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The Orivesi granite batholith is situated in an E-W trending belt of granite intrusions 
along the southern margin of the Central Finland Granitoid Complex (CFGC). It consists of 
the dominant Orivesi granite and of two minor components: a coarse-grained quartz-rich 
porphyritic granite (the Särkijärvi granite) and an aplite granite. No associated mafic compo-
nents are found. The Orivesi granite is light red to red, coarse-grained and porphyritic with 
a magmatic foliation. The porphyritic texture is formed by potassium feldspar phenocrysts, 
which are in general euhedral, but oval (and mantled) megacrysts occur. The granite is 
extracted as dimensional stone ("Cardinal Red"/"Crystal Rose") from the southwestern part 
of the batholith. Additional potential sites for dimension stone are identified in same part of 
the batholith. 

The Orivesi granite batholith has intruded along regional shear zones in the southern part 
of the CFGC. The intrusion was diapiric at least during the final emplacement, and produced 
the magmatic structures in the batholith. Regional deformation has affected the batholith only 
as semi-brittle movements along aplites and narrow shear bands. The magmatic foliation is 
concentric in relation to the margins of the batholith. The ductile structures in the host rocks 
are parallel to the long axis of the batholith and do not continue into its marginal parts. The 
Orivesi granite is intrusive against both the surrounding granodiorites and the mica schists 
and can be regarded as post-tectonic in relation to the ductile deformation in the host rocks. 

A NNW-SSE trending fault zone cuts the Orivesi granite batholith into two halves. The 
western half has been uplifted in relation to the eastern half producing different structural 
features in the batholith halves at the present level of erosion. A section representing a lower 
crustal level, the western half, consists of sparsely fractured Orivesi granite with well devel-
oped, steep, penetrative and concentric foliation. The upper parts of the batholith in the eastern 
half, on the contrary, are characterized by intrusions of late magmatic melts in the Orivesi 
granite: the Särkijärvi granite and the aplite sheets and dykes. The foliation in the Orivesi 
granite is poorly developed in the eastern half and the late fracturing on outcrop scale is dense. 
In consequence the quarries and potential sites of dimension stone are in the western half, 
where the Orivesi granite is as dimension stone material more homogeneous and sound. 
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INTRODUCTION 

The Central Finland Granitoid Complex (CFGC) 
(fig. 1) is a large segment of Palaeoproterozoic 
Svecofennian crust consisting mostly of granites, 
but also comprising intrusions ranging in com-
position from gabbro to granite. The granitoids 
show mainly I-type chemical characteristics and 
calk-alkaline affinities. The plutons in the CFGC 
can vary considerably in size and structure. 
Large areas consist of homogeneous intrusive 
rocks, while other regions can include composite 
plutons associated with different intrusive com-
ponents and dyke rocks. The granitoids are often 
medium- to coarse-grained rocks with a por-
phyritic texture made up of large K-feldspar 
megacrysts (Nironen & Csongrädi 1984; Nurmi 
et al. 1984; Nurmi & Haapala 1986; Front & 
Nurmi 1987; Nironen & Front 1992). 

The granitoids in the CFGC show Ub-P zircon 
ages of - 1890-1870 Ma (Aho 1979; Nurmi et ai. 
1984; Huhma 1986; Patchett & Kouvo 1986; 

Sjöblom 1990; Nironen & Front 1992). They are 
described as synkinematic or synorogenic and em-
placed during the Svecofennian orogeny (eg. 
Nurmi & Haapala 1986; Front & Nurmi 1987). 
Despite their similarity in radiometric ages, the 
CFGC-granitoids show different degrees of defor-
mation and different types of contacts against the 
host rocks. For example, Sjöblom (1990) describes 
cross-cutting contacts between the Juupajoki gran-
ite batholith and the host rocks in the southern part 
of the CFGC indicating a post-tectonic character 
for the granite (see also Laitakari 1986). Rämö & 
Nironen (1995) distinguish a -1.87 Ga old post-
tectonic suite of granites in the southern parts of 
the CFGC. Lahtinen (1994) connects the grani-
toids to different collisional/post-collisional stages 
and periods of magmatism during the crustal evo-
lution of the Svecofennian domain. Koija (1995) 
implies that the synkinematic granitoids could be 
post-collisional in relation to the main stacking 
episode (or growth period) of the Svecofennian 
orogeny. 

