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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.
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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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Figure 1 (left). Aerial photograph of Beacon Valley, Antarctica, from 6,250 meters. Interpretation, validated by field observation is:
1 Taylor Glacier. 2 medial moraines. 3 snow patches arising from accumulations of drifting snow on Taylor Glacier. 4 Mountain
shadows. 5 hanging valley with small, poorly developed, water-cut channels. 6 slopes, 30' as measured by inclinometer, fewer and
smaller boulders than valley floor. Well developed polygons with snow absent from polygonal troughs. 7 lateral moraine (about 1
meter of relief). 8 lateral moraine terrace with well developed desert pavement and ventifacts. 9 area of active sand wedges;
polygons are 12 to 15 meters in diameter with troughs 1.0 to 1.5 meters deep and 1.0 to 3.0 meters wide; troughs are snow-filled for
most part. 10 area of inactive sand wedges; polygons are 8 to 10 meters in diameter with troughs 0.5 to 1.0 meter deep and 3 to
4 meters wide. 11 hanging valleys on southeast side of Beacon Valley, with polygonal ground floors and slopes. 12 Ferrar Dolerite-
instrusive sill. 13 Beacon Group—predominantly terrestrial quartz arenite and arkose with interbedded till, carbonaceous siltstone, coal,
and thin beds of limestone and fluviatile conglomerate. 14 recessional moraines. 15 area of well developed hummocky ground mo-
raine. 16 ground, sloping down at approximately 4' to glacier terminus. 17 depressions in ground moraine hummocks, 5 to 6 meters
deep. 18 crevasses widened and enlarged by ablation and dry calving: little evidence of running meltwater streams. 19 snow patches.

20 gullies. 21 West Beacon peak (77'48'S. 160038'E.).

Figure 3 (right). Fig. 1 after digital processing to simulate resolution of pictures received from Martian orbiter.

vation of 1,350 meters; it continues thereafter to rise
in gentle undulations to 1,900 meters. Many cirques
and lateral hanging valleys surround the main valley,
and ice-cored "rock glaciers" occupy several of the
hanging valley floors on the west side. The numbered
locations (fig. 1) are considered significant with regard
to a terrain analog and the problems of interpreting
Mariner photographic and television imagery. This
site was visited in October 1971 to validate or correct
a photo interpretation study done on fig. 1 earlier in
the year.

Fig. 2 shows the valley floor from the side of West
Beacon peak looking north. This photo is interesting
when compared to fig. 1. Conditions were practically
identical when the photos were taken: the snow cover
was practically identical, and the contraction crack
polygons were just as prominently visible from above.
Fig. 2 emphasizes the roughness of the boulder pave-
ment covering the valley floor.

Fig. 3 was made from fig. 1 after digital processing
by the Image Processing Laboratory at the Jet Pro-
pulsion Laboratory, Pasadena, California. Individual
picture elements (pixels) were adjusted to duplicate

Figure 2. Valley floor shown in figs. 1 and 3, looking north from
the side of West Beacon peak.

the resolution of the Mariner 9 narrow angle television
camera (B camera) at a slant range of 3,300 kilom-
eters. In addition, the shades of gray for each pixel
were "stretched" by computer processing to give the
maximum discrimination of features in the resulting
image. As expected, none of the snowfilled troughs of
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the contraction crack polygons are resolved in fig. 3.
Only the larger snow patches associated with the
push moraines are still visible on the valley floor. Thus,
the most distinctive and easily recognized indicator
of permafrost terrain, patterned ground, will not be
visible in the Mariner 9 imagery unless it occurs on
Mars in larger dimensions. The polygons in the Bea-
con Valley measure up to 20 meters in diameter. To
be clearly visible in the Mariner 9 imagery, diameters
would have to be 100 to 500 meters.

Indications of the recessional moraines are still visi-
ble in fig. 3, as are the shadows cast by the high (about
50 meters) ice edge. From this observation one expects
to be able to distinguish a thick Martian ice cap from
a thin one and to detect geomorphic evidence of mas-
sive ice movements.

The rough boulder pavement covering the valley
floor is not resolved even in fig. 1. It is much less well
defined in fig. 3. Inasmuch as a boulder field such as
this would present severe hazards to an unmanned
lander such as that now being built for the Viking 75
mission, it is important to recognize that this type of
terrain might very well exist on Mars and that if it
does it will be unrecognizable in the Mariner 9
imagery. If the landing site is to be certified as "safe,"
some other means of assessing surface roughness on
this scale must be devised.
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Foundation, Office of Polar Programs, is gratefully
acknowledged. The third author was supported finan-
cially through NSF grant GV-30058. We are indebted
to the U.S. Navy Task Force 43 for field support.
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Topographic mapping
field operations, 1971-1972

RUPERT B. SOUTHARD, JR.
Topographic Division
U.S. Geological Survey

The U.S. Geological Survey, Topographic Division,
assigned four topographic engineers to Antarctica for
the 1971-1972 austral field season. This marks the
15th consecutive year the Topographic Division has
sent engineers and technicians to the Antarctic in sup-
port of the U.S. Antarctic Research Program. An
electronic technician associated with Johns Hopkins

University's Applied Physics Laboratory made up the
fifth member of the team. He joined the team in early
December and assisted in the installation, operation,
and maintenance of the two U.S. Navy Doppler re-
ceivers (AN/SRN-9) used in a Doppler translocation
experiment.

Two major projects were assigned and completed.
The first project, orthophotomapping in the dry val-
leys, was located in the Transantarctic Mountains of
southern Victoria Land bounded by 160° and 164°E.
longitude and 77° 15' and 77°45'S. latitude. The team
worked out of McMurdo Station and used Navy heli-
copters to and from the project area. The primary
objective was to establish horizontal and vertical
control over this 6,000-square-kilometer area to sup-
port compilation of eight orthophotomaps at 1:50,000
scale. A network of primary stations was established
on prominent peaks using electrotape traverse meth-
ods. In addition, preselected photoimage points were
established by single range extensions. The primary
net was extended from stations 'on Hogback Hill,
Mount Theseus, and Marble Point that had been
established during a 1961-1962 USGS traverse. Ap-
proximately 1,000 kilometers of electronic traverse was
completed in which 89 controlled points were estab-
lished. A total of 133 hours of Navy helicopter sup-
port was provided during the 42 days required to
complete the work.

The second project was carried out to determine
the feasibility of using the Navy Navigational Satellite
System (NAVSAT) as a means of establishing map-
ping control for traverse navigations, ice movement
studies, and positioning return-beam vidicon (televi-
sion-type) imagery that will be obtained under the
Earth Resources Technology Satellite (ERTS A and
B) program.

This experiment was designed to determine the
minimum number of satellite passes required to meet
the desired horizontal accuracy. The test program
consists of observing multiple satellite passes with two
AN/SRN-9 (XN-5) receivers at seven sites; positions
for six of these sites had been established previously
by USGS engineers using standard survey techniques
(see figure). Hut Point Reset, a preestablished site at
McMurdo Station, was common to all three ranges of
triangles observed. The remaining six sites were at
Pole, Byrd, Hallett, and Brockton Stations and at
White Island and Brown Peninsula.

A certification test to determine whether the receiv-
ers were operating properly was conducted in mid-
December by observing 14 satellite passes in the trans-
location mode and sending the data to the Applied
Physics Laboratory, Johns Hopkins University, for
analysis and confirmation. Also, to provide a standard
for assessing the accuracy of NAVSAT the engineers
used conventional surveying instruments to establish
precise positions on the short-range triangle formed by
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