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Introduction:  Near-global mapping by the visible 

and near-infrared imaging spectrometer on Mars Ex-

press has discovered unique deposits of phyllosilicates 

minerals exposed in numerous scattered locations 

throughout the highlands [1]. Most of the phyllosili-

cate-rich deposits are in place, rocky units (outcrops, 

scarps and crater ejecta) of Noachian ages. Here, we 

first reassess the detection of these minerals at the light 

of the analysis of new data acquired since the publica-

tions of 2005. In particular, we emphasize the spectral 

diversity of each major class of phyllosilicates. We 

then provide the first quantitative analysis of the sur-

face spectra using nonlinear spectral mixing [2] in or-

der to determine the modal mineralogy within the lim-

its of the current uncertainties in the modeling. 

 

Spectral diversity of OMEGA phyllosilicates:  

Phyllosilicates are uniquely identified by the presence 

of absorption features centered at 1.4 µm, 1.9 µm and 

in the 2.15-2.40 µm wavelength region. The latter is 

due to M-OH vibrations (with M = Mg, Fe or Al). 

OMEGA observations reveal that diverse phyllosili-

cates (Fe, Mg and Al-bearing phyllosilicates with Fe 

and Mg-smectites as the most common) are present on 

Mars [1]. Here, we discus the spectral diversity inside 

each class of these three major classes of phyllosili-

cates. To enhance the spectral signatures, we perform 

spectral ratios for the all materials discussed below. 

Al-OH phyllosilicates: This class is the less abun-

dant on Mars and has been mainly detected in Marwth 

Vallis as a montmorillonite-like mineral [1], and re-

cently in small deposits in Nili Fossae by CRISM [3]. 

Using OMEGA dataset, a small deposit of Al-rich 

phyllosilicate has been discovered on the floor of a 

crater located at 202.2°E, 30.6°S. The best spectral 

candidate is kaolinite, an aluminum silicate hydroxide 

Al2Si2O5(OH)4 (Fig. 1). This detection is of particular 

interest because the formation of kaolinite indicates 

either the alteration of Ca/Mg-poor mafic rocks or 

more likely the lost of mobile cations Ca
2+

 and Mg
2+

 

resulting from the presence of abundant liquid water 

not only for leaching but also for reactions that con-

sume H20 in the transformation of montmorillonite 

into kaolinite. 

Mg-OH phyllosilicates: The metal-OH signature 

varies from 2.29 to 2.33 µm [1]. An example of the 

variation of Mg-OH signature is shown in Fig. 2, where 

all the typical absorptions at 1.4, 1.9 and around 2.33 

µm are clearly visible. As first discussed in [4,5], ser-

pentine and chlorite are possible endmembers. These 

detections have been confirmed and extended by 

CRISM [6]. The evidence of serpentine is even 

stronger in one deposit located in the southern hemi-

sphere (Fig. 3). High spatial Resolution imagery of this 

serpentine-like deposit is unfortunately poor, preclud-

ing us from studying detailed morphology.  

    
Fig. 1: Ratioed spectra of a mineral showing similar 

spectral features of the mineral kaolinite. The deposit 

is located in a crater of the southern hemisphere. 

Dashed lines indicates the major absorptions of kao-

linite. The red and yellow spectra are respectively 

laboratory spectra of kaolinite and montmorillonite 

from RELAB/Brown University. 

 
Fig. 2: Example of OMEGA ratioed spectrum (black 

lines) from a phyllosilicate-bearing terrain located in 

Terra Tyrrhena. Absorptions at 1.4 µm, 1.9 µm and in 

the 2.25-2.34 µm spectral region (vertical lines at 

2.25, 2.30 and 2.34 µm) are consistent with a mixture 

of Mg-bearing phyllosilicates, including chlorite and 

serpentine. Laboratory spectra are in color. 
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Fig. 3: Detection of a serpentine-like mineral at 

27.3°S,66.7°E. Vertical lines indicate the wavelengths 

2.29, 2.30 and 2.34 µm. Laboratory spectra of differ-

ent phyllosilicates are in color. 

