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Introduction:  The compositional structure of the 

lunar crust is one of the most important and accessible 
clues to the history of the Moon’s thermal and chemical 
evolution. The variety of new lunar remote sensing 
datasets offers the opportunity to investigate the global 
composition of the lunar crust in unprecedented detail. 
The Moon Mineralogy Mapper (M3) dataset collected 
high spectral and spatial resolution visible to near-
infrared (VNIR) reflectance spectra in an imaging mode 
[1]. These combined capabilities make the M3 dataset 
ideal for evaluating global surface mineralogy, as the 
dataset enables investigations of mineralogy with the 
critical additional element of spatial (and thus geologi-
cal) context, a capability not provided by spectral pro-
filing instruments that acquire only a single spectrum 
with each acquisition. 

Crater central peaks are ideal for compositional 
study of the lunar crust for several reasons. First, they 
expose material from depths generally correlated with 
their size [2, 3]. Second, their rugged topography gen-
erally inhibits the development of a thick regolith layer, 
making their surfaces appear relatively optically imma-
ture, preserving diagnostic spectral absorption features 
[4-6]. Many previous studies have used central peaks to 
analyze the composition of the lunar crust [e.g., 7, 8]; 
we build on these studies by leveraging the additional 
spatial and spectral capabilities of the M3 dataset. Here, 
we illustrate the scope of the project to survey lunar 
crater central peaks, and present preliminary results for 
one lunar crater and its surroundings. 

Data and Methods:  Candidate craters were identi-
fied from the lists of craters analyzed by previous stud-
ies [7, 8] and from the planetary nomenclature database 
maintained by the USGS [9, 10]. Mosaics of M3 data 
were created through the use of the lunar coordinate 
information provided with the “backplanes” (“OBS” 
files) of the M3 data products. A mosaic was created for 
each crater, and was sized according to the crater radius 
plus a buffer to ensure full coverage. Data available to 
produce these mosaics were in the “K” calibration ver-
sion of M3 radiance data [11]. Data from the second M3 
optical period often exhibited substantial errors in spa-
tial registration due to spacecraft operational issues. 
Newer calibrations will reduce these errors substan-
tially, as discussed in detail by Boardman et al. [12]. A 
map of the regions used to define the mosaics is pre-
sented in Fig. 1. 

The Level 1b radiance data were converted to ap-
parent reflectance through correction for the solar flux. 
Initial spectral analysis focused on the 1 µm region, 

where preliminary mineralogical assessments can be 
made with minimal complications. For each apparent 
reflectance spectrum, a continuum was fit over the 1 
µm feature (from 730 to 1580 nm), and the continuum 
slope removed. A median window filter was applied to 
perform minor spectral smoothing. For each spectrum, 
the band minimum wavelength was identified. At that 
minimum, the depth of the absorption feature was esti-
mated, and the width of the absorption feature was as-
sessed at the half maximum band depth. This process is 
illustrated in Fig. 2. These parameters were mapped 
spatially and used to assist in making interpretations 
about mineralogy. Because this process is performed on 
image cube mosaics including the crater and its imme-

Fig. 1: Map of M3 image cube mosaics created for this study on 
Clementine UVVIS ULCN2005 [10] basemap image.  Bolyai 
L, for which results are presented, is indicated by a red star. 
 

Fig. 2: Method for band minimum and associated parameter 
calculation.  The indicated continuum slope has been removed 
from this spectrum.  Band depth and FWHM are calculated at 
the band minimum wavelength. 
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diate surroundings, our analyses include the crater 
floor, walls, rim, and often continuous ejecta deposits in 
addition to the central peak, enabling evaluations of the 
local geology of a crater rather than just a general, av-
erage classification of the central peak itself. 

Initial Results, Bolyai L Example:  Results are 
presented here for a single M3 image cube mosaic, for 
the crater Bolyai L, located between Mare Australe and 
the South Pole-Aitken (SPA) basin (Fig. 1). Maps of 
band minimum, depth, and FWHM are presented in 
Fig. 3. Bolyai L is a relatively degraded crater, and its 
central peak is comparatively optically mature, as it 
does not exhibit substantial differences from the mate-
rials surrounding the crater in the parameter maps of 
Fig. 3. However, this demonstrates the strength of our 
regional analysis approach; our approach enables us to 
analyze the geology of the entire crater and its sur-
roundings, rather than restricting us to analyses only of 
the central peak. The band minimum map (Fig. 3a) is 
largely dominated by striping (“noise”), although the 
mare basalt fill in the lower middle portion of the image 
does exhibit longer-wavelength band minima due to the 
generally gabbroic (high-Ca pyroxene-rich) composi-
tions typical of mare basalts. The mare fill shows a 
clear signature in the band depth map (Fig. 3b), as the 
mare exhibits relatively strong absorption features due 
to its pyroxene-rich composition. The band width map 
(Fig. 3c) also shows strong signatures in the basalt fill, 
although the small point indicated by the black arrow 
shows a local “high FWHM” anomaly as well. In com-
paring spectra from the two indicated locations (red and 
black), the potential of our approach is demonstrated. 
The local FWHM “hotspot”, labeled in black, also seen 

as a local anomaly in the band depth and, to a lesser 
extent, the band minimum map, shows clear evidence 
for a broad, long-wavelength absorption feature consis-
tent with olivine. The small mafic anomaly labeled in 
red, which does not exhibit a FWHM anomaly, is a 
more typical low-Ca pyroxene. 

Status and Future Work:  The analysis approach 
discussed above is currently being applied to the full set 
of mosaics illustrated in Fig. 1, which also illustrates 
the scope of the project. This approach provides results 
that enable mineralogical interpretations, as demon-
strated above. However, the band minimum-finding 
procedure is sensitive to spectral noise or artifacts, as it 
is based on single M3 channels. Subsequent analytical 
approaches may involve fits to the continuum-removed 
spectra. This would reduce the noise sensitivity and 
increase the spectral resolution of the located absorp-
tion minimum. However, the above discussion demon-
strates the potential of the data and method to provide 
new insight into the composition of lunar crater central 
peaks and thus of the compositional structure of the 
lunar crust. 
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Fig. 3:  Example 
parameter maps for 
Bolyai L mosaic.  
The procedure de-
scribed in Fig. 2 has 
been applied to each 
spectrum in this 
mosaic.  (a) Band 
minimum wave-
length (b) Band 
depth (c) FWHM (d) 
Example spectra , 
locations highlighted 
by red and black 
arrows.  Note the 
broad, long-
wavelength absorp-
tion feature in the 
black spectrum as 
highlighted by the 
band parameter 
maps.  Purples and 
blues represent 
“low” parameter 
values, and or-
ange/reds indicate 
high values. 
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