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Geochemical and mineralogical study of selected weathered samples from 
Olkiluoto site 
 

ABSTRACT 
 

Optical microscopy, chemical analyses and X-ray diffraction method were used to study 

the influence of weathering from 11 drill core samples from shallow depths (< 25 m). The 

samples, 4 to 22 cm in length were drilled from Olkiluoto study site, Eurajoki, and they 

represent the common rock types of local bedrock: mica gneiss, tonalitic and granodioritic 

gneiss. Two of the samples were macroscopically unweathered and 9 of them were 

remarkably altered. The alteration was shown as porosity, the abundance of chlorite 

instead of biotite and pink, unclear feldspars. Many samples also contained red-brown 

hematite and fractures, some of them coated with secondary minerals, even clay. 

 

Microscopically the most visible feature of weathering was the total alteration of 

plagioclase and cordierite to sericite. In many samples also biotite was richly altered to 

chlorite and opaque minerals. Microfractures were common and they were filled by 

hematite, kaolinite and fine-grained muscovite (sericite). Hematite was, in some cases, 

also largely replacing the weathered minerals, feldspars and cordierite. 

 

Chemical alteration was not clear, because the alteration of main minerals have produced 

secondary minerals with almost the same chemical composition without any reasonable 

depleting or enrichment of certain elements. 

 

X-ray diffraction determination of samples proved, that often plagioclase was replaced by 

mica and biotite by chlorite. In some cases the samples contained products of chemical 

weathering, kaolinite and smectite. 

  

Keywords:  hydrothermal alteration, weathering, plagioclase, potassium feldspar, 

chlorite, biotite, clay minerals, microscopy, XRD, XRF, Olkiluoto, Finland 



  

Olkiluodon tutkimusalueella esiintyvien rapaumien geokemiallinen ja 
mineraloginen tutkimus 
 

TIIVISTELMÄ 
 

Tutkimuksen kohteena oli 11 läheltä kallion pintaa (< 25 m) otettua kairausnäytteen 

palaa, joiden pituudet vaihtelivat 4 – 22 cm. Näytteet oli kairattu Olkiluodon tutkimus-

alueelta ja ne edustivat alueelle tyypillisiä kivilajeja, kuten hienorakeista ja homogeenista 

kiillegneissiä sekä raitaisia tai suonikkaita keskirakeisia kiviä, jotka mineraali-

koostumuksensa perusteella voidaan nimetä tonaliittisiksi tai granodioriittisiksi gneis-

seiksi. Muutaman koostumus oli jopa graniittinen. Kahta lukuun ottamatta näytteet olivat 

huomattavan muuttuneita. 

 

Muuttuminen ilmeni makroskooppisesti kiven huokoisuutena, runsaana kloriitin määränä, 

maasälpien sameutena ja punerruksena, hematiittiutumisena sekä muutamilla rako-

pinnoilla savikerroksena. Mikroskooppiset muutokset olivat plagioklaasin voimakas tai 

täydellinen serisiittiytyminen, kordieriitin täydellinen muuttuminen hienorakeiseksi kiil-

teeksi, biotiitin kloriittiutuminen ja osittainen korvautuminen opaakkimineraaleilla, 

näytteiden runsas rakoilu sekä raontäytemineraalit, hematiitin esiintyminen rakeiden raja-

pinnoilla ja mikroraoissa sekä eräissä tapauksissa myös voimakkaasti rapautuneiden 

mineraalien sisällä. Kvartsi oli usein selvästi aaltosammuvaa, mutta ei yhdessäkään 

näytteessä erityisen ruhjelamellista. 

 

Kemiallisessa analyysissä muutokset eivät olleet kovin suuria, mikä osoittaa että mine-

raaleista liuenneet aineet ovat muodostaneet sekundäärisiä mineraaleja sen sijaan että 

olisivat kulkeutuneet pois kivestä. Hematiitin ansiosta rautapitoisuus on melko selvästi 

kohonnut kaikissa muuttuneissa näytteissä. Natriumin, kaliumin ja kalsiumin pitoisuudet 

vaihtelivat näytteissä huomattavasti ja osin epäjohdonmukaisesti mineralogisiin 

havaintoihin verrattuna. 

 

Useimpien näytteiden mineraalikoostumus määritettiin myös röntgendiffraktiolla. Tarkoi-

tuksena oli ennen muuta tunnistaa savimineraalit, kaoliniittia löytyikin kolmesta 

näytteestä ja smektiittiä yhdestä. Samalla varmistui se, että mikroskooppisesti tunnistetut 

plagioklaasi ja kordieriitti ovat täydellisesti muuttuneet kiilteeksi. 

  

Asiasanat: hydroterminen muuttuminen, plagioklaasi, kalimaasälpä, kloriitti, biotiitti, 

savimineraalit, mikroskopia, XRD, XRF, Olkiluoto, Eurajoki 
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1 INTRODUCTION 

 

Weathering of rocks within and in the vicinity of the fracture zones is common in the 

Olkiluoto area. They may be connected to the deformation structures which have changed 

rocks so that they are favourable to chemical alteration. 

 

The customer delivered rock samples which all were drill cores. In order to be compact 

enough to prepare thin sections, they could not contain much clay material. Samples were 

differing from each others, but common features were different colours compared to the 

original intact rocks, porous or “soft” appearance.   

 

The drill cores were cut up with diamond saw to get similar pieces for thin sections, X-ray 

diffraction analyses and chemical X-ray fluorescence analyses. Figure 1 in Appendix 1 

shows one sample where the location of thin section is marked, the opposite half of drill 

core sample being used to chemical analyses.  

 

Because of the porous and weak structure of drill cores, some rock peaces were 

impregnated with methyl meta-accrylate in purpose to strengthen it to stand up the sawing 

and polishing of thin section. Impregnation was done in the Laboratory of 

Radiochemistry, University of Helsinki. The impregnation fluid was “marked” with C14 

isotope to make it possible to measure the porosity of samples in future studies. After 

impregnation the final piece was cut carefully with small diamond saw. Polished thin 

sections were prepared in the geological Survey of Finland (GTK). 

 

XRD-determination was done in the mineralogical laboratory of GTK by Ph.D. Mia 

Tiljander. 

