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Earth-based radar observations taken during the 197 1 and 1973 oppositions of Mars (Downs 
et al., 1975) have been compared digitally to  the thermal inertia values where the two data 
sets overlap. The purpose of this study was to  look for a quantitative correlation between these 
two remote sensing data sets, each of which provides information about the surface at different 
scales. Previous studies (Schaber, 1980; Simpson et al., 1982) have characterized particular sur- 
faces based on their thermal and radar properties, but have not provided a statistical comparison 
over large areas. 

The groundtracks of the radar data from the two oppositions used here are located between 
-22.2's and -14. 1°S. These data have a surface resolution of 1.3' in latitude and 0.16' in longi- 
tude (Downs et al., 1975). Thermal inertia values are available for this entire region at a surface 
resolution of 2" in latitude and longitude (Palluconi and Kieffer, 1982). The thermal inertia data 
provide an estimate of the effective particle size of the surface materials (Kieffer et al., 1977). 
For flat-lying surfaces composed of unconsolidated, homogeneous particles, there is a one-to-one 
correlation between inertia and particle size which has been determined from laboratory measure- 
ments (Kieffer et al., 1973). For more realistic surfaces, inertia variations can be due to varia- 
tions in rock abundance. Christensen (1982, 1983) has shown that very low inertia surfaces do 
have fewer exposed rocks than high inertia surfaces do. For the most part, however, variations in 
thermal inertia for moderate to high inertia values are primarily due to  variations in the particle 
size or degree of bonding of the fine component (Christensen, 1982). 

The radar data also provide some insight into the roughness of the surface, but typically 
at scales between 1 and 200 radar wavelengths (Tyler et al., 1971), or approximately 10 cm to  
20 m. Comparing the observed dependence of reflected power on incidence angle with predic- 
tions of Hagfors (1964) surface model provided estimates of surface roughness, in terms of an 
rms surface tilt, and percent reflectivity (Downs et al., 1975). 

The comparison of radar and thermal data is presented in Figure 1, giving the distribution of 
surface points as a function of their thermal inertia and rms slope (Fig. la )  and as a function of 
thermal inertia and reflectivity (Fig. lb). Low thermal inertia (fine) surfaces are generally found 
to have low rms slopes, suggesting that these surfaces may be mantled by a relatively thick veneer 
of aeolian material thereby burying surface roughness elements. This is consistent with a pro- 
posed mantling process which may currently be active in the northern hemisphere low-inertia 
region of Arabia (Christensen, 1982). There are, however, a significant number of low-inertia 
points with slopes greater than 3.0'. These regions may correspond to the low-inertia, radar 
rough volcanic flow units interpreted by Schaber (1980) to  be mantled by a relatively thin 
aeolian veneer. Recent findings in terrestrial deserts indicate that radar returns can penetrate 
several meters of extremely arid soils, giving returns characteristic of the rough, buried surface 
(McCauley et al., 1982). A similar explanation may exist for Mars, where the thermal data detects 
the fine-grained mantle, while the radar senses the buried flow surface. A second important result 
shown in Figure l a  is the tendency for rough surfaces to  have high thermal inertias. This finding 
is consistent with these surfaces being less mantled, thereby having more roughness elements 
exposed. It also agrees with the higher block abundances found for moderate to  high inertia 
surfaces (Christensen, 1982). 

Comparison of the inertia and reflectivity data (Fig. lb)  reveals that low-inertia surfaces 
have relatively low reflectivity, while the highest reflectivities observed only occur at moderate 
to high inertia. Moderate inertia surfaces can have the range of reflectivity values observed. One 
possible consequence of these results is that the low reflectivity of low-inertia surfaces may be 
due to  a decrease in dielectric constant rather than an increase in the scattering of the surface. 
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these data can be used to test models of surface formation. In particular, these data support a 
model of varying degrees of surface mantling by aeolian material in the northern hemisphere. 
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Figure la. m e  distribution of rocks on Mars determined using the T I  -T20 spectral difference. The 
effects of non-unit thermal emissivity on TI I -TZ0 have been removed. Missing regions are due to observa- 
tional constraints. 

Figure I b. Topography o f  Mars represented as a shaded relief image with lighting from the upper right. 
Data are presented at same scale as in Figure l a  for comparison to physiographic features. 
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