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PREFACE

In the winter of 1980, state geologist Kauko Merildinen set up a working group within
the mapping and research group of the Middle Finland office with the purpose of
compiling a stratigraphic map of Middle Finland in the course of 1981 (Fig.1).

The working group consisted of two geologists, Erkki Luukkonen and Heikki
Lukkarinen, and their supervisor, Kalevi Korsman, head of mapping and research at the
Middle Finland office. After the transfer of Kalevi Korsman to another post,
Luukkonen and Lukkarinen completed the assignment alcne.

The duties of the working group were divided as follows:

Luukkonen was responsible for the Archaean migmatites, granitoids and greenstone
belts, the early Proterozoic Sariola and Jatuli Group formations, and the Kainuu schist
area. Lukkarinen was responsible for the Archaean formations west of the Kallavesi-
Onkivesi line and the early, middle and late Proterozoic supracrustal formations.

NORTHERN
FINLAND

o
ROVANIEMI

Fig. 1. The Middle Finland area (screened).



Geologist Antti Paajarvi assisted in the classification of the Proterozoic granitoids.

Research assistant Antti Midkeld was involved in processing the mapping data, and
Mrs. Anni Vuori drew the final map.

Our main sources of material for the map were the lithologic and bedrock maps at a
scale of 1:400 000 and 1:100 000 published for the Middle Finland area. Other source
material, some of it still unpublished, was received from the Exploration and
Petrological Departments of the Geological Survey of Finland, Outokumpu Explora-
tion, Rautaruukki Exploration, Kajaani Oy Exploration and the Department of Geology
and Mineralogy of Oulu University. We also checked some of the data in the field.

We should like to express our gratitude to all those with whom we worked and
particulary to Dr. Olavi Kouvo for the unstinting help he gave us throughout the
assignment.

Dr. Olavi Kouvo, state geologist Kauko Merildinen and head of department Atso
Vorma revised the manuscript, and we thank them for their constructive criticism. The
manuscript was translated into English by Mrs. Gillian Hé#kli and clean typed by Mrs.
Irja Mykkinen and Mrs. Saara Kaijalainen.

Kuopio, 9th September, 1983.

Erkki Luukkonen Heikki Lukkarinen



INTRODUCTION

The whole of Middle Finland has been mapped lithologically at a scale of 1:400 000
and part of it also at a scale of 1:100 000. The stratigraphy of the area has been
discussed by Vidyrynen (1933, 1938, 1954), Eskola (1963), Piirainen (1968), Simonen
(1971, 1980), Merildinen (1980), Gaal ef al. (1974) and Gaal (1982, 1983). No purely
stratigraphic map, however, has been compiled for the area before.

Our stratigraphic division is based mainly on the contact and crosscutting relations
between the rocks in the area and on the ages determined for them. Correlations were
made with the stratigraphy of the Karelia block in the USSR.

Lithostratigraphic and chronostratigraphic studies are still incomplete for many areas
of Middle Finland, and for others they have not even been started. In the straiigraphic
division we, therefore, had to deviate from established international practice and
combine the lithostratigraphic and chronostratigraphic divisions (Hedberg 1976). For the
same reason we used the names, e.g. Sariola, Jatuli and Kaleva, previously given and
defined for the stratigraphic groups, but in a wider sense than originally intended. The
chronostratigraphic and lithostratigraphic division is shown in Fig. 2.

The rocks of the stratigraphic groups are shown by the overprints as follows (Fig. 3.):

1. Supracrustal rocks
Metasediments
Metavolcanites
Acid and intermediate metavolcanites
Basic and ultrabasic metavolcanites

2. Migmatites
Weakly migmatized, such as veined gneisses,
phlebitic migmatites and rocks that are clearly
paragneisses

More intensely migmatized rocks, such as banded, schlieren and nebulite
migmatites and orthogneisses

3. Plutonic rocks
Granitoids in general
Granites
Syenites (+ alkaline rocks)
Granodiorites, quartz diorites, tonalites and
quartz monzonites
Diorites, gabbros, pyroxenites, peridotites,
dunites and serpentinites

4. Dyke rocks
Diabase and metadiabase dykes
Lamprophyre dykes

5. Meteorite crater

The distribution of the rocks in stratigraphic groups and subgroups is depicted in
various colours (see also Fig. 2).
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LITHOLOGY

METASEDIMENTARY ROCKS

A A FELSIC AND |INTERMEDIATE METAVOLCANICS

MAFIC AND ULTRAMAFIC METAVOLCANICS

PHLEBITIC MIGMATITES, PARAGNEISSES

STROMATIC SCHLIEREN AND NEBULITIC
MIGMATITES, ORTHOGNEISSES

—]
!j GRANITOID GNEISSES

GRANITES

+ 4+

SYENITES (+ ALKALIC ROCKS)

GRANODIORITES, QUARTZ DIORITES,
TONALITES, MONZONITES

DIORITES, GABBROS, PYROXENITES,
PERIDOTITES, DUNITES, SERPENTINES

DIABASE DYKES

LAMPROPHYRE DYKES

METEORITE CRATER

Fig. 3. The lithologic symbols used on the strati-
graphic map of the Middle Finland.
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LATE ARCHAEAN ERA
Kianta Supergroup

The bedrock of the eastern and northeastern part of the Middle Finland area is
composed almost exclusively of the formation of the Kianta Supergroup. On our map
the Kianta Supergroup covers geochronologically formations ¢. 2900—2500 Ma in age.
As recommended incernationally, the lower age limit, c. 2900 Ma, of the Kianta
Supergroup is that of the late Archaean (Sims 1980).

The Kianta Supergroup is divided into the Ilomantsi and Kuhmo Groups, and these
further into the Lower llomantsi and Lower Kuhmo Subgroups (¢. 2900—2750 Ma in
age) and the Upper Ilomantsi and Upper Kuhmo Subgroups (¢. 2750—2500 Ma in age).

The boundary between the Lower and Upper llomantsi Subgroups and the Lower and
Upper Kuhmo Subgroups has been set at about 2750 Ma, because 1) the mafic sill at
Moisiovaara, which is included in the greenstones of the Lower Kuhmo Subgroups in the
Kuhmo greenstone belt, is ¢. 2760 Ma dated from zircon by U/Pb method (GSF, Ann.
Rep. 1980; Patchett et al. 1981), 2) the corresponding U/Pb age of zircon from the acid
porphyroid dykes of the Lower Ilomantsi Subgroup at Ingonvaara in the llomantsi
greenstone belt is ¢. 2750 Ma (GSF, Ann. Rep. 1968), and 3) the quartz diorites and
granodiorites that have not been noted to cut the Upper Kuhmo Subgroup have been
dated at 2750 Ma Hypponen 1983; (GSF, Ann. Rep. 1972, 1976, 1977; GSF, Petrol.
Dep. Rep. act. 1980, 1981; from zircon by U/Pb method). The upper age limit, c. 2500
Ma, of the Upper llomantsi and Upper Kuhmo Subgroups, constitutes the international-
ly recommended boundary between the late Archaean and early Proterozoic Eras (Sims
1980, Merildinen 1980).

Migmatites and granitoids older than or contemporaneous with the late Archaean
greenstone belts

Migmatites and granitoids of this group are encountered east of the Proterozoic schist
areas of Kainuu and North Karelia (Fig. 4). The oldest Archacan migmatites, which
occur in the northern part of the area, have undergone polyphase folding and
metamorphism and are partly anatectic polymigmatites. Banded and schlieren structures
are typical of the migmatites. The paleosome is usually hornblende + biotite tonalite
and biotite tonalite. The neosome is often trondhjemite and aplite granite.

The U/Pb age of zircon from the paleosome in Kuusamo and Kuhmo, c. 2858—2837
Ma, can be considered the minimum age of the paleosome in the old migmatites (GSF,
Ann. Rep. 1975, 1980, 1981).

Migmatites like those described above are also encountered in the west of the
Proterozoic Kainuu and North Karelia schist areas (within the Iisalmi microcontinent, or
inter plate; cf. Vayrynen 1954), and strongly altered, in the southern parts of the western
Archaean area (see p. 15—17 and Fig. 4).

The migmatites in Kuusamo, Suomussalmi, Hyrynsalmi and Kuhmo frequently
contain amphibolite and microtonalite xenoliths.

Microtonalites with mica gneissic and phlebitic structures and stratigraphically below
the Archaean greenstone belts of the Upper Kuhmo Subgroup occur extensively in the
municipalities of Kuhmo and Valtimo and in the town of Nurmes.

There are many places in Suomussalmi, Hyrynsalmi, Kuhmo and Nurmes with
migmatites that in structural features and mode of occurence resemble the gneisses and
migmatites of the Keretti Group of the Belomoridian Supergroup descriped from Viena
Karelia in the USSR (Stenar 1972; Kratz and Mitrofanov 1980; Sokolov and Stenar
1980).

The oldest granitoids, which occur in the Lieksa and Ilomantsi areas, exhibit plutonic,
gneissose and cataclastic features. The oldest tonalites and granodiorites in the Ilomantsi
area can be assigned minimum ages of 2855 and 2858 Ma from zircon by U/Pb method
(GSF, Ann. Rep. 1972, 1975; GSF. Petrol. Dep. Rep. act. 1980, 1981).



Migmatites and granitoids
contemporaneous with or older
than the greenstone belts
of the Kianta Supergroup

m Migmatites and granitoids

of the western Archaean
area(=lisalmi microcontinent)

Fig. 4. Migmatites and granitoids older than or contemporaneous with the Kianta Supergroup greenstone
belts.

According to Frosterus and Wilkman (1920), Wilkman (1921) and Matisto (1958), the
above granitoids are oligoclase-bearing banded gneiss granites and granite gneisses
younger than the Archaean greenstone belts. This misinterpretation is probably due to
the lack of distinct contacts between the old migmatites and the greenstones, and to the
foliation in the younger tonalites and quartz diorites crosscutting the greenstone belts.

The area of the late Archaean greenstone belts

Kuhmo and Ilomantsi Groups.

In the area of the late Archaean greenstone belts, the Kianta Supergroup is divided
into the Kuhmo Group and the Ilomantsi Group.
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KUHMO GROUP

1. Suomussalmi
greenstone belt

2 Kuhmo greenstone beit

3. Tipasjarvi-Hietajdrvi
greenstone belt

4 Nunnanlahti-!patti
greenstone belt

5. Kiihtelysvaara
greenstone belt

|
Kellojarvi
P

ILOMANTSI GROUP
S||V|kl§o

ilomantsi greenstone
belt

Ordinary late Archaean
greenstone belt areas

40 km

Fig. 5. The greenstone belts of the Kianta Supergroup.

The Kubhmo Group is characterized by the roughly NS trend of the formations,
tectonic contacts with the old Archaean granitoids (Vayrynen 1954, Gaal et al. 1978), the
predominance of volcanic rocks over sedimentary rocks, the abundance of mafic
volcanites, small iron formations and sericite quartzites (Figs 5 and 6).

Typical of the llomantsi Group are the approximately NE-SW and WE trends of the
formations, basal conglomerates, sizeable iron formations and the preponderance of
sedimentary rocks over volcanic rocks (Figs 5 and 6).

No geochronological difference has been established between the Kuhmo and
Ilomantsi Groups, both groups having started to evolve simultaneously. The Kuhmo
Group may have continued to evolve longer or then only the lowermost parts of the
Ilomantsi Group have survived erosion. Formations of the Kuhmo Group are encount-
ered in the greenstone belts of Suomussalmi, Kuhmo, Tipasjarvi-Hietajarvi, Nunnan-
lahti-Ipatti and Kiihtelysvaara. There are also some small unnamed greenstone belts in
Kuhmo, Nurmes, Valtimo and Lieksa whose stratigraphic position has not been
established.
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Hanski et al. (1980) divided the Kuhmo-Suomussalmi greenstone belt stratigraphically
into the Luoma, Saarijarvi, Kellojarvi, and Ontojarvi Subgroups. In this paper the
Kuhmo Group has been presented in the same manner. The Luoma Subgroup (Fig. 6) is
in the lowermost stratigraphic position in the Lower Kuhmo Group in the Suomussalmi
greenstone belt. 1t is composed of intermediate volcanites, gabbroic amphibolites, black
schists, mica schist and acid pyroclastic rocks. The majority of the rocks in the Luoma
Subgroup are intermediate volcanites metamorphosed into cordierite-anthophyllite rocks
(Kopperoinen 1980, personal comm.). The Luoma Subgroup is best developed in the
western part of the Suomussalmi greenstone belt. Indications of the cataclastic
quartz-feldspar schists or leucotonalites, or both, of the Luoma Subgroup are also
encountered at the eastern contact of the Suomussalmi greenstone belt in the northern
part of the lake Kiantajarvi, at Moisionvaara in the western and eastern contact of the
Kuhmo greenstone belt and at Kellojéarvi in the western contact of the greenstone belt
only.

