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face. Some researchers have actually used
the term “snow” —not to evoke classically
large, hexagonal snowflakes, but merely to
indicate that the water froze out onto the
dust nuclei before it descended. The re-
sult, says Jones, would be less like a snow-
fall than like an extremely fine mist.

The far greater amount of frozen water
that may lie beneath the surface has not
been directly detected (or sought) by
spacecraft missions to date. (Some scien-
tists have proposed sending “penetrators”
that would be dropped from orbit to punch
through the surface to sample materials a
meter or more down.) The possibilities,
however, have been calculated by Crofton
B. Farmer of the California Institute of
Technology, who used data from the Mari-
ner 9 spacecraft (Viking’s predecessor) to
work out the depth below the Martian sur-
face at which the temperature never gets
higher than the maximum atmospheric
frost-point temperature — the depth, in
other words, below which any subsurface
water would simply stay there as ice. The
results, as he reports with P.E. Doms of
uctLaA in the June 10 JOURNAL OF GEOPHYS-
ICAL RESEARCH, are “essentially un-
changed” by Viking's data, and they are
striking: In addition to near-polar deposits
of permafrost, Farmer concludes, there
could be widespread regions of seasonally
varying “tempofrost” that extend far
closer to the equator. The Viking data, in
fact, suggest that, “on a time scale of years,
the Martian vapor may be in equilibrium
with a subsurface reservoir of ice buried to
a depth of between 10 cm and 1 m, at all
latitudes poleward of about 46°N and
35°8.

The thickness of that layer — the
amount of ice it contains — is a different

INITIAL PEZOMETRIC
SURFACE

Early Martian flooding may have been
caused by water, sealed under high
pressure in crushed rock layers between
compacted, nonporous rock below and
permafrost above. Disruption of the per-
mafrost could have released the water to
the surface, undermining the surface and
leading to collapse of the overlying strata.

sort of problem, largely confined so far to
estimates based on atmospheric composi-
tion measurements suggesting how much
water could have “outgassed” from the
planet’s interior when it was young. In the
July 6 ScIENCE, James B. Pollack and David
C. Black of the Nasa Ames Research Cen-
ter in California compare nitrogen-carbon
and water-nitrogen ratios for Mars and
earth to conclude that “Mars outgassed an
amount of H,O equivalent to an ice layer
80 to 160 m deep, uniformly covering the
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planet.”

Still, with ice below, vapor above and
frost—even snow—in between, isn't there
any liquid? The stuff, on a desert planet, of
a cool drink? “l wouldn’t be at all sur-
prised,” says Farmer. Just as an ice-block
igloo can keep a body warm, the Martian
residual north polar cap — it's too warm
for frozen CO, — may well keep out the
cold so well that liquid water flows be-
neath it. Similarly, flowing “groundwater”
may circulate beneath the permafrost, and
replenish the “tempofrost” from beneath
when the sun’s heat is depleting the sea-
sonal ice layers from above.

A fascinating example of that very proc-
ess may exist in a region centered at about
25°S and 85° longitude, where Robert L.
Huguenin of the University of Massachu-
setts thinks there may be what he has
called “an oasis” and “the wettest spot on
the planet.” To astronomers, it is known as
Solis Lacus —Lake of the Sun—because it
is the closest point on the planet to the sun
when Mars is at the most sunward point in
its orbit, sometimes getting as warm as
290°K — about 63°F. It is certainly not a
lake, and it just squeaks onto Farmer's
tempofrost map in the middle of winter,
when the subsurface water might get
closest to the equator. But Huguenin main-
tains (and Farmer agrees that it’s possible)
that dust- and sand-sized grains in the sur-
face material there could maintain a tight
enough pressure seal on the water to hold
it in place, even while the sun’s heat has
turned the ice to liquid. In fact, he says, if
there are salts in the water such as those
inferred from the Viking lander data, the
water’s freezing point may be low enough
that it is liquid all year round. Further-
more, although subsurface H,O has not yet
been directly detected on Mars, Huguenin
notes that past dust storms that began at
Solis Lacus were shown in narrow-
spectrum images to contain relatively
large quantities of water haze and frost
surrounding the dust clouds, while local
dust clouds in numerous other regions did
not. The region also cools more slowly
after sunset and stays warmer through the
night than other areas, he says, consistent
with a substantial water reservoir near the
surface.

