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Introduction: The Orientale Basin is a 930 km 

multi-ringed impact structure on the western limb of the 
Moon. It is the youngest and most well-preserved major 
lunar basin, having been only partially filled by post-
impact mare basalts. As a result of its great size and 
excellent preservation, the basin’s composition and 
structure provide unique insight into both the Moon’s 
crustal stratigraphy and basin-forming processes in 
general [e.g. 1-3]. The Inner Rook Mountains (IRM) 
form Orientale’s innermost ring. They represent upper 
crustal material that was uplifted and exposed at the 
surface during the basin-forming event, providing a 
window into the interior of the lunar highland crust 
[e.g. 1-8].  

From earth-based telescopic data [6, 7] and later 
Clementine multispectral data [8], the IRM were 
thought to be comprised of anorthosite based on their 
high albedo and the absence of spectral evidence for 
mafic minerals. Anorthosite is a rock type consisting of 

>90% plagioclase that is believed to have formed the 
upper crust of the Moon when buoyant plagioclase 
crystals accumulated at the top of a solidifying magma 
ocean [9-11]. The mineralogy and distribution of anor-
thosite on the lunar surface may therefore provide key 
constraints for questions surrounding processes of 
magma ocean crystallization, such as melt-solid segre-
gation [12] and the scale of lateral homogeneity (e.g. 
serial magmatism vs global crystallization).  

Recent observations by the the SELENE Multiband 
Imager (MI) and the Chandrayaan-1 Moon Mineralogy 
Mapper (M3) orbital near-IR spectrometers have con-
firmed the anorthositic character of the IRM by identi-
fying the diagnostic plagioclase absorption feature 
(~1250 nm) in a few isolated exposures [13, 14]. The 
presence of this absorption feature, which is caused by 
electronic transitions of trace Fe2+ in plagioclase [15-
17], requires that the mineral is in its crystalline form, 
constraining peak shock pressures experienced by the 

mineral to <25 GPa [18, 19]. Fur-
ther, the strength of the feature is 
related to the abundance of pla-
gioclase vs. mafic minerals in the 
host rock. With these new data-
sets, it is therefore possible to elu-
cidate important information re-
garding the purity of anorthosite 
in this region and aspects of the 
pressure regime during the basin-
forming process.  

Figure 1: M3 data showing pure crystalline plagioclase detections (red) overlaid on an 
LROC WAC mosaic. Numbered locations correspond to the spectra in Fig. 2. 
 

M3 data and methods: Here 
we present M3 data describing the 
spatial distribution and spectral 
character of crystalline plagioclase 
detections in Orientale’s IRM. 
These results are part of a larger 
global survey of M3 plagioclase 
identifications, details of which 
can be found in [20]. The M3 in-
strument is a hyperspectral imag-
ing spectrometer that acquired 
images of the lunar surface in 85 
wavelengths simultaneously at a 
spatial resolution of 140 m/pixel 
[21]. It therefore not only provides 
the high spectral resolution neces-
sary to characterize the plagio-
clase absorption, but also places 
this mineralogic information in 
spatial context.  
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We have developed a spectral parameter specifi-
cally to aide in the identification of crystalline plagio-
clase in M3 data: 

)201029(/)201029(1
26

0
nRcnR

n
++−∑

=

 

Here, a continuum is removed between 1030 and 1700 
nm and band depths are summed over all 27 channels 
between 1030 and 1580 nm. Using this parameter we 
located pixels within the Orientale Basin that have a 
plagioclase absorption and have verified these detec-
tions by evaluating their spectra.  

Results: Crystalline plagioclase exposures in Orien-
tale are almost exclusively confined to the IRM (Fig. 
1). They occur primarily on the crests and steepest 
slopes of massifs and in certain small (<30 km) craters. 
Non-IRM occurrences include a few massifs in the 
Outer Rook Mountains, as well as the walls of Maun-
der, Kopff, and other small craters in the basin floor. 
Crystalline plagioclase is not identified in any of the 
central peaks within the Orientale Basin, consistent 
with the interpretation that lunar anorthosite is derived 
from the upper portions of the crust [e.g. 8].  

The IRM anorthosites are remarkably pure. Nearly 
all spectra with a plagioclase absorption show the 
~1250 nm feature exclusively (Fig. 2a, b); the lack of 
mafic signatures likely constrains the abundance of 
plagioclase in these rocks to 98% or greater [13, 22]. 
However, spectra from a few isolated locations do 
show a weak pyroxene absorption in addition to the 
plagioclase feature (Fig. 2c). Comparing the shapes of 
these spectra with preliminary nonlinear mixing calcu-
lations [22] suggests that the crystalline components of 
these particular “impure anorthosite” exposures contain 
closer to only 95% plagioclase (here, ‘impure anortho-
site’ refers to spectral purity: all spectra discussed are 
likely anorthosite by definition, but those with spectral 
evidence for mafic minerals are referred to as ‘im-
pure’). 

Conclusions: Crystalline plagioclase is pervasive 
throughout Orientale’s Inner Rook Mountains, indicat-
ing that an extensive, coherent layer of anorthosite was 
sampled by the impact. Further, the IRM anorthosites 
are comprised nearly exclusively of plagioclase (likely 
>98%) that in many instances did not experience shock 
pressures >25 GPa [18, 19]. The purity, crystallinity, 
and geographic extent of these anorthosites should 
place valuable constraints for models of magma ocean 
crystallization and impact basin formation.  
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Figure 2. Representative spectra from the IRM. a) pure anor-
thosite in craters b) pure anorthosite on massifs c) anorthosite 
spectra with greater pyroxene abundance (plagioclase <98%). 
A continuum has been removed around 1030-1700 nm, and 
spectra are offset for clarity. Numbers correspond to locations 
in Fig. 1. 
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