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Microbial ecosystems play a 
seminal role in the carbonate cycle on 
Earth, directly or indirectly control-
ling the balance between dissolution 
and precipitation at the biosphere/
lithosphere interface. Lithifying mi-
crobial mats communities are an ideal 
research objects for biogeosciences 
because of the relative ‘simplicity’ 
of their biological elements, i.e., a 
relatively small number of dominant 
microbial “functional groups” are 

responsible for the development of a 
highly organized ecosystem. Because 
light is the main component trigger-
ing the system, microbial mats can 
be seen as a ‘solar engine’ allowing 
the formation of biomass through 
oxygenic photosynthesis. Metabolic 
products are then efficiently recycled 
within the mat through a large ar-
ray of bacterial guilds. This element 
cycling directly impacts the carbon 
cycle changing the balance between 

organic (cell material and extracel-
lular polymeric substances - EPS) and 
inorganic carbon (CO

2
 or carbonate 

precipitation). 
In the Bahamian environments, 

lithifying mats are producing a vast 
array of microbialite morphologies: 
e.g., scattered precipitation within 
the mat, thick micritic to micro-
sparite crust at the top of the mat, 
laminated knobs, and micritic and 
coarse-grained stromatolites (Fig. 
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Figure 1 Some characteristics of lithifying microbial mats thriving in different environments.
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1). Micritic crusts and laminated 
knobs are observed in shallow and 
quite hypersaline environments and 
coarse-grained stromatolites are 
found in open marine environments. 
Laminations, the key mesoscopic 
feature of stromatolites, are forming 
when lithifying mats are periodically 
disturbed (e.g., sedimentation) or 
seasonally controlled (e.g., filaments 
orientation). This perturbation leads 
to microbial community cycling at the 
top of the stromatolite. The product is 
an iterative system involving radiate 
accretive growth of microbial mat, 
biofilm or inorganic minerals. The 
emerging stromatolite morphology 
thus records the mixture of environ-
mental parameters (extrinsic factors) 
and microbiological inheritance (in-
trinsic factors). 

In the studied examples, the two 
dominant metabolic processes re-
sponsible for carbonate precipitation 
are the photosynthesis and sulfate re-
duction, whereas aerobic respiration, 
sulfide oxidation and fermentation 
will mostly result in a net dissolution 
of CaCO

3
. No precipitation occurs in 

or on the sheath of active filamen-
tous and coccoid cyanobacteria and 
very little carbonate precipitation 

occurs where photosynthesis peaks 
(measured via needle electrodes). No 
significant carbonate precipitation is 
therefore associated to CO

2
 uptake 

by cyanobacteria. On the other hand, 
two-dimensional mapping of SRB 
activity using silver foil coated with 
35SO

4
2- indicates a close spatial rela-

tionship between SRB and the CaCO
3
 

precipitation both in hypersaline and 
open marine deposits.

The EPS embedding microbial 
community is now considered as ac-
tive players in the lithification process 
because of their ability to inhibit or 
promote CaCO

3
 precipitation under 

specific conditions. The precipitate is 
nucleating on or replaces the organic 
framework without initially breaking 
the three-dimensional structure of the 
EPS. Initially, the EPS matrix acts as 
a ‘cation sponge’, inhibiting carbon-
ate formation by removing Ca2+ from 
solution, via Ca2+-binding macromol-
ecules containing acidic amino acids 
and carboxylated polysaccharides. 
In order to allow precipitation, the 
cation-binding capability of the EPS 
can be reduced following different 
mechanisms: (1) external increasing 
ion concentration (e.g., Ca2+, Mg2+) in 
order to reach the saturation of EPS 

acidic bonds, (2) organomineraliza-
tion resulting from EPS organization 
into an acidic template for precipita-
tion, or (3) hydrolytic destruction of 
the EPS via heterotrophic activity 
(fermentation) or destruction by UV 
light. The observations made in the 
different studied calcifying mats are 
well explained by the third mecha-
nism. Degradation of EPS leads 
to decarboxylation of EPS and the 
formation of low molecular weight 
organic compounds that support SRB. 
Hydrolysis and decarboxylation of 
EPS liberates cations and results in an 
internal increase in [Ca2+] and [Mg2+]. 
Sulfate reduction then increase alka-
linity in microdomains, increasing 
[CO

3
2-]. With abundant [Ca2+] and 

[Mg2+] available, this leads to EPS 
calcification. 

This type of interdisciplinary 
research in biogeoscience cannot 
be achieved without a real multidis-
ciplinary approach. Combined use 
of microscopic techniques, element 
analyses and biochemical investiga-
tion provides a powerful approach 
to the understanding of microbialite 
formation in the Bahamian environ-
ments.


