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ABSTRACT  
 
The geological model of the ONKALO area is composed of four submodels: ductile 
deformation model, lithological model, brittle deformation model and alteration model. 
The ductile deformation model describes and models the products of polyphase ductile 
deformation, which facilitates the definition of dimensions and geometrical properties 
of individual lithological units determined in the lithological model. The lithological 
model describes the properties of rock units that can be defined on the basis the 
migmatite structures, textures and modal compositions. The brittle deformation model 
describes the products of multiple phases of brittle deformation, and the alteration 
model describes the types, occurrence and the effects of the hydrothermal alteration.  
 
On the basis of refolding and crosscutting relationships, the metamorphic supracrustal 
rocks have been subject to five stages of ductile deformation. This resulted in a 
pervasive, composite foliation which shows a rather constant attitude in the ONKALO 
area. Based on observations in outcrops, investigation trenches and drill cores, 3D 
modelling of the lithological units is carried out assuming that the contacts are quasi-
concordant. Using this assumption, the strike and dip of the foliation has been used as a 
tool to correlate the lithologies between the drillholes, and from surface and tunnel 
outcrops to drillholes. Consequently, the strike and dip of the foliation has been used as 
a tool, through which the lithologies have been correlated between the drillholes and 
from surface to drillholes.   
  
The rocks at Olkiluoto can be divided into two major groups: 1) supracrustal high-grade 
metamorphic rocks including various migmatitic gneisses, homogeneous tonalitic-
granodioritic-granitic gneisses, mica gneisses and quartzitic gneisses, and mafic 
gneisses, 2) igneous rocks, including pegmatitic granites and diabase dykes. The 
migmatitic gneisses can further be divided into three subgroups in terms of the type of 
migmatite structure: veined gneisses, stromatic gneisses and diatexitic gneisses, which 
represent distinct end members in a gradational system of homogenous gneisses and 
migmatitic gneisses. On the basis of refolding and crosscutting relationships, the 
metamorphic supracrustal rocks have been subject to five stages of ductile deformation.  
  
The bedrock ofthe Olkiluoto site has been subject to extensive hydrothermal alteration, 
which has taken place at relatively low temperature conditions, the estimated 
temperature interval being from slightly over 300°C  to less than 100°C.  Two modes of 
occurrence of hydrothermal alteration can be observed: 1) pervasive (disseminated) 
alteration and 2) fracture-controlled (veinlet) alteration. Kaolinitisation and 
sulphidisation are the most prominent alteration events in the ONKALO area. The third 
main type of alteration, illitisation, is sporadic in the ONKALO model volume but 
appears to form a large dome-like body locatied north of the ONKALO access tunnel. 
The fourth type, carbonatisation, tends to be more extensive than the previous ones and 
occurs mainly as fracture fillings.  
  
Slickensided fractures (single-plane faults) are common in Olkiluoto bedrock and 1650 
fault planes, together with striation orientation and sense-of-shear data, have been 
measured on oriented cores from drillholes KR1-KR33. The statistical analysis of the 



 

measured orientation data, enables the faults to be divided in three main fault groups: 1) 
subhorizontal faults with fault vector plunging gently towards SSW or NNE, 2) vertical 
to subhorizontal faults with fault vector plunging gently towards NE or SW, and 3) low-
angle faults with fault vector plunging gently towards ESE. On the basis of data from  
the cores, 34 faults or fault zones have been interpreted and modelled in 3D in the 
ONKALO model volume. In addition, the model includes three fault or fracture zones 
observed at the surface and in the ONKALO access tunnel, and two zones interpreted 
on the basis of charge potential survey data.  
  
Keywords: lithology, migmatites, ductile deformation, brittle deformation, 
hydrothermal alteration, fault slip analysis, geological modelling, nuclear waste 
disposal, Olkiluoto, Eurajoki, Finland.  



ONKALO-ALUEEN GEOLOGINEN MALLI, VERSIO 0 

TIIVISTELMÄ  

 ONKALO-alueen geologinen malli koostuu neljästä osamallista:  duktiilin deformation 
malli, litologinen malli, hauraan deformaation malli ja muuttuneisuuden malli. Duktiilin 
deformaation malli kuvaa ja mallintaa monivaiheisen duktiilin deformaation rakenteet, 
mikä mahdollistaa litologisten yksiköiden koon ja geometristen ominaisuuksien 
määrittämisen. Litologinen malli kuvaa kivilajiyksiköt, jotka voidaan määrittää 
migmatiitirakenteen, kiven asun ja mineraalikoostumuksen perusteella. Hauraan 
deformaation malli kuvaa monivaiheisen hauraan deformaation tulokset. 
Muuttuneisuuden mallissa kuvataan hydrotermisen muuttumisen tyypit, esiintyminen ja 
sen vaikutukset.  
 
Litologisten yksiköiden 3D-mallinnuksessa on maanpinta- ja kairanreikähavaintojen 
perusteella oletettu, että monivaiheisessa duktiilideformaatiossa syntyneellä 
läpikotaisella liuskeisuudella melko pysyvä suuntautuneisuus ONKALO-alueella. 
Tämän perusteella liuskeisuuden suuntaa ja kaltevuutta on voitu käyttää työkaluna, jolla 
litologisia yksiköitä on korreloitu kairanreikien välillä ja maanpinnalta kairanreikään.  
  
Olkiluodon kivilajit voidaan jakaa kahteen pääluokkaan: 1) suprakrustiset, korkean 
metamorfoosiasteen kivet, jotka ovat erilaisia migmatiittisia gneissejä sekä homogee-
nisia tonaliitti-granodioriitti-graniittigneissejä, kiillegneissejä, kvartsiittigneissejä ja 
mafisia gneissejä, 2) magmakivet, jotka ovat pegmatiittisia graniitteja ja diabaaseja. 
Migmattiitiset gneissit voidaan edelleen jakaa kolmeen alaryhmään migmaattirakenteen 
perusteella: suonigneissit, raitaiset gneissit ja diateksiittiset gneissit. Uudelleenpoi-
mutus- ja leikkaussuhteiden peruteella metamorfiset kivet ovat käyneet läpi viisivai-
heisen duktiilin deformaation.   
  
Olkiluodon kallioperässä on vaikuttanut laajamittainen hydroterminen muuttuminen, 
mikä on tapahtunut melko alhaisissa lämpötiloissa (hieman yli 300°C:sta alle 
100°C:en).  Muuttuminen jakaantuu kahteen esiintymistapaan: 1) läpikotainen 
muuttuminen ja 2) rakoilun kontrolloima (suoniverkostotyyppinen) muuttuminen. 
Kaoliniittiutuminen ja kiisuuntuminen ovat merkittävimmät mineralogiset muuttumiset 
ONKALO-alueella. Muuttumisen kolmas päätyyppi, illiittiytyminen, on satunnaista 
ONKALOn alueella, mutta se näyttää muodostavan laajan, doomimaisen muodostuman 
ONKALOn pohjoispuolisella alueella.  Neljäs päätyyppi, karbonatiittiutuminen, on 
edeltäviä tyyppejä laajempaa ja esiintyy pääasiassa rakoilun kontrolloimana 
muuttumisena. 
  
Kairanrei'istä KR1-KR33 mitattiin 1650 siirrostason ja siirrosvektorin suuntaukset. 
Mittaustulosten tilastollisen käsittelyn perusteella siirrokset voidaan jakaa kolmeen 
ryhmään: 1) loiva-asentoiset siirrokset, joiden siirrosvektorit ovat etelälounaaseen tai 
pohjoiskoilliseen, 2) pystyistä loiva-asentoisiin vaihtelevat siirrokset, joiden siirros-
vektorit ovat koilliseen tai lounaaseen ja 3) loiva-asentoiset siirrokset, joiden siirros-
vektorit ovat itäkaakkoon. Siirroksia yhdistettiin kairanreiästä toiseen siirrosvektorien 
suuntien perusteella. Mallissa on tällä hetkellä  34 tällä tavalla tulkittua ja mallinnettua 



siirrosta tai siirrosvyöhykettä. Lisäksi malli sisältää kolme maanpinnalta ja tunnelista 
havaittua siirros- tai rikkonaisuusvyöhykettä sekä kaksi lataus-potentiaalimittausten 
perusteella tulkittua vyöhykettä.  
  
Asiasanat: litologia, migmatiitit, duktiili deformaatio, hauras deformaatio, 
hydroterminen muuttuminen, siirrosanalyysi, geologinen mallinnus, ydinjätteiden 
loppusijoitus, Olkiluoto. 
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PREFACE  
  
This geological model of the ONKALO underground rock characterisation facility area 
has been produced by the Geological Modelling Task Force (GeoMTF). Following 
authors have contributed to the text:  
  
Kai Front of VTT Technical Research Centre of Finland, Aulis Kärki and Seppo Gehör 
of Kivitieto Oy, Markku Paananen and Seppo Paulamäki of the Geological Survey of 
Finland, and Ismo Aaltonen, Turo Ahokas, Kimmo Kemppainen, Jussi Mattila and Liisa 
Wikström of Posiva Oy. Markku Paananen and Seppo Paulamäki have constructed the 
3D models with Surpac® 3D software.  
  
The report has been reviewed by Alan Geoffrey Milnes. The authors wish to thank him 
for his valuable comments and suggestions.  
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1 INTRODUCTION  

1.1 Background  
 
In Finland, two companies, Teollisuuden Voima Oy (TVO) and Fortum Power and Heat 
Oy (formerly Imatran Voima Oy), utilise nuclear energy to generate electric power. The 
companies are preparing for the final disposal of the spent nuclear fuel waste deep in the 
bedrock. In 1996, they established a joint company, Posiva Oy, to run the programme of 
site investigations and other research and development for spent fuel disposal. Posiva 
will ultimately construct and operate the future disposal facility. After an extensive 
investigation programme carried out at several sites since 1987, Posiva submitted an 
application to the Government in May 1999 for a Decision-in-Principle to build a final 
disposal facility for spent fuel at Olkiluoto, in the municipality of Eurajoki. The 
Decision-in-Principle was approved by the Finnish parliament in 2001, allowing Posiva 
to continue the development of a repository in the bedrock of Olkiluoto. The 
construction of the repository should start after 2015, and the operation of the final 
disposal facility will start in 2020 (Tanskanen & Palmu 2003). As a part of the site 
investigations, an underground rock characterisation facility, ONKALO, will be 
constructed at Olkiluoto during 2004-2010. The aim of ONKALO is to study the 
bedrock of the site for the planning of the repository and for the safety assessment, and 
to test the disposal techniques in real deep-seated conditions. Later, it may become part 
of the repository. ONKALO will be composed of characterization facilities, connected 
to the surface by an access tunnel and a ventilation shaft. The construction will be 
started with excavation of approximately 5.5 km of tunnelling to the depth of 520 m. 
The main characterisation level of ONKALO will be at the depth of 420 m and the 
lower level at 520 m. Excavation of the ONKALO access tunnel started in autumn 2004 
and has now reached a chainage of about 990 m (depth ca. 90 m). 
 
  

1.2 Objectives and scope of this report 
 
The objective of the work leading to the present report was to develop a “start version” 
(version 0) of the geological model of the ONKALO area, based on the state of 
geological knowledge at the beginning of underground investigations at the Olkiluoto 
site, in a format that could be later used to create updated and revised versions as 
excavations proceed. The purpose of the ONKALO model is to evaluate the geological 
properties and conditions of the rock mass in the modelled area and as such, the model 
acts as an important background reference for construction, layout design and safety 
assessment. Therefore, most effort has been put into the presentation of modelling 
results, rather than into the description of the applied modelling methodology or the 
estimation of uncertainties. These topics will be covered in more detail in the 
forthcoming geological site model report and in a special report on the principles of 
geological modelling (Milnes et al., in prep).  
  
The geological database that has been used in the modelling has largely been collected 
and analysed after the production of the last version of the bedrock model from the site 
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investigation phase (Vaittinen et al. 2003) and it is emphasized that, at this stage, the 
model is partly tentative, as much of the geological data has been acquired only a few 
months prior to the release of this report. Accordingly, the results and conclusions of 
this report reflect the current stage of the learning process of understanding the site-
specific geological features. The quality and accuracy of the ONKALO model will be 
improved as the geological understanding evolves through prediction-outcome studies 
and the acquisition of an increasing amount of data.  
  
 
 

   
Figure 1-1. Nominal model areas of Olkiluoto, including the area of the ONKALO 
geological model, ONKALO area (Posiva 2004). The squares on the map outline the top 
surface of the corresponding 3D model volume.  The “ONKALO area” is the top 
surface of the “ONKALO model volume”, the “site area” the top surface of the “site 
model volume” and the “Olkiluoto area” the top surface of the “Olkiluoto model 
volume”.The coordinates of the ONKALO area are (coordinates on Finnish national 
zone 1): NW corner - easting 1525 500, northing 6792 500; SE corner - easting 1526 
500, northing 6791 750. 
  
 
The modelled bedrock volume covers an area of 1000 m x 750 m (Fig. 1-1), and goes 
down to 600 meters in depth. This bedrock volume and its contained deterministic 
elements will be referred to as the ONKALO model. It includes the access tunnel and 
access shaft, and the planned ventilation/canister shaft close to drill hole KR10, as well 
as a large part of the planned first disposal panel of the repository (Posiva 2004). The 
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geological model combines the results of geological surface and drill core studies, 
interpretations of geophysical airborne, ground survey and drill hole measurements, and 
some preliminary results from the first few hundred meters of the ONKALO access 
tunnel.  
 
The ONKALO geological model is composed of four submodels: the ductile 
deformation model, the lithological model, the alteration model and the brittle 
deformation model.  
  
The ductile deformation model describes and models the products of polyphase ductile 
deformation, which makes it possible to define the dimensions and geometrical 
properties of individual lithological units determined in the lithological model and also 
to asses the orientation and effects of the anisotropy of the lithology. The ductile 
deformation is also an important precursor to the subsequent brittle deformation. 
 
The lithological model gives a general view of the lithological properties of modelled 
rock units that can be defined volumetrically on the basis of the products of ductile 
deformation and the data acquired from outcrops and drillholes. In general, the 
lithological classification of crystalline rocks is based on whole rock chemical 
composition, modal mineral composition, texture and/or macroscopic structural 
features. In the case of Olkiluoto, the method used for the classification of the 
metamorphic rocks and migmatites is a synthesis, in which the migmatite structures, 
textures and modal compositions are jointly evaluated. The igneous rocks are classified 
on the basis of modal compositions and textures. The implications of the textural and 
structural properties of different lithologies for underground construction are assessed in 
section 7.  
  
Hydrothermal alteration and subsequent low-temperature weathering have affected all 
lithological units in the study area. Alteration transforms the physical properties of rock 
material and alteration products may have physical properties drastically different to 
those of primary, fresh materials. Thus the degree and type of secondary/retrograde 
alteration may be important parameters in the evaluation of e.g. the mechanical strength 
of the rocks.  
  
The brittle deformation model describes large-scale structures produced during the long 
history of brittle deformation, i.e. the fault zones and joint cluster zones. Brittle 
deformation products may have important implications to construction and long-term 
safety and a first attempt of evaluating their properties are given in the following text. 
This report focuses on the description of deterministic features of the brittle deformation 
and the results of discrete fracture network (DFN) modelling will be presented in 
separate report.  
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2 APPLIED INVESTIGATION DATA  

2.1 Geological  data  

2.1.1 Surface data (outcrops, trenches)  
  
The geological mappings of outcrops have been carried out on different occasions 
during the site investigations. The first general geological mapping of the outcrops 
(Paulamäki 1989) included the mapping of the rock types and the main structural 
features, especially fractures. This general geological mapping was followed by a 
detailed structural geological mapping (Paulamäki & Koistinen 1991), the aim of which 
being to describe the ductile deformation history of Olkiluoto. Ismo Aaltonen and Jussi 
Mattila of Posiva Oy later made additional lithological and structural observations from 
outcrops at Olkiluoto during investigations in 2003 and 2004. Mapped outcrops within 
the ONKALO area are shown in Figure 2-1. 
  
