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ABSTRACT 

 
Carbonate reservoir rocks contain more than 50% of world’s petroleum. To know carbonate rocks’ structural 

properties is quite important to petroleum extraction. One of their main structural properties is the total porosity, 

which shows the rock’s capacity to stock petroleum. In recent years, the X-ray microtomography had been used 

to analyze the structural parameters of reservoir rocks. Such nondestructive technique generates images of the 

samples’ internal structure, allowing the evaluation of its properties. The spatial resolution is a measurement 

parameter that indicates the smallest structure size observable in a sample. It is possible to measure one sample 

using two or more different spatial resolutions in order to evaluate the samples’ pore scale.  In this work, two 

samples of the same sort of carbonate rock were measured, and in each measurement a different spatial 

resolution (17 µm and 7 µm) was applied. The obtained results showed that with the better resolution it was 

possible to measure 8% more pores than with the poorer resolution. Such difference provides us with good 

expectations about such approach to study the pore scale of carbonate rocks. 
 

 

1. INTRODUCTION 

 

Petroleum is a complex hydrocarbon chain originated by deposition of organic material 

millions of years ago. It is the world’s main energy source and the raw material of a wide 

range of products. Petroleum is naturally stored in reservoir rocks beneath the Earth's surface. 

The carbonate reservoir rocks contain more than 50% of world’s petroleum. To know 

carbonate rocks’ structural properties is quite important to petroleum extraction. One of their 

main structural properties is the total porosity, which shows the rock’s capacity to stock 

petroleum.  

 

In recent years, the X-ray microtomography had been used to analyze the structural 

parameters of reservoir rocks [1-3]. Such nondestructive technique generates images of the 

samples’ internal structure, allowing the evaluation of its structural properties. One of the 

main measurement parameters of X-ray microtomography is the spatial resolution, which 

indicates the smallest structure size observable in a sample.  
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In this work, two samples of the same sort of carbonate rock were measured, and in each 

measurement a different spatial resolution (17 µm and 7 µm) was applied. This is the first 

trial to evaluate the samples’ pore scale. Carbonate reservoir rocks have an extremely 

complex pore network due to their diagenesis and other geological processes. Their pores 

range from nanometers to meters, what justifies the importance of this work. 

 

 

2. X-RAY MICROTOMOGRAPHY 

 

Computed X-ray microtomography (µ-CT) is a nondestructive technique based on the 

attenuation of an X-ray beam by the sample. The sample must be rotated 180º or 360º with a 

settled angular step in order to measure attenuations at different angles. A reconstruction 

algorithm is then used to generate slices of the sample’s internal structure. The most utilized 

algorithms are easily found in literature [4,5].  Slices can be analyzed through specific 

software or used to proceed with tridimensional reconstruction of the sample. Fig. 1 shows 

the general array of a microtomographic system, composed of an X-ray source, a rotation 

system, and a detection system. 

 

 

 
Figure 1 – General Microtomographic system 

 

 

3.  EXPERIMENTAL PROCEDURES  

 

The measurements of this work were performed with the microtomograph SkyScan 1173 

located at LAGESED/UFRJ, which can be operated at 40 – 130 kV high voltage range to 

measure samples with up to 14 cm diameter and 20 cm length.  

 

Two samples were measured: The first one is a cylindrical-shaped sample of dolomite 

reservoir rock with 3.8 cm diameter, which was scanned with 100 kV high voltage and 17 µm 

spatial resolution; the second one is a cubic-shaped sample of the same reservoir rock with 

2x2x1 cm
3
, which was scanned with 100 kV high voltage and 7 µm spatial resolution. 

Measurement time was 1 hour and 36 minutes and 2 hours and 25 minutes, respectively. 

 

One thousand microtomographic images were reconstructed applying NRecon software and 

analyzed by Imago software. Image analysis consists of segmenting the image (which is in 

grayscale) in two phases, solid and pore. Based on the new binary image, one can determine 

samples’ total porosity and porosity profile. 
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4. RESULTS 

 

Porosity profiles show the porosity variation throughout the sample. Figure 2-a shows the 

porosity profile for the sample measured with 17 µm spatial resolution. There is a small 

variation in porosity, being that the lowest porosity value is 5.32% and the biggest is 7.75%. 

Figure 2-b shows the porosity profile for the sample measured with 7 µm spatial resolution. 

There is also a small variation in porosity values throughout this sample. The lowest porosity 

value is 12.41% and the biggest is 17.84 % 

 

 
Figure 2 – Porosity profiles of dolomite samples measured with 17 µm spatial resolution (a) 

and 7 µm spatial resolution. 
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Table 1 shows the total porosity results for the two samples under assessment. Total porosity 

was obtained by the average of porosity of each slice and the uncertainty is a standard 

deviation with 95% confidence. 

 

One can see that the results achieved in measurements with the 7 µm spatial resolution are 

more than twice the results obtained with 17 µm spatial resolution. That is an evidence that 

approximately 8 % of the pores are ranging between 7 µm and 17 µm in this sort of sample. 

 

 

Table 1 – Total porosity of analyzed samples 

 

Sample 
Spatial Resolution 

(µm) 
Total Porosity (%) 

Cylindrical-shaped 

Dolomite 
17 6.63 ± 0.04 

Cubic-shaped 

Dolomite 
7 14.97±0.08 

 

 

5. CONCLUDING REMARKS 

 

Once more, X-ray microtomography appeared to be a useful tool to analyze the internal 

microstructure of reservoir rocks. 

 

Small variation in porosity had been seen throughout the samples, as indicated by porosity 

profiles and the values of standard deviation. 

 

Measurements setting different spatial resolutions allow us to determine an amount of 

porosity with a size range. 

 

In future works the authors intend to perform measurements with spatial resolutions better 

than 7 µm and analyze pore size distributions in order to study the samples’ pore network. 
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