 

XRF-analyses were done by Labtium Inc. Espoo, the former geoanalythical laboratory of 

GTK. 
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2  SAMPLE DESCRIPTIONS AND OPTICAL MINERALOGY STUDY 

 
2.1  KR22_1 / OL-KR22B 9.65 – 9.95 m 
 

This medium grained (0.5 – 3.5 mm) veined gneiss, with a mineral composition of 

granodiorite or tonalite, contains as main minerals a thoroughly altered plagioclase (to 

sericite, 26 %), a clear but weakly - moderately undulating quartz (23 %), slightly cloudy 

(almost unaltered) potassium feldspar (8 %) and a lot of chlorite as result of destruction of 

biotite (25 %). 

 

The texture of the sample is clearly schistose and the grain size 0.5 – 3.5 mm. There are a 

lot of microfissures, which are visible in the hard minerals, quartz and potassium feldspar 

(Figure 2-1). The only cordierite-bearing band is 5 mm in width. Cordierite has 

undergone a full alteration to sericite. In the mode analysis both plagioclase and cordierite 

are calculated despite of the alteration as original mineral, because it is possible to 

distinguish them from each other by their form. Mineral composition is shown in Table 2-

1. Photograph of the sample is shown in Appendix 1, Figure 1. 

 

 

2.2 KR22_2 / OL-KR22B 9.65 – 9.95 m 
 

This is a second thin section of the same piece of drill core as thin section KR22_1. The 

problem in the mineral composition of this sample (Table 2-1) is the amount of 

plagioclase. Although plagioclase is almost thoroughly (90%) altered to sericite, very fine 

grained muscovite, the original mineral is easily identified with is shape and the twinning 

lamellas, which are distinguishable here and there. The X-ray analyses (Table 4-1), in 

contrast, does not show any plagioclase at all, only quartz, potassium feldspar, mica 

(muscovite, biotite) and chlorite.  

 

The understanding of original rock type is the only reason to preserve plagioclase in the 

mineralogical composition table. Potassium feldspar, conversely, has not altered at all or 

only small cloudy spots which are connected to the fracturing of mineral grains. The 

whole sample contains micro fractures, about 0.05 – 0.2 mm in widths, which are filled 

by sericite, epidote and red-brown hematite (Figure 2-2). Quartz is fractured too and it 

shows a moderate undulating extinction. Biotite is altered to chlorite and muscovite. In 

polarizing light biotite is green as chlorite and contains in addition lot of very fine opaque 

inclusion; with crossed nicols the interference colors are still high and typical to biotite, 

not to chlorite. It is possible that alteration is not comprehensive. Photograph of the 

sample is Figure 1 in Appendix 1. 



 

Table 2-1. Mineral compositions (vol.-%) of rock samples from Olkiluoto study site. Point counting results of 500 points per thin section. Name 

of rock type is based only on the mineralogical composition and texture and may differ from the field name of the samples. 

Sample ID   KR22_1   KR22_2  KR22_3  KR22_4  KR22_5  KR22_6  KR23_7  KR27_8  KR27_9  PP34_10  PP34_11  PP34_12 

Rock type      VGN          VGN      VGN      MGN       MGN      VGN        VGN       VGN       VGN      MGN        VGN        MGN              

Mineral       (GRDR)   (GRDR)   (TON)                                   (GRDR)    (GR)       (TON)     (GR)                        (TON)      (TON) 

 

Plagioclase 26.2 45.0 34.8 -
4)

 33.8 22.4 37.2 11.8 24.0 36.8
2) 

 8.8 36.2 

K-feldspar  8.8 12.4  4.0  +  3.4  8.8 21.3  3.4 20.2   -   -    - 

Quartz 23.0 32.4 34.8 37.8 18.2 30.8 24.9 41.2 27.8 41.8 12.2 43.6 

Biotite  0.6  1.2 18.8   - 29.0  8.2  9.6 23.2 12.8 15.2 28.0 17.4 

Amphibole   -   -  1.4   -   -   -   -   -   -   -   -   - 

Epidote  0.2   +   +   +  2.6   +   -   +  0.2   -   +  0.4 

Muscovite  3.2  3.4  2.6 49.0  2.4 18.6  3.4  6.2  9.4  2.6
3) 

20.0  1.2 

Chlorite 24.8  2.8  2.6  0.4  6.8  7.8  2.0  1.4  2.0   + 11.2  0.2 

Cordierite  5.8   -   - -
4)

   -   +   - 10.8  1.0   -  4.8   - 

Sillimanite  0.2   -   -   -   -   -   -   +   -   -   -   - 

Apatite   -   -   -  02  2.2   -   -   -   -   +   -   + 

Carbonate   -   -  0.2    -   +   +  0.2   -   -   -   - 

Garnet   -   -   -  0.4   -   -   -   -   -   -   -   - 

Rutile/sphene   +   +  (+)   -   +   +   -   +   +   +   +   - 

Monazite   -   -   -   -   -   -   -   -   -   -   -   - 

Zircon   -   -   +   -   +  0.2   -   +   +   +   +   + 

Goethite
1)

   +   +  (+)  3.4   -   -   -   -   -   + 13.4   - 

Opaques  7.2  2.8  0.8  8.8 1.6  3.2  0.8  1.8  0.8  3.6  1.6  1.0 

 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0  

+ = observed, (+) = rare, - = not found; Goethite
1)

 = existence of Goethite and Hematite, but all are calculated together in Opaques. 
2)

 = feldspar is fully alterated to sericite; 
3)

 = contains smectite/kaolinite 1.2 %; 
4)

 = plagioclase and cordierite are thoroughly altered to muscovite 

+ kaolinite and are not distinguishable from each other 

VGN = veined gneiss, MGN = mica gneiss, GRDR = granodiorite, TON = tonalite, GR = granite 

6
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Figure 2-1. Granodioritic gneiss KR22_1 / OL-KR22B 9.65 – 9.95 m in thin section. 

One nicol (above) and crossed nicols (below). Abbreviations: KFS = potassium 

feldspar, Q = quartz, PL = plagioclase, BT = biotite and CHL = chlorite. Notice the 

clear schistosity and alteration of plagioclase to sericite. 
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Figure 2-2. Granodioritic gneiss KR22_2 / OL-KR22B 9.65 – 9.95 m in thin section. 

