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Introduction:  Information about abundance of ma-
jor elements (e.g, O, Fe, Ti, and Al) in the lunar surface
has been obtained with the Lunar Prospector gamma
ray (GRS) and neutron spectrometers [1-4]. The data
were presented as preliminary maps with sizes of pixels
150 km x 150 km at the equator. Unfortunately, this
resolution is insufficient for regional applications in
lunar geology. We develop in the following a method-
ology alleviating this problem by combining high
resolution optical mineralogy data with GRS data. For
this purpose an empirical technique is implemented to
interpolate available GRS data using Clementine Spec-
tral Reflectance (CSR) images acquired with UVVIS
camera. The main idea is to use low resolution GRS data
as a “Ground Truth” to establish relationships linking
optical and geochemical information on the basis of the
maximum of correlation, which permit the derivation of
elemental abundance maps with intermediate spatial
resolution, ~15 km.

Methodology and derived elemental maps:  We in-
troduce an empirical “geochemical” parameter that is a
linear combination of optical characteristics, and exa m-
ine correlation between the GRS data and the parameter
providing maximal correlation when varying the coeffi-
cients of the combination (the CSR data were brought
to the resolution of GRS maps, 5°x5°). We deal below
with the “geochemical” parameter P (e.g., Fe, Ti, O, or
Al content) that has been used to map abundance of
chemical elements in the lunar surface materials [5,6]
with CSR mosaics and data of the Lunar Soils Charac-
terization Consortium [7] for lunar soils:

logP= aAR+bCBR +cCIR1+hCIR2+fCIR3 +eD+g,    (1)
where AR = A(750 nm) [%], CBR = A(415 nm) / A(750 nm),
CIR1 = A(900 nm) / A(750 nm), CIR2 = A(950 nm) / A(750
nm), CIR3 = A(1000 nm) / A(750 nm), D = A(750
nm) A(1000 nm) / [A(900 nm)]2, and the coefficients a, b,
c, h, f, e, and g should provide the maximal correlation
coefficients in correlations with the GRS “Ground
Truth” data for Fe, Ti, O, and Al acquired during the
high-altitude observations of the Lunar Prospector
mission (version of June 15, 2002). The values of the
coefficients a, b, c, h, f, e, g are given in Table for the
elements. In addition we present correlation coeffi-
cients k  characterizing correlation between measured
and predicted contents.

Figs. 1 and 2 show, respectively, the GRS data (ini-
tial resolution) and result of interpolation inferred from

Eq. 1 at the 15-km resolution for iron distribution. This
Fe map looks very similar to the initial map and to the
map obtained with optical technique [8].

a b c h e f g k
Ti -0.072 6.187 -71.707 0.704 31.037 -34.402 72.021 0.80
Fe -0.036 1.135 -28.969 1.397 10.752 -13.155 30.94 0.90
Al 0.019 -0.867 20.322 -1.374 -7.442 9.643 -20.042 0.75
O 0.001 -0.082 3.498 0.403 -1.809 2.003 -2.442 0.69

Fig. 3 shows the result obtained for Ti abundance. The
map looks qualitatively close to published ones for the
nearside [8,9]. The highland regions are fairly homoge-
neous with typical values of Ti content near 0.5%.

Fig. 1. Fe map from GRS at 150-km resolution

Fig. 2. Derived Fe-abundance map at 15-km resolution

Fig. 3. Derived Ti-abundance map at 15-km resolution

The maps mentioned demonstrate that Eq. (1) is reliable
for interpolation of the GRS data, at least, as for Fe and
Ti. We anticipate that the equation allows also predic-
tions for other chemical elements. Below we present
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maps for O and Al (Figs. 4 and 5). We emphasize that
though O and Al are not chromophoric elements, they
may correlate with optical parameters through iron and
titanium.

Fig. 4. Derived O-abundance map at 15-km resolution

Fig. 5. Derived Al-abundance map at 15-km resolution

We point out two facts supporting reliability of our
maps. First, there is no principle restriction on our
technique, as all the studied elements correlate with
optical data and there is no reason why the interpola-
tion should destroy the correlations as long as the re-
sulted spatial resolution of prognoses is not too high
to introduce too much optical heterogeneities caused
by the maturity effect. Second, we have indeed a
unique opportunity to carry out a critical assessment of
our technique with real data for iron distribution. Dur-
ing the low-altitude portion of the Lunar Prospector
mission, an iron distribution with pixel size 15 km was
obtained [3]. We have thus confronted interpolated
and measured data at 15-km resolution. The issue is
that the correlation is very strong, k  = 0.93.

Discussion:  We compare Fe and Ti GRS maps with
improved resolution to the maps obtained with optical
technique [8]. It turns out that maria of the lunar near-
side have lower abundance in iron determined with the
optical technique [8]. The same is observed for the
north highland of the farside. In contrast, the South
Pole – Aitken Basin, cryptomaria (e.g., the Schickard –
Schiller region), and highlands surrounding the near-
side maria are characterized with relatively high values
of iron concentration estimated with the optical method

[8]. The discrepancies found for the South Pole – Ait-
ken Basin are in agreement with earlier studies [2,10].
Our studies support the suggestion about excavation
of deep crustal and mantle materials in the formation of
the Basin [11].

The oxygen distribution correlates with iron and ti-
tanium content as ultrabasic rocks contain usually more
Fe and Ti than feldspathic ones. Note several interest-
ing anomalies in the oxygen distribution. They are as-
sociated with the South Pole – Aitken Basin, the
Schickard – Schiller region, and the crater Tycho. Note
also a subtle regional structure in Procellarum Ocean
which corresponds to lava flows of different ages [12].

We study correlation between iron and titanium
using data obtained with Eq. (1). There is a fairly close
non-linear correlation between these elements in
agreement with our previous results for lunar samples
[13]. The distribution of aluminum abundance resem-
bles an albedo image with removed bright craters and
their ray systems (Fig. 5). Thus the aluminum distribu-
tion strongly anti-correlates with the iron content. This
result is consistent with numerous laboratory studies
of lunar samples [13,14].

Conclusion:  We propose here a technique for opti-
cal interpolation of available GRS data, which allows
one to derive elemental maps from the GRS data for
elements such as Fe, Ti, O, and Al at a resolution im-
proved by a factor of 10, from 150 km to 15 km per pixel.
The same procedure can be done for Ca and Mg. The
main limitation of the technique is its dependence on
how well the abundance of the elements correlates with
the CSR UVVIS data. Another restriction for further
increase in resolution relates to the surface maturity
which affects the CSR data and does not influence the
GRS data. We establish the reliability of our approach
through the confrontation made between the predicted
iron distribution and measured one at 15 km resolution.
The maps of non-chromophoric elements, e.g., O, Al,
appear to be informative, e.g., the map of oxygen dem-
onstrates an anomaly in the crater Tycho.
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