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ABSTRACT 

 

The storage capacity and production of oil are influenced, among other things, by rocks and fluids 

characteristics. Porosity is one of the most important characteristics to be analyzed in oil industry, mainly in oil 
prospection because it represents the direct capacity of storage fluids in the rocks. By definition, porosity is the 

ratio of pore volume to the total bulk volume of the formation, expressed in percentage, being able to be 

absolute or effective. The aim of this study was to calculate porosity by 3D High-Resolution X-ray Computed 

Microtomography using core plugs from Resende Formation which were collected in Porto Real, Rio de Janeiro 

State. This formation is characterized by sandstones and fine conglomerates with associated fine siliciclastic 

sediments, and the paleoenviroment is interpreted as a braided fluvial system. For acquisitions data, it was used 

a 3D high resolution microtomography system which has a microfocus X-ray tube (spot size < 5 m) and a 12-
bit cooled X-ray camera (CCD fiber-optically coupled to a scintillator) operated at 100 kV and 100 μA. Twenty-

two samples taken at different depths from two boreholes were analyzed. A total of 961 slices were performed 

with a resolution of 14.9 µm. The results demonstrated that µ-CT is a reliable and effective technique. Through 

the images and data it was possible to quantify the porosity and to view the size and shape of porous. 

 
 

1. INTRODUCTION 

 

The applications of 3D High-Resolution X-ray microtomography ( -CT) in geosciences 

became widespread because it is a non-invasive technique that has several advantages. -CT 

is a nondestructive technique that allows 2D and 3D visualization of the internal structure of 

rocks. Many studies have demonstrated the power of -CT with respect to classical 

petrography in geological research [1]. -CT can be used for quantitative and qualitative 

analysis of inner characteristic of geological materials [2]. The 3D characterization of porous 

medium from the core plug evaluation leads to petrophysical properties such as porosity, pore 

distribution and permeability. 
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Most of all oil and gas produced comes from accumulations in the pore spaces of reservoir 

rocks. The amount of oil or gas contained in a unit volume of the reservoir is the product of 

its porosity and the hydrocarbon saturation. Therefore, porosity is a very important 

petrophysical parameter of rocks [3]. 

 

Porosity is defined as the ratio of the volume void or pore space to the total or bulk volume of 

the rock. It is the result of various geological, physical and chemical processes. Porosity can 

be classified according to the petrographic fabric, and to the type and degree of 

interconnection between the individual pores [4]. The -CT can estimate the total porosity 

which is related to all the void spaces between the solid components. 

 

The estimate of porosity presented in this work refers to core withdrawn from two boreholes 

called GPR1 and GPR3, with 50.9 m and 50.0 m of depth respectively, located in Resende 

basin. This basin belongs to part of the taphrogenic bases set called The Continental Rift of 

Southeastern Brazil [5] which joins the geological evolution of the Serra do Mar and the 

Cenozoic part of the Santos basin, in the continental margin of the Brazilian southeastern 

region. The boreholes GPR1 and GPR3 are located in an outcrop at "Ponte dos Arcos" in the 

Resende basin [6], in Porto Real, Rio de Janeiro State with coordinates UTM 765.140 NS and 

7.681.984 EW (Fig.1). The Resende basin is located in the middle course of the Paraíba do 

Sul river and covers the cities Engenheiro Passos, Barra Mansa, Porto Real, Resende, Itatiaia 

and Quatis in southeastern Brazil. Geographically, the area is found between the parallels 

22°22' and 22°35' latitude S and 44°12' and 44°40' longitude W. The boreholes were 

witnessed with material recovery estimate of around 66%. The witnessing is the process of 

obtaining samples of rock in the subsurface, called core plugs, with minimal changes in the 

properties of natural rock. Resende formation is characterized by sandstones and fine 

conglomerates with associated fine siliciclastic sediments, for this reason, it can be a similar 

model of the petroliferous reservoir.  
 
 

 

 
Figure 1: The range of the Resende basin in the middle course of the Paraíba do Sul 

river and the borehole GPR1 and GPR3 location in the city of Porto Real. 
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There is not much information about petrophysical characteristics of Resende formation. In 

this way, in order to get new information about this region. This study uses the -CT to 

estimate porosity in core plugs. The samples was removed from the boreholes GPR1 and 

GPR3 at  different depths with material recovery estimate of around 66%. 

