706

Automatic weather stations (Aws) are deployed in Antarctica
in support of research on barrier and foehn winds (Antarctica
Peninsula), mesoscale wind flow (McMurdo), and katabatic
winds (Dumont d'Urville, 66 040'S 140°01'E, and Dome Q. The
data also will provide an increased database for antarctic forecasters and southern hemispheric numerical models.
The AWS units measure air temperature, air pressure, wind
speed, and wind direction at a height of 3 meters above the
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helicopters made important contributions to the program
through their conscientious performance of the planned science flight plans.
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surface. The data are transmitted to polar orbiting satellites for
storage and retransmission to ground stations in McMurdo
and in the United States (Renard and Salinas 1977; Savage and
Stearns 1981).
Prior to austral summer 1980-81, six AWS units had been
deployed. During that season, four additional stations were
installed (see table).
The AWS units in the Antarctic Peninsula region are being,
installed by the British Antarctic Survey from Rothera. Four
AWS units were shipped to Rothera in the fall of 1980 and the
first unit, 8917, became operational at Rothera on 31 March
1981. The second unit, 8919, became operational on 25 May
1981. All units will be operated at Rothera for 1 month for
comparison to local meteorological observations before final
deployment around the peninsula (figure 1).
In the McMurdo area, AWS units at Marble Point and Asgard
have been operating since austral summer 1978-79. During
austral summer 1980-81, Michael Savage supervised the
deployment of three additional AWS units in an arc of approxANTARcTIC JOURNAL

Current and proposed

AWS

deployments in Antarctica. Two units currently In operation at Rothera will be deployed to other sites
Elevation
(meters)

Deployment

770 26'S 163045'E
8906
77°36'S 161004'E
8908
780 45'S 166051'E
8905
780 30S 170°10'E
8915
78002'S 170048'E
8907
66042'S 139050'E
8901
660 44S 139042'E
8900
680 12'S 137032'E
8916
74030'S 123000'E
8904
80000'S 120000'W
8903

40 m
1,750 m
60 m
20 m
10 m
267 m
438 m
2,064 m
3,280 m
1,530 m

1978-79
1978-79
1980-81
1980-81
1980-81
1979-80
1979-80
1980-81
1979-80
1978-79

66057'S 60036'W
67036'S 66000'W
71 0 20'S 68017'W
72004'S 60021'W

50 m
1,540 m
70 m
130 m

Dec. 1981
Winter 1981
Dec. 1981
Dec. 1981

Location

ID number

Name
Current AWS deployment
Marble Point
Asgard
Manning
Meeley
Ferrell
D-1 0
D-1 7
D-59
Dome C
Byrd
Proposed AWS deployment
Ice Rise
Spine
Fossil Bluff
Butler Island
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Figure 2. AWS deployment—Ross Island area.

Proposed AWS sites

U Permanent U.S. Stations

100 km

Figure 1. Proposed AWS deployment—Antarctic Peninsula.

imately 100-kilometer radius south-southeast of McMurdo
(figure 2). The AWS at Asgard and Marble Point, as well as
those at Byrd and Dome C, were visited in order to replace the
Bendix aerovanes.
In the Dumont d'Urville area, AWS 8916 was deployed at
D-59 by a French traverse party. Aws 8901 at D-10 continues
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to operate properly, but AWS 8900 at D-17 failed in June 1980
after 6 months of operation.
Aws data are received in real-time from the satellite at the
McMurdo Weather Office using the TIROS information processor (TIP) decoder designed and installed by Stanford University
scientists. On at least one occasion in 1980-81 an LC-130
flight from Christchurch, New Zealand, to McMurdo was canceled because the TIP readout indicated that a "Herbie" (blowing snow) was moving toward McMurdo and would make
landing at McMurdo difficult or impossible.
The AWS data collected by the satellite are delivered to the
University of Wisconsin at monthly intervals. The raw data
are converted to scientific units and stored on magnetic tape
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for distribution to the principal investigators (R. J . Renard,
Naval Postgraduate School—McMurdo area; G. Wendler,
University of Alaska—Dome C to Dumont d'Urville; and C.
Stearns, University of Wisconsin - Antarctic Peninsula).
Three-hourly observations and monthly summaries are prepared for each station for use by those involved with the AWS
program.
This work is supported by National Science Foundation
grant DPP 79-25040. The design, development, and early
deployments of the AWS were done by members of the Radioscience Department, Stanford University, under the direction
of Allen M. Peterson. John Katsufrakis and Evans Paschal of
Stanford installed the TIP decoder at McMurdo and assisted in
the installation of AWS 8905 on the Ross Ice Shelf, and their
help is gratefully acknowledged. The support of the British
Antarctic Survey through Charles Swithinbank and Victor

Katabatic wind measurements
in Antarctica
GERD WENDLER and JOAN G0sINK
Geophysical Institute
University of Alaska
Fairbanks, Alaska 99701
A. POGGI
Laboratoire de Glaciologie
Universite de Grenoble
Grenoble, France
During the austral summer 1980-81 as part of a U.S.-French
joint experiment, two additional automatic weather stations
(Aws), built by Stanford University, were installed in Antarctica to investigate the katabatic wind in the French antarctic
sector. The two stations were established on the slope at D47
(1,554 meters, 67°23'45" S 138°43'00"E) and D57 (2,064 meters,
68011'30"S 1370 33'05"E) between Dome C (3,215 meters,
74o305 123°00'E) and the coastal region, where stations had
been established during the previous year. For one of the
stations (D10, 267 meters, 66°42'S 139°50'E) the transmission
became sporadic; however, it did not result in a major loss of
data, because D17 (438 meters, 66 044'S 139°42'E), which is not
far from D10, gave very similar surface observation data. These
stations, together with four additional stations installed by the
French scientists in the coastal area near their main station,
Dumont D'Urville (66040'S 140°01'E), give, for the first time, a
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August, who is carrying out the AWS deployments from Rothera, is greatly appreciated. The efforts of Joseph Boissiere of
the Expeditions Polaires Francaises in deploying D-59 and the
assistance of LTCDR Brad Smith and LT Bob Evans of the Naval
Support Force Antarctica in the deployments around McMurdo
also is appreciated.
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comprehensive database reaching from a dome in excess of
3,000 meters to the ocean, against which models of the kata batic wind can be tested or with which new models can be
developed.
Further, two flights of an instrumented LC-130, both dedicated to the katabatic wind project, were carried out in winter
1980-81 to obtain a better understanding of the vertical distribution of the wind; a precise understanding is, or course,
not possible with only surface observations. All but one of the
stations are holding up very well. The meteorological conditions are extreme in the area. Dome C measured temperatures
below -70°C, but the winds are light and variable in direction.
Dome C is one of the calmest places of Antarctica, even though
its altitude exceeds 3,000 meters. Going down the slope, the
winds become stronger and more funneled. Normally the
winds are downslope, and in the coastal regions they can
exceed 35 meters per second for extended periods.
Using our data, selected models of katabatic flow were studied and their limitations and assumptions compared. Emphasis was given to the work of Ball, Radok, Schwerdtfeger, and
Manins, all of whom have developed steady state models. By
time-scale analysis, a more precise definition of katabatic
equilibrium flow was derived which may be used to determine
the applicability of these models. A preliminary attempt was
made to incorporate dynamic processes, including blowing
snow, inertial effects, and variations of slope angle into the
existing models.
This work was supported by National Science Foundation
grants DPP 77-26379 and DPP 81-00161. Fieldwork was conducted by J . Gosink and R. A. Schmidt. J . Boissiere of Expeditions Polaires Françaises installed the two new stations for
us, after having received training at Stanford University.
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Geophysical monitoring for climatic
change, Amundsen-Scott South Pole
Station, 1979-1981
GREGORY
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WIND ROSE

M. SIEDELBERG

NOAAlEnvironmental Research Laboratories
Geophysical Monitoring for Climatic Change
Boulder, Colorado 80303
W

The Geophysical Monitoring for Climatic Change (GMCC)
program maintains four remote baseline stations, including
one at the Amundsen-Scott South Pole Station. Part of the Air
Resources Laboratories of the National Oceanic and Atmospheric Administration (NOAA), the GMCC program monitors
levels of various atmospheric trace constituents to determine
any changes in background levels relevant to climatic change
and the anthropogenic impact related to those changes. During
the 1979-80 season, carbon dioxide, surface ozone, solar
radiation, aerosols, meteorology, and halocarbons were monitored continuously. A Data General (NOVA 1220) computer
was used for control, scaling, and data logging of the instrument measurements (Herbert et al. 1981). Also, GMCC maintained cooperative programs with the U.S. Department of
Energy, Scripps Institution of Oceanography, the State University of New York at Albany, the University of Maryland,
the University of Arizona, NOAA Air Resources Labs, and the
University of California at Los Angeles. GMCC activities are
carried out at the Clean Air Facility (CAF), located 90 meters
upwind from the main station, in order to minimize local
contamination.
During the 1978-79 season the program was operated by
LuG J . C. Bortniak, NOAA Corps (observer) and C. Smythe
(engineer). In November 1979 they were relieved by LTJG W.
L. Hiscox, NOAA Corps, and G. M. Siedelberg, respectively.
This article gives a brief description of the continuous and
discrete measurement activities of CMCC.
1. Meteorology. Measurements were made of wind speed
and direction, pressure, moisture, air temperature, and snow
temperature. The wind and temperature sensors are located
on a 10-meter tower 30 meters grid 00 from the CAF. Continuous
atmospheric moisture measurements were made with a
Dupont 303 moisture monitor provided by the State University
of New York. The mean temperature from November 1979
through October 1980 was —49.5°C, with a low of —74.2°C and
a high of —19.2°C. Mean wind direction was 045° and mean
wind speed was 9.7 knots, with a maximum wind of 40 knots.
The maximum wind chill factor was —118.3°C. A wind rose of
the surface winds at the Clean Air Facility is shown in figure
1. The steadiness of the surface wind is readily seen.
2. Aerosols. Continuous measurements of the number concentrations of aerosols were made using a modified General
Electric condensation nuclei counter. Until late January 1980,
a four-wavelength nephelometer was used to measure the scattering properties of aerosols. This marks the first time the
scattering properties of aerosols have been measured at the
South Pole (see figure 2). Discrete measurements of Aitken
nuclei concentrations were made three times a day in the
summer and two times a day in the winter months with a
Pollack counter (Bodhaine and Murphy 1980). A long-tube
Gardner counter also was used, but it proved ineffective in the
1981 REVIEW
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Figure 1. Wind rose for the South Pole observatory in 1979 (Herbert
1980, p. 54). M/S = meters per second.

midwinter months of May through August; during these
months, concentrations of surface aerosols are reduced when
a strong surface temperature inversion prevents good vertical
mixing with aerosol-enriched air aloft.
3. Carbon dioxide. The Uras 2T CO 2 non-dispersive
infrared analyzer was put back on line in November 1979 and
was used for continuous carbon dioxide (CO2) measurements
throughout 1980. Also, 0.5-liter flasks were aspirated by hand

• ------....uII-uII
lUll! WA!Il
Figure 2. Daily geometric mean condensation nuclei concentration
(bottom), four wavelength aerosol light scattering (middle), and
angstrom exponent (top)for 1979 at the South Pole. Note the event
that occurred in early August and the corresponding large peak in
light scattering, which suggests that there were increases in the
larger atmospheric aerosols that cause high light scattering.
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and by vacuum pump at regular intervals. In March 1980 a
CO2 -in-air reference tank was added to the weekly calibration
as a surveillance gas.
4. Ozone. During the austral summer, total ozone measurements were taken three times a day at the South Pole using a
Dobson spectrophotometer. Focused moon observations were
made when possible during the austral winter. Surface ozone
measurements were made continuously using a Dasibi photometer.
5. Solar radiation. Solar irradiance was monitored continuously using four Eppley global pyranometers with quartz,
GG-22, OG-1, and RG-8 Schott glass hemispheric filter domes,
an Eppley ultraviolet pyranometer with diffusing disk and an
Eppley normal incidence pyrheliometer mounted on a solar
tracker (see figure 3). In addition, discrete measurements were
made three times daily using a pyrheliometer with a rotating
filter wheel containing quartz, OG-1, RG-2, and RG-8 filters.
Discrete measurements of turbidity were also made three times

daily using a sun photometer at 380- and 500-nanometer wavelengths.
6. Halocarbons. Three-hundred-milliliter flasks were used
to collect samples of CFC-11, CFC-12, and nitrous oxide once
a week in summer and twice a month in winter for analysis at
the NOAA GMCC central laboratory in Boulder.
7. Instrument Control and Data Acquisition System (IcDAs).
Continuous measurements are fed into ICDAS for real-time
scaling and then are transferred to magnetic tape for transport
to Boulder. In addition, ICDAS initiates and monitors instrument calibrations. Through the use of preventive maintenance
and a well-stocked spare parts supply, ICDAS had an online
efficiency of 98.9 percent.
The building facility housing the GMCC program at the South
Pole is supported by the National Science Foundation. For a
review of all GMCC activities see Herbert (1980). Data from past
years have been archived and are available from the World
Data Center in Ashville, North Carolina.
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Atmospheric processes and energy
transfers at the South Pole
JOHN J . CARROLL

Department of Land, Air, and Water Resources
University of California
Davis, California 95616
During the past year I continued several aspects of a study
of the lower atmosphere at the South Pole, as reported in
previous issues of this journal (see, e.g., Carroll 1980). The
investigation of surface albedos has been extended to consider
the effect of periodic surface macroscale structures (i.e., ripples) on the effective shortwave albedo of liquid water and
snow surfaces (Carroll 1981b). Preliminary results of this work
indicate that at low latitudes, the effect of surface ripples is to
increase weakly the effective albedo. At high latitudes, a rippled surface absorbs significantly more radiation than does a
flat surface. The magnitude of the effect depends on the
amplitude of the ripples, the dependence of the surface reflectivity on angle of incidence of the radiation, and the orientation of the axis of the ripples.
I have completed analysis of the mean energy balance components and related atmospheric variables and parameters
obtained between March 1975 and December 1977. A description of all data processing procedures has been prepared (Carroll 1981c) and tables of daily mean values of these quantities
have been published (Carroll and Eby 1981).
I have continued efforts to model the atmospheric boundary
layer/snow layer energy transfer processes and have revised
the prototype model reported previously (Carroll and Fitzjarrald 1979), and am now comparing model predictions and a
real sequence of events recorded at the South Pole. The model
is driven by the pressure gradient determined from the
observed, time-dependent, 500-millibar wind, the observed
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merce, National Oceanic and Atmospheric Administration, Environmental Research Laboratories.
Herbert, C. A., Harris, J . M., Johnson, M. S., and Jordan, J . R. 1981.
The acquisition and processing of continuous data from GMCC
observatories (N0AA Technical Memorandum ERL ARL-93). Silver
Spring, Md.: U.S. Department of Commerce, National Oceanic and
Atmospheric Administration, Environmental Research Laboratories.

changes in surface net radiation, and the observed snow temperature at 100 centimeters. Initial fields are established from
measured snow temperature profiles, air temperature and
wind profiles to 8 meters, and radiosonde temperature and
wind data up to 500 millibars. Preliminary results (Carroll
1981a) indicate that the surface fluxes of heat and momentum
vary in the correct sense, but with less amplitude than those
estimated from surface layer observations. A major discrepancy is that the turbulence model rapidly reduces the temperature gradient in most of the outer layer, whereas this is not
generally observed.
This work was supported by National Science Foundation
grants DPP 77-19362 and DPP 80-90525.
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Airborne measurements of particle
size distributions in noneruptive
volcanic emissions
LAWRENCE F. RADKE
10 4

Cloud and Aerosol Research Group
Department of Atmospheric Sciences
University of Washington
Seattle, Washington 98195

The size distributions of particles in the atmosphere play an
important role in determining their effects on atmospheric
processes. Volcanic emissions are an important source of these
particles. While violent, explosive, volcanic eruptions are the
most spectacular source of such particles, the much quieter,
semicontinuous emissions that emanate from some volcanoes
over periods of many years between eruptive activity are a
significant source of atmospheric particles (Stith, Hobbs, and
Radke 1978). In remote regions such as the Antarctic, semicontinuous emissions take on heightened importance. This
article describes the data obtained from some airborne measurements of particle size distributions in the semicontinuous
emissions from Mount Erebus, in the Antarctic, and from
several volcanoes in New Zealand; in addition, these measurements are compared with measurements of emissions
from a number of volcanoes in the Northern Hemisphere.
It was with the dual intention of (1) increasing the number
of continuously emitting volcanoes being monitored and (2)
assessing their impact on remote locations that particle and
trace gas measuring equipment was added to the instrumentation aboard the LC-130R aircraft used by the National Science
Foundation for scientific research in the Antarctic. The instruments provided measurements of the distribution of particles
ranging from 0.09 to 10 micrometers in diameter, Aitken
nucleus concentrations, light scattering coefficients, and sulfur
gas concentrations.
Measurements were made in the emissions from the White
Island and Ngauruhoe volcanoes in New Zealand and from
Mount Erebus on Ross Island. These are strato-volcanoes with
similar recent histories of nearly continuous activity. Although
the emissions from all three volcanoes are visible, they were
visually quite different. White Island steamed vigorously and
produced a white, hazy plume. Mount Erebus almost certainly
had a lava lake within the crater and produced a persistent,
light blue plume. Ngauruhoe, the quietest of the three, produced only an intermittent sulfurous steam plume that was
nearly invisible after it had traveled a few hundred meters.
Despite these differences, the particle size distributions
measured in the emissions from these and other nonerupting
volcanic vents that have been studied appear remarkably similar. This can be seen in the data shown in figures 1 and 2. For
comparative purposes, the size distributions shown in these
two figures have been normalized to give the concentration at
the centerline of the plume at a distance of 10 kilometers from
the source (using the method described by Turner 1970).
Figure 1 shows the measurements for White Island and
Mount Erebus and the measurements from three volcanoes in
the Northern Hemisphere (Mount St. Augustine, Mount St.
Helens, and a volcanic maar in Alaska). All five of these volcanoes had erupted within about a year from the time the
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Figure 1. Particle size distribution for the semicontinuous emissions from five volcanoes that had erupted within about a year of
the measurement. in each case, the concentrations have been
normalized to centerline at 10 kilometers from the source. Curve
: Mount St. Augustine, Alaska, 17 February 1976 (from Stith,
Hobbs, and Radice 1978). Curve ii: Volcanic maar eruption near
Mount Peulik, Alaska, 9 April 1977 (from Stith at al. 1978). Curve
sF1: Mount St. Helens, Washington, 29 August 1980 (from Hobbs et
al. 1981). Curve Wi: White Island, New Zealand, 15 October 1980.
Curve : Mount Erebus, Ross Island, Antarctica, 5 November 1980.
N = number; D = particle diameter; CM-3 = per cubic centimeter;
gm =micrometers.

measurements shown in figure 1 were obtained. The shapes
of the five particle size distributions are rather similar (particularly over the diameter range 0.1-1 micrometer). The higher
particle concentrations at diameters greater than 1.0 micrometer in the emissions from White Island and Mount St. Augustine suggest that these samples contained some ash. The coloration of the plume from Mount Erebus—and the fact that its
coloration depended on viewing angle— is certainly due to the
comparatively low concentrations of particles of sizes less than
- 0.1 micrometer. Chemical analysis of the Mount Erebus
aerosol showed its composition to be mainly sulfuric acid.
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Figure 2 shows particle size distributions measured in the
emissions from Ngauruhoe and five noneruptive volcanic
emissions in the Northern Hemisphere. None of these volcanoes had erupted violently within less than 6 years of the time
emissions were measured.
Comparing the distributions shown in figures 1 and 2 it can
be seen that the concentrations of particles less than 0.1
micrometer in diameter are appreciably greater in the case of
volcanoes that had erupted more recently. These small particles
probably are due both to gas-to-particle conversion within
and near the source and to the products left behind after
"steam" droplets evaporate. The gas-to-particle conversion
mechanism probably dominates for the cases shown in figure
1, where the emission fluxes of sulfur gases were greater than
1 kilogram per second (except for the maar eruption, which
had a very large steam plume and only slight trace gas emissions). The primary trace gas in the emissions from the volcanoes shown in figure 2 was hydrogen sulfide. This gas is
thought not to play a role in gas-to-particle conversion over
short transit distances. Therefore, it appears that more of the
particles in these plumes were mechanically ejected from the
volcanoes by the steam jets or were the products of evaporation
of steam and brine droplets.
The measurements from the plumes from the Icelandic volcanoes shown in figure 2 are exceptional in that both the
concentrations or particles and trace gas in these plumes were
low, despite average fluxes of steam.
The observations of noneruptive volcanic emissions
described in this article should help define the range of emissions and the impact on the troposphere of the more than one
hundred similar sources worldwide.
Measurements in New Zealand and Antarctica were supported by National Science Foundation grant DPP 79-20857. I
thank J . Russell, field engineer, and the VXE-6 crews who flew
and maintained the aircraft. I also thank Peter V. Hobbs for
his scientific advice and J . Lyons for help with data reduction.
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Figure 2. Particle size distributions for the semicontinuous emissions from five volcanoes that had not erupted recently. In each
case, the concentrations have been normalized to centerline at 10
kilometers from the source. Curve MAG: Mount Mageik, Alaska, 21
April 1977 (from Stith, Hobbs, and Radke 1978). Curve MAR: Mount
Martin, Alaska, 21 April 1977 (from Stith, Hobbs, and Radke 1978).
Curve : Ngauruhoe, New Zealand, 23 October 1980. Curve a:
Mount Baker, Washington, 30 June 1976 (from Radke, Hobbs, and
Stith 1976). Curve : Kverkfjoll, Iceland, 25 June 1979. Curve :
near Laufafell, Iceland, 25 June 1979. (Abbreviations on axes are
explained in figure 1.)
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Atmospheric infrasound

CHARLES R. WILSON
Geophysical Institute
University of Alaska
Fairbanks, Alaska 99701