One nicol (above) and crossed nicols (below). Abbreviations: KFS = potassium 

feldspar, Q = quartz, PL = plagioclase, BT = biotite and OPQ = opaque ore minerals 

(Fe-sulfides). Sericite-bearing fractures are cutting quartz and K-feldspar. 
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2.3 KR22_3 / OL-KR22B 12.49 – 12.70 m 
 

This is a moderately altered veined gneiss sample from the same drill core OL-KR22B 

as thin sections KR22_1 and KR22_2. Macroscopically it is also very similar to the 

former section of drill core. When examined with microscope, plagioclase is the only 

dull mineral with a lot of sericite. Sericite is very fine-grained and cloudy. In the mode 

analysis (Table 2-1) plagioclase is calculated as original mineral, because of its shape, 

but in the X-ray diffraction analysis (Table 4-1) the sericite component is obviously 

dominant (shown as “mica”). In thin section potassium feldspar is clear with flaming 

perthite. Quartz is also clear, but moderately undulating. Quartz grains also contain 

small tortuous fractures as results of pressure. Biotite is altered to muscovite and 

chlorite in some extent (approximately 15 %). Biotite flakes together with the long 

direction of plagioclase grains give the slight schistose character to this granodioritic 

gneiss sample. Grain size on the main minerals varies from 1 to 5 mm plagioclase being 

the largest.  
 

Several accessory minerals are found: muscovite, chlorite, carbonate, amphibole (only 2 

grains), rutile as rare inclusion in biotite, as well as zircon and opaque minerals; the 

latter seems to be mostly a product of biotite alteration. 
 

Microphotograph of the thin section KR22_3 is shown in Figure 2-3 and the photograph 

of the rock sample in Appendix 1/Figure 2. 

 

2.4 KR22_4 / OL-KR22B 17.50 – 17.60 m 
 

This sample is very fractured and altered. The grain size is approximately from 0.1 to 

1.0 mm. The original rock type is likely mica gneiss. Plagioclase and cordierite are fully 

altered to muscovite-sericite and kaolinite. They are also partially weathered and 

replaced by oxyhydroxides (hematite/goethite) and opaque minerals. There are fractures 

at least in two directions and they are filled by kaolinite, sericite, smectite and opaque 

minerals. When point counted, muscovite and kaolinite were calculated together (49 %) 

because they usually are very fine grained and optically very awkward to separate. 

Quartz, which is strongly undulating and fractured, made 38 %. Other minerals, 

opaques, hematite, chlorite and garnet were approximately 13 % together (Table 2-1). 

Epidote, apatite and potassium feldspar were also detected in minor amounts. Figure 3 

in Appendix 1 shows an altered sample and Figure 2-4 the structures in microscopic 

scale. 

 

2.5 KR22_5 / OL-KR22B 24.78 – 24.81 m 
 

This sample is a fine grained (0.2 – 0.8 mm) mica gneiss, which in sample size looks 

homogeneous and unaltered (Figure 4 in Appendix 1). Also in thin section it is even- 

grained, clear and mostly unaltered, clearly schistose, containing plagioclase (34 %), 

biotite (29 %) and quartz (18 %) as main minerals (Figure 2-5 and Table 2-1). A filled 

fracture is cutting the rock in thin section and a gradual alteration of biotite and 

plagioclase is visible near (from 0 to 10 mm) the fracture. The width of fracture itself is 

approximately 0.5 mm and it is filled mainly by potassium feldspar with granular, not 

flaky, chlorite. Some very well crystallized sphene prisms are found at the borders of 

the fracture. It is obvious that a low-grade hydrothermal alteration has influenced the 

rock in the vicinity of the fracture before it has closed by the last cooling fluids, from 

which the epidote and K-feldspar have formed. 
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Figure 2-3. Granodioritic gneiss KR22_3 / OL-KR22B 12.49 – 12.70 m in thin section. 

One nicol (above) and crossed nicols (below). Abbreviations: KFS = potassium 

feldspar, Q = quartz, PL = plagioclase, and BT = biotite. 
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Figure 2-4. Mica gneiss KR22_4 / OL-KR22B 17.50 – 17.60 m in thin section. One 

nicol (above) and crossed nicols (below). Abbreviations: KFS = potassium feldspar, Q 

= quartz, PL = plagioclase, OPQ = opaque minerals and HEM = hematite, here filling 

the grain boundary fissures of quartz grains. 
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Figure 2-5. Mica gneiss KR22_5 / OL-KR22B 24.78 – 24.81 m in thin section. One 

nicol (above) and crossed nicols (below). Abbreviations: Q = quartz, PL = plagioclase, 

BT = biotite and APA = apatite. 
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2.6  KR22_6 / OL-KR22B 22.42 – 22.54 m 
 

In the scale of drill core sample this rock seems to be quite intact piece of granodioritic 

gneiss (Fig. 5 in appendix 1), but the thin section study shows that the rock contains 

cordierite, which has been fully altered to muscovite. Plagioclase is only moderately 

sericitized and potassium feldspar is somewhat unaltered. Most of muscovite (Table 2-

1) is the alteration product of cordierite. Although biotite is also strongly altered, its 

secondary product is mainly chlorite and only partially muscovite.  The grain size varies 

from 0.5 to 5 mm, plagioclase and cordierite being the coarsest. Texture is schistose and 

banded; clear quartz bands and bands of cloudy cordierite are possible to distinguish 

even macroscopically in the thin section. Biotite/chlorite flakes are ordered in 

schistosity planes. Quartz is as usually clear but undulating. It also contains 

microfractures. Microphotograph of thin section KR22_6 is shown in Figure 2-6.  

 

2.7  KR23_7 / OL-KR23B 23.95 – 24.02 m 
 

This sample of granitic rock seems to be strongly altered, especially porous and 

chloritized, when examined macroscopically (Figure 6 in Appendix 1). It is medium 

grained (1 – 3 mm) and has an igneous texture. This obvious alteration was proved with 

X-ray diffraction study, which was, however, showing plagioclase as the main 

component, instead of mica as in most of the altered samples (Table 4-1). Chlorite was 

one of the main minerals also according to XRD-study. 
 

The main minerals in the sample are plagioclase, quartz, potassium feldspar and biotite. 