Figure 1. Location of the Central Finland Granitoid Complex (CFGC). The granitoids at the southern margin 
of the CFGC are Kuru (K), Orivesi (O) and Juupajoki (Ju). TSB=Tampere Schist Belt. Modified after Simonen 
(1980). 
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Structural studies and investigations regarding 
the emplacement of various granitoids in Finland 
are few and include Kallio (1983), Ehlers & 
Bergman (1984), Bergman (1986), Nironen 
(1989), Nironen & Bateman (1989) and Nironen 
(1995). We shall exemplify the problems with the 
case of the Orivesi granite batholith in the southern 
part of the CFGC. The Orivesi granite is extracted 
as dimensional stone in the southwestern part of 
the batholith under the commercial names of "Car-
dinal Red" and "Crystal Rose". The batholith has 
been one of the study objects in our ongoing pro-
ject "Exploration of dimension stone - geological 
aspects" financed by the K.H. Renlund Foundation 
(see Selonen 1991; 1994). Our goal is to identify 
geological factors crucial for the formation of rock 
portions suitable for the extraction of dimension 
stone. In this paper we will analyse the geological 
setting and the structures in the Orivesi granite 
batholith and discuss the emplacement of the 
batholith. The paper is based on field observations 
made by the first author. 

GENERAL OUTLINE AND HOST ROCKS 

The Orivesi granite batholith covers an area of 
- 1 0 0 km2 at the southern margin of the CFGC 
(fig. 1), between the Juupajoki and Kuru granite 
batholiths in a conspicuous 60-70 kilometre-
long east-west trending belt of granites (see eg. 
Simonen 1980). The Orivesi granite batholith con-
sists of three intrusive components, one of which, 
the Orivesi granite, builds up the bulk of the batho-
lith. The batholith and the CFGC are in the south 
bordered by the Tampere Schist Belt (fig. 1). 

There is no previous detailed studies of the 
Orivesi granite batholith. The area has been 
mapped by Laitakari (1986). The adjacent Juupa-
joki granite batholith has been briefly discussed by 
Sjöblom (1990) and Lahtinen (1994). The poten-
tial for dimension stone in Juupajoki and Orivesi 
batholiths has been evaluated by Selonen (1991). 
K-rich granitoids in the southern part of the CFGC 
have been described by Rämö & Nironen (1995). 
Aurola (1967) has investigated the Kuru granite 
batholith focusing on dimension stone geology. 

The structural setting of the granitoids in the south-
eastern part of the CFGC has been studied by 
Kallio (1983) and Nironen (1995). 

No age determinations are available for the 
Orivesi granite batholith. The porphyritic granite 
in Juupajoki (Koppelojärvi) has Ub-P zircon ages 
of 1879+14 Ma (Patchett & Kouvo 1986) and 
1880+16 Ma (Sjöblom 1990). The Puula granite in 
the SE parts of the CFGC shows an age of 1876±7 
Ma (Nironen 1995). The Lehesvuori granite in 
Jyväskylä and the Keuruu granodiorite in the 
CFGC, but north of the Orivesi and Juupajoki 
granites, yield ages of 1889±15 Ma and 1883+14 
Ma, respectively (Huhma 1986). The porphyritic 
granodiorite in Joutsa (SE part of the CFGC) 
shows an age of 1892+3 Ma (Kallio 1986). 

The Orivesi granite batholith is enclosed by 
mica schists, gabbros, diorites, granodiorites and 
tonalites (quartz diorites in Laitakari 1986). Pelitic 
mica schists occur as a couple of southwest-north-
east striking narrow zones east of the batholith and 
as a broader east-west trending zone south of the 
batholith. The mica schists are in places interca-
lated with quartz-feldspar schists and volcanic 
rocks. Primary sedimentary structures, such as 
graded bedding, have been preserved in the schists. 
The schistosity is steeply dipping. 