Since only a small part of the bedrock at Olkiluoto is exposed, outcrop mapping has 
been supplemented by the excavation and mapping of several investigation trenches in 
the central part of the site (Paulamäki 1995, 1996; Lindberg & Paulamäki 2004; 
Paulamäki & Aaltonen 2005; Paulamäki 2005a; Paulamäki 2005b; Engström in prep., 
Nordbäck & Talikka in prep., Mattila et al. in prep). The aim of the trenches was to 
obtain more bedrock and fracture data from areas with few or no outcrops. The trench 
mappings included observation of ductile and brittle deformation and the macroscopic 
determination of lithologies from the bedrock surface, after removal of the remaining 
loose soil with compressed air and cleaning with a high-pressure washer. The total 
length of the trenches is ca. 3500 m and they range in width from 0.5 m to 5 m. 
Investigation trenches located in the ONKALO area are shown in Figure 2-1. 
  
So far, a total of 12137 tectonic measurements have been made on outcrops and in the 
investigation trenches, including 2827 measurements of ductile deformation features 
(foliation, fold axis, axial plane, fault plane and lineation) and 11494 fracture 
measurements. Additionally, a detailed fracture mapping programme was carried out in 
the area of the Ulkopää cape, as part of the investigations for the repository for low- and 
intermediate-level waste, which included a further 1700 fracture measurements.  
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Figure 2-1. Outcrops and investigation trenches located in the ONKALO area 

 

2.1.2 Drillholes  
  
Deep core drillings have been carried out at the Olkiluoto since 1989, and the total 
number of deep  drillholes is now 39. However, only the data from drillholes KR1, 
KR4, KR7, KR8, KR10, KR14, KR15, KR16, KR17, KR18, KR22, KR23, KR24, 
KR25, KR26, KR28, KR29, KR30 and KR31 were used in this modelling work (These 
drillholes are located in the ONKALO area, as shown in Figure 2-2). Preliminary 
descriptions of all cored drillholes have been published as TVO and Posiva Working 
Reports. The most recent ones, for drillholes KR15-KR33 (drilled between 2000 and 
2004, before the start of underground excavations), which are written in English, are 
included in the list of references (Niinimäki 2002a-h, 2003a-d, Rautio 2002, 2003, 
2004a-c, 2005a-b).  Syntheses of all geological and geophysical data from cored 
drillholes KR1-33 have now been prepared and will be published shortly (for examples 
of the type of data available see Appendices 2 and 3). The drill cores are mostly 300 – 
1000 m in length, and their combined length is 17000 m. Gehör et al. (1996, 1997, 
2000, 2005) and Lindberg & Paananen (1991, 1992) have presented the results of 
petrological studies from drillholes KR1-KR28. These reports include the results of 
visual drill core loggings, polarization microscope examinations and whole rock 
chemical analyses of ca. 250 samples. Drillholes KR29-KR33 were also logged during 
this work.  
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Figure 2-2. Drillholes located in the ONKALO area 

  
A poductive short-term campaign was undertaken during the spring and summer of 
2005 to gather necessary basic structural data for both the ductile and brittle 
deformation models. Different structural  geological elements and kinematic features 
were systematically logged along the cores of drillholes OL-KR1 - OL-KR33B. The 
results of this structural geological logging will be reported separately for each drillhole 
in 2006, Aaltonen et al., in prep).  
  
Foliation and ductile shear zones were systematically logged using 1-meter resolution. 
All 1-meter sections were systematically characterised according to the type and degree 
of foliation using the procedures outlined in Milnes et al. (2006). Also small-scale fold 
axes, axial planes and lineations were observed. OPTV drillhole images and WellCAD 
software were used for foliation orientation measurements. In some cases measurements 
were done from the oriented core. Logging was done partly at Olkiluoto and partly at 
the national drill core depot of Geological Survey of Finland at Loppi. Altogether, more 
than 17 000 observations and measurements were done on ductile features.  
  
Foliated rocks were subdivided into two descriptive types. The two independent factors 
were type of foliation and degree of foliation. Visual estimation of degree of foliation 
classified rocks into weakly foliated (1), moderately foliated (2) and strongly foliated 
(3) ones. The subdivision into three type  categories was gneissic (rock dominated by 
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quartz and feldspars; no continuous trains of micas or amphiboles), banded (intercalated 
gneissic and schistose layers), schistose (rock dominated by micas and/or amphiboles; 
these minerals are arranged in continuous trains so that the preferred orientation of 
crystallographic cleavages provide a general plane of mechanical weakness).  Rocks 
with no foliation (e.g., most granites of Olkiluoto) are classified as massive. In that case 
foliation degree is 0. Also several migmatitic gneisses without continuous foliation also 
fall in that category and are called as irregular. (Milnes et al. 2006.). In conjunction 
with the foliation logging, the most obvious (> 1-m long sections) ductile shear zones 
were characterised, and their orientation and intensity were recorded, together with 
kinematic information.  
  
The logging of brittle deformation structures had two main objectives. The first step was 
to detect all those fractures, which carry imprints of tectonic movements, e.g. 
slickensides. The surfaces of these fractures were studied in detail with regard to shape, 
indicative traces of movement, orientation and kinematics (slip lineation, sense of slip). 
In a second step, parallel with the slickenside study, the sections of increased fracturing 
were observed and subdivided into two groups; brittle joint cluster intersections (BJI) 
and brittle fault zone intersections (BFI). Generally, brittle joint cluster intersections 
include fractures that do not show traces of movement while in the case of brittle fault 
zone intersections, fracturing is more intense, and faulting and cataclastic features are 
obvious (see Appendix 1 for an overview of the whole classification scheme). Logging 
of brittle fault zone intersections was aimed to make observations of rock type, fracture 
types, orientation of single fractures and possible fracture sets, relation of fractures to 
ductile features (foliation, schistosity, shearing), cataclastic features, breccias, fault 
gouges, etc. Each intersection was assigned an unique label, which defines the type of 
deformation product and also the observed intersection interval. The mechanical effect 
of drilling to the fracturing was also estimated where possible. A total of ca. 1 650 fault 
vector directions were measured. A similar structural geological mapping campaign was 
also undertaken for the investigation trenches and the ONKALO tunnel and the results 
were then applied in the modelling work.  
  

2.1.3 ONKALO underground rock characterisation facility  
  
The excavation of the ONKALO underground rock characterisation facility was started 
on the 22

nd
 of September and at the moment the access tunnel has reached a chainage of 

990 meters (corresponding to the depth of 90 meters below sea level, approximately).  
Geological mapping of the ONKALO tunnel has been performed systematically in 
intervals of approximately 5 meters, corresponding to the length of one excavation 
round. The mapping includes the determination of rock types, measurement of structural 
features (foliation, fold axis, axial planes, slip lineation and slip sense of brittle 
deformation features) and detailed mapping of fractures of all trace length distributions. 
The faces of the tunnel walls were also photographed. 
  
Sections of increased fracturing in the ONKALO tunnel were mapped and subdivided 
into two groups: brittle joint cluster intersections (BJI) and brittle fault zone 
intersections (BFI). Sections showing evidence for high strain without the development 
of specific surfaces of rupture were mapped as ductile shear zone intersections (DSI, 
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see Appendix 1). Each intersection was assigned an unique label, which defines the type 
of deformation product and also the observed intersection interval within the access 
tunnel. The methodology closely corresponds to the system used in the logging of brittle 
deformation products from the drill cores. The results of the geological mapping of the 
first 570 meters of the tunnel were used in the modelling of the ONKALO area and are 
shown schematically in 2D in Figures 2-3 and 2-4.  
 
 
  

   

Figure 2-3. Mapped deformation zone intersections in the ONKALO access tunnel, 
chainage 0-570 m. 
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Figure 2-4.  Observed lithological units in  ONKALO access tunnel, chainage 0-570 m. 

 

2.2 Geophysical data  

2.2.1 Airborne and ground geophysics  
Geophysical airborne data have been available from two separate survey campaigns 
done by GTK and Scintrex (Suomen Malmi 1988). The airborne data include the 
following methods: 

- Magnetic (total field and vertical gradient) 
- Multifrequency EM with 888, 3113 (GTK) 7837 and 51250 Hz  
- VLF 
- Radiometric (K, U, Th, total intensity) 

 
Figures 2-5 and 2-6 show the magnetic data from both surveys. 
 
The first interpretations of the data have been carried by Paananen and Kurimo (1990), 
followed by two lineament interpretations (Paulamäki & Paananen 2001, Paulamäki et 
al. 2002). The most recent lineament interpretation, combining systematically 
topographic and geophysical data, is done by Korhonen et al. (2005). 
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Figure 2-5. Aeromagnetic data around Olkiluoto by GTK. 
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Figure 2-6. Aeromagnetic data by Scintrex (Suomen Malmi 1988). Map compiled by 
GTK. 
 
Geophysical ground surveys comprise magnetic (Fig. 2-7) and horizontal-loop EM 
measurements (Suomen Malmi Oy 1989). Furthermore, seismic refraction (Lehtimäki 
2003a,b; Fig. 2-8) and wide-band electromagnetic soundings (Jokinen 1990, Jokinen & 
Jokinen 1994; Ahokas 2003; Jokinen & Lehtimäki 2004) have been carried out in 
several separate campaigns. 
 
The magnetic data have been used to delineate the most intensely magnetized rock type 
units. According to petrophysical data (Paananen 2004), susceptibility does not directly 
indicate different rock types. However, the most significat magnetic anomalies are 
related to ferrimagnetic, pyrrhotite-bearing gneisses (veined gneisses, mica gneisses, 
diatexitic gneiss). According to most recent systematic 3D profile modelling, the dips of 
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the magnetized units become gentler with depth, agreeing well with the foliation 
observations in the drillholes. 
 
Figures 2-7 and 2-8 show ground magnetic and seismic refraction data and the 
lineaments (Korhonen et al. 2005) interpreted according to these datasets. 
 

 
 
 
Figure 2-7. Lineaments interpreted from ground magnetic data (Korhonen et al. 2005). 
Black frame depicts the location of the ONKALO area.  
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Figure 2-8. P-wave velocity data (Lehtimäki 2003a,b) and interpreted lineaments, 
related to low-velocity zones (Korhonen et al. 2005). Black frame depicts the location of 
the ONKALO-area. 
 
 
SAMPO Gefinex wide-band electromagnetic soundings have been carried out at 
Olkiluoto as four separate campaigns 1990 (Jokinen 1990), 1994 ( Jokinen & Jokinen 
1994), 2002 (Ahokas 2003) and 2004 (Jokinen & Lehtimäki 2004). They have been 
used in mapping deep saline groundwaters, but they also give information on sulphide 
minerals and possible deformation zones related to sulphide-rich locations. Previous 
interpretations have been done for each survey campaign, but they are all separate 
works and somewhat incoherent. The data from different years were uniformly 
interpreted, taking also into account the known electric conductors (Paananen & 
Jääskeläinen 2005; Fig. 2-9). 
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Figure 2-9. SAMPO-Gefinex interpretation from vertical section Y =6791900 as an 
example, coil separation = 200 m. The red sections represented interpreted conductors, 
related to sulphide rich zones. Arrows indicate the locations of probable ground 
exposures of the conductors (Paananen & Jääskeläinen 2005). 
 
 

2.2.2 Drillhole geophysics  
  
Single-hole geophysics  
  

The single-hole data of the drillholes within the ONKALO area has been re-interpreted 
for the present study. The drillholes examined were OL-KR4, OL-KR7, OL-KR8, OL-
KR10 and OL-KR22…OL-KR28 (Suomen Malmi Oy 1989; Julkunen et al. 1995; 
Laurila & Tammenmaa 1996; Lowit et al. 1996; Lahti et al 2003; Julkunen et al. 
2004a,b; Heikkinen et al. 2004). The location of the drillholes is shown in Fig. 2-10. 
The interpretation is purely based on geophysical data; no geological logging 
information from the drillcores was used.  

 
The single-hole data gathered comprises of different seismic (p-wave and s-wave 
velocity, p-wave and tubewave attenuation), radiometric (gamma-gamma, neutron-
neutron), electric (long normal, short normal/wenner), magnetic and caliper data. Also, 
hydraulic and thermal data were used when available (locations of hydraulic fractures or 
hydraulic conductivity). The seismic, radiometric, electric and hydraulic parameters 
have been mainly used in determining the locations of the deformation zones. However, 
it should be noted sulphides, which are widely disseminated in the Olkiluoto bedrock,  
have a strong effect on electric measurements).  The magnetic data are mainly used in 
locating ferrimagnetic, pyrrhotite-rich sections.  
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Figure 2-10. ONKALO and drillholes used for single-hole interpretation. 
 
Figure 2-11 presents the profiles of the most important geophysical single-hole 
parameters from drillhole OL-KR23. Table 2-1 shows the interpretation in details. 
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Figure 2-11. Single-hole geophysics and its interpretation, OL-KR23 (Paananen & 
Jääskeläinen 2005). Rasterized area = fracturing, red = sulphides. 
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Table 2-1. Interpretation of drillhole OL-KR23 as an example, fractured and sulphide-
rich sections (Paananen & Jääskeläinen 2005). 
 
Location (m) Character 
integrated interpretation  
36.7-42.3 fracturing 
44.0-46.6 fracturing 
47.6-56.4 intense fracturing 
67.7-68 fracturing 
70-73 fracturing 
85.4-89 fracturing 
134.0-142 open fracturing 
104-187 pyrrhotite (several separate anomalies)
173.5-177.5 Intense fracturing, pyrrhotite 
194-202.9 fracturing, pyrrhotite 
244-246.6 fracturing 
259-260.9 fracturing 
265-269 intense fracturing 
 
 
 
Petrophysics  
  
In the Olkiluoto area, petrophysical measurements have been done on samples from 
OL-KR1 – OL-KR6 (Lindberg & Paananen 1991a, 1992), bedrock outcrops and 
shallow drillholes (Paananen & Kurimo 1990) and the VLJ repository (Lindberg & 
Paananen 1991b). Recently, the data have been supplemented by results from OL-KR8, 
OL-KR15 and  OL-KR19 – OL-KR23, as well as from  24 minidrill samples from the 
ground surface (Paananen 1994). 

  
Charged potential  
 
Numerous charged potential cross-hole measurements have been carried out at 
Olkiluoto (Lehtonen & Heikkinen 2004; Lehtonen 2006). The groundings have been 
located in OL-KR4, OL-KR7, OL-KR25, OL-KR28 and OL-KR29. With the charged 
potential measurements, it has been possible to define mostly gently dipping, 
electrically conducting horizons that partly coincide the deformation zones (Fig. 2-12).  
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Figure 2-12. Electric conductors defined by charged potential cross-hole survey, view 
from SW. 

 
Seismic drillhole measurements  
 
Vertical seismic profiling (VSP) surveys have been carried out as several campaigns at 
Olkiluoto, starting in year 1990. Over the years, the survey technique as well as the 
interpretation procedure has been greatly developed. In this study, the most recent VSP 
interpretation results from each drillhole within the ONKALO area have been examined 
as follows: 
 

- KR7, KR8 (Cosma et al. 2003, Heikkinen et al. 2004) 
- KR4, KR10, KR14 (Enescu et al. 2004, Heikkinen et al. 2004). 
 

Furthermore, HSP results from the Korvensuo reservoir (Cosma et al. 2003) and 
crosshole surveys between KR14 and KR15 (Enescu et al. 2003) and KR4 and KR10 
(Enescu et al. 2004) have been used. In addition to these, the results of the Walkaway 
Vertical Seismic Profiling (WVSP) from drillholes KR4, KR8, KR10 and KR14 
(Enescu et al. 2004, Heikkinen et al. 2004) were available.  

  
 In Figure 2-13, interpreted reflecting elements of OL-KR8 are presented as an example. 
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KR8

 
   
 Figure 2-13. VSP reflectors from drillhole OL-KR8. 
 
Seismic crosshole tomography gives a detailed 2D distribution of P-wave velocity 
between investigated drillholes. Low-velocity zones are supposed to reflect possible  
gently dipping deformation zones. 

 
Table 2-2. Low velocity zones in drillholes KR4 and KR10 according to the crosshole 
tomography (Enescu et al. 2004).  
 
 Location in KR4 
(m) 

Corresponding 
location in KR10 
(m) 

150 155? 
180 155? 
230 - 270 180, 220 
310 300 – 325? 
335 - 380 300 - 325 
460 350 – 375? 
500 - 515 400 - 430 
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3 DUCTILE DEFORMATION MODEL  
 
In the lithological model the strike and dip of the foliation has functioned as a guide, 
through which different lithological units have been correlated between the drillholes 
and from surface to drillholes. As the processes of ductile deformation control the 
formation and orientation of the foliation, the description of the ductile deformation 
model is presented in this report before the lithological model.  
 

