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During January 1979, we again conducted balloon
soundings in Antarctica to measure stratospheric trace
gas and aerosol profiles. For the first time, we took trace
gas samples at Amundsen-Scott (South Pole) Station. We
accomplished this by waiting for sufficiently light upper
winds such that, following balloon ascent and parachute
descent from 22 kilometers, the sampler was within sev-
eral miles of the station and could be recovered with a
tracked vehicle. We obtained these samples on 25 Jan-
uary 1979. Four days earlier a similar experiment had
been conducted at McMurdo Station. In that sounding,
samples were obtained up to an altitude of 29 kilometers
using helicopters for sampler recovery.

The samples, obtained by automatically opening evac-
uated stainless steel spheres at several altitudes, were
returned to the United States and analyzed by gas chro-
matography at the Aeronomy Laboratory of the Na-

32

28

24

20

o 16

I-
I..
-J
4

4

10	 100	 1000

MIXING RATIO (ppbv)

Figure 1. Nitrous oxide (N20) and methane (CH4) mixing ra-
tio profiles measured four days apart at McMurdo and South

Pole Stations. Key: ppbv = parts per billion by volume.

tional Oceanic and Atmospheric Administration in
Boulder, Colorado. Figure 1 shows the results for ni-
trous oxide (NO) and methane (CH). These gases are
somewhat inert in the troposphere but somewhat reac-
tive in the stratosphere. They are useful constituents in
the determination of vertical eddy diffusion coefficients
and as tracers of stratospheric air. The excellent agree-
ment between McMurdo and South Pole data up to 20
kilometers in figure 1 suggests that trace gas concentra-
tions in the polar regions are very uniform over a time
period of at least four days and that measurements at
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Figure 2. Fluorocarbon mixing ratio profiles measured four
days apart at McMurdo and South Pole Stations. Key: pptv

= parts per trillion by volume.
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Figure 3. Aerosol (radius 0.15 micrometer) mixing ratio
profiles measured a year apart at McMurdo Station.

P
R
E
S
S
U
R
E

(mb)

200



either station are probably representative of the general
antarctic profile.

The same conclusion may be drawn from data on the
fluorocarbons CF202 and CFC13 shown in figure 2.
These constituents also are very inert in the tropo-
sphere, but they undergo photodissociation in the strat-
osphere. As a result, their concentration drops off rap-
idly with altitude in the stratosphere.

In addition to measuring trace gases, we again meas-
ured the stratospheric sulfate aerosol (radius 0.15
micrometers) profile at McMurdo Station. Figure 3
shows a comparison between this sounding and one con-
ducted a year earlier. With the decrease in the peak
mixing ratio from about 9 to 6 particles per milogram
of air, the 20-kilometer "layer" is almost undiscernible.
This low value is now typical of our measurements made
at other stations in the north and south hemispheres and
may be indicative of the natural background of sulfate
aerosol in the stratosphere.

Finally, we conducted a number of condensation nu-
clei (radius 0.01 micrometers) soundings from the
clean air facility at South Pole Station. While the data
have not been completely analyzed, a short sounding
conducted in 1978, provides data typical of lower alti-
tudes at South Pole (figure 4). The condensation nuclei
(cN) layers are associated with both the inversion at 3.1
kilometers, and with the isothermal layer between 3.8
and 4.2 kilometers. The non-layer concentrations of 200
to 300 CM-3 are typical and generally higher than those
measured at the surface ( 100 CM-3). Such observations
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Figure 4. Results of short condensation nuclei (CN) sound-
ing at South Pole Station.

will be important in understanding the clear-sky ice crys-
tal precipitation phenomenon.
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Winter ice crystals at South Pole
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We are studying the formation mechanism of atmos-
pheric ice crystals at the South Pole, the origins of mois-
ture and condensation—freezing nuclei, and their con-
tribution to the mass balance of the antarctic ice cover.

On about 300 days of each year, atmospheric ice crys-
tals can be observed at the South Pole. Previous studies

have discussed ice crystals during the austral summer
(Kuhn, 1968; Hogan, 1975; Ohtake, 1976; Ohtake,
1978; Kikuchi and Hogan, 1976). Our work here con-
cerns crystals during the austral winter. We collected ice
crystals on 59 days between 11 June and 23 August 1977
at air temperatures between —39.4° and —71.4* C.

We sampled precipitating ice crystals on slide glass
plates coated with silicone oil, kerosene, or formvar so-
lution and photographed them at low temperatures.

The ice crystals we collected were quite different from
the typical snow crystals classified by Magono and Lee
(1966). We have classified them into six categories ac-
cording to shape:

1. Assembled bullet ice crystals. This type of ice crystal is
the most common and also the largest (about 1 milli-
meter or larger) of all observed at the South Pole in
winter and summer. Consequently, these crystals are the
major contributor to snow accumulation throughout the
year. (A photograph of these crystals appears in Ohtake,
1978.)

The assembled bullet crystals were associated with in-
cursions of moist upper air (about the 500-millibar level)
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