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Maps of several observables that provide measures
of lunar composition were studied to determine their
global distribution on the Moon.  The mathematical
formalism used to determine the principal axes of an
inertia tensor was applied for this purpose.  Here, Ikl=Σi

mi ( rik
2I  – ri,kri,l), where Ikl is the inertia tensor, mi is

the mass of the ith volume element of an extended
body, ri,k (and ri,l) = x,y, or z for k≠l = 1,2, or 3, is the
position of the ith mass element of the body, and I is the
unit diagonal dyadic.  Ikl is a real-symmetric matrix and
so can be diagonalized to determine the three axes and
principal moments of the inertia tensor.

Applying this formalism to lunar composition, we
define the real-symmetric matrix, Pkl = Σθφ P(θi,φi) (I –
ri,kri,l), where θi and φi are the latitudes and longitudes
of a set of equal-area elements on the unit sphere
(which is used here to represent the Moon), and the
P(θi, φi) are maps of; a) the albedo measured by
Clementine [1], b) the abundance of Thorium, [Th] [2],
c) the flux of fast neutrons [3], d) the abundance of
FeO [4], and e) the ratio of thermal-to-epithermal neu-
trons corrected for the contribution from Gd and Sm,
determined using the measured Thorium abundance [5]
and the [Th]-[Sm] correlations summarized in Haskin
and Warren [6].  This ratio is labeled by ‘slow-neutron’
in Figure 1.  We also substituted the topography meas-
ured by Clementine [7] for P(θi,φi), for comparison
purposes.

The locations of all principal axes are shown in
Figure 1 superimposed on an air-brush globe of the
Moon.  Each of the composition moments (normalized
to a maximum of unity) are given underneath their re-
spective titles at the top of the figure.  Inspection of the
moments shows that each of the composition triplets
yields a relatively clean symmetry axis, defined here by
that moment which differs markedly from the other two
more nearly equal moments.  Whereas the symmetry
axes of the albedo and slow neutrons are given by the
highest moment (given the designation 1 in Figure 1),
thereby indicating an oblate spheroidal distribution of
composition, those corresponding to [Th], fast neu-
trons, and [FeO] are given by the lowest moment (des-
ignated by 3), thereby indicating a prolate spheroidal
distribution.  Figure 1 shows that all symmetry axes
form a tight cluster that is very close to the centers of
Imbrium (marked by X) and Procellarum (marked by
*).  In contrast, the symmetry axis of the topography

(which is moment number 1) falls between the antipode
of Imbrium and the center of the South-Pole Aitken
basin (marked by ◊), as might be expected because
Imbrium and South Pole Aitken are the largest basins
on the Moon.

Histograms of each of the measurables integrated
over all longitudes in a coordinate system whose Z axis
is centered on the cluster, are shown in Figure 2.  Bin
sizes in these histograms were chosen so that each bin
contains an equal area on the unit sphere.  The prolate
and oblate nature of these distributions is seen clearly
by the maximum and minimum value of the histogram,
respectively, at zero polar angle.  We note that the
histograms of albedo and slow neutrons are closely
similar.  These histograms differ somewhat from those
of [FeO] and fast neutrons, which are closely similar.
And the histogram of [Th] stands by itself.

Although maps of the albedo, slow neutron, fast
neutron, and [FeO] are all related through their mutual
dependence on the abundance of Fe, their global distri-
butions differ in detail (not shown here), and theoreti-
cally, the slow and fast neutron flux maps also depend
importantly on the abundances of Ti and Ca.  Indeed,
the symmetry axis of the distribution of [TiO2] by itself
[4] (not shown in Figure 1) also lies very close to the
cluster shown in Figure 1.  The close proximity of this
cluster to the center of Procellarum is also significant
because the axial enhancements and depressions of all
histograms have angular half widths of about 55°,
which is close to the half width of Oceanus Procel-
larum [8].  These observations suggest that the tight
cluster of all symmetry axes shown in Figure 1 are con-
sistent with a single formative event that structured the
global composition of the lunar crust.  The coincidence
of this compositional symmetry with the proposed Pro-
cellarum Basin impact structure [8] suggests that giant
impact is a strong and well understood candidate
mechanism for producing this symmetry.
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