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Introduction: One of the objective of the 
OMEGA imaging spectrometer onboard Mars-
Express is to identify and quantify mineralogical 
components in order to produce global maps of the 
Martian surface. Since January 2004, the surface has 
been observed almost entirely at medium to low 
spatial resolution (2 to 4 km/pixel), which represents 
several hundreds million spectra. The mineralogical 
composition of planetary surfaces, which is a key 
information in geology, can be deduced from 
hyperspectral measurements. However, the spectral 
mixing between materials at different scales 
(macroscopic to microscopic), both within a single 
pixel and within a single rock, complicates the 
identifications. We therefore focused our approach on 
mixing models, which can also be used to reduce 
automatically several billions of spectra and find  
automatically the most interesting places in terms of 
spectral variations.  We present here a method based 
on a modified linear spectral unmixing model 
characterized by an iterative choice of the spectral 
components and the use of artificial slope 
endmembers.  

Data calibration and reduction.  
The atmospheric contribution is removed by using an 
empirical transmission function (the ratio of two 
spectra acquired at the top and bottom of Olympus 
Mons) scaled to the depth of the 2 µm CO2 band. 
OMEGA provides spectra with 352 channels using 
three detectors between 0.3 and 5.1µm [1]. We focus 
our analysis on the 0.96-2.55 µm spectral range 
because it contains most of the mineral information 
provided by the spectrometer. As this domain 
corresponds to a single OMEGA detector (SWIR-C), 
this choice minimizes instrumental and registration 
effects.  

Iterative linear unmixing model.  
The linear spectral unmixing  model has been already 
used on hyperspectral data by [2] on thermal 
emission data. In the visible-infrared, linear 
combination of  spectra occur when components form 
areal mixtures [3]. The inversion equation is: 

X=(AtA)-1AtY            (1), 

where Y is the unknown spectrum, A is the 
endmember spectral library and X is the set of 
coefficients of all the endmembers. When all the 
endmembers of an areal mixture are known, this 

algorithm is able to retrieve the absolute proportions. 
The choice of the reference spectra is a key point of 
this technique because all the components of the 
surface must be represented in the library. However, 
the number of endmembers must be limited to keep a 
reasonnable computation time. For Mars, we have 
chosen the set of laboratory minerals  shown in 
Figure 1, classified by mineral family.  
 

 
Figure 1. Spectral library of pure mineral components  
used as input for our linear unmixing model. Mineral  Two 
artificial slopes and a flat component are also included. 

When the reference library does dot correspond 
exactly to the real components on the surface, or 
when multiple scattering implies non-linear 
(intimate) mixtures, negative coefficients are found, 
which have no physical sense. To avoid these, the 
component having the most negative coefficient is 
eliminated and an other inversion is computed with 
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the remaining endmembers. This iterative process 
continues until all the coefficients are positive. Other 
photometric effects due to multiple scattering  and 
grain sizes, cause variations of the global spectral 
shape (average level and slope). These variations are 
at first order taken into account by introducing three 
artificial endmembers (one flat spectrum and two 
slopes, see  Figure 1) in the spectral library. Because 
of the occurrence of non-linear mixtures and 
spectrally flat component, the unmixing coefficients 
do not correspond to absolute proportions, and their 
sum is not fixed to 1.  
 

 
Figure 2. Mapping of mafic minerals on the Syrtis region 
and models of spectral linear mixtures – a. Albedo – b to d. 
Maps of unmixing coefficients – e. Color composite of the 
three mafic mineral maps of unmixing coefficients – A, B 

and  C. Comparison between model and  spectra (areas 
located in Figure 2 e). 

 
Figure 3. Mapping unmixing coefficient of gypsum and 
water ice on the Olympia Planitia region – a. Albedo – b. 
Gypsum– c. Water ice. 

Results. Two regions of Mars were investigated 
and results are compared with previous studies cross-
check test. For each endmember, an image of the 
absolute coefficients of the linear unmixing is 
provided. Figure 2 shows the results for mafic 
minerals on the volcanic region centered on Syrtis 
Major. The smooth and younger terrains at the center 
of the volcanic edifice are mainly composed of 
clinopyroxene while the  older regions to the North 
and to the South correspond to a mixture of 
clinopyroxene and orthopyroxene.  This is in 
agreement with other studies using OMEGA data 
[4,5]. Olivine is localized in small areas near the 
caldeiras, within some impact craters and in Nili 
Fossae (NW of Syrtis). This is also consistent with 
the study  by [6,7] using TES data. 

 Figure 3 shows the Olympia Planitia region. 
Water ice and gypsum are easily (and automatically) 
detected by our linear unmixing approach, with a 
distribution fully consistent with the one shown in [8] 

Conclusion and perspectives. The linear 
unmixing model presented here can be used to derive 
the main components within each pixel of the 
OMEGA data set. Image fraction provide a valuable 
information concerning the spatial distribution of 
each component. Further efforts will be directed 
toward the quantification of the relative proportions 
of each mineral and detection thresholds. 
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