Plagioclase is almost fully altered to sericite but K-feldspar is clear and unaltered, 

showing quite rough flame-like perthite. Quartz is strongly undulating, clear and 

fractured. Biotite has abundantly altered to chlorite and at the same time replaced by 

dark opaque pigment. In the mode analysis (Table 2-1) all grains having the shape of 

plagioclase are calculated as plagioclase and only coarser grains of muscovite and the 

aggregates of sericite flakes as sericite-muscovite.  
 

Sample shows only a weak schistosity, but is, on the contrary, richly fractured. A part of 

the fractures is filled by newly crystallized K-feldspar. Microphotograph of the thin 

section is shown in Figure 2-7. 

 

2.8 KR27_8 / OL-KR27B 10.33 – 10.42 m 
 

Macroscopically the drill core sample doesn’t appear to be very weathered. It is strongly 

banded tonalitic gneiss with pores filled by red-brown hematite, Figure 7 in Appendix 1. 

In thin section the main grain size is 0.5 – 3.0 mm, but coarse quartz grains up to 8 mm 

are present. Undulating and fractured quartz is the most abundant mineral (41 %). The 

amount of plagioclase and cordierite is almost the same, 11 – 12 % and both are 

strongly altered to sericite/muscovite so that X-ray analysis shows only quartz, mica, 

potassium feldspar and chlorite. Both biotite and potassium feldspar are only slightly 

altered.  The whole mode analysis is shown in Table 2-1.  
 

Thin section contains several fractures (0.01 – 0.05 mm in width) which are filled by 

clayish material, probably sericite and kaolinite. Opaque filling in fractures is common 

too. Microphotograph of thin section is shown in Figure 2-8. 
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Figure 2-6. Granodioritic gneiss KR22_6 / OL-KR22B 22.42 – 22.54 m in thin section. 

One nicol (above) and crossed nicols (below). Abbreviations: Q = quartz, PL = 

plagioclase, BT = biotite, CRD = cordierite, MU = muscovite and CHL = chlorite. 
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Figure 2-7. Granitic gneiss KR23_7 / OL-KR23B 23.95 – 24.02 m in thin section. One 

nicol (above) and crossed nicols (below). Abbreviations: Q = quartz, PL = plagioclase, 

KFS = potassium feldspar and CRB = carbonate filling a fracture. 
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Figure 2-8. Veined tonalitic gneiss KR27_8 / OL-KR27B 10.33 – 10.42 m in thin 

section. One nicol (above) and crossed nicols (below). Abbreviations: Q = quartz, PL = 

plagioclase, KFS = potassium feldspar, CRD = cordierite and BT = biotite. 
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2.9 KR27_9 / OL-KR27B 15.02 – 15.11 m 
 

This sample looks somewhat more porous and “softer” than KR27_8 above (Figure 8, 

Appendix 1). In thin section it is strongly fractured, but the main minerals quartz, 

plagioclase, potassium feldspar and biotite are not more severely altered than in 

KR27_8.  As usually quartz is bright, undulating and fractured. K-feldspar is almost as 

clear as quartz, but it contains rough muscovite flakes, which are replacing the original 

mineral. Plagioclase is variably altered (40 – 100%) to sericite, and biotite is altered to 

chlorite only in small amounts. The grain size is very variable, ranging from 0.5 to 10 

mm, but is on average from 1 to 3 mm. The mineral composition is granitic (Table 2-1). 

Accessory minerals are cordierite, muscovite/sericite, chlorite, zircon, rutile (in biotite) 

epidote, opaque minerals and clay, which is very fine-grained filling in numerous 

fractures of the sample. The composition of this clay can be a mixture of kaolinite, 

sericite and smectite. Fractures are parallel and 0.05 – 0.25 mm in width. 

Microphotograph of this sample is shown in Figure 2-9. 

 

2.10  PP34_10 / OL-PP34 13.31 – 13.42 m 
 

This sample is a fine grained (0.1 – 0.5 mm) mica gneiss, or more exact by biotite-

quartz-feldspar-gneiss. Under microscope it looks clear and very weakly schistose, 

because of the abundance of quartz and unaltered biotite. Feldspar (likely plagioclase) is 

totally altered to very fine grained sericite. Sericite grains are calculated as muscovite 

during point counting. Quartz is roundish, 0.1 – 0.5 mm and has a weak to moderate 

undulating extinction. Many quartz grains are, indeed, fractured, although the feldspar 

grains beside them do not show any fracturing. Most of the fine grained opaque 

minerals are in contact with biotite. Red-brown hematite exists within the feldspar 

grains. Hematite has been calculated together with opaque minerals. The whole mode 

analysis is shown in Table 2-1. 

 

Two fractures are cutting the sample. One fracture is 0.2 – 0.3 mm in width and filled 

with smectite and kaolinite. Opaque minerals are abundant at the fracture surfaces. The 

other one is not a filled, but especially biotite has strongly altered (to chlorite) near this 

fracture. The X-ray diffraction study shows that the fresh stone sample (10A in Table 4-

1) contains only quartz, mica and chlorite, but the examination from the fracture filling 

shows quartz, smectite and kaolinite (10B in Table 4-1). 

 

Microphotograph of sample PP34_10 is shown in Figure 2-10 and the photo of the 

sample in Figure 9, in Appendix 1. 
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Figure 2-9. Veined granitic gneiss KR27_9 / OL-KR27B 15.02 – 15.11 m in thin 

section. One nicol (above) and crossed nicols (below). Abbreviations: Q = quartz, PL = 

plagioclase, KFS = potassium feldspar, BT = biotite and FR = fractures filled by 

smectite/kaolinite. 
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Figure 2-10. Mica gneiss PP34_10 / OL-PP34 13.31 – 13.42 m in thin section. One 

nicol (above) and crossed nicols (below). Abbreviations: Q = quartz, FS = feldspar 

(probably plagioclase), BT = biotite, OPQ = opaques and SME = fracture filled by 

smectite/kaolinite. 
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2.11 PP34_11 / OL-PP34 14.94 – 15.06 m 
 

Hematite gives a reddish-brown appearance to this sample (Figure 10 in Appendix 1). 

Its main minerals are biotite (28 %), quartz (12 %), plagioclase (9 %) and cordierite (5 

%), but many secondary mineral have higher proportion; muscovite/sericite (20 %), 

hematite (13 %) and chlorite (11 %). A mode analysis is presented in Table 2-1.  