3.1 Description of ductile deformation  
  
Olkiluoto, which is part of the supracrustal Svecofennian domain of Southern Finland, 
has been subject to five stages of ductile deformation, as determined on the basis of 
refolding and cross-cutting relationships by Paulamäki & Koistinen (1991). 
Subsequently, after the last cooling below ca. 300 - 400°C, the domain was affected by 
several brittle deformation events and the study site is penetrated by numerous brittle 
faults and related fracture systems, which sheared and crushed the bedrock and 
increased its structural complexity and heterogeneity.  
  
The lithological layering (S0) and the slightly segregated foliation S1 of deformation 
phase D1 mostly (sub)parallel to S0, are the oldest observed structural features at the site. 
Structural elements of this category have been detected only sporadically at the hinges 
of isoclinal, intrafolial folds thus making difficult to evaluate the exact significance of 
these events.  
  
The subsequent deformation phase D2 is characterized by intense folding and leucosome 
production. At this stage, tight or isoclinal F2 folds were produced, with axial planes 
originally in a subhorizontal orientation (Paulamäki & Koistinen 1991). The penetrative 
axial plane foliation, schistosity or metamorphic banding S2 can be clearly separated 
from S1 foliation at the hinges of F2 folds (Figure 3-3A). These early structures have 
been more or less overprinted by the later deformation events and well-preserved, 
original early-D2 structures occur only in certain, more competent units within the 
migmatitic complex. However, several subdomains, which have been only slightly 
affected by the later episodes, have been detected in the Olkiluoto site and D2 is 
estimated as the most important structural factor within those. Nevertheless, in the 
ONKALO-area, the D2 –elements are strongly overprinted by the younger deformation 
events (Fig. 3-1).  
  
During the D2 deformation the earlier structures were overprinted by the generation of 
the penetrative S2 schistosity or metamorphic banding, associated with the abundant 
production of leucosome veins, parallel to the F2 axial surface. Due to the tightness of 
the F2 folds and the intensity of the D2 

deformation, the S2 foliation is also often parallel 
to the lithological layering and earlier foliations, and can, in fact, be expressed as a 
composite foliation S0/1/2. The measured orientations of the S0/1/2-foliations are shown in 
Figure 3-2. In the course of progressive D2 deformation, the production of leucosome 
veins continued and the veins formed earlier were folded isoclinally, accompanied by 
semi-concordant shearing. Shear-related structures have been observed as the most 
important D2 elements in certain zones. Certain veined gneiss units are dominated by 
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asymmetric, augen gneiss-like migmatite structures, and pervasively sheared TGG 
gneisses also belong to this category. The D2 deformation is thought to be the most 
powerful stage in the structural evolution of the Olkiluoto domain. It has deformed 
pervasively the whole paragneiss complex, simultaneously with peak metamorphism in 
uppermost amphibolite facies conditions. Thus, most of the structural elements are 
possible to interpret as some kind of composite or interference structures with the 
products of D2 deformation.  
  
In deformation phase D3, the earlier deformed migmatitic gneisses were zonally 
refolded or rotated (Fig. 3-3B). Zones dominated by ductile D3 shears and folds were 
formed, and often, for example,  the S2 foliation was rotated parallel to the F3 axial 
plane (S3). Typically, no new crenulation or overprinting foliation was created but still 
the foliations in the zones strongly affected by D3 deformation can be described as a S2/3 composite structure. Simultaneously with D3 deformation, a new granitic leucosome 
was produced, and cogenetic pegmatite dykes intruded parallel to the F3 axial surfaces 
(Fig. 3-3C). The F3 fold axes in the most original orientation plunge gently to the NE or 
SW, indicating the subhorizontal orientation of previous planar structural elements. The 
S2/3 composite structures and F3 axial planes dip to SSE with an average angle between 
40 - 50 degrees.  
  
  

 
 
Figure 3-1. General trends of planar D

3
 – D

5
 ductile deformation elements.  
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Figure 3-2. Foliation plane orienations measured from drill core samples OL-KR1 – 
OL-KR33B from Olkiluoto site. Equal area, lower hemisphere projection, number of 
data points 9425.  
  
  
The NW contact zone of diatexitic gneisses against the veined gneiss domain is one 
probable candidate for a SE dipping D3 ductile shear zone. Deformation along that zone 
would explain the differences in migmatitic structures of those lithological units. As a 
whole, the intensity of the D3 deformation seems to be highest in the central and NW 
part of the ONKALO area  (Fig. 3-1).  
  
Subsequently, the D3 and earlier elements were again redeformed in the deformation 
phase D4, which produced more open F4 folds (Fig. 3-3D) with axial planes trending ca. 
NNE -SSW and dipping steeply to the SSE. The structures of this category have been 
detected in certain outcrops in the southern part of Olkiluoto  site but according to latest 
mappings and interpretations, the central and south-eastern parts of the Olkiluoto site 
seem also to be affected by it. Due to D4 deformation, the S2/3 composite structures were 
zonally reoriented towards the trend of F4 axial plane (Fig. 3-1). Statistical direction 
maximum of planar features rotated by D4 is 135/42 on the basis of direction 
measurements carried out from all drill core samples of Olkiluoto.  
  
The latest ductile structures to be identified are the very open F5 folds, the fold axes 
plunging gently to the ESE and axial planes dipping to the SSW.  
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Figure 3-3. A) S1 foliation folded by F2 folding with S2 axial plane foliation. B) S2 foliation folded by F3. C) Pegmatitic granite dyke subparallel to the F3 axial plane. D) 
Tight F3 folding re-folded by F4. Photos by Seppo Paulamäki, Geological Survey of 
Finland.  
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4 LITHOLOGICAL MODEL  
  
 
The results of petrographical and lithogeochemical studies of outcrop, trench and drill 
core samples have been summarized by Kärki & Paulamäki (2006). On the basis of 
texture, migmatite structure and major mineral composition, the rocks of Olkiluoto can 
be divided into two major classes: 1) high-grade metamorphic rocks, including various 
migmatitic gneisses, homogeneous tonalitic-granodioritic-granitic gneisses, mica-
bearing gneisses, quartzitic gneisses, and amphibolites and other mafic gneisses, 2) 
igneous rocks, including abundant pegmatitic granites and sporadic, narrow diabase 
dykes. For the purposes of description, the high-grade metamorphic rocks are sub-
divided into two groups below, migmatitic gneisses (Subsection 4.1.1) and 
homogeneous gneisses (Subsection 4.1.2). The igneous rocks are described in Sub-
section 4.1.3 (Pegmatitic granite).  No diabase dykes are present in the ONKALO area, 
and these are not treated further in the present report 
 
  

4.1 Description of lithologies  

4.1.1 Migmatitic gneisses  
  
Migmatitic gneisses at Olkiluoto are composed mostly of a mica-rich older component, 
or palaeosome, which can also be called a mesosome, and a younger component, the 
neosome. The neosome is composed of granitic material that can also be referred to as a 
leucosome due to its light colour and lack of mafic minerals. The migmatitic rocks of 
Olkiluoto have been defined as rocks that include more than 10 – 20% leucosome. The 
typical migmatites at Olkiluoto contain 20 – 40% leucosome on average, but the 
proportion can be less than 20% or in excess of 80% in individual samples.  
 
The migmatitic gneisses of Olkiluoto can be divided into three subgroups in terms of the 
type of migmatite structure: veined gneisses, stromatic gneisses and diatexitic gneisses. 
The subgroups represent distinct end members in a gradational system of homogenous 
gneisses and migmatitic gneisses. The change from a texture typical of certain gneiss 
variants to a migmatite structure typical of a particular migmatitic type takes place 
gradually, so that it is not possible to detect any natural borders between these end 
members. Thus an artificial border between the migmatitic gneisses and homogenous 
gneisses has been set at a 10% (migmatitic gneisses) or 20% (homogenous gneisses) 
proportion of the leucosome, with the name of each migmatitic gneiss determined by the 
dominant type of structure.   
 
  
Veined gneiss  
  
Migmatites of veined gneiss-type contain elongated leucosome veins, which show a 
distinct linear symmetry and appear as swellings in the dykes or roundish quartz-
feldspar aggregates that may be composed of augen-like structures with diameters 
varying between 1 and 5 cm (Fig. 4-1A).  The palaeosome is often banded and can 
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accommodate products of powerful shear deformation, e.g. asymmetric mylonitic 
foliation. Veined gneisses make up 43% of the drill core samples studied so far, and it is 
the dominating migmatitic rock type in the central part of the Olkiluoto site.  
 
Migmatites of veined gneiss-type contain elongated leucosome lenses, which show a 
distinct preferred orientation  and appear as swellings in veins or as roundish quartz-
feldspar aggregates that may be composed of augen-like structures with diameters 
varying between 1 and 5 cm (Fig. 4-1A).  The palaeosome is often banded and can 
suggest the action of powerful shear deformation, e.g. mylonitic foliation with 
asymmetric porphyroclasts. Veined gneisses make up 43% of the drill core samples 
studied so far, and they represent the dominating migmatitic rock type in the central part 
of the Olkiluoto site.  
  
 
Stromatic gneiss  
  
Stromatic gneisses represent only 0.4% of the length of the drill cores studied so far. 
The most characteristic feature of these stromatic gneisses is the existence of planar 
leucosome veins or layers varying in width from several millimetres to 10 – 20 cm (Fig. 
4-1B). The palaeosome or mesosome in these migmatitic rocks is often well foliated and 
shows a well-developed metamorphic banding or schistosity. Plate symmetry is typical 
of all the physical parameters of bedrock units dominated by stromatic gneisses. No 
stromatic gneisses have so far been observed within the ONKALO model area. 
  
  
Diatexitic gneiss  
  
Diatexitic gneisses include migmatites that may be composed of more than 70% 
leucosome and in which the palaeosome occurs as fragments of different shape and size 
(Fig. 4-1C and D). The palaeosome fragments can be totally assimilated into granitic 
vein materials, or the border zones of these fragments may be gradual, progressive areas 
of transformation, as in schollen migmatites. In general, all the migmatite variants in 
which the shapes of the palaeosome and leucosome are random and which are 
structurally isotropic in their entirety have been placed in this group. Diatexitic gneisses 
make up 21% of the total length of the drill cores studied so far and it can be assumed 
that the same percentage applies to the bedrock of the central part of Olkiluoto.  
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Figure 4-1. A) Veined gneiss, B)Stromatic gneiss, C, D) diatexitic gneiss. Photos by 
Seppo Paulamäki, Geological Survey of Finland.  
 

4.1.2 Homogenous gneisses  
  
In addition to the migmatitic gnisses, the metamorphic rocks at Olkiluoto also include 
some  homogeneous gneiss units.  These are sometimes coarsely banded, and can be 
subdivided into mica gneisses, mica-bearing quartzitic gneisses, hornblende- or 
pyroxene-bearing mafic gneisses and tonalitic-granodioritic-granitic gneisses.  
 
  
Mica gneisses  
  
In general, the more mica-rich gneisses at Olkiluoto are intensively migmatitized and 
highly heterogeneous, but fine and medium-grained mica gneisses with less than 10% 
leucosome material also occur (Fig. 4-2A). The proportion of micas or their retrograde 
derivatives exceeds 20% in these rocks. Cordierite or its retrograde derivative, pinite, is 
a typical constituent, and large, roundish, very dark porphyroblasts ca. 5 – 10 mm in 
diameter can often be seen. The fine-grained mica gneisses are typically schistose, but 
the medium-grained variants show a distinct metamorphic banding. Gneisses such as 
these, that are weakly migmatitized, make up ca. 7% of the total length of the drill 
cores.  
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Quartz gneisses  
  
The quartz gneisses (quartz-feldspar gneisses) are fine-grained, homogeneous and 
typically poorly foliated. They contain more than 60% quartz and feldspars, but 20% 
micas at most. Certain variants may contain some amphibole and certain modifications 
have some pyroxene in addition to amphibole. Garnet is also a typical constituent of one 
subgroup of the quartzitic gneisses. The quartzitic gneisses compose less than 1% of 
total length of the drill cores.  
 
  
Mafic gneisses  
  
Mafic gneisses, in which hornblende or chlorite comprises the dominant mafic mineral, 
occur sporadically. Some mafic gneisses may exceptionally contain some pyroxene or 
olivine in addition to mica and hornblende. Mafic gneisses make up less than 1% of the 
bedrock of Olkiluoto.  
 
  
TGG gneisses  
  
The tonalitic-granodioritic-granitic gneisses are medium-grained, relatively 
homogeneous rocks that sometimes resemble plutonic, igneous rocks and sometimes 
coarse-grained mica gneisses (Fig. 4-2B). In places, they can also show a weak 
metamorphic banding or mylonitic foliation. The TGG gneisses form homogeneous and 
typically weakly fractured units, with contacts, which can be gradational varying in 
width from several tens of centimetres to several metres. However, the contacts 
sometimes resemble the sharp, intrusive contacts typical of igneous rocks.  In places, 
leucosome-like granitic veins and crosscutting pegmatitic granites comprise up to 20% 
of the volume of the TGG gneisses, but homogeneous rocks without any leucosome are 
more typical. The percentage of TGG gneiss intersections in the drill cores studied so 
far is 8%.  
  
 

4.1.3 Pegmatitic granite  
  
The pegmatitic granites are typically leucocratic and very coarse-grained granitic rocks 
(Fig. 4-2C), which occur as veins or dykes typically concordant with the foliation and 
ranging in width from a few tens of centimetres to tens of metres, or as large, uniform 
intrusions. Large garnet phenocrysts, or tourmaline and cordierite grains of variable 
size, sometimes occur and mica gneiss inclusions of highly variable sizes and 
proportions are typical within the wider pegmatitic dykes. Pegmatitic granites constitute 
a fairly large proportion of the bedrock of Olkiluoto, representing almost 20% of the 
total length of the drill cores studied so far.  
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Figure 4-2. A) Mica gneiss, B) tonalitic-granodioritic-granitic gneiss, C) pegmatitic 
granite, Photos by Seppo Paulamäki (A, C) Geological Survey of Finland and Jussi 
Mattila (B), Posiva Oy.  
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4.2 Lithological bedrock map  
  
The bedrock map of Olkiluoto presented in Vaittinen et al. (2003) has been revised on 
the basis of the new drillholes and drill core sample studies, and the new trench and 
outcrop mappings described in Chapter 2 (Fig. 4-3).  Some of the lithological and 
tectonic observations made in 1988 (Paulamäki 1989) and 1991 (Paulamäki & 
Koistinen 1991) were re-interpreted. Additionally, two field excursions were made to 
check the new interpretations. The reprocessed magnetic map of the central 
investigation area has also been utilized. This revised and updated bedrock map 
provides the lithological control on the top surface of the ONKALO 3D model, which is 
developed in the following Section. 

  

   

Figure 4-3. Lithological bedrock map of the ONKALO area.  For the location of the 
outcrops and trenches, and the position of the deep drillholes, see Figures 2-1 and 2-2.  
For a structural interpretation, see Figure 3-1. The TGG and PGR units correspond to 
the modelled units exposed at the surface in Figs. 4-10 and 4-11.  
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4.3 3D lithological model  
  
4.3.1 Modelling procedure 
 
As a result of polyphase ductile deformation together with extensive partial melting 
(anatexis) under high-grade metamorphic conditions (see Sections 3.3 and 3.4), a 
pervasive, composite foliation and abundant concordant granitic neosome veins were 
produced.  Both the surface and drillhole studies clearly indicate that, in the ONKALO 
area, the composite foliation is fairly constant over large distances, the dip direction 
being to the southeast (Fig. 4-4). Also, the observations in outcrops and trenches, and in 
the access tunnel, indicate that the contacts between the main lithological units are 
generally concordant to the foliation and the veining.  This means that the strike and dip 
of the foliation can serve as a guide for correlating the lithologies between the drillholes 
and from the surface to the drillholes. 

