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Introduction:  Various alteration minerals have 

been identified in the Valles Marineris region of Mars. 

Sulfates have been found in Interior Layered Deposits 

(ILDs), e.g. [1], [2] and on the plateau, mostly around 

Juventae, West Candor and Ius Chasma, where they are 

associated with hydrated silica, e.g. [3], [4]. Phyllosili-

cates have been identified on the plateau, notably 

around Coprates and Ganges Chasma, and are thought 

to be the evidence of Noachian pedogenetic alteration, 

e.g. [5], [6]. 

Background:  Noctis Labyrinthus is a Late Hespe-

rian [7] network of interconnected depressions located 

at the western end of Valles Marineris. Infilling  in the 

two largest depressions of NL has been mapped as 

Amazonian and an alteration layer has been identified 

in one of them [8]. In at least one pit of Noctis Laby-

rinthus (NL), an unexpected diversity of hydrated min-

erals, with phyllosilicates, sulfates and hydrated silica, 

was recently reported, e.g. [9], [10], and hydrothermal-

ism induced by magmatic activity suggested as a for-

mation process. 

 

 
Figure 1  Map of detections of hydrated minerals in  

Noctis Labyrinthus. 1 color circle for one mineral 

found in one CRISM observation. 

Expanding upon this case study, we surveyed the 

rest of NL depression to assess the regional hydrated 

mineral diversity as evidence of liquid water activity in 

the late Early Mars era. 

Data:  Mineralogy was determined from the analy-

sis of ~100 CRISM targeted observations covering NL 

as of 2011 [11]. We looked for absorption bands diag-

nostic of hydrated minerals in the 1.0-2.5 µm range. 

We defined and mapped spectral criteria based on 

spectra ratioed to a neutral region as in [10], mitigating 

instrumental noise and improving signatures.  

 

 
Figure 2  CRISM ratioed spectra (thick lines), identi-

fied by their latitude/longitude, of hydrated material 

identified as silicates. Thin spectra from the USGS 

spectral library [12].  
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Spectra were checked by hand and regions of inter-

est were drawn according to these maps to retrieve 

clean spectra for comparison with laboratory spectra 

(e.g. [12]). 

Results and discussion:  A preliminary map show-

ing our most robust detections of hydrated minerals is 

shown on Fig. 1 (background map [13]). We found ~10 

different classes of hydrated materials, which can be 

grouped into two broad families : silicates (see Fig. 2 

for spectra) and sulfates (see Fig. 3 for spectra).  

Fe/Mg-phyllosilicates, as identified by their 1.42, 

1.9, and 2.3 µm absorption bands are pervasive in the 

region, but the most conclusive outcrops are found in 

the southwest of NL. Kaolinite, showing 1.40, 1.9, and 

2.16-2.20 µm absorptions is also preferentially found 

there and both are often associated with Si-OH bearing 

material, akin to opal, with 1.38-1.40, 1.9 and an 

asymmetric 2.2 µm absorptions, and so-called “doub-

let” material (see [10] and references therein), as in the 

pit studied by [10], suggesting a similar forming 

process, possibly dating as far back as the Late Hespe-

rian. 

Polyhydrated sulfates, such as gypsum, as well as 

jarosite and, in one observation, alunite, seem located 

mostly in northern NL, and associated with the most 

recent (i.e., Amazonian, e.g. [14]) units, perhaps sug-

gesting a formation process similar to that of [8], im-

plying a role of recent volcanism. Fe/Mg-phyllo-

silicates also seem to be present in northeast NL. These 

latter outcrops could be evidence of formation of di-

verse hydrated minerals as recently as the Late Amazo-

nian, which would imply that, locally, conditions usual-

ly thought of as typical of the Early Mars era, could 

have been met in the very recent past. 

Further coupled analysis of spectral and visible da-

ta, with examination of morphological features at high-

resolution, and implications will be presented at the 

conference. 
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Figure 3  CRISM ratioed spectra (thick lines), identi-

fied by their latitude/longitude, of hydrated material 

identified as sulfates. Thin spectra from the USGS 

spectral library [12].  
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