 

In thin section quartz is fractured, but very weakly undulating, which suggests the 

recrystallization of quartz. Plagioclase seems to be thoroughly altered to sericite and 

perhaps kaolinite, but the X-ray examination shows a noticeable amount of plagioclase 

(Table 4-1). Also cordierite is strongly altered (80 %). Biotite is only slightly altered to 

chlorite (15 %) and it shows a clear schistosity. The most striking feature is the amount 

of hematite. It is replacing the weathered parts of cordierite and plagioclase and fills the 

numerous fractures in the sample. Microphotograph of the thin section is shown in 

Figure 2-11. 

 

 

2.12 PP34_12 / OL-PP34 14.77 – 14.88 m 
 

This fine grained mica gneiss sample is almost unaltered. Its grain size is quite 

homogeneous 0.1 – 0.3 mm and schistosity is only moderate. Main minerals are quartz, 

plagioclase and biotite, the accessory minerals being apatite, sericite, chlorite, zircon 

and opaque minerals (Table 2-1). Biotite is slightly altered to chlorite and plagioclase 

contains some cloudy sericite (Figure 2-12). The amount of microfractures is low. 

 

The photograph of this sample is Figure 11, Appendix 1. Because of its unaltered and 

unweathered character, it was not examined by X-ray diffraction.  

 

 



 21 

 

Figure 2-11. Mica gneiss PP34_11 / OL-PP34 14.94 – 15.06 m in thin section. One 

nicol (above) and crossed nicols (below). Abbreviations: Q = quartz, PL = plagioclase, 

BT = biotite and HEM = hematite.  The fracture in the middle is filled by 

smectite/kaolinite. 
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Figure 2-12. Mica gneiss PP34_12 / OL-PP34 14.77 – 14.88 m in thin section. One 

nicol (above) and crossed nicols (below). Abbreviations: Q = quartz, PL = plagioclase 

and BT = biotite.  
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3 XRF-ANALYSES 

 

The chemical composition of the samples were examined by XRF-analyses, which 

gives the amounts of major elements with a reasonably accuracy. When drill core 

samples were sawed in pieces, one piece corresponding every thin section sample in 

size and character was chosen for chemical analyze. Thin sections KR22_1 and KR22_2 

are from the same piece of rock. That is why only one chemical analysis (KR22_1) is 

representing them. Samples were crushed with Mn-steel jaw crusher and milled with 

tungsten-carbide grinding vessel (pan), which gives an anomaly W-content to the result. 

Indeed the content of iron was thought to be more interesting, and the results are now 

trustable for iron content. XRF-determination (method 175X) was done from a pellet 

and determination of carbon (method 811L) with a carbon analyser. Detection limits 

and results are shown in Appendix 4. 

 

Rock samples represent different original rock types, granitic, granodioritic, and 

tonalitic gneisses and mica gneiss, as shown by the microscopical study. They are also 

taken from four drill cores from Olkiluoto study area and the author of this study is 

unaware, if the samples do represent different structures of the area, or not. Because of 

the variation of origin, a direct comparison of samples is not possible. Some general 

features are still obvious. Table 3-1 contains only the main components. 

 

 

3.1 Results of samples from drill core OL-KR22B 
 

There are five XRF-samples from drill core OL-KR22B, three of them are medium-

grained (granodioritic) veined gneiss, and the other two are fine-grained mica gneiss. 

Two veined gneiss samples (KR22_1 and 3) are looking quite altered with pink 

feldspars and a lot of chlorite instead of biotite, whereas third sample KR22_6 seems to 

be almost unaltered. Mica gneiss samples represent different alteration grade, sample 

KR22_4 is altered and KR22_5 fresh, intact rock sample.  

 

According to the chemical determination veined gneiss samples (KR22_1, 3 and 6) have 

the main components at the same level. Sample 6 has slightly the highest proportion of 

Na2O and CaO, which means a weaker alteration of plagioclase. The high content of 

FeO and S is a result of iron sulphides, which can be seen also in mineral composition 

(Table 2-1). SiO2 content is at the same level in all the samples, 62 – 71 %, as well as 

aluminium 14 – 16 % (Figure 3-1).  

 

Mica gneiss samples KR22_4 and 5 have many differences. Sample 4 is depleted of 

plagioclase (Table 2-1), which is reflected in lower content of Na2O and CaO, but do 

not explain the low content of SiO2 in sample 5. It has also anomalously high Ca, P, Fe 

and Ti contents, in comparison to all samples in this study. Sphene explains the Ti and 

apatite the phosphorous, partly also calcium content. Fe comes from biotite and chlorite, 

rather than from iron minerals (Table 3-1). 
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3.2 Results from drill core OL-KR23B and OL-KR27B 
 

In this study there is only one sample from drill core OL-KR23B (23.95 – 24.02 m). 

Macroscopically it looks weathered veined gneiss and microscopically has a 

composition of medium-grained granitic rock (Figure 2-7, Table 2-1). The main features 

are sericite as an alteration product of plagioclase and alteration of biotite to chlorite. 

The chemical composition of this sample is average when compared to the all other 

samples, and it does not differ much from the sample KR22_6, which mineralogically is 

quite near. 

 

The two samples from drill core OL-KR27B, KR27_8 and KR27_9 have the same main 

minerals; plagioclase, quartz, K-feldspar, biotite, muscovite and cordierite (Table 2-1). 

There is a clear variation in mineral composition, which is not seen in the chemical 

composition (Appendix 4).  The main components SiO2, Al2O3, Na2O, K2O, CaO are at 

same level (Figures 3-1 and 3-2), but Fe2O3 is higher in sample KR27_8, where visible 

hematite occurs (Table 3-1).   
 
 

3.3 Results of samples from drill core OL-PP34 
 

Three samples from drill core OL-PP34, from length 13.31 – 15.06 m, show both the 

original differences between the samples of one rock type, mica gneiss, and the different 

influence of weathering. Sample PP34_12 which is the least altered of all (by 

microscopic examination) has a high SiO2-content same as sample PP34_10 (72 %). 

