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ABSTRACT 

 
Olkiluoto is an island of ca. 10 km

2
 in area on the coast of the Botnian Bay and 

separated from the mainland by a narrow strait. The Olkiluoto nuclear power plant, with 

two reactors in operation and a third one under construction, and the underground 

repository for low and intermediate waste are located in the western part of the island. 

The repository for spent fuel will be constructed in the central part of the island at a 

depth of between 400 and 600 m. The suitability of Olkiluoto as a location for a spent 

fuel repository has been investigated over a period of 20 years by means of extensive 

ground- and air-based methods and shallow and deep drillings. 

 

In a regional context, Olkiluoto is located within a bedrock area, covering 

approximately 800 million years of geological history of the Precambrian 

Fennoscandian Shield. The oldest part of the bedrock consists of supracrustal, 

metasedimentary and metavolcanic rocks deformed and metamorphosed during the 

Palaeoproterozoic Svecofennian orogeny ca. 1900-1800 million years ago. They are 

mostly migmatised, high-grade metamorphic mica gneisses, containing cordierite, 

sillimanite or garnet porphyroblasts. Plutonic rocks consisting of trondhjemites, 

tonalites, granodiorites, coarse-grained granites and pegmatites intrude the supracrustal 

rocks. The Mesoproterozoic anorogenic Laitila rapakivi batholith, dated at 1583±3 Ma, 

is located in the central part of the region. The Eurajoki rapakivi stock, located 5 km 

east of Olkiluoto, is a satellite massif to the Laitila batholiths. After the rapakivi 

magmatism the geological evolution of the area continued with the deposition of the 

Satakunta sandstone. The upper parts of the sandstone were deposited ca. 1400-1300 

Ma ago, but the development of the sedimentation basin (graben) may have begun 

already during the rifting period, ca. 1650 Ma ago, associated with the intrusion of the 

rapakivi magma. The sandstone and older rocks are cut by olivine diabase dykes and 

sills 1270-1250 million years in age. Their geochemical features suggest that they are 

feeder channels to continental flood basalts, which have not, however, been preserved in 

the Satakunta area. Lake Sääksjärvi, northeast of the Satakunta sandstone, hosts 

approximately 4.5 km wide impact structure of early Cambrian age (ca. 560 Ma). Below 

water level it contains unexposed suevite breccia and impact melt breccia.   

 

Day 1 of the field excursion introduces the Palaeoproterozoic geology of the Olkiluoto 

site, with special emphasis to the structural geology. Day 2 presents the 

Mesoproterozoic history of southern Satakunta area, including the Laitila and Eurajoki 

rapakivi granites, the Satakunta sandstone and the olivine diabases. The excursion ends 

to the Lake Sääksjärvi, where boulders of impact rocks can be found on the northern 

shore of the lake. 

 

Keywords: Excursion, guide, geological setting, Olkiluoto, Satakunta 

 



Olkiluodon tutkimusalueen geologia, ekskursio-opas 

 
TIIVISTELMÄ 

 
Olkiluoto on noin 10 km

2
:n suuruinen saari, jonka kapea salmi erottaa mantereesta. 

Saaren länsiosassa sijaitsevat Olkiluodon ydinvoimalaitoksen kaksi toiminnassa olevaa 

reaktoria ja yksi rakenteilla oleva reaktori, sekä matala- ja keskiasteisen ydinjätteen 

kalliovarasto. Käytetyn ydinpolttoaineen loppusijoitustila tullaan rakentamaan saaren 

keskiosiin 400-600 m syvyyteen. Olkiluodon soveltuvuutta loppusijoitukseen on tutkittu 

jo yli 20 vuoden ajan kairauksin sekä maanpinnalta että ilmasta tehtävien geologisin ja 

geofysikaalisin tutkimuksin.  

 
Olkiluoto sijaitsee alueella, jossa on näkyvissä noin 800 miljoonaa vuotta prekambrisen 

Fennoskandian kilpialueen kehityshistoriaa. Vanhimmat kivet ovat alkuperältään sedi-

menttisiä ja vulkaanisia kiviä, jotka deformoituivat ja metamorfoituivat ns. sveko-

fennisen vuorijonomuodostuksen aikana noin 1900-1800 miljoonaa vuotta sitten. Nyky-

muodossaan ne ovat migmatoituneita kiillegneissejä, joissa on kordieriitti-, sillimaniitti- 

tai granaattiporfyroblasteja. Niitä leikkaavat trondhjemiittiset, tonaliittiset, granodio-

riittiset ja graniittiset syväkivet. Mesoproterotsooinen Laitilan rapakivibatoliitti, jonka 

ikä on 1583±3 Ma, sijaitsee alueen keskiosassa. Siihen satelliittimassiivina kuuluva 

Eurajoen rapakivigraniitti sijaitsee noin 5 km itään Olkiluodosta. Rapakivien paikalleen 

asettumisen jälkeen alueen geologinen kehitys jatkui Satakunnan hiekkakiven kerros-

tumisella. Sen yläosat kerrostuivat noin 1400 - 1300 miljoonaa vuotta sitten, mutta 

hautavajoaman, jossa hiekkakivi on, kehittyminen on voinut alkaa jo noin 1650 

miljoonaa vuotta sitten. Hiekkakiveä ja muita sitä vanhempia kiviä leikaavat 1270 -

1250 miljoonaa vuotta vanhat oliviinidiabaasijuonet. Geokemiallisten piirteiden 

perusteella ne ovat syöttökanavia mantereisille basalteille, jotka eivät ole kuitenkaan 

säilyneet satakunnan alueella. Koilliseen Satakunnan hiekkakivimuodostumasta sijaitse-

vassa Sääksjärvessä on noin 4,5 km läpimittainen, varhais-kambrikautinen (ikä noin 560 

miljoonaa vuotta) meteoriitti-impaktirakenne. 

 

Ekskursion ensimmäinen päivä tutustuttaa vierailijan Olkiluodon tutkimusalueen paleo-

proterotsooiseen geologiaan, erityisesti sen rakennegeologiaan. Toisena päivänä pereh-

dytään eteläisen Satakunnan mesoproterotsooiseen historiaan, johon kuuluvat Laitilan ja 

Eurajoen rapakivigraniitit, Satakunnan hiekkakivimuodostuma ja oliviinidiabaasit. Eks-

kursio päättyy Sääksjärvelle, jonka pohjoisrannalla on mahdollista nähdä impakti-

kivilohkareita, kuten sueviittibreksiaa ja impaktisulabreksiaa. 

 

Avainsanat: Ekskursio, opas, geologia, Olkiluoto, Satakunta 
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1 GENERAL INTRODUCTION  

 

Currently there are four operating nuclear power reactors in Finland, built in the 70’s, 

and two of them are located at Olkiluoto, SW Finland, and two at Loviisa, Southern 

Finland.  The fifth reactor is under construction at Olkiluoto and should commence 

operation in 2010. According to Finland’s Nuclear Energy Act, all nuclear waste 

generated in Finland must be processed, stored and disposed of in Finland and therefore 

the two existing Finnish nuclear power companies, Teollisuuden Voima Oy and Fortum 

Power and Heat Oy established Posiva Oy to implement the final disposal programme 

for spent nuclear fuel and the related research, technical development and design 

activities. In 2001 the Finnish Parliament ratified the Government’s favourable Decision 

in Principle on Posiva’s application to locate the repository at Olkiluoto Island, SW 

Finland, where spent fuel from the Finnish nuclear power reactors is planned to be 

disposed of in a repository to be constructed at a depth of between 400 and 600 m in the 

crystalline bedrock. Following the guidelines given by the Ministry of Trade and 

Industry, Posiva aims at submission of the application of the construction license for the 

disposal facility by the end of the year 2012. Regarding the bedrock, an important part 

of this plan is the continued construction of the underground rock characterisation 

facility, ONKALO, which started in autumn 2004, as well as further surface based 

characterisation of the Olkiluoto island.  

 

Olkiluoto is a large island (~ 10 km
2
) on the coast of the Bothnian Bay and separated 

from the mainland by a narrow strait. The Olkiluoto nuclear power plant, with two 

reactors in operation and a third one under construction, and the VLJ repository for low 

and intermediate waste are located in the western part of the island. The repository for 

spent fuel will be constructed in the central part of the island. The suitability of 

Olkiluoto as a location for a spent fuel repository has been investigated over a period of 

20 years by means of extensive ground- and air-based methods and shallow and deep 

(300 – 1000 m) drillholes.  The main purpose of the detailed investigations is to ensure 

that the geological, mechanical, thermal and hydrological properties of the bedrock are 

suitable for disposal and to provide background data for the assessment of the behaviour 

of the repository-bedrock system during a time span of several million years. As an 

example, this necessitates the detailed collection of fracture data, which can then be 

used both in deterministic and stochastic modelling and further in the analysis of 

hydrological and mechanical properties. In addition, for the design of the repository 

layout, a continuously updated and detailed bedrock model is required. In order to 

sustain the model development continuous geological data acquisition work is needed in 

the tunnel and at the surface. Therefore drilling of new drillholes is required so that the 

layout design of the repository is respectively refined based on model updates. 
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2 REGIONAL GEOLOGY  

 

Olkiluoto is located within a bedrock area, covering approximately 800 million years of 

geological history of the Precambrian Fennoscandian Shield (Fig. 1). The oldest part of 

the bedrock consists of supracrustal, metasedimentary and metavolcanic rocks deformed 

and metamorphosed during the Palaeoproterozoic Svecofennian orogeny ca. 1900 - 

1800 million years ago. They are mostly migmatised, high-grade metamorphic mica 

gneisses, containing cordierite, sillimanite or garnet porphyroblasts. Amphibolites, 

uralite porphyrites and hornblende gneisses, which were originally mafic and 

intermediate volcanics, occasionally occur as narrow interlayers in the supracrustal 

sequences. Plutonic rocks consisting of trondhjemites, tonalites, granodiorites, coarse-

grained granites and pegmatites intrude the supracrustal rocks. Except for a few small 

bodies, more mafic intrusive rocks, gabbros and diorites, are encountered only as small 

xenoliths. 