In the above areas the cataclastic quartz-feldspar schists or the leucotonalites, or both,
of the Luoma Subgroup seem to grade into Archaean granitoids, whereas the contact
with the overlying and intercorrelated formations of the Saarijiarvi, Honkajdrvi and
Kellojarvi Subgroups is sharp and conformable (Taipale and Tuokko 1981, Fig. 6).

In the Suomussalmi greenstone belt the Luoma Subgroup is overlain by the Saarijirvi
Subgroup, named by Hanski ef al. (1980), composed of serpentinites, mafic volcanites,
acid volcanites, black schist, komatiitic amphibole-chlorite rocks, serpentinites, black
schists and mafic volcanites (Fig. 6).

At Moisiovaara in the Kuhmo greenstone belt the Kuhmo Group begins with the
cataclastic leucotonalites correlated with the above Luoma Subgroup. They are overlain
in stratigraphy by tholeiite-basaltic banded amphibolites (with serpentinite and talc
schist portions), peridotitic komatiites (serpentinized in places), black schists, uralite
porphyry/mafic sills (c. 2760 Ma, dated from zircon by U/Pb method; GSF, Ann. Rep.
1980; Patchett et al. 1981), pyroxenitic/basaltic komatiites, metalavas (with occasional
serpentinite and black schist interlayers), black schists, iron formations and mica schists
of the Honkajarvi Subgroup (Fig. 6).

In the Moisiovaara area the Honkajarvi Subgroup is overlain by conglomerates,
metapelites, basaltic komatiites, acid volcanites, conglomerates, sericite quartzites (with
pyrite, black schist and mica schist interlayers), acid pyroclastic breccias and acid
volcanites of the Jumalisjarvi Subgroup (Fig. 6).

In the Siivakko-Ontojarvi area the Kuhmo Group begins with the Kellojirvi Subgroup
described by Hanski (1980), Hanski e al. (1980) and Taipale et al. (1981), which consists
of tholeiitic basalts (with iron formations), peridotitic komatiites, pyroxenitic/basaltic
komatiites, ultramafic to mafic tuffs, serpentinites and acid to intermediate volcanites.
The Kellojarvi Subgroup is overlain by conglomerates, acid volcanites (partly pyrocla-
stites), sericite quartzites, mica schists, black schists, iron formations and tholeiitic
basalts of the Ontojarvi Subgroup described by Hanski (1980), Hanski ez a/. (1980) and
Taipale ef al. (1981) (Fig. 6).

The acid volcanites, black schists, iron formations, metabasalts (tholeiitic/komatiitic
in composition), pyroxenitic komatiites and mica schists described by Taipale (1982,
1983) from the Tipasjarvi—Hietajdrvi greenstone belt have been correlated with the
Upper Kuhmo Subgroup (Fig. 6).

The ultramafites (some of them apparently extrusives) and a mafic volcanite with
carbonate rock lenses described by Vayrynen (1954), Honkamo (1972) and Rossi (1975)
form the Nunnanlahti—Ipatti greenstone belt have been classified in the Lower Kuhmo
Subgroup. The leptites and mica schists have been correlated with the Upper Kuhmo
Subgroup (Fig. 6).

The lower group of the Kiihtelysvaara greenstone belt, consisting of amphibolites,
banded hornblende schists, chlorite schists, serpentine rocks and iron formations
(Nykédnen 1971b) has been correlated with the Lower Kuhmo Subgroup. The quartz-feld-
spar schists, mica schists, black schists, ore quartzites, sericite schists and pyrite
formations of the upper group by Nykénen (1971b) have been correlated with the Upper
Kuhmo Subgroup (Fig. 6).
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The Ilomantsi Group is met with only in the Ilomantsi greenstone belr, where its basal
part, the Lower Ilomantsi Subgroup, consists of the basal conglomerates with psammitic
interlayers described by Lavikainen (1977) from the Ukkolanvaara area in Ilomantsi,
tremolite schists, mica schists, iron formations and acid porphyroid dykes (2750 Ma
from zircon by U/Pb method Fig. 6, GSF. Ann. Rep. 1968). In the Naarva area acid
volcanites have also been encountered in the basal part of the llomantsi Group, and the
polymictic conglomerates, greywacky schists, mafic volcanites and leptites that occur
there might represent the upper part of the Ilomantsi Group (the Upper Ilomantsi
Subgroup; ch. v/o Technoexport/Suhanova, Malyshev, Kuzmina 1978).

The Kianta Supergroup and the Lopi Supergroup in the Karelia block in the USSR are
analogous supergroups. Lithostratigraphically the Ilomantsi Group of the Kianta
Supergroup corresponds to the Himola group of the Lopi Supergroup (Fig. 6), and the
Kuhmo Group of the Kianta Supergroup corresponds to the Parandova Group of the
Lopi Supergroup (Kratz and Mitrofanov 1980; Sokolov and Stenar 1980. The contacts
of the Archaean greenstone belts with the older Archaean migmatites and granitoids,
and also the tectonic features of the greenstone belts are similar in both Middle Finland
and Soviet Karelia (Sokolov and Stenar 1980; Rybakov and Lobach-Zhuchenko 1981).

Migmatites and granitoids younger than the late Archaean greenstone belts

The granitoids younger than the Archaean greenstone belts east of the Kainuu and
North Karelia schist areas (Fig. 7) are divisible lithologically and geochronologically into
a number of types:

1. Porphyric and/or porphyroblastic quartz diorites and tonalites intruded in the
margins of the late Archaean greenstone belts. They are c. 2740—2720 Ma from zircon
and sphene by U/Pb method. (GSF, Ann. Rep. 1977; GSF, Petrol. Dep. act. 1981,
1982; Hypponen 1983).

2. Granite, granodiorite, quartz diorite and tonalite massifs enveloped by old mig-
matites and granitoids. The large and extensive massifs include those of the Konivaara
granite/granodiorite, the Hattuvaara granite/granodiorite, the Koitere granite/granodi-
orite, the Kutsu granite/granodiorite and some of the granodiorite, quartz diorite and
tonalite provinces described by Lavikainen (1977) from the Ilomantsi area (Fig. 7). They
are porphyric or porphyroblastic in structure, often sligthly foliated and c. 2750—2665
Ma from zircon and sphene by U/Pb method (GSF, Ann. Rep. 1971, 1972, 1973, 1976,
1977, 1980, 1981, 1982; Hypponen 1983).

3. The youngest granitoids in the eastern Archaean area. They are potassium granites
with a fairly high potassium feldspar abundance, marked fluorite content and a
porphyric structure that is often well preserved. The potassium granites crosscut all the
other Archaean rocks (some of the potassium granites may be even early Proterozoic;
see Fig. 7).

The undivided migmatites and granitoids west of the Kainuu and north Karelia schist
areas within the lisalmi microcontinent

On the basis of current knowledge, the Archaean migmatites and granitoids in the
lisalmi microcontinent (or inter plate, cf. Viayrynen 1954) west of the Kainuu and North
Karelia schist areas cannot be divided into lithostratigraphic or chronostratigraphic
groups. The area is depicted on the map in the colours of the Lower Ilomantsi and
Lower Kuhmo and Upper {lomantsi and Upper Kuhmo Subgroups (Fig. 7); only the
distinctly younger and crosscutting granitoids are depicted in the colours of the Upper
Ilomantsi and Upper Kuhmo Subgroups. Lithologically the rocks are grouped as
follows:

1. The northern part of Archaean area west of the Kainuu schist area is composed
mainly of various feldspar gneisses and mica gneisses (Archaean/Proterozoic?) crosscut
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and migmatized by the Karelian granites and often containing amphibolite interlayers.
The rocks probably also have late Archaean deformed trondhjemite as tectonic slices.
The West Puolanka paragneiss described above grades into staurolite-mica schist and
metapelite close to the Kainuu schist area. The age relation between the West Puolanka
paragneiss and the late Archaean granitoids has not yet been established owing to the
complex structure of the boundary zone (Laajoki 1980).

The analogous paragneisses NW of the lake Oulujirvi, the Koutaniemi and Paltaniemi
gneisses and migmatites north and northwest of Kajaani and the paragneiss-like
migmatites west of Rautavaara have been correlated with the above group.

2. East of the Tahkomaiki-Temo schist zone there is an area extending from Rautavaara
to Vehmersalmi and Saarivaara that is characterized by Archaean granitoids, augen
gneisses and paragneiss-like migmatites, in places exhibiting intense cataclastic processes
(Paavola 1983, personal comm.)

3. The Archaean migmatites and granitoids surrounded by the above paragneisses,
cataclastic granitoids, migmatites and Proterozoic formations, and particulary those in
the central part of the lisalmi microcontinent at Sukeva and Sonkajirvi, resemble the
old migmatites and granitoids with amphibolite and microtonalite xenoliths in the
eastern Archaean area. According to Paavola (1983, personal comm.), there are blocks
in the bedrock of the Iisalmi, Varpaisjidrvi and Lapinlahti area that differ from the other
Archaean migmatites and granitoids in the environment principally in their high grade of
metamorphism. The blocks are characterized by enderbites and amphibolites with two
pyroxenes. The enderbites have been assigned an age of 2680 Ma from zircon by U/Pb
method, which has been interpreted as the age of high-grade metamorphism in the area
Neuvonen ef al. 1981.

The granitoids, gneisses and migmatites of the domes of Kontiolahti, Sotkuma,
Oravisalo (a narrow tectonic slice; Peter Ward 1983, personal comm.), Juojarvi,
Kuivasteenmiki, Kasurilanméidki, Kuopio, Puutossalmi, Sotkanniemi, Paukarlahti,
Kotalahti and Konnuslahti have been correlated with this group (cf. Wilkman 1923b;
Parkkinen 1974; Huhma 1975; Gaal 1981; Paavola and Vanne 1980, personal comm.;
Niskanen 1980). Age determinations suggest that the granitoids of this group are c.
2700-2500 Ma from zircon by U/Pb method (GSF, Ann. Rep. 1966, 1970, 1972; GSF,
Petrol. Dep. act. 1980, 1981).

The exact boundary between the 'reworked’ Archaean migmatites and granitoids and
the Karealian synorogenic quartz diorites and tonalites has still to be established in the
marginal zone of the Archaean craton in the western part of the lisalmi microcontinent.
4. At Siilinjarvi in the southern part of the western Archaean region there is an area of
alkaline rocks that grade into Archaean migmatites and granitoids (Lukkarinen and
Paavola 1980, personal comm.). The Siilinjarvi carbonatite formation is c. 2590 Ma
from zircon by U/Pb method (GSF, Ann. Rep. 1977; Patchett ef al. 1981).

EARLY PROTEROZOIC ERA
Karelia and Svecofennia Supergroups

The formations of the Karelia and Svecofennia Supergroups occur in the central and
western parts of the Middle Finland area. Geochronologically the formations dated at c.
2500—1700 Ma belong to the former supergroup. The boundary between the Karelia
and Svecofennia Supergroups, which still has to be checked, is marked with a dotted line
on the map (Fig. 8). It runs approximately along the traditional boundary between the
Karelides and Svecofennides (Simonen 1980, Fig. 3), coinciding in the south with the
geosuture proposed by Koistinen (1981, Fig. 22).

