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Thermal-infrared multi-spectral observations of Mars were made using the Mariner 9 Infrared 
Interferometer Spectrometer) (IRIS) and Viking Infrared Thermal Mapper (IRTM) instruments 
during the 1970's. These data revealed a great deal about the physical nature of the surface (e.g. 
Kieffer et al., 1977) and the composition and dust loading of the martian atmosphere (Hanel et 
al., 1972; Conrath et al., 1973; Toon et al., 1977). However, they have not been fully utilized to 
study compositional variations in the surface materials. Vibrational spectroscopy is an excellent 
tool for studying the composition of solid materials, utilizing variations in the fundamental 
molecular vibrational modes associated with different bond strengths and atomic masses. These 
variations produce spectral features in the range from -3 to >50 CM; the spectral region observed 
by the IRIS and IRTM instruments. Much of the reason for the long neglect of the existing data 
stems from the development the Mars Observer Thermal Emission Spectrometer (TES) and the 
expectation that a wealth of new data would soon be available. Primarily out of frustration from 
the loss of this instnunent, a reinvestigation of the existing data, initially undertaken many years 
ago (Christensen and Kieffer, 1984), has been performed This analysis confirms the presence of 
strong absorption features clearly associated with surface materials in both the IRTM and IRIS 
data sets. 

The IRTM and IRIS data provide an excellent combination of high spatial (IRTM) and high 
spectral (IRIS) observations. However, the IRTM data provide relatively poor spectral resolution 
(4 surface-sensing bands between 7 and 30 pm) and the IRIS data have relatively poor (>I50 
km) spatial resolution. Thus, the IRTM data can only provide spectral unit maps and cannot 
uniquely identify surface composition, and the IRIS data can only provide average compositional 
information over vast (-2 x 104 km2) areas. In addition, surface studies using the IRIS are 
greatly limited because the overwhelming majority of the total spectra (-21,000) were acquired 
during high atmospheric dust opacity conditions, thus complicating surface observations. In fact, 
only 27 spectra were acquired during daytime (moderate signal-to-noise) conditions after the 
storm had cleared (Ls > 0'). 

Taken by themselves, absorption features in a single IRIS daytime spectrum can either be 
attributed to: 1) absorption/reemission by suspended dust particles that are cool relative to the 
surface; or 2) emission minima associated with normal emission from a solid surface. At night 
the situation is not ambiguous because suspended dust is warmer than the surface and results in 
an emission maxima in the 8-12 pn region due to suspended silicates, whereas surface emission 
will always produce an emission minima. An emission maxima was commonly observed in 
nighttime observations during the 1971 dust storms, leading to the correct inference that the 
observed spectral features were due to suspended silicate materials. These observations, 
however, have led to a perceptional that virtually all emission minima observed in daytime 
observations were also associated with suspended dust (option 2 above). However, the 140 
spectra acquired at night under clear conditions by IRIS do not typically exhibit emission 
maxima between 8 and 12 pm, suggesting that the atmosphere was relatively clear and the 
emission was originating from the surface. 

The IRTM data provide additional, direct evidence that spectral features are due to surface 
materials. Data acquired by the Viking 1 IRTM between L, 10' and 60°, local time 7 to 16 H 
have been processed to determine surface emissivity. (Nighttime data were excluded because 
spectral variations produced by non-uniform temperatures of sub-resolution rocks and fines 
complicate the interpretation of emissivity at night (Christensen, 1982). Data from the four 
IRTM wavelength bands were binned, the highest brightness temperature determined and 
assumed to be equal to the kinetic temperature (equivalent to assuming unit emissivity in this 
band), and the resulting emissivity calculated in the remaining spectral bands. These data show 
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spatial variations in emissivity at 20 and 9 pm that closely follow surface albedo patterns. The 
correspondence with surface markings and the variations over small spatial scales rule out an 
atmospheric origin. 

The next step in the analysis compared clear-period IRIS spectra with the IRTM data to 
determine if emission minima in the IRIS spectra could be unambiguously attributed to surface, 
rather than atmospheric, materials. This analysis was done by degrading the IRIS spectra to 
IRTM resolution using the IRTM filter transmission data. Because of the lack of IRIS data, this 
analysis could only be done for two regions. The first covers five spectra acquired at -SO0 N 
latitude from Arabia, Acidalia Planitia, and Tempe Terra; the second covers a strip near 3000 
longitude from 15' N to -30"s. Degradation tp IRTM resolution shows good agreement with the 
IRTM data, strongly suggesting a surface origin. 

Once the surface origin of the IRIS spectral features can be established, it should be possible to 
compare the spectra of surface materials to spectra of minerals and rocks acqthd in laboratory. 
Similar comparisons have been done using dust spectra (Hunt et al., 1973). Unfortunately, the 
IRIS data do not have sufficient radiometric resolution to allow detailed analysis. The surface 
data do show differences from the dust spectra and do reveal variation from place to place. 
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