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INTRODUCTION 

The rock crust of Finland belongs to the Fennoscandian Shield, whose 
pre-Cambrian age is controlled by the geological fact that it underlies 
unmetamorphic Cambrian sediments in its southeastern boundary. The 
bedrock of Finland represents a deeply denuded section of the pre-Cambrian 
mobile belts characterized by an abundance of metamorphie and plutonic 
rocks. 

This paper attempts to give a short explanation to the general map of 
pre-Quaternary rocks in Finland compiled by the present author. The new 
map is based mainlyon the petrographie and lithologie characteristics of 
rocks, and the pre-Quaternary rocks have been grouped as folIows: 

- pre-Cambrian metamorphie rocks, 

- pre-Cambrian orogenie plutonie rocks, 

- unmetamorphic sedimentary rocks, 

- anorogenic igneous rocks, 

- Paleozoic schists (Caledonian). 

The stratigraphie classification used in the earlier maps, compiled by 
Sederholm (1897, 1911, and 1930), has not been followed in the preparation 
of the new map. This is due to the fact that our present knowledge of the 
stratigraphy of the Finnish pre-Cambrian rock crust is not so high as was 
believed some decades ago. The last views of Sederholm's stratigraphie 
classification, presented in 1932 in the explanation to the geologie al map of 
Fennoscandia, have been critizized and re-interpreted by later investigators 
and at the present stage of study it is necessary to revise many earlier strat
igraphie conclusions. New, important stratigraphie studies of some key 
areas and radioactive age determinations have given many new suggestions 
regarding the stratigraphie problems under lively discussion, but it is diffi
cult to apply these new preliminary results to the whole Finnish rock crust. 
However, so me essential points of the pre-Cambrian stratigraphy will be 
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presented (Table I) and for further information the reader is referred to 
the paper of the present author (Simonen, 1960 a) dealing with the pre
Cambrian stratigraphy of Finland. 

Table I. Stratigraphie elassifieation of the pre-Cambrian rocks in Finland 

Carnbrian quartz sandstone 
post-Jotnian diabase 

unrnetarnorphic Jotnian sediments in Satakunta and Muhos 
anorogenic granites (rapakivi) 

. I t· k {Iate-kinematic (rnigrnatites, granitization ) 
orogerue pu orue roc s synkinematic (regional metamorphism) 

Sveeofennidic belt 

Upper Sveeofennian: 
argillaceous sedi
ments 

Middle Svecofennian: 
basic volcanics and 
intercalated sedi
mentary rocks 

Lower Svecofennian: 
graywaeke-slates 
and quartz-felds
par rocks 

Basement unknown 

metamorphic rocks: 

Karelidic belt 

Eastern Finland 

Kalevian: 
argillaceous sedi
ments 

Jatulian: 
marine Jatulian; 
argillaeeous sedi
ments and dolo
mites 
Kainuan quartz 
sandstones 
Sariolian arkoses 
and eonglomerates 

Northern Finland 
Kumpu formation: 

arkoses and con
glomerates 

Lapponian: 
argillaeeous sedi
ments 
basie voleanics 
quartz sands tones 

Belomorides: 
orthogneisses 
paragneisses 

Tuntsa-Savukoski 
formation 

Pre-Karelian basement; orthogneisses and 
paragneisses 

Age 

500 rn.y. 
diagenesis 
1300 rn.y. 
1620 rn.y. 

1 750-1850 rn.y. 

1900- 2000 m.y. 

2600 m.y. 



PRE-CAMBRIAN METAMORPHIC ROCKS 

The pre-Cambrian metamorphie rock complexes of Finland can be divided 
into three main units (Fig. I): 

- granite gneiss and granulite complex in eastern and northern Finland; 
- Svecofennidic schist belt in western and southern Finland charac-

terized by an abundance of mica gneisses; 
- Karelidie schist belt in eastern and northern Finland characterized 

by an abundance of true quartzites. 

The granite gneiss complex represents so far as known the oldest pre
Cambrian in Finland. It forms an old basement for deposition of Karelian 
sediments and it has acted as a resistance area during the Karelidie folding. 
This oldest structural element in the Finnish rock crust is cailed the pre
Karelian basement. The age of the basement in eastern Finland is about 
2500 million years (Kouvo, 1958). 

The Svecofennidic schist belt includes both the Svionian and Bothnian 
formations of Sederholm (1932), and the Karelidie belt includes the Jatulian, 
Kalevian, Ladogian and Lapponian formations of Sederholm (1932). It 
was supposed that the Svecofennidic and Karelidie belts belonged to two 
independent orogenie cycles. Furthermore, it was commonly believed that 
the highly metamorphie Svecofennidic belt was considerably older than 
the Karelidie belt. The mutual relationship ofthe Svecofennidic and Karelidie 
ranges appears today, however, in a new light now that knowledge of pre
Cambrian sedimentation and tectonics has increased and that the age dif
ference between the two supposed orogenies has not been established by 
radioactive age determinations. 

No valid evidence for a marked unconformity between the Svecofennidic 
and Karelidie belts has been found in Finland. The grade of metamorphism 
of the Karelidie schists in eastern Finland increases westward so that the 
Karelidie phyllites pass gradually without unconformity into migmatitic 
mica gneisses of the Svecofennidic type. It is possible that the Karelidie 
and Svecofennidic belts belong to the same orogenie cycle and represent 
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.50 , 

Fig. 1. Main units of the pre-Cambrian metamorphites in Finland. 1 a, pre-Karelian granite 
gneiss basement; 1 b, granulite arch; 2, Svecofennidic schist belt; 3, Karelidie schist belt. 
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different stages and different sediment associations of the same cycle of 
sedimentation (ci. Mikkola, 1953; Metzger, 1959; Simonen, 1960 a)_ The 
Karelidie schist belt, with an abundance of true quartzites, represents an 
evolutionary phase upon a peneplane, consisting of the pre-Karelian granite 
gneiss basement, and the Svecofennidic schist belt represents thick accu
mulations of graywackes in geosynclinal troughs_ 

Radioactive age determinations (Kouvo, 1958; Gerling and Polkanov, 
1958) show that the age of the synkinematic plutonism and associated 
metamorphism in the Svecofennidic and Karelidie belt is of the same age 
within the limits 1 750-1 850 million years. This supports the conception 
that the Svecofennidic and Karelidie belts belong to the same Svecofenno
Karelidie orogenie range. 

GRANITE GNEISS AND GRANULITE 

Silicic granite gneisses occupy large coherent areas in eastern and north
ern Finland. Furthermore, the granite gneis ses occur also in the Karelidie 
schist belt as domes mantled by Karelidie schists (cf. Fig 1). These gneisses 
form an ancient basement, the so-called Jatulian continent (Väyrynen, 1954), 
which acted as a floor for Karelian sediments. Field evidence shows that the 
basement gneiss is separated from the Karelidie schists by a first-order 
unconformity, an interval of deep erosion and peneplanation (Eskola, 1949; 
Väyrynen, 1954; Preston, 1954; Matisto, 1958). 

Granite gnei88 in ea8tern Finland. The basement gneiss complex in eastern 
Finland contains paragneisses penetrated by orthogneisses. The paragneisses 
consist of amphibolites, mica gneisses, and quartz-feldspar gneisses. They 
originated from a bedded rock series and Preston (1954) has stated that the 
grains of zircon in acid paragneisses show rounding and low elongation 
characteristic of well-worked sedimentary grains. The relics of the sup
racrustal formations, belonging to the granite gneiss complex of eastern 
Finland, have been named by Väyrynen (1933) as the Ipatti formation. 
The orthogneisses of the basement complex are mainly gneissose quartz 
diorites and granodiorites with a cataclastic texture (Fig. 2). Striped 
gnei!lses and migmatites are common. 

So me parts of the ancient basement have undergone rejuvenation and 
remobilization under Karelidie movements. Remobilization of mantled 
gneiss domes in the Karelidie belt has been pointed out by Eskola (1949) 
and, according to Härme (1949), the highly migmatic granite gneiss area in 
northern East Bothnia must have been, at least partly, re-fused. Massive, 
acid plutonie rocks, occurring in the area of basement gneisses in eastern 
Finland, belong partly to the pre-Karelian rock crust, because boulders of 

2 4965/1,74-60 
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Fig. 2. Orthogneiss of the pre-Karelian basement. Pielisjärvi. 
I/I nato size. Photo: Wilkman. 

massive granite have been found in the Karelian basal conglomerates, 
and partly to the Karelidic plutonic rocks penetrating the pre-Karelian 
basement. 

