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Summary 

Micro-computed tomography (micro-CT) was used together with mercury and helium 
porosimetry to assess the porosity of carbonate rocks from the Weyburn oilfield in 
Saskatchewan, Canada. Pore volumes obtained from the micro-CT analysis match within ∼2% 
the 'helium' and 'mercury' porosities on about half of the studied twelve samples. For the other 
samples, the 'mercury' and 'helium' porosities are higher (up to 16%) than the 'micro-CT' 
porosity. Following observations arise from our investigations. Just as a properly set micro-CT 
scan is sufficient in getting good quality images, so one must be cautious in solely relying on it 
for rock pore volume determination. Indeed, even with a robust and reliable image acquisition 
procedure, rock fabric heterogeneity as in the context of carbonate formations, can limit the 
usefulness of the image-derived data. In our study, we show how the three-technique approach 
is used to get quantitative estimates of connected and non-connected pore volumes. 

Introduction 

Over the last two decades, there has been an increased use of micro-computed tomography 
(micro-CT) to image rock materials and analyze their porosity. A challenge when using data 
obtained with the technique has been linked to the image pore-solid segmentation process. The 
latter is prone to operator biases (e.g., Baveyes et al., 2010). Today, more and more automated 
algorithms are available or being developed and they will ultimately assist in standardizing 
image segmentation workflows. Yet, depending on the goals of the image analysis, there is 
another factor, i.e., sample heterogeneity, which could still affect the usefulness of the acquired 
data. In the case of carbonate formations, for example, this is particularly true. Carbonate 
formations are characterized by complex and multiscale pore systems. Today, there is not a 
standard and systematic workflow that allows for a full characterization of pore features in 
carbonates. While ongoing research may lead to it, one way to limit and/or avoid potential 
uncertainties that come with the use of the micro-CT today is to compare and/or combine it with 
other techniques. This paper is illustrating it. We are using imaging techniques (micro-CT, 
optical and scanning microscopy) in combination with standard petrophysics (mercury 
porosimetry, helium porosimetry) to assess pore characteristics (shape, size, connectivity, 
volume) of twelve carbonate samples from the Weyburn oil reservoir in Saskatchewan, Canada. 
The twelve carbonate rocks are four dolostones and eight limestones. 
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Methods 

- Petrography: overviews of pore characteristics (size and shape) were first obtained using
optical and scanning electron microscopy and then considered whenever needed to refine the
micro-CT image segmentation process. The samples' pore volumes were obtained from micro-
CT analysis of ~ 0.5 cm cubic-shaped fragments. The micro-CT scan resolution was 5 μm.

- Standard petrophysics: helium and mercury porosimetry provided information on pore throat
size, volume and connectivity. A Quantachrome Multipycnometer™ (model MVP-D160-E) and a
Micromeritics AutoPore IV 9500 were used for the helium and mercury porosimetry,
respectively. The samples bulk volumes considered here were lower than 5 cm3 for the mercury
porosimetry and around 54 cm3 for the helium porosimetry.

- Ultrasonic measurements (frequency=1 MHz) were conducted to investigate porosity - P-wave
velocity relationships for the studied samples. Experimental setup and procedures are the same
as in Njiekak et al. (2013).

Results and Discussions 

Pore volumes obtained from the micro-CT analysis match within ∼2% those measured by 
means of helium and mercury porosimetry on about half of the studied twelve carbonate rocks. 
For the other carbonate samples, the micro-CT porosity is up to 16% lower than 'mercury' and 
'helium' porosities (Fig. 1a). The coarse spatial resolution used for the micro-CT scanning (voxel 
size: 5 x 5 x 5 μm) largely explains the mismatch (Fig. 2). As a result, relying solely on the 
micro-CT data for the characterization of the rocks porosity comes with a high risk of error. This 
is, for example, illustrated by the velocity-porosity relationships on the studied samples (Fig. 1b). 

On an oolitic limestone, we combined micro-CT and mercury porosimetry to determine 
connected and non-connected pore volumes. A total connected and non-connected pore 
volume of 20% was obtained. Only the volume of non-connected pores with diameter lower than 
5 µm is not included here as it was not resolved by any of the techniques.  
It is worth noting that using the helium porosimetry a total connected pore volume of ~ 15% was 
measured on a larger fragment (bulk volume: ∼54 cm3) from the same sample. That value is 
similar to the total connected pore volume obtained from the mercury porosimetry. Thus, with 
regard to the connected pore volume, this specific sample, at least up to the cm-scale, is likely 
homogeneous. Moreover, adding the non-connected porosity obtained through the micro-CT 
analysis (i.e., 4%) to the helium porosity (i.e., 15%) gives a total porosity value close to that 
obtained from the combined micro-CT - mercury porosimetry analysis. 
All this illustrates how useful such a three-method approach can be helpful in getting estimates 
of connected and non-connected pore volumes in rock materials. However, the case described 
here applies to a sample displaying homogeneity in terms of connected porosity. Indeed, 
applying similar approach on sample L3, which displays more textural heterogeneities than 
sample L7, will not be conclusive unless the three techniques are applied on the same sample's 
fragment.  
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Conclusion 

Imaging techniques (micro-CT, optical microscopy and SEM) were used in combination with 
standard petrophysics methods (mercury and helium porosimetry) to quantitatively and 
qualitatively assess the porosity of carbonate rocks samples from the Weyburn oilfield in 
Saskatchewan, Canada. Following observations and recommendations can be made in light of 
this study: 
- A properly set micro-CT system could be sufficient in getting good quality images and, with the
right resolution, in providing reliable estimates of rock pore volumes. Here, having a skillful
micro-CT scan operator perform the scan could be enough to ensure gathering of high quality
data.
- However, even with a robust and reliable image acquisition procedure, rock fabric
heterogeneity as in the context of many carbonate formations, can limit the usefulness of the
image-derived data. Emphasis must be put here on the subsampling process to allow for a
reliable interpretation of the acquired data.
- In any of the two scenarios above, a multitechnique approach, as the one illustrated in this
study, can assist in conditioning the micro-CT image pore-solid segmentation process and in
getting reliable quantitative estimates of connected and non-connected pore volumes.
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