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ABSTRACT 
 

Rock samples from Olkiluoto were imaged with X-ray tomography to analyze 

distributions of mineral components and alteration of rock around different fracture 

types. Twelve samples were analyzed, which contained three types of fractures, and 

each sample was scanned with two different resolutions. Three dimensional 

reconstructions of the samples with four or five distinct mineral components displayed 

changes in the mineral distribution around previously water conducting fractures, which 

extended to a depth of several millimeters away from fracture surfaces. In addition, 

structure of fracture filling minerals is depicted. 
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Olkiluodon syvistä kairarei'istä valittujen kahdentoista rakonäytteen 
tomografiakuvaus 
 
TIIVISTELMÄ 

 
Olkiluodon kivinäytteitä tutkittiin röntgentomografialla tarkoituksena analysoida niiden 

sisältämien mineraalikomponenttien jakaumia, ja miten syvälle aikaisemmin vettä 

johtavan raon ympäristössä tapahtunut mineraalikomponenttien muuntuminen ulottuu. 

Työssä analysoitiin 12 kivinäytettä, joissa esiintyi kolmea eri rakotyyppiä, ja jokainen 

näyte kuvattiin kahdella eri resoluutiolla. Tuloksena saaduista kolmiulotteisista 

mineraalijakaumista, joista voidaan selvästi erotella neljä tai viisi eri mineraali-

komponenttia, voidaan nähdä usean millimetrin syvyyteen rakopinnasta ulottuvia 

muutoksia. Samalla voidaan erottaa rakotäytemineraalien sisäisiä rakenteita ja niiden 

välisiä suhteita. 

 

Avainsanat: Tomografinen kuvaus, rako, rakotäyte, rakenne, Olkiluoto 
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1  INTRODUCTION 

 
In Olkiluoto bedrock, several types of fractures and fracture filling mineral assemblages 

occur. Filling minerals are of different ages, and processes where they have formed vary 

significantly: Some of filling mineralizations are hydrothermal origin, others from later 

events and lower temperatures. For this study, three distinct fracture types were selected 

and from each of them 4 samples were taken. The fracture types were 1) calcite 

fractures, 2) clay fractures and 3) slickensided fractures. Twelve samples from varying 

depth from drillholes at Olkiluoto were analyzed by x-ray tomographic imaging to 

determine changes in mineral distributions in the vicinity of a fracture. Tomographic 

reconstructions of the samples provide three dimensional maps of the absorption of x-

rays. As absorption is related to material density, these maps also describe distribution 

of mineral components of varying density, in which the gray scale values are related to 

local material density. Different mineral components and their distributions can thus be 

analyzed by segmenting regions of a given average gray scale value from the rest of the 

image. In the samples analyzed, typically three or four different mineral components 

could be distinguished by automated segmentation methods. Each such component can 

contain more than one component of rather similar density. Regions of slightly different 

average gray scale values can sometimes be observed visually, even though automated 

segmentation methods cannot make a distinction between them. 
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2  EQUIPMENT 
 
2.1  Preparation of Samples 
 

The samples had linear dimensions of several centimeters at least, and they were cut 

into smaller subsamples to have a better resolution in the tomographic reconstructions. 

Magnification is changed by changing the distance between the sample and the x-ray 

source, and as the equipment used had a conical x-ray beam, the sample had to be 

relatively small to fit inside the beam near the source where the magnification was 

bigger (resolution was better). Sawing of the samples was done with an MTI EC400 

Precision CNC dicing saw [1].The computer controlled saw was used with a diamond 

infused blade. A saw equivalent to the one used here is shown in figure 1. 

 

Figure 1. MTI EC400 Precision CNC Dicing Saw. 

 

From each of the original twelve samples two subsamples were made, one which will in 

the following be called as the large subsample, and another one which was a small 

portion of this subsample and which will be called as the small subsample. All 

subsamples were chosen so that a part of the fracture present in the original sample was 

included also in the subsample. For visual images of the original samples and the 

subsamples cut out from them see the Results section below. The physical dimensions 

of the subsamples are given in table 1. The large subsamples were typically scanned 

with a voxel resolution between 5.8 µm and 8.5 µm, and the small subsamples with a 

resolution between 1.8 µm and 3.2 µm. Segmentation of mineral components was 

performed and their abundances determined in all subsamples, and distributions of the 

mineral components as a function of distance from a fracture surface were determined 

whenever possible. 
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Table 1. Subsamples and their dimensions. 
 

