
Figure 1: FeO vs. Th plot demonstrating the mixing
model for Crisium.

Figure 2: Clementine FeO map for the Fecunditatis
region. Pale areas depict HA compositional regions.
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In a companion abstract [1] we use global Lunar
Prospector (LP) and Clementine data to identify
potentially high-Al mare basalt exposures or regolith
dominated by such basalts on the surface of the Moon.
Several of the selected regions are the result of mixing
between high-Fe mare basalt and low-Fe (aluminous)
highlands. These include basin rims around Mare
Humorum, Crisium, and Tranquillitatis, and parts of the
western border of Oceanus Procellarum. However, other
areas show promise as potential high-Al basalt
exposures. Areas selected for further study include Mare
Nectaris, Mare Smythii, Mare Marginis, two areas in
northern Imbrium, an area near Sinus Roris, and a
portion of western Procellarum basalts near the crater
Struve, as well as Mare Fecunditatis, where aluminous
basalts are expected on the basis of Luna 16 samples.

The fact that the Apollo 14 high-Al basalts represent
the earliest volcanism known in the sample collection
places added importance on these samples because they
define a unique record of early lunar evolution. As yet to
be understood is the relationship between Apollo 14
high-Al basalts and the similar, yet younger samples
returned from Luna 16 and Apollo 12. The high-alumina
nature of these basalts suggests they are derived from a
relatively Al-rich source. If Al comes from the presence
of plagioclase it implies that plagioclase flotation was
inefficient and some plagioclase remains within the
uppermost lunar mantle. If the Al-rich source is due to a
spinel or garnet-rich source, then the basalts must be
derived from much great depths. Identifying high-Al
basalt exposures is necessary for locating potential future
sample return sites as they may represent outcrops of
pre-4 Ga volcanism and be a window to early processes
within and compositions of the lunar mantle.

Approach: By way of example, we discuss two
regions: Mare Fecunditatis and the region of interest in
Western Procellarum near Struve crater. The approach to
evaluating a site is two-fold. First, using Clementine FeO
and TiO2, and LP thorium values we construct a mixing
model involving the region of interest (ROI) with the
surrounding regions as the potential endmembers. For
instance, the basin rim of Crisium lies directly on a
mixing line between two endmembers on FeO vs TiO2

compositional space: Al-rich highland material outside
the basin and high-Fe maria filling the basin (Fig.1). If
the ROI does not lie on such a mixing line or appears as
an endmember, then it is considered a candidate for a
high-Al basalt exposure.

The second approach is to analyze high-resolution
images of those regions that are probable high-Al basalt
exposures. Small impacts into the ROI, which are large

enough to penetrate the regolith but do not excavate
below the maria, act as windows revealing the
composition of the fresh basalt. We use these windows
to determine if the underlying mare has a high-Al basalt
composition, or if the regolith is a result of vertical
mixing.

Results: Mare Fecunditatis is known, from Luna
16 samples, to contain high-Al basalts, so it serves as a
validation site for our selection constraints. Mare
Fecunditatis is flooded with high-iron (~19 wt%) mare
basalts (Fig. 2). The high-Al samples returned from
Luna 16 have the highest FeO abundance of the high-Al
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Figure 3: FeO vs. Th for the area surrounding Struve

Figure 4: Clementine FeO map for the Struve region.
Pale areas depict HA compositional regions.

collection (~18 wt%) [2]. This further supports the
argument that the regolith is dominated by high-Al mare
basalts. Small craters into the maria reveal lower FeO
(~16 wt%), possibly reflecting mixing with feldspathic
impact melt from below the flows.

Although Struve (Fig. 4) contains high-Fe (~18
wt%) mare infill, it also contains large expanses of lower
FeO (~15 wt%) surface. It is also located just southeast
of a Fra Mauro exposure. This region differs from the
apparent lithological mixing at the Procellarum border
just south of Struve. The plot of FeO vs. Th (Fig. 3)
shows that the surface compositions in the Struve region
does not lie in the middle of the plot as would be
expected if they were the result of simple two-
component mixing. Instead, they form a separate field
with lower Th than the surrounding terrain. Impacts into
the Struve area are unusual because adjacent craters
reveal different underlying compositions. Impacts into
the high-Fe region reveal lower iron (~15 wt%)
underlying units, and impacts into the lower iron expose
higher Fe abundances (~18 wt%). We could be seeing
the mixing of an underlying high-Al basalt with the low-
iron highlands and the high-iron mare, respectively.

Future Work: There are several areas revealed in
the high-Al constraint map that are candidates for further
investigation [1]. Using the methods discussed above we
will continue to analyze these regions in search of high-
Al basalts. High resolution LP FeO data will be used to
analyze small impacts into these ROIs to determine the
composition  of the basalts underlying the lunar regolith.
Future data, for example, from SMART-1 X-ray
spectrometer (i.e. MgO) would prove useful for further
analysis in this region [3].

If most high-Al basalts are ancient, they may not be
found as exposed pristine flows or as the dominant
component of the regolith. Another approach would be
to look for regolith compositions that follow a model
with high-Al compositions as one end member, and the
local geology to be considered as the second, with the
consideration of a potentially necessary third end
member. This would require new compositional

constraints that would be specific to the geology of the
area. We are also looking at high resolution images of
plains deposits that could represent cryptomare, where
small craters excavate materials with FeO in the range
of ~14-18 wt% and moderate to low TiO2 to determine
if the plains might consist of ancient HA basalt flows.
An example of such an area exists as “high plains”
northeast of the Apollo 17 landing site [4].

Because their compositions are intermediate
between high-FeO basalts and feldspathic highlands,
high-alumina basalts are inherently difficult to identify
by compositional remote sensing.  The likelihood that
some or many of the HA basalts are old and thus buried
by basin ejecta of younger basalt flows further
exacerbates the problem.  However, the HA basalts
occupy a niche in Th-FeO space that may help identify
regions where HA basalts are a prominent component.
Using FeO-Ti-Th selection criteria, we have identified
15 major areas that have appropriate compositions, and
of these, perhaps ten are good possibilities.  Further
verification requires high resolution compositional
remote sensing data and evaluation of geologic
relations using chemical mixing models.
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