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ABSTRACT 

Bedrock of the Olkiluoto Island in the western end of the Palaeoproterozoic 
Svecofennian Accretionary Arc Complex, SW Finland is composed of high-grade 
metamorphic pelites, arenites and intermediate, arc type metavolcanic rocks intruded by 
granodioritic to tonalitic plutonic rocks.  Regional metamorphism culminated with 
voluminous migmatization in the temperature of 660 – 700 ºC and relatively low 
pressure of about 3.5 – 4 kbar.  The end result of polyphase metamorphism and 
deformation is a metamorphic rock succession composed of diverse migmatite rocks, 
metatexites and diatexites. Metatexites are migmatites in which several, discrete 
components can be detected, and in which the paleosome with some pre-partial-melting 
textures is identifiable. Diatexites are more advanced migmatites in which the pre-
migmatization structures are often totally destroyed and the rock is dominated by 
different neosome components meaning leucosome, melanosome or mesosome. 
 
Based on the migmatite structures the metatexites of Olkiluoto have been classified into 
six subgroups. Dike-structured metatexites are composed of well preserved paleosome 
intruded by one single set of narrow, subparallel leucosome dikes which cover ca. 5 – 
10 % of the whole rock volume. Net-structure is composed of a network of narrow 
leucosome dikes which show a reticulated structure in a plane section and cover less 
than 30 % of the whole rock volume. Breccia-structure is composed of angular or 
rounded paleosome blocks surrounded by moderate amount of leucosome. Patch-
structure is composed of irregular leucosome patches which intruded the well preserved 
paleosome and compose typically 20 – 70 % of the rock volume. Layer-structure is 
characterized by more or less regular leucosome dikes sub-parallel to the foliation of the 
well preserved paleosome. Vein-structured metatexites and also diatexites include a set 
of pipe-like, longish leucosome veins most probably generated by synchronous melting 
and deformation, folding or ductile shearing. 
 
Diatexites of Olkiluoto fall into four subgroups. Schollen-structure is a combination of 
roundish paleosome blocks or rafts and abundant mass of neosome which totally 
envelopes the paleosome blocks. Dark, typically melanocratic schlieren or flame-like, 
narrow and longish blocks of mafic restites are the crucial elements of schlieren-
structured diatexites. Nebulitic structure is typical for highest-grade diatexites in which 
only diffuse relicts of pre-existing rocks are scarcely distinguishable in the abundant 
neosome mass. Homophanous structure is typical for migmatites dominated by non-
segregated mesosome. It resembles the texture of plutonic rocks but can be identified on 
the grounds of protolith relicts or other restites. 
 
Everyone of the above mentioned migmatite types can be found all over the area of 
Olkiluoto Island but diatexites are more typical for the diatexite unit in the SE part of 
Olkiluoto whereas different metatexites dominate the veined gneiss unit in the NW part 
of the Island. 
 
Keywords: Migmatite, metatexite, diatexite, anatexis, bedrock, lithological type, 
Svecofennian, Paleoproterozoic, Olkiluoto, Finland. 



 
 
 



OLKILUODON MIGMATIITIT JA MIGMATIITTIMAISET KIVET 

TIIVISTELMÄ 

Olkiluodon kallioperä varhaisproterotsooisen, svekofennialaisen saarikaarikompleksin 
länsiosassa, Lounais-Suomessa koostuu korkea-asteisesti metamorfoituneista peliiteistä, 
areniiteista ja kaarityyppisistä vulkaanisista kivilajeista sekä niiden joukkoon itrudoitu-
neista, koostumukseltaan granodioriittista tonaliitteihin vaihtelevista syväkivistä. Alueelli-
sen metamorfoosin korkein aste noin 660 – 700 ºC lämpötilassa ja suhteellisen matalassa, 
3,5 – 4 kilobaarin paineessa sai aikaan voimakkaan osittaissulamisen ja migmatiittien 
syntymisen. Lopputuotteena monivaiheisesta metamorfoosista ja deformaatiosta on 
kehittynyt erilaisista metateksiiteista ja diateksiiteista koostuva kivilajijoukko. 
Metateksiitit ovat migmatiitteja, joista voidaan erottaa useita erillisiä komponentteja ja 
joista voidaan tunnistaa selvä paleosomi ja siinä säilyneitä osittaissulamista aiempia 
tekstuuripiirteitä. Diateksiitit ovat pidemmälle kehittyneitä migmatiitteja, joista osittais-
sulamista varhaisemmat rakenteet ovat usein täydellisesti tuhoutuneet ja erilaiset 
neosomityypit, leukosomi, melanosomi tai mesosomi ovat hallitsevia. 
 
Migmatiittirakenteiden perusteella Olkiluodon metateksiitit on luokiteltu kuuteen 
ryhmään. Juonirakenteiset metateksiitit koostuvat hyvin säilyneestä paleosomista ja 
tavallisesti yhdestä sarjasta siihen tunkeutuneita leukosomeja, joiden tilavuusosuus on 
korkeintaan 5 – 10 %.  Verkkorakenne muodostuu kapeista, toisiaan leikkaavista leuko-
somijuonista, joiden tilavuusosuus on korkeintaan 30 %. Breksiarakenne muodostuu 
kulmikkaista tai pyöreähköistä paleosomilohkareista, joita ympäröi keskinkertainen 
määrä leukosomia. Laikkurakenne muodostuu pyöreähköistä tai satunnaisen muotoisista 
leukosomilaikusta, jotka ovat tunkeutuneet hyvin säilyneeseen paleosomiin ja muodos-
tavat tyypillisesti 20 – 60 % kiven kokonaistilavuudesta. Kerrosrakenteelle tunnus-
omaisia piirteitä ovat säännöllinen, yhdensuuntainen leukosomijuonisto ja sen kanssa 
samansuuntaisesti raitainen paleosomi. Suonirakenteiset migmatiitit ovat metateksiit-
teja, joihin sisältyy putkimaisia, pitkänomaisia ja usein deformaation kanssa saman-
aikaisesti kehittyneitä leukosomisuonia. Suonirakenne voi esiintyä myös diateksiiteissa. 
 
Olkiluodon diateksiitit jakautuvat neljään ryhmään. Schollen-rakenne muodostuu pyö-
reähköistä paleosomikappaleista ja niitä kauttaaltaan ympäröivästä leukosomista. Tum-
mat, liekkimäiset ja pitkänomaiset mafiset restiitit ovat keskeisiä elementtejä schlieren-
rakenteisille diateksiiteille. Nebuliittinen rakenne liittyy korkea-asteisimpiin migmatiit-
teihin, joissa on erotettavissa epäselviä jäänteitä paleosomista runsaassa neosomimas-
sassa. Homofaaninen rakenne on tyypillinen segregoitumattomasta neosomista, 
mesosomista koostuville migmatiiteille. Tämä tekstuuri muistuttaa syväkivien tekstuuria, 
josta se voidaan erottaa ainoastaan haamumaisina erottuvien protoliittijäänteiden ansiosta. 
Olkiluodossa graniittiset TGG gneissit edustavat tätä tyyppiä. 
 
Kaikkia yllä mainittuja migmatiittityyppejä voidaan tavata joka puolella Olkiluodon 
saarta, mutta diateksiitit ovat tavallisempia saaren kaakkoisosaan sijoittuvassa diatek-
siittiyksikössä ja metateksiitit luoteisosan suonigneissiyksikössä. 
 
Avainsanat: Migmatiitti, metateksiitti, diateksiitti, anateksis, kallioperä, kivilaji, 
svecofenninen, varhaisproterotsooinen, Olkiluoto, Suomi. 
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1  INTRODUCTION 

Olkiluoto is situated in the western end of the Palaeoproterozoic Svecofennian 
Accretionary Arc Complex of Southern Finland where the bedrock is composed of 
high-grade metamorphic supracrustal and plutonic rocks. Supracrustals are for the most 
part meta-pelites, meta-arenites and intermediate, arc type metavolcanic rocks intruded 
by granodioritic to tonalitic plutonic rocks. 
 
Regional metamorphism of Olkiluoto culminated with voluminous migmatization that 
most strongly affected pelitic protoliths in the temperature exceeding 660 ºC and 
relatively low pressure of about 3.5 – 4 kbar (Tuisku & Kärki 2010). The temperature 
may have risen up to ~ 700 ºC producing granitic melt, which later crystallized to 
leucosomes. Migmatization took place simultaneously with polyphase ductile 
deformation and the flow of anatectic melts was directly controlled by the evolution of 
ductile deformation structures. Anatectic melts have been migrated and wide leucosome 
bodies, “pegmatite granites” in Posiva’s nomenclature, have been concentrated in the 
shear structures in the middle part of Olkiluoto (Fig. 1-1). 
 
In the present state, the most common lithological types of Olkiluoto are migmatites 
ranging from low-grade dike-structured metatexites to high-grade nebulitic and 
homophanous diatexites the components of which have an age span between 1.80 – 1.90 
Ga (Korsman et al. 1999, Mänttäri et al. 2006, 2007 and 2010). 
 
