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Internal structure and deformational history of two granite domains with marked-
ly distinct tectono-metamorphic evolutions occur in the Somero area, SW Finland.
The Ruostejéarvi dome, located NW of Somero, is characterized by a gently dip-*
ping core-mantle contact. The grade of metamorphism in this dome increases to-
wards the core and migmatites have the character of injection veins. In contrast,
in the Halkjarvi domain (SW of Somero) all structural elements are (sub)vertical
and the rocks are of high metamorphic grade over the entire domain. In this case,
migmatization resulted from in situ melt generation. The two domains are separated
by a WNW-ESE striking lineament. This lineament represents a zone of intense
shearing that caused an upward block movement of the southern domain. The Halk-
Jarvi domain represents the infra-structure, while in the Ruostejarvi domain a supra
structure of a granite dome is exposed. The variation in supra-infra structure is dis-
cussed in relation to the mechanism of diapirism in granite domes.
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Introduction

The structure of the Svecofennides of SW Fin-
land is dominated by megascopic granite bodies
that enclose gneiss and schist belts (Fig. 1). The
gneiss and schist belts are built-up of early oro-
genic intrusives (gabbro, tonalite) and cogenetic
meta-volcanics and metasediments with an age
of 1900-1880 Ma (Simonen 1980; Huhma 1986;
Gaal and Gorbatschev 1987). The complex is
thought to represent an ancient island arc (Simo-
nen 1980). The rocks are strongly deformed, and
metamorphosed up to high amphibolite, and lo-
cally granulite facies. Microcline-granite was

generated in a late orogenic stage (Front and Nur-
mi 1987) and has an age of 1830-1810 Ma (Nur-
mi and Haapala 1986).

The present paper describes two granite do-
mains which are separated by a lineament in the
Somero area (Fig. 1). The area is located NW of
the Kemio-Orijarvi-Jarvenpai-Lohja gneiss and
schist belt (KOJL belt). The structure of the
KOJL belt has been studied in detail by Tuomi-
nen 1957; Parras 1958; Verhoef and Dietvorst
1980; van Staal and Williams 1983; Bleeker and
Westra 1987; Schreurs and Westra 1986. Simo-
nen (1955) elaborated a geological map of the
Somero area (Map sheet 2024) that served as
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Fig. 1. Overview of Geology of SW Finland (after Schreurs and Westra, 1986). Late-tectonic microcline granite bodies are
shown cross-hatched. S: Somero; K: Kemid; O: Orijarvi, L: Lohja; J: Jarvenpad. Inset: location of the map.

the basis of the present work. One of the most
striking structural features in this area is the
»palm-tree» like outcrop pattern of the supra-
crustal rock units that separate two granite do-
mains (Fig. 1). The present contribution gives a
structural analysis, presented in geometrical
models, a comparison with the geology of the
KOJL belt and a discussion on the origin of
granite domes.

Petrography

Supra-crustal (mica, hornblende and quartz-
feldspar schists) and early infra-crustal rocks
(metagabbros, tonalites) are found in narrow
belts or as mega-xenoliths in microcline granites.
The geographical distribution of the rock units
is shown on Fig. 2.

A brief characterization of the rocks is given
below. Locations of characteristic outcrops are
given by bracketed coordinates that refer to the
grid of the Finnish geographical map.

Micaschists [2481.7, 6723.5] are composed of
quartz, biotite, cordierite and garnet. Intercalated
quartzitic beds and lenses are interpreted as bed-
ding relicts. Cordierite porphyroblasts are com-
monly concentrated in bands parallel to the bed-
ding. Mica-schists grade into quartz-feldspar-
micaschists [2480.8, 6726.0]: fine grained felsic
rocks composed of K-feldspar, plagioclase,
quartz and biotite. Quartzitic lenses occur as a
relict of sedimentary bedding. These rocks are in-
terpreted as metamorphosed arkoses mixed with
argillaceous material (cf. Simonen 1953). Two
types of amphibolites are distinguished: horn-
blende schist and hornblende gneiss. The rock-
types may occur in one outcrop, e.g. [2477.8,
6725.7). Hornblende schists demonstrate sedi-
mentary structures such as cross-bedding and
grading, and have transitional relationships with
micaschists. They are interpreted as resedimented
volcanic deposits. In hornblende gneisses no pri-
mary structures were recognized. The rocks are
characterized by a gneissic layering on a cen-
timeter scale, and are well lineated. The origin
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of this rocktype is not known. Tonalite [2484.7,
6724.4] and gabbro [2477.4, 6727.8] occur as sills
as well as discordant dikes. A foliation is defined
by alignment of mica and hornblende; locally,

