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Introduction: The planetary missions have ush-

ered in a new era of detailed analysis of the planetary 

bodies and the formation of the solar system in a more 

efficient way with the help of the various datasets ob-

tained from them. The hyperspectral datasets obtained 

from these missions has helped in identifying the vari-

ous minerals and their association in the planetary bod-

ies with the help of their characteristic spectral proper-

ties. The association of the minerals is significant be-

cause it helps to narrate the story of the formation and 

evolution process of its area of occurrence. The most 

common minerals found in the lunar crust are silicates 

and oxides represented mainly by olivine, pyroxene, 

plagioclase feldspar, ilmenite and spinel. Among them, 

the oxide spinels are components of the lower 

crust/mantle that represent the early crystallizing oxide 

phase of magma. However, it shows a widespread dis-

tribution on the surface and is thus important for un-

derstanding the geological evolution of the Moon. 

 Spinels from the Moon were reported from the 

Apollo sample return missions associated with various 

lithology including plutonic and volcanic. All these 

were reported to be rich in Fe-, Cr- and Ti- content and 

are  associated with the mafic minerals [1][2]. But for 

the first time  a unique variety of spinel, pink spinel 

anorthosite (PSA) without  or < 5 % mafics were de-

tected by remote sensing from Mare Moscoviense in 

the farside [3]. Currently, spinels are identified abun-

dantly both on the farside and nearside and were divid-

ed into five broad categories and all of them are either 

suggested to have a deep-seated origin [4] or are sug-

gested to be a product of the Mg-suite plutonism and 

assimilation between the magma having a high content 

of Mg with the anorthositic crust [5]. The present is 

undertaken to analyze/spectrally characterize in detail 

spinel-bearing exposures alongwith the associated 

minerals to find out the possible mechanisms that are 

responsible for the distribution of the spinel on the 

lunar crust.  

Data and Methods: Hyperspectral data from 

Moon Mineralogy Mapper (M3) onboard ISRO’s 

Chandrayaan-1 is used for carrying out the mineralogi-

cal analysis. The Level-3 photometrically corrected 

reflectance data have been used.  M3 is a push-broom 

imaging spectrometer developed by the NASA. It op-

erated from November 2008 to August 2009 in differ-

ent optical periods, covers a spectral range from 

0.45µm to 3.00µm, and contains 85 spectral bands. It 

has spatial resolution of 140m/px from 100km orbit 

and 280m/pixel when the orbit was raised to 

200km[6][7]. In addition to the M3, data from Imaging 

Infrared Spectrometer (IIRS) are also used for spinal 

identification. IIRS is an imaging hyperspectral in-

strument onboard ISRO’s Chandrayaan-2. The IIRS 

sensor has contiguous spectral bands from 0.8µm- 

5µm with 250 spectral bands. The swath is 20km from 

an altitude of 100 km [8][9]. All the spinel occurrences 

(already identified and those showing signatures of the 

spinel while conducting the present study) are identi-

fied from the spectral profiles after preprocessing and 

generating band ratio and band composite images. Ac-

quiring the representative spectra for spinels and asso-

ciated lithologies is done once the areas are identified.  

However, the hyperspectral data is good for com-

positional analysis of the minerals but it is restricted to 

acquire the information related to the morphology of 

the spinel-bearing areas. Thus, for high-resolution 

morphological observations and mapping data for the 

selected areas will be analyzed using ISRO’s Chan-

drayaan-1-Terrain Mapping Camera (TMC-1) with a 

swath of 20 km and resolution of 5 m for three-

dimensional image of the lunar surface [7][10]. The 

panchromatic images of Wide-Angle Camera (WAC) 

and Narrow Angle Camera (NAC) from NASA’s Lu-

nar Reconnaissance Orbiter (LRO) mission with reso-

lution of 100m/px and a swath of 60 km. and 0.5m/px, 

and a swath of 5km  respectively in addition to Selene- 

Terrain Camera (TC) (10m/px) can also be utilized for 

morphological observations [11]. For topographical 

analysis, the LRO LOLA Digital Elevation Model 

Coregistered with Selene Data (SLDEM) having an 

effective resolution of ~60 m at the equator having a 

vertical accuracy of ~3-4 m; covering ±60⁰ in latitude 

and 360⁰ in longitude with a resolution of 

128pixels/degree and 256 pixels/degree [12] will be 

used.  

 Results and Discussions: The spectra acquired from 

all the fifty-six spinel bearing locations (Fig. 1) were 

analyzed and characterized based on their characteris-

tic absorption features in Visible and Near Infra-red 

(VNIR) region. The absorption dips of the spectral 

reflectance curve are sensitive to the chemistry of the 

minerals and occur due to electronic and vibrational 

transition in the minerals [13]. The reflectance spectra 

of the spinel group of minerals depend on the major 

cation present and the sites occupied by them in the 

crystal structure. For Mg-Fe-rich aluminous spinel,  
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Figure 1: Location of reported (star) and newly found 

(square boxes) spinel bearing exposures indicated on 

GRAIL crustal thickness map of the Moon.       

 

Figure 2: Representative normal and their respective 

continuum removed spectra extracted from the different 

tectonic settings 

there is always an absorption short-ward of 2.1μm and 

for chromite, the absorption is always longward of 

2.1μm [14].  Olivine shows three composite absorption 

dip at ~ 1µm due to crystal field transition of the Fe2+ 

ion in the M1 and M2 crystallographic sites [15]. The 

absorption dip of plagioclase at ~ 1.25 µm is due the 

presence minor Fe2+ in its crystal structure. The ab-

sorption feature of pyroxenes at ~1 µm and ~ 2 µm is 

due to the crystal field transition of Fe2+ in the M2 

crystallographic site [16]. All the analyzed spectra 

from the fifty six locations alongwith their associated 

mineralogy are classified and analyzed on the basis of 

their age, tectonic setting, band strength, band centre. 

Figure 2 presented here shows the representative spec-

tra from various tectonic associations.  

Conclusions and Future Work: The association 

of the minerals in different tectonic settings suggests 

that all the deposits of the spinels may have different 

formation mechanism associated with their different 

tectonic settings and nature of association.  Thus, a 

detailed morphological study of these exposures is 

under progress to understand the formation mecha-

nisms of the spinels associated with impact generated 

features and volcanic activity (possibly different even 

for both silicic and basaltic). This can provide signifi-

cant insight for crustal evolution of the Moon with 

time. 
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