One possible—and controversial—role
for liquid water in the Martian past is the
cutting of channels, riverbeds and flood-
plains over major portions of the planet.
Some such “fluvial” features have been as-
cribed by various researchers to other
causes, but Michael H. Carr of the U.S.
Geological Survey asserts that the large
floodlike channels could have been cut
when groundwater, held under pressure
by overlying permafrost, burst free due to
meteorite impacts, or simply from grow-
ing pressure as the permafrost thickened.
Though such floods might have remained
liquid for only a few days, Carr calculates
that the initial discharge rates could have
been as high as 100,000 to 10 million cubic
meters of liquid water per second. m]
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ANATOMY ILLUSTRATED — Emily Blair
Chewning—S&S, 1979, 70 p., color and b&w illus.,
paper, $6.95. Through the work of the scientist and
the artist, the complex mysteries of the human body
are beautifully illustrated. Spans ten centuries of
anatomical art from the first century B.C. to the
images of ultrasonography.

ANNUAL REVIEW OF BIOCHEMISTRY:
Vol 48 — Esmond E. Snell et al, Eds. — Annual
Reviews, 1979, 1168 p., illus., $18. Articles cover
such topics as histones, the chemistry and biology of
the neurophysins, surface components and cell
recognition and peptide neurotransmitters.

APPROPRIATE TECHNOLOGY: Technol-
ogy with a Human Face—P. D. Dunn—Schoc-
ken, 1979, 220 p., illus., $16, paper, $5.95. An intro-
duction to the theory and practice of the relatively
simple, capital-saving methods available to develop-
ing nations. This approach encompasses social as-
pects as well as technique.

CAUSES OF CLIMATE —)ohn G. Lockwood—
Wiley, 1979, 260 p., illus., $32.95. Considers the
various explanations of climatic change in detail.

THE COURAGE TO LIVE —Ari Kiev—T Y
Crowell, 1979, 148 p., $7.95. A psychiatrist exam-
ines the specific personal factors that can push an
individual to the brink of desperation. Understand-
ing these personal factors, the author feels, can
enable a potential suicide to change direction,
renew courage and find new meaning and purpose in
life.

THE HISTORY AND PHILOSOPHY OF
TECHNOLOGY —George Bugliarello and Dean
B. Doner — U of Ill Pr, 1979, 384 p., $17.50. Our
society, according to the editors, will be disturbed
and schizophrenic unless it can relate technology,
which is concerned with the future, to history,
which is concerned with the analysis and interpreta-
tion of the past. “Our future. . .depends critically on
our ability to relate our technology to our human-
ity.”

HOW THE BODY WORKS — Ron Wilson,
foreword by Edmund O. Rothschild — Larousse,
1978, 96 p., color and b&w illus., $7.95. A book for
the general reader that tells in detail how the vari-
ous parts of the body operate. The text is greatly
enhanced by gorgeous color illustrations.

IF YOU LIKE IT, DON'T EAT IT: Dietary
Fads and Fancies — Terence Mclaughlin — Uni-
verse, 1979, 177 p., $10. The history of diet and
attitudes toward diet.

THE LAROUSSE GUIDE TO ASTRON-
OMY — David Baker — Larousse, 1978, 288 p.,
color illus. by David A. Hardy, paper, $7.95. Provides
practical information and guidance on observing the
night sky, together with fascinating details of the
physical processes at work in the universe. Beauti-
fully illustrated with color photographs, diagrams
and drawings.

NOISE POLLUTION: Impact and Coun-
termeasures— Antony Milne—David & Charles,
1979, 162 p., charts & graphs, $12.95. Discusses the
growth of noise pollution, the mechanical sources of
noise that plague urban areas, the transmission of
noise, the physical control of noise and govern-
ment’s role in noise control.

SCIENCE NEWS, VOL. 116

www_jstor.org



