
with one year's sojourn at a pressure altitude of
13,500 feet is noteworthy.

The records revealed an average of 7.5 hours of
sleep per day, with a maximum average of 8.1 hours
for one station member and a minimum of 6.5 hours
for another (the oldest, age 47). Winter averages ex-
ceeded summer averages by as much as 2.3 hours a
day. Although average weights increased during the
winter months, they varied no more than 5-6 pounds
throughout the year, with the exception of a gain of
12 pounds by one man.

The results of psychological testing and interviews
have not yet been interpreted, but many interesting
subjective impressions can be reported regarding the
experiences of a very small, isolated group in the Ant-
arctic. The general health of all personnel was ex-
cellent throughout the year. A few, probably psycho-
physiologic, complaints, such as headache and gastro-
intestinal disturbances, were encountered. Physical
examinations were remarkable only in that there was
a consistent increase in thoracic circumference during
the year. Inspiratory dimensions increased about one
inch while expiratory dimensions became smaller.
This finding suggests that rib-cage flexibility increased
in response to the added respiratory work load.

Extension of the Studies

To increase the significance of the data obtained
in the 1967 studies described above, it was proposed
that the 1968 winter party be studied in essentially
the same manner (except for attempting determina-
tion of hemoglobin concentration by a more sophisti-
cated technique), and this is being done by Lt.
Jerome F. Johnson, MC, USNR. As Plateau Station
is now in its last year of operation, the current stud-
ies represent the last opportunity to obtain medical
information there, but it appears that sufficient data
will have been collected during the two years to
give some insight into the physiological and psycholog-
ical changes that occur in personnel wintering at a
small, isolated station on the high polar plateau.

Record Low Temperature
at Plateau Station

Plateau Station, which is to be deactivated this
summer, experienced a record low temperature on
July 20, 1968: —86.2°C. (-123.1°F.), the coldest
ever recorded at any U.S. station. Plateau's previous
low, —85.2°C. (-121.4'F.), was recorded on Au-
gust 24, 1966, six years to the day after the present
world record of —88.3°C. (-126.9°F.) was re-
corded at the Soviet Union's Vostok Station.

Sulphate and Carbonate
Salt Efflorescences from the

Antarctic Interior
PAUL TASCH

Department of Geology
Wichita State University

and

E. E. ANGINO

Geochemical Section
State Geological Survey

University of Kansas

Reports of the past decade on antarctic evaporites
as efflorescences, crusts, or deposits generally have
come from areas relatively close to the sea (up to
30 miles from the coast). Data are now available
on saline lakes, glacial moraines, soils, and glacial ice
(Angino et al., 1965; Ball and Nichols, 1960; Bowser
and Black, 1967; McLeod, 1964; Smith, 1965; Ted-
row and Ugolini, 1963, 1966; Autenboer, 1964). For
the more remote interior regions of Antarctica, re-
ports are wanting. This paper treats salt efflores-
cences on bedrock in interior areas far from the sea,
where saline lakes and soils are absent. One of the
sulfate minerals of our study does not appear to have
been reported previously.

Rock samples bearing salt efflorescences were col-
lected by Tasch during the austral summer of 1966-
1967 in the course of geological exploration in the
Sentinel and Ohio Ranges. Diffraction patterns were
prepared and mineral identifications were made by
Angino. X-ray diffraction patterns of efflorescent ma-
terials were obtained on a Philips-Norelco X-ray
diffractometer using Cu Ka i radiation with a crystal
monochrometer.

Along the slopes of Mount Weems (Sentinel
Range), white efflorescences, beady in appearance,
coated joints and fractures in the graywacke sand-
stone bedrock of the Polarstar Formation. These also
formed very thin crusts. Touched by a hammer, they
crumbled into a powdery form. Equivalent efflores-
cences were found at nearby nunataks to the south.
They were sparse or absent at other Sentinel Range
localities.

Besides the quartz, plagioclase, and mica compon-
ents of the Polarstar Formation graywackes, there
are fragments of volcanic and metamorphic rocks in
a fine matrix of sericite /chlorite/c lay minerals (Crad-
dock et al., 1964, 1965). Diffraction analysis of efflo-
rescent material from Mount Weems indicated only
calcite.
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Calcium carbonate salts have been reported previ-
ously in Antarctica as a layer in soil, in rock cracks
and fissures, as oolitic flow forms and microstalagmites
or surficial calcite crusts, as secondary calcite in al-
tered minerals of boulders in the dry valleys (Tedrow
and Ugolini, 1966), and in depressions within glacial
moraines (Johannesson and Gibson, 1962; Smith,
1965).

The presence of soluble carbonate salts in the
Sentinels raised the question as to the possible source
of free water, in view of the marked aridity. Where
efflorescences were collected on Mount Weems, the
dark bedrock was ice-free. Elsewhere on Mount
Weems there was a sizable cover of ice.

