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Introduction: Geochemical and mineralogical studies of 
lunar rocks provide clues towards understanding the origin 
and evolution of the moon both in space and time. In particu-
lar, a systematic study of the possible heterogeneities within 
the lunar crust and, the character, scale, and abundance of 
embedded plutons on a global scale is very important in this 
regard [1]. 

Impact craters on the lunar surface provide information 
on litho-stratigraphic sequence at a given location. The cen-
tral peaks and the crater walls, in particular, provide compo-
sitional data on subsurface lithology [2,3]. Fe and Ti are 
useful tracers in this context as their concentrations allow us 
to discriminate between various lithologies. In this study, an 
attempt has been made to classify the sub-surface lithologies 
exposed by central peaks of twenty six craters on the basis of 
their average iron and titanium content. Central peaks of 
these craters have been studied earlier [2] for lithological 
characterization. 

 
Analytical Approach: We have used processed five band 
UV-VIS multi-spectral data of Clementine mission at a spa-
tial resolution of ~ 500 meters from USGS website. Standard 
algorithms [4] were used to derive average iron and titanium 
concentration for the central peaks of lunar craters (Table1). 
 Determination of absolute FeO and TiO2 concentration 
for areas within the central peaks is constrained by accurate 
reflectance measurements [5]. However, average iron and 
titanium concentrations of the central peaks derived at mod-
erate spatial resolution do provide useful scientific informa-
tion. Precaution has been taken to minimize  errors induced 
due to phase angles, especially at higher latitudes, by visu-
ally discarding areas under deep shadow and keeping ac-
count of the variations due to sun-slope geometry. The in-
ferred concentrations are independent of maturity variations 
as the methodology used [4] normalizes the effect of matur-
ity. Care has also been taken to avoid contamination from 
proximity to mare basalt regions, especially, for craters 
within mare basins and for those having their floor filled 
with mare basalt. 

 
Results and Discussion: An analysis of the iron and tita-
nium concentrations (Table 1) has revealed a distinct correla-
tion between the estimated values and lithological assem-
blage observed earlier [2]. Slight variations in the obtained-
values for central peaks with similar lithological assemblage 
may be due to variation in relative abundance of specific 
lithologies and/or difference in geological settings of the 
crater. 
 The values of iron concentration for anorthositic peaks  
are consistent with the known values for ferroan anorthosite 
~ 0.21 wt% [6] and feldspathic lunar meteorites ~ 4.3 - 6.1 
wt% [7]. Higher values of iron and titanium for the central 
peaks of Doppel – Mayer and Campanus craters indicate the 
possibility of presence of significant quantities of high Ca-
pyroxene bearing mafic rocks in them.                                             

Table 1: Average iron and titanium concentration of central 
peaks of lunar craters. 
 

Crater:lat,lon;D(km),S L         *FeO !TiO2 
Daedalus:5.50S,1800;100,H 1 0.96±0.84 0.26±0.05  
Mach:180N,2110;155,H  1 3.64±0.71 0.5 ±0.11 
Delporte:160S,1210;40,H 1 4.17±0.98 0.51±0.12 
Manilius:14.50 N,90;40,B 1 5.31±0.90 0.80±0.18 
Rydberg:470 S,2640;50,H 1 3.71±1.60 0.36±0.14 
Unknown:0.90N,2030;57,B    1 2.37±1.10 0.34±0.06 
Helmholtz:690S,65.50;110,H 1 2.0± 2.44 0.22±0.21 
Doppel-mayer:           
28.50S,3190;65,B 

1 7.64±1.14 1.02±0.29 

Crookes: 10.50S,1950;50,H 2,3 5.49±1.2 0.35±0.09 
Copernicus:100N,3400;98,B 2,3 4.97±1.55 0.22±0.13 
Tsiolkovsky:  
200S,1290;185,H 

1,2,3 4.93±1.8 0.46±0.19  

Theophilus:  
11.50S,260;100,B 

1,2,3 2.6±1.30 0.30±0.10 

Burg:45.50N,28.50;40,B 2,4 6.39±2.06 0.44±0.16 
Fizeau:58.50S,224.50;110,H 2,4 9.13±1.45 0.19±0.12 
Aristoteles: 500N,170; 87,B 2,4 9.11±1.43 0.47±0.53 
Campanus:280S,3320;48,B 2,4 10.6±1.42 1.39±0.23 

Bullialdus: 
20.70S,337.80;61,B 

2,4,5 10.19±1.2 0.47±0.21 

Maunder:14.50S,2660;55,B 2,6 10.5±1.67 0.60±0.22 
Ohm:180N,2460;64, 2,6 8.08±1.26 0.43±0.11 
Lowell:130S,2570;66,B 2,6 6.14±.99 0.44±0.14 
Tycho:430S,3490;85,H 2,6,7,

8 
7.95±2.4 0.56±0.71 

Zucchius:610S,3100;64,B 2,6,7 5.99±2.92 0.43±1.05 
Bhabha:55.50S,1950;78,B 4,7,8,

9 
12.66±1.3 0.43±0.23 

Birkeland:300S,1740;85,B 2,4,9 13.96±1.1 1.22±0.30 
Finsen:42.50S,181.50 ;87,B 2,4,5,

8,9 
13.21±1.4 0.71±0.35 

White:44.60S,158.30 ;39,B 2,4,6,
9 

15.69±1.0 1.14±0.40 

 
*FeO = (average FeO wt% ± σ) 
!TiO2 = (average TiO2 wt%  ± σ) 
Abbreviations:  lat =latitude, lon =longitude, D= diameter, 
S= Setting (H= Highland, B= Basin), L= Lithology after [2] 
(1=Anorthosite, 2= Gabbroic-Noritic-Troctolitic-Anorthosite 
with 80-90% plagioclase, 3= Anorthositic Troctolite, 4 = 
Anorthositic Norite, 5= Norite, 6= Anorthositic Gabbro, 7= 
Gabbro, 8= Anorthositic Gabbro Norite, 9= Gabbronorite). 
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 In the central peaks containing mainly anorthosite and 
troctolite, the iron concentration is consistent with the known 
values for lunar Troctolites ~ 5 wt% [6]. A very low iron 
concentration (2.60 ± 1.30 wt%) obtained in the case of  
Theophilus may  indicate presence of olivine with very high 
Mg#. 
 The central peaks in the craters Birkeland, Finsen, White, 
and Bhabha, located within South Pole Aitken Basin, are 
characterized by very high concentration of iron. This may 
indicate  presence of significant proportions of mantle de-
rived subsurface basalt or gabbro in the central peaks. This 
inference is also supported by higher titanium concentration 
values for these craters except Bhabha. The average iron and 
titanium concentration for peaks containing mainly anortho-
site and norite/gabbro are also similar. 
 The present study has shown that an assessment  of 
chemical concentration along with lithology  of the central 
peaks provide a better understanding of the compositional 
make up and genesis of the subsurface  rock types on moon.  
 The estimates of iron and titanium concentration ob-
tained in this study using empirically derived algorithm [4], 
have yielded significant and consistent results. However, it is 
important to rule out other plausible causes leading to the 
observed trends in the spectral reflectance data. Hyperspec-
tral and topographic data from future moon missions coupled 
with laboratory reflectance spectroscopy is required to re-
solve this issue. Terrain Mapping Camera (TMC) onboard 
Chandrayaan – 1 will be providing high resolution (~ 10 
meters) topography data for the  lunar surface [8]. Analysis 
of spectral datasets and combining the same with digital 
elevation models of the central peaks at a comparable resolu-
tion will significantly enhance our understanding in this 
regard. 
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