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Introduction: The Orientale basin is a 930 km mul-

tiring impact structure on the western limb of the Moon. 
Due to the unique preservation of its ring structure, 
Orientale has been the focus of studies aiming to under-
stand not only the nature of the lunar crust exposed 
during the impact event, but also the mechanics of 
large-scale impact processes that have operated 
throughout the solar system. Orientale’s innermost ring, 
the Inner Rook Mountains (IRM), has long been 
thought to expose anorthosite from beneath the mixed 
megaregolith, based on Earth-based telescopic data and 
Clementine multispectral data [e.g. 1-3]. Anorthosite is 
a rock type consisting of ≥90% plagioclase that is be-
lieved to dominate the upper crust of the Moon as a 
cumulate from a crystallizing magma ocean early in the 
Moon’s history [e.g. 4]. However, due to limitations in 
both spatial and spectral resolution, the earlier remote 
sensing data did not detect the diagnostic plagioclase 
absorption feature near 1250 nm. Instead, featureless, 
high albedo spectra in the IRM were identified and at-
tributed to a shocked form of anorthosite, since experi-
mental studies have shown that the plagioclase absorp-
tion is erased when the mineral is shocked to pressures 
greater than 25 GPa [5-7]. 

Recently, the Multiband Imager (MI; onboard 
SELENE) and the Moon Mineralogy Mapper (M3; on-
board Chandrayaan-1) have identified the diagnostic 
plagioclase absorption in a few isolated locations within 
the IRM [8, 9]. These direct identifications in the IRM 
have confirmed the previous inferences about their an-
orthositic nature, and suggest that certain areas within 
the ring have experienced slightly lesser degrees of 
shock metamorphism. The high spectral and spatial 
resolution of these new datasets permits a thorough 
assessment of the mineralogy and distribution of anor-
thosite in the Orientale Basin.  

Here we present a detailed analysis of the anor-
thosite exposed in the Orientale Basin using hyperspec-
tral imaging data from M3. Specifically, we aim to 
characterize 1) the distribution of “crystalline anor-
thosite,” which retains a plagioclase absorption band 
and therefore has not been shocked above ~25 GPa, and 
2) variations in the “purity,” or plagioclase abundance, 
of anorthosites across the basin, as indicated by the 
relative strengths of the plagioclase and mafic absorp-
tion bands.  

Methods: M3 is a hyperspectral imaging spec-
trometer that acquired near-global coverage of the 
Moon in 85 spectral bands from 460 – 3000 nm at a 
spatial resolution of 140 or 280 m/pixel. Spectral pa-

rameters computed for a full-resolution mosaic of Level 
2 M3 data strips for the Orientale Basin were used to 
identify pixels with absorption features. The spectra 
from these pixels were classified according to the rela-
tive strengths of their diagnostic absorption bands: 
Class A spectra display only a plagioclase absorption, 
Class B spectra contain both mafic and plagioclase sig-
natures, but are dominated by the plagioclase feature, 
and Class C spectra are dominated by mafic absorp-
tions.  

Results: Initial results indicate that 1) crystalline 
anorthosite (i.e. anorthosite shocked to <25 GPa) is 
pervasive throughout the basin, and that 2) the most 
highly pure anorthosite (> ~ 98% plagioclase) is con-
centrated in, though not confined to, the IRM. 

Crystalline Anorthosite.  The plagioclase absorption 
feature is identified in many locations throughout the 
Orientale Basin. Detection of the 1250 nm feature re-
quires that these particular areas have a plagioclase 
abundance on the order of 85% or more [10] and that 
they did not experience shock pressures in excess of 
~25 GPa. The plagioclase detections are typically small 
in spatial extent (~1 km), and preliminary analyses of 
high-resolution LROC NAC images suggests that 
strong features correspond to fresh craters or rocky ar-
eas on massifs. 

Spectra from a traverse along a single IRM massif 
are shown in Figure 1. In this traverse, the spectra dis-
playing a plagioclase absorption (spectra 3 & 4) are 
surrounded by material with featureless spectra (spectra 
1, 2, 5, & 6). The featureless materials are more spa-
tially extensive than the crystalline anorthosite expo-
sures and may be analogous to the shocked anorthosite 
described in earlier data. Additional analyses will focus 

Figure 1. M3 spectra (offset) in a traverse across an IRM 
massif. Each spectrum represents 1 pixel, and is separated 
from the next by 1 pixel. The two spectra showing a plagio-
clase absorption feature are surrounded by materials with 
featureless spectra. Spectra 3 and 4 are “Class A”.  
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on characterizing the physical nature of the featureless 
material using LROC NAC images. 

Variations in mafic mineral content. An initial map 
of the three spectral classes in the Orientale Basin 
(mare excluded) is shown in Figure 2, illustrating the 
variations in plagioclase vs. mafic mineral content dis-
cerned by qualitatively comparing the relative strengths 
of the plagioclase (1250 nm) and mafic mineral (1000 
nm) absorption bands. In Orientale, the dominant mafic 
mineral is pyroxene; no definitive olivine detections are 
reported.  

Class A materials (red dots) display only a plagio-
clase absorption (no pyroxene absorptions are present), 
constraining their plagioclase content to ~ 98% or 
greater based on intimate mixing calculations [11]. 
These highly pure anorthosites are concentrated in the 
IRM, although a few occurrences are found exterior to 
the inner ring. Class B spectra (yellow dots) are domi-
nated by the plagioclase feature but also show weak 
pyroxene absorptions and are predominately located in 
the IRM. Comparison with mixing calculations suggests 
that these materials contain around 94-98% plagioclase. 
Class C materials (purple dots) have spectra dominated 
by mafic absorptions, suggesting that they are <94% 

plagioclase. Mafic-dominated spectra are known to 
sometimes display an absorption near the location of the 
plagioclase feature (1200 nm) that is due to Fe2+ in the 
M1 site of Ca-rich pyroxenes [12], making it difficult to 
distinguish if weak absorptions in this range are due to 
mixtures with plagioclase. The present classification 
does not attempt to assign the ~ 1200 nm band in mafic-
dominated spectra to either plagioclase or pyroxene, and 
therefore Class C may represent a wide range of miner-
alogies. Class C materials occur throughout the entirety 
of the basin but are slightly less common in the IRM.  

Conclusions: The presence of crystalline anor-
thosite in both of Orientale’s inner rings suggests that 
certain locations throughout the basin have been 
shocked to < 25 GPa. Further, the high purity of the 
anorthosite in the IRM is consistent with an upper 
crustal origin, whereas the ORM are distinctly more 
mafic and therefore may be derived from the overlying 
mafic megaregolith [13]. The extremely low mafic min-
eral content throughout the IRM is consistent with 
plagioclase flotation over large spatial scales, although 
mechanisms for removing nearly all residual mafic liq-
uids from the plagioclase grains during this process are 
still unclear.  
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Figure 2 (left). Distribution of plagioclase 
vs. mafic mineral content in the Orientale 
Basin (mare excluded). Red dots represent 
Class A materials that are > ~98% plagio-
clase. Yellow dots (Class B) are likely ~94-
98% plagioclase, and Purple dots (Class C) 
are < ~94% plagioclase. The classification 
reveals that the purest anorthosite is concen-
trated in the IRM.  
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