amounts, which is about the same as the red
to green separation of the Venera cameras.
Fourth, a regular but anomalous gradient in
the green channel from lower to upper
picture elements (pixels) was removed empirically.
This process produces the color image of
Fig. 2 (lower panel), which should represent
the color of the surface of Venus as if it were
seen under "white light" illumination. This
image is consistent with what is known
independently about the properties of the
scene. The red chip is red (a R/G ratio of
1.8 ? 0.3), a diffuse shadow of about the
right magnitude surrounds the lander, and
the rocks and soil are very dark. The color of
the surface in this image is distinctly gray.
These data, including the red coloration of
the "teeth" surrounding the base of the
spacecraft, are also in agreement with the
results of recent, more detailed analyses of
the lander color cameras (14). A minor shift
toward blue wavelengths is observed along
the far horizons, consistent with an atmospheric scattering component. Although the
horizon for a perfectly smooth spherical
surface is about 3.5 km from the lander, the
foreshortening of the camera perspective is
extreme. The region of blue coloration in
the images is calculated to begin about 20 to
60 m from the lander; this distance is probably suggestive of the scale at which local
atmospheric scattering for visible light becomes comparable to the amount of light
scattered from the surface.
The numerical data in Fig. 2 show that
the rocks and soil at the Venera 13 landing
site are essentially gray, or without strong
color (0.90 - R/G < 1.10), in the visible
part of the spectrum. The magnitude of all
color differences is small and could be accounted for either by physical properties of
the material (for example, particle size or
compaction), although minor compositional differences are not precluded, or by a
residual artifact of camera calibrations. The
precision of the data availabledoes not allow
for detailed comparisons between rocks and
soil. Taken at face value, the distinct gray
color and lack of an absorption edge in the
visible would perhaps imply that Earth-like
ferric oxides are not likely to be present in
significant amounts. The Venusian surface,
however, has its own unique environment
and resulting characteristics.These observed
spectral characteristicsof the Venusian surface in the visible part of the spectrum are to
be expected for either oxidized or reduced
basaltic surfaces.
Shown in Fig. IB is a composite spectrum
for the surface of Venus derived from the
wide-angle photometer data of Venera 9
and 10 (12). The half-power bandwidths
(half-height bandpass) of the green and red
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filters used for the Venera 13 and 14 imaging experiments are shown at the bottom of
Fig. lB. Error bars and data for Venera 9
and 10 photometers are from Ekonomov et
al. (12). Half-power bandwidths of the filters used are shown as horizontal bars.
Although the color images of Fig. 2 and
the spectral data of Fig. 1B refer to different
areas, they can be considered to represent
common bulk spectral properties. A basaltic
composition is in accord with the data for all
these sites (6), although the earlier geochemical data for Venera 9 and 10 are more
limited than those for Venera 13 and 14. All
four lander areas are in generally similar
surface environments. Venera 9 landed on
the flanks of the Beta Regio volcanic complex (at 2.2 km above the 6051-km reference surface), whereas Venera 10, 13, and
14 touched down in the adjacent upland
rolling plains (at 1.3 km above the reference
point) (15). These regions have been interpreted as volcanic plains in varying states of
degradation (15, 16). Measurements of the
physical and electrical properties at the surface of these sites (17) suggest that weathering and perhaps alteration involving the
concentration or production of highly conductive phases may have taken place.
The color of the Venera 13 surface derived from the multispectral images is consistent with the spectroscopic data of Fig.
IB for Venera 9 and 10. Throughout the
visible part of the spectrum the surface of
Venus is very dark and not strongly colored.
At wavelengths longer than 0.7 Ixm,however, an increase in reflectance (by a factor of 2
to 3) is seen in the independent spectroscopic measurements for the Venera 9 and 10
sites, with the Venera 10 measurements
exhibiting the sharpest increase. This distinguishing characteristic depends heavily on
the albedo measurements made with the last
filter near 0.9 pm.
No terrestrialor meteoritic basaltic material previously measured in the laboratory
exhibits this type of spectral character (7, 18,
19), although there are substantial variations in spectral characteristicsfrom changes
in temperature. Similarly, no lunar material,
with the exception of the dark recrystallized
pyroclastic glass of Apollo 17, exhibits the
spectral properties observed at the Venera 9
and 10 sites. The unusual ilmenite-olivineglass black beads (sample 74001) of the
Apollo 17 titanium-rich pyroclastic soil
from Shorty Crater are the only known
basaltic assemblage that exhibits such a
strong band near 0.65 pxm,which is associated with ilmenite (20). In a normal basaltic
assemblage, ilmenite is opaque and spectrally flat; the 0.65-[xm band that is observed
for the Apollo 17 black spheres is attributed
to the unusual structure of the ilmenite,

which occurs as thin plates set in a nonopaquesilicatematrix(20). For Venus, not
only is the overallcompositionat the Venera
13 and 14 sites unlikelyto producemajor
amountsof ilmenite (about 9% FeO and
1.5%TiO2 for Venus comparedwith 22%
FeO and 8% TiO2 for sample74001), but
the unusual petrographic circumstances
(fine-grainedglassy spheres) required for
normallyopaquematerialsto becometranslucentareinconsistentwith the surfacemorphology observedfrom the images.
At leastthreepossiblecausescan, individuallyor combined,accountfor the unusual
Venusianspectrum(darkand flat throughout the visiblewith an increasein reflectance
at longer wavelengths).Listed in what is
believedto be increasinglikelihood, these
includeinstrumentalerror,presenceof unusualcompounds,or the effectsof the Venusianenvironmenton the measuredspectralpropertiesof basalticmaterials.
Instrumentand environmentalmeasurement errorsfor the spectrain Fig. IB were
considered by Economov et al. (12). The

combinederrorin the albedomeasurements
was estimatedto be 25 to 30%andinvolved
a variety of instrument calibrationsand
processingprocedures(12). The errorbars
of Fig. 1B representthis value.Estimations
of surfacethermalemission at 0.9 tim account for only about 5% of the flux at the
surface.No additionalinstrumenterror is
suspected.
Although ferric oxides are perhaps the
most common type of mineral species in
alteredbasaltswith an absorptionedge (that
occurs in the visible), other less abundant
mineralsalso displaysharpabsorptionedges
at differentwavelengths.A variety of less
common sulfur compounds, for example,
exhibitabsorptionedges in the visible and
stibnite (Sb2S3)has an edge
near-infrared;
near0.7 ,um(21). Considerationof relatively rarespecies as the sourceof the absorption edge in the spectrumof the Venusian
surfaceshould not be ignored, but such
mineralsareconsideredless likelythanmineralsmore commonto known basaltsof the
solarsystem.
The spectral properties of many rockformingmineralsareaffectedby the ambient
temperatureand pressureof their environment. Pressureeffectsdo not appearto be
significantuntil about a few kilobars(22)
and thus are not of importancefor the
surfaceof Venus.Temperature,on the other
hand,is knownto affectthe spectralproperties of some materials(23-25) and mayplay
a considerablerole in the determinationof
the spectralpropertiesof Venusiansurface
material.
To understand the effects of temperature
on the spectral properties of Venusian surREPORTS
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