Sample Size of large subsample (mm^3) Size of small subsample (mm^3)

KR13_175.38 23.5 x 20.5 x 22.0 5.5 x 4.0 x 5.5

KR11_421.52 25.5 x 17.5 x 27.0 6.0 x 4.0 x 5.5

KR13_171.55 18.0 x 12.8 x 17.4 3.0 x 2.9 x 4.8

KR13_227.40 18.3 x 16.4 x 15.7 3.6 x 2.6 x 3.6

KR14_491.19 21.5 x 19.0 x 24.0 5.0 x 4.5 x 6.0

KR14_461.91 24.0 x 17.5 x 30.0 5.0 x 4.5 x 5.5

KR14_446.89 15.1 x 15.1 x 14.7 3.3 x 4.0 x 3.4

KR13_205.65 17.6 x 16.4 x 20.7 2.8 x 3.0 x 4.7

KR20_421.78 31.0 x 21.5 x 13.0 4.0 x 4.0 x 5.5

KR25_96.79 23.0 x 20.5 x 26.5 4.5 x 4.5 x 6.0

KR25_56.78 22.5 x 18.0 x 19.6 3.1 x 3.0 x 3.5

KR25_482.54 20.7 x 16.3 x 14.7 3.0 x 3.2 x 5.5  

 

 

2.2  Computerized Tomography Using X-Rays 
 
2.2.1  Introduction 

 

Computerized tomography is an imaging method where cross-sectional images of an 

object is calculated from the transmission (absorption, attenuation) or reflection data 

('shadowgrams') collected by illuminating the object at many different angles. 

Illumination of the object can be made by electromagnetic radiation, ultrasound or by 

magnetic resonance imaging. From the cross sections determined, a three dimensional 

reconstruction of the sample can be made. 

Computerized x-ray tomography (CT) with laboratory scale equipment is typically 

based on attenuation of x-rays. The three dimensional (3D) reconstruction of the sample 

is thus a 3D map of the absorption coefficient. At the same time it is also a 3D map of 

the internal mass distribution of the sample since attenuation of x-rays is proportional to 

mass density. More precisely absorption of x-rays depends on the material element such 

that heavy elements absorb much better x-rays than light elements. Heavy elements also 

form denser material than light elements. The internal structure of the sample can be 

disclosed due to varying mass density. Many hundred shadowgrams of the sample are 

typically required for a reliable 3D structure. Principle of data collection, 2D cross 

sections obtained by the cone-beam reconstruction routine, and computation of the 3D 

data set are shown in figure 2. Only a 180 degree rotation of the sample is needed when 

the Feldkamp algorithm is used to reconstruct the 3D data set. 
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Figure 2. Principles of X-Ray Tomography. 

 

In conventional absorptive contrast imaging, reconstruction algorithms assume pure 

absorption of x-rays, and non-monochromatic x-rays are produced with an x-ray tube. 

Absorptive contrast imaging is applicable also to relatively heavy materials like 

minerals, with a typical best resolution about 1 µm (Microtomography). 

 

2.2.2  SkyScan 1172 High-resolution desktop micro-CT system 

 

The large subsamples and six of the small subsamples were scanned here with a 

SkyScan 1172 desktop scanner [2] shown in figure 3. The SkyScan 1172 micro-CT 

system is a high resolution desktop device based on absorptive contrast imaging of x-

rays. The device consists of a sealed micro-focus x-ray tube (20-100 kV, 0-250 µA) 

with a spot size smaller than 5 µm, a precision object manipulator, a 10 Megapixel 

(4000x2300) 12-bit digital CCD-camera and an external computer to control both the x-

ray tube and the CCD-camera. An automatic filter changer is included for beam-

hardening compensation and multi-energy scanning. For the reconstruction, 2D 

transmission x-ray images (shadowgrams) are acquired from up to 720 rotation views 

over 180 degrees of rotation. Maximum object size for the scanning and reconstruction 

is 68 mm in diameter (resolution 20 µm). The pixel size with maximal magnification is 

0.8 µm, and the linear sample size is in this case at most 2 mm. 
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Figure 3. SkyScan 1172 desktop scanner [4]. 

 

A special software package has been developed by SkyScan for system control and 

tomographical reconstruction. The tomographical reconstruction algorithm is based on 

the filtered back-projection procedure for a fan-beam geometry or the Feldkamp cone-

beam reconstruction for circular and spiral acquisition with specific noise-reduction 

corrections. The software and hardware are speed-optimized for multiprocessing. The 

reconstruction for one cross section of 1024x1024 float-point pixels from 200 

projections takes less than 5 s. 

 

2.2.3  Xradia Micro-XCT-400 CT-system. 

 

The other six small subsamples were scanned with Xradia Micro-XCT-400 [3], shown 

in figure 4. Micro-XCT-400 can also be used for phase contrast imaging, but in this 

experiment only absorption contrast imaging was used. The device consists of a closed 

x-ray tube (40-90 kV, 0-200 µA), movable sample holder, 4 megapixel (2048x2048) 

CCD-digital camera and an objective revolver, that can be used to choose the desired 

magnification. Unlike in SkyScan 1172, the radiation in the Xradia device is parallel 

and the magnification is done optically. Filters can be used to compensate for beam 

hardening, but they have to be applied manually. The attached computer can be used to 

control the sample holder, the objective revolver, the x-ray source and the detector. A 

video camera is also included to observe the movement of the x-ray source, the detector 

and the sample holder inside the device. At the best magnification the device can reach 

a spatial resolution of 1,3 µm and a pixel size of 0,56 µm, allowing for a maximum 

sample size of 20 mm. 
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Figure 4. Xradia Micro-XCT-400 scanner. 

 

 

The data scanned with the Xradia device is reconstructed with Xradia's own software, 

which uses the video card instead of the processor for the reconstruction, thus a much 

faster reconstruction speed is achieved. The reconstruction of 1024 slices from 181 

projections takes less than three minutes. 

