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Introduction: Peak-ring basins (large impact craters 
exhibiting a single interior ring) are important to under-
standing the processes controlling the morphological 
transition from craters to large basins on planetary bod-
ies [1,2]. Specifically, an understanding of the composi-
tion of rocks ejected and uplifted to form the basin and 
central uplifts can help to constrain the stratigraphic 
origin and process of peak-ring formation [3]. 

We use hyperspectral data from the Moon Mineral-
ogy Mapper (M3) to conduct initial surveys of the miner-
alogies of peak-ring basins and protobasins (central peak 
+ peak ring) on the Moon. Some studies of select lunar 
multi-ring basins and peak-ring basins using M3 data 
have been reported [4-7]. Here, we are focused on the 
mineralogy of peak-ring basins and other transitional 
craters [1], with the goal of understanding the transition 
from complex craters to peak-ring basins on the Moon. 

Methods: Mineralogic surveys were conducted us-
ing M3 level 2 reflectance data. Our initial analysis fo-
cused on two peak-ring basins, Korolev and Mendeleev, 
and the protobasin, Compton. These basins were chosen 
because they occur outside of South Pole-Aitken basin, 
are less modified than other basins of similar size, and 
have well exposed peak rings. For each basin, we con-
structed mosaics of a subset of M3 image strips covering 
their interiors and portions of their continuous ejecta. We 
used data from optical periods (OP) having the maxi-
mum coverage across each basin: OP2C2 for Korolev, 
OP2C1 for Mendeleev, and OP2C1 for Compton. To aid 
in the identification of minerals, we used three spectral 
parameters. The integrated band depths at 1.0 μm and 
2.0 μm [Jeff Nettles and the M3 team, e.g.,8] were used 
to highlight ferrous absorptions. The integrated band 
depth at 1.25 μm [4,5] was used to highlight Fe-bearing 
plagioclase. The detection of these absorptions implies 
that the material has not been shocked to pressures great 
enough to disrupt the crystal structure. Gridlines at 12.5 
km spacing were overlain on the mosaics, and the loca-
tions and spectra of unique mineralogies were collected 
as 3 by 3 pixel averages within each grid cell. 
 Spectral classification: Work by [5,9] has shown 
that for intimate mixtures of crystalline plagioclase and 
orthopyroxene, ~>94% plagioclase is needed to produce 
a recognizable 1.25 μm plagioclase absorption in the 
bulk spectrum. Following a detailed analysis of the Ori-
entale basin by [4,6], we classify spectra into three major 
types (Fig. 1). Class A spectra have only a 1.25 μm pla-
gioclase absorption and are inferred to have >~98% crys-
talline plagioclase [4-6,9]. Class B spectra have both a 
1.25 μm plagioclase absorption and ~1.0 μm and ~2.0 
μm low-Ca pyroxene absorptions [8], corresponding to 
~95-98% crystalline plagioclase. Class C spectra do not 