The old age of the pre-Karelian basement in eastern Finland has been 
verified also by radioactive age determinations. Kouvo (1958) has given 
the Pb207_Pb206 age of 2530 m.y. for zircon in the Sotkuma gneiss belonging 
to the pre-Karelian basement, and the most probable age for the pre-Karelian 
gneiss at Koli is 2 650 m.y. (an oral communication by Dr. O. Kouvo). 

Granite gnei88 in northern Finland. The granite gneiss complex in Finnish 
Lapland also contains both para- and orthogneisses. The paragneisses are 
characterized by an abundance of highly aluminous mica schists, and mica 
gneisses containing garnet, staurolite, kyanite, and cordierite (Tuntsa
Savukoski formation of Mikkola, 1941). Furthermore, acid quartz-feldspar 
gneisses with thin beds of amphibolites are common, especially in the most 
northern area of the gneisses (Fig. 3) . 

The orthogneisses are gneissose granodiorites with a cataclastic texture 
and they penetrate the paragneisses of the area. Massive, acid plutonic rocks, 
penetrating the gneisses, have been considered by Mikkola (1941) as granites 
belonging to the Karelidic orogeny, because they also penetrate the Karelidic 
schists. 
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Fig_ 3_ Banded quartz-feldspar gneiss_ Tervavuono, Inari. 
Photo: Meriläinen_ 

Considerable parts of the gneiss complex in Finnish Lapland seem to 
belong to the Belomorides of the Kola peninsula and East Karelia, which 
are younger (1 900-2 000 million years according to Gerling and Polkanov, 
1958) than the basement in eastern Finland. Mention should be made that 
the Rb 87- Sr 87 age for a quartz dioritic orthogneiss in Inari is 1 900 m.y. 
(an oral communication by Dr. O. Kouvo) . 

Granulite. A special part of the gneiss complex of Finnish Lapland is 
the so-called granulite formation, which had been metamorphosed under 
higher PT-conditions than the surrounding rock crust. Eskola (1952a) has 
shown that the granulite formation contains rocks of different origins. 
Widely distributed acid garnet-bearing quartz-feldspar gneisses (Fig. 4), 
and sillimanite-, cordierite- and biotite-bearing gneis ses have been considered 
as paragneisses whose primary chemical composition varied from arenaceous 
to argillaceous. Indistinct banding of different layers and the presence of 
quartzite and graphite-bearing bands suggest a sedimentary origin. Ortho
gneisses of the granulite complex are represented by hypersthene gneisses, 
norites and charnockitic quartz diorites. 

The gneisses of the granulite formation pass gradually into the gneisses 
of the granite gneiss complex, and therefore the granulite may be considered 
as a product of high metamorphism of the granite gneiss complex. This 
view has been presented already by Kranck (1936), and is supported by 
new field work by Meriläinen (1959). Granite gneiss and granulite in Finnish 
Lapland form a tectonic unit characterized by a wide synclinorium. This 

'1 
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Fig. 4. Garnet-bearing acid granulite with banded structure. 
Inari. 1/1 nato size. Photo: Halme. 

gneiss complex had been tectonically active during the Karelidie orogeny, 
judging by the fact that the granulite formation has been overthrusted 
towards the southwest, making the Karelidie schists follow the tectonics 
of the granulite arch (cf. Eskola, 1941). 

SVECOFENNIDIC BELT 

The Svecofennidic schist belt (cf. Fig. 1) trends from East Bothnia into 
southern Finland, forming a large bend like an interrogation mark. In south
eastern Finland the Svecofennidic zone turns to the north and comes into 
contact with the Karelidie range of eastern Finland. The drawing of a sharp 
demarcation line between the Svecofennidic and Karelidie belts in this 
boundary zone is difficult, because no evidence for a marked unconformity 
has been found. 
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Fig_ 5_ Graded bedding in graywacke-slate_ AjODokka, 
the Tampere area_ Photo: Pääkkönen_ 

13 

The general strike of the Svecofennides in Finland is quite variable owing 
to the bending of the schist zone_ Dips of the schistosity and bedding are 
generally parallel and are vertical or steep_ Some areas are characterized 
by a gently dipping schistosity and bedding_ The Svecofennidic schists are 
strongly folded. The fold axes of the main folding are subhorizontal, while 
the axial planes are vertical or steep and usually parallel to the bedding 
planes. Vertical or slightly overturned isoclinal folds are predominant. 

The Svecofennidic schists have been primarily argillaceous and arena
ceous sediments metamorphosed into phyllites, mica schists, mica gneisses 
and quartz-feldspar schists. Volcanics, mainly basic lavas and tuffs, meta
morphosed into amphibolites are abundantly present in so me parts of the 
Svecofennidic zone. 

The widely distributed Svecofennian argillaceous sediments are repre
sen ted by three different types of micaceous schists, phyllites, mica schists, 
and mica gneisses. 

The phyllites occur only in the best-preserved parts of the Svecofennidic 
zone. They show graded bedding (Fig. 5) and their petrographie charac-
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Fig. 6. Corycium in graywacke slate. Tähtinen, Aitolahti. 1/3 nato size. Photo: Halme. 

teristics are similar to the graywacke-slates in geosynclinal deposits of 
younger age (Simonen and Kouvo, 1951). 

The phyllites show an intimate association of the arenaceous and argilla
ceous materials. The sorting of deposited material has not been complete, 
and the presence of a remarkable amount of fresh feldspar shows that the 
chemical weathering of material has been incomplete. It should be mentioned 
that Sederholm found in the phyllite of the Tampere area cell-shaped, car
bonaceous sacs, which he interpreted as Archean fossils and named Oorycium 
enigmaticum (Fig. 6). 

Fig. 7. Mica schist with andalusite porphyroblasts. Jumesruemi, Hämeenkyrö. 1/1 nato size. 
Photo: Halme. 
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Fig. 8. Migmatitic coarse-grained garnet-cordierite gneiss 
(kinzigite). Launonen. Photo: Härme. 
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Rankama (1948) proved, by means of the C12/C 13 ratios, the organic 
origin of the Oorycium carbon. This is the most valid evidence of ancient 
life during the sedimentation of Svecofennian strata. 

The phyllites pass gradually, without a change in chemical composition, 
into mica schists usually containing porphyroblasts of cordierite and anda
lusite (Fig. 7). The sporadically observed relic structure of graded bedding 
in the mica schists shows that the conditions of their deposition were similar 
to those prevailing during the sedimentation of the phyllites. 

Strongly recrystallized mica gneisses, especially coarse-grained garnet
and cordierite-gneisses (kinzigites), are widely distributed in the Sveco
fennidic schist belt (Fig. 8). They show indistinct banding of arenaceous 
and argillaceous layers, owing to the primary variations in the sedimentary 
strata. Furthermore, calcareous concretions and graphite-bearing bands 
suggest a sedimentary origin (cf. Hietanen, 1943; Parras, 1958). The 
gradual transition from the mica schists into mica gneisses shows that the 
mica gneisses represent only a highly metamorphie variety of the Sveco
fennidic micaceous schists. 
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Fig. 9. Stratified quartz-feldspar schist (leptite), Konala, 
Helsinki. 1/5 nato size. Photo: Härme. 

The chemical composition of the Svecofennidic phyllites, mica schists 
and mica gneis ses varies within the same limits, ranging from that of a shale 
to that of a sand, but the greatest part of the chemical compositions are 
intermediate between these extreme limits and show conspicuous similarities 
to the chemical compositions of the graywackes of orogenie belts. The primary 
structural and chemical features of the phyllites, mica schists and mica 
gneisses are similar, suggesting that all these rocks were deposited under 
similar conditions in the axial portion of the sediments in the Svecofennidic 
geosyncline. According to this conclusion, the phyllites, mi ca schists and 
mica gneisses represent three different metamorphie zones of the geosynclinal 
graywacke succession. 