Metatexites are migmatites in which several, discrete components can be detected, and 
in which the paleosome must be identifiable as well as certain pre-partial-melting 
textures, e.g. pervasive foliation. Proportion of the neosome is typically 20 – 50% and it 
can be segregated into leucosome and melanosome but the segregation is not an 
essential process. Diatexites are more advanced migmatites in which the pre-
migmatization structures are often totally destroyed. The neosome is diverse in 
appearance and the textures and compositions of it vary widely. In addition, mesoscopic 
migmatite structures of both metatexites and diatexites can vary widely. This wide 
variation yields versatile possibilities for detailed classification and grouping the 
migmatite rocks. 
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2  MIGMATITES AND OTHER ROCK MIXTURES 

Various rock mixtures, comprising of widely variable proportions of metamorphic 
looking and igneous looking components, constitute the bedrock of Olkiluoto (Fig. 1-1). 
The most part of these rocks represent proper migmatites even if rock mixtures related 
with intrusion mechanisms of felsic to intermediate plutonic rocks have been detected, 
too. 
 
One rock mixture of the later group, often consisting both of metamorphic and intrusive 
components, is known as “contact breccia” or “intrusion breccia”. It has been developed 
via wall-rock fragmentation simultaneously with emplacement of a plutonic rock, and 
these breccias are often found around an intrusion close to the wall rock contact.  
Intrusion breccias are composed of more or less angular, metamorphic rock fragments 
enveloped and held together by homogeneous and often totally undeformed intrusive 
rock. Proportions of breccia fragments and intrusive material can vary without 
limitations. One end member in this series is an intrusive rock with a few enclaves 
whereas the other one can be a gneissose rock with a small amount of criss-crossing 
dikes of an external, plutonic source. 
 
The term “migmatite” was introduced to the geological literature by J.J. Sederholm in 
the early 20th century (Sederholm, 1907). He defined migmatite as “the mixture of two 
genetically different constituents … one is intrusive relative to the other … To this 
group belongs the gneissic granitic rocks which show net structure characteristic of 
incipient melting, frequently blind-ending veins, breccias-like granites with 
innumerable fragments of more or less completely dissolved older rocks, and finally 
some striped granites in which only the still preserved parallel structure indicates a faint 
remnant of the original properties of the rock”. He mentioned partial melting and 
magma injection as possible mechanisms in the formation of migmatite rocks. Later he 
proposed the name “arterite” for the migmatites which formed by magma injection 
(Sederholm, 1926). Likewise, researchers of metamorphic petrology gave the 
migmatites formed via partial melting the name “venite” to distinguish them from 
migmatites related to intrusive processes (Holmquist 1916). 
 
Mehnert (1968), in his classic book, discussed widely the problems dealing with 
classification and nomenclature of migmatites. He mentioned that “the most striking 
feature of migmatites is the megascopic aspect in which rock portions of different size, 
shape and composition intermingle and penetrate each other”.  He defined migmatite in 
the following way: “Megascopically composite rock consisting of two or more 
petrographically different parts, one is the country rock in a more or less metamorphic 
stage, the other is of pegmatitic, aplitic, granitic, or generally plutonic appearance”. 
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The AGI Glossary, following the guidelines of Dietrich (1960), defines migmatites as 
“composite rocks composed of igneous or igneous-appearing and/or metamorphic 
materials, which are generally distinguishable megascopically”. 
 
IUGS (International Union of Geological Sciences) and it´s subcommissions have been 
taken the official position in the acceptance of the rules for the rock nomenclature and 
classification. Subcommision of the Systematics of Metamorphic Rocks (Wimmenauer 
and Bryhni 2002) has given a proposal for the definition of the migmatite rocks. The 
group defined migmatite as: “A composite silicate metamorphic rock, pervasively 
heterogeneous on a meso- to megascopic scale. It typically consists of darker and lighter 
parts. The darker parts usually exhibit features of metamorphic rocks whereas the 
lighter parts are of igneous-looking appearance”. According to this, migmatites are not 
crystallized from a totally molten material but, on the other hand, they are not the result 
of purely solid-state reactions, either. 
 
Edward Sawyer is one of the latest authors in the endeavour to compile accepted 
concepts dealing with migmatite problems. He describes migmatites as “spectacular, 
complex looking rocks that can inspire, fascinate or confuse geologist” (Sawyer 2008). 
He reminded that “all migmatites viewed in an outcrop represent the sum of a series of 
processes that acted in parallel, or sequentially, and the influence of various local 
factors”.  Protolith composition, metamorphic conditions, and style of ductile 
deformation can be evaluated as the most important factors in the generation of the 
migmatite rocks. Grade of partial melting is controlled by these factors and the ability of 
a rock type to generate melt in certain conditions is called fertility. Sawyer (2008) 
defined migmatite as: “a rock found in medium- and high-grade metamorphic areas that 
can be heterogeneous as the microscopic to macroscopic scale and that consist of two, 
or more, petrographically different parts. One of these parts must have formed by partial 
melting and contain rocks that are petrogenetically related to each other (called the 
neosome) and to their protolith through partial melting or segregation of the melt from 
the solid fraction. The partially melted part typically contains pale-coloured rocks that 
are quartzo-feldspathic, or feldspathic, in composition, and dark-coloured rocks that are 
enriched in ferromagnesian minerals. However, the partially melted part may simply 
have changed mineralogy, microstructure, and grain size without developing separate 
light or dark parts”. 
 
As discussed above, different authors appreciate different processes as the key factors in 
the formation of migmatite rocks and various origins for migmatite rocks have been 
proposed since Sederholm (1907) suggested that leucosomes are formed by intrusion 
parallel to metamorphic bands of the country rock. Winkler (1961) and Mehnert (1968) 
though that anatexis and segregation of melt into the leucosome was the mechanism that 
produced migmatites. Johannes and Gupta (1982) and Johannes (1988) proposed an 
isochemical model and explained that the leucosomes were formed from leucocratic 
parts of the protolith.  Mehnert and Büsch (1982) considered that leucosomes were 
formed due to a concentration of water in the leucocratic layers. Metasomatic processes 
were discussed as potential factors in migmatization by Misch (1968) and Olsen (1985). 
These papers pointed out the difficulties that can be encountered when trying to find 
simple and unambiguous genetic models for complex and versatile rock mixtures. 
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Whatever the truth, migmatite-producing processes are closely associated with high-
grade metamorphism but equally magmatic processes and generation of granites are 
closely associated with those processes. Studies in metamorphic petrology have clearly 
demonstrated the principles of partial melting and reactions between solid and melt 
phases which may take place in a closed-system or which may have been affected by 
metasomatic processes (Holland & Powell 1985, Maalǿe 1992, Burg et al. 1993, 
Johnson et al. 2001, Pelletier et al. 2005, Sawyer 2010, White & Powell 2010). Some of 
the recently recognized migmatite definitions are strictly restricted to metamorphic 
processes maintaining partial melting as a precondition for acceptance, whereas others 
validate all rock mixtures in which metamorphic-looking and igneous-looking parts can 
be detected as identifiable parts of the final rock mixture. However, anatexis, which 
refers to the partial or differential melting of rock without statement to the proportion of 
generated melt, remains as the most remarkable process in the formation of migmatites 
if entirely magmatic processes are excluded. Thus, anatexis stands for the basic process 
which generates the new, possibly mobilized parts in a migmatite system. Metatexis 
refers to the incipient stage of anatexis in which the protolith (source rock) is divided 
into a lesser melt phase and a non-melted solid phase or non-mobilized residual of the 
source rock (restite), whereas diatexis is the advanced stage of anatexis by which the 
mafic minerals may be more actively involved in melting and the proportion of the melt 
phase is typically higher. Exact dividing line between these processes or their products 
is not clearly defined. Metatexites are defined as rocks in which earlier, pre-
migmatization structures, e.g. layering and foliations are well preserved whereas those 
in diatexites are not typical features (Brown 1973, Milord et al. 2001, Milord and 
Sawyer 2003, Kobayashi et al. 2005). 
 
Even if migmatites are well-known rocks especially for geologists working with the 
Paleoproterozoic formations, broadly accepted and adequate arguments, on the grounds 
of which a workable classification and description method is possible to construct, are 
not universally acknowledged. As pointed out by Sawyer (2008), the main reason to that 
is the diversity of the factors and processes interacting in the generation of migmatites. 
However, without defining basic arguments it is impossible to compile a workable 
method for classification and description of those rocks. Above mentioned processes, 
ranging from partial melting and injection events, augmented by products of certain 
deformation processes and late-stage metamorphic events, can be utilized as the basis 
for the classification and naming the migmatite rocks of Olkiluoto.  
 
The migmatites of Olkiluoto were formed under high-temperature conditions during 
prograde and/or retrograde metamorphism (Tuisku & Kärki, 2010), where partial 
melting occurs in pre-existing rocks which vary from metapelites to intermediate 
pyroclastics and in a lesser amount intrusive rocks (Kärki & Paulamäki, 2006).  Fertility 
or potentiality to generate melt is strongly varying in different layers or parts of 
Olkiluoto bedrock and, directly quoting the book of Sawyer (op. cit), “there are parts 
where partial melting has occurred, parts from which the melt fraction has been 
removed, parts where the melt fraction has collected, accumulated or injected, and parts 
which did not melt at all”. In the case of Olkiluoto, even if the variation in the 
composition of the protolith or source rock is quite strictly limited, it seems to be a 
challenging task to find an inclusive and completed “migmatite concept” which as such 
could be appropriate in the nomenclature and classification. For that reason, the 
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proposal of the IUGS subcommission on the systematics of Metamorphic Rocks 
(Wimmenauer et al. 2002) and definitions of Sawyer (2008) were applied and followed 
as strictly as possible but the final classification, nomination and definition of the 
migmatites in Olkiluoto is site-specific to some extent. 

