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Introduction: Lunar Highland regolith is rich in 

calcic plagioclase mainly derived from the ferroan 
anrthosite (FAN) suite of rocks. While remote sensing 
measurements are essential for mapping the global 
trends in composition and local heterogeneities, a 
detailed understanding of the source rock and its 
formation scenarios demand very precise quantitative 
measurements. X-ray Diffraction (XRD) is widely 
used in laboratories for mineralogical characterization 
of samples.  X-ray fluorescence (XRF) is another 
analytical technique used for finding out major and 
minor elements. An integrated use of XRD and XRF 
provide a complete mineralogical and elemental 
characterization. As a part of development of a 
combined XRD/XRF instrument for future planetary 
rovers, we are cataloguing lunar analogue samples to 
develop and test analysis algorithms.  

In this context, we derived the mineral phases and 
bulk elemental abundance of anorthosites from 
Sittampundi Anorthosite Complex (SAC) a 
Neoarchaean layered igneous complex in Tamil Nadu, 
Southern India [1]. We used sub-samples from Lunar 
Soil Simulant LSS-ISAC-1 [1] that is used as a lunar 
simulant. We derived modal mineralogy using XRD 
measurements and calculated normative mineralogy 
from XRF measurements. The mineral phases and 
elemental abundances are compared to Apollo 16 soils 
and remote measurements of elemental abundances 
from Chandrayaan-2 Large Area Soft X-ray 
Spectrometer (CLASS) [2].  

 
Measurements: Earlier studies have shown that 

the anorthositic rocks of SAC are high in calcic 
plagioclase [1]. We did XRD measurements of 
samples from SAC of different grain sizes (sub 
samples of those in [1]) using a commercial XRD 
machine (BrukerD8 Advance). XRD is performed in 
reflection mode where Cu-Kα (at 8 keV) anode is used 
to irradiate the sample. Phase identification and 
refinement was done using open source software 
‘Profex’ [3]. Four plagioclase phases are identified as 
given in Table 1 adding up to a plagioclase content of 
93%.  The XRD profile along with the fitted model 
that consists of XRD peaks and a continuum is shown 
in Figure 1. XRD measurements of Apollo 16 soils 
show a range in plagioclase content, with the highest at 
87.9 % (glass free) as given in the open repository of 
lunar regolith soils [4]. The SAC samples also display 
similar compositional range (Figure 2). 

XRF measurements were done in finely powdered 
rock samples (~2.0 g) to determine elemental 
abundances using a standard commercial machine 
(Axios, Panalytical Limited). The powdered samples 
were mixed homogeneously with 0.5 g wax binder in 
agate-pestle and mortar. The mixture was filled in the 
standard aluminum cups (37 mm) and then subjected 
to 150 kN pressure using hydraulic pressto make 
pellets. The analytical uncertainty at 2 sigma level for 
major oxides (SiO2, Al2O3, TiO2, Fe2O3, CaO, MgO, 
Na2O, K2O, and MnO; Table 2) is < 5%.  

 

 
Figure 1: X-ray Diffraction (XRD) of 30-80 micron grain 
size sample from Sittampundi Anorthosite Complex 
(SAC). Rietveld refinement is used to derive mineral 
phases.  

 
Figure 2: Modal major mineral abundances in lunar soils 
(replotted after [4]).  
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Table 1: Identified Plagioclase phases in SAC by XRD 

 
 
Table 2: XRF data of SAC samples  
 

wt% An-1 An-2A An-2B 
SiO2 46.65 45.04 44.65 
TiO2 0.09 0.1 0.1 
Al2O3 30.77 26.53 19.77 
Fe2O3 0 1.5 6.33 
MnO 0.05 0.06 0.1 
MgO 3 3.82 7.3 
CaO 16.89 16.37 13.68 
Na2O 1.51 0.55 1.32 
K2O 0.02 0.05 0.1 
P2O5 0.01 0.02 0.01 
Total 98.99 94.04 93.36 

 
Lunar Highland elemental abundances: We used 

elemental abundances derived from CLASS to 
compare the composition of lunar highlands with SAC 
samples (Figure 3). We filtered out pixels that cut 
across Mare using QGIS open-source software. Mg 
and Al abundances for 111 ground pixels (150 km x 
12.5 km) are compared to elemental abundances of 
SAC samples derived from XRF spectroscopy (Figure 
3).  

 
Discussion: Overall, both the mineral abundances 

and chemical data are in agreement with the 
Sittampundi anorthosites being the terrestrial 
analogous to lunar highland rocks. The dominant 
mineral in the Apollo 16 (highland) and SAC samples 
is plagioclase, although one SAC sample is relatively 
pyroxene-rich than the other two SAC samples (Figure 
2). 

The abundance of Al of CLASS data are within the 
range of the SAC samples and Apollo 16 soils, but the 
CLASS data has higher Mg abundance than the SAC 
samples and Apollo 16 soils (Figure 3). This can be 
due to the large footprints (150 km x 12.5 km) of 
CLASS, which may include different rock/soil types in 
the highlands (e.g., ferroan anorthosites, Mg-suite and 

alkali-suite rocks) along with the occasional mare 
pockets.  Needless to say, there is indeed a higher 
diversity in abundances in lunar highlands but the SAC 
samples serve as a very good compositional analogue 
for test and calibration of instruments under 
development for lunar in situ exploration. 

Figure 3: Al and Mg abundances of SAC samples 
compared to CLASS derived values in non-mare regions. 
Apollo 16 soil abundances are also plotted. 
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Plagioclase phases Weight % 
Labradorite 41 
Bytownite 37.6 
Andesine 7.7 
Albite 6.4 
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