Quartz-feldspar schists or leptites occur in different parts of the Sveco
fennidic belt, especially in the Kemiö-Lohja zone. In earlier investigations 
the leptites were interpreted mainly as acid lavas and pyroclastics, but the 
purely sedimentary sandstone character of so me leptites were pointed 
out also. New investigations (Tuominen and Mikkola, 1950; Härme, 1960) 
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Fig_ 10. Stratified quartz-feldpar schist with calcareous, diopside
bearing bands. Olkkala, Vihti. Photo: Härme. 
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have shown, however, that the relative abundance of sedimentary leptites 
is greater than was supposed earlier. The leptites are usuaily layered (Fig. 9) 
and they occur in close association with micaceous sediments and in many 
cases they contain minute amounts of aluminous silicate minerals (almandine, 
cordierite, or sillimanite), indicating an excess of alumina. Some silicic 
leptites contain diopside- and carbonate-bearing bands, indicating the pres
ence of calcareous material (Fig. 10). 

Occurrences of calcitic limestone (not marked on the general map) have 
been met with in the zone of leptites (Härme, 1960). Most of the leptites 
must be considered as impure arkoses mixed with argillaceous or calcareous 
material. Some few leptites, however, show chemical as weil as textural 
characteristics of acid rhyolitic lavas and pyroclastics. 

Metamorphie basic and intermediate volcanics are characteristic of 
so me parts of the Svecofennidic zone. They are both lava flows and pyro
clastics. The volcanic rocks crystallized from the lava flows usually exhibit 
a blastoporphyritic texture (Fig. 11), but other relic textures, such as 
fluidal, amygdaloidal, perlite and pillow lava (Fig. 12) texture, likewise indi
cate a volcanic origin. Pyroclastics are characterized by a banding of 

3 4965-60/1,74 
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Fig. 11. Plagioclase porphyrite. Ryssholm, Pernaja. 1/1 nato size. Photo: Halme. 

different layers, and beds of agglomerates (Fig. 13) and voleanie eonglom
erates afford the best evidenee of a voleanie origin. 

Interpretation of the stratigraphie sequenee of the strongly folded 
Sveeofennidie strata has been possible only in so me key areas where the 
relies of sedimentary struetures are so weIl preserved that they allow the 
sequenee of layered roeks to be determined, although the beds have been 
folded to a vertieal position. The most eommonly used relie strueture for 
this purpose has been graded bedding, but many other eharaeteristies of 
sedimentary and voleanie roeks have also been used in the stratigraphie 
study. 

A key area for the explanation of the stratigraphy has been the Tampere 
sehist belt, where the stratigraphie sequenee of the strata (Simonen, 1953) 
is, from the highest to the lowest stratigraphie member, as follows: 

basic volcanics .. . . ... .. . . . . . . ... . ........................... . 
conglomerates and associated beds of graywacke-slates and arkoses 
basic and intermediate volcanics ........ . .. . .. : .... . .... ..... . 
quartz-feldspar rocks (arkoses, graywackes and pyroclastics) ..... . 
graywacke-slates .. ..... .... . . ............. . ............. .... . . 

Thickness in metres 

>1000 
700- 800 
800-1500 

1500- 2200 
>3000 
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Fig_ 12. Metamorphie pillow lava. Hanni, Kannus. Photo: Halme. 

Fig. 13. Metamorphie agglomerate. Ypäjä. Photo: A_ Laitakari. 
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The total thickness of the strata has been at least 8 kilometers. The said 
sequence shows conspicuous similarities to the graywacke-basalt association 
of geosynclinal deposits of younger age. No valid evidence of a sedimentation 
floor or basement for Svecofennian sedimentation has been found. 

A stratigraphie succession similar to that of the Tampere area has been 
found in many parts of the Svecofennidic belt, as has been summarized by 
Simonen (1953). Recently, new data on Svecofennian stratigraphy presented 
by many investigators (Härme, 1954, 1960; Neuvonen, 1954; Salli, 1955; 
Edelman, 1960) have verified the principal ideas on the stratigraphy and 
sedimentation of the Svecofennian formations . The standard section of the 
Tampere area is characterized by argillaceous and arenaceous sediments 
underlying basic volcanics. In some areas, especially in southern Finland, 
argillaceous sediments have also been found overlying the basic volcanics 
of the standard section. 

In the light of the new stratigraphie studies the Svecofennian strata 
are divided into Lower, Middle and Upper Svecofennian successions (Sirno
nen, 1960 a) . The Lower Svecofennian is represented by graywacke-slates 
and quartz-feldspar rocks, or leptites, underlying the basic volcanics. The 
Middle Svecofennian is characterized by basic volcanics with intercalated 
sedimentary rocks. The Upper Svecofennian is represented by argillaceous 
sediments overlying the basic volcanics. 

Taken as a whole the Svecofennidic metamorphie rocks represent a 
geosynclinal association (Sirnonen, 1953). The micaceous schists are products 
of incomplete weathering and they are similar to the graywackes of orogenie 
belts. The quartz-feldspar schists or leptites have been interpreted generally 
as impure arkoses. The abundance of basic volcanics in the graywacke succes
sion is a characteristic feature of geosynclinal deposits and the Svecofennian 
basic volcanics must be considered as representatives of the initial volcanism 
in the Svecofennidic geosyncline. 

Furthermore, the rarity of true quartzites and limestones is character
istic of the geosynclinal association of the Svecofennides. An intimate asso
ciation of limestones and calcareous sediments with arenaceous sediments, 
especially in the leptite belt of southern Finland, indicates, however, con
ditions prevailing in marginal parts of a geosyncline where the tectonic 
activity during accumulation had not been so great as in the actively sub
siding geosynclinal belt characterized by graywackes. 

KARELIDIC BELT 

The ,Karelidic schists trend from southeastern into northerri Finland 
and they form many separate basins (cf. Fig. 1). An alpinotype folding of 
the Karelidie belt was stressed by Weg mann as early as 1928. The Karelidie 
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Fig_14_ Ripple marks in the Karelidic quartzite. 
Kivalo ridge. 1/3 nato size. Photo: Halme. 

folding in eastern Finland took place against the resistance area of the base
ment complex and it is characterized by overthrusts along which ophiolitic 
intrusions have occurred. Väyrynen (1939) distinguished two phases of 
movements in the Karelidic belt of eastern Finland. The first phase of folding 
acted from west to east against the pre-Karelian basement and resulted in 
the formation of gently folded synclinal basins. Later movements were 
characterized by overthrust nappes pushed from the northwest. A basin
like structure of the Karelidic schist area north of the town of Kemi has been 
described by Härme (1949). Fold axes in the Karelidic belt are subhorizontal 
and in eastern Finland well-developed axial culminations and depressions 
occur in the schist belt trending north-south. The pre-Karelian basement 
appears in the axial culminations of the Karelidic zone in the districts of 
Nurmes and Pudasjärvi. 

The Karelidic schists were originally true quartz sandstones and argilla
ceous sediments, metamorphosed into quartzites, phyllites, and mica schists. 
Metavolcanics, mainly basic lavas and tuffs, have a widespread occurrence 
in the Karelidic belt of northern Finland. The large occurrence of true 
quartzites shows that the association of sedimentary rocks in the Karelidic 
belt is different from that in the Svecofennidic range. Furthermore, carbonate 
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Fig. 15. Staurolite-bearing mica schist. Tohmajärvi. 1/a nato size. Photo: Halme. 

rocks of the Karelidic belt are mainly dolomitic, whereas those of the Sveco
fennidic zone are mainly calcitic. 

The Karelidic quartzites are almost monomineralic rocks and their 
grade of metamorphism varies greatly, appearing in glassy, schistose, and 
clastic varieties. Many well-preserved sedimentary structures, such as ripple 
marks (Fig. 14), cross bedding, and mud cracks, have been found in low
metamorphic quartzites. Conglomeratic interbeds with well-rounded quartz 
pebbles are common. Feldspar-bearing, arkosic varieties of the quartzite 
are rare. Some arkosic varieties of the sandstone have been marked on the 
general map as quartz-feldspar schists. Sericite is a common accessory 
mineral and sericite quartzites occur as interbeds in pure quartzites. The 
cement of the quartzites has been mainly siliceous, but also cements con
taining calcareous, argillaceous, and bituminous material have been found. 
The petrographic characteristics and petrology of the quartzites have been 
described, especially by Hietanen (1938) and Väyrynen (1933, 1939 and 
1954). 