The schists are intruded and enclosed by gabbros, 
diorites, granodiorites and tonalites. The gabbro and 
the diorite occur as small bodies in the northeastern 
and western parts of the area. They are dark, medium 
and even-grained, massive or foliated. The most 
widespread host rocks are grey, medium and even-
grained granodiorites and tonalites with foliation and 
diffuse internal contacts. They occupy the northern 
part of the study area and large areas further north. 
They contain scattered megacrysts of potassium feld-
spar and abundant mafic inclusions, which are found 
all over the area. Henceforth we collectively call these 
rocks granodiorites. Along the western and the north-
northeastern margins of the Orivesi granite batholith, 
presumably in contact with the batholith, there is a 
medium-grained porphyritic granite with potas-
sium feldspar megacrysts but, in contrast to the 
Orivesi granite, it contains mafic inclusions. This 
rock has not been included in the batholith as de-
fined here. 
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Front & Nurmi (1987) have proposed multi-
stage origins for the synkinematic granitoids with 
mafic inclusions, including the mixing of mantle-
derived and crustal material, partial melting of the 
crust and the formation of granitoid magmas. The 
protolith of the granitoids was interpreted to in-
clude mainly igneous crustal rocks. Accordingly, 
we interpret the mafic inclusions in the grano-
diorite as components in a mixing/mingling sys-
tem, and include the medium-grained granites as 
parts of same magma mixing/mingling system. 

An occurrence of orbicular granite (in the cen-
tre of the batholith) and some subjotnian diabase 
dykes can also be found in the area. For the host 
rocks see also Laitakari (1986) and fig. 2. 

MAGMATIC COMPONENTS 

The Orivesi granite batholith as defined in this 
paper includes three magmatic components: the 

Orivesi granite, the Särkijärvi granite and the 
aplite granite. Aplite and pegmatite dykes also 
occur in the area. 

The light red to red, coarse-grained and por-
phyritic Orivesi granite occupies almost the whole 
area of the batholith (fig. 2). Its main minerals are 
potassium feldspar, quartz, plagioclase, biotite and 
hornblende. The porphyritic texture is formed by 
potassium feldspar phenocrysts 1-7 cm long and 
0.5-3 cm wide. The megacrysts occur very close 
together. They are red or light red and often euhe-
dral. Also round and oval crystals can be found, 
the diameter of which can be up to 5 cm. Some 
grains are mantled by plagioclase. Towards the 
contacts against the host rocks, the grains become 
smaller in size. 

In the central-eastern parts of the Orivesi gran-
ite batholith, there is a porphyritic blue-grey gran-
ite, the Särkijärvi granite, occurring as irregularly 
shaped bodies (fig. 2). It differs from the Orivesi 
granite by its higher quartz content, and by its 

E H Gabbro-diorite f ~ 3 Granodlorlte Granite • The Orivesi granite 

E D Schists E Z 3 Aplite S Aplite dyke -> - Foliation ^ S c h i s t o s i t y 

Figure 2. Geological map of the Orivesi granite batholith. The Särkijärvi granite occurs as scattered bodies 
inside the dotted circle in the central-eastern parts of the batholith. The map is based on field observations by 
the first author and on Laitakari (1986). 
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smaller and more scattered potassium feldspar 
megacrysts. The Särkijärvi granite grades in places 
into a porphyritic fine-grained granite with occa-
sional larger potassium feldspar megacrysts (1-
3x2-4 cm) or with abundant small scattered potas-
sium feldspar grains (0.5x0.5 cm). The main min-
erals in the Särkijärvi granite are potassium feldspar, 
quartz, plagioclase and biotite. The contacts against 
the Orivesi granite are poorly exposed and diffuse; 
no sharp contacts between the rocks are found. Its 
position within the batholith, the contacts and the 
quartz-rich character of the Särkijärvi granite indicate 
that it is younger than the Orivesi granite and repre-
sents a product of a residual magma. 

