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Abstract—Microtomographic images and thin section (TS)
images were analyzed and compared against some parameters of
geological interest such as porosity and its distribution along the
samples. The results show that microtomography (uCT) analysis,
although limited by its resolution, have some interesting information
about the distribution of porosity (homogeneous or not) and can also
quantify the connected and non-connected pores, i.e., total porosity.
TS have no limitations concerning resolution, but are limited by the
experimental data available in regards to a few glass sheets for
analysis and also can give only information about the connected
pores, i.e., effective porosity. Those two methods have their own
virtues and flaws but when paired together they are able to
complement one another, making for a more reliable and complete
analysis.
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1. INTRODUCTION

N the field of geosciences, there is a large interest on

analysis of the pore space and its characteristics, such as
void space and pore dimension. Porosity is usually referred as
the amount of void space on which fossil fuels, such as
petroleum and gas, but also water, might be found. Some
traditional techniques are often applied for evaluation and
quantification, such as, thin sections or mercury intrusion
porosimetry [1]-[3]. Although commonly used, those
procedures are destructive which does not prevent future
investigation, but comparison, in such objects because they
have been already chemically or physically changed.
Moreover, they also require intensive and tiresome work since
those procedures are not automated and might be limited by
the operator, especially in the case of point counting, which is
a means of describing rocks and its void space in a
quantitative way by thin sections.

Thin sections (TS) for microscopic materials investigation
in transmitted and reflected light remains one of the most
classic mineralogical methods of analysis in petrophysical
researches. Thin sections provide an approach with
identification of substances with relatively high spatial
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resolution. It allows an estimate of chemical compositions and
provides clues for understanding the history of the rock
formation [4].

X-ray microtomography (uCT) is a technique already
established for industrial use and its applications have been
expanded to investigate pore network of potential reservoir
rocks and sedimentary rocks [5]-[7]. Although pCT still has
some issues concerning the spatial and density resolutions [8]
which are not in pair with thin sections and mercury
porosimetry techniques, and some issues concerning the
appearance of artifacts and noise in the final image [9], it is a
reliable laboratory examination that has been frequently used
in the petroleum and gas field. nCT does not need intervention
of the operator and the images evaluation can be performed
automatically by several image processing algorithms of
reconstruction and segmentation, which diminishes the work
and influence of the operator, increasing comparison,
reliability and reproducibility of the technique.

The aim of this work was to provide a comparison study
between thin sections and pCT results of the void space of
sediments by quantifying porosity, pore size and its
distribution along the samples. The results show that pCT
have several advantages over traditional methods and might
become a standard method for geological analysis in the
future. Even so, uCT shows best efficiency when paired with
others techniques.

II. METHODOLOGY

In this work three groups of sediment samples were used
and they were named as 2MCI1SC, 7AR155BA and VF4SE.
Those acronyms refer to the location of origin, specifically
Brazilian basins, where the samples were taken. In total 13
sub-samples (lecm® of volume for each sub-sample) were
extracted from the original samples as follow: 4 samples from
2MCISC group, 4 samples from 7ARI155BA group and 5
samples from VF4SE group. All of them were scanned and
then four thin sections of each original sample were made and
analyzed.

puCT of all samples were performed with a
Skyscan/Bruker® [10] apparatus, model 1173, which is a
high-energy system equipment to operate up to 130kV of
energy and minimum resolution of Sum. The detector is a flat
panel type of 50pm pixel size. The acquisitions were carried
out with a pixel size of 9.91um, energy and current of 90kV
and 88pA, respectively.

There are important settings in the acquisition procedure
that can be performed by a combination of different
parameters, such as, the rotation step, random movement
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compensation, frames number and beam hardening correction.
In order to achieve better image quality, the samples were
scanned over 360 degrees with a rotation step of 1 degree and
the random movement parameter was set with amplitude (in
number of detector lines) of 100, which can reduce ring
artifacts in the reconstruction cross sections. A series of x-ray
images at a frame rate of 5 frames per exposure time of 800
ms was performed, which allows to improve the image quality
by averaging several images in every angular position. In
order to reduce beam hardening effects, which appears
because of a preferential absorption by the borders of the
sample, a combination of two metallic filters was used:
aluminum (1.0mm of thickness) and copper (0.15mm of
thickness).

NRecon® (v.1.3.9.2) program and InstaRecon® engine
(v.1.6.8.0) packages were used in order to reconstruct cross-
section images [11], [12]. After reconstruction, image
processing analysis was performed and the pore space was
analyzed from all segmented data sets using CTAn®
(v.1.13.2.0) [13] software. This software allows segmentation
of different phases related to the attenuation coefficient and/or
material density, image processing procedures and
quantification of several morphometric 2D/3D parameters,
such as porosity. In order to separate porosity from sediment
matrix multi-level thresholding mode, for two different phases
beyond the pore phase, was used, which is based on automatic
Otsu’s method [14], i.e., it is an automatic type of thresholding
without manual interference. In this way, the binary selection
(white voxels) determines which voxels are included in the
volume of interest (VOI) that was set exactly equal to the
boundary of the sample (ROI Shrink-Wrap). At this moment
despeckle plug-in was also used in order to erase all false
objects that do not favor the quantification procedure, being
that all objects with less than 20 voxels were cut out; Finally,
at the end of the image process, we have a stack of binary
images in which white pixels represent the pore space and
black pixels correspond to other sediment structures.