Phyllites and mica schists of the Karelidic belt are quite similar to those. 
of the Svecofennidic zone. The »flysch» character of the wide phyllite and 
mica schist are ::\. in northern Karelia has been pointed out by Weg mann 
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Fig. 16. Metamorphie pillow lava. Saarijärvi, SuomussalmL Photo: 
Matisto. 

(1928). The micaceous schists show graded bedding and stratification. The 
content of mica varies greatly in different layers and the mica schists contain 
porphyroblasts of andalusite, cordierite or staurolite (Fig. 15). Feldspar 
is abundant in portions, poor in mica, indicating that the chemical weath
ering of material has been incomplete. Carbonaceous, sulphide-bearing 
black schists, considered as bituminous shales, also occur in the Karelidic 
belt. Some varieties of carbonaceous schists contain tremolite porphyroblasts, 
having originally been bituminous marly sediments. Especially in northern 
Karelia and in western Lapland the Karelidic phyllites and mica schists 
pass gradually into coarse-grained mica gneisses and veined gneisses. 

Metamorphic basic volcanics with a basaltic bulk composition are char
acteristic of the Karelidic belt in northern Finland. They were originally 
basalts, tuffs and hypabyssal diabases. The effusive character of metabasalts, 
metamorphosed into greenstones, appears in porphyritic, amygdaloidal 
and pillow lava (Fig. 16) textures and structures. Agglomerates are common 
in pyroclastics. The greenstones are associated with ultrabasic, picritic 
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Fig. 17. Basal conglomerate, containing pebbles of granite gneiss. Viesimonjoki, 
Kiihtelysvaara. Photo: Wilkman. 

varieties; and jaspilites, considered as chemical precipitations . of volcanic 
origin, have been found in the greenstones of the Kittilä area. The basic 
volcanics of the Karelidic belt have been metamorphosed into greenstones, 
consisting of albite, epidote, and chlorite, but in parts the greens tones pass 
gradually into amphibolites. 

A key area for interpretation of stratigraphy and sedimentation has been 
the Karelidic belt in eastern Finland, where the Karelidic schists are sep
ara ted by a marked unconformity from the granite gneiss basement. The 
initial Karelian sedimentation is represented by basal conglomerates (Fig. 
17) and arkosic sandstones lying directly upon the granite gneiss. These 
sediments have been interpreted as river valley deposits owing to mechanical 
weathering. This basal formation has been called the Sariolian formation 
by Eskola (1919), and Väyrynen (1933) has named it the Sariolian facies 
of the Jatulian formations . The Sariolian deposits do not have a wide exten
sion and occur only sporadically as the basal beds of the Karelian strata. 

After the deposition of the Sariolian formations the conditions of sedi
mentation changed, causing strong chemical weathering. The pure quartzites 
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associated with quartz conglomerates, sericite quartzites, and kaoline deposits 
rest upon the Sariolian formations or directly upon an ancient peneplain 
consisting of granite gneiss. This widely distributed quartzite formation has 
been named by Väyrynen (1933) as the Kainuan facies of the Jatulian 
formation. The Kainuan formation begins with sericite-bearing quartz 
conglomerates associated with sericite schists and kaoline deposits. With 
a decrease in the sericite content, the quartzites pass into pure quartzites 
of the upper division of the Kainuan formation. The Kainuan quartzite 
represents a reworked sandstone deposited on a stable platform. The Kainuan 
quartzite formation is widely distributed in the Karelidic belt and it forms 
an excellent horizon for use in stratigraphic correlation. The Kainuan quartz
ites form the lowest me mb er of a transgressive epicontinental succession 
and, in many places, they underlie dolomites and carbonaceous pelitic 
schists, which have been called marine Jatulian sediments. 

The J atulian succession of the Karelian strata has been overlain by a 
thick accumulation of the so-called Kalevian formation, consisting mainly 
of phyllites and mica schists. According to Väyrynen (1933), the Kalevian 
phyllites overlie the Jatulian sediments unconformably. Conglomerates 
containing mainly pebbles of Kainuan quartzite separate the Jatulian for
mation from the Kalevian phyllites and mica schists. The marked uncon
formity between the Jatulian and Kalevian successions does not, however, 
exist in all sections of the Karelian sedimentation area. The Kalevian 
phyllites are characterized by incomplete chemical weathering and they 
represent the flysch sediments of the Karelian sedimentation. 

The standard section of the Karelian formations in eastern Finland is, 
according to Väyrynen (1933), as follows: 

Kalevian phyllites and mica schists 

1 marine Jatulian; phyllites and dolomites 
Jatulian ~ Kainuan quartzite 

J Sariolian arkoses and conglomerates 

----- Great unconformity -----

Granite gneiss basement 

The supracrustal rocks of northern Karelia do not contain basic volcanics, 
but evidence of igneous activity during deposition is the presence of uralite 
diabase sills in the J atulian formations. The uralite diabases do not penetrate 
the Kalevian sediments, and therefore it seems plausible that their em
placement indicates a marked change in tectonic activity between a stable 
platform (Jatulian sedimentation) and a subsiding geosyncline (Kalevian 
sedimentation) . 

4 4965-60/ 1,74 
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New important stratigraphie studies in the Karelidie belt have been 
earried out by Härme (1949) in the Kemi area in northern Finland. The 
Karelian sueeession begins with quartzites whieh underlie greenstones and 
slates with interealated dolomites. The quartzites of the Kemi area ean be 
eorrelated with the Kainuan quartzites of the standard seetion, the green
stones are probably equivalent to the post-Jatulian uralite diabases in 
eastern Finland, and the thiek aeeumulation of graded-bedded slates eorre
sponds to the Kalevian type of geosynelinal sedimentation. 

The Karelidie sehists in Finnish Lapland eonsist mainly of quartzites, 
miea sehists, and basic voleanies (cf. Mikkola, 1941) and they have usually 
been named as Lapponian formations. The stratigraphie sueeession of the 
Lapponian strata is not known in detail. The Lapponian sehists are overlain 
by eoarse-grained, arkosie quartzites and eonglomerates, eontaining pebbles 
of Lapponian sehists. This younger sediment formation is ealled the Kumpu
Oraniemi formation (Mikkola, 1941), whieh has been eonsidered as a molasse 
aeeumulation of the Karelidie eyele. 

Taken as a whole the stratigraphie units of the Karelidie belt represent 
different stages and types of the Karelidie eyele of sedimentation. The 
J atulian transgressive series, eharaeterized by an abundanee of true quartz
ites, is typieal of the evolutionary phase upon a stable platform. The Kalevian 
type of mieaeeous sehists, whieh are produets of ineomplete ehemieal weath
ering, and assoeiated basic voleanies in northern Finland represent a geo
synclinal assoeiation. The arkoses and eonglomerates of the Kumpu
Oraniemi formation represent the youngest stage of the sedimentation in 
the Karelidie belt. They are a molasse type of sediments deposited at the 
end phase of the Karelidie orogenie eyele. 



OROGENIC PLUTONIC ROCKS 

The oldest plutonie rocks of Finland occur as highly metamorphie ortho
gneisses in the pre-Karelian basement complex and they have been described 
earlier (cf. pp. 9-11). An abundance of plutonic rocks, mainly granodiorites 
and granites, whose emplacement was closely connected with the orogenie 
movements, is characteristic of the deeply eroded section of the Svecofennidic 
and Karelidie belts, where the plutonic rocks penetrate the metamorphie 
schists. General relationships between deformations of schists and intrusions 
of plutonic rocks were pointed out by Weg mann and Kranck (1931) in the 
archipelago east of the city of Helsinki and their conclusions have given 
rise to a magmatectonic classification of the plutonie rocks. Magmatectonic 
points of view have been discussed by many authors (Wahl, 1936; Saksela, 
1936 and 1953; Eskola, 1952 b; Marmo, 1956; Simonen, 1960 b) and the 
intimate relation that exists between the processes of mountain folding and 
intrusions of different granite groups has been stressed. In a root zone of 
the ancient mountain chain there always occur two kinds of silicic plutonic 
rocks. On the one hand, there are »gneissose granites» with a granodioritic 
composition which have been intruded at an early stage of the orogenesis 
and received their present gneissose character during subsequent periods 
of orogenesis. On the other hand, there are potash-rich granites which are 
massive with a pegmatitic character and form migmatites. Both these grani
toids belong to the period of mountain folding and are thus of orogenie 
character. These two groups of granitoids are usually named synkinematic 
and late-kinematic granites. 

