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ABSTRACT 

The geological model of the ONKALO area consists of three submodels: the 
lithological model, the brittle deformation model and the alteration model. The 
lithological model gives properties of definite rock units that can be defined on the basis 
the migmatite structures, textures and modal compositions.  The brittle deformation 
model describes the results of brittle deformation, where geophysical and 
hydrogeological results are added. The alteration model describes occurrence of 
different alteration types and its possible effects.  

The rocks of Olkiluoto can be divided into two major classes: 1) supracrustal high-grade 
metamorphic rocks including various migmatitic gneisses, tonalitic-granodioritic-
granitic gneisses, mica gneisses, quartz gneisses and mafic gneisses, and 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. On the basis of refolding 
and crosscutting relationships, the metamorphic supracrustal rocks have been subject to 
polyphased ductile deformation, including five stages.  

In 3D modelling of the lithological units, an assumption has been made, on the basis of 
measurements in outcrops, investigation trenches and drill cores, that the pervasive, 
composite foliation produced as a result a polyphase ductile deformation has a rather 
constant attitude in the ONKALO area. 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 the surface to the drillholes.  

The bedrock in the Olkiluoto site has been subject to extensive hydrothermal alteration, 
which has taken place at reasonably low temperature conditions, the estimated 
temperature interval being from slightly over 300 C to less than 100 C. Two types of 
alteration can be observed: 1) pervasive (disseminated) alteration and 2) fracture-
controlled (veinlet) alteration. Kaolinisation and sulphidisation are the most prominent 
alteration events. The third main alteration event, illitisation, is adventitious in the 
ONKALO area.  

In the brittle deformation model geological, geophysical and hydrological datasets are 
modelled simultaneously. Original datasets had been modelled and presented in 
previous modeling reports. The goal of the integrated brittle deformation model is to 
represent geometrical characteristics and dimensions for large-scale zones and such 
features that are crossing the access tunnel, i.e., zones which may have some effect on 
the construction or long-term safety.  

Keywords: lithology, brittle deformation, hydrothermal alteration, 3D modelling, 
nuclear waste disposal, ONKALO, Olkiluoto, Eurajoki, Finland.  



ONKALO ALUEMALLI, VERSIO 1

TIIVISTELMÄ

ONKALO aluemalli koostuu kolmesta osamallista: litologinen malli, hauraan defor-
maation malli ja muuttuneisuus malli. Litologinen malli kuvaa pääpiirteissään kivilaji-
yksikö, jotka voidaan määrittää migmatiittirakenteen, kiven asun ja mineraali-
koostumuksen perusteella. Hauraan deformaation malli kuvaa hauraan deformaation 
tulokset, joihin on yhdistetty sekä geofysikaalisten että hydrogeologisten mittausten 
tulokset. Muuttuneisuus mallissa kuvataan hydrotermisen muuttumisen eri tyyppien 
esiintyminen ja mahdollinen vaikutus. 

Olkiluodon kivilajit voidaan jakaa kahteen pääluokkaan: 1) suprakrustiset, korkean 
metamorfoosiasteen kivet, jotka ovat erilaisia migmatiittisia gneissejä, tonaliitti-
granodioriitti-graniittigneissejä, kiillegneissejä, kvartsigneissejä ja mafisia gneissejä, 2) 
magmakivet, jotka ovat pegmatiittisia graniitteja ja metadiabaaseja. Migmattiittiset 
gneissit voidaan edelleen jakaa kolmeen alaryhmään migmaattirakenteen perusteella: 
suonigneissit, raitaiset gneissit ja diateksiittiset gneissit. Uudelleenpoimutus- ja leik-
kaussuhteiden perusteella metamorfiset kivet ovat käyneet läpi viisivaiheisen duktiilin 
deformaation.  

Litologisten yksiköiden 3D-mallinnuksessa on maanpinta- ja kairanreikähavaintojen 
perusteella oletettu, että monivaiheisessa duktiilideformaatiossa syntyneellä läpi-
kotaisella liuskeisuudella melko pysyvä suuntautuneisuus tutkimusalueella. Tämän 
perusteella liuskeisuuden suuntaa ja kaltevuutta on voitu käyttää työkaluna, jolla lito-
logisia yksiköitä on korreloitu kairanreikien välillä ja maanpinnalta kairanreikään.  

Olkiluodon kallioperässä on vaikuttanut laajamittainen hydroterminen muuttuminen, 
mikä on tapahtunut melko alhaisessa lämpötilassa (300-100 C). Muuttuminen jakaantuu 
kahteen päätyyppiin: 1) läpikotainen muuttuminen ja 2) suoniverkostotyyppinen tai 
rakoilun kontrolloima muuttuminen. Kaoliniittiutuminen ja kiisuuntuminen ovat merkit-
tävimmät muuttumiset. Muuttumisen kolmas päätyyppi, illiittiytyminen, on satunnaista 
ONKALOn alueella.  

Hauraiden rakenteiden mallintamisessa käsiteltiin yhtä aikaa geologista, geofysikaalista 
ja hydrogeologista aineistoa. Aineistot on mallinnettu ja esitelty aikaisempien mallin-
nusraporttien yhteydessä. Tavoitteena integroidussa mallinnuksessa on luoda geometria 
ja ulottuvuudet sellaisille hauraille rakenteille, joilla oletetaan olevan merkitystä 
tunnelin louhintaan tai pitkäaikaisturvallisuuteen.  

Asiasanat: litologia, hauras deformaatio, hydroterminen muuttuminen, 3D-mallinnus, 
ydinjätteiden loppusijoitus, ONKALO, Olkiluoto, Eurajoki. 
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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 deep in the 
bedrock. In 1996, they established a joint company, Posiva Oy, to run the programme of 
site suitability 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 had been 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. Construction of the repository should start after 2015, and the final disposal 
facility will commence operations in 2020 (Tanskanen & Palmu 2003). As part of the 
site investigations, an underground rock characterisation facility, ONKALO, is being 
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 disposal techniques under real deep-seated conditions. At a later date, it may 
become part of the repository. ONKALO will be composed of characterisation facilities, 
connected to the surface by an access tunnel and shafts. Its construction will begin 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 
reached a chainage of about 2060 m (depth ca. -194 m).  
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1.2. Goal and scope 

The ONKALO area modelling started in 2005 and the first geological model concerning 
the ONKALO area was released in spring 2006 (Paananen et al. 2006). Geological 
information from drillholes OL-KR1 – OL-KR40 and tunnel chainage 0-1400 m were 
used in this model as well as selected parts of geophysical information and 
interpretations but in the absence of hydrogeological information. Consequently, that 
model was a purely geological model of the ONKALO area.  

The goal of the present report is to develop an integrated ONKALO area model, based 
on the current knowledge of geological, geophysical and hydrogeological observations 
from the ground surface and underground investigations at the Olkiluoto site. The aim 
of this modelling work is also to create an integrated ONKALO area model for different 
target groups, such as constructors, designers and investigators. The purpose of the 
ONKALO model is to evaluate the geological, geophysical and hydrogeological 
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 
investigations in the ONKALO tunnel.  

In the first version of the integrated ONKALO model the lithological and alteration 
models from the geological Site model (Paulamäki et al. 2006) will be updated. The 
brittle deformation model will be updated as well, but the approach is different from 
that used in the Geological Site model. In the integrated model the drillhole and tunnel 
intersections are connected to each other using hydrogeological and geophysical data, to 
reveal the large-scale geometry of the site. The small-scale geometry, near the 
observation point, is determined from geological data as well as geological description. 
The main task is to create an integrated geological-geophysical-hydrogeological model, 
which includes data from various sources (see table 2.1) and modelled units fulfil more 
or less conditions required from each discipline.  

The ONKALO modelling will continue for the next few years.  The model in question 
is planned to be in such a format that it could be easily updated and revised as 
excavation and investigations proceed. The ONKALO area model will be reported on 
one to three times a year, or when needed. In any case, the modelled features (lithology, 
brittle zones etc.) will be updated online as new data becomes available.  
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Figure 1.1. Nominal model areas of Olkiluoto. 

The modelled bedrock volume covers an area of 1 km x 750 m x 600 m, which is named 
the ONKALO area (Figure 1.1). The model is composed of three submodels: the 
lithological model, the alteration model and the brittle deformation model. There is also 
a ductile deformation model in the geological Site model (Paulamäki et al. 2006), but it 
has been excluded because of its relatively minor role in the construction at this stage of 
the ONKALO project. However, it has been used in constructing the lithological model 
as described in Paulamäki et al. (op. cit.).  

The lithological model provides 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 
(Kärki & Paulamäki 2006, Mattila 2006). In the case of Olkiluoto, the method used for 
the classification of the metamorphic rocks is a synthesis, in which the modal 
compositions, textures and migmatite structures are jointly evaluated. The igneous rocks 
are classified on the basis of modal compositions and textures.   

Hydrothermal alteration and subsequent low-temperature weathering have affected all 
types of lithologies present. Alteration transforms the physical properties of rock 
material and alteration products may have physical properties vastly different to those of 
primary, fresh materials. Thus the degree and type of secondary/retrograde alteration
may be important parameters in the evaluation of properties such as the mechanical 
strength of the rocks. (Paulamäki et al. 2006).   
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The brittle deformation model describes large-scale structures produced during the long 
history of brittle deformation, i.e. the fault zones and water conductive zones with 
geophysical anomaly. Brittle deformation products have important implications for 
design, construction and long-term safety, because of the effects on mechanical 
properties and ground water flow in the bedrock. This report focuses on the description 
of deterministic features of the brittle deformation.  



7

2. APPLIED INVESTIGATION DATA 

Several investigations have been done earlier in Olkiluoto and data from those has been 
used when creating the integrated ONKALO area model. The ONKALO area model is 
created from the data collected before 2007 and used in previous geological and 
hydrogeological models.  

2.1. Geological data  

The Geological Site Model v.0 (Paulamäki et al. 2006) has been used as the basis for 
lithological and alteration sub-models. All the data used in that is also available in this 
update. The mentioned sub-models have been updated with new data from deep 
drillholes and ONKALO pilot holes. The cores have been preliminary logged and 
described in Posiva working reports (Niinimäki 2004, Niinimäki 2005a-b, Niinimäki & 
Rautio 2005, Pussinen & Niinimäki 2006, Rautio 2005a-c, Öhberg et al. 2005, Öhberg 
et al. 2006 a-c). For lithological and alteration models the data were collected during the 
detail fracture mapping project in 2006. The drill cores from holes OL-KR34 – OL-
KR40, OL-PH1 and ONK-PH2 – ONK-PH6 were mapped again for geological 
modelling purposes. The lithological mapping follows the nomenclature described in 
Mattila (2006). The structural elements, kinematic features and deformation structures 
were logged from cores OL-KR34 – OL-KR38, OL-PH1 and ONK-PH2 – ONK-PH6.  
Also geological tunnel mapping data from ONKALO has been used for updating 
lithological and brittle deformation models. This means that lithological units have been 
combined together or adjusted to the tunnel data. In the brittle deformation model large-
scale features are adjusted to the tunnel data and new previously unknown features have 
been added in such places where they have been met in the tunnel. The deformation 
zone intersections in the tunnel are mapped also from ONKALO. The deformation 
features are divided into five classes (Milnes et al. 2007, Paulamäki et al. 2006), which 
include both brittle and ductile structures. In addition, long fractures, which cross the 
whole tunnel are mapped. Mapping of these includes location (using chainage number 
and tachymeter measurement), geological description and kinematic observations. The 
determination of the continuation of these features to another location in ONKALO is 
made during the mapping. Measured locations for intersections are visualised using 
Surpac® Vision 3D program and used as such to adjust the brittle deformation zone 
geometry.   

2.2. Geophysical data 

Geophysical data from drillhole logging, mise-à-la-masse (MAM) surveying and 
Gefinex 400S EM-surveying have been used to determine the continuation of the 
detected zones and to connect the zone intersections between drillholes and from 
drillholes to the ground surface and to the ONKALO access tunnel or vice versa. The 
3D-seismic data excluded in this model will be added to the next version. 

In all deep drillholes (OL-KR1 – OL-KR39; except OL-KR21) and also in all pilot 
holes in the tunnel, standard geophysical loggings have been carried out. The loggings 
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include calibre, magnetic susceptibility, density, resistivity, natural gamma radiation 
and acoustic P-wave measurements. The drillhole logging data have been used to 
determine the petrophysical properties of the examined zones and to compare these 
properties with the data from different holes  (see table 2.1).  

Mise-à-la-masse surveys were carried out during 1995 and 2003 – 2006 in several 
drillholes at the ground surface and in the tunnel  (see table 2.1). In 1995, some tests 
were done in drillholes OL-KR1, OL-KR3 and OL-KR4 and at the ground surface 
around the holes. Measurements between the drillholes were not carried out. In 2003 a 
larger test survey was done to follow the known structures from drillhole OL-KR4 to 
the other drillholes nearby and also to the ground surface. This test showed that the 
mise-à-la-masse method could be used in the Olkiluoto area to determine the 
continuities of some fracture zones (electrical conductors). Due to good results, mise-à-
la-masse surveying has been carried out annually to connect the intersected zones from 
new drillholes to the earlier holes. The survey carried out in the tunnel in 2006 showed 
that it is possible to use this method also to follow zones in the tunnel from one station 
to another  (see table 2.1).

Gefinex 400S (SAMPO) electromagnetic soundings were carried out in the Olkiluoto 
area in 1990, 1994, 2002 and 2003 - 2006. The results from the 1990 and 1994 surveys 
were used mostly to detect the depth of the saline groundwater layer (see table 2.1).

All survey results were re-interpreted during 2002 – 2006 to get more information on 
the conductive (fractured) zones. These results have been used to support the other 
geophysical modelling results (see table 2.1). 