2.1  Principal elements of migmatites 

The IUGS subcommission on the systematics of Metamorphic Rocks has described two 
bases for the assessment and recognition of the migmatite components, the first dealing 
with the relative age of the components and the other with the hue or colour index of 
those.  
 
Elements defined on the basis of their relative ages fall into two sets: neosome and 
paleosome. Neosome consists of the newly formed parts of a migmatite which can 
range from leucocratic to melanocratic in colour whereas palaeosome represents the 
relict parent rock from which the migmatite was generated.  
 
The paleosome represents the remnant of the weakly or moderately altered source rock 
and thus the composition of it has not been changed markedly by the migmatization 
process even if the sizes of individual grains and metamorphic mineral assemblages 
may be changed. As the migmatites are products of medium- to high-grade 
metamorphism, the most typical protoliths are rocks which have been metamorphosed 
prior to the latest migmatization to gneisses or even to migmatites. 
  
Partial melting is the focal process in the generation of the neosome and components of 
it. Segregation in which the melt and solid fractions may separate is possible but not 
necessary process in the evolution of the neosome.  Based on the colour or colour index 
of the neosome, three main types of neosome can be detected. The first type is 
leucocratic, normally rich in quartz and feldspars and designated as the leucosome. The 
second one is enriched in dark, mafic minerals, mostly biotite and amphibole, and it is 
known as the melanosome. The third type is developed of non-segregated partial melt or 
magma which is intermediate between leucosome and melanosome and for which the 
name mesosome can be used. Sometimes mesosome has been defined as a synonym for 
paleosome, but here it is restricted to comprise only the non-segregated, intermediate 
type of neosome. 
 
Leucosome is the lightest part of a migmatite or the lightest type of neosome. It mainly 
consists of quartz and feldspars and is generated via partial melting, anatexis and 
crystallization from that melt. Sometimes certain felsic minerals depict direct 
crystallization from magma, but more typical is pegmatitic texture with large, 
allotriomorphic crystals without any direct indication of crystallization order. 
Proportion of the melt-phase in the “leucosome magma” has been often so great that 
migration of it and also separation due to fractional crystallization may have taken place 
during cooling of the system. 
 
Mobility of the “leucosome magma” and the distance how far it has moved or migrated 
from where it formed before crystallization are potential arguments in the migmatite 
study. Sawyer (2008) has proposed terms in situ leucosome, in-source leucosome and 
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leucocratic dike or leucosome dike to describe the distance of migration. In situ 
leucosome has segregated from the protolith but remained at the place of melting. In-
source leucosome has moved from the melting place but remained in the source unit. 
Leucosome dikes have migrated out from its parent rock but remained in the same 
metamorphic environment which went through the partial melting. 
 
In addition to leucosome, Sawyer (op cit.) depicts granite dikes which have been 
injected from an external source region into cooler rocks or bedrock of lower grade 
metamorphic environment. In the case of Olkiluoto, the granite pegmatites associated 
with the adjoining felsic intrusions and other felsic pegmatites originating from an 
external source can be classified into this group. 
 
Melanosome is the darkest part of a migmatite, in which the prevailing mafic minerals 
have been concentrated, and it is also the darkest type of neosome. Melanosome often 
occurs as narrow bands or rims located between two leucosome layers. It consists of 
dark minerals which can be biotite, garnet, cordierite, hornblende and sometimes also 
pyroxene or olivine. Consequently, it is the dark residual fraction left after generation of 
the anatectic melt and thus it represents the solid part of the melt-solid system generated 
by partial-melting process. 
 
Mesosome is intermediate in colour between leucosome and melanosome. Some 
definitions represent it as the remnant of the source rock or protolith but it may also be 
defined as a neosome intermediate in colour between leucosome and melanosome 
(Mehnert 1968, Sawyer 2008). It is useless to supply two different terms, mesosome 
and paleosome, for the same migmatite component, and hence the term, mesosome, is 
here reserved solely for the intermediate type of neosome. Thus, mesosome comprises 
the rocks generated from non-segregated partial melt or magma in which solid, non-
melted minerals were survived in situ during the melting process. These mesosome 
materials may resemble real igneous rocks even if their chemical compositions may 
deviate from those of a proper igneous rock series. These mesosome materials have not 
got any specific names and their definitions are also somehow inconstant. However, 
nomenclature of plutonic rocks is quite well useable in description of these rocks. 
 
Narrow rims which sometimes have been found bordering the leucosome bodies and 
which deviate in composition from the other elements of the migmatites are known as 
selvedges (Hughes 1969, Brown et al. 1995, Korhonen et al. 2010). These rims which 
do not represent the residuum left after generation of an anatectic melt can be 
leucocratic, mesocratic or melanocratic in composition (Sawyer 2008). In the case of 
Olkiluoto, narrow biotite- or sometimes hornblende-rich rims located between 
leucosome and paleosome represent the most common type, and these can be called as 
mafic selvedges. Sawyer (op cit.) has collected three possible mechanisms that have 
been proposed for the formation of selvedges. These are: 1) reaction between the host 
rock and an aqueous fluid related to the anatectic melt, 2) reaction between the 
paleosome and the injected anatectic melt and 3) diffusional exchange of components 
between the anatectic melt and adjacent paleosome. 
 
Metamorphic temperature may rise up several times during tectonic evolution and 
development of a mobile belt, and melt-producing environments may have been 
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achieved several times during metamorphic evolution of the migmatitic rock system. 
Thus polyphase migmatites are quite typical results of this kind process chain. 
Identification of neosomes generated by different metamorphic events may be a 
complicated task which furthermore increases the complexity in the systematic handling 
of the migmatite rocks.  

2.2  Geological setting of migmatites 

Generation of migmatites is not an independent, isolated process but is closely 
associated with the ordinary geological evolution and development of meso- and 
macroscopic geological structures of the bedrock. Anatectic melt has been one 
significant element in that evolution whereas the behaviour of the whole system has 
been strongly controlled by the metamorphic environment, tectonic stress field and 
finally by rheological properties and composition of the bedrock units. Migmatite-
producing process environments can be fold-related or fault-related but, as well, they 
can be not at all affected by regional deviatoric stress and tectonic deformation. Shapes 
of meso- and macro-scale elements of migmatites are directly controlled by the intensity 
and type of regional deformation. Migration of the leucosome melt plays an important 
role in the generation of migmatite rocks and the whole migmatite terranes (Kriegsman 
2001, Bons et al. 2010). 
 
Leucosomes associated with fold structures and their axial surfaces are principally not 
expected elements but still it is a quite common type of occurrence of leucosome. Axial 
surface-related elements were developed due to strong shortening within the planes 
oriented parallel to the direction of highest principal stress and thus the spaces needed 
for leucosome intrusion are not expected in that orientation. Still they are quite typical 
elements in deformed migmatite terranes (Hand & Driks 1992, Vernon & Paterson 
2001). Leucosomes range from millimeter-scale dikes to wide leucosome bodies 
oriented along the axial surfaces and the final shapes and types of those are controlled 
by the emplacement mechanisms. Vernon & Paterson (op. cit) discuss the formation of 
these in source-type leucosomes and mention several possible mechanisms: 1) 
temporary over pressure of the fluid, 2) temporary relaxation during folding, 3) local 
shearing and transtension along axial surfaces, 4) local extension in fold limbs, 5) 
strength contrasts between folded layers leading to the generation of vein-like bodies 
and 6) injection of leucosome before main stage of folding e.g. in the outer arc of a 
buckle fold. They mentioned as possible mechanisms for the in situ leucosome 
formation: 7) fluid -promoted melting during temporary relaxation, 8) fluid-promoted 
melting along axial surface foliation and 9) segregation around pre-existing, large and 
strong mineral grains. Wide axial surface leucosomes showing features indicative of 
above mentioned processes have been detected also in Olkiluoto. Foliation-parallel 
leucosomes which do not follow the axial surfaces as well as other discordant veins may 
be associated with the fold structures as indicated by experimental analogue models 
(Barraud et al. 2004). 
 
Ductile shear structures associated with products of partial melting may result from 
middle crust deformation, and shear zone-hosted migmatites have been discusses 
actively during the last decades (Mogk 1992, Jones 1994, Grover et al.1997, Brown et 
al. 1998, Bhadra et al. 2007, Esteban et al. 2008). Leucosomes within these shear 
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structures strike often parallel or subparallel to the blastomylonitic foliation of the 
adjoining, high grade fault rock. Individual, high-grade shear bands may be traced only 
for a few metres or hundreds of metres before they are truncated by younger shear 
structures, or terminate in a body of high-grade migmatite (Mogk 1992). Migmatization 
may be synkinematic with one single stage or multiple stages of ductile shearing and 
successive generations of leucosome have been found both as deformed and attendant 
elements within developed shear structures. 
 