Both have Al2O3-content at the same level (14 %), but PP34_10 is strongly depleted in 

Na2O and CaO, as a result of plagioclase alteration (Figures 3-1 and 3-2). The most 

weathered sample PP34_11 has lost all of its plagioclase, which is replaced by 

oxyhydroxides (hematite). In the chemical composition this is shown as the lowest 

content of SiO2, but the highest of Al2O3 and Fe2O3. Differences are graphically plotted 

in Figure 3-1. 
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Figure 3-1. The variation of Al2O3 and SiO2 content. 
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Figure 3-2. The variation of Na2O, K2O and CaO content. 

 



 

Table 3-1. The main components of drill core samples from Olkiluoto study area. In W-%. Analyses by Labtium Inc. 

Notice: sample KR22_2 is only thin section. 
              
              

ID  Na2O MgO Al2O3 SiO2 P2O5 K2O CaO TiO2 MnO Fe2O3 S  
              
              

KR22_1 OL-KR22B 9.65-9.95 0,09 2,39 15,8 65,7 0,076 5,42 0,137 0,512 0,048 6,70 <0.006  
KR22_3 OL-KR22B 12.49-12.70 0,16 1,71 14,0 70,8 0,103 6,74 0,371 0,467 0,037 4,44 <0.006  
KR22_4 OL-KR22B 17.50-17.60 <0.0674 1,21 15,4 68,8 0,300 2,08 0,557 0,591 0,039 5,70 <0.006  
KR22_5 OL-KR22B 22.42-22.54 1,93 3,00 16,1 62,0 0,086 3,77 0,908 0,652 0,054 8,73 1,53  
KR22_6 OL-KR22B 24.78-24.81 1,50 4,10 16,9 53,7 1,46 3,77 5,234 2,09 0,102 10,2 0,148  
KR23_7 OL-KR23B 23.95-24.02 2,07 2,77 14,6 65,1 0,216 4,86 0,476 0,728 0,058 6,81 <0.006  
KR27_8 OL-KR27B 10.33-10.42 0,23 2,83 15,5 65,7 0,066 4,98 0,172 0,631 0,040 6,93 <0.006  
KR27_9 OL-KR27B 15.02-15.11 0,54 2,29 15,0 67,5 0,104 6,61 0,211 0,401 0,032 4,68 <0.006  

PP34_10 OL-PP34 13.31-13.42 0,12 2,53 13,9 72,0 0,148 2,66 0,373 0,504 0,041 4,20 <0.006  
PP34_11 OL-PP34 14.77-14.88 1,00 4,15 19,8 53,3 0,115 5,63 0,458 0,769 0,062 9,69 <0.006  
PP34_12 OL-PP34 14.94-15.06 2,09 1,97 14,2 71,4 0,135 2,43 2,041 0,518 0,048 4,00 <0.006  
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4 XRD DETERMINATION 

 
4.1  Sample preparation 
 

X-ray diffraction (XRD) method is very usable to determine mineral species from a 

fine-grained sample. This method gives also a relative order of mineral abundance in the 

sample, but not a %-content. Three samples, KR22_5, KR22_6 and PP34_12, which 

macroscopically were unweathered, were not analyzed with XRD.  

 

At the first stage a sample was taken from a piece of rock with a small diamond cutter 

(Figure 4-1). The rock piece was exactly the opposite piece compared to the thin section 

sample. 

Then this fine-grained sample was further milled to get a homogeneous mixture, from 

which the determination was done. IR (infra red) determination was used for those two 

samples, PP34_10B and PP34_11, which contain clay minerals.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-1. A small diamond cutter was used to grind the XRD-sample from the rock 

surface, just opposite to the thin section. The width of sample is 31 mm.  

 

 

4.2  Results  
 

X-ray diffraction results (Table 4-1) show the main minerals in the order of abundance. 

This table can be compared with the optical microscopy results, (Table 2-1), with some 

explanations.  

 

Since quartz is always chemically unaltered its abundance is not affected by alteration 

products by the same way as the abundance of plagioclase, for example. Altered 



 28 

plagioclase is easily identified to plagioclase and mica (sericite and muscovite) and a 

thoroughly altered plagioclase in thin section, is pure mica according to XRD 

determination.  

 

Potassium feldspar is only moderately altered and it is always present both in XRD 

determination and thin section. Mica contains muscovite and biotite; chlorite is present 

in many samples. 

 

Clay minerals kaolinite and smectite are very fine-grained and it is very probable that 

they are calculated as sericite in the thin section study. This seems to be true especially 

in the sample KR22_4, where mode analysis (Table 2-1) contains 49 % 

muscovite/sericite and XDR determination show kaolinite as the second abundant 

mineral. Kaolinite is present also in the strongly weathered samples PP34_10B and 

PP34_11. 

 

 

Table 4-1. Minerals which were found with X-ray diffraction method from the 

weathered samples. Numbers from 1 to 4 describe the relative amount of mineral; 

number 1 is the most abundant etc. 

 

Sample Q KFS PL Mica CHL KAO SME 

 

KR22_1  1   2    3 4 

KR22_2  1   2    3 4 

KR22_3  1   2    3 4 

KR22_4  1     3 (4)  2 

KR23_7  1   3   2  4 

KR27_8  1   3    2 4 

KR27_9  1   3    2 4 

PP34_10A  1     2 3 

PP34_10B  1      3 2 

PP34_11  1    3   2   4 

Abbreviations: Q = quartz, KFS = potassium feldspar, PL = plagioclase, CHL = 

chlorite, KAO = kaolinite, SME = smectite 

Sample PP34_10A was taken from rock as the other samples; PP34_10B was from the 

fracture surface. 
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5 SUMMARY 

 

Analysis of 11 drill core samples from Olkiluoto study site show that weathering near 

fracture zone consists of two main features: formation of microfractures (width 0.05 – 

0.5 mm) and hydrothermal alteration of cordierite, plagioclase and biotite. In some 

cases weathering has been stronger; dissolution of these minerals and replacement with 

some other elements as iron oxyhydroxides. 

 

Microfractures and the undulating extinction of quartz grains prove mechanical stress 

which, obviously, has opened ways for fluids into the rock matrix. In many samples 

these fractures are parallel. Usually, also grain boundaries have been open. Fractures are 

filled by secondary minerals, sericite, calcite, kaolinite and even smectite. In one case 

the filling consists of well-crystallized epidote and potassium feldspar.  

 

Chemical analyses of samples do not show any special depletion or enrichment of 

elements. Probably the elements are not diluted away but crystallized as secondary 

minerals. Variation of alkaline elements, for example, is not easily explained. 