2.3. Hydrogeological data 

The same data as in the model for the planning of the repository layout and numerical 
flow simulation (Ahokas & Vaittinen 2007) have been used in the ONKALO area 
modelling. The above-mentioned report focuses mainly on the transmissive zones in the 
central investigation area covered by drillholes but also on some less transmissive zones 
intersecting the repository volume at the depth of 420 m have been briefly handled. The 
disposal tunnels in this paper are shown according to the layout plan reported by 
Kirkkomäki (2003).   

The hydraulic data consists of the transmissivities measured systematically in all 
drillholes (OL-KR1-OL-KR39) by the Posiva Flow Log (PFL) method (see reference 
list, table 2.1). In addition, long-term pumping test results (Ylinen & Väätäinen 1992, 
Niva 1996, Jääskeläinen 1998, Vaittinen & Ahokas 2005) have been an essential input 
for the compilation of the hydraulically most transmissive zones of the central 
investigation area. Other data, such as hydraulic head observations in packed-off 
drillholes, are reported in (Ahokas & Herva 1993, Hänninen 1996, Lehtimäki 2001, 
Voipio et al. 2003, Ahokas et al. 2005).  
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Table 2.1. Some selected data sources and their identification.

 Source Working Report or memo 
Geology Geological model of the ONKALO area 

version 0 
WR 2006-13 

Geological model of the Olkiluoto Site version 
0

WR 2006-37 

Geological mapping of ONKALO ONK-002278, 002620, 002621, 
WR 2005-33 

Pilot hole data OL-PH1, ONK-PH2-6 WR 2004-05, 2005-63, 2006-
20, 2006-71, 2006-72 

Surface hole data OL-KR34 – OL-KR40 WR 2005-36, 2005-37, 2005-
38, 2005-62, 2005-58, 2006-68, 
2006-49 

Geophysics Surface hole measurements, before 2006 (OL-
KR1 – OL-KR40) 

OL-KR1: TVO Site 
Investigation project, Work 
report 90-08,  (in Finnish with 
English abstract)  OL-KR39:
WR 2006-75 

Pilot hole surveys (if not included in geological 
reports) OL-PH1and ONK-PH2 

WR 2004-11, 2004-43, 2005-04

Visualisation and Modelling of the Year 2003 
Mise-a-la-Masse Survey Data at Olkiluoto Site 

WR 2004-51 

Visualisation and Interpretation of the Year 
2004 Mise-a-la-masse Survey Data At 
Olkiluoto 

WR 2006-08 

Visualisation and Interpretation of the Year 
2005 Mise-a-la-masse Survey Data at Olkiluoto 

WR 2006-48 

Mise-a-la-masse survey test in ONKALO 2006 WR in print 

Interpretation of Olkiluoto electromagnetic 
Gefinex 400S soundings and pole-pole 
electrical soundings 

WR 2004-16 

Hydrogeology Model for the repository layout planning and 
numerical flow simulation 

WR 2007-01 

Transmissivities measured systematically in 
drillholes by Posiva Flow Log (PFL) method  

WR 96-43e, WR 96-44e, WR 
99-72, WR 2000-38, WR 2001-
42, WR 2002-29, WR 2002-42, 
WR 2002-43, WR 2003-30, 
WR 2005-47, WR 2005-51, 
2005-51, 2005-52 

Long-term pumping test results  YJT-93-10, WR 98-76, WR 96-
22, WR 2005-40, WR 2005-49 

Hydraulic head observations in packed-off 
boreholes 

WR 2003-42, WR 2005-28,  
WR 2006-54  

Groundwater pressure changes, which are 
caused from ONKALO constructions or other 
activities. Down to chainage1400 

WR 2006-54 
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3. METHODOLOGY 

The geological modelling procedure involves four partially independent sub-modelling 
tasks to produce one geological model (Paulamäki et al. 2006). The current geological

site model is composed of the lithological model, the ductile deformation model, the 
brittle deformation model and the alteration model. Three of these sub-models 
(lithology, brittle deformation and alteration) are incorporated into the ONKALO area 
model. The ductile deformation model describing the products of polyphase ductile 
deformation is not included in the ONKALO area model, because of minor effects of 
tunnel excavation.

1) The lithological model provides a general view of the lithological properties of 
definite rock volumes or units that can be defined on the basis of a proper set of 
parameters. The goal of the model is to represent a spatial distribution of lithologically 
fixed and genetically related bedrock units, which, from the perspective of building the 
underground facilities, have sufficiently constant properties. The modelling method has 
been described in more detail in The Geological Site Model v.0 (Paulamäki et al. 2006). 

2) The alteration model deals with the products of retrograde metamorphism, 
hydrothermal alteration and subsequent low-temperature weathering which have 
affected lithological units all over the site area. These processes transform the physical 
and chemical properties of the rock material and altered rocks may have physical 
properties drastically different to those of primary fresh rocks. Thus the degree and type 
of secondary alteration and retrograde metamorphism are important parameters in the 
evaluation of properties such as the mechanical strength of the rocks. The goal of the 
alteration model is to present the shapes, types and volumes of altered bedrock units, 
where most of the rock has been altered. The modelling method has been described in 
more details in The Geological Site Model v.0 (Paulamäki et al. 2006). 

3) The brittle deformation model describes the products of multiple phases of brittle 
deformation, fault zones and other fractures. The present model is based on information 
from geological, geophysical and hydrological measurements and observations, which 
are described later in more detail. 

The goal of the integrated brittle deformation model is to map large-scale zones and 
give them geometrical characteristics and dimensions. In this phase the main objective 
was to describe old, widely known zones (see Vaittinen et al. 2003, Paulamäki et al. 
2006) and to combine information from different disciplines – i.e. to connect drillhole 
sections together. Firstly, broken (fractured-, faulted or sheared) drillcore sections were 
selected. At the same time, hydrological (flow log and other hydrological data) and 
geophysical (in-hole geophysics, mise-à-la-masse etc. results) data were compared to 
the results of geological logging. The thicknesses of intersections were estimate 
individually for each discipline (Figure 3-1). For modelling purposes each intersection 
is combined to one, often thicker combined section. This combined section covers each 
discipline. 



12

Table 3-1. Example of integrated data table. 

Figure  3-1. An example of data on how different data sets, from core logging and in-

hole measurements, are possible to be combined. See table 1. Black dashed lines bound 

the fractured and water conductive zone in drillhole OL-KR29. Findings in core logging 

are increased fracture frequency, fractured zone (1) (class RiIII) and brittle joint zone 

(2), from hydrogeology some water bearing fractures and one leaking fracture (3), from 

geophysics long normal resistivity logging shows low values in the upper part, together 

with anomalous susceptibility and low density, and single-point resistivity at two places 

in the middle and low P-wave in the upper part (4) (according to geophysics the upper 

part seems to be more broken than the lower part). 

The kinematic data, on which the previous Geological Site model was mainly based, has 
been used only indirectly when units/blocks are located at the same drillhole intervals. 
The hole intersections have been connected together using mise-à-la-masse or 
hydrogeological data, and often previous measurements are concordant and give good 
results without uncertainty. In such cases, where differences or several choices exist, the 
judgement or decision have been made to estimate what seems to be possible 

GEOLOGY GEOPHYSICS HYDROGEOLOGY 

Hole-ID 
Depth
_from

Depth
_to

Zone-ID

G_from G_to G_Remarks GF_from GF_to GF_Remarks H_from H_to T, m2/s LogT H_Remarks

Remarks 

OL-
KR29 

251 254 ONK20A 251.47 251.84 RiIII, BJI 251 254 Conductor 
P-wave low 
Weak MAM 
connection 

252 254 1.3E-06 -5.9     

1 2

3

4
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geometrically and whether there is any other overlapping feature. The decisions are 
made during modelling group meetings, when data and knowledge are available.  It is 
also possible that electrical and/or hydrogeological features can jump to another 
crosscutting zone – these will cause geometrical errors in units. In these cases the 
geometry is important, bearing in mind how features behave in surrounding rock 
volumes. 



14



15

4. LITHOLOGICAL MODEL 

4.1. Description of the lithology 

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, tonalitic-granodioritic-granitic gneisses, mica-
bearing gneisses and quartz gneisses and amphibolites and other mafic gneisses, and 2) 
igneous rocks including abundant pegmatitic granites and sporadic narrow 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. For a more comprehensive description of the lithologies the reader is referred 
to Paulamäki et al. (2006). 

4.2. 2D lithological map  

The lithological map of the ONKALO area is shown in Figure 4-1. No changes have 
been made to the map presented in the geological model of the Olkiluoto site 
(Paulamäki et al. 2006). 

Figure 4-1. Lithological map of the ONKALO area. 
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4.3. 3D lithological model  

The modelling procedure of the lithologies at depth is described in detail in Paulamäki 
et al. (2006). However, the basic idea behind the interpretation of the lithologies is that 
the strike and dip of the composite, pervasive foliation, which is rather constant over 
large distances, can be used as a guide, through which the lithologies can been 
correlated between the drillholes and from the surface to the drillholes.  

In 3D modelling of the lithological units, mica gneiss, tonalitic-granodioritic-granitic 
gneiss and pegmatitic granite intersections in drillholes more than ca. 10 metres in 
thickness 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 have been combined into larger units. Consequently, the pegmatite 
granite units should not be understood as uniform veins or dykes, but rather areas, 
which contain more pegmatite granite than the immediate surroundings. 

The 3D lithological model of the Olkiluoto site area currently contains 14 mica gneiss 
units, 21 units of tonalitic-granodioritic-granitic gneisses, 57 units of pegmatitic granite, 
six diabase dykes and one diatexitic gneiss unit. The ONKALO area model contains 
currently 12 mica gneiss units, 9 TGG units, 39 pegmatitic granite units and one 
diatexitic gneiss unit.  No diabase dykes are present in the ONKALO area. The veined 
gneisses form the main volume of the model area and serves as the host rock in the 
model. The modelled mica gneiss, tonalitic-granodioritic-granitic gneiss and pegmatitic 
granite units are designated MGN+number, TGG+number and PGR+number, 
respectively.  

Figure 4-2 shows a vertical section in N-S direction from the central part of the 
ONKALO area presenting the modelled lithologies. 
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Figure 4-2. N-S trending vertical section, X = 1526000. Projection of ONKALO is also 
shown. View from the east. 

4.3.1. Diatexitic gneiss/veined gneiss contact zone  

The NW transitional contact between the diatexitic gneiss and the veined gneiss has 
been constructed on the basis of the distribution of the lithology in the ONKALO access 
tunnel and in drillholes OL-KR4, OL-KR8, OL-KR22, OL-KR23, OL-KR24, OL-
KR25, OL-KR26, OL-KR27, OL-KR28, OL-KR31, OL-KR34, OL-KR35, OL-KR36, 
OL-KR37, OL-KR38 and OL-KR40 and the tectonic observations therein. The contact 
zone is suggested to be due to thrust related deformation related to deformation phase 
D3, during which the diatexitic gneisses have been thrusted from the southeast upon the 
veined gneisses (Figure 4-3).

LEGEND

Veined gneiss 

Diatexitic gneiss 

TGG gneiss 

Pegmatitic granite 



18

Figure 4-3. Interpreted structure of the contact of the diatexitic gneiss (dark blue) in the 

ONKALO area. View from the WNW. 

4.3.2. Mica gneiss units   

The mica gneisses were not modelled in the previous geological models (Paananen et al. 
2006, Paulamäki et al. 2006); instead they were incorporated into the veined gneisses. 
From the experience from the ONKALO access tunnel and from the areas with large 
number of drillholes close to each other, the mica gneisses are probably just inclusions 
with limited dimensions and they have been modelled accordingly. The interpreted mica 
gneiss units are listed in Table 4-1 and shown in 3D in Figure 4-4. 

Table 4-1. Modelled mica gneiss units of the ONKALO area.  

Mica gneiss unit Intersection in the 
drillhole 

Orientation (dip 
direction/dip) 

Remarks 

MGN1 KR22 424.5-483.96 
KR25 424.9-430.95 

132/35 Calculated intersection 
in the ONKALO access 
tunnel in chainage 
4085-4165 m. 

MGN2 KR4 332.95-371.3 
KR24 376.6-391.3 
KR38 359.0-373.95 

128/35 Calculated intersection 
in the ONKALO access 
tunnel in chainage 
4350-4385 m. 

MGN3 KR29 455.05-514.7 144/32  
MGN4 KR8 484.2-524.1 142/22  
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MGN7 KR7 300.4-322.25 153/50 Calculated intersection 
in the ONKALO access 
tunnel in chainage 
3395-3415 m. 

MGN8 KR25 520.3-544.3 181/42  
MGN9 KR4 455.0-464.5 130/48  
MGN10 KR38 231.7-241.4 103/50  
MGN11 KR10 149.8-161.85 100/46 Intersection in the 

ONKALO access 
tunnel in chainage 
1340 – 1360?? m. 

MGN12 KR10 466.3-482.5 180/43  
MGN13 KR7 117.9-136.0 

PH5 182.85-194.8 
152/53 Intersection in the 

ONKALO access 
tunnel in chainage 
1171.9 – 1183.6 m. 

MGN14 KR29 689.1-708.3 175/55  

Figure 4-4. Modelled mica gneiss units MGN1-MGN4 and MGN7-MGN14 within the 

ONKALO area. View from the SSW. 

4.3.3. Tonalitic-granodioritic-granitic gneiss units   

The interpreted tonalitic-granodioritic-granitic gneiss (TTG) units are listed in Table 4-2 
and shown in 3D in Figure 4-5. TGG units 1-17 are modelled in the Geological model 

MGN14 
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of the Olkiluoto site (Paulamäki et al. 2006), whereas TGG units 18-21 are new. With 
the modelled orientation, only TGG1 intersects the ONKALO access tunnel. 

Table 4-2. Modelled TGG units of the ONKALO area. The TGG units 1, 2, 3, 4, 5,6, 

7,18 and 19 are located within the ONKALO area.