 

 
 
Figure 4-4. 3D model of the orientation of the foliation in the area covered by the 
drillholes, showing composite foliation S2/3 dipping gently to the SE 
 
 
 
The lithological modelling mainly comprises the modelling of the TGG gneisses and the 
pegmatitic granites. In addition, the contact zone of the diatexitic gneisses and veined 
gneisses has been modelled. The veined gneisses occupy a major part of the ONKALO 
model volume. The TGG gneisses have the same origin as the migmatitic gneisses, 
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which form the main volume of the bedrock, and they have gone through the same 
ductile deformation phases. Consequently, the orientation of the foliation is used as the 
basis of the modelling of the tonalitic-granodioritic-granitic gneiss units. The pegmatitic 
granite veins in outcrops, investigation trenches and in the VLJ-repository mostly 
follow the strike and dip of the foliation (Paulamäki 1989, Paulamäki & Koistinen 1991, 
Ikävalko & Äikäs 1991, Paulamäki 2005a). Although veins cross-cutting the foliation 
also occur, in the modelling, the pegmatitic granites at depth are assumed to be 
concordant (i.e. have the same dip direction and dip as the foliation) and to be rather 
continuous. From the experience in the ONKALO access tunnel and in the investigation 
trenches, the mica gneisses, quartzitic gneisses and mafic gneisses are assumed to be  
small units with limited extension within the migmatites. Consequently, they have not 
been modelled individually but have been incorporated into veined gneiss, which serves 
as the ‘background’ in the model.  
 
In 3D modelling of the lithological units, TGG gneiss and pegmatitic granite 
intersections in drillholes more than ca. 10 metres in thickness have been distinguished 
as separate units (Fig. 4-5). Furthermore, adjacent pegmatitic granite sections less than 
10 m in length, separated by short sections of homogeneous or migmatitic gneisses, 
have been combined into larger units, on the assumption that the gneisses represent 
inclusions within the pegmatitic granite.  

 
 

   

Figure 4-5. Segments of TGG gneiss (orange), mica gneiss (dark blue) and pegmatitic 
granite (red)  more than 10 m in lengths in drillholes in the ONKALO area. The 
ONKALO model volume is marked with a blue box. Viewed from east. 
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The lithological model has been constructed with the help of Surpac® Vision 3D 
modelling software. In the modelling procedure, the simplified lithological data from 
drillholes OL-KR1 – OL-KR33 (Fig. 4-5) were transferred to the Surpac®  Vision 
drillhole database and the data from outcrops and investigation trenches were converted 
into Surpac string files. Figure 4-6 shows a N-S striking vertical section through the 
ONKALO model volume  and shows how the pegmatitic granite units were connected 
from the surface to the drillholes and from drillhole to and other using the the 
orientation of the foliation as a guide. The same applies also the modelling of the TGG-
units. 

 
 

 
 

S N 

 
 
Figure 4-6. N-S trending vertical section with lithological and foliation data from the 
drillholes and digitised pegmatitic granite unit (red). The pegmatitic granite unit on the 
surface (upper right corner) is connected to the drill holes using the foliation 
measurements as a guide.  
 
The lithological units were constructed underground by combining vertical profiles with 
a spacing of 50 m, occasionally 25 m, together with surface observations.  The units 
were first digitized at two central profiles, using the data from several drill holes These 
interpretations were then extrapolated to neighbouring profiles, and edited with respect 
to the available drill hole and surface data, and the resulting modified interpretation 
extrapolated to the next profile The result of this process was that there were several 
vertical profiles (Fig. 4-7a), which were then connected to form a continuous unit (Fig. 
4-7b). 
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A. 

 
B. 
 

Figure 4-7. a) Digitized sections of the modelled pegmatitic granite unit, b) completed 
3D solid object. View from up/SSE. ONKALO area is marked with a blue box. 
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Figure 4-8a illustrates the modelling of a TGG-gneiss unit that was observed at the 
surface and only in one drillhole. The uppermost section in the figure is the 
interpretation of the rock unit at the surface, based on outcrop observations. The 
measured dip of the foliation in the outcrop and in the drill hole resulted in the same 
horizontal segment being extrapolated to the observed TGG-gneiss intersection in the 
drillhole. The segment was further extrapolated to depth at ca. 50 m steps, and was 
made smaller with depth, in order to make the object geologically reasonable. The 
assumption regarding the extent to depth of such a rock unit is that it is approximately 
equal to its greatest lateral extent. Figure 4-8b shows the rock unit as a completed 3D 
solid, which extends to a depth of c. 200 m.  

The modelled tonalitic-granodioritic-granitic gneiss and pegmatitic granite units are 
designated TGG+number and PGR+number, respectively (Tables 4-1 and 4-2).  
 

 
A. 
 

 
B. 
 
Figure 4-8. a) Reonstruction of a TGG-gneiss unit observed at the surface and in one 
drillhole. a) interpretation on horizontal planes at about 50 m steps, b) completed solid 
TGG-unit. 
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4.3.2 Diatexitic gneiss/veined gneiss contact zone  
 
The distribution of the lithologies in the NW contact zone of diatexitic gneisses and the 
veined gneiss domain is interpreted to be due to thrust related deformation. During D3 
deformation, it is thought that the diatexitic gneisses were thrusted from the southeast 
over the veined gneisses (Fig. 4-9). It is emphasized that the contacts of the migmatitic 
gneisses are gradational and therefore the modelled contact zone represents only a zone 
of transition from diatexitic gneiss to veined gneiss and accurate estimation of the actual 
lithological boundary between the migmatitic gneisses contains major uncertainties. 
 
  

   
Figure 4-9. Interpreted structure of the contact of the diatexitic gneiss (dark blue) in the 
ONKALO area. View from NW.  
  

4.3.3 Tonalitic-granodioritic-granitic  (TGG) gneiss units   
 
The interpreted TGG gneiss units in 3D are shown in Fig. 4-10. The TGG gneiss unit 
TGG1 occurs on the surface in outcrops and in the investigation trenches TK1, TK5, 
TK6 and TK7 (Paulamäki 1995, Paulamäki 2005b, Paulamäki & Aaltonen 2005). It has 
been connected to the tonalitic-granodioritic-granitic gneiss sections at 15.45 – 30.8 in 
drillhole KR8, at 4.8-7.3 m in KR26, at 0.3-34.2 m in KR28 and 16.24-32.89 m in PH1 
(Table 4-1). The TGG gneiss intersection at 210-252.5 m in drillhole KR8 has been 
modelled as unit TGG2. The alignment of the unit is based on the foliation 
measurements, which indicate gentle (ca. 30°) dip to the SE. 
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TGG gneiss intersections in investigation trench TK4 in mapping sections P43-P45 and 
in drillhole KR30 at 4.20-27.65 m have been connected as unit TGG5. Based on 
foliation measurements in the trench and in the drillhole the modelled unit dips gently to 
the SSE.  
 

 
 
Figure 4-10. Modelled TGG gneiss units in the ONKALO area model volume. View 
from S.  
 
 
The tonalitic-granodioritic-granitic gneiss unit TGG7 occurs in the surface about 250 m 
north of drillhole KR2. It has been connected to section 297.1 – 398.5 m in drillhole 
KR2, 275.2 – 410.0 m in KR13, 406.65 – 495.4 m in KR12, 373.3 – 441.4 m in KR14 
and 360.0-396.0 m in KR15 (Table 4-1). The interpretation results in a TGG unit 
dipping moderately to gently southwards, the dip becoming gentler at depth. This 
attitude is supported by foliation measurements in outcrops and in drill core samples. 
The maximum depth of the lower edge of TGG7 is about 450 m, since no TGG gneisses 
are present in drillhole KR10.  

 
No drillholes intersect the tonalitic-granodioritic-granitic gneiss units TGG3, TGG4 and 
TGG6. The modelling of these units is based on foliation measurements on the outcrops 
and the extent of the units at depth is uncertain. However, in the case of units TGG3 and 
TGG4, their maximum extension is no more than 200 and 100 m, respectively, because 
there are no TGG gneisses in the near-by drillholes KR9 and KR29.  
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Table 4-1. Occurrence of modelled tonalitic-granodioritic-granitic gneiss units in 
drillholes KR1-KR33.  
  TGG1  TGG2  TGG5  TGG7  

KR1            
KR2         297.1-398.5  

KR3            
KR4    

  
     

KR5            
KR6            
KR7            
 
KR8  15.45-30.8  210.2-252.5      

KR9            
KR10            
KR11            
KR12         406.65-495.4 

KR13         275.2-410.0  

KR14         373.3-441.4  

KR15         360-396  

KR16            
KR17            
KR18            
KR19            
 
KR20  

          
 
KR21  

          
KR22            
KR23            
KR24    

  
     

KR25    
  

     
 
KR26  4.8-7.3        

KR27            
KR28  0.3-34.2  

  
     

KR29            
 
KR30      

4.2-27.65  
  

KR31            
KR32    

  
     

KR33            
 
OL-PH1  16.24-32.89        
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4.3.4 Pegmatitic granite (PGR) units  
 
Massive, coarse-grained, reddish or pale-coloured pegmatitic granites are abundant in 
the drillholes of the ONKALO area below ca. 200 m.  The assumed surface expressions 
of these drillhole intersections are located in the NW corner of the ONKALO area and 
to the north of it. The outcrops have shown that the pegmatitic granites are very 
heterogeneous rocks containing numerous inclusions and granitized restites of different 
gneisses. The pegmatitic granite sections in the drillholes are even more heterogeneous, 
since the modelled intersections are partly assembled so that several near-by sections, a 
few metres in length, separated by short sections of gneisses and migmatites, have been 
combined into larger units.  

The drillhole intersections of the modelled pegmatitic granite units are listed in Table 4-
2 and the units with their identification numbers are shown in Fig. 4-11. The pegmatitic 
granite units PGR1, PGR2, PGR5, PGR6, PGR13, PGR14, PGR15, PGR16, PGR18, 
PGR19 and PGR20 occur both in surface outcrops (Figure 4-3) and in drillholes. The 
units PGR8, PGR9 and PGR11 are not exposed and occur only in drillholes. No 
drillholes intersect the pegmatitic granite units PGR12 and PGR17 (Figure 4-3). 
Concerning the ONKALO access tunnel the most important pegmatitic granite unit will 
probably be PGR2, which seems to occur in most of the drillholes in the ONKALO area 
and intersects the access tunnel in different locations and depths.  

The pegmatitic granite unit PGR5 is visible in the outcrops and in the investigation 
trench TK3, as well as in the beginning of drillholes KR20, KR21 and KR33. In the 
outcrops and the trench, PGR5 is quite uniform and homogeneous, containing only a 
few small mica gneiss restites. Only a small part of it occurs in NW corner of the 
ONKALO area.  

The unit PGR2 is only exposed in mapping sections P21-P24 in investigation trench 
TK8. Otherwise it is modelled on the basis of drillhole intersections. The unit is 
connected to pegmatitic granite intersections in the drillholes KR2, KR4, KR10, KR12, 
KR13, KR14, KR15, KR24, KR25, KR28 and KR32 (Table 4-2).  

The outcrops of the large units PGR6 and PGR19, located in the middle part of the site 
(Figure 4-3), are in most cases composed of massive pegmatitic granite with small mica 
gneiss inclusions. However, investigation trench TK2, which intersects the modelled 
unit PGR6, demonstrated that only the exposed bedrock consists of pegmatitic granite, 
while the bedrock in the soil-covered parts between the pegmatite outcrops consists 
mainly of migmatitic gneisses (Paulamäki 1996). Consequently, the modelled 
pegmatitic granite unit contains considerable amounts of migmatitic gneisses. The unit 
PGR19 is connected to pegmatitic granite intersections in drillholes KR1, KR3, KR7, 
KR10, KR12 and KR14-18.  

Pegmatitic granite in mapping section P51 in TK4 with oriented and unoriented 
aggregates of strongly altered biotite (Paulamäki 2005a), is connected to the pegmatitic 
granite intersected by shallow drillhole OL-KR14. The orientations of the lower and 
upper contacts of the dyke in TK4 are 150/45° and 145/50°, respectively. The resulting 
pegmatitic granite unit PGR20 is further connected to the pegmatitic granite section at 
130.85-140.90 m in drillhole KR25 in Figure 3-10.  
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Unit PGR9 is modelled based on intersections in drillholes KR2, KR4 and KR12 at 
length intervals 421.3-455.9, 815.8-866.4 and 509.7-567.1, respectively. It has no 
observed surface outcrop. Similarly, unit PGR 11 is only modelled based on 
intersections at depths of 565.4-600.59, 304.1-328.4 and 421.1-440.3 in drillholes KR8, 
KR9 and KR27, respectively. 
 
 
 
 
 
 

 
 
 
Figure 4-11. Modelled pegmatitic granite units in the ONKALO area model volume. 
View from S. 
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Table 4-2. Intersections of modelled major pegmatitic granite units in drillholes 
  PGR1 PGR2 PGR5 PGR6 PGR8 PGR9 PGR11 PGR14 PGR15 PGR16 PGR18 PG16 PG17 PGR19 PGR20 PGR21 
 
KR1 

     
169-199.4 

   
441.9-488.95 

  
          336.6-348.1   

 
0.0-38.4     

KR2   139.85-174.80       421.3-455.9             238.3-245.9       

KR3                           0.0-43.7     

KR4   
464.50-483.20 

    769.65-807.0 815.8-866.4                     

KR5     0.0-9.0                           

KR6                                 

KR7        213.8-225.4 653.0-723.3     9.8-14.8           
 

258.6-285.95   105.5-117.3 

KR8             565.4-600.59                   

KR9 352.8-370.1           
 

304.1-328.4 
        

          

KR10   336.85-364.95             0.0-17.63 128.7-136.1       202.6-246.6     

KR11                                 

KR12   208.1-225.3       509.7-567.1               0.0-57.0     

KR13   68.05-150.6                             

KR14   282.7-311.1     485.7-508.85           14.15-22.2   
 

354.5-368.3 
 

95.35-153.65     

KR15   292.7-306.4     479.0-505.0               357-367 
 

39.9-88.78     

KR16                           58.75-117.75     

KR17                           30.0-45.3     

KR18                           58.4-79.0     

KR19                                 
 

73.5-87.6 
 
KR20 

    

 
144.15-162.95 

   
374.8-400.0 

            

 
181.7-199.7 

        
 

2.95-19.3   
 
KR21 

    

 
57.2-82.4 

  

                        

KR22                                 

KR23                                 

KR24   
 

539.3-548.05                         130.85-140.9   

KR25   
 

437.95-462.45                             

KR26                                 

KR27             421.1-440.3                   

KR28   
 

520.8-559.87                             

KR29                                 

KR30                 
 

27.65-37.9 
    

          

KR31                                 

KR32   
 

104.5-116.95                             

KR33     13.35-29.05                           
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4.4 Intersections with the ONKALO underground rock characterisation 
facility  

 
Intersection intervals of modelled lithological units with the ONKALO access tunnel 
are presented in Table 4-3. The ONKALO tunnel will be mostly intersected by 
diatexitic gneiss- and veined gneiss units, and according to the lithological model, 48.0 
% of the ONKALO layout intersects with veined gneisses, 43.3% with diatexitic 
gneisses, 8.1 % with pegmatitic granite and 0.2 % with TGG gneisses. Assumed 
intersections vary from 9 meters to 850 meters in length; major (defined here as length 
being more than 200 meters) diatexitic gneiss units occur in chainages 1446-2166 (720 
meters) and 2356-3207 (851 meters). Veined gneisses have major intersections in 
intervals 9.5-442 (432.5 meters), 803-1074 (271 meters), 3207-3788 (581 meters) and 
4021-4351 (330 meters). Pegmatitic granite has correspondingly one major intersection 
in chainage 3788-4021 (233 meters). 
 
