
energy of 50 millijoules, scattering cell length of 100
meters, receiver aperture of 500 square centi-
meters, and an S-i photomultiplier detector. For
comparison, figure 4 shows results for a tunable
ruby lidar operating at 0.69 micron and having
the same specifications as above except for an S-20
photomultiplier. The separation between returns
for the ruby lidar is insufficient to permit the use
of that system for water vapor measurements in
the polar winter.

Analysis of these returns shows that a two-wave-
length dye laser lidar should be able to measure
water vapor under polar winter conditions to a
height of about 3 kilometers with several minutes
of integration time.

This project was supported by National Science
Foundation grant DPP 74-04990.
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Source of nuclei of atmospheric
ice crystals at the South Pole

TAKESHI OHTAKE
Geophysical Institute
University of Alaska

Fairbanks, Alaska 99701

In the last 30 years, meteorologists have used
transmission electron microscopes and electron
microdiffraction techniques to study the chemical
composition of nuclei in cloud droplets and ice
crystals. However, because only morphological
techniques and electron micro diffraction tech-
niques were applicable, only a few of the droplets
and crystals were identified unambiguously as sea
salt particles, soil particles, or combustion products.
Now the scanning electron microscope, with X-ray

analysis, opens a new field in investigating nuclea-
tion.

Nuclei of ice crystals collected at the South Pole
were examined with a scanning electron micro-
scope and an X-ray energy spectrometer combined
to determine their source and their chemical com-
position. The nuclei were found throughout the
crystals—not just at the centers. The table gives the
elemental composition (for atomic numbers greater
than 10) of nuclei in the crystals, the date of col-
lection, and the shape and size of each crystal. No
differentiation is made between centered and ran-
domly located nuclei.

Twelve of 17 ice crystals had high silicon content.
Ten crystals had aluminum, always combined with
silicon. Two crystals had no detectable chemical
elements. Most of the ice crystals taken on 17 and
18 December 1974 had primarily silicon and alumi-
num. In contrast, 7 of 12 crystals taken on 25 and
26 December had sodium, magnesium, chlorine,
sulfur, potassium, and calcium (typical composi-
tions of sea salt) combined with silicon and alumi-
num.

Air trajectory analyses using 400-millibar flow
showed that air arriving at the South Pole normally
enters the southwest part of the antarctic continent
(90° to 170°W.) from the Pacific Ocean and travels
about 1,700 kilometers in 2 to 4 days from the open
ocean. So, ice nuclei such as kaolin particles and
clay minerals indicating silicon and aluminum pos-
sibly are transported from the desert in Australia
or from volcanos. (Volcanic ash from the recent
volcanic eruption of Augustine Island, Alaska,
showed strong nucleation ability in a settling cloud
chamber: Ohtake, 1971.)

Air trajectories at 400- and 700-millibar levels arriving at the
South Pole at 0000 local time, 18 December 1974. Each arrow

indicates air flow every 12 hours.
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Chemical elemental compositions (for elements heavier than neon only) of nuclei in individual ice crystals at South Pole.

Collected
(Dec.	Time	 Size1974)	(local)	Si	Al	Na	Mg	S	Cl	Ca	K	Others	Shape	(microns)

17	17:49	+++	++	 0	 thin p1	150 dia
17:49	+++	++	 column	175x 112
22:30	++	++	0	0	 0	0	 thin pl	220 dia

18	04:30	++	 0	 thin pl	470 dia
14:43	 no detectable elements	 thin p1	44 dia

25	10:10	+++	 column	180x 120
10:10 +++	++	++	++	++	++	++	++	OFe	plate	lOOdia
10:13 ++	++	++	++	+	++	 column	260x115
10:17	++	0	 column	167x110
12:17	 no detectable elements	 column	140x97
13:00	 +	 column	183x 127
13:00 ++	+	++	++	++	+	++	++	+ Mn column	157x90
13:00 +++	+	++	++	++	++	++	++	 irreg.	170

26	15:58	 ++	+	 thin pl	33
15:58 ++	+	+	0	 0	+	+ Mn column	93x40
15:58 +++	+++ +	+	++	++	 +	 column	70x40
15:58	 ++	+	+	 OFe	plate	70

Because of the temperature inversion over Ant-
arctica, the air in the lowest several hundred meters
is very stable, and we made other trajectory analyses
using 700-millibar charts. These analyses were in-
tended to estimate the transport of sea salt particles
from the ocean, assuming that the sea salt particles
are larger than soil particles and that the flow at 700
millibar is geostrophic. We found that the air stayed
over Antarctica before arrival at the South Pole
much longer on 17 and 18 December than on 25
and 26 December. This difference may explain why
the nuclei of the ice crystals on the latter days con-
tained more sea salt mixed with silicon and alumi-
num.

This research was supported by National Science
Foundation grant DPP 74-04037. I am indebted to
Bruce Morley of the University of Nevada, who
also collected the ice crystals at the South Pole, and
to JEOL (West), Inc., and KEVEX Corporation for
making the electron micrographs and X-ray analy-
ses.
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Climatonomy model for the dry
valleys with and without

snowcover

ALLEN J . RIORDAN
Meteorology Department

The University of Wisconsin, Madison
Madison, Wisconsin 53706

The dry valleys of southern Victoria Land near
Ross Island are a natural, snowless anomaly im-
mediately adjacent to the East Antarctic Ice Sheet.
The valleys' existence suggests that the present
snowless climate is stable. However, if the ground
were to become snowcovered throughout the sum-
mer either by precipitation or by glaciation, would
the terrain return to its present snowless state?

A climatonomy model developed by Lettau
(1975) is being applied to this problem with the
aid of 2 years of data from Vanda Station (Thomp-
son et al., 1971). Although still tentative, early re-
sults are presented here.

The model input includes monthly means of flux
density of solar radiation absorbed at the ground,
F = (1a*) G, where a* is the surface albedo and G
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