 

The supracrustal rocks of the Satakunta region, to which Olkiluoto belongs, can be 

subdivided into two main domains: a pelitic migmatite belt in the southwest, and a 

psammitic migmatite belt in the northeast. The pelitic and psammitic migmatite belts 

can be distinguished on the basis of predominant granitic and trondhjemitic to 

granodioritic leucosomes, respectively (Korsman et al. 1999). Plate tectonic 

reconstructions of the Precambrian of Finland, partly based on the results of major deep 

seismic sounding experiments, such as the international GGT/SVEKA project (along a 

NE-SW transect through the Satakunta area), indicate that the pelitic and psammitic 

migmatite belts in Satakunta represent parts of the early Proterozoic Southern Finland 

and Central Finland continental arcs, respectively (Lahtinen 1994, Nironen 1997, 

Korsman et al. 1999). Collision of these arc complexes took place 1890 - 1880 Ma ago, 

when the rocks were deformed and metamorphosed for the first time. The highT/lowP 

metamorphism was caused by mafic underplating, which led to a strong increase in 

temperature, and recrystallisation and partial remelting of the rocks in the upper crust. 

The collision of the arc complexes is characterised by intense magmatic activity, which 

appears as synorogenic granitoids. In the next stage, 1860 - 1810 Ma ago, mafic 

underplating caused a second high-temperature metamorphic event and partial melting 

of the sedimentary rocks in southern Finland, producing the late-orogenic potassium 

granites, dated at 1840 - 1830 Ma. 

 

The Mesoproterozoic anorogenic Laitila rapakivi batholith, dated at 1583±3 Ma 

(Vaasjoki 1996), is located in the central part of the region. The Eurajoki rapakivi stock, 

located 5 km east of Olkiluoto, is a satellite massif to the Laitila batholith (Haapala 

1977).  The rapakivi granites are classified as anorogenic granites, meaning that their 

generation and emplacement are not directly connected to the Svecofennian orogeny.  

The intrusion of the rapakivi magma was polyphasic, as evidenced by several different 

rapakivi granite types in the Laitila rapakivi batholith and the Tarkki and Väkkärä 

granites of the Eurajoki stock (Vorma 1976, Haapala 1977). The rapakivi magmas were 

formed by extensive melting of the lower crust in an extensional tectonic regime and 

intruded into higher crustal levels along pre-existing shear zones and faults (Rämö & 

Haapala 2005). 
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After the rapakivi magmatism the geological evolution of the area continued with the 

deposition of the Satakunta sandstone. The upper parts of the sandstone were deposited 

ca. 1400 - 1300 Ma ago, but the development of the sedimentation basin (graben) may 

have begun already during the rifting period, ca. 1650 Ma ago, associated with the 

intrusion of the rapakivi magma (Kohonen et al. 1993). The Satakunta sandstone 

formation was deposited fluvially in a deltaic environment and has been preserved in a 

NW-SE trending graben structure (Kohonen et al. 1993). The sedimentary material of 

the sandstone derives from the Svecofennian supracrustal and plutonic rocks, indicating 

that the rapakivi granites were not yet exposed during the deposition of the sandstone 

formation. Block movements occurred after the formation of the sedimentary basin and 

the deposition of the sandstone, as evidenced by the tilted sandstone beds in the 

northeastern part of the graben. Based on one borehole and geophysical interpretation, 

the thickness of the sandstone is at least 600 m, and probably as much as 1800 m thick. 

The sandstone was originally distributed over a much larger area but, at present only the 

part, protected by the subsided graben is preserved. 

 

The sandstone and all the older rocks are cut by olivine diabase dykes and sills 1270 - 

1250 million years in age (Suominen 1991). Their geochemical features suggest that 

they are feeder channels to continental flood basalts, which have not, however, been 

preserved in the Satakunta area.  The low-altitude aeromagnetic maps suggest that the 

olivine diabase dykes and sills are cut by younger diabase dykes trending almost north-

south but these dykes are not exposed. Lake Sääksjärvi, northeast of the Satakunta 

sandstone, hosts approximately 4.5 km wide impact structure of early Cambrian age (ca. 

560 Ma). Below water level it contains unexposed suevite breccias and impact melt 

breccia.   

 

In the Bothnian Sea basin, the Mesoproterozoic sandstone (offshore continuation of the 

Satakunta sandstone formation) is overlain by Cambrian and Lower Ordovician 

sandstones, siltstones and mudstones, which are covered by Middle and Upper 

Ordovician carbonate rocks (see Paulamäki & Kuivamäki 2006 and references therein). 

The bedrock movements after the deposition of the Palaeozoic sediments are 

demonstrated by faults, cutting the Proterozoic basement and the overlying Palaeozoic 

sedimentary cover. Although Palaeozoic sedimentary rocks do not at present exist 

onshore in southern Satakunta, large parts of the Precambrian bedrock were once 

covered by them, as indicated by presumably Lower Cambrian sandstone dykes in 

Åland, in the Turku archipelago and in the Vehmaa and the Laitila rapakivi granite 

batholiths. The apatite fission track studies indicate that extensive Silurian to Devonian 

deposits most likely covered large parts of the Fennoscandian Shield, with an estimated 

thickness of 3 - 4 km in Sweden and ca. 1 km in the Satakunta area (see Paulamäki & 

Kuivamäki 2006 and references therein).  These deposits were derived from the eroded 

Caledonian mountain chain along the north-western margin of the Fennoscandian 

shield. The Palaeozoic-Mesozoic sedimentary cover still existed ca. 75 Ma ago, as 

evidenced by the sedimentary rocks in the Lappajärvi meteorite impact structure but 

were eroded away probably by late Mesozoic to early Cenozoic (Kohonen & Rämö 

2005). In the Paleogene and Neogene, tectonic uplift measuring 1-2 km took place in 

western Scandinavia in connection with the opening of the North Atlantic. It has been 

estimated that the uplift in the Bothnian Sea area was about 500 m. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Regional geology of Olkiluoto (from Anttila et al. 1999). The location of Olkiluoto is marked with a box.  
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3 EXCURSION STOPS  

3.1  Day 1: Geology of the Olkiluoto site  

3.1.1 Introduction 

 

Day 1 introduces the geology of the Olkiluoto site (Fig. 2). The bedrock of Olkiluoto 

mostly comprises Svecofennian high-grade metamorphic supracrustal rocks, the source 

materials of which are epiclastic and pyroclastic sediments. These rocks are migmatised 

by abundant leucocratic pegmatitic granites and cut by a few narrow mafic dykes. In 

terms of their mineral composition, texture and migmatite structure, the rocks of 

Olkiluoto can be divided into four major classes: 1) migmatitic gneisses, 2) tonalitic-

granodioritic-granitic gneisses or TGG gneisses, 3) other gneisses including mica 

gneisses, quartz gneisses and mafic gneisses, and 4) pegmatitic granites (Mattila et al. 

2008). The migmatitic rocks can further be subdivided into stromatic gneisses, veined 

gneisses and diatexitic gneisses on the basis of their migmatite structures. The 

migmatitic gneisses represent end members in a transition system of gneisses and 

migmatites. The change from gneisses to migmatites and from one migmatite type to 

another takes place gradually, so that only artificial borders between the end members 

can be defined. All the rock types mentioned above are very sharply cut by ca. 1560 Ma 

old, NE-SW striking narrow diabase dykes, which dip steeply to the NW. 

 

On the basis of the whole-rock chemical compositions, the supracrustal rocks of 

Olkiluoto can be divided into four distinct series or groups: a T series, S series, P series 

and basic, volcanogenic gneisses (Kärki & Paulamäki 2006), T, S and P standing for 

Turbidite, Skarn and Phosphorus, respectively.  In addition, pegmatitic granites and 

diabases form groups of their own that can be identified both macroscopically and 

chemically. 

 

On the basis of refolding and crosscutting relationships, the metamorphic supracrustal 

rocks have been subject to polyphased ductile deformation, including five stages (D1-

D5), the D2 being locally the most intensive phase and producing thrust-related folding, 

strong migmatisation and pervasive foliation. The axial surfaces of F2 folds most 

probably were subhorizontal due to overturning. The age of the D2 phase is estimated to 

be at 1880-1860 Ma based on the age of the TGG gneisses In regional context, D2 can 

be related to a major N-S accretional stage, defined as the Fennian orogen by Lahtinen 

et al. (2005). In the subsequent  thrust-related  deformation phase D3, the earlier 

deformed migmatites were zonally refolded, rotated or sheared. Zones dominated by 

ductile D3 shear structures and tight F3 folds were formed, and often the D2 structures 

were rotated parallel to the F3 axial surface (S3) striking to the NE and dipping to the 

SE. D3 shear zones are thrust zones parallel to the F3 axial surfaces or E-W striking 

oblique-slip shear zones. Observed shear zones parallel to F3 axial surfaces are 

characterized by shear bands of blastomylonitic fault rocks. Simultaneously with D3 

deformation new granitic leucosomes and cogenetic pegmatite dykes or migrated 

leucosomes intruded often parallel to the F3 axial surfaces and shear structures. The 

approximate age of the D3 deformation at Olkiluoto is 1860-1830 Ma based on the U-Pb 

(SIMS) age of one D3 related pegmatitic granite dyke cutting the 1863 Ma TGG gneiss. 
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This deformation phase may be related to a new collision, named as the Svecobaltic 

orogen by Lahtinen et al. (2005).  

Subsequently, D3 elements and earlier structures were again redeformed in deformation 

phase D4, which produced close to open F4 folds with axial planes striking to the NNE 

and dipping to the ESE. In places, a few centimetres to several metres wide thrust-

related ductile D4 shear zones, subparallel to the regional direction of S4, have been 

observed. The central and south-eastern parts of the Olkiluoto site, the ONKALO area 

and the region ca. 500 m eastward from it, have been affected more strongly by D4. At 

least a part of intrusive-like rocks named at Olkiluoto as K-feldspar porphyries (Mattila 

2006) seem to be related to D4 shear zones. The age of the D4 stage at Olkiluoto is 

estimated to be less than 1830 Ma, i.e., this deformational event took place during the 

Svecobaltic orogen (see Lahtinen et al. 2005).  

