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Introduction: We calibrate and analyse raw data 
obtained by the OMEGA (Observatoire pour le Miner-
alogie, l'Eau, Glaces, et leurs Activités) instrument 
aboard Mars Express, in order to find evidence for 
which minerals exist on the surface of Mars, at a 
higher spectral resolution than previous instruments 
have done.  If these data are compared with analyses 
of data from earlier instruments, a more complete in-
terpretation of the geological history of the area of 
interest can be made, as well as independent verifica-
tion of the results of each data set. 

The initial study plan was focussed on the identifi-
cation and characterisation of igneous rocks and vol-
canic material in relation to possible cryovolcanism or 
hydrothermal activity.  Previous geomorphological 
arguments rely mostly on the resolution of the avail-
able imagery, which is why there is the need to test 
these theories with new data outside the visible wave-
lengths.  In this study, we hoped to look for additional 
mineralogical clues that could reinforce or reject the 
hypothesis for intrusive processes being the cause of 
the observed mineralogy, and also how the magma has 
interacted with volatiles on, or near to, the surface. 

OMEGA: OMEGA is a spectro-imager that func-
tions in the visible and infrared, between 0.35 and 5.1 
µm.  The primary objective of this instrument is to 
provide a better understanding of the mineralogy of the 
surface and of the atmosphere.  It is also able to detect 
ices.  OMEGA consists of two optical detectors, the 
visible part (VNIR) and the infrared part (SWIR). The 
SWIR detector is split into two systems of dispersion, 
SWIR-C and SWIR-L, each corresponding to a wave-
length scale. 

OMEGA is currently in the process of mapping an 
assemblage of the entire planet at a spatial resolution 
of 1 to 4.8 km per pixel, depending on the observa-
tional altitude, and up to 300 m/pixel for certain areas.  
Thus it provides a supplimentary data set between the 
spatial resolutions of THEMIS and TES.  Such a reso-
lution allows for the precise determination of the com-
position and the boundaries of large geological units. 

Method: Observations of surface reflectance in-
clude atmospheric contributions from dust, water ice 
aerosols, CO2 and H2O vapour.  Therefore, an attempt 
is made to correct the contribution of the atmosphere 
empirically for each image. Firstly, we assume that the 
surface and atmospheric contributions are multiplica-
tive and follow a power law variation with altitude.  

Then the effect of the atmosphere is removed by as-
suming a constant surface contribution, whilst the ratio 
of a spectrum from the base of Olympus Mons to a 
spectrum near the summit provides the atmospheric 
spectrum at a power function in their difference in 
altitude.  The data is then divided by the ‘atmospheric 
spectrum’, which makes the CO2 2µm feature disap-
pear.  

The analysis of OMEGA's first observations 
acquired in January 2004 [1] revealed residual 
uncertainties concerning the transfer function, 
improvements to which are still underway.  With the 
latest version, spectral features as low as a few percent 
can be detected confidently.  The detectors noted in the 
previous section are not exactly co-aligned and a 
geometric correction should therefore be applied.   

The depth of the broad 2.25 µm band was studied, 
which is indicative of clinopyroxene, a major 
component of volcanic rocks. The absolute and 
normalised spectral end-members were displayed, and 
the ranges of ferrous and ferric absorptions were 
studied. 

An algorithm of linear unmixing described in  [2] 
has been applied to all the mosaics used in this study.  
This model finds the best linear combination of a suite 
of laboratory spectra which matches the OMEGA data.  
The intimate mixtures are not taken to be complete; 
consequently, the coefficients obtained are not exactly 
proportional.  Three artificial spectra are also included 
in the spectral library.  They allow for better adjust-
ment of the slope and of the albedo of the mixture.  
This removes first order effects of grain size varia-
tions, and  photometric effects.  The model also allows 
representation of the spatial distribution of each of the 
constituents used in the mixture on the whole of the 
hyperspectral image.  The algorithm of linear decom-
position can produce some negative coefficients, with-
out physical significance, which are eliminated by it-
erations.  We used wavelengths of 1.0 to 2.5 µm, 
which corresponds to a single detector of OMEGA. 
This  minimizes registration and photometric mismatch 
with the visible channels, whilst giving access to very 
diagnostic spectral signatures for most mineral famil-
lies. 

