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Introduction: Widespread weathering profiles have 

been observed on Noachian terrains on Mars. They are 

composed of a top layer of Al-rich clay minerals, then 

Al,Fe-rich clay minerals and a bottom layer composed 

of Mg,Fe-rich clay minerals [1]. More recently car-

bonates have been identified in the middle part of the 

stratigraphy [2] (Fig. 3). By analogy with Earth, such 

weathering sequences form by the interaction of acidic 

solutions in equilibrium with the atmosphere and the 

parental rock. Thus, the aqueous solution composition 

leading to the above mineral description allows to 

evaluate the atmosphere composition. Geochemical 

modelling [3] and closed systems experiments studies 

[4] have proposed that acidic weathering driven by 

H2SO4 fluids is the process leading to the martian stra-

tigraphy. Nevertheless, such aqueous chemical compo-

sition is fluids would argue for a SO2,3 rich atmosphere 

which do not sustain liquid water [5] and it cannot ex-

plain the recent carbonate detections. Experimental 

work are necessary to constraint the mineralogical as-

semblage formation on Mars [6]. Therefore, the exper-

imental reproduction of the martian weathering profiles 

will allow to better understand the aqueous fluid(s) and 

as a consequence the composition of the martian at-

mosphere during the formation of the weathering pro-

files. 

 

Material and methods: We set up an experimental 

column system with three levels containing basaltic 

glass rock (Fig. 1). Four aqueous solutions were inject-

ed in the column and passed through the three levels. 

The four aqueous solutions consist of H2SO4 at pH 3 in 

equilibrium with N2 atmosphere, pure water in equilib-

rium with 0.1 and 1 atmospheric pressure CO2 leading 

to pH values of 3.9 and 4.4, respectively. The experi-

ments were run with a flow rate of 0.05 mL.min-1 for 

20 days at 150°C to decrease the reaction time. Each 

day, the output solution was collected and then pH 

measurements and cationic composition by chromatog-

raphy and ICP-MS were performed. At the end of the 

experiments, the reacted basaltic rocks were analyzed 

by XRD and NIR measurements. 

 
Figure 1: Simplified representation of the experi-

mental setup. 

 

Results: The pH of the output solution decrease with 

the increase of pCO2 (Fig. 2). The release of Al and Fe 

were negligible compare to Si and solely Mg were re-

leased for the 1 pCO2 experiments. For each experi-

ments, clay minerals of various nature have been 

formed. The content of Al-rich clay minerals decrease 

from bottom to the top of the column. Also, the content 

of Al-rich clay minerals increase with the increase of 

pCO2 (Fig. 3). A transition from Al-rich to Al,Fe and 

Fe,Mg rich clay minerals was solely observed for the 1 

pCO2 experiment. While carbonates have been formed 

in the three levels of the water and 0.1 pCO2 experi-

ment, carbonates have been formed only in the last 

level for the 1 pCO2 experiment. 

 
 

Figure 2: pH measurements of the initial and output 

solutions. 
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Discussion: The results can be explained as follow: 

with increasing pCO2, the system is shifted towards the 

CO2 - basalts buffered alteration system and it requires 

more time to dissolved basaltic glass to reach pH val-

ues >8 [7]. This phenomenon lead to lower pH values 

with the pCO2 increase. Hence, the aqueous solution in 

reaction with the basaltic rock is more acidic with the 

pCO2 increase which lead to an increase of Al-rich clay 

minerals with increasing pCO2 [6]. Due to the too acid-

ic conditions, carbonates were not formed in the two 

first levels of the 1 pCO2 experiment.  

 

Martian implications: The content of Al-rich clay 

minerals and the evolution from Al, Al,Fe to Fe,Mg-

rich clay minerals observed on Mars are better repro-

duced with an originally high pCO2 (Fig 3). Hence, 

acidic weathering driven by a dense CO2 atmosphere 

can reproduce the Martian clay mineral evolution. The 

experiments with CO2 led to the formation of car-

bonates. The presence and their position in the martian 

stratigraphy are in accordance with the recent detection 

of carbonates in the martian weathering profiles (Fig. 

3). In addition, the carbonates signature in the NIR 

spectra is weak and the strongest band is at 3.95 µm 

which is out of the CRISM NIR range. Therefore, our 

results suggest that even more carbonates can be found 

on Mars. Finally, the Martian weathering profiles 

should have formed under a dense CO2-rich atmos-

phere. This is coherent with climate models suggesting 

that such dense atmosphere could allow sustain liquid 

water on the Martian surface at least episodically [8]. 

Figure 3: The experimental measurements represents 

the evolution of the dioctahedral and trioctahedral clay 

minerals as a function of the level number and pCO2. 
#The Al/(Fe + Mg) ratio represents the adsorption band 

ratio in the NIR range between the octahedral Al3+ and 

the Fe2+ and Mg2+ in octahedral position. The purple 

strokes represent the presence of carbonate. The obser-

vations made on Mars show the mineralogical evolu-

tion of the weathering profiles based on the studies of 

[1, 2]. Of note, Al-rich, Al,Fe-rich and Fe,Mg-rich are 

acronyms for Al-rich, Al,Fe-rich and Fe,Mg-rich clay 

minerals. 
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