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• Both qualita�ve descrip�ons 
 and quan�ta�ve geometric para-
 meters are able to improve the 
 predic�on of the parameters at 
 a given porosity.
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1. Abstract

6. Implications and Conclusions

 
Pore architecture, i.e., type, structure, and overall geometry, is related to fluid flow and satura�on 
proper�es in carbonate reservoirs. By combining conven�onal thin-sec�on microscopy with ion-milled 
SEM image mosaics, this study takes a mul�scale digital image analysis (DIA) approach to capture 
several orders of pore architectural parameters in carbonate samples. Therefore, the informa�on 
extracted from the mul�scale image analysis is considered to be representa�ve of a con�nuum of pore 
proper�es that contribute to flow and capillary forces in each sample. Subsequently, we u�lize 
sta�s�cal methods to inves�gate the rela�onships between mul�scale pore architecture data and 
laboratory measurements of NMR T2 distribu�on and T2cutoff. DIA-measured pore sizes range from 
84nm to 3.08mm, over four orders of magnitude. We systema�cally define the percentage of 
microporosity (Xpor) by applying different cutoffs to determine the pore lengths at which geometrical 
parameters vary the most and would be more likely to affect petrophysical parameters.
Combina�ons of pore architecture parameters Perimeter over Area (PoA), Gamma (ϒ), Aspect Ra�o 
(AR), Xpor, and pore types were incorporated into mul�ple linear regression models to improve the 
predictability of the NMR measurements. Thus rela�ng direct informa�on on porosity, pore size 
distribu�on, and bound water satura�on to pore geometry.Cluster analysis indicates that independent 
of rock type, small and intricate pore systems with higher amounts microporosity are likely to host 
higher amounts of capillary bound fluids. This rela�onship holds especially among samples with the 
same type of microporosity. Hence, the amount of capillary bound fluids in micropores are dependent 
on both micropore sizes and pore architecture.
Furthermore, mul�ple regression analysis helps to define the rela�onships more clearly. Results 
indicate that micropore type, and the shape and complexity of pores, i.e., the ϒ and the PoA are the 
more important predic�ve parameters in the models. Coefficients of correla�on improve from 0.1 to 
0.78.
These results are a step toward understanding how micropore types and which pore architecture 
parameters can assist in predic�ng irreducible water satura�on which is very important in reservoir 
considera�ons of permeability and producibility.

Broad beam Ar-ion Mill polishing
Thin sec�on photomicrographs
Backsca�ered SEM Mosaics: 
1 mm X 1mm, 100µm x 100µm
 (Up to 10 nm per pixel)
Pore Architecture Parameters:
Percentage of microporosity (Xpor),
Perimeter/area - PoA, Gamma – Υ,    

Aspect Ra�o (AR) 

3. Petrography

Ion-Milled

Manually Polished

4. MsDIA Definition of Microporosity  

Es�mators for Predic�on Swb R2
T2cutoff

R2

Φ 0.069 0.630
Φ and AR 0.111 0.697
Φ and Υ 0.442 0.632
Φ and X30 0.096 0.691
Φ and PoA 0.270 0.734
Φ, PoA and AR 0.294 0.822
Φ, PoA and Υ 0.524 0.748
Φ, PoA, and Xpor 0.342 0.734
Φ, PoA, Xpor, and AR 0.386 0.764
Φ, PoA, Xpor, Υ and AR 0.580 0.819
Φ, PoA, Xpor, and Υ 0.699 0.751
Φ, PoA, Xpor, Υ, micropore and macropore types 0.780 0.844
Φ, PoA, Xpor, Υ, AR, and micropore types 0.700 0.672
Φ, PoA, Xpor, Υ, AR, and macropore types 0.630 0.530

2. Data and Methods

     Lithofacies and Pore Types in Thin Section     Micropore Types Observed in SEM

A. Spiculi�c wackestone to packstones with spicu-moldic and 
 large dissolu�on enhanced pores
B. Brecciated silica-cemented karst facies with moldic porosity
C. Skeletal peloidal packstones with intrapar�cle porosity
D. Skeletal wackestones to mudstones with no visible pores 
 in thin sec�on (“�ght”)
E/F. Dolomite with sucrosic to cluster intercrystalline porosity

A. Nano-intercrystalline pores in cherty matrix/cement 
B. Intercrystalline porosity associated with micri�c 
 matrix in mudstones to packstones 
C. Intercrystalline micropores in dolomi�zed rocks 
D. Moldic pores of sponge spicules 
E. Separate matrix micropores
F. Intrapar�cle can be observed in skeletal grains 
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Petrophysical proper�es are developed to 
vary extents depending on the predominant 
pore types observed in each sample. 
The porosity and permeability sca�er plot 
indicates loose clusters based on the pore 
types observed in thin sec�on petrography. 

•  Correla�on between percentage of porosi�es at different size cutoff lengths in 20 samples
•  By comparing values at mul�ple size cutoff boundaries, we determine that geometrical 
  parameters below 1 micron and above 100 microns have the most significant varia�on 
  when compared with other cutoff values 
•  High correla�on indicates that percentage pore sizes are similar at most lengths
•  Lowest correla�on is at < 1 and >100 microns
•  Similar rela�onships with geometrical parameters. Dissimilari�es within sample set may 
  bE indica�ve of heterogeneity samples.

•  More homogenous pore system in end-member fabrics; More complex pore system – 
 high PoA - and higher cutoffs with par�al dolomi�za�on.
•  Perimeter over area (PoA), Gamma, and percentage of microposity provide the most 
accurate predic�on for NMR-derived irreducible satura�ons – mul�ple linear regression 
models are par�cularly useful in heterogeneous carbonate pore systems
•  Some deposi�onal and diagene�c fabrics are fractal in nature; however, par�al or 
mul�ple diagene�c overprint significantly increases the complexity of the pore system, further 
complica�ng pore system characteriza�on

Increasing porosity and permeability with dolomitzation

5. Multiple Linear Regression Analysis
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• Both qualita�ve descrip�ons 
 and quan�ta�ve geometric para-
 meters are able to improve the 
 predic�on of the parameters at 
 a given porosity.

     Multi-scale Digital Image Analysis

•  Data from “Mississippian Limestone" core located in 
  south-central Kansas.
•  Deposition is interpreted to be on a mixed carbonate-
  siliciclastic distally-steepened ramp.

• Samples with less rounded pore geometries 
 (high Gamma) and more complex pores 
 (high PoA) would have lower bound fluids 
 than those with less complex pores
• The trends (although weak) formed by PoA 
 and Gamma indicate that pore structure is a 
 secondary independent parameter influencing 
 the amount of immovable fluids in the pore system. 

• The highest correla�on coefficient 
 with only pore architecture para-
 meters (R2 = 0.70) is obtained by 
 combining porosity with gamma 
 and Xpor.