The synkinematic plutonic rocks are mainly gneissose granodiorites and 
quartz diorites (Fig. 18) associated with minor bodies of basic differentiates 
consisting of peridotites, gabbros, and quartz gabbros. They form concordant 
bodies with surroundiIig schists. The structures (foliation and lineation) 
of plutonic bodies coincide very weIl with those in the wall rock. Gneissose 
varieties occur especially in the boundary zones of the plutonic bodies. 

The late-kinematic plutonic rocks are mainly potash-rich microcline 
granites without associated basic differentiates. They penetrate the synki
nematic plutonic rocks and form migmatites with the schists and synkine-
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Fig. 18. Gneissose quartz diorite with dark inclusions. Hanko. Photo: Härme. 

matic rocks. Furthermore, the process of metasomatic granitization is closely 
connected with the emplacement of the late-kinematic granites. Many 
migmatites formed by late-kinematic granites show structures indicating 
high plasticity (Fig. 19). The migmatitic and granitized masses caused a 
violent folding in their surroundings owing to a diapiric rise and updoming 
of the granite masses (cf. Edelman, 1949; Härme, 1954). These movements 
connected with the emplacement of microcline granite, are late-kinematic 
in relation to the orogenie movements. 

The separation of the synkinematic and late-kinematic types of the 
orogenie plutonie rocks is relatively easy in coherent schist belts, but a two
fold tectonic classification of plutonic rocks may be too categorical; and it 
is not always possible to carry out everywhere, especially in the wide plutonic 
rock complex areas outside the schist belts. In wide plutonic areas, where 
the framework of the schists does not control the shapes of plutonie bodies, 
there occur many transitional varieties, ranging from gneissose synkinematic 
types to massive late-kinematic plutonie rocks. As a general rule, however, 
it must be mentioned that quartz dioritic and granodioritic plutons and asso
ciated basic differentiates usually show slightly developed gneissose 
margins, whereas potash-rich granites are massive. 
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Fig_ 19. Migmatite. Veins of migmatite-forming microcline granite follow the fold 
structure of banded gneiss. Risholm, Inkoo. Photo: Härme. 
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Coneerning the general map, the orogenie quartz diorites and granodiorites 
as wen as basie plutonie roeks represent synkinematie types, while the 
orogenie granites are late-kinematie in relation to the orogenie movements 
of the Sveeofennidie or Karelidie belt. The wide areas designated as »acid 
plutonie roeks in general» mean plutonic rock complexes containing many 
different types of plutonic rocks, or then these areas eontain aeid plutonic 
rocks whose petrographie and teetonie eharaeter has not been known in any 
eonsiderable detail. 

Plutonism in the Svecofennidic and Karelidic belts seems to be of the 
same age, beeause the radioactive age of the synkinematic plutonism in 
both belts lies within the limits 1750-1850 million years. (Kouvo, 1958; 
Gerling and Polkanov, 1958). This result has been proved by many different 
methods of radioaetive age determinations (ef. Kouvo, 1958). 
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Geological studies have shown that the deformation and metamorphism 
of the schists took place in elose connection with the emplacement of plutonie 
rocks (cf. Wegmann and Kranck, 1931; Simonen, 1948 b; Edelman, 1949). 
Thermal conditions favoring regional metamorphism were produced by 
the emplacement of the plutonic rocks in the root zone of the ancient moun
tain chain. An abundance of plutonic activity is especially characteristic 
of the mobile Svecofennidic belt, whereas the plutonic rocks do not compa
rably penetrate the Karelidie schists overlying the ancient, pre-Karelian 
stable platform. This explains why the grade of metamorphism of the Sveco
fennidic belt is high er than that of the Karelidie belt. 

PLUTONIC ROCKS OF THE SVECOFENNIDIC BELT 

Different petrographie provinces of orogenie plutonic rocks occur in the 
Svecofennidic belt. The petrographie provinces showing continuous series 
from basic to acid members, can be classified into granodiorite, trondhjemite, 
charnockite, and granite provinces, named according to the most acid 
members. The migmatite-forming microcline granite in southern Finland 
takes a unique position among the Svecofennidic plutonic rocks, because 
it is not associated with basic and intermediate plutonic rock types. 

The calcic plutonic rocks of the granodiorite, trondhjemite, and char
nockite provinces are typical representatives of synkinematic intrusives 
whose emplacement occurred in the principal Svecofennidic schist belt. 
The calc-alkalic plutonie rocks of the granite province occur at the rand 
zones of the coherent Svecofennidic schist belt, or outside of it in Central 
Finland, and their sharp separation into synkinematie and late-kinematic 
groups is difficult on aeeount of the many transitional varieties. Planar and 
linear structures are usual in gabbros, quartz diorites and granodiorites of 
the granite provinee; but they are not so well-developed as in the ease of 
the calcie provinces, and the granitic members of the granite province are 
massive, showing a late-kinematic mode of occurrence. The migmatite
forming microcline granites are late-kinematie plutonic rocks of the Sveco
fennides and they indicate regional migmatization and granitization in the 
root zone of the ancient mountain ehain. 

The mineralogieal eomposition of the Svecofennidie plutonic provinces 
is presented in Fig. 20. To the separate provinees, excepting the migmatite
forming microcline granites, belong basic, intermediate, and acid plutonic 
rocks, which form continuous rock series. The most acid end members of 
the granodiorite, trondhjemite, and eharnoekite provinces are characterized 
by a preponderanee of plagioelase over potash feldspar and they differ from 
each other mainly in respect to the different reaetion types of mafie minerals. 
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Fig. 20. Mineralogical composition of the Svecofennidic plutonic rock provinces. I, granodiorite 
province; II,. trondhjemite province; IU, charnockite province; IV a, granite province of the 
Tampere area; IV b, granite province in East Bothnia; V, microcline granite. 1, quartz; 2, 
microcline; 3, plagioclase; 4, biotite; 5, hornblende; 6, pyroxene; 7, olivine; 8, accessories. 

(Simonen, 1960 b). 
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A meta-aluminous association (hornblende and biotite) is characteristic of 
the granodiorite province, a peraluminous re action type (biotite) of the 
trondhjemite province and a subaluminous reaction type (pyroxene) of 
the charnockite province. Differences in the mineralogical composition of 
the separate provinces are most apparent in acid end members, whereas 
the basic rocks of different provinces are mineralogically closely related. 
Real granites (Or > Ab + An) are present only in the granite province and 
among the migmatite-forming microcline granites. 



32 

90 

Bulletin de la Commission geologique de Finlande N: 0 191 

Or 

30 70 

."- ..... /"\: 
50 / / .,:\ 

I:. .:.\ i .. / ... '. . .... '. 
I \ . 

\ / \~ . .. 
~ 

\ \ .-....= - - - " • ......:;:; -~L' - __ - ...... \: 
/,''' . \ ---- .... ,.~ 
(\ ., ~~, 
\. '...... .'~ \ ~ . 

...... _ ,~ \ ~" --
---~~ . -- ~ ~. 

'~. / -- . ........... . 

1 
---- 2 
------~ J 
-·-·-·4 
_.-.-.-.- 5 

...... 6 

50 

o 

. Z. ~ .. .::=-:-=.~. 
Ab L-....,.------r-----=-,,-----..,----:5cr----..:......::;:.:....:.::~7 F'=::"'-'='=====::9-=r:---~Af] 

Fig. 21. Normative proportions Or: Ab: An in the Svecofennidic plutonic provinces. 
Different fields are as folIows: 1, granodiorite province; 2, trondhjemite province; 
3, charnockite province; 4, granite province in the Tampere area; 5, granite province in 

East Bothnia; 6, microcline granite. (Simonen, 1960 b). 