3 461534S
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The Karelia Supergroup is divided into three early Proterozoic groups: Sariola (c.
2500—2300 Ma), Jatuli (c. 2300—2000 Ma) and Kaleva (c. 2000—1700 Ma). The lower
age limit for the Sariola, c. 2500 Ma, defines the internationally recommended boundary
between the Archaean and Proterozoic mentioned above (Sims 1980; Merildinen 1980).
The boundary between the Sariola and Jatuli Groups has been set at about 2300 Ma
because the Mustalampi quartz vein, fragments of which occur in the pre-Jatulian
arkosite at Kiihtelysvaara, has been dated at c. 2340 Ma (Pekkarinen 1979; dated by
Pb/Pb method; Merildinen 1980) and because the oldest metadiabase dykes that can be
correlated with the Jatuli Group are c¢. 2200 Ma from zircon by U/Pb method (Sakko
1971; Pekkarinen 1979; Laajoki 1980). The boundary between the Jatuli and Kaleva
Groups has been established at ¢. 2000 Ma because the younger metadiabase dykes of
that age, which intrude the Jatuli Group, have not been observed to cut the sedimentary
rocks of the Kaleva Group (Simonen et a/. 1978; Simonen 1980; Merildinen 1980), and
because the iron formations in the upper part of the Jatuli Group are ¢. 2080—2050 Ma
by the whole-rock Pb/Pb dating (Sakko and Laajoki 1975). The upper age limit of the
Kaleva Group, 1700 Ma, is based on the fact that the U/Pb age of zircon from the
oldest rapakivi granites in southern Finland is 1700—1640 Ma (Vaasjoki 1977).

The Svecofennia Supergroup includes the early Proterozoic Bothnia Group, whose
lower age limit has been set at 2000 Ma even though rocks of this age or older have not
been encountered in the Middle Finland area. The upper age limit of this group, 1700
Ma, is based on the age of the rapakivi granites, as is the upper age limit of the Kaleva
Group.

Sariola Group

Formations of the Sariola Group, small compared with those of the Kianta
Supergroup, are encounted in several places in the area of Middle Finland in association
with fracture zones trending NW-SE (Fig. 9). The formations occur as relics in Archaean
formations and between rocks of the Archaean and the Jatuli Group. Hence, the
original meaning of the term Sariola (Eskola 1919, 1963; Viayrynen 1954; see also
Merildinen 1980) has been extended to include all the formations that lie lithostrati-
graphically and geochronologically between the Kianta Supergroup and the Jatuli Group
(2500—2300 Ma).

Whenever possible the Sariola Group has been divided lithostratigraphically into two
subgroups: the Lower Sariola (age limits c. 2500—2400 Ma) and the Upper Sariola (age
limits ¢. 2400—2300 Ma). The boundary between the Lower Sariola and Upper Sariola
Subgroups has been set at 2400 Ma because the Koillismaa layered intrusions that can be
correlated geochronologically with the Lower Sariola are c. 2440 Ma from zircon by
U/Pb method (Kouvo 1977).

The Lower Sariola Subgroup begins with a polymictic conglomerate with angular or
subangular clasts of younger Archaean granite, microtonalite and sericite schist. The
conglomerate matrix is quartz, plagioclase and sericite. Arkosites often occur on top of
and as interlayers in the breccia conglomerate. The breccia conglomerate-arkosite
formation is encountered in several places including the Saari-Kiekki greenstone belt,
Kurkikyla greenstone belt (cf. Laajoki 1980), Sotkamo area (cf. K. Méakeld 1976, Havola
1980) and the Kiihtelysvaara-Virtsild area (cf. Nykdnen 1968, 1971b; Pekkarinen 1979;
Fig. 10). At Saari-Kiekki and Kurkikyld the Lower Sariola Subgroup breccia-cong-
lomerate-arkosite formation is overlain by a mafic volcanite (andesitic basalt and
andesite are also encountered at Saari-Kiekki; cf. Fig. 10). The Narankédvaara layered
intrusion has been correlated in age with the above conglomerate-arkosite-volcanite
subgroup (cf. Alapieti et al. 1979, Figs 9 and 10).

The Upper Sariola Subgroup consists of sublitharkosite, arkose and polymictic
conglomerate (Fig. 10). The clasts in the polymictic conglomerate highest in stratigraphy
are of younger Archaean granitoids (2750—2655 Ma), Lower Sariola Subgroup rocks
and mafic volcanites of the Kianta Supergroup. As a rule the conglomerate matrix is



Fig. 9. Sariola Group formations
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mafic weathered volcanite of the Lower Sariola Subgroup or the Kianta Supergroup, or
both.

All the above Upper Sariola Subgroup formations are encountered in the Saari-Kiekki
greenstone belt in the eastern Kuhmo. The Kirkkosuo polymictic conglomerate in the
southern part of the Kuhmo schist area (cf. Taipale and Tuokko 1981; Hypponen 1983;
a granitoid clast in the conglomerate is c. 2536 Ma old; dated from zircon by U/Pb
method).

The Kurkikyld volcanic conglomerate in Puolanka (cf. Laajoki 1980), the Ipatti
polymictic conglomerate in Juuka (cf. Rossi 1975), the Loytojarvi conglomerate in
Tuupovaara (cf. Nykédnen 1971b), the Pamilonvaara conglomerate in Tuupovaara (cf.
Nykédnen 1971b) and the Torohvinniemi polymictic conglomerate in the SE part of the
Liperinsalo dome structure are probably analogous to the uppermost polymictic
conglomerate.

There are several places in which it has not been possible to divide the Sariola Group
into subgroups because of the lack of relevant information; the formations have
therefore been discussed under the general term Sariola Group. In the following they are
discussed by the names of their sites of occurence as marked in Fig. 9.

In the Kainuu schist area the Akanvaara Formation in Central Puolanka, Phyllite
Formation I, the arkosites that occur in many places between the Archaean granitoids
and the Jatuli Group (cf. Wilkman 1921, 1923; Laajoki 1973, 1976, 1980; Heino 1980,
personal comm.), the Soidinvaara acid metatuffs (or hybrid granite) in western
Sotkamo, the carbonate rocks, the amphibolites and the iron formations in Sotkamo
(Kopperoinen 1982, personal comm.) have all been correlated with the Sariola Group.
Whether or not the Jokikyld conglomerate at Ristijarvi (Wilkman 1921) and some of the
conglomerates at Hiienvaara and Alinteenjirvi in southern Sotkamo (Wilkman 1921;
Heino and Vanne 1980, personal comm.) are Sariola conglomerates is still a subject of
debate.

In the area between the Kainuu and North Karelia schist zones the basal cong-
lomerates in the Keyritty belt in Rautavaara, at the western margin of the Tahkomaki-
Temo belt and at Reittié in Nilsid (Paavola 1980, personal comm.) are included in the
polymictic conglomerates of the Sariola Group.

In the North Karelia schist area the Sariola Group is represented by greywackes and
arkosites of the Oravisalo and Liperinsalo dome structures, which often contain
interlayers of small-pebbled conglomerate (pebbles of Archaean granitoids and
feldspar). Some of the arkosites and conglomerates in the inner parts of the Suhmura
dome structure could possibly also be classified as Sariola Group (Heino 1980, personal
comm.).

Sariola arkosites occur in many places between the Jatulian quartzites and the
Archaean granitoids, e.g. at the margins of the Sotkuma dome (cf. Huhma, 1975; Aikis
1980, personal comm.), at the margins of the Juojarvi dome (cf. Huhma 1975) and in
the northern and eastern parts of the North Karelia schist areas (cf. Wilkman 1921,
Huhma 1975). The basal conglomerates at Molonjarvi in Juuka, some of the basal
conglomerates in the northern part of the Kontionlahti dome previously interpreted as
glaciogenic (Marmo and Ojakangas 1983) are also polymictic conglomerates of the
Sariola Group, and the proposed Sariolan basal conglomerates at the western margin of
the Kuopio dome (the conglomerates at Lippumaiki; cf. Frosterus and Wilkman 1920,
Aumo 1983 a, b) are under discussion.

The Sariola Group described from the area of Middle Finland can be correlated with
the Sumi-Sariola Group in Soviet Karelia (cf. Kratz and Mitrofanov 1980; Sokolov and
Stenar 1980). The Sumi Group in Soviet Karelia corresponds to the Lower Sariola
Subgroup in the area of Middle Finland, and the Sariola Group in Soviet Karelia to the
Upper Sariola Subgroup.
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Jatuli Group

The majority of the formations in the Kainuu schist area and a considerable number
of those in the northern and eastern parts of the North Karelia schist area belong to the
early Proterozoic Jatuli Group. The schist belts of Rautavaara, Keyritty, Pisa and
Tahkoméki-Temo are among the smallest of the formations of this group. Other small
formations are the sericite schists, quartzites, amphibolites, black schists, dolomites,
mica schists and cordierite-anthophyllite rocks at the margins of the dome structures of
Suhmura, Kontiolahti, Sotkuma, Liperinsalo, Oravisalo, Juojiarvi, Kuopio, Puutossal-
mi, Kasurilanmaki, Kuivasteenmaiki, Sotkanniemi, Paukarlahti, Kotalahti and Konnus-
lahti (cf. Nykdnen 1971a, b, ¢; Huhma 1975; Pekkarinen 1979; Aumo 1983a, b;
Lukkarinen 1981, personal comm.; Niskanen 1980; Paavola and Aikas 1981, personal
comm.). The formation overlain by the Kaleva Group at Tohmajirvi described by
Nykédnen (cf. 1971a, b) has also been correlated with the Jatuli Group (Fig. 11).

The Jatuli Group is characterized by rocks trending NNW-SSE or N-S (Fig. 11). In
the area of Middle Finland the Jatuli Group has been divided lithologically and
geochronologically into two subgroups: the Lower Jatuli Subgroup (c. 2300—2100 Ma)
and the Upper Jatuli Subgroup (c. 2100—2000 Ma). The boundary between the Lower
Jatuli and Upper Jatuli has been set at c¢. 2100 Ma, because the metadiabase dykes,
which intrude the quartzites of the Lower Jatuli Subgroup, are ¢. 2200—2100 Ma from
zircon by U/Pb method and from whole rock by Pb/Pb method (Sakko 1971;
Pekkarinen 1979). The upper age limit of the Upper Jatuli Subgroup has been set at
2000 Ma because the youngest metadiabase dykes, which do not crosscut the Kaleva
Group formations, are c. 2000 Ma old (Kouvo 1976; Simonen et a/. 1978; Simonen
1980).

Most of the rocks of the Lower Jatuli Subgroup are autochthonous and allochthonous
Kainuan quartzites named and described by Vadyrynen (1933, 1954). In the Kainuu schist
area and in the northern and eastern parts of the North Karelia schist area the quartzites
occur in piles often several hundred metres thick (Fig. 11). Wherever the stratigraphic
sequence is well preserved the quartzites have a basal part rich in sericite with kaolin and
quartz (vein quartz and quartzite) grading upwards into orthoquartzite. The whole
sequence is intruded by metadiabase dykes (Vayrynen 1933, 1938, 1954; Eskola 1963;
Piirainen 1968; Piirainen, Honkamo and Rossi 1974; Nykédnen 1971b, c¢; Laajoki 1973,
1976, 1980; Pekkarinen 1979; Merildinen 1980, see Fig. 12). In places the quartzites
contain kyanite or sillimanite, or both, in addition to sericite. Sillimanite is common,
particularly in the quartzites of the Lower Jatuli Subgroup at the margins of the Kuopio,
Kotalahti and Juojdrvi dome structures.

In contrast to the typical stratigraphy of the Lower Jatuli Subgroup, the upper part of
the Lower Jatuli Subgroup at Tuomivaara in Sotkamo contains dolomite and phyllite
(cf. Mikeld 1976) or then merely dolomite (Havola 1980). According to Paavola (1980,
personal comm.), blue-grey quartz is encountered in the upper part of the Lower Jatuli
Subgroup in the Tahkomaéki-Temo schist belt. Mafic volcanite also occurs in the upper
part of the Lower Jatuli Subgroup in the Kiihtelysvaara-Virtsild area, (Fig. 12; cf.
Pekkarinen 1979).