A digital data acquisition and analysis system based on a
DEC PDP 11/03-L microcomputer was installed at the cosmic ray
building at McMurdo Station in November 1980. The system
logs and analyzes in real-time infrasonic wave data telemetered in from a six-microphone array at Windless Bight on the
Ross Ice Shelf. Every 2 minutes the microprocessor system
provides a hardcopy printout giving the infrasonic wave
parameters of trace velocity, azimuth of arrival, amplitude,
period, and degree of waveform coherence for signals that
have been detected by a least-squares algorithm for identifying
coherent waves in the six-microphone time-series data. This
new digital infrasonic system is capable of sensing infrasonic
waves in the period range from 1 to 200 seconds with amplitudes as low as one-half microbar.
A new Sentinal 25-watt radioisotope thermoelectric generator (RTG) was installed in an 8-foot by 16-foot instrument hut
(see figure 1) in Windless Bight, at 167°40'E 77°45'S, to provide
power for the infrasonic microphone array electronics and the
six-channel telemetry system. The real-time analysis capability
of the digital system and the digital recording of the infrasonic
microphone data on magnetic tape at McMurdo Station make
it possible to conduct onsite studies of the morphology of the
various types of atmospheric infrasonic waves and also to carry
out additional analysis of the infrasonic digital data back at
the University of Alaska laboratory.
The digital infrasonic data tapes that were recorded at
McMurdo Station prior to the closing of the mail in March 1981
have been analyzed. Infrasonic waves have been identified
from auroral electrojet motions in the lower ionosphere, volcanic eruptions, marine storm sea-wave activity, and mountain-lee wave sources.
Standing wave patterns on the sea surface during marine
storms produce, in the atmosphere, infrasonic waves of 6-

second period that will propagate great distances in the stratospheric sound channel. The storm centers that produce these
waves—or microbaroms, as they are called—are within the
quasistationary lows in barometric pressure at sea level that
lie off the coast of Antarctica. (See figure 2 for map showing
quasistationary lows in January.) The expanded sensitivity
range of the new infrasonic system in Windless Bight allows
us, for the first time, to observe microbaroms from antarctic
marine storms. In figure 3 the azimuth of arrival (the direction
from which the waves have come) and the horizontal trace
velocity V h (defined as V h = C sec a, where C = local sound
speed and a = angle between the wave vector and horizontal)
are plotted for all the microbarom wave packets for which the
correlation coefficient (a measure of the coherence between
the waveform at pairs of microphones) was greater than 0.6
during the period 8 December 1980 to 9 May 1981. Because of
the very large number of microbarom wave packets observed
from the direction of the Ross Sea low (around 1,660 in all) and
the Bellingshausen Sea low (around 150), not all the data are
plotted in the figure; however, there are enough points to give
a general idea of the variation of both number of microbarom
events and horizontal trace velocity with azimuth of arrival.
From the location of the low pressure areas shown in figure
2, it can be determined that these four storm-producing
regions subtend the following angles, as seen from the Windless Bight infrasonic microphone array: Ross Sea low, 15°-50°;
Bellingshausen Sea low, 110°-140°; south Atlantic Ocean low,
190°-240°; and south Indian Ocean low, 250°-290°.
The microbarom data, a sampling of which is plotted in
figure 3, show that storms in the Ross and Bellingshausen Seas
are strong sources of microbarom infrasound. Microbarom
events from the Ross Sea are numerous and at times persist
for many days. The Ross Sea low is much closer to the infra-
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Figure 1. Infrasonic hut in Windless Bight housing the radioisotope
thermoelectric generator and the telemetry equipment.
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Figure 2. Mean sea level pressure for January period in Antarctica
showing quasistationary lows (World Survey of Climatology, Vol.
14,1972; New York: Elsevier).
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Figure 3. Horizontal trace velocity, in meters per second, for microbaroms observed at Windless Bight from 8 December 1980 to 9
May 1981.

sonic array than the other lows are; thus, one would expect
more microbarom events from the Ross Sea sources.
Propagation conditions play a very important role in determining whether or not microbaroms from a particular source

Atmospheric composition using
infrared techniques
DAVID G. MURCRAY, FRANK J . MURCRAY, FRANK H. MURCRAY,

and D. BoyD

BARKER

are observed. The horizontal trace velocity measured for a
particular microbarom wave packet is equal to the scalar sound
speed at the height of reflection of the ray path plus the component of the wind speed at the reflection level in the direction
of propagation of the wave. Thus, the average trace velocity
for the microbaroms from the Ross Sea (about 350 meters per
second) is higher than that for microbaroms from the Bellingshausen Sea (about 300 meters per second). This is because the
propagation path from the Ross Sea storms to the infrasonic
microphone array is, on the average, parallel to the stratospheric winds, while the propagation path from the microbarom-producing storms in the Bellingshausen Sea to Windless Bight is parallel to the stratospheric winds but flows in
the opposite direction. Thus, one would expect that the trace
velocity of microbaroms from the Bellingshausen .Sea would
be diminished with respect to those from the Ross Sea.
Although this statistical picture of the variation of microbarom trace velocity as a function of propagation path relative
to the mean stratospheric flow is crude, it is suggestive of
studies that could be made when upper air wind data become
available. It is anticipated that by studying the seasonal variations in the microbarom trace velocity from the different
storm centers around Antarctica we can say something about
the seasonal morphology of the mean stratospheric flow.
This research was supported by the Air Force Office of Scientific Research, contract AFOSR 80-0125, with logistical support by the National Science Foundation, Division of Polar
Programs. C. Wilson, D. Spell, and D. Osborne worked in the
field between 14 November and 8 December 1980. S. Fullerton
was the winter-over operator.

trometer measures the infrared radiation arriving at the Earth's
surface from the sun; radiation is absorbed along the entire
atmospheric path. The 3 years of observations have covered
500 to 2,000 wavenumbers (cm- 1 ) ( 20 to 5 micrometers) with
an instrument resolution of 0.02 wavenumber (cm - '). The
observed spectrum contains several thousand absorption
lines, which can be identified with the various atmospheric
gases. A section of the spectrum is shown in figure 1.

Department of Physics
University of Denver
Denver, Colorado 80208
SOUTH POLE STATION

University of Denver researchers carried out two experiments last season: continuation of the observations from South
Pole Station and measurements from the research aircraft. Both
experiments measure trace gases in the atmosphere to help
assess the impact of human activities. The Antarctic offers
unique access to a polar atmosphere and the lowest pollution
levels in the world.
The major components of the atmosphere—nitrogen and
oxygen—are transparent to infrared radiation. Experiments
that measure the infrared properties are sensitive only to the
minor gases—water vapor, carbon dioxide, methane, nitrous
oxide, and ozone—and trace gases. Our experiments are of
the remote sensing type; they are sensitive to these gases at all
altitudes along the observation path.
A high-resolution, infrared spectrometer system was operated from the clean air facility at Amundsen-Scott South Pole
Station. This was the third year of observations (Murcray,
Murcray, and Murcray 1980; Murcray et al. 1979). The spec1981 REvIEW
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Figure 1. A short section of the infrared solar spectrum observed
from the South Pole. Most of the absorptions in this frame are due
to nitric acid; a few features are due to water vapor.
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Water vapor over the South Pole

Date

(millimeters of precipitable water)

1 Dec 1978
3 Dec 1978

0.10
0.10
0.48

27 Nov 1979
5Dec 1980

100

H 20 amount

-

90

80

0.35
70

One region of the spectrum has been observed in each of
the past 3 years. These data have been analyzed for the amount
of water vapor over the South Pole. As data in the table show,
the measured amounts are extremely low. Since water vapor
is one of the primary interferences for infrared astronomical
observations, the low water vapor amounts, plus high altitude,
make the South Pole a promising observation site. This is
further evidenced by the detection of solar emission lines from
our data (Murcray et al. in press) and the observation of solar
hydroxyl (OH) absorption lines (Goldman et al. in press).
The December 1980 spectra were analyzed for nitric acid
(HNO:) content. HNO3 is located primarily in a layer in the
stratosphere. The total amount is at a minimum at the equator
and increases toward both poles, and is larger in the winter
than in the summer. Figure 2 shows the results of a series of
aircraft measurements made in 1974, along with the South Pole
observation. The HNO: amount over the Pole is larger than
what we have observed elsewhere.
The research aircraft carried a spectrometer, cooled with
liquid helium, which measures the thermal emission of the
atmosphere. The emission depends on the amount of minor
and trace gases present. The spectrometer was also operated
in the 1978-79 season.
Measurements were made from the aircraft from California
to McMurdo and around the Antarctic Continent. Bad weather
at McMurdo limited the amount of data that could be obtained
this season. These data are being analyzed for fluorocarbons
11 and 12, HNO:, and O. The HNO: results will be useful in
understanding the large amount at the Pole, by showing
whether there is a sharp or a gradual increase from midlatitude
concentrations.
This research was supported in part by National Science
Foundation grants OFF 79-20187 and OFF 79-24307. Authors F.
J . Murcray and F. H. Murcray were in the field 11 November
to 15 December 1980; Barker was in the field during October
and November 1980.

X-band weather radar—Palmer
Station operation in the forecasting
mode
JOSEPH A. WARBURTON, ELSI REINHARDT,

and L. G. YOUNG

Desert Research Institute
University of Nevada System
Reno, Nevada 89506
A fully computerized weather radar system having a wavelength of 3 centimeters was installed at Palmer Station in 1977.

200

60

5.0
0

2
'C

4.0

3.0
0 OD
0

20

0
0

0
10

00 80N

Cb 00

60N

40N

AM
11L.111go 01

Figure 2. Nitric acid (HNO 3 ) amounts from various latitudes. Open
circles are measurements taken in 1974 during aircraft flights.
Black circle is the South Pole result from December 1980.
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It operated successfully for three field seasons, obtaining data
on movements and intensities of storm systems as they
approach the Antarctic Peninsula in the vicinity of Palmer
Station. Data from two of these three seasons are being analyzed to study cellular structure of storms and the effect of the
mountain barrier on storm motions.
During the 1980-81 season, the radar system was modified
to provide weather forecasting capability to the station. This
involved installation of a storage oscilloscope display and a
time-lapse camera for recording precipitation echoes during
storms. The iso-echo contour display system was kept intact,
and the antenna could be operated in either a 360° or sectorscanning mode. The Desert Research Institute (DRI) did not
ANTARCTIC JOURNAL
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provide personnel for the winter-over program in 1980-81, so
agreements were made with Stanford University for their personnel to operate the radar system on an "as required" basis.
Necessary test equipment and calibration devices were available for maintaining the equipment in working order.
Data analysis continued on digital radar data taken in the
previous years. Two types of analyses were performed, one
using the Massachusetts Institute of Technology radar laboratory facilities (with kind permission of Spiros Geotis and his
staff), the other using DRI computing facilities recently developed for this purpose. An example of the type of data display
generated by the second system is shown in the figure. Each
data point is obtained by averaging the reflected signal over
the equivalent of 1 square kilometer of the antenna beam. The
vertical projection of the data point above the base plane is
proportional to the radar reflectivity. The radar is located
approximately at the center of the display. The diagram is
oriented grid north-south as shown and covers an area of
approximately 2,500 square kilometers, the range being limited to that over which range corrections could be satisfactorily
applied to the data.
An attempt was made to obtain measurements to investigate
the relationship between radar reflectivity (Z) and precipitation rate (R). The relationship is of the type Z = kR b ; for
snowfall in the U.S. midwest, K is approximately 1,000 and b
is approximately 2.2. However, this relationship is not well
established for a broad variety of snowfall conditions. An ice
crystal replicator was installed at the British Faraday Base,
some 60 kilometers south of Palmer Station, to record precipitation rates and ice crystal types, since these were needed for
determining the equivalent raindrop size distributions
needed for calculating and interpreting the Z-R relationships.
We had really excellent cooperation from the United King-
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A three-dimensional radar reflectivity computer graphics display
of a precipitating snowstorm surrounding Palmer Station. The
higher intensity echoes toward grid north were produced by the
glacier behind the station.

dom personnel at Faraday, but, unfortunately, the wind velocities at that base during precipitation periods were usually so
strong that precipitation rate measurements were very difficult
to obtain, and the crystal replicator was unable to obtain good,
reliable ice crystal information. In order to perform these
important measurements it will be necessary to redesign the
experiment for a tighter experimental control at Palmer Station
itself.
This research was supported by National Science Foundation grant DPI' 78-21718.
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Upper atmosphere studies________________
Siple Station magnetospheric
physics campaign

through the summer. A total of 15 balloons were launched; in
one case, simultaneous observation of direct-current (dc) electric field was achieved at both ends of the field line. A variety

18.205

D. L. MATFHEWS
Institute for Physical Science and Technology
University of Maryland
College Park, Maryland 20742

A large-scale program in magnetospheric physics, including
active experiments by the Siple very-low-frequency (VLF)
transmitter and measurements made on the ground and in
balloons at Siple and its conjugate point, Roberval, and in
rockets at Siple, was carried out in the 1980-81 austral summer.
It was successful beyond expectation.
This article summarizes the Siple campaign, with emphasis
on the Nike-Tomahawk rocket results. Other reports in this
volume cover other programs in the campaign. New and significant results were obtained by every participating experiment.
The objectives of the campaign are set forth in table 1. Listed
in table 2 are the experiments. The rocket and balloon operations were specific to the campaign, as was the tracking
receiver/direction-finding operation at Siple; others are continuing programs. The latter were in continuous operation
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Table 1. Objectives of the magnetospheric physics campaign
Observe and improve understanding of magnetospheric waveparticle interactions from ultra low frequency to low frequency.
Obtain full-vector electromagnetic characterization of whistlermade waves in situ in the ionosphere, including Poynting vector.
Observe and account for differences in form of whistler-mode
emissions as observed in the ionosphere and on the ground.
Measure the Jupiter very-low-frequency transmitter efficiency
below the ionosphere.
Observe and measure the efficiency of conversion from freespace electromagnetic waves below the ionosphere to whistlermode waves in the ionosphere.
6. Estimate the extent over which ducted very-low-frequency waves
spread out between the duct exit point and ground- or balloonbased receivers.
7. Compare data on waves, particles, and direct-current electric
fields observed simultaneously at Siple and its magnetic conjugate (Roberval, Quebec) and account for differences and similarities in terms of an interaction model. Observe and account for
any effect of direct-current electric field on conjugacy.
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Spectrograms of very-low-frequency (VLF) echoes and emissions
triggered by the Siple VLF transmitter, as observed in a NikeTomahawk (N-I) rocket at Sipie and on the ground at both ends of
the field line (Si = Siple, RO = Roberval). Bx is a transverse component of the magnetic field. The rocket was at 193 kilometers
altitude.
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Table 2. Experiments conducted during the magnetospheric physics campaign
Waves

Particles
Vehicle

Site
Siple airborne

Experiment

Institution/principal
investigator

Vehicle

N-T rocket

Electron analyzer University of Maryland!
Matthews

N-T rocket

Balloon

Bremsstrahlung
X-ray

University of Maryland!
Rosenberg

N-T rocket

University of Houston!
Sheldon

N-T rocket

Arcas rocket Bremsstrahlung
X-ray

Balloon
Balloon

Siple ground-based -

Conjugate region

Riometer

University of Maryland!
Rosenberg

-

Balloon

Bremsstrahlung
X-ray

University of
Wash ington!Parks

Balloon

-

Riometer'

University of Maryland!
Rosenberg

-

Auroral
photometer

Stanford University!
Helliwell

HF sounder

Utah State University!
Stiles

Experiment

Institution/principal
investigator

VLF and DC
vector E;
n!n
LF vector E
(40-250
kilohertz)
VLF vector B

Cornell University/Kelley

Fluxgate
magnetometer
Search-coil
magnetometer

Bell Labs!Lanzerotti

University of Oslo!
Egeland

University of
Southampton!Rycroft
University of Houston!
DC vector E;
Bering
VLF receiver
VLF receiver
University of Oslo!
Egeland
"Jupiter" VLF Stanford University!
Helliwell
transmitter
Stanford University!
VLF tracking
Helliwell
receiver!DF
VLF broadband Stanford University!
Helliwell
receiver

Vector DC
electric
field
VLF
broadband
receiver
Fluxgate
magnetometera
Search-coil
magnetometer

University of New
Hampshire!Arnoldy
and University of
Minnesota/Cahill
University of CaliforniaBerkley!Mozer
Stanford University!
Helliwell
Bell Labs!Lanzerotti
University of New
Hampshire!Arnoldy
and University of
Minnesota/Cahill

a Longitudinal chain, L = 3-4.4.
of correlations was found on other flights among particle precipitation and VLF and ULF wave activity.
The rocket launches were made during periods of magnetospheric wave activity triggered by the Siple transmitter.
Interesting natural activity was also present on some of the
flights. By agreement in the field among the participating
scientists, the last Nike-Tomahawk rocket was reserved for a
"pure" condition of transmitter triggering, which was actually
attained a few days before termination of the campaign. Two
observations of transmitter-triggered emissions during this
flight are shown in the figure. The upper portion gives data
obtained while the transmitter was emitting 1-second steady
tones at four successively decreasing frequencies followed by
a rising ramp. After about 5.5 seconds, the amplified two-hop
echoes were seen at Siple in the rocket (top) and on the ground
(middle). The regularly spaced lines at about 0.3-second intervals in the top trace were caused by vehicle rotation. The
triggered emissions seen on the ground were more structured,
while there was a marked, unique hiss component, triggered
at the lower frequencies, in the rocket data. At Roberval (bot1981 REVIEW

tom), the one-hop structured emissions were different. A multiple whistler (a natural event unrelated to the transmitter)
seen from the rocket was almost undetectable on the ground.
This whistler may help determine where the plasmapause was
at the time.
The remarks about the triggered activity and the hiss also
apply to the lower portion of the figure, which shows a transmitted slowly descending ramp. Additional remarkable features are the 0.6-second periodic structure in the returning
wave at Siple (a structure not seen at Roberval), the linearly
descending tone starting near the end of the returning ramp,
and the presence of a second (four-hop) echo. Six-hop echoes
were also seen several times.
Telemetry and vehicles, plus ground station and launch
facilities and personnel for the Nike-Tomahawk rockets, were
provided by the National Aeronautics and Space Administration (NASA) Goddard Space Flight Center. Support for the
Superarcas launch operations was provided by NASA Wallops
Flight Center. The University of Maryland rocket work was
supported by NSF grant DPP 80-13722.
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Balloon measurements from Siple
Station during the 1980-1981
magnetospheric physics campaign

relationship of observed VLF emission features to the spatial
separation of balloon and ground receivers.
Information on the location and drift rate of balloons with
respect to Siple is needed in order to interpret properly the
effects arising from the spatial separation of balloon and
ground measurements. Such information was obtained in several cases by onboard ranging instruments. The figure illustrates the range and bearing data for flight 7 (see table). The
mean wind speed for all flights, once the nominal float altitude
(, 10 millibars) was reached, wasIV10 knots. However, it was
not uncommon, as is seen in the figure, for the balloon to

T. J . ROSENBERG
Institute for Physical Science and Technology
University of Maryland
College Park, Maryland 20742
Balloon measurements of bremsstrahlung X-rays, directcurrent electric fields, and very-low-frequency (VLF) radiowave
emissions were made at Siple Station in December 1980 and
January 1981 as a cooperative effort of the Universities of Maryland, Houston, and Oslo. Field personnel included D. Detrick,
L. Lutz, D. Matthews, T. Rosenberg, and J . Siren of the University of Maryland and J. Benbrook, E. Bering, J. Roeder, W.
Sheldon, and E. Stansbery of the University of Houston. Measurements of electric fields and X-rays covering a limited portion of the Siple observations were obtained from balloon
flights in the conjugate region, conducted jointly by the Universities of California and Washington.
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A summary of the Siple flights and information regarding
the conjugate measurements is given in the table. The duration
of most of the antarctic flights was 20-40 hours. Consequently,
comprehensive coverage was available at all local times for
comparisons with VLF transmissions and ground-based
recordings.
The processing and analysis of data from this flight series
are still in a very early stage. Some highlights of the Siple
balloon data and related ground-based measurements include
examples of the conjugacy of wave-particle correlations among
X-ray microburst/pulsation activity, VLF radiowave emissions,
and ultra-low-frequency (uLF) magnetic and electric field pulsations; the relationship of impulsive relativistic electron precipitation to the onset of a magnetic storm main phase; evidence of the drift of small-scale precipitation regions; the local
time dependence of ionospheric absorption and its relation to
the flux and energy spectrum of precipitated electrons; and the
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Range and bearing of Siple balloon flight 7. The balloon was
launched at 1606 universal time (ur) on 31 December 1980 and
reached a stable float altitude of 9 millibars at 1808 UT to the east
(geographically) of Siple Station. From this time on, the balloon
drifted in a nearly constant westward direction at a mean speed
of approximately 10 knots.

Flight summary, 1980-81
Siple
flight
number

Launch date/
universal
time

End date/
universal
time

Duration
(hours)

Instrumentation

2
3b
4
5C
6
7
8
9
11
12

11 Dec./0736
12 Dec./0629
15 Dec./0857
19 Dec./0925
30 Dec./0914
31 Dec./1 606
5 Jan./1114
7Jan./1 103
13 Jan./0230
14 Jan./0312

11 Dec./1102
13 Dec./1100
16 Dec./0020
20 Dec./1 335
31 Dec./1715
1 Jan.!2100
7 Jan./01 30
7 Jan/i 500
14 Jan./1400
15 Jan./1249

3.5
27.5
15.5
28
32
29
38
4
35.5
35.5

X-ray/E-field/vLF
X-ray/E-field/vLF
X-ray/VLF
X-ray!E-field/vLF
X-ray/VLF
X-ray!E-field/vLF
X-ray/VLF
X-ray/E-field!vLF
X-ray/VLF
X-ray/VLF

a Conjugate X-ray/E-field, 11 December, 0834-1350 universal time.
b conjugate X-ray!E-field, 12 December, 0842-1257 universal time.
C Conjugate X-ray!E-field, 19 December, 1245-1434 universal time.
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stagnate for 1-2 hours at intervals of approximately 6 hours as
if it had encountered the nodes of a wave propagating slowly
in the azimuthal (westward) direction. Continuous measurement of winds at the 10-millibar level in the atmosphere over
Antarctica (at 76°S) for extended intervals is rare, if not nonexistent. Thus, these results may have significance for mete-

Whistler mode waves above the
Siple Station VLF transmitter

orologists concerned with the dynamics of the polar stratosphere.
This work was supported in part by National Science Foundation grants DPP 79-25014 and DPP 80-12901 and by Office of
Naval Research contract N00014-77-C-0423.
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The Earth is surrounded by a region of plasma that radically
affects the propagation of low-frequency electromagnetic
radiation. The plasma consists of two components—a low
energy (thermal) component, which is responsible for the real
part of the very-low-frequency (VLF) dispersion relation, and
an energetic component, which is responsible for the imaginary part of the VLF dispersion relation. The thermal plasma
produces the dispersion characteristics of whistlers, while the
energetic plasma produces VLF wave amplification. By a quirk
of nature, the optimal position on the surface of the Earth to
observe the effects of both the thermal and energetic plasma
on VLF signals is Siple Station. This has been verified by Hel liwell and Katsufrakis (1974). To gain a better understanding
of the physics of the wave-particle interaction between thermal
plasma, energetic plasma, and VLF signals, a program to measure the VLF signals and energetic plasma in situ above the
Siple transmitter was undertaken.
The experiment involves three identical sounding rocket
payloads. Each payload contains instrumentation to measure
plasma particles (University of Maryland) and VLF wave electric
and magnetic fields (Cornell University and University of
Southampton). The payloads were mounted on two-stage
sounding rockets and launched from Siple Station to an altitude of roughly 200 kilometers. The launch times were chosen
to coincide with periods of both natural VLF activity and VLF
emissions stimulated by the Siple transmitter. We describe
here preliminary results from the VLF electric and magnetic
field receivers.
One goal of the sounding rocket campaign was to obtain
measurements during periods of natural VLF activity. An example of VLF signals measured on the sounding rocket during a
period of intense natural activity is shown in figure 1. This
figure is a frequency-time-gray scale plot of electric (upper
panel) and magnetic (lower panel) fields observed near 180kilometer altitude above Siple Station. Two bands of continuous emissions at about 1 kilohertz and between 3 and 5
kilohertz were present for the entire flight. Also present were
a variety of discrete emissions such as "risers" and "hooks."
Between 17:35:28 and 17:35:29 (universal time) at about 2.7
kilohertz a slowly descending tone was producing triggered
emissions. The descending tone was the two-hop echo from
1981 REvIEw
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Figure 1. Frequency-time-gray scale plots of natural very-low-frequency activity measured on the second sounding rocket
launched from Siple Station, Antarctica, on 20 December 1980.

the Siple transmitter. The direct Siple transmission from below
the sounding rocket was not apparent on this record, which
implies that the transmitted signal amplitude was much
smaller than the amplitudes of the natural signals.
An example of a period when natural VLF signals did not
dominate the transmitted VLF signal from Siple is shown in
figure 2. In this case, a frequency-time-gray scale plot of the
magnetic receiver illustrates data taken near the apogee of the
third sounding rocket. The transmitted signal from Siple was

SIPLE (ANTARCTICA) ROCKET NT 18,205

10 January 1981
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Figure 2. Frequency-time-gray scale plot of the signal transmitted
from Siple Station to the third sounding rocket, 10 January 1981.
Also visible are the two-hop echo of the transmitted signal and a
whistler.
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obvious between 18:25:48 and 18:25:53 as a staircase followed
by a short ramp. Immediately following the direct signal, the
two-hop echo was received, and that also indicates that some
triggering was occurring. During reception of the two-hop
echo at 18:25:56, a one-hop whistler was also received.
The signals described here represent just a small sample of
the rich variety of VLF emissions observed on the three sounding rockets above the VLF transmitter at Siple. The data will be
used in conjunction with the plasma particle data to identify
the sources of free energy for the wave emissions and to test
theories of wave-particle interactions (Helliwell and Crystal
1973; Sudan and Ott 1971). Another interesting feature of this
experiment is the ability of the wave field instrumentation to
measure phase. This will permit the sounding rocket receivers
to be used as one arm of an interferometer, the other arm being
the Siple transmitter. From this arrangement wavelengths can
be measured and the real part of the VLF dispersion relation in
the lower ionosphere can be tested for the first time.

