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Introduction: On Earth, the global production of 

carbonates is a complex process that  depends nearly 
on the biological activity in surface waters [1]. Micro-
bial activity is involved in the concentration of inor-
ganic carbon by uptaking CO2 from the hydrosphere. 
By this process global pH of marine waters is main-
tained constant at neutral conditions. On the other 
hand, the precipitation of carbonates is microbially 
mediated, the bacteria can alter the physico-chemical 
conditions in their close environment and concentrate 
ions in their cells, this will drivelocal oversaturation of 
such ions, leading to mineral precipitation.[2]. Carbon-
ate deposits have been recognized as silicified units in 
Mid-Archean materials (~ 3.5 Gy) that are associated 
to stromatolites [3], this suggests that the CO2 regula-
tion by microbial communities started very early in the 
history of the Earth. 

Although carbonates have been likely detected in 
some few outcrops [4] they do not have an extensive 
distribuion like on Earth. Therefore, the lacking car-
bonates on Mars surface suggest that the carbon cycle 
on Mars was never controlled by the formation of 
surface carbonates. Following these reasonings, it can 
hypothesize that microbial life never arised on Mars, or 
thrived in subsurface areas where the environmental 
conditions were more favorable for microbial commui-
ties. Having in mind that the second option might be 
possible, we especulate with those environmental con-
ditions that drove the emergence of Early Life and its 
possible persistence over time on Mars. 

Potential habitats on the primitive Mars (~ 4.5 
Gy): The environmental conditions for Early Earth and 
Mars were somewhat similar wich differences could be 
related to the proportion in gases released to the at-
mosphere [5, 6]. They would be related to the oxida-
tion state of the mantle and could induce some varia-
tions in the composition of the Mars crust [7]. An 
ocean magma was the main source of primordial vola-
tiles (> 4.5 Gy) which introduced different carbon gas 
species depending on the mantle oxidation. 

As the influx of cometary water  on Mars has been 
estimated to be low [8], the redox conditions on its 
surface might have been above 0 due to photochemical 
conditions. This would explain the existence of non-
tronites and some iron oxides which occur in the sedi-
mentary deposits of the oldest Mars terrains [9]. If this 

is true, the generation of organic compounds that are 
essential as precursors for macromolecules would be 
inhibited [10] and the emergence of a biosphere im-
peded. 

After 4.5 Gy, a continuous atmospheric loss would 
have promoted the planetary cooling [11] wich inacti-
vated the hydrological cycle. Therefore, as a result, 
potential habitats on very Early Mars  should be found 
in subsurface areas where the genesis of organic pre-
cursors might have the same conditions as  those ex-
pected for some surficial reducing environments found 
on the thick hydrosphere of the primitive Earth. In 
Mars subsurface production and ensamblage of organic 
precursors could have been driven by thermosysntetic 
reactions [12]. Such processes would have promoted 
the formation of more complex molecules through 
polymerization mechanisms mediated by surface min-
erals exposed to hydrothermal heating (<360 ºC) [12]. 

Potential habitats on Mars during global acidifi-
cation (~ 4.0-3.5 Gy): During the Mid-Archean, sev-
eral shallow communities on Earth took place in con-
trolling carbonate precipitation by the formation of 
stromatolitic units [3] that were silicified subsequently 
to form chert deposits. On Mars, water masses were 
released from melting permafrost and frozen aquifers 
by a thermal episode driven by acidic hydrothermal 
fluids [13]. Under these circumstances, carbonates 
were not formed and likely life evolved as subsurface 
microbial communities that evolved from the living 
forms emerged during the earliest Noachian ages. 
Interestingly, the acidic sediments may have preserved 
some molecular evidences of such a microbial com-
munities [14] that could be transported from subsur-
face regions to shallow underground sulfate-rich ce-
ments or surface sedimentary deposits. 

Photosynthetic versus chemolithotrophic life on 
Mars: The development of carbonate deposits on 
Early Earth (~3.5 Gy) is an evidence for the existence 
of complex surface communities composed of photo-
synthetic and heterotrophic (micro)organisms. Such a 
photosynthetic life extended along the different Earth 
habitats and took control of the pH of surface solutions 
by CO2 uptake. On the other hand, the inexistence of 
carbonates might suggest that such photosynthetic life 
never occurred on the Mars surface. Moreover, 
whether life emerged on Mars, it could be dominated 
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by subsurface chemolithotrophic bacteria, S and Fe 
oxidizers. They could be associated to other heterotro-
phic microorganisms that use S and Fe as electron 
aceptors during the degradation of the organic matter. 
Interestingly, carbonates are current by-products of 
such metabolic pathways and with time they may re-
sult in biosignatures [15] to detect microbial activity in 
past and modern times in the Mars subsurface. 

Microbial carbonates in acidic environments, 
Rio Tinto: The occurrence of Fe-rich carbonates in the 
subsurface of Rio Tinto suggests mildly acidic to neu-
tral pH (∼ 5-7) and somewhat reducing (Eh < 0) condi-
tions [16].  The acid-sulfate system in Rio Tinto [17] is 
considered as a process analog from which we can 
draw lessons for understanding the global evolution of 
aqueous systems on Mars and Archean oceans. The 
presence of sulfate reducing bacteria (SRB) that oxi-
dize organic matter (or compounds) [18, 19] would 
induce the precipitation of carbonate minerals in the 
subsurface by increasing the DIC in the aqueous sys-
tem. Furthermore, the occurrence of rombohedral crys-
tals and abundant carbonate infillings of fractured 
shale and the pH (~6.5) lead us to conclude that micro-
bial activity may play an important role in the precipi-
tation of these carbonates. Indeed, the neutralization of 
subsurface solutions is promoted by microorganisms 
(iron and sulfate reducers), thus, the potential exists 
that those carbonates were microbiologically mediated.    
Kinetic inhibition is generally thought to control Fe-
rich carbonate precipitation under Earth surface condi-
tions. Based on those carbonates found in Rio Tinto, 
the presence of SRB could mediate the carbonate pre-
cipitation and overcome the kinetic barriers. The meta-
bolic activity, anaerobic degradation of organic matter,  
results in an elevated pH (from acidic to neutral) and 
leads to a concentration of ions (Fe, Ca, Mg) and bi-
carbonateions and the nucleation of the microcrystals. 
SRB can induce significant amounts of carbonate pre-
cipitation, implying a major microbial contribution to 
the carbonate sedimentary budget [19]. During Earth’s 
early history, anaerobic bacteria may have been par-
ticularly important for Fe-rich carbonate production 
because anoxic conditions were vastly more prevalent 
than today. 
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