
3D Morphogenetic Analysis of Microbialite Systems from Southwest Puerto Rico
Gregory S. Baker2, Bryan J. Rodríguez-Colón1, Jennifer A. Roberts1, and Wilson Ramírez-Martínez3

Key Findings
o Synoptic thickness (height above 

substrate) of lithified mats and 
microbialites increases with saltern 
surface area

o Lithified mat and microbialite 
morphologies range from sheet-like 
occurrences with smooth surfaces, to 
aggregated pustular textures, to large 
clotted microbialites within salterns 
less than 2 km apart.

Morphology
Poza del Obispo
The lithified mats at the Poza del Obispo saltern 
are poorly to moderately lithified and tend to form 
connected sheets of mats. The surface texture at 
the site is predominantly smooth, with some 
sections showing pustular textures. The cross-
sections of the lithified mats (visible in hand sample 
and core only) are clearly stratified, with lobate, 
hemispheroidal morphology.
Jungle Beach
The microbial mats at the Jungle Beach W saltern 
are unlithified sheets interrupted by precipitation of 
halite and gypsum. The sheets exhibit some 
discrete buildups, though these are small (~0.25 
m2) and only 2-5 cm in height. The surface texture 
of the mats is smooth. In the Jungle Beach C 
saltern, the mats are more lithified and occur as 
larger aggregates (~0.25-2.0 m2) of small buildups 
(with 5-15 cm vertical dimension) with pustular 
textures.
Playa Santa
The microbialites at the Playa Santa saltern are 
well-lithified and composed of groups (~2-10 m2) of 
discrete buildups or “heads” that are upward of 
0.75 cm across. These are larger features and 
have clotted textures.

Conclusions
Variations in microbial mat size, 
morphology, and texture were observed 
in salterns located within ~2 km of one 
another. Sheet-like morphologies with 
smaller synoptic heights are typical of 
mats forming in smaller ponds (<5,000 
m2), while larger aggregates with 
pustular and clotted textures occur in 
larger ponds (20,000-130,000 m2). 
Understanding macro-scale parameters 
that control the distribution of microbialite 
textures within carbonate reservoirs may 
contribute to the prediction of spatial 
heterogeneity scaling parameters in 
analog reservoirs.  
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Figure 3. Average synoptic relief versus surface area of the associated water body for sampled 
microbial mats and microbialites from west to east at each of the four salterns. Poza del Obizpo
has the lowest relief while Playa Santa has the highest relief. Comparison of the representative 

manual photo closeups of lithified microbial mats, non-lithified mats, and microbialites (with 
scale bar=20 cm) are shown at each location..

Figure 1. Google Earth basemap of the field site on the southwest coast of Puerto Rico, with orthomosaic overlays 
for the main salterns and representative photos of microbial mats, lithified mats, and microbialites. Note the 

significant lateral variation in morphology from west to east within ~2 km of lateral distance.

Figure 2. Example of a digital 
3-D model of lithified mats from 

Jungle Beach C. The SfM
models allow for morphologic 
analysis (dimension, volume, 

etc.) not available through 
individual photos typically 

acquired in the field. In 
addition, morphometric 

analysis can be conducted 
back in the lab rather than 

requiring valuable field time for 
hand measurements.

Motivation
Modern lacustrine microbial-mat and microbialite systems serve as proxies for productive ancient microbialite 
reservoirs. Variations in size, morphology, and spatial distribution occur within these systems as a function of 
water depth, fluid geochemistry, microbial ecology, and system energy. Using SfM photogrammetry and 
modeling, this project surveyed modern (<500 years) lithifying microbial mats and microbialites within multiple 
abandoned salterns across a ~2 km region of the southwestern Puerto Rico coast to investigate the relationship 
between microbialite size and morphology and saltern characteristics. The overarching aim of this work was to 
identify parameters that control pore structure and preservation, as well as quantify observed spatial variation in 
microbialite growth and architecture. Such findings hold the potential to inform the modeling of spatial 
heterogeneity in microbialite carbonate reservoirs. 

Location
A number of abandoned salterns (most recently active ~500 years ago) occur on the southwest coast of 
Puerto Rico near the town of Guánica, Puerto Rico. The southwest coast of the island is arid with an average 
annual rainfall of 77 cm and average temperature of 26°C. The local lithology is the Ponce Limestone (upper 
Miocene-Pliocene). This study investigated four salterns—Poza del Obispo, Jungle Beach (“West” and 
“Central”), and Playa Santa—that vary in surface area from 2100-130,000 m2. Within each saltern, the size, 
morphology, and occurrence of lithified microbial mats, non-lithified microbial mats, and microbialites was 
characterized. Locations of individual mats imaged via manual and drone photos were identified using GPS 
positioning (from internal smartphone GPS and drone GPS) and modified to match precise locations on high-
resolution digital orthomosaics (cm accuracy). Figure 1 shows the four salterns and orthomosaics with select 
manual digital photos representative of the different sampling sites for the four locations. 

Methods
The structure-from-motion (SfM) technique is based on the principle of motion parallax, whereby images of a 
static object obtained from multiple azimuths and distances can be used to reconstruct a three-dimensional 
(3D) digital model of the object (e.g., Matthews, 2008). For the SfM photogrammetry, sUAS acquisition 
parameters are dominantly dependent on (i) imaging parameters; (ii) accuracy requirements; (iii) topography; 
and (iv) field logistics. The site-scale SfM photogrammetry for this project was accomplished with a 20MP 
camera (mounted on a DJI Phantom 4 Pro sUAS). The camera was fully integrated into the sUAS so no 
additional calibration or modifications were needed. In photogrammetry, one of the critical parameters required 
to process data accurately is image overlap, which was set to 80% (front and side) for all data. In addition, in 
situ experiments (Baker et al., 2019) were used to determine that in some instances (where sun angle was 
high and/or water depth to lithified-mat targets was greater that 50 cm) a larger overlap is needed (set at 90%) 
to allow for edge-cropping of distorted image angles based on Snell’s Law of raypath bending. 

For each of the four salterns of study (Poza del Obispo, Jungle Beach W and C, Playa Santa), SfM models 
were generated using industry-standard software (MetaShape, by AgiSoft) with standard processing 
algorithms. No new innovative processing methods were used. In all cases, the standard error of resultant 
models was small (mainly due to good initial GPS data positioning of camera locations) and minimal post-
processing steps were needed. Models (Figure 2) were imported into SketchFab 3-D visualization software for 
manipulation and sharing (https://sketchfab.com/GeoAvatar/models).

Synoptic Thickness
The synoptic thickness—or the vertical distance 
between the top of a microbial structure and the 
top of the surrounding sediment surface—was 
measured in several of the microbial systems using 
SfM models (Figure 2). In general, the synoptic 
thickness ranged between zero and 50 cm. The 
westernmost saltern (Poza del Obispo) had the 
smallest average synoptic thickness (<20 cm), 
while the easternmost saltern (Playa Santa) had 
the greatest average synoptic thickness (<50 cm). 
Jungle Beach fell between the two endmembers. 
Thus, the synoptic thickness varied by an order of 
magnitude within ~2 km of lateral distance (Figure 
3). 


