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Introduction:   

The case of a warmer and wetter early Mars sus-

tained by a denser CO2 rich atmosphere is still an open 

question that recent results from Mars exploration 

failed to solve. While massive carbonate-rich deposits 

have not been detected so far, sporadic detections of 

carbonates have been done from orbit thanks to MRO 

spacecraft [1]. Carbonates are presents in Martian me-

teorites as minor phases and in situ analysis of the Mar-

tian dust also reveal carbonates as a minor component 

[1], [2] and [3]. Only orbital detections allow the anal-

ysis of the geological context of the formation of the 

Martian carbonates. So far, only crustal outcrops have 

revealed carbonates : in an olivine rich layers link with 

the ejectas of Isidis basin, or in crustal outcrops such as 

deep canyon or central peak of large impact crater that 

may have exhumed crust from depth [4], [5], [6], [7] 

and [8]. A systematic analysis of the alteration minerals 

in these central peaks of impact craters on the Noachi-

an crust has been conducted by [5]. They demonstrate 

that the typical mineralogical assemblage observed in 

central peak of impact crater between Isidis and Hellas 

Basins are chlorites, Fe-Mg smectites, serpentine and 

carbonates. The most abundant phases in term of detec-

tion are chlorite and smectite while serpentine and car-

bonate are rarer.  A geological analysis of these detec-

tions suggests that these minerals are exhumed from 

depth rather than being formed at time of the impact. 

What are the constraints about the conditions of tem-

perature, W/R or pCO2 to form such mineralogical 

assemblages? And what these conditions may tell us 

about the deep environments that prevailed during 

these earliest time of Mars ?  

Our approach here is to model the alteration of typ-

ical Martian rocks to assess the thermodynamical con-

ditions that may have lead to the formation of these 

mineralogical assemblages.  

The geochemical model:  

Our model was performed using the software code 

EQ3/6, version 8.0 [9] and [10] and a customized data-

base for 0-400°C and 50MPa [11].  

Carbonation reactions were modeled by equilibrat-

ing a CO2-rich fluid with a volatile-free protolith in a 

temperature ranging from 400 and 25°C. The rock was 

composed of 30% of olivine (Fo60), 30% of pyroxene 

(En90,Fs10) and 40% of plagioclase (An40) what may 

reflect the average basaltic composition of the Martian 

crust as inferred from meteorites analysis as well as in 

situ analysis (e.g.:[12] and [13]).  

We tested two endmembers of CO2 pressure (3.10
-3

 

mol.L
-1

 and 3.10
-2

 mol.L
-1

). We also tested two 

endmember of W/R (1 and 10) to simulate rock- and 

fluid-dominated environments. Two different fluids 

were used: the typical terrestrial seawater enriched in 

sodium and potassium and a typical water of serpentin-

ization systems describe by [14] and also used in [15].  

Results:  

We first perform our geochemical modeling with a 

seawater fluid artificially enriched in CO2 at 3.10
-3

 

mol.L
-1

 with a W/R of 1 (fig. 1). At high temperatures, 

sulfate (anhydrite), iron oxide (hematite) and magnesi-

um hydroxide (brucite) precipitate. The dominant 

phases predicted to precipitate with decreasing temper-

ature are chlorite and saponite (smectite) with iron ox-

ides, garnet or hydro-garnet and tremolite. Below 

200°C, a lower silica activity and reducing conditions 

promotes the formation of serpentine. In this model, no 

carbonate are predicted to precipitate. 

  
  Figure 1: Predicted percentage of mole of minerals 

produced as a function of temperature from reaction of 

martion crust with seawater containing 3.10
-3

 mol.L
-1 

of 

CO2 at a W/R of 1. 

 

The use of the second fluid [14] (fig. 2) at the same 

conditions leads to the precipitation of carbonates at 

high temperatures. However, carbonates are predicted 

to be unstable at lower temperatures. With decreasing 

temperature, Fe-Mg phyllosilicates are predicted to 

precipitate together with iron oxides, tremolite, epidote 

and garnet. Below 200°C, serpentine and clinopyrox-

enes are predicted to form.  

1113.pdfEighth International Conference on Mars (2014)

mailto:benjamin.bultel@univ-lyon1.fr


  
  Figure 2: Predicted percentage of mole of minerals 

produced as a function of temperature from reaction of 

martion crust with a hydrothermal fluid containing 

3.10
-3

 mol.L
-1 

of CO2 at a W/R of 1. 

 

A third model (fig. 3) used the second fluid with 

high CO2 concentration (3.10
-2

 mol.L
-1

). The car-

bonates precipitates around 300°C, however, they are a 

minor phase. 

In a fourth model (fig. 4), we increased the W/R to 

10. Serpentine is predicted to form at higher tempera-

tures (up to 380°C). More carbonate is predicted to 

precipitate and talc is stable at temperatures below 

~320°C. The dominant phase is the saponite. 

  
  Figure 3: Predicted percentage of mole of minerals 

produced as a function of temperature from reaction of 

martion crust with a hydrothermal fluid containing 

3.10
-2

 mol.L
-1 

of CO2 at a W/R of 1. 

 

Discussion:  

In all the simulations presented here, smectite and 

chlorite are the dominant hydrous phases in some cases 

accompagned by oxides, garnet, tremolite, talc, epi-

dote, serpentine and carbonates. The predicted pres-

ence of sulfate in the model of seawater could rule out 

its relevence for noachian alteration as sulfates are mi-

nor phases detected from orbit in noachian terrains [16] 

and [17]. The models with the fluid of [14] succeed to 

reproduce the observed assemblages by [5]  attesting of 

the potential of hydrothermal processes to explain crus-

tal alteration. The dominance of Fe-Mg phyllocilicates 

among  the alterated minerals reported by remote sens-

ing analysis are in good agreements with the geochem-

ical models presented here.  

  
Figure 4: Predicted percentage of mole of minerals 

produced as a function of temperature from reaction of 

martion crust with a hydrothermal fluid containing 

3.10
-2

 mol.L
-1 

of CO2 at a W/R of 10. 

 

Conclusion:  

The carbonation and hydration of the martian crust 

during noachian are key potentiel processes for life 

emergance[18]. The thermodynamical modelisation of  

these processes could provide clues about potential  

habitability during early Mars. 
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