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Our interest in nonterrestrial increments of the antarctic ice
sheet is not limited to macroscopic samples: during 1983, we
began a program at the geographic South Pole to collect at-

mospheric dust particles in the size range 0.01 to 1 micrometer,
and this effort continued during 1984. The collector accumu-
lates particles by electrostatic precipitation onto carbon-coated
STEM (scanning transmission electron microscopy) specimen
grids; the grid collections then can be transferred directly to a
STEM analyzer for examination. Direct transferability is impor-
tant because all the collected particles are in the submicroscopic
size range and cannot be manipulated. The use of a STEM
analyzer is worthwhile because with it we can look at single
particle shapes, compositions, and in some cases, electron dif-
fration patterns. We judge that while atmospheric collections
have the disadvantage that they may be heavily loaded with
products of natural and artificial terrestrial origin, they have an
advantage over ice-core collections because when particles are
buried in moving ice the delicate structures may be destroyed.
We chose to make the collection specific for submicroscopic
particles because we don't know of any other researchers who
are examining individual particles that small; therefore, to date
very little is known about individual particles in our size range.

We have found that submicroscopic particles are very abun-
dant in the atmosphere at South Pole Station. The most common
constituent of our collections is droplets of sulfuric acid; it is also
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Figure 1. Tiny rod-shaped grains that analyze for calcium and sulfur. STEM analyses do not detect lighter elements, so the grains might be
anhydrite or gypsum. Copper peaks are from the underlying specimen grid. ("gm" denotes "micrometer:' "s" denotes "sulfur:' "Ca" denotes
"calcium:' "Cu" denotes "copper:')
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Figure 2. Submicroscopic titanium, chromium, and cobalt grains. STEM analyses do not detect hydrogen, carbon, or oxygen, therefore, these
grains may be either monoelemental, or the oxides, hydroxides, carbides, or carbonates of those elements. ("u rn" denotes "micrometer:' "Ti"
denotes "titanium:' "Cr" denotes "chromium:' "Cu" denotes "copper:' "s" denotes "sulfur:' "Co" denotes "cobalt:')

Figure 3. Aggregates of submicroscopic iron-rich grains in the South Pole atmospheric collections. Stubby and needle-like crystals may be
metallic iron or an oxide or hydroxide of iron. ("um" denotes "micrometer:' "5" denotes "sulfur:' "FE" denotes "iron." "CU' , denotes "copper:')
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common to find submicroscopic alumino-silicate spheres that
probably are slaggy by-products of fuel burning. In addition to
particles such as these which can be identified as terrestrial
contaminants, we have found a number of particles whose
terrestrial origin we cannot confirm. Even more numerous than
sulfuric acid droplets, for example, are rod-shaped grains 0.05
to 0.10 micrometer in length (figure 1) that give calcium and
sulfur signatures under STEM/EDS (scanning transmission
electron microscopy/energy dispersive systems) analysis. They
could be oldhamite (CaS) grains but, because with our instru-
ment we cannot detect oxygen, they also could be anhydrite
(CaSO4) or gypsum (CaSO 4 . 2H20). We have no idea what the
source of these grains might be.

Rather rare in number, but perhaps more significant in mass,

is another group of grains that apparently consists of single
metallic elements (or their oxides, hydroxides, carbides, or
carbonates). So far in this group, we have noted grains that give
the single-element signatures of iron, titanium, cobalt, chro-
mium, and magnesium. While the chromium and cobalt grains
are typically undistinguished in form (cf. figure 2), the iron
grains (figure 3) seem to be fluffy aggregates of needle-like
crystals that give an appearance of extreme fragility. We have no
good hypothesis as to the terrestrial source of these grains and,
so far at least, we are also considering the possibility that they
may have a nonterrestrial origin.

This work was made possible by National Science Foundation
grant DPP 83-14496 and also by a Westinghouse Research and
Development Senate grant to R.E. Witkowski.
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press). Because no gravitational flow can occur at a dome, these
winds are among the lowest found anywhere in Antarctica.
Only one station, Windless Bight, where another AWS is located,
showed lower wind velocities.

The temperatures are fairly low at the upper station (e.g.,
Dome C recorded an absolute minimum of - 84.6°C). In con-
trast to this, the coastal area is relatively mild. At D10 the
temperature has never dropped below —40°C. The mean
monthly temperatures of the AWS are given in figure 1. Gener-
ally speaking, they fit well into the picture to be expected for
their latitude and altitude. For example, Dome C agrees fairly
well with South Pole Station.

In a joint French-U.S. experiment, five automatic weather
stations (Aws) have been installed in eastern Antarctica. They
report data by satellite and since 1980 have supplied a steady
flow of meteorological information. They are located roughly on
a line from D10 (240 meters altitude), a station 10 kilometers
south of Dumont d'Urville Station, to Dome C (3,280 meters
altitude), our highest station some 1,080 kilometers inland from
the coast. The other three stations are located at intermediate
points: D47 at 1,560 meters altitude and 100 kilometers from the
coast, D57 at 2,100 meters altitude and 210 kilometers from the
coast, and D80 at 2,450 meters altitude some 400 kilometers
from the coast. The area is infamous for its strong katabatic
winds, which show a very high constancy in wind direction.
The directional constancy is defined as the mean wind vector
divided by the mean wind; a value of 1.0 implies that the wind
blows from one direction only. We are finding values around
0.9. These are very high values and surpass even the trade
winds, which are known for their high directional constancy.
Further, these winds accelerate toward the edge of the ice sheet,
but the maximum is found some distance from the edge. D47
has the high annual mean wind speed of 12 meters per second.
At Dumont d'Urville, where long-term meteorological mea-
surements were carried out, an absolute maximum of 96 meters
per second was observed. In contrast to the windy coastal areas,
the winds are weak at Dome C (Wendler and Kodama 1984, in
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Figure 1. The annual course of temperature for automatic weathei
stations in Adélie Land, eastern Antarctica. Data for stations D1(
and D17 and for D47 and D57, respectively, were combined.
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