In summary, the ductile structural evolution of the Olkiluoto supracrustal rocks seems to 

have been started simultaneously with the Svecofennian island arc evolution, ca. 1910 

Ma ago and to have stopped at the latest 1790 Ma ago (Paulamäki et al. 2006). Ductile 

deformation events are clearly related to the deformational events of the adjacent 

regions but exact correlation is impossible without direct age determinations of 

deformation processes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Geological map of Olkiluoto (Mattila et al. 2008). 
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3.1.2 Stop No 1 : Selkänummenharju 

Location 

Selkänummenharju outcrop area. X = 6793133, Y = 1524805 (Finnish National 

Coordinate System, Zone 1), WGS84:  N 61°14'45.3092", E 21°27'30.7591". 

Introduction 

In the stop, the sheared contact between the veined gneiss and the tonalitic-

granodioritic-granitic gneiss can be seen. At Olkiluoto, the veined gneisses are 

migmatites, which contain diverse elongated, folded or stretched leucosomes of 

diameters varying from several millimetres up to ten centimetres (Kärki & Paulamäki 

2006). Due to the high grade of deformation, the leucosomes show a distinct lineation 

and often axial symmetry and appear as swellings in the veins or roundish quartz-

feldspar aggregates that may be composed of augen-like structures with diameters 

varying between 1 and 5 cm The palaeosome is often banded and can show the products 

of intense shear deformation, e.g. asymmetric blastomylonitic foliation. The migmatite 

structures of the rocks in this group are variable and show various modifications of 

phelibitic structure, folded structure, ophthalmitic structure and schlieren structure, as 

described in the scientific literature (e.g., Mehnert 1968). In addition, features of other 

structural types, such as diktyonic structure, surreitic structure and ptygmatic structure, 

have occasionally been observed. Migmatitic rocks that belong to this group make up 

43% of the drill core samples studied so far, and it has been shown that veined gneisses 

are the dominating migmatitic gneiss type in the central part of the Olkiluoto site. 

 

The TGG gneisses, where TGG is an abbreviation for “tonalite-granodiorite-granite”, 

are medium-grained, relatively homogeneous rocks that can show a weak metamorphic 

banding or blastomylonitic foliation but can also resemble plutonic, non-foliated rocks 

(Kärki & Paulamäki 2006). In places, the TGG gneisses are well-foliated, banded 

gneisses with features typical of blastomylonitic rocks in high-grade ductile shear zones, 

such as kinematic indicators or other distinctive structures. TGG gneisses have gone 

through the same deformational and metamorphic history as the migmatites and 

gneisses. Cross-cutting pegmatitic granites and leucosome-like veins may comprise up 

to 20% of the volume of the gneissic rock units in some places, but totally homogeneous 

variants without any leucosome are also typical. The proportion of TGG gneisses in the 

drill cores studied so far is 8%. 

Description 

At the outcrop, the veined gneiss shows alternation of 5-15 cm wide quartz- and 

feldspar-rich psammitic bands and pelitic bands containing more biotite (Fig. 3A).  This 

alternation may indicate primary lithological layering. The pelitic parts of the migmatite 

contain a few millimetres to a few centimetres wide granite leucosome veins parallel to 

the foliation. This veining has been interpreted to be related to migmatization during 

deformation phase D2 (D2 migmatite). No leucosome veins occur within the psammitic 

bands. However, some of the psammitic bands have a mm-scale quartz-feldspar 

segregation banding. The foliation S2 has a dip direction/dip 168/35-45°. A weak 

foliation cross-cuts S2 foliation in the orientation of 134/60° (S3). The veins have 

kinematic indicators showing sinistral sense-of-shear concordantly to the foliation (Fig. 
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3B). Apparently the isoclinal, intrafolial folding of the leucosome veins is related to this 

D2 shearing.  

 

The tonalitic-granodioritic-granitic gneiss (TGG) at the outcrop is leucocratic, medium.-

grained and clearly oriented (gneissic foliation). A few centimetres wide coarse-grained, 

pale-coloured granite veins cross-cut the TGG (Fig. 3C), and also occur as wide 

patches. There are also veins parallel to the foliation. The TGG is garnet-bearing. 

 

The veined gneiss is strongly sheared in the TGG gneiss contact (Fig. 3D). The shear 

zone has a dextral sense-of-shear and it has been interpreted as D3 shear zone. In the D3 

shear zone at the TGG/VGN contact, a crenulated D5(?) folds with a trend/plunge of 

116/35° occur.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. A) Veined gneiss showing alternation of quartz- and feldspar-rich psammitic 

bands and pelitic bands.  The pelitic parts contain granite leucosome veins parallel to 

the foliation. B) Rotated granite leucosome budin showing sinistral sense-of-shear. C) 

TGG gneiss cross-cut by coarse-grained granite veins. D) Strong shearing of the veined 

gneiss in the TGG gneiss/veined gneiss contact. Photos by Seppo Paulamäki, GTK. 
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3.1.3 Stop No 2: Selkänummenharju 

Location 

Selkänummenharju outcrop area. X = 6793005, Y = 1524615 (Finnish National 

Coordinate System, Zone 1), WGS84:  N 61°14'41.2170", E 21°27'17.9598". 

Introduction 

The cleaned outcrop is composed of 2 m wide, weakly migmatised, D3-sheared veined 

gneiss that occurs as an intercalated layer within the pale-coloured, clearly oriented 

TGG gneiss. In the veined gneiss, coarse-grained, reddish pegmatitic granite veins occur 

(Fig 4). Pale-coloured veins also occur in the TGG, through which the foliation passes. 

The TGG gneiss is abundant in garnet porphyroblasts, ca. ≤1 cm in diameter. The 

veined gneiss and the TGG gneiss have been deformed by deformation phases D2 and 

D3. 

Description 

The veined gneiss has a clear banding, with alternating 0.5-5 cm wide quartz-feldspar-

rich and biotite-rich bands. The pale-coloured granite leucosome veins, which usually 

occur parallel to the banding, are generally only a few millimetres to a couple 

centimetres wide but in the N-side of the mica gneiss, ca 30 cm wide boudined granite 

leucosome vein occur. The banding is very linear due to foliation-parallel dextral 

shearing (Fig. 4B). The bands are tightly to isoclinally folded by two subsequent folding 

phases, F2 and F3 with axial planar foliations, and leucosome veins occur parallel to 

both of the axial surfaces (D2 and D3 leucosomes).  The weak biotite foliation seen in 

Fig 4C has been interpreted as S1 foliation of deformation phase D1. It has been folded 

by isoclinal F2 folds showing axial planar foliation S2. S1 and S2 can be separated only 

at the hinge zone of the F2 folds. Elsewhere they form a composite foliation S1/2. S1/2 

foliation has been redeformed by F3 folding of deformation phase D3 with axial planar 

foliation S3 (Fig. 4C). D3 leucosomes usually occur parallel to F3 axial surface and 

obliquely to the main foliation. The boudined granite leucosome veins parallel to the 

foliation have been interpreted as D2 leucosomes but it is probable that some part of the 

veins occurring parallel to the foliation are D3 veins rather than D2 

 

The northern contact between the mica gneiss/veined gneiss and the TGG is partly 

linear, partly folded. There seems to be a small discordance between the foliation in the 

TGG gneiss and in the mica gneiss. In the E-side, the grain size of the TGG gneiss in 

the shear zone is significally smaller and the shear zone contact is very sharp against the 

pale-coloured granite veins in the TGG gneiss (Fig. 4D). 

 

The dark-coloured band in the southern part of the outcrop contains plagioclase 

(An≈55), biotite and quartz with abundant apatite and opaques. The band most likely 

represents a phosphorus-rich interlayer within the TGG gneiss. 
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Figure 4. A) Weakly migmatised veined gneiss band within the TGG gneiss. B) Veined 

gneiss with banded mica gneiss palaeosome (mesosome) and boudined granite neosome 

(leucosome) veins showing dextral sense-of-shear. C) The veined gneiss with foliation 

S1 folded by F2 with axial planar foliation S2. The veined gneiss is re-folded by F3 with 

axial planar foliation S3 and axial planar granite leucosome veins. The boudined and 

rotated leucosome veins and asymmetric F3 folds show dextral sense-of-shear. D) The 

TGG gneiss/sheared veined gneiss contact. E) Dark-coloured, apatite-rich interlayer 

within the TGG gneiss. Photos by Seppo Paulamäki, GTK. 
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3.1.4 Stop No 3: Olkiluoto mobile home field  

Location 

Cleared and cleaned outcrop. X = 6791181, Y = 1527281 (Finnish National Coordinate 

System, Zone 1), WGS84:  N 61°13'41.6609", E 21°30'15.7672". 

Introduction 

The outcrop shows F4-folded veined gneiss. In deformation phase D4, the earlier 

deformed structures were again redeformed in deformation phase D4, which produced 

close to open F4 folds with axial planes striking to the NNE and dipping to the ESE. The 

outcrop and trench mappings indicate that the central and south-eastern parts of the 

Olkiluoto site, the ONKALO area and the region ca. 500 m eastward from it, have been 

affected more strongly by D4. Due to D4 deformation, the D2/3 interference structures 

were zonally reoriented towards the orientation of the F4 axial surfaces (S4) and close to 

open F4 fold were created.  In places, a few centimetres to several metres wide ductile 

D4 shear zones, subparallel to the regional direction of S4, have been observed. In visual 

observation, D4 fault rocks seem to represent lower- grade metamorphic conditions than 

the elements associated with earlier deformations. At least a part of the intrusive-like 

rocks named at Olkiluoto as K-feldspar porphyries seem to be related with D4 shear 

zones. The age of the D4 stage at Olkiluoto is estimated to be less than 1830 Ma. 