Aplite granite is found as small roundish or 
irregular bodies mainly in the eastern parts of the 
batholith (fig. 2). The aplite granite is light red to 
grey, homogeneous, foliated and in places sheared. 
It is porphyritic and contains euhedral potassium 
feldspar megacrysts, which are occasionally 
aligned in the direction of the foliation. The K-
feldspar phenocrysts can have a bimodal size dis-
tribution with mixed smaller and larger grains. The 
main minerals of the aplite granite are quartz, pla-
gioclase, potassium feldspar and biotite. The con-
tacts against the Orivesi granite are distinct, but not 
as sharp as in the case of the aplite dykes. In 
general they dip steeply, but flat-lying contacts also 
occur. The aplite is both concordant with and 
cross-cutting against the foliation of the granite. 
The Orivesi granite batholith contains abundant 
aplite dykes varying in width from ~ 50 cm down 
to a few centimetres (fig. 2). The aplite dykes are 
much more abundant in the eastern parts of the 
batholith than in the western parts. Some of the 
dykes are strongly sheared, indicating tectonic 
movements coeval with their emplacement. Simi-
lar aplite dykes also occur outside the batholith 
cutting across the host rocks. Most of the dykes are 
subvertical, their contacts against the Orivesi gran-
ite are sharp-edged and they cut the foliation of the 
granite. We interpret the irregular aplite patches as 
subhorizontal sheet-like intrusions, coeval with the 
steep dykes. 

Pegmatite dykes are also observed, but they are 
fewer in number than the aplite dykes. The aplite 
sheets and pegmatite dykes conceivably represent 

a brittle late fracturing and subsequent filling of the 
fractures with late magmatic melts. 

No mafic intrusives are associated with the 
Orivesi granite batholith. 

INCLUSIONS 

The Orivesi granite is generally poor in inclu-
sions. Mafic inclusions, common in the sur-
rounding granodiorite, are not observed in the 
Orivesi granite, indicating that the granite rep-
resents a later pulse of magma in relation to the 
granodiorite. According to Lahtinen (1994) the 
origin of the high-K granites with tholeiitic fea-
tures in the southern part of the CFGC, eg. the 
Juupajoki granite, can be attributed to melting 
of rocks with WPB affinities at the base of the 
crust. 

Sparse small lens-shaped dark inclusions, eg. 
7x26 cm on outcrop, can be found in the Orivesi 
granite elongated in the direction of the foliation. 
Their main minerals are hornblende, biotite, 
quartz, plagioclase and sphene. They commonly 
include megacrysts of potassium feldspar. Schlier-
ens rich in biotite, hornblende and opaques occur 
in the Orivesi granite (eg. in the SW part of the 
batholith). 

Two types of felsic medium-grained granitic 
inclusions occur sparsely in the southern parts of 
the Orivesi granite. They can be roundish and large 
with sizes in the order of metres, or smaller flat-
tened lenses (some centimetres long) elongated in 
the direction of the foliation. The inclusions have a 
mafic margin against the Orivesi granite. The main 
minerals are potassium feldspar (also as megacrysts), 
quartz, plagioclase, biotite and hornblende. 

Xenoliths of the host rocks can in places be 
found in the Orivesi granite. The edges of the xeno-
liths are often rounded and they are aligned parallel 
to the foliation. Angular xenoliths can occasionally 
be observed, eg. in the southern parts. In the east-
ern parts of the batholith, gently dipping deformed 
mica schist xenoliths are found. These mica schist 
xenoliths, in contrast to the steeply dipping schists 
surrounding the batholith, dip gently 20°-50° in-
wards, towards the centre of the batholith. 
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Small lens-shaped felsic inclusions are occa-
sionally observed in the Särkijärvi granite. Frag-
ments of Orivesi granite occur in the aplite granite. 

CONTACTS 

The contacts between the Orivesi granite batho-
lith and the host rocks are poorly exposed. The 
western and the northern contacts against the 
medium-grained porphyritic granite, the north-
western contact against the granodiorite and the 
eastern contact against the mica schist zones are 
not exposed. This is also the case in the south 
against the supracrustals; however, the contact 
zone can be observed. 

The contact zone against the supracrustals in 
the south: the Orivesi granite is intensely foliated 
at the contact. The steep schistosity in the mica 
schists is parallel to the foliation in the granite. The 
grain size of the granite is reduced towards the 
contact and the potassium feldspar phenocrysts be-
come more sparse. The granite becomes enriched 
in biotite and the colour is more bluish near the 
contact. Xenoliths of schists with different degrees 
of assimilation can be found in the granite. The 
contact zone is rich in aplite and pegmatite dykes, 
which also cut the surrounding schists. The contact 
strikes roughly east-west and dips - 60° inwards 
(northwards). The mica schist is rich in granitic 
veins near the contact and resembles a veined 
gneiss. Some of the veins are porphyritic and cut 
the schistosity in the schists. Away from the contact 
the veins decrease in number. The leucosome in 
the mica schists often contains scattered potassium 
feldspar megacrysts. 

