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The Meaning of Desert Color in
Earth Orbital Photographs

Apollo-Soyuz photographs were used to map soil types, to
establish the degree of dune reddening, and to explain
patterns of shifting sands in Australia and Egypt.

InTRODUCTION

ASED ON EXPERIENCE gained from the

Gemini, Apollo, and Skvlab missions, an
“Earth Observations and Photography Ex-
periment” was planned for the Apollo-Sovuz
Test Project (ASTP) of July 1973, The objec-
tive of the experiment was to make visual
observations and acquire photographs re-
lated to geology, oceanography, hvdrology,
and meteorclogy (El-Baz and Mitchell,
1976). A detailed account of the experiment
and particularly the visual observations, will
soon be published (El-Baz, 1977). This

ing of semi-controlled photomosaics.
Another TOmm Hasselblad camera with a
single-lens reflex mechanism and two lenses
{530mm and 250mm) was handheld by the as-
tronauts for photography of selected targets.

One objective of the Apollo-Sovuz photog-
raphy was to obtain data on desert color.
Optimum results were gained by (1) using a
color-sensitive film (Kodak 50-242, High
Definition Aerial Film) that was especially
manufactured with a vellow filter overcoat-
ing and sensitometric color-wedges; (2) pro-
cessing the film products under well-

AnsTRACT: The color of desert surfaces as seen in Earth orbital
photographs is indicative of soil composition. Apollo-Soyuz photo-
graphs of the Sturt and Simpson Deserts of Australia confirm that
sand grains become redder as the distance from the source increases.
Reddening is caused by a thin iron-oxvide coating on individual sand
grains and can be used, in some cases, to map relative-age zones.
Fhotographs of the Western {Libyan) Desert of Egypt indicate
three distinct and nearly parallel color zones that have been corre-
lated in the field with: (1) arable soil composed of quartz, clay, and
caletum carbonate particles; (2) relatively active sand with or with-
out sparse vegetation; and (3) relatively inactive sand mixed with
dark (desert-varnished) pebbles, The youngest sands are in the form
of longitudinal dunes, which are migrating to the south-southeast
along the prevailing wind divection. Some of the young dune fields
are encroaching on the western boundary of the fertile Nile Valley.

paper will summarize new results from
Apollo-Sovuz desert photographs.

Most ASTF photographs were taken with a
bracket-mounted T0mm Hasselblad camera
equipped with a resean plate, Both 60mm
and 100mm Zeiss lenses were used to ac-
quire the photographs. The camera also was
equipped with an intervalometer that al-
lowed 60 percent overlap between succes-
sive frames for stereo viewing and the mak-

controlled conditions in order to optimize
the color balance of the photographic prod-
ucts; and (3) utilizing a “color wheel” with
34 standard Munsell color chips for inflight,
visual comparison with the colors of ob-
served deserts.

Desert CoLor
Desert color depends primarily on the
composition of exposed rock and rock rub-

69

ProTocraMMETRIC Excineerise ann BEMOTE SExsING,

Vol. 44, No. 1, Tanvary 1978, pp. 69-75.



Ta

hle. Field investizations have established
that the red color of desert sand is due to the
presence of iron-oxide (hematite) coatings
on individual grains. The occurrence of red-
dened sands has been ohserved in deserts
throughout the world, but their mode of for-
mation is a matter of controversy {(Van
Houten, 1973; Folk, 1976},

Several conflicting hypotheses have been
used to explain the origin of red color due to
hematite in desert sands. According to one
hyvpothesis, the hematite is detrital having
heen formed in lateritic soils of hot, humid
climates and later transported to desert ha-
sins., A second hypothesis contends that the
hematite coatings form after eolian deposi-
tion and result from the weathering of iron-
bearing minerals.

Walker (1967) provides some of the more
convincing  evidence for the post-
depositional formation of red sands in a
studv of two stratigraphic sequences con-
taining red beds (Holocene deposits in the
Sonoran Desert of Mexico and late Paleozoic
deposits in Colorado). Glennie (1970, p. 190)
concurs in part with Walker (1967) but also
believes that “much of the oxidation of iron
in solution takes place at the interface be-
tween the groundwater saturated sediment
below the water table and the airfilled pore
space above.”

In a definitive study of the Algodones
dunes of Southern California, Norris and
Norris (1961) present the important factors in
the development and persistence of hema-
tite coatings on individual grains. Although
some workers have questioned whether the
modern desert environment can produce
dune reddening, “an extensive array of in-
vestigators offer evidence that red soils and
sands do in fact form today in desert envi-
ronments’ and that “reddening of desert and
subtropical dune sands clearly progresses
with the flow of time” (Norris, 1969, pp. 8
and 9.

In the case of the Algodones dunes, Norris
and Norris (1961, p. 611) found that the in-
tensity of sand color increases from north to
south; 25 to 60 percent of the grains are
hematite-coated, with maximum values to
the south. Since the more southerly dunes
are older, the degree of reddening may be
used to determine the relative age of the
sands,

This, however, can be done only on a
case-byv-case basis. Dune reddening may
depend on many factors. As summarized by
Folk {1976, p. 603), there are three pre-
reqguisites for the process: (1) a source of
abundant iron; (2} deposition above or not
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very far below the water table, for readier
access to oxygen; and (3) a high rate of oxida-
tion. In addition to these. three factors are
important: heat, moisture, and time.

Orhital photographs provide an excellent
tool for the study of desert color by: (1)
documenting regional variations in the color
of desert sands; (2) aiding in the location of
areas for ground investigations; (3) providing
evidence of transport directions and poten-
tial source areas; and (4) aiding in the deter-
mination of the relationship between dune
morphology and desert eolor.

An example of the utility of orbital photo-
graphs in confirming and extending field ob-
servations is that of the Namib Desert of
Southwest Africa. Logan (1980, p. 136)
studied the linear dunes there, which have
migrated from sources along stream courses.
He found that the sands farthest inland are
much redder in color and of greater age.
Skylab 4 photographs of the same region por-
trav color zones in the dune sand. In these
photographs vounger sands near the coast
appear brighter than the redder zones farther
inland (McKee and Breed, 1974).

Although Landsat data are well suited to
classifv major features of dune areas {McKee
and Breed, 1976), they show few density and
brightness variations in sand seas. True color
photographs are more suitable for the study
of desert color becanse: (1) the photoin-
terpreter does not have to mentally translate
one color into another, as necessary when
working with Landsat false color compos-
ites; {2) natural color photographs can be
used as such, unlike Landsat data that re-
quire the support of a computer facilitv; and
i3) use of true color photographs saves both
time and money; the cost of digitally enhanc-
ing Landsat data is prohibitive when com-
pared to the cost of a photographic print from
a color negative.

AproLLo-50vUzZ RESULTS

Photographs obtained by the Apollo-
Soyvuz astronauts show two distinet patterns
of desert color variations: (1) a gradual
change towards a redder end member, as in
the case of Australian deserts; and {2) abrupt
changes to lighter and darker components, as
in the case of the Western Desert of Egyvpt,

RED DESERTS OF AUSTRALIA

Apollo-Soyuz data on the Australian des-
erts illustrate the utility of orbital photo-
graphs in determining sand color variation
and dune reddening with time. The as-
tronauts obtained a bracket-mounted, stereo