Description 

The outcrop is composed of veined gneiss (D2 migmatite) with narrow quartz-feldspar 

segregation banding and parallel coarse-grained granite veining. Within the migmatite 

there is a rim-structured quartz gneiss inclusion with hornblende (skarn inclusion) 

representing remains of a Ca-rich layer. The leucosome veins in the migmatite have 

occasionally been isoclinally folded during deformation phase D2 and later re-folded 

during deformation phase D3. The D2 migmatite is rather openly folded by F4 folding 

with narrow axial planar shear zones and granitic leucosome veining (Fig 5A-C). The 

axial plane is striking towards the NE. No axial planar foliation exists. The D2 

migmatite (veined gneiss) is cut by ca. 1 m wide shear zone striking towards the NNE 

(Fig. 5D). It includes re-orientated fragments of D2 migmatite, which contain leucosome 

veins folded by F3. This is interpreted to be D4 shear zone. 
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Figure 5. A) Veined gneiss (D2 migmatite) folded by open F4 folding with axial planar 

shear zones and granitic leucosome. B) Granite leucosome veins parallel to the F4 axial 

surface. C) Narrow shear zones parallel to the F4 axial surface. D) D4 shear zone. 

Photos by Seppo Paulamäki, GTK. 

 

 

3.1.5 Stop No 4: Northern accommodation village  

Location 

Cleared and cleaned outcrop. X = 6791355, Y = 1527031 (Finnish National Coordinate 

System, Zone 1), WGS84:  N 61°13'47.3440", E 21°29'59.1030". 

Introduction 

The stop consists of diatexitic gneiss and TGG gneisses with F3 and F4 folding. The 

eastern part of the outcrop can be divided into two parts: 1) the SW part dominated by 

diatexitic gneiss, and 2) the NW part dominated by tonalitic-granodioritic-granitic 

gneiss (TGG gneiss). 

 

The term diatexitic gneiss is used at Olkiluoto for more strongly migmatized rocks that 

show a wide spectrum of generally asymmetrical and ambiguous migmatite structures 

(Kärki & Paulamäki 2006). Most of them would fall in the category of “diatexites” (cf. 

Wimmenauer & Bryhni 2007), and may be characterized by nebulitic, stictolithic and 

schollen structures of Mehnert (1968).  However, detailed examination of the diatexitic 

gneisses at Olkiluoto has shown that also features of other migmatite structure types can 
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be found. This group includes variants that may contain more than 70% leucosome, and 

in which the palaeosome occurs as fragments of irregular shape and variable size. The 

margins of the palaeosome fragments are often gradational, and the fragments may be 

almost indistinguishable. Palaeosome fragments can be totally assimilated into cross-

cutting vein materials, or else the border zones of these particles may be gradual, 

progressive areas of transformation resembling schollen migmatites. Diatexitic 

migmatites differ from stromatic and veined gneisses due to coarser grained, gneissic 

paleosome and generally stronger migmatization.  Diatexitic gneisses make up 21% of 

the total length of the drill cores studied so far, and it can be assumed that the same 

percentage applies to the bedrock of the central part of Olkiluoto. 

Description 

At the outcrop, the diatexitic gneiss is dominated by coarse-grained granitic leucosome 

(neosome) (Fig. 6A). The gneiss is rather strongly sheared (sinistral sense-of-shear) 

(Fig. 6B). Long, strongly elongated skarn inclusions occur within the gneiss. Also TGG 

gneiss inclusions occur, and they are cut by the leucosome of the diatexitic gneiss (Fig. 

6C). In addition to the foliation-parallel coarse-grained granite neosome vein, there are 

also conformable pegmatitic veins. The diatexitic gneiss with the TGG gneiss inclusions 

is, in places, sharply cut by very heterogeneous, pale-coloured granite with patches of 

biotite and fragments of the diatexitic gneiss (forming a mixture of granite and diatexitic 

gneiss) (Fig. 6E). This heterogeneous granite brecciates the TGG gneiss. 

 

There are two kinds of TGG gneiss in the NW part of the outcrop. In the NW part, the 

TGG gneiss is pale-coloured, clearly foliated and, in places, is abundant in biotite 

stripes (Fig. 6E). The other type of TGG gneiss (“dark TGG gneiss”) occurs between 

the above TGG gneiss type and the diatexitic gneiss. It occurs as folded bands within 

the above type (Fig.6F), or as large fragments brecciated by pegmatitic granite. In the 

bands and in the brecciated fragments, the central part is darker than the rest of the 

gneiss. They are composed of An-rich (ca. 55), seritisitized plagioclase, biotite and 

quartz. Apatite and opaques occur in abundance. They resemble the dark tonalitic, 

apatite-rich gneisses mapped in the southern part of Olkiluoto (Paulamäki 1989). The 

high amount of apatite indicates that they represent phosphorus-rich interlayers within 

the TGG gneiss.  

 

The TGG gneiss is sheared (stretched) as manifested by boudined granite leucosome 

veins (Fig. 7A, B). In places, the veins are isoclinally folded, which is most likely 

related to shearing (Fig. 7C). The shearing has been interpreted as D2 shearing. This 

whole TGG gneiss-granitic leucosome package has been folded by large-scale F3 fold, 

the fold axis of which is gently plunging to the ENE (Fig. 7D). The distance between 

the fold limbs is ca. 4 m. Pale-coloured pegmatitic granite occurs in the hinge area of 

the fold, and it is cut by a 10-20 cm wide, very coarse-grained pegmatite dyke (Fig. 7E). 

This package of F3 folded D2 shearing is further folded by very open large-scale F4 fold, 

with a fold axis plunging to the N (Fig. 7D).  

 

The western part of the outcrop is composed, in its NW corner, of pale-coloured TGG 

gneiss with a pronounced orientation, and abundant in short and narrow biotite stripes 

together with mafic inclusions (5 x 5 to 3 x 15 cm). It is cut by rather coarse-grained, 

quartz-rich, tonalitic veins, which, in places, are openly folded. The foliation goes 
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through the veins and has a axial planar orientation to the folding. The SE part is 

composed of medium-grained, almost unoriented TGG gneiss, which, in places, 

contains potassium feldspar porphyroblasts (?) 0.5-3 cm in diameter. Hardly any granite 

veins occur in both of these TGG gneisses. The veins have quartz- and biotite-rich 

contacts against the TGG gneiss. Tight or calcite-filled or calcite-epidote-filled fractures 

occur within the TGG gneiss sinistrally or dextrally faulting the granite veins. The 

displacement varies from 2 to 7 cm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. A) Sheared diatexitic gneiss dominated by granite leucosome veins. B) 

Rotated budin of leucosome vein showing a sinistral sense-of-shear. C) TGG gneiss 

fragment within the diatexitic gneiss cut by granite leucosome vein. D) Heterogeneous 

coarse-grained granite cutting the diatextic gneiss. E) Pale-coloured, clearly foliated 

TGG gneiss. F) Dark, apatite-rich- rich interlayer within the TGG gneiss. Photos by 

Seppo Paulamäki, GTK. 
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Figure 7. A and B) Boudined granite leucosome veins within the TGG gneiss showing 

foliation-parallel shearing (stretching). C) Isoclinally folded granite leucosome vein. D) 

TGG gneiss + boudined granitic leucosome veins folded by large-scale F3 fold, and re-

folded by very open large-scale F4 fold. E) Coarse-grained granite in the hinge zone of 

the F3 fold cut by very coarse-grained pegmatite dyke. The length of the scale is 12 cm. 

Photos by Seppo Paulamäki, GTK. 
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3.1.6 Stop No 5: Northern accommodation village  

Location 

Cleared and cleaned outcrop. X = 6791413, Y = 1526795 (Finnish National Coordinate 

System, Zone 1), WGS84:  N 61°13'49.2756", E 21°29'43.3167". 

Introduction 

D4 deformation with special emphasis to D4 shear zones is the main issue in this stop. In 

deformation phase D4, the earlier structures were redeformed, which produced close to 

open F4 folds with axial planes striking to the NNE and dipping to the ESE. The outcrop 

and trench mappings indicate that the central and south-eastern parts of the Olkiluoto 

site, the ONKALO area and the region ca. 500 m eastward from it, have been affected 

more strongly by D4. Due to D4 deformation, the D2/3 interference structures were 

zonally reoriented towards the orientation of the F4 axial surfaces (S4) and close to open 

F4 fold were created.  In places, a few centimetres to several metres wide ductile D4 

shear zones, subparallel to the regional direction of S4, have been observed. In visual 

observation, D4 fault rocks seem to represent lower-grade metamorphic conditions than 

the elements associated with earlier deformations. At least a part of intrusive-like rocks 

named at Olkiluoto as K-feldspar porphyries seem to be related with D4 shear zones. 

The age of the D4 stage at Olkiluoto is estimated to be less than 1830 Ma. 

Description 

Intensively deformed (folded) diatexitic gneiss with foliation-parallel skarn inclusions 

occur in the western part of the outcrop (Fig. 8A). This part of the outcrop is 

characterised by very distinct N-plunging folding. No axial planar foliation exists but 

foliation S2 has more or less rotated into parallelism with the axial plane and the fold 

limbs. Probably most of the folds are originally F3 folds, as evidenced by axial planar 

narrow shear zones, typical to F3. The F3 fold axes have been rotated from the original 

NE-plunge to the N due to intense D4 deformation. Distinguishing between D3 and D4 

folds is not possible. Partial melting has occurred during D4 deformation as indicated by 

medium-grained granitic material with large potassium feldspar porphyroblasts (called 

at Olkiluoto as K-feldspar porphyry in Olkiluoto), which clearly cross-cuts the 

migmatite structures with diffuse contacts (Fig. 8B). 

 

Ca 2.5 m wide N-S striking D4 shear zone with a strong blastomylonitic foliation S4 (dip 

direction/dip 090/60°) occurs 5 m from the western border of the outcrop (Fig.8C and 

D). Grain-size reduction has occurred within the zone. However, in spite of the strong 

shearing that has affected the zone, it is not mylonitic. Large rotated potassium feldspar 

porphyroclasts occur within the shear zone, indicating sinistral sense-of-shear. 