This work is supported by National Science Foundation
grant DPP 80-23968. Fieldwork was conducted by P. Kintner
(23 November 1980 to 7 January 1981) and R. Brittain (23
November 1980 to 17 January 1981).
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Do ionospheric plasma instabilities
affect the Siple Station riometer?

netic-field-aligned density irregularities in the E region could
also reduce the cosmic noise reaching a riometer, by nonabsorptive scattering, as in figure 1(b). This scattering is caused
by plasma instabilities associated with ionospheric currents
(Siren, Doupnik, and Ecklund 1977). The properties of this
scattering at the small deflection angles that would affect a
riometer are not known. We have studied Siple riometer data
intensively to find indirect evidence of this scattering mechanism.
Siple Station (76°S 84°W) has three advantages for this kind
of study:
1. E-region density irregularities occur frequently at southern latitudes near Siple (Ogawa et al. 1979).
2. The riometer data were recorded digitally at high time
and amplitude resolution. Fast variations well under 0.1 decibel are detectable.

JAN C. SIREN

Institute for Physical Science and Technology
University of Maryland
College Park, Maryland 20742

Until recently, a riometer was thought to measure only the
opacity of the D region of the ionosphere to radio noise of
cosmic origin. This opacity results from ionization by magnetospheric charged particles striking the atmosphere, as in
figure 1(a). However, D'Angelo (1976) has suggested that mag-
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Figure 1. Three possible causes of riometer variations: (a) 0-region absorption; (b) scattering of cosmic noise away from the riometer by
E-region field-aligned density irregularities; and (C) scattering of cosmic noise toward the riometer.
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3. The steep magnetic dip angle (68°) permits scattering to
cause both negative and positive intensity variations.
The third point is crucial. The radio sky is not uniformly
"bright." When the riometer views the brightest part of the
radio sky, scattering will decrease the "illumination," as in
figure 1(b); when it views the darkest part of the radio sky,
scattering will increase the illumination, as in figure 1(c). At
intermediate times, the net effect of scattering is indeterminate. Note that a complete cycle repeats over a sidereal day (4
minutes shorter than a solar day).
In this study, approximately 1,000 continuous hours (2 June
to 12 July 1975) of Siple riometer data were examined. All
intervals of riometer signal variations exceeding - 0.03-decibel peak-to-peak (p-p) and lasting more than 60 seconds were
noted. More than 300 events were found that could be used
(that is, that were unaffected by interference). Because the
scattering effect is likely to be marginally observable at best,
only the results for the 0.1-decibel p-p variations are shown
here. The upper panel of figure 2 gives the occurrence distribution in 1-hour universal time (UT) bins (local time = UT - 5
hours). As is evident, there were far more occurrences at night,
defined as ± 6 hours from midnight, than during the day. This
day-night difference is a well-known characteristic of highlatitude absorption at levels of several tenths of a decibel to
many decibels. It is present in these data down to 0.03 decibel.
Also apparent is a secondary, afternoon maximum (18-22 UT)
that may be related to the afternoon absorption maximum
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Figure 2. Time distributions of small-amplitude riometer variations: (above) universal time (M indicates local midnight); (below)
sidereal time.
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Figure 3. Sidereal time distributions of P-type and N-type smallamplitude riometer variations.

recently found in magnetically quiet times by Detrick, Rosenberg, and Park (1981). The lower panel shows the same data
distributed in sidereal time bins (sidereal time drifted about
3 hours relative to UT over the study interval). Scattering variations should have occurred in the intervals marked N [negative net scattering, figure 1(c) ii and P [positive net scattering,
figure 1(c) ]. However, the peak at 13-17 hours is probably
only a reflection of premidnight absorption events, and there
is no P-peak at all. Most events could be categorized as either
"P-type" or "N-type," depending on whether the initial variation was a well-defined increase or decrease relative to the
background level. The P-type events (if due to scattering)
should have occurred during the P-interval, and correspondingly for the N-type events. Figure 3 shows, however, no
significant difference in distribution of these two subsets.
This study does not entirely rule out scattering as a cause of
riometer variations, but it shows that scattering either is much
less common as a cause of the variations than absorption or is
effective only at levels 0.03 decibel.
This work was supported by National Science Foundation
grant DPP 74-01704. I thank H. Chivers of the University of
California-San Diego for the riometer data. L. J . Lanzerotti of
Bell Telephone Laboratories digitized the data and provided
computational assistance.
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Satellite measurements during Siple
Station VLF wave-injection
experiments
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One of the primary functions of the Siple Station very-lowfrequency (VLF) transmitter is to inject coherent VLF waves into
the magnetosphere in order to stimulate nonlinear gyroresonance interactions between the 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 emissions may be produced, and the resonant
energetic electrons may be scattered into the atmospheric loss
cone, eventually precipitating into the lower ionosphere to
produce bremsstrahlung X-rays, optical emissions, and
plasma density enhancements (Helliwell and Katsufrakis
1974).
The main goal of the Siple Station VLF wave-injection experiments it to gain understanding of the physics that governs
the nonlinear gyroresonance interaction in the magnetosphere. This knowledge is essential if we are to understand
the mechanisms that determine the lifetime of energetic particles in the magnetosphere of the Earth, as well as in the
magnetospheres of other planets in our solar system.
Each wave injection experiment begins with the injection of
VLF waves from the Siple transmitter into the ionosphere. A
small fraction of these waves travel in ducts of enhanced ionization along the Earth's magnetic field. Near the magnetic
equatorial plane, these waves interact with energetic electrons
to produce wave amplification (up to 30 decibels), triggering
Of VLF emissions, and scattering of energetic electrons. The
ducted signals and associated triggered emissions travel to the
ionospheric regions conjugate to Siple Station and enter the
Earth-ionosphere waveguide to be observed on the ground
near Roberval, Canada.
Although ground-based measurements can determine a
number of important features of the interactions involving
ducted waves, most of the waves injected by the Siple Station
transmitter propagate in the magnetosphere in a nonducted
mode, and the output of these interactions is not observable
on the ground (Bell, man, and Helliwell 1981). Thus, the only
means of observing the output of wave-particle interactions
involving nonducted injected waves is through the use of
satellites or rockets.
During the past year, three satellites have been used to
obtain correlative measurements during Siple Station waveinjection experiments: the EXOS-B, the Isis H, and the ISEE-1
spacecrafts. The Japanese high-altitude EXOS-B spacecraft has
been uniquely valuable in providing both VLF wave and energetic particle measurements during Siple wave-injection
experiments. A few of the new discoveries (Bell et al. in preparation; Kimura et al. in preparation) credited to the EXOS-B/
Siple Station experiments are:
1. In the local noon sector, the triggering of VLF emissions
by Siple signals took place only in the aftermath of a large
magnetic storm.
208

2. The probability of Siple signals triggering VLF emissions
was an order of magnitude higher in the local dawn sector
than in the local noon sector.
3. Emission-triggering by Siple signals appears to depend
more strongly on the magnitude of the energetic particle flux
than on the pitch angle distribution of the flux.
The Canadian low-altitude satellite Isis II has obtained valuable data above Roberval concerning the Doppler shift of nonducted Siple signals and associated VLF emissions. This information has been used to determine the raypath along which
the emissions were generated and to determine the wave normal of the waves in the interaction region.
The National Aeronautics and Space Administration highaltitude satellite ISEE-1 has been uniquely valuable in obtaining
comprehensive measurements of Siple transmitter signals and
associated emissions both inside and outside the plasmasphere. The figure shows a portion of the VLF wave data
acquired by the ISEE-1 satellite on 28 June 1980 during an hourlong interval in which Siple signals and associated VLF emissions were present in the data.
ISEE -1
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Portions of very-low-frequency (VLF) wave data acquired on the
SEE-11 satellite on 28 June 1980. Upper panel shows a spectrogram
of wave data in the 4-7 kilohertz range. Lower panel shows the
transmitter format. The presence of VLF emissions and signal
bandwidth increase Is clearly in evidence.

The upper panel of the figure shows a spectrogram of the
satellite wave data in the range of 4-7 kilohertz for a 20-second
period near 1421 universal time when the spacecraft was near
the northern auroral zone on a magnetic shell of number L =
7.9, a magnetic latitude of 60°N, and a geographic longitude
of 59°W. The transmission format at this time consisted of a
signal of constant frequency at 5.05 kilohertz, and this format
is depicted in the spectrogram in the lower panel of the figure.
The fading with 1.5-second period evident in the top spectrogram is caused by the rotation of the satellite dipole antenna
during reception. Comparison of the two panels of the figure
shows that the Siple transmitter signal has triggered a number
of VLF emissions somewhere along its path of propagation to
the satellite. In addition, the bandwidth of the signal has been
increased significantly by its interaction with energetic electrons along its propagation path.
It is planned that new satellite wave and particle measurements will be carried out during future Siple VLF wave-injecANmRcTIc JOURNAL

MAQM
tion experiments. These measurements will be of great value
in expanding our knowledge of how waves and particles interact in the Earth's environment.
This research was supported by National Aeronautics and
Space Administration grants NAS 5-25744 and NGL-05-020-008.
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The correlation of ultra-low-frequency (uLF) waves with particle precipitation has long been recognized as a very interesting geophysical phenomenon that apparently results from
the interaction between waves and particles in the magnetosphere. Although the integrated wave energy in the magnetosphere is small compared with that in the particle population,
wave-particle interactions could be significant in particle
acceleration and losses, in wave growth, and in the modification of such plasma parameters as collision frequency and
resistivity.
This report presents two different types of ULF-photometer
correlations. The first type is a prompt (within a few seconds)
correlation between Pi 1 (irregular pulsation category 1) and
auroral light bursts. Figure 1 gives the horizontal components
of dB/dt (i.e., the derivative of magnetic field B with respect
to time); the component along B was negligible. Also given is
the output from the 5577-angstrom Lockheed photometer
viewing vertically with a 100 entrance aperture for 4 minutes
on 21 August 1979. The vector direction of the horizontal dB/
dt signal is given by the angle measured positive north of
west. The figure clearly shows that only when the direction of
dB/dt was southwest, or when the disturbance field AB was
directed to the southwest, were the pulsations correlated with
light bursts. Equally large AB directed to the northwest
occurred but was not accompanied by a light burst. This rather
unique association of particle precipitation with a disturbance
field in one direction is a consistent feature seen in approxi1981 REvIEw
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mately a dozen such events recorded in 1979 with the favored
direction always southwest or west. We would like to make
brief comments about possible interpretations of this type of
photometer-Pi 1 correlation.
1. Local current model. In this model the micropulsations
are the ground-level magnetic signature of an ionospheric
current system enhanced or generated either as a result of an
impressed electric field or an increased ionospheric conductivity due to particle precipitation. The origin of the particle
precipitation and/or electric field is not addressed in this
model. For events like the one discussed here, one needs an
ionospheric current directed toward the north-northwest.
Such acurrent system has been attributed to the quasi-periodic
poleward propagation of on-off switching aurora as observed
with auroral iv by Oguti and Watanabe (1976). These poleward-propagating auroral particles were observed by Oguti
and Watanabe in the dawn post-breakup aurora and were
concurrent with magnetic pulsations having approximately a
10-second period. The date of figure 1 are inconsistent with
this model in at least one respect. If the auroral light burst is
responsible for the local ionospheric current, then the ground
B field will rise with time approximately as the light burst.
The micropulsation signal is the time derivative of AB; hence,
it would not track the light burst as it is observed to do in
figure 1.
2. Equatorial wave-particle interaction. In this model, wave
growth in the equatorial plane is at the expense of particle
energy; hence, particles are moved into the loss cone and
precipitated. Pi 1 (si p) has been observed by satellite sensors
in the equatorial plane at synchronous orbit associated with
the onset of substorms (Shepard et al. 1980). Because the wavelength of the observed Pi 1 is only a fraction of the distance
from the ionosphere to the equator, it is unlikely that the wave
is a standing mode. However, for a propagating wave, there
should be a delay of a few tens of seconds between the particle
precipitation and the arrival of the wave at the ionosphere,
and this is not observed.
3. Local particle precipitation. In this model, the magnetospheric waves incident on the ionosphere lower the mirror
point of local particles. A similar model involving ionospheric
current feedback has been suggested by Maehlum and O'Brien
(1968). The serious problem with this mechanism is that the
ground AB measured is only a few gamma in amplitude. Even
allowing large ionospheric attenuation, the signals above the
ionosphere still would be very small compared with the magnitude of the local field and would be of questionable effectiveness in the precipitation of particles. The ULF-photometer
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correlation of the second type we wish to discuss does, however, provide further evidence for this model.
In earlier papers, Cahill, Arnoldy, and Mende (1980) and
Mende and associates (1980) reported 4278 angstrom light
bursts delayed by tens of seconds from the arrival of Pc 1 pearl
wave packets at Siple. Figure 2 gives similar data recorded at
Siple and Roberval on 18 August 1979. The numbers are an
attempt to identify bouncing wave packets. The bounce period
of 137 second is verified by an auto-correlation analysis of both
the Siple and Roberval data. The Siple photometer bursts identified with the wave packets are delayed by nearly half this
bounce period. Five similar events we have studied have
revealed a light-burst delay equal to half the wave packet
bounce period. Although Mende and associates (1980) and
Cahill and associates (1980) have demonstrated that a waveion interaction near the equatorial plane can satisfy the timing
of the event, the production of the light by the ions has been
of concern (Mende et al. 1980). If one attributes the light production to electrons, then the delay of half a wave-bounce
period suggests a model in which the wave packet modifies
pitch angles at or near the conjugate (Roberval) ionosphere
such that electrons are precipitated at Siple. The much lower
mirror point at Siple (due to the South American anomaly)
requires only a very small pitch angle change at Roverval to
cause electron loss at Siple.

Active and passive VLF experiments
at Siple Station, 1980-1981
D. L. CARPENTER

In summary, the detail of the Siple geophysical data has
revealed some interesting aspects of the wave-particle precipitation correlation.
This research was supported by National Science Foundation grants DPP 79-23294 and DPP 71-01668.
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shows frequency- (2.2-5.2 kilohertz)-versus-time records
from the 10 January flight when the rocket was at peak altitudes. The middle record, from the Siple main station, shows
initially the format of a 5-second descending frequency ramp
from the Siple transmitter. Reception of natural wave activity
then began, and a two-hop echo of the ramp was observed,
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Stanford University
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18.205
kHz

The scientific objectives of the 1980-81 rocket-balloon campaign at Siple included: study of the manner in which the
Siple very-low-frequency (VLF) transmitting system illuminates the lower ionosphere, study of the penetration of the
ionosphere by upgoing and downgoing VLF signals, comparison of natural and manmade wave activity recorded within
the ionosphere and at conjugate ground stations, and investigation of the feasibility of VLF direction-finding (OF) at a site
away from the main Siple Station. During the campaign,
approximately 300 separate VLF transmissions lasting from
minutes to hours were made in connection with rocket and
balloon flights, ground-satellite propagation studies, Siple-toRoberval probing studies, and special transmitter experiments
involving Palmer and Halley Stations. In addition to regular
passive recording at the main station, J . Billey set up and
operated a VLF direction-finding system (Leavitt et al. 1978) 3
miles magnetically south of Siple. Following are a few high lights of the campaign activity.
Transmissions during Nike-Tomahawk flights. The transmitter
operated throughout each Nike-Tomahawk flight (12 and 20
December and 10 January 1981) using combinations of continuous wave, 1-second pulses, and frequency ramps. The figure
1981 REvIEw
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Spectrograms from 10 January 1981 when the rocket payload was
near peak altitudes. The rocket (N-T Br), Siple (Si), and Roberval
(Ro) records show a 5-second descending frequency ramp, transmitted from Sipie, followed by a one-hop signal at Roberval and
two-hop echoes at Siple and on the rocket. The horizontal lines In
the no record are due to local power line interference at the Roberval main station.
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delayed by about 5.4 seconds from its time of origin. The echo
exhibits evidence of frequency broadening at approximately
0.5-second intervals and triggering of discrete emissions. Following the two-hop signal is a faint four-hop echo consisting
mostly of a train of emission-like elements.
The top record shows the signal received on the nearby
rocket. The direct upgoing signal appears first, with essentially
no time delay. It is followed by two- and four-hop echoes
similar in many respects to those observed on the ground.
There are differences, however: The two-hop echo observed
in the ionosphere on the rocket appears to trigger a diffuse
band of noise above the transmitter frequency, while on the
ground this band is not evident. The bottom record shows
spectra from the Roberval main station. The ramp is observed
after a one-hop travel time of approximately 3 seconds and
exhibits many faint, rising, triggered emissions but no clear
evidence of the quasi-periodic frequency broadening at Siple.
Further study of the similarities and differences of the various spectra should lead to improved understanding of VLF
propagation in the ionosphere and of mechanisms by which
the injected signals grow to high amplitudes.
Direction-finding near Siple Station. The direction-finding
operation, 3 miles from Siple, was established by mid-December and was highly successful. J . Billey was able to get good
reference bearings on known fixed-frequency signal sources
and to make real-time determinations of the arrival bearings
of whistlers, discrete natural emissions, hiss, and two-hop
signals from the Siple transmitter. In one case, simultaneous
direction-finding on whistlers was achieved at Siple and at
Palmer Station.
In general, results of the direction-finding study were consistent with expectations: Noise activity at the lower frequencies, below approximately 2 kilohertz, tended to come from
the south, while whistlers with dispersion properties that
implied paths toward the equator from Siple gave northerly
bearings. During periods of multitechnique measurements,
such as by balloon X-rays and Siple VLF, results again were
consistent. When X-ray VLF correlations were observed, the
wave arrival bearings suggested magnetospheric propagation
near the known balloon position, while at times of structured
VLF but no X-ray correlation, the VLF appeared to arrive from
a direction well away from the balloon.
This work represents the first application of direction-finding at Siple in the near presence of the 21-kilometer longwire
antenna. It will help determine how direction-finding can be
implemented in the future on a regular basis near the station.
General features of

VLF transmissions

from Siple to Roberval.

The results of transmissions to Roberval were surprising with
respect to the number of successful receptions, the frequencies
of the successful transmissions, and the local time of their
occurrence.
Transmitter triggering and/or echoing effects were observed
at Siple and/or Roberval on 16 days of the 45-day observation
period (1 December 1980 through 14 January 1981). On most
of the 16 days, two-hop echoes of the transmitter signals were
observed at Siple. In contrast, Siple records show that no twohop echoes were received in early 1980 until mid-March. The
number of successes at the end of the year probably is due in
part to the intensity of the 1980-81 campaign effort, but it also
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appears to reflect a change, not yet understood, in magnetospheric propagation conditions.
In 14 of the 17 periods of successful transmissions to Roberval (two periods occurred on one of the days), the center
frequency of the approximately 1-kilohertz transmitter band
was at or below 3.01 kilohertz. Furthermore, Siple operators
M. Dermedziew and J . Billey had found that throughout 1980,
the most favorable transmitter frequency range was approximately 2.5-4.0 kilohertz. From analysis of Siple data from 1973
and 1974, it had been predicted that the campaign transmissions would tend to be in the 4-5 range, and it is not yet
understood why the lower frequencies actually provided most
of the opportunities for observations. The effect may be partly
a function of the increased power available with the new
Jupiter transmitter and in part may reflect a solar-cycle variation in the amplifying properties of the magnetospheric
plasma.
In previous studies, a peak in successful transmissions was
found near 12 universal time (UT) (Carpenter and Miller 1976),
while during the rocket-balloon campaign the echo activity
was clustered near 17 isr. A possible explanation involves the
diurnal variation in plasmasphere radius, such that a secondary maximum in radius (in contrast to the larger evening bulge)
develops near local noon (or —17 UT) (Carpenter 1978), thus
providing the high-density plasma conditions that are known
to be favored for propagation of the Siple signals (Carpenter
and Miller 1976).
Transmissions to balloons. A special transmitter format was
developed by E. Paschal, permitting the transmission to balloon-VLF receivers of a series of 10-second-long pulses spaced
at 1-kilohertz intervals from 1.5-6.5 kilohertz, each at approximately the same power applied to the Siple antenna. One
purpose of these transmissions was to monitor the transmitter
field strength at various points as the balloon drifted at an
altitude of 30 kilometers. This should provide information on
the effects of the icesheet and underlying rock environment on
the transmitter fields.
Transmissions to Palmer and Halley. A special series of experiments was conducted on Earth/ionosphere waveguide propagation of Siple signals from the horizontal dipole antenna at
Siple in the broadside direction (to Palmer) and in the endf ire
direction (to Halley). Palmer also supported the rocket-balloon
program by serving as a relay point for ATS-3 satellite voice
communication between Siple and the conjugate station Roberval, Canada.
Field personnel were as follows: Siple—M. Dermedziew, J.
Billey, E. Paschal, W. Trabucco, and D. Carpenter; Palmer—
P. Mann and J . Green; Roberval—R. Taillefer.
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VLF transmissions from Siple Station
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There is increasing interest in transmitting from Siple Station at frequencies as low as 1 kilohertz. Many high-altitude
satellites that have wave detectors aboard are especially programed to receive signals below approximately 1.6 kilohertz.
There is also interest in transmitting extensively between 1
and 4 kilohertz to enhance the wave interaction with the more
energetic electrons and to observe the ionospheric effects
associated with the particles scattered in the process.
During 1980, a receiving site that was free of power line
interference in the frequency range 10 hertz to 20 kilohertz was
established near Roberval (Canada). Transmissions of between
1 and 2 kilohertz were made from Siple and were received at
Roberval. An example of the observations of 2 July 1980 are
shown in the figure. Two modulations were employed. The
upper three panels show a staircase consisting of 1-second
pulses transmitted in sequence between 2 and 1 kilohertz at
100-hertz steps. Notice the triggered emissions and echoes at
the 2.0- and 1.9-kilohertz frequencies. The lower two panels
show a series of pseudo-C letters being transmitted. The upper
half of the C's without triggering were observed at Roberval.
Siple Station is now capable of transmission, although at
lower power, down to 1 kilohertz. It is hoped that Siple Station

Digital ionosonde studies of the
ionosphere from Siple Station and
Roberval, Quebec
C. S. STILES,

F. T. BERKEY, and J. R. D0UPNIK

Center for Atmospheric and Space Sciences
Utah State University
Logan, Utah 84322
In July of 1980 Utah State University began regular operational tests of a revolutionary computer-controlled ionospheric sounder at Roberval, Quebec (Roberval is located at
the northern end of the Earth's magnetic field line that passes
through Siple Station). Later this year the sounder will be
relocated at Siple Station. This instrument, constructed by the
Space Environment Laboratory of the National Oceanic and
Atmospheric Administration, at Boulder, Colorado, is a
greatly advanced version of the traditional ionosonde. Its basic
function is to probe the electrons in the ionosphere by the use
of reflected radio pulses. The digital sounder, however, can do
far more than the traditional ionosonde, which was limited
primarily to sweeping through the frequency range of about
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A frequency staircase and the letter C being transmitted from
Siple Station and received at Roberval. Notice the triggered emissions and echoes associated with the 2.0 and 1.9 kilohertz pulses
of the staircase.

will be capable of transmitting at much higher power at these
lower frequencies.
This work was supported by National Science Foundation
grant DPP 76-82646. Fieldwork at Siple Station was carried out
by M. Dermedziew and J. Billey, from 1 December 1979
through 20 January 1981.