The chemical characteristics of the plutonic provinces are presented 
by normative proportions Or: Ab: An (Fig. 21). The fields ofthe trondhjemite 
and charnockite provinces have the same position, and they distinctly 
deviate, especially through a high content of Ab, from the other provinces. 
The granodiorite, trondhjemite and charnockite provinces do not continue 
into the granite field as in the case of the plutonic rocks of the granite prov
ince. The migmatite-forming microcline granites show higher values of Or 
than the granites of the granite province. 

A magmatic origin of the granodiorite , trondhjemite, charnockite and 
granite provinces has been suggested by 1) intrusive mode of occurrence, 
2) compositional series with a gradual transition from basic to acid members, 
3) reaction series of mafic and salic minerals (zoned plagioclase), 4) gradual 
increase ofratios (FeO): (MgO) and (Na 20 + K 20): (GaO) with an increasing 
silica content of plutonie rocks, 5) an eutectoid granite composition of the 
most acid members of the granite province. Assuming a magmatic origin, 
the chemie al differences between dj.fferent provinces may be interpreted 
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as being due to slight primary chemical differences between the parent 
magmas (cf. Simonen, 1960 b). Compositional differences between the parent 
magmas, appearing especially in the contents of lime and alkalies, have 
been principal factors in causing independent plutonic provinces to evolve_ 
The main factor controlling the paths of evolution of the trondhjemite and 
charnockite provinces, which are chemically closely related, has been, 
however, different contents of volatile substances in the parent magma. 
The trondhjemites have been differentiated from a parent magma rich in 
water, whereas the charnockites have been crystallized from a magma poor 
in volatile substances (cf. Hietanen, 1943; Simonen, 1948 a). 

The great total bulk of acid plutonic rocks in comparison with that of asso
ciated basic rocks suggests that the parent magma has been acid, probably 
quartz dioritic or granodioritic in composition. Great quantities of acid magma 
may have formed locally by complete or differential fusion of various rocks in 
deep levels of the earth's crust. Especially the sial crust of granodioritic 
bulk composition could produce great masses of acid magmas by anatexis. 

The migmatite-forming microcline granites provide much field evidence 
contradictory to the mode of origin resulting from magmatic crystallization. 
The relic stratigraphy and relic structures, or »old drawings» (Wegmann, 
1935), show that another solid rock, a Svecofennidic schist or synkinematic 
plutonie rock, formerly occupied the place of the present microcline granite. 
This makes clear that the process of metasomatic granitization played a 
great role in their origin. Sometimes metasomatic replacement occurred 
without any considerable increase of volume, but large granitized masses 
were updomed diapirically. The granitized masses were mobile and highly 
mobile granitic material was intruded into a zone of metasomatic gran
itization. Many metasomatic granites do not correspond to an eutectoid 
granite composition of residual granite magmas, but they contain more 
potash than eutectoid granites. This may he the result of postmagmatic 
potash metasomatism at a hydro thermal stage of the granitizing liquid 
(cf. Eskola, 1955). 

The migmatites in the coastal area of Finland have been described in 
the classical papers of Sederholm (1923, 1926 and 1934). Many new investi
gations concerning migmatites and the metasomatic granitization of the 
Svecofennides' have been carried out by various authors (Edelman, 1949; 
Eskola, 1950, 1952 b, 1956; Härme, 1958, 1959; Seitsaari, 1951;Simonen, 
1948 b; Vaasjoki, 1953). 

PLUTONIC ROCKS OF THE KARELIDIC BELT 

Different petrographie provinces of orogenie plutonic rocks occur also 
in the Karelidie belt. The earliest phases of the Karelidie plutonism are 
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represented by emplacement of basic and ultrabasic rocks which are not 
genetically associated with silicic rock types. Different petrographic provinces 
of the gneissose synkinematic plutonic rocks, grading from basic to acid 
members, do not show a wide areal distribution, but potash-rich late-kine
matic granites without associated basic and intermediate differentiates are 
abundant in the Karelidic belt. 

On the general map the basic plutonic rocks of the Karelidic belt are 
mainly gabbroidic rocks which do not grade into silicic plutonic rocks. Some 
of the gabbroidic rocks are metadiabases in texture and their emplacement 
may be closely related to the basaltic volcanism of the geosynclinal phase. 
Some of the gabbro bodies (Koitilainen, Kivalo, Syöte) are associated with 
peridotites, plagioclase-rich ossipitic gabbros, and anorthosites. A gravitative 
differentation of a wide gabbroidic sill in the Kivalo ridge has been pointed 
out by Härme (1949). The predominant rock of the sill is ossipitic gabbro, 
but it grades in the lowest part of the body into serpentine peridotite, and 
anorthosites occur at the top of the differentiated sill. 

The occurrence of basic and ultrabasic ophiolitic intrusions is a charac
teristic feature of the Karelidic belt. The forms of ophiolitic bodies are small 
lenses, which occur as discontinuous belts marking zones of strong tectonic 
movements. They consist of various types of ultrabasics and gabbros or 
their metamorphic derivates, viz. serpentinites, soapstones, chlorite schists 
and amphibolites. Small lenses of serpentinites are especially abundant in 
the Karelidic belt. Originally they were mainly dunites whose serpentinization 
had been an autometamorphic process (cf. Haapala, 1936). The composition 
and origin of the soapstones has been studied by Wiik (1953). 

The synkinematic plutonic rocks, mainly gneissose acid varieties asso
ciated with basic and inter mediate differentiates, are represented by different 
petrographic provinces. Some differentiated types of so-called Hetta granites 
and the members of the syenite series in the western part of Finnish Lapland 
described by Mikkola (1941) show characteristics of the synkinematic 
intrusions. The granodiorites and associated basic differentiates of the so
called Haparanda series (Ödman, Härme, Mikkola, and Simonen, 1949) 
are the best-known representatives of the synkinematic plutonic rocks of 
the Karelidic belt. They penetrate the Karelidic schists north of the Gulf 
of Bothnia (Härme, 1949; Mikkola, 1949), in Enontekiö (Matisto, 1959) 
and in Suomussalmi (Matisto, 1958). Furthermore, differentiated plutonic 
rocks of a synkinematic type occur in the transitional boundary zone be
tween the Svecofennidic and Karelidic belts in eastern Finland, where 
charnockitic pyroxene-bearing silicic rocks are abundant. 

The grade of metamorphism of the Karelidic schists increases in the 
vicinity of the synkinematic intrusives. Therefore, the low-metamorphic 
Karelidic greenstones and argillaceous sediments grade over into amphibolites 
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and sillimanite gneisses in the western part of Finnish Lapland, where 
synkinematic plutonic rocks are abundant_ Furthermore, the increase of 
the grade of metamorphism of the Karelidic schist in northern K!1relia 
westwards is due to a contemporaneous increase of the plutonic intrusions_ 

Late-kinematic granites are abundant in the Karelidic belt and they 
form many large uniform bodies_ These potash-rich granites are mainly 
massive and coarse-grained with a pegmatitic character_ They do not show 
any relationship with some basic differentiates. These granites are commonly 
migmatite-forming and wide migmatite aureoles occur around many wide 
granite bodies. 



UNMETAMORPHIC SEDIMENTARY ROCKS 

Pre-Cambrian unmetamorphic sedimentary rocks unconformably over
lying the metamorphie formations have been found at Satakunta and Muhos. 
Sederholm (1897) proposed the name )Jotnian formatiom for the sedimen
tary rocks in Satakunta and for all such late pre-Cambrian rocks in Fenno
scandia which had not undergone diastrophism in pre-Cambrian times. 
Only very few sporadie occurrences of Cambrian sediments have been found 
in Finland. 

ARKOSE SANDSTONE OF SATAKUNTA 

The Jotnian formation of Satakunta consists of red-colored, stratified 
arkosic sandstones with thin intercalated beds of red or black shales. It. 
fills a downfaulted block in the metamorphie complex; the thickness of the 
deposit is, however, unknown. The distribution and the field description 
of the sandstone are given by Laitakari (1925) and a sedimentary petro
graphie study has been carried out by Simonen and Kouvo (1955). 