In a dynamic system, a combination of stretching and squeezing mechanisms might 
result in local melt migration and development of quartzofeldspathic leucosomes 
spanning a continuum of scales from mm- to cm-scale patches and segregations to more 
continuous cm- to m-scale lenses and dikes. The shapes of leucosome bodies are clearly 
indicative of kinematics of the shear system, but still the melting process can be pre-, 
syn- or postkinematic relative to the shearing event. In consequence, descriptions of 
deformed leucosomes suggesting that anatexis predates deformation as well as 
leucosomes that totally lack the deformation structures, even if the paleosome is 
strongly deformed, are frequent in the papers dealing with shear zone-hosted 
migmatites. 
 
Infiltration of water-rich fluids along the ductile shear structures was evaluated as a 
focal factor in the evolution of leucosome (Mogk 1992, Grover et al. 1997, Bhadra et al. 
2007) and it offers a reasonable explanation for concentration of leucosomes into certain 
shear zones.  On the other hand, melt-enhanced deformation (Hollister & Grawford 
1986) may be the major reason for development and setting of certain, large-scale shear 
structures. However, in high-grade crustal domains of coeval partial melting and shear 
deformation, shearing tends to localize around the same targets where synkinematic 
melt bodies occur (Druguet & Carreras 2006).  
 
Transpressional sub-units of large-scale shear zones, developed in mid-crust conditions 
can be correlated dynamically with those of regionally folded domains. Similar features 
of melt accumulation and leucosome setting can be detected (Collins and Sawyer 1996), 
and axial surface leucosomes and boudinage -related leucosomes are typical elements in 
addition to shear structure related “pegmatoids” (Druguet & Hutton 1998). Strain 
magnitude varies markedly in different subzones of those transpressional shear 
structures and equally varies the metamorphic grade. Peraluminous granitoids and 
leucocratic pegmatoids of anatectic origin are typical elements in the medium to high 
strain subzones (Druguet & Hutton 1998). 
 
Transtensional environments of shear systems are the most favorable sites for 
concentration of melt material and there is well recognized spatial and temporal 
connection between intrusion of granitoids and transtension (Guineberteau et al. 1987, 
Hutton 1988, Pawley & Collins 2002, Archanjo et al. 2008, Högdahl et al. 2008). 
Emplacement mechanisms of these synkinematic plutons (e.g. Guineberteau et al. 1987, 
Hutton 1988) have been discussed widely and both internal and external textures and 
structural elements developed at different stages of evolution are well documented (e.g. 
Pawley & Collins 2002, Archanjo et al. 2008, Plissart et al. 2012). Like small-scale 
kinematic indicators, shear-related intrusions are typically asymmetric, sigmoidal 
bodies, elongated in horizontal section parallel to the strike of the shear zone 
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(Guineberteau et al. 1987, Hutton 1988) whereas shapes in vertical section may be more 
complicated. 

2.3  Subdivision of migmatites 

As discussed above, migmatite is defined as a composite rock developed via partial 
melting or anatexis simultaneously with other processes associated with high 
temperature metamorphism. In the case of Olkiluoto, the most part of the bedrock is 
somehow migmatitic and the migmatite concept is applied to those rock mixtures 
wherever possible. Two main migmatite groups, metatexites and diatexites can be 
defined on the basis of the type of existence of paleosome materials. 
 
Metatexites are migmatites in which several, discrete components can be detected, and 
the rocks are always heterogeneous at the mesoscopic scale. Paleosome must be 
identifiable and pre-migmatization structures, e.g. layering or other relicts of primary 
sedimentary structures or metamorphic, pre-partial-melting textures, e.g. pervasive 
foliation, are unequivocally identifiable. Proportion of the neosome often ranges 
between 20 and 50% but in individual samples it can be less than five percent or it can 
exceed 50%. The neosome can be segregated into leucosome and melanosome but the 
segregation is not an essential process. 
 
Diatexites are more advanced migmatites in which the paleosome and pre-
migmatization structures are not always detectable. Proportion of the melt fraction has 
often exceeded 50% in the partially melted system and, consequently, neosome 
components built up the major part of the generated migmatite rock. Paleosome, if 
present at all, may exist as disconnected inclusion blocks or schollen totally surrounded 
by dominant neosome materials. The neosome is diverse in appearance and the textures 
and compositions of it vary widely. Composition of the neosome can range from 
leucocratic to melanocratic and the texture from granular igneous texture, e.g. 
hypidiomorphic or allotriomorphic, to evidently foliated or banded.  
 
Wide variation in the properties of the migmatite components yields versatile 
possibilities for detailed classification and grouping of the migmatite rocks. One 
classification scheme is based on the openness of the migmatite-producing system. On 
that basis Sawyer (2008) has depicted two diatexite types: “1) Primary diatexite which 
is formed in a closed system where the melt fraction present is equal to the degree of 
partial melting, and 2) Secondary diatexite in which the fraction of melt required to pass 
the solid-to-melt was reached by the ingress of melt”. More detailed grouping, 
classification and nomination of migmatites can be based on a large number of 
arguments and variables. The most appropriate method to be used in the first order 
subdivision will be based on the evaluation of the degree of migmatization and 
subdivision the migmatite rocks into metatexites and diatexites  as described above. 
Transition from low-grade metatexites to advanced diatexites is gradational but the 
place for the exact dividing line or the limiting value of a special argument in this 
transition series is not defined. Many grounds for more detailed classification are still 
on offer. One of these is the type of migmatite structure, and structural types found in 
the rock mixtures of Olkiluoto are described in the following sections. 
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3  MESOSCOPIC MIGMATITE STRUCTURES 

Migmatites are always composed at least of two distinct components but the number of 
those can be also higher. Detailed subdivision and grouping of them, in addition to 
metatexite – diatexite subdivision, can be based on a large number of properties and 
arguments. Internal ratios, shapes and corresponding aspects of leucosome and 
palaeosome are the most feasible arguments of mesoscopic scale to be used as the basis 
for further subdivision (Fig. 2-1). These mesoscale morphological variables are known 
as migmatite structures. A number of those are presented in the text below, but the 
presentation is not a comprehensive recapitulation of all possible migmatite structures. 
 

 
Figure 2-1. Migmatite structures in the metatexitic and diatexitic migmatites of 
Olkiluoto. Typical values of neosome proportion and estimated properties of physical 
isotropy in a relative scale are shown. More detailed explanations of the structural 
terms will be given in the following text. 
 
Dike-structure is typical for metatexites in which one set of leucocratic, plate- or sheet-
shaped and sub-parallel leucosome dikes, possibly bordered by narrow melanocratic 
rims, are characteristic elements (Fig. 2-2). The dikes can be proper leucosomes but 
likewise they can be narrow granite dikes without any dramatic differences in the 
appearance. Typically, the dikes clearly cross-cut the host rock foliation, but the 
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orientation merely can’t be the focal argument. This structure type limits on one hand to 
the layer structure and to the net structure on the on the other hand (Fig. 2-1).  The total 
amount of neosome material does not exceed 10% of the rock volume and often only 
one dike set can be detected. 
 
 

 
Figure 2-2. Dike structured metatexite in which narrow leucosome dikes bordered by 
dark rims (selvedges) cross cut the paleosome, in this example banded gneiss. 
 
Net-structure is composed of a network of narrow leucosomes or leucosome dikes (Fig. 
2-3) which show a reticulated structure in a plane section. They may have been formed 
in multiple stages, and individual dikes which can be distributed at least into two or 
three sets, are typically narrow, less than 10 cm wide and sometimes bordered by 
melanocratic rims. On the basis of the properties of neosomes it is occasionally possible 
to distinguish the products of different generations. Proportion of neosome does not 
exceed 30 % in the migmatites of this structure type. Semisystematic names “diktyonite 
and diktyonic migmatite” are used for migmatite rocks of this type. 
 
 

 
Figure 2-3. Net-structure in a metatexite the palaeosome of which is composed of 
banded gneiss (Mehnert 1968). The leucosomes parallel to metamorphic banding and in 
two cross-cutting orientations may result from one single or three different 
metamorphic events. 
 
Breccia-structure is composed of angular or rounded paleosome blocks surrounded by 
moderate amount of leucosome (Fig. 2-4). Paleosome blocks are rather sharp-edged and 
melanocratic rims between paleosome and leucosome are narrow or not at all 
detectable. Three dimensional observations confirm the similarity between breccia-
structure of migmatites and intrusion breccia structure. The leucosome in the breccia-
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structured metatexites can be classified as the in-source or in-situ leucosome or 
leucosome dikes, but the proportion of it doesn´t exceed 30%. Thus, in the migmatite 
system, breccia-structure places between schollen and net-structure. Agmatic migmatite 
and agmatite are semisystematically used names of breccia-structured migmatites. 
 
 

 
Figure 2-4. Breccia-structured metatexite in which angular, sharp-edged gneiss blocks 
are surrounded by narrow leucosome dikes (Mehnert 1968). Similar structure can 
result from, e.g. granite intrusion into strongly fractured gneiss body. 
 
