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    We proposed that information retrieved from the local surface photometric behavior of the Moon could 
be used for guiding the remote sensing analyses of specific geological targets. It was shown that difference 
between the modeled and observed phase function for phase angle in the range of 18° is sensitive to the 
degree of  surface roughness at the meter scale [1]. The average integrated lunar indicatrix [2] was used as a 
background photometric model. The Saari and Shorthill catalogue [3] data were used as observed local  
phase functions. The value of the difference of intensities mentioned above may be used as a photometric 
parameter  I of the local surface roughness. The size-frequency distribution of the resolvable fragments on 
the lunar surface at the spacecraft landing sites was used to estimate the influence of the number of particles 
per unit area on the meaning of the photometric information. The greatest number of large fragments was 
observed at the Surveyor VII site. Photometric parameter dependence on the fragmental debris size-
frequency was examined in terms of statistical data for a number of landing sites (Surveyor I, III, V, VI, 
VII, Lunokhod 1 and 2, Apollo 11, 12 and 15), and an area in Sinus Media (Lunar Orbiter II high resolution 
pictures) [4 – 10]. The data were extrapolated to block size estimates in the range of 4 m. A good 
correlation (0.815) between the local size-frequency distribution of fragments and the photometric 
parameter of roughness is observed (Figure 1).  
    In a preliminary investigation, we have compared the Lunar Prospector thorium contents for some 
regions of the lunar near side [11] with surface roughness estimated by means of the local photometric 
function. In the areas under study, the surface roughness photometric parameter (which can vary between 0 
and 1) varies from 0.05 (smooth mare surface) to 0.25 (crater Tycho and its ejecta). Interestingly, a good 
anticorrelation (-0.985) is observed between the local thorium content and the photometric roughness 
parameter, indicating a possible association of Th-rich materials with the  structure of the regolith disturbed 
by the emplacement of ejecta materials, which could indicate the surface distribution of KREEP materials. 
Figure 2 represents the diagram of relationship between photometric roughness parameter and local 
thorium content in different lunar regions. The line shows a mean polynomial trend. The dots represent 
areas of a number of landing sites (Surveyor I, III, V, VI, VII, Lunokhod 1 and 2, Apollo 11 and 12), and 
an area in Sinus Media (Lunar Orbiter II  high resolution pictures). If the correlation between the local 
thorium content and the photometric roughness parameter reveals a possible association of Th-rich 
materials with the structure of the regolith, one may retrieve from the examination of ejecta an indirect 
information bearing on the thorium local distribution.  
    According to these results, there may be a possibility to investigate, within specific anomalous Th-rich 
regions identified by Lunar Prospector, the local distribution of KREEP material and to explore whether 
there are some systematics in its mode of emplacement, either originating from the lower crust by impact 
basin cratering or resulting from volcanic processes [12]. Dedicated targets such as the Apollo 14 site 
where a significant in situ variability in the thorium content is known to occur could be surveyed by AMIE 
/ SMART-1 to train and validate the procedure. Then, on this basis, the spatial variability of the thorium 
abundance could be derived for different geologic contexts such as within the South-Pole Aitken basin, the 
Apennine bench formation, the Procellarum Kreep Terrane and at the Apollo 15 location.   
Acknowledgments: The authors wish to express their thanks to W.C. Feldman and S. Maurice for useful 
discussions. This work was supported by INTAS-ESA grant No. 00-0792. 
References: [1] Pugacheva S.G. and Shevchenko V.V. (2003) LPS XXXIV, Abstract # 1112. [2] 
Shevchenko V.V. (1980) The modern selenography. “Nauka Press”(In Russian). [3] Shorthill R.W. et al. 
(1969) Photometric Properties of Selected Lunar Features. NASA CR-1429. [4] Shoemaker E.M. and 
Morris E.C. (1970) Icarus, 12, 188-212. [5] Mobile Laboratory on the Moon Lunokhod-1. Vol. II (1978), 
Moscow, Nauka, 121 (in Russian). [6] Florensky C.P. et al. (1978) LPSC IX, 1449-1458. [7] Apollo 11 
Prelim. Sci. Report (1969), NASA SP-214, 47. [8] Apollo 12 Prelim. Sci. Report (1970), NASA SP-235, 
126. [9] Apollo 15 Prelim. Sci. Report (1972), NASA SP-289, 5-111. [10] Florensky K.P. et al. (1972), in 
Modern View at the Moon, Moscow, Nauka, 21-45 (in Russian). [11] Lawrence D.J. et al. (2000)  JGR, 
105, No. E8, 20,307-20,331. [12]  Chevrel S.D. et al. (2002) Astronom. Vestnik, 36, No. 6, 495-503 (in 
Russian). 



 
Fig. 1. Comparison of the local cumulative number of particles N  per 104 m2 and photometric           

roughness parameter    I . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Blue: for some regions located in western Tranquillitatis and in the Tycho region [11]. Red: 
for landing sites and an area in Sinus Medii (LO II). 
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