On our map the Upper Jatuli Subgroup has a somewhat broader definition than that
intended by Viayrynen (1933, 1954) with the term Marine Jatuli. The Upper Jatuli
Subgroup is composed of dolomites, mica schists, quartzites, sericite schists, black
schists, iron formations (silicate, oxide and sulphide facies), mafic volcanites and mafic
abyssal and hybabyssal intrusions (cf. Pekkarinen 1979). In many places the uranium
and apatite-bearing quartz-feldspar rocks and dolomites of the Upper Jatuli Subgroup
probably deposited between 2080 and 1900 Ma ago (Vaasjoki ef al. 1980). According to
Ervamaa (1980), the black schists of the Upper Jatuli Subgroup in the Kainuu schist area
have often undergone nickel-copper-zinc mineralization.
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Kaleva Group

The Kaleva Group has been divided into two subgroups: the Lower and Upper
Kaleva. The boundary between the subgroups, 1900 Ma (Fig. 2), is based on the fact
that the synorogenic and late-orogenic plutonic rocks that intrude the sedimentary rocks
are 1900—1800 Ma old (Kouvo 1976; Simonen et al. 1978; Simonen 1980). Hence,
despite insufficient lithostratigraphic information, it has been possible on geochronologi-
cal grounds to distinguish the sedimentary rocks and volcanites preceding the major
stage of orogenic movements from the intrusive rocks and volcanites of the major stage
and also from contemporaneuous and later sedimentation.

The rocks of Kaleva Group have been described as incompletely weathered flysch
sediments metamorphosed into phyllites, mica schists and mica gneisses (Wegman 1928,
1929a; Viyrynen 1954; Simonen 1960b). They contain interlayers of graphite and
sulphide schists, arkosites and quartzites, particulary in their basal parts. Volcanites are
not encountered in Kaleva Group in the area of Middle Finland except in the
Outokumpu area and possibly also the Jormua area. The Kaleva sediments often exibit
ovoidal bodies of variable composition, although in general they contain quartz,
feldspar, micas and calc-silicates (Frosterus and Wilkman 1920; Hackman 1933;
Nykénen 1971c; Gaal and Rauhamaéki 1971; Mattila 1971; Huhma 1975; Havola 1980;
Lavikainen 1983, personal comm.). They may be silica and lime precipitates —
concretions (Hackman 1933) and also boudins of lime-bearing layers (Huhma 1975).
Note that similar bodies also occur in the Bothnia Group sediments (Saksela 1933). The
distribution and stratigraphy of the sediments classified as Lower Kaleva Subgroup are
shown in Figs. 13 and 14.

In the Nunnanlahti—Tohmajdrvi area, which corresponds roughly to the Hoytidinen
basin described by Vdyrynen (1954), there is a phyllite-mica schist formation with a N-S
trend (Frosterus and Wilkman 1920; Hackman 1933; Vadyrynen 1933, 1954; Pelkonen
1966; Nykdanen 1968, 1971d, ¢; Mattila 1971; Huhma 1975; Pekkarinen 1979). Huhma
(1975) calls the sediments in the northern part of the zone fine-grained mica gneisses and
phyllites, but Piirainen er al. (1974) call them greywacky schists. The rocks of the
phyllite-mica schist formation are fine-grained sediments showing layering and often
distinct graded bedding, the average thickness of the varves being 1—2 c¢cm (Nykénen
1968, 1971b). The mica schists frequently contain graphite and sulphides, and,
depending on the grade of metamorphism, porphyroblasts of staurolite, andalusite,
garnet and sillimanite (Nykanen 1968, 1971b, ¢; Huhma 1975; Campbell er al. 1979).

The phyllite-mica schist formation in the Kiihtelysvaara — Virtsild area has a
turbiditic conglomerate-quartzite formation in its basal part (Pekkarinen 1979). Similar
conglomerates also occur in the Koli area (Piirainen ef al. 1974; Piirainen 1976). The
Kiihtelysvaara conglomerate-quartzite formation, which wedges out westwards, de-
posited on top of the Jatulian sediments with an unconformity in between (Pekkarinen
1979). The pebbles in the conglomerate are quartzite, volcanic rocks, carbonaceous
phyllite and vein quartz. The conglomerate grades into a dark varved quartzite, in which
the lower part of the varves is quartzitic and the upper part phyllitic. With the increase
in phyllite and the decrease in quartzite it grades into phyllite and mica schist. The
conglomerates, which in the Koli area grade into greywacky schists, lie directly on the
basement gneiss in places, in which case their pebbles also include rocks from the
basement gneiss complex (Piirainen ef al. 1974). According to Nykédnen (1968, 1971b, c),
the intraformational conglomerate at Kirkkoniemi in Tohmajarvi, in which the pebbles
derive from rocks of the basement gneiss area, quartzites, amphibolites, phyllites and
mica schists, and the impure arkoses and intraformational conglomerates at Hammas-
lahti in Pyhéselkd are located stratigraphically on the lower parts of the phyllite-mica
schist formation. The Kirkkoniemi conglomerate and its stratigraphic position have also
been discussed by Wilkman (1923a), Wegman (1928, 1929c) and Pokki (1965).
According to Huhma (1976) and Pekkarinen (1979), the zone in which the above
phyllite-mica schist formation is located is a miogeosynclinal trough (the Héytidinen
basin). The miogeosynclinal ridge, which runs through the domes of Sotkuma,
Liperinsalo and Oravisalo, separates it from the eugeosynclinal trough west of it.
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The zone named the Puruvesi—Polvijirvi area is bounded in the northwest and west by
the Outokumpu Ore District (Koistinen 1981, Fig. 22) and in the southwest by a fracture
zone trending NW-SE. The Pyhiselkd and Orivesi basins by Viyrynen (1954) are located
in the southern and central parts of the zone. Medium-grained varved mica gneiss with
abundant black schist interlayers (Huhma 1975) is the predominant rock type in the
northern part of the zone. In the central parts of the zone, at Liperi and Radkkyla, there
are pale mica schists and mica gneisses that are layered and often also varved. The
varves are conspicuously thicker (avarage 10 cm) than in the adjacent area of the
phyllite-mica schist formation (Lavikainen and Laiti 1983, personal comm.). In the
southern part of the zone there are also mica schists and mica gneisses that often contain
black schist interlayers. The rocks are layered and frequently exhibit graded bedding,
current bedding and slumping structures as primary features (Nykdnen 1975; Lavikainen
1983, personal comm.). At Puhos in Kitee the mica schist has a three-metre-thick
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PH = phyllite SK = skarn

MS = mica schist SPHO = sulphide ore

Q = quartzite SP = serpentinite

CGL = conglomerate HOGN = hornblende gneiss
MGN = mica gneiss LEUC. GN = leucocratic gneiss

BS = black schist GRP-SPHS = graphite-sulphide schist
QR = quartz rock GRWS = greywacky schist

intraformational conglomerate with pebbles of granodiorite, amphibolite, quartzite and
quartz-feldspar schist (Nykanen 1975).

The Outokumpu Ore District has been outlined as proposed by Koistinen (1981, Fig.
22). The area is characterized by flysch-type sediments, serpentinites of the Outokumpu
Association (Gaal ef al. 1975) and associated quartz rocks, carbonate and skarn rocks,
Cu-Co-Zn ores and black schists (Huhma 1970; Huhma and Huhma 1970; Huhma 1975,
1976; Gaal et al. 1975). Hornblende gabbro, too, has been encountered in the
serpentinite at Horsmanaho, and amphibolites at Miihkali, Kokka and Losomiki, of
which the banded amphibolite at Losoméiki has been interpreted as a deformed pillow
lava (Koistinen 1981; Park and Bowes 1982). The serpentinites have been defined as
ophiolites marking the position of an overthrust fault (Wegman 1928; Vidyrynen 1954).
According to Koistinen (1981), the above rocks constitute an ophiolite complex that,
representing the remnant of an oceanic crust, was overthrust from the southwest into
flysch-type sediments before the main phase of Svecokarelidic folding (Koistinen 1981;
Koistinen et al. 1983; see also Gaal ef al. 1975). Park (1983), however, maintains that the
serpentinites derive from an ultramafic magma that formed sills in the sediments and
volcanites of a back-arc type of basin c¢. 1970 Ma ago. They were covered by flysch
sediments, and the whole lithologic association was displaced to its present site as a
nappe (the Outokumpu nappe) c¢. 1900 Ma ago. M. Mikelad (1983) has suggested that the
serpentinites were formed when a lava, probably basaltic in composition, erupted on the
sea floor and reacted with seawater.
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The flysch sediments in the Outokumpu area are pale, fine-grained mica schists with
layers from a few centimetres to over 0.5 m thick, but in which varved structure is rare
(Koistinen 1981). In some places east of Juojarvi the mica schists contain granitic veins
whose abundance gradually increases westwards, and the schists pass into veined
gneisses (Huhma 1975).

The Outokumpu Association (Gaal et al. 1975) has been interpreted as Kalevian
(Huhma 1975, 1976; Simonen ef al. 1978; Simonen 1980; K. Mikeld 1981; Koistinen
1981; Park 1983). The U/Pb age, 2285 Ma, of detrital zircon from mica schist from the
Vuonos mine gives the minimum age of the source material; the model age of lead from
the Outokumpu ore (2100 Ma) refers to the age of galena, not to the true age of the
formation (Vaasjoki 1981).

The geology of the Outokumpu area has also been reported by Frosterus and
Wilkman (1920) and Vayrynen (1933, 1939). Haapala (1936) and Marttila (1972) have
described the serpentinites; Peltola (1960, 1968) has discussed the black schists; Vahitalo
(1953), Saksela (1957), Mikkola and Viisdnen (1972) and Peltola (1978, 1980) have
described the ores; and Distler (1954), Park (1983) and Koistinen (1981) the tectonic
structure. Borchert (1954) and M. Maikela (1974) have proposed a marine volcanic-
exhalative origin, and K. Miakeld (1981) a marginal trench environment, for the ores.

The Puruvesi-Kallavesi area, which extends from Kerimédki to north of Kuopio,
includes the areas immediately west of Kuopio and the surroundings of Leppévirta and
Kotalahti. The rocks interpreted as belonging to the Lower Kaleva Subgroup are biotite
plagioclase gneisses migmatized in many places by granitic and trondhjemitic neosomes.
They have interlayers of calc-silicate rocks (skarns) and sedimentary amphibolites and,
in the Kuopio area, graphite-sulphide schists as well. The mica schists frequently contain
porphyroblasts of garnet, staurolite, cordierite and sillimanite. The mica gneisses are
pelitic and psammitic sediments in origin, although migmatization has often obliterated
the primary structures (Frosterus and Wilkman 1920; Hackman 1933; Wilkman 1923b,
1938; Vayrynen 1954; Preston 1954; Gaal and Rauhaméki 1971; J. Parkkinen 1974;
Huomo 1976; Viaiandanen 1977; Korsman and P&djarvi 1980; Paavola 1980; M.
Parkkinen 1980; Aumo 1983a, b). At Kuopio and Kotalahti the mica gneisses deposited
on the formations of the Upper Jatuli Subgroup (Huomo 1976; Aumo 1983a, b; J.
Parkkinen 1974; Gaal 1980; Niskanen 1980). The U/Pb age of detrital zircon from the
leucocratic gneiss in the basal part of the mica gneiss in the Kotalahti area, which is
similar in appearance to the gneisses in the Archaean basement gneiss complex, is 2800
Ma (Niskanen 1980).

The Ristijarvi-Nuasjdarvi area in the Kainuu schist belt contains phyllites and mica
schists (Wilkman 1921, 1931; Vayrynen 1928, 1933, 1954; K. Miékela 1976; Havola 1980;
Heino and Havola 1980). Petrographically, the phyllites and mica schists classified as
Lower Kaleva Subgroup resemble the schists in the Hoytidinen and Pyhéselkd basins
(Vayrynen 1954). In places there are conglomerates and quartzites in the basal parts of
the schists (Vayrynen 1954; K. Mikeld 1976; Havola 1980). At Tuomivaara the clasts in
the conglomerate are quartz, quartzite, phyllite and also garnetiferous phyllite of the
iron formation stratigraphically below the conglomerate (K. Méakeld 1976). According to
Havola (1980), the basal parts of the phyllites and mica schists also contain graphite and
sulphide-bearing phyllites, in which case the boundary between the Upper Jatuli and the
Kaleva schists is not always clear (see also Rastas 1969).