Summary of results from Tempe Terra:  This 
region of study was selected due to its interest for tec-
tonic features.  However, results from the linear un-
mixing and spectral classifications show little minera-
logical information apart from the possible occurrence 

Lunar and Planetary Science XXXVII (2006) 1684.pdf



of both olivine (broad band centred on 1.0 µm) and 
orthopyroxene (1.9 µm) in very localized areas. The 
whole region rather appeared to be significantly cov-
ered by dust, with no well expressed variations of the 
mafic minerals signatures.  We find that the dust spec-
tra is the same as that found in Syrtis Major [3] and 
also that residual effects are the same.  Some frost is 
also identified in a few sessions.  Despite its geological 
interest, this region therefore proved to be difficult for 
spectral mineralogical studies, most probably due to 
the dust cover. 

Summary of results from Olympica Fossae:  The 
linear unmixing model results show that there is water 
ice on the plateau in shadow regions (probably frost).  
There is an apparent difference in the figures between 
the depression and the plateau.  Further work is in-
tended to be carried out in this region, with compari-
sons made to the geomorphological character, using 
THEMIS and MOC images.  Initial observations indi-
cate a rich and complex geological history, with sev-
eral stages of erosional activity.  The water ice could 
perhaps be correlated with distinct geomorphological 
units. 

Summary of results from Nili Fossae:  Only six 
OMEGA sessions transected the area of interest at the 
time of this study.  The first of these has some major 
errors and was excluded from the study, and the sec-
ond one had data missing from it and was at low reso-
lution.  Four sessions of high-quality data, at good 
resolution, remained (see Figure 1). We analyzed a 
mosaic of these data using the Minimum Noise Frac-
tion (MNF), Pixel Purity Index (PPI) and Spectral An-
gle Mapper (SAM) algorithms in the ENVI software. 
We also investigated individual data cubes with the 
linear unmixing approach [2].  Olivine is unambigu-
ously identified in the Nili Fossae region. The model 
of linear unmixing identified no forsterite (the magne-
sium rich member of olivine with a pure formula of 
Mg2SiO4) in the image fractions.  The reflectance ratio 
spectrum has a shape very similar to the laboratory 
spectrum of fayalite (the iron rich member of the oli-
vine series, with a pure formula of Fe2SiO4) shown in 
Mustard et al. [3].  The linear unmixing fraction image 
shows local concentrations of the fayalite end-member.  
The combined PPI and SAM analysis results in a spec-
trum for an end-member that has a deep, broad absorp-
tion band centered on 1.2 µm.  This SAM end-member 
correlates well with the olivine image fraction obtained 
by linear unmixing.  Lucey [4] presents other olivine 
spectra that support our interpretation. The shape and 
strength of the 1.2 µm band signifies a high olivine 
concentration, but it seems to be shifted towards 
slightly longer wavelengths than the laboratory spec-
trum of fayalite depicted in Mustard et al. [3].  This 

can be due to an increase in either iron content or grain 
size [4].  Only a pure fayalite and a pure forsterite are 
included in the input library, so even if the unmixing 
model favours pure fayalite, we only have the confi-
dence to interpret an iron rich olivine rather than a 
“pure fayalite”. However, we propose from the com-
bined analyses that the olivine mapped by SAM is 
fayalitic with a coarse particle size.  Our results are 
consistent with those of Hoefen et al. [5] and Hamilton 
and Christensen [6], in that we also find a high con-
centration of olivine over the same region, but we in-
terpret the olivine to be more fayalitic rather than 
forsteritic. Poulet et al. [7] also argued in favor of a 
fayalite rather than forsteritic material in this region. 

 

 
Figure 1.  Mosaic of part of the OMEGA sessions that 

transect the Nili Fossae region superimposed on a 
THEMIS mosaic.  The red on OMEGA is the fayalite 
pole of olivine. The scale bar is 15 km long, and north 

is to the top. 
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