TGG-unit Intersection in the 
drillhole 

Orientation (dip 
direction/dip) 

Remarks 

TGG1 KR8 15.45-30.8 
KR26 4.8-7.6 
KR28 0.3-34.2 
PH1 16.24-32.89 

 Intersection in the ONKALO 
access tunnel in chainage 0-
9.5 m. 

TGG2 KR8 210.2-252.5 
KR37 138.6-179.5 

153/40 Former TGG2 extended to 
drillhole OL-KR37. 

TGG3 No intersections 130/64 No changes made compared 
to the previous model. 

TGG4 No intersections 173/46 No changes made compared 
to the previous model. 

TGG5 KR30 4.2-27.65 154/56 No changes made compared 
to the previous model. 

TGG6 KR29?? 163/74 No changes made compared 
to the previous model. 

TGG7 KR2 297.1-398.5 
KR12 406.65-495.4 
KR13 275.2-410.0 
KR14 373.3-441.4 
KR15 360.0-396.0 

177/52 No changes made compared 
to the previous model. 

TGG8 No intersections  No changes made compared 
to the previous model. 
Not in ONKALO area. 

TGG9 No intersections  No changes made compared 
to the previous model

TGG10 No intersections  No changes made compared 
to the previous model

TGG11 No intersections 176/56 No changes made compared 
to the previous model. 

TGG12 No intersections  
TGG13 KR21 82.4-11.2 184/42 No changes made compared 

to the previous model. 
Not in ONKALO area. 

TGG14   No TGG intersections in OL-
KR29. Re-interpreted as mica 
gneiss. Extracted from the 
model as a TGG unit. 

TGG15 KR5 171.5-240.05 
KR20 251.4-359.2 
KR33 143.05-266.5 
KR43 

180/35 New intersection in OL-
KR43.  
Not in ONKALO area. 

TGG16 KR5 342.05-385.9  Intersection in OL-KR5 re-
interpreted as mica gneiss. No 
intersection in OL-KR43. 
Consequently, the dip must be 
steeper than modelled earlier. 
Not in ONKALO area. 
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TGG17_1 KR2 937.3-956.6 
KR11 977.5-1002.11 

173/50 

TGG17_2 KR1 935.3-946.0 
KR2 827.15-843.36 

161/44 

TGG17 of Geological model 
v0 has been divided into two 
TGG units. 
Not in ONKALO area. 

TGG18 KR40 153.6-169.8 152/42 New TGG unit. 
Not in ONKALO area. 

TGG19 KR9 50.0-68.8 
KR27 136.7-150.5 

142/43 New TGG unit. 

TGG20 KR1 790.0-808.4 
KR2 758.75-768.5 

155/47 New TGG unit. 
Not in ONKALO area. 

TGG21 KR11 441.2-461.02 162/31 to 107/33 New TGG unit. 

Figure 4-5. Modelled TGG units within and around the ONKALO area. View from the 

SW.

4.3.4. Pegmatitic granite units 

The interpreted pegmatitic granite units of the previous geological model of the 
Olkiluoto site (Paulamäki et al. 2006) are listed in Table 4-3 with changes made during 
the current modelling. The new pegmatitic granite unit, mainly based on new drillholes 
OL-KR34 – OL-KR43 are presented in Table 4-6. All the modelled units are shown in 
3D in Figure 4-5. 
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Table 4-3. Modelled pegmatitic granite units of the ONKALO area (Paulamäki et al. 
2006) with changes made on the basis of the new drillholes. 

Pegmatitic granite 
unit 

Intersection in the 
drillhole 

Orientation 
(dip 
direction/dip) 

Changes made compared to the 
geological site model v0 

PGR1 KR9 352.8-370.1 180/35 No changes made. 
PGR2 KR2 139.85-174.8 

KR4 464.5-483.2 
KR10 336.85-364.95 
KR12 208.1-225.3 
KR13 68.05-150.6 
KR14 282.7-311.1 
KR15 292.7-306.4 
KR24 539.3-548.05 
KR25 437.95-462.45 
KR28 520.8-559.87 
KR33 119.6.139.2 
KR38 491.0-527.5 

183/35 Extended to drillhole OL-KR38. 
Calculated intersection in the ONKALO 
access tunnel in chainage 3765-4045 m. 

PGR5 KR1 169.0-199.4 
KR5 0.0-9.0 
KR20 73.5-87.6 
KR20 144.15-162.95 
KR21 2.95-19.3 
KR21 57.2-82.4 
KR33 13.35-29.05 
KR39 237.9-251.0 

180/30 Extended to drillhole OL-KR39. 

PGR6 KR7 213.8-225.4 155/52 No changes made. 
PGR8 KR1 441.9-488.95 

KR4 769.65-807.0 
KR14 485.7-508.85 
KR15 479.0-505.0 
KR39 473.1-496.9 

173/38 Extended to drillhole OL-KR39. 

PGR9 KR2 421.3-455.9 
KR4 815.8-866.4 
KR12 509.7-567.1 
KR40 988.35-1017.3 

180/38 Extended to drillhole OL-KR40.  

PGR11_1 KR8 565.4-600.69 155/16 Connection of former PGR11 to 
drillhole OL-KR11 at 304.1-328.4 m 
cut off. 

PGR11_2 KR8 524.4-535.45 
KR9 304.1-328.4 
KR27 421.1-440.3 
KR40 406.6-459.7 

160/16 Extended to drillhole OL-KR40. 
Connection of former PGR11 to OL-
KR8 at 565.4-600.69 m cut off. 

PGR12  No intersections 161/50 No changes made. 
PGR13  164/40 No changes made. 
PGR14 KR7 9.8-14.8 155/62 No changes made. 
PGR15 KR10 0.0-17.63 147/34 No changes made. 
PGR16 KR10 128.7-136.1 

PH6 14.12-16.62 
155/55 Extended to ONKALO chainage 1301-

1314 m. 
PGR17 No intersections 147/45 No changes made. 
PGR18 KR14 14.15-22.2 137/79 No changes made. 
PGR19 KR1 0.0-38.4 

KR3 0.0-43.7 
KR7 258.6-285.95 
KR10 202.6-246.6 

165/47 Extended to drillhole OL-KR39. 
Calculated intersection in the ONKALO 
access tunnel in chainage 2230-2330 m. 
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KR12 0.0-57.0 
KR14 95.35-153.65 
KR15 39.9-88.78 
KR16 58.75-117.75 
KR17 30.0-45.3 
KR18 58.4-79.0 
KR39 106.45-144.4 

PGR20 KR25 130.85-140.9 
PH5 35.6-46.2 

151/41 Extended to ONK-PH5. Intersection in 
the ONKALO access tunnel in chainage 
385-390, 408-415m and in 1025-1040.  

PGR21 KR4 589.65-606.65 
KR10 537.8-544.55 

160/29 No changes made. 

PGR22 KR11 825.1-848.72 173/45 Extracted from the model and the 
intersection connected to PGR27 

PGR23 KR9 551.8-560.85 
KR40 928.15-937.2 

155/37 Due to connection to OL-KR40, the dip 
is steeper than in the previous model. 
The down-dip extent has been 
diminished. The orientation has been 
changed from 180/30° to 155/37° for 
better fit to the foliation measurements. 

PGR25 KR11 305.37-330.35 165/46 The orientation has been changed from 
176/36° to 165/37° for better fit to the 
foliation measurements. 

PGR26 KR11 180.2-192.05 
KR11 199.00-208.0 

160/40 The orientation has been changed from 
182/40° to 160/40° for better fit to the 
foliation measurements. 

PGR27 KR1 920.15-935.3 
KR1 946.0-970.05 
KR2 742.9-758.75 
KR2 768.5-815.1 
KR11 825.1-848.72 

174/40 Connected to OL-KR11 at 825.1-848.72 
m. PGR22 of the previous model 
merged to PGR27. 

PGR28 KR2 858.45-878.5 
KR11 912.5-921.0 

170/57 Extended to drillhole OL-KR11, where 
PGR33 of the previous model merged 
to PGR28. 

PGR29 KR2 909.5-937.3 
KR11 949.3-977.5 

174/45 Extended to drillhole OL-KR11. 

PGR30 KR1 336.6-348.1 
KR20 181.7-199.7 

180/40 No changes made. 

PGR31 KR2 238.3-245.9 
KR14 354.5-368.3 
KR15 357.0-367.0 

180/34 No changes made. 

PGR32 KR11 860.05-881.75 178/45 No changes made. 
PGR33 KR11 949.3-977.5 174/44 Extracted from the model and the 

intersection connected to PGR28. 
PGR34 No intersections 148/47 No changes made. 
PGR35   Extracted from the model, because no 

pegmatitic granite occurs in OL-KR34, 
OL-KR35 and in the ONKALO access 
tunnel. 

PGR36 No intersections 143/52 No changes made. 
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Table 4-4. Pegmatitic granite units modelled after completion of the previous 
geological model by Paulamäki et al. (2006). 

Pegmatitic granite unit Intersection in the 
drillhole 

Orientation (dip 
direction/dip) 

Remarks 

PGR37 KR8 194.85-210.2 
KR37 105.9-138.6 
PH4 12.02-26.62 

120/30 Intersection in the ONKALO 
access tunnel in chainage 
886.1-900.7 m 

PGR38 KR8 55.55-67.4 075/45  
PGR39 KR40 751.75-791.6 150/40  
PGR40 KR3 156.85-180.4 

KR39 430.1-438.95 
152/45  

PGR41 KR27 362.0-389.95 115/30  
PGR42 KR6 67.55-103.25 162/36  
PGR43 KR38 163.75-204.4 143/52 Possible intersection in OL-

KR24 at 257.0-260.5 m. 
PGR44 KR22 379.0-381.3 

KR25 319.6-332.8 
158/39  

PGR45 KR24 399.05-413.6 
KR38 383.85-403.1 

161/42 Calculated intersection in the 
ONKALO access tunnel in 
chainage 4400-4410 m. 

PGR46 KR8 121.6-147.75 
KR23 200.65-203.75 

098/50  

PGR47 KR9 183.2-199.4 178/50  
PGR48 KR25 247.25-258.0 

KR28 290.6-296.0 
136/33  

PGR49 KR4 422.75-433.0 
KR28 481.95-488.1 

165/46  

PGR50 KR2 1000.8-1012.9 124/45  
PGR51 KR6 263.0-275.3 161/30  
PGR52 KR6 334.4-347.5 130/33  
PGR53 KR2 961.6-976.5 

KR6 591.6-600.8 
KR43 492.6-544.4 

168/30 Outcrops probably offshore at 
the bottom of Eurajoensalmi, 
north of Olkiluoto (see 
Suominen et al. 1993). 

PGR54 KR43 768.15-797.25 167/33 Outcrops probably offshore at 
the bottom of Eurajoensalmi, 
north of Olkiluoto (see 
Suominen et al. 1993). 

PGR55 KR2 478.1-485.5 
KR12 634.3-644.5 
KR13 489.85-500.2 

178/44  

PGR56 KR5 104.3-106.1 
KR21 187.7-197.0 
KR33 104.5-116.95 

181/24  

PGR57 KR5 283.7-294.5 
KR19 287.65-295.6 

162/31  
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Figure 4-6. Modelled pegmatitic granite units within and around the ONKALO area. 

View from the ENE. 
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5. HYDROTHERMAL ALTERATION MODEL  

5.1. Types of alteration 

In the repository and tunnel rock mass of the Olkiluoto bedrock, three different 
alteration episodes can be identified and must be distinguished because of their different 
products and consequences. The three alteration events are independent and very remote 
processes occurring over the huge period of time and the alteration episodes have 
produced changes in mineralogical compositions by physical and chemical means. 
Alteration processes resulted in the increase of water, sulphur and CO2 in the bedrock 
and in the current mineral assemblages these constituents are integrated into mineral 
structures. Those assemblages, which were generated during the alteration processes 
are, based on drillcore logging, mechanically and chemically weaker than the primary 
unaltered phases. On those grounds the effect of alteration on rock quality is taken to be 
considerable in those zones where the alteration grade is marked. The episodes are, in 
chronological order, with  retrograde phase of metamorphism occurring first, followed 
by episodes of hydrothermal alteration and then by episodes of surface weathering.

Retrograde phase of metamorphism have affected the rock ca. 1900 - 1800 Ma ago. 
These changes can be seen as sericitisation and saussuritisation of feldspars and 
chloritisation of mafic minerals. Temperature and pressure were high  during these 
retrograde processes. The products of the retrograde metamorphism are observable 
throughout the Olkiluoto island and they represent rather common metamorphic 
conditions in the high grade gneisses of southern Finland.  

Hydrothermal alteration processes are estimated to take place at temperatures ranging 
from 50°C to slightly over 300°C. These processes are thought to be linked to the 
corrosive H2O-NaCl-CaCl2 heated fluid circulation during very late stages of 
metamorphism and specifically at Olkiluoto to the rapakivi granite igneous activity 
1580 - 1550 Ma ago. Typical products of hydrothermal alteration are Fe-sulphides 
(pyrrhotite, pyrite), clay minerals (illite, smectite-group, kaolinite) and calcite. 

Surface weathering is a process that affects rocks in situ mineralogically, chemically 
and mechanically at the surface. In general, weathering is restricted to the destructive 
processes caused by temperature changes and corrosion by meteoric waters and 
atmospheric oxygen. These are the youngest alteration processes at Olkiluoto and are 
still active. Surface weathering began at least tens of million of years ago and occurs in 
close proximity to the zones of strong hydrothermal alteration. 