The stratigraphic position of the Jormua mafic volcanite-gabbro-metadiabase-serpen-
tinite formation (the Jormua mafic complex; Rastas 1969) is still somewhat ambiguous.
According to Wilkman (1931) and Viyrynen (1954), these volcanic rocks extruded on the
Kalevian sediments, whereas Rastas (1969) maintains that the volcanites invaded the
Jatulian sediments during eugeosynclinal magmatic activity and that the serpentinites
were emplaced at the peak of sediment folding. Heino (1983, personal comm.) prefers to
classify the volcanites and serpentinites as Kaleva, but because of the tectonic contacts
between them and the sediments it is difficult to establish the stratigraphic postition of
the rocks. According to K. Maikeld (1980, 1981), the Kainuu schist belt and the
Outokumpu area are located in the same Kalevian marginal trench. In the present paper
the Jormua mafic complex has been correlated with the Outokumpu formation on
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account of its mafic rocks and thus classified as Lower Kaleva Subgroup. Quartz rocks,
limestones and skarns typical of the Outokumpu association have not been found in the
Jormua area (Heino 1983, personal comm.) but Vanne (1982) has established that they
occur at Rautavaara, south of the Jormua area.

The belt of sedimentary rocks, some 40 km long and 2—8 km wide, of the Vieremd
area is located northwest of Iisalmi. The belt is bordered in the east by Archaean
granitoids, but because of the poor outcrops, the western border is less clearly defined
(Mikinen 1919; Wilkman 1931; Vadyrynen 1954; Savolahti 1965; Marttila 1976, 1981;
Huhtala 1979). The lowermost unit in stratigraphy is a polymictic conglomerate with
clasts of quarzite, quartz-feldspar schist, limestone, phyllite, mica schist, mica gneiss
and aplite granite from the basement gneiss complex (Wilkman 1931; Savolahti 1965;
Marttila 1976, 1981). At Haajainen at the southern end of the belt, augen gneisses and
augen schists are associated with the conglomerate, having formed from it through
tectonic movements (Marttila 1976, 1981). The conglomerate is overlain by alternate
layers of feldspathic quartzite and mica schist 0.5—5 cm thick with a total thickness of
200 m. Upwards in stratigraphy the rock grades into mica schist with local staurolite and
garnet porphyroblasts (Savolahti 1965; see also Marttila 1981).

Several concepts have been proposed for the stratigraphic position of the Vieremi
schist zone. According to Méakinen (1919), the Kalevian sediments in the eastern part of
the sedimentary wedge between Vierema and Kiuruvesi (the same as in the present paper)
are younger than the Bothnian sediments in the west. Wilkman (1931) included the
whole area in the Kaleva, but considered it younger than the Bothnian rocks. According
to Savolahti (1965), there is no definite boundary between the Karelian and Svecofen-
nian schists but the conglomerates in the eastern margin and the overlying phyllites and
mica schists are stratigraphically below the mica schists and hornblende schists at
Kiuruvesi in the west. Marttila (1976, 1981) is of the opinion that the rocks in the
southern part of the belt (the Vieremid-Haajainen series) are probably a Kalevian
formation not intruded by the diabases and ophitic gabbros 1885 Ma old (U/Pb age.
from zircon). This series is the uppermost stratigraphic sedimentary unit in the area. In
the present paper the conglomerate-quartzite-phyllite-mica schist formation in the
eastern part of the belt has been included in the Lower Kaleva Subgroup on the basis of
its lithology (compare with the Kiihtelysvaara area, Pekkarinen 1979) and is thus distinct
from the mica schists, hornblende schists and amphibolites in the west (Marttila 1976,
1981; Huhtala 1979).

Bothnia Group

Sederholm (1883, 1897) was the first to use the name Bothnia for the mafic
metavolcanites, well-preserved conglomerates, and pelitic and psammitic metasediments
that did not include pure quartzites and limestones in the Tampere schist zone. Simonen
(1955, see also Vayrynen 1954) placed the rocks of the Bothnia group — mafic
metavolcanites, greywacky schists, conglomerates and meta-arkoses — in the upper
section of the deposits of the Svecofennidic orogeny cycle. Bothnian formations are
encountered not only in their type area (the Tampere schist zone) but also elsewhere in
southern Finland and Ostrobothnia. Simonen (1960b, 1980) later included the Bothnian
formations at Tampere in the Middle Svecofennides. Méakinen (1916) correlated the
plagioclase gneisses, mafic and intermediate porphyrites, leptites, conglomerates, mica
schists and associated quartzites and limestones of central Ostrobothnia with the
Bothnia formations of southern Finland. On account of the complexity of the tectonic
structure of the rocks, however, Makinen (1916) was not sure whether the volcanic and
sedimentary rocks represented different stratigraphic levels of different sedimentation
facies. Wilkman (1931), Saksela (1933b) and Laitakari (1942) later came to the
conclusion that the volcanic formations in central Ostrobothnia were below the
sedimentary formations.

In the present paper the Bothnia Group is understood to consist of pelitic and
psammitic metasediments metamorphosed to various degrees, mafic, intermediate and
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acid volcanites, limestones, skarns, quartzites, arkoses and black schists, which often
occur in these rocks as interlayers. The Bothnia Group covers the southeastern and
western parts of Middle Finland, i.e. the schist areas of Savo and Ostrobothnia (Fig.
15). Excluding some sedimentary rocks and volcanites interpreted as comagmatic with
the mafic plutonites, the majority of the Bothnia Group rocks belong to the lower
subgroup. The stratigraphy of the various areas is shown in Fig. 16a and b.

According to Nykédnen (1980, 1982, 1983), the lowermost rocks in the Punkaharju—
Parikkala area are sedimentogeneous diopside amphibolites and associated limestones
and quartzite. These are overlain by a leptite-amphibolite formation consisting of
metalavas and metatuffs in which the rocks vary from rhyodacite to picrite in chemical
composition. Above the volcanite formation there is a volcanic conglomerate with clasts
of leptite and amphibolite. The conglomerate is overlain by coarse-grained garnet-sil-
limanite-cordierite gneisses — kinzigites with alternating layers of fine-grained pelitic
mica gneisses in many places migmatized by granite. The kinzigite-mica gneiss formation
has interlayers of volcanic leptites, sedimentary quartz-feldspar schists, hornblende
gneisses, black and graphite gneisses. The schists in the Parikkala and Punkaharju areas
were initially eugeosynclinal sediments (Nykdnen 1983).

The Rantasalmi—Sulkava area has pelitic and psammitic sediments and diopside
amphibolites, some of which, e.g. at Rantasalmi, are pillow lavas (Korsman 1973). In



32

the Sulkava area, the metaturbidites of Rantasalmi (Gaal and Rauhaméaki 1971) have
been altered by progressive metamorphism into garnet-cordierite-sillimanite gneisses,
migmatized by a coarse-grained granite that has obliterated the primary sedimentary
structures (Korsman 1977, Korsman and Lehijarvi 1973). Small limestone, skarn and
quartzite occurrences are to be found here and there among the gneisses in the Sulkava
area. Korsman (1981, personal comm.) maintains that the metasediments in the
Rantasalmi area are above and below the amphibolites in stratigraphy.

Gaal and Rauhamaiki (1971) have interpreted the garnet-cordierite-sillimanite gneisses
in the Savonlinna—Haukivesi area as metamorphosed counterparts of the Rantasalmi
miogeosynclinal metaturbidites. These gneisses occur east of Savonlinna and in the
central parts of Haukivesi, e.g. at Voinsalmi and Torasalo (Gaal and Rauhamiki 1971;
Viaidnianen 1977). Rocks similar to the Rantasalmi metaturbidites are also encountered at
Makkola, northeast of Savonlinna (Grundstrom 1979). The basal parts of the meta-
turbidites often contain polymictic conglomerates with clasts of amphibolite, leptite,
mica schist, mica gneiss and vein quartz, the Savonlinna conglomerate has granite clasts
as well. The matrix is greywacke, arkose, hornblende gneiss or even amphibolite (Gaal
and Rauhamdiki 1977). In the southern part of Haukivesi there are banded diopside
amphibolites with narrow interlayers of limestone, skarn and, in places, quartzite.
Among the amnhibolites there is a pillow lava zone that extends from Parkunmdiki
northwest of Savonlinna via Varparanta to Makkola (Saltikoff 1965; Gaal and
Rauhamaiki 1971). According to Gaal and Rauhaméki (1971), the diopside amphibolites
with associated pillow lavas are below the metaturbidites in stratigraphy.

In the Kerimiki area, northwest and west of the village of Kerimiki, there are
garnet-cordierite-sillimanite gneisses of the Savonlinna type veined with granite. Below
them in stratigraphy are diopside amphibolites, limestones and black schists. These
rocks have been included in the Lower Bothnia Subgroup, although Nykidnen (1975)
considers the garnet-cordierite-sillimanite gneisses and diopside amphibolites at
Kerimiki to be more intensely metamorphosed counterparts of the Tohmajirvi Kalevian
and Jatulian formations farther east. According to Nykidnen (1975), the schists at
Kerimiki represent a transition between the schists at Haukivesi-Savonlinna and the
I.adogian formation at Sortavala (see Vdyrynen 1954).

The lowest stratigraphic formation in the Pieksdmdki area (Vorma 1971; Vorma 1981,
personal comm.; Virtakainen 1966) contains mica gneisses, quartz-feldspar schists and
sedimentary and volcanogeneous amphibolites and hornblende gneisses with limestone
and skarn interlayers. They are overlain by pelitic and psammitic metasediments
metamorphosed into mica schists and mica gneisses with interlayers of black schist.

The basal parts of the supracrustal rocks in the Suonenjoki—Rautalampi area often
contain garnet-cordierite-sillimanite veined gneisses — Kkinzigites with graphite and
sulphide-bearing interlayers (Aikds 1977). The volcano-sedimentogeneous amphibolites
with meta-arkose and pyroxene gneiss interlayers are younger than the veined gneisses.
East of Suonenjoki there are greywacky mica gneisses, veined gneisses, cordierite
gneisses, graphite gneisses and hornblende gneisses, of which the mica gneisses veined
with granite predominate (Wilkman 1938; M. Parkkinen 1980). M. Parkkinen (1980)
correlates the hornblende gneisses with the hornblende gneisses at Kotalahti. J.
Parkkinen (1974) classifies the Kotalahti hornblende gneisses with the Jatulian schists
immediately below the Kalevian sediments. According to Niskanen (198C), hornblende
gneisses are encountered between the Kalevian leucocratic gneiss and the mica gneisses.
Koistinen (1982, personal comm.) maintains that the hornblende gneisses at Suonenjoki
and Pieksamaéiki are of similar type.

Intermediate volcanites with mafic and felsic interlayers predominate in the metasedi-
ment and volcanite formation in the Savid area south of Pielavesi. Metasediments —
biotite-plagioclase gneisses, with interlayers of quartz-feldspar gneisses, diopside gneisses
and graphite-bearing gneisses — constitute narrow layers in the eastern margin of the
formation (Makkonen 1981). In the central parts of the volcanites there are garnet-
cordierite-anthophyllite rocks and gneisses that overlie the volcanites in stratigraphy
owing to the synclinal structure of the formation. Makkonen (1981) considers these
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Fig. 16 a. Stratigraphy of the Bothnia Group.
LEP = leptite METATURB = metaturbidite
KZG = kinzigite SK = skarn
MGN = mica gneiss ARK = arkosite
BS = black schist GAR-COR-ANTGN = garnet-cordierite-anthophyllite gneiss
QFELS = quartz-feldspar schist FVOLC = felsic volcanite
VOLC. CGL = volcanic conglomerate IVOLC = intermediate volcanite
AMP = amphibolite MVOLC = matfic volcanite
LS = limestone BTPLGN = biotite-plagioclase gneiss
DIAMP = diopside amphibolite DIGN = diopside gneiss
Q = quartzite GRPGN = graphite gneiss

rocks to be volcanites that underwent metasomatic alterations through the action of
seawater and obtained their current composition through metamorphism.

