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Introduction:  Carbonate  production  is 
thermodynamically inhibited under low-pH conditions. 
More  specifically,  in  most  terrestrial  environments, 
neither abiotic or biotic pathways favor the production 
of carbonates below a pH of ~4.5. However, carbonate 
minerals have been recognized associated to extremely 
acidic  environments  of  Río  Tinto,  Spain.  The 
mineralogical similarity of these deposits at Rio Tinto 
and those in the Meridiani region of Mars suggest that 
carbonates  may  be  more  widespread  on  Mars  than 
originally thought.

Carbonates in the subsurface of Rio Tinto: 
(1)  Carbonates  occur  in  subsurface  deposits 

associated  with  hydrothermal  sulfides  (primarily 
pyrite) in two boreholes (4 and 8) that feed the acidic 
headwaters of Peña de Hierro [1]. At these locations, 
highly-fractured  Carboniferous  volcanosedimentary 
deposits  (sedimentary  shale  and  hydrothermal  silica) 
host platy-like rounded carbonate structures covered in 
some  cases  by  spheroidal  objects,  as  well  as 
rhomboidal  cements.  EDS  microanalyses  of  these 
materials show that they are composed of phosphorus-
bearing Fe-carbonate. 

(2)  Carbonates  of  ankerite-like  composition  (Fe-
Ca-Mg carbonates)  have  been  found associated  with 
fractured  shales  (borehole  1)  that  cover  the 
hydrothermal  complex  sourcing  of  the  microbially 
dominated  acidic  waters  of  Río  Tinto  [1].  In  some 
cases,  the  fractures  are  filled  by  carbonate-bearing 
aggregates  having fibrous microtextures,  but  isolated 
rombohedral  carbonate crystals  composed of Fe,  Mg 
and Ca (Fig.  1) and infilling microcavities have also 
been observed.

(3)  Carbonate  structures  have  been  recognized  in 
the 2 Ma old terrace deposits of the Río Tinto fluvial 
system. They are comprised of rhombohedral crystals 
that  fill  the  porous  regions  of  biological  remains. 
Microscope  observations  show  that  filamentous 
structures  are occluded in the crystals  and that  these 
are sub-perpendicular to crystal faces. 

The occurrence of carbonates in the three different 
subsurface  settings  suggests  mildly  acidic  to  neutral 
pH  (~  5-7)  and  somewhat  reducing  (Eh  <  0) 
conditions.  Water  samples  obtained  in  the  Peña  de 
Hierro aquifers support the existence of mildly acidic 
to neutral ferrous solutions that  have seasonally high 
concentrations  of  carbon  dioxide,  which  favor  the 
precipitation of Fe-bearing carbonates. In addition, the 

diagenetical history of the ancient terrace indicates that 
mildly to  neutral  conditions  are  reached  through the 
input  of  meteoric  water  leading  to  Fe+2-carbonates 
precipitation.

Microbial  mediation  of  Río  Tinto  subsurface 
carbonates: Although the carbon source for dissolved 
inorganic  carbon  (DIC)  is  not  well  known,  several 
biogeochemical pathways can be suggested to explain 
its high concentration in the subsurfaces. In the aquifer 
hosted  by  volcanosedimentary  deposits,  the 
concentration  of  aqueous  CO2 can  seasonally  reach 
100-150  ppm  during  the  wet  seasons  [1,  2]  when 
rainfall  carries  O2-rich  meteoric  fluids  into  the 
subsuface.  Iron  and  sulfur  oxidation  by  microbial 
activity  decreases  the  pH and  shifts  the  equilibrium 
concentration of DIC to the aqueous CO2 field. Based 
on  all  the  exponded  above,  bicarbonate  is  the  most 
predominant DIC specie during the dry season. Thus, 
the geochemical conditions that prevail in this area, at 
least sesasonally [2], favor the precipitation of Fe-rich 
carbonates at Río Tinto system. 

The  presence  of  sulfate  reducing  bacteria  (SRB) 
that  oxidize  organic  matter  (or  compounds)  [1,  3] 
would induce the precipitation of carbonate minerals in 
the subsurface  by increasing the DIC in the aquifer. 
This  bacterial  oxidation  of  organic  matter  may also 
explain the presence  of  phosphorous  associated  with 
the  platy-like  microstructures  found  in  the  Peña  de 
Hierro  boreholes  4  and  8  [1].  Furthermore,  the 
occurrence  of  rombohedral  crystals  and  abundant 
carbonate  infillings  of  fractured  shale  and  the  pH 
(~6.5) lead us to conclude that microbial activity may 
play  an  important  role  in  the  precipitation  of  these 
ankerite-like  composition  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. 

On the other hand, there is an absence of sulfate in 
the ancient iron-rich terraces of Río Tinto. In this case, 
methane and organic matter oxidation though the ferric 
reduction (e.g.,  by  Acidiphilium sp.)  [4]  are  possible 
processes that introduce DIC into subsurface fluids.

Carbonates  in  materials  derived  from  acidic 
environments  as  posible  biosignatures: The 
occurrence  of  Ca-Mg  carbonates  in  Earth’s  surface 
environments may be interpreted within the context of 
mineral  biosignatures  [4]  to  search  for  life  in  other 
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planets  whether  used  with  other  traces  as  organics, 
structures  or  isotopic.  The  occurrence  of  Fe-Ca-Mg 
carbonates in subsurface regions of the late Noachian-
Hesperian  materials  in  Mars  formed  under  acidic 
conditions [5], should not be overlooked that can be a 
first-step exploration procedure to look for right in the 
investigation  and  exploration  of  biomarkers  that  can 
support the presence of extant or extinct life on Mars. 
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Figure 1. SEM image and EDS microanalysis of a rhombohedral
crystal found in Borehole 1 [1].
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