  
Table 4-3. Lithological intersections with the ONKALO tunnel  
Chainage Length Percentage Rock type, modelled unit  

0 – 9.5  9.5 0.2 TGG gneiss, TGG1  

9.5 - 442  432.5 9.8 Veined gneiss 

442 – 451  9 0.2 Pegmatitic granite,  PGR20  

451 – 605  154 3.5 Veined gneiss  

605 – 803  198 4.5 Diatexitic gneiss, DGN1  

803 – 1074  271 6.2 Veined gneiss  

1074 – 1200  126 2.9 Diatexitic gneiss, DGN1  

1200 – 1301  101 2.3 Veined gneiss  

1301 – 1314  13 0.3 Pegmatitic granite PGR16  

1314 – 1446  132 3 Veined gneiss  

1446 – 2166  720 16.3 Diatexitic gneiss, DGN1  

2166 - 2230  64 1.5 Veined gneiss  

2230 - 2332  102 2.3 Pegmatitic granite, PRG19  

2332 - 2356  24 0.5 Veined gneiss  

2356 - 3207  851 19.3 Diatexitic gneiss, DGN1  

3207 - 3788  581 13.2 Veined gneiss  

3788 - 4021  233 5.3 Pegmatitic granite, PRG2  

4021 - 4351  330 7.5 Veined gneiss  

4351 - 4361  10 0.2 Diatexitic gneiss, DGN1  

4361 - 4405  44 1 Veined gneiss  
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5 ALTERATION MODEL  

5.1 Description of alteration  
  
The textural evidence from the rock types, the fractures fillings and the character of the 
rock alteration in rock indicate that the bedrock of the Olkiluoto site has been 
extensively influenced by hydrothermal activity and was locally strongly affected from 
metasomatic alteration. This is linked to the phases of magmatic activity, which 
produced a long-continued thermal charge (hundreds of millions of years). The high 
heat flow was accompanied by extensive hydrothermal fluid circulation in the Olkiluoto 
bedrock area and these highly corrosive acidic fluids caused widespread hydrothermal 
alteration (Front 2005, in press, Gehör 2005, in press). These alteration episodes took 
place at relatively low temperature conditions; the estimated temperature interval is 
from 300 to less than 100°C (Gehör et al 2002). As is common in hydrothermal 
regimes, the circulating fluids penetrated the bedrock and generated high permeability 
zones, which appear to have acted repeatedly as pathways for the periodical thermal 
fluid circulation.  

Three main alteration types have been identified in the target area, these are 1) clay 
mineral formation, which has two main subtypes; illitization and kaolinisation, 2) 
sulphidization and 3) carbonatization. In the ONKALO volume the influence of illitic 
alteration is relatively weak but the drill core data implies that it has higher impact in 
bedrock area north of the ONKALO tunnel (Fig. 5-1). Carbonatization, or calcite 
formation in general, is an essential part of the hydrothermal alteration. Alkaline 
conditions press on the carbonate forming reactions and calcitic fracture fillings and the 
dyke swarm networks are found to be closely connected with practically each one of the 
hydrothermally influenced zones.  

 

5.1.1 Illitisation  
 
Illite, which is expected to be generated a result of more energized hydrothermal fluid 
circulation than kaolinite, occurs as green, transparent, soap-like mass or it forms grey 
to green waxy or powdered coverings. In illite dominating solid covers kaolinite is 
typically distributed in core site of the fracture fillings. The ONKALO volume appears 
to have discrete illitised zones, but the drill core data implies that northwards from the 
ONKALO (Fig. 5-1a and 5-1b), the bedrock has suffered from advanced illitic 
alteration. 

The illitised zones have characteristically the thickness of 5 - 20 meters in drill core 
transverses. In zones, which have experienced advanced illitization, the rock is 
yellowish or green coloured and has lost its mechanical durability. Illite occurs often as 
single alteration product, but often kaolinite, calcite and sulphides accompany it. Figure 
5-6 from drill core sample OL-KR8 illustrates the occurrence of the illitic zones and 
their relation to the other hydrothermal features in the bedrock.  
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A. 

 
B. 
 
Figure 5-1 Illitisation in the ONKALO model volume, A) view downwards (map view), 
B) view towards W. Along the drillholes, sections of pervasive (dark blue) and fracture-
controlled (light blue-green) illitisation are marked. 
 

N
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5.1.2 Kaolinitisation  
 
Kaolinite appears to be an important constituent of the altered bedrock, forming 5 -30 
%, and locally even more, of the rock volume. The zones, which have been affected by 
kaolinisation, contain various amounts of illite on slickensides and in fracture fillings. 
Hence, the kaolinitic zones distinguished in the drillholes indicate zones in which 
kaolinite is the dominant clay mineral, but not necessarity the single alteration product. 
The kaolinitic alteration zones are characterized by numerous spots and lenses (Fig 5-2), 
which occur at irregular intervals. The kaolinitized core lengths usually vary from tens 
of centimetres to tens of metres.  
 
In fracture fillings, kaolinite forms powdery, disseminated, white coatings that may well 
show thicknesses of several millimetres. These soft fillings are typically loosely 
attached to the host rock.  
 
The most intensively kaolinitised zones in the uppermost part of the bedrock, which the 
ONKALO tunnel has penetrated so far, come out as strongly weathered and softened 
sections. From the drillholes, however, the kaolinitised sections mainly affect the upper 
part of the bedrock, according to the current data, over a thickness 100-200 metres 
measured form the surface (Fig. 5-3). This type of kaolinitised bedrock wedges to a 
greater depth in northern part of the target area, where the present data (especially the 
data from the drill core OL-KR13), implies that the base of kaolinitised block situates at 
the depth of 250 metres. The drill core data reveals numerous disconnected zones at 
greater depth, but their position remains unclear as the current drill core data from that 
bedrock area is insufficient. 
 
 

 
 

Figure 5-2. Advanced kaolinisation in drill core OL-KR24 at along-hole depth of 24 m. 
Red circle shows a typical cluster of white kaolinite spots 
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A. 
 

 
B. 
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C. 
 
 
Figure 5-3. A) Kaolinitisation in the ONKALO model volume, a) view towards SE, B) 
view towards E, C) view towards SW.  Along the drillholes, yellow = pervasive 
kaolinitization, orange = fracture-controlled kaolinisation.  Kaolinitised sections are 
located in the uppermost part of the ONKALO bedrock, with orientation opposite to the 
main lithological trend (slightly dipping to N). 
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5.1.3 Sulphidisation  
  
Sulphidisation is recognized as pyrrhotite disseminations, and, to lesser degree, as 
pyritic platings and pyrite vein stockworks (Fig 5-4). Sulphides occur throughout a 
considerable volume of the bedrock and pyrrhotite disseminations are particularly 
associated with mica gneisses and migmatites, and with graphitic occurrences. 

Sulphidised wall rocks, usually migmatites, may contain several percent of disseminated 
pyrrhotite, which also occurs in fractures in those zones. The thickness of this type of 
zone varies from a few centimetres to several meters. Pyrrhotite is also the main 
sulphide phase in graphitic fracture infillings.  
  
Sulphidisation is particularly prominent along the SW edge of the modelled area. The 
cores from drillholes OL-KR7, OL-KR10 and OL-KR30 show the thickest section of 
the sulphidised bedrock volume. They indicate that the lower limit for the sulphidized 
zone is situated at a depth of 250-300 metres below surface. The base of the sulphidised 
zone rises to shallower depth at the SE edge of the  ONKALO area model volume. 
Similarly, in the northern part of the area, the base of sulphidized zone is found at 
depths 50 m to approximately 200 m  (Fig. 5-5).  As with kaolinisation, there are 
numerous disconnected sulphidised patches outside the modelled block. The bedrock 
here in question contains only scanty drill core information and for this reason it is not 
possible integrate this data into this model. 
 
  
   
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5-4. Breccia-type pyrite in strongly chrushed mica gneiss, drillhole OL-KR22, at 
ca. 390 m.  
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A. 

 
B. 
 
Figure 5-5.  Sulphidisation in the ONKALO model volume, A) view towards W, B) view 
towards N. Along the drillholes, red = pervasive sulphidisation, light red = fracture-
controlled sulphidisation. Sulphides are located in uppermost part of the model volume 
following roughly the lithological trend (slightly dipping to SE). 

 



54 

 

5.1.4 Carbonatisation 

pH increase and subsequent precipitation of calcite appears to be the closing process of 
several of the  fluid circulation episodes, and, due to this, calcite often covers the older 
hydrothermally generated fractures infillings at all levels in the drilled bedrock volume. 
Furthermore, calcite typically occurs as vein stockworks, as well as in the matrix of the 
fracture clay infillings. Even so, the information obtained from the drill core data shows 
that the frequency of calcitic fracture fillings and the vein networking is higher in zones 
where hydrothermal fluid flow has reworked the bedrock (Fig 5.6). Similarly to 
kaolinisation, illitisation and sulphidisation, carbonatisation has played a significant role 
in the alteration episodes, and the total volume of calcite in the hydrothermally altered 
zones appears to be considerable. The incidence of carbonatisation has been estimated 
from the rate of occurrence of calcitic fractures in the drill core. When the individual 
calcite-filled fractures are fitted into connected zones, the carbonatised sequences 
appear to be more extensive than they are in the case of the other alteration types. 
However, calcite is uncommon as a component of the host rock framework: there is 
hardly any evidence of penetrative carbonatisation of the bedrock itself.  The along-hole 
lengths of the fracture-connected calcitic zones in the drillholes vary from a few meters 
to a few tens of meters.  
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Figure 5-6. Example of the results of fracture-mineral logging, cored drillhole OL-
KR08. The fracture mineralogy of the drill core shows the occurrence of the main clay 
types, sulphides and calcite; the thickness of the fracture infilling and the percentage 
which is covered by the infilling substance are given in separate columns. 
Carbonatisation, which is observed from the fracture infillings and from calcite vein 
stockworks, appears to be the most widely distributed alteration product in the fracture 
walls and fracture infillings.  
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6 BRITTLE DEFORMATION MODEL  

6.1 Description of brittle deformation  
  
In the Olkiluoto region, the Svecofennian orogeny and the anorogenic intrusive phase 
(Eurojoki rapakivi intrusion) was followed by uplift and erosion, and cooling of the 
metamorphic and magmatic rocks.  It is estimated that the rocks finally cooled below 
300-400oC around 1600 Ma ago, leading to long period of brittle deformation.  During 
this period (lasting up to the present time), fracturing on all scales dominated the 
structural evolution, including different types of joints and faults, and their mineralised 
equivalents (see Chapter 5). These structures have been and are being studied 
systematically in all the outcrops at Olkiluoto, particularly along the trenches, in all the 
drillholes, and, most recently, along the access tunnel.  The data collected is in the 
process of being analysed in detail, for both construction-related and hydrogeology-
related purposes, using modern statistical techniques.  However, for the purpose of 
deterministic modelling, which is the aim of the work described in the present report, 
this extensive fracture database provides more a general background to the 
identification and correlation of deterministic structures (shear zones, semi-brittle and 
brittle fault zones, etc., see Appendix 1) within the ONKALO model volume.  In this 
“version 0” report, the work of identifying, characterising and modelling important 
deterministic structures is in its very initial stages, and concentrates on fault-related 
brittle elements (fault zones and related systems of slickensided fractures) as a first step 
to reconstructing underground relationships.  This is a learning process, based on first 
experiences in the access tunnel, which with regard to brittle deformation structures 
provides an enormously widened perspective than modelling on the basis of drillhole 
data alone.  The aim at this stage is to develop an appropriate methodology for 
deterministic modelling, which can be validated successively, as the construction of the 
access tunnel proceeds, and ultimately applied to identifying suitable rock volumes at 
repository depth.       
 
Treatment of fault-related brittle elements can take place systematically on the basis of 
genetic factors, whereas handling of solely extensional fractures is more complicated. In 
the following, we focus on these fault-related structures within the Olkiluoto model 
volume, as revealed by relationships encountered in the access tunnel, using supporting 
evidence from the drillholes.  Recent studies of the structural evolution of the Olkiluoto 
bedrock have shown the obvious statistical similarity between the orientation of the 
regional, composite, pervasive foliation (S2) and the slickensided fracture surfaces, 
measured in the cored drillholes (Fig. 6-1). One explanation to that relation could be 
found in the routing effect of pervasively foliated, extensive and parallel zones of 
ductile deformation. Thus, the products of ductile deformation seem to be important 
precursors for subsequent brittle deformation. However, many brittle fault structures are 
not controlled by any older deformation elements. 
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A.  B.  

  
 
Figure 6-1. A. Stereogram showing foliation plane orientations measured from drill 
holes/core samples OL-KR1 – 33, Olkiluoto (N = 9500, lower hemisphere equal area 
projection). B. Fault plane orientations measured from the same samples/holes (N = 
1655, lower hemisphere equal area projection). Terzaghi correction not applied. 
  
As shown in Fig. 6B, the mean orientation of one important group of measured fault 
planes (slickensided fractures) is about 30o to the SE, but a statistical evaluation of the 
fault plane orientations does not give any usable basis for further subdivision of those 
structures. On the other hand, fault slip directions are widely variable (Fig. 6-2A) and 
the number of cogenetic phases of brittle faulting, or individual sets of faults with 
identical character of separation, will be rather large and the final system of brittle faults 
intersecting the central part of the Olkiluoto study site will be rather complex. A 
preliminary, more detailed analysis of fault-slip data shows that more than 20 
significant sets of kinematically similar brittle faults can be detected at the site. 
Evaluation of their real impact on the bedrock structure is a challenging exercise and, 
for that reason, this “first phase” (version 0) modelling is based on the results of a 
simplified, generalized classification of fault-slip data. 
  
Tentatively, three sets (here the word set refers to certain orientation of the displacement 
vector, not to certain farcture plane orientation) of brittle faults are distuinguished from 
the total amount of brittle faults (fault-slip direction maximums 1, 2 and 3 in Fig. 6-2B). 
Fault-slip vector directions are subhorizontal, N-S trending for the set 1, gently NE or 
SW plunging for the set 2 and gently SSE plunging for the set 3. Variation in fault-slip 
orientation is limited to 10 – 20 degrees from the most typical slip direction but fault 
planes can rotate without limitations around that lineation axis. Thus various concave 
and convex structures around fault-slip vector direction are possible. This first model of 
brittle deformation elements is a suggestion to fault structures which could be cogenetic 
products from genetically related stages of brittle faulting and which represent the most 
widespread fault structures at the site. Rare, or at least, statistically not so common, 
elements are excluded at this stage although they may turn out to be important and 
effective factors for parameters such as water conductivity or other topics of 
forthcoming utilization.  



59 

 

  
  
  

 
  
  
 A.      B.  
  
Figure 6-2. A. Stereogram showing fault slip directions (displacement vectorr) 
measured from drill core samples OL-KR1 – 33 (N = 1655, lower hemisphere equal 
area projection). B. Generalized stereogram showing fault slip directions and three 
direction maxima (N = 1655, lower hemisphere equal area projection)  
 
 

6.2 3D modelling  
 
The fault zone intersections observed and measured in drillholes (classified according to 
the scheme shown in Appendix 1) were connected from drillhole to drillhole using the 
fault slip directions and fault plane orientations as a guide. The resulting faults or fault 
zones are presented in Figs. 6-3 to 6-8. However, it should be noted that the results are 
very tentative and the constructed faults are not, at this moment, checked against other 
data, such as charge potential anomalies, VSP reflectors, etc.. In the forthcoming site 
area model (see Fig. 1-1), the geophysical data will be implemented  and will be used to 
increase the confidence of the modelled zones. The properties of the faults or fault 
zones, except for the orientation, are currently not known. At this phase of the 
modelling, the model includes 34 faults or fault zones which are constructed solely on 
the basis of data from cored drillholes and have not yet been confirmed, either in surface 
outcrops/trenches or in th accss tunnel.  These are vizualised in Figs. 6-5, 6-6 and 6-7, 
illustrating the 3D arrangement of faults belonging to the three kinematic sets 
separately.  
 
However, the model also includes three confirmed brittle fault zones, which have been 
observed in the investigation trenches and in the ONKALO access tunnel (Fig. 6-9).  
These have not yet been named, but they are referred to as “zone 3, zone 4, and zone 5” 
in Table 6-1:  
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• Zone 5  A “weathered/fractured zone” (marked in blue on Fig. 6-9) has been observed 

as a deeply weathered section in ONKALO access tunnel and investigation trench 
TK4, and has been implemented into the model on the basis of seismic P-velocities 
and the results of a charge potential survey.  The zone should be considered as a joint 
cluster zone (BJI in Appendix 1), rather than a fault zone (BFI in Appendix 1), since 
clear signs of brittle shearing on the fracture planes is not evident in the observed 
intersections.   

 
• Zone 3  The brittle "storage hall” fault (labelled as such on Fig. 6-9) is one of the few 

steeply dipping faults at present included in the model, and was first observed in the 
geological mapping of the cleared bedrock foundation of the drill core storehouse 
(shown on Fig. 2-1 as TK11, see Mattila et al. in prep). Later, it was also found to 
intersect the ONKALO access tunnel at two places, at chainage 125.80-134.40 m and 
chainage 520-522.  It can also be seen in seismic refraction data as a zone of lowered 
P-wave velocity (Vp 4000 – 4500 m/s).   