2335

2. Geological map of the Somero area.

an amphibole lineation is found. Xenolith-rich
zones are found at the contact of tonalites and
country rock. Migmatites occur abundantly in the
area. Paleosomes and neosomes can vary in
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Fig. 3. Structural map of the Somero area.

width from a few centimeters to several meters.
Two types of migmatite are distinguished. One
type has injection vein-like leucosomes that cross-

cut unaltered

country rock (metasediments,

metagabbro, tonalite) [2474.7, 6726.5]. The other
type has leucosomes which are associated with
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Fig. 4. Form surface map of the Somero-area, showing the grace of S;. Note the local deviation from the trend of S, on
the geological map (Fig. 2).

metamorphic reaction rims in the country rock tite to granite. Mylonites and cataclasites are
[2483.5, 6714.0] and are parallel to S,. There is found in a WNW-ESE trending lineament in the
a gradual transition from both types of migma- central part the area.
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Structure

Three structural domains are distinguished in
the Somero area: the Ruostejarvi domain NE
of Somero, the Halkjarvi domain S of Somero,
and the Painio domain that encloses lineaments
(Fig. 3). The domains differ in structure, and in
the metamorphic evolution of the rocks. Three
fold generations are recognized in the Ruostejérvi
and Halkjarvi domains, labeled F,_;. Folds are
overprinted by zones of mylonite and cataclasite,
predominantly occurring in the Painio domain.
We have carried out a structural analysis of the
fold domains which is based on orientation-
variation and overprinting relations of the fol-
lowing mesoscopic structural elements:

Sy, sedimentary bedding, locally in metasedi-
ments.

S,, schistosity defined by alignment of biotite
and amphibole, defining an axial plane cleavage
in rootless F, isoclinal folds.

S,, crenulation cleavage, axial plane foliation of
F, folds.

F,, rootless, isoclinal folds with S, as axial plane
foliation.

F,, open-tight meso- and macroscopic folds of
Si-

F;, open, macroscopic folds.

L,.,, intersection lineation of S, and §S,.

L,.,, intersection lineation of the S, and S,.
L., mineral lineation, defined by alignment of
amphibole and mica. L, is parallel to the X-
axis of deformed pebbles and xenoliths.

The structural map (Fig. 3) shows the orienta-
tion variation of the elements over the area. A 2D
structural interpretation is presented by a form
surface map (Fig. 4). This map demonstrates the
trend of the main foliation, i.e. S,, and deviates
markedly from that of S, (represented by the
geological map).

The Ruostejarvi domain is dominated by a
gentle upright F, antiform, with a W plunging
axis. This antiform refolds older structures.
There is a large angular relation between the F,
axis on the one hand, and the F, and F, axes on

the other hand. As a result, a highly a-cylindrical
fold pattern is found in the hinge region of the
F; antiform. A 3D structural interpretation of
this region is given in Fig. 5. Only very locally,
small-scale F; folds are found outside the anti-
formal hinge realm. Limbs of the antiform mere-
ly demonstrate a F,—F, interference pattern on
mesocopic scale. As a consequence, the fold pat-
tern in the limb regions is cylindrical. Transition
of a-cylindrical hinge to cylindrical limb realm
is illustrated in Fig. 6. The complex, large scale
F,, F, and F, fold interference (Fig. 6) caused
the typical palm-tree outcrop pattern of the meta-
sediments (Fig. 1).

The structure of the Halkjarvi domain is domi-
nated by vertical F, folds. Only very locally
[2492.5, 6711.3], mesoscopic F; folds with sub-
horizontal NW-SE trending axes are found.
Orientation of F, foldaxes and axial surfaces are
similar to those in the south-western part of the
Ruostejarvi domain (E of lake Painio).

The Painio lineament consists of the narrow
zones in which protomylonites, ultramylonites,
cataclasites and pseudo-tachylites are found.
These structures overprint S, and S,. On Land-
sat images, the lineament is continuous over a
length of 100 km (cf. Fig. 1). Two foliations are
found in protomylonites. One foliation is a
spaced banding defined by narrow zones (1 mm
in width) consisting of finely grained minerals
(Fig. 7), predominantly quartz, white mica and
epidote. This foliation strikes E-W and is
(sub)vertical. Vertical slickenside striae occur
on this cleavage plane. Another foliation is
defined by the shape fabric of the minerals in
the bulk rock. Longests axes of the minerals
are oriented at 30—45° to the spaced banding
(Fig. 7). Ultra mylonites are found in the central
parts of the lineaments. These rocks are extreme-
ly fine grained, and consist of partly sericitized
plagioclase clasts, quartz, white mica, chlorite,
epidote and opaques. In some cases a lamination
is present, defined by an alternation of haema-
tite and epidote rich bands. A pervasive foliation
is defined by alignment of mica-aggregates and
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Fig. 5. Block-diagram of the central and northern part of
the Ruostejarvi domain, looking in a NNE direction. F, fold
is refolded by macroscopic F; antiform.

elongate domains of recrystallized quartz grains.
This foliation is wrapped around feldspar clasts.
The lamination and foliation are vertical and no
lineation was found. Locally, micro-faults dis-
rupt the lamination and the rocks are gradational
to cataclasites.