 

X-ray diffraction determination gives the mineral phases, both primary and secondary, 

in order of abundance. It is very useful with weathered samples, which are too soft for 

preparing thin sections or have small amounts of fracture filling minerals. 
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Appendix 1.  The photographs of samples  
 

 

Sample code Length (m) Code of thin 

section 

Figure 

OL-KR22B 9,65-9,95 KR22_1 1 

OL-KR22B 9,65-9,95 KR22_2 1 

OL-KR22B 12,49-12,70 KR22_3 2 

OL-KR22B 17,50-17,60 KR22_4 3 

OL-KR22B 24,78-24,81 KR22_5 4 

OL-KR22B 22,42-22,54 KR22_6 5 

OL-KR23B 23,95-24,02 KR23_7 6 

OL-KR27B 10,33-10,42 KR27_8 6 

OL-KR27B 15,02-15,11 KR27_9 8 

OL-PP34 13,31-13,42 PP34_10 9 

OL-PP34 14,94-15,06 PP34_11 10 

OL-PP34 14,77-14,88 PP34_12 11 

Appendix 1/7
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Figure 1.  Sample OL-KR22B (length 9.65-9.95). Thin section KR22_1, left, and 

KR22_2, right. 

 

 
 

Figure 2. Sample OL-KR22B, (length 12.49-12.70 m) and location of the thin section 

KR22_3. 
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Figure 3. Sample OL-KR22B (length 17.50-17.60 m) and the location of thin section 

KR22_4. 

 

 
 

Figure 4. Sample OL-KR22B (length 24.78-24.81) and the line showing the direction 

of thin section KR22_5. 
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Figure 5. Sample OL-KR22B (length 22.42-22.54 m) and the location of thin section 

KR22_6. 

 

 
 

Figure 6. Sample OL-KR23B (length 23.95-24.02 m) and the location of thin section 

KR23_7. 
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Figure 7. Sample OL-KR27B (length 10.33-10.42 m) and the location of thin section 

KR27_8. 

 

 
 

Figure 8. Sample OL-KR27B (length 15.02-15.11 m) and the location of thin section 

KR27_9. 
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Figure 9. Sample OL-PP34 (length 13.31-13.42 m) and the location of thin section 

PP34_10. 

 

 
 

Figure 10. Sample OL-PP34 (length 14.94-15.06 and the location of thin section 

PP34_11. 
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Figure 11. Sample OL-PP34 (length 14.77-14.88 m) and the location of thin section 

PP34_12. 
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Appendix 2.  The X-ray diffraction diagrams of weathered rock samples 
 

Codes are same as those of thin sections. 
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 Appendix 3.  Photographs of those samples and surfaces, from which the  
   thin sections were prepared 
 

 Figure 1. Sample KR22_1 (left) and KR22_2 (right). 

 

 Figure 2. Sample KR22_3 (left) and KR22_4 (right). 

 

 Figure 3. Sample KR22_5 (left) and KR22_6 (right). 

 

 Figure 4. Sample KR23_7. 

 

 Figure 5. Sample KR27_8. 

 

 Figure 6. Sample KR27_9 (left) and PP34_10 (right). 

 

 Figure 6. Sample KR27_9 (left) and PP34_10 (right). 
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Figure 1. Sample KR22_1 (left) and KR22_2 (right). 

 

 

  
 

Figure 2. Sample KR22_3 (left) and KR22_4 (right). 
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Figure 3. Sample KR22_5 (left) and KR22_6 (right). 

 

  
 

Figure 4. Sample KR23_7. 

 
 

Figure 5. Sample KR27_8. 
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Figure 6. Sample KR27_9 (left) and PP34_10 (right). 

 

  
 

Figure 6. Sample KR27_9 (left) and PP34_10 (right). 

 

Appendix 4/4



29.10.2007 12:50:07
GTK / ETELÄ-SUOMEN YKSIKKÖ Espoo

Lindberg Antero
PL 96
02151 ESPOO
FINLAND

ANALYTICAL REPORT

ORDER ID 210089 REF: Posiva Oy

PROJECT: RESP. AREA: 212
AREA:
MAP SHEET:
SAMPLE TYPE: SAMPLES: 11

METHOD CODE SAMPLES    DETERMINATIONS
+ 175X 11 385
30 11 11
43 11 11
+ 811L 11 11

Labtium Inc

Eeva Kallio
Laboratory manager

______________________________________________________________________________
Labtium Inc

PO Box 57
02151  ESPOO
Phone 01065 38000
Fax 01065 38289

Cover 1/4210089

49

APPENDIX 4
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METHOD DESCRIPTIONS AND COMMENTS

Order ID 210089
Date of issue 29.10.2007 12:50:07

THE RESULTS ARE VALID ONLY FOR THE SAMPLES TESTED
THE REPORT MAY ONLY BE QUOTED IN FULL

THE RESULTS HAVE BEEN PRODUCED DURING: 16.10.2007 - 26.10.2007.

ONLY RESULTS WITH A + MARK IN FRONT OF THE METHOD CODE
ARE COVERED BY THE SCOPE OF ACCREDITATION

30 Crushing with jawcrusher, Mn-steel jaws

43 Grinding in tungsten carbide grinding vessel

+ 175X Multielement determination by XRF technique(pellet)
The main rock forming elements are REPORTED as oxides.
Lower detection limits are:
Na2O 0.067, MgO 0.033, Al2O3 0.019, SiO2 0.021, P2O5 0.014,
K2O 0.0036, CaO 0.0042, TiO2 0.0050, MnO 0.0078 and Fe2O3 0.014.

 S  and Cl 0.006.
 Sc, V, Cr, As, La, Ce, Pb and Bi 0.003.
 Ni, Cu, Zn, Ga, Sn, Ba 0.002 and Sb 0.01
 Rb, Sr, Zr, Mo, Th and U 0.001.
 Y and Nb 0.0007.

Detection limits depend on the matrix of the sample and
can therefore vary from sample to sample.
If the samples contain fluorine, carbon, boron, lithium and beryllium 
method 175X needs information of their concentrations. 
These elements have not been determined of these
samples.
The carbon content of the samples has been taken into
consideration in the calculation of the results.

