
pletely free for migration. The migration of chlorine,
a negatively charged ion, does not depend on the rate
of dissociation from the negatively charged silicate
surfaces; therefore, chlorine is available for migration.
Sodium, being positively charged, is attracted by the
negatively charged silicates and therefore is not readily
available for migration.

In conclusion, the discrepancy of migration of chlo-
rine-36 and sodium-22 is explained on the basis of
their charges. In spite of the low rate of migration,
this study shows that minerals are surrounded by a
film of unfrozen water and that weathering of silicates
can be explained as a present continuing phenomena.
During warmer and moister periods, the thickness of
the film of unfrozen water would increase and thus in-
crease the mobility of the ions.

This work was supported by National Science
Foundation grant GV-30058.
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Mars analog studies in
Wright and Victoria Valleys, Antarctica

E. C. MORRIS and H. E. HOLT
U. S. Geological Survey

T. A. MUTCH
Department of Geology

Brown University

J . F. LINDSAY
Lunar Science Institute

Houston, Texas

During the 1971-1972 field season, a geologic in-
vestigation was made of the ice-free valleys of south
Victoria Land to obtain data for comparative analysis
with pictures to be returned from the Viking Mars
mission in 1976. Because of their cold, dry weathering
environments, intermittent strong winds, and general
lack of fluvial activity, the ice-free valleys may provide
one of the best terrestrial analogs of the surface condi-
tions thought to exist on the planet Mars. Surface
features such as eolian dunes, desert pavements, pat-
terned ground, and cavernous weathering are common
in the valleys and may also occur on Mars.

During December and early January, H. E. Holt
and J . F. Lindsay made a preliminary air and ground

Publication authorized by the Director, U. S. Geological
Survey.

reconnaissance of the valleys and selected sites for
detailed photometric and photographic study. J . F.
Lindsay returned to the United States on January 8.
E. C. Morris and T. A. Mutch joined the field party
in early January. A field camp was established in lower
Victoria Valley and was later moved to upper Victoria
Valley at the base of Mt. Insel. Field work ended
January 31.

Nearly 1,300 black-and-white and color photo-
graphs were taken of various geologic features in Vic-
toria and Wright Valleys. The most instructive of
these will be compiled into an atlas for use by the
Mariner 9 and Viking Mars Lander investigators. The
features photographed included sand dunes, patterned
ground (see cover), cavernous and other rock-wea-
thering phenomena, ventifacts, felsenmeers, tors, and
desert pavements.

A field of active transverse dunes in lower Victoria
Valley was studied in detail, and evidence was found
of a system of frozen winter dunes that are eroded
and buried by summer dunes (figs. 1 and 2). The
winter dunes are distinguished from the summer dunes
because they contain snow and ice interbedded with
sand (fig. 2). Their slip faces dip eastward (down-
valley), indicating that the prevailing winds blow
down the valley toward the Ross Sea during winter.
During the summer, the prevailing winds blow up the
valley, as indicated by westward-dipping slip faces.
Samples and cores were taken of the summer and fro-
zen winter dune beds for laboratory study.

This work was carried out by the U. S. Geological
Survey under National Aeronautics and Space Ad-

Figure 1. Aerial view of polygonal ground developed on glacial
till, upper Victoria Valley. Large white block in upper right is
approximately 1 1/; meters across. Polygons show raised ramparts.
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Figure 2. Aerial view of transverse sand dunes, lower Victoria
Valley. Eroded edges of frozen winter dune beds crop out along
the windward slopes of the summer dunes. Dune at the far left
is approximately 1 80 to 200 meters long and 5 to 7 meters high.

ministration work order L-9718. Logistic support and
facilities for the investigations in Antarctica were pro-
vided by the National Science Foundation under
contract NSF AG-273.

An antarctic analog
of Martian permafrost terrain
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There have been remarkable shifts in scientific and
popular opinion regarding the similarities between
Earth and Mars. During the 17th and 18th centuries
it was a common belief that the Moon, Mars, and
other planets were inhabited and that their surfaces
were similar to our own. The dark areas on Mars
were believed to be oceans; the clearly visible polar
caps, ice and snow. Schiaparelli's canali (dark lines)
were taken to mean canals of the variety so common
and useful here. As more accurate and detailed astro-
nomical studies of Mars were made, this view became
more and more difficult to maintain, and the pendu-
lum of scientific opinion swung toward the opposite
extreme. Now, lunar explorations have shown enor-
mous differences between the Moon and the Earth,
and Mariners 4, 6, 7, and 9 have brought about the

same result for Mars. The uniqueness of Earth in the
solar system is becoming more and more evident.

Although the atmosphere and the temperature on
Mars clearly are different from those on Earth and
the probability of an active biosphere is low, Mars does
have an atmosphere, winds, clouds, atmospheric pre-
cipitates, water, and environmental conditions that
could be hospitable to abiotic synthesis of the precurs-
ors of life. It is possible that local micro-environments
exist or have existed suitable for primitive organisms
and that the terrain and mineralogy of certain regions
on Mars may be strikingly similar to certain regions or
localities on earth. Identification of such analogous
regions can be of significant benefit in the design of
the instrumentation and mission of Martian orbiters
and landers. Confirmation and comparison of these
analogous regions will increase our understanding of
both planets.

We have identified three locations as possible ana-
logs of Martian permafrost terrain. Based on studies
of Mariner 6 and 7 imagery, the thermokarst (alas)
topography of Yakutia in central Siberia is considered
a possible genetic analog to the "chaotic terrain" of
Mars. The edge of the Greenland ice cap near Thule
and the edge of the antarctic ice cap in the Beacon
Valley, southern Victoria Land, are regarded as ana-
logs to regions bordering the polar caps of Mars.

Of these, Beacon Valley is considered the most apt
analogy. Because snow accumulation is negligible
and ablation occurs mainly by sublimation, liquid
water there, as on Mars, is an ephemeral phase.
Chemical weathering clearly is occurring, albeit slowly,
and mechanical weathering and frost action are sig-
nificant. Well developed ventif acts sculptured by
wind-blown sand or ice crystals indicate that eolian
weathering is important. Many dolerite boulders are
coated with desert varnish. Soils have developed
under extremely low biotic pressure and under ex-
tremely dry conditions: nevertheless, they have ac-
quired the distinct features resulting from pedogenisis.
The concentration of soluble salts near the top of the
soil profile indicates that capillarity and thin film
migration of absorbed water are active. Thus, this
terrestrial antarctic landscape is thought to possess
nearly all the features of the cold desert environment
of Mars.

Fig. 1 is an aerial photograph of the Beacon Valley
site. As described by Nichols (1966) and Berg and
Black (1966), Beacon Valley is one of several ice-free
glacial valleys exposed by retreating outlet and de-
grading piedmont glaciers. It is about 15 kilometers
east of the polar plateau and 70 kilometers west of
the Ross Sea. The valley, which is blocked at its
northeastern end by a lobe of the Taylor Glacier, is
17 kilometers long and 3 kilometers wide and rises
steadily for about 3 kilometers from its lowest point
(1,250 meters) next to the Taylor Glacier to an ele-
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