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KEY FINDINGS 

� Carbonate muds are deposited within freshwater microbial mats in a
low-lying palustrine environment within the Florida Everglades,
occurring in close proximity to shallow marine carbonates.

� Syn-deposition of carbonate grains and abundant organic matter is
observed in this environment, which contrasts with typical open
marine settings where organics and carbonate framework deposition is
typically decoupled.

� Early degradation of the abundant labile organics leads to a reduction
in the concentration of TOC and more negative G13C values of the
organic material.

� Alteration of carbonate grains during early burial is observed, including
significant dissolution of the “stable” low-Mg calcite material, leading
to alteration of the original isotopic signal in the carbonate.

� Analogous Pleistocene deposits show that textures, geochemical
signatures, and organic content of microbial muds are pervasively
altered during early burial.

INTRODUCTION AND SIGNIFICANCE 

As microbial deposits are increasingly recognized in many depositional 
settings, it is important to definitively identify microbial signatures in these 
deposits. The ability to confirm microbial activity (precipitation, trapping, 
binding, cementation) in the formation of carbonates is challenging when 
assessing subsurface lithofacies. Depositional process can vary between 
environments, and microbial features can be well developed on both a micro 
and macro scale. Since microbial processes remain poorly understood 
“microbial” features can be misinterpreted. 

Figure 1. Left, schematic of 
Paurotis Pond stratigraphy. Top of 
the section lies at ~1 m above 
mean sea level. Holocene 
deposits typically ~0.5-1 m thick. 
Top right, microbial mat at 
surface. Bottom right, view of 
standing water at Paurotis Pond. 



 
 

In the Everglades there is a unique opportunity to study the modern 
formation of freshwater microbial mud. This project follows the formation, 
burial and diagenesis, and lithification of these microbial-formed carbonates. 
Through photosynthesis calcifying cyanobacteria alter their microenvironment 
and precipitate fine-grained carbonate sediment (Merz, 1992). Textural and 
geochemical characteristics provide a measure of early diagenesis. 
Furthermore, ancient freshwater microbial deposits occur in South Florida as 
Pliocene and Pleistocene limestones. Buried during subsequent marine 
transgressions, these deposits provide a direct analogue with the freshwater 
muds deposited today.  

CALIBRATION OF MODERN AND ANCIENT MICROBIAL CARBONATES 

Modern Microbial Muds at Paurotis Pond: South Florida 

Holocene carbonate 
muds reach a thickness 
of ~50 cm above the 
underlying, karstified 
Pleistocene limestone 
(Fig.  1), and occur as 
light brown, mostly 
unstructured, 
homogeneous sediments, 
with laminations in only 
the top few centimeters 
of the microbial mat. 
Deposited in shallow 
water subject to a short 
hydroperiod, the calcitic 
mud is a result of 
periphyton 
photosynthesis, and 
reflects local water 
chemistry and hydrologic 
conditions (Browder, 
1994). Previous work by Gleason and Spackman (1974) and Merz (1992) 
used both light microscope and scanning electron microscope observation to 
identify two dominant species of photosynthetic cyanobacteria (Scytonema 
hofmannii and Schizothrix calcicola) within the periphyton at Paurotis Pond. 
Crystal structure was documented as fine, equant shaped, dendritic or 
rhombohedral crystals within dense cyanobacterial mats, with a species 
specific crystal form (Gleason and Spackman, 1974; Merz, 1992). However, 
recent work has demonstrated that there is likely one type of crystal 
precipitated in the system. At varying stages of crystal formation, layers of 
crystals referred to as “dendritic”, stack upon each other, eventually 
coalescing to create one larger “rhombohedra” (Fig. 2). In addition, SEM 
results have shown the modern microbial community to be much more 
diverse than previously reported. A complex community of microbes excretes 

Figure 2. Scanning electron microscopy images of 
carbonate grains from the Paurotis Pond core, 
showing typical stacked, dendritic textures of 
individual crystals (bottom right), as well as 
calcification within the EPS microenvironment. 



exopolymeric 
substances (EPS), 
which in turn provide a 
suitable 
microenvironment for 
carbonate crystals to 
form. Scanning
electron microscopy 
facilitated the
identification of crystal 
growth structures 
within the EPS micro-
environment (Fig. 2).  