The supracrustal rocks in the Viitasaari area (Pipping 1972) are arkositic quartz-feld-
spar schists with narrow intraformational conglomerate layers. Besides arkosites there
are greywacky mica gneisses with amphibolite and uralite porphyrite interlayers. The
conglomerate clasts are mainly quartz-feldspar schist, although volcanite clasts also
occur. The matrix is mica gneiss. The amphibolitic conglomerate, or agglomerate at
Hénnildnsalmi differs from the above conglomerates on the basis of the hornblende -
plagioclase gneiss matrix resembling uralite porphyrite. The clasts are predominantly
quartz-feldspar gneiss but some coarse-grained plagioclase porphyrite occur, too. The
relative stratigraphic positions of the rocks have not yet been established (Pipping 1972),
and the rocks have been classified as the Lower Bothnia Subgroup.

The geology of the Pyhdsalmi—Pielavesi—Kiuruvesi area has been discussed by a
number of authors including Mikinen (1916), Wilkman (1931, 1938), Viyrynen (1954),
Savolahti (1965), Marttila (1976, 1981), Helovuori (1979), Huhtala ez a/. (1978), Huhtala
(1979) and Salli (1983). The Lower Bothnia Subgroup has been interpreted to contain
biotite-plagioclase gneisses, felsic and mafic volcanites. The biotite-plagioclase gneisses,
which are lowermost in stratigraphy, are psammitic and pelitic sediments in origin
(Huhtala er al. 1978; Huhtala 1979) with interlayers of acid and intermediate tuffites
(quartz-feldspar gneisses and hornblende gneisses), meta-arkoses, in places, graphite
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Fig. 16 b. Stratigraphy of the Bothnia Group

MGN = mica gneiss CGL = conglomerate

GRW = greywacke BS = black schist

BS = black schist HOGN = hornblende gneiss
MVOLC = mafic volcanite GRPGN = graphite gneiss

FVOLC = felsic volcanite IVOLC = intermediate volcanite
SPHO = sulphide ore QPOR = quartz porphyry

LS = limestone DOSK = dolomite skarn

SK = skarn UPR = uranium-phosphorous rock
FTUF = felsic tuffite BTHOGN = biotite-hornblende gneiss
BTPLGN = biotite-plagioclase gneiss PH = phyllite

HOGN = hornblende gneiss ITUF = intermediate tuffite
QFELS = quartz-feldspar schist AMP = amphibolite

MS = mica schist GRP-SPHGN = graphite-sulphide gneiss

gneisses and diopside skarns. In the upper parts of the biotite-plagioclase gneisses the
volcanic, and particularly the acid, component increases and the rocks grade into acid
tuffs and tuffites, often with skarns and carbonate rocks in their basal parts (Huhtala
1979; Marttila 1981). Basic and intermediate lavas and pyroclasts have deposited on the
acid volcanites (Huhtala 1979).

In contrast to the above stratigraphy, Marttila (1981) maintains that in the Kiuruvesi
area the volcanites are the lowest rocks and that the sedimentary rocks deposited on
them.

The Upper Bothnia Subgroup includes greywacky mica gneisses with interlayers of
mafic volcanite and graphite gneiss. The mica gneisses contain garnet, cordierite and
sillimanite (Huhtala 1979). Mica gneiss of this type may also occur in the Piippola and
Pulkkila areas farther north (see Vadyrynen 1954).

At Pyhidsalmi a massive zinc and copper-bearing pyrite ore is enveloped by sericite
schist and cordierite-anthophyllite rocks in acid tuffite. The model age of lead from the
ore is 1970 Ma and the isotope composition suggests that the lead derives from the
mantle (Helovuori 1979). The U/Pb age of zircon from an acid volcanite inclusion
(quartz porphyry) in the ore is 1892 + 1.5 Ma, whereas the whole-rock Pb/Pb age of
this inclusion and nine other metavoicanite samples from Pyhasalmi is 1909 + 27 Ma
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(Helovuori 1979). The isotope compositions of the lead from galena and volcanites plot
on the same isochrone, implying a genetic relationship between volcanism and the
emplacement of the ores (Vaasjoki 1981; Helovuori 1979). The minimum 207Pb/206Pb
age of zircon from plagioclase porphyry from the mine is 1875 Ma (Helovuori 1979).
The U/Pb ages of sphenes from the Pyhisalmi rocks are 1860 and 1830 Ma (Helovuori
1979; Vaasjoki 1981).

The Kinturijarvi fracture zone trending NW-SE in the eastern part of the Pihtipudas
area separates two schist zones differing in lithology but nevertheless included in the
Lower Bothnia Subgroup. The lower parts of the synform zone in the northeast consist
of pelitic and psammitic schists, carbonaceous quartz-feldspar schists and quartzites.
These are overlain by acid and mafic tuffites and, in the middle, by cordierite-antho-
phyllite rocks as their alteration products. According to Nironen (1979), the zone could
possibly be correlated with the Ruotanen schists zone at Pyhidsalmi. Lowermost in the
syncline zone southwest of the fracture zone are layers of mafic lavas and pyroclasts of
variable thickness overlain by a thick layer of arkosic quartz-feldspar schists, which in
the west pass sharply into the Pihtipudas acid volcanites (Salli 1971; Nironen 1979).

The volcanites in the western part of the Pihtipudas area, which are predominantly
acid in composition (Salli 1971; Aho 1979) have been classified as Upper Bothnia
Subgroup. The U/Pb age of zircons from the volcanites and the surrounding granitoids
is 1883 + 20 Ma, but the whole-rock Pb/Pb age of the volcanites is slightly older, 1893
+ 26 Ma. According to Aho (1979), the age difference suggests that volcanism preceded
the emplacement of the cogenetic granitoids. The model age of lead from the galena at
Ritovuori on Pihtipudas is 1800 Ma. Its isotope composition indicates an orogenic
origin. The compositions of the leads from the galena and volcanites plot on the same
isochrone, implying a genetic similarity (Aho 1979; Vaasjoki 1981).

The basal parts of the sediments in the Kinnula area (Nykinen 1963) contain
greywacky, migmatitic biotite-plagioclase gneisses with interlayers of arkosic quartz-feld-
spar schists, and hornblende gneisses and amphibolites that are partly volcanic and
partly sedimentary in origin. The uralite and plagioclase porphyrites, which occur as
interbeds in mica gneisses, are lavas, subvolcanic intrusions and dykes. According to
Nykénen (1963), they can be considered cogenetic with the mafic intrusive rocks. The
sediments and volcanites in the Kinnula area have been included in the Lower Bothnia
Subgroup.

According to Hautala (1968), at the Venetpalo area north of Pyhdsalmi there are
oligoclase gneiss domes (Venetpalo and Kiimakallio) surrounded by amphibolites, mica
gneisses, cordierite-sillimanite gneisses and ore potential cordierite-anthophyllite rocks.
Quartz-feldspar schists, skarns, and cummingtonite and gedrite amphibolites occur as
interlayers in the amphibolites. Hautala (1968) correlates the rocks with the Jatulian
sediments. Since, however, typical Jatulian formations are absent from the area (cf.
Pekkarinen 1979) the rocks have been interpreted as Lower Bothnia Subgroup.

The geology of the Raahe—Viharti area has been discussed earlier by Nykanen (1959),
Salli (1965) and Rouhunkoski (1968). The lowermost rocks in the Vihanti area are
biotite-hornblende gneisses and quartz-feldspar schists derived from dacitic and andesitic
volcanites and pelitic and psammitic sediments (Huhtala e a/. 1978; Rauhamiki er al.
1980). They are overlain, with a sharp contact, by rocks of the ’Lampinsaari-type’,
which can be traced as a discontinuous formation for dozens of kilometres. The
lowermost rocks in the formation are acid volcanites, uranium and phosphorus-bearing
dolomites and skarns, and pyritic copper-zinc-lead ore overlain by graphite-bearing
tuffs, quartz porphyry (crystal tuff) and cordierite gneisses (Rehtijarvi et al. 1979;
Vaasjoki ef al. 1980; Rauhamaiki ez a/. 1980). The phyllites with quartzite, limestone and
skarn interlayers at Pattijoki in Raahe (Nykidnen 1959) belong to this formation (T.
Maikelda 1980, personal. comm.). The rocks grade into migmatitic and greywacky mica
gneisses with occasional mafic volcanite interlayers via quartz-feldspar schists that are
the weathering products of acid volcanites. The greywackes with inteicalating cong-
lomerates and overlying phyllites at Saloinen in Raahe (Nykdnen 1959) could possibly be
correlated with the above greywacky mica gneisses.

The model age of lead from the galena of the Lampinsaari ore is 1930—1960 Ma
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(Rehtijarvi er al. 1979; Rauhamiki er @/. 1980). In isotope composition the galena is of
the Pyhasalmi type (Vaasjoki 1982). The similarity in the **Pb/**Pb ratio of the lead
from the ore and the uranium-phosphorus rocks shows that they deposited at the same
time (Rehtijdrvi et al. 1979). The whole-rock Pb/Pb age of the quartz porphyry is 1920
Ma (Rauhamiki ez al. 1980). The rocks of Vihanti and Raahe are in the Lower Bothnia
Subgroup.

The concept of the stratigraphy of the Pyvhdjoki—Kalajoki— Ylivieska—Haapavesi—
Sievi—Lestijdrvi—Reisjirvi area is based mainly on observations by Salli (1968, 1964, 1966,
1967), supplemented with subsequent studies on the Sievi and Rautio areas (Visti 1978;
Isokoski 1982). The geology of these areas is dominated by the alternation of anticlinal
ridges and synclinal basins (Salli 1964). Lowest in the stratigraphy are quartz-feldspar
schists, which, according to Salli (1964), are mainly sedimentary, although some of them
have later been interpreted as volcanic in origin (Gaal et al. 1974). The conclusion that
volcanites are the lowest rocks in corroborated by Isokoski’s (1982) concept regarding
the central part of the Rautio schist zone, where the lowest unit is an intermediate
volcanic conglomerate with abundant clasts of tutf and tuffite, and by Visti’s (1978)
observations on mafic tuffs, tuffites and uralite porphyrite, which are the lowest
members at the margins of the synclinal Rautio-Sievi schist belt farther south. On
account of the geosynclinal structure the volcanites in the schist areas of Lestijdrvi and
Reisjdrvi (Salli 1967) may have the same stratigraphic position as the above volcanites.

The quartz-feldspar schists and volcanites are overlain by greywackes with intraforma-
tional conglomerate layers, feldspathic mica schists and porphyroblastic mica schists.
According to Isokoski (1982) and Visti (1978), the sediments contain abundant volcanic
material. The above volcanites and sediments have been included in the Lower Bothnia
Subgroup. The mafic and intermediate volcanites that, according to Salli (1969),
overlain the above sediments and which in places grade into mafic comagmatic plutonies
belong to the Upper Bothnia Subgroup. The volcanites have not yet been dated.

In the Nivala area (Isohanni et al. 1980) the lowermost rocks — migmatitic mica
gneisses with interlayers of graphite and sulphide gneisses and amphibolites — belong to
the Lower Bothnia Subgroup. The Upper Bothnia Subgroup has andesitic and dacitic,
and locally basaltic and rhyolitic, tuffs, tuffites and agglomerates and volcanic
conglomerates on top of the mica gneisses. They are overlain by greywackes with
intermediate and acid tuff interlayers and thin conglomerate and phyllite beds.

The predominant rock in the Kannus area is biotite-plagioclase gneiss with calc-silicate
boudins (Neuvonen, 1971). In the east and northeast there are amphibolites that belong
to the same zone in which Salli (1961) encountered pillow lavas at Himanka. The
amphibolites are included in the Upper Bothnia Subgroup, whereas the biotite-plagio-
clase gneisses belong to the Lower Bothnia Subgroup. O. Aikas (1982, personal comm.)
considers that the quartz porphyries, limestones and diopside skarns at Ruotsalo are the
lowest horizon in stratigraphy. The associated uranium and phosphorus-bearing rocks
could possibly be correlated with similar rocks at Lampinsaari.