 

2.3  Analysis and visualization 
 

The 3D tomographic data were first noise-filtered with our own algorithm [5]. The gray-

scale-based mineral analysis of the resulting data was then done using ImageJ [6], an 

open source image processing and analysis software for multiple platforms. The gray 

scale values of the data were divided into so many intervals as could be automatically 

separated by thresholding from the image. The threshold values which separated 

different mineral components were estimated visually by comparing the segmentation 

result with an original cross section. The amounts of these mineral components were 

determined as the numbers of voxels which belonged to the segmented regions. 

Three dimensional visualizations of the samples were done using VolSuite [7], an open 

source, cross-platform software. It allows the user to rotate the object and cut it using 

clipping planes. A frame capture tool allows the creation of animations of a rotating 

sample. The colors and opacities of different gray-scale values can be freely adjusted to 

fade out some of the mineral components and/or to make them stand out better by 

adding contrast between these components. Some samples were visualized using 

MeVisLab [8], which has all the same essential features as VolSuite, but with a 

different user interface. 
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3  MEASUREMENTS 

 
The measurements were done between the summer of 2008 and the spring of 2010 in 

the Department of Physics at the University of Jyväskylä. Analyses of the results were 

started simultaneously with the measurements, and they were completed at the end of 

February 2010. Scanning of each of the larger subsamples took approximately 30 hours. 

Thereafter a smaller subsample was sawed from each of the scanned subsamples to get 

corresponding reconstructions with a better resolution. Scanning of each of the smaller 

subsamples took approximately 20 hours when using the SkyScan device and 

approximately 7 hours with the Xradia device. Reconstruction and analyses of the 

smaller subsamples was started together with their scanning. 
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4  RESULTS 
 

4.1  Calcite fracture 
 
4.1.1  Sample OL_KR13_175.38 

 

The first calcite fracture sample is shown in figure 5. The green lines indicate how the 

two subsamples were cut for x-ray scanning. A similar marking of subsamples is used in 

the other samples described below. 

The large subsample was scanned with a voxel resolution of 8,5 µm using the SkyScan 

device. Figure 6 shows two visualizations of the three dimensional reconstruction, the 

first with all mineral components visible and the second with the lowest dense mineral 

component removed. 

 

 

Figure 5. Sample OL_KR13_175.38. 

 

 

 
 

Figure 6. Three dimensional visualizations of the larger subsample of 

OL_KR13_175.38. 
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A cross-section of the large subsample is shown in figure 7. The abundances of the 

main mineral components (the ones which could be numerically segmented) of this 

subsample are given in table 2. The mineral components are numbered from the highest 

to the lowest density one. A similar numbering is used in all subsequent cases described 

below. FF stands for Fracture Filling. 

 

 

Figure 7. A cross-section of the larger subsample of OL_KR13_175.38. 

 

Table 2. Abundances of main mineral components in the larger subsample of 

OL_KR13_175.38. 

 

Mineral component Abundance

1 0,43 %

2 6,52 %

3+4 84,31 %

FF 8,74 %  
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In order to analyze the distribution of mineral components as a function of distance 

from fracture surface, the 3D density data was divided into several stacks parallel to the 

fracture surface. The distance of each stack from the surface was thus known, and the 

abundances of mineral components in them could similarly be determined. Figure 8 

shows the resulting mineral component distributions for this subsample. 

 

Figure 8. Distribution of mineral components as a function of distance from fracture 

surface for the large subsample of OL_KR13_175.38. 

 

 

 

Figure 9. Three dimensional visualizations of the small subsample of 

OL_KR13_175.38. 
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The small subsample was scanned with a voxel resolution of 2,0 µm on the SkyScan 

device. Figure 9 shows two visualizations of the resulting three dimensional 

reconstruction of the sample, the first with all mineral components visible and the 

second with the lowest density component removed. A cross-section of the small 

subsample is shown in figure 10, and the abundances of its main mineral components 

are given in table 3. 

 

 
 

Figure 10. A cross-section of the small subsample of OL_KR13_175.38. 

 

 

Table 3. Abundances of main mineral components in the small subsample of 

OL_KR13_175.38. 

 

Mineral component Abundance

1 0,42 %

2 4,31 %

3 20,34 %

4 18,09 %

5 56,83 %  
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Distributions of the mineral components as a function of distance from fracture surface 

were determined in the same way as for the large subsample, and they are shown in 

figure 11. 

 

Figure 11. Distribution of mineral components as a function of distance from fracture 

surface in the small subsample of OL_KR13_175.38. 

 
 

4.1.2  Sample OL_KR11_421.52 
 

 

Figure 12. Sample OL_KR11_421.52 
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The second sample with a calcite fracture is shown in figure 12. The large subsample 

was scanned with a voxel resolution of 8,6 µm on the SkyScan device. Figure 13 shows 

two visualizations of the three dimensional reconstruction, the first with all mineral 

components visible and the second with the lowest density component removed. 

 

 

Figure 13. Two visualizations of the three dimensional reconstruction of the large 

subsample of OL_KR11_421.52. 

