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Introduction:  Mare Nubium is a Pre-Nectarian basin 

(~4.5 by to ~3.9 by) and represents one of the most 

ancient circular basin located at 21.3° S to 16.6° W 

towards the near side of the Moon. It is having diame-

ter of about 750 km [1] and surrounded by Mare Hu-

morum and Mare Cognitum basin towards its eastern 

and northern boundaries, respectively. This basin pos-

sesses vast morphological and structural diversity that 

includes mafic as well as silicic volcanic units, recent 

mare patches (Irregular Mare Patches, IMP), faults 

(Rupes Recta), rilles, wrinkle ridges and complex cra-

ters. The present work is an attempt to explore and 

understand the geology of Mare Nubium basin of the 

Moon. It has been carried out by analyzing the surface 

composition and mineralogy of various basaltic units 

and other morphological features of the basin in a spa-

tial context using very high-resolution data mainly 

from ISRO’s Chandrayaan-1 mission. Detail composi-

tional mapping of the basin have been carried out by 

investigating the pyroxene variability with hyperspec-

tral Imaging sensors, HySI and M3. It has been further 

analyzed for its various morphological and structural 

features along with their spatial distribution and strati-

graphic relationships. The results have been interpreted 

to understand the source, nature and extent of pyroxene 

variability within the various basaltic units and deter-

mine their age, delineate various other lithounits in 

order to understand the possible underlying petrologi-

cal implications related with the formation and evolu-

tion of the basin. 

Data and Methodology: 

Datasets from Hyperspectral Imager (HySI) and Moon 

Mineralogy Mapper (M3) from Indian Space Research 

Organization (ISRO) Chandrayaan-1 (Ch-1) Mission, 

has been used for mineralogical characterization of the 

study area as they provides high-resolution data in 

terms of different spectral as well as spatial range. 

HySI works in spectral range of 421-964 nm with 64 

continuous spectral bands with a spatial resolution of 

80 m from 100 km altitude [2] while M3 works in the 

spectral range of ~450-3000-nm having a spatial reso-

lution of ~140-280 m in two different modes [3]. 

ISRO’s Ch-1 Terrain Mapping Camera (TMC) 

(5m/pixel) [2] and JAXA’s Kaguya-SELENE Terrain 

Camera  (TC) (10m/pixel) [4] data were used for the 

crater counting by CFSD method to determine the age 

of the studied basin. Besides, for morphological obser-

vations high-resolution TMC have been used alongwith  

NASA’s Lunar Reconnaissance Orbiter Camera  

(LROC) Narrow Angle Camera (NAC) [5] wherever 

required.  

Results and Discussions: 

Mare Nubium is characterized by emplacement of vast 

expanses of various mare units that have been mapped 

by earlier remote observations [1,6,7]. In the present 

study mineralogy of these basaltic units were analyzed 

using HySI and M3 data. Various lithounits were delin-

eated and their spectra have been analyzed using vari-

ous spectral parameters given by [8] from the available 

HySI strips for the region. The mosaic generated using 

M3 was used to redefine the mare units based on 

reflectance and crater density. M3 data was also used 

for generating colour composite images by assigning 

colours to bands of interest or integrated band depth 

[9] for mineralogical characterization. The lithological 

heterogeneity reflected by these images as manifested 

in the form of colour variations was further analyzed 

by acquiring spectra from fresh craters present within 

the lithounits. These spectra were analyzed to charac-

terize the individual mafic mineral constituents based 

on their diagnostic absorption features [10,11,12] and 

band parameter analysis to obtain the compositional 

variability of basalts at Mare Nubium. The technique 

of crater size-frequency distribution (CSFD) measure-

ments based on the [13] lunar chronology and produc-

tion functions was utilized for determination of the age 

of the various basaltic units and other volcanic features 

present within Mare Nubium basin. The craters were 

identified using both TMC and TC data and  compared 

with earlier obtained results [7]. The various morpho-

logical and structural features present within the basin 

were analyzed using TMC data along with NAC strips. 

A detailed geological map have been prepared based 

on morphological observations and identification and 

analysis of structural features.  Some of the results are 

presented in form of figures 1-5. 

 

 

 

 
Figure 1: Ch-1 

M3 Mosaic of 

Mare Nubium 

basin, Moon 

overlain by band 

ratio images of 

HySI strips. 
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Figure 2: Redefined basaltic unit of Mare Nubium on the 

basis of visual observation in RGB image of its M3 mosaic. 

 Figure 3: The vari-

ous geological features as observed using TMC data A: Kies 

crater present towards SE of Bulliadus crater, here spinel 

were detected from M3. B: Silicic volcanic construct, Wolf 

crater present at the center of Mare Nubium basin. C: Crater 

present within basaltic unit 16, here olivine was detected D: 

Lassell massif present in NE region of Mare Nubium basin 

 Figure 4. A. 

LROC-NAC image of Irregular mare patch indicative of 

recent volcanic activity in Mare Nubium. TMC image of B. 

Sinuous rilles C. Rupes Recta “straight wall”/ fault D. Wrin-

kle ridges present in the Mare Nubium basin.  

 
Figure 5. Band-I v/s Band-II Centre ratio data showing plots 

of basalts of different ages of Mare Nubium region along 

with data for pure ortho-and clino-pyroxenes of [14] and 

[11] data for comparison.  

 

Conclusions: The present work utilized high-

resolution data to map the various mare units present at 

Mare Nubium basin and analyze them for their compo-

sition. These were further correlated with their age to 

determine the time of eruption so as to integrate them 

stratigraphically. This Pre-Nectarian basin is unique in 

preserving volcanic units that shows variability in 

composition and eruptive styles (basaltic to silicic). 

The region has undergone a prolonged volcanic evolu-

tion as indicated by presence of  mare basalts and 

young Irregular mare patches. Morphological observa-

tions and presence of various structural features sug-

gest the role of both endogenic and exogenic geody-

namic processes in evolution of the basin. 
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