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Introduction:  Global mapping of Th and Fe 

abundances on the Moon was conducted using low 
resolution Lunar Prospector gamma-ray spectra [1, and 
references therein]. Preliminary data about abundances 
of other elements such as O, Si, Mg, Al, Ca, K, U, and 
Ti were discussed by [2], but a full analysis of these 
data is not finished yet.  
     Correction of Si, Mg, and Al Lunar Prospector 
data:  We estimate the quality of the Lunar Prospector 
(LP) gamma ray spectrometer data by comparison of 
the elemental composition of landing sites measured 
by LP and by analysis of the returned samples. For our 
goals we use the bulk elemental composition of re-
turned samples from [3]. We assumed that this tech-
nique is valid even at 150 km spatial resolution 
achieved by gamma ray technique. This assumption is 
confirmed by good agreement between Fe and Ti con-
tents at returned sample sites measured by LP and by 
analysis of returned samples [4].  
However, increasing of Si content in returned samples 
corresponds to decreasing of Si content at returned 
samples sites measured by LP. The very low Si content 
values (10-15 wt%) are not realistic because the Si 
minimal content in returned samples is about 18 wt% 
[5]. Especially big disagreement on 5-10 wt% occurs 
at Th-rich Apollo 12, 14, 15 sites. From a geologic 
point of view there are no expectations of existence of 
a negative correlation between Si and Th contents. For 
example, study of Si and Th content taken from [5] in 
main types of lunar regolith shows absence of such a 
correlation. At this reason we propose that false corre-
lation between Si and Th occurs due to a mixing of the 
Si 1779 keV inelastic line and the U 1764 keV line 
incorrectly calculated by [2]. In this case we can re-
move that trend by calculation the regression line   

%)wt(14.21)ppm(Th92.0%)wt(Si +×−=      (1) 
between Si and Th for Th> 2 ppm. Then corrected Si 
content can be calculated as  

Th(ppm)0.92wt%)Si(uncorr,wt%)Si(corr, ×+=  (2) 
At the resulting Si map the nearside maria reveal low 
abundances, which shall be the case. But the other 
regions are strange, in particular the region in the east-
ern longitudes, northern latitudes. The high Si value 
near-by Fra Mauro region can be explained by not 
perfect Th correction. Thus, this map should be used 
with caution. 

 
Figure 1. Map of corrected Si abundance on the Moon. 
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Figure 2. Maps of corrected Mg (a) and Al (b) abun-
dances on the Moon. 
Some Si lines cannot be resolved from nearest Mg and 
Al lines at LP GRS spectral resolution. Underestima-
tion of Si content leads to overestimation of content of 
other elements in the western maria. The average val-
ues of differences between Si, Mg, Al, and Th contents 
measured by LP and by analysis of bulk elemental 
composition of returned samples were calculated. We 
obtain the following corrected Mg and Al content in 
Th-rich regions  

Th(ppm)0.35wt%)Mg(uncorr,wt%)Mg(corr, ×−=   (3) 
Th(ppm)0.27wt%)Al(uncorr,wt%)Al(corr, ×−=     (4) 

