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Abstract 
 
Reservoir modeling of carbonate rocks requires a proper understanding of the pore space distribution and its relationship to permeability. 
Fractal geometry is one way to characterize the distribution of pore spaces in rock samples. Pape et al. (1987) described a pigeonhole fractal 
model for characterizing the pore space in rock samples. They also extracted the fractal dimension and described its relationship to the 
tortuosity and the formation factor of the studied samples. In this study we apply the pigeonhole fractal model to moldic pore spaces observed 
in thin-section photomicrographs obtained from the Happy Spraberry Field in Garza County of the Midland Basin. The pigeonhole fractal 
model is particularly useful for approximating moldic pores due to their circular-like like shapes. We describe and use the Minkowski-
Bouligand box-counting method to estimate the fractal dimension of the moldic pore spaces. We then combine the Kozeny-Carman equation 
together with the fractal theory of porous media to estimate the nonlinear increase in permeability at porosities increases and derive an 
empirical relationship between permeability and porosity expressed as 𝑘𝑘 = 4.3𝑋𝑋1011𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔2 Φ7/5 (where 𝑘𝑘 is permeability and Φ is porosity and 
rgrain is average grain size radius). The permeability calculated using the empirical relationship shows a good match with measured 
permeability. 
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OBJECTIVES

INTRODUCTION

RESULTS & CONCLUSIONS

• Reservoir modeling of carbonate rocks 
requires a proper understanding of the 
pore space distribution and its 
relationship to permeability. 

• Fractal geometry is one way to 
characterize the distribution of pore 
spaces in rock samples. 

• In this study we apply the pigeonhole fractal 
model to moldic pore spaces observed in thin-
section photomicrographs and extract the 
fractal dimension. 

• We apply the Kozeny-Carman equation and 
equations relating the tortuosity and the 
porosity to the fractal dimension to derive an 
empirical relationship between permeability 
and porosity.

• We develop a workflow for applying the box-counting method to thin-
section photomicrographs. 

• Box-counting methods are commonly applied to thin-section 
photomicrographs or scanning electron microscope (SEM) images in order 
to estimate the fractal dimension. 

• This procedure involves recognizing every instance of a certain feature 
everywhere it occurs in the image, then super-imposing boxes of varying 
size and counting how many boxes cover the features of interest. 

• Due to complexity of certain rocks, such as carbonate rocks that are often 
affected by facies selective diagenesis, automatic detection of features, 
such as pore spaces, fractures, or specific fossil types, is often inaccurate. 
Interactive interpretation of the images ensures all features of interest are 
captured. 

• The concept of fractals was introduced by 
Benoit Mandelbrot (1983) and can be 
observed extensively in many areas of 
geology and geophysics (Turcotte, 1992; 
Xie, 2010). 

• Scale invariance of intrinsic patterns is an 
important concept in geology that can be 
observed in numerous geological objects 
and phenomena. 

• These geological objects and phenomena 
are described as containing statistically 
self- similar patterns often modeled with 
fractal geometry.

• Fractal geometry has been used 
extensively to characterize pore space and 
fracture distribution of both carbonate 
and clastic rocks as well as the transport 
properties of porous media and fluid flow 
in reservoirs. 

• The fractal properties are usually 
estimated from thin-section 
photomicrograph images or scanning 
electron microscope images. 

• The pigeonhole fractal is used to successfully 
characterize the moldic pores in the reservoir 
facies of carbonate rocks and extract the fractal 
dimension. 

• We apply the Kozeny- Carman equation and 
equations relating the tortuosity and the porosity to 
the fractal dimension to establish an empirical 
relationship between permeability and porosity. 

• A good match is observed between modeled and 
measured permeability for rgrain= 400nm.
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METHODOLOGY

HAPPY SPRABERRY FIELD

Modified Kozeny-Carman 
equation (Pape et. al., 1987; 
1999)  and equations 
(obtained using the pigeon-
hole fractal model) relating 
Tortuosity and Porosity to the 
Fractal Dimension D.
T is tortuosity, rgrain is average 
grain size, reff is the effective 
pore radius, D is the fractal 
dimension, k is permeability 
and Φ is porosity. 

The fractal dimension 
obtained is approximately 
2.05; we substitute it in the 
2nd and 3rd equations and 
combine the results with 
the first equation to obtain:

• The Happy Spraberry Field 
Texas is located in Garza 
County on the northern part of 
the Midland Basin. 

• It produces oil from 
heterogeneous shallow shelf 
carbonates of the Permian-aged 
Lower Clear Fork Formation. . 

• The reservoir facies have 
cemented and dissolution 
enhanced pore types caused by 
facies selective diagenesis. 
Moldic pores are the most 
abundant across the field and 
dominate the oolitic skeletal 
grainstone packstone facies. 

• We make use of thin section 
photomicrographs of the 
reservoir facies from a well in 
the Happy Spraberry Field. 
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