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Abstract- Mineralogical investigation provides the opportunity to understand the origin, evolution and geological history of 
the Moon. Presently, imaging spectroscopy play a significant role in mapping minerals on the planetary surface in the 
Visible to NIR region of electromagnetic spectrum. The Moon Mineralogy Mapper (M3) onboard Chandryaan-1 provides 
unprecedented spectral data of lunar surface to study about the Moon.  In this paper, investigates the minerals on the Apollo 
basin area using M3 data. Spectral profiles were collected from different locations of the basin area. Three different 
categories of minerals i.e. Olivine, Low-Ca pyroxene (LCP) and mafic poor lithology were identified in this area. Results 
indicate that LCP and Olivine minerals probably could have excavated from the lower crust during Apollo basin forming 
event. The presence of mafic poor lithology indicates the magma ocean crystallization products that probably mixed with 
lower crustal materials. 
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I. INTRODUCTION 
 

Lunar crustal evolution is broadly understood 
through magma ocean model, where the Moon's 
primitive crust formed during the flotation of 
anorthite-rich plagioclase in a global fractionation 
event (e.g, Wood et al., 1970; Warren, 1985;). In 
addition, magnesian-suite rocks and mare basalts are 
believed to have formed through subsequent serial 
magmatism. Therefore, understanding the mineral 
distributions on the lunar surface provides clue to 
know the origin, crustal evolution, geological history 
and stratigraphy of the Moon. At the present time, 
imaging spectroscopy provides finest information 
about the planetary surface to discriminate various 
minerals across the spectrum. The Moon Mineralogy 
Mapper (M3) onboard Chandryaan-1 provides 
unprecedented spectral data from lunar surface to 
study about the Moon. In this paper, the mineral in 
the part of Apollo basin was investigated using M3 
data.    
A.  Mineral mapping through imaging 
spectroscopy 

Moon minerals are distinguished in visible to 
near-infrared reflectance spectra by analytical 
absorption bands due to transitions of electrons in a 
crystal field (eg., Burns et al., 1993). The spectral 
absorption shape, strength, and wavelength position 
are controlled by the mineral’s composition and 
crystal arrangement (eg., Kramer et al., 2010). Theses 
spectral (spectra) characteristics are very much useful 
for identifying various minerals. Many literatures are 
provides insight into detection of minerals on the 
lunar surface based on specific spectral absorption 
characteristics (eg. Anbazhagan and Arivazhagan, 
2010; Klima et al., 2011; Adams, 1974). The major  

 
minerals such as Olivine, pyroxene and plagioclase 
can be identified based on absorption characteristic 
near 1000 nm, 2000 nm and 1250 nm wavelength 
regions (eg., Isaacson, et al., 2011; Klima, et al., 
2008;  Klima, et al., 2010; Anbazhagan and 
Arivazhagan, 2010; Sivakumar and Neelakantan, 
2014). 

 
II. REGIONAL SETTING 
 

Apollo basin is located in the Moon’s South 
Pole-Aitken (SPA) basin (Fig.1). The Basin is a large, 
double-ringed impact crater on the far side, at 
Latitude: -36 and Longitude: -152. Apollo basin is a 
best example of a concentric, double-ring impact 
structure, transitional in size between smaller simple 
bowl-shaped and complex central peak or peak-ring 
craters and larger impact basins like Orientale (eg. 
Wilhelms et al., 1979). The Apollo basin formed 
during early Imbrian period i.e ~3.85 Ga (Craddock 
and Howard, 2000). Apollo basin was formed after 
SPA main event and lies in the north eastern 
periphery. This area is selected mainly because it may 
reflect the Moon lower crustal materials (eg. Olivine, 
pyroxene, mafic materials, etc). 

 
Fig. 1. Red color rectangle box shows the study area location 
and M3 data coverage for the part of Apollo basin on google 

Moon mosaic. 
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III. MATERIALS AND METHODS 
 

M3 data was used for identifying minerals in the 
part of Apollo basin. M3 sensor was a guest 
instrument from NASA, which was on the 
Chandrayaan-1, the Indian Space Research 
Organization’s (ISRO) first mission to the Moon 
(Goswami and Annadurai, 2009). M3 sensor records 
the reflected radiance from the Moon’s surface in 
pushbroom mode between 0.46 and 2.97 µm in 85 
contiguous spectral bands, between 20 – 40 nm 
spectral sampling and  140 m pixel /spatial resolution 
across the 40 km field of view (Pieters et al. 2009). 
Photometrically calibrated and pixel-located 
reflectance Image (Level2) was downloaded from 
http://ode.rsl.wustl.edu/moon/. Optical period-2 
coverage was used for identifying minerals. 

ENVI image processing software was used for 
collecting, modeling and analyzing mineral spectra. 
M3 data was clipped for analysis of inner basin 
region. Different part of the study area, spectral 
reflectance profiles was collected (average of 3 
pixels). Collected spectra’s were modeled and 
continuum was removed for all reflectance spectra for 
better understanding of absorption parameters. 
Automatic straight-line approximations continuum-
removal method was used for removing background 
continuum (eg., Clark et al., 1987). 
 

 
Fig. 2. Spectral sample locations are shown on M3. 

 
IV. RESULTS 
 

Fig.3 shows the continuum removed reflectance 
spectra of Olivine (S4_OLN), LCP (S8_LCP & 
S10_LCP) and mafic poor (S7_SPNL) minerals. 
Reflectance spectral sampling locations are shown in 
the Fig. 2. Olivine rich sample-S4_OLN area located 
in the middle of the basin. Olivine rich spectra shows 
strong absorption band near 1000 nm and there is no 
significant absorption near 2000 nm (eg., Isaacson, et 
al., 2011). Sample-S8_LCP & S10_LCP shows 
diagnostic absorption bands near 1000 nm and 2000 
nm wavelength regions due to Fe2+ transition in the 
M1 and M2 crystallographic sites (eg., Adams, 1974). 
Theses specific absorption indicates the presences of 

LCP on surface. The LCP dominant rocks are found 
on the outer ring of the basin. Sample-S7_SPNL 
shows weaker absorption near 1000 nm and strong 
absorption near 2000 nm, this indicates the mafic 
poor lithology probably present on the surface. 

 
Fig. 3. Continuum removed reflectance spectra. Sample 

locations are shown on the Fig. 2. Olivine (S4_OLN), LCP 
(S8_LCP & S10_LCP) and mafic poor mineral (S7_SPNL). 

 
CONCLUSION 
 

Spectrally dominate LCP and Olivine minerals 
have been identified using M3 data. LCP mineral 
provides diagnostic absorption band near 1000 nm 
and 2000 nm due to Fe+ electron transitions in the 
crystal field. Olivine mineral was identified based on 
1000 nm absorption spectra. Mafic poor lithology is 
identified based on week absorption band near 1000 
nm and strong absorption band near 2000 nm 
wavelength. The presence of LCP and Olivine 
minerals in this region, probably the materials could 
have extracted from the lower crust during Apollo 
basin forming event. The presence of mafic poor 
lithology indicates the magma ocean crystallization 
products probably mixed with lower crustal materials. 
Further scope of the study would be analyzing 
different optical period’s data and mapping through 
integrated band depth analysis to enhance the results.  
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