In construction and long-term safety issues the retrograde metamorphism does not play 
any significant role, but the two younger episodes, hydrothermal alteration and surface 
weathering are more important factors that need to be studied carefully. Hydrothermal 
alteration is the main reason for the significant amounts of low-grade clay minerals such 
as kaolinite and illite as well as sulphides and calcite at Olkiluoto. The hydrothermal 
effects of this magnitude are believed to have some remarkable consequences. For 
example, the area close to the ONKALO access tunnel entrance, the softened section at 
the beginning of the access tunnel and some other places of strong weathering reported 
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from investigation trenches occur at the same locations as the pervasive hydrothermal 
alteration, particularly kaolinisation and sulphides. It seems reasonable that strong 
weathering is the result of the interaction between porous rocks, reactive minerals and 
soluble agents. The porosity is due to the soft and loose kaolinite pods and fracturing 
left after hydrothermal alteration processes, and soluble agents are due to the presence 
of meteoric water and dissolved sulphide minerals close to the surface. 

5.2. Description of hydrothermal alteration  

The textural evidence of the rock types in the area, the fractures fillings and the 
character of the alteration in the rock indicate that the bedrock at the Olkiluoto site was 
subjected to extensive hydrothermal activity and locally underwent strong metasomatic1

alteration. This is linked to the phases of magmatic activity, which have produced a 
longstanding (hundreds of millions of years) thermal gradient. The heat flow has 
produced and circulated an extensive hydrothermal fluid system in the Olkiluoto 
bedrock area and these highly corrosive acidic fluids have greatly contributed to 
hydrothermal alteration (Front 2006, Gehör, in press.). These alteration episodes have 
taken place at reasonably low temperature conditions; the estimated temperature range 
is from 300 C to less than 100 C (Blyth et al. 1998, Gehör et al. 2002, Gehör, in press.). 
Typical of hydrothermal regimes, high permeability zones were created and these zones 
appear to have repeatedly acted as pathways for the periodic circulation of thermal 
fluids. Three main alteration types have been identified in the target area, and these are 
1) clay mineral formation processes, of which there are two main subtypes: illitisation 
and kaolinisation, 2) sulphidisation and 3) carbonatisation. In the ONKALO volume the 
degree of illitic alteration is relatively weak but the drillcore data implies that it has a 
higher impact in the bedrock area north of the ONKALO tunnel (Figure 5-1).
Carbonatisation, or calcite formation in general, is an essential part of the hydrothermal 
alteration. Alkaline conditions encourage carbonate forming reactions and calcitic 
fracture infillings and the dyke swarm networks are found to be closely connected with 
practically each of the hydrothermally influenced zones.

5.2.1. Illitisation  

Illite, which is expected to be generated as a result of more energetic hydrothermal fluid 
circulation than kaolinite, occurs as green, transparent, soap-like mass or as grey to 
green waxy or powdered coverings. In illite dominating solid coatings kaolinite is 
typically concentrated in the core of the fracture fillings. The ONKALO volume appears 
to have discrete illitised zones, but the drillcore data imply that northwards of 
ONKALO (Figure 5-1a, b), the bedrock has been affected by advanced illitic alteration. 

The illitised zones have a characteristic thickness of 5-20 metres in drillcore 
intersections. In zones that have experienced advanced illitisation, the rock is yellowish 
or green in colour and in places has lost its mechanical strength (which is a conclusion 
based on visual estimation during core logging). Illite often occurs as the sole alteration 

1 Changes whole rock and mineral composition due to the chemically active hydrothermal fluids. First of 
all metasomatism concerns either introduction or loss of the elements such as K, Na, Mg, Fe, Ca. 
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product, but is often accompanied by kaolinite, calcite and sulphides. Figures 5.1 and 
5.2 from drillcore sample OL-KR8 illustrates the occurrence of the illitic zones and their 
relationship to the other hydrothermal features in the bedrock.  

Figure 5-1. Sections of pervasive (dark green) and fracture-controlled (light green) 

illitisation.Vertical view from above. The two blue blocks indicate the modelled illitised 

bedrock volumes. 

Figure 5-2. Sections of pervasive (dark green) and fracture-controlled (light green) 

illitisation. View towards the NE. The two blue blocks indicate the modelled illitised 

bedrock volumes.
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5.2.2. Kaolinisation  

Kaolinite appears to be an important constituent of the rocks, forming 5 -30 % or locally 
even more of the volume. The zones which have encountered kaolinisation contain 
various amounts of illite on slickensides and fracture fillings and therefore the 
appearance of kaolinitic zones in Figure 5-3 demonstrates the zones in which kaolinite 
are the essential, but not inevitably the sole, alteration product. The kaolinitic alteration 
zones constitute numerous spots and lenses (Figure 5-3), which occur at irregular 
intervals. Their cross-cutting lengths usually vary from tens of centimetres to tens of 
metres in drillcore intersections.  

In fracture fillings kaolinite forms powdery disseminated white coatings that may well 
have a thickness of several millimetres. These soft fillings are typically loosely attached 
to the host rock.  

The most intensively kaolinitised zones encountered at the surfice slice, which the 
ONKALO tunnel has penetrated this far, come out as strongly weathered and softened 
sections. The drillcore data and the evidence from the ONKALO tunnel indicate that the 
kaolinitised sections are located, in effect, at an upper part of the bedrock. The bedrock 
block, which has encountered advanced kaolinitisation has, according to the current 
data, thicknesses of  100 to 200 metres measured from the surface (Figure 5-4). This 
type of kaolinitised bedrock block wedges to a greater depth in the northern part of the 
target area, where the present data (especially the data from drillcore OL-KR13), imply 
that the base of the kaolinitised block lies at the depth of 250 metres. The drillcore data 
reveal numerous disconnected zones at greater depth, but their position remains unclear 
as the current drillcore data from that bedrock area are insufficient.  

The observations from the ONKALO-tunnel support the evidence received earlier from 
the drillcore data, that the migration of the fluids responsible for alteration was locally 
controlled by the anisotropy of the bedrock. Kaolinitic alteration, especially, is found to 
have concentrated along fracture zones as well as along lithological boundaries.

Figure 5-3. Advanced kaolinisation in drillcore sample OL-KR24 drillcore length of 24 

m. (red circle surrounds a typical cluster of white kaolinite spots)
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Figure 5-4. Kaolinitised sections are located in the uppermost part of the ONKALO 

area with orientation opposite to the main lithological trend (slightly dipping to N). 

Yellow = pervasive kaolinitisation, orange = fracture-controlled kaolinisation. View 

towards the W. 

5.2.3. Sulphidisation  

Sulphidisation is recognised as pyrrhotitic dissemination, which comprises the main 
quantity of that alteration volume, and to a lesser degree of pyritic coatings and pyrite 
vein stockworks (Figure 5-5). Sulphides cover considerable dimensions of the bedrock 
and pyrrhotite dissemination is particularly associated with mica gneisses and 
migmatites and with graphitic occurrences. Pyrite is common in places where the rock 
displays signs of hydrothermal fluid flow. Typical textural types for pyrite are hair 
dykes, idiomorphic crystals or spots. It occurs in the same assemblages as clay minerals 
(chlorite, kaolinite, illite) and calcite. The thicknesses of this type zone are from 
centimetres to several metres. 

The sulphidisation favours the SW-edge of the modelled area. Drillcores OL-KR7, OL-
KR10 and OL-KR30 reveal the thickest section of the sulphidised bedrock volume. 
They indicate that the lower limit for the sulphidised zone lies at the depth of 250 -300 
metres from surface. The sulphidised zone wedges to shallower depths at the SE-edge 
of the modelled ONKALO area bedrock volume. Similarly, in the northern part of the 
area, the base of the sulphidised zone occurs at the depth from 50 m to approximately 
200 m  (Figures 5-6 and 5-7). Similarly to the kaolinisation there are numerous 
disconnected patches outside the modelled block. The bedrock area in question has 
scant drillcore information and for this reason it is not possible to incorporate these data 
into this groundwork model.  
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Figure 5-5. Breccia-type pyrite in strongly sheared mica gneiss, OL-KR22, at ca. 390 m 

depth.

Figure 5-6. Sulphides are located in the uppermost part of the model volume following 

roughly the lithological trend (slightly dipping to the SE). Red = pervasive 

sulphidisation, light red = fracture-controlled sulphidisation. View towards the W. The 

volume of the modelled dimension = 0.29 km
3
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Figure 5-7. Sulphides are located in the uppermost part of the model volume following 

roughly the lithological trend (slightly dipping to the SE). Red = pervasive 

sulphidisation, light red = fracture-controlled sulphidisation. View towards the N. The 

volume of the modelled dimension= 0.29 km
3
.

5.2.4. Carbonatisation 

On several occasions pH increase and subsequent precipitation of calcite appears to be 
the closing process of a particular fluid circulation episode. Calcite widely covers the 
older hydrothermally generated fracture fillings in all levels of the drilled bedrock 
volume. Furthermore, calcite occurs typically as vein stockworks (Figure 5-8) as well as 
in the matrix of the brittle fracture clay fillings. Even so the information provided by the 
drillcore data shows that the frequency of calcitic fracture fillings and vein networking 
is higher in the zones (Figure 5-9) where hydrothermal fluid flow has reworked the 
bedrock. Similarly to kaolinisation, illitisation and sulphidisation, carbonatisation has a 
significant role in alteration events and the total volume of calcite in the hydrothermally 
altered zones appears to be considerable. The occurrence of carbonatisation is estimated 
from the rate of the occurrence of calcitic fractures in the drillcores. When individual 
calcite filled fractures are fixed into connected zones, the carbonatisated sequences in 
this scheme appear to be more extensive than they are in the case of the other alteration 
types. However, calcite is an uncommon member of the host rock framework. 
Penetrative carbonatisation of the bedrock itself has not been detected.  The cutting 
lengths of the fracture-connected calcitic zones vary from a few metres to tens of 
metres.  
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Figure 5-8. Crosscutting (white) calcite veins in Drillcore OL-KR40 at 607 m depth.  
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Figure 5-9. Drillcore sample OL-KR08. The fracture mineralogy of the drillcore 

sample demonstrates the occurrence of the main clay types, sulphides and calcite; the 

thickness of the fracture infilling and the percentage, which is covered by the filling 

substance, are given in separate columns. Carbonatisation, which is observed from the 

fracture fillings and from calcite vein stockworks, appears to be the most widely 

distributed alteration product in fracture walls and fracture fillings.
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6. BRITTLE DEFORMATION MODELLING

The goal of the integrated brittle deformation model is to represent geometrical 
characteristics and dimensions for large-scale zones and such features that are crossing 
the access tunnel, i.e., zones which may have some effect on the construction or long-
term safety.  

The geophysical datasets have been modelled immediately after measuring and the 
continuities of some fractured zones have been modelled by mise-à-la-masse surveys as 
presented in many reports (Lehtonen 2004, 2005 and 2006). Hydrogeological (Ahokas 
& Vaittinen 2007) as well as geological (Paulamäki et al. 2006) data have been 
modelled, but real integration of all these datasets has not been done in those models. 
This has led to three different separate models, which focus on the same area but give 
an inconsistent picture of it. In this modelling the same datasets have been used but now 
focus on trying to find the most reasonable connections (among several connections) 
when using both geological and hydrological data together with the geophysical data. 

Each zone has individual characteristics (geological, geophysical and hydrological, 
Figure 3-1). The drillcore section can be several metres wide and divided into several 
smaller parts. All these small parts have given more detailed descriptions for larger 
scale unit. All different measuring methods give their own description of that interval 
and when combining all these we can have metres-wide, very diverse intersection of 
that structure. Often we have several drillholes, which penetrate the same structure. 
Each intersection has different kinds of characteristics, and for this reason direct/linear 
binding of several intersections is not possible. All these significant intersections have 
to be described and analysed individually and subsequently combined together using 
geophysical and/or hydrological data.  

Estimation of orientation of large-scale structure depends of several individual 
measurements: 

Fractures, which are orientated using cores or TV-image, give reasonable good 
and accurate orientation for fracture sets and separate fractures but uncertain 
orientation for large structures. 
Geophysical data give quite accurate locations at drillholes and connections 
between two or more drillholes (depending on measuring accuracy), but in 
complex cases it may give several options. 
Hydrogeological data give quite accurate locations at a particular hole and 
connections between two or more holes (depends of measuring accuracy), but in 
complex cases it may give several options. 

Geophysical and hydrogeological measurements give the route from one drillhole to 
another, in a simple case but when structure geometry is complex or two structures are 
crossing each other between the holes, the result may be very diverse. Several of these 
are explained and described in the following. 
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Connections and continuation of zones according to geophysical, geological and 
hydrological data have been examined in different phases: 

Connections between drillholes by electric data 
Connections between drillholes by hydrogeological data 
Comparing zones in drillholes by geophysical drill hole logging data 
Continuation of zones outside drillholes by electromagnetic data 
Comparing geophysical information to geological logging in drill cores 
(Paulamäki et al. 2006) 
Comparing hydrological model with geophysical model 

6.1. Connections between drillholes by electric (mise-à-la-masse) data  

In many cases the potential field behaves so simply that only one possibility to model 
the measured data exists. For instance when the earthing was in drillhole OL-KR28 at a 
depth of 245 m (Figure 6-1) good galvanic connection was detected in drillhole OL-
KR4 only at a depth about 180 m (Figure 6-2), and no connections at other depths were 
found.

Figure 6-1. Measured potential field of the earthing at 245 m and resistivity values of 

drillhole OL-KR28. LNR= Long Normal Resistivity. 
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Figure 6-2. Measured potential field and resistivity values of drillhole OL-KR4 when 

the earthing was at the depth of 245 m in drillhole OL-KR28. LNR= Long Normal 

Resistivity.

Sometimes the galvanic connection from one drillhole to another is more complex. 
Figures 6-3 to 6-5 show an example of a complex interpretation of the measured 
charged potential data. 

Figure 6-3. Modelled connections of the structures ONK20A and ONK20B and one 

separate conductor between drillholes OL-KR4 and OL-KR7. 