 

 

Figure 14. A cross-section of the large subsample of OL_KR11_421.52. 
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A cross-section of the large subsample is shown in figure 14 and the abundances of its 

main mineral components are given in table 4. Because the fracture was in this case 

inside the sample as opposed to being on its surface, division of reconstruction data into 

stacks parallel to fracture surface was not possible. 

 

Table 4. Abundances of the main mineral components of the large subsample of 

OL_KR11_421.52. 

 

Mineral component Abundance

1 0,92 %

2 (& FF) 17,18 %

FF (& 2) 33,05 %

3 48,85 %  

 

 

Figure 15. Two visualizations of the three dimensional reconstruction of the small 

subsample of OL_KR11_421.52. 

 

 

 

The small subsample was scanned with a voxel resolution of 1,9 µm on the SkyScan 

device. Two visualizations of the three dimensional reconstruction of the sample are 

shown in figure 15, the first with all minerals components visible and the second with 

the lowest density component removed. A cross-section of the small subsample is 

shown in figure 16, and the abundances of its main mineral components are given in 

table 5. 
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Figure 16. A cross-section of the small subsample of OL_KR11_421.52. 

 

Table 5. Abundances of the main mineral components of the small subsample of 

OL_KR11_421.52. 

 

Mineral component Abundance

1 0,12 %

2 0,58 %

3 16,97 %

4 43,60 %

5 & 6 38,72 %  
 

 

The fracture was now again inside the sample so that division of data into stacks parallel 

to fracture surface could not be done. 
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4.1.3  Sample OL_KR13_171.55 

 

The third sample with calcite fractures is shown in figure 17. 

 

 

 

Figure 17. Sample OL_KR13_171.55. 

 

 

 
 

Figure 18. Two visualizations of the three dimensional reconstruction of the large 

subsample of OL_KR13_171.55. 
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The large subsample was scanned with a voxel resolution of 5,8 µm on the SkyScan 

device. Figure 18 shows two visualizations of the three dimensional reconstruction, the 

first with all mineral components visible and the second with the lowest density 

component removed. A cross-section of the large subsample is shown in figure 19 and 

the abundances of its main mineral components are given in table 6. 

 

 

Figure 19. A cross-section of the large subsample of OL_KR13_171.55. 

 

Table 6. Abundances of the main mineral components of the large subsample of 

OL_KR13_171.55. 

 

Mineral component Abundance

1 0,18 %

2 21,20 %

3 14,30 %

4 64,30 %  

 

 

The reconstruction data were divided into stacks parallel to the fracture surface, 

whereby the distributions of the mineral components a a function of distance from the 

fracture surface were determined. These distributions are shown in figure 20. 
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Figure 20. Distributions as a function of distance from the fracture surface of the 

mineral components in the larger subsample of OL_KR13_171.55. 

 

 

 

Figure 21. Two visualizations of the three dimensional reconstruction of the small 

subsample of OL_KR13_171.55. 

 

The small subsample was scanned with a voxel resolution of 3,1477 um on the Xradia 

device. Two visualizations of the three dimensional reconstruction of the sample are 

shown in figure 21, the first with all minerals components visible and the second with 

the lowest density component removed. A cross-section of the small subsample is 

shown in figure 22, and the abundances of its main mineral components are given in 

table 7. 
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Figure 22. A cross-section of the small subsample of OL_KR13_171.55. 

 

 

Table 7. Abundances of the main mineral components of the small subsample of 

OL_KR13_171.55. 

 

Mineral component Abundance

1 0,79 %

2 19,80 %

3 26,30 %

4 23,40 %

5 29,70 %  

 

 

 

 

Distributions as a function of distance from the fracture surface of the main mineral 

components were also determined for this subsample, and they are shown in figure 23. 
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Figure 23. Distributions as a function of distance from the fracture surface of the 

mineral components in the small subsample of OL_KR13_171.55. 

 

 

4.1.4  Sample OL_KR13_227.40 

 

 

Figure 24. Sample OL_KR13_227.40. 

 

The fourth sample with a calcite fracture is shown in figure 24. Unlike any other 

sample, this one was scanned from a rock impregnated with C-14-labelled 

methylmethacrylate (MMA). Later the sample was irradiated for polymerization of 

MMA. Sample was then analyzed with autoradiography to study the porosity and pore 

structure of the rock. The study is carried out in Laboratory of Radiochemistry, 

Department of Chemistry, University of Helsinki [9]. The large subsample was scanned 
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with a voxel resolution of 6,3 µm on the SkyScan device. Figure 25 shows two 

visualizations of the three dimensional reconstruction, the first with all mineral 

components visible and the second with the lowest density component removed. 

 

 

Figure 25. Two visualizations of the three dimensional reconstruction of the large 

subsample of OL_KR13_227.40. 

 

 

 
 

Figure 26. A cross-section of the large subsample of OL_KR13_227.40. 
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A cross-section of the large subsample is shown in figure 26 and the abundances of its 

main mineral components are given in table 8. 

 

 

Table 8. Abundances of the main mineral components of the large subsample of 

OL_KR13_227.40. 