 
• Zone 4  The ground penetrating radar (GPR) survey performed on the surface along 

investigation trench TK7 indicated that a subhorizontal fracture zone occurs between 
mapping sections P13 and P17 (Sutinen 2003). The subhorizontal nature of the 
fracture zone is supported in TK7 by the presence of a gently dipping foliation 
(Paulamäki 2005b). This fracture zone is  intersected by several short drillholes: OL-
PR6, OL-PR8, OL-PP41 and, probably, OL-PP40 (Niinimäki & Rautio 2004). The 
feature detected using GPR and the short drillholes can be correlated with a clay-
structured (RiV) zone at 98.05-99.76 m in pilot drillhole PH1, in which fractures with 
2 – 40 mm thick infills of grey clay mineral powder, together with some illite and 
kaolinite, have been detected. The rock in this drillhole section is strongly to 
completely weathered, with core loss over 1.05 m, and the rods dropped one time 
during the drilling (Niinimäki 2004). This fracture zone is observed in the ONKALO 
access tunnel at 68.40-89.00 m.  In Fig. 6-9, this well-documented subhorizontal fault 
zone is shown in grey, labelled “subhorizontal fault”.  

 
In addition, the ONKALO model, version 0, includes two zones which have been 
interpreted on the basis of charge potential measurements in drillholes and also 
observed as highly fractured intersections in drill cores (Fig. 6-10, distinguished as Zone 
1 and Zone 2 in Table 6-1). However, these may not represent fracture zones, since they 
are simply zones of higher electrical conductivity, which can reflect the effect of 
groundwater and/or graphite and sulphide mineralisations. Nevertheless, the 
geophysical anomalies of these two zones are so evident that, because of need for 
conservatism, their properties should be carefully assessed in respect to long-term 
safety. In the volume of these zones, several of the fault zones shown in Figs. 6-5 to 6-7 
occur and, consequently, the zones are thought to represent the combined effect of 
brittle faulting  and associated fracturing and mineralisations of conductive minerals. 
This kind of behaviour of brittle faults is typical in nature: fault zones are often 
segmented and  connected in a step-like manner by fracture networks, and as such, fault 
zones are discontinuous and non-planar (cf. Milnes in press, and works cited therein).  
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Figure 6-3. Observed faults and brittle fault intersections (BFI) connected from 
drillhole to another using the fault slip directions and fault plane orientations as a 
guide. Fault set 2, vertical section,NW-SE vertical section,  view direction towards 35°. 
 
 

 
 
Figure 6-4. All digitised faults or fault zones of fault set 2 as separate lines and 
polygons. Inscribed block outline = ONKALO model volume, view direction towards 
NE. 
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Figure 6-5. Faults of fault set 1. Inscribed block outline = ONKALO model volume, 
view direction towards NE. 
 
 

   
 
Figure 6-6. Faults of fault set 2. Inscribed block outline = ONKALO model volume, 
view direction towards NE. 
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Figure 6-7. Faults of fault set 3. Inscribed block outline = ONKALO model volume, 
view direction towards NE. 
 
  
 

  
 
Figure 6-8. All three fault set together. Fault sets: 1=brown, 2=grey, 3=yellow. 
Inscribed block outline = ONKALO  model volume, view direction towards NE 
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Figure 6-9. The two fault zones and the weathered/fractured zone shown here are those 
which have been directly observed in the ONKALO area, in outcrop and/or in the first 
570 m of the ONKALO access tunnel (cf. Fig 2-4). Upper part of the ONKALO access 
tunnel, view towards NE. 
  

  
 
Figure 6-10. Two possible fault zones interpreted on the basis of charge potential 
surveys in drillholes. The upper zone is referred to as Zone 1 and the lower one as Zone 
2 in Table 6-1.  Inscribed block outline = ONKALO  model volume, view direction 
towards NE 
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6.3 Intersections with the ONKALO underground rock characterisation 
facility  

 
On the basis of the above modelling, it is possible to estimate the intersection intervals 
as a function of tunnel chainage for the modelled brittle units, as shown in table 6-1, 
together with short descriptions for each. Many of the modelled units have only very 
short intersections (e.g. zone 4, zone 3, faultset 3_9, faultset 1_6, faultset 3_7, faultset 
2_6 and  faultset 1_1) and this reflects the uncertainty in the knowledge of the 
properties of the fault cores and the fault influence zone and therefore also in the width 
of the fault zone. Nevertheless, gently to moderately dipping zones (dip less than 40 
degrees) are likely to have long intersection intervals with the subhorizontal tunnel, and 
may therefore pose greater problems for the excavation than it may seem at first sight. 
For example, the subhorizontal zone 1 has an intersection interval of 294 meters, i.e. it 
is subparallel to the tunnel. Zone 1 represents a zone which is based mostly on 
geophysics and, therefore, it may correspond to zone of sulphidisation or water-bearing 
fracture networks and not to an actual fault; there are also uncertainties in the 
extrapolation of the extent of the zones and, therefore, the properties of the zones need 
to be assessed carefully prior to the excavation.  
 
Table 6-1. Brittle deformation zone intersections with the ONKALO tunnel  
 
Chainage  Unit  Character  

67 - 67.5  Zone 4  Subhorizontal joint cluster zone, orientation c. 70/12  

123.5 - 124.5  Zone 3   Brittle fault zone, orientation 150/50 (Storage hall fault)  

264 - 287  Zone 5  Weathered/fractured section  

520-522 Zone 3   Brittle fault zone, orientation 150/50 (Storage hall fault) 

621 - 624  Faultset 2_12  Brittle fault zone, curved fault, orientation c. 133/30  

900 Zone 3   Brittle fault zone, orientation 150/50 (Storage hall fault) 

958 Faultset 3_10  Brittle fault zone, orientation c. 116/39  

1157 - 1184  Faultset 3_8  Gently (20 - 25 deg.) to SE dipping brittle fault zone  

1684 Faultset 3_9  Gently (10 - 15 deg.) to SE dipping brittle fault zone  

2019 Faultset 1_6  Gently  (10 - 20 deg.) to S dipping brittle fault zone  

2101 Faultset 3_7  Brittle fault zone, curved, orientation 113-140/29-47  

2844 - 3138  Zone 1  Brittle fault zone, curved, subhorizontal near the tunnel  

3189 Faultset 2_6  Brittle fault zone orientation 126/57  

3644 Faultset 1_1  Brittle fault zone, orientation c. 200/25  
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7 EVALUATION OF IMPLICATIONS FOR CONSTRUCTION  

7.1 Foliation 
 
The characterisation of the foliation, which is considered as the most important element 
of the ductile deformation in Olkiluoto, is essential for both the characterisation of rock 
mass properties and for rock engineering.  Particular attention must be paid to the 
effects of foliation from the point of view of constructing the ONKALO underground 
facility. Foliation planes represent incipient planes of weakness and this means that the 
rock strength is anisotropic, i.e. dependent on the orientation of the foliation. (Milnes et 
al. 2006). Consequently, the orientation of foliation can have profound implications on 
the constructional properties of the rock mass. Different rock types show variations in 
the foliation type and degree of foliation intensities.  Foliation of diatexitic gneiss, for 
example, is mostly irregular and weak (Aaltonen 2005); this decreases the rock 
mechanical significance of the foliation in the eastern part of ONKALO area (see also 
section 7.2, for a more detailed discussion on the relation of rock types and foliation).  
  
The foliation in the ONKALO area has usually quite consistent dip direction to SE and 
dip 45˚…60˚. However, foliation observations from the drill holes of ONKALO area 
indicate a slightly more gently dipping foliation under the depths about 300 meters of 
the ONKALO area (Aaltonen 2005). If the tunnel direction is parallel to the strike of the 
foliation, in conjunction with high degree of foliation intensity, the foliation may poses 
a risk for the formation of rock sheets and therefore rock enforcement may be needed. 
This risk is effectively increased if high intensity foliation is combined with well 
developed fracture sets in different orientations. Subhorizontal foliation orientation is 
also more likely to increase the need for enforcement than subvertical orientation.   
 
Foliation mapping data from drillholes can be used for estimating the significance of 
foliation for rock volumes. Drillhole sections with constant foliation dip and direction 
can be visualized by Surpac Vision software as rock volumes around drillholes with 
information about e.g. foliation intensity (Fig. 7-1) (Aaltonen 2005). So-called rock 
mechanical foliation number can be a one base of the rock volume classification from 
the construction point of view in future (Milnes et al. 2006).  
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Figure 7-1. Diagram showing the average orientation of regularly foliated core 
segments in the ONKALO area drillholes, using Surpac Vision (viewed from NNW). The 
“intensity” values given in the legend is the mean intensity of foliation determined from 
the 1m classes identified along each regularly foliated segment of core. 
 
Description of ductile deformation written here is a preliminary assessment rather than 
final product. In future there will be more concentration on structural geometrical and 
kinematic analysis, and the deformation history of Olkiluoto bedrock will be clarified 
based on a proper analysis of all the structural data collected from ONKALO tunnel 
walls, drill cores and the surface.  
 

7.2 Lithology 
  
Different rock types have different implications for underground construction, but the 
main feature which seems to control the constructional properties of the intact rock is 
the anisotropy and heterogeneity. Migmatitic gneisses, especially stromatic and veined 
gneisses, usually show a well-developed foliation, which controls the orientation of 
fractures and the formation of weakness planes.  
 
Stromatic gneisses have strongly developed planar fabric, which may result in the 
detachment of sheets of rock if the orientation of the tunnel is unfavourable in 
conjunction with the orientation of the foliation. For example, a subhorizontal foliation 
in stromatic gneiss may greatly increase the possibility of formation of dropping blocks 
and, consequently, rock enforcement is needed. The most favourable circumstance with 
regard to construction would be if the tunnel intersected the foliation planes of stromatic 
gneisses at right angles.    
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Veined gneisses show more irregularity than stromatic gneisses, but still the orientation 
of the foliation is important with regard to constructional properties. Therefore, veined 
gneisses are likely to have similar implications as stromatic gneisses, but where the 
amount of leucosome is higher and the intensity of foliation is lower, these properties 
are greatly reduced.   
  
Diatexitic gneisses have high portion of leucosome and the type of foliation in diatexitic 
gneisses is mostly irregular or massive; therefore, the number of possible planes of 
weaknesses, which may cause the formation of dropping blocks, is strongly reduced. 
Accordingly, the implications to construction of diatexitic gneisses are considered as 
quite small.   
  
TGG gneisses are more isotropic than the migmatitic gneisses and as a consequence the 
effect of foliation in these rock types is minimal. Also, TGG gneisses usually show a 
low fracture density, but typically with three different fracture orientations, so that the 
formation of cubic blocks may cause problems during construction.  
 
Mica, mafic and quartzitic gneisses usually occur as small inclusions occurring 
conformable to the foliation but occasionally these exist as larger inclusions with a 
diameter of several meters. These inclusions typically have three well-developed 
fracture sets with sub-orthogonal orientations and also a quite high fracture density. 
Accordingly, the formation of cubic blocks is probable within these inclusions and 
larger units intersected by ONKALO tunnel may need rock enforcement.   
 

7.3 Alteration 
  
There are three main effects controlled by hydrothermal alteration which be can of great 
importance for the underground construction of the ONKALO facility.  
 
Firstly, hydrothermal alteration affects the mechanical characteristics and stability of the 
host rock; mechanical strength of the altered rock is likely to be significantly reduced 
compared to the strength of the unaffected rock.  
 
Secondly, laboratory analysis of the clay minerals considered to be illite by naked eye 
observations shows that it contains smectites, among which, XRD-identified 
montmorillonites have been reported (Gehör 2006, in press). The swelling properties of 
these clay fillings have not been tested up to now, but if the clays turn out to contain 
members which have expansive lattice types their significance for long–term safety will 
need to be evaluated.  
 
The field evidence obtained from outcrop and trench mapping suggest that 
hydrothermally reworked bedrock is extensively affected by surficial weathering. 
Strongly weathered zones encountered in the ONKALO area may be the result of 
interaction between hydrothermally altered rocks (soft and loose kaolinite-illite-calcite 
pods left after hydrothermal alteration) and meteoric water, which brings soluble agents 
close to surface (Posiva Oy 2005). Particularly, in tunnel construction, those segments 
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that crosscut bedrock zones which have been both hydrothermally altered and deeply 
weathered are the ones which in the first instance will require tunnel lining and rock 
enforcement, as their mechanical stability is in all probability most reduced compared to 
the unaffected rock mass.   
 
More detailed investigations of the effects of hydrothermal alteration and weathering on 
the rock mechanical characteristics of the intact rock will be carried out in the near 
future. 
 

7.4 Fault zones  
  
The modelled zones represent either joint clusters or brittle fault zones, i.e. the rock 
mass within the modelled zones has lost its internal cohesion on certain surfaces due to 
brittle deformation (se Appendix 1). Accordingly, the modelled zones and their 
intersections with the ONKALO access tunnel are potential places where the rock mass 
is likely to be more fractured than the surrounding host rock and therefore may cause 
difficulties for the construction (rock enforcement may be necessary and the excavation 
process may be slowed down). Water conductivity of the zones, which is not assessed in 
this model, may be high in certain tunnel intersections of the zones and this may also 
cause extra difficulties for the construction. The properties of the modelled zones and 
their effects on construction need to be carefully assessed zone-specifically, but it must 
be emphasized that natural brittle deformation features, such as faults, are always, in 
Nature, discontinuous and non-planar, and, therefore, prediction of the properties of the 
modelled zones based only on the current model will always contains uncertainties. 
Brittle faults are typically accompanied by zones of influence, often called ‘fault 
damage zones’ or ‘transition zones’ in the scientific literature, which are areas of higher 
fracture intensity, increased wall-rock alteration and greater water conductivity around 
the core, or the most deformed part of the fault, and which may extend several meters 
away from the core (cf. Milnes in press, and works cited therein). Consequently, the 
effective width and the implication to construction of a modelled zone may in reality be 
much wider than can be seen in the 3D visualizations. Therefore the drilling of pilot 
holes within the tunnel perimeter should be favoured as these provide detailed 
information on the properties of intersected zones and may effectively change decisions 
concerning construction, tunnel design and safety aspects as the uncertainty on the 
position and properties of brittle zones is greatly reduced. 
 
The orientation of brittle zones in respect to the ONKALO tunnel is an important factor, 
together with the width of the zone, which needs to taken into account and which may 
have important implications for construction. Zones crosscutting the tunnel perimeter at 
a low angle have long intersections with the tunnel (e.g. often several tens of meters – 
many excavation rounds) and are much more likely to cause problems than zones 
crosscutting with high angle. Estimated orientations of zones modelled to intersect the 
ONKALO tunnel are presented in Table 6-1. 
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8 SUMMARY  
  
The geological model of the ONKALO area is composed of four submodels: the ductile 
deformation model, the lithological model, the alteration model and the brittle 
deformation model.  The ductile deformation model describes and models the products 
of polyphase ductile deformation, which facilitates the definition of the dimensions and 
geometrical properties of individual lithological units  in the lithological model. The 
lithological model describes the properties of rock units that can be defined on the basis 
the migmatite structures, textures and modal compositions. The brittle deformation 
model describes the products of multiple phases of brittle deformation, and the 
alteration model describes the types, occurrence and the effects of the hydrothermal 
alteration.  
  
The rocks at Olkiluoto can be divided into two major groups: 1) high-grade 
metamorphic rocks, including various migmatitic gneisses, homogeneous tonalitic-
granodioritic-granitic gneisses, mica gneisses and quartzitic gneisses, and mafic 
gneisses, 2) igneous rocks, including pegmatitic granites and diabase dykes. The 
migmatitic gneisses can further be divided into three subgroups in terms of the type of 
migmatite structure: veined gneisses, stromatic gneisses and diatexitic gneisses,  which 
represent distinct end members in a gradational system of homogenous gneisses and 
migmatitic gneisses. The change from homogeneous gneisses to migmatitic gneiss 
variants and between the the different types of migmatitic gneiss takes place gradually, 
so that it is not possible to define any natural borders between the end members. Thus, 
an artificial border between the homogeneous gneisses and migmatitic gneisses has 
been set at a 10%  proportion of the leucosome. The veined gneisses account for 43% of 
the volume of the Olkiluoto study area, the stromatic gneisses for 0.4% and the 
diatexitic gneisses for 21%. The granite pegmatites make up 20% of the bedrock, the 
tonalitic-granodioritic-granitic gneisses 8%, mica gneisses 7% and the mafic gneisses 
1%, based on the lithological description of numerous cored oreholes.   
  