1-20 megahertz and recording only the time of flight of the
reflected pulse. The new instrument can, in addition, operate
at a number of discrete frequencies, with the sampling rate
and duration of the sounding under software control by the
operator. An even more significant feature of the digital
sounder is that it records not only the time of flight of the
pulse, but also the amplitude and phase of all echoes at each
of four spaced antennas. This permits examination of such
attributes as the temporal variations of the amplitude and
phase of the signal and the location of the reflecting region.
This information is particularly critical at high latitudes, where
the ionosphere exhibits strong variations with both short (less
than a second) and long (hours) time scales.
Examples of the large quantities of information this machine
can provide over greatly different time scales are shown in
figures 1 and 2. Both figures show data taken with the sounder
operating at a single frequency. The first spans about 4 hours,
the second 300 seconds.
Figure 1 shows five parameters derived from the received
signal. The top two panels plot the calculated distance (to the
north and east of the transmitter) between the transmitter and
the ground projection of the ionospheric reflection point. The
third panel is the virtual range of the reflected pulse calculated
from the time of flight ("virtual" since propagation delays have
not been removed). Seen in this panel are both the first echo
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Figure 1. Three-hour ionospheric sounding at 4.6 megahertz, Roberval, Quebec.

and the second hop (the signal that has bounced off the ionosphere, off the ground, and off the ionosphere again). The
fourth panel shows the amplitude of the echo (note again both
the first hop and weaker second hop). The fifth panel records
the change in phase from pulse to pulse (the nanosecond time
scale variation of time of flight), which can be interpreted as
a velocity of the reflecting plasma; a positive velocity corresponds to motion away from the observer.
Figure 1 is a particularly good example of the large-scale
wave motions often observed at Roberval. The motions are
most easily discerned in the amplitude and velocity plots,
which show periods of roughly 10 minutes. Such periods are
appropriate for internal gravity waves in the neutral atmosphere. If the range scale is expanded, similar fluctuations can
be seen; the range is greater when the amplitude is greater,
and velocity becomes positive as the range increases, which
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is expected for long trains of waves. Variations iu the location
also can be seen. Throughout this time there appears to be a
general motion from northeast to southwest, suggesting that
the fluctuations are due to the southwest movement of a fairly
regular wavelike structure.
Much more rapid variations can be studied with singlefrequency soundings plotted over greatly expanded time
scales. In figure 2 we examine a phenomenon known as Spread
F, which is an irregular enhancement in the width of the echo
from the F-region of the ionosphere (roughly above 150 kilometers).
The data of interest are the amplitude, range, and north and
east echo locations. (The remaining two panels are meaningless for the particular format used in this experiment.) Note
that the range scale is much expanded from figure 1. The
expanded scale clearly separates the three discrete traces that
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Figure 2. Five-minute ionospheric sounding of Spread F at 2.3
megahertz, Roberval, Quebec.

Cosmic ray intensity variations
M. A. POMERANTZ, S. P. DUGGAL, and C. H.

TSAO

Bartol Research Foundation of The Franklin Institute
University of Delaware
Newark, Delaware 19711
Cosmic ray detectors in Antarctica located at McMurdo and
South Pole Stations continually record the interplanetary
"weather" conditions on time scales ranging from minutes to
several decades. These stations, operating in concert with others in the Bartol network—at Thule, Greenland, and Newark,
Delaware—provide crucial three-dimensional information
concerning the dynamics and structure of the heliosphere in
which the solar plasma and the associated "frozen-in" magnetic fields play a dominant role in the propagation of energetic
charged particles.
Recent studies of the relationships between the relativistic
cosmic ray flux and various interplanetary phenomena have
revealed that the magnitude of the correlation coefficient representing linear regression between the strength of the interplanetary magnetic field (IMF) and the cosmic ray intensity is
rather small. In an attempt to understand this puzzling result,
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make up the Spread F echo at this time; the primary trace is at
about 235 kilometers, and the other two show up erratically at
about 250 and 265 kilometers. All traces show rapid variations
in range of several kilometers, and there is evidence that one
trace may merge with another.
The top panel shows that the amplitude of the primary echo
is roughly 10 times that of the others and that all show rapid
fading. Equally rapid changes are exhibited in the locations of
the echoes. The primary echo appears to be centered somewhat
south of Roberval but varies over several tens of kilometers.
The weaker echo comes primarily from the northeast for the
first half of the run and then more from the west. The variations
in location are too rapid to be explained by bulk motions of
the plasma typically seen in the F-region at these latitudes;
they may be due to rapid changes in the orientation of the
surface that reflects the signals (i.e., speckling).
The two figures are good examples of the quantity of detailed
data that the new digital sounder easily can provide over both
very short (- seconds) and very long (- days) time scales.
Further information can also be extracted from the recorded
data, such as propagation mode. This instrument, which will
be installed at Siple Station in January 1982, should greatly
enhance our ability to study the dynamic high-latitude ionosphere and its relation to magnetospheric dynamics, electromagnetic and neutral atmosphere waves, and magnetic variations.
This work is supported by National Science Foundation
grant DPP 77-22170. It is being carried out in cooperation with
C. G. Park and R. A. Helliwell of Stanford University and L.
J . Lanzerotti of Bell Laboratories. Fieldwork has been conducted by F. T. Berkey, J . R. Doupnik, and S. Walter; in
addition, field operations at Roberval have been greatly aided
by R. Taillefer.

we have analyzed, by the method of superposed epochs,
nucleonic intensity data recorded during the period 1965-71
at our polar stations and at an equatorial viewing station that
has a high geomagnetic threshold rigidity. Figure 1 shows the
results of selecting the key days on the basis of an abnormally
high IMF magnitude (B> lly) and low (B < 5y), respectively.
A new statistical technique (Forbush et al. 1981) that we have
developed to test the significance of results obtained with this
type of analysis has revealed that the intensity variations displayed in figures 1(a) and 1(b) represent a real phenomenon.
These figures establish the following results:
• The cosmic ray intensity decreases during periods associated with high values of the IMF (IMF> 11 x 1V gauss).
• On days characterized by low values of IMF (B < 5 x 10
gauss), the cosmic ray intensity increases.
• Both positive and negative modulations attain their maximum 1 day after the selected epoch date, a finding that throws
light on the plasma configuration that is responsible for producing the cosmic ray intensity variation.
• At polar stations, the intensity fluctuations associated
with magnetic field changes are larger than they are at sites
characterized by high cut-off rigidity.
In addition, we have found that on many days when the IMF
is close to the mean value of about 6 x 10 gauss, no significant
nucleonic intensity variations are detected at the polar sta-
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tions. Taken together, these results show that only large departures from the mean IMF are effective in producing the corresponding cosmic ray modulation (Duggal et al. 1981; Schaefer
1981).
The cosmic ray observations at McMurdo and South Pole
Stations originally established that every cosmic ray storm is
characterized by north-south (N-S) anisotropy (Duggal and
Pomerantz 1971). It was subsequently demonstrated that the
sense of the axial anisotropy varies from event to event, and
that these variations are related to the inclination of an associated interplanetary shock wave (Duggal and Pomerantz
1976). We have recently discovered that, in addition to these
transient N-S anisotropies, a long-duration axial asymmetry
that is somehow associated with solar rotation also exists
(Pomerantz et al. 1980).
A comprehensive search for possible correlations of this
long-term N-S anisotropy with various solar and interplanetary parameters has been conducted. It now appears that there
is a significant relationship only in the case of that component
of the IMF that is parallel to the garden-hose direction (B 11 ). In
figure 2, Chree analysis of B 11 with respect to epoch days
characterized by N-S asymmetry 0.7 percent reveals that a
N-S differential flux is related to B 11 not only on key days
(epochs), but also 27 days before and after the epochs. This
result suggests that the mechanism that gives rise to long-term
N-S asymmetry associated with solar rotation is the particle
streaming caused by B 11 x gradient (n) drift where B 11 is the
IMF component in the direction parallel to that of the spiral
interplanetary magnetic field and n is the cosmic ray density
(Pomerantz et al. 1981).
This work is supported by National Science Foundation
grant DPP 79-23218.
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Figure 1. Superposed epoch analysis of polar and equatorial
nucleonic intensity with respect to epoch days characterized by
(a) IMF> 11 y and (b) IMF < 5 y. IMF = interplanetary magnetic field.
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Figure 2. Chree analysis of the IMF (Interplanetary magnetic field)
component parallel to the nominal garden-hose spiral direction.
The key dates (K.D.) are days on which the Thule-McMurdo intensity difference exceeded 0.7 percent (N = 214). The vertical
dashed lines indicate the zero and ± 27 epoch days. NS = NorthSouth.
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Riometer measurements at South
Pole and McMurdo Stations

10 seconds. These coordinated measurements are expected to
aid the analysis of related magnetospheric/ionospheric data.
The records produced in the first 2 weeks following installation contain several features of the data that may be representatives of results to be obtained from the program. One
example is shown in the figure. During the period 0200 to 0900
universal time (UT) on 25 January, three separate absorption
events were found to occur simultaneously at both sites, indicated by the arrows in the figure. This is noteworthy because
of the wide invariant latitude and local time separation of the
stations (South Pole at invariant latitude approximately 74.2°,
McMurdo at approximately 79.7°; local time difference approximately 5 hours), and because the events correlate so closely
in time. With the installation of the digital data acquisition
systems, we expect to be able to examine such events more
thoroughly.
This work was supported by National Science Foundation
grant DPP 79-25074.

D. L. DETRICK and L. LUTZ
Institute for Physical Science and Technology
University of Maryland
College Park, Maryland 20742
During the 1980-81 austral summer, multiple-frequency
riometer installations were made at South Pole and McMurdo
Stations. Participating in this project were D. Detrick, J . Gordon, L. Lutz, and T. Rosenberg of the University of Maryland.
The riometers at South Pole Station will form part of a new
upper atmosphere physics facility to investigate polar cusp
and plasma sheet phenomena; other instruments will provide
very-low-frequency (VLF), micropulse, magnetometer, ionosonde, electric field, and photometric measurements. The
riometers at McMurdo Station are intended to measure absorption in the polar cap region. Data from these sites will complement ongoing projects at Siple Station and the magnetically
conjugate region in Canada.
The instruments installed have a frequency response flat
from 0 hertz, with a decibel rolloff at 5 hertz. They have been
placed in insulated enclosures, with thermostatically controlled resistive heaters designed to maintain the internal temperature at approximately 20°C over the expected range of
ambient temperatures. The enclosures can support four riometers, with easy access to each for examination or removal;
all input and output voltages can be monitored externally without opening the enclosures.
At South Pole, 20.5-, 30-, and 51.4-megahertz riometers were
installed approximately 1,000 meters from the new laboratory
facility in the Skylab building, along a boundary with the
clean-air sector. A similar installation at McMurdo provides
measurements at 30 and 51.4 megahertz. During the first year
of operation, the riometer signals will be recorded on lowspeed chart recorders and monitored by W. Gail (South Pole)
and D. Fullerton (McMurdo), both of Bartol Research Foundation.
In the 1981-82 austral summer season, digital data logging
units will be installed at both sites. These will allow for coordinated digitization and recording of analog signals from any
of the several available instruments; they will provide a common time base and sampling rates of 0.1 second, 1 second, or
1981 REVIEW
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Simultaneous occurrence of three separate riometer absorption
events (arrows) at South Pole and McMurdo Stations on 25 January 1981.
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Dayside aurora studies with a color
keogram camera

compare them with substorm parameters and interplanetary
field data.
A new, two-channel keogram camera was installed at South
Pole Station in December 1980 for the 1981 austral winter. In
this version, the meridinal slit image is color separated by a
dichroic filter to pass through X 4278 N 2 + ( ionized nitrogen
molecule) and A 6300 01 (atomic oxygen) filters (30-angstrom
half width). These two images are optically re-imaged onto a
special white-phosphor second-generation image intensifier
tube. The output images are then color coded (gelatin filters)
and fiber-optically combined for recording on color film. In
this way we will have color-coded keograms that give a measure of average energy (from the 6300/4378 ratio) as well as
total energy precipitated.
This work is supported by National Science Foundation
grant DPP 78-23513. Fieldwork was carried out by R. H. Eather
and D. L. Bourke, 6-21 December 1980.

ROBERT H. EATHER

Physics Department
Boston College
Chestnut Hill, Massachusetts 02167
STEPHEN B. MENDE

Lockheed Palo Alto Research Laboratories
Palo Alto, California 94304
We described previously the keogram camera installed at
South Pole Station for the 1980 austral winter (Eather and
Mende 1980). The camera worked well and revealed previously
unsuspected dynamics of the dayside aurora, especially in the
morning and afternoon sectors. Extended periods (1-3 hours)
of poleward and equatorward drifting auroral structures were
observed (see figure). We are currently analyzing data and will
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Part of X 6300 01 keogram taken with the keogram camera at South Pole Station, day 191, 1980. The latitude scale is measured along the
geomagnetic meridian and goes from 5 0 south of South Pole Station (top of picture) to 50 north (bottom of picture). The dayside cusp aurora
Is seen at the top of the picture near midday (1530 universal time), and dynamic equatorward and poleward movements of auroral
structures are seen between 1900 and 2200 universal time (late afternoon local time).

Reexamination of polar cap arcs
S.-I. AKASOFU
Geophysical Institute
University of Alaska
Fairbanks, Alaska 99701
Auroral arcs appear most frequently along an annular belt
around the geomagnetic pole. The poleward boundary of this
auroral oval, as it is called, delineates approximately the outer
boundary of the plasma sheet, so that auroral arcs appear near
the "foot" of closed-field lines. The area bound by the auroral
oval is called the polar cap and is believed to be the region
where the open-field lines are "rooted."
In the polar cap, auroral arcs lying approximately parallel to
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the Sun-Earth line (or to the noon-midnight meridian line)
often appear. These arcs are called the polar cap arcs (Davis
1960) and have been considered a great puzzle because they
appear near the foot of the open-field lines and because they
are not significantly different, in their characteristics, from
auroral arcs in the oval. For example, like oval arcs, they are
caused by the so-called monoenergetic electrons that carry
field-aligned currents. The energy of the electrons is, on the
average, a little less than that of electrons observed in the oval,
but such a fact cannot categorically distinguish polar cap arcs
from oval arcs.
Recently, Meng (1981) showed that the precipitation region
of auroral electrons extends continuously from the normal
location of the oval into the polar cap region in the morning
sector. An implication of his finding is that some of the polar
cap arcs lie in the widened oval (namely, in the closed-field
region), not in the open-field line region.
ANTARCTIC JOURNAL

In order to examine this possibility, electron data from the
DMSP (Defense Meteorological Satellite Program) satellite are

compared with the simultaneous auroral photographs taken
from South Pole Station. The results show that polar cap arcs
and glow are observed in the extended precipitation region,
indicating that some of the auroral arcs in the morning sector
belong to the auroral oval rather than to the polar cap. Figure
1 shows the DMSP satellite on 29 June 1975. The precipitation

Northern crossing
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3. 0931
5. 1111
7. 125:

12

18

Southern crossing
3 UT
3 UT
5 UT

regions along the satellite passes are marked. The figure also
shows approximately the location of South Pole Station at 4,
6, 8, 10, 12, 14, and 16 universal time (UT). Figure 2 shows the
electron precipitation region mapped by all-sky photographs
from South Pole Station at 1016 UT on the same day. Since
South Pole Station was definitely under the extended precipitation region (figure 1), the arcs seen in figure 2 should not be
classified as polar cap arcs.
One of the possible causes for the large-scale deformation
of the polar cap is changes of the magnetospheric configuration
and thus of the geometry of the open region produced by the
east-west component (Br) of the interplanetary magnetic field
(IMF). Figure 3 shows an example of the geometry of the polar
cap when the IMF components are given by B = 0, B = -8.7y,
and B = S.Oy, that is, when the IMF has large north and eastwest components (Akasofu, Covey, and Meng 1981). The conclusion does not imply, however, that all polar cap arcs can be
explained in the same way.

06
12

00

Figure 1. Electron precipitation region mapped by the DMSP satellite
In the Southern Hemisphere on 29 June 1975. The location of South
Pole Station at 04 through 16 universal time also Is Indicated.

18

06

Figure 3. Geometry of the open region when the interplanetary
magnetic field has a large north and east-west component (Akasofu, Covey, and Meng 1981).

This research was supported by National Science Foundation grant DPP 78-20630. I would like to thank C.-I. Meng,
Applied Physics Laboratory, Johns Hopkins University, for
his collaboration in this project.
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1016 universal time on 29 June 1975.

1981 REVIEW

Akasofu, S.-!., Covey, D. N., and Meng, C.-!. In press. Dependence
of the geometry of the region of open field lines on the interplanetary
magnetic field. Planetary Space Science.
Davis, T. N. 1960. The morphology of the polar aurora. Journal of
Geophysical Research, 65(10), 3497-3500.
Meng, C.-!. 1981. Polar cap arcs and the plasma sheet. Geophysical
Research Letters, 8(3), 273-276.
219

New upper atmosphere science
program at South Pole Station

kHz

A new upper atmosphere science program was initiated at
South Pole Station with the completion in February 1981 of the
laboratory (Cusp Room) and the installation of the science
receiving and recording system.
The new science program will provide data for studying the
magnetospheric cusp, a region where the solar wind plasma
can freely penetrate the magnetosphere and produce a variety
of plasma instabilities as well as precipitation effects in the
ionosphere. Satellite-borne particle detectors show precipitating low-energy particles near the cusp, and a variety of
ground-based instruments reveal characteristic signatures
associated with the precipitation of cusp particles.
Several satellites will be investigating the cusp region in the
future; important among these are the National Aeronautics
and Space Administration's Dynamics Explorers (DE-A and -B)
launched in July 1981. These satellites are instrumented with
wave receivers, particle detectors, an auroral imager, electric
and magnetic field detectors, and thermal plasma probes. The
combination of ground instruments at South Pole Station and
the DE satellites will provide a unique opportunity to study the
interrelationships among various phenomena associated with
the cusp. The location of South Pole Station is particularly
advantageous, since both satellites will pass directly over the
station on every orbit.
A new satellite series, to become operational in the mid1980's, is being proposed. The mission is named OPEN (Origin
of Plasmas in the Earth's Neighborhood). This series will
involve satellites of interest to South Pole investigators, for

-

A1JLJL

2.5
D. L. CARPENTER and J. P. KATSUFRAKIS
Radioscience Laboratory
Stanford University
Stanford, California 94305

-

-

1,435

1450

1505

1520

1535

1550

1605

1620

5.0 —

---

Ji

Ji1I;S

1635

1650

1705

1720

UT

Figure 2. Structured very-low-frequency noise received at South
Pole Station on 1 February 1981. The spectrum is essentially free
of power system interference.

-

RIOMT

rr Lr
S:

MF
lE:

W1A

11-13kHz

2-4 kHz

1-2 kHz

0.5-1 kHz

214 hH

PULSE

H
Figure 1. The very-low-frequency receiving loop antennas at South
Pole Station.

220

22

23

24 U

Figure 3. A well-defined correlation event observed at South Pole
Station on 4 February 1981 at approximately 2240 universal time.
Very-low-frequency noise in several bands preceded the absorption (riometers) and micropulsations by approximately 2 minutes.
The noise was then reduced to a low level at the onset of the
absorption.
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example, the Polar Plasma Laboratory (PPL), the Geomagnetic
Tail Laboratory (GTL), and the Equatorial Magnetospheric Laboratory (EML).
The experiments and instrumentation installed in the Cusp
Room are for high-frequency (HF) aborption (20-, 30-, and 51.4megahertz riometers), very-low-frequency (VLF) wave phenomena (VLF receivers), and micropulsations (X, Y, and Z component detectors). Additional experiments are to be added in
December 1981.
Figure 1 shows the VLF receiving loop antennas located in
the science quadrant, 3,000 feet from the laboratory in a direction halfway between the clean air facility and the HF communications antennas. Figure 2 shows frequency-time records
of structured VLF noise in the 0.2- to 2.5-kilohertz range

received during magnetic daytime. Notice the absence of
power system (60 hertz) harmonics.
Figure 3 shows an 8-channel correlation chart record of an
event observed by all experiments on 4 February 1981 at
approximately 2240 universal time (UT). This event begins with
the observation of VLF noise over the frequency range 0.5-21.4
kilohertz. At approximately 2242 UT, the VLF noise is reduced
to a very low level, and absorpotion (30 and 51.4 megahertz)
and micropulsations (X-axis) are observed. Messages from
South Pole Station during the year report many events similar
to the one of 4 February 1981.
Fieldwork was carried out by J . P. Katsufrakis (December
1980), M. Dermedziew, J. Billey, and W. Trabucco (January
1981).

Polar solar observatory

the South Pole Station complex (figure 2). The 20-centimeter
£1100 instrument provides a 20-centimeter solar image. The 30centimeter heliostat is mounted atop a modified 8.2-meter
Bilby tower (a tower within a tower used by the National
Geodetic Survey for topographic mapping). The solar beam is

MARTIN A. POMERANTZ

Bartol Research Foundation of The Franklin Institute
University of Delaware
Newark, Delaware 19711
ARNE

A. WYLLER and

ULF KUSOFFSKY

The Royal Swedish Academy of Sciences
Stockholm, Sweden
Some 12 years ago, the obvious advantages of conducting
certain types of optical observations at the geographic South
Pole became apparent during the course of carrying out a longterm program of cosmic ray research in Antarctica (Pomerantz
1978). For example, because the sun remains above the horizon
continuously during the austral summer and the solar altitude
remains essentially constant for long intervals, variations
associated with diurnal cycles are virtually absent. Consequently, solar features and other time-varying phenomena can
be followed for prolonged periods with a single instrumental
system.
The first experiment, conducted during the 1979-80 austral
summer, provided spectacular results (Grec, Fossat, and Pomerantz 1980; Pomerantz 1981) concerning the internal structure
of the Sun as deduced from unprecedented full disk observations of global solar oscillations. This work has established
that the South Pole is, indeed, a unique site for certain types
of solar astronomy.
During the past summer, a 2-year program was instituted
to study the lifetime of the visible chromospheric network and
the evolution of other discrete surface features. In particular,
long continuous observations are necessary for following
supergranules during their lifetimes, which are estimated to
be in the range 20 to 90 hours. The telescope designed for this
work has now been installed and tested (figure 1), and extensive observations will be carried out during the coming summer.
The 4.9 x 4.9 meter ski-mounted observing room, a power
plant, and living quarters are located about 8 kilometers from
1981 REvIEw

Figure 1. The tower telescope at Polar Solar Observatory nearing
completion.