+ 811L Determination of C with carbon analyzer
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Labtium Inc.

Laboratory Customer Na2O MgO Al2O3 SiO2 P2O5 K2O CaO TiO2 MnO Fe2O3 S Cl Sc V Cr Ni Cu Zn

Sample ID Sample ID % % % % % % % % % % % % % % % % % %

+ 175X + 175X + 175X + 175X + 175X + 175X + 175X + 175X + 175X + 175X + 175X + 175X + 175X + 175X + 175X + 175X + 175X + 175X

L07127600 OL-KR23B 23.95-24.02 2,07 2,77 14,6 65,1 0,216 4,86 0,476 0,728 0,058 6,81 <0.006 0,010 <0.003 0,010 0,011 0,005 <0.002 0,015
L07127601 OL-KR27B 15.02-15.11 0,54 2,29 15,0 67,5 0,104 6,61 0,211 0,401 0,032 4,68 <0.006 <0.006 <0.003 0,008 0,009 0,004 0,004 0,009
L07127602 OL-PP34 14.77-14.88 2,09 1,97 14,2 71,4 0,135 2,43 2,041 0,518 0,048 4,00 <0.006 0,007 <0.003 0,007 0,009 0,004 <0.002 0,008
L07127603 OL-PP34 14.94-15.06 1,00 4,15 19,8 53,3 0,115 5,63 0,458 0,769 0,062 9,69 <0.006 0,017 <0.003 0,015 0,016 0,009 <0.002 0,017
L07127604 OL-KR27B 10.33-10.42 0,23 2,83 15,5 65,7 0,066 4,98 0,172 0,631 0,040 6,93 <0.006 0,006 <0.003 0,013 0,014 0,007 <0.002 0,013
L07127605 OL-KR22B 9.65-9.95 0,09 2,39 15,8 65,7 0,076 5,42 0,137 0,512 0,048 6,70 <0.006 0,012 <0.003 0,009 0,010 0,006 0,006 0,011
L07127606 OL-KR22B 22.42-22.54 1,93 3,00 16,1 62,0 0,086 3,77 0,908 0,652 0,054 8,73 1,53 <0.006 <0.003 0,015 0,013 0,009 0,016 0,046
L07127607 OL-KR22B 12.49-12.70 0,16 1,71 14,0 70,8 0,103 6,74 0,371 0,467 0,037 4,44 <0.006 0,009 <0.003 0,007 0,008 0,004 <0.002 0,010
L07127608 OL-KR22B 17.50-17.60 <0.0674 1,21 15,4 68,8 0,300 2,08 0,557 0,591 0,039 5,70 <0.006 <0.006 <0.003 0,006 0,009 0,003 <0.002 0,005
L07127609 OL-KR22B 24.78-24.81 1,50 4,10 16,9 53,7 1,46 3,77 5,234 2,09 0,102 10,2 0,148 0,017 <0.003 0,019 0,005 0,004 0,002 0,019
L07127610 OL-PP34 13.31-13.42 0,12 2,53 13,9 72,0 0,148 2,66 0,373 0,504 0,041 4,20 <0.006 <0.006 <0.003 0,008 0,009 0,003 <0.002 0,007
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Labtium Inc.

Laboratory Customer

Sample ID Sample ID

L07127600 OL-KR23B 23.95-24.02
L07127601 OL-KR27B 15.02-15.11
L07127602 OL-PP34 14.77-14.88
L07127603 OL-PP34 14.94-15.06
L07127604 OL-KR27B 10.33-10.42
L07127605 OL-KR22B 9.65-9.95
L07127606 OL-KR22B 22.42-22.54
L07127607 OL-KR22B 12.49-12.70
L07127608 OL-KR22B 17.50-17.60
L07127609 OL-KR22B 24.78-24.81
L07127610 OL-PP34 13.31-13.42

Ga As Rb Sr Y Zr Nb Mo Sn Sb Ba La Ce Pb Bi Th U C

% % % % % % % % % % % % % % % % % %

+ 175X + 175X + 175X + 175X + 175X + 175X + 175X + 175X + 175X + 175X + 175X + 175X + 175X + 175X + 175X + 175X + 175X + 811L

0,003 <0.003 0,017 0,018 0,002 0,022 0,002 <0.001 <0.002 <0.01 0,081 <0.003 0,006 0,004 <0.003 0,002 <0.001 0,29
0,003 <0.003 0,021 0,011 0,002 0,011 0,001 <0.001 <0.002 <0.01 0,078 0,003 0,005 0,004 <0.003 <0.001 <0.001 0,19

<0.002 <0.003 0,015 0,020 0,002 0,016 0,001 <0.001 <0.002 <0.01 0,030 <0.003 0,007 <0.003 <0.003 0,001 <0.001 0,30
0,003 <0.003 0,033 0,005 0,003 0,012 0,002 <0.001 <0.002 <0.01 0,051 <0.003 0,006 <0.003 <0.003 0,001 <0.001 0,30
0,003 <0.003 0,020 0,005 0,003 0,021 0,001 <0.001 <0.002 <0.01 0,050 0,005 0,009 <0.003 <0.003 0,002 <0.001 0,31
0,003 <0.003 0,019 0,007 0,001 0,015 0,001 <0.001 <0.002 <0.01 0,062 0,003 0,005 <0.003 <0.003 0,001 <0.001 0,14
0,003 <0.003 0,020 0,015 0,002 0,017 0,002 <0.001 <0.002 <0.01 0,041 0,005 0,007 0,015 <0.003 0,001 <0.001 0,90
0,002 <0.003 0,018 0,012 0,001 0,022 0,001 <0.001 <0.002 <0.01 0,095 0,006 0,008 0,003 <0.003 0,001 <0.001 0,09
0,002 <0.003 0,009 0,003 0,001 0,020 0,002 <0.001 <0.002 <0.01 0,004 0,006 0,014 <0.003 <0.003 0,001 <0.001 0,50
0,003 <0.003 0,020 0,117 0,003 0,048 0,005 <0.001 <0.002 <0.01 0,135 0,012 0,027 0,003 <0.003 0,001 <0.001 0,05
0,002 <0.003 0,017 0,003 0,001 0,016 0,001 <0.001 <0.002 <0.01 0,047 <0.003 0,004 <0.003 <0.003 0,003 <0.001 0,22
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