On the basis of refolding and cross-cutting relationships, the supracrustal rocks have 
been subject to five phases of ductile deformation. The main deformation phase D2 is 
characterized by intense folding and abundant leucosome production. Shear-related 
structures have been observed as the most important D2 elements in certain zones. In 
deformation phase D3, the earlier structures were zonally refolded or rotated. Zones 
dominated by ductile D3 shears and folds were formed, and the S2 foliation has often 
become reoriented parallel to the F3 axial plane (S3). Simultaneously with the D3 
deformation, a new granitic leucosome intruded parallel to the F3 axial planes. 
Subsequently, the D3 and earlier elements were again re-deformed in deformation phase 
D4, which produced more open F4 folds with axial planes striking ca. NNE -SSW. Due 
to the D4 deformation, the S2/3 composite structures are zonally reoriented towards the 
trend of the F4 axial plane. The latest ductile structures to be identified are the very open 
F5 folds, with fold axes plunging gently to the ESE and axial planes to SSW.  
  
In spite of the later phases of open folding, the S2/3 composite foliation shows a rather 
constant attitude in the ONKALO area.  Based on observations in outcrops, 
investigation trenches and drill cores, 3D modelling of the lithological units was carried 
out assuming that the contacts are quasi-concordant with the composite foliation.  Using 
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this assumption, the strike and dip of the foliation has been used as a tool to correlate 
the lithologies between the boreholes, and from surface and tunnel outcrops to 
boreholes.  The lithological modelling mainly comprises modelling the tonalitic-
granodioritic-granitic (TGG) gneiss and the pegmatitic granite bodies. In addition, the 
contact zone of the diatexitic gneisses and veined gneisses has been modelled. The 
veined gneisses form the main part of the ONKALO  model volume.  All TGG gneiss 
and pegmatitic granite intersections in the boreholes which show an along-hole 
thickness of more than ca. 10 metres have been distinguished as separate units. 
Furthermore, adjacent pegmatitic granite sections less than 10 m in length, separated by 
short sections of homogeneous or migmatitic gneisses were combined into larger units, 
on the assumption that the gneisses represent inclusions within the pegmatitic granite. 
The modelled TGG gneiss and pegmatitic granite units are designated as TGG+number 
and PGR+number, respectively, in the 3D visualizations.  
 
The bedrock of the Olkiluoto site has been subject to extensive hydrothermal alteration, 
linked with the phases of magmatic activity. The alteration took place under relatively 
low temperature conditions, the estimated temperature interval being from slightly over 
300°C to less than 100°C.  Typically, high permeability zones were created and these 
zones appear to have repeatedly acted as pathways for the periodical thermal fluid 
circulation. Two modes of occurrence of hydrothermal alteration can be observed: 1) 
pervasive (disseminated) alteration, and 2) fracture-controlled alteration. Kaolinitisation 
and sulphidisation are the most prominent alterations in the ONKALO area. Sulphides 
are located in uppermost part of the ONKALO model volume, following roughly the 
lithological trend (slightly dipping to SE). Kaolinite is located also in uppermost part, 
but the orientation is opposite to the main lithological trend (slightly dipping to N). The 
third main alteration type, illitisation, is sporadic in the  model volume but appears to 
form a dome-like body locating north of the ONKALO access tunnel. The fourth type, 
carbonatisation, tends to be more extensive than the previous ones and occurs mainly as 
fracture fillings.  
 
Slickensided fractures (single-plane faults) are common in the Olkiluoto bedrock and 
1650 fault planes, together with striation orientation and sense-of-shear data, have been 
measured on oriented cores from boreholes KR1-KR33.  The statistical analysis of the 
measured orientation data, enables the faults to be divided in three main fault groups: 1) 
subhorizontal faults with fault vector plunging gently towards SSW or NNE, 2) vertical 
to subhorizontal faults with fault vector plunging gently towards NE or SW, and 3) low-
angle  faults with fault vector plunging gently towards ESE.  The statistical analysis of 
the measured orientation data, enables the faults to be divided in three main groups: 1) 
subhorizontal faults with fault vector plunging gently towards SSW or NNE, 2) vertical 
to subhorizontal faults with fault vector plunging gently towards NE or SW, and 3) low-
angle faults with fault vector plunging gently towards ESE. On the basis of data 
collected from the cores, 34 faults or fault zones have been interpreted and modelled in 
3D in the ONKALO model volume. In addition, the model includes three fault or 
fracture zones observed  at the surface and in the ONKALO access tunnel, and two 
zones interpreted on the basis of charge potential survey data. 
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9 FUTURE ACTIVITIES  
  
As was stated in the preceding chapters, the modelling results contain uncertainties 
related to the accuracy of size, location and characteristic parameters of the modelled 
units. The modelling of geological features is basically an iterative, dynamic process, 
where continuous processing of the data yields new ideas and concepts, which may be 
implemented into the updated versions of the geological model. Therefore this version 
of the model is a baseline (i.e. version 0) for the future modelling and for the 
characterisation of the geology and will be refined and updated as new data is acquired. 
Consequently, the so-called prediction-outcome studies of the tunnel are an important 
tool for evaluating modelling methodologies and the uncertainties of the models.    
  
Several aspects of the current ONKALO model need to be improved and refined for the 
next versions:  
 
 
 

• Ductile deformation needs to be extended in to three-dimensional model in order 
to provide information on the degree of intensity, type and orientation of 
foliation in the deeper parts of the ONKALO facility. As was stated in the 
preceding chapters, foliation has significant implications to the rock mechanical 
properties of the bedrock. In future more attention need to be paid for defining 
foliation characteristics for forthcoming tunnel sections. There is also necessity 
for evaluation of foliation significance for constructing tunnel in certain 
direction through the foliation plane. Also, a more definitive analysis of the 
foliation data and data on other ductile deformation features needs to be carried 
out, following the established methodology of structural analysis.  

  
• The effects of different lithologies in respect to the type and quality of fracturing 

and foliation need to be evaluated in more detailed manner in future modelling 
work. Also, the importance of the tunnel orientation to the above mentioned 
properties will be more closely assessed. In the geological models of the 
ONKALO area, special attention will be paid to the units which are located close 
to, or within, the ONKALO facilities.  

 
• The rock mechanical characteristics of the hydrothermally altered and weathered 

zones needs to be investigated in more detailed, since these are likely to have 
important implications for ONKALO construction. Possible correspondences 
between the effects of alteration in different lithologies, and the products of 
ductile deformation and brittle deformation need to be evaluated in the course of 
future modellings.    

 
• The specific internal characteristics of modelled brittle fault zones need to be 

presented, although it must be recognized that the characteristics of faults are 
typically highly variable and discontinuous and therefore the descriptions of 
particular intersections are not necessarily applicable to the fault as a whole. A 
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highly crushed intersection of a fault at one intersection may transform into a 
single shear fracture at another intersection (adding to the heterogeneity of the 
rock mass and limitations of the modelling work). 

 
• The deepened understanding of the relationships between the different modelled 

kinematic groups of faults needs to be attained, for instance, the age 
relationships. Only by understanding the deformation history and mode of 
formation of the brittle faults can a reliable model be presented, because this 
knowledge provides constraints on the location, geometry and extent of the 
faults. The basic problem with this concept is data coverage – drill core data 
provides only punctual information, whereas the ONKALO tunnel will increase 
our knowledge enormously as the brittle zones are successively intersected.  

 
• The zone of influence which accompanies any fault, often referred to as the 

‘damage zone’ or ‘transition zone’, i.e. the zone of increased fracturing, 
alteration and water conductivity around the fault core, is an important feature of 
the fault zones in relation to construction and long-term safety. Work is 
currently going on, firstly to define the term ‘influence zone’ and secondly to 
characterize it by means of geological and geophysical methods. The results of 
this work will greatly enhance our knowledge of the properties of the brittle 
deformation zones and therefore increase the quality and accuracy of the model.   

 
• The ONKALO model presented in this report will be updated parallel with the 

development of the forthcoming site model (for model definitions, see Fig. 1-1). 
The modelling area in the geological site model will be much larger, covering 
the area of detailed investigations, i.e. the area defined by investigation trenches 
and deep drillholes. As such, in the site model the coverage of the data is much 
larger and modifications to the ONKALO model may be necessary due to new 
interpretations and hypotheses.  

 
• The ONKALO model will be updated 1-3 times per year, as new data is 

acquired from drillings, trenches and the ONKALO access tunnel. The update 
frequency is mostly dependant on the needs of the layout planning and 
construction and will be coordinated through the Olkiluoto Modelling Task 
Force (OMTF). Prior to the update, a decision on the data freeze needs to be 
done in order to keep a balance between the decided deadlines and the 
acquisition of new data.  

 
• All the above-mentioned issues will be addressed in the course of future 

modelling activities, with the acquisition of new data and the development of 
concepts based on the geological history and the style and type of deformation. 
As was stated in Chapter 1, the results and conclusions of the modelling reports 
necessarily reflect the current understanding of the site-specific geological 
features and, as a consequence, the amount of information provided in these 
reports will increase and will be more specifically focussed on the needs of the 
end-users of the model, i.e. layout-design and long-term safety.  

 
• The next geological ONKALO model reports will be compiled in such a way 
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that the focus will be on the characterisations of the results of the modelling and 
on the geological descriptions of the properties of geological zones which are 
evaluated to be the most important features on the aspect of construction and 
long-term safety.  More detailed descriptions will be provided in the geological 
site model reports. 
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APPENDIX 1 

 
 

Hierarchical classification procedure for deformation zone intersections at Olkiluoto. After Milnes 
et al. (in prep).  
 
  

Designation of a given intersection: 
 

Step 1  
Intersection shows intensive post-migmatitic/post-magmatic deformation (i.e. deformation which 

is lacking in the wall rocks on either side of the zone) 
 

Designation: Deformation zone intersection 
 
 

Step 2  
Intersection shows 

cohesionless or low-cohesive 
deformation products: 

gouge, breccia, fractured rock and 
their partially mineralized 

equivalents 
 
 
 

Designation: 
Brittle  

deformation zone intersection 
(BDI )  

(often called “fracture zone”or “R-
structure”) 

 
 
 

Step 3  
Brittle joint 
cluster 
intersection 
(BJI ) 
Intersection 
shows no clear 
signs of lateral 
movement 
 
 

 
Brittle fault  
zone 
intersection 
(BFI) 
Intersection 
shows clear 
signs of lateral 
movement 
 
 

 
Intersection shows 

cohesive deformation 
products: 

cataclasites,  
peseudotachylite, welded 

crush rocks, etc. 
(all typically massive and 

structureless) 
 

Designation: 
Semi-brittle fault  zone 

intersection 
(SFI)  

 
 
 

 
Intersection shows 

cohesive deformation 
products: 

mylonites, phyllonites, etc. 
(typically strongly foliated) 

 
 
 
 

Designation: 
Ductile shear zone 

intersection 
(DSI)  

 
 
 
 

Step 4  
Composite deformation zone intersections 

(informal name) 
Treat as BDI  +/- SFI +/- DSI zone, each component to be described separately 
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APPENDIX 2 

 
 
In table 1, descriptions of the mapped deformation zone intersections from drillhole OL-KR25 are 
presented as an example of the type of data produced during the structural geological mapping 
campaign mentioned in the preceding text. The descriptions are presented together with information 
of the intersection identification code, along-the-hole length of the intersection, type of intersection 
(classified according to the system presented in appendix 1), geologist who performed the mapping 
and mapping date. 
 
In table 2, the kinematic data mapped from drillhole OL-KR25 is shown as another example of the 
type of data produced during the structural geological mapping campaign. The column 
DRILLHOLE refers to the mapped drillhole, DEPTH to along-the-hole depth of a mapped fracture, 
SAMPLE to fracture orientations measured from oriented drillcore, IMAGE to fracture orientations 
measured from WellCAD-image, DISPLACEMENT VECTOR to the orientation of measured slip-
linear, U to the sense-of-movement of the slip-linear in respect to horizontal plane,  E in respect to 
NS-striking vertical plane and S in respect to EW-striking vertical plane. CERTAINTY refers to the 
estimated confindence of the sense-of-movement where 1=certain, 2=uncertain and 3=very 
uncertain. In the DESCRIPTION column the quality of the fracture surface is described with 
abbreviations which refer to striated surfaces (STRIA), planar surfaces (PLAN), undulating surfaces 
(UNDU), irregular surfaces (IRREG), concave or convex surfaces (CONC), grooved surfaces 
(GROV). In addition, stepped surfaces are described with the abbreviation STEP and observed 
pressure shadow growth of minerals is described with PSGR. SOURCE-column indicates which of 
the fracture orientation measurements, either SAMPLE or IMAGE, is used in the measurement of 
the orientation of the slip-linear (DISPLACEMENT VECTOR). 
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Table 1. Deformation zone intersections in drillhole OL-KR25 
INTERSECTION DRILLHOLE FROM TO TYPE DESCRIPTION GEOLOGIST DATE 

OL_KR25_BJI_8095_8655 OL-KR25 80.95 86.55 BJI 

The intersection contains mostly veined gneiss and some 
diatexitic gneiss parts. The rock is heterogeneous and lacks 
any clear foliation in the beginning (81-85 m). The 
fractures are not paralell to the foliation. The intersection 
contains 32 fracture with an average fracture frequency of 
5-8 fractures / m. Three of the fractures have signs of water 
conductivity (82.20, 85.39 & 86.30) and contain green and 
greyish clay mineral infillings. Two fracture sets occur; 
one horizontal and one nearly vertical with a W-E trend. A 
few old and welded fractures with pyrite and calcite are 
present. Some mechanical fracturing has occured during 
the drillings. 

Jon Engström, 
GSF 7.6.2005 

OL_KR25_BJI_9445_9730 OL-KR25 94.45 97.30 BJI 

The intersection is composed of veined gneiss. The 
intersection contains old and welded fractures where pyrite 
and some calcite are present. These old fractures has partly 
been reopened during drilling. The rock has a clear 
foliation and the fracturing follows it. All the fractures 
have a NE-SW direction and a moderate dip. The 
intersection contains 21 fractures, with an average fracture 
frequency of 7 fractures / m. The rock  is weathered, 
crushed and altered in section 96.35-96.66. The section 
also exhibits clear signs of water conductivity.  Some 
mechanical fracturing has occured during the drillings. 

Jon Engström, 
GSF 7.6.2005 

OL_KR25_BJI_14970_15415 OL-KR25 149.70 154.15 BJI 

The rock in the intersection is mostly composed of veined 
gneiss, with diatexitic gneiss in the beginning and quartz 
gneiss in the end. The fractures are randomly orientated 
and partly follow the foliation. Mostly they have a 
moderate dip and E-W direction. The intersection contains 
41 fractures, with an average of 6-8 fractures / m. The rock 
is more fractured at interval 151.80-153.00 m, with 20 
fractures. This section ends in the contact between the 
veined gneiss and quartz gneiss. A few old and welded 
fractures with calcite are present, some of them has been 
probably reopened later. The intersection contains no water 
conductivity signs. Some mechanical fracturing has 
occured during the drilling. 

Jon Engström, 
GSF 7.6.2005 

OL_KR25_BFI_16459_17200 OL-KR25 164.59 172.00 BFI 

The rock in the intersection is mostly composed of 
diatextitci gneiss, with some small sections of veined 
gneiss and quartz gneiss in the beginning. The texture of 
the rock is irregular and no clear foliation can be observed. 
The fractures are randomly orientated with a nearly 
horizontal dip. The intersection contains 47 fractures, with 
an average fracture frequency of 4-7 fractures/m. It also 
contains 10 fractures with slickensided surfaces. The 
lineation on the slickenside surface has a trend varying 
from NW to NE, with variable plunge. The slickenside 
surface mostly show a R,L,L movement.  A few old and 
welded fractures with calcite are present. Three of the 
fractures have signs of water conductivity (171.23, 171.30 
& 171.41). Some mechanical fracturing has occured during 
the drilling.  