221

-

-

.:

A number of tests of the optical system and the computer
were carried out after completion of the new observatory (figure 3). Not unexpectedly, several problems arose as a consequence of the extreme temperature differential; all were solved
satisfactorily, however. Various changes in the control circuitry were suggested, and the computer and the interface
electronics were sent back to the United States upon completion of the tests.

Figure 3. Interim view showing one of the optical benches, with
foundations isolated from the building. M. A. Pomerantz, left, and
A. A. Wylier of Sweden are checking out a special optical filter.

Figure 2. The observing room, living quarters occupied during
observing runs, and, in the background, the power plant.

reflected vertically down a tube 30.5 centimeters in diameter
and then horizontally by a second flat mirror at the base of the
tower through a 12.2-meter horizontal light pipe. The light
pipe terminates at an x-y stage on which the guiding sensors
are mounted. The stage moves the 20-centimeter solar image
as required for acquiring the 3.8-centimeter-in-diameter fields
of interest. The telescope, as well as the electronics for controlling the telescope and the x-y stage, were designed and
constructed at Bartol using optical components supplied by
the Royal Swedish Academy of Science. A naked minicomputer (Computer Automation), which provides the instruction
for the guidance system and for the camera functions, was
programed under the direction of the Swedish group.
Sequences of photographs of a number of selected fields 3.8
centimeters in diameter are taken through a Zeiss H-a filter
(0.25-angstrom bandpass) and a Halle calcium K line filter
(0.25-angstrom bandpass).
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During the trials, it was determined that the resolution was
at least within a factor of 2 of the theoretical diffraction limit.
Although the weather in general was substandard compared
with the previous 2 years and historical records, a 5-day run
with coronal seeing commenced on 2 January 1981.
The telescope and the observing room were mothballed for
the winter to permit a flying start shortly after station opening
in November 1981.
This work is supported by National Science Foundation
grant DPP 78-22267 and by Swedish National Research Council
grant NFR 3461-100.
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Extended observations of solar
oscillations
ROBIN STEBBINS

and

RICHARD MANN

Sacramento Peak Observatory
Sunspot, New Mexico 88349
Several lines of investigation recently have shown the Sun
to be a pulsating star. The spectrum of oscillation encodes the
internal structure of the star, and the budding discipline of
solar seismology seeks to decode that structure from empirical
spectra. The oscillations are extremely weak, with periods in
the range of a few minutes to many hours. To decrease the
threshold of detection, the observer must take maximum
advantage of spatial and temporal coherence. To this end,
observations of solar oscillations over a period of days can be
made at the South Pole.
Extended observations of other solar phenomena and stellar
objects are equally attractive. Therefore, it is important to
ascertain the suitability of the geographic South Pole for astronomical observations. Atmospheric conditions such as
weather, sky clarity, seeing (i.e., image blurring caused by air
density fluctuations), and sky clarity should be measured over
several years. The effect of the antarctic environment on astronomical instruments is of some concern. Antarctic logistics
also deserve further consideration.
Our work during the 1980-81 season included testing a
telescope especially designed for the South Pole (Stebbins
1981). The telescope is an ff100 refractor with a 10.64-centimeter
aperture. A stable astrometric image is formed through a
folded light path whose geometry is maintained by athermal
construction. Simplicity is stressed throughout the telescope
and detector package design to achieve high reliability.
Remote operation is effected through a small computer housed
in a building 50 meters away.
The telescope is designed to be portable. The components
can be assembled from packing cases in approximately 1 day
under polar field conditions. Mechanical, optical, and exposed
electrical components can operate in temperatures down to
-60°C. Consideration has been given to thermal contraction
of materials, thermal properties of lubricants, and flexibility
of synthetic materials. Most of the assembly is performed
indoors. Only rudimentary assembly need be performed outside in polar clothing.
The field party arrived at South Pole Station on 18 November. Within 8 hours after the last cargo arrived, on 28 November, the telescope was assembled and transported to the site;
it was erected the following morning (see figure). Several
transportation-induced electronics failures were discovered
and corrected. The remainder of December was spent remedying design errors in commercial CAMAC (Computer Automated
Measurement and Control) electronics. Severe problems
involving radio frequency interference were not remedied.
The telescope motor drives were tested, and they performed
adequately in the cold. The optical image was examined and
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Field team with telescope at South Pole site.

was found to have a problem with focal length (since traced to
a lens manufacturer's error). The seeing was measured crudely
by eye and film. Records of astronomical sky quality were kept
throughout.
On 9 January the telescope was disassembled and packed
for shipment back to Sacramento Peak Observatory for correction of problems. The field team remained at South Pole Station
until 23 January to make sky brightness observations with an
Evans sky photometer.
Because of instrument problems, data on solar oscillations
could not be obtained. While the basic design of the telescope
appears to be successful, the conventional electronics needs
corrective work. We do anticipate that astronomical instrumentation of this level of sophistication can be used in the
Antarctic.
The suitability of the South Pole site for astronomy is less
clear. The seeing appears to be 2.5 arc seconds, comparing
favorably with the best conventional sites, but it must be noted
that this is a one-time measurement. Because of a spate of bad
weather, only a single sky brightness measurement could be
made. An unexceptional brightness of 20 millionths was
recorded. While, again, this is a one-time measurement, and
an extensive survey is in order, this measurement does not
appear favorable. Results a factor of two or better would be
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needed for South Pole to be an attractive coronagraphic site.
Finally, the South Pole weather was largely unfavorable for
solar observations during the austral 1980-81 summer. There
were 17 clear days (no visible cirrus in front of the Sun) during
the 52 days the team was at the pole. There was one 11.5-day
period in early December when the sky was broken only by
cirrus for 11 hours. While such weather would more than
suffice for observing solar oscillations, its appropriateness for
other kinds of observations is uncertain. Although this austral
summer may have had unusually poor weather, the multiyear
average weather pattern should be ascertained before a major
commitment to astronomy at the pole is made.

224

Sacramento Peak Observatory is operated by the Association
of Universities for Research in Astronomy, Inc., under contract
AST 78-17292 with the National Science Foundation. This work
also was supported by National Science Foundation grant DPP
80-01469.
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Services, support, other
Polar Research Board
antarctic-related activities,
June 1980-June 1981
STAFF, POLAR RESEARCH BOARD

Polar Research Board
National Academy of Sciences
National Research Council
Washington, D.C. 20418
The Polar Research Board (PRB)*, was established in 1958 to
serve as a national advisory group on research in the polar
regions. It adheres to the International Council of Scientific
Unions' (icsu) Scientific Committee on Antarctic Research
(SCAR) on behalf of the National Academy of Sciences (NAs).
The Board's regional orientation and multidisciplinary character involve it in a wide range of studies in the physical and
life sciences, as well as in environmental matters. During the
past year, the Board continued its broad review of current
activities in research, development, education, and personnel
that affect the health of polar sciences in the United States.
During 1980, the Board met twice, its subgroups met 15 times,
and Board members participated in the 16th meeting of SCAR
as well as in meetings of SCAR Working Groups and Groups of
Specialists. The Board issued four reports (one special and
three annual) during 1980; six reports in the Polar Research: A
Strategy series plus three annual reports were planned for 1981.
This article describes the Board's antarctic-related activities.
International activities. On behalf of the NAS, the Board represented the U.S. scientific community at the 16th meeting of
*Polar Research Board members: A. L. Washburn (chairman), Vera
Alexander, Jerry Brown, Campbell Craddock (International Union of
Geological Sciences delegate to the Scientific Committee on Antarctic
Research), Albert P. Crary, Joseph 0. Fletcher, Hans 0. Jahns, Arthur
H. Lachenbruch, J. Murray Mitchell, Jr., Clayton A. Paulson, Chester
M. Pierce, E. Fred Roots, Juan G. Roederer, Robert H. Rutford, and
Donald B. Siniff. Ex-officio members: James H. Zumberge (U.S. delegate to SCAR), Charles R. Bentley (chairman, Committee on Glaciology, and alternate delegate to SCAR), Troy L. Pewé (chairman, Committee on Permafrost), and Laurence M. Gould (past chairman of PRB
and past president of SCAR). PRB staff: Louis DeGoes (executive secretary until 15 January 1981), W. Timothy Hushen (staff officer until
15 January 1981, executive secretary since that date), Ruth F. Barritt
(staff associate), and Muriel A. Dodd (administrative assistant).
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SCAR, held in New Zealand 13-24 October 1980. Scientific
problems related to impending exploitation of living resources
and possible exploration of mineral resources of Antarctica
were the central theme of the meeting. The structure, role, and
future of SCAR were reviewed, and the constitution was modified to allow each member nation a second (nonvoting) representative as an alternate delegate. New Groups of Specialists
on the Environmental Implications of Possible Mineral Exploration and Exploitation and on Antarctic Climate Research
were created (the latter to plan the antarctic component of the
World Climate Research Program), and the specialist group on
late Cenozoic studies was disbanded. A symposium on
research in the Ross Sea region, 1957-1980, was held in conjunction with the meeting; U.S. scientists presented 4 of 13
papers, highlighting achievements and identifying directions
for future research. U.S. scientists head 2 of the 10 SCAR Working Groups and convene 2 of the 4 SCAR Groups of Specialists.
The international program, Biological Investigations of
Marine Antarctic Systems and Stocks (BIOMASS), endorsed by
the Antarctic Treaty nations and the Intergovernmental Oceanographic Commission (ioc), is the first coordinated international research program directed toward providing a basis for
wise management of the living resources of the southern
ocean. S. Z. El-Sayed, a member of the Board's Committee on
International Polar Relations, serves as convenor of the Group
of Specialists on Southern Ocean Ecosystems and Their Living
Resources. This group, which is responsible for advising on
the design, coordination, and implementation of the BIOMASS
program, is jointly sponsored by SCARJSCOR (Scientific Committee on Oceanic Research), the International Association of
Biological Oceanography (IABO), and the Advisory Committee
on Marine Resources Research (ACMRR) of the Food and Agricultural Organization.

The First International BIOMASS Experiment (FIBEx) was held
in January-February 1981, with participation of 17 ships from
10 countries. The main thrust of FIBEX was a multiship acoustic
survey of krill. At the request of the National Science Foundation, the Board selected and coordinated participation of
U.S. experts in international BIOMASS scientific and planning
meetings.
Over the last several years, the Board (through SCAR) has
provided information to the Antarctic Treaty nations on the
possible impact of mineral resource exploration and exploitation in Antarctica. Two reports, Possible Environmental Effects
of Mineral Exploration and Exploitation in Antarctica and Oil and
Other Minerals in the Antarctic, were the results of PRB-supported or administered activities.
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A recommendation developed during the 10th Antarctic
Treaty consultative meeting calls for treaty governments,
through their national committees, to encourage SCAR to provide additional scientific advice on ways to improve predictions of the likely environmental effects of activities, events,
and technologies associated with possible mineral resource
exploration and exploitation in Antarctica, and to assess baseline levels of hydrocarbon content in the antarctic marine
environment. An international group headed by R. H. Rutford
has prepared an initial response for presentation at the 11th
Antarctic Treaty meeting.
Domestic activities. With a view to supporting long-range
planning in polar research, the Board is organizing a series of
studies—Polar Research: A Strategy —that outline some
important polar-research problems needing attention. These
studies are expected to help guide polar research during the
next decade. Studies in the series include:
1. Antarctic marine ecosystem research. Together with the
Ocean Sciences Board, the Polar Research Board established
an ad hoc committee, chaired by J. H. Steele, to study research
on antarctic marine ecosystem and is supported by the
National Science Foundation, the National Oceanic and
Atmospheric Administration, and the Marine Mammal Commission. The committee issued a report in July 1981. It concluded that (1) the United States should have a strong antarctic
marine program because of both the great intrinsic interest in
this region and concerns with renewable and nonrenewable
resources; (2) the United States should support the general
aims of BIOMASS, contribute to its goals, and support with other
SCAR nations an international BIOMASS secretariat; (3) the U.S.
program in antarctic marine ecosystem research should
include coherent programs, special studies, and individual
projects. Indentified for special consideration were coherent
research programs on the physical, chemical, and behavioral
processes underlying the formation and persistence of krill
aggregations, and processes in and near the ice pack during
seasonal formation and retreat of the ice "edge." The committee also recommended that the United States construct an icestrengthened research vessel; in the interim, the U.S. should
make available an ice-strengthened research vessel in the 150to 180-foot range.
2. Polar biomedical research. The Board formed an Ad Hoc
Committee on Polar Biomedical Research, chaired by C. M.
Pierce, to focus on human health and adjustment in the cold
climates, to establish a priority listing of polar biomedical
research requirements, and to present a state-of-the-art conspectus of medical problems that affect human adjustment and
adaptation in a polar environment. The committee plans to
issue its report in late 1981.
3. Polar upper atmosphere research. The Board has undertaken a study of upper-atmosphere and near-earth space in
the polar regions, chaired by J. G. Roederer. The study group
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will (1) review relevant polar aspects in recent National Academy of Sciences studies of upper-atmosphere and near-earth
space, (2) make recommendations concerning upper-atmosphere research in the arctic and antarctic, and (3) provide
information on upper-atmosphere matters for SCAR, MAP (Middle Atmosphere Program), and other international programs.
4. Snow and ice research. The Committee on Glaciology,
chaired by C. R. Bentley, expects to issue in late 1981 a report
on snow and ice research. The report will provide guidelines
for research in four broad areas: physical properties of ice,
seasonal snow, floating ice, and glaciers and ice sheets. Interdisciplinary aspects of the study will include an assessment of
the hazards of snow and ice, the role of snow and ice in climate,
logistics, instrumentation, and techniques needed for snow
and ice research, and international cooperation and education.
5. Role of polar regions in climatic change. The Ad Hoc Committee on the Role of Polar Regions in Climatic Change, cochaired by J. M. Mitchell, Jr., and W. W. Kellogg, continued
work on a report that will consider the influence of polar
regions on climate dynamics, the polar regions as a window
to the past, and the polar regions as a concern for the future,
especially the possible influence of climate warming on the
stability of large ice sheets. This report is expected by the end
of 1981.
6. Permafrost research. The Committee on Permafrost is
making plans for a report covering research in the disciplines
of physics and physical chemistry, mechanics, hydrology,
geology, geophysics, and climatology. Subjects to be included
are subsea, alpine, and planetary permafrost, engineering and
environmental research, research techniques, international
cooperation, and education.
Studies under consideration for activation in 1981 and 1982
include antarctic geosciences research, antarctic long-range
planning, and polar biology.
Committee on International Polar Relations. The Committee
met during 1980 primarily to review the agenda for the emerging SCAR 16th plenary sessions held in October of that year.
The Committee was disbanded in 1981 and its activities
assumed by the PRB.
GARP Polar Subprogram Panel. The GARP (Global Atmospheric Research Program) Polar Subprogram Panel (joint with
the U.S. Committee for CARP) met to review results of FGGE
(First CARP Global Experiment), the arctic data buoy network,
and international polar climate activities. The panel was disbanded upon the completion of FCCE.
The work described in this article was supported largely by
National Science Foundation grants DPP 79-13076 and 79-2065
and a Department of Defense grant. Additional information
on the work of the Board is available in the Polar Research
Board Annual Report 1980 and Future Plans available from the
Polar Research Board.
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Antarctic Marine Geology Research
Facility and Core Library, 1980-1981
DENNIS S. CASSIDY
Department of Geology
Florida State University
Tallahassee, Florida 32306
During the year 1 June 1980 to 31 May 1981, the Florida State
University's (isu) Antarctic Marine Geology Research Facility
and Core Library distributed samples from cored and dredged
sediments collected from the southern oceans, received and
processed new cores, and described cores.
Sample distribution reflected a continuing interest in the
variety of available research materials. Distribution during
this reporting period was as follows.
Eltanin: 1,280 samples were distributed from 89 different
piston cores collected aboard 21 of the 47 coring cruise, 22
samples were removed from 22 trigger cores of 6 cruises, and
3 samples were removed from 2 camera-Phieger cores of 1
cruise. Also distributed were 8 samples from 8 Blake trawl
recovery stations of 2 cruises and 3 samples from 3 Campbell
grab stations of I cruise.
Islas Orcadas: 1,936 samples were taken from 125 individual
piston cores representing each of the 5 coring cruises (Islas
Orcadas 0775, 1277, 1578, 1176, and 1678); 89 samples were
taken from 65 trigger cores of these cruises, and 4 samples
were taken from 3 of the cruise 1578 Phleger cores.
Ross Ice Shelf Project (RISP): 129 samples were removed from
4 of the 47 gravity cores recovered through the 1978-79 RISP
J-9 drill hole; 1 sample was removed from 1 RISP 1977-78 gravity core.
Deep Freeze 1975 (uscGc Burton Island): 1 sample was distributed from a bottom grab recovered in the eastern Amundsen
Sea.
Deep Freeze 1978 (uscGc Glacier): 3 samples were distributed
from 3 piston cores collected in the Ross Sea.
Deep Freeze 1979 (USCGC Glacier): 188 samples were distributed from 9 piston cores, and 2 samples were distributed from
1 bottom grab collected off the Ade'lie and George V Coasts.
Deep Freeze 1980 (uscGc Glacier): 1,175 samples were
removed from 111 piston cores retrieved from the antarctic
coastal margin in the northwestern and southwestern Ross
Sea.
Thirty investigators, representing 15 institutions in France,
Great Britain, and the United States, received the 4,844 samples. Small amounts of core sediment removed to prepare
approximately 1,000 smear slides for core descriptions are not
included in the sample total. Also, only those investigators
charged for the receipt of samples are shown in the investigator
count; co-investigators are not included.
Core receipt for the year includes 21.3 meters of piston core
sediment collected during Deep Freeze 81 by Rice University
staff aboard USCGC Glacier in the eastern Amundsen Sea (8
cores) and in the Bransfield Strait (4 cores). The Bransfield
Strait cores augment the coverage provided by coring in this
area from aboard USNSEltanin cruise 6 in 1962-63. Deep Freeze
81 cores were received, cut open, inspected, and processed
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during April 1981. These cores will be described by John B.
Anderson of Rice University.
Approximately 47 meters of frozen AX drill core from two
holes in southern Victoria Land's dry valleys were received in
May 1981. These cores, recovered by Donald P. Elston's field
team, supplement the 1,100 meters of Dry Valley Drilling Project (DvDP) sediments stored at isu. Descriptions and photographs of these materials have been made available by Dr.
Elston.
Core-describing was the dominant activity at the facility
during the past year. The descriptions of more than 330 meters
of sediment recovered by piston, trigger, and Phleger coring
aboard ARA Islas Orcadas cruise 1578 were published and distributed (Kaharoeddin et al. 1980). The 142 cores (51 piston
cores, 68 trigger cores, and 23 Phleger cores) described in this
volume are the largest total number of cores retrieved aboard
any of the five multidisciplinary cruises of Islas Orcadas
(cruises 0775, 1176, 1277, 1578, and 1678). During cruise 1578,
Phieger and duplicate trigger cores, features not attempted
during the other four cruises, were successfully recovered.
Because of the glaciomarine character of these cores, revisions
of sediment classification methods used in previous volumes
(Cassidy et al. 1977; Kaharoeddin 1978; Kaharoeddin et al.
1979) were necessary and accompany the core descriptions.
Description of more than 515 meters of sediment core collected aboard Islas Orcadas cruise 1678 is in progress. Of the
69 piston cores (501 meters) and 45 trigger cores (14 meters)
retrieved, 56 piston and 35 trigger cores have been described
already, and the remaining descriptions will be completed
during the final quarter of 1981. The volume to be published
on completion of this work (Kaharoeddin et al. in preparation)
will be the fifth and final volume in the series of sediment
descriptions for Islas Orcadas materials.
As of 31 May 1981, a total of 21,136 samples (see table) from
the more than 2,100 meters of marine sediment cores retrieved
during Islas Orcadas cruises had been distributed to 34 investigators representing 16 institutions of 3 nations. The samples
have been subjected to various studies concerned with micropaleontology, biostratigraphy, paleomagnetic stratigraphy,
paleoclimatology, sedimentology, and geochemistry of sediments in the South Atlantic sector of the southern ocean.
Although much of the laboratory analysis of these samples is
in its early stages, the initial results of Islas Orcadas sediments
have been published in academic theses and dissertations,
symposium proceedings, journal articles, abstracts, and miscellaneous publications such as the core description volumes.
Samples from ARA Islas Orcadas piston, trigger, and
Phieger cores distributed as of May 31, 1981

Cruise
number

Piston core
samples

0775
1176
1277
1578
1678
Total

3,804
5,540
5,312
3,046
3,182
20,884

Trigger/Phieger
core samples
72
32
88
37a
23
252

Total number
per cruise
3,876
5,572
5,400
3,083
3,205
21,136

a Four samples included in this total are from Phleger cores
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The curator of the facility maintains a file of these publications and disseminates information regarding their availability to potentially interested users. A preliminary bibliography
of research articles and research-related literature is in progress. The articles included in the bibliography focus on aspects
of the results of analyses of samples distributed so far from
Islas Orcadas piston, trigger, and Phieger core sediments. This
bibliography, which is the nucleus of a continuing effort to
maintain an up-to-date record of reported research, will be
appended to the fifth volume of Islas Orcadas core descriptions.
At the time of preparation of this report, 101 titles, either
published, in press, or in preparation, are known to the curator. Included are 11 theses, 5 dissertations, 63 journal and
symposium proceedings articles (of which 38 have appeared
in the Antarctic Journal of the U.S.), 16 abstracts, and 6 miscellaneous references such as core description volumes and workshop papers. Additionally, about 30 papers from research projects are in progress, but have not yet been assigned a title by
the investigator.
Funding in support of the FSU curatorial program has been
provided by National Science Foundation Division of Polar
Programs contract c-1059.