When following the continuation of the conductor detected at a depth of 314 m in 
drillhole OL-KR4 (structure ONK20A in Figure 6-3), the connection in drillhole OL-
KR7 was found at a depth of 230 m, at a depth of 285 m and also at a depth of 368 m 
(Figure 6-4). The uppermost connection fits best with the geological and hydrological 
information and it is the probable continuation of the structure ONK20A. 



40

Figure 6-4. Resistivity logging and the mise-à-la-masse potential data from drillhole 

OL-KR7 (the earthings in drillhole OL-KR4 at depths 314 m, 368 m and 394 m). 

Also the other earthings placed in drillhole OL-KR4 (at depths of 368 m and 394 m) 
showed the same three connections to the drillhole OL-KR7. 

The connection from OL-KR4/368 m earthing to the depth of 285 m in drillhole OL-
KR7 shows the continuity of the structure ONK20B. The conductor at a depth of 394 
metres in drillhole OL-KR4 seems to be a separate conductor below the two structures 
ONK20A and ONK20B. 

The results discussed above show that there is a galvanic connection also between the 
three examined conductors but with the help from other measurements it is possible to 
separate these structures. 

In drillhole OL-KR4 these three conductors behave as separate conductors causing 
separate potential fields as can be seen in Figure 6-5, although according to the 
resistivity logging many other conductors between and around these conductors exist. 
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Figure 6-5. Resistivity logging and the mise-à-la-masse potential data from drillhole 

OL-KR4 (the locations of the three earthings discussed above are shown as coloured 

dots).

Although it is possible to separate the three zones discussed above from each other for 
planning the tunnel and repository it is reasonable to handle them as different parts of 
one thick zone. 

6.2. Connections between drillholes by hydrogeological data 

As an example, the summary of results of a long-term pumping test in KR4 is described 
here based on an upcoming report by Vaittinen (2007).  The pumping test in drillhole 
KR4 was carried out in a packed-off section at the depth of 293.5-375.2 m during 17.2.-
3.3.1998. Description of the test and interpretation of results are presented in 
Jääskeläinen (1998). The head was observed in packed-off deep drillholes KR1-KR3, 
KR5, KR7-KR10. Extension drilling of drillholes KR2 and KR4 was already done, but 
not of drillholes KR7 and KR8, at that time. In addition, multilevel piezometers EP2, 
EP4-EP6 were observed. Open drillhole KR6 was not monitored during the pumping 
test.

The pumping was at an average rate of 17 l/min. However, the pumping was started at a 
rate of  25 l/min but it was decreased to about 16 l/min on 23.2.98. Drawdown was 
about 17.8 m in the pumped section of drillhole KR4. Drawdown above the pumped 
section was about 0.3 m. 

Very strong responses were determined (Jääskeläinen 1998) on observation levels KR7 
L1 (8.5 m), L2 (8.5 m), L3 (8.5 m), L4 (7.3 m), L5 (7.3 m), KR9 L2 (4.6 m), L3 (6.2 
m), L4 (6.2 m), and KR10 L4 (5.5 m), L5 (9.2 m), L6 (9.5 m). In addition, clearly 
visible responses were shown on levels KR1 L7 (1.7 m), L8 (2.2 m), and KR5 L8 (0.5 
m).  

Most of the responses described above are interpreted to be transferred from KR4 along 
zones ONK20A and ONK20B. The corresponding results from the pumping test in 
KR24 (Vaittinen & Ahokas 2005, Rouhiainen et al. 2005) support the existence those of 
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zones. The analysis of the latest results is underway, e.g., in the international modelling 
co-operation Äspö Task Force Task 7. 

In comparison with an earlier interpretation (Jääskeläinen 1998), responses on levels 
KR10 L5 and L6 are determined to be about 2 m stronger and responses on levels KR1 
L3 (0.9 m), L6 (1.6 m) and KR5 L7 (0.4 m) are assessed to be uncertain. 
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Figure 6-6. Summary of pressure responses caused by a long-term pumping test in KR4 

(Jääskeläinen 1998, Vaittinen 2007) 

6.3. Comparing zones in drillholes by geophysical logging data 

Comparison of zones between different drillholes by geophysical logging data was also 
carried out for all modelled zones. This helped to connect the zones from one hole to 
another.
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For instance, according to acoustic logging data two of the three conductors discussed 
earlier (Figures 6-3 – 6-5) show low P-wave velocity in both drillholes OL-KR4 and 
OL-KR7 (Figures 6-7 and 6-8). 

Figure 6-7. Acoustic p-wave velocity data from drillhole OL-KR4 and the potential field 

of the earthings at depths 314 m, 368 m and 394 m at KR4.

Figure 6-8. Acoustic p-wave velocity data from drillhole OL-KR7 and the potential field 

of the earthings at depths 314 m, 368 m and 394 m at KR4. 

Due to the similar behaviour of mise-à-la-masse and acoustic fields in drillholes OL-
KR4 and OL-KR7 the examined zones can be connected between these holes as 
separate zones inside a wide potential field anomaly, just as discussed above, and the 
two uppermost zones are more fractured than the deeper seated one. 
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6.4. Continuation of zones outside drillholes by electromagnetic data 

To follow the continuation of the detected zones Gefinex 400S (SAMPO) 
electromagnetic survey data was also used. Especially outside the drilled area where no 
mise-à-la-masse data was available EM data gave good additional information. The 
continuation of so-called ONK20 zones can be seen deeper in the EM model (Figure 6-
9), although the accuracy of the EM method is not good enough to show the exact 
locations of the zones in the ONKALO area where many disturbing fields exist. 

Figure 6-9. Gefinex 400S (SAMPO) electromagnetic modeling results showing the 

continuation of electric conductors followed by mise-à-la-masse surveying. 

6.5. Comparing geophysical information to geological and 
hydrogeological logging  

The character of the intersection becomes clearer when geophysical anomalies are 
compared to geological and hydrogeological data. This is described for the above-
mentioned parts of OL-KR4 (depth 314, 368 and 394 m).  

At a depth of 314 m there is diatexitic gneiss and in the core one crushed section of this 
rock is present. The broken part (313.41 to 316.10 m) is RiIII -class fractured zone and 
several parallel slickensided fractures with calcite and sulphide fillings mapped. The 
mentioned section is also classified as brittle fault intersection (BFI in Paulamäki et al. 
2006) at 313.40 - 316.15 m. Hydrogeologically the location is quite complex, with two 
to four separated sections, depending on which transmissive fractures above and below 
the most transmissive section at a depth of 313.4 m are determined to belong to the zone 
(see Figure 6.8b). Transmissive fractures occur between 301 m and 321 m and the 
biggest value (T = 3E-05 m2/s) is measured for a fracture at a depth of 313.5 m. Some 
less transmissive fractures also occur below this depth down to a depth of 315 m. 
Results based on long-term pumping tests (Jääskeläinen 1998) reveal the transmissivity 
of this section to be a bit lower (T=appr. 1E-5 m2/s), but based on the double-packer 
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(HTU) tests (Hämäläinen 1997) the transmissivity may be as high as 3E-4 m2/s.
Transmissivities in the order of 1E-6 m2/s are measured for single fractures at depths of 
307.2 and 307.8 m and these may also belong to the zone, depending on the criteria of 
the determination of a zone. The section of 313-316 m is named in the geological model 
(Paulamäki et al. 2006) as OL-BFZ098. In the ONKALO area model this section is fault 
zone ONK20A and the depth of section is approximately 307-316 m in OL-KR4.  

Figure 6-10. Summary of different kinds of data for depth section of 280-390 m in 

drillhole KR4.
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At a depth of 368 m there is mica gneiss and in the core one narrow fractured section is 
present. The broken part (370.08 to 370.57 m) is RiIII-class fractured zone and four 
slickensided fractures are mapped just below the fractured zone. This was not 
mentioned as a deformation zone intersection in The Geological site model (Paulamäki 
et al. 2006). The highest transmissivity (T=1.7E-5 m2/s) is measured at a depth of 366.4 
m (see Figure 6-10). The transmissivity of the fractured section at a depth of 370 m is 
clearly lower (T=4E-8 m2/s). One moderately transmissive fracture at a depth of 357.5 
m is also found but this fracture is seven metres above the actual zone. In the ONKALO 
area model this section is fault zone ONK20B and the depth of section is approximately 
365-371 m in drillhole OL-KR4. 

At a depth of 394 m there is diatexitic gneiss. No broken parts or hydrological events 
have been logged from that section or near it. Only geophysical measurements give an 
indication that there is an anomalous zone. These anomalies are mainly caused by 
pyrrhotite or sulphides in the host rock.

These intersections give an idea of what kinds of features or properties need to be 
looked for in the neighboring drillholes. In these cases the orientation of the zone is not 
the same as that which can be inferred from the fracture sets. Large-scale orientation 
and connections between drillholes come from the geophysical and hydrogeological 
measurements (appendix 1).  

The combination of geological and hydrological data in all drillholes of zones ONK20A 
and ONK20B intersect are shown at two different scales in Appendix 1. 

6.6. Comparing hydrological model with geophysical model 

When comparing the geophysical and hydrological models it must be remembered that 
the routes of water and electric field can be a little different though they both follow the 
same thick fractured zone (Figure 6-11). Therefore it is reasonable to determine the 
zone thickness so that all hydrological, geophysical and geological features are included 
in the zone.  
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Figure 6-11. An example of the difference between the hydrological and electrical 

connections in drillholes OL-KR4, OL-KR10 and OL-KR14. 

6.7. Interpreted brittle faults zones 

In this modelling 11 faults have been modelled using the methods described above. 
Each zone has been checked and described (see table 6-1) from those drillholes that 
penetrates the zone. All intersection points are connected to each other and from those 
points a 3D plane (to the upper and lower boundary of deformation zone) is created 
using Surpac® Vision 3D program. The following units have been modelled during this 
stage:

ONK19A, modified RH19A structure (Vaittinen et al. 2003) known also as OL-
BFZ11, OL-BFZ18 and OL-BFZ51 (Paananen et al. 2005, Paulamäki et al. 
2006)

ONK19C, modified RH19B structure (Vaittinen et al. 2003) known also as OL-
BFZ18 and OL-BFZ60 (Paananen et al. 2005, Paulamäki et al. 2006)  

ONK20A, modified RH20A structure (Vaittinen et al. 2003) known also as OL-
BFZ19, OL-BFZ21 and OL-BFZ98 (Paananen et al. 2005, Paulamäki et al. 
2006)

ONK20B, modified RH20B structure (Vaittinen et al. 2003) known also as OL-
BFZ98, OL-BFZ80 and OL-BFZ22 (Paananen et al. 2005, Paulamäki et al. 
2006)

ONK43, modified OL-BFZ100 (Paulamäki et al. 2006) 

ONK56, modified R56/R56alt structure (Vaittinen et al. 2003) known also as 
OL-BFZ10, OL-BFZ20, OL-BFZ77 and OL-BFZ84 (Paananen et al. 2005, 
Paulamäki et al. 2006)  
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ONK100, modified OL-BFZ100 (Paulamäki et al. 2006)  

ONK101, modified OL-BFZ100 (Paulamäki et al. 2006) 

ONK103, modified OL-BFZ103 and OL-BFZ15 (Paulamäki et al. 2006) 

ONK110 new feature 

Intersections are described in more details in appendix 1. The following chapters are a 
brief overview of the modelled units.

6.7.1. Brittle fault zone ONK19A 

Generally the structure of ONK19A is geometrically slightly modified compared to the 
previous modelled units. It contains the geological structures OL-BFZ11, OL-BFZ18 
and OL-BFZ51 (Paananen et al. 2005, Paulamäki et al. 2006), which are individual and 
smaller features with different orientations. Hydrogeological zone HZ19A (Ahokas & 
Vaittinen 2007), which is more or less planar, covers the same area. The biggest 
difference is in the geometry. Greater differences can be observed when ONK19A is 
compared to RH19A (Vaittinen et al. 2003). In that case the dimensions, geometry and 
orientation have been changed completely.  

Zone ONK19A is a large-scale structure and has been interpreted in 21 deep drillholes, 
in one pilot hole (ONK-PH4) and once in the ONKALO tunnel. It was penetrated by the 
tunnel at the end of 2005 (Figure 6-12) and it was predicted before the drilling of pilot 
hole ONK-PH4. In the pilot hole, drilling it was met at depths of 84 to 90 metres (at 
chainage 958 to 964 m) and in the tunnel the intersection was between chainages 932 to 
974. Intersections in deep drillhole have been redefined and those are presented in table 
6-1 (more details in appendix 1). 

Table 6-1. Indications of ONK19A intersections at drillcores and in hole measurements. 

Classified into four categories: certain, weak, no indication or some indications as X. 

Former names used in other
models 

R19A OL-BFZ018 HZ19A   

ONKALO area model name ONK19A     

      

Mean orientation ( ) Direction Dip    

135 15

Mean dimensions (m) West to east North to south 
Average
thickness of the 
zone 

 1420 640 7.0   

Tunnel intersection, chainage From To    

 932 974    
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Hole-ID From To 
Geological
indication

Geophysical 
indication

Hydrogeological 
indication

OL-KR4 81 84 Certain Certain Certain 

OL-KR7 21 22 Weak X Weak 

OL-KR8 103 114 Weak No Certain 

OL-KR9 146 151 Certain Certain Certain

OL-KR11 113.79 118.12 X  
No (within the 

casing) 

OL-KR14 12 16 X  Certain 

OL-KR22 96.92 118.24 Weak X Certain 

OL-KR23 133 139 X X Certain 

OL-KR24 94 96 Certain Certain Certain 

OL-KR25 93 97.3 Certain Certain Certain 

OL-KR27 255 265 Certain Certain Certain 

OL-KR28 134 157 Certain Certain Certain 

OL-KR29 60 65 X X Certain 

OL-KR30 47 61 Certain X Certain 

OL-KR31 143 145 X X Certain 

OL-KR34 72 80 Weak Weak Certain 

OL-KR35 90 96 X X Certain 

OL-KR36 94 96 Weak X Certain 

OL-KR37 118 124 Certain Weak Certain 

OL-KR38 86 92 Weak Certain Certain 

OL-KR40 270 284 Certain Certain Certain 

ONK-PH4 84 90 Certain Certain Certain 

Generally, from the geological point of view, this zone can be described as a densely 
fractured section (fracture spacing less than 10 cm), corresponding to RiIII to RiIV in 
the Finnish engineering geological bedrock classification (Korhonen et al. 1974, 
Gardemeister et al. 1976). These sections are often classified as brittle faults or joint 
zones (Paulamäki et al. 2006), which sometimes include kaolinite or sulphide alteration 
in fractures. 