Small, frozen glacial meltwater pools in shallow de-
pressions of moraines, larger ponds in which scat-
tered dark boulders were entrapped and surrounded
by thinner surficial recrystallized ice, and occasional
rows of finger-sized icicles hanging from roofs and
fractures in bedrock were observed in the Sentinels.
These evidenced some restricted and temporary ac-
cumulations and movements of free water. Localized
melting of snow and ice occurs (at restricted times)
during extended periods of sunlight (as long as 24
hours daily). The result is an enhanced calorie value
per square centimeter of snow surface and an elevated
surface temperature of exposed rock (Tedrow and
Ugolini, 1966).

The sparse and spotty occurrences of calcitic efflo-
rescences in the Sentinels may reflect the equally
slight evidence of free water. Obviously, little mois-
ture is held in voids between mineral grains in the
rock. Presumably, an interior temperature-moisture
gradient sponsors the development of soluble salts
within the rock, while their migration to the periph-
ery appears to be initiated during periods of pro-
longed solar radiation reaching rock surfaces (Tedrow
and Ugolini, 1966).

The lack of other evaporitic constituents in the Sen-
tinel Range contrasts with previous reports concern-
ing efflorescences elsewhere. In a sulfate suite in the
dry-valley area of Victoria Land, for example, calcite
was a minor component (Smith, 1965). Although
disseminated pyrite is evidenced by numerous pyrite
casts in argillites along the east slope of Polarstar
Peak (Sentinel Range), this mineral and others are
apparently more important in a mechanical sense
(as sediment components) than in a chemical con-
text (as potential sources of sulfur), as the extreme
and prolonged aridity tends to leave the bulk chem-
ical and mineralogical composition of bedrock and
its debris virtually unchanged (Kelly and Zumberge,
1961).

White, powdery efflorescences, small crusts, and
conglomerations coat portions of some of the white-
weathering argillites of the Mount Glossopteris For-

mation, Mercer Ridge, Ohio Range. These argillites
were analyzed for whole-rock composition in another
study (Tasch and Gafford, 1968). The sparsity of
calcite was noted. Clay mineral components (per-
centage of less than 2,fA fraction) were as follows:
illite/montmorillonite mixed layer, greater than 90
percent in all samples; chlorite, less than 5 percent
in sample 021.10; and phosphates, minute amounts.

Samples of efflorescences were collected at the fol-
lowing locations: Station 0 (021.10 and 021.2, geolo-
gically older and younger beds, respectively; Tasch,
1967); 20 feet north of Station 0; Station 1 (one
sample) ; and a considerable distance below the
Station 0 beds (sample 018). Examination of the dif-
fraction patterns indicated that both of the last-named
samples were very pure gypsum, while samples 021.2
and 021.10 were mixtures of gypsum and magnesium
sulfate hexahydrite. A third compound, which we
have been unable to identify, is present in sample
021.10.

This hexahydrite appears to be the first reported
from Antarctica (Stewart, 1964). Comparative data
for the mineral are given in the table. It is colorless,
monoclinic, and is inferred to have high solubility. Its
presence is probably another indicator of the extreme
desert climate in interior Antarctica.

Addendum. Since the foregoing paper was written,
additional information on antarctic evaporites previ-
ously unknown to the writers has been noted, viz:

1. In the Buckley Coal Measures of the Shackleton
Glacier area, gypsum occurs in the upper 100 m in
beds with Glossopteris flora; thin sections of the up-
per sandstone had 30-40 percent anhydrite cement
(cf. Grindley et al., 1964).

Antarctic efflorescences: d-values for diffraction patterns
of magnesium sulfate hexahydrite

Card 1-0354 ' 	Samples'

021.2 I 021.10 1021.2 (Rerun)

	

5.5	 5.47	5.47	5.47

	

5.1	 5.12	5.12	5.12

	

4.9	 4.89	4.93	4.90

	

4.4	 4.6	4.6	4.41

	

4.04	 4.04	4.04	4.05

	

3.61	 3.61	3.65	3.62

	

3.42	 3.40	3.39	3.46

	

3.20	 3.20	3.18	3.20

	

2.92	 2.90	2.90	2.91

	

2.77	 2.77	2.78	2.77

	

2.67	 2.68	2.68	2.69

	

2.28	 2.28	2.28	2.30

'X-ray powder data file published by the American Society for
Testing Materials, 1960.2 Mount Glossopteris Formation, Mercer Ridge, Ohio Range
(Tasch, 1967).
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2. Gypsiferous rock encrustations (1-4 mm thick)
were reported in a study of the glacial geology of
the SØr-Rondane Mountains and Queen Mary Coast
(Autenboer, 1964).

3. Middle Cambrian fossiliferous beds of the
Queen Maud Mountains contained a few feet of
gypsum in a repetitive sequence of thin, green shales.
Anhydrite cement was observed above the Pagoda
Tillite.
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Antarctic Medals of the
United States

EDWARD K. MANN

Captain, USAF
U.S. Naval Sup , ,,,	1

S. J . VERLAUTZ
Lieutenant Colonel, USA

U.S. Military Assistance Command, Viet Nam

Of the four medals that the United States Gov-
ernment has authorized in recognition of antarctic ex-
peditionary service, only one-the Antarctica Service

Medal-is presently awarded. But, whether a medal
is currently bestowed or not, its commemorative and
honorific functions are well served by occasional
recital of its purpose and symbolism.
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