The contact against the infracrustals in the 
northeast: the Orivesi granite is intensely foliated. 
The steep foliation in the surrounding granodiorite 
is parallel to that of the granite. The contact strikes 
NW-SE and dips steeply. The granodiorite contains 
small mafic inclusions, which are absent in the 
Orivesi granite. Xenoliths of granodiorite occur in 
the granite in the direction of the foliation. Dark 
dioritic xenoliths also occur in the Orivesi granite. 
The granodiorite is porphyritic and has potassium 
feldspar megacrysts at the contact. A fine-grained 

granite with xenolites of granodiorite occur in 
abundance along the contact. The contact is recti-
linear and coincides with a NW-SE directed 
fault/fracture zone suggesting a tectonic control for 
the emplacement of the batholith (fig. 5). 

The contact against the infracrustals in the 
southwest: towards the contact, patches of dark min-
erals and small assimilated xenoliths of granodiorite 
appear in the Orivesi granite. Closer to the contact the 
granite contains more dark patches and the potassium 
feldspar megacrysts become smaller in size. At the 
contact there is a hydrid-like granitoid with small 
mafic inclusions and megacrysts of potassium feld-
spar. In places it seems as if the Orivesi granite brec-
ciates the hybridic rock. The hydrid rock grades into 
a grey non-porphyritic granodiorite. 

STRUCTURAL FEATURES IN AND 
AROUND THE ORIVESI GRANITE 
BATHOLITH 

On the map the Orivesi granite batholith is 
slightly oval-shaped in an east-west direction 
(fig. 2). The batholith is roundish, but the north-
eastern contact is rectilinear following a frac-
ture/fault zone. The batholith is cut into two 
halves by a younger NNW-SSE trending fault 
zone (fig. 2). The halves have different structural 
features. 

The eastern half of the batholith is slightly 
larger in diameter than the western half, which can 
best be observed in the northern parts of the batho-
lith (fig. 2). The magmatic components are un-
evenly distributed inside the batholith. Scattered 
bodies of Särkijärvi granite occur in the central-
eastern parts. The aplite sheets occur mainly in the 
eastern half of the batholith, forming a structure 
roughly concentric with its eastern margin. Most 
of the aplite dykes are also in the eastern half. 
Some of the dykes are at a high angle to the eastern 
contact of the batholith, but do not form a discern-
ible radial pattern (fig. 2). The western half of the 
batholith consists chiefly of the Orivesi granite. 

The penetrative foliation in the Orivesi granite 
is defined by the parallellism of potassium feldspar 
phenocrysts and biotite grains. Particularly in the 
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western half the foliation is concentric and concor-
dant with the contacts of the batholith (fig. 3). In 
the eastern half, the foliation is poorly developed 
with less consistent directions. The intensity of the 
foliation generally increases against the margins. 
In outcrops it can be more variable and in places 
the granite can be quite massive, implying move-
ments in the magma. The foliation dips 60°-90° 
towards the centre of the batholith (fig. 3) indicat-
ing a funnel-like 3D shape for the batholith. In the 
eastern half of the batholith concordant schist in-
clusions dip 50° towards the centre and have a 
more gentle dip (20) closer to the margin. The 
Orivesi granite has in places (eg. in the SW parts 
of the batholith), a weakly developed subvertical 
lineation defined by the long axes of potassium 
feldspar phenocrysts. The texture of the Orivesi 
granite is thus of S-/L<S-type (Hinn 1965). No 
pronounced lineation has been mapped in the host 
rocks outside the batholith (see also Laitakari 
1986). Narrow (< 1 cm) shear bands are observed 
in the Orivesi granite, indicating post-crystal-
lisation tectonic movements. 

The surrounding supracrustal host rocks show 
a dominant schistosity (SI), which overprints the 
primary bedding (SO). Fl folds with well devel-
oped axial plane schistosity and flat-lying fold axes 
are associated with the main SI schistosity. SI is 
refolded by F2. The schistosity in the host rocks 
has not been observed to continue across the con-
tacts into the marginal parts of the Orivesi granite 
batholith. 

