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Introduction and previous work: The spatial dis-
tribution of igneous minerals on Mars can provide im-
portant insights into the petrogenesis of  the martian  
crust and mantle. OMEGA/MEx has returned visible 
and near-infrared reflectance data since 2004 and a 
number of studies have been used to determine the 
composition of the soils and rocks of Mars. This work 
provides a global and final data set of surface mineral-
ogy of the mafic minerals (olivines, pyroxene) as re-
vealed by the OMEGA instrument, in order to study 
their implication in crust formation and evolution. 

Method and Observations:  OMEGA operates 
from the visible (0.3 µm) to the infrared (5.2 µm).This 
analysis focuses on the near infrared reflectance meas-
urements using the C channel spectral range (1.0–2.5 
µm), where the strongest signatures of igneous miner-
als are present. Identification and mapping of  pyrox-
ene and olivines are derived from spectral parameters 
developed in [1] and  [2]. Two spectral indexes are 
implemented for olivine, capable to distinguish be-
tween Fe-rich and Mg-rich compositions. Examples of 
the two endmembers are presented in Fig. 1.  The de-
tection limit depends on numerous factors (gain size, 
Fo#, abundance of other minerals), but [1] estimated 
that the minimum index values correspond to abun-
dances of about 5-15%.  Surface frost, atmospheric 
effects (clouds, aerosols) and instrumental artefacts 
interfere with OMEGA observations, leading us to 
implement a filtering process based on parameters that 
gauge the presence of H2O, CO2 ice and dust opacity 
[3].  Final maps with a grid of 40 pixel/° are obtained 
by selecting the highest value of the criteria for each 
pixel. 

 
Figure 1. Examples of typical OMEGA spectra of two olivine end-
members. a) Mg-rich endmember (black) compared with a Fo97/60 
µm grain size olivine laboratory spectrum (blue), b) Fe-rich end-
member (black) compared with a Fo1/60 µm grain size laboratory 
spectrum (red). Vertical dashed lines indicate wavelengths used for 
the calculation of spectral parameters. The shape of the olivine 
signatures identified by OMEGA are typically ranged between these 
two endmembers. 

Distribution with altitude and age:  Global maps 
of  pyroxene and olivine are shown in Figures 2a and 
2b respectively. Pyroxenes are mostly localized in the 
low albedo regions of both southern and northern he-
mipsheres.  Olivine distribution is uneven, but still 
mostly localized in the southern highlands. All previ-
ously olivine regions identified by [1] including Nili 
Fossae, Terra Tyrrhena, Syrtis Major and Ganges 
Chasma are detected. Numerous additional small de-
posits, especially around the Argyre and Hellas basins 
and in the northern plains are here reported. It is also 
important to note that Mg-rich olivine is mostly found 
in regional enhancements, whereas the Fe-rich olivine 
is more commonly found in discrete occurrences with 
the exception of extended deposits around large basins. 

In order to better understand the global distribution 
of two types of olivine, we have studied the correla-
tions of detections with altitude, latitude and age. Fig. 
3 shows that olivine detections are distributed accord-
ing
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Figure 2. Global maps of a) pyroxene and b) olivine. Two spectral parameters based on the 1 µm absorption band of olivine are mapped:a 

Fe-rich olivine parameter is represented in red and a Mg-rich olivine parameter is represented with a blue to red scale corresponding to inten-
sity of the criterion. To make them visible on the map, the size of the red spots is larger than the real size of deposits. 

 
to four ranges of altitude. Mg-rich olivine detections 
are common in all altitudes, but most of the detections 
are nevertheless localized in the southern highlands 
(namely between 0 and +5 km in altitude). Fe-rich oli-
vine detections are mainly found in terrains of altitude 
between -2.5 and 0 km, which corresponds to the sur-
rounding areas of major bassins (Hellas, Isidis and 
Argyre), and between -4 and -2.5 km, which corre-
sponds to the craters in the northern plains 

 
Figure 3.  Histogram of olivine detections versus altitude, normal-
ized by MOLA altitude histogram, Fe-rich olivine detections are  in 
red, Mg-rich olivine detections are in blue, total number is repre-
sented in black. 

We plotted the locations where olivine was found over 
USGS geologic map of Mars [4] to roughly estimate 
the age of the materials in which they reside. Mg-rich 
olivine are localized in both Hesperian and Noachian 
terrains, whereas Fe-rich olivine detections are pre-
dominantly found in the oldest terrains.   

Discussion. What mechanism did produce the olivine 
exposures? While we did not identify extended regio-
nal enhancements of olivine as TES [5], olivine is also 
most common in association with pyroxene in both 
Noachian and Hesperian southern terrains. These de-
posits likely characterize olivine-bearing basaltic 
rocks/soils. The olivine distribution strongly suggests 
that its formation is also related to the large basin for-
mation events. The impacts that formed the Argyre, 
Hellas, and Isidis basins may have excavated deeply 
enough to expose mantle materials as suggested by 
recent simulations [6]. 

 
Figure 4. Histogram of the olivine detections versus ages of detec-
tions terrains based on the USGS geological map. Mg-rich olivine 
are represented in blue, Fe-rich olivine in red. N : Noachian ter-
rains; H : Hesperian terrains; A : Amazonian terrains; cs : impact 
crater material, superposed ; s : impact crater material, smooth 
floor.  
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