 

The diatexitic gneiss is only weakly sheared in ca. 3 m wide zone east of the shear zone. 

After that, another shear zone occurs, which, however, is less sheared than the shear 

zone described above (Fig. 8 E and F). Within the shear zone, the leucosome veins 

show strong boudinage, but the grain size has not been changed much. No potassium 

feldspar porphyroclasts occur. The width of the zone is at least 4 m (the outcrop ends at 

the eastern border of the zone). A few quartz patches can be distinguished within the 

zone. The rotated quartz patches indicate sinistral (?) sense of shear. The 

blastomylonitic foliation S4 has a dip direction/dip of 085/65°. 



 22 

 

Figure 8. A) Strongly folded diatexitic gneiss. B) D4-related K-feldspar porphyry cross-

cutting the migmatitic structures. C) Rotated K-feldspar porphyroclasts or boudined 

leucosomes within D4 shear zone showing sinistral sense-of-shear. D) D4 shear zone 

with blasmylonitic foliation (S4) has a mica gneiss palaeosome with S2 foliation folded 

by F3. Rotated K-feldspar porphyroclast (or boudined leucosome?) indicates sinistral 

sense-of-shear. E) D4 shear zonein easten part of the outcrop. F) Rotated quartz-rich 

fragment within the shear zone showing sinistral sense-of-shear. The length of the scale 

is 12 cm. Photos by Seppo Paulamäki, GTK. 
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3.1.7 Stop No 6: Northern accommodation village  

Location 

Cleared and cleaned outcrop. X = 6791295, Y = 1526945 (Finnish National Coordinate 

System, Zone 1), WGS84:  N 61°13'45.4268", E 21°29'53.3091". 

Introduction 

The stop shows greisen veins cutting the TGG gneiss and pegmatitic granite veins. 

These greisen veins have so far not been studied in detail. However, within the Eurajoki 

rapakivi granite stock, located ca. 5 km E of Olkiluoto, the main minerals of the veins 

are quartz, micas and iron-rich chlorite. Often they are also abundant in topaz, fluorine, 

garnet, beryl, genthelvite and bertnandite (Haapala 1977). The most common ore 

minerals include sphalerite, cassiterite, chalcopyrite, wolframite, gahnite, molybdenite, 

rutile, secondary iron oxide, pyrite, pyrrhotite, arsenopyrite and galena.  From the 

greisen vein ca. 500 m W of this outcrop, 0.49% Zn, 0.08 Sn and 0.03% Cu have been 

analysed (Paulamäki 1989). The greisen veins are caused by hot, hydrous fluids, 

migrating in interstices and fractures of the rapakivi granites (Haapala 1977). The 

greisen veins in both of the rapakivi types in the Eurajoki stock, the hornblende-bearing 

Tarkki granite and the younger, light-coloured topaz-bearing Väkkärä granite, were 

formed by fluids emanated from the Väkkärä granite. 

Description 

The outcrop consists of grey, medium-grained, garnet-bearing tonalitic-granodioritic-

granitic gneiss (TGG gneiss), which is cut by dykes of pegmatitic granite (Fig. 9). In the 

northern part of the outcrop, abundant short, a few centimetres long biotite-rich stripes 

occur parallel to the foliation (Fig. 9B). The TGG gneiss is stretched and moderately 

sheared parallel to the foliation as shown by elongated skarn inclusions and granite 

leucosome veins showing pinch-and-swell and boudin structures. 

 

The pegmatitic granite (PGR) dykes are a few centimetres to a few tens of centimetres 

wide, very coarse-grained, garnet-bearing, and they run subparallel to the foliation (Fig. 

9C). In the widest dykes the grain size may be several centimetres. In the TGG/PGR 

contact, there is a narrow, a few millimetres wide biotite seam. In places, the dykes have 

been deformed into pinch-and-swell structure. Some of the narrower veins have been 

tightly to isoclinally folded (Fig. 9D). The folding is probably related to foliation-

parallel shearing. The axial plane of the folds is parallel to the foliation. Both pale- and 

red-coloured pegmatitic granite dykes occur but it seems that both of them belong to the 

same generation. The coarse-grained pegmatitic granite dykes are cut by narrow quartz 

veins striking towards the N. The veins do not continue from the dykes to the TGG 

gneiss. 

 

Both the TGG gneiss and the pegmatitic granite are cut by, subvertical greisen veins 

striking ca. 320° and 350° (Fig. 10). The veins are formed by a central quartz (+ 

fluorite?) vein surrounded by a 0.5-10 cm wide greenish alteration zone. Signs of 

faulting can be seen, however, with no visible displacement.  
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Figure 9. A) Medium-grained, garnet-bearing tonalitic-granodioritic-granitic gneiss 

(TGG gneiss). B) TGG gneiss with parallel biotite-rich stripes. C) Pegmatitic granite 

veins cutting the TGG gneiss. D) Tightly folded pinch-and-swell structured pale-

coloured pegmatitic granite vein cutting the TGG gneiss. The length of the scale is 12 

cm. Photos by Seppo Paulamäki, GTK. 
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Figure 10. A) Greisen veins cutting the TGG gneiss and the pegmatitic granite veins. B-

C) Close-up photos of the veins, which are composed of a central quartz (+ fluorite?) 

vein and an alteration zone. D) Two parallel greisen veins with connecting splay 

cracks. No visual displacement of the pegmatitic granite vein along the greisen vein. 

The length of the scale is 12 cm. Photos by Seppo Paulamäki, GTK. 

 

 

3.1.8 Stop No 7: Investigation trench OL-TK14  

Location 

Cleared and cleaned investigation trench. X = 6791937, Y = 1526894 (Finnish National 

Coordinate System, Zone 1), WGS84:  N 61°14'6.173", E 21°29'50.231". 

Introduction 

The stop shows a part of the Liikla shear zone. The Liikla shear zone is a NE-SW 

striking major ductile shear zone detected in investigation trench OL-TK14 and in two 

other places at the surface. It can be clearly seen as a linear feature in the ground 

magnetic map (Fig. 11). The Liikla shear zone has been interpreted to be related to 

thrusting during deformation phase D3. 

Description. 

The main rock type in the trench is veined gneiss with elongated inclusions of mica 

gneiss, quartz gneiss and skarn (Nordbäck 2007). The veined gneiss is intensely 

foliated, banded and sheared (Fig. 12A and B). The shearing is noticeable as a stronger 
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foliation, boudinage of the leucosome veins (pinch-and-swell structure), rotated feldspar 

augen and sometimes as a smaller grain-size (mylonitisation). The rotated augen have 

tails that indicate a sinistral sense of shear parallel to the foliation of the gneiss 

(Nordbäck 2007). Most of the folds in the trench are also sinistral. The foliation is 

slightly curved, which is a result of open D4 folding (Fig. 12 C). Narrow shear zones 

occur subparallel to F4 axial plane (Fig. 12D). 

 

In the eastern parts of the trench the zone is characterised by strongly foliated, 

pervasively altered and weathered veined gneiss (Nordbäck 2007). This is, however, not 

exposed anymore The mesosome of the veined gneiss is totally chloritised and 

hematised and the neosome kaolinitised and illitised. Most foliation planes are 

weathered open, giving the rock a densely fractured look. The sense-of-shear is 

uncertain but the rock contains some sub-horizontal lineations plunging slightly towards 

the WSW.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Liikla shear zone on the ground magnetic map. 
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Figure 12. A) Banded and D3 sheared veined gneiss with granitic leucosome veins 

showing “pinch and swell” structures. B) Veined gneiss with an intense foliation-

parallel D3 shear. C) D3 sheared veined gneiss is openly folded by F4. D) Narrow D4 

shear zone subparallel to F4 axial plane.  OL-TK14, mapping sections P33-P35. Photos 

by Nicklas Nordbäck, Geologigal Survey of Finland (A), and Aulis Kärki, Kivitieto Oy 

(B-D). 

 

 

3.1.9 Stop No 8: Investigation trench OL-TK10 

Location 

Cleared and cleaned outcrop. X = 6792378, Y = 1526640 (Finnish National Coordinate 

System, Zone 1), WGS84:  N 61°14'20.4879", E 21°29'33.4158". 

Introduction 

The stop is a large cleared and washed outcrop, which shows strongly folded veined 

gneiss and diatexitic gneiss. 

Description 

Ca. 1 m wide psammitic band, containing only a small amount of leucosome compared 

to surrounding migmatite, probably indicates primary lithological layering. The primary 

layering is also manifested by a chain of skarn inclusions, which can be interpreted as 

representing strongly boudined Ca-rich interlayers. The folding in the outcrop is 

typically F3 folding with axial planar granitic veining and shearing, which re-folds the 

isoclinal F2 folding (Fig. 13A-C). The axial surface of F3 is, however, in an untypical 
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direction (ca. 20°). This is caused by the rotation of F3 axial surface during subsequent 

D4 deformation. Possibly, some of the folds could be F4 folds but usually they cannot be 

separated from F3 folds. One candidate for F4 is a nearly N plunging fold with a linear 

pegmatitic granite vein parallel to the axial plane (Fig. 13D). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13. A) S2 foliation and isoclinally folded D2 leucosome veins refolded by F3. B) 

Psammitic part of the migmatite folded by F3 with narrow shear zones parallel to the 

axial plane. C) Banding (S1/2 isoclinally folded by F2, and refolded by F3 with narrow 

axial planar leucosome veins. D) Possible N plunging F4 folding with a linear 

pegmatitic granite vein parallel to the axial plane. The length of the scale is 12 cm. 

Photos by Seppo Paulamäki, GTK. 
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3.1.10 Stop No 9: The storage hall area 

Location 

Part of former investigation trench OL-TK11 close to the access tunnel of the 

ONKALO underground rock characterisation facility. X = 6792026, Y = 1525956 

(Finnish National Coordinate System, Zone 1), WGS84:  N 61°14'9.2807", E 

21°28'47.3902". 

Introduction 

The outcrop shows diatexitic gneiss and D4 related K-feldspar porphyry.  