 

Mineral component Abundance

1 0,11 %

2 13,90 %

3 & 4 86,00 %  

 

 

Figure 27. Distributions as a function of distance from the fracture surface of the 

mineral components in the larger subsample of OL_KR13_227.40. 

 

The reconstruction data were divided into stacks parallel to the fracture surface, 

whereby the distributions of the mineral components as a function of distance from the 

fracture surface were determined. These distributions are shown in figure 27.  

The small subsample was scanned with a voxel resolution of 3,04 µm on the Xradia 

device. Two visualizations of the three dimensional reconstruction of the sample are 

shown in figure 28, the first with all minerals components visible and the second with 

the lowest density component removed. 
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Figure 28. Two visualizations of the three dimensional reconstruction of the small 

subsample of OL_KR13_227.40. 

 

 

 

Figure 29. A cross-section of the small subsample of OL_KR13_227.40. 
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A cross-section of the small subsample is shown in figure 29, and the abundances of its 

main mineral components are given in table 9. 

 

Table 9. Abundances of the main mineral components of the small subsample of 

OL_KR13_227.40. 

 

Mineral component Abundance

1 0,37 %

2 36,20 %

3 63,40 %  

 

 

Figure 30. Distributions as a function of distance from the fracture surface of the 

mineral components in the small subsample of OL_KR13_227.40. 

 

 

Distributions as a function of distance from the fracture surface of the main mineral 

components were also determined for this subsample, and they are shown in figure 30. 
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4.2  Slickensided fracture 

 
4.2.1  Sample OL_KR14_491.19 

 

The first sample with a slickensided fracture is shown in figure 31. 

 

 

 
 

Figure 31. Sample OL_KR14_491.19. 

 

 

 

Figure 32. Two visualizations of the three dimensional reconstruction of the large 

subsample of OL_KR14_491.19. 

 

The large subsample was scanned with a voxel resolution of 8,6 µm on the SkyScan 

device. Figure 32 shows two visualizations of the three dimensional reconstruction of 

the sample, the first with all mineral components visible and the second with the lowest 

density component removed. A cross-section of the large subsample is shown in figure 

33, and the abundances of its main mineral components are given in table 10. 
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Figure 33. A cross-section of the large subsample of OL_KR14_491.19. 

 

 

Table 10. Abundances of the main mineral components of the large subsample of 

OL_KR14_491.19. 

 

Mineral component Abundance

1 0,36 %

2 37,45 %

3 62,19 %  

 

 

This time the fracture was on the surface of the sample so that division of reconstruction 

data into stacks parallel to the fracture surface could be made and the distribution of the 

abundances of the mineral components could be determined as a function of distance 

from fracture surface. These distributions are shown in figure 34. 
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Figure 34. Distributions as a function of distance from fracture surface of the mineral 

components in the large subsample of OL_KR14_491.19. 

 

 

 

Figure 35. Two visualizations of the three dimensional reconstruction of the small 

subsample of OL_KR14_491.19. 

 

The small subsample was scanned with a voxel resolution of 1,9 µm on the SkyScan 

device. Two visualizations of the three dimensional reconstruction of the subsample are 

shown in figure 35, the first with all mineral components visible and the second with the 

lowest density component removed. Figure 36 shows a cross-section of the small 

subsample and the abundances of its main mineral components are given in table 10. 
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Figure 36. A cross-section of the small subsample of OL_KR14_491.19. 

 

 

Table 11. Abundances of the mineral components of the small subsample of 

OL_KR14_491.19. 

 

Mineral component Abundance

1 0,07 %

2 0,09 %

3 44,11 %

4 55,72 %  
 

 

 

 

 

The reconstruction data were divided into stacks parallel to the fracture surface, 

whereby the distributions of the mineral components as a function of distance from the 

fracture surface were determined. These distributions are shown in figure 37. 
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Figure 37. Distributions as a function of distance from the fracture surface of the 

mineral components in the small subsample of OL_KR14_491.19. 

 

 
4.2.2  Sample OL_KR14_461.91 

 

 
 

Figure 38. Sample OL_KR14_461.91. 
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The second sample with a slickensided fracture is shown in figure 38. The large 

subsample was scanned with a voxel size of 8,6 µm on the SkyScan device. Figure 39 

shows two visualizations of the three dimensional reconstruction of this subsample, the 

first with all mineral components visible and the second with the lowest density 

component removed. 

 

 

 

Figure 39. Two visualizations of the three dimensional reconstruction of the large 

subsample of OL_KR14_461.91. 
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Figure 40. A cross-section of the large subsample of OL_KR14_461.91. 

 

 

A cross-section of the large subsample is shown in figure 40, and the abundances of its 

main mineral components are given in table 12. 

 

 

Table 12. Abundances of the mineral components of the large subsample of 

OL_KR14_461.91. 

 

Mineral component Abundance

1 0,24 %

2 0,69 %

3 19,58 %

4 & 5 79,50 %  
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Figure 41. Distributions as a function of distance from the fracture surface of the 

mineral components in the large subsample of OL_KR14_461.91. 

 

 

Distributions as a function of distance from the fracture surface of the main mineral 

components were also determined for this subsample, and they are shown in figure 41.  