have recognizable plagioclase absorptions and are domi-
nated by absorptions due to low-Ca pyroxene. This spec-
tral class corresponds to <~95% plagioclase and can 
include many lithologies from anorthosites to noritic 
anorthosites and norites, which cannot be easily distin-
guished without more detailed spectral analyses.  
 Ejecta composition: Ejecta occurs as a continuous 
deposit exterior to the rim crest and also in the collapsed 
wall terraces of the basins. Class C spectra dominate the 
continuous ejecta of Korolev, Mendeleev, and Compton, 
although there are localized exposures of Class B mate-
rials (Fig. 2). The basin wall, which consists of both 
ejecta and slumped target material, is also dominated by 
Class C spectra with localized exposures of Class B an-
orthosites (Fig. 2). 
 Peak-ring composition: In Korolev and Mendele-
ev, the peak rings are more anorthositic than the ejecta 
deposits, with exposures of all three spectral classes (Fig. 
2). Many of these exposures are from small, fresh im-
pacts into the peak rings. Some fresh craters exhibit fea-
tureless spectra or spectra with only weak pyroxene ab-
sorptions, which indicate low mafic abundance, but may 
be indicative of shocked and/or weathered material. Un-
derstanding the distribution of shocked versus unshocked 
lithologies should be a focus of future research. 
 While we did not detect any Class A spectra in 
Compton, there are a number of occurrences of Class B 
spectra in the peak ring, with at least an equal number of 
Class C exposures (Fig. 2). The central peak is dominat-
ed by Class C spectra, with a limited area showing high-
ly anorthositic materials. 
 Floor composition: The floors of Korolev and 
Mendeleev, which do not have mare infill, are dominated 
by Class C spectra. Several large craters show large ex-
posures of Class A and B spectra (Fig. 2). Compton’s 
floor is also dominated by strong pyroxene absorptions.  
 Implications for basin sampling depths: The tran-
sient cavity may be divided into an upper excavated zone 
and a lower displaced zone [10]. The maximum depth of 
excavation occurs toward the center of the transient cavi-
ty and is commonly estimated to be about 1/10 the tran-
sient cavity diameter [10]. The excavation cavity is ap-
proximately parabolic in profile, such that the depth of 
excavation decreases away from the basin center. The 
central portions of the transient cavity are melted during 
crater formation; the melt zone is ~30% the diameter of 
the transient cavity, with maximum depths near or ex-
ceeding the transient cavity depth [3,11]. 
 Assuming the transient cavity scaling relationship of 
[12], we calculate maximum excavation depths of 25 
km, 20 km, and 11 km for Korolev, Mendeleev, and 
Compton. The estimated crustal thickness surrounding 
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these basins from [13] are ~55 km, ~45 km, and ~30 km, 
respectively. Hence, all three basins are excavating the 
upper half of crustal material. However, the depth of 
melting is much greater, possibly reaching below the 
crust and into the mantle [3].   
 Where, in the context of the geometry of the transi-
ent cavity, do central structures originate? If the crust is 
stratified equally into an upper anorthositic and lower 
noritic crust, the presence of large exposures of anortho-
site in the peak rings suggests a substantial upper crustal 
component. This constrains peak-ring material to be de-
rived from crust near the boundary of the excavation 
cavity between the edge of the melt zone and transient 
cavity rim. Compton’s central peak should be sampling 
from near the crust-mantle boundary if the maximum 
depth of melting (~36 km for Compton) can be used to 
constrain central peak sampling depth [3]. The central 
peak is dominated by Class C spectra, consistent with a 
lower crustal origin. No olivine was detected, implying 
that deeper crustal layers were not exposed.  
 Excavation streamline geometries and velocities 
predict that the shallowest crust be ejected and emplaced 
near the rim of transient cavity [10]. The dominance of 
Class C spectra in the ejecta and walls of the basins 
therefore supports the presence of a near-surface noritic 
layer (possibly SPA ejecta), as suggested by [14]. 
 Due to the large depths of melting, the impact melt 
sheet should be composed largely of lower crust with 
possibly a small mantle fraction [15]. The dominance of 
Class C materials exposed by fresh craters on the floor of 
the basins is consistent with this prediction. However, 
some fresh craters on the floors of Korolev and Mende-
leev have also exposed anorthosites. These examples 
could represent a) exposed target material from below 
the melt sheet, or possibly b) exposed layers of a differ-
entiated melt sheet, if sufficiently thick [15].    

In summary, peak-ring materials for the basins ex-
amined here are interpreted to be exposing upper crustal 
material. The origin of peak rings is thus constrained to 

be near the boundary of the excavation cavity, between 
the central melt zone and transient cavity rim.  Extension 
of these types of observations to other peak-ring basins 
are planned, which may help to elucidate our under-
standing of the sampling depths of basin materials and 
aid in our understanding of the process of peak-ring for-
mation on the Moon and other planetary bodies. 
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Fig. 2. Distribution of major spectral classes (Fig. 1) in the peak-ring basins, Korolev (417 km, 4.44°S, 157.47°W) and Men-
deleev (331 km, 5.44°N, 141.14°E) and the protobasin, Compton (166 km, 55.92°N, 103.96°E). Black lines outline the rim 
crests, floors, and peak-rings/central peak. Base images are mosaics of M3 image strips at the 2936 nm wavelength.  

Fig. 1. M3 spectra of major spectral classes observed. Class 
A: >~98% plagioclase; Class B: ~95-98% plagioclase; Class 
C: <~95% plagioclase. Classes follow work by [4 and 6].   
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