 

Complex assemblages of Mg-Fe-Al-OH phyllosili-

cates: Many spectra exhibiting a plateau right wing 

starting at 2.30 µm have been identified in the ejecta of 

some craters located in the Nili Fossae area [5]. This 

signature was attributed to phyllosilicates enriched in 

three cations Al, Mg, Fe. Another type of spectrum 

commonly associated with craters (interior or ejecta) is 

shown in Fig. 4. The spectrum exhibits a shoulder at 

about 2.20 µm associated with a 1.4 and 1.9 µm bands. 

We also attribute these spectral signatures to a complex 

assemblage of Al-Fe-Mg-OH phyllosilicates.  

In Nili Fossae, some spectra show phyllosilicate-

like signatures with an additional and strong 2.5 µm 

feature (Fig. 4). The 1.0-2.5 µm spectral region shows 

good similarities with carbonates, however the strong 

3.4 and 3.9 µm bands are totally absent, confirming the 

absence of carbonates in this deposit as well as on the 

overall surface of Mars [7]. Similar detections have 

been reported by [6]. 

 
Fig. 4: Ratioed spectrum of a deposit inside a crater 

located  in the  south of Syrtis major. The lack of dis-

tinct metal-OH signature in the 2.20-2.50 µm spectral 

region is in favour of a complex mixture of Al-,Fe-,Mg-

OH phyllosilicate. 

 
Fig. 5: Spectrum extracted from the Nili fossae area 

showing signatures at 2.3 and 2.5 µm and compared to 

laboratory spectra of carbonates. Although remark-

able similarities are found in the 1-2.5 µm range, the 

absence of the 3.4  and 3.9 µm bands is strongly a-

gainst the presence of this mineral. 

  

Mapping: Thanks to the high spatial resolution 

mode of OMEGA (pixel size of about 300 m), the in-

strument was capable to identify very small phyllosili-

cate-rich outcrops. An example of a km-sized outcrop 

is presented in Fig. 6, where the 1.9 µm mapping re-

veals the presence of Fe-rich phyllosilicates inside a 

crater of Terra Arabia. Numerous small phyllosilicate-

rich outcrops similar to this example are scattered on 

the surface of Mars as shown in Fig. 7 that presents the 

global distribution of the phyllosilicate-rich deposits. 

At a detection limit of 2%, phyllosilicates, three large 

areas are visible: Mawrth Vallis, Nili Fossae and south 

of Isidis. This last region is unique in the sense that it 

exhibits numerous small occurrences with weak signa-

tures of phyllosilicates associated with crater ejectas 

(Fig. 8). 

 
Fig. 6: Mineral maps from a 16-pixels OMEGA track 

over the Viking/MOLA topography. Pyroxene is abun-

dant in this region, but a zoom over the center of the 

crater shows the presence of a few blue pixels where 

Fe-rich phyllosilicates are detected. 

Seventh International Conference on Mars 3170.pdf



 
Fig. 7: Location of the hydrated mineral deposits (sulfates excluded) identified with the 1.9 µm hydration band 

over the MOLA altimetry from 60°S to 60°N. Three types are considered in this mapping: phyllosilicates associated 

with light toned eroded terrains (red squares), phyllosilicates associated with low albedo deposits, likely a dark 

coating (yellow squares), and phyllosilicates with very small metal-OH signatures (pink circles). 

 

A detailed analysis of each outcrop when high spa-

tial resolution imagery is avalaible confirms the major 

observation presented in [1,8]: 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. 

 
Fig. 8: Map of the 1.9 µm band in the box 25°S-

5°N,75°E-97°E. Numerous deposits enriched in hy-

drated minerals, likely phyllosilicates, are present in 

these Noachian age region. Some are clearly corre-

lated to crater ejecta as shown in the lower figure. 

