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Introduction.  Presented here is an unpublished paper from
1972 which focused on the surface related spectral features of
Mars recorded by the 1969 Mariner 6 and 7 Infrared Spectrome-
ters. IRS-6 and IRS-7 returned high quality spectra of Mars cov-
ering 1.9-14.4µm at ~1% spectral resolution. Thirty years later
the data set remains unique in part because it is the only data set
returned from Mars which provides information recorded simul-
taneously of the surface from both the thermal and reflected
wavelength regions. Adding to the uniqueness of this data set,
the IRS Mars investigation was paired with a laboratory investi-
gation which measured spectra of minerals and ices which were
considered possible Mars materials. The lab spectra were meas-
ured with the flight backup instrument (Flight C), which was
identical to the two flight spectrometers. Laboratory transmission
spectra of a variety of soil samples were also measured. We
combine the lab and Mars spectra to provide information on the
aerosol dust and the surface composition of Mars.

Experimental.  The laboratory investigation focused on the
16 materials listed in Table 1. Emission-absorption (fig. 1&2),
transmission, and reflection spectra were recorded for a range of
particle sizes (<10µ to 240µ). Reflection and emission spectra
were measured using a cold wall environmental chamber de-
signed to accurately simulate the flyby observing conditions. The
chamber was evacuated (<2x10-5 torr), and its high emissivity
(ε=0.96) walls and baffles were cooled with a liquid nitrogen
jacket to 77K. IRS operated in the chamber at its normal space-
craft operating temperature, 238K. The samples were placed in
the chamber and heated from below by an external liquid bath,
providing temperatures from 77 to 350K. Rings of tungsten
lamps (glass envelopes removed) provided the source for the
reflection spectra (1.9 to ~4.5µm).

Transmission spectra. We simulated the Martian aerosol,
which is likely to consist of very small particles (<5µ), in steps.
First we passed a candidate surface material through a 38µ sieve,
and then dusted the sample onto a breath moistened NaCl win-
dow. The sample was brushed, and its spectrum recorded. Each
brushing preferentially removed the larger particles. The result-
ing series of spectra measured smaller and smaller particle sizes,
and showed a subtle but measurable shift in the band minima to
shorter wavelengths.

Aerosol results. One significant result of these transmission
measurements is the exclusion of goethite as a major component
of the atmospheric dust. The lab transmission spectra show go-
ethite has a 3µm absorption which would cause the 3µm band to
show a dependence on atmospheric path length if it were a major
component of the aerosol dust. This is contrary to the IRS 6 and 7
observations.

Surface composition. Certain materials are excluded as
major components of the Martian surface by strong absorption
features which do not appear in the IRS Mars spectra. These
include siderite, calcite, sandstone, quartz, and the silica rich
materials rhyolite and andesite.

The 3µm region has no interference from atmospheric bands,
so it provides an unobstructed view of the surface. It contains two
pieces of information which are direct properties of the Martian
surface: (1) an intense 3µm hydrate absorption, and (2) a rela-

tively unique albedo relationship at 2.38 and 3.33µm which ap-
pears to be characteristic of minerals containing Fe3+.

It was difficult to match the reflectance ratio at 2.38/3.33µm
(4200/3000cm-1) for the Mars spectra in the laboratory. Figure 3
shows that the ratio for most materials falls significantly below
the Mars value. The laboratory ratios have been corrected from
the 2800K lamp temperature to a 5700K solar ratio. Particle size
effects are important and are included for reference. The oxi-
dized tholeiitic basalt (“red basalt”) provides the best match for
both the 3µm band shape (fig. 5) and 2.38 / 3.33µm ratio.

Difference between bright and dark regions.  Before con-
cluding that the surface of Mars is covered with an oxidized ba-
salt similar in composition to the tholeiitic basalt, we investi-
gated the spectral differences between the bright and dark re-
gions. We defined bright and dark regions based on the Minnaert
corrected albedo at 2.2µm. Figure 4, trace 1 shows the ratio of
two spectra where the 2µm atmospheric CO2 band cancels. If an
atmospheric band causes the 3µm absorption, then it too would
cancel, yet this is clearly not the case. Trace 2 shows the ratio of
two spectra which measured bright regions with a large differ-
ence in atmospheric path length. The lack of a 3µm feature in
this ratio again shows it is not caused by the atmosphere. Trace 3
shows the ratio of a bright region / dark region, with spectra
chosen so that the thermal contribution cancels. This reveals the
best shape for the 3µm band.

In all cases the bright regions exhibit a stronger 3µm absorp-
tion. This result conflicts with the popular interpretation of the
variation in bright and dark regions based on a particle size dif-
ference. Our results imply that the bright areas either posses a
higher basalt fraction, or have more extensive dust coverage.

Cause of surface albedo variations. Although seasonal al-
bedo variations are generally attributed to windblown dust, our
results are consistent with an erosion process.

The red basalt provides a good match to the surface (fig.
5&6), and ultrafine particles (<10µ) of the red basalt best simu-
late the 9µm atmospheric dust spectra. Since a quantity a dust
sufficient to produce a visible haze on both sides of a NaCl win-
dow is enough to simulate the intensity of the 9µm Mars absorp-
tion, the observed quantity of atmospheric dust is hardly suffi-
cient to cause the seasonal variations observed in dark regions. A
simple mechanism such an erosion process is more plausible.

Our results are consistent with a model for dark areas where
a small fraction of the surface area consists of an unoxidized
tholeiitic basalt. The IRS topographic studies conclude that the
dark regions correlate with regions possessing steeper slopes [1].
Darkening occurs when topographically controlled winds expose
additional surface material with a composition similar to unoxi-
dized basalt.

The small amount of red basalt required to match the 9µm
band intensity in transmission thus supports the darkening proc-
ess as an exposure of an unoxidized basalt which is then gradu-
ally oxidized by a weathering process, possibly a chemical oxi-
dation by the atmosphere.

The small variation in the 3µm absorption across the planet
means that both light and dark areas are almost totally covered
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with similar particle size distributions. This further complicates
the windblown dust theory as an explanation for the seasonal
brightness variations. The simple erosional model is consistent
with a planet exhibiting total coverage of 50-250µm particles.
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Table 1: Materials studied.
basalts oxidized tholeiitic (red), unoxidized tholeiitc (black), Bora-Bora (low px), Tahiti (high px), Apollo 11, Hawaii
other quartz, rhyolite, rhyolitic obsidian, andesite, gabbro, goethite, siderite, calcite
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Table 2: Spectra details for figure 4
ratio spectra description η pha

1 M6-221
M6-208

bright÷dark
2µm cancels

2.89
2.74

83.9
83.9

2 M7-188
M7-178

bright÷bright
Different η

3.29
2.70

83.6
83.6

3 M6-157
M6-190

bright÷dark
Same thermal

3.22
2.78

55.5
55.6

where η = slant path length computed from
viewing angles; pha = phase angle
Ratio 3 is the average of the ratios: 157÷189,
157÷190, 157÷191,
158÷189, 158÷190, 158÷191
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_________________________________
FIGURE 6:

Table 3: spectra details for figure 6
spectrum ina ema lat lon

197 74 29 -38 286
245 148 64 -13 204
223 109 49 -18 251
247 154 71 -8 204
243 142 59 -17 212
248 159 75 -5 202

where ina, ema=incidence, emission angles.
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