Description 

Cordierite porphyroblastic diatexitic gneiss containing 70-90% of granitic leucosome 

occur between the drill core hall and the strorage hall (Fig. 14A). The palaeosome part 

of the migmatite can be seen as irregular layers or as biotite-rich schlieren (i.e. streaks 

of non-leucosome component within the leucosome). Several skarn inclusions occur 

parallel to the foliation. Rather strong shearing occurs conformably to the foliation. This 

is manifested by rotated potassium feldspar megacrysts and leucosome veins showing 

pinch-and-swell structure. The rock is rather tightly folded by F3 folds with an axial 

plane striking NE-SW (Fig. 14B). No axial planar foliation can be seen. 

 

The diatexitic gneiss is sharply cut by medium-grained K-feldspar porphyry with large 

euhedral potassium feldspar phenocrysts (Fig. 14C). This rock type is thought to be 

metamorphic in origin and formed by in situ melting of the gneisses. Based on the 

observations elsewhere in this outcrop and in the ONKALO access tunnel, the K-

feldspar porphyry is interpreted to be related to shear zones formed during deformation 

phase D4 (Fig. 14D). 
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Figure 14. A) Diatexitic gneiss mostly composing of granitic leucosome. B) Diatexitic 

gneiss tightly folded by F3 folds with an axial plane striking NE-SW. C) Diatexitic 

gneiss (DGN) is sharply cut by medium-grained K-feldspar porphyry with large 

euhedral potassium feldspar phenocrysts (KFP). D) Deflection of the foliation planes 

towards the K-feldspar dyke indicating dextral sense-of-shear (Mattila et al. 2007). The 

length of the scale is 12 cm. Photos by Seppo Paulamäki, GTK (A-C) and Jussi Mattila, 

Posiva Oy (D). 

 

 

3.1.11 Stop No 10: The ONKALO area 

Location 

Cleared and cleaned investigation trench OL-TK7 above the access tunnel of the 

ONKALO underground rock characterisation facility. X = 6791961, Y = 1526054 

(Finnish National Coordinate System, Zone 1),WGS84:  N 61°14'7.1576", E 

21°28'53.9270". 

Introduction 

The stop shows the D4 shear zone above the access tunnel of the ONKALO 

underground rock characterisation facility (Fig. 15). See Introduction of Stop 6. 

Description 

Within the high-grade ductile shear zone above the ONKALO tunnel, the shearing is 

strongest in the southern part of the zone, where a clear blastomylonitic foliation occurs 
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(Figs. 16A, B). This part of the zone is, however, not visible anymore. Within the 

foliation there are larger potassium feldspar grains or porphyroclasts. The grain size 

within the shear zone is clearly reduced compared to the migmatite protholith.  The 

sense of shear is sinistral. The shearing is less pronounced, but still evident, in the 

middle part of the zone. The characteristic feature of this part of the shear zone is the 

slight weathering and fracturing of the zone. The shear zone is at least 15 m wide in the 

area northeast of trench TK7. Also in this part of the shear zone, shearing is 

conspicuous, although the rock is not as mylonitic as in the southern part of the zone 

(Figs. 16C and D). The granite neosome veins occur as strongly extended narrow 

streaks and the strong penetrative foliation deflects around potassium feldspar 

porphyroclasts or megacrysts representing remnants of less ductile granite leucosome 

veins. Asymmetric megacryst structures indicate dextral sense of shear (Fig. 16C). 

Within the shear zone, rootless F3 folds occur (Fig. 16D), indicating that the shear zone 

has developed during deformation phase D4. Also the K-feldspar porphyry cutting the 

sheared migmatite indicates D4 (Fig. 16E). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15. Shear zone above the ONKALO tunnel in the area of investigation trenches 

OL-TK1 (Paulamäki 1995), OL-TK5, OL-TK6 (Paulamäki & Aaltonen 2005) and OL-

TK7 (Paulamäki 2005). Deep blue = mica gneiss, blue = diatexitic gneiss, orange = 

TGG gneiss, red = pegmatitic granite. 
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Figure 16. A) Sheared vein migmatite in the S part of the shear zone with a strong 

mylonitic foliation. B) Sheared vein migmatite in the S part of the shear zone showing 

sinistral sense of shear. C) Sheared vein migmatite in the NE part of the shear zone with 

a potassium feldspar megacrysts showing sinistral sense of shear. D) Rootless F3 folds 

within the shear zone. E) D4.-related K-feldspar porphyry cutting the sheared 

migmatite. The length of the scale is 12 cm. Photos by Seppo Paulamäki, GTK.  
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3.2 Day 2: Regional geology 

3.2.1 Introduction 

 

Day 2 presents the Mesoproterozoic history of western Finland, including the 

“Subjotnian” Laitila and Eurajoki rapakivi granites, the “Jotnian” Satakunta sandstone 

and the “Postjotnian” olivine diabases.  

 

The rapakivi granites of the region belong to the Laitila rapakivi batholith (ca. 1400 

km
2
) and the Eurajoki stock (ca. 70 km

2
), emplaced ca. 1580 Ma ago. According to 

gravimetric survey the average thickness of the Laitila batholith is 5 km, the maximum 

thickness being about 20 km (Laurén 1970). The present erosion level is apparently 

close to the roof of the batholith (Vorma 1989). The contacts of the rapakivi granites 

against the surrounding country rocks are sharp and cut the structures of the older 

bedrock (Veräjämäki 1998). The Laitila rapakivi batholith is composed of several 

different types, which differ from each other in texture and mineral composition (Vorma 

1976). The Eurajoki rapakivi stock, which is somewhat younger than the Laitila 

batholith, is a satellite massif to the Laitila batholith, and can be divided into two types, 

hornblende-bearing Tarkki granite (age 1571±3 Ma; Vaasjoki 1996) and younger, light-

coloured topaz-bearing Väkkärä granite (age 1548±3 Ma; Vaasjoki 1996) (Haapala 

1977). The Väkkärä granite has many of the characteristics of the so-called tin granites, 

e.g., cassiterite and columbite. According to Haapala (op.cit.), the Tarkki granite had 

already cooled and fractured, when the Väkkärä granite was emplaced, and that the 

crystallisation of the Väkkärä granite took place at higher crustal levels compared to the 

Tarkki granite. The gravity interpretations (Elo 2001) suggest that the Eurajoki rapakivi 

granite extends downwards and outwards in every direction, and its depth exceeds 5 km.  

 

The “Jotnian” Satakunta sandstone has been preserved in a NW-SE-trending graben 

structure formed by block movements.  The layering of the sandstone is predominantly 

subhorizontal, but in the northeastern contact the sandstone layers are dipping at about 

35° to the southwest, towards the centre of the basin. The sandstone is very poorly 

exposed. Only about 30 outcrops are known, and the only contact observations are from 

the contacts between the sandstone and the Postjotnian olivine diabases cutting it. The 

Satakunta sandstone is connected to the Bothnian Sea sedimentary basin, which is 

almost completely composed of “Jotnian” sandstone (Axberg 1980, Winterhalter et al. 

1981). The sandstone has been interpreted to be a fluvial sediment formation deposited 

in an alluvial environment (Kohonen et al. 1993). The upper parts of the sandstone were 

deposited ca. 1400 - 1300 Ma ago. 

 

The “Postjotnian” olivine diabases dated at 1270-1250 Ma, occur as steep dykes and 

large horizontal sills. In the rapakivi areas, the diabases can be observed as cross-

cutting, several hundreds of metre wide dykes, but closer to the sandstone basin, sills 

become more common (Hämäläinen 1987). In sandstone regions, olivine diabase covers 

large areas. 
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3.2.2 Stop No 1: Hankkila, Eurajoki 

Location 

Road cut ca. 6 km east of highway 8 towards Olkiluoto. X = 6788983, Y = 1530876 

(Finnish National Coordinate System, Zone 1), WGS84:  N 61°12'29.7002", E 

21°34'15.3908".  

Introduction 

The excursion starts from the contact of the Palaeoproterozoic Olkiluoto-type veined 

gneiss and the Tarkki granite of the Mesoproterozoic Eurajoki rapakivi granite stock. 

Note the very modest visible influence of the rapakivi granite to the migmatitic country 

rock. 

Description 

The Tarkki rapakivi granite (Fig. 18A) is reddish, homogenous, medium- and even-

grained rock, the main minerals being potassium feldspar, quartz, plagioclase, biotite 

and hornblende. The plagioclase is strongly seritized and saussuritized. The quartz fills 

the interstices between other minerals or occurs as roundish inclusions in the potassium 

feldspar. The rapakivi contains a few potassium feldspar phenocrysts, some of which 

are weakly ovoidal (Fig. 18A).  Biotite and hornblende form small aggregates. The 

granite is cut by a narrow quartz vein.  

The veined gneiss is grey and slightly segregation banded. The gneiss contains 0.2 to 3 

cm wide granite leucosome veins that occur parallel to the foliation, with the following 

dip direction/dip 025/40°. The veins have a weak pinch-and-swell structure indicating 

foliation-parallel shearing. The leucosome veins are cut by 0.5-2 cm wide quartz vein 

striking 340°. 

The contact between the Tarkki granite and the Palaeoproterozoic veined gneiss is 

sharp, almost vertical and striking ca. NNE (Fig. 18B). In the contact, there is only a 

narrow seam within the rapakivi granite, in which the plagioclase is heavily seritized, 

biotite is chloritized and also the hornblende is strongly altered. The plagioclase occurs 

as small grains within the quartz and the potassium feldspar grains. In the contact seam, 

there are also opaques, sphene and small needle-like grains of rutile (?). Within the 

veined gneiss against the contact seam, the plagioclase is strongly serisitized and 

saussuritized but this does not differ much from the normal veined gneiss. It seems that 

the contact metamorphic influence of the rapakivi granite to the migmatitic country rock 

has been very weak. This has also been described elsewhere in the Satakunta area (see 

Paulamäki et al. 2002 and references therein). 
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Figure 18. A) Tarkki rapakivi granite with slightly ovoidal potassium feldspar 

phenocrysts. B) Contact between the veined gneiss (on the left) and the Tarkki rapakivi 

granite. The length of the scale is 11 cm. Photos by Seppo Paulamäki, GTK. 

