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Motivation

Core sample, Pennsylvanian dolostone, NM

2 cm

Understanding fluid flow 
in carbonate reservoirs

Fractures important

How do fractures seal?

How does sealing affect 
fluid flow?



Are Fractures Open?

Crack-seal in synkinematic cement

1.  During fracture opening

Postkinematic cement

2.  After fracture opening
200 µm

Two processes seal fractures

cc
Dolomite bridges

200 µm



Hypothesis

Dolomite and quartz cement structures in 
fractures form due to equivalent processes

porositybridgeeuhedral
termination

100 µm

b

b

b

cc

Ordovician Knox Group dolostone Cretaceous Travis Peak sandstone



Testing the hypothesis
Modeling and Observation

• Model dolomite growth in fractured dolostones 
using same approach as for fractured sandstones

• Characterize dolomite cement structures in 
fractures with: 
– Scanning Electron Microscope Cathodoluminescence 

(SEM-CL), 
– Backscattered Electron (BSE), 
– Secondary Electron images (SEI).



Comparison of Color CL and Modeled Textures in Quartz
“PRISM”

100 µm

Pore

Controls on pore occurrence

• Grains in wall rock 

• Rate of opening vs rate of cement    
growth 

• Cement growth rate is faster on 
broken non-euhedral surfaces
– Creation of non-euhedral surfaces 

through crack-seal

• Crystallographic orientation of        
wall-rock grains



Modeling Approach

• Modification of cellular automaton PRISM 
model for dolomite (RHOMBO)

• Use template of dolostone
• Use crystal and growth rate modes to extract 

insights into growth patterns



Assumptions in Model

• Dolomite grains in host assigned crystallographic 
orientations

• Dolomite cement grows in crystallographic 
continuity with grains in wall rock

• Equivalent growth rates along rhomb faces

• 20× precipitation rate reduction after formation of 
euhedral crystal surface

• No change in temperature or degree of 
supersaturation during course of simulation 
(assume supersaturated with respect to dolomite)



Making the Model Template

SEM-CL SEI
Porosity Model template

Fracture introduced

Grain 
boundaries
SEI & PPL



Model Run
Slow opening rate 

Fracture every 10 steps

400 steps

Fracturing during steps 1-300

Fracture initiates in model 
column 150 

Result
Fracture completely seals

Hard to see 
Bands of fast growth

Crystal growth Growth rate



Crystal growth Growth rateExample, Ellenburger

200 µm

Sealed Fractures



Model Run
Moderate 

fracture opening rate

Fracture every 4 steps

Result
Multiple-grain bridges 

(fast growth)

Fracture linings 
(slow growth)

Fracture growth Growth rate



Bridges and Pore Space
Grain orientation control

SEI CL 
100 µm



Model Run
Fast opening rate

Fracture every other step

Result
Multiple grain bridges 
with rhombic geometry 

Fracture linings

Suppression of slower-
growing grains Crystal growth Growth rate





Model Run
Very fast opening rate

Fracture every step

Result
No bridges 

Fast grains terminate
Open, lined fracture

Crystal growth

Example,Ellenburger

200 200 µµmm



?
Rate reduction
More matrix 

sweep

Application
How do fractures seal?    How does sealing affect flow?

Pennsylvanian dolostone, NM

Fractures partly sealed
Geomechanical models

No cement

Flow simulation

2 cm

Models and simulations by Jon Olson, Zeno Philip and Jim Jennings



Conclusions

• Fracture sealing mechanisms for dolostones and sandstones 
are similar 

• Simple geometric modeling is useful for interpreting dolomite 
cement growth in fractured dolostones

• Models give similar structures to those observed with SEM-CL
• Opening rate vs growth rate governs open vs sealed fractures
• Relative rate of growth on non-euhedral vs euhedral surfaces 

governs formation of bridges or pores
• Bridges are characteristically rhombohedral with “noses” normal 

to fracture wall
• Sealing patterns, if incorporated into fracture models and flow 

simulators, will help produce more realistic models of fluid flow 
in fractured carbonate reservoirs  
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