The mica gneisses and mica schists in the Kokkola—Pietarsaari area (Laitala 1980,

1981) are older than the intrusive rocks in the same areas, and have thus been placed in
the Lower Bothnia Subgroup.
In the Kaustinen—Alajiarvi—~Perho area (Lonka 1971; Pipping 1976) the felcic and
intermediate and, in places, mafic volcanites, which are leptites, plagioclase and uralite
porphyrites (Laajoki 1966), are the lowest formations in stratigraphy (Pipping, Lonka
1980, personal comm.). They are overlain by the mica schists and mica gneisses that also
occur in the Kokkola and Pietarsaari areas. The volcanites and sediments belong to the
Lower Bothnia Subgroup even though the U/Pb age of zircon from the quartz porphyry
at Kellokangas in Kaustinen, attributed to this group, is 1883 Ma old (GSF, Petrological
Dep. Ann. Rep. 1982). The mafic volcanites (amphibolites) with occasional black schist
interfayers (Lonka, Pipping 1980, personal comm.) overlying the mica schists and mica
eneisses are Upper Bothnia Subgroup.

The intermediate and acid volcanites — quartz-feldspar porphyrites and hornblende
porphyrites — in the Kyyjdrvi—Saarijirvi area are lavas or subvolcanic dykes in origin
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and closely associated with the local plutonites (Wilkman 1938). The rocks are included
in the Upper Bothnia Subgroup.

Plutonic rocks of the Kaleva and Bothnia Groups

The Kaleva and Bothnia Groups contain similar plutonic rocks, although, according
to Simonen (1980), granitic rocks prevail in the area of the Kaleva Group but
granodiorites and quartz diorites in the area of the Bothnia Group. The plutonic rocks
were classified as upper subgroup on the basis of the crosscutting relations between the
plutonites and meta-sediments and metavolcanites but also on the basis of radiometric
age determination. The plutonites in the Middle Finland area can be divided into two
groups: synorogenic rocks with the U/Pb age of zircon 1900—1860 Ma and late-
orogenic rocks with the U/Pb age of zircon 1860—1750 Ma (Kouvo 1976). On account
of the insufficient number of age determinations and the irregular coverage of the ages,
these groups are not distinguished on the map; the other data do not provide grounds
for such a distinction either.

The synorogenic plutonites are mainly foliated granodiorites and quartz diorites
associated with granites and trondhjemites but also small mafic differentiates, such as
peridotites, gabbros and diorites (Simonen 1980). Hence the rocks constitute a magmatic
differentiation from peridotite to granite. Among the synorogenic plutonites, pyroxene-
bearing rocks form a distinct group with members ranging from pyroxene-bearing
gabbro to pyroxene granite (Huhtala 1979). The pyroxene-bearing plutonites occur in a
zone 100 km wide and 400 km long that extends from lLake Ladoga to the Guli of
Bothnia, and in which their occurrence is controlled by deep-seated fractures trending
NW-SE (Wah! 1963). Likewise the peridotite, hornblende gabbro, norite and diorite
intrusions in the Kotalahti Ni-Cu ore belt at Nivala, Kotalahti, Laukunkangas and
Parikkala constitute a separate type (Kahma 1973, 1978; Isohanni et al. 1980; Gaal 1980;
Grundstrom 1979; Patchett ef al. 1981; Nykdnen 1983).

Contact relations and age determinations show that the mafic plutonites are slightly
older than the intermediate and acid rocks. Table 1 gives examples of the U/Pb ages of
some synorogenic plutonites. Note that the ages of sphene and monazite, which are
younger than those of zircon, refer to a late-metamorphic event {Aho 1979; Helovuori
1979; Nykinen 1983). The age of the granite pegmatite that intrudes the ultramafic

Table 1. Ages of synorogenic plutonic rocks.

Rock type Area U/Pb age Mineral Reference
Ma

Gabbro Vihanti, mine 1895 zircon Rauhamiéki et al., 1980

Granodiorite = 1875 53 -

Granite Vs 1875 T ..

Gabbro Ylivieska 1884 - Pesonen & Stigzelius, 1972

Pegmatite granite Nivala, Hitura 1877 = 2 o Isohanni et al., 1980

Granitoid Pihtipudas 1883 + 20 - Aho, 1979

o5 5 1800 sphene iy

Gabbro pegmatoid Pielavesi, Saarisenjarvi 1873 zircon GSF Petrol. Dept. Ann.
Rep. 1982

Hypersthene granite Pielavesi, Vaaraslahti 1884 + 5 55 Salli, 1983

Vs . 1874 monazite ¥

Pyroxene diorite Pielavesi, Kotajarvi 1882 + 2 zircon .

Gabbro pegmatoid Kiuruvesi, Tuli-Toiviainen 1886 + 5 Marttila, 1981

Quartz diorite Pyhasalmi, Jusko 1892 + 1.5 of Helovuori, 1979

% vs 1867 sphene -

Diorite Kotalahti, Vehka 1883 + 6 zircon Gaal, 1980

Quartz diorite Rantasalmi, Tuutméki 1888 + 1§ - GSF Petrol. Dept. Ann.
Rep. 1982

Gabbro Parikkala 1884 ~ Nykadnen, 1983

Quartz diorite Kitee, Narsakkila 1884 + 19 - -

i Kitee, Misola 1904 + 32 - -

& 35 1811 sphene -
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rocks at Hitura (1877 Ma) is interpreted as the minimum age of the complex (Isohanni et
al. 1980).

The late-orogenic stage, the ages of whose rocks are listed in Table 2, was
characterized by granitic magmatism, and the predominant rock — microcline granite —
either occurs as extensive massifs or forms migmatites with the schists and synorogenic
plutonites (Simonen 1980). Of these large granite bodies, mention should be made of the
Puruvesi granite (Nykdnen 1975, 1983), the Kajaani granite (Wilkman 1931), part of
which is pegmatite granite (Alviola 1977), the Kitee pegmatite granite (Nykdnen 1975)
and the Maarianvaara granite-granodiorite, in which the mafic variants and granite form
a differentiation series from diorite to pegmatite granite (Huhma 1976). The late-
orogenic rocks also include small nonfoliated granitoid massifs, such as the Petravaara
trondhjemite at Tohmajarvi (Nykdnen 1968) and the Luontarivesi (Hirvensalo) granodio-
rite at Anttola (Korsman and Lehijarvi 1973). The molybdenum-bearing plutonites in
the Rautio batholith in Ostrebothnia have also been associated with late-orogenic (Gaal
and Isohanni 1979). This group of late-orogenic rocks includes the microtonalite dykes
in the Outokumpu area (Huhma 1975, 1981), the lamprophyre dykes at Niinivaara in
Kaavi (Huhma 1975, 1981) and the lamprophyre dykes at Haukivesi (Hackman 1933;
Neuvonen et al. 1981; Laukkanen 1983).

The intensely foliated quartz dioritic trondhjemitic rocks in the zone between the
Pyhdsalmi mine and the Archaean craton from Rautalampi to north of Kiuruvesi
(Huhtala 1979) constitute a group that differs from the synorogenic and late-orogenic
plutonites. Similar rocks may also occur at Varkaus (Paajarvi 1981, personal comm.).
Whether they represent Archaean gneiss or blocks mobilized by metamorphism remains
to be seen (Marttila 1976). Scarce though they may be, the U/Pb age determinations on
zircon do not indicate Archaean age. The rocks of this zone include the granite gneiss at
Kettuperd in Pyhédsalmi (1932 + 15 Ma, Helovuori 1979), the Kirkkosaari quartz diorite
gneiss at Pielavesi (1937 Ma, GSF, Petrol. Dep. Ann. Rep. 1982) and the Rastinpadi
quartz diorite gneiss Rautalampi (1922 Ma, GSF, Petrol. Dep. Ann. Rep. 1982). The
zircon age, 1870 Ma, of the Lammasaho granodiorite at Kiuruvesi, a rock assigned to
the same zone, might refer to the mobilization of the basement gneiss complex in the
Svecokarelian orogeny (Marttila 1976, 1981).

West of the above zone there are plagioclase-predominant foliated granitoids — gneiss
granites, very similar in composition to the above rocks (Wilkman 1931; see also
Huhtala 1979) in the Pyhédsalmi, Kéarsaméki, Haapavesi, Nivala and Reisjidrvi areas
(Wilkman 1931) and at Kalajoki and Kannus (Saksela 1933b). Wilkman (1931) considers
them transitional types between the granite gneisses of the basement gneiss complex and
the orogenic plutonites. On account of their mineralogical and chemical compositions
and foliation they have not been included in the differentiation series of orogenic
plutonites (Wilkman 1931; Saksela 1933b). Simonen (1980) does not regard the rocks as
a separate group; nor have we done so on our map. The U/Pb age of zircon from the
granodioritic orthogneiss at Vasankari in Kalajoki is 1882 Ma (GSF, Petrol. Dep. Ann.

Table 2. Ages of late-orogenic plutonic rocks.

Rock type Area U/Pb age Mineral Reference
Ma
Granite Kesialahti, Puruvesi 1797 = 19 zircon Nykanen, 1983
» - 1809 monazite -
Microtonalite dyke Kaavi, Maéntyjarvi 1850 sphene Huhma, 1981
Lamprophyry dyke Kaavi, Niinivaara 1830 zircon -
- Haukivesi, Iso-Uski 1836 + 20 1) Neuvonen et al., 1981
Granodiorite Anttola, Hirvensalo 1820 zircon Korsman & Lehijarvi,
1973
Granite Kajaani, Murtomaki 1810 2) Kouvo & Tilton, 1966

1) Pb-Pb age of whole rock and apatite
2) Rb-Sr age of muscovite (new constant)
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Rep. 1982). According to Neuvonen (1971), the Kannus granodiorite may represent the
depositional floor of the supracrustal rocks in the area.

The serpentinites in the Outokumpu area (Huhma 1975; Koistinen 1981; Park 1983;
see also p. 28 in the present paper) and in the Kainuu schist zone (Wilkman 1931;
Viyrynen 1954; Rastas 1969) form a separate igneous rock type. In the Outokumpu area
the U/Pb age of zircon from the metamorphosed Horsmanaho gabbro, which intrudes
the serpentinites embedded in the Kaleva group sediments, is 1972 + 18 Ma (Koistinen
1981). According to Vdyrynen (1954), the mode of occurrence of the Kainuu serpen-
tinites, associated with metagabbros and amphibolites, is similar to that of the
serpentinites in North Karelia. Rastas (1969) maintains that the serpentinites at Jormua
were emplaced at the peak of folding in the Jatulian sediments. The serpentinites have
been included in the Lower Kaleva Subgroup.

MIDDLE PROTEROZOIC ERA
Jotnia Supergroup
Muhos group

The Muhos Group of the Jotnia Supergroup has been assigned a lower age limit of
1500 Ma because Jotnia sedimentation is considered to have preceded the emplacement
of the rapakivi granites whose youngest zircon U/Pb ages are 1540 Ma (Vaasjoki 1977).
The K*/Ar* method has given c. 1300 Ma for the age of diagenesis of the sediments
(Simonen 1960a), and Rb-Sr determinations date the rocks at 1300—1400 Ma (Kouvo
1976). A conglomerate-sandstone layer constitutes the basal horizon of the Muhos
claystone complex overlain (c. 80—90 % of the total thickness) by a pink and grey-green
claystone with gypsum interlayers (Nykdnen 1959). The pebbles in the conglomerate are
mainly granite. In the MiddleFinland area (in the NE corner of the Paavola map sheet)
all that has survived of the Muhos Group formations is a layer of claystone-sandstone
only a few metres thick on the granite (Nykdnen 1959). According to Simonen and
Kouvo (1955), the Muhos sandstone horizon resembles the Satakunta Jotnian sandstone
in petrography.

On the basis of the microfossils in the claystone, Tynni (1978) maintains that the
Muhos sediments are comparable with the middle Riphean Terin Series in the Kola
Peninsula with radiometric ages of 1260 Ma and 1080 Ma (Tynni 1978). The microfossils
suggest that the corresponding sedimentary rock on the island of Hailuoto is ¢c. 600 Ma
old. Hence the sediments on Hailuoto and the mainland may represent two different
Jotnian sedimentation levels (Tynni and Donner 1980).