 

 

3.2.3 Stop No 2: Hankkila, Eurajoki 

Location 

Drive ca. 6 km east of highway 8 towards Olkiluoto, and then ca 600 m to the right 

along the road towards Linnamaa. After the power line, turn to the left and drive ca. 300 

m. After that, walk ca. 430 m to the NW under the power line and turn to the left and 

walk ca. 110 m.  X = 6789768, Y = 1530541 (Finnish National Coordinate System, 

Zone 1), WGS84:   

N 61°12'55.148", E 21°33'53.421". 

Introduction 

The outcrop shows a rare intrusive breccia near the contact of the Tarkki granite of the 

Eurajoki rapakivi stock against the Palaeoproterozoic migmatites. 

Description 

During the mapping campaign in 2002 by GTK, a local breccia zone, which was not 

previously described in the literature, was found near the western contact of the Tarkki 

granite against the migmatites (Paulamäki 2007). The breccia is composed of abundant 

fragments of migmatitic mica gneiss, 1–30 cm in diameter, lying in the rapakivi granite 

ground mass (Fig. 19). The fragments are partly rounded, partly angular, most of the 

fragments being, however, more or less elongated. The fragments are randomly 

orientated. In addition to migmatite fragments, quartz fragments also occur. The breccia 

zone has rather sharp contact against the Tarkki granite. The width of the zone is at least 

15 m but the actual thickness of the zone is quite modest due to gentle nature of the 

contact (at this locality estimated at only ca. 10° to the W).  

A B 
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Figure 19. A) and B) Intrusive breccia at the contact between the Tarkki granite and 

the migmatite. The breccia fragments are composed of migmatitic mica gneiss and 

quartz. The length of the scale is 21 cm. Photos by Aimo Kuivamäki, GTK. 

 

 

3.2.4 Stop No 3: Hankkila quarry, Eurajoki 

Location 

Operational quarry of Hankkila, ca. 4 km west of highway 8 towards Olkiluoto. X = 

6787100, Y = 1532700 (Finnish National Coordinate System, Zone 1), WGS84:  N 

61°11'28.3411", E 21°36'16.3777". 

Introduction 

The stop shows the contact of the Tarkki rapakivi granite  and the Sorkka olivine 

diabase. The so-called Postjotnian olivine diabases, dated at 1270 - 1250 Ma (Suominen 

1991, Vaasjoki 1996) cut all the other rock types in the area. In the rapakivi area, 

olivine diabases occur as sills or long, narrow dykes, whereas within the sandstone they 

form large horizontal sills (Hämäläinen 1985) The thicknesses of the sills are estimated 

to be from 40 - 80 m to even 200 - 300 m ( (Kurimo et al. 1992, Suominen et al. 1997, 

Elo 2001). The diabases are tholeitic in chemical composition, and resemble continental 

flood basalts. The main minerals of the olivine diabases are plagioclase, augite, olivine, 

opaques (ilmenite, magnetite) and rarely biotite (Hämäläinen 1987, Suominen et al. 

1997, Veräjämäki 1998). Usually they also contain small amounts of quartz and 

potassium feldspar, which form micrographic intergrowths (Kahma 1951). The diabases 

are subophitic in texture, indicating a hypabyssal origin.  

Description 

The Sorkka diabase is a ca. 200 m thick, flat-lying body, which has subhorizontal 

contacts against the Palaeoproterozoic migmatites and the Mesoproterozoic Tarkki 

rapakivi granite of the Eurajoki stock (Fig. 20A). The diabase is rather aphanitic at the 

contact between the diabase and the rapakivi granite (Fig. 20B), but becomes medium-

grained a few metres away from the contact.  Furthermore, the rapakivi granite is 

unaltered almost up to the contact, where only the amount of quartz is somewhat greater 

(Kahma 1951). Both the rapakivi granite and the olivine diabase have a very distinct 

fracture system with perpendicular vertical and horizontal fractures (Fig. 20A, C). Some 

of the fractures are slickensided (Fig. 20D) and some are rich in fluorite. A narrow 

A B 
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faulted quartz porphyry dyke cuts through the rapakivi granite in N-S direction (Fig. 

20E). 

Near the excursion stop, the diabase has a vertical, aplite granitic palingenic vein, which 

has resulted from the partial remelting of the rapakivi granite during the intrusion of the 

hot diabase magma (Fig. 20F). When the diabase started to crystallise, cooling fractures 

were filled with a melt from the rapakivi granite. The veins in the diabase-rapakivi 

granite contact mainly consist of quartz and alkali feldspars. In addition they contain 

some biotite, chlorite and especially near the diabase contact also hornblende. (Kahma 

1951). A vein analysed in the Hankkila area contains potassium feldspar, plagioclase, 

hornblende, muscovite, olivine or pyroxene, with accessory quartz and carbonate 

(Suominen et al. 1997). In the contact between the palingenic dykes and the olivine 

diabase, a narrow reaction zone has been observed. In this zone the olivine and augite of 

the diabase have altered into serpentine, amphibole, chlorite and an iron-bearing opaque 

mineral, whereas the plagioclase has become corroded (Kahma 1951).  
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Figure 20. A) Subhorizontal contact between the Sorkka diabase (above) and the Tarkki 

rapakivi granite (below). B) Close-up photo of the contact in A. C) Vertical and 

horizontal fracturing in the rapakivi granite. D) Slickensided fracture in the rapakivi 

granite. E) N-S striking faulted quartz porphyry dyke cutting the rapakivi granite. F) 

Vertical palingenic dyke resembling aplite granite in the Sorkka diabase. Hankkila 

quarry, Eurajoki. Photos by Seppo Paulamäki, GTK. 
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3.2.5 Stop No 4: Sammallahdenmäki, Rauma 

Location 

UNESCO World Heritage Site of Sammallahdenmäki, ca. 9 km to the south along road 

2070 from Eurajoki to Lappi , then ca. 500 m to the west.  X = 6779320, Y = 1541940 

(Finnish National Coordinate System, Zone 1), WGS84:  N 61°07'13.8686", E 

21°46'28.6575". 

Introduction 

Pyterlitic rapakivi granite of the Laitila batholith cut by aplite granite dykes. In this part 

of the Laitila rapakivi batholith, the batholith consists of two main types, pyterlitic 

rapakivi granite and even-grained rapakivi granite. (Veräjämäki 1998). Additionally 

porphyritic rapakivi granites and rapakivi granite porphyries occur. These different 

rapakivi types most likely represent different intrusion phases. 

Description 

The excursion stop consists of the pyterlitic rapakivi granite, which is the most common 

rapakivi variant within the Laitila batholith (Vorma 1976, Veräjämäki 1998). It is 

characterised by potassium feldspar ovoids, 2 - 4 cm in diameter (Fig. 21A). The 

potassium feldspar phenocrysts are usually lacking in the plagioclase mantle, typical of 

the wiborgitic rapakivi granite of the Wiborg batholith in southeastern Finland. In the 

stop, the ovoidal structure is not always well-developed. The ovoids can be very 

irregular in shape and not easy to recognise. According to Vorma (1976) the ovoids 

become smaller and sparse toward the contact with the surrounding rock. The excursion 

stop is located only a few hundreds of metres from the contact to the Palaeoproterozoic 

migmatites, and this may explain the scarcity of the ovoids. The main minerals of the 

pyterlite are potassium feldspar, quartz, plagioclase, biotite, and in the darker pyterlite 

types also hornblende. Accessory minerals include fluorite, apatite, zircon and anatase. 

The contacts of the pyterlite with the other rapakivi types differ from gradual to sharp. 

 

Typical fracturing of the rapakivi granite with two perpendicular fracture directions can 

be seen along the path to the World Heritage Site (Fig. 21B). 

 

In the stop, the rapakivi granite is cut by aplitic granite dykes (Fig. 21C) and in the 

centre of some dykes, very coarse-grained rapakivi granite occur. The contacts between 

the dykes and the pyterlitic rapakivi granite are sharp. The width of the dykes generally 

ranges from a few centimetres up to 3 metres. However, in the western slope of the 

Sammalahdenmäki hill, the pyterlitic rapakivi granite is cut by NE striking aplite granite 

dyke, with a width of as much as ca. 100 m. In this dyke, the granite is medium-grained 

and occasionally contains potassium feldspar ovoids.The area surrounding the 

Sammallahdenmäki stop is composed of even-grained rapakivi granite. 

 

The archaeological site of Sammallahdenmäki from the Bronze Age (in Finland from 

ca. 1500 BC to 500 BC) was inscribed on the UNESCO World Heritage List in 1999. 

The site has 36 stone burial cairns forming a kilometre-long chain. The complex 

presents different kinds of burial cairns used during the Bronze Age: low and round 

small cairns, large mound-like cairns, and round cairns with stone circles. The best-

known archaeological cairns of Sammallahdenmäki are the wall-like "Long Ruin of 
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Huilu" and the quadrangular "Church Floor". The "Church Floor" (Fig. 21D), which is 

located at the excursion stop, is unique in Finland and in all of Scandinavia. It is a stone 

structure that resembles a flat floor and measures roughly 19 x 18 m
2
. Towards the west, 

a glimpse of Lake Saarnijärvi can be seen, which was still a bay of the sea, when the 

burial cairns were erected. In the beginning of the Bronze Age, the water level was 30 m 

higher than it is today, and dropped to less than 20 m above the present sea level to the 

end of the Bronze Age. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 21. Pyterlitic Laitila rapakivi granite with potassium feldspar ovoids without the 

plagioclase mantle. B) Perpendicular fracturing in the rapakivi granite. C) Aplite 

granite dyke cutting the rapakivi granite. D) The “Church Floor”, a burial cairn from 

the Bronze age. Sammalahdenmäki, Rauma (Lappi). Photos by Seppo Paulamäki, GTK. 
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3.2.6 Stop No 5: Näppi quarry, Eurajoki 

Location 

Operational quarry of Näppi, ca. 6 km to the southeast along road 2070 from Eurajoki 

municipality to Lappi. X = 6782467, Y = 1541419 (Finnish National Coordinate 

System, Zone 1), WGS84:  N 61°08'55.7266", E 21°45'56.3220". 