Regional and local fractures 

It can be deduced from aeromagnetic shaded 
relief maps, topographical maps and from the 
map of surficial deposits (Kujansuu et al. 1981) 
that the Orivesi granite batholith, as well as the 
Juupajoki and Kuru batholiths, are bordered by 
regional NW-SE trending lineaments in the scale 
of tens of kilometres (fig. 4). The batholiths 
occur at the SE-end of the zone of lineaments. 
Interpretation of topographical maps and the 
map of surficial deposits (Kujansuu et al. 1981) 

Figure 3. The magmatic foliation in the Orivesi granite batholith is defined by the preferred orientation of 
potassium feldspar phenocrysts and biotite grains. The concentric foliation is better developed in the western 
half of the batholith than in the eastern half. The map is based on field observations by the first author and 
on Laitakari (1986). 
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indicate that major fracture zones occur in the 
same NW-SE direction, transecting the batholith 
(fig. 5). In the southern part of the area the 
lineaments and the fracture zones curve towards 
the east. A pattern of local kilometre-scale frac-
ture zones confined to the Orivesi batholith is 
discernible on the topographical maps (fig. 5). 
In the southwestern parts of the batholith these 
zones occur at high angles to the contacts of the 
batholith (fig. 5). The fracturing in the Orivesi 
granite in outcrops is more dense in the eastern 
half of the batholith than in the western half 
(Selonen 1991). 

The two halves of the Orivesi batholith are 
separated by a large zone of fractures. A part of 
this fracture zone is exposed in the northern-central 
parts of the batholith; it is a 400 m long and ~ 10 
m wide zone of crushed Orivesi granite. A sheared 
aplite with subvertical streching lineation (elon-
gated aggregates and crystals of quartz) also occurs 
along the zone. These rocks are cut by subhorizon-
tal and subvertical (dip mainly of 0°^40°) quartz-
filled fractures (from 20 cm down to some centi-
metres in width) in several generations. The 
quartz-filled fractures are cut by narrow subvertical 

and subhorizontal shear bands (from 5 cm down to 
less than 1 cm wide). A fully cataclastic rock can 
also be found in the fault zone. The deformed 
aplite indicates ductile shearing, while the quartz 
veins and the shear bands indicate brittle behav-
iour. These fault rocks cannot be found south of 
the fracture zone. In the continuation of the zone 
towards the north the bedrock is poorly exposed 
and covered by a large bog. A similar zone of 
crushed rocks can be found along the northeastern 
contact of the Orivesi granite batholith. 

STRUCTURAL INTERPRETATION AND 
EMPLACEMENT OF THE ORIVESI 
GRANITE BATHOLITH 

The structural differences between the two 
batholith halves of the Orivesi granite batholith 
are emphasized in fig. 6A. 

The western half is more intensely foliated than 
the eastern half and the foliation is penetrative, 
concentric and dips steeply towards the centre of 
the batholith, representing roughly the "waist" area 
of a batholith (Castro 1987). A weak steep mineral 

Figure 4. Regional lineaments in the southern parts of the CFGC. The lineaments are interpreted from aero-
magnetic shaded maps, topographical maps, the map of surficial deposits (Kujansuu et al. 1981), Laitakari 
(1986) and Sjöblom (1990). The granitoids from the west are Kuru, Orivesi and Juupajoki (cf. fig. 1). 
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Figure 5. Fracture map of the Orivesi granite batholith. The map is based on field observations by the first 
author, and on interpretation from topographical maps, the map of surficial deposits (Kujansuu et al. 1981), 
Laitakari (1986) and Sjöblom (1990). 

lineation can be measured on the foliation surfaces 
(root zone of Vigneresse 1995). This half is com-
posed of almost pure Orivesi granite with widely 
spaced fracturing. In contrast, the eastern half is 
characterized by a slightly larger diameter and by 
the presence of Särkijärvi late-fraction granite to-
gether with numerous aplitic sheets and dykes. The 
aplite sheets conceivably represent late magmatic 
fillings of fractures in the upper parts of the batho-
lith. The foliation is less well developed and dips 
gently in the central-eastern parts of the batholith. 
Concordant gently dipping schist inclusions occur 
in the eastern half of the batholith. The density of 
the late fractures in outcrops is high. 