Core descriptions from USCGC
Glacier cruises in 1975-1976 and
1977-1978
ThOMAS B. KELLOGG and DAVIDA E. KELLOGG
Department of Geological Sciences
and Institute for Quaternary Studies
University of Maine at Orono
Orono, Maine 04469

KEvm.J R. MELANSON and KATHERYN C. AusTiN
Department of Geological Sciences
University of Maine at Orono
Orono, Maine 04469

A volume describing sediment from 36 piston cores and 31
trigger cores collected during two cruises of USCGC Glacier to
the Ross Sea during the austral summers of 1975-76 and
1977-78 has been completed in our laboratory (Kellogg et al.
1981). This volume follows the basic format established in
previous volumes of core descriptions published by the Antarctic Core Facility at Florida State University (e.g., Kaharoeddin et al. 1979) but incorporates a number of additional features, including: (1) a modification of the classification for
clastic sediments, deemed necessary because the standard
classification was devised for deep-sea sediments, whereas
almost all the Glacier cores were collected from the antarctic
continental shelf; (2) radiocarbon dates for several of the cores,
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provided by M. Stuiver of the University of Washington; and
(3) an improved layout to facilitate cross-reference between
the individual descriptions and the core location map and
table. Also included are short statements of coring objectives
and results for each cruise, which supplement short articles
that appeared in this journal (Kellogg, Melanson, and Kenoyer
1978; Kellogg and Truesdale 1976).
The Glacier core-descriptions volume (Contribution 49 of
the Florida State University Sedimentology Research Laboratory) is available from: Curator, Antarctic Marine Geology
Research Facility and Core Library, Florida State University,
Tallahassee, Florida 32306.
Collection of the Glacier cores and preparation of the core
descriptions was supported by National Science Foundation
grants OPP 75-15524, DPP 77-21083, DPP 77-21083-AO1, and DPP
79-20112.
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Antarctic data at the World Data
Center-A for Glaciology
(Snow and Ice)
PETER K. MACKINNON* and ROGER G. BARRY
World Data Center-A for Glaciology (Snow and Ice)
Cooperative Institute for Research in Environmental Sciences
University of Colorado
Boulder, Colorado 80309
The World Data Center-A for Glaciology (Snow and Ice)
(wDc-A) is responsible, under international exchange agreements, for storing and disseminating data and information
relating to all forms of snow and ice. Among the data sets it
currently maintains are several of particular antarctic interest.
One comprises 60- and 300-megahertz analog and digital
radio-echo sounding records from airborne surveys over East
and West Antarctica during the 1977-78 and 1978-79 austral
summers. The data, which cover some 50,000 kilometers of
flight lines, have been made available by the principal investigators for various projects through the National Science
Foundation, Division of Polar Programs. Another data set is
a large collection of global satellite imagery mosaics acquired
*Present address: Quasar Systems Ltd., Ottawa, Ontario, Canada K1P
5H9.

from the U.S. Air Force Defense Meteorological Satellite Program; these are maintained as an adjunct collection to the
WDCA. Visual and infrared images at approximately 3-nauticalmile resolution for up to four times a day from November 1975
through the present are available. The figure illustrates a visual
scene of ice conditions in the Weddell Sea and along the Antarctic Peninsula on 7 February 1979. Flyers describing these
data sets and procedures for acquiring data are available from
the Center. Other data sets include chemical and physical
analyses from ice cores throughout the antarctic continent and
results from various over-snow traverses. The ice core data are
listed in Glaciological Data Report GD 8. Future accessions will
include the digital data used in compilation of NASA-ESMR
microwave atlas of antarctic sea ice (Zwally et al. 1982).
Periodically, the WDC-A sponsors workshops focusing on a
particular area of glaciology to explore data management issues
as they relate to various scientific and technical problems. A
workshop on radio glaciology was held in September 1981 in
association with the Third International Symposium on Antarctic Glaciology at The Ohio State University. The results of
this workshop will be published in a future issue of
Glaciological Data.
The Center maintains an extensive glaciological library. A
comprehensive cataloging system permits literature searching
by online computer and microfiche. Copies of the citation
index are available from the Center.
Facilities are also available at the Center for a visiting scientist to work "inhouse." This allows Center resources to be
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used in ways not possible by direct data requests or short-term
visits.
Investigators and institutions are encouraged to communicate information on potential new data sets or data needs to
the World Data Center system. Three copies of reprints or
other publications are appreciated so that copies can be forwarded to WDC-B in Moscow, U.S.S.R., and WDC-C in Cambridge, United Kingdom.
WDC-A for Glaciology (Snow and Ice) is operated under
contract for the National Oceanic and Atmospheric Adminis-

tration, Environmental Data and Information Service, through
the Cooperative Institute for Research in Environmental Sciences (aREs) of the University of Colorado, Boulder.

Programs for antarctic mapping,
1978-1981

In December 1978, Smith and Whitmill worked at Siple Station, tracking U.S. Navy navigational satellites to establish a
new position for the USGS geodetic station there. Named
"Janie," the station is a tablet fastened at the top of a 10- by
10-centimeter post which is buried in the snow and must be
raised each year because of snow accumulation. The station,
which is about 31 meters north of the west end of New Siple
Station, was established (and first positioned) during the
1974-75 austral summer.
While at Siple, Smith and Whitmill made a solar observation
for azimuth and laid out a true north-south baseline for use by
various disciplines at the station. Between 20 December and
10 January, the USGS/BAS team established nine satellite Doppler point-positioned stations in and around the RonneFilchner Ice Shelf (including the resurvey of "Janie").
During the 1979-80 season, Donald H. Knutzen, Thomas E.
Henderson, and Richard A. Pearsall worked to establish the
position of peaks in the Ellsworth Mountains. Using satellite
Doppler receivers, they established 17 primary geodetic stations around the edges of the Sentinel Range. From these
primary stations, they repeatedly intersected prominent
mountain peaks, measuring both horizontal and vertical
angles. As a result, more than 100 additional peaks have been
positioned.
This team also cooperated with the New Zealand Scott Base
surveyor by obtaining three satellite Doppler geodetic observations in and around McMurdo Sound.
In addition, the team visited 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. The most recent data (December 1980) show that the reference point is 482 meters from the
TGSP and that the snow surface elevation is 2,835 meters above
sea level.
The USGS operates a fixed satellite Doppler receiving station
year round at Amundsen-Scott South Pole Station. The satellite
tracking observations obtained daily provide orbital configuration 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
Standardized Seismological Network. Tremors recorded elsewhere in the Southern Hemisphere are confirmed or refuted
at South Pole.
USGS personnel who wintered over recently are Thomas C.
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B. SOUTHARD

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

During the austral summers of 1978-79 and 1979-80, topographers from the U.S. Geological Survey (usGs) were involved
in efforts to map Byrd Glacier, the Darwin Glacier-Hatherton
Glacier area, areas in and around the Ronne-Filchner Ice Shelf,
and peaks in the Sentinel Range. This article describes their
activities and other USGS activities in Antarctica.
In 1978-79, Thomas T. Smith and LeLand D. Whitmill took
part in two separate usGsIusARP (U.S. Antarctic Research Program) expeditions. The objective of one expedition was to
establish a perimeter of geodetic control on and around Byrd
Glacier to support studies of ice dynamics being conducted by
Terry Hughes of the University of Maine. Using satellite Doppler point-positioning receivers, a primary geodetic position
was established to serve as the starting point for a conventional
survey traverse around the glacier. Stations in the traverse
were selected to be visible from the fiord walls as well as from
the glacier. Hughes, Henry Brecher, and their associates from
the University of Maine were transported by helicopter onto
the heavily crevassed Byrd Glacier, where they placed targets.
By repeated referencing of the position of these targets, which
moved as the glacier moved, to fixed stations on the fiord
walls, measurements for computing ice velocities were
obtained.
In all, 12 positions were established around the Byrd Glacier,
6 by satellite Doppler point-positioning and 6 by conventional
traverse. All ground positions were marked with plastic material, white plastic for rock stations and black plastic for snow
stations so that they would be visible in aerial photographs to
be acquired later in the season.
During this first expedition, Smith and Whitmill also established seven satellite Doppler point-positioned stations in the
Darwin Glacier-Hatherton Glacier area.
The objective of the other expedition was to complete the
mapping control, as planned and started in 1975, for the joint
USGS/BA5 (British Antarctic Survey) Landsat project in and
around the Ronne Ice Shelf and the Filchner Ice Shelf.
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Edmondson and Michael A. Newman (1978-79), Gregory C.
Arnold and Eric A. Kramer (1979-80), and Kenneth W. Murphy, Jr., and Alan W. Tinkham (1980-81).
During 1981, a revised Index to Topographic Maps, Antarctica
was published. In the 10 years since the index was last revised,
26 additional maps have been published.
Work is continuing on the Ronne Ice Shelf, Berkner Island,
and Filchner Ice Shelf satellite image maps (scale 1:1,000,000).
The Shackleton Mountains topographic reconnaissance map
(scale 1:250,000) is being enhanced by shaded relief treatment
and is expected to be published soon. Compilation is progressing on sheets SR17-18/16 (Alexander Island), ss16-18/12,

and ss19-21/9 for a map of the Antarctic Peninsula (scale
1:250,000). Work is also continuing on the newly named Deep
Freeze Range International Map of the World (1Mw) at
1:1,000,000 scale. This map charts the area immediately north
of the published McMurdo Sound 1Mw.
The USGS maintains the antarctic cartographic and air photo
library and assists antarctic investigators, both foreign and
domestic, who need such materials. All U.S. aerial negatives
of Antarctica and both foreign and U.S. maps are on file and
available to qualified researchers. Access to this facility can be
made by contacting USGS. Copies of control data referred to in
this report may be obtained by contacting the NSF or the USGS.

Antarctic biological collections

tion. Photographs of the ocean bottom were supplied to three
requestors, for a total of 62 shipments of polar materials.
Special effort is being made to facilitate analyses of such
diverse and abundant taxa as benthic polychaete worms and
some of the benthic and pelagic crustacea. The polychaete
collection has been sorted to the family level; seven specialists
are receiving specimens belonging to 32 families, roughly
three-fourths of the polychaete families known to exist in the
antarctic region. Similarly, selected samples of copepods from
the midwater collections are being sorted to family or genera;
10 specialists are studying the various groups.

B. J . LANDRUM
Smithsonian Oceanographic Sorting Center
Smithsonian Institution
Washington, D.C. 20560
Among the marine biological collections processed at the
Smithsonian Oceanographic Sorting Center (SoSc), those collected under the U.S. Antarctic Research Program (USARP) constitute a significant scientific resource. Marine samples have
been collected by numerous USARP investigators over nearly
two decades, from extensive areas of the southern ocean. The
antarctic collections alone represent approximately 5,700 discrete samples of organisins. A computerized data system is
used for accurate label preparation and for rapid storage and
retrieval of specimen data. Selected data listings and geographical plots aid in collection management and help investigators in research design. The database contains more than
114,000 unit records on polar organisms which have been
processed since 1963. More than 20.5 million processed specimens from the southern ocean have been made available to
specialists throughout the world for analyses and study. The
published results of these specialists are now adding substantially to our knowledge of the antarctic fauna and flora—particularly their systematics and biogeographies.

The Sosc also is separating eucaridean crustaceans from
unsorted aliquots of midwater trawl samples. Recently, there
have been inquiries about the availability of euphausiids and
various decapod—groups from the USARP material that have
not yet been studied. Other unstudied groups, in the benthic
invertebrate communities, that are soon to be treated are
opisthobranch mollusks, bryozoans, stylasterines, and crinoids.
Development of some of these new studies, and earlier ones,
has been advanced by the support for systematic analyses of
USARP collections given by the National Science Foundation
Division of Polar Programs. In some cases of need to facilitate
study of particular groups, SOSC subcontracts with qualified
specialists to conduct the analyses and prepare reports. This
aid, while relatively modest, often is an impetus for needed
and timely analyses, making available essential scientific
information on the fauna and flora of the antarctic region.

During the past year, SOSC shipped more than 69,000 benthic
invertebrates to 16 specialists, 100,000 planktonic invertebrates to 9 specialists, and fishes to 2 specialists. About 19
shipments of studied and returned collections were sent to the
National Museum of Natural History for permanent deposi-

Processing of polar collections and maintenance of a centralized database are supported by National Science Foundation contract DPP 74-13988. The cooperative systematic studies
are supported under National Science Foundation grant DPP
79-20835.

LC-130 antarctic research flights,
1980-1981

During the 1980-81 season, the Johns Hopkins Applied
Physics Laboratory participated in research activities aboard
an instrumented LC-130 aircraft. Almost 200 hours were
devoted to science activities during 22 missions. Grantees and
associated scientists studied polar mesoscale meteorology,
stratospheric trace gases, antarctic cloud physics, aerosols and
volcanic plumes, katabatic winds, and sea ice cover. A wingmounted particle probe was added this year, but otherwise
the equipment was identical to that used during previous
seasons (Hickerson 1979; Schoenhols 1978).

ROGER A. HUTCHINS and

JOSEPH G. WALL

Johns Hopkins University
Applied Physics Laboratory
Laurel, Maryland 20810
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All science equipment with the exception of the laser profilimeter for sea ice studies was installed and tested at the
naval air station at Point Mugu, California. A test flight was
conducted on 3 October 1980, and the journey to Antarctica
commenced six days later as the aircraft departed from Barbers
Point, Hawaii. On the first leg of the trip, the converter on the
equipment used in the volcanic plume studies failed, causing
data loss for that experiment. It was replaced with a spare at
Pago Pago, American Samoa, and the aircraft continued to
Christchurch, New Zealand, arriving 11 October.
Several missions were flown out of Christchurch prior to
deployment to Antarctica, two involving penetration of the jet
stream and others to White Island and Mount Ngaurahoe for
volcanic studies. The aircraft departed for McMurdo Station
on 24 October. During the flight another converter unit failed,
this time in the air sampling rack, and data for that experiment
were lost. Shortly after arrival at McMurdo, bad weather closed
down all operations. The weather broke after several days and
the failed unit was repaired. A flight was attempted on 2
November, but weather forced an abort. On 3 November, the
first antarctic mission was completed. Two more successful
flights were completed before problems with the aircraft forced
a return for repairs to Christchurch. Operations resumed for
awhile, but, again, problems returned the craft to Christchurch. On 15 November, the aircraft returned for the last time
to McMurdo, and five more missions were completed. Eight
days later the aircraft returned to Christchurch for removal of
science equipment; it was released to the VXE-6 squadron on
26 November.
The table summarizes the mission and the science activities
for the 1980 flights. Principal investigators participating were:
S. Ackley, sea ice cover; A. Hogan, polar meteorology; D.
Murcray, stratospheric trace gases; L. Radke, volcanic plume
studies; R. Renard, mesoscale meteorology; E. Robinson, trace
gas studies; C. Shaw, aerosol sources; C. Wendler, katabatic
winds; and V. Saxena, cloud physics. Other science personnel
participating in the flights were C. Ferrell, J . Gosink, F. Menzia, M. Frank, J . Govoni, R. A. Schmidt, B. Barker, D. Baker,
and J. Russell.
The Applied Physics Laboratory field personnel for antarctic
operations were R. A. Hutchins and J . W. Eifert; assisting in
the field prior to deployment were R. L. Hickerson and H. P.
Von Gunten. Commander L. Pullen of the National Science

Recent review papers in antarctic
literature
GEZA T. THURONYI

Science and Technology Division
Library of Congress
Washington, D.C. 20540
The Cold Regions Bibliography Project has been abstracting
and indexing the antarctic literature for a period approaching
20 years. About 25,000 citations have been captured in an
automated database and are available for online access through
the System Development Corporation's ORBIT system. The
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Schedule of events for LC-130 in 1980

Date

Flight

Comments

3 Oct

1

9 Oct
10 Oct

2
3

11 Oct
16 Oct

4

Test flight (Los Angeles landing)
Point Mugu to Hawaii
Hawaii to Pago Pago
Converter for volcanic plume studies failed
Pago Pago to Christchurch
Volcanic studies of White Island
First jet stream penetration flight
Second jet stream penetration flight
Volcanic studies of Mount Ngaurahoe
New digital recorder board
First Christchurch to McMurdo flight
Second converter failed
Flight aborted due to bad weather
First cloud physics study
Second cloud physics study
First flight from McMurdo to Christchurch for
repairs (left ski problem)
Second Christchurch to McMurdo flight
Flight aborted due to engine problems
Second flight from McMurdo to Christchurch
for repairs (right ski problem)
Third Christchurch to McMurdo flight
Flight to Skelton Glacier/South Pole (landing
at Pole)
Flight to Beardmore Glacier
Flight to Beaufort Island and South Pole;
compass problems
First katabatic wind study; digital data
problem
Second katabatic wind study
Return to Christchurch (last flight of season)

23 Oct

5
6
7
8

24 Oct

9

2 Nov
3 Nov

10
11
12

18 Oct

5 Nov
6 Nov

13

7 Nov
9 Nov
13 Nov

14
15

15 Nov
16 Nov

16
17

17 Nov
18 Nov

18
19

19 Nov

20

20 Nov
23 Nov

21
22

Foundation Polar Programs office coordinated the operation
with the VXE-6 naval squadron.
Personnel at the Laboratory extend their appreciation to the
scientists and aircraft crews for their cooperation and assistance in making the mission successful. In addition, the Laboratory appreciates the opportunity to work with Benson
Fogle, program manager for the National Science Foundation.
LC-130 flights were supported by Interagency Agreement
DPP 78-20114 between the National Science Foundation and
the U.S. Navy.

database also serves to produce the monthly current-awareness bulletin Current Antarctic Literature (CAL), the hardbound indexed volumes of the Antarctic Bibliography (an 18month edited cumulation of CAL), and cumulative indexes.
In addition to the strictly bibliographic data, each record
entered into the database contains information of a more
incidental or statistical nature, such as the language, country
of publication, date of input, type of publication, and method
of acquisition. These elements of information are entered into
the record in the form of letter or number codes and are thus
easily retrievable.
The format used for entering citations and abstracts into the
Cold Regions Data Base is a modified MARC format. From the
many codes featured in the MARC system, only a few were
adopted, among them one that indicates that the cited work
contains a bibliography. For the Cold Regions Data Base, this
ANTARCTIC JOURNAL

code is used whenever a paper contains more than 20 references. The following is an example of how this code may aid
certain types of searches.
In response to a recent inquiry, we undertook a search for
books or papers in which the state of the art in various fields
of antarctic research is reviewed. Since such review papers
invariably contain extensive bibliographies, the bibliography
code was queried to reduce the number of items to be scanned.
From this group of publications featuring substantial bibliographies, the ones qualifying as "review papers" were then
selected. The search was limited to the last 3-4 years. As a
matter of general interest, the papers selected are listed in the
table.

The listing seems to indicate that the greatest number'of
comprehensive reviews were written with a practical rather
than a pure research outlook; many scientific disciplines
(oceanography, atmosphere physics, several branches of the
earth sciences, etc.) have been neglected.
Whether or not there is a need for comprehensive review
papers in any field must, of course, ultimately be determined
by the specialists working in that field, or by those willing to
sponsor such studies.
In the meantime, the Cold Regions Bibliography Project,
through timely coverage of the literature, will continue to
provide a current review of progress in antarctic research
throughout the world. The National Science Foundation supports the project through an interagency agreement CA-30.

Recent books and papers in which the state of the art in various fields of antarctic research is reviewed

General
Washburn, A. L., FOCUS ON POLAR RESEARCH. Science, Aug. 8,
1980 209(4457), p. 643-652. (For abstract see Ant. Bibliog. [12] A23763).
Biology
Lindsay, D. C., LICHENS OF COLD DESERTS. Lichen ecology, edited
by M. R. D. Seaward, London, Academic Press, 1977, p. 183-209.
(10B-21177).
Bradford, J . M., SEA ICE ORGANISMS AND THEIR IMPORTANCE
TO THE ANTARCTIC ECOSYSTEM (REVIEW). New Zealand antarctic record, 1978 1(2), p. 43-50. (1B-20878).
Earth Sciences
Kohnen, H., EARTH SCIENCE INVESTIGATIONS ON THE SIXTH
CONTINENT. (Ober die geowissenschaftlichen Forschungen auf
dem sechsten Kontinent). Erde, 1978 109(2), p. 153-187. (10E-20865).
Glaciology
Radok, U., CLIMATIC ROLES OF ICE: A CONTRIBUTION TO THE
INTERNATIONAL HYDROLOGICAL PROGRAMME (IHP). International Association of Hydrological Sciences. Bulletin, Sep. 1978
23(3), p. 333-354. (10E-21282).
Drewry, D., ICE-SHEET GLACIOLOGY. Progress in physical geography, Sep. 1979 3(3), p. 313-328. (11F-23251).
Klokov, V. D., MELTING AND SURFACE RUNOFF FROM THE ANTARCTIC ICE SHEET. (Taianie i zhidkii stok s poverkhnosti lednikovogo pokrova antarktidy). Leningrad, Gidrometeoizdat, 1979,
128p. (11F-23251).
Medicine
Matusov, A. L., LIVING CONDITIONS AND HEALTH OF POLAR
EXPEDITION MEMBERS. (Usloviia zhizni i sostoianie zdorov'ia
uchastnikov poliarnykh ekspeditsii). Leningrad, Gidrometeoizdat,
1979, 232p. ([121 H-24591).

Citation analysis of antarctic
research
SUSAN E. COZZENS

Institute for Scientific Information
University City Science Center
Philadelphia, Pennsylvania 19104
One indication of the impact of antarctic research is the
extent to which published reports of antarctic data are cited in
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Meteorology
Shaw, G. E., CONSIDERATIONS ON THE ORIGIN AND PROPERTIES OF THE ANTARCTIC AEROSOL. Reviews of geophysics and
space physics, Nov. 1979 17(8), p. 1983-1998. (111-22950).
Voskresenskii, A. I., METEOROLOGICAL PROBLEMS OF THE
SOUTHERN OCEAN. (Meteorologicheskie problemy IUzhnogo
okeana). Sovetskaia antarkticheskaia ekspeditsiia. Informatsionnyi
biulleten', 1978 No. 98, p. 5-15. (101-20718).
Polar Group, Baker, D. J . , Radok, U., Weller, G., POLAR ATMOSPHERE-ICE-OCEAN PROCESSES: A REVIEW OF POLAR PROBLEMS IN CLIMATE RESEARCH. Reviews of geophysics and space
physics, May 1980 18(2), p. 525-543. (111-23449).
Resources, Exploitation
Lundquist, T. H., ICEBERG COMETH?: INTERNATIONAL LAW
RELATING TO ANTARCTIC ICEBERG EXPLOITATION. Natural
resources journal, Jan. 1977 17(1), p. 1-41. (11M-21971).
Auburn, F. M., OFFSHORE OIL AND GAS IN ANTARCTICA. German yearbook of international law, 1977 Vol.20, 173p. (10M-21266).
Mitchell, B., Sandbrook, R., MANAGEMENT OF THE SOUTHERN
OCEAN. Washington, Internatl. Inst. for Environment and Development, 1980, 162p. (11J-23750).
McWhinnie, M. A., Denys, C. J . , ANTARCTIC MARINE LIVING
RESOURCES WITH SPECIAL REFERENCE TO KRILL EUPHAUSIA
SUPERBA: ASSESSMENT OF ADEQUACY OF PRESENT KNOWLEDGE. Dec. 1978, 209p., Report submitted to the National Science
Foundation. (10B-21492).
National Research Council. Marine Board. Assembly of Engineering,
ENGINEERING AT THE ENDS OF THE EARTH; POLAR OCEAN
TECHNOLOGY FOR THE 1980'S. Washington, D.C., National
Academy of Sciences, 1979, 74p. (11G-22391).
Weeks, W. F., ICEBERG WATER: AN ASSESSMENT. Annals of glaciology, 1980 Vol. 1, p. 5-10. ([12] F-24465).