Introduction 

The outcrop near the quarry is composed of even-grained rapakivi granite and rapakivi 

porphyre of the Laitila batholith.  

Description 

Even-grained rapakivi granite (Fig. 22) is composed of medium- to coarse-grained 

granite with small potassium feldspar ovoids and small-grained granite, with or without 

the phenocrysts. The potassium feldspar ovoids are lacking in plagioclase mantle. The 

even-grained rapakivi granite mainly consists of potassium feldspar, quartz, plagioclase 

and biotite. Accessory minerals include fluorite, apatite, zircon and opaques. The even-

grained rapakivi usually occurs at the margins of the batholith, and usually grades into 

pyterlitic rapakivi granite. In addition to these some sharp contacts are also observed. 

 

The rapakivi porphyre has a fine-grained matrix with 1 to 4 cm long euhedral or ovoidal 

potassium feldspar phenocrysts. The ovoids occasionally have the plagioclase mantle. 

The contact between the rapakivi porphyries and the even-grained rapakivi granites are 

either gradual or sharp. According to Vorma (1976), the rapakivi porphyries were 

originally located close to the roof of the batholith.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22. A) Even-grained rapakivi granite with small potassium feldspar ovoids. B) 

Fracturing of the rapakivi granite in the quarry wall.  Näppi quarry, Eurajoki. Photos 

by Seppo Paulamäki, GTK. 
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3.2.7 Stop No 6: Leistilänjärvi drainage channel, Nakkila 

Location 

Ca. 16 km from Eurajoki along highway 8 towards Luvia municipality, then ca. 19 km 

east of Luvia along road 2177 to Nakkila municipality. X = 6805060, Y = 1550710 

(Finnish National Coordinate System, Zone 1), WGS84:  N 61°21'1.6146", E 

21°56'39.1203". 

Introduction 

The Lake Leistilänjärvi drainage channel: the contact between the Satakunta sandstone 

and the olivine diabase. The excavation of the drainage channel of the former Lake 

Leistilänjärvi started in 1778. It runs through the Satakunta sandstone and the olivine 

diabase sill cutting the sandstone (Fig. 23A-B).  

Description 

The contact between the diabase and ca. 5 m long section of sandstone can be seen in 

the southern wall of the drainage channel (Fig. 23). The contact can be viewed only 

from the opposite side of the channel. Unfortunately, the wall of the channel is badly 

vegetated and a closer look of the contact is not possible due to the steepness of the 

wall. There are mudstone interlayers within the arkose sandstone, and the sandstone is 

heavily fractured.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23. A) Lake Leistilänjärvi drainage channel cutting through the olivine diabase 

sill. B) Contact between the Satakunta sandstone (on the left) and the olivine diabase 

(on the right). The siltstone interlayers within the sandstone are slightly bending 

towards the contact. Leistilänjärvi drainage channel, Nakkila.. Photos by Seppo 

Paulamäki, GTK (A) and Paavo Vuorela, GTK (B). 
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3.2.8 Stop No 7: Lammaistenkoski hydro power plant, Harjavalta 

Location 

Harjavalta hydro power plant, ca. 6 km south-east of Nakkila along road 2440 to 

Harjavalta. X = 6803780, Y = 1559790 (Finnish National Coordinate System, Zone 1), 

WGS84:  N 61°20'15.6499", E 22°06'48.4114". 

Introduction 

The Lammaistenkoski outcrop, located below the Harjavalta hydro power plant, is the 

largest and best-studied outcrop of the Satakunta sandstone formation. The bedding of 

the sandstone within the formation is predominantly subhorizontal, but here, near the 

northeastern contact of the formation, the sandstone layers dip ca. 35° to the southwest, 

towards the centre of the basin (Fig 24A), indicating block movements after the 

deposition of the sandstone.  No direct evidence of the thickness of the sandstone is 

available but it is at least 600 m based on one borehole located south of Pori, and 

according to gravimetric studies, the maximum thickness could be about 1800 m (Elo 

1982). In the southeastern part of the sandstone, between Lake Pyhäjärvi and Lake 

Köyliönjärvi, the thickness is probably less than 200 m (Elo et al. 1993).  

 

On the basis of detrital heavy minerals (e.g., garnet, ilmenite, zircon, monazite), the 

provenance of the sandstone was the Svecofennian rocks (Marttila 1969, Kohonen et al. 

1993). According to paleocurrent analysis, the main transport direction was toward 

northwest or north, i.e., from the direction of the rapakivi batholith (Kohonen et al. 

1993). However, during the sedimentation of the sandstone the rapakivi granite 

apparently was unexposed, because the sandstone is lacking in the minerals typical of 

the granite. This is further supported by the U-Pb study of detrital zircons (Vaasjoki & 

Sakko 1987), which excludes rapakivi as major source. Both the paleocurrent pattern 

and the grain size distribution support the hypothesis that the proximal part of the basin 

was located in the southeast (Kohonen et al. 1993).  

Description 

The sedimentary materials in the Lammaistenkoski outcrop range from massive gravels 

and pebbly sands over moderately sorted, medium- to coarse-grained sands to 

mudstones (Fig. 24B-D), and rare glauconite-rich layers. Among the slightly rounded 

clasts quartz dominates over microcline and plagioclase, rock fragments and micas 

being the most common accessories (Simonen & Kouvo 1955, Marttila 1969). The 

sandstone matrix is fine-grained and consists of quartz, clay minerals and chlorite. The 

sedimentological features of the outcrops indicate a deposition in a continental fluvial 

environment (Marttila 1969, Kohonen et al. 1993). These lithofacies are characterised 

by structureless fine-gravel conglomerates, trough-cross-bedded, planar-cross-bedded 

(Fig. 24C), laminated, and massive-structureless sandstones, as well as horizontally 

laminated mud- and siltstones (Fig. 24D). The red colour of the sandstone is interpreted 

by Simonen and Kouvo (1955) to indicate a terrestrial, oxidising environment. 

However, according to Kohonen et al. (1993) the colouring may be partly epigenetic in 

origin. 
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During the mapping of the Lammaistenkoski outcrop, the vertical sections were divided 

into lithofacies by using the lithology and depositional features (Kohonen et al. 1993). 

The location of the mapping profiles and the lithofacies variation is presented in Fig. 25. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 24. Gently dipping sandstone beds. B) Sandy pebble conglomerate. C) Cross-

bedded medium-grained sandstone. D) Mudstone and sandy siltstone overlain by 

sandstone. Lammaistenkoski hydro power plant, Harjavalta. Photos by Seppo 

Paulamäki, GTK. 
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Figure 25. Lithofacies variation within the Lammaistenkoski profiles and the location 

of the profiles (Kohonen et al. 1993). Gm and Gp = gravely lithofacies, St1, St2 and St3 

= trough cross-bedded facies, Sp = planar cross-bedded facies, Sh = horizontally 

bedded or laminated sandstone facies, F1 = horizontally laminated or rippled sandy 

mudstone/siltstone facies. 
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3.2.9 Stop No 8: Lake Sääksjärvi, Kokemäki 

Location 

Cape Kotkanniemi, ca. 10 km north-east of Harjavalta along road 2460, then ca. 1 km to 

the  right along road 2475, and finally ca. 7 km to the left. X = 6814025, Y = 1573455 

(Finnish National Coordinate System, Zone 1), WGS84:  N 61°25'38.143", E 

22°22'21.608". 

Introduction 

Lake Sääksjärvi, northeast of the Satakunta sandstone, overlies approximately 5 km 

wide impact structure of early Cambrian age (ca. 560 Ma). The impact structure is 

characterised by a circular gravity low of – 6.5 mGal (Fig. 26A). Furthermore, the 

structure is discernible on aerogeophysical maps as a magnetic and resistivity minimum. 

According to the petrophysics, rather low resistivity and density values, as well as high 

porosities, are attributed to the uppermost part of the structure (Elo et al. 1992). Below 

water level it contains unexposed suevite breccia and impact melt breccia (Papunen 

1973, Műller et al. 1990, Elo et al. 1992, Pihlaja & Kujala 2000). The deep drilling in 

the centre of the gravity low penetrated 180 m of suevites and breccias before reaching 

the deformed Svecofennian mica gneiss (Pihlaja & Kujala 2000). No coherent impact 

melt layer was found in drilling. Plenty of small boulders of impact rocks occur on the 

shore of cape Kotkanniemi in the northern part of the lake. 

Description 

The suevite breccia (Fig. 26B) contains mineral and rock fragments of the Svecofennian 

rocks, as well as fluidal glass fragments and vesicles filled with clay minerals and 

zeolites (Pihlaja & Kujala 2000). The impact melt rocks show characteristic shock 

effects for quartz, feldspars and biotite, including planar deformation features, diapletic 

quartz glass, ballen-quartz, checkerboard plagioclase and kink bands in biotite (Papunen 

1973, Műller et al. 1990, Elo et al. 1992, Pihlaja & Kujala 2000). Both impacts melts 

and suevites are strongly enriched in Ir, Pt, Pd, Ni and Cr. Of the major elements, Na 

and Ca are depleted, and Mg and especially K enriched in the impact rocks compared 

with target rocks, as a consequence of replacement of structurally damaged shocked 

plagioclase with secondary potassium feldspar and clay minerals (Pihlaja & Kujala 

2000).  
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Figure 26. A) Bouguer anomaly map of the Sääksjärvi impact structure and its 

surroundings (Elo et al. 1992). B) Suevite breccia, Lake Sääksjärvi, drillhole  

K/1143/91/R1. Photo by Hannu Kujala, GTK. 
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Appendix 1: Location of excursion stops at Olkiluoto 

 

 

Appendix 2: Location of stops of regional excursion on the geological map 

 

 

Appendix 3: Location of stops of regional excursion on the road map
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