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Figure 3. Isotherms (°C.) for mean diurnal period, March 1967,
Plateau Station.

sively reduces the height of the spiral layer, and an
increasing thermal wind component. This results
from the terrain slope of approximately 1: 1200, with
a downslope azimuth toward the southwest. Assuming
that the isotherms are roughly parallel with the sur-
face, the sloped inversion produces a thermal wind
vector toward the northwest that increases with
height to as much as 6 meters per second at 32
meters. At present, the thermal wind vectors for
separate 0 classes are being computed in order to
study the effect of strong stability on the hodograph
structure. This had been done previously by Lettau
and Dabberdt (1970) using a limited period of Pla-
teau data, August 1 to 19, 1967.

There is increasing evidence that eddy diffusion
occurs contrary to the temperature gradient during
strong inversion conditions. This is suggested by pre-
liminary studies of the hodograph behavior and by
observational evidence shown in fig. 3, which illus-
trates the mean diurnal isotherm field in the lower
32 meters during March 1967. From March 6 to 13,
the inversion is permanent, while diurnal heating of
about 10°C. commonly occurs at all levels, suggesting
upward heat transport contrary to the temperature
gradient. This occurrence is substantiated by short-
term case studies using data scans at 1.5-minute
intervals, with evidence of mechanically forced con-
vection associated with convergence patterns within
the stable layers. Present work is attempting to
clarify and explain the importance of these features
in the inversion structure.

This work was supported by National Science
Foundation grant GV-24303.
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Ice crystal formation and growth
in the warm layer above

the antarctic temperature inversion
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Rusin (1961) and Schwerdtfeger (1969) suggested
earlier that a substantial fraction of the total precipi-
tation on the antarctic plateau is not a result of
"snowfall" in the usual sense. Indeed, ice crystals can
form in the lower layers of the atmosphere where
there is sinking motion, radiative cooling, and finally
mixing with the colder air near the surface. On days
without major synoptic disturbances, that is, during
most of the year, these ice crystals may fall out almost
continuously—summing to a sizable accumulation. In
the two winters 1967 and 1968 at Plateau Station , for
instance, there were 5 months for which no snowfall
proper was reported. In these months, ice crystal fall
was observed on 23 to 29 days per month, and the
mean net accumulation read from 49 snowstakes
amounted to 1.2 centimeters per month (real height
change, not water equivalent).

This process of ice crystal formation and growth
now has been examined in the context of a detailed
analysis of the mass budget, moisture budget, and
heat budget of the antarctic inversion layer, with
these results:

Most ice crystals form not, as previously thought,
within the inversion, but rather in the warmer, nearly
isothermal layer above it, where also the specific hu-
midity is greater.

Mass budget considerations indicate that, over the
interior plateau, the average sinking rate may be as
low as 0.02 to 0.05 centimeter per second. Such
values are an order of magnitude smaller than those
assumed in previous work and are, in fact, too small
to transport moisture into the inversion at a sig-
nificant rate; an upper bound for ice production
within the inversion would then be only 0.2 gram
per square centimeter per year.

Observations of individual ice crystals made at
Plateau Station (M. Kuhn, personal communication,
1971) indicate that most of the crystal fall is com-
posed of terminated columnar prisms ("bullets") that
have dimensions of the order of 500 by 100 microns.
These crystals are too large to have formed in the
extreme cold conditions of the inversion. The table
gives the growth time of such crystals computed as a
function of temperature and supersaturation over ice.
With fall speeds of about 10 centimeters per second
(Yagi, 1970), the growth time for inversion con-
ditions (temperature below —50°C.) is much longer
than the time required for the crystals to fall through

32

-48

-49
24	-

20

2 16

8-

-50

52

'3

55

56

58

170	 ANTARCTIC JOURNAL



this layer. Conditions above it, in the warmer layer
of about 1,000 meters thickness with temperatures
between 350 and -45°C, during most of the
year, are more favorable to ice crystal growth. For
ice-supersatu rations greater than about 20 percent,
crystals can achieve the observed size range within
this layer. Supersaturations of this magnitude should
be considered characteristic of the air advected from
the warmer maritime regions over the plateau in the
lower troposphere above the surface inversion. As
this air moves toward the interior, it is cooled radia-
tively by about 2°C. per day (Schwerdtfeger, 1968)
and must therefore eventually become supersaturated.