 

 

2. MATERIALS AND METHODS 
 

2.1. Samples  

 

The rocks used in this study were core plugs from GPR1 and GPR3 boreholes. It was 

identified five sedimentary facies, four sandstone facies (Acg, Amg, Amf, Amfs ) and one 

silty facie (S).In Summary, the principles characteristics of each facies are presented below. 

Fig.2 and fig.3 show the cores plugs for each facie. 

 

Amfs. Characterized by sandstone very fine to fine silty, poorly-sorted sediment, with coarse 

grained, and colors ranging from light gray to whitish gray and variegated.  

  

S. It consists of silty sandstone, massive with dark gray color. 

 

Amf. This facie is formed by fine to very fine sandstone, may get a few breaks to medium 

sandstone, with sub-rounded grains, poorly selected, with light gray color. 

 

Acg. This facie is characterized by conglomerate sandstone consisting by fine sediment of 

very coarse sandstone to granule, supported by clastos, very badly selected. The grains are, in 

most cases, sub-angular. The color varies from white to yellow. They present sandstone 

matrix and fragments of grains from quartz and feldspar, with major axis of up to 1.5 cm. 

Since it is not possible to identify any sedimentary structure, the facies can be considered 

massive. 

 

Amg. Represented by medium to very coarse sandstone, massive, with clay matrix and grain 

sub angular to sub rounded, poorly selected. They present scattered pebbles. The color is 

often pink or whitish gray. In some intervals it is registered the possibility of the presence of 

organic matter, represented by small black dots scattered on the rock. 

 

 
Figure 2: Facies Acg, Amf and S of the GPR1 borehole 
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Figure 3: Facie Amg and Amfs of the GPR3 borehole 

 

 

 

2.2.  3D High-Resolution X-ray microtomography ( -CT) 

 

X-ray microtomography system allows us to visualize and measure complete three-

dimensional object structures without sample preparation or chemical fixation. The -CT is 

based on the attenuation of X-rays emitted from an X-ray tube which produces a cone X-ray 

beam in the object area, as can be seen in equation 1. The simplest common elements of -CT 

are an X-ray source, an  imaginary object through which the X-rays pass, and a detector that 

measures the extent to which the X-ray signal has been attenuated by the object. 

 

)1()exp( xII o
 

 

In equation 1 Io is the X-ray incident; I is the X-ray transmitted by the samples;  is the linear 

attenuation coefficient of the sample, and  x is the sample width. During the acquisition, the 

object rotates over 180 or 360 degrees with a fixed rotation step. At each angular position a 

shadow image or transmission image is acquired. The cone beam acquisition saves all these 

projection images as 16 bit TIFF files on the disk. The data set after scanning consists of a set 

of normal transmission X-ray images. The number of files after this acquisition depends on 

the rotation step selected and the total rotation which is chosen [7]. When the acquisit ion is 

finished, the reconstruction can be started. A 3D cone beam reconstruction algorithm, such as 

Feldkamp [8], is used in order to take into account the thickness of the object. The obtained 

shadow images are then used for the reconstruction of the virtual slices through the object. 

When the reconstruction is finished, the 3D image can be generate.The fig.4 shows an 

illustration of the entire -CT process. 
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Figure 4: An illustration of the acquisition and reconstruction processes with 

cross-section to image in -CT 

 

 

 

For the measurement a Skyscan 1172 X-ray computed microtomograph was used. Figure 2 

shows the used equipments. The SkyScan 1172 is a desktop X-ray -CT systems. The 

SkyScan 1172 features two X-ray camera options: the high-performance 10 Megapixels (Mp) 

option; and the economic 1.3 Megapixel option. The former 10 Megapixels camera allows 

the maximum scanning versatility with an image field width of 68 mm (in dual image camera 

shift mode) or 35 mm (in standard single camera image mode). 

 

 

 

 
Figure 5: Skyscan 1172 X-ray computed microtomograph 

 

 

 

All the samples were scanned using a tungsten anode and operating at 100 kV and 100 mA 

(spot size < 5 m). The samples were analyzed using filter Al+Cu and 10 Mp CCD camera. 

Total rotation angle was 360
o
 with rotation step size angle of 0,40

o
. A total of 961 -CT 

slices were obtained with spatial resolution of 14.9 m. 