The small subsample was scanned with a voxel resolution of 1,8 µm on the SkyScan 

device. Two visualizations of the three dimensional reconstruction of the subsample are 

shown in figure 42, the first with all mineral components visible and the second with the 

lowest density component removed. 

 

 
 

Figure 42. Two visualizations of the three dimensional reconstruction of the small 

subsample of OL_KR14_461.91. 
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Figure 43. A cross-section of the small subsample of OL_KR14_461.91. 

 

 

 

Figure 43 shows a cross-section of the small subsample, and the abundances of its main 

mineral components are given in table 12. 

 

 

Table 13. Abundances of the mineral components of the small subsample of 

OL_KR14_461.91. 

 

Mineral component Abundance

1 0,12 %

2 19,53 %

3 16,69 %

4 63,66 %  
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Figure 44. Distributions as a function of distance from the fracture surface of the 

mineral components in the small subsample of OL_KR14_461.91. 

 

 

Distributions as a function of distance from the fracture surface of the mineral 

components were also determined for this subsample, and they are shown in figure 44. 

 

4.2.3  Sample OL_KR14_446.89 

 

The third sample with a slickensided fracture is shown in figure 45. 

 

 
 

Figure 45. Sample OL_KR14_446.89 
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Figure 46. Two visualizations of the three dimensional reconstruction of the large 

subsample of OL_KR14_446.89. 

 

The large subsample was scanned with a voxel size of 5,8 um on the SkyScan device. 

Figure 46 shows two visualizations of the three dimensional reconstruction of this 

subsample, the first with all mineral components visible and the second with the lowest 

density component removed. A cross-section of the large subsample is shown in figure 

47, and the abundances of its main mineral components are given in table 14. 

 

 
 

Figure 47. A cross-section of the large subsample of OL_KR14_446.89. 
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Table 14. Abundances of the mineral components of the large subsample of 

OL_KR14_446.89. 

 

Mineral component Abundance

1 0,16 %

2 15,90 %

3 41,00 %

4 43,00 %  
 

 

Distributions as a function of distance from the fracture surface of the main mineral 

components were also determined for this subsample, and they are shown in figure 48. 

 

 

 
Figure 48. Distributions as a function of distance from the fracture surface of the 

mineral components in the large subsample of OL_KR14_446.89. 

 



42 

 

 
 

Figure 49. Two visualizations of the three dimensional reconstruction of the small 

subsample of OL_KR14_446.89. 

 

 

The small subsample was scanned with a voxel resolution of 3,147 µm on the Xradia 

device. Two visualizations of the three dimensional reconstruction of the subsample are 

shown in figure 49, the first with all mineral components visible and the second with the 

lowest density component removed. Figure 50 shows a cross-section of the small 

subsample, and the abundances of its main mineral components are given in table 14. 

 

 
 

Figure 50. A cross-section of the small subsample of OL_KR14_446.89. 
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Table 15. Abundances of the mineral components of the small subsample of 

OL_KR14_446.89. 

 

Mineral component Abundance

1 1,00 %

2 36,70 %

3 18,60 %

4 43,70 %  

 

 

Distributions as a function of distance from the fracture surface of the mineral 

components were also determined for this subsample, and they are shown in figure 51. 

 

 

Figure 51. Distributions as a function of distance from the fracture surface of the 

mineral components in the small subsample of OL_KR14_446.89. 
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4.2.4  Sample OL_KR13_205.65 

 

 
 

Figure 52. Sample OL_KR13_205.65. 

 

 

The fourth sample with a slickensided fracture is shown in figure 52. The large 

subsample was scanned with a voxel size of 6,3 µm on the SkyScan device. Figure 53 

shows two visualizations of the three dimensional reconstruction of this subsample, the 

first with all mineral components visible and the second with the lowest density 

component removed. 

 

 

 

Figure 53. Two visualizations of the three dimensional reconstruction of the large 

subsample of OL_KR12_205.65. 
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Figure 54. A cross-section of the large subsample of OL_KR13_205.65. 

 

 

A cross-section of the large subsample is shown in figure 54, and the abundances of its 

main mineral components are given in table 16. 

 

Table 16. Abundances of the mineral components of the large subsample of 

OL_KR13_205.65. 
 

Mineral component Abundance

1 0,24 %

2 26,50 %

3 36,10 %

4 37,10 %  
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Figure 55. Distributions as a function of distance from the fracture surface of the 

mineral components in the large subsample of OL_KR13_205.65. 

 

 

Distributions as a function of distance from the fracture surface of the main mineral 

components were also determined for this subsample, and they are shown in figure 55.  

The small subsample was scanned with a voxel resolution of 3,04 µm on the Xradia 

device. Two visualizations of the three dimensional  reconstruction of the subsample are 

shown in figure 56, the first with all mineral components visible and the second with the 

lowest density component removed. 

 

 

 

Figure 56. Two visualizations of the three dimensional reconstruction of the small 

subsample of OL_KR13_205.65. 
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Figure 57. A cross-section of the small subsample of OL_KR13_205.65. 

 

Figure 57 shows a cross-section of the small subsample, and the abundances of its main 

mineral components are given in table 16. 