Jon Engström, 
GSF 7.6.2005 
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OL_KR25_BFI_21650_22205 OL-KR25 216.50 222.05 BFI 

The rock in this intersection is heterogeneous and is 
composed of small veined gneiss, diatexitic gneiss, 
pegmatitic granite and mafic gneiss sections. On a large 
scale the rock is diatexitic gneiss. Only in the sections with 
veined gneiss has the rock a clear foliation and fractures 
parallel to it. The intersection has a total of 52 fractures at 
a frequency of 9 fractures / m. 11 of the fractures have 
slickensided surfaces. The lineations on the slickensides 
occur in two directions; plunging towards east and nearly 
horizontal with N-S trend. At 217.70-218 m the rock is 
crushed at shows signs of water conductivity (greyish clay 
infillings), at this section the rock has probably been partly 
mechanically chrushed.  

Jon Engström, 
GSF 7.6.2005 

OL_KR25_BFI_34700_35225 OL-KR25 347.00 352.25 BFI 

The intersection contains mostly veined gneiss and a 
diatexitic gneiss part. The rock is mostly clearly foliated 
but the diatexitic gneiss part in section 348.92-349.75 is 
heterogenous and irregular. The intersection contains 50 
fractures, with an average frequency of 7-11 fractures/m. 
The fractures in the intersection have a nearly horizontal 
dip but their orientation varies. The rock is more fractured 
in the section between 350.50-351.70, which contains 22 
fractures. The rock in this section shows minor signs of 
semi-brittle shearing, with some cataclastic features and 
alteration of the feldspars. It also contains some calcite 
filled healead fractures. This fractured section also exhibits 
some water conducting fractures in the beginning of it, 
with grey clay infillings. The intersection also contains 
several slickenside surfaces, but no directions or 
movements could be observed. The horizontal nature of the 
fracturing in this section can partly probably be explained 
by the effect of drilling.   

Jon Engström, 
GSF 7.6.2005 

OL_KR25_BJI_36931_37320 OL-KR25 369.31 373.20 BJI 

The intersection is composed of diatexitic gneiss and 
veined gneiss. The diatexitic gneiss section (369.70-
371.75) in the rock is strongly altered, containing feldspars 
which are altered to albite (yellow-greenish coloured). This 
section also contains thick (max 5 cm) calcite bearing 
water conductive fractures (20 fractures). The neosomes in 
the veined gneiss exhibit a green soft unidentified mineral. 
The veined gneiss contains only a few fractures. The 
fractures are randomly orientated, usually with a nearly 
horizontal dip. At 370.75 m there is 10 cm of core loss and 
the wellcad picture shows in this part a large 
fracture/cavity (this part contains small calcite crystals). 
This fracture/cavity also shows a clear peak in the flow rate 
table. Some mechanical fracturing has occured during the 
drillings.   

Jon Engström, 
GSF 7.6.2005 

OL_KR25_BJI_48960_49540 OL-KR25 489.60 495.40 BJI 

The dominating rock type in the intersection is veined 
gneiss with short sections of diatexitic gneiss and 
pegmatitic granite. The intersection contains old and 
welded fractures where calcite are present. Some of these 
fractures have been reactivated later. Most of the fractures 
in the intersection have calcite or/and kaolinite fillings and 
some of them show signs of water conductivity. The 
fractures exhibit an E-W trend, with horizontal to moderate 
dip towards south. The intersection contains ca 50 
jfracture, with a frequency of of 3-13 fractures/m. The 
most fractured part (490.40-490.90, 491.20-492.00 & 
493.50-494.00) of the rock also shows signs of water 
conductivity. Some mechanical fracturing has occured 
during the drillings.    

Jon Engström, 
GSF 7.6.2005 
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OL_KR25_BJI_56510_56882 OL-KR25 565.10 568.82 BJI 

Veined gneiss which exhibits few neosomes. The rock 
contain old and healed fractures with calcite fillings. Some 
"younger" fractures are probably old fractures that have 
been reopened either naturally or mechanicaly during the 
drilling. The fractures are partly parallel to the foliation but 
other directions also occur. No directions have been 
measured because of absent Wellcad picture. At 566.07 
and 566.10 there are two water conducting fractures with 
some grey clay infilling.The most fractured section at 
568.50-568.70 m, also shows some water conducting 
fractures. This most fractured section contains 7 
fractures/20 cm, average being 5-8 fractures/m. The 
drilling had small impact on the core sample. 

Jon Engström, 
GSF 7.6.2005 

OL_KR25_BFI_57155_57800 OL-KR25 571.55 578.00 BFI 

The intersection is composed of veined gneiss and 
pegmatitc granite. Pegmatitic granite sections have old, 
welded calcite bearing fractures. Fractures exhibit dip 
direction towards NW with a nearly horizontal dip. The 
intersection contains 8 slickenside surfaces, but the 
orientation of the striation varies. Some of the fractures are 
water conducting. These fractures contain kaolinite and 
grayish clay infillings. The intersection contains ca 40 
fractures, with 13 fractures/0.7 m (576.21-576.91). Some 
mechanical fracturing has occured during the drillings.  

Jon Engström, 
GSF 7.6.2005 
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Table 2. Measured kinematic data from drillhole OL-KR25 
 

DRILLHOLE DEPTH SAMPLE IMAGE DISPLACEMENT VECTOR SENSE-OF-MOVEMENT CERTAINTY DESCRIPTION SOURCE 

  (m) Dip dir. dip Dip dir. dip Plunge Trend U E S       

OL-KR25 69.20 no data no data 250 74 27 322 L L R 3 STRIA,PSGR IMAGE 

OL-KR25 72.33 no data no data 94 23 47 113 R R L 3 PSGR,UNDU,IRREG,STRIA IMAGE 

OL-KR25 74.03 no data no data 117 39 9 182 L R N 2 STRIA  IMAGE 

OL-KR25 74.34 no data no data 99 44 32 41 R R L 3 STRIA,PSGR IMAGE 

OL-KR25 74.37 no data no data 96 39 25 41 N L L 2 STRIA,PSGR IMAGE 

OL-KR25 78.75 no data no data 178 32 38 192 L L R 2 STRIA,PSGR IMAGE 

OL-KR25 86.13 no data no data 152 44 47 137 L L R 2 STRIA,CONC IMAGE 

OL-KR25 108.37 no data no data 279 77 24 349 R N L 3 STRIA,GROV,PSGR IMAGE 

OL-KR25 114.80 no data no data 200 41 42 244 R L R 2 PSGR IMAGE 

OL-KR25 118.75 no data no data 158 25 26 114 R R L 2 PSGR,STRIA IMAGE 

OL-KR25 122.77 156 59 185 61 55 161 L L N 2 GROV,PSGR IMAGE 

OL-KR25 129.30 no data no data 146 56 17 216 R L R 2 PSGR,STRIA,IRREG IMAGE 

OL-KR25 133.64 136 55 142 53 45 94 R R L 2 PSGR,STRIA,PLAN IMAGE 

OL-KR25 145.05 186 39 189 40 0 93 R N L 2 PSGR,STRIA,PLAN IMAGE 

OL-KR25 158.62 113 20 155 29 42 120 L L R 2 PSGR,PLAN IMAGE 

OL-KR25 161.24 no data no data 131 46 57 119 R R L 1 GROV,STEP,UNDU IMAGE 

OL-KR25 164.11 no data no data 93 55 56 48 R L L 3 PLAN,GROV,STRIA IMAGE 

OL-KR25 165.86 61 41 114 1 37 10 R L L 3 PLAN,STRIA,STEP,GROV SAMPLE 

OL-KR25 165.99 no data no data 111 13 18 8 R L L 3 UNDU,STRIA,GROV SAMPLE 

OL-KR25 167.73 231 79 237 73 19 305 R R R 2 STRIA,UNDU IMAGE 

OL-KR25 168.92 no data no data 220 48 40 277 R L L 3 STRIA,UNDU,GROV IMAGE 

OL-KR25 169.22 no data no data 228 23 19 296 R L L 3 STRIA,CONC,STEP IMAGE 

OL-KR25 169.50 95 31 126 20 13 37 L R R 2 IRREG,STRIA SAMPLE 

OL-KR25 169.61 no data no data 139 33 15 54 L R L 3 CONC,STRIA IMAGE 

OL-KR25 186.55 196 64 152 37 44 104 R R L 2 PLAN,STRIA,GROV IMAGE 

OL-KR25 193.49 51 21 103 16 20 74 L L L 3 PLAN,STRIA SAMPLE 

OL-KR25 193.52 65 16 81 14 13 95 N N L 3 UNDU,STRIA IMAGE 

OL-KR25 196.42 75 26 103 27 31 78 R N L 3 PLAN,STRIA,GROV IMAGE 

OL-KR25 206.64 no data no data 117 62 30 32 L R R 3 UNDU,STRIA,GROV IMAGE 

OL-KR25 206.97 no data no data 113 35 29 95 N L R 2 CONC,GROV,STRIA IMAGE 

OL-KR25 208.49 no data no data 150 28 31 125 L L R 1 PLAN,GROV,STRIA IMAGE 

OL-KR25 209.83 no data no data 28 33 31 331 L R L 3 UNDU,GROV,STRIA,STEP IMAGE 

OL-KR25 216.79 56 51 103 51 3 6 R L R 2 PLAN,STRIA IMAGE 

OL-KR25 218.07 no data no data 98 59 28 95 N L L 3 PLAN,STRIA IMAGE 

OL-KR25 218.21 no data no data 127 33 33 74 L R R 3 CONC,STRIA IMAGE 

OL-KR25 218.70 no data no data 155 44 45 136 L L R 3 PLAN,STEP,PSGR,STRIA IMAGE 

OL-KR25 220.96 no data no data 86 31 5 190 L L R 3 STRIA,PSGR IMAGE 

OL-KR25 224.54 no data no data 88 49 19 17 R R L 1 IRREG IMAGE 

OL-KR25 228.74 no data no data 168 40 45 325 R R L 2 PSGR,IRREG,STEP IMAGE 

OL-KR25 228.85 no data no data 137 33 42 118 L L R 2 CONC,UNDU,PSGR IMAGE 

OL-KR25 228.88 120 35 118 41 34 79 R N L 2 PSGR,STEP IMAGE 

OL-KR25 237.33 186 59 165 67 5 79 L R L 2 STRIA,PSGR IMAGE 

OL-KR25 241.02 no data no data 183 49 13 259 L R L 2 STRIA,PSGR IMAGE 

OL-KR25 274.51 no data no data 277 19 0 16 N R R 2 STRIA,PSGR IMAGE 

OL-KR25 281.66 328 60 332 48 47 9 L L L 3 STRIA,PSGR,PLAN IMAGE 
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OL-KR25 288.97 136 30 150 25 27 192 L R R 3 STRIA,STEP IMAGE 

OL-KR25 351.48 no data no data 263 14 7 192 L L L 3 STRIA,PSGR IMAGE 

OL-KR25 365.93 289 19 260 20 2 11 R R L 2 PLAN,STRIA SAMPLE 

OL-KR25 372.95 no data no data 120 23 20 110 R R R 2 IRREG,STRIA IMAGE 

OL-KR25 376.82 127 20 142 31 25 121 N R L 3 PLAN,STRIA,GROV IMAGE 

OL-KR25 402.40 174 63 151 48 60 148 R R L 3 PLAN,STEP,STRIA SAMPLE 

OL-KR25 402.48 156 33 164 29 33 187 R L N 3 UNDU,STRIA,GROV SAMPLE 

OL-KR25 402.77 157 48 150 41 33 222 R L L 3 UNDU,STEP SAMPLE 

OL-KR25 406.51 146 39 156 30 25 217 R L L 2 CONC,STRIA,GROV SAMPLE 

OL-KR25 410.18 2 17 66 7 7 49 L L R 3 UNDU,STRIA SAMPLE 

OL-KR25 456.05 170 48 167 45 50 128 N R L 3 PLAN,PSGR IMAGE 

OL-KR25 485.09 no data no data 145 20 40 178 R L N 3 IRREG,STEP,STRIA,PSGR IMAGE 

OL-KR25 485.13 no data no data 146 20 24 176 R L N 3 CONC,STEP,STRIA,PSGR IMAGE 

OL-KR25 493.77 no data no data 106 31 35 139 R L R 2 PSGR, UNDU IMAGE 

OL-KR25 521.60 172 33 no data no data 42 196 N R N 2 STRIA, PLAN SAMPLE 

OL-KR25 556.34 no data no data 190 23 26 194 N R L 2 IRREG, STRIA, PSGR IMAGE 

OL-KR25 556.43 191 38 186 27 35 231 L R N 3 CONC, STRIA, PSGR IMAGE 

OL-KR25 571.73 no data no data 189 26 30 241 L R R 3 CONC, STRIA, PSGR IMAGE 

OL-KR25 572.04 no data no data 188 46 45 179 N R N 3 UNDU, STRIA, PSGR IMAGE 

OL-KR25 572.08 no data no data 205 25 27 239 L R R 3 IRREG, STRIA, PSGR IMAGE 

OL-KR25 577.74 no data no data 321 8 18 311 N R N 2 UNDU, STRIA, PSGR IMAGE 

OL-KR25 579.82 no data no data 217 27 1 129 no data no data no data no data STRIA, IRREG IMAGE 

OL-KR25 583.53 39 47 38 40 17 111 L L N 3 UNDU, STRIA IMAGE 

OL-KR25 587.12 66 17 143 27 3 354 L L R 3 PSGR, CONC, STEP SAMPLE 

OL-KR25 600.95 162 39 no data no data 48 130 N L R 2 PLAN, STRIA SAMPLE 

OL-KR25 601.05 146 40 no data no data 48 145 N L R 2 UNDU, STRIA, PSGR SAMPLE 

OL-KR25 604.24 265 53 no data no data 48 225 no data no data no data no data PLAN SAMPLE 
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Lithology:

Fractures:

Tonalitic-granodioritic-granitic gneiss

Mica gneiss

Pegmatite/Pegmatitic granite

Diatexitic gneiss

Veined gneiss

Open Tight Filled Filled slick. Clay filled Grain filled

Ri: Ri III Ri IV Ri V

Core loss: Core loss interval Length of core loss due to drilling Length of core loss due to fracturing

Pervasive Fracture fillingsAlteration:

KR25

Zone intersections: Ductile shear zone Semibrittle fault zone Brittle joint zone Brittle fault zone

Diameter: 75.7 mm Azim./Tilt: 43.4/70.1 x/y/z (m): 6792079.94/1526000.00/8.02Length: 604.87 m

Cond. fractures

0 90

LogK2m

-10 -3m/s

Fracture T

-10 -3m2/s

Flow 2/0.25m 
7.-8.1.2004

1 1e+006ml/h
Fractures ml/h

1 1e+006ml/h

Hydrology

B
rittle joint zone 

Brittle fault zone 

Sem
ibrittle fault zone 

D
uctile shear zone 

Zone

intersections

K
aolinite 

Illite 
S

ulphides 
Alteration

Ri Fractures

0 90

Lith. Foliation

0 90
Foliation orientation

Core loss

Fract. freq.

0 201/m

Oriented fractures

0 90
Fracture orientation

Geology

Density

2 3.2g/cm3

Nat. gamma

0 90uR/h

Susceptibility

-10 2001E-5 SI

Geophysics
Depth

1m:200m

45

50

Veined 
gneiss

0° 0° -6.59
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50

55

60

65

70

75

80

Diatexitic 
gneiss

180°

0°

180°

180°

0°

180°

-6.74

-6.19
-4.8

-6.13

-5.0

-5.78

-6.23

-6.61

-4.8

-6.78

-6.63
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85

90

95

100

105

110

Pegmatite/P
granite

Diatexitic 
gneiss

0°

180°

0°

180°

0°

180°

0°

180°

-6.46

-6.46

-7.19

-7.09

-6.31

-4.8
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115

120

125

130

135

140

Pegmatite/P
granite

Diatexitic 
gneiss

0°

180°

0°

180°

-6.75

-5.88

-7.07
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145

150

155

160
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170

0°

180°

0°

180°

0°
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0°

180°

-6.95
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175

180
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190

195
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Pegmatite/P
granite

Diatexitic 
gneiss

0°

180°

0°

180°

-7.06
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0°
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0°
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granite

0°

180°

0°

180°
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270
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280
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Diatexitic 
gneiss
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gneiss

0°

180°
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0°

180°
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300
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335

340

345

350

355

Diatexitic 
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-7.19
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