The ONK19A zone can be followed using geophysical electrical methods, as the zone is 
often very electrically conductive, a feature, which can be seen in resistivity 
measurements. Also susceptibility, density and natural gamma measurements can be 
used when intersections are located. Important datasets are the acoustic loggings, P- and 
S-wave velocities. The P-wave can be used as an indicator of the degree of 
fracturedness or brokenness of rock; when the velocity is low compared to the 
background level the rock is fractured and there is space for ground water. Also the P-
wave velocity is comparable to rock mass quality, the Q-value (Barton 2002). 

Hydrologically ONK19A is highly transmissive in most of the drillholes (see Figure 6-
13). Transmissivities vary mostly between 1E-7 – 1E-4 m2/s and the geometric mean is 
approximately 2E-6 m2/s. Hydraulic connections between several drillholes along this 
zone (and ONK19C) have been found, e.g. in the connection of long-term pumpings 
tests carried out in drillhole KR24 (Niva 1996, Vaittinen & Ahokas 2005, Rouhiainen et 
al. 2005). 
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Figure 6-12. Structure ONK19A and ONKALO access tunnel.
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Figure 6-13. Measured transmissivities of zone ONK19A. 
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In drillhole OL-KR4 at a depth of 81 to 84 m the rock type is diatexitic gneiss, which 
includes several filled fractures, RiIII-class fractured sections and brittle faults (BFI) 
and high-grade ductile shear zone (HGI) sections. This fault intersection is described as 
densely fractured tectonic breccia, which is pervasively altered to kaolinite, sulphides 
(pyrite, pyrrhotite) and illite. Fractures have carbonate, sulphides, illite, graphite and 
sericite fillings. Fracture surfaces are mainly irregular or curved and normally rough. In 
the first logging (Suomen malmi Oy 1990) this section is described as a strongly 
weathered (Gardemeister et al. 1976, Saanio (ed.), 1987) section.  

Transmissivity (6E-6 m2/s) of the above mentioned section (OL-KR4) is almost totally 
concentrated in one or very few fractures at a depth of 82.2 to 82.3 m (see Figure 6-14). 
The most probable depth in the drillcore is 82.22 m. This drillhole section has been 
cemented during drilling and the real transmissivity of the zone in this drillhole section 
can be higher than measured. 

Figure 6-14. Summary of geological and hydrological data for zone ONK19A in OL-

KR4 at two scales.
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In drillholes OL-KR7 to OL-KR25 the ONK19A fault zone is classified as a brittle fault 
(BFI) and/or joint zone (BJI) intersection. The intersections contain graphite bearing 
slickensided fractures. Some of fractures are parallel to the foliation. In some cases rock 
fragments can be observe from intersections. 

Fracture fillings are normally carbonate, sulphides and unidentified clay minerals. In 
some cases, like OL-KR9, chlorite and graphite are abundant. Fracture surfaces are 
mainly irregular or curved and the degree of roughness is smooth to rough. Typical 
fractures can be filled, grain filled and slickensided. The Slickensided fractures are 
common at several intersections. The core samples are RiIII to RiIV-class fractured 
zone, whose intersection thickness varies from tens of centimetres to 1.5 metres.  

Alteration is mainly fracture-controlled sulphidisation, as in OL-KR8 and OL-KR14, 
but also pervasive illitisation (OL-KR11) and fracture-controlled kaolinitisation (OL-
KR22) are present. The intersections maybe weathered as in OL-KR25, where section 
96.40 to 96.66 m is strongly weathered (Rp2), and where feldspar crystals are mainly 
reddish (Niinimäki 2003). 

In pilot hole ONK-PH4 (Öhberg et al. 2006) the above-mentioned zone was intersected 
at a drilling depth of 84 to 90 metres (corresponding to chainage 958-964 in the 
ONKALO access tunnel). Visually samples are grey pegmatite granite with abundant 
sulphides (pyrite and pyrrhotite) in mica rich bands. Sulphides and graphite have 
substituted for micas. In the geophysical loggings there is high susceptibility at depth 
89.95-91.60 m, where core samples consist of approximately 90 % sulphides. Three 
fractured zones have been mapped from that section (class RiII and RiIII) and two short 
core loss sections (0.15 m each). During the flow logging the flow out was 80 l/min 
from the drilling depth of 65 m. 

Tunnel intersection in chainage 932 to 974 consists mainly of veined gneiss and a large 
number of coarse-grained quartz gneiss inclusions and sections. In the hanging wall 
rock there are a large number of healed fractures (parallel to foliation) with sulphide 
fillings. The intersection contains many long and slickensided fractures, which are 
parallel to the foliation. The main fault is at the end of this intersection. The thickness of 
the core is less than 50 cm and it contains undulating and slickensided fractures with 
thick fillings of chlorite, clay, pyrite, calcite, graphite, and kaolinite. In the thickest parts 
of the core of the zone, fracture fillings contain some broken rock fragments and thick 
clay layers. The intersection is heavily pre-grouted and for that reason water is only 
dripping from some fractures. 

6.7.2. Brittle fault zone ONK56 

According to the results of electric and electromagnetic measurements, there also exist 
some conductive zones that are not presented as transmissive or geological deformation 
zones. One of the largest is called the ONK56 zone. The zone was already presented in 
the 2003 bedrock model (R56) but it was very steeply dipping near drillhole OL-KR7 
(at the depth of 408.6 – 412.7 m) (Vaittinen et al. 2003). 
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The electromagnetic (Gefinex 400S) measurements indicated that there exists a 
conductive zone intersecting drillhole OL-KR7 at the depth of 408 – 417 m (Figure 6-4) 
but it seemed to be gently dipping and not outcropping as presented in the 2003 model. 
To confirm the results from the EM survey a mise-à-la-masse survey was carried out 
and a connection between drillholes OL-KR7 and OL-KR4 was found (as presented in 
Figure 6-15). On the basis of the mise-à-la-masse surveys carried out during 2005 – 
2006 the zone seems to continue as assumed in Figure 6-4 and may be even larger. 

In many drillholes, the fact that this electric conductor intersects fractured zones (RIII – 
RIV) seems certain but no deformation zones are presented in the Geological model of 
the ONKALO area version 0 (Paananen et al. 2006) or the Geological model of the 
Olkiluoto Site version 0 (Paulamäki et al. 2006). 

Figure 6-15. Continuation of the old structure R56, according to electromagnetic 

(green blocks) and electric measurements 2004.

Figure 6-16 shows the location and extent of this conductive zone as it was known at 
the end of 2006 and it seems to cut the planned repository area. 

Transmissivities of this zone are very low, mostly in the order of 1E-10 m2/s. One rather 
high value (T=1E-6 m2/s) is measured in KR7 by HTU-method. According to flow 
logging, the transmissivity in the same interval is 1E-8 m2/s.
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Figure 6-16. Location of an electrical conductive zone ONK56. 

6.7.3. Brittle fault zone ONK103 

ONK103 is new modification of zone OL-BFZ103, which, in the Geological model of 
the Olkiluoto site (Paulamäki et al. 2006), was described as a group B left-normal fault 
in OL-KR8 (only one intersection). In the present model that intersection is connected 
to other drillholes using mise-à-la-masse surveys (appendix 1).  

When an earthing was placed in drillhole OL-KR28 at the depth of 245 m during the 
2004 mise-à-la-masse survey it was noticed that the examined conductor continues to 
drillholes OL-KR4, OL-KR8, OL-KR14, OL-KR22, OL-KR23 and OL-KR24 (Figure 
6-17). In drillhole OL-KR24 there also exist transmissive zones around this electrical 
conductive zone.

This electrical conductive zone was also detected in the ONKALO access tunnel at 
chainage 1180 just at the location it was predicted to occur. This intersection is mainly a 
fracture zone with several tunnel-crosscutting fractures (TCF), which are water 
conductive. The zone intersection consists mainly of veined gneiss, which is cut by K-
feldspar porphyry (KFP). The KFP is restricted to both sides of the long fractures.

The geophysically anomalous sections are in the main slightly fractured areas, where 
the rock type is veined or diatexitic gneiss. The fracture frequency varies from intact 
rock to RiIII-class fractured zone. In OL-KR22 the intersection includes an RiIII-class 
fractured zone at a depth of 238.0-238.98, as well as in OL-KR8 at a depth 303.93-
305.97 (described as a brittle fault intersection in Paulamäki et al. (2006)). In those 
holes the intersections are only moderately fractured and fractures can be filled or 
slickensided. The intersection (low resistivity) can contain a higher content of sulphides 
or graphite. In pilot hole ONK-PH5 this zone was penetrated in drilling at a depth of 
169-200 m, and there are several low angle or almost vertical fractures. Those fractures 
are more or less planar with kaolinite, calcite and pyrite fillings. In flow logging there 
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are several water conductive fractures at a depth of 169 to 176 metres. The 
transmissivity of the same depth is lower than 9.13E-7 m2/s.

Figure 6-17. Location of a conductive zone ONK103. 
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7. EVALUATION OF UNCERTAINTIES  

Although geological, geophysical and hydrological data from 40 drillholes have been 
available for modelling purposes, there are considerable uncertainties concerning the 
geometry and extension of the various units at depth. The reason for this is mainly the 
great distance between holes, even in the ONKALO area, which is of quite limited 
extent.

In lithological and alteration models the uncertainties are more or less the same as in the 
Site model (Paulamäki et. al 2006), because the principles in modelling are the same. In 
lithology data resolution in drillcores is 1 metre and the smallest modelled section is 10 
metres. The thinnest pegmatitic veins and the smallest gneiss inclusions have not been 
modelled.

In the brittle deformation model uncertainty has been decreased from the Site model 
(Paulamäki et. al 2006). That is because:  

The ONKALO area is well covered with drillholes and tunnel. Therefore also 
the confidence of the model is better than in a larger area 
More data have been available 
Different disciplines have been used 
Data from ONKALO have been used more effectively 

In this model, as in the previous models, quite uniform drilling orientation causes bias 
and uncertainty, as it masks the occurrence of possible subvertical N-S trending 
features. Modelling of the brittle phase of deformation has several types of uncertainty. 
Each intersection has been identified and evaluated from the geological, geophysical 
and hydrological point of view and fitted together. In a combined intersection the 
threshold limits may vary, which causes variation in defining where intersections start 
and end. These may lead us in certain cases to intersection difference in adjacent 
drillholes up to several metres in thickness. Errors or aberrations in connections 
between drillholes can be remarkable. These have been seen in interpretations of 
geophysical and hydrological measurements.  

Data conceptual uncertainties regarding the brittle deformation modelling are: 
Orientation of the fault zones 
Length and down-dip extent of the zones 
Strong spatial variation in properties (width, fracturing, hydraulic conductivity, 
geophysical properties) 
Surface exposure of the fault zones 
Termination of the fault zones (in the present model, almost all the modelled 
zones are presented as individual zones) 
Lack of possible N-S and NW-SE-striking fault zones, which may exist between 
the parallel drillholes 
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8.  FUTURE ACTIVITIES 

This version of the model is a starting point for integrated ONKALO area modelling. It 
is at the developing stage and in the future model data as well as different disciplines are 
planned to be added. At this stage geological, geophysical and hydrological data and 
models are combined together in cooperation with geologists, geophysicists and 
hydrologists.

What is missing from the current model?  
Geological ductile deformation  
Results of 3D seismics 
Rock mechanical model (includes estimation of possible stress damage area in 
access tunnel) 
Latest information from drillholes and ONKALO tunnel 
The analysis of hydraulic disturbances on the monitoring drillholes caused by 
the construction of ONKALO or other activities carried out in underground 
holes and surface holes 

In the summer of 2006 a 3D reflection seismic survey was carried out in the planned 
repository area. The preliminary results of this work look very promising in terms of 
modelling the geological features of this area. These results must be examined carefully 
when updating this ONKALO area model. Also the geophysical data from drillhole 
logging of the recently drilled holes and the mise-à-la-masse data gathered at the end of 
2006 must be used in the next model. 

Furthermore visualisation and clarification of modelled features affecting the tunnel 
excavation should be kept in mind. One solution is to create images for each level, like 
the depth intervals 200 to 300 m, 300 to 400 and for main characterization at depth 420 
m. All zone intersections, lithological boundaries and possible stress failure areas can be 
shown in these horizontal profiles. 
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9. SUMMARY 

The ONKALO area model is an update of the first geological ONKALO area model, 
which was released in 2006. Geological, geophysical and hydrogeological information 
from drillholes OL-KR1 – OL-KR40 and tunnel chainage 0-1400 m were used in this 
modelling. The modelled bedrock volume covers an area of 1 km x 750 m x 600 m. The 
model is composed of three submodels: the lithological model, the alteration model and 
the brittle deformation model.  

An integrated ONKALO area model, based on the current knowledge of geological, 
geophysical and hydrogeological observations from the ground surface and 
underground investigations at the Olkiluoto site has been produced.  The purpose of the 
ONKALO model is to evaluate the geological, geophysical and hydrogeological 
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 
investigations in the ONKALO tunnel. Different target groups have different needs and 
for that reason previously mentioned disciplines have been integrated into one model. 
For example, one single fracture can be highly conductive and cause difficulties for 
excavation or completely dry rock can be intensively fractured and poorly minable. 
Solutions to these questions are not always possible to derive from a purely geological 
or hydrological model. 