 

Table 17. Abundances of the mineral components of the small subsample of 

OL_KR13_205.65. 

 

Mineral component Abundance

1 1,09 %

2 32,80 %

3 29,50 %

4 36,60 %  
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Figure 58. Distributions as a function of distance from the fracture surface of the 

mineral components in the small subsample of OL_KR13_205.65. 

 

Distributions as a function of distance from the fracture surface of the mineral 

components were also determined for this subsample, and they are shown in figure 58. 

 

4.3  Clay fracture 

 
4.3.1  Sample OL_KR20_421.78 

 

The first clay fracture sample is shown in figure 59. 

 

 
 

Figure 59. Sample OL_KR20_421.78 
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Figure 60. Two visualizations of the three dimensional reconstruction of the large 

subsample of OL_KR20_421.78. 

 

The large subsample was scanned with a voxel resolution of 7,2 µm on the SkyScan 

device. Figure 60 shows two visualizations of the three dimensional reconstruction of 

the subsample, the first with all mineral components visible and the second with the 

lowest density component removed. A cross-section of the large subsample is shown in 

figure 61, and the abundances of its main mineral components are given in table 18. 

 

 
 

Figure 61. A cross-section of the large subsample of OL_KR20_421.78. 
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Table 18. Abundances of the mineral components of the large subsample of 

OL_KR20_421.78. 
 

Mineral component Abundance

1 0,16 %

2 22,37 %

3 77,48 %  

 

This subsample included two fractures, and it was scanned with these fractures oriented 

vertically. It was not possible however to determine distributions of mineral 

components as a function of distance from a fracture surface. 

The small subsample was scanned with a voxel size of 1,8 µm on the SkyScan device. 

Two visualizations of the three dimensional reconstruction of the subsample are shown 

in figure 62, the first with all mineral components visible and the second with the lowest 

density component removed. 

 

 
 

Figure 62. Two visualizations of the three dimensional reconstruction of the small 

subsample of OL_KR20_421.78. 
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Figure 63. A cross-section of the small subsample of OL_KR20_421.78. 

 

 

A cross-section of the small subsample is shown in figure 63, and the abundances of its 

main mineral components are given in table 19. 

 

Table 19. Abundances of the mineral components of the small subsample of 

OL_KR20_421.78. 
 

Mineral component Abundance

1 0,20 %

2 16,79 %

3 4,59 %

4 23,10 %

5 55,31 %  
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Figure 64. Distributions as a function of distance from the fracture surface of the 

mineral components in the small subsample of OL_KR20_421.78. 

 

Since the small subsample was cut such that it only contained one fracture, it was 

possible to determine the distributions as a function of distance from the fracture surface 

of its mineral components. These distributions are shown in figure 64.  

 

4.3.2  Sample OL_KR25_96.79 

 

The second clay fracture sample is shown in figure 65. 

 

 
 

Figure 65. Sample OL_KR25_96.79. 
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Figure 66. Two visualizations of the three dimensional reconstruction of the large 

subsample of OL_KR25_96.79. 

 

The large subsample was scanned with a voxel resolution of 8,6 µm on the SkyScan 

device. Figure 66 shows two visualizations of the three dimensional reconstruction of 

the subsample, the first with all mineral components visible and the second with the 

lowest density component removed. A cross-section of the large subsample is shown in 

figure 67, and the abundances of its main mineral components are given in table 20. 

 

 
 

Figure 67. A cross-section of the large subsample of OL_KR25_96.79. 



54 

 

Table 20. Abundances of the mineral components of the large subsample of 

OL_KR25_96.79. 

 

Mineral component Abundance

1 0,03 %

2 0,85 %

3 39,16 %

4 59,95 %  
 

 

 

Distributions as a function of distance from the fracture surface of the main mineral 

components were also determined for this subsample, and they are shown in figure 68. 

 

 

 
Figure 68. Distributions as a function of distance from the fracture surface of the 

mineral components in the large subsample of OL_KR25_96.79. 
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Figure 69. Two visualizations of the three dimensional reconstruction of the small 

subsample of OL_KR25_96.79. 

 

The small subsample was scanned with a voxel resolution of 1,7 µm on the SkyScan 

device. Two visualizations of the three dimensional reconstruction of the subsample are 

shown in figure 69, the first with all mineral components visible and the second with the 

lowest density component removed. Figure 70 shows a cross-section of the small 

subsample, and the abundances of its main mineral components are given in table 20. 

 

 

Figure 70. A cross-section of the small subsample of OL_KR25_96.79. 
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Table 21. Abundances of the mineral components in the small subsample of 

OL_KR25_96.79. 

 

Mineral component Abundance

1 0,07 %

2 5,02 %

3 44,11 %

4 10,04 %

5 40,77 %  
 

 

 

 

Distributions as a function of distance from the fracture surface of the main mineral 

components were also determined for this subsample, and they are shown in figure 71. 

 

 
 

Figure 71. Distributions as a function of distance from the fracture surface of the 

mineral components in the small subsample of OL_KR25_96.79. 
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4.3.3  Sample OL_KR25_56.78 

 

 
 

Figure 72. Sample OL_KR25_56.78. 

