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Introduction and objectives: Materials excavated 

and deposited during crater formation give information 

on the composition of deep-seated materials. However 

understanding the nature and the origin of the excavat-

ed materials is not easy because large volumes of the 

target have been melted throughout cratering process. 

During this process, melting occurs at different degrees 

and significant lithic fragments can be entrained by the 

impact melts.  Due to scaling effects the proportion of 

clasts in the impact melt is expected to be higher on the 

Moon than on the Earth [1]. As impact melts cool at 

different rates, a range of textures from glassy (“pure 

melt”) to coarse-grained crystalline (recrystallized 

melt) is likely to be seen within and around the crater. 

 In fact, lunar impact melt spectra can show a com-

plex behavior, being a function of both the starting 

material and the conditions of the impact, including the 

magnitude of the event and the cooling history of the 

resulting material. It is therefore important to deter-

mine the distribution and the degree of melting of the 

materials in a crater in order to understand both the 

nature of the target and the cratering processes.  

We consider here the case of Aristarchus crater 

which has been reasonably documented from earlier 

spectral studies, e.g. [2,3,4,5]. As a first step, we detect 

here both the coexistence of a prominent diverse mafic 

mineralogy with well-developed absorption features 

and the presence of surface patches across the crater 

with almost featureless signatures. 

Region of study and earlier work: The Aristar-

chus crater is a young impact crater (175 Ma [5]) of 42 

km in diameter. This crater shows various morpholo-

gies and fresh materials, with exposed rocks (boulders) 

in its walls and rim [5]. Deep-seated materials excavat-

ed (from a depth of 3 to 4 km [4]) give locally access 

to the composition of the regional crust [3,4] which is 

not well exposed in this portion of the Moon (PKT). At 

the same time, the freshness of the morphological units 

and materials for the well-preserved Aristarchus crater 

are important factors to better understand impact cra-

tering processes, by linking morphologic features and 

composition. 

Previous studies based on the Clementine data 

(e.g.,[3]) showed that the Aristarchus crater formed in 

a complex target (straddling the edge of a Plateau), 

having excavated, melted and mixed deep-seated crus-

tal (or pluton), and Imbrium ejecta materials. This, and 

the resulting effects of the impact on the target materi-

als (degree of melting and recrystallization) lead to 

difficulties in interpreting remote sensing spectra.  

Results: M3 data from Chandrayaan-1 are consid-

ered [6]. The present study has been made on a subset 

of the hyperspectral M3G20090418T132620_V01 

image (140m/pixel; 540-3000nm) (Figures 1, 2).  

A first assessment aims at exploring the spectral varia-

bility by means of an integrated band depth area pa-

rameter for the absorptions bands at 1000 and 2000 nm 

(Fig. 1) calculated under an overall continuum; this 

continuum is modeled by a polynomial of degree 2 [7]. 

Both prominent mafic absorption features are found 

(see spectra A and PX as examples) and almost fea-

tureless spectra (see dark blue spectra) (Fig. 1a & 1b). 

Clearly, mineral diversity does exist and the em-

phasis is put here on the systematic detection of oli-

vine-bearing materials. Indeed, olivine has been found 

in previous studies in the southeastern part of the crater 

ejecta (e.g. [2,3,4,8]. 

Spectra for each pixel of the image have been fitted 

using Modified Gaussian Model (MGM) [7, 9] based 

on model parameters (position, strength, and width of 

absorption bands) established for laboratory spectra of 

terrestrial pyroxenes and olivines and their combina-

tions [9,10,11]. Pixels with olivine-bearing materials 

identified through the MGM model are shown in red in 

figure 2. These red units form a radial pattern, and are 

associated with low albedo impact melt in the ejecta on 

the walls and outside the crater, in its southeast quad-

rangle. A selection of spectra for these units (Figs. 2a, 

2b) shows that olivine is the dominant component, as-

sociated with at least another phase as revealed by the 

associated 2150-2250 nm spectral feature. The large 

area noted A in figure 2, morphologically and spectral-

ly homogeneous, is the richest one in olivine, or the 

less contaminated by another component since the band 

towards 2000 nm is the weaker (figure 2.b). The spec-

tral characteristics and hence the nature of this addi-

tional component, either a pyroxene or a Fe-bearing 

glass, is not presently modeled by the MGM. We note 

that the spatial location of this spectrum (white cross in 

figure 2) is the same as for the olivine-rich endmember 

taken in a previous study using Clementine data [3]. 

The spectra of the areas noted B and C on the one 

hand, and D and E on the other hand (Fig. 2), respec-

tively show a less and a comparable or more pro-

nounced band at 1000 nm than for area A (see figure 

2.b). Differences also appear in the depth of the 2000 

nm band. Area F is located on the floor close to the 

central peak; MGM modeling clearly shows the pres-
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ence of both olivine and clinopyroxene. This latter 

component might also be associated to olivine in the 

areas cited above. 

We then combine our spectral outputs with mor-

phological data at high resolution (metric) provided by 

Lunar Reconnaissance Orbiter (LRO) [12]. This mor-

phological information at the metric scale is quite use-

ful for the interpretation in terms of degree of melting 

of the target materials and their distribution. Area E 

corresponds to a patch of impact melt lying on the ter-

raced wall, and displaying numerous blocks on its sur-

face (Figure 2.c). From morphological evidences the 

spectral signature of the olivine might predominantly 

result from the presence of significant lithic fragments 

embedded in the melt and/or the presence of blocks on 

the surface. However, as the olivine is associated with 

impact melt, impact processes must have played a sig-

nificant role and a glassy component might be present 

in the spectral signature. While still difficult to inter-

pret compositionally, the olivine-rich units of Aristar-

chus are important to understand, as they may represent 

a different geologic context for the olivine than for the 

Copernicus or other lunar craters as mentioned earlier 

by [13]. 

Conclusions: Preliminary results from the present 

study show that very prominent mineralogical signa-

tures are identified across the crater; however no pure 

mineralogical composition is found at the M3 scale of 

investigation within Aristarchus crater and its immedi-

ate surroundings, i.e. the continuous ejecta (Figure 2). 

A large variety of complex lithologies involving a 

range of melt products and mixtures are likely to form 

the target. A more thorough and systematic characteri-

zation is underway to better assess the contribution of 

impact processes in the target mineralogy and litholo-

gy. 
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Figure 2. Left: M3 image of the crater Aristarchus crater (42 km 

in diameter). Red areas are rich olivine-bearing materials identi-

fied using the MGM model (see text). Right: Reflectance (a) and 

continuum removed (b) spectra of the areas shown at left; (c) 

LRO image (ARISTARCLOA_ E237N3125_5M) at decametric 

resolution of area E. 

Figure 1. Right: Integrated surface band depth parameter for the 

absorptions bands at 1000 and 2000 nm under a polynomial 

continuum of degree 2. Dark Blue: low values. Purple: high 

values. Left: Examples of selected spectra: A (olivine-rich com-

ponent) and PX correspond to the areas A (see also fig. 2) and 

PX in the purple units. Almost featureless dark blue spectra are 

distributed in patches across the floor, wall and ejecta (b is con-

tinuum removed). 
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