
Ionic migration in frozen antarctic soil

FI0RENz0 C. UG0LINI

College of Forest Resources
University of Washington

DUWAYNE M. ANDERSON

U.S. Army Cold Regions Research
and Engineering Laboratory

Soils of continental Antarctica form in one of the
most severe terrestrial environments. Scarcity of liquid
water and persistent low temperatures result in desert-
like soils. Many pedological studies have confirmed
these desertic features. However, it is not definitely
established whether the present climate is responsible
for some of the chemical weathering observed in the
ice-free areas of southern Victoria Land. Many of the
investigations have been conducted on glacially or
fluvially transported material that may have been
weathered before transportation. Because of this, evi-
dence is needed to establish whether (1) ionic migra-
tion is taking place and (2) liquid films of water sur-
rounding the minerals do exist.

Regarding these two points, experiments were set
up in the summer of 1968 to monitor the movement
of chlorine-36 in cold, dry soils of the lower Wright
Valley. It was found that the radioactive chlorine had
moved 7 centimeters in 25 days from the point of
injection (Ugolini and Grier, 1969). To pursue these
experiments further and to compare and contrast the
movement of a negative ion (chlorine-36) with a posi-
tive one, dosages of sodium-22 chloride were injected
in the soils of the lower Wright Valley during the
1969-1970 austral summer (Ugolini and Bockheim,
1970).

Two years after the installation, the sites were re-
visited and samples collected. (Because of the powdery
nature of the soils and the continuous wind in the
Wright Valley, special precautions were taken to
avoid inhalation of the gamma-emitting sodium-22.
Aspirators and disposable outer garments were sup-
plied by the health physics officers of the naval nu-
clear power unit at McMurdo Station. We thank
D. L. Erickson and E. F. Jones, U. S. Navy, for their
support.) The hydrothermal conditions of the sites
sampled appeared to be very similar to the conditions
existing at the time the sodium-22 was installed. At
site 1 (fig.), about 1 kilometer from the front of
Wright Lower Glacier, the sandy light brown gray soil
ranged in moisture content from 0.8 percent next to
the ice-cemented permafrost to 0.04 percent at the soil
surface. The ice-cemented permafrost was at a depth
of 35 centimeters (November 4, 1971). At site 3,
about 2 kilometers from Wright Lower Glacier, the
sandy gray brown soil had 1.7 percent of water next

to the permafrost and 1.1 percent at the soil surface.
The ice-cemented permafrost was at a depth of 50
centimeters (November 5, 1971) . Accurate counting of
the gamma emitter sodium-22 showed that, at site 1,
the sodium-22 had moved 5 centimeters, and at site 3
it had moved 10 centimeters. Dr. W. Schell, director
of the Radiation Ecology Laboratory, University of
Washington, counted the samples for us. We are grate-
ful for his contribution.

These migrations could not be considered real be-
cause the sampling increments-36 to 30 centimeters
at site 1 and 50 to 40 centimeters at site 3—were
next to the injection points. This information is suffi-
cient, however, for comparing the migration of the
positively charged ion (sodium-22) with the negatively
charged ion (chlorine-36). In a previous experiment,
chlorine-36 had moved 7 centimeters above the em-
placement point after only 25 days. At a similar site,
sodium-22 had moved a maximum distance of 5 cen-
timeters in 2 years. Moisture and temperature meas-
urements obtained during the month of November for
the years 1962, 1968, 1969, and 1971 show that the
hydrothermal regime for site 1 has remained constant.
Therefore, the discrepancy in migration of the two
ions cannot be accounted for on the basis of tempera-
ture and moisture variations.

Under these prevailing low temperatures and dry
conditions, migration of ions in the soil must occur
in thin films of unfrozen water adsorbed at the sur-
face of minerals. Determination of water and ice phase
composition for the soils at sites 1 and 7 showed that
the amount of unfrozen water at temperatures below
—5°C. is extremely low. Therefore, the diffusion
path for the migrating ions must be long and torturous
and the movement of ions very slow. At the tempera-
ture and moisture experienced by the soils of the lower
Wright Valley, the thickness of these films is on the
order of 6 Angstroms. The ions within this film are
adsorbed on the surface of the silicates and not corn-

Site 1, lower Wright Valley, Antarctica.
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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
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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
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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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