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Thermal emissivity measurements provide a means of identifying 
mid-infrared absorption bands, the strength and position of which vary with 
the composition and crystal structure of the material. Thus, mid-IR spectra 
provide a direct means for determining the composition of many silicates and 
other common materials, and for interpreting the crystal structure, and 
therefore the mineralogy, of these materials (1-5). 

The Viking Infrared Thermal Mapper (IRTM) spectral data were used to 
determine the broadband thermal emissivity of the martian surface, and provide 
the first conclusive evidence for the existence of significant mid-IR 
absorption features on Mars. The emissivities, determined for the 9, 11, and 
20 pm IRTM bands by assuming that the 7 Dm temperature represented the true 
surface temperature (6), vary from 0.90 to 1.0 for the 11 and 20 pm regions 
(Fig. la) and from 0.93 to 1.0 in the 9 pm band. Because of the broadband 
nature of the IRTM instrument, the depth of individual absorption bands must 
be even lower. Although the IRTM data do not have sufficient spectral 
resolution to uniquely determine the surface composition, these data can be 
used to map compositional differences on Mars. Furthermore, the IRTM data 
demonstrate that the absorption features observed on Mars are of sufficient 
strength to provide diagnostic information on composition, thus removing the 
concern that the particle size and surface temperature gradients would reduce 
the spectral contrast to barely discernable levels. These data therefore 
indicate that future observations with higher spectral resolution could 
provide quantitative determinations of the surface composition. 

As shown in Figure 1, there are substantial spatial variations in 
emissivity over the planet. In many regions, there is an excellent 
correlation between emissivity and visible and near-IR albedo (Fig lb), with 
the darkest regions having the lowest emissivity. This finding indicates that 
albedo variations do reflect variations in surface composition and is 
consistent with compositional differences between light and dark regions 
inferred from Earth-based and spacecraft near-infrared spectroscopy (8,9,10). 
The spatial resolution of the IRTM data (- 60 km) reveals subtle emissivity 
variations that may be indicative of surface processes. For example, in 
Syrtis Major (00 to 300 N, 280° to 3000 W) the gradational changes in surface 
composition may be due to variations in the degree of surface mantling, as 
also suggested by variations in the abundance of surface rocks (11). 
Variations in the compostion of the bright surface materials are also 
apparent, possibly due to the mixing of dust deposits with the underlying 
surface and indicating that surface mantling may be incomplete in some areas. 

In other areas, such as Tharsis (-150 S to 150N, 600 to 180° W), the 
emissivity and albedo are poorly correlated, implying that materials with 
similar visible and near-IR reflectance may differ compositionally. This 
observation suggests that mid-IR observations may provide a better means of 
determining the composition of some materials than will near-IR observations 
alone. 

In summary, the IRTM data provide a direct means of determining the 
thermal emission properties of the martian surface at moderate spatial (60 km) 
and spectral (2-8 Dm) resolution. Despite their broadband nature, the IRTM 
data show significant mid-IR absorption features that vary with wavelength and 
with position on the planet. These data provide a means for studying the 
processes responsible for creating compositional variations, and suggest that 
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future mid-IR observations with higher spectral and spatial resolution will 
provide a means for directly determining the composition of the martian 
surf ace. 
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Figure la. The variation in 20 ym thermal emissivity in the equatorial region 
of Mars. 

Figure lb. The visible and near-IR (0.3 to 3.0) reflectance properties of 
Mars (fron Pleskot and Miner (12)). Note the excellent correlation 
between emissivity and albedo over much of the planet. 
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