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Introduction: Geological, geochemical and 

geomorphological evidence collected by orbiting 

spacecrafts and rovers (e.g. Curiosity, Opportunity) on 

Mars suggests the presence of impact-generated 

hydrothermal systems and fluvio-lacustrine 

environments that may have been habitable in the 

Noachian - early Hesperian [1-2]. However, finding 

evidence that life has existed on Mars is dependent on 

the identification of bio-signatures that testify biological 

processes have occurred in martian aqueous 

environments. Owing to the detrimental effect that the 

conditions at the surface of Mars have on organic 

molecules [3, 4], inorganic biosignatures, such as 

secondary alteration minerals associated with microbial 

activity, may be more appropriate for assessing whether 

life existed on early Mars. Clay minerals, carbonates 

and sulfates found at Gale and Jezero craters are 

considered to have formed in extinct aqueous systems 

following basalt weathering and / or brine evaporation 

[5, 6]. At present, it is not possible to determine 

unambiguously whether the formation of these 

alteration minerals is the result of biotic weathering or 

solely related to the interaction of martian brines with 

rocks of basaltic composition. Laboratory experiments 

and field studies can only study basalt weathering under 

abiotic and biotic conditions over short timeframes 

(days to months). By contrast, thermochemical 

modelling can be used to study alteration processes that 

can occur over geological time scales, owing to its 

capability to predict secondary mineral assemblages and 

variations in fluid chemistries through the assessment of 

reaction pathways during water-rock interaction [7-9]. 

By combining laboratory experiments and 

thermochemical modelling it is possible to investigate 

alteration mineral and brine chemistries that may form 

biotically and abiotically during basalt weathering over 

a range of different time scales [10]. 

 

Experimental and modeling approach: We 

investigated the microbial weathering of a martian 

analogue basalt using a combination of laboratory-

based experiments and thermochemical modelling, in 

order to characterize changes in fluid chemistry and 

resultant mineral formation. In doing so, we aimed to 

identify, unambiguously, inorganic bio-signatures 

formed by biotic weathering processes that may be used 

to assess the presence of life on Mars. 

To experimentally study basalt dissolution under 

abiotic conditions, a martian regolith analogue was 

combined with a brine that has previously been shown 

to support bacterial growth [11]. The regolith analogue 

has a chemistry similar to the composition of the 

Rocknest basalts [12] and was composed of terrestrial 

basalt supplemented with aegirine, a pyroxene, to 

ensure that the iron concentration was similar to that 

measured on Mars [13].  

Biotic weathering experiments were performed 

using an anaerobic community.  This community 

consisted of chemolithotrophic, heterotrophic and 

fermentative microorganisms from an anoxic inter-tidal 

zone (the River Dee, UK (53˚21’15,40N, 3˚10’24,95 W) 

[11]). For both biotic and abiotic dissolution 

experiments, the regolith was placed in an acid-washed 

Wheaton bottle and autoclaved at 121 °C for 15 min, 

then 100 mL of brine (see composition in Table 1) was 

added and the pH adjusted up to 7.0 with filtered, 

sterilized 10 mM NaOH. The experiments were 

conducted with an experimental water/rock ratio of 

100/33. Abiotic and biotic experiments were performed 

for 28 days, in parallel. The variations in pH and brine 

composition were measured using an Orion 3-Star 

Thermo Scientific bench top meter and an Inductively 

Coupled Plasma Atomic Emission Spectrometer (ICP-

AES), respectively. 

 

 

 

 

 

 

 

 

 

 

Thermochemical modelling was performed using 

the code CHIM-XPT [14, 15], which has already been 

used to study water-rock interactions in martian 

environments [e.g., 5, 9]. The input data for the models 

included the Mars analogue regolith composition and 

the chemical composition of the brine. Rock dissolution 

was modelled from an initial water//rock ratio of 106 to 

a final water/rock ratio of 1 in order to simulate different 

environmental conditions and degrees of interaction 

between rock and water. The modeling was carried out 

at 2 bar and 14 °C, which was used to simulate the 

pressure and temperature of the growth experiment. 

Three models were conducted: in the first model the pH 

was treated as a free parameter to simulate rock 
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weathering in an abiotic environment; in the other two 

models the pH was set at 6.0 and 6.5 to reproduce the 

pH conditions observed during microbial weathering. 

 

Results: The results in Figure 1 A and B show the 

variations of the brine chemistry over time during the 

biotic and abiotic laboratory experiments. It is evident 

that the action of the microbes favors the release of some 

elements into the aqueous environment. The differences 

in the fluid compositions are even more pronounced in 

the thermochemical models where the analogue 

dissolution is simulated for a longer period of time 

(Figure 2A-B), indicating a long-term biotic influence 

on fluid chemistry. 

 

Conclusion: These results highlight the differences 

in brine chemistries that may have evolved in abiotic 

and biotic martian aqueous environments and reinforce 

the necessity to combine laboratory experiments with 

thermochemical modelling when investigating bio-

signatures.  

 

 

Figure 1. Variation over time of some key elements within the 

brine during abiotic and biotic weathering experiments. In (A) 

variations of Mg, Al and Ca; in (B) variation of K, Fe and Mn. 

Open symbols denote data from the abiotic experiment 

whereas full symbols represent data from the biotic 

experiment. The values reported are the means of five 

independent experiments, and the standard deviation of the 

mean associated with these measurements is shown. Mean 

values of cell density measured for each time period is 

reported in the graphs above each figure.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Variation of some key elements in abiotic model (A) 

where the pH is a free parameter and in the biotic model (B) 

where the pH is set at 6.0 to simulate an environment where 

the pH is controlled by the action of microbes. 
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