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Introduction:  The South Pole-Aitken (SPA)
basin is an immense structure that dominates the
geology of much of the farside of the Moon. Its floor is
composed mostly of impact deposits, though it also
has numerous relatively small regions of mare basalt.
Lucey et al. [1] argued that an impact event the size of
SPA ought to have produced impact melt composed
almost entirely of mantle rock. However, the FeO and
TiO2 contents of the floor deposits suggested that the
floor is composed of about equal amounts of mantle
and lower crustal rocks similar to LKFM. Using the
latest calibration of data from the Clementine mission
to determine FeO and TiO2 contents and Prospector
data for Th, we are studying the SPA basin closely to
assess the nature of the rocks composing it and to place
limits on the amount of mantle rock present.

Data:  The Astrogeology Team at the U.S.
Geological Survey, Flagstaff, Ariz., has produced
global image cubes of the Moon at 1 km/pixel
resolution in five colors derived from data returned by
the UVVIS camera onboard the Clementine spacecraft.
This data is in the "penultimate" state of calibration;
i.e., the only remaining major improvement is the
matching of Month One to Month Two orbit strips [E.
Eliason, pers. comm.].  We reprojected the data to an
orthographic view extending from 0˚ - 70˚ S latitude,
115˚ - 245˚ E longitude, centered at 55˚ S, 180˚ E (the
basin center; P. Spudis, pers. comm.).  The 750-nm
image is shown in Fig. 1.  The image cube was
converted to "absolute" reflectance by dividing by the
five-color spectrum of the Apollo 16 telescopic
standard site, then multiplying by the laboratory
spectrum of Apollo 16 soil 62231, as described in [2].
Images of FeO and TiO2 were constructed using the
algorithms presented by [2] and [3].  Because the FeO
and TiO2 equations of [2] and [3] were derived using
data with a slightly different photometric calibration,
the values for Fe and TiO2 in the SPA mosaic may
contain 1-2 wt.% absolute systematic error.
Nonetheless, it is mainly the relative values that are of
interest here, and the preliminary FeO and TiO2 maps
available at this writing are sufficient for the purposes
of our analysis.

An image of Th abundance was assembled from
data provided by the Lunar Prospector gamma-ray
spectrometer [4].  The image was placed into the same
map projection as the Clementine FeO and TiO2

images to facilitate comparison.
Results and Discussion: The FeO, TiO2, and Th

images are presented in Figs. 2, 3, and 4, respectively.
The SPA basin, noted by previous workers to be a
pronounced mafic anomaly [5, 6, 7, 8], stands out as

roughly 7-10 wt.% FeO higher than the surrounding
highland terrain.  Titanium within SPA appears to be
elevated only in the northern portions of the basin.
We suggest that this northern TiO2 enhancement is
associated with mare basalt deposits.  Cryptomaria are
also likely to play a role in the increased TiO2.   For
example, we observed a 25 km-diameter unnamed
dark-halo impact crater located at ~39˚ S, 157˚ E,
shown in Fig. 5.  A circular zone of high TiO2 and
FeO with a diameter of ~45 km is centered on this
crater, hinting that it has excavated material containing
a mare basalt component. Further evidence for hidden
basalt occurs in the floor of the crater Davisson (~80
km diameter, ~38˚ S, 185˚ E), which was mapped as
Imbrian-aged smooth light plains (unit Ip) [9].  Much
of this floor material has FeO and TiO2 values similar
to those of nearby mare basalt ponds, indicating a
likely cryptomare.  Hence, impact-induced lateral
mixing from the visible mare deposits [10] and
cryptomaria contributes to the overall increase in TiO2

the northern part of the basin.
The southern extent of SPA exhibits lower TiO2

values, essentially indistinguishable from zero, that are
comparable to those in the surrounding highlands.
The entire basin stands out in the Th image, with
values of ~1-2 ppm (maximum of 2.6), whereas the
surrounding highlands are generally <0.8 ppm Th. If
the floor in this region is dominated by rocks with the
composition of LKFM, which may be derived from the
lower crust, FeO concentrations should be about 9
wt.%, somewhat lower than that observed (about 11
wt.%). TiO2 concentrations should average about 1.4
wt.%, much higher than observed, and Th should be
4-7 ppm, also higher than observed (see [1] for average
compositions of LKFM and other lunar materials).
This may indicate that a mantle component is mixed
into the melt breccias on the floor of the SPA basin. If
so, the FeO abundance of the floor materials suggests
that the mantle has >11 wt.% FeO. Since suggested
mantle compositions generally contain only about 0.1-
0.3 wt.% TiO2 [1], the low TiO2 in the floor deposits
argues that the floor is dominated by mantle
components. If that were correct, however, Th contents
would also be quite low, about 0.1 ppm. Thus, the
observed concentrations of 1-2 ppm suggest the
presence of a significant amount of crustal material.
Complicating matters even further is the mixing caused
by the formation of large basins inside SPA (e.g.,
Apollo, Planck, and Schroedinger) and outside but
nearby (e.g., Australe). In addition, ejecta from the
Imbrium basin may account for the high (>2 ppm) Th
in the northwestern part of SPA [11].  To resolve the
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inconsistencies in the amount of crust and mantle
present, more detailed observations of small regions
within the basin are needed, including the use of
spectral data to determine the olivine abundance of the
floor materials.  So far, this has been done for only a
small portion of the basin [8].  
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Figure 1. Clementine 750-nm mosaic of the South
Pole-Aitken basin.  Orthographic projection centered
on 55˚ S, 180˚ E.

Figure 2.  Clementine UVVIS-derived map of FeO
abundance in SPA.  Brighter tones indicate higher
FeO.  Same projection as Fig. 1.

Figure 3. Clementine UVVIS-derived map of TiO2

abundance in SPA.  Brighter tones indicate higher
TiO2.  Same projection as Fig. 1.

Figure 4. Lunar Prospector gamma-ray spectrometer-
derived map of Th abundance in SPA.  Brighter tones
indicate higher Th.  Same projection as Fig. 1.

Figure 5.  Unnamed dark-halo impact crater. Left: 750-
nm image. Middle: FeO. Right: TiO2. Width of
images is 100 km.
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