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Introduction: Combination of past orbital and in 

situ studies of Mars surface have led to the conclusion 

that the Martian crust is of tholeiitic basalt composition 

[1]. Previous local studies of mineral detection and 

composition modelling with OMEGA have shown that 

the surface consists of volcanic basalt composed pri-

marily of plagioclase, high-calcium pyroxene and low-

calcium pyroxene ([2],[3]). Olivine has also been 

found in more localized areas and in less significant 

amount. Global thermal infrared measurements with 

TES/MGS have also confirmed that plagioclase, py-

roxenes and high-silica phase dominate the global sur-

face composition ([4],[5]).  

The mineral abundances and particle grain sizes of 

regolith-like surface can be derived with NIR reflec-

tance spectra using transfer radiative model 

([2],[3],[6]). We present here an application of such a 

model using Shkuratov theory [7] to compute abun-

dances of mafic minerals on the entire surface of Mars. 

After which an application of clustering analysis will 

be presented to classify the modelled spectra. At last, 

comparison and combination with previous global and 

local compositional studies are envisioned.  

 

Dataset: We use OMEGA reflectance spectra in 

the near-infrared ranging from 0.97 µm to 2.5 µm, cor-

rected from atmospheric and aerosols contribution us-

ing the model developed by [8]. The entire VNIR 

OMEGA dataset corresponds to a total of almost 9000 

data cubes acquired over 3.6 Martian years.  

Afterwards, a series of processing was applied, ex-

cluding cubes presenting instrumental artifacts (spuri-

ous pixels) and/or surface (water and CO2 ice) and at-

mospheric (high optical opacity) unfavorable observa-

tional conditions. Eventually, 3716 data cubes were 

selected and used for this study. Those remaining cubes 

were combined in order to build a 3-D global cube of 

the Martian surface [9].  This map is allowing the user 

to extract atmospheric and aerosol-corrected NIR spec-

trum from any location of Mars and present a lot of 

applications that will be detailed here and in [10]. 

 

Modal mineralogy: A direct application for the 

hyperspectral image cube of Mars is thus the modelling 

of abundances of minerals. This first study will provide 

abundances maps at global scale (from -60° to +30°) of 

mafic minerals. For now, the model does not permit the 

reproduction of spectra in the +30° to +60° latitutes 

range due to the thin dust coating or alteration rinds 

which cannot be simulated by our radiative transfer 

model. The modelled spectra correspond to spectra 

presenting a pyroxene spectral index greater than 0.02 

which is twice the threshold established by [11] and 

[12] for presence of pyroxene. The threshold was dou-

bled in order to model only the regions with strong 

mafic absorption features. Previous work of modelling 

abundances have already been tested in small regions 

by [2] using OMEGA spectra.  

The modelling of the mineral was made according 

to the Skuratov spectral albedo model of particulate 

surface [7], using five end-members : augite as high-

calcium pyroxene (HCP) and pigeonite as low-calcium 

pyroxene (LCP), forsterite for olivine, labradorite as 

neutral component (plagioclase) and palagonite for the 

dust end-member. Magnetite is added in the form of 

small inclusions in the plagioclase end-member to low-

er averaged reflectance. 

The best fit is sought using a downhill simplex method 

for multidimentional minimization routine that aims at 

minimizing the RMS between OMEGA spectrum and 

modelled spectrum. The RMS thus plays the role of an 

estimate for the quality of the fits.     Results at global 

scale show that the surface composition is dominated 

by plagioclase and pyroxenes. The HCP abundance is 

larger than LCP abundance with respectively 20 wt% ± 

7 wt% and 12 wt% ± 4 wt% on average. Uncertainties 

are calculated from the different tests carried out on the 

modelling regarding the choice of end-members, the 

grain sizes and the minimization routine. Global maps 

of each end-member are derived. Below we show only 

Figure 1 - Global map of LCP/(LCP+HCP)  abundance ratio from -60° to +30° in latitude. 
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few examples. 

Figure 1 illustrates that there are some local regions 

where the LCP/HCP ratio is > 0.5 (north of Argyre for 

example). Also, LCP is a minor component compared 

to HCP in younger terrains such as Syrtis Major and 

Hesperia Planum.  

Olivine is more localized with local spots reaching 

20 wt% but on the overall surface the average percent-

age is 4 wt% ± 3 wt%. We saw that those first results 

are consistent with previous studies [1] which found a 

basaltic nature the martian grounds. 

 Classification: The modelled abundances were 

then classified by using a k-mean clustering approach. 

Each spectrum was thus considered as a point in a 6-

dimentional space corresponding to the 6 derived 

abundances. The aim of the classification is to sort out 

the mineral composition into 4 classes. The number of 

classes was chosen regarding previous studies on clas-

sification with TES instrument [5]. 

Figure 2 - Classification map: 4 classes obtained with k-

means clustering applied on the modelled abundances. 

 

     We can see on Figure 2 that some regions seem to 

present similar spectral characteristics such as Syrtis 

Major, and Thaumasia (1st class represented in dark 

purple). This class corresponds to the plagioclase-rich 

modelled regions (Figure 3).  

       

      
 

 

 

 

The 4th class (blue) is spatially correlated with 

LCP-rich units. This class also seems to regroup richer 

olivine areas with an average of ~5%. The difference in 

terms of average olivine abundance with the 3 other 

classes falls within the uncertainties, nonetheless, if we 

take a closer look a the olivine abundance distribution 

(Figure 4) we see that this class contains most of the 

olivine spots with olivine abundance > 0.10.  

 
Figure 4 - Olivine abundance histogram. Colors corre-

spond to the different classes. 

 

     With highest olivine and pyroxenes (both LCP and 

HCP) abundances, the blue class composition is closest 

to ultramafic basalt than the other three. For the two 

remaining classes (yellow and green), even though they 

present quite different results in terms of average 

abundances, they are difficult to distinguish spatially as 

the two seem to be mixed. The classification based on 

abundances is helpful to sort out different compositions 

especially for plagioclase-rich (class 1) and dust-rich 

units (class 3). The 4 classes seem to be quite different 

from the ones derived with TES except for the 1st class 

(dark purple) that shows close similarities in terms of 

spatial distribution and abundances with TES groups 2 

and 4. In depth further studies with geological units 

will be presented. 
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Figure 3 - Pie charts average abundances of each classes. 

Red = Plagioclase, Orange = Magnetite, Black = Dust, 

Blue = HCP, Green-Blue = LCP and Green = Olivine. 
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