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Abstract 

 

The lacustrine carbonate reservoirs of the South Atlantic margin contain vast quantities of hydrocarbons, but predicting reservoir properties 

remains a significant challenge. Seismic-scale Late Pleistocene analogues for these reservoirs are found in carbonate buildups from paleo-Lake 

Lahontan, a large pluvial lake in the Basin and Range, western USA. These buildups are up to 100 m high, and consist of stacked successions 

of domes, pillars, and branches (< 5 m high) which exhibit meso- and microscale textural trends. Reservoir properties were examined by 

combining field observations, porosity and permeability measurements, and outcrop modeling. Porosity data were obtained from thin section 

optical porosity, and permeability measurements were made on hand samples and outcrops to create a large reservoir property dataset.  

 

We present conceptual models of depositional “building blocks”, based on observed trends in morphologies and textures, using a combination 

of ArcGIS, Matlab, and DecisionSpace software to model simplified reservoir properties and examine heterogeneity. We present 3D 

morphological models based initially on simple forms, and extended into larger stratal units. Porosity and permeability properties are 

stochastically incorporated into the models based on observed texture. Fluid flow through the reservoirs is modeled to examine how shape and 

texture affect property distribution and flow patterns. Small-scale conceptual models are applied to larger-scale, digital outcrop models 

constructed from imagery collected from sUAS (small unmanned aerial vehicles or drones). Reservoir property and flow simulations are 

applied to the larger model. We observe complex vertical and horizontal heterogeneity dependent on growth direction, texture, internal 

structure, overall morphology, and gross stacking patterns. The models indicate that unlike siliciclastic reservoirs, the lacustrine carbonate 

reservoir potential is strongly dependent upon environmental factors including water chemistry, depth, clarity, and temperature. The outcrop-

based models demonstrate that stacking patterns indeed have a measure of predictability, and are useful analogues for predicting the 

distribution of reservoir properties and fluid pathways at the basin scale. 
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1. Introduction
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Tufa Outcrop

2. Geologic Background ���������	
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5. Porosity and Permeability of Tufa Outcrops

6. Outcrop Models
For the purpose of this study, we classify tufas based on texture in order to 
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5) Cemented Grainstones

4. Methods
Optical Porosity Permeability UAV-Sourced Photogrammetry
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sections were scanned 
using a slide scanner, 
then processed with 
ImageJ to calculate an 
optical porosity value. 
The example shown 
here is from a 
thrombolite tufa 
section.

Threshold image

Thin section scan

Binary image product
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of ikaite crystals at low water temperatures. As lake levels rise, these deposition sites develop layered mounds and towers. At high lake levels, microbial 
processes may dominate formation of tufa, resulting in layered thrombolitic tufas that form the outermost layers of mounds, towers, and coat bedrock.
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2) Thinolite Tufa
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3) Pipe Tufa
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4) Laminated/Stromatolite Tufa
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fragments, and coated grains, cemented with micrite.
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Conceptual Model of Tufa Tower Deposition for Flow ModelingThe current results demonstrate that:
 - Tufa textural and morphological patterns are present across both    
 basins
 - While the mean porosity is similar across tufa textures, the range of    
 values is distinct to each textural type
 - Permeability is highly variable with respect to tufa texture, and 
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  (laminated/stromatolite tufas)
 - 3D models have provided insight into the depositional trends across 
  the basin and the relationship to subsurface geology

Future work on tufa reservoir architecture 
includes:
 - Increasing the sample size for porosity and  
  permeability measurements
 - Transfer of 3D digital outcrop models into 
  geomodeling  software such as Petrel,   
  Move, or Skua-GOCAD
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   - Conceptual models using     
    generalized tufa morphologies and  
    textures
   - True earth models using inputs 
    derived from the  digital outcrop  
    models

Tufa interpretation from Outcrop A with DEM in ArcScene
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