The present deposits of dimension stone and 
potential future sites are in the western half of the 
Orivesi granite batholith, where the rock as a 
whole is more homogeneous and less fractured. 
The structural differences in the two halves of the 
batholith can be explained as representing different 
crustal levels caused by a west-side-up movement 
along the sheared and later crushed fault zone in 
the middle of the batholith (fig. 6B). 

The structures in the subvertical fault zone in-
dicate a series of movements starting with intru-
sion of an aplitic residual melt into fractures in 
semi-crystallized Orivesi granite magma with sub-
sequent subvertical ductile deformation of the 
aplite granite, continuing in a more brittle fashion 
and producing contemporaneous subhorizontal 
comb fractures and subvertical slip-parallel frac-
tures (Stewart & Hancock 1990) later filled with 
quartz and finally resulting in a division of the 
batholith into two halves. The concentric foliation 
in the western half dips 60°-80° towards the centre 
of the batholith, while the foliation in the central-
eastern half is more gently dipping. If we recon-
struct a batholith with the slightly larger dimen-
sions of the eastern half, and with contacts dipping 
70° inwards, we need to move the western part 
upwards about 1 km along the central fault zone to 
reconstruct the present outlines of the batholith. 
The uplift has probably not been uniform, since the 
difference in the structures across the fault is more 
marked in the northern-central parts of the batho-
lith than in the southern parts. Repeated subvertical 
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Figure 6. The different structural characteristics of the two halves of the Orivesi granite batholith (see text) 
indicate that they represent different erosional levels caused by a west-side-up movement. A. Simplified geological 
map of the Orivesi granite batholith (cf. fig. 2 and 3). B. A 3D model of the effect of the west-side-up faulting. 
Not to scale. 

movements along the lineaments in the southern 
part of the CFGC can be observed in outcrops as 
mylonites and shear zones with subvertical linear 
structures. A component of dextral lateral move-
ment along the lineaments can be interpreted from 
the aeromagnetic shaded maps. This dextral com-
ponent of lateral movement along regional shear 

zones agrees with the subvertical component of 
west-side-up movement between the halves of the 
Orivesi batholith. 

The structures in both halves of the Orivesi 
granite batholith are mainly of magmatic origin 
and emplacement-induced. The magmatic folia-
tion all over the batholith is concentric with its 
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margins. At the exposed contacts the ductile struc-
tures in the host rocks are parallel to the batholith. 
The eastern and western contacts are not exposed. 
Neither the schistosity nor the foliation of the host 
rocks extends into the marginal parts of the batho-
lith, which indicates that the batholith is not af-
fected by the ductile deformation that produced the 
structures in the host rocks. The Orivesi granite is 
intrusive into, and relatively younger than, the host 
rocks. This is also shown by the inclusions and 
xenoliths of foliated granodiorites and earlier de-
formed schists in the granite. The porphyritic gra-
nitic veins cut the main S1 schistosity in the schists 
at the southern contact. The batholith is almost 
unaffected by regional ductile deformation. Late 
semi-brittle movements along aplites and later 
shear bands deform both the batholith and the host 
rocks. The Orivesi granite shares much of its struc-
tural character and magmatic internal structures 
with the neighbouring Juupajoki granite (Sjöblom 
1990; Selonen 1991; Lahtinen 1994). The Juupa-
joki granite, together with the 1876+7 Ma old 
Puula granite (Nironen 1995), gives slightly 
younger ages than the other granitoids in the 
CFGC: 1879+14 Ma (Patchett & Kouvo 1986) and 
1880±16 (Sjöblom 1990; cf. Lahtinen 1994); and 
even if the Orivesi granite has less obviously cross-
cutting contacts than the Juupajoki granite (Lai-
takari 1986; Sjöblom 1990), they can be correlated 
on structural grounds and considered coeval in 
time. The Orivesi granite should thus be regarded 
as post-tectonic in relation to the ductile structures 
in the host rocks, conceivably belonging to the 
-1.87 Ga old suite of granites described by Rämö 
& Nironen (1995). This study corroborates the 
concept of a diversity of CFGC-granitoids with 
different structural features, ages and contact rela-
tions and indicate different active periods of mag-
matism in time in the CFGC (cf. Lahtinen 1994; 
Rämö & Nironen 1995; Nironen 1995). 

