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Ina recent Icarus article, Shkuratov and Bondarenko (2001) pro- 
pose a model for the depth of thelunar regolith based on 70-cm radar 
observations and near-infrared spectroscopy. This model treats the 
regolith as a single homogeneous layer of lossy dust, and ignores 
scattering by buried rocks. There is also an implicit assumption that 
the regolith substrate is everywhere of uniform morphology. Radar 
scattering from this substrate is treated using averaged Fresnel 
coefficients, with little explanation of how such a model might pro- 
duce the observed lunar polarization properties. Taken together, 
these issues weaken the validity of the published regolith depth 
map.       © 2002 ËkeviEr Science {USA) 
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Iiitniductittn. While I am graciously acknowledged as a referee in a recent 
Icams article by Shkuratov and Bondarenkt) (2001), several points raised in my 
reviews were not addressed in the final manuscript Since my concerns bear di- 
rectly on the accui^cy of the derived regolilh thickness map, it seems appropriate 
to summari/.e them here. The objective of Shkuratov and Bondarenko (2001), 
hereafter referred to as S&B. is to determine the depth of the regolith across the 
lunar nearside using 70-cm wavelength, .lame-sense (SC) circular polarization 
(ofien temied "depolarized") radar data, and gcochcmical information inferred 
fromnear-infttiredspectro.scopy. 1 have limited my comments below to the radar 
scattering model proposed by the authors, 

Regnliltt radar model. The S&B model for 70-cm radar scatteri ng from the 
lunar regolith is based on three major assumptions: 

(a) The regolilh is treated as a homogeneous dust layer above a solid rock 
substrate. The authors mention the presence of surface and suspended rocks but 
do not address their possible backscadering efficiency. Previous analyses show 
that suspended spheres with si/e-frequency distributions comparable to those 
at the Surveyor landing sites can produce 70-cm opposite-sen se (OC) circular 
polarization echoes in good agreement with observations (Thompson elal. 1970. 
Campbell et al. 1997). The degree to which real roeks "depolari?^" an incident 
circular wave is uncertain, but it seems unlikely that the SC component arises 
from an entirely different scattering regime (i.e., the basal interface) than theCK; 
echo. For the sake of argument, one could assume that the inference of buried 
rock populations from surface distributions is erroneous, and that there are far 
fewer rocks in the lunar regolith than previously supposed Even in this case, 
thermal eclip,'« measurements (Shorthill 1973) suggest that the lunar surface 
rock population changes dramatically with age, so we might expect at least 
some similar dependence of the backscatter coefficient. 

(b) The base of the regolith is assumed to have uniform backscatter proper- 
ties across the Moon. The scattering efficiency of the basal substrate i,s calcu- 

lated by averaging the Fiesncl reñeetion cocfücient over all possible incidence 
angles for a uniform distribution of surface tilts. This approach does not ex- 
plain the inechanisnts by which SC and OC echoes arise; at a minimum, the 
authors should show that their model can approximate ihe average lunar circu- 
lar and linear polarization ratios (e.g.. Hagfors and Evans 1968). S&B implic- 
itly assuine that the regolith base is everywhere of identical morphology, and 
hence uniform backscatter intensity, such that the 70-cm radar echo measures 
only the attenuation and transmission tosses due to the overlying dust ¡ayer. 
This may not be a good inodel for the base of the regolith. particularly given 
the different formation mechanisms of the "pretegolith" highland and mare 
surfaces. 

(c) All effects of ihe radar incidence angle, <i>, on the effective path length 
in the regolith and the backscatter coefficient of the substrate are assumed 
to combine in a cosi^i form. This oversimplifies the eitponential decline 
in power with path length for a lossy dielectric medium, refraction in the 
dust, Ihe change in the transmission coefficient of the vacuum-regolith in- 
terface with 0. and the angular backscattering function of the substrate 
interface, 

Di.îcEi.ï.ïifjn. The map of regolith depth is produced by normali/,ing the 
70-cm SC map (previously corrected for a eos^ dependence on incidence an- 
gle) to the estimated attenuation (in dB/m) of the dust. The attenuation factor 
is derived from an empirical lit between FeO + TiOi abundance in lunar ma- 
terials and their microwave loss tangent. The FeO and TiO; values, in turn, 
are inferred from comparison of multispectral data and landing site samples. 
While S&li point out a good correlation between deeper highland regolith and 
stronger radar echo, their results for mare regolith depth appear to be weakly 
correlated with other estimates (their Fig, !0). Only in noting that the inferred 
depth for Mare Tranquil ¡tails is less than that of the younger Oceanus Procel- 
larum do the authors raise the issue of variability in regolith basal interface 
morphology 

The as.sertion thai ihe model yields plausible regolith depths for crater 
éjecta blankets seems untenable. The .S&B model ignores scattering by rocks 
at the surface or buried within the regolith, hut in the neighborhood of im- 
pact craters the population of large surface rocks is quite high. It is also dif- 
ficult to correctly estimate the bulk mineralogy of the lunar dust in regions 
(such as crater éjecta blankets) with significant excavation of immature 
inaterial. 

Many of these issue.s remain lo he addressed by additional Earth-based radar 
studies or new landed missions, and our knowledge of subregolith surface struc- 
ture is very limited. We cannot, at present, rule out some component of substrate 
.scattering in Ihe 70-cm lunar radar echoes. These rcñections arc not, however, 
expected to dominate echoes in either circular polarization sense (Campbell 
ei al. 1997). The regolith depths reported by .S&B may have some qualitative 
correlation with actual lunar properties (e.g., greater depth in the highlands than 
the maria), but ihcir radar scattering model represents an unlikely geophysical 
scenario. 
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