 

Modal mineralogy derived from unlinear de-

convolution method: One of the primary goals of ac-

quiring spectroscopy observations of Mars is to deter-

mine surface modal mineralogy. Deconvolving a re-

flectance spectrum to mineral abundance is difficult 

however, because the spectra are complex nonlinear 

functions of particle size, abundance, material opacity, 

and type of surfaces (e.g., dust, sand, and bedrock, 

where particles are mixed at different scales). Multiple 

scattering theories can provide approximate solutions 

to the radiative transfer in a compact medium. Employ-

ing such a theory in concert with optical constants of 

components allows computational exploration of the 

extensive parameter space and take into account the 

influence of particle sizes and all end-members includ-

ing spectrally neutral components. In this work, we use 

an approach based on the geometrical optics approxi-

mation that allows to transform optical constants into a 

reflectance spectrum and provide the spectral albedo of 

powdered surfaces [2].  

We select the surface composition of each spectrum 

by trying to satisfy the following spectral characteris-

tics: low to medium lambertian albedo, shape and 

depth of 1.9 and 2.3 µm absorptions, overall spectral 

slope. Different phyllosilicates were obviously in-

cluded, as well as low- and high-calcium pyroxenes. 

Spectrally featureless  component in the near-infrared 

range to lower and to diminish the spectral contrasts is 

also required: plagioclase and mobile bright martian 

dust can obviously play this role.  

Fig. 9 shows an example of the deconvolution of 

the Fe-rich phyllosilicate outcrop identified in Mawrth 

Vallis. This unit is dominated by phyllosilicates with 

small grain size, but it is important to note that some 

plagioclase is still required to lower the albedo and to 

diminish the absorption bands. The deconvolution re-

sults for a similar Fe-rich phyllosilicate outcrop de-

tected in Nili Fossae is shown in Fig. 10. The lower 

albedo and the smaller absorption bands requires more 

non-phyllosilicate material (> 60% in comparison to 
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less than 30% for the Mawrth vallis outcrop). A few 

units have been deconvolved in the two studied areas, 

and the same trend is found: phyllosilicates are more 

abundant in Mawrth Vallis than in Nili Fossae, mafic is 

required in Nili Fossae. This implies that the degree of 

alteration was stronger in Mawrth Vallis than in Nili 

Fossae. 

 
Fig. 9: Upper: endmembers used in the nonlinear de-

convolution. Lower: Mineralogy of a phyllosilicate-

rich deposit identified in Mawrth Vallis. The uncer-

tainties on the abundances are ~ 10%. The 1.4 µm 

band is not well reproduced; the absence of this signa-

ture in the OMEGA spectra could result from an in-

strumental problem. 

 

Implications for the past martian environment: 

The presence of phyllosilicate minerals in several 

rough, eroded and excavated terrains (outcrops, scarps 

and crater ejecta) of Noachian units scattered in both 

hemisphere strongly supports the following conclu-

sions: (1) water-rock interactions occurred during the 

Noachian period; the formation may have continued 

into later periods but in this case, it occurred at depth; 

(2) the phyllosilicate minerals are a bulk component 

rather than a soil surface coating, and the crust has 

been altered to depth; (3) the alteration processes oc-

curred at the planetary scale; (4) the variation in modal 

mineralogy shows that the degree of alteration was 

different from place to place; in particular, the forma-

tion of Al- phyllosilicates require abundant water and 

near neutral or higher pH [9]; (5) the presence of non-

tronite-like mineral suggests oxidizing conditions in the 

early history of Mars [9]. (6) the phyllosilicates tend to 

indicate an environment different of that responsible 

for the formation of the sulfates. 

 

 
Fig. 10:Upper: endmembers used in the nonlinear 

deconvolution. Lower: Mineralogy of a phyllosilicate-

rich deposits identified in Nili Fossae. 

 

Conclusion:  One of the goals of the present Mar-

tian exploration is to search for evidence of extinct (or 

even extant) life. This could correspond to a search for 

carbon. However, since no deposit of carbonates has 

been detected so far on the surface of Mars [7,8], the 

numerous occurrences of phyllosilicate-rich deposits 

are of special interest. The future in-situ exploration of 

Mars could be therefore redefined as a search for phyl-

losilicates. The presence of these minerals on Mars is 

of great exobiological relevance, because some of 

phyllosilicates are potential prebiotic catalyst [10]. 
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