Patch-structure develops at environment in which generation of melt fraction has gone 
further than in the cases of lowest grade migmatites. Neosome materials represent 20 – 
70 % of the whole rock volume and leucosome patches vary largely in size (from a 
couple of cm to tens of cm) and shape (Fig. 2-5). The patches can be surrounded by 
melanosome bands or selvedges or they can be lacking. The contacts may also be 
transitional and in that case the final structure closes the nebulitic structure in which 
ghost like leucosome spots shape faintly in the dominant mesosome. 
 
 

                
Figure 2-5. Patch-structured metatexites in which the neosome patches evidently 
crosscut the banding of the paleosome. Dark, melanocratic rim can be obvious or it can 
totally lack around leucosome. 
 
Layer-structure is characterized by more or less regular leucosomes sub-parallel to the 
foliation of the paleosome (Fig. 2-6). Foliation can often be classified as metamorphic 
banding and the difference between the widest leucocratic bands of the paleosome and 
narrow leucosomes is hardly distinguishable. Similarly, the widest mafic bands in the 
paleosome can greatly resemble the melanosome bands of the migmatite structure. In 
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fact, the foliation in the mass around the leucosome layers can vary from schistosity to 
high-grade migmatitic foliation, e.g. the schlieren structure. 
 
The proportion of neosome is typically below 50 % in these migmatites and leucosomes 
are usually less than 10 cm wide. Occasionally, the layer-structure seems to correlate 
with the layered structure of the protolith in which some layers have been generated 
more melt than the others. Quite common are also variants in which a totally 
homogeneous, foliated protolith is penetrated by sub-parallel leucosomes with or 
without melanosome or selvedges. Thus, leucocratic layers can be of in situ origin but 
equally in-source origin as well as generation via injection of leucosome dikes or 
granite dikes which all can be found in metatexitic or in diatexitic host rock. Stromatic 
gneiss and stromatic migmatite are semisystematic names applied for migmatite rocks 
of this type. 
 
 

 
Figure 2-6. Layer-structured metatexite in which the parallelism of the gneissic 
banding of the paleosome and neosome dikes is evident (Mehnert 1968). Small 
neosomes in the model drawing are short, blind dikes and the balance between the 
leucosome/melanosome ratio and protolith composition is indicative of in situ origin for 
the neosome. Similar looking final structure is possible to get by sub-parallel intrusion 
of leucosome dikes or granite dikes if they have generated narrow biotite rich selvedges 
at their contacts. 
 
Vein-structure is characteristic for migmatites which were called phlebites by Mehnert 
(1968). This structure is typical for both metatexitic and diatexitic rocks (Sawyer 2008) 
and the leucosome veins (Fig. 2-7) may have been injected from outside or exuded in 
situ thus being of in situ or in-source origin.  The paleosome may be present but equally 
the whole rock may be diatexitic, e.g. a schlieren-structured rock in which a set of 
leucosome compose the pipe-like, longish leucosomes most probably caused by 
synchronous melting and deformation, folding or ductile shearing. Despite of common 
usage of the names veined gneiss and veined structure when dealing with the migmatite 
complexes, real vein structures are infrequently found. Semisystematic names veined 
gneiss and veined migmatite are used for migmatites of this type. 
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Figure 2-7. Neosome veins and folded dikes penetrate the gneissose paleosome in this 
vein-structured metatexite (Mehnert 1968). Neosome proportion is ca. 30% and the 
veins are sub-parallel to the fold axis. 
 
Schollen-structure is a combination of roundish paleosome blocks or rafts and 
abundant mass of neosome which totally envelopes the blocks (Fig. 2-8). The structure 
resembles breccia-structure but the neosome is more abundant and the disrupted blocks 
float like rafts in the leucosome mass and they do not touch each other. Paleosome 
blocks represent typically less than 50% of the rock volume and they may have sharp or 
diffuse contacts with the neosome. Intrusion breccia may be similar in appearance with 
this migmatite structure. Migmatites of this structure type are classified as diatexites 
even if they contain remarkable amount of paleosome and they are often known by the 
name “schollen migmatite”. 
 
 

 
Figure 2-8. A schollen-structured migmatite composed of sharp-edged, banded gneiss 
blocks floating in an abundant mass of leucosome (Mehnert 1968). Narrow melanosome 
rims border some of the palaeosome blocks and one mafic, flame-like elongated body 
(schliere) is visible in the right side of the picture. 
 
Schlieren-structure is found in diatexitic migmatites and the existence of dark, 
typically melanocratic schlieren or flame-like, narrow and longish blocks of mafic 
restites (Fig.2-9) is the essential prerequisite for this structure type. An individual 
schliere can be composed, in addition to biotite, of amphibole, pyroxene, sillimanite, 
and plagioclase with certain other equilibrated phases. Structural transition from pure 
schlieren structure towards vein- and layer-structures and similarly towards nebulitic 
and schollen-structure takes place without any limitations. Thus, some amount  but no 
more than 20 % of elongated, schollen-type blocks of paleosome materials may be left 
in the rock mixtures which, as a whole, will be classified as schlieren-structured 
migmatites. Flame-shaped paleosome particles will be taken into account as accepted 
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components of the schlieren-structure, but their proportion can´t exceed one fourth of 
the rock volume. Migmatites of this structure type are known by the name “schlieren 
migmatite”. 
 
 

 
Figure 2-9. Schlieren-structure of a diatexite in which dark restite slices or 
melanosome (schlieren) and coarse grained leucosome compose the neosome (Mehnert 
1968). A few, elongated paleosome strips are oriented parallel to the foliation and 
surrounded by neosome materials that covers approximately 75% of the rock volume. 
 
Nebulitic structure is most typical for high-grade migmatites in which diffuse relicts of 
pre-existing rocks are scarcely distinguishable in the abundant neosome mass (Fig. 2-
10). Likewise, this structure can be detected in metatexites in which irregular domains 
of leucocratic neosome intermingle with e.g. quartzo-feldspathic, not strongly foliated 
paleosome. 
 
Nebulitic structure, in the case of Olkiluoto, is most typical for diatexites composed for 
the most part of mesocratic neosome, mesosome, with a small amount of dark- and 
pale-toned neosome variants.  Paleosome is not left in these migmatites and microscopic 
texture of the neosome resembles the texture of granitoids. Nebulitic structure can be 
seen as one end member or intermediate member in the transition system in which it 
borders the other high-grade migmatite structures without any sharp borderlines. 
Migmatites of this structure type are often known as nebulites or nebulitic migmatites. 
 
 

 
Figure 2-10. Nebulitic diatexite in which no paleosome is detectable anymore and the 
neosome is composed for the most part of mesocratic, mafic mineral bearing mesosome 
(Mehnert 1968). Melanosome is visible as narrow, schliere-like stripes and leucosome 
as light bodies surrounded by mesosome material.  
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Homophanous structure is typical for migmatites dominated by non-segregated 
neosome or mesosome materials which compose comparatively homogeneous and wide 
units with diameters ranging from one metre to tens of metres. This structure strongly 
resembles the texture of plutonic rocks but can be identified on the grounds of protolith 
relicts or other restites (Fig. 2-11). Physical properties measured from migmatite rocks 
of this structure type are identical with those measured from real plutonic rocks of 
similar mineral composition. Likewise, microscopic textures of these migmatites do not 
drastically differ from the textures detected from products of real igneous rock series. 
Consequently, migmatites of this structure type are often known by names of igneous 
rocks. 
 

 
Figure 2-11. Homophanous structure in a biotite bearing mesosome which resembles 
hypidiomorphic-granular texture of granitoid rocks but contains some relicts of 
protolith and dark, schlieren-like restite stripes. 
 
Pegmatite texture is typical for the rocks developed via crystallization of the latest and 
most acidic melts of a plutonic rock series. Acidic, coarse-grained dike rocks or granite 
pegmatites are the most typical representatives of this rock class and similar textures 
can be seen in coarse-grained granitic leucosomes. 
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4  LITHOLOGY OF OLKILUOTO 

Over the last decades, the lithological units of Olkiluoto have been known by different 
names ranging from mica gneisses and quartz gneisses to diatexitic gneisses and granite 
pegmatites or pegmatitic granites. One of the most widely used schemes is documented 
by Mattila (2006), and according to that the most common rock types in Olkiluoto are 
veined gneisses and diatexitic gneisses. Recently, the standard classification scheme of 
migmatites was applied and the fundamentals for that are presented in the previous 
chapters. 
 
The most part of the bedrock of Olkiluoto is classified as migmatites ranging from low-
grade dike-structured metatexites to high-grade nebulitic and homophanous diatexites. 
Ability to generate leucosome is more or less directly controlled by the composition of 
protolith and metamorphic factors but the magnitude of leucosome melt migration is not 
easily detectable or visible.  The distribution of leucosome material in different rock 
types of Olkiluoto is shown in the figure 3-1. Leucosome proportion has been one of the 
main arguments in the recognition of different rock types and the limiting value to 
discriminate veined gneisses from diatexitic gneisses was set to 50 % in the volume of 
leucosome. This can be suitable when looking the system from the mechanical point of 
view but geologically it is not reasonable. Veined gneisses defined by Mattila (2006) 
are for a part vein-structured metatexites but they can also be schlieren-structured 
polyphase diatexites in which the latest leucosomes develop the layer- or vein-structure 
and the total volume of leucosome does not exceed 50 %. Diatexitic gneisses are for the 
most part schlieren-structured and nebulitic diatexites but, in addition, they can be also 
metatexites in which the proportion of leucosome exceeds 50 %. Thus, direct 
correlations between the results of the earlier mappings and the present migmatite 
classification are not always unequivocal. 
 