the literature of their fields. An analysis of this sort of impact
is currently underway. The project uses two unique, machinereadable databases, the Antarctic Bibliography and the Science
Citation Index. The overlap between these databases has been
identified as a starting point for the citation analysis: that is,
all articles that were included in the Antarctic Bibliography were
covered in the Source Index of the Science Citation Index, and
were also cited at least once between 1961 and 1978 have been
identified. A total of 2,942 articles fall into this set.
In addition to other forms of analysis, the qualitative impact
of these antarctic publications is being traced. Comparison
with the Institute for Scientific Information's (151's) existing
data on the research fronts of science reveals that antarctic
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research in atmospheric and geological sciences played a crucial role through the 1970's in two exciting lines of inquiry,
plate tectonics and atmospheric processes. ISI's research
department has studied these two areas of rapid scientific
growth through a technique called co-citation clustering (Small
and Griffith 1974). This technique indicates that a number of
antarctic articles were among the core documents defining
intellectual change in those areas.
A co-citation cluster is a group of frequently cited documents
that often appear together in the bibliographies of later documents. These sets of documents have been found to be
strongly associated with the appearance and development of
scientific problem areas. The cited documents themselves frequently represent concepts that are being used heavily by
scientists at an active research front. The list of papers that cite
the clustered documents includes many articles from that
research front, as well as reviews.
For a number of years, the research department at Isi has
been identifying co-citation clusters from the annual file of the
Science Citation Index (sd ® ), using an algorithm developed by
Henry Small. First, a list of all articles cited above a threshold
number of times in the annual Sd ® is prepared. Next, the
number of times these frequently cited articles appear in the
same reference list is calculated. This is the raw co-citation
count; it indicates a subject relationship established by the
citing author between the two cited documents. In ISI's algorithm, the raw co-citation count is normalized. Without this
step, widely cited methodological works would tie together
nearly all of science. After normalization, co-citation ties that
meet a threshold value are used as input to a single-link clustering algorithm. On a typical yearly file, this clustering produces about 2,000 sets of influential scientific articles, ranging
in size from 2 to 150 documents. (For a review of the technique,
see Garfield 1980a, 1980b.)
Since the clusters consist of older papers, there can be overlap between one year and another in the documents included.
The carryover in cited documents has been used as a measure
of continuity in the problem areas the clusters identify (Small
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Figure 2. Magnetospheric Plasma 1976—Keyword analysis of
cited documents. The subregions of the cluster have been identified by the appearance of keywords in the titles of the cited
documents. Three subregions can be seen: a plasma group (M)
running from lower left to middle right; a substorm group (S),
Including the Heppner paper, on the left; and a polar region group
(P) in the upper right. The position of the Heppner paper appears
anomalous, since it is linked through co-citations to the polar
subregion but through keywords to the substorm group.
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Figure 1. Magnetospheric Plasma 1976—Cited documents with
co-citation links. (See table for list of documents.) Heppner 72b
(upper left) appeared in the Antarctic Bibliography.
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Figure 3. Magnetospheric Plasma 1976—Keyword analysis of citing documents. The 1976 papers that cited the documents mapped
in figure 1 are arranged in the same space as the papers they
cited. This figure reveals the source of the Heppner anomaly seen
In figure 2. A concentration of researchers interested in polar
problems appears in the upper left-hand corner because these
researchers cited both Heppner papers and none of the others.
One paper (starred, far left) cited both the Heppner piece (1972b)
and the substorm group, and another (starred, central) cited both
Heppner (1972b) and the plasma group. Heppner's work thus represents an essential link between the polar work and the other
foci of interest represented in the map. Rosenbauer's paper plays
a similar role.
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1977). Using this measure, isi has created cluster time-series
(Coward 1980). Only a small percentage of the series that have
been produced using the last decade's data are more than a
few years long. Both the plate tectonics work and research on
magnetospheric processes are among that small percentage.
Figures 1 through 3 present data for one of the clusters from
the magnetospheric processes series in which antarctic
research was influential (magnetospheric plasma); the citing
documents were published in 1976 (see table). The maps were
created through a technique called centroid scaling (Noma in
preparation), which creates a spatial representation of papers
according to the strength of their citation links.
The citation analysis project will produce a set of special cocitation clusters focused on antarctic publications, in addition
to citation comparisons at the aggregate level. Researchers
interested in more information on the results of the project
should contact me.
This research was supported in part by National Science
Foundation grant DPP 79-24011. I would like to thank Elliot
Noma of the Institute for Scientific Information for the centroid
maps.
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Antarctic Research Series
JUDY C. H0L0vIAK

American Geophysical Union
Washington, D.C. 20009
The Board of Associate Editors for the Antarctic Research
Series recently drafted the following statement of objectives:
The Antarctic Research Series, an outgrowth of research
done in the Antarctic during the International Geophysical
Year, was begun early in 1963, with a grant from the National
Science Foundation to AGU [American Geophysical Union]. It
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 provides a continuing, authoritative medium for the
presentation of extensive and detailed scientific research
1981 REVIEW

Documents included in the Magnetospheric Plasma 1976 cluster
of the magnetospheric processes series

Akasofu, S. I., Hones, E. W., Bame, S. J . , and Asbridge, J . R. 1973.
Magnetotail and boundary-layer plasmas at a geocentric distance of
-18 RE-Vela Sand 6 observations. Journal of Geophysical Research,
78, 7257.
Heppner, J . P. 1972. Polar-cap electric-field distributions related to
interplanetary magnetic-field direction. Journal of Geophysical
Research, 77, 4877. (a)
Heppner, J. P. 1972. Electric-field variations during substorms-DGO6 measurements. Planetary and Space Science, 20, 1475. (b)
Hones, E. W., Asbridge, J. R., Bame, S. J . , and Montgomery, M. D.
1972. Measurements of magnetotail plasma-flow made with Vela4B. Journal of Geophysical Research, 77, 5503.
Hones, E. W., Asbridge, J . R., Bame, S. J., and Singer, S. 1973. Substorm variations of magnetotail plasma sheet from xsM=6RE to
xsM=60RE. Journal of Geophysical Research, 78, 109.
Hones, E. W., Lui, A. T. Y., Bame, S. J . , and Singer, S. 1974. Prolonged
tailward flow of plasma in thinned plasma sheet observed at R
approximately equal to 18 RE during substorms. Journal of Geophysical Research, 79, 1385.
McPherron, R. K., Russell, C. T., and Aubry, M. P. 1973. Satellite
studies of magnetospheric substorms on August 15, 1968 .9. Phenomenological model for substorms. Journal of Geophysical Research,
78, 3131.
Nishida, A., and Hones, E. W. 1974. Association of plasma sheet
thinning with neutral line formation in magnetotail. Journal of Geophysical Research, 79, 535.
Rosenbauer, H., Grunwald, H., Montgomery, M. D., Paschman, G.,
and Scopke, N. 1975. HEDS-2 plasma observations in distant polar
magnetosphere- plasma mantle. Journal of Geophysical ResearchSpace Physics, 80, 2723.

Small, H. G., and Griffith, B. C. 1974. The structure of scientific
literatures I: Identifying and graphing specialties. Science Studies,
4,17-40.

results from Antarctica, particularly the results of the United
States Antarctic Research Program.
Most Antarctic research results are and will continue to be,
published in the standard disciplinary journals. However, the
difficulty and expense of conducting experiments in Antarctica
make it prudent to publish as fully as possible the methods,
data, and results of Antarctic research projects so that the
scientific community has maximum opportunity to evaluate
these projects, and so that full information is permanently and
readily available. Thus the coverage of the subjects is expected
to be more extensive than is possible in the journal literature.
The series is designed to complement Antarctic field work,
much of which is in cooperative, interdisciplinary projects.
The Antarctic Research Series encourages the collection of
papers on specific geographic areas (such as the East Antarctic
Plateau or the Weddell Sea). On the other hand, many volumes
focus on particular disciplines, including marine biology,
oceanology, meteorology, upper atmosphere physics, terrestrial biology, snow and ice, human adaptability, and geology.
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Priorities for publication are set by the Board of Associate
Editors. Preference is given to research projects funded by
U.S. agencies, long manuscripts, and manuscripts which are
not readily publishable elsewhere in journals that reach a suitable reading audience. The series serves to emphasize the U.S.
Antarctic Research Program, thus performing much the same
function as the more formal expedition reports of most of the
other countries with national Antarctic research programs.
The standards of scientific excellence expected for the series
are maintained by the review criteria established for the AGU
publications program. The Board of Associate Editors works
with the individual editors of each volume to assure that the
objectives of the series are met and 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.
The format of the series, which breaks with the traditional
hard-cover book design, provides for rapid publication as the
results become available, while still maintaining identification
with specific topical volumes. Approved manuscripts are
assigned to a volume according to the subject matter covered;
the individual manuscript (or group of short manuscripts) is
produced as a soft cover "minibook" as soon as it is ready.
Each minibook is numbered as part of a specific volume. When

Support operations of ITT/Antarctic
Services, Inc.
RODNEY E. GRAY
Antarctic Services, Inc.
Paramus, New Jersey 07652
ITT/Antarctic Services, Inc. (ANs) began providing special ized support services for the United States Antarctic Research
Program (usiu) on 1 April 1980. During the 1980-81 season,
ANS arranged for deployment of 234 employees and more than
260 National Science Foundation (NSF) grantees to Antarctica
for 77 science projects. This number includes projects at the
main support base at McMurdo Station and at Siple and South
Pole Stations, numerous field camps, and Palmer Station in
the Antarctic Peninsula; also included are projects conducted
from p.iv Hero and R/v Melville and from icebreakers.
During the winter fly-in period, ANS personnel (appro
mately 65 employees) provided support to five active science
projects, completed preseason conditioning of USARP facilities
at McMurdo Station and Williams Field, and launched a construction program. Approximately 50 percent of the employees
had worked in Antarctica previously.
McMurdo Station. A number of construction projects were
completed at McMurdo Station, including three 50-bed dormitories (figure 1), the first phase of a primary power plant
(figure 2), a three-building scientific observation complex at
White Island, and an addition to the aquarium building. In
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the last paper in a volume is released, the appropriate title
pages, table of contents, and other prefactory matter are
printed and sent to those who have standing orders to the
series. The minibook series is more useful to researchers, and
more satisfying to authors, than a volume that could be delayed
for years waiting for all the papers to be assembled. The Board
of Associate Editors can publish an entire volume at one time
in hard cover when availability of all manuscripts within a
short time can be guaranteed.
The current Board members are Charles R. Bentley (chairman), Robert H. Eather, David H. Elliot, Dennis E. Hayes,
Louis S. Kornicker, Hans H. Lettau, and Bruce Parker. The
Board has approved three new volumes—Ross Ice Shelf: Glaciology and Geophysics; Biology of the Antarctic Seas XII; and
Volcanic Atlas of Antarctica. Eight other volumes are currently
in production.
In an effort to lower the costs of publication, future volumes
will be printed from typescript. Authors who have access to
word processing equipment will be able to prepare the final
typescript. Copy-editing support will continue to be provided
for all manuscripts.
Publication of the Antarctic Research Series has been supported by National Science Foundation grant DPP 77-21859.

addition, the Eklund Biological Center was completely rewired
for electricity, and a "clean room" was constructed at the satellite tracking facility.
McMurdo was the focal point for direct science support
during the summer season. The Eklund Biological Center supported 13 biology, microbiology, and biochemistry projects.
The Berg Field Center outfitted 38 field parties. The Thiel Earth
Science Laboratory assisted some 22 geology, glaciology, and
upper atmosphere science teams.

Figure 1. New dormitory at McMurdo Station.
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Figure 2. Primary power plant in construction.

ANS logistics procured and shipped over 300,000 pounds of
air cargo and over 200,000 pounds of ship cargo. Approximately 18,000 feet of aircraft skiway at Williams Field and more
than 5 miles of compacted snow roads were maintained.
Summer activities at McMurdo ended on 19 February 1981.
Siple Station. Despite severe weather early in the season, a
summer camp living complex and rocket-balloon launch facilities were erected at Siple Station. Approximately 55 ANS and
NSF grantee personnel were supported at the peak of Siple

Detachment Christchurch,
1980-1981 season
DANIEL J . GUZMAN

U.S. Naval Support Force, Antarctica
Detachment Christchurch
Christchurch, New Zealand
U.S. Naval Support Force, Antarctica, Detachment Christchurch, is a vital link in the logistical chain between the United
States and McMurdo Station in support of the U.S. Antarctic
Research Program. Base facilities are located on 86.3 acres
adjacent to Christchurch International Airport. Approximately
47 U.S. Navy personnel and 25 U.S. and New Zealand civilians
operated the base during the 1980-81 season, under the command of CDR Ronald L. Chrans. They processed supplies and
passengers bound for Antarctica and maintained the complex
of 81 buildings and structures that house, feed, and otherwise
support "seasonal" personnel on their way to and from Antarctica.
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activity. Upon conclusion of the rocket-balloon project, the
station was shut down (on 29 January 1981).
Amundsen-Scott South Pole Station. At South Pole Station,
ANS constructed and erected prefabricated modules for the new
summer/emergency camp, erected a 52-foot berthing Jamesway, constructed and positioned a telescope complex to
include a 30-kilowatt generator and berthing wannagan,
recovered a tiltmeter, and constructed a generator module and
drill platform in support of ongoing science projects. A "clean
room" was constructed on the bottom floor of the Skylab, and
a new snow melter was installed late in the season. In the 98
days that South Pole remained open, all proposed station projects were completed. Austral summer operations concluded
on 9 February 1981.
Palmer Station. Palmer Station's annual resupply and crew
turnover was effected via USCGC Polar Star and RlvHero rather
than RSS Bransfield as in the past. Cargo was loaded aboard
Polar Star at Port Hueneme, California, and personnel boarded
in Valparaiso, Chile. During the 1980-81 season, the water
desalination plant at Palmer was rebuilt and generator number
2 was completely overhauled.
Ship operations. In June 1980, R/vHero received its first major
overhaul in 7 years. Engines and ancilliary equipment were
completely rebuilt, large sections of the hull were replaced due
to worm infestation, decks were recaulked, and the galley and
living quarters were refurbished and outfitted. Hero departed
Long Beach in November, but due to unanticipated delays the
science cruise schedule was reduced and only two voyages
were completed between Ushuaia and Palmer Station.
These activities were supported by National Science Foundation contract DPP 80-03801.

The year-round detachment team comprises the following
departments: Naval Communications, Supply, Air, Transportation (from the Army's 16th Transportation Detachment), and
the U.S. Air Force's 619 Military Airlift Support Squadron,
Operating Location Delta. The National Science Foundation
also maintains (under contract) a small force of personnel and
a clothing warehouse at the base.
During the summer season, Detachment Christchurch is
augmented by personnel from Commander Naval Support
Force, Antarctica, Antarctic Development Squadron Six, the
Royal New Zealand Air Force, and the New Zealand Army. A
team of food service workers is contracted by the Navy to assist
in the galley.
The size of Detachment Christchurch's operations during
the 1980-81 season is reflected in the following figures: a total
of 176,250 recorded messages were handled, and more than
1,100 high-frequency voice conferences were provided; the
post office handled nearly 200,000 pounds of mail; and approximately 1,300 personnel were issued cold weather gear for use
in Antarctica.
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U.S. Navy Antarctic Development
Squadron Six Activities, 1980-1981
D. R. LARSON
U.S. Navy Antarctic Development Squadron Six
Point Mugu, California 93042

Deep Freeze 81 marked the 26th year of Antarctic Development Squadron Six's (VXE-6) airlift support of U.S. scientific
research projects in Antarctica.
Flight operations in support of Deep Freeze 81 commenced
in late August 1980 with the execution of Operation Winter
Fly-In (WINFLY). Three VXE-6 LC-130 Hercules aircraft, along
with a contingent of flight crew and squadron support personnel, departed Point Mugu, California, on 20 August for
Christchurch, New Zealand. Once there, the squadron began
a series of passenger/cargo shuttles between Christchurch and
McMurdo Station. A total of 239 passengers and 117,527
pounds of cargo were transported in six flights over 5 days.
Three flights were canceled because olf inclement weather at
McMurdo. By 1 September, all three of the LC-130's had
returned to Point Mugu and WINFLY 81 was history.
The Deep Freeze 81 summer support season began for
V)(E-6 on 9 October 1980 with the launching of three squadron
LC-130 aircraft for New Zealand. Following a brief stay in
Christchurch, where the aircraft and personnel were outfitted
for cold weather operations, VXE-6 shifted to McMurdo on 18
October.
Over the next 4 months, VXE-6 LC-130's and UH-1N heli-

Ship operations, Deep Freeze 81
P. R. TAYLOR
U.S. Naval Support Force, Antarctica
Port Hueneme, California 93043

Two U.S. Coast Guard icebreakers operated in the Antarctic
during Deep Freeze 81. USCGC Polar Star, from Seattle, Washington, resupplied and refueled Palmer Station, performed
primary channel break-in to McMurdo, and called at Campbell
Island. Polar Star also assisted resupply ships USNS Southern
Cross and USNS Maumee into and out of Winter Quarters Bay,
the former (on its maiden voyage) bringing dry cargo and the
latter, fuel. USCGC Glacier, from Long Beach, California, called
at Campbell Island, supported science projects in the Ross Sea,
called at Palmer Station, and provided science support enroute
and in the Bransfield Straits. Operations went as planned,
with one exception: Midway during Glacier's initial science
period, she was diverted to assist in the channel break-in at
McMurdo because Polar Star's starboard shaft had been damaged. A detachment of helicopters from the Coast Guard Aviation Training Center (Mobile, Alabama) was assigned to each
icebreaker; ADVET 82 operated from Polar Star, and ADVET 83
operated from Glacier.
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copters conducted some 1,116 sorties, logging 4,038.8 flight
hours. During that period, 2,538,311 pounds of cargo (including 45 tons of mail and 278,000 gallons of fuel) and 5,487
passengers were transported.
Deep Freeze 81 provided VXE-6 personnel with several
unique challenges and opportunities to contribute firsthand
to the ongoing exploration of Antarctica. The Siple rocket project began with the delivery of the rockets to Siple Station on
1 December. A total of 39 flights were made in support of the
station and the rocket program. The project was threatened by
the unexpected deterioration of skiway conditions, which
restricted flight operations, but a planer was airlifted to Siple
and the skiway was smoothed to a usable surface.
At Vostok, a multiyear program of international cooperation
was closed out and the U.S. pavilion terminated operations.
VXE-6 aircraft removed the one remaining American on 18
December 1980.
Aircraft XD-03 was fitted for photographic and air sampling
missions and was used extensively in the aerial mapping of
Cape Royds, Cape Evans, Mount Erebus, and the Hut Point
Peninsula. Photographic mapping of Byrd and Darwin Glaciers and the dry valleys was also carried out by XD-03. In
addition, 14 air sampling missions, consisting of ice sensing,
jet stream sampling, Mount Erebus plume sampling, and
atmospheric testing throughout the continent, were conducted. Using the aircraft as a scientific research platform
proved highly successful.
VXE-6 helicopters logged 1,210.6 flight hours and transported 144 tons of cargo during the Deep Freeze season. Regularly scheduled evening operational flights allowed greater
use of assets without an increase in the number of aircraft or
flight crews.

Ice conditions during the shipping season at McMurdo were
similar to those of last season. Upon arrival of the first icebreaker, Glacier, the fast ice edge was 16 nautical miles from
Hut Point (within .5 nautical miles of last year's edge). Pack
ice in the Ross Sea and McMurdo Sound followed the traditional pattern and cleared to open water or loose pack during
the season. Extremely favorable winds from the southeast during channel break-in carried broken floes and brash to sea.
The ice east of the channel along the western shore of Ross
Island broke off in large to vast floes, at times blocking the
channel; however, the channel tending efforts of Polar Star
and the southeast winds caused the ice to break up and drift
out to sea. As happened at the end of last season, all fast ice
up to the Ross Ice Shelf went to sea.
Polar Star arrived at Port Hueneme, California, on 22
November 1980, refueled, and loaded 95 tons of cargo which
consisted of general supplies and repair parts, refrigerated,
frozen food stuffs, and hazardous cargo requiring separation
of non-compatible items. Two CONEX boxes were used on the
port and starboard 01 weather deck to meet the applicable
hazardous cargo regulations. Two drums of gasoline were
stowed in newly installed racks on the fantail. After loading
was completed by local stevedores on 26 November 1980, Polar
Star departed for Palmer Station, making port calls at Acapulco,
Mexico, Callao, Peru, and Valparaiso, Chile. While in Valparaiso, Polar Star refueled, loaded fresh produce and gasoline
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for Palmer, and picked up 23 National Science Foundation
Antarctic Services, Inc., personnel and a Naval Support Force
Antarctica medical corpsman (the Palmer relief crew). The
number of passengers exceeded Polar Star's capacity by six;
these personnel were originally scheduled on RIv Hero, which
was delayed for repairs.
Polar Star changed operational control (chopped) from COMPACAREA COGAERD to CNSFA upon crossing 60°S on 26 December
1980 and arrived at Palmer on the 28th, at which time passengers were disembarked and cargo/refueling operations commenced. Polar Star transferred 119,517 gallons of diesel fuel to
the station. Offloading went smoothly, with the exception of
two ruptures in the station refueling hose. During the first
refueling attempt, the fuel hose on shore parted. Approximately 150 gallons of fuel spilled, with an unknown quantity
entering the water and producing a light sheen over an area
45.6 meters by 15.2 meters. The sheet rapidly dissipated in 30knot winds. During the second attempt, a hose section on the
ship ruptured; approximately 100 gallons entered the water,
causing a light sheen. The hose section was replaced and the
station was refueled without further incident. The short-term
effects of the spill were considered minor, and no long-term
effects were anticipated. Cargo offloading was completed
smoothly in 20 hours.
After a short delay Polar Star departed Palmer on 31 December 1980 enroute McMurdo. During the transit the starboard
propeller locked in a full-astern mode and was out of commission for the remainder of the season. On 10 January 1981, Polar
Star arrived at the McMurdo fast ice edge (16 miles from Hut
Point) and immediately commenced breaking the ship channel, which USCGC Glacier had started on 8 January 1981. Polar
Star continued to clear the channel with exceeding favorable
southeast winds until 15 January, when she moored at the ice
wharf until 17 January. On 16 January Polar Star helicopter
1356 was damaged upon landing at Williams Field but was
repaired on site with parts flown in from CONUS and returned
to Polar Star on 1 February.
On 17 January Polar Star began tending the channel in preparation for USNS Maumee's arrival on 22 January (see figure 1).
During this period, fast ice on the Ross Island side of the
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Figure 1. USCGC Polar Star tending the channel to McMurdo. (U.S.
Navy photo)
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channel continued to break off, at times blocking passage to
McMurdo. Polar Star escorted Maumee to McMurdo on 22 January and refueled from Maumee on 23 January. From 26 to 31
January, Polar Star supported a marine biology project and
escorted the Maumee out of Winter Quarters Bay and the USNS
Southern Cross to McMurdo Station. The icebreaker also
assisted the RJv Benjamin Bowring (UK), which was beset in ice
12 miles north of Hut Point, and supported science in
McMurdo Sound and the western Ross Sea during this period.
On 1 February, Polar Star escorted Southern Cross out of Winter
Quarters Bay and departed for Campbell Island. At Campbell
Island on 7 February, one ton of cargo was delivered, three
passengers embarked, and the ship departed for Wellington,
New Zealand. The Polar Star arrived in Wellington on 9 February. Upon its departure from Wellington on 13 February,
Polar Star chopped from CNSFA to COMPACAREA COGARD; the
icebreaker reached Seattle, Washington, on 10 March 1981.
USCGC Glacier departed Long Beach, California, enroute to
Wellington, New Zealand, via Suva, Fiji, on 19 November
1980. Prior to departure, 4,000 pounds of cargo for McMurdo,
13,000 pounds for Palmer, and 3,800 pounds for scheduled
science projects were loaded. Glacier arrived Wellington on 17
December 1980 and chopped from COMPACAREA COGARD to
CNSFA. While in Wellington, U.S. science personnel and three
New Zealand Department of Scientific and Industrial Research
personnel bound for Campbell Island embarked, Campbell
Island cargo was loaded, and ship and local contract personnel
performed voyage repairs. Glacier sailed from Wellington on
26 December enroute Campbell Island, where passengers and
cargo were flown ashore. Glacier supported a geology project
in the vicinity of Cape Adare until 6 January, when the icebreaker was directed to commence channel break-in at
McMurdo. On 8 January Glacier arrived at the fast ice edge to
begin channel break-in operations and proceeded to within
10.7 nautical miles of Hut Point on 10 January. By this time
Polar Star had arrived and assumed the primary role of channel
break-in. Glacier resumed her scheduled science support in
McMurdo Sound and the western Ross Sea on 13 January.
Upon return to McMurdo on 21 January, Glacier moored at the
ice wharf to load 14.6 metric tons of cargo for Palmer Station,
received fuel from the Maumee on the 22nd, and departed on
23 January enroute to Palmer Station. While in transit to
Palmer, Glacier supported science projects in marine geology
and biology in the Amundsen and Bellingshausen Seas and
the Bransfield Straits. On 8 February Glacier arrived at Palmer,
discharged cargo, loaded retrograde, and sailed on the 9th.
Glacier chopped to COMPACAREA COGARD upon crossing 60°S
on 10 February. Science parties departed the ship at Punta
Arenas, Chile, between 13 and 15 February. Glacier arrived
Long Beach, California, on 26 March 1981 after making port
calls enroute at Valparaiso, Chile, Callao, Peru, and Mazatlan,
Mexico.
USNS Maumee arrived at McMurdo Station under escort of
Polar Star on 22 January (see figure 2). The channel was essentially ice free. Maumee discharged petroleum products to the
station and refueled Glacier and Polar Star. Maumee completed
refueling operations, ballasted down, and departed McMurdo
with the assistance of Polar Star on the 26th. On 2 February
Maumee arrived in Port Lyttelton, New Zealand, and departed
the following day.
USNS Southern Cross moored at Port Hueneme, California,
on 9 December 1980, and cargo was loaded from 26 December
to 4 January, when the ship departed for Port Lyttelton, New
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Figure 2. USNS Maumee moored at the McMurdo ice wharf discharging fuel. (U.S. Navy photo)

