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Organic material created by mi-
crobial biofilms and mats is unlikely 
to be preserved in the geological 
record without lithification during or 
soon after growth. No bacteria are 
known to be obligate calcifiers, but 
a variety of autotrophic and chemo-
trophic processes can promote car-
bonate precipitation. This is favoured 
by environmental increase in the satu-
ration state of ambient waters. 

Using estimates of past seawater 
ionic composition and atmospheric 
CO

2
 levels, and assuming constant 

temperature of 15ºC, seawater satura-
tion state with respect to CaCO

3
 min-

erals (aragonite and calcite) and dolo-
mite has been calculated for the past 
~550 million years (Riding & Liang 
2004). Higher values of saturation 
state and limestone accumulation dur-
ing times of ‘calcite seas’, and lower 
values during ‘aragonite seas’, indi-
cate an integrated pattern of variation 
in marine CaCO

3
 precipitation, and 

consequently in CO
2
 sequestration, 

reflecting global geochemical cycles. 
This relationship suggests a primary 
control by seawater chemistry on 
limestone formation, and therefore 
also on the biomineralization proc-
esses of many algae and invertebrates 
whose shells are common limestone 
components. This inference is sup-
ported by increased abundance of 
microbial and nonskeletal carbonates 

during periods of elevated calculated 
saturation ratios.

The secular distribution of mi-
crobial carbonates can be related to 
changes in seawater saturation state 
as well as to microbial evolution. 
Elevated seawater saturation state, 
together with ability to raise pH in 
the microenvironment near the cell by 
photosynthetic carbonate concentrat-
ing mechanisms, can result in cyano-
bacterial calcification. This creates 
distinctive ‘porostromate’ or ‘skeletal’ 
fabrics that reflect sheath calcification 
during life. Even if this ‘early’ calci-
fication of cyanobacteria at the mat 
surface does not occur, anaerobic 
non-photosynthetic bacteria can be 
involved in lithification immediately 
below the sediment-water interface. 
This primarily involves degradation 
of residual photosynthetic mat com-
ponents, including cellular materials, 
sheaths and residual EPS. Such ‘later’ 
calcification can result from pH rise 
induced by the activities of anaerobic 
organotrophs - such as sulphate re-
ducing bacteria. It produces irregular 
clotted and peloidal ‘spongiostrome’ 
microfabrics, and also biofilm calcifi-
cation. A variation on spongiostrome 
fabrics occurs where the microbial 
mat is capable of trapping relatively 
coarse allochthonous particles. This 
particularly occurs where algae, such 
as diatoms, augment mat-forming mi-

crobial communities. This results in 
agglutinated microbial carbonates in 
which trapped grains are surrounded 
by micritic matrix, as in Lee Stocking 
Island and Shark Bay columns. 

Spongiostrome fabrics developed 
where filamentous cyanobacteria 
did not calcify early, as in much of 
the Precambrian, possibly because 
they lacked carbonate concentrating 
mechanisms. Porostromate fabrics 
developed where cyanobacteria with 
carbonate concentrating mechanisms 
did calcify in response to elevated 
saturation state, e.g., Palaeozoic-Mes-
ozoic. Agglutinated fabrics developed 
where thick soft mats formed, in re-
sponse to presence of algae as well as 
cyanobacteria, and where low satura-
tion state inhibited cyanobacterial 
calcification, e.g., Cenozoic. These 
secular variations thus reflect linked 
effects of microbial evolution and 
changing seawater chemistry.
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