Metamorphism

The metamorphic evolution of rocks is distinct
in the Ruostejarvi and Halkjérvi domes. In gener-
al, metamorphic grade in the Halkjirvi domain
is higher, and a distinct type of migmatite is
found.

Ruostejarvi domain

An increase in metamoprhic grade of the rocks
from West to East in the Ruostejarvi domain
can be deduced from mineral assemblages. Am-
phibolites in the W contain blue-green horn-
blende, cummingtonite, albite and epidote. In-
tercalated micaschists contain garnet, biotite and
oligoclase blasts. These mineral assemblages are
typical for lower amphibolite facies (Myiashiro

Fig. 6. Block-diagram of the central and southern part of
the Ruostejérvi area, looking in a SW direction. In the south-
ern part, an interference pattern of F, and F, (coaxial) is
found; in the central part refolding by F; occurs.

Fig. 7. Line drawing of micrograph of c-s mylonite from Pai-
nio lineament. Composite foliation of continuous s-surfaces
and discontinuous c surfaces. See text for explanation scale
bar: 0.5 cm.

1974). High amphibolite facies conditions are
characteristic for the core of the Ruostejirvi
antiform. Clinopyroxene is found in metabasites,
while cordierite is the dominant porphyroblast in
micaschists. Cordierite blasts are in contact with
K-feldspar, both these minerals have inclusions
of sillimanite needles and biotite, suggesting reac-
tion (1) (Holdaway and Lee 1977):
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Fig. 8. Line drawing of photograph from outcrop near Halk-
jarvi, showing relation of garnet-occurrence (black spots)
in schist and leucosomes of migmatite (vertically hatched).
Scale bar (lense protector, 5 cm.).

sill + 2 bi + qtz + CO,
= 3 crd + Kfsp + H,0 (1)

Reaction (1) represents the peak of metamor-
phism, suggesting middle amphibolite facies con-
ditions. Migmatites occur in the core of the
regional F, antiform. In this domain, leuco-
somes have the character of granitic-pegmatitic
injection veins, with absence of reaction rims
country rock.

Halkjdrvi dome

Meta-pelites in the Halkjarvi dome are nearly
completely migmatized. Only a few patches re-
mained in which microstructures suggest a pro-
grade metamorphic evolution that partly is simi-
lar to that of the Ruostejarvi dome. Locally how-
ever, garnet and cordierite are found in contact
with each other, suggesting reaction (2) (Winkler
1979):

ced + bi + gtz = gt + Kfsp + V )
Migmatization in this domain appears to be re-

lated to garnet growth in melanosomes. This min-
eral occurs concentrated in bands at melanosome-

leucosome boundaries (Fig. 8). This suggests a
simultaneous formation of garnet and melt by
reaction (3) (Grant 1985):

qtz + sill + bio = Kfsp + grt + L 3)

Reactions (2) and (3) indicate high grade meta-
morphic conditions (Winkler 1979).

A pervasive retrograde metamorphism affected
the metapelites of the Ruostejiarvi domain. Cor-
dierite blasts in micaschists are partly replaced
by andalusite, and some are overgrown by ran-
domly oriented coarse grained white mica flakes.

In the Painio fault zone further retrograde
metamorphism took place. In protomylonites
overgrowth of plagioclase to muscovite and epi-
dote is found, typical of greenschist facies con-
ditions. Ultra-mylonites and cataclasites have
syntectonic prehnite and pumpellyite veins, sug-
gesting low grade metamorphic conditions.

Relation deformation metamorphism

Ruostejdrvi domain

Biotite constitutes the S, schistosity, its
growth is pre-syn F,. Cordierite and K-feldspar
overgrow S, and at the rims of these minerals S,
crenulations are included. This microstructure in-
dicates a post F, to syn-F, growth. Migmatiza-
tion probably post-dated F,, as micaschist in-
clusions in granitic veins contain an S, crenula-
tion cleavage. Migmatite veins are folded by F;,
the constituting minerals, however, are non-
deformed, and no deformation foliation was
found. We propose that F; folding was syn-
genetic with the migmatization.