 

The third clay fracture sample is shown in figure 72. The large subsample was scanned 

with a voxel resolution of 7,5 µm on the SkyScan device. Figure 73 shows two 

visualizations of the three dimensional reconstruction of the subsample, the first with all 

mineral components visible and the second with the lowest density component 

removed. 

 

 
 

Figure 73. Two visualizations of the three dimensional reconstruction of the large 

subsample of OL_KR25_56.78. 
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Figure 74. A cross-section of the large subsample of OL_KR25_56.78. 

 

 

 

A cross-section of the large subsample is shown in figure 74, and the abundances of its 

main mineral components are given in table 22. 

 

 

Table 22. Abundances of the mineral components of the large subsample of 

OL_KR25_56.78. 

 

Mineral component Abundance

1 0,14 %

2 17,40 %

3 21,30 %

4 61,20 %  
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Figure 75. Distributions as a function of distance from the fracture surface of the 

mineral components in the large subsample of OL_KR25_56.78. 

 

 

Distributions as a function of distance from the fracture surface of the main mineral 

components were also determined for this subsample, and they are shown in figure 75. 

The small subsample was scanned with a voxel resolution of 3,147 µm on the Xradia 

device. Two visualizations of the three dimensional reconstruction of the subsample are 

shown in figure 76, the first with all mineral components visible and the second with the 

lowest density component removed. 

 

 
 

Figure 76. Two visualizations of the three dimensional reconstruction of the small 

subsample of OL_KR25_56.78. 
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Figure 77. A cross-section of the small subsample of OL_KR25_56.78. 

 

 

Figure 77 shows a cross-section of the small subsample, and the abundances of its main 

mineral components are given in table 23. 

 

Table 23. Abundances of the mineral components in the small subsample of 

OL_KR25_56.78. 
 

Mineral component Abundance

1 0,66 %

2 80,70 %

3 18,60 %  
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Figure 78. Distributions as a function of distance from the fracture surface of the 

mineral components in the small subsample of OL_KR56_56.78. 

 

Distributions as a function of distance from the fracture surface of the main mineral 

components were also determined for this subsample, and they are shown in figure 78. 

 

 
4.3.4 Sample OL_KR25_482.54 

 

The fourth clay fracture sample is shown in figure 79. 

 

 
 

Figure 79. Sample OL_KR25_482.54. 
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Figure 80. Two visualizations of the three dimensional reconstruction of the large 

subsample of OL_KR25_482.54. 

 

While cutting the larger subsample, the surface of interest broke off almost completely. 

That's why the subsample is cut from the very end of the sample; it was the only part of 

the surface left. The large subsample was scanned with a voxel resolution of 7,4 µm on 

the SkyScan device. Figure 80 shows two visualizations of the three dimensional 

reconstruction of the subsample, the first with all mineral components visible and the 

second with the lowest density component removed. A cross-section of the large 

subsample is shown in figure 81, and the abundances of its main mineral components 

are given in table 24. 

 

 
 

Figure 81. A cross-section of the large subsample of OL_KR25_482.54. 
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Table 24. Abundances of the mineral components of the large subsample of 

OL_KR25_482.54. 

 

Mineral component Abundance

1 0,25 %

2 31,60 %

3 30,50 %

4 37,60 %  
 

 

 

Distributions as a function of distance from the fracture surface of the main mineral 

components were also determined for this subsample, and they are shown in figure 82. 

 

 

 
Figure 82. Distributions as a function of distance from the fracture surface of the 

mineral components in the large subsample of OL_KR25_482.54. 
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Figure 83. Two visualizations of the three dimensional reconstruction of the small 

subsample of OL_KR25_482.54. 

 

The small subsample was scanned with a voxel resolution of 2,977 µm on the Xradia 

device. Two visualizations of the three dimensional reconstruction of the subsample are 

shown in figure 83, the first with all mineral components visible and the second with the 

lowest density component removed. Figure 84 shows a cross-section of the small 

subsample, and the abundances of its main mineral components are given in table 25. 

 

 

Figure 84. A cross-section of the small subsample of OL_KR25_482.54. 
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Table 25. Abundances of the mineral components in the small subsample of 

OL_KR25_482.54. 

 

Mineral component Abundance

1 2,36 %

2 39,80 %

3 25,70 %

4 32,20 %  
 

 

 

Distributions as a function of distance from the fracture surface of the main mineral 

components were also determined for this subsample, and they are shown in figure 85. 

 

 

 

 
Figure 85. Distributions as a function of distance from the fracture surface of the 

mineral components in the small subsample of OL_KR56_482.54. 
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5  CONCLUSIONS 

 
Abundances typically of four or five different mineral components could be determined 

from the tomographic reconstructions of the twelve rock samples from Olkiluoto 

analyzed in this study. In most cases the distributions of these mineral components as a 

function of distance from a fracture surface could as well be determined. It is evident 

from these distributions that typical fractures in Olkiluoto bedrock - formed in different 

geological processes and conducted hydrothermal fluids and water - have affected the 

minerals in the adjacent rock. Changes in mineral distributions extend typically to a 

depth of a few millimeters away from the fracture surface. This altering appeared as a 

clear change in the relative mineral composition. 
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