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aBsTracT
A global spectral survey of 4506 immature craters with diameters <1 km was carried out using
lith. On the basis of band minima and radiative transfer mixing models, small crater spectra fall into
three groups: (1) mare basalts with strong absorptions at relatively long wavelengths indicating high
ratios of high- to low-Ca pyroxene; (2) norites containing about 50% plagioclase and with pyroxene
assemblages dominated by low-Ca pyroxene that occur within the South Pole-Aitken Basin (SPA),
near Apollo 14 and other locations near Imbrium Basin, and three major cryptomaria deposits; and
(3) noritic anorthosites occurring within the Feldspathic Highlands Terrane containing about 20 wt%
pyroxene with a pyroxene assemblage containing exclusively very low-Ca pyroxene. Very few pure
anorthosites are present in this survey and there are no occurrences of pyroxene-poor olivine-rich assemblages. Models of the composition of basin ejecta incorporate large amounts of mantle material and
the spectral results require that that the sampled mantle is orthopyroxenite. Basin depth-diameter ratios
used in the models required to match the measured composition are consistent with prior estimates for
impact melt breccias or basaltic impact melts of basin origin. For SPA we model this composition and
impact for the SPA event, a more robust solution invokes the production of norite in impact melt seas.
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iNTroducTioN
One of the more intriguing observations in lunar remote
sensing was made by Pieters (1986) who noted a significant
difference between the noritic composition of the uppermost
crust inferred from spectra of small craters, and diverse mineral
assemblages observed in central peaks. Pieters indicated that
it seemed not possible to arrive at the noritic composition by
mixing the observed deeper compositions and proposed several
hypotheses to account for the observations. These included
compositional gradients imposed on the crust during magma
into the crust, or deposition on the surface of material deeply
excavated by major impact basins.
In Pieters (1986), the small crater sample comprised craters
5 km or smaller based principally on the spatial resolution
limitations of the ground-based spectroscopic technique then
available. With the abundant new spectral data now available
we can expand the sample of small craters to all longitudes,
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and include smaller craters. Pieters acknowledged that her
inclusions were based on a relatively small sample; expanding
that sample is the goal of this paper.
We present the results of spectral analysis of about 2700
lunar highland craters occurring at latitudes within 50° of the
empirical comparison of the spectra of the craters with the welldocumented spectral and compositional data of the Lunar Soils
2010) and with radiative transfer mixing models. We place these
results into context using models of basin excavation and basin
melt formation to test the hypothesis that the materials of this
crater population represent basin ejecta or basin impact melt.

daTa
Visible and near-infrared spectra from the Japanese Space
Agency (JAXA) SELENE (Kaguya) Spectral Profiler (SP) were
used for the survey. SP obtained a global sample of spectra of
the lunar surface at a resolution of 550 m from 0.5 to 2.4 m
in the form of single pixel, largely nadir profiles along the track
of the polar orbit of the SELENE satellite (Haruyama et al.
2008; Matsunaga et al. 2008; Yamamoto et al. 2010). During
the course of the SELENE mission the orientation of the plane
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