Halkjdrvi domain

In the Halkjarvi domain migmatite veins are
folded by F,. Garnet and cordierite growth are
related to migmatization (see section above),
hence they date syn-post F,.
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Interpretation

For an interpretation of the tectono-meta-
morphic history of the area, it is convenient first
to establish the effects of the latests deformation
phase, i.e. mylonite formation under retrograde
metamorphic conditions along the Painio linea-
ment. Subsequently, we discuss earlier deforma-
tion phases.

Painio lineament

The structure of the protomylonites is similar
to that of S-C mylonites (Berthé et al. 1979). In
this interpretation, a continuous anisotropy (c-
surfaces) is aligned to the shear zone boundary
(slip plane), while the discontinuous foliation (s-
surfaces) initially is oriented at an angle of 45°
to the slip direction and curves into the s-surfaces.
The proto-mylonites are interpreted according-
ly. The vertical c-foliation marks a vertical shear
plane. Angular relation of ¢ and s planes indi-
cate an anti-clock wise sense of shear looking E,
with a vertical shear direction, i.e. parallel to
the slickenside striae. We interpret laminated
mylonites as ultra-mylonites which formed at low
grade metamorphic conditions. The deformation
along the lineament resulted in an upward block-
movement of the Halkjarvi domain relative to the
Ruostejarvi domain.

Ruostejirvi and Halkjdrvi domains

Structural style and metamorphic evolution in
the Ruostejirvi domain are distinct from that in
the Halkjarvi domain. In the former, an increas-
ing grade of metamorphism from low to high am-
phibolite facies is deduced. Rocks of the Halk-
jarvi domain on the other hand are all migmatic
and of high metamorphic grade. The nature of
the migmatites in the two domains differs
markedly. In the Ruostejarvi domain leucosomes
are pegmatitic injection veins. In the Halkjérvi
domain strong interaction of leucosomes and
country rock took place, suggesting in situ melt

generation. The time relation of migmatite for-
mation and deformation is also distinct; in the
Ruostejarvi domain, migmatic veins cut through
F, folds, while in the Halkjédrvi domain they are
folded by F,.

We propose that the Halkjarvi domain repre-
sents a deeper erosion level than the Ruostejarvi
domain. Both the movement sense along the Pai-
nio lineament and the metamorphic evolution in
the two domains support this interpretation. The
correlation of the deformation structures in both
the domains is problematic, due to the presence
of the tectonic discontinuity in the Painio do-
main. However, style of F, folds in both the do-
mains is comparable. Moreover, in the southern
part of the Ruostejarvi domain, orientation of
fold axes and axial planes gradually change to-
wards parallellism with F, folds in the Halkjar-
vi domain (Fig. 6). These relations allow corre-
lation of F, folds over the Painio lineament. It
is suggested that the Halkjarvi domain represents
the deep crustal continuation of the Ruostejarvi
domain.

Discussion

Discussions on the genesis of granite domes fo-
cus on the problem of the relative importance of
diapirism (Griffin 1979; van Staal and Williams
1983; Front and Nurmi 1987; Bleeker and Westra
1987). Several diagnostic criteria for this process
have been proposed (Dixon 1974; Bateman 1984;
van den Eeckhout 1986). However, it is difficult
to apply such criteria to the Finnish setting. One
of the major problems is the outcrop level of the
macroscopic structures. While vertical dimen-
sions of structures may reach several kilometers,
the topography shows relief in the order of tens
of meters, so a direct comparison of supra- and
infrastructure of granite domes is impossible. In
this respect, the Somero-area can be of great in-
terest because two different levels in a granite
body are exposed. The lower level (Halkjarvi
domain) is characterized by a high grade of
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metamorphism and migmatites that derived from
in situ-melt generation that took place at a rela-
tively early stage in the deformation history
(F,). The higher level (Ruostejarvi dome) is
characterized by a gently plunging antiform and
shows an injection-type of migmatization that oc-
curred later in the deformation history (F,). The
geometry of the structure is comparable with
predictions of theoretical models of a diapiric
structure (Dixon 1976). The combination of steep
infrastructure with in situ-melt generation and
flat lying supra-structure dominated by injection
veins matches well with a model of »ballooning
diapirs» such as proposed by Bateman (1984).
This author proposes a scenario of diapirism that
involves generation of partial melt in a deep crus-
tal level, diffusion through a vertical fabric and
ballooning by injection at a high level.

In order to test this hypothesis, current re-
search focuses on a detailed strain analysis of this
area.

Correlation with other areas

The tectono-metamorphic evolution of meta-
sedimentary rocks in the granite domains appears
to be similar to that in the KOJL belt (cf. Bleeker
and Westra 1987). A striking difference is the
orientation of the folds in the two settings. In the
KOJL belt syn-migmatization folds (F,) have
E-W oriented fold axes, while post migmatiza-
tion folds (F;) have NNE-SSW oriented axes.
In the Ruostejarvi domain syn-migmatization
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