At corrected maps (see Fig. 2) Mg and Al contents in 
western and eastern maria are comparable. Although 
study of differences between Fe and Th contents meas-
ured by both methods shows dependence of Fe content 
on Th content, we did not correct Fe data, measured Fe 
gamma ray lines lie far away from Th, U, and K lines.  
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     Petrology of the Moon: Using Apollo Fe, Th, 
Al/Si and Mg/Si maps, it was established that all the 
observed elemental abundances could be explained by 
a mixing of ferroan anorthosite, mare basalts, and 
KREEP basalts [6]. We use Mg-Al and Mg-Fe dia-
grams and mare basalts, ferroan anorthosites, and Mg-
rich rocks (troctolites) as end-members [7]. The ele-
mental composition of end-members is taken from [5]. 
The relative abundances of end-members were plotted 
in ternary space for each pixel on the lunar surface. 
The amount of LP pixels outside of the triangle formed 
by end-members is equal to 17 % and 9 % for the 
cases of Mg-Al and Mg-Fe compositional space, re-
spectively, from the total amount of LP pixels. Using 
of corrected Mg and Al contents leads to decreasing of 
amount of outside pixels on several percents. These 
results are in  agreement with [8], were it was found 
that almost all pixels lie inside the triangle formed by 
the same end-members, but in Fe-(Th/Ti)c space. 
The degree of difference between mixture of end-
members and measured elemental composition caused 
by errors in elemental data and by the presence of 
rocks with different elemental composition from the 
end-member rocks is proportional to the distance ρ of 
LP pixels from three end-member plane. Negative ρ 
values mean that Fe, Mg, or Al content in a LP pixel is 
higher than that in a mixture of end-member rocks, 
while positive ρ values mean underestimation of Fe, 
Mg, or Al content in comparison with end-members. 
The largest region with negative ρ values is located in 
Th-rich western maria based on uncorrected Mg and 
Al data. Usage of corrected Mg and Al data leads to 
disappearance of negative ρ values in Fra Mauro re-
gion. This result is in good agreement with analysis of 
returned samples because KREEP basalts which are 
abundant in Fra Mauro region lie near the end-member 
plane in Mg-Al-Fe compositional space. Small-area 
Al-poor, Ca-rich regions with maximal positive ρ val-
ues are located in far side highlands [7]. These pixels 
still exist in Mg-Al-Fe space when we use corrected 
Mg and Al data (see Fig. 3). 
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Figure 3. Distance between corrected LP pixels and 
three end-member plane. 
Study of Ca content is useful for determination of ar-
eas where minor rock types are abundant. Distance 
between LP pixels and three-end member plane in-

creases with increasing Ca content. This can be con-
sidered as confirmation of presence of minor rock 
types in regions of high and low Ca abundances. 
Norites and gabbronorites as rocks with low Ca con-
tent in comparison with troctolites and anorthosites are 
abundant in near-side highlands (see Fig.4). 

 

 
Figure 4. Distribution of Ca content on the Moon. 

 
     Conclusions Comparison of remote sensing LP 
elemental data with analysis of returned samples 
shows that Si content is underestimated, while Mg and 
Al contents are overestimated in Fra Mauro region. 
Corrected Si, Mg, and Al data were obtained and ana-
lyzed. Usage of corrected Mg and Al data leads to bet-
ter agreement with three end-member hypotheses in 
comparison with uncorrected data. Petrologic tech-
nique was used additionally for checking the quality of 
LP Mg and Al elemental maps. It is desirable to ana-
lyze with usage of the technique described above LP 
Mg, Al, and Ca elemental maps with improved spatial 
resolution obtained in [9]. Japanese lunar polar orbiter 
SELENE with high resolution Ge gamma-ray detector 
will be able to map the abundances of the main ele-
ments on the Moon with better accuracy than Lunar 
Prospector [10]. 
References: [1] Lawrence D. J. et al. (2003) JGR, 108 
(E9), 6-1, CiteID 5102, DOI 10.1029/2003JE002050 
[2] Prettyman T. H. et al. (2002) LPS XXXIII, Abstract 
#2012 [3] Elphic R.C. et al. (2000) JGR, 105, 20333-
20345 [4] Berezhnoy A.A. et al. Advances in Space 
Research, accepted [5] Phillips R., Ed. (1986) LGO 
Science Workshop, Contributions of a Lunar Geo-
science Observer mission to fundamental questions in 
lunar science, Southern Methodist University, Dallas, 
Texas [6] Davis P. A. and Spudis P. D. (1985) JGR, 
90, D61-D74 [7] Berezhnoy A.A. et al. (2005) Plane-
tary and Space Science, 53, 11, 1097-1108 [8] Spu-
dis P. D. et al. (2000) LPS XXXI, Abstract #1414 [9] 
Shkuratov Yu.G. et al. (2005) Planetary and Space 
Science, 53, 12, 1287-1301 [10] Kobayashi M. et al. 
(2005) Nuclear Instruments and Methods in Physics 
Research A, 548, 401-410   

 

Lunar and Planetary Science XXXVII (2006) 1032.pdf