Proportion of leucosome material in the mafic gneisses and mica gneisses of Olkiluoto 
is 5 % in average but the leucosome not necessarily originates from the gneissic host 
rock. The partial melt or anatectic magma was produced in a thermally coherent 
metamorphic environment in which these gneisses present certain non-fertile layers 
penetrated by a varying amount of in-source leucosome. Thus, it is reasonable to 
classify those as low-grade migmatites, i.e. dike-, vein- or patch-structured metatexites. 
On the other hand, the granitic mesosomes, which are even- and medium-grained, non-
foliated rocks and resemble biotite granites, are also members of the migmatite system. 
In the migmatite family, they represent high-grade diatexites and yield a good example 
of homophanous structure. Excluding a couple of exceptions, pegmatitic granite was 
used to denote coarse-grained leucosomes which are granitic on the basis of their QAP-
ratio. Petrographically they are igneous looking, homogeneous and leucocratic rocks 
crystallized for the most part from an anatectic melt. 
 
Metatexites of variable migmatite structures dominate in the NE part of Olkiluoto or in 
the veined gneiss unit (Fig. 1-1) and more accurately they will classify as dike-
structured, net-structured, breccia-structured, patch-structured, layer-structured and 
vein- structured metatexites but also different diatexites are found within the metatexite 
unit. Diatexitic unit in the SE part of Olkiluoto is composed for the most part of 
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nebulitic, schollen- and schlieren-structured migmatites but, like diatexites in the 
metatexite unit, different metatexites are not scarce among diatexitic rocks in this unit. 
Granite pegmatoids or structurally controlled leucosome accumulations are especially 
concentrated close to the contact of the two major lithological units (Fig. 1-1). 
 
 

  

  

  
Figure 3-1. Histograms showing the leucosome percentage distribution in different rock 
types of Olkiluoto:  a) mafic gneiss, b) mica gneiss, c) TGG –gneiss, d) veined gneiss, e) 
diatexitic gneiss, and f) pegmatitic granite. The rock types are defined in details by 
Mattila (2006). 

4.1  Migmatites and migmatite structures in Olkiluoto  

This chapter presents the gallery of pictures from the most common migmatite types 
and structures found in Olkiluoto. In reality, every single migmatite rock is a member in 
a complex transition system in which the grade of migmatization and the type of 
migmatite structure can change without any limitations. In addition, those are 
independent variables and representatives of different transition series. Thus, the exact 
number of different migmatite types is large and this picture collection is not a 
comprehensive presentation of all possible variations. 
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Figure 3-2. Dike-structured metatexite. 
 
Dike-structured migmatites are typically metatexites in which one or two sets of 
leucosome dikes cross cut the paleosome which is typically composed of medium 
grained and moderately foliated, mica bearing quarzofeldspathic gneiss. The leucosome 
has not necessarily been generated in-situ if only indications of in-situ partial melting 
may be possible. Thus, the most part of these migmatites will classify into the subgroup 
of the in-source migmatites in which the proportion of leucosome do not exceed 10%. 
 
The dike structured metatexite in the picture above contains two narrow, 1 – 2 cm wide 
granitic leucosomes which penetrate the medium-grained, poorly foliated TGG gneiss 
paleosome. Typical leucosomes in these migmatites range from granitic to granodioritic 
in composition and they may represent multiple phases despite their small volumetric 
proportion. 
 
Outcrop sign: TP-2006-216 
Location: X=6791326   Y=1525071 
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Figure 3-3. Dike-structured metatexite. 
 
In this dike-structured migmatite narrow, less than 5 cm wide granitic leucosomes 
intersect the relatively light-toned, homogeneous and poorly foliated TGG gneiss. 
Leucosome most probably originates from an external source thus placing the 
leucosome to the in-source subgroup. 
 
Outcrop sign: TP-2006-089 
Location: X=6792120  Y =1524346 
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Figure 3-4. Net-structured metatexite. 
 
Net structured migmatites typically contain 10 – 20% leucosomes and they may be of in 
situ or in-source origin. Often at least two generations of leucosome are detectable but 
also more complicated, polyphase migmatites have been found. 
 
The TGG gneiss paleosome of the migmatite in this picture is clearly foliated or banded 
and mid- grey in tone. It contains strongly elongated, darker blocks parallel to the 
foliation and roundish feldspar grains that seem to have been grown over the foliation. 
The leucosome network is composed of two distinct components. The leucosomes of 
the first phase strike parallel to the foliation and are openly folded. Leucosome of the 
second generation are intruded parallel to the axial surface, and they will classify as the 
axial surface leucosome. Older leucosomes are bordered by narrow, biotite rich rims 
(selvedges) but around the leucosomes of the second generation those rims are not so 
clearly visible. 
 
Location: X=6791364  Y =1527049 
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Figure 3-5. Net-structured metatexite. 
 
This net structured migmatite has developed from a relatively homogeneous TTG 
protolith. The paleosome is rather coarse-grained and, at least in this horizontal section, 
it seems to be moderately foliated.  Narrow, mostly less than 5 cm wide granitoid 
leucosomes are randomly oriented with three or four statistical direction maximums. 
Leucosome material builds up ca. 10% of the rock volume and two types of leucosome 
can be detected. The first comprises narrow quartzofeldspathic dikes the contacts of 
which are rather sharp and often associated with narrow mafic rims. The other group is 
composed of wider, in the picture right-left striking and openly undulating dikes. Some 
of those are pure quartz-feldspar dikes bordered by distinct mafic rims or selvedges but 
some of those are darker and their contacts with the paleosome are more diffuse. Age 
and intersection order between these leucosome sets are not unambiguous. 
 
Outcrop sign: AJK-12-203 
Location: X=6798078  Y =1525471 
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Figure 3-6. Net-structured metatexite. 
 
Net-structured migmatites have often been found within domains where at least two sets 
of intersecting leucosome can be detected in a well preserved paleosome. The net-
structured migmatite of this picture seems to belong to the “two set category” as one set 
of leucosomes seems to be folded and the other seems to be associated with the axial 
surfaces. Both sets evidently cross cut the foliation of the paleosome but their reciprocal 
cross cut relation is not clearly detectable. The TGG gneiss paleosome is strongly 
foliated and shows a distinct metamorphic banding but this foliation has prevailed 
rectilinear also within those domains where the leucosome dikes seem to be most 
intensively folded.   
 
Outcrop sign: AJK-12-204 
Location: X=  6791935  Y = 1524864 
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Figure 3-7. Breccia- and net-structured metatexite. 
 
Features of net- and breccia-structure can be seen in this metatexite. Upper right side of 
the picture will classify as a net-structured migmatite whereas breccia-structure 
dominates in the rest of the picture.  At least three sets of granitoid leucosomes intersect 
the paleosome composed of gray and homogeneous biotite bearing gneiss.  The 
paleosome blocks in the breccia-structured unit are typically 20 – 50 cm in diameter, 
their shapes range from angular to roundish, and the blocks are surrounded by wide 
leucosome dikes. In general, delivery of leucosome ranges from narrow dikes to 
irregular shaped bodies the contacts of which are diffuse. The earliest leucosomes (1) 
are narrow quartzofeldspathic dikes parallel to the gneissic foliation, intermediate are 
pegmatitic, leucocratic granite dikes and the latest are medium-grained, mafic mineral 
bearing granitoids (2). Cross cutting relations are clear at least in a part of the 
leucosome contacts. 
 
Outcrop sign: AJK-12-201 
Location: X= 6792912  Y = 1525537 
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Figure 3-8. Breccia-structured metatexite. 
 
Paleosome in this breccia-structured migmatite is composed of homogeneous, medium-
grained and weakly foliated TGG gneiss. Breccia blocks are roundish or angular and 
often 30 – 90 cm in diameter. Leucosome is coarse-grained, leucocratic and pegmatitic 
in texture. Leucosome fills the space between the breccia blocks as 5 – 20 cm wide 
dikes and roundish or irregular shaped bodies. For a part, the leucosome is bordered by 
a narrow biotite-rich selvedge but it is not detectable everywhere. In addition, the 
change from the biotite-rich selvedge to the unaltered paleosome seems to be 
gradational in places, whereas, on the other side, the contact between the mafic selvedge 
and the leucocratic, pegmatitic leucosome is very sharp. 
 
Outcrop sign: TP-2006-004 
Location: X=6792908  Y =1525493 
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Figure 3-9. Breccia-structured metatexite. 
 
The materials enclosing the breccia blocks in this breccia-structured metatexite fall into 
two totally different types. The earlier is heterogeneous mixture of a leucosome-like 
component and schlieren-like mafic rims (1). Contacts between the paleosome blocks 
and the neosome are very sharp. The later neosome is composed of reddish, coarse-
grained granitoid material in which feldspars occur as roundish, phenocryst-like grains 
and the texture of this material resembles porphyritic texture (2). Narrow biotite-rich 
selvedges can be detected at the contacts of these leucosomes. Paleosome is found as 
angular, sharp-edged breccia blocks composed of medium-grained and banded biotite-
bearing gneiss. 
 
