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Introduction: OMEGA-MeX data has provided a 

new spatial distribution of localized concentrations of 
olivine on Mars [1,2,3]. The largest and the highest 
concentration of olivine is in Nili Fossae where [4] 
reported olivine detected with thermal infrared data. 
Of specific interest is the presence of hydrated miner-
als in this very rich olivine-bearing region. The identi-
fication of these hydrated minerals and their spatial 
distribution are discussed. We examine the geomor-
phology of this complex region with HRSC image. 
The combination of the spectral and geomorphic prop-
erties provides new insights on the conditions of for-
mation of Nili Fossae. 

Surface composition:  We combined OMEGA 
data from multiple orbits which covered Nili Fossae, 
North-East of Syrtis Major. OMEGA spectra are re-
flectance (and emission above 3.5 µm)  spectra that 
contain surface component as well as atmospheric 
components with CO2, CO, water vapour absorption 
and dust contribution. The spectra are calibrated to I/F 
using the standard calibration then corrected of the 
atmospheric bands. A specific reduction has also been 
done to eliminate the effects of water ice bands of sev-
eral percents at 1.5 µm and 2.0 µm due to the presence 
of icy clouds during the OMEGA observations. To 
make a certain interpretation of surface mineralogy,  
spectrum ratio method has also been applied. Relative 
to the spectra of typical dusty regions, the spectrum of 
the olivine-bearing zone in Nili Fossae shown in Fig-
ure 1 exhibits a broad and strong absorption in the 0.8-
1.6 µm region. Laboratory spectra show systematic 
variations of the shape of the olivine absorption de-
pending on the grain size and composition. In particu-
lar, the right wing shifts toward longer wavelengths as 
the amount of FeO in the olivine increases. Therefore, 
the very flat and large absorption plateau in the 1.0 to 
1.7 µm range is in favor of a rich-fayalite olivine. An 
absorption band near 2.30 µm is also clearly identified 
in the rich-olivine spectra. There are several minerals 
with absorption bands in this wavelength range, in-
cluding varieties of smectites (in particular nontronites, 
Fe-rich smectites) [5,6]. Most serpentines, a direct 
alteration product of olivine have absorptions at longer 
wavelengths, typically at 2.32 µm. Iddingsite, other 
common alteration product of olivine [7] is not pre-
sent. Note that the feature at 1.92 µm resulting from 
the combination of the O-H stretching and H-O-H 
bending fundamental vibrations is not clearly identi-
fied because of the presence of water ice clouds. If 

confirmed,  the lack of such an 1.9 µm band indicates 
the absence of water. Therefore, the identification in 
the same spectra of both olivine feature and hydroxyl 
feature could perhaps indicate an alteration of olivine 
followed by a dessication. 

Stronger evidence of alteration in Nili Fossae 
comes from the identification of several spots of Fe-
rich clays (Fig. 2). There is a large diversity in the po-
sition of the Fe-OH band which goes from 2.29 to 2.32 
µm. This implies that several types of clays (from non-
tronite to serpentine) are likely present. The locations 
of these hydrated minerals spots are very closed to the 
olivine-rich terrains. The presence of both olivine and 
its alteration products strongly suggests that some al-
teration processes related to water occurred in this re-
gion. 

Geomorphology:  The region of Nili Fossae is a 
Noachian cratered terrain which experienced strong 
erosional processes as seen from dissected terrains 
with rough chaotic texture, isolated mesas and partially 
eroded craters. This rough eroded texture may explain 
the good spectral signatures obtained in this region. 
Erosion can be recent and due to wind but older ero-
sion due to more active past processes is also likely. 

Figure 1: OMEGA spectra from olivine-rich areas in 
the Nili Fossae region (upper figure) and after divid-
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ing the spectra by a nearby spectrum (lower figure). 
Olivine feature  as well as a metal-OH feature at 2.3 
µm are identified. Laboratory spectra of different hy-
drated minerals are shown [8]. The vertical bars are 
located at 2.28 µm (center band of nontronite) and 
2.33 µm (center band of serpentine) .  

 

Figure 2:  Identification of clays in Nili Fossae region. 
Spectral plot on upper figure showing the atmospheri-
cally corrected spectra with target spectrum and 
nearby spectrally neutral region, and spectral ratio 
using the reference spectrum as divisor. The spectral 
ratio are compared to different laboratory spectra of 
hydrated minerals. 

 
Nili Fossae displays a wide range of geologic land-

forms such as faults and fractures, layered materials 
and short sized valleys that can have fluvial or vol-
canic origin. Olivine is observed in connection with 
the southern end of the graben of Nili, i.e. the NE-SW 
tectonic pattern. The olivine can come from lavas due 
to the volcanic activity related to tectonic activity such 
as in fissural volcanism or in magmatic complex. Oli-
vine can also be a large component of the noachian 
crust, assuming the fractures formed without connec-
tions with volcanic accumulation.  
HRSC data reveals a detailed image of much of the 
Nili Fossae region.  Prominently present are fan depos-
its in the floor of a crater centered at 18.5N, 77.3E 
(Figure 3), discussed in detail in [9]. The meander and 

possible cutoff channel segment are evidence that 
these fans were produced fluvially; topographic evi-
dence suggests they were emplaced into a crater lake 
as subaqueous deltas [9]. These fans and the valleys 
that formed them appear to be Noachian in age, 
given the fact that the Nili Fossae graben appear to 
post-date the valleys, and this is the mapped age of the 
units that the valleys incise.  

 
Figure 3: HRSC image (orbit 988) centered on 18.5N, 
77.3E. Notice the presence of a meandering valley at 
left which produces al fan to the right. The image is 25 
km large. 
 
Conclusion: On contrary to what has been suggested 
previously [4], the presence of olivine in this region is 
not a demonstration of permanently dry processes 
only: weathering could have affected rocks producing 
clays, and recent erosion may have removed clays 
from the surface allowing the presence of olivine of 
fresh rock surface together with clays minerals. Future 
work needs to be done exploring the connection of the 
observed clays with the geomorphological evidence 
for liquid water in the Nili Fossae region. 
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