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Significance
Lacustrine microbialite systems, such as the pre-salt of Brazil, can be
productive reservoirs. Microbialite formations are also spatially heterogeneous
(Harris et al., 2013), and their genesis and subsequent preservation are not
well-constrained, although their variability has been documented (e.g. Della
Porta, 2015). Although modern microbial mats are known to produce
microbialites through binding and mineralization (Burne and Moore, 1987),
geochemical and microbiological influences on mat morphology (which impact
porosity; e.g., Dupraz et al., 2014; 2011), as well as the mineralization of these
features, are not fully understood. Using a unique study site in SW Puerto
Rico, this work investigated both geochemical and microbiological influences
on microbialite formation, as well as their potential interplay (e.g. Riding, 2000).

PO JB PS
pH 8.39 5.32 7.33
Salinity (ppt) 25.2 77.8 55.3
T (°C) 32.6 34.1 32.3
SIarag 1.92 -0.55 1.21
SIcal 2.22 -0.24 1.51
SIdol 5.63 0.87 4.35
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Table 1: Field parameters, Mg/Ca, and saturation indices for primary carbonate
mineralogy for each pond.

Figure 3: Scanning Electron photomicrographs 
of: (top) PO mats show a large detrital grain with 
extensive biomass that is calcified and (below) 
PS mats with extensive authigenic minerals 

coated in microbial mats.

Figure 2: Lithified mat and microbialite-forming ponds near Guánica, Puerto Rico.  
Location A is a small abandoned saltern (~2100 m2)  known as Poza Del Obispo 

(PO). Location B is a highly evaporated pond (~5000 m2) with obvious halite 
precipitation known as Jungle Beach (JB). Location C is Playa Santa (PS), a larger 
pond (~130,000m2) with microbialites. (Maps from Google Earth, 2019). Images at 

left are cross-sections of lithified mats from each site (labeled A, B, C).

Figure 1: Puerto Rico climate data. The southwest of Puerto Rico can
experience extreme shifts in seasonality, which can affect the water availability
in thecoastal ponds throughout thearea. (Maps fromGoogleEarth, 2019).

Results
Water column chemistry showed saturation values suitable for carbonate mineral phases to form in PO and PS, however lower pH
values in JB caused calcite and aragonite to be undersaturated. Salinity was significantly higher than seawater in JB and PS. In
contrast, PO had salinity slightly below seawater (Table 1.)
Metabolic guilds were specific to each site. PS exhibited a high abundance of purple sulfur bacteria and methanogens, and a lower
abundance of cyanobacteria and algae. PO exhibited a high abundance of sulfate-reducing and denitrifying bacteria, cyanobacteria,
and algae. JB exhibited a high abundance of purple non-sulfur bacteria and a lower abundance of cyanobacteria (Figure 2).
Together, the data suggest three modes of microbial influences on microbialite formation within discrete but proximal environments.
First, microbial mats at JB are likely binding carbonate material (aragonite) and mantling it in exopolymeric substances, preserving it
from dissolution in fluids that are otherwise undersaturated with respect to aragonite and calcite. Halite and gypsum are present
throughout the mat and there is no indication precipitation is microbially-mediated. The microbial communities in this environment are
diverse but lack metabolic guilds associated with carbonate formation. In contrast, PO mats are likely binding clastic material, with
evidence of minor authigenic carbonate formation. These mats display grains coated with microbial biomass that is calcified (Figure
3). Fluids at PO are supersaturated with respect to carbonate minerals and the mats include microbial guilds (e.g. sulfate-reducing
bacteria) associated with carbonate precipitation. Well-developed microbialites with clotted textures occur at PS. Here, while detrital
grains may be present, the texture is well-lithified microbial mats. Fluid geochemistry is supersaturated with respect to carbonate
minerals, and microbial guilds (methanogens) associated with carbonate mineral precipitation, including dolomite, are abundant.

Conclusions
These data underscore the diverse 
microbial and geochemical conditions that 
can contribute to microbial mat lithification 
and microbialite formation. The results 
offer insight into how lithification, 
morphogenesis, and fabrics are facilitated 
by microorganisms and evolve into 
microbialites. This work may lead to a 
better understanding of the genesis of 
microbial fabrics, which can be further 
used to interpret pore evolution in 
microbialite carbonate reservoirs.

Field Location
A number of abandoned salterns (~500 years old) occur on the
southwest coast of Puerto Rico, which is arid, with an average annual
rainfall of 77 cm and average temperature of 26°C (Figure 1.). The local
lithology is the Ponce Limestone (upper Miocene-Pliocene). This study
investigated three ponds—Poza del Obispo (PO), Jungle Beach (JB),
and Playa Santa (PS)—which vary in terms of size (2100-130,000 m2),
fluid geochemistry, morphology, and presence of lithified mats and
microbialites (Figure 2.)

Methods
Fluid samples were characterized using in situ measurements of temperature,
pH, conductivity, and dissolved oxygen. Alkalinity was titrated using 0.45 µm-
filtered samples within 24 hours of collection, with replication in the lab within
two weeks. Anions were determined using ion chromatography on 0.45 µm-
filtered samples, while cations were determined using filtered, acidified
samples with ICP-OES.
Community composition data for algae, archaea, and bacteria were collected

for each sample layer at each site. Sequencing libraries for each amplicon were
prepped using Illumina Nextera XT V2 indices. The prepped libraries were then
multiplexed into a single pool and sequenced using a 300bp PE Illumina MiSeq
sequence run.

Figure 2: Relative abundance of microbial metabolic guilds for Jungle Beach (JB),
Pozadel Obispo (PO), andPlayaSanta (PS)microbial mats.

Key Findings 
• Calcifying microbial mats and 

microbialites ranging in size and 
morphology have been identified in 
several abandoned salterns near 
Guánica, Puerto Rico.

• Despite their close proximity, salterns 
exhibit distinct aqueous chemistry, and 
mats and microbialites in these salterns 
vary in their mineralogy and microbial 
community structure.

• Microbial community diversity varied by 
location, with metabolic guilds associated 
with calcification processes found only in 
lithified mats and microbialites.

• While these sites offer insight into the 
interplay between environmental and 
biogeochemical factors in microbialite 
formation, these data also indicate that 
lithification processes are not isolated to 
a narrow range of parameters. 

A

B

C


