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MINERALOGICAL CONSTRAINTS FROM ASTEROID RADAR OBSERVATIONS; 
D. L. Mitchell and S. J. Ostro, Jet Propulsion Laboratory, California Institute of 
Technology; R. S. Hudson, Washington State University 

A new approach to the analysis of asteroid radar observations is expected to dramatically 
improve constraints on the surface mineralogies of main-belt asteroids (MBAs). 

In an asteroid radar observation, a circularly polarized signal is transmitted toward the 
target, and the echo is received in both the same sense of circular polarization as the 
transmitted signal (the SC sense) and the opposite (OC) sense. The helicity of circular 
polarization is reversed upon reflection from a surface that is smooth on all scales within about 
an order of magnitude of the wavelength, but SC echo power can arise from single 
backscattering from a rough surface, from multiple scattering, or from subsurface refraction. 
The circular polarization ratio pc = SCIOC is thus a measure of the near-surface structural 
complexity, or "roughness," at scales near the wavelength. For targets with low PC, the OC 
radar albedo (6Oc = ooc/Ap , with QC and Ap the target's radar cross section and projected 
area, respectively) can be related to the Fresnel power reflection coefficient at normal incidence 
(R) via bOc = gR, where the gain factor g depends on the target's orientation, its gross shape, 
the distribution of surface slopes with respect to that shape, and the degree of wavelength- 
scale, near-surface roughness. For a perfectly smooth sphere, the gain factor is unity, and one 
can think of g's departure from unity as quane ing  how the distribution of surface area as a 
function of incidence angle differs from that of a sphere. For dry, particulate mixtures of 
meteoritic minerals with particle sizes no larger than -3L/100, R depends almost linearly on bulk 
density, which in turn is a function of the pore fraction (porosity) and the zero-porosity density 
(the specific gravity) of the mixture's solid material [I]. The specific gravity is particularly 
sensitive to metal content, which may be useful, for example, in distinguishing between an iron 
and an enstatite chondrite mineralogy for M-class asteroids, or between a stony iron and an 
ordinary chondrite mineralogy for S-class asteroids [2]. Constraints on the potential genetic 
links between meteorites and MBAs are an important contribution to our understanding of the 
solar system's origin and evolution. 

S-class MBAs tend to have somewhat higher radar albedos than C-class MBAs, although 
the distributions are broad and overlapping [31. This is consistent with expectations about 
mineralogical differences between S- and C-class asteroids [2]. Radar albedos of M-class 
asteroids span a very wide range (0.2 .$ eOc 5 0.6), suggesting substantial diversity w i t h  
the class. However, nearly all MBA radar echoes to date are resolved only in Doppler 
frequency and have optimally filtered SNRs of -10, which permit only the simplest possible 
analyses. The utility of radar to constrain asteroid mineralogy is also h i t e d  by our knowledge 
of target shape and scattering properties, i.e., by our knowledge of the gain factor g. In the 
absence of information about g, we have so far been unable to investigate mineralogical 
variations within the S class, which are inferred from visual and infrared spectroscopy [4]. 

This situation will improve dramatically in mid-1996 upon completion of a major upgrade 
of the Arecibo telescope, which is expected to provide a -20-fold increase in radar sensitivity 
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[5]. This would permit single-date SNRs > 100 for several MBAs each year. An experiment 
spanning several days would provide enough echo strength to place 100's of delay-Doppler 
cells on the asteroid at each of many different rotation phases. A powerful technique for 
inverting such delay-Doppler data sets to provide simultaneous estimates of the target's three 
dimensional shape and radar scattering properties has recently emerged [6] and been 
successfully applied to the NEA 4769 Castalia [7]. Similar work is nearing completion on the 
NEAs 4179 Toutatis and 1620 Geographos. Application of this technique to MBAs will allow 
simultaneous estimation of the gain factor g and reflectivity R for individual targets, thus 
enabling us to place useful constraints on MBA mineralogy and potential meteoritic 
associations. 
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