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Introduction: Today, the martian surface is unable 

to support liquid water unless in the form of a brine 

[1,2]. However, under current conditions it might be 

possible for liquid water to exist in the martian subsur-

face. There is also compelling evidence, the presence 

of hydrous minerals [3,4] and geomorphological fea-

tures, that suggests water may have been present early 

in Mars’ history [5-7]. This could have been either in 

the form of a planet-wide hydrological cycle or in more 

transient and localised occurrences, such as those gen-

erated by meteorite impacts. If aqueous environments 

exist on Mars, past or present, then it is possible these 

environments could support microbial life, which may 

leave behind biosignatures that could be used by future 

life detection missions.   

We present results from simulation experiments 

that aim to identify potential biosignatures that could 

form within martian environments where life may, hy-

pothetically, survive.  

Experimental setup: Experiments simulating the 

martian chemical environment were conducted under 

abiotic and biotic conditions. A regolith simulant rep-

resentative of a “global” martian lithology [8] and a 

thermochemically modelled fluid representative of a 

martian groundwater [9] were used to simulate the mar-

tian chemical environment. These were added to a 

flow-through bench top reaction vessel [10], which is 

used to maintain the experiment’s physical conditions. 

The flow-through system enables the continuous flow 

of fluid through the chamber, which is more repre-

sentative of the open systems that would be found in 

nature. It also allows continuous monitoring of fluids 

without altering the parameters within the chamber, 

specifically the experimental water-rock ratio.  Biotic 

experiments were inoculated with an enriched microbi-

al community, to represent a potential microbial com-

munity that could exist within the martian environment. 

This inoculum was grown using anaerobic sediment 

from the Pyfleet mudflats in Essex, UK, which is rich 

in sulfate reducers and methanogens [11]. This initial 

sediment material was sub-cultured into the same simu-

lated chemical environment that has been used in simu-

lation experiments seven times over a 7 month period 

[12]. This process enabled the selection of a microbial 

community capable of growth under the simulated 

chemical environment and significantly diluted any 

estuarine derived nutrients.   

 Abiotic and biotic experiments were conducted 

over a 28 day period, with fluid samples taken every 1 

to 3 days. These fluid samples were used for cell 

counts and ATP assay (a molecule that provides energy 

for cell functions) to determine cell growth rates, and 

ICP-OES and pH analysis to identify changes to fluid 

chemistry.  At the end of the experiment, the simulant 

material was extracted from the solution and dried pri-

or to analysis by FEG-SEM and Raman spectroscopy 

to identify any morphological and mineralogical 

changes that may have occurred. TOC analysis was 

also conducted on both fluid and silicate samples to 

determine the concentration of organic carbon. 

Results: Biotic experiments showed an overall in-

crease in cell numbers over the duration of the experi-

ment, which corresponds to an overall increase in ATP 

detection over the course of the experiment. Cell num-

bers ranged  between  1.23 × 105 and 1.8 × 106 cells 

per mL(fluid), which falls within the range of cells num-

bers found for terrestrial subsurface groundwaters, 

which are between 102 and 107 cells per mL [13]. 

These results indicate that microbes were growing 

within the simulated environment for the duration of 

the experiment, and at concentrations similar to those 

found on Earth. 

FEG-SEM analysis of simulant material showed ev-

idence of microbial cell structures on the surfaces of 

grains of Fe-silicate, apatite, pyrite and gypsum (Fig. 1) 

in the biotic experiments. SEM analysis also revealed 

surficial deposits on Fe-silicate grains and morphologi-

cal evidence of the dissolution of basalt in the biotic 

experiments.  Two types of deposits were identified: 1) 

a lenticular crystal structure (Fig. 2), which is thought 

to be gypsum, and 2) a deposit that is rich in Cu and S.  

This suggests microbial activity has resulted in mor-

phological changes to the simulant grains.  

Chemical analysis of fluids via ICP-OES showed, 

overall, there were no significant variations between 

ion concentrations at ppm levels. However, it did iden-

tify an increase in Ca and S over the first 10 days of 

both abiotic and biotic experiments. This is interpreted 

to be a result of the dissolution of gypsum, which is a 

component of the regolith simulant. Variations were 

identified for ions present at ppb concentration (Fig. 

3): P, Sn, and Fe were only detected under biotic con-

ditions, and Al, Mo and Mn showed variations in con-

centrations between abiotic and biotic experiments. 

These variations indicate that the presence of microbes 

is influencing the chemical environment, through the 

enhanced dissolution of the silicate material in biotic 

experiments.   
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Preliminary results from TOC analysis reveals bio-

tic experiments have relatively high concentrations of 

non-purgeable organics (75 to 5 ppm) when compared 

to abiotic experiments. However, the highest concen-

trations are seen in the first few days of the experi-

ments, after which is begins to decline, and therefore, 

may be a result of the initial inoculum.  

Conclusions: If microorganisms were present on 

the martian surface in the past or are present in the 

martian subsurface today, our initial results suggest that 

they would be able to: 

1) encounter conditions akin to those known on 

Earth from moderately extreme environments, 

or environments not considered extreme at all; 

2) produce cell numbers that are similar to those 

found in terrestrial subsurface environments; 

3) leave behind detectable and specific geochemi-

cal evidence of microbial activity, albeit in 

trace amounts, in both the chemistries of 

groundwaters and as surficial deposits on rego-

lith grains.   

This work would also suggest future life detection mis-

sions or sample return missions should ideally focus on 

trace element concentrations and microscale features 

when searching for potential geochemical biosigna-

tures.  

 

 
Fig. 1  False colour secondary electron image of desic-

cated microbes on the surface of simulant material. 
 

 
Fig. 2 Secondary electron image of deposits formed of 

lenticular crystals found on the surface of simulant mate-

rial. 

 
Fig. 3 ICP-OES data taken from abiotic (a) and biotic (b) 

simulation experiments.  
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