The mineralogical and chemical characteristics of the sandstone are 
typical of the red sandstones of the arkose suite. The ratio of quartz to 
feldspar varies greatly and the feldspar commonly occupies 20-40 per cent 
of the total amount of sand particles. The feldspar is predominantly potash 
feldspar. So me mineralogical characteristics (triclinie symmetry of the 
potash feldspar particles and presence of garnet and sillimanite as heavy 
minerals) show that the source of the detrital material was mainly the met
amorphie Archean basement complex. The ratio of quartz to felds par and 
the textural features, poor roundness and sorting, show that the Jotnian 
sandstone belongs to the class of immature sands which are products of 
rapid erosion and deposition controlled by the conditions of steep relief. 

The stratification of the sandstone is generally horizontal and many 
sedimentary structures indicating terrestrial conditions of deposition are 
present. Current bedding is common and ripple marks (Fig. 22), made by 
water, are symmetrie or asymmetrie. Furthermore, mud cracks, clay galls, 
and rain drop impressions have been found. These sedimentary structures 
and the red color of the sandstone indicate a terrestrial oxidizing environment 
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Fig.22. Ripple marks in the Jotnian sandstone. 1/3 nato size. Photo: Halme. 

at the place of deposition. All features of the J otnian sandstone in Satakunta 
are similar to the arkoses that are characteristic of thick terrestrial piedmont 
facies in postgeosynclinal basins. 

The K 4°_A 40 age for the intercalated red shale in the J otnian sandstone 
at Harjavalta is 1 300 million years (determined in the Precambrian Labora
tory in Leningrad). This may show the age of diagenesis in the sedimentary 
deposit. The K 4°_A 40 age for the intercalated shale in Leistilänjärvi (deter
mined in the same laboratory is only 1 150 m.y.). This specimen is, however, 
taken from the close vicinity of a post-J otnian diabase dike and therefore 
this age probably represents the time of the recrystallization of the shale 
caused by intrusion of the diabase dike. 

SILTSTONE OF MUHOS 

Unmetamorphic conglomerates, sandstones, siltstones, and shales occupy 
a wide area in northern East Bothnia. The so-called Muhos sediments are 
downfaulted along the northern boundary. The total thickness of the deposit 
is many hundred meters and may reach about one thousand meters according 
to an unpublished report on the drill hole made by the Oulujoki Company. 
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The vertical variations in the stratigraphie column are presented in Fig. 
23. The Muhos formation begins with basal conglomerates and coarse
grained arkoses lying unconformably upon the Archean basement complex. 
The basal conglomerate contains rounded and angular pebbles of granite 
and schist and its matrix is brown-colored arkose rich in silty material. The 
conglomerate-arkose association forms an accumulation about 20 meters 
thick at the base of the Muhos formations and it is overlain by thick deposits 
of red, brown or greyish green siltstones and shales with thin interbeds of 
arkosic sandstone. The red and brown siltstones and shales are predominant, 
forming 80-90 per cent of the total thickness. The predominance of red 
beds in the Muhos formation indicates an oxidizing condition of terrestrial 
sedimentation. The association of red shales, siltstones, and sandstones 
indicates floodplain deposits in the piedmont facies of postgeosynclinal 
basins (Simonen and Kouvo, 1955). 

The correlation of the Muhos sediments with the Jotnian formation in 
Satakunta is suggested by similar petrographie features and a similar manner 
of occurrence in downfaulted blocks of the crystalline basement. Two K 40_ 

A 40 ages, 1 280 and 1 310 million years respectively, for the shales of the 
Muhos formation (determined in the Precambrian Laboratory in Leningrad) 
suggest that the diagenesis of the Muhos sediments took place at the same 
time with that of the J otnian arkose sandstone in Satakunta. 

QUARTZ SANDSTONE 

Sporadie occurrences of Cambrian quartz sandstone have been found 
in the coastal area of southwestern Finland and in Central Finland. Cambrian 
sediments also occur in the western most part of Finnish Lapland, along the 
rand zone of the Caledonidic mountain chain (cf. p. 46). 

In the coastal area of southwestern Finland many small deposits of 
Cambrian quartz sandstone occur as fillings of fault cracks in pre-Cambrian 
rocks or as fillings of cavities in pre-Cambrian crystalline limestone. The 
manner of occurrence shows that the ancient sub-Cambrian peneplain on 
which these sandstones were deposited had been situated slightly above the 
present surface. The mineralogical and textural features of the quartz sand
stones show a maturity produced by intense chemical and mineralogie al 
weathering. Fossil Brachiopods suggesting a Lower Cambrian age have 
been found in the sandstone dike of Saltvik (Metzger, 1922). These small 
occurrences of quartz sandstone are not marked on the general map. 

The widest occurrence of pure quartz sandstone is in Lauhavuori, South 
East Bothnia, described by Simonen and Kouvo (1955). This sandstone 
deposit overlies the pre-Cambrian basement complex and its thickness is 
only a few dozen meters. Quartz is the main component of the sand particles 
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Muhos Muhos TyrntJvtJ 
I-Ienltala 

Fig_ 23_ Vertical sections of the Muhos formation_ 1, Pleistocene deposits; 2, red siltstones and shales; 
3, grey and green shales; 4, intimate alternation of red and grey shales; 5, sandstone; 6, conglomerate; 

7, Archean rocks_ (Simonen and Kouvo, 1955)_ 
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and the eontent of strongly kaolinized feldspar is very low. The cement is 
sili6eous. The mineral particles are extremely rounded and the sorting is 
good. Stratifieation and eross-bedding are eommon struetural features. 
Petrographie eharaeteristies similar to the Cambrian quartz sandstones in 
the eoastal area indieate the Cambrian age. Lauhavuori, the highest hill 
in southern East Bothnia, probably is where the sub-Cambrian peneplain 
had not been destroyed by later erosion, as in the case of the eoastal area, 
where the sandstone dikes indieate that the aneient peneplain originally 
was a little above the present surfaee. Taken as a whole, the sporadie oecur
rences of quartz sandstone in Finland seem to indieate a Cambrian trans
gression over a stable peneplained platform. 



ANOROGENIO IGNEOUS ROCKS 

Igneous rocks, whose emplacement is not related to orogenie movements, 
are mainly represented by massive granites of pre-Cambrian age. Anoro
genie diabase dikes of a different age have been found to cut sharply 
the pre-Cambrian folded formations, but only the post-Jotnian diabases 
in Satakunta have been marked on the general map and described in this 
connection. Only very few and sporadic evidences of igneous activity after 
pre-Cambrian times have been found in the pre-Cambrian platform of 
Finland. These are represented on the general map by alkaline rock in Kuu
samo and by dacite from Lappajärvi. 

ANOROGENIC GRANITES 

Many large and discordant plutons of massive granites occur in southern 
Finland. They cut sharply the ancient folded pre-Cambrian belts and they 
do not form migmatites with country rocks. These granites are anorogenic 
in relation to orogenie movements and they represent the youngest pre
Cambrian granites so far known in Finland. The radioactive age of 1 620 
million years (Kouvo, 1958) for anorogenic plutonie rocks has been proved 
by many different methods. 

Different petrographie varieties of anorogenic granites occur and many 
large plutons are composed of many texturally different granite types. So
called rapakivi granites are most common. Coarse-grained, massive granites 
of Onas, Bodom, Obbnäs, and Ava also belong among anorogenic granites. 
The best-known occurrence of these granites is the granite body of Ava 
(Kaitaro, 1953) characterized by ring dike intrusions of granites and mon
zonites. 

Rapakivi granites are coarse-grained porphyritic granites with ovoids 
of potash feldspar. In a typical rapakivi texture (Fig. 24) the greatest part 
of the potash feldspar ovoids are surrounded by plagioclase mantles (wibor
gite type). In so me varieties the plagioclase mantles around potash feldspar 
ovoids are lacking (pyterlite type). The ratio between mantled and non
mantled ovoids varies greatly and texturally there is a gradual transition 
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Fig. 24. Rapakivi texture. Potash feldspar ovoids surrounded by plagioclase mantles. 
Vehkalahti. 1/3 nato size. Photo: Sederholm. 

from wiborgite to pyterlite. Porphyritie granites with angular potash feldspar 
phenoerysts are also present and a gradual transition from these to pyterlites 
is observed. Furthermore, even-grained, granite porphyritie, and quartz 
porphyritie types oeeur in the rapakivi areas. Pegmatites and aplites are 
rare, but miarolitie eavities are eharaeteristie. 