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, tonalitic-granodioritic-granitic gneisses, mica-
bearing gneisses and quartz gneisses and amphibolites and other mafic gneisses, and 2) 
igneous rocks including abundant pegmatitic granites and sporadic narrow 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.

In the repository and tunnel rock mass of the Olkiluoto bedrock, three different 
alteration episodes can be identified and must be distinguished because of their different 
products and consequences. In construction and long-term safety issues the retrograde 
metamorphism does not play any significant role, but the two younger episodes, 
hydrothermal alteration and surface weathering are more important factors that need to 
be studied carefully. Hydrothermal alteration is the main reason for the significant 
amounts of low-grade clay minerals such as kaolinite and illite as well as sulphides and 
calcite at Olkiluoto. The hydrothermal effects of this magnitude are believed to have 
some remarkable consequences. For example, in the area close to the ONKALO access 
tunnel entrance, the softened section at the beginning of the access tunnel and some 
other places of strong weathering reported from investigation trenches occur at the same 
locations as the pervasive hydrothermal alteration, particularly kaolinisation and 
sulphides. It seems reasonable that the strong weathering is the result of the interaction 
between porous rocks, reactive minerals and soluble agents. The porosity is due to the 
soft and loose kaolinite pods and fracturing left after hydrothermal alteration processes, 
and soluble agents are due to the presence of meteoric water and dissolved sulphide 
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minerals close to the surface. Those assemblages, which were generated during the 
alteration processes are, based on drillcore logging, mechanically and chemically 
weaker than the primary unaltered phases. On those grounds, the effect of alteration on 
rock quality is taken to be considerable in those zones where the alteration grade is 
marked.  

The brittle deformation model describes large-scale structures produced during the long 
history of brittle deformation, i.e. the fault zones and water conductive zones with 
geophysical anomaly. The presence of brittle deformation products have important 
implications for design, construction and long-term safety, because of the effects on 
mechanical properties and ground water flow in the bedrock. In this modelling 11 faults 
have been modelled using data from geological, geophysical and hydrological 
measurements. Each zone has been checked and described from those drillholes that 
penetrate the zone. When comparing the geophysical and hydrological models it must 
be remembered that the routes of water and electric field can be a little different though 
they both follow the same thick fractured zone. Therefore it is reasonable to determine 
the zone thickness so that all hydrological, geophysical and geological features are 
included in the zone.

All intersection points are connected to each other and from those points a 3D plane (to 
the upper and lower boundary of deformation zone) is created using Surpac® Vision 3D 
program. Modelled faults are mainly major ones more or less subhorizontal and those 
penetrate the ONKALO tunnel ones. Three vertical ones have been modelled, one in the 
easternmost part, one in the centre and one in the westernmost tunnel section. The 
normal distance between those is 135 to 160 metres. 
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APPENDICES 

Appendix 1. Large-scale orientation and connections between drillholes come from 
geophysical and hydrogeological measurements. 

Appendix 2. WellCAD logs of drillhole intersections for zone ONK19A, ONK19C, 
ONK20A and ONK20B. 
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Hole_id m_from m_to Id m_from m_to G_Remarks m_from m_to GF_Remarks m_from m_to T, m2/s LogT H_Remarks Remarks
KR1 141.18 155 ONK20A 141.18 143.95 BJI, RiIII, IL(alteration) 142 155 MAM from KR4 (314 m), conductors, 

Low P-wave.
148 154 1.1E-05 -5.0

KR2 98 125 ONK20A 99 117 KA(per.), IL(frac) 124 125 High susceptibility. MAM from KR4 
(314 m).

98 114 7.8E-07 -6.1 Direct  continuation at depth 236 m.

KR3 70 75 ONK20A 70 70 SK(per.) 70 75 MAM from KR4 (314 m), Low P-wave. 70 70 8.1E-10 -9.1 Direct  continuation at depth 52-54 m.

KR4 307 316.15 ONK20A 313.4 316.15 BFI, RiIII 314 315 MAM earthing. Connections to depths 
196-235, 265-295 and 360-375 m.

307 315 3.6E-05 -4.4

KR7 222 230 ONK20A 227.01 228.8 BFI, DSI, KA, SK, RiIV 227 230 Low P-wave and conductor. 222 230 1.3E-05 -4.9
KR8 450.47 454.6 ONK20A 450.47 454.6 BJI, RiIV 452.73-453.09 m, RiIII 

453.09-453.55 m 
452 454 Low P-wave and conductor. MAM 

from KR4 (314 m) to 310, 375 and 
450.

452 454 1.8E-07 -6.7

KR9 442 446.46 ONK20A 442 446.46 RiIII, BJI 476.76-479.35 442 446 Low P-wave and conductor. MAM 
from KR4 (314 m) to 445 m.

442.88 444.88 4.8E-07 -6.3

KR10 260 270 ONK20A 260.47 260.65 RiIV 261 270 Conductor 260 262 1.6E-05 -4.8
KR14 180 186 ONK20A 180.03 183.2 RiIV (core loss) 183 185 Low P-wave and conductor. Caliber 

higher. MAM from KR4 (314 m).
180 186 8.5E-10 -9.1 Direct  continuation at depth 240 m.

KR22 385 393.06 ONK20A 385.86 393.06 RiIII, KA(frac), IL,SK (per.) 385 393 Low P-wave and conductor. MAM 
from KR4 (314 m) to 310 and 385.

391 393 5.9E-06 -5.2

KR23 422 430 ONK20A 422.28 428.49 RiIII 422 428 Low P-wave and conductor. 428 430 6.3E-07 -6.2
KR24 325 335 ONK20A 329 332 325 335 MAM from KR4 (314 m), Low P-wave 330 332 1.0E-05 -5.0 Can be also at depth 304-310 m.

KR25 343 355 ONK20A 347 352.25 BFI, RiII-IV MAM from KR4  (314 m) to 285-286. 343 355 3.2E-05 -4.5

KR27 505 520 ONK20A 505 520 Fracturing 505 517 Local conductors. 505 513 2.3E-07 -6.6 Uncertain Can be also below drillhole.
KR28 388 390 ONK20A 388.01 389.8 RiIV, KA, SK(frac) 390 MAM from KR4 (314 m). 388 390 1.8E-05 -4.8
KR29 251 254 ONK20A 251.47 251.84 RiIII, BJI 251 254 Conductor, Low P-wave, weak MAM 

connection. MAM from KR4 (240-245 
m).

252 254 1.3E-06 -5.9

KR38 306 325 ONK20A 320.49 321.08 RiIV 320 325 MAM, conductors, P-wave low 306 322 3.8E-05 -4.4
KR39 145 151.1 ONK20A 146.88 151.1 RiIV 145 150 MAM from KR4 (314 m), P-wave low. 145 151 5.8E-06 -5.2

KR40 600 612.85 ONK20A 604.95 612.85 RiIV *2 600 610 MAM from KR4 (314 m). 5.8E-07 -6.2
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Hole_id m_from m_to Id m_from m_to G_Remarks m_from m_to GF_Remarks m_from m_to T, m2/s LogT H_Remarks Remarks
GEOLOGY GEOPHYSICS GEOHYDROLOGY

KR1 175 188 ONK20B 176 181 Fracturing, KA(per.) 175 181 MAM from KR4 (368 m), conductor 
and  low P-wave.

176 188 2.3E-07 -6.6

KR3 98 113 ONK20B 98 105 HGI, SK(per.) 99 113 MAM from KR4 (368 m), conductor 
and  low P-wave.

99 113 Weak high transmissivity at 119.5 m Uncertain

KR4 365 370.57 ONK20B 370.08 370.57 RiIII 366 370 Conductor at depth 355-370 m and  
low P-wave.

365 367 1.2E-05 -4.9

KR7 284 288.7 ONK20B 285.7 288.7 BFI*2, RiIV 285 288 MAM from KR4 (368 m) and 
conductor.

284 288 1.1E-05 -5

KR8 542 563 ONK20B 542 562 BJI, RiIII-IV (RiIV 552.19-553.34 m) 546 563 Conductor and low P-wave at depth 
551-561 m. Weak MAM connection 
from KR4 to depth 510-555 m.

542 562 1.2E-05 -4.9

KR9 473 480 ONK20B 473 480 RiIII, BJI 476.76-479.35 475 480 MAM from KR4 (368 m) to 470 m, 
conductor and  low P-wave. 

473 475 1.4E-05 -4.9

KR10 325 329 ONK20B 326 327.45 RiIII, BFI 327 327 Low P-wave and conductor. Good 
conductor also in depth 292-302 m.

325 329 3.4E-06 -5.5

KR14 213 220 ONK20B 217.55 219.13 Hanging wall KA(frac), IL(frac),217.55-
219.13 BFI

213 220 Weak MAM from KR4 (368 m), 
conductor and  low P-wave. High 
Susceptibility.

Direct  continuation at depth 305 m.

KR22 423 427 ONK20B 423.35 425.65 BJI, RiIII 423.93-425.34 423 427 MAM from KR4 (368 m) to 435 and 
450 m. Conductor and  low P-wave.

423 427 3.0E-06 -5.5

KR23 448 460.25 ONK20B 448.19 449.58 RiIV 448 451 Conductor and  low P-wave. MAM 
from KR28 (442 m) goes under 
measuring (end 435 m) or below hole.

448 450 4.3E-07 -6.4 Can be also below drillhole.

KR24 395 399 ONK20B 397.04 397.9 RiIII 395 399 Conductor and  low P-wave. 396 398 4.0E-06 -5.4 HZ20B_ALT
KR25 365 373.2 ONK20B 369.31 373.2 BJI, RiIII 385 386 MAM from KR4 (368 m) to 380-390 

m.
365 373 1.5E-05 -4.8 Can be also at depth 405 m.

KR27 MAM from KR25 (383 m) goes below 
hole.

KR28 440 448 ONK20B 444.57 446.39 RiIV 440 447 Low P-wave and conductor. 442 448 5.6E-06 -5.2
KR29 320 339.92 ONK20B 320.2 339.92 RiIII-IV, BJI 320 339 MAM from KR4 (368 m) to 333-339 

m. Earthing in KR29 at depth 355 m 
is connected to KR4 at depth 360m. 
Conductor

322 338 6.8E-06 -5.2

KR38 374.04 386 ONK20B 374.04 384.8 Several RiIII and RiIV 375 385 MAM from KR4 (368 m) to 370-385 
m, conductors, low P-wave at depth 
384.5 m.

382 386 1.2E-05 -4.9 HZ20B_ALT

KR39 144 161 ONK20B 146.88 151.1 RiIV 144 161 Conductor and  low P-wave. 145 155 5.9E-06 -5.2
KR40 625 631.24 ONK20B 630.39 631.24 RiIV 625 630 MAM from KR4 (368 m). 1.0E-10 -10.0 T=6E-7 m2/s within 607-613 m Can be also at depth 610-613 m.
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Hole_id m_from m_to Id m_from m_to G_Remarks m_from m_to GF_Remarks m_from m_to T, m2/s LogT H_Remarks Remarks
GEOLOGY GEOPHYSICS GEOHYDROLOGY

KR1 345 350 ONK56 Intact rock. 345 350 MAM from KR4 (493 m) 1.0E-10 not transmissive
KR3 158 162.75 ONK56 158.2 162.75 BFI, RiIII, KA 158 159 MAM from KR7 to depth 140 m. Low 

P-wave.
3.0E-09

KR4 484 497 ONK56 484 497 Conductor and low P-wave at depth 
493. MAM earthing at depth 490, 
measured holes KR1, KR7 and KR28.

1.0E-10 not transmissive

KR7 407 417 ONK56 409.31 415.2 RiIII, IL(frac),SK(frac), DSI, BFI 408 417 MAM from KR4 (490 m), large caliber, 
low P-wave and concuctor.

407 416 1.0E-06 -6 T=1E-8 m2/s by flow-log, but 1E-6 
m2/s by HTU

KR8 ONK56 Below hole.
KR9 485 491 ONK56 485 486 Fracturing 485 486 Low P-wave, MAM from KR4 (490 m) 

to depth 485 m.
489 491 9.7E-09 -8.0

KR10 432 433 ONK56 Intact rock. 432 433 MAM from KR4 (493 m), connection 
also to depth 468 m.

1.0E-10 not transmissive

KR14 381 382 ONK56 Intact rock. 381 382 MAM from KR4 (493), connection 
also to depth 300-335 m. Uncertain.

1.0E-10 not transmissive

KR25 571.55 578 ONK56 571.55 578 BFI, RiIII 572 578 MAM from KR4 to depth 570 m. 574.5 576.5 6.5E-08 -7.2
KR28 565 570 ONK56 565.2 568.69 RiIII-RiIV 565 569 MAM from KR4 to depth 570 m, low P-

wave and conductor. Large caliber. 
568 570 2.0E-09 -8.7

KR37 ONK56 Below hole. MAM connection from KR7 to depth 
320 m something other conductive
feature like graphite…

KR38 ONK56 MAM Several connections 160-250, 360-
400, 440 and 530 or below drillhole.

KR39 ONK56 MAM 230-235, 255,305-325
KR40
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Hole_id m_from m_to Id m_from m_to G_Remarks m_from m_to GF_Remarks m_from m_to T, m2/s LogT H_Remarks Remarks
GEOLOGY GEOPHYSICS GEOHYDROLOGY

KR4 81 84 ONK19A 81.41 82.61 RiIII, BFI ja DSI, KA(frac) 81 82 MAM from KR4 (80 m).Low P-wave 
and conductor.