A knowledge of thermal advection, and therefore
of moisture advection, within the warm layer enables
a crude estimate of total ice crystal production. Con-
ditions typical of quiescent periods with a thermal
advection of 2° to 3°C. per day (consistent with
mean conditions at the South Pole) were assumed
to persist for 300 days per year. The resulting ac-
cumulation is slightly greater than 1 gram per square
centimeter per year. Since saturation vapor pressure
is not a linear function of temperature, periods of
stronger warm advection produce disproportionately
more ice crystals; hence the above estimate is prob-
ably too small. Nonetheless, 1 gram per square centi-
meter per year is not far from values for ice crystal
accumulation suggested by observation, and it there-
fore seems reasonable to accept this as further evi-
dence that clear-sky precipitation is the result of
processes above rather than within the inversion.

This work was supported by National Science
Foundation grants GV-28810 and GA-16239.

References
Rusin, N. P. 1961. Meteorological and Radiational Regime

of Antarctica. Leningrad, Hydrometeorological Service.
English translation, Jerusalem, Israel Program for Scientific
Translations, 1964. 355 p.

Schwerdtfeger, W. 1968. New data on the winter radiation
balance at the South Pole. Antarctic Journal of the U.S.,
III (5): 193-194.

Growth time of "bullet" crystals to a size of 500 by 100
microns for various supersaturations and temperatures.
Air temperature	35C.	40 C C.	45C.	50C.

super-	20% 5.5 hr	8.3 hr	17 hr	30 hr

	

saturation 40 0/c 2.8 hr	4.2 hr	8.3 hr	15 hr
(ice)	110% 1.4 hr	2.1 hr	4.2 hr	7.7 hr

at saturation (water)	1.35 hr	1.7 hr	3.1 hr	5.0 hr
which implies

supersaturation (ice)	41 0/c	48%	540/c	61%

Note: A fall speed of 10 centimeters per second corre-
sponds to a fall of 1,000 meters in 2.8 hours.
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Yagi, T. 1970. Measurements of the fall velocity of ice
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The trace-element composition of atmospheric par-
ticulates collected in Antarctica is being studied using
instrumental neutron activation analysis. This re-
search is designed to determine the sources (crustal
weathering, the ocean, or manmade pollution) of
particulates in the antarctic atmosphere. Comparison
of these trace metal concentrations with concentra-
tions in crustal material, urban pollution aerosols, and
the sea may indicate whether the particulates we col-
lected came from one of these sources. Preliminary
results for the halogens in both gases and particulates
from Antarctica have been reported by Duce et al.
(1971).

Concentrations of trace elements in particulates are
reported here for samples taken at McMurdo and
Pole Stations during November and December 1970.
These samples were collected on 47-millimeter Milli-
pore filters (EA - 1.0 micron) using nylon and
teflon filter holders to minimize metal contamination
during collection. These samples have been analyzed
by neutron activation for vanadium, aluminum,
manganese, copper, sodium, and chlorine, but the
levels of the latter three elements are so low that they
are not sufficiently above the filter blank to yield
reliable results. Since these samples represent the
particulate material from only 50 to 200 cubic meters
of air, the results are based on very minute quantities
of material. High volume samples (2000 to 20,000
cubic meters) collected during the same period offer
a much better opportunity for measuring the concen-
tration of these and other elements. Analysis of the
high volume samples is proceeding for the six ele-
ments mentioned above as well as for iron, zinc, co
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