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Atmospheric ice crystals at the South Pole Station have
been studied since December 1974 to understand their
mechanisms of production and their influence on the antarc-
tic climate. Because ice-crystal precipitation is the only way to
remove water vapor from the antarctic atmosphere toward the
ice-covered ground, some knowledge of the formation
mechanisms and rates of precipitation is necessary to under-
stand the budget of atmospheric water vapor that, in turn,
affects the infrared radiation balance during the long polar
night.

The ice-crystal concentration was continuously recorded
by an acoustic sensor (for ice-crystal count) and an ice-crystal
replicator. The concentration varied widely, by as much as 2
orders of magnitude in 10 to 60 minutes. The maximum con-
centration observed was 100 crystals per liter of air. The
changes in concentration were used to correlate ice-crystal
events with cloudiness and cloud forms (using an all-sky,
slow-motion movie camera), wind direction, and upper air
conditions, such as humidity and temperature aloft, including
specially detailed radiosonde readings with dry ice calibra-
tion.

The ice crystals at the South Pole formed in three different
layers:

1. High clouds (cirrus or cirrostratus clouds) formed large
(1 millimeter or larger) assembled-bullet ice crystals (see
figure 1).

2. Middle clouds (altostratus or altocumulus clouds) cre-
ated combined ice crystals in the form of side planes, bullets,
and columns about 1 millimeter in size. (See an example in
figure 2.) Ice crystals from both high and middle clouds form
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Figure 1. Assembled bullet ice crystals collected 10 Decem-
ber 1977 at the South Pole.
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Figure 2. Combined side plane crystals collected 17 Decem-
ber 1974.

and grow in the clouds, then fall out over long distances;
some of them evaporate completely during their fall.

3. The lowest 1,000 meters (mostly a few hundred meters)
without visible cloud layer, but sometimes accompanied by
fractostratus clouds (water clouds), created ice crystals in the
form of thin hexagonal plates and columns smaller than 0.2
millimeters. (An example is shown in figure 3.) These thin
plate crystals formed at temperatures lower than -25'C, and
none of their growth occurred at higher temperatures. We
have also observed growth of such plates at temperatures
below -22°C from a clear sky in the Arctic (Ohtake and
Holmgren, 1974). The generally accepted temperature range
for the formation of thin hexagonal plates is between -10 and
-18°C (Kobayashi, 1958; Magono and Lee, 1966).

This last kind of ice crystal is the most complicated and
has the most interesting formation mechanism. Ice crystals
are usually formed at a relative humidity of 100 percent,
which is also the critical humidity for cloud formation in the
atmosphere. So these ice crystals usually should be formed
within a cloud. However, since very large numbers of these
ice crystals were observed in the antarctic cloudless at-
mosphere, one may advance the possibility of deposition
nucleation, i.e., water vapor deposition directly onto nuclei
under sub-water saturation (or ice saturation) conditions. To
examine this possibility, an experiment was performed at the
South Pole Station during the 1977-1978 austral summer.
When aerosols, which may become ice nuclei, were collected
on membrane filters and exposed to water vapor at -25'C, ice
crystals did not form on the aerosols unless the water vapor
concentration was larger than the water saturation value.
Nevertheless, ice crystals sometimes precipitate from the
cloudless sub-ice saturated sky. The sub-ice saturation was
confirmed by the dry ice seeding and radiosonde soundings.

During the 1976-77 and 1977-78 austral summer field
seasons, ice-crystal replication revealed that many ice crystals
were in the form of stepped columns (figure 4), which sug-
gésts that the ice crystals formed by the freezing of water
droplets (Magono et al., 1976). Ice-crystal precipitations were
associated occasionally with fractostratus clouds or a high,
humid, cloudless layer. In both cases, such a humid layer ex-
isted approximately 100 meters to 500 meters high, and the
wind in the layer always was directed between 300° and 50°
from the Greenwich Meridian.
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Figure 3. Plate crystals from clear sky at South Pole 8 Decem-
ber 1977. (The warmest temperature aloft was -27.70C).

From the trajectory analyses using 700-, 500-, and 400-
millibar isoheight maps, the moisture and nuclei for the ice
crystals observed at South Pole were transported from the
Weddell Sea after traveling more than 7 days toward the Ant-
arctic Plateau. The nuclei of individual ice crystals replicated
at Pole Station were analyzed by means of an X-ray energy
spectrometer during 1975-1976; about 50 percent of the ice
crystals contained sodium, magnesium, sulfur, and chlorine,
which are major components of sea salt from the ocean
(Ohtake, in press).

Similarly to the mechanism for the arctic ice-crystal for-
mation (Ohtake et at., 1978), the clear-sky ice crystals at
South Pole Station may result from the freezing of low-level
stratus cloud droplets, which form by slightly uprising and
cooling warm air transported from the Weddell Sea along the
slight slope toward the Antarctic Plateau. The patchy stratus
clouds are sometimes beyond sight from Pole Station,
although many times such ice crystals may occur with the
stratus clouds or fog banks upwind from the South Pole Sta-
tion.

This research is supported by National Science Founda-
tion grants DPP 74-04037 and DPP 76-23114.
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Figure 4. A stepped column crystal collected at South Pole 13
December 1976;
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Early winter storms in the
northwestern Weddell Sea
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In sharp contrast with the extended fall season on the west
flank of the Antarctic Peninsula, winter comes early on the
Weddell Sea side (see table 1). In February 1903 the Antarctic,
the ship of the Swedish South Polar Expedition (Bodman,
1910), had been destroyed by wind-driven ice in the region

south of the Antarctic Sound. Seventy-two years later, in the
same area and same month, a similar catastrophe would have
occurred had the endangered ship not been a sturdy
icebreaker. On 26 February 1975, the Argentine General San
Martin was beset in a cold southerly windstorm of 40 to 50
knots. The pressure exerted by the ice broke some reinforce-
ments in the ship's body and at times lifted the entire vessel.
The USCGC Glacier tried but failed to reach General Van Martin.
It took 4 weeks, a change of weather, and extremely difficult
maneuvering before the Argentine ship could free itself
(Blanchard, 1975; Kirkpatrick, 1975).

Kormo (1978) has used weather reports made every 6
hours, satellite pictures, and twice daily synoptic maps pre-
pared by the Australian Bureau of Meteorology to analyze the
weather development during the last 5 days of February 1975
in the area shown in figure 1. A summary follows.

On 25 February 1975, cold, stable air moved across the
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