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Introduction:  The surface of Mars bears the min-

eralogical record of past aqueous activity early (mostly 

> 3.6 Ga) in the planet’s history [1,2]. A number of the 

resulting secondary alteration products have been de-

tected both from orbit and in-situ, which provide strong 

geochemical constraints on the aqueous environments. 

An increasing number of rover measurements have 

provided detailed petrological context and quantitative 

analyses of aqueous minerals which allow refining lo-

cal alteration settings on Mars [3-6]. The coarser view 

provided by orbital instruments remains however nec-

essary to infer global trends regarding the planet’s 

aqueous history. This is due to planetary-wide cover-

age providing broader context and access to a wider 

range of aqueous alteration environments than landed 

missions, but also to the use of near infrared reflec-

tance spectroscopy, not available on roving missions so 

far. Here we re-appraise the detection sample of aque-

ous minerals identified and mapped thus far on Mars 

based on near-infrared data from the OMEGA and 

CRISM imaging spectrometers [7,8]. This work builds 

upon previous global mapping approaches aiming at 

inferring the global distribution and nature of alteration 

minerals [9-12]. 

Datasets: The map presented in Figure 1 shows the 

location of the near entirety of aqueous minerals re-

ported from orbit thus far, to the exception of (i) anhy-

drous chlorides reported at thousands of location with 

THEMIS but which are featureless in the near infrared 

[13], and (ii) the ferric oxide hematite identified at se-

lect locations of Mars with TES [14] which is not a 

hydrated or hydroxilated mineral although an aqueous 

origin has been proposed.  

OMEGA and CRISM data at various spectral and 

spatial resolutions were used to build this map, ranging 

from ~8 m/pixel to ~4 km/pixel, spectrally sampled 

from ~6.5 to ~55 nm. To-date, 2975 sites have been 

identified and characterized based on the site definition 

used in [12]. OMEGA observations (0.3-4 km/pixel, 

orange dots) contributed to 619 sites, while CRISM 

high-resolution observations (~8-36 m/pixel, red dots) 

contributed to 1443 sites, and CRISM medium resolu-

tion multispectral observations (100-200 m/pixel, blue 

dots) to 913 sites. A large fraction of sites are detected 

using several overlapping observations from both in-

struments.  

Scientific goals: Each identified aqueous mineral 

spot is characterized in terms of mineral composition, 

morphological context and geological unit age. These 

allow inferring global trends in terms of the chemistry 

of the parent fluid, the possible geological formation 

process, and their evolution with time in the frame of 

the planet’s geological history. Figure 2 illustrates the 

type of first-order statistics on the alteration which the 

detection sample provides, here in the case of mineral 

composition. A secondary objective is the identifica-

tion of new, potentially interesting regions for further 

in-depth investigations. In particular, the identification 

of large mineral deposits (100s km in size) that suit 

engineering constraints participate to the landing site 

selection effort for the upcoming ExoMars and Mars 

2020 missions. 

The overall distribution of aqueous minerals is in 

agreement with early work on Mars clays and sulfates 

[1]. With a sample orders of magnitude larger, the dis-

tribution confirms a pervasive Noachian-aged altera-

tion both at the surface and at depth [12,15], and re-

veals the primary role of erosional windows in dictat-

ing the observed deposits. Generally, any high SNR 

observation of the Noachian crust with a low dust con-

tent will exhibit alteration signatures.  

Limitations: Low signal-to-noise and the presence 

of instrument artifact resulted in an effective spatial 

resolution around half of that provided by the spatial 

sampling of each observation type. The effective reso-

lution additionally lowered further into both missions 

as the instruments suffered degradation (faulty detector 

elements and non-nominal focal point cryo-cooling).  

The spectral resolution is a limitation for OMEGA 

observations which can discriminate aqueous mineral-

ogy down to broad mineral classes, while the fine cat-

ion chemistry can only be assessed for compositionally 

homogenous, spatially extensive deposits providing 

high SNR data. CRISM multispectral products are also 

affected by low spectral binning and high noise levels, 

often precluding the identification of the fine chemistry 

of the mineral deposits, to the notable exception of 

some high SNR observations in HSP (Hyperspectral 

Mapping, 200 m/pixel, 154 IR spectral channels).  

To the exception of several large mineral deposits 

identified early on, most signatures are found scattered 

over small surfaces (down to the pixel scale for each 

observation mode), and their distribution is significant-

ly controlled by erosional windows into what are most-

ly buried or mantled altered units. Hence the planetary 

distribution of aqueous minerals inferred today can 

only be used to infer global trends, and is not repre-

sentative of the original lateral and vertical extent of 
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Martian alteration (which likely also evolved signifi-

cantly through time). Finally, the coverage at high-

resolution which provides the highest density of detec-

tion on Mars (Figure 3) [11,12] will remain at the per-

cent level, causing a large underestimation of the al-

tered surface.  

Collectively these factors make the detection of 

these spatially minor phases tedious on Mars, preclud-

ing a straightforward blind mapping approach. The 

map presented here is therefore a collection of identi-

fied spots of aqueous minerals, not a global homoge-

nous map.  

Perspectives:  

-  A more systematic inclusion of medium/low reso-

lution CRISM and OMEGA observations will provide 

additional context for the numerous in-depth but highly 

localized studies of the aqueous alteration on Mars that 

have been carried out. 

-  A statistical approach to the study of the highly 

altered, heavily degraded Early Noachian terrains may 

provide key constraints on the earliest phases of aque-

ous activity on Mars. 

- Convergence between NIR data and TIR data 

from TES/THEMIS has been achieved locally for 

aqueous minerals [16-19], revealing interesting pro-

spects for a multi-wavelengths global mapping of alter-

ation phases, additionally providing better petrological 

constraints.  
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Figure 2. Aqueous mineral compositional trends extracted 

from the global dataset : each bar correponds to either a 

mineral group or select minerals based on their spectral 

characteristics.  

 

 
Figure 3. Detection density of aqueous minerals on Mars as 

a function of spatial sampling (OMEGA and CRISM 

observations).  

 

Figure 1. Aqueous minerals (silicates and hydrated salts) 

detected from orbit based on the OMEGA instrument 

(orange), CRISM high resolution data (red) and CRISM 

‘multi-spectral’ data (blue). 
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