Early diagenesis (<5 
kyr) has altered crystal 
textures and organic 
material (OM), as well 
as geochemical
signatures. A short 
core from Paurotis 
Pond produced distinct 
geochemical trends as 

the microbial mud is buried. A slight increase in the stable isotopic values of 
the precipitated muds with depth (į18O -1.5 to -2.5‰ and į13C 0.5 to -
0.5‰) correspond with increasing dissolution features during burial (Fig. 3). 
Changes in isotopic values are attributed to dissolution and fluids derived 
from the underlying bedrock.  
The TOC decreases with depth in Paurotis Pond correlating with an 

unexpected depletion of the corresponding į13C. This change is thought to 
correspond with the degradation of labile material, including EPS. This is 
plausible due to the role of EPS as the major food source for soil microbes, 
and is also supported by the lower OM observed down core. With a depth 
increase of only 25 cm, we see a decrease from 10.4 to 4.2% OM. If a large 
majority of the OM were labile, a significant decrease in TOC would be 
expected over a relatively short period of time, in addition to the depletion of 
į 13Corg values. The į13Corg values start around -23‰ and decrease to about -
26‰ down core. As the deposits are buried, we should expect to see TOC 
decrease even further, but a possible increase of į13Corg values as 
degradation switches to less labile material. 

Pleistocene Microbial Muds: South Florida  

 A Pleistocene core drilled at Joe Ree Rock Reef contains freshwater 
mudstone analogous to the modern mud forming at Paurotis Pond. Over the 
last 2.6 Myr, freshwater systems deposited microbial mud intermittently 
when favorable hydrologic conditions occurred, likely tied to eustatic sea- 
level changes. The buried freshwater deposits provide some gauge of the 
preservation potential of the microbial signatures at Paurotis Pond. Their 
stable isotopic compositions range from į18O values of -2.0 to -3.0‰ and 

Figure 3. Scanning electron microscopy images of 
carbonate grains from the Paurotis Pond core, showing 
increasing dissolution features with depth. Top left: 0- 
5 cm. Top right: 5-10 cm. Bottom left: 10-15 cm. 
Bottom right: 20-25 cm. 



 
 

į13C values of -
1.5 to -6.5‰ 
(Fig. 4). These 
values are 
significantly more 
negative than the 
Paurotis Pond 
sediments (į18O -
1.5 to -2.5‰ 
and į13C 0.5 to -
0.5‰). The 
Pleistocene 
freshwater 
mudstones, at 
5.2-6.6 and 8.5-
9.7 m, are 
depleted in 13C 
compared to the 
adjacent marine 
units (Fig. 4). 
The TOC of the 
freshwater microbial carbonate units measured less than 0.1%. These data 
are significant. They show that within this freshwater depositional system, 
significant amounts of TOC are unlikely to survive beyond early burial and 
just a few meteoric-marine cycles.  

IMPLICATIONS FOR PRESERVATION OF MICROBIAL SIGNATURES 

Preliminary results of this study imply that microbial signatures of 
freshwater carbonates are not well preserved in low-lying, coastal 
environments. Deviation from modern inorganic isotope signals implies that 
the alteration process affects even these dense LMC mudstones. Organic 
values also display altered signatures relative to the Modern. However, these 
values can still provide indirect evidence of a microbial origin.  As more labile 
material is often associated with microbial mats (i.e. sites of precipitation), 
degradation of this material will result in a depleted signal when compared to 
that of non-microbial deposits. 

REFERENCES 
Browder, J.A., Gleason, P.J., and Swift, D.R., 1994, Periphyton in the Everglades: Spatial 

variation, environmental correlates, and ecological implications in Davis, S., and Ogden, 
J.C., eds., Everglades: The Ecosystem and its Restoration, p. 379-418.  

Gleason, P.J., and Spackman, W., 1974, Calcareous periphyton and water chemistry in the 
Everglades: Environments of South Florida: Past and Present, Memoir, v. 2, p. 225-248.  

Merz, M.U., 1992, Biology of carbonate precipitation by cyanobacteria: Facies, v. 26, p. 81-
101. 

Figure 4. Data from Pleistocene carbonates from a core at Joe 
Ree Rock Reef (JR3). Grey areas indicate freshwater microbial 
muds deposits. Lithological units. Mineralogy (XRD). δ13C or 
the organics (TOC<0.04%). Stable isotopes- δ13C is shown in 
red, and δ18O data is shown in blue. 