Outcrop sign: AJK-12-201 
Location: X= 6792912  Y =1525537 
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Figure 3-10. Patch-structured metatexite. 
 
The most characteristic elements of the patch-structured migmatites are leucosome 
bodies that may vary largely in shape, size and type of occurrence. The metatexite in 
this picture has a medium-grained, poorly foliated TGG paleosome.  Leucosome 
patches vary from 5 to 15 cm in diameter and they are for the most part composed of 
completely leucocratic granite pegmatoid. Garnet can be detected in some of the 
leucosome bodies. Mafic rims (selvedges) around these leucosome bodies vary from 0.5 
cm to several centimetres in width and they are for the most part composed of biotite-
rich material.  
 
Outcrop sign: AJK-12-202 
Location: X = 6793093 Y =1525626 
 



34 

 
Figure 3-11. Patch-structured metatexite. 
 
This metatexite contains elongated, tabular leucosome bodies which seem to be oriented 
into two directions both of which intersecting the banding of the foliated TGG gneiss 
paleosome.  The structure is interpreted as the patch-structure since the leucosome 
bodies are not continuous in any visible direction and the rock contains also wider, 
roundish leucosome patches. It is possible that the leucosomes compose long, pipe-like 
veins perpendicular to the direction of the outcrop surface. In that case, the structure 
would be real vein-structure which was orthogonally cross-cut by the horizontal surface. 
Whatever the truth, it is not possible to see the three dimensional structure on a single, 
flat surface. 
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Figure 3-12. Patch-structured metatexite. 
 
Paleosome of this metatexite is composed of homogeneous and weakly foliated TGG 
gneiss. Leucosome patches range from regular, small and roundish bodies to large and 
irregular bodies the contacts of which are diffuse. Small leucosome patches are often 
bordered by evident mafic rims. Garnet is concentrated into the wider leucosome 
patches which may be situated on the areas of more fertile protolith layers.  
 
Outcrop sign: TP-2006-001 
Location: X=6793094  Y =1525627 
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Figure 3-13. Layer-structured metatexite. 
 
Paleosome in this layer-structured metatexite is a quartzofeldspathic, weakly foliated 
gneiss in which the amount of biotite varies in different layers as well as varies the 
texture. Neosomes are concentrated into the most fertile layers and schlieren-structure is 
the most descriptive term for a part of narrow subzones in this section. The leucosomes 
range from blind, short stretches to long, one to two cm wide dikes that all strike 
parallel to the foliation of the paleosome. Leucosomes are bordered by narrow, 
melanocratic rims which can be accepted as proper melanosome due to 
leucosome/melanosome ratio. Except to one single intersecting dike in the lower left 
part of the picture, the leucosomes can be interpreted as products of one single phase of 
melting and they can be of in situ origin. Width of the GPS navigator 5,5 cm. 
 
Location: X = 6792735, Y = 1524098 
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Figure 3-14. Layer-structured metatexite. 
 
This layer-structured metatexite is composed of mafic mineral bearing and clearly 
foliated paleosome and abundant, 1 – 5 cm wide leucosomes parallel to the foliation. 
For a part, the leucosomes can be of in situ origin but, due to large proportion of them, a 
part of leucosomes can originate from an external source thus presenting in-source type. 
Lack of melanosome on the borders of many of the widest dikes may support this 
interpretation. On the contrary, small, narrow leucosomes may be of in situ origin as 
they seem to be totally enveloped by the paleosome and they are bordered by 
melanosome rims. 
 
Outcrop sign: 204-SSP-88 
Location: X=6791480  Y =1523150 
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Figure 3-15. Layer-structured metatexite. 
 
This migmatite is evidently layer-structured but the layers seem to be of different 
origins. The uppermost part in the picture shows a layer-structure which resembles 
graded structure in supracrustal rocks. Upper light part of the layer grades to the darker 
lower part of the same layer. In the lower part of the picture, a metatexite with layer-
structure or vein-structure can be seen. Small leucosome dikes and veins are not 
connected with each other. They are bordered by narrow melanosome rims and thus 
they may be of in situ origin. The middle part in the picture is composed of high-grade 
migmatite in which wide leucosomes exists parallel with melanosomes but are 
harmfully covered by brown dirt. Migmatite structure of this sub-layer will classify as a 
specific type of schlieren-structure but the widest leucosome dikes can be interpreted as 
components of layer structure in which the foliated ground mass is composed of 
schlieren-structured diatexite. 
 
Outcrop sign: AJK-12-221 
Location: X= 6791941  Y =1526908 
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Figure 3-16. Layer-structured migmatite. 
 
This migmatite is layer-structured in many ways but all layers are at least subparallel 
with each other. One third of the sequence is composed of material in which 
homogeneous but clearly foliated paleosome is detectable with narrow leucosomes 
parallel to the foliation. These subsequences will classify as layer-structured 
metatexites. In the rest part of the sequence, no paleosome is detectable and the rock is 
composed of different neosomes. The ground mass in these sub-layers is composed of 
schlieren-structured diatexite in which narrow leucosomes alternate with melanosome 
rims. This structure defines a clear, pervasive foliation for the rock. Wider leucosomes 
can be detected parallel to the foliation, and the final rock mixture in these sub-layers 
should be classified as a layer-structured diatexite. 
 
Outcrop sign: AJK-12-221 
Location: X= 6791941  Y =1526908 
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Figure 3-17. Layer-structured diatexite. 
 
The most part of this migmatite is composed of schlieren-structured diatexite in which a 
set of leucosomes build up dike-like leucosomes. Due to the existence of these dikes the 
rock will classify as a layer-structured diatexite. Elongated, non-fertile gneiss stripes (1) 
or paleosome bands build up a second order layer structure in this migmatite, but as the 
proportion of the paleosome is low, the migmatite belongs to the diatexite class.  
 
Outcrop sign: AJK-12-221 
Location: X= 6791941  Y =1526908 
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Figure 3-18. Folded layer-structured migmatite. 
 
Diatexitic and metatexitic sub-layers alternate also in this migmatite.  Diatexitic parts 
feature elements of both schlieren- and layer-structure. Metatexitic layers are composed 
of banded gneiss paleosome and leucosomes, which can be of in situ or in-source origin 
and strike parallel to the foliation. The whole sequence is closely folded and possibly a 
new generation of leucosome (1) is produced simultaneously with folding. Polyphase 
evolution of neosome materials increases the complexity of the final migmatite 
structure. 
 
Outcrop sign: TK10 
Location: X=6792370  Y =1526630 
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Figure 3-19. Vein-structured metatexite. 
 
Paleosome in this metatexite is composed of banded mica gneiss which is well 
preserved on the whole area of the picture. Leucosomes are sigmoidal or lens-shaped in 
cross-section and strongly elongated perpendicular to the surface of the outcrop. Dike-
like leucosomes can be detected parallel to the direction of the gneissic foliation but 
pipe-shaped leucosome veins are dominating. The migmatite is strongly sheared and the 
leucosomes are elongated parallel to the -axis of the strain within those shear 
structures. Shear deformation seems to be the main reason for the development of the 
vein-shaped leucosomes but originally at least a part of those seems to have been dikes 
in a conventional layer-structure. Length of the scale bar 12 cm. 
 
Outcrop sign: AJK-12-221 
Location: X= 6791941  Y =1526908 
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Figure 3-20. Vein-structured diatexite. 
 
This migmatite seems to be strongly sheared and the vein shape of the leucosomes is a 
direct consequence of the shear deformation. Wide leucosomes are elongated 
perpendicular to the outcrop face but the exact ratio between their shortest and longest 
dimensions is not detectable. Anyway, they can be evaluated as pipe-shaped bodies, and 
the migmatite structure as a specific type of vein-structure. The matrix material between 
wide leucosome veins seems to be homogeneous mica gneiss but more careful 
examination shows that real paleosome is missing in this rock. The matrix is composed 
of small leucosome pods surrounded by biotite rich melanosome and for that reason the 
migmatite will classify as a diatexite in which the latest leucosomes are visible as 
spectacular veins.  
 
Outcrop sign: AJK-12-221 
Location: X= 6791941  Y =1526908 
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Figure 3-21. Schlieren-structured diatexite with features of vein-structure. 
 
In this example large eye-shaped leucosomes or augen structures(1) are the most 
spectacular elements. No paleosome is visible and the rock will classify as a diatexite 
featuring schlieren structure. The neosome outside of the widest leucosome lenses or 
augen structures is coarse-grained and composes of large, roundish feldspar grains and 
grain aggregates with melanosome schlieren. Asymmetric sigmoidal structures can be 
seen also in this medium- to coarse-grained material. 
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Figure 3-22. Schollen-structured diatexite. 
 
Paleosome restites or rafts (1) in this diatexite are composed of amphibole-bearing 
gneiss and individual blocks vary from ca. 10 cm to 70 cm in diameter. They compose 
approximately 40% of the rock volume and their contacts to neosome are sharp. 
Neosome material is represented by melanosome, mafic mineral bearing mesosome and 
many types of leucosome. As a whole, the neosome comprises schlieren-structure like 
mixtures (2), homogeneous mesosome bodies and different leucosome dikes. 
 