 

Usually, the porosity estimate is performed using the image treatment software CtanR . The 

two-dimesional image goes by a treatment where the region of interest (ROI) in the rocks is 

appointed. The image is binarised in grayscale and it is done the determination of the optimal 

threshold. The porosity is estimate from the 3D analysis of binary image. It is the proportion 

of the volume of interest occupied by binarised porous sample, e.g. eq 2.  
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Where BV is the volume of the rock matrix and TV is the total volume of the core. 

   

 

3. RESULTS 

 

The main factors that influenced porosity in analyzed core plugs were: degree of selection, 

compaction, size and shape of grains. The more angular and rounded the grains are, the more 

the porosity values decrease. With increased sorting, the porosity values generally increases. 

When poorly-sorted, the space between the grains with large diameters is filled with smaller 

grains. The compactation leads to a decrease in volume and porosity of rocks due to the 

efforts exerted by compression superimposed materials. 

 

The fig. 6 shows the porosity values found for the boreholes analyzed and the table 1 shows 

the identification of each facie found. Observing the results obtained by correlation between 

boreholes it is possible to note that depth with the same litology shows close values of 

porosity. However, the same depth with different facies show different values of porosity, for 

example, at 17 m and 41 m the facies are Acg in GPR1 borehole and S in GPR3 borehole. 

The fig.7 shows the 2D and 3D visualization at 17m of depth of the GPR1 and GPR3. It is 

possible to note de differences between the porosity and pore distribution.   

 

 

 

 
Figure 6: Porosity values of GPR3 and GPR1 boreholes estimate by µ-CT 
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Table 1: Facies found in GPR1 and GPR3 boreholes 
 

 GPR1 GPR3 

DEPHT (m) FACIE FACIE 

2.0 Acg Amg 

6.0 Amf Amf 

9.0 Amg Amg 

12.0 S Amg 

17.0 Acg S 

20.0 Amg S 

24.0 S S 

29.0 S S 

36.0 Amfs Amfs 

41.0 Acg S 

45.0 

Amf (gray) 

Amf 

(Yellow) 
 

 

 
 

 
                                            (a)                                                                           (b) 

 
                                              (c)                                                                       (d) 

Figure 7: (a) One slice of 2-D µ-CT visualization and (b) 3-D µ-CT image with 14.9 µm 

of voxel resolution at 17 m of depth of the GPR1; (c) One slice of 2-D µ-CT visualization 

and (d) 3-D µ-CT image with 14.9 µm of voxel resolution at 17 m of depth of the GPR3. 
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From the litology description of the Acg facie compared with the S facie, and 2D and 3D 

view of the core plugs it is concluded that Acg presents more spherical and rounded grains 

than S. As the porosity decreases with the increase of these parameters, it is agreed that the 

values obtained by µ-CT in these facies are in accordance with those expected in the 

description of the core plugs. 
 

Observing the repetition of facies in the borehole, it is possible to view that in 2 m, 17 m, 41 m of 

depth in GPR1 they are formed by the same facie and the values of porosity are very close, taking 

into account that compactation decreases the volume and porosity of the rocks due to pressure of 

the material overlapping. In the fig. 8 shows the facies 2 m and 41 m of depth of the borehole 

GPR1. 

 

Generally it is very difficult to estimate a medium total porosity or a medium value for 

different kinds of rocks. It is recommended to estimate the values of porosity for each type of 

litology showed in formation, taking into account the geologic formation and depth. 

 

 

 

 
                                                              (a)                                                 (b) 

 

 
                                                   (c)                                                  (d) 
 

Figure 8: (a) One slice of 2-D µ-CT visualization and (b) 3-D µ-CT image with 14.9 µm 

of voxel resolution at 2 m of depth of the GPR1; (c) One slice of 2-D µ-CT visualization 

and (d) 3-D µ-CT image with 14.9 µm of voxel resolution at 41 m of depth of the GPR1. 
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4. CONCLUSIONS 

 

The µ-CT technique has enabled us to determine porosity values of the core plugs of 

the GPR1 and GPR3 boreholes. It is a useful tool in qualitative and quantitative analyses of 

geological materials. The great advantage of this technique is the two-dimensional and three-

dimensional visualization of the pore-size distribution without material damages. The tests 

showed that µ-CT is a reliable and effective tool in the measurement of porosity. The µ-CT is 

the only nondestructive technique of inner characteristics analysis that can be applied to 

geologic material. It is important because there are rocks, like the cores plugs analyzed, 

which are extremely friable, making it difficult the use of conventional techniques of 

petrology as saturation volume or porosimetry. 
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