82 84 6.1E-06 -5.2

KR7 21 22 ONK19A 21 22 Open fractures 21 22 Low P-wave and large caliber. 21 22
KR8 103 124 ONK19A 103 107.7 BJI, highly fractured 104 124 1.4E-05 -4.9 Casing Extremely uncertain
KR9 146 151 ONK19A 147.33 149.56 BFI, RiIII-IV 146 151 MAM from KR4 (80 m).Low P-wave 

and conductor.
146 150 1.8E-05 -4.8

KR11 113.79 118.12 ONK19A 113.79 118.12 RiIII-IV, (BFI) Casing Uncertain
KR14 12 16 ONK19A Highly fractured 12 16 3.5E-06 -5.4
KR22 96.92 118.24 ONK19A 96.92 118.24 RiIII, BFI, BJI 109 113 Low P-wave. MAM from KR4 (80 m) 

to depth 152-153 m.
97 113 5.0E-05 -4.3

KR23 133 139 ONK19A 133 138 Highly fractured 137 139 Low P-wave and conductor. 133 138 2.0E-05 -4.7
KR24 94 96 ONK19A 94.02 94.35 RiIII 94.28 MAM from KR4 (80 m) to depth 90-95 

m. Low P-wave.
94 96 1.9E-05 -4.7

KR25 93 97.3 ONK19A 94.45 97.3 BJI, RiIII, similar as in ONK-PH4 96.4 97.2 MAM from KR4 (80 m) to depth 90-
100 m. Low P-wave.

93 97 2.5E-05 -4.6

KR27 255 265 ONK19A 261.3 262 RiIV, BFI 255 265 MAM from KR4 (80 m), Low P-wave 
261-263 m.

257 263 2.7E-06 -5.6 HZ19C

KR28 134 157 ONK19A 144 157 KA, SK alteration 155 156 MAM from KR4 (80 m). 134 140 3.8E-07 -6.4
KR29 60 65 ONK19A 62 63 Fracturing 60 65 2 conductors and slightly lower P-

wave.
62 64 1.6E-07 -6.8

KR30 47 61 ONK19A 55.4 56.35 BJI, RiIII 52.3 54 low P-wave and conductor. Both 19A 
and 19C have weak connection at 
depth 50 m.

47 61 4.2E-05 -4.4

KR31 143 145 ONK19A Some fractures 144 145 Conductor. 143 145 6.4E-06 -5.2
KR34 73 82 ONK19A 74 80 RiIV 78.32-78.83 73 79.5 Low P-wave. 74 82 4.2E-05 -4.4
KR35 90 96 ONK19A Fracturing MAM from KR4 (80 m) to depth 85 m. 

Low P-wave,
90 96 2.3E-05 -4.6

KR36 94 96 ONK19A Fracturing 94.05 94.85 Weak MAM anomaly from KR4 (80 m) 
at depth 95m.

94 96 2.0E-07 -6.7

KR37 118 124 ONK19A 123.32 123.83 RiIII 120 Several MAM connections from KR4 
(80 m) earthing to depths 120, 180, 
275 and 300 m.

118 124 1.6E-05 -4.8

KR38 86 92 ONK19A 88.15 88.75 RiIV 87.5 89 MAM from KR4 (80 m) to depth 80-90 
m. Low P-wave, conductor and high 
susceptibility.

86 92 5.1E-05 -4.3

KR40 270 284 ONK19A 273.87 275.69 RiIII-IV 270 275 MAM from KR4 (80 m). 282 284 8.9E-07 -6.0
PH4 84 90.2 ONK19A 84 90.2 RiII-III, Graphite and pyrite bearing 

section, with high water inflow (65 
l/min).

84 90 1.0E-05 -5.0

ONKALO 931.9 963 ONK19A 931.9 963 ONK-BFI-93190-96300, RiIV
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Hole_id m_from m_to Id m_from m_to G_Remarks m_from m_to GF_Remarks m_from m_to T, m2/s LogT H_Remarks Remarks
GEOLOGY GEOPHYSICS GEOHYDROLOGY

KR4 115.2 118 ONK19C 115.2 116.8 Random fracturing 116 117 Low P-wave and MAM from KR25 116 118 4.2E-05 -4.4
KR7 44.5 50 ONK19C 45 49 Random fracturing 44.5 46.3 Low P-wave, weak conductor. 46 50 5.2E-07 -6.3
KR8 ONK19C Uncertain
KR9 183.7 191 ONK19C 183.7 188.64 RiII, moderate fraturing 186 189 Low P-wave, weak conductor. MAM 

from KR4 depth 116m.
187 191 1.3E-08 -7.9 Possible

KR10
KR11 122.7 127 ONK19C Random fracturing 122.7 125.5 Very weak P-wave low 123 127 4.5E-06 -5.3
KR12 41 49 ONK19C 45.9 46.4 Weak conductor 45.9-46.4, P-wave 

low 39-39.4 and 40.8 (very weak 46.1-
47.6)

41 49 1.9E-06 -5.7

KR13 12.6 15.1 ONK19C 12.6 15.1 Weak conductor 13.4-15.1, weak P-
wave low 12.6-13.2, 13.5-13.7, 13.9-
14.1 and 14.8-15

13 15 2.0E-06 -5.7

KR14 49.9 52 ONK19C Highly fractured 49.9 52 Weak conductor 49.9-51.3, P-wave 
low 49.7-52

50 52 1.2E-05 -4.9

KR22 138 153 ONK19C 138.8 152.8 BFZ, BJZ, RiIII, KA-SK alteration 138 153 Low P-wave and conductor. MAM 
from KR4 (116 m) to depth 191-196 
m.

145 153 3.4E-05 -4.5

KR23 193 203 ONK19C 195.33 196.11 RiIII, KA(frac),IL(frac),Sulf(frac) 193 203 Low P-wave and conductor. 193 199 2.1E-05 -4.7
KR24 111.5 118 ONK19C 112.55 116.2 BJI, RiIII 111.5 118 Conductor. MAM from KR4 (116 m) to 

depth 130-145.
114 116 3.9E-05 -4.4

KR25 122 125 ONK19C ? ? RiIII 114.16-115.06 122 123 Conductor, MAM from KR4 depth 
116m to 140-155.

123 125 1.3E-06 -5.9

KR27 276 306 ONK19C 277.87 301.97 Several RiIII, BFI and SFI 
intersections

276 306 MAM from KR25, low P-wave low and 
several conductors

277 295 1.2E-07 -6.9

KR28 170 178.3 ONK19C 170.21 178.3 BFI, RiIII-IV 171.5 178 MAM from KR4 depth 116m, low P-
wave.

170 178 2.6E-06 -5.6

KR29 92 98 ONK19C 94 96 Random fracturing 96 97.5 Slightly decreased P-wave. 92 98 2.3E-07 -6.6
KR30 81.09 87 ONK19C 81.09 83.48 BFI, RiIII 82 83.5 Low P-wave and conductor. 83 87 3.8E-06 -5.4
KR31 174.63 177 ONK19C 174.63 175.36 RiIII, highly fractures section 175 177 Low P-wave and wide conductor. 

MAM from KR4 (80 m and 116 m) to 
depth 180 m.

173 175 2.0E-05 -4.7 Uncertain

KR36 152 158 ONK19C 154.69 155.9 RiIV 155 Low P-wave 152 158 1.7E-05 -4.8
KR37 168 176 ONK19C Fracturing Weak conductor and low P-Wave at 

169 m.
168 176 1.2E-05 -4.9 MAM connection from KR4 (116 m) to 

190 m, 225 - 230 m, 270 m, 295 - 300 
m

KR38 116 126 ONK19C Random fractures and RQD 71 120 125 MAM from KR4 depth 116m. 116 126 3.8E-05 -4.4
KR40 282 286.87 ONK19C 283.73 286.87 RiIII 285 MAM from KR4 depth 116m. 282 284 8.9E-07 -6.0 Same as 19A - nothing nearby.

ONKALO 1045 1108.5 ONK19C 1045 1108.5 ONK-BFI-104500-110850, RiIII
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Hole_id m_from m_to Id m_from m_to G_Remarks m_from m_to GF_Remarks m_from m_to T, m2/s LogT H_Remarks Remarks
GEOLOGY GEOPHYSICS GEOHYDROLOGY

KR10 269 272 ONK043 271.47 271.59 RiIII, BFI, DSI 269.0-275.4 269 272 Susc high. 1.00E-10 not transmissive
ONKALO 1364.8 1366 ONK043 1364.8 1366 ONK-BFI-136480-136600, RiIV
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Hole_id m_from m_to Id m_from m_to G_Remarks m_from m_to GF_Remarks m_from m_to T, m2/s LogT H_Remarks Remarks
GEOLOGY GEOPHYSICS GEOHYDROLOGY

KR23 369 379 ONK100 372.5 373.02 RiIII, about half of fractures are 
closed

371.5 373.5 Conductor 371,5-373,5, P-wave low 
372-373

369 379 5.9E-08 -7.2 Transmissivity focused on fractures at 
depth of 369 and 379 m

KR25 215 224.5 ONK100 217.7 221.35 RiIII-IV, 217 224.5 Very weak conductors at 217-218.3 
and 220-222, weak P-wave low at 
222-224.5

215 221 1.0E-08 -8.0 Disturbed flow - transmissivity may be 
in the order of 1E-8 m2/s

KR26 93 98.3 ONK100 96.82 97.65 RiIII, RiIV 93.7 98.3 Weak conductor 96.4-98.3, P-wave 
low 93.7-93.9

93 98 3.0E-05 -4.5 Uncertain transmissivity -  but is at 
least 1E-6 m2/s

KR34 48.5 51.5 ONK100 49.23 50.17 RiIII, RiIV 48.5 51.5 Conductor 48.5-51.5, P-wave low 
48.8-50.5

49 49.5 3.7E-06 -5.4 may be single fracture at depth of 
49.3 m

KR37 56.23 58.8 ONK100 56.23 57.5 RiIII 56.23 58.8 Very weak conductor 55.3-56.3, P-
wave low 56.23-57.45, 57.85-58.2 
and 58.4-58.8

56.5 58.5 0.00000076 -6.1

PH4 ONK100 27.1 29.6 Two RiIII sections. 26.5 27.8 Conductor 27.0-27.5, low P-wave 
26.5-27.8
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Hole_id m_from m_to Id m_from m_to G_Remarks m_from m_to GF_Remarks m_from m_to T, m2/s LogT H_Remarks Remarks
GEOLOGY GEOPHYSICS GEOHYDROLOGY

ONKALO ONK101 70 71.9 Havainnot WR2006-37 and ONKALO 
acces tunnel, ONK-BFI-7000-7190

High transmissivities at shallow 
depths e.g. in KR25, KR26 and KR37

PH1 ONK101 98.05 99.7 RiV and RiIII sections also 1.05 m 
core loss.
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Hole_id m_from m_to Id m_from m_to G_Remarks m_from m_to GF_Remarks m_from m_to T, m2/s LogT H_Remarks Remarks
GEOLOGY GEOPHYSICS GEOHYDROLOGY

KR4 176 185.5 ONK103  Intact VGN 176 185.5 Conductor 176-180, low P-wave at 
182-185.5 (slightly decreased). MAM 
from KR28

not transmissive Several conductors at depth 168 - 
191 m.

KR8 303.93 310 ONK103 303.93 305.97 RiIII (303.93-305.97), BFI (303.93-
306.75) ja IL

304 310 Conductor 304-310, Low P-wave at 
304.5-309.3. MAM from KR28

306 310 1.3E-07 -6.9

KR14 91 101 ONK103 Highly fractured at 92-110 m. Contact 
between VGN and PGR

91 101 Conductor 91-94.75 and 100-101 
(weak), Low P-wave at 94-95. MAM 
from KR28

94 100 4.4E-08 -7.4

KR22 281 288 ONK103 284.3 Some filled and filled 
slickensidedfractures in DGN

281 288 Conductor 281-288, Low P-wave at 
283-285.5. MAM from KR28

not transmissive Parallel conductor at depth 262-273, 
with low P-wave at depth 264-267

KR22 236.5 242 ONK103 238 238.98 RiIII, highly fractured 236.5 242 Conductor 236.5-240, Low P-wave at 
240-242. MAM from KR28

not transmissive Weak MAM-connection

KR23 295 298.5 ONK103 Intact VGN 295 298.5 Conductor, MAM from KR28. No 
decreasing of P-wave.

not transmissive Parallel conductor at depth 253-269, 
with low P-wave at depth 259-261 
and 265.5-269. Connection from 
KR28 earthing (245 m).

KR24 170.9 174.75 ONK103 Some fractures in DGN 170.9 174.75 Conductor 173.5-174.75, lov P-wave 
at 170.9-172.5 and 174.65. MAM from 
KR28

T=2E-7 m2/s at 178 m Weeak conductor, possible one 
fracture. Connection from KR28 
earthing (245 m).

KR28 236.6 253.2 ONK103 Some fractures in DGN, KA-SK 
alteration

236.6 253.2 MAM earthing at KR28/245m, 
conductor 236.6-253.2, low P-wave at 
246.5-249.5

248.5 251.5 not transmissive

PH5 172 199.55 ONK103 174.9 199.55 RiIII at depth 199.2-199.55, several 
natural fractures sub horisontal and 
sub vertical.

172 176 1.0E-06 -6
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Hole_id m_from m_to Id m_from m_to G_Remarks m_from m_to GF_Remarks m_from m_to T, m2/s LogT H_Remarks Remarks
GEOLOGY GEOPHYSICS GEOHYDROLOGY

PH3 19.3 25 ONK110 19.3 21.8 RiIII and RiIV-Rk3. Strong 
chloritizaton. Filling KL, CC, SK, 
thickness 0.5-1.0 mm.

20 25 Conductor, Some low P-wave points 
20-23.5 m.

ONKALO 713.1 718.05 ONK110 713.1 718.05 ONK-BFI-71310-71805. RiIII
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