Main minerals of texturally different varieties of the rapakivi granites 
are potash feldspar (mainly orthoclase), plagioclase (oligoelase), and quartz. 
Biotite and hornblende are the most eommon mafie minerals. Fayalite, 
hypersthene, and diopside are present in some rare varieties of the rapakivi 
granites. Fluorite and zireon are eharaeteristie aeeessory minerals. 

A eharaeteristie feature of the rapakivi granites is that quartz oeeurs in 
two separate generations. Idiomorphie bipyramidal quartz is a striking 
eharaeteristie of the rapakivi granites, but the later generation of quartz 
is xenomorphie. Also other main minerals of the rapakivi granites oeeur in 
two generations (cf. Wahl, 1925). 

Chemieal eomposition of the rapakivi granites is eharaeterized by high 
contents of potash and siliea, whereas the contents of lime and magnesia 
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Fig. 25. Intrusive contact of rapakivi. Fragments of wall rock are amphibolite. 
Lyöttilä, Iitti. Photo: Lehijärvi. 

are low. The chemistry of the rapakivi granites is discussed by Sahama 
(1945), who has done also trace element determinations which show that 
especially fluorine, zirconium, barium, rubidium and lead have an enrichment 
in the rapakivi granites. 

A magmatic origin of the rapakivi granites has been suggested by Finnish 
geologists (Wahl 1925; Eskola, 1928; Savolahti 1956). Sharp intrusive contacts 
(Fig. 25) and gradual transition of effusive types (quartz porphyries and 
granite porphyries) to coarse-grained rapakivi varieties are the best evidences 
of magmatic origin. Different explanations to the typical rapakivi texture 
have been presented by various authors, and discussed in classical papers 
of Sederholm (1928) and Wahl (1925). Recently Savolahti (1956) has dis
cussed the crystallization of rapakivi and he concludes that »crystallization 
has started with potash feldspar and quartz while the composition of the 
residual magma moves toward the granitic minimum and that the younger 
rock types of the same intrusion are richer in plagioclase and mafic minerals». 
A residual magma has been originated whose crystallization-produced rock 
types are richer in plagioclase and mafic minerals than the main part of the 
intrusion. This inverse crystallization of the rapakivi magma offers an 
explanation to the typical rapakivi texture characterized by potash feldspar 
ovoids mantled by plagioclase. 
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DIABASE 

Diabase dikes and sills occur abundantly in the Jotnian area of Sata
kunta in southwestern Finland. They represent the youngest member of 
the Jotnian complex (rapakivi granite, arkose sandstone and diabase) and 
show both vertical and horizontal chilled contacts against country rocks 
consisting of the Svecofennidic rocks, rapakivi granites', and Jotnian sand
stones. Diabases represent hypabyssal eruption channels of basaltic magma 
intrusions into a stable platform characterized by faulting tectonics. 

Labradoritic plagioclase, olivine, and augite are the main minerals of 
the diabase, commonly caHed olivine diabase. The chemical composition 
is basaltic, similar to that of plateau basalts. Texture is ophitic. 

Contact phenomena of the diabase, resulting in partial or almost complete 
melting of country rocks, have been described and discussed thoroughly by 
Kahma (1951). Partial melting of various silicic country rocks, in the closest 
vicinity of the diabase contact, has produced an intergranular melt of eu
tectoid granite composition. This melt has intruded from host rock into the 
chilled contact zones of the diabase. »Palingenic dikes», consisting mainly 
of quartz and alkali feldspar, have been formed. An almost complete 
remelting of a granite lens, situated between two diabase sills in Suontaka 
has taken place. Reactions between anatectic granite melt and solidified 
diabase have caused hybridization of original contact zones. 

ALKAJ.,INE ROCK 

Alkaline rocks have been found only in one smaH area in Iivaara, Kuu
samo. This occurrence is probably a satellitic massif of weH-known Paleozoic 
alkaline rocks in Kola peninsula. A new study of the alkaline district in 
Iivaara was published recently by Lehijärvi (1960) . 

Central massif of the alkali ne district in Iivaara consists of rocks whose 
main minerals are nefeline and pyroxene in varying mutual ratios (urtite
ijolite-melteigite series) . Petrographic types containing considerable can
crinite or titaniferous garnet (iivaarite) have also been encountered. 

Intrusion of alkaline magma has caused metasomatic fenitization of pre
Karelian granite gneisses in the closest proximity of the alkali ne mass. In 
a narrow transitional zone between the fenite and the alkaline mass there 
occur heterogeneous hybrid rocks (juvites, malignites, etc.) which represent 
a mobile contact zone crystallized from an alkaline magma mixed with 
partially melted portions of the granodioritic country rocks. 
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DACITE 

The remains of an ancient volcanic neck occurs in Kärnäsaari, Lappa
järvi. The rock is an unmetamorphic volcanic explosive breccia with a dacitic 
bulk composition_ It contains an abundance of mineral and rock fragments 
of surrounding pre-Cambrian granites and gneis ses in a volcanic matrix 
(Saksela, 1949)_ Amygdaloids of calcite and chalcedon are present. Geological 
age of the occurrence is uncertain. 
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Fig. 26. The structure of the Caledonidic range with its rand zone. 1, pre-Cambrian rocks; 2, 
Cambrian peneplain; 3, Lower Cambrian sediments; 4, overthrust plane; 5, Caledonidic 

gneisses. Porojärvi, Enontekiö. Photo: Matisto. 

P ALEOZOIC SCHISTS 

A narrow belt of the Caledonidic mountain range with its rand zone 
occurs in the westernmost part of Finnish Lapland (Fig. 26). A thin succes
sion of Lower-Cambrian basal conglomerates, quartz sands tones and shales 
occurs on the pre-Cambrian crystalline basement and these autochthonous 
sediments are overlain by tectonized beds of shale, quartzite and dolomite. 
The total thickness of the afore mentioned sediments is 150-190 meters 
(Hausen, 1942). The sedimentary rocks are overlain by allochthonous, 
silicic schists and gneis ses of the Caledonidic range. These gneisses have 
been overthrust from the northwest. So me phacolite intrusions of gabbroidic 
rocks have taken place in the Caledonidic gneiss complex (Hausen, 1941). 
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af~OQ,Iihiekkakive;! (joUl"i) 
ar~('l,e s~"dHon", (loln,an) 
arko~~ndnen ()otrmk) 

PREKAMBRISIA OROGEENISIA SYVÄKIVIÄ 
PRE -CAMBRIAN OROGENIC PLUTONIC ROCKS 
PREKAMBRISKA OROGENA DJUPBERGARTER 

Iupplm!l 'l'~3b~ii rltt",~ 
acid plutonic [Q~b in t,mtral 

!.._ ........ __ J 'ura dju p bergarte r I 3l1m~n net 

gHl'li ttilo 
grao'\ lte 
gran It 

grlnodiDri'tti~ Ja kvartsld ron lt!i ~ 

gnnod\ariH: Jl\d quart:;: aiorite 
gr~l\od,crtt och kv art5d,orrt 

gabroa. anortasilitia ja ultracmakSISIJ ki ', i;i 
,abbro. lnOrtnOlitt' and uJltrabni<: ro~k! 

gabbro. anono~lt oth ult rülba~l~ ka b~rgarter 

PREKAMBRISIA KITEISIÄ LlUSKEITA 
PRE-CAMBRIAN METAMORPHI C ROCKS 
PREKAMBRISKA METAMORFA BERGARTER 

kvart,iit,ia 
quar!Zlt e 
kvart~it 

U' ... '.' k\{~rt~i-mnü lp1\i\l51<\\.U 
.• • •. '. '. '. . quartz.foeldspu IC hlH 
.' ••.••.•.• '. h art>.f:llupnHIHt r 

granulii~lla 
g;~nulltoe 

granulit 

grJl' liulgneissii 
granlt l! gnelH 

lIo.. __ .;.o.~.J grJnitgntjs 

LaHinut 
Compried by ;'l,ht l Simoncn 
Samrrrarrst~ll<J a ,. 

w 
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