Several structural features indicate that the in-
trusion of the Orivesi granite batholith has been 
diapiric, at least during the final stages of the em-
placement. The concentric and emplacement-in-
duced foliation, the concordant and inward-dip-
ping contacts and the mainly flattening-type strain 
in the Orivesi granite batholith, as well as the 

growing intensity of the magmatic foliation against 
the margins of the batholith, the semi-radial local 
fracture pattern (emplacement fractures) in the 
western part of the batholith and the parallel duc-
tile structures in the host rocks against the batho-
lith, indicate diapiric emplacement associated with 
minor lateral push (eg. Bateman 1984; Castro 
1984; 1987). The subvertical lineation on the fo-
liation surfaces in the Orivesi granite results from 
subvertical movement of a crystal mush-type 
magma, but the weak intensity of the lineation 
suggests diapirism during final emplacement 
rather than long-distance diapiric ascent of the 
magma. In the latter case the linear structural ele-
ment should be stronger (cf. Bateman 1984). The 
contacts and the scarcity of host rock xenoliths 
indicate that the stoping mechanism has played an 
insignificant part in the emplacement of the batho-
lith, but according to Paterson & Vernon (1995) the 
stoped fragments can be swept away along a down-
going stream of magma close to the margins. The 
northeastern contact of the Orivesi granite batho-
lith is rectilinear following a fault/fracture zone, 
indicating tectonic control of the emplacement of 
the batholith. The Orivesi granite batholith to-
gether with the Juupajoki and Kuru batholiths are 
spatially closely related to a series of NW-SE 
trending regional shear zones on a scale of tens of 
kilometres at the southern margin of the CFGC. 
The granitoids are restricted to an intersection be-
tween the shear zones and a E-W trending mag-
netic anomaly (cf. Lahtinen 1994). According to 
Lahtinen (1994) the anomaly reflects a mafic un-
derplating, giving rise to the high-K granite mag-
mas in the southern part of the CFGC. The shear 
zones provide regional tectonic control for the as-
cent and emplacement of the magmas. The impor-
tance of deep shear zones in the crust as conduits 
for granitic melts has been pointed out by i.a. Bate-
man (1984; 1985), Clemens & Mawer (1992) and 
Petford et al. (1993). The crustal discontinuities 
may inherit from the previous stacking and thick-
ening processes in this part of the Svecofennian 
domain (Koija 1995). According to Lahtinen 
(1994), Koija (1995) and Rämö & Nironen (1995) 
the earlier compressional stress field has later 
changed into an extensional one. The shear zone 
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control of the emplacement of the Orivesi granite 
batholith shows that during the time of the intru-
sion (~1.87 Ga ago) an extensional tectonic regime 
has been prevalent, at least in the vicinity of the 
regional shear zones in the southern part of the 
CFGC. At the same time compression dominates 
in the Svecofennian domain further south (Ehlers 
et al. 1993). 

CONCLUSIONS 

We conclude the findings of the structural analy-
sis of the Orivesi granite batholith as follows. 
The batholith is divided into two halves by a 
fault. The western half has moved upwards, ex-
posing different structural levels in the batholith 
halves on the present surface. This difference in 
tectonic level controls the location of good di-
mension stone areas to the western half. The 
Orivesi granite batholith (as well as the Juupa-
joki and the Kuru batholiths) has intruded along 
the regional NW-SE trending shear zones in the 
southern part of the CFGC. The emplacement 
has been diapiric at least during the final stages 
of the emplacement. The structures in the whole 

Orivesi granite batholith are magmatic and in-
duced by diapiric emplacement. The regional 
ductile deformation has had a negligible effect 
on the Orivesi granite and we conclude that the 
granite should be regarded as post-tectonic in 
relation to the deformed host rocks. The intru-
sion of the granites along the regional shear 
zones shows that extensional tectonism was in 
action in the proximity of the zones at the south-
ern margin of the CFGC during the emplacement 
of the granitoids. The extensional episode has 
locally outlasted the crystallisation of the Orivesi 
granite as shown by the brittle steep faulting in 
the Orivesi granite batholith. 
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