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Earth-based radar observations offer views of the roughness and dielectric properties of 
the lunar regolith which are complementary to multi-spectral analyses of the upper surface. 
Improvements in data collection and analysis methods have provided new opportunities for 
application of radar images, and in this work we utilize controlled mosaics of Zisk's 3.8- 
cm radar maps [I], the 70 cm nearside map of Thompson [2], and a restored version of 
Thompson's 7.5 m wavelength lunar image [3]. Our goals are to: (1) study the nature of 
absorption and scattering in the mare and highland regoliths, (2) define the location and 
extent of cryptomare deposits identified from multispectral data, and (3) evaluate the need 
for additional earth-based observations at 3,12.6, and 70 cm wavelengths. 

One of the major geologic questions. about the lunar maria regards their relative 
abundances of Fe and Ti oxides. Spectroscopic techniques have been developed which 
estimate Ti02 content from UVfVisible wavelength ratios [4, 51, but these methods 
typically can only separate the maria into a small number of broad classes. Uncertainties in 
the Ti02 estimates increase for "redder" mare units (<4% Ti%), and remote sensing 
evaluation of the Fe fraction in lunar soils is not well understood. Radar backscatter data 
provide a second means for estimating the FeO and Ti02 content of the regolith. At 70-cm 
wavelength, the radar energy may penetrate several meters into the mare soil and be 
scattered from buried rocks or the sub-regolith lava flow surfaces. If we assume that the 
rock population does not vary systematically between the various mare units, then the 
differences in depolarized 70-cm echoes are a function of regolith attenuation and depth. 
This type of analysis was shown by Schaber et al. [6] to be useful in characterizing Mare 
Irnbrium lava flows, and the availability of a calibrated nearside 70 cm map at 3-5 krn 
spatial resolution makes it possible to compare the behaviors of many mare surfaces [2]. 
We coregistered the 70 cm map and a digitized version of the lunar color difference (0.6 1, 
0.37 pm) image [7], and compared the relative dn values in the two datasets for several test 
regions. Figure 1 shows the results of this preliminary analysis. There is a general 
correlation between radar backscatter strength and the "redness" of the mare units, 
consistent with the bluer regions having a higher proportion of FeO and Ti02 to absorb the 
radar energy. Higher Ti (bluer) surfaces have a wide range of radar backscatter values, 
while redder surfaces (higher color-difference dn) are limited to areas of high relative 
backscatter cross section. The departure of these parameters from a simple positive 
correlation may be useful in estimating the relative Fe and Ti abundances in mare soils. 

Earth-based observations and Galileo images have shown that there are large patches of 
buried "cryptomare" material, many of which can be found near Mare Humorum [8, 91. 
The longest wavelength radar data are particularly useful in studying these areas, since they 
tend to have the longest regolith path length and are thus most sensitive to changes in 
absorption properties. At 7.5-m wavelength, there is a marked area of low return in the 
region surrounding Schiller and Schickard craters, and additional smaller low-return 
patches north of Mare Humorum. In the 70-cm data, these areas can still be identified, but 
the magnitude of the low is much smaller, possibly indicating that the areas of highest loss 
are several tens of meters below the surface. The 70-cm data also show a marked 
dichotomy in radar brightness between the eastern and western highlands in the southern 
hemisphere. The higher radar return from areas closer to the Orientale basin may suggest 
the presence of large rocks derived from the impact event [2]. Analysis of the distribution 
of bright areas and the cryptomare patches may provide insight on the depth of basin ejecta 
and the degree to which Orientale has modified the southwestern nearside. 
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These results suggest that there are important lunar science issues which could be 
addressed with future high-resolution earth-based radar images. The upgraded Arecibo 
telescope will provide 12.6 cm images at resolutions of a few 10's of meters, and 70 cm 
images at the 300-500 m scale. The potential of the new 12.6 cm data for geologic 
applications appears very promising [lo]. Higher-resolution 70 crn data should permit 
detailed analysis of mare lava flow boundaries, cryptomare areas, and pyroclastic deposits. 
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FIGURE 1. Plot of average color-difference dn values (higher cln corresponds to redder 
surfaces) versus average 70 cm depolarized dn values (each dn value is a 0.5 dB change in 
echo power). Sample areas in Serenitatis, Crisium, Fecunditatis, Hurnorum, Imbrium, and 
Procellarum basins. 
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