Thin sections were made in laboratory from the original
samples from each group. They were cut in the middle of the
sample with approximately 0.5cm using a diamond saw,
placed in a glass sheet and polished with abrasive powder until
its thickness achieved 30um. After that the thin section was
seen through a petrographical polarization microscope,
Axioskop 40 with resolution up to 0.05um using two polarized
filters in order to monochromize the light (plain polarized
natural light) [15]. The minerals optical properties of the
sediments change perceived color and light intensity which
passes through the glass sheet, allowing identification of
mineral composition. Connected pores can be seen by means
of a blue penetrating liquid. Porosity is usually evaluated by
point counting polished thin sections under reflected light
[16]. In this work, however, digital approach was used by
digital scanning of the thin sections. For that purpose, a digital
camera Canon G10 14.7 megapixels with a 28mm wide-angle
lens coupled with an adaptor tube for Canon G10 Wide 52mm
was used. Digital images with 4416 x 3312 pixels were
obtained. After that, the same CTan® software used in pCT

analysis was used here in order to perform the quantification
of the penetrating liquid related to porosity. Since the
histogram is not clearly defined on the blue penetrating liquid
(some dark regions are misunderstood by the software) a
manual thresholding was used. Although this method depends
on the operator, it makes for a better segmentation on a basis
of compensation. The same parameters were used as in pCT
image analysis after the segmentation procedure. The analysis
of each thin section, however, was evaluated by 2D analysis,
since there was no stack of images but only one digital image
for each thin section.

Fig. 1 shows an example of the comparison between one
digital scanning thin section and one pCT cross-section from
the 7AR155BA group.

Fig. 1 Images of CT and thin sections, respectively, against its
segmented image

III. RESULTS

Tables I and II show uCT and thin section porosity results,
respectively. In Table I, it can be seen that all calculated
values by pCT are almost the same for 2D and 3D
quantification. 2D quantification is calculated using data of
each 2D-slice of uCT images, as 3D quantification does the
entire procedure using the whole volume of data, i.e., the full
stack of uCT images. Mean value 2D is the mean calculated
value of porosity by using all values of porosity obtained for
each 2D-slice. It can give an idea of how much variation the
2D data shows when compared to 2D and 3D quantification.
As it will be shown, the distribution of porosity (Fig. 2) is not
homogeneous, or almost, for all samples. Even so the higher
values makes up for the lower values, resulting in a similar
value of mean value 2D for 2D and 3D quantification.

In Table II, it can be seen that all calculated values for TS.
Although the results do not show homogeneous distribution, it
is necessary to point it out that thin sections are not as
representative as pCT since it is difficult to compare few thin
sections and the whole volume of interest of the sample, which
amounts for thousands of slices. One could imagine the
evaluation of thousands of thin sections when comparing to
nCT.
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Fig. 2 shows distribution of pCT porosity through the Z- Figs. 3-5 show 3D images of pores and its size.
axis of each sample of each group. Some samples have an
almost uniform distribution of porosity, with values calculated
by puCT not very far from the mean value, throughout them
which makes for mean values that are very close to the ones
calculated from 2D and 3D.

4
rii

TABLE ] :
POROSITY VALUES BY uCT e
nCT Porosity Values (%) e E e
7AR155BA Samples 2D 3D 2D Mean Value _ : S
1 3.332 3.255 3.302
2 4.006 3.927 4.010
3 4413 4319 4.416
4 3.961 3.874 3.961
2MCI1SC Samples 2D 3D 2D Mean Value
1 1.465 1.344 1.335
2 1.439 1.339 1.433
3 1.418 1.303 1.451
4 1.395 1.287 1.425
VF4SE Samples 2D 3D 2D Mean Value
1 0.0066 0.0056 0.0065
2 0.0057 0.0048 0.0058
3 0.1720 0.1586 0.1744
4 0.0142 0.0127 0.0157
5 0.0316 0.0275 0.0367
TABLEII Fig. 3 3D visualizations of sample 1 of 7ar155ba group
POROSITY VALUES BY DIGITAL SCANNING THIN SECTIONS
uCT Porosity Values (%)
7AR155BA Thin Sections 2D 3D
1 7.014 6.748
2 5.561 5.316
3 4.642 4.442
4 6.429 6.224
2MCI1SC Thin Sections 2D 3D
1 11.59 11.23
2 15.17 14.73
3 22.39 21.96
4 19.25 18.82
VFA4SE Thin Sections 2D 3D
1 0.00002 0.00001
2 0.00935 0.00738
3 0.00478 0.00340
4 0.02865 0.02212