Outcrop sign: AJK-12-210 
Location: X= 6791386  Y =1526552 
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Figure 3-23. Schollen-structured diatexite. 
 
Paleosome blocks in this schollen-structured diatexite are composed of 
quartzofeldspathic gneiss and vary from 10 cm to 50 cm in diameter. Their contacts to 
the neosome are more or less diffuse and the width of transition zones varies from 1 cm 
to 10 cm. Neosome is composed of a heterogeneous mixture and the structure of that 
neosome componet resembles the schlieren-structure.  
 
Outcrop sign: AJK-12-229 
Location: X=6791465 Y =1527369 
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Figure 3-24. Schollen-structured diatexite. 
 
Quartzofeldspathic paleosome blocks compose ca. 20% of this schollen-structured 
diatexite.  The block in the upper left corner is surrounded by a distinct mafic rim. The 
other block in the lower right corner is sharply bordered to the neosome. Neosome will 
be classified as mesosome in which roundish, 1 – 2 cm wide feldspar aggregates are 
well visible in addition to few quartz rich accumulations and mafic schlieren-like 
stripes. In Olkiluoto, this type of neosome is mostly called as KFP-rock. 
 
Outcrop sign: AJK-12-224 
Location: X= 6791442  Y = 1527596 
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Figure 3-25. Intrusion breccia. 
 
Products of two different magmatic pulses can be seen in this outcrop.  Brownish 
granitoid in the upper left corner is homogeneous and seems not to be foliated at all. 
The grayish granitoid in the lower part of the picture contains different gneiss inclusions 
in abundance. Their diameters vary from 5 to 30 cm and they are randomly rotated in 
the enveloping, nonfoliated plutonic rock. 
 
Outcrop sign: JM-04-78 
Location: X=6791770  Y =1527467 
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Figure 3-26. Schlieren-structured diatexite. 
 
This diatexite is composed of narrow, less than 5 mm wide melanosome bands parallel 
to the leucosomes which are wider and compose close to 80% of the neosome volume. 
In addition to the neosomes, one paleosome slice (1) can be detected left from the 
number sign. This migmatite structure will classify as the schlieren-structure. Both 
neosome types exist as planar, subparallel components and on one side this migmatite 
structure borders on the banded structure of high-grade gneisses. The maximum 
proportion of paleosome materials tolerated in the diatexites is not officially settled but 
in the case of Olkiluoto the limiting value is set to 25%.  So the schlieren- structure can 
border also on the layer-structure which is more typical for metatexitic migmatites. 
 
Outcrop sign: AJK-12-224 
Location: X= 6791390  Y = 1527613 
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Figure 3-27. Schlieren-structured diatexite. 
 
Melanosomes compose close to a half of this diatexite. For a part the leucosomes exist 
as narrow dikes which are as wide as the melanosomes but for a part they build up 
wider dikes, 5 – 10 cm in width in horizontal section and the upper right part of the 
picture could be classified as a spectacular type of layer-structure. The schlieren 
structure is subsequently folded but no evidence of foliation or generation of later 
leucosomes can be detected. 
 
Outcrop sign: TP-2006-227 
Location: X=6791260  Y =1525025 
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Figure 3-28. Schlieren-structured diatexite. 
 
The most striking feature in this diatexite is the interference structure created by 
polyphase folding. Small blocks composed of grey, homogeneous and medium-grained 
quartzofeldspathic gneiss material can be classified as the paleosome but their 
proportion is scarcely 20 %. The rest part of the rock is composed of leucosomes and 
melanosome stripes folded in a complex manner. Melanosome-leucosome ratio is 
roughly 1:2 and possibly the leucosome belongs to the in-situ type.  
 
Outcrop sign: AJK-12-206 
Location: X= 6791181  Y =1526657 
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Figure 3-29. Schlieren-structured diatexite. 
 
The melanosome and leucosome are distinctively separated in this diatexite. The 
leucosome is composed of perfectly leucocratic quartz-feldspar material especially in 
the centres of the leucosome bodies and the melanosome schlieren are strongly enriched 
in biotite. Bulging leucosome – melanosome contacts with garnet grains seem to be 
indicative of melting reaction but the roundish shapes of the neosome bodies are not 
most typical for the schlieren-structure. Wide diatexite units dominated by this structure 
are physically isotropic whereas typical schlieren-structured migmatites are strongly 
anisotropic and foliated. For that reason, it might be reasonable to distinguish this 
structure type from the traditional schlieren-structure. 
 
Outcrop sign: AJK-12-229 
Location: X=6791465 Y =1527369 
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Figure 3-30. Schlieren-structured diatexite. 
 
Roundish leucosome patches are surrounded by irregular and rather extensive 
melanosome stripes and domains in this diatexite. Pervasive foliation is not possible to 
detect but somehow the development of the final structure is associated with the 
regional deformation. Garnet is seen as a remarkable species in biotite rich melanosome 
representing the residual left after partial melt which in this case seems to have been 
crystallized as in situ leucosomes. 
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Figure 3-31. Schlieren-structured diatexite. 
 
Quartzofeldspathic leucosomes are the dominant components in this diatexitic 
migmatite. The first generation of coarse-grained leucosome (1) is visible as 1 – 2 cm 
wide dikes between narrow melanosomes. The other leucosome generation is 
represented by coarser-grained quartzofeldpahic dikes (2) ranging from 2 cm to 20 cm 
in width.   Narrow melanosome rims are well detectable and the overall structure will 
classify as a variant of schlieren-structure. Among the schlieren-structured migmatites 
this variant represents the highest-grade type that borders on the diatexites with 
nebulitic or homophanous structures. 
 
Outcrop sign:  AJK-12-224 
Location: X=  6791390  Y = 1527613 
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Figure 3-32. Diatexite with schlieren-structured and nebulitic subunits. 
 
Subunits of nebulitic (1) and schlieren-structured (2) domains can be seen in this 
diatexite.  Nebulitic domains are composed of homogeneous rock which is not at all 
foliated and includes some amount of micas making it possible to classify that 
component as a mesosome. Schlieren-structured domains are composed of narrow 
leucosomes and melanosome rims which are less than 0.5 cm wide and which alternate 
in a systematic manner. In this case, the schlieren-structure defines a distinct, high-
grade foliation into the rock. 
 
Outcrop sign: SSP-07-7 
Location: X=  6791852  Y = 1527277 
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Figure 3-33. Nebulitic diatexite. 
 
In this diatexite the only textural and compositional features detectable by the naked 
eyes are the gradational variation in the amount of biotite and the existence narrow 
neosome stripes or dikes. Ghost-like remnants of some earlier structures or relicts of 
paleosome blocks may be outlined but the final migmatite is rather homogeneous and 
nonfoliated rock which for the most part can be defined as the mesosome. Narrow, 
reddish leucosome dikes, the contacts of which are diffuse, may be seen in places. 
Likewise, irregular biotite bearing bodies, which may represent the restite or less mobile 
parts of the migmatite system, are detectable sporadically. 
 
Outcrop sign: AJK-12-206 
Location: X=6791181 Y =1526657 
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Figure 3-34. Nebulitic diatexite. 
 
Sub-domains composed of homophanous mesosome material dominate this diatexitic 
migmatite but besides to those, sub-domains composed of schlieren-structured 
migmatite can be seen in the upper left part of the picture. Transition from the 
homophanous structure to the striped type is transitional and, as a whole, spatial 
variation from one migmatite structure type to the other takes place in a totally irregular 
manner.   
 
Outcrop sign: LS/K17 
Location: X=6791944  Y =1526914 
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Figure 3-35. Diatexite dominated by leucosome component. 
 
Granitic, coarse-grained leucosome dominates in this diatexite. Ghost-like, mafic 
mineral bearing domains and relicts of schlieren-like stripes can be seen at places but no 
pervasive foliation is possible to detect and the rock seems to be physically isotropic. 
The texture of the leucosome resembles the pegmatitic texture of granite pegmatites or 
allotriomorphic-granular (xenomorphic) texture of coarsely crystalline igneous rocks 
developed via direct crystallization from a residual magma.  
 
Outcrop sign: TP-2006-103 
Location: X=6791518  Y =1526286 
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Figure 3-36. Homophanous mesosome. 
 
This homogeneous, rather coarse-grained K-feldspar-plagioclase-quartz-biotite rock 
lacks all the pre-anatectic structures as well as features of high-grade migmatite 
structures. The rock resembles non-deformed granitoids but still it belongs to the 
migmatite sequence. The migmatite structure is defined as the homophanous structure 
and, in consequence of that, the rock belongs to the main group of diatexitic migmatites. 
 
Outcrop sign: AJK-12-207 
Location: X=  6791333  Y =1526656 
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Figure 3-37. Granitic leucosome. 
 
In this outcrop only a few biotite rich patches and blocks of layer-structured diatexite 
can be imagined in a totally leucocratic pegmatoid which in this case will classify as the 
leucosome. Excluding the migmatite relicts the texture of the leucocratic granitoid 
material is pegmatitic which is typical for exceptionally coarsely crystalline igneous 
rocks but also for coarse-grained leucosomes. 
 
Outcrop sign: TP-2006-082 
Location: X=6791882  Y =1525972 
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