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Global mapping by the visible and near-infrared 
imaging spectrometer on Mars Express has 
discovered unique deposits of phyllosilicates 
minerals widespread across the planet [1]. The 
presence of these minerals on Mars is of great 
exobiological relevance, because (1) the formation 
of these hydrous minerals requires moderate to high 
pH and high water activity, (2) some of 
phyllosilicates are potential prebiotic catalyst [2]. 
Here, we first reassess the detection of these 
minerals at the light of the analysis of new OMEGA 
data acquired since the publications of 2005 [1,3]. 
We emphasize the spectral diversity of each major 
class of phyllosilicates. While the Fe, Mg and Al-
bearing smectites are the most common, kaolinite 
and chlorite are also potential spectral matches of 
some phyllosilicate-rich occurrences. New OMEGA 
observations consistently indicate the presence of 
phyllosilicates in deposits that are in place, rocky 
units (outcrops, scarps and crater ejecta) of ongoing 
erosion in Noachian terrains. A detailed analysis of 
each outcrop when high spatial resolution imagery 
is available confirms the major observation 
presented in [1]: phyllosilicate deposits are almost 
exclusively Noachian in age, indicating that the 
environments suitable for phyllosilicate formation 
were particular to the earliest era in Mars’ history. 

 A few clay-rich deposits seem to differ from 
this statement. First, some phyllosilicates are 
associated with some sulfates in the etched terrains 
of Terra Meridiani, possibly indicating that the 
neutralization of the solutions that formed the 
sulfate-rich etched terrains could have occurred at 
least locally. Second, evidence of pumpellyite 
associated with clays is reported in the central peak 
of a few craters. This could suggest alteration 
resulting from metamorphism related to the impact 
that formed the crater, either by its pressure or heat 
or both. Alternatively, the impact central peak may 
have excavated materials from deep parts of the 
crust, where metamorphism forming pumpellyite 
could have occurred. Third, some low albedo 

terrains also exhibit signature of clays, but the origin 
of these deposits is still unclear. 

Different alteration models of mafic rocks can be 
considered, but one of the most efficient processes 
of formation is alteration by leaching under ambient 
conditions. Such a process has been investigated by 
[5] in using calculations of the aqueous equilibria of 
phyllosilicates. The presence of Fe3+-rich 
phyllosilicate nontronite indicates the following 
conditions: (1) a low aluminium activity, (2) a high 
oxidation level, (3) weakly acidic to alkaline 
conditions and (4) very low abundance of SO2. 

We then provide quantitative analysis of the 
surface spectra using nonlinear spectral mixing [6] 
in order to determine the modal mineralogy (mineral 
abundances) of some of the phyllosilicate-rich 
outcrops. This is done in using a nonlinear unmixing 
model based on the Shkuratov radiative transfer 
theory [7]. We focus our study on the two largest 
occurences where phyllosilicates were found on 
Mars: Mawrth Vallis and Nilo-Syrtis. Significant 
differences between these two regions in mineral 
abundances are found. The phyllosilicate-rich 
outcrops in Mawrth Vallis are best reproduced by 
~60% of phyllosilicates (nontronite, 
montmorillonite) mixed with hydroxides 
(Ferrihydrite as a likely end-member) and some 
non-phyllosilicate materials (plagioclase and 
Martian dust). In the Nilo-Syrtis region, the total 
abundance of the phyllosilicate minerals is 
significantly smaller than in Mawrth Vallis and 
mafic materials such as pyroxene are always 
required in the mineral assemblage. This strongly 
suggests that the degree of alteration that formed the 
deposits in Mawrth Vallis was stronger than any 
other deposits on Mars.  
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