2D Porosity Samples

—Sample | 7arl 55ba

—Sample 2 Tar| 55ba

—Sample 3 Tarl55ba
—Sample 4 Tar] 55ba
Sample 1 2melse Fig. 4 3D visualization of sample 2 of 2mc1sc group

Sample 2 2melsc

Porosity 2D (%

Sample 3 2melsc

Sample 4 2me1sc
0 Sample 1 vidse
N3 Vi o
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Fig. 2 Distribution of porosity throughout all samples

497



International Journal of Chemical, Materials and Biomolecular Sciences
ISSN: 2415-6620
Vol:7, No:7, 2013

Al pores

Pores of size iesser than 73pm

Fig. 5 3D visualization of sample 3 of vf4se group

It is possible to see that pores of greater size can be easily
distinguished since they are not as large in numbers as smaller
pores, which are not possible to distinguish but show signs of
homogeneous distribution throughout the samples. In some
particular samples there are small regions with accumulated
pores which might explain odd peaks on the distribution of
porosity.

Figs. 6-8 show 2D images of TS and its segmented images.

Fig. 6 Segmented TS of 7ar155ba group

|

I ’Iil || ll
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Fig. 7 Segmented TS of 2mc1sc group

Fig. 8 Segmented TS of vf4se group

Not all regions saturated by the blue penetrating liquid can
be segmented by the software since the divisions of RGB
composition are not as clear as they seem to be on the images.
That explains why some darker spots are also segmented,
although not as frequent as the liquid. It is necessary to go for
a balance between optimum thresholding of RGB color palette
and minimum presence of “noise”, i.e., darker spots, as to
avoid miscalculations, e.g., overestimation or underestimation.
Figs. 9-11 show comparison between nCT and TS of obtained
values of porosity.
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Comparison CT x TS 7ar155ba
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Fig. 9 Comparison between pCT and TS results of 7ar155ba group
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Fig. 10 Comparison between nCT and TS results of 2mclsc group
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Fig. 11 Comparison between pCT and TS results of vf4se group

Samples of groups 7ar155ba and 2mclsc show all porosity
values of thin sections bigger than porosity values obtained
through uCT. This should be expected since thin sections have
a better resolution than pCT and the penetrating liquid can
reach pores of smaller sizes too. In the case of group 2mclsc
there is a higher discrepancy because of the connectivity,
existent on the pore matrix. If pores are more connected, then
the penetrating liquid have means of reaching far more pores,

though increasing the values of porosity. If there are no
connections, then thin sections will provide almost no porosity
which happens in samples from group vfdse. Most of the
samples have fewer connections and that is why porosity
values obtained through pCT are greater.

Samples of group 7ar155ba were found to be, at its essence,
homogeneous. pCT showed values of porosity a little smaller
than those obtained by TS. That shows little difference in
porosity even on a smaller scale that of micrometers. The main
difference is probably because of the resolution of the puCT.
Even with few TS evaluated, the results are very similar which
reaffirms the hypothesis that the samples are homogeneous.

Samples of group 2mclsc show large variations of porosity
between uCT and TS but also amongst TS. This fact probably
indicates two major things: the first one is that those samples
have many pores with smaller sizes than micrometers which
cannot be identified by pCT; the second one is that those
samples are not heterogeneous on a scale beyond the actual
capacity of uCT, i.e., are not heterogeneous at all. Also, one
can conclude that those samples have higher connectivity than
the other groups.

Samples of group vf4se show little variation and all samples
have almost no porosity for both techniques. The sample 3
shows greater porosity than the others on pCT results. That
indicates that samples have almost no connectivity and this
one probably have just a few non-connected pores. Even so
the porosity of samples of group vf4se is not greater than
0.18% which is a really low value and can be thought of non-
existent for practical purposes.

IV. CoONCLUSION

The results obtained through pCT have its limitations
related, primarily, to the resolution. Although much better than
earlier years, it is still not enough to reach pores of dimension
of nanometers. pCT is able to identify pores connected and
non-connected, a feature TS does not possess. It can also give
values related to each slice which can be compared to
thousands TS and values related to a 3D perspective. Since it
is not able to give information on anything smaller than a few
micrometers, its comparison can only be done with that
information in mind. Quantification of porosity by uCT gives
distribution of porosity on all extent of the sample which tells
us if there is a homogeneous or heterogeneous distribution and
how that distribution happens. It is also expected that values of
porosity given by pCT are smaller than those by TS, which is
not always the case. Sometimes a sample can be very porous
but since TS needs connectivity, it might not show the reality
when quantifying the segmented images. We also need to
remember that TS usually uses just a few glass sheets for
evaluation and they might not be representative of the
distribution of porosity. That being said, it would take several
TS of the sample to make for a better comparison which
would be very laborious, tiresome and it would take a really
long time. uCT allows for much more information on a
sample in a few hours showing that uCT is a better technique
in many ways and it is still improving.
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