Zealand. Southern Cross arrived at Port Lyttelton on 18 January,
discharged and loaded cargo, and departed on 21 January (see
figure 3). Polar Star escorted Southern Cross into Winter Quarters Bay on 27 January, and offloading and retrograde loading
was accomplished by 1 February. On 7 February Southern Cross
arrived Port Lyttelton, and on 10 February departed for Port
Hueneme, California, where she arrived on 23 February.
Three other ships called at McMurdo Station during the
1980-81 season. RJV Benjamin Bowring (United Kingdom), the
Transglobe Expedition ship under charter to the New Zealand
Department of Science and Industrial Research (osm), operated
in the Ross Sea and McMurdo Sound areas. The Bowring
moored at the ice wharf on 20 January to offload Transglobe
cargo and load scientific equipment and personnel for DSIR
science support. During a transit in and out of the channel,
the Bowring was beset by ice on 27 January and later was freed
by Polar Star. The Bowring departed for DSIR science in the Ross
Sea on 29 January and returned to McMurdo on 12 February,
at which time Transglobe equipment was loaded and person-
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Figure 3. USNS Southern Cross, on her voyage, arriving at the
McMurdo ice wharf. (U.S. Navy photo)

nel embarked. The ship sailed for New Zealand on 16 February. M/V World Discoverer (Singapore) moored at the ice wharf
on 11 February and discharged passengers for tours of
McMurdo and Scott Base. World Discoverer sailed for Capes
Royds and Evans on the 12th to visit the historic huts and
rookeries and returned to McMurdo during the afternoon to
drop off "guides" prior to departing for Port Lyttelton, New
Zealand. M/V Lindblad Explorer (Panama) arrived 18 February
and departed on the 19th. Navy personnel conducted tours of
the local area.
The cargo ship operations were supported by National Science Foundation Interagency Agreement CA-165. Icebreaker
operations were supported by a National Science Foundation
agreement with the U.S. Coast Guard. Commander P. R. Taylor, U.S. Coast Guard, is the Coast Guard liaison to Deep
Freeze and the Naval Support Force's ship operations officer.

Operational meteorology program,
Deep Freeze 81
MICHAEL S. FOSTER

and

ROBERT T. EVANS

U.S. Naval Support Force, Antarctica
Port Hueneme, California 93043
The primary mission of the operational meteorology program is to prevent weather-related mishaps and unproductive
expenditures of time, energy, and resources. Weather forecasting services and observation programs in support of Deep
Freeze 81 were provided by the Meteorology Division of the
Naval Support Force (figure), with assistance at Palmer and
South Pole Stations from employees of Antarctic Services, Inc.
McMurdo Station experienced generally good weather. One
major storm period in late October prevented flight operations
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AG1 Chris Fakes and ACC Bill Hudson plot a weather map.

ANmRCrIc JOURNAL

for an 11-day period; otherwise, poor weather episodes were
short-lived and had little impact on planning and scheduling.
A new record high temperature (-3.9°C) was recorded for the
month of October, and snow accumulation during November
was approximately 30.5 centimeters, significantly above the
climatological average (approximately 12.7 centimeters) for
that month.
Byrd Surface Camp and Siple Station received their usual
share of blowing snow, ice fog, and low ceilings. South Pole
Station had little problem with ice fog or blowing snow.
Forecasting. The sparsity of observational reports forces
heavy reliance on satellite imagery in analyzing weather patterns in and around Antarctica. Deep Freeze 81 was the first
full season in which high resolution picture transmission
(HRFr) satellite imagery was available on a regular basis at the
McMurdo Station weather facility. Not only is its imagery a
significant improvement over the automatic picture transmission imagery used previously, but the HRPT system also
enabled the McMurdo Station weather facility to monitor read ings from the many automatic weather stations located at
widely dispersed locations on the continent. The system was
so successful that over the season only one aircraft mission
had to abort because poor weather developed during the flight.
The HRPT system also enabled a vast improvement in sea-ice
analysis and forecasting.
A total of 194 flight briefings were given for LC-130 and
C-141 flights between McMurdo Station and Christchurch,
New Zealand, and 214 briefings were given for flights over
Antarctica. Twenty-four hour forecasts, re-issued at 12-hour
intervals, were sent to each Deep Freeze ship; these included
low-level aviation forecasts for the ice-breakers. Plainlanguage terminal forecasts were issued at 6-hour intervals for
McMurdo, Byrd, Siple, and South Pole Stations. Forecasts were
provided to scientific field parties daily, with updates on
request or as necessary.
Meteorological observation program. All U.S. stations in the
Antarctic maintained a continuous surface synoptic observation program. Upper-air observation programs were con-

ducted at McMurdo and South Pole Stations. Aviation hourly
weather observations were made at all stations equipped to
handle aircraft. Deep Freeze 81 ships participated in the observation program by taking and transmitting ship synoptic
weather observations. Field parties were given equipment for
taking observations, and this information was used in daily
analyses at the McMurdo Station weather facility. Observational reports were shared with other countries through the
World Meteorological Organization communications network
and other networks dedicated to the Antarctic region. Ice
observations were made during helicopter and LC-130 flights
and by observers aboard the several Deep Freeze support
ships.
Automatic weather stations. Assistance was provided to scientists from Stanford University and the University of Wisconsin in the maintenance and emplacement of automatic
weather stations at seven sites in Antarctica. A network of
stations in the McMurdo area was established with installation
of three stations on the Ross Ice Shelf. Comprising four stations
lying on a semicircle approximately 50-55 nautical miles from
McMurdo and covering the areas east, south, and west of
McMurdo Station, this network proved to be a great asset to
forecasting in this particularly data-sparse region. Four existing operational stations on the continent were visited and
serviced. The table summarizes the seven automatic weather
station sites visited.

Public works, Deep Freeze 81

acid chemicals AC-2 and AC-200 were not available and severe
hard scale buildup in evaporator no. 3 was experienced due to
the inability to control pH in the strong acid zone required by
the high temperature vapor compression evaporator. Table 1
shows the correct amounts of the new chemical applied to
evaporator no. 3.
• Infiltration of cold air into buildings was reduced through
application of cold weather sealants.
• Heat transfer and air flow in heating, ventilation, and air
conditioning (HvAc) systems was improved by removal of fine
volcanic scoria dust from the systems.
• Time spent operating heavy equipment at McMurdo was
reduced by approximately 1,000 hours. A direct truck route
and timber bridge was constructed from the Hut Point barrow
area across the petroleum products line to Hut Point Road,
creating a shorter haul route and thus permanently reducing
the number of hours required for barrow operations, with
resulting diesel fuel savings.
• Use of a special system for controlling building temperatures helped reduce the amount of diesel fuel used to heat
McMurdo buildings. During the first 7 weeks of Deep Freeze

J . GRANT FULGHAM

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

During Deep Freeze 81 (austral summer 1980-81), many
procedures related to public works were changed or refined to
optimize operations. Improvements were made in energy conservation, environmental protection, industrial safety, waterfront facilities, aviation facilities, and ice roads.
Energy conservation. Several efforts resulted in significant
energy savings:
• Evaporator heat transfer was improved through pH factor
control and water chemistry. At the McMurdo water desalination (wo) plant, refinements in evaporator water chemistry
slowed the formation of hard scale on heat exchange surfaces
(see table 1). In prior seasons, Aqua Chem proprietary buffered
1981 REVIEW

Automatic Weather Station activity during Deep Freeze 81
Station
Byrd
Dome C
Manning
Marble Point
Ferrell
Asgard
Meeley

Location
80000'S 120 0 00'W
73040'S 123 0 00'E
78045'S 166 0 51'E
77026'S 163 0 45'E
78002'S 170 0 48'E
77036'S 161 0 04'E
78030'S 170°10'E

Remarks
Serviced
Serviced
Installed
Serviced
Installed
Serviced
Installed
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Table 1. Evaporator water chemistry
Evaporator
unit

Evaporator
type

1—Aqua Chem

Flash

2—AMF

Flash

3—Aqua Chem

Vapor
compression

Acid
constant feed

Acid clean

3/4 lb. PD-8c
+ ¼ lb. Sulfamic
3/4 lb. PD-8
+ ¼ lb. Sulfamic
86 oz. AC-200

Acid slug"

20 lb. Sulfamic/3 mm.

N/A

20 lb. Sulfamic/3 mm.

N/A

20 lb. AC -2e/360 hr.

12 lb. AC-2772 hr.

a Acjd clean = Application of a moderately strong acid solution into an evaporator to remove hard scale from heat exchange surfaces.
b Acid slug = Application of a very strong acid solution into an evaporator for a limited period of time to remove hard scale from heat exchange
surfaces quickly.
cAC2 , AC-200, and P0-8 are proprietary commercial chemicals for prevention of hard scale formation on heat exchange surfaces.

80, 204,079 gallons were used to heat buildings, compared
with 129,560 gallons for the same period during Deep Freeze
81. Total diesel fuel consumption over the last 7 years (in
millions of gallons) has been as follows: Deep Freeze (DF) 76,
1.946; DF77, 2.144; DF78, 2.305; DF79, 2.440; DF8O, 2.787; and
DF 81, 2.239.
In summary, Deep Freeze 81 energy conservation efforts
contributed to an overall 20 percent reduction in diesel fuel
consumption over Deep Freeze 80.

Environmental protection. Major efforts were undertaken to
clean up the environment at McMurdo. Water pollution and
ocean dumping related to disposal of McMurdo solid waste
were halted with the closing of the McMurdo dump and construction of the Fortress Rocks sanitary landfill. Most of the
environmental problems related to disposal sites in the United
States (vectors, rodents, groundwater, leachate, and odors)
will not be present at the new facility; surface meltwater entering the refuse surface margins and creating leachate is controlled by covering the refuse remainder with fill at the end of
the season, to the permafrost depth of 15 to 20 centimeters,
thus locking the refuse into permafrost.

through monthly meetings with organizational safety representatives created a general positive attitute toward safety.
Waterfront operational facilities. The use of wooden "deadmen" as tie-off points for securing the ice wharf to shore
proved unreliable. Although using wood for deadmen would
reduce heat transfer and, accordingly, deter loosening and
melting, wood was found to provide too little resistance to the
shear forces generated at the point where line is secured; the
deadmen sheared under the dynamic loads generated by the
pier motion (figure 1). Next year iron pipe filled with concrete
may be used for deadmen. A stable, high-capacity ice wharf
is critical to successful resupply ship offloading operations
exemplified in figure 2.
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Air pollution in Antarctica was reduced significantly as a
direct result of energy conservation. The savings was such that
approximately 2,000 tons of combustion products that otherwise would have entered the air were not burned.

Industrial safety. Occupational safety, health awareness, and
safety records in McMurdo were improved markedly over
Deep Freeze 80 (see table 2). Completion of facility improvements related to occupational safety (e.g., major rehabilitation
of the vehicle exhaust ventilation system in the transportation
garage and installation of guardrails to protect those working
on the elevated cold storage plant refrigeration systems) contributed to the improved record. Consistent efforts by the
safety chief and encouragement to follow safety measures

Table 2. Summary of accidents, Deep Freeze 80 and 81
(October-December)
October November December
DF 80 DF 81 DF 80 DF 81 DF 80 DF 81

Total accidents
50
Lost-time accidents
2
Alcohol-related accidents
4
Nonoccupational accidents 12
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24
4
1
5

73
2
7
22

36
1
3
7

55
4
3
19

35
0
6
13

T
Figure 1. The forces exerted by the shifting ice wharf proved too
much for this wooden "deadman" Installed to help secure the
wharf to the shore. (U.S. Navy photo)

Air operational facilities. Long-term parking of a stranded C141 aircraft at the ice runway parking apron at the beginning
of the summer season provided experience with ice load-bearing capacity and "creep" in the ice when subjected to a consistent load. The ice thickness at the parking apron was 178
centimeters and the temperature was –14.3° centigrade. When
the craft was first parked on the runway, ice deflection was
approximately 2.5 centimeters. By the second day, deflection
was 7.62 centimeters, and by the sixth day defelction had
increased to 20.3 centimeters. To avoid flooding in the deflecANTARCTIC JOURNAL
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Figure 2. Terminal operations crewmen offload a milvan from the
USNS Southern Cross. (U.S. Navy photo)

U.S. Air Force support of antarctic
research, 1980-1981

tion area and the possibility of ice failure, it was decided to
relocate the C-141 when downward deflection passed 10 percent of ice thickness. Due to an ensuing storm, it had been
impossible to take a deflection reading between day two and
day six. The C-141 was relocated immediately on day six.
Ice roads. The survivability of the transition ramp between
land and the annual sea ice was improved with installation of
the ramp at the ice wharf instead of at its usual location at
VXE-6 Hill (see figure 3). It is likely that the proximity of the
large ice mass of the wharf contiguous to the ice road in the
transition area retarded downwarping of the ice surface related
to the heavy dirt load and extended the life of the transition
area.

Figure 3. A Caterpillar D-8 stockpiles dirt for the ice pier. (U.S.
Navy photo)
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ANNE M. BAZZELL
834th Airlift Division Historian
Hickam Air Force Base, Hawaii 96853

Deep Freeze 81 marked the 25th year the U.S. Air Force has
participated in the resupply of the National Science Foundation's research activities in Antarctica.
Deep Freeze 81 will be known on the part of the Military
Airlift Command (MAC) as the year of ingenuity in antarctic
air operations. High winds, sudden storms, and soft ice threatened the project from the first day, but in spite of this, it came
to a close without harm to personnel or aircraft. C-141 Starlifters from Travis Air Force Base, California, completed 34 sorties
and one recovery mission, airlifting 692,169 pounds of supplies and 929 passengers to McMurdo (figure 1). Returned to
Christchurch were 122,661 pounds of equipment and 227 pas1981 REvIEw

Figure 1. Many American personnel and supplies are transported between New Zealand and McMurdo by C-141 Starlifter
aircraft. (U.S. Air Force photo)
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sengers. In July 1980 an additional Starlifter made a special
airdrop of mail and fresh vegetables for McMurdo.
Significant maintenance difficulties on the very first flight,
6 October, proved the most unusual event of Deep Freeze 81.
An engine on one of the C-141's failed to start and on-the-spot
maintenance proved unsuccessful. The aircraft remained on
the sea-ice parking ramp until 11 October, when severe
weather conditions abated, and a recovery team was able to
return to McMurdo to work on the craft. Just that morning it
had been predicted that the parking ramp would fail if the
aircraft stayed on the ice; moreover, the aircraft was sinking
into the ice, and drifted snow surrounded the wings. Navy
personnel, laboring in fallen and blowing snow, were finally
able to clear the ramp and runway and tow the aircraft to a
firm parking area.
When the MAC recovery team arrived, they found a heated
parachute shelter surrounding the inoperable engine—and,
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working in a shirt-sleeve environment, they repaired the aircraft and readied it for departure in less than 4 hours (figure
2). Though the entire incident was unfortunate, it did provide
some useful information: Despite having experienced 70-knot
winds and temperatures as low as –50°F, the Starlifter systems
recovered quickly.
The next day a C-141B (a modified Starlifter stretched 23 feet
by addition of body sections forward and aft of the wings)
landed on the ice runway for the first time (figure 3). The
landing was complicated by a whiteout; crew members helped
alleviate the visibility problem by calling out altitudes and
referencing the radar altimeter until a flare sighting allowed
the aircrew to land safely.
The use of aircraft enables scientists to expand horizons and
compress time required to investigate new regions. MAC's
contribution to aviation in Deep Freeze 81 involved the 60th
Military Airlift Wing (Travis AFB, California), the 834th Airlift
Division and the 619th Military Airlift Support Squadron
(MASS) (both from Hickam AFB, Hawaii), and Operating Location Delta, 619th MASS (Christchurch, New Zealand).
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Figure 2. Parachute shelter surrounding the inoperable engine
on the stranded C-141 Starlifter allowed a shirt-sleeve environment for work. (U.S. Air Force photo)
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Figure 3. First-ever landing of a C-141B "stretched" Starlifter at
McMurdo Station, 12 October 1981. (U.S. Air Force photo by R. R.
Russell)
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Antarctic research opportunities

U.S. scientists are invited to propose research projects as a
part of the United States Antarctic Research Program, whose
goal is to foster research on worldwide and regional problems
of current scientific importance and to expand fundamental
knowledge of the region. The National Science Foundation
will provide financing and logistics. Proposals must be
received by 1 June of the year before the research is to begin
(proposals received by 1 June 1982 will be considered for
implementation in the 1983-1984 austral summer). Research
is conducted primarily in glaciology, biological and medical
sciences, earth sciences, atmospheric sciences (upper atmosphere physics, meteorology, and solar astronomy), and ocean
sciences.
Submitting proposals. Investigators wishing to perform antarctic research must obtain a proposal preparation kit. The kit,
available from the Polar Information Program, Division of
Polar Programs, National Science Foundation, Washington,
D.C. 20550, contains the NSF publication Grants for Scientific
and Engineering Research (NSF 81-79), forms for a project summary and proposal budget, forms and checklists for budget,
logistics and support requirements, and the Antarctic Conservation Act booklet and permit request.
Investigators generally come from universities and, to a
lesser extent, from federal agencies and other organizations
and may propose to perform research and analysis individually, in small teams, or in large interdisciplinary groups. Those
scientists requiring only operational support, but no direct
funding, still are obliged to submit a formal proposal so that
their needs can be evaluated in competition with the needs of
others.
Proposals are usually submitted by the scientist's employing
organization. Prior discussion with a program manager in the
Division of Polar Programs (202/357-7894) can help define
research objectives that match the logistic and operational
capabilities at any given time. Graduate students are not
encouraged to initiate proposals but may participate as assistants to principal investigators holding research grants. Most
successful proposals are submitted by U.S. universities and
colleges; nonprofit, nonacademic research institutions, and
private profit organizations occasionally receive awards.
Under special circumstances, unaffiliated U.S. scientists or
scientists employed by other Federal agencies may be eligible
for support.
As a signatory to the Antarctic Treaty, the United States
supports international cooperation in Antarctica to more effectively accomplish both science projects and logistics. Some
examples are exchanges of personnel among stations, cooperative planning and execution of large-scale science projects
such as deep rock core drilling and glaciological exploration,
and the exchange or shared use of logistics assets such as ships
and aircraft. The United States has pursued cooperative projects with every Antarctic Treaty nation.
1981 REVIEW

Special considerations. Because antarctic research is expeditionary, operational and logistics planning receives great
emphasis and must be considered from the beginning. During
proposal preparation, contact with the Operations Section of
the Division of Polar Programs (202/357-7808) is essential as,
in the proposal, the logistics and operational requirements of
the proposed research must be addressed fully.

Scientists prepare an ice-core drill at Dome C(740 30'S 123010'E)
In East Antarctica. (U.S. Navy photo by T. E. McCabe, Jr.)

Through a Foundation contractor and by arrangement with
the Department of Defense, grantees are provided certain services and items of equipment without cost to their grants;
however, in recent years major changes have been made that
affect proposal budgets. Much scientific equipment formerly
provided by the contractor now must be budgeted for and
defended in the proposal.
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Any U.S. investigator contemplating antarctic research
should become familiar with the provisions of the Antarctic
Conservation Act of 1978 (Public Law 95-541). The act provides for conservation and protection of native mammals,
birds, and some plants and the ecosystems of which they are
a part. Under the provisions of the act it is unlawful, unless
authorized by permit, to take native mammals or birds, to
introduce species, to enter certain special areas, or to discharge
pollutants. Violators of the act are subject to heavy fines (up
to $10,000) and/or 1-year imprisonment.
Antarctic information sources. The National Academy of Sciences published recommended research objectives in 1970
(Polar Research —A Survey; available from National Technical
Information Service, Springfield, Virginia 22161; PB-231-651/
AS/LK $7.25 paper). The Academy's Polar Research Board has
a series of pamphlets giving recommendations for several scientific disciplines. For further information, contact the Polar
Research Board, 2101 Constitution Avenue, N.W., Washington, D.C. 20418.
An article by A. L. Washburn, former chairman of the Polar
Research Board, National Academy of Sciences, reviews a few
of the scientific challenges of polar research ("Focus on polar
research," Science, 8 August 1980, p. 643-652).
Reviews of scientific activities are presented in Research in
the Antarctic (L. 0. Quam, ed., 1971) and in Polar Research: To
the Present, and the Future (M. A. McWhinnie, ed., 1978), both
published by the American Association for the Advancement
of Science, Washington, D.C. A survey of scientific and polit-

ical concerns appears in Frozen Future: A Prophetic Report from
Antarctica (Richard S. Lewis and Philip M. Smith, eds., 1973;
New York, Quadrangle Books).
A synthesis of physical and biological knowledge is available as the Antarctic Map Folio Series, published by the American Geographical Society between 1964 and 1975 and available
from the Smithsonian Oceanographic Sorting Center, Washington, D.C. 20560. A review of some polar research appeared
in the Foundation's magazine Mosaic, September/October 1978
issue.
Maps at 1:250,000, 1:500,000, and other scales are available
from the U.S. Geological Survey. One-sheet maps of the whole
continent are available from the National Geographic Society
(Washington, D.C., 202/296-7500) and the Department of Fisheries and Oceans (P. 0. Box 8080, Ottawa, Ontario, Canada,
K1G 3H6).
An ongoing Library of Congress Antarctic Bibliography project covers the world antarctic literature since 1951. Twelve
volumes citing 26,494 titles have been published to date by the
Government Printing Office, and a monthly listing of abstracts
(Current Antarctic Literature) is available free to libraries and
working investigators. A Navy Antarctic Bibliography lists
publications that appeared from earliest times to 1951; it is
available as a hardbound reprint from the Greenwood Press,
51 Riverside Avenue, Westport, Connecticut 06880.
For further information on these resources contact the Polar
Information Program, Division of Polar Programs, National
Science Foundation, Washington, D.C. 20550.

A view of the Antarctic Peninsula region from aboard the research ship Hero. (NSF photo by W. Curtslnger.)
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