MESOZOIC ERA
Lappajiarvi meteorite crater

The Lappajarvi meteorite crater has been defined as proposed by Pipping (1979). The
rock type on the island of Kérnédsaari in Lappajarvi was initially interpreted to be the
dacitic lava known as kéarndite (Laitakari 1942). Saksela (1949) considered it a
pyroclastic rock composed of matter from the old bedrock. Lehtinen (1970, 1976)
defined the kdrndite as impact lava produced by meteorite impact. Impact breccia and
suevite are encountered as floats around the lake Lappajiarvi (Lehtinen 1976). Rb-Sr
isotope analysis shows that kdrndite is a mixture of rocks that originally contained c.
76 % mica schist, c. 11 % granite Pegmatite and c. 13 % amphibolite (Reimold and
Stoffler 1979). According to the Ar*’/Ar*® method, the kirniite is 77.3 + 0.4 Ma old
(Reimold and Stoffler 1979).
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SUMMARY

The stratigraphic map of Middle Finland and its explanation are based largely on

outdated reports and on regrettably little checking in key areas. The map is therefore a
hybrid of lithostratigraphic and chronostratigraphic divisions; it is also schematic for
many areas and in need of further research.
1. The Archaean granitoid area in Middle Finland is poorly known as a whole. The
classification and age grouping of the granitoids applied in the present work are based
on a division made within rather small subareas. Moreover the data on Nurmes, Lieksa,
the northern part of Ilomantsi and the central part of the lisalmi microcontinent are
based on lithologic maps compiled in the early years of the present century and on
high-altitude aeromagnetic maps produced in the 1970s.

The present stratigraphy will be elaborated by studies on structural geology to be
undertaken in the area of the Kianta Supergroup greenstones.

2. The early Proterozoic Sariola Group formations are likely to be substantailly more
abundant in the area of the Archaean formations than is indicated by the map.

Migmatized formations composed mainly of sedimentogeneous rocks and possibly
contemporaneous with the Sariola Group, although wholly distinct from them in
lithology, are encountered west of the Kainuu schist area (cf. Laajoki 1983) and in the
marginal zone of the Archaean craton west and northwest of Kuopio. For lack of a
detailed study, they have been included in the Late Archaean in the present work.
3. The division of the early Proterozoic Jatuli Group into two subgroups is based on the
somewhat outdated Jatuli — Marine Jatuli division supplemented with more recent
data. This division may be further modified by new palaeosedimentogeneous and
structural geological studies on the Jatuli Group.

The formations of the Jatuli Group in the southern part of Puolanka, Paltamo,
Ristijarvi, southern Sotkamo and Rautavaara are based on information from high-speed
mapping done by the Exploration Department of the GSF and high-altitude aeromag-
netic maps compiled by the Geophysics Department of the GSF.

Studies on the mutual stratigraphic positions of the Jatuli Group formations at the

margins of the dome structures in and around Kuopio and in the North Karelia schist
area are still incomplete.
4. The early Proterozoic Kaleva and Bothnia Groups were distinguished as separate
groups on the basis of differences in lithology. The Kaleva Groups is composed mainly
of metamorphic equivalents of the clays and sands — phyllites, mica schists and mica
gneisses — subjected to rather moderate chemical weathering. Excluding possibly the
Jormua and Outokumpu formations, no volcanites have been encountered within the
Kalevian sediments, whereas the Bothnia Group contains not only mica schists and mica
gneisses but also abundant mafic and acid volcanites and their weathering products, and
also arkosites, limestones and skarns. The paucity of lithologic information prevented us
from dividing the Kaleva and Bothnia Groups into lower and upper subgroups on a
lithologic basis; instead we based the division on the geochronology of the supracrustal
and plutonic rocks.

The boundary between the Karelia and Svecofennia Supergroups and between the
Kaleva and Bothnia Groups is schematic and based partly on previous concepts. The
sediments of the Karelides (Sariola, Jatuli and Kaleva) have long been assigned to an
epicontinental or miogeosynclinal association, whereas the Svecofennides have re-
presented an eugeosynclinal area (Vayrynen 1954; Metzger 1959; Mikkola 1961;
Simonen 1960b, 1980). Recently the differences between the areas have been interpreted
in the light of plate tectonic models (Piirainen, Hugg et al. 1974; Hietanen 1975; Bowes
1980; K. Mikeld 1980, 1981; Gaal 1980), in which the Svecofennides represent mainly an
island arc environment and the Karelides a marginal trench between the arc and the
continent. Studies are continuing with the aim of establishing the most likely geotectonic
model and the boundaries between the above supergroups.

The regional boundaries of the stratigraphic maps of northern Finland, Middle
Finland and southern Finland are not based on discontinuities in lithology, and hence
the chronostratigraphic divisions in these areas are analogous. The differences in the
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nomenclature of the supergroups and groups in the stratigraphic maps of northern
Finland and Middle Finland are due to differences in the interpretation of the
lithostratigraphy (cf. Silvennoinen et al. 1980).

REFERENCES AND OTHER RELEVANT LITERATURE

Aho, L., 1979. Petrogenetic and geochronological studies of metamorphic rocks and associated granitoids in

. the Pihtipudas area, Central Finland. Geol. Surv. Finland, Bull. 300. 21 p.

Aikis, K., 1977. Suonenjoen — Rautalammen alueen geologia kallioperdkartoituksen ja geofysikaalisten
matalalentokarttojen avulla tulkittuna. Unpubl. M. Sc. thesis. Dept. Geol. Miner., Univ. Helsinki. 55

p.

Alapieti, T., Hugg, R., Piirainen, T. & Ruotsalainen, A., 1979. The ultramafic and mafic intrusion at
Nirdnkédvaara, Northeastern Finland. Geol. Surv. Finland, Rep. Invest. 35. 31 p.

Alviola, R., 1977. Kajaanin alueen graniittipegmatiitit. Unpubl. licentiate’s thesis. Dept. Geol. Univ.
Helsinki, 82 p.

Asa, M., 1971. Radiometrisid idnmdaarityksid Kainuusta. (Radiometric age determinations from Kainuu).
Unpubl. M. Sc. thesis Dept. Geol. Miner., Univ. Helsinki. 22 p.

Aumo R., 1983 a. The Proterozoic metasedimentary and metavolcanic mantle of the Kuopio domes. /n
Laajoki, K. & Paakkola, J. (Eds) Exogenic processes and related metallogeny in the Svecokarelian
geosynclinal complex. Guide to field trips for the IGCP projects 91 and 160 in eastern, central and
southern Finland, August 17—26, 1983. Geol. Surv. Finland, Espoo. Guide 11, 86--99.

—, 1983 b. Kuopion Pienen Neulamden ympiriston kallioperd ja stratigrafia. Unpubl. M. Sc¢. thesis. Dept.
Geol. Miner., Univ. Turku. 113 p.

Bertrand, J.M., Blais, S. & Capdevila, R., 1978. Précisions sur I’évolution structurale de I’Archéen de
Karelié (Finlande). C.R. Acad. Sc. Paris, Serie D, 683—686.

Blais, S., Auvrey, B., Capdevila, R., Jahn, B-M., Hameurt, J. & Bertrand, J.M., 1978. The Archean
greenstone belts of Karelia (Eastern Finland) and their komatiitic and tholeiitic series. /n Windley,
B.F. & Naqvi, S.M. (Eds) Archaean Geochemistry. Elsevier, 37—107.

Borchert, H., 1954. Kritische Anmerkunge zu zwei neuen Arbeiten iiber Outokumpu, Finland. Chemic der
Erde 17, 1—5.

Bowes, D. R., 1980. Correlation in the Sven cokarelides and a structural model. /n Mitrofanov, F.P. (Ed.)
Principles and criteria of subdivision of Precambrian in mobile zones. 294—303. Leningrad: Nauka.

Campell, D.S., Treloar, P.J. & Bowes, D.R., 1979. Metamorphic history of staurolite-bearing schist from
the Svecokarelides, near Heindvaara, eastern Finland. Geol. Foren. Stockholm Forh. 101, 105—118.

Carlson, L., 1967. Jatulimuodostumien ja niihin liittyvien metavulkaniittien stratigrafiasta Kiihtelysvaaran
pitdjan lounaisosassa. Unpubl. M. Sc. thesis. Dept. Geol. Miner., Univ. Helsinki. 90 p.

Disler, J., 1953. Die Kupferkieslagerstiatte von Outokumpu, Finland. Bull. Comm. géol. Finland 161. 108 p.

Enkovaara, A., Harme, M., Viyrynen, H., 1969. Kivilajikartan selitys C5 — BS5. Oulu — Tornio, The
general geological map of Finland. English summary. 153 p.

Ervamaa, P., 1980. Talvivaaran nikkeli-kupari-sinkki -esiintyma. Geologi 32, p. 93.

Eskola, P., 1919. Huvuddragen av Onega-Karelens geologi. Meddelanden fran Geologiska Foreningen i
Helsingfors 1917—1918, p. 13. Overtryck ur Tidskriften Teknikern, p. 37.

—, 1963. The Precambrian of Finland. /n Rankama, K. (Ed.) The Precambrian. Vol. 1. Interscience Publ.,
New York. 145—263.

Frosterus, B. & Wilkman, W.W., 1920. Vuorilajikartan selitys D 3, Joensuu. Suomen geologinen yleiskartta
1:400 000. 189 p.

Gadl, G., 1964. Jatul und karelische Molasse im S-Koligebiet in Nordkarelien und ihre Beziehung zum
Gebirgsbau des prakambrischen Orogens. Bull. Comm. Géol. Finland 213. 45 p.

—, 1980. Geological setting and intrusion tectonics of the Kotalahti nickel-copper doposit, Finland. Bull.
Geol. Soc. Finland 52, 101—128.

—, 1982. Proterozoic tectonic evolution and late Svecokarelian plate deformation of the Central Baltic
Shield. Geol. Rundschau 71, 158—170.

—, 1983. Nickel metallogeny related to tectonics in the central baltic shield. Revista Brasileira de
Geociénsias. 12 (1—3): 437—444. Mar. — Set., 1982 — Sao Paolo.

Gaal, G., Helovuori, O., Huhma, A., Marttila, E., Parkkinen, J., Pehkonen, E., Saastamoinen,
J. & Viluksela, E., 1974. On the stratigraphy of Ostrobothnia, Savo and North Karelia, In Finland. XI
Nordiska Geologiska Vintermotet Oulu 1974. 1, 3—S5., 59—60.

Gadl, G. & Isohanni, M., 1979. Characteristics of igneous intrusions and various wall rocks in some
Precambrian porphyry copper-molybdenium deposits in Pohjanmaa, Finland. Econ. Geol. 74,
1198—1210.

Gaidl, G., Koistinen, T. & Mattila, E., 1975. Tectonics and stratigraphy of the vicinity of Outokumpu,
North Karelia, Finland, including a structural analysis of Outokumpu ore deposits. Geol. Surv.
Finland, Bull. 271. 67 p.

Gail, G., Mikkola, A. & Soderholm, B., 1978. Evolution of the Archaean crust in Finland. Precambrian
Res. 6, 199—215.



42

Gadl, G, & Rauhamiki, E., 1971. Petrological and structural analysis of the Haukivesi area between
Varkaus and Savonlinna, Finland. Bull. Geol. Soc. Finland 43, 265—337.

Geological Survey of Finland. Annual reports on activities for the years 1965—1978. Espoo.

Geological Survey of Finland. Petrological Department. Reports on activities for the years 1980, 1981, 1982.
Espoo 1981, 1982, 1983 (in Finnish).

Grundstrom, L., 1979. Laukunkankaan Ni-Cu-esiintyméd Kaakkois-Suomessa. Unpubl. licentiate’s thesis.
Dept. Geol. Miner., Univ. Turku. 57 p.

Haapala, P., 1936. On serpentine rocks in northern Karelia. Bull. Comm. Géol. Finlande 114. 83 p.

Hackman, V., 1933. Kivilajien selitys, lehti D2, Savonlinna. Suomen geologinen yleiskartta. 175 p.

Hanski, E.J., 1980. Komatiitic and tholeiitic metavolcanics of the Siivikkovaara area in the Archaean
Kuhmo greenstone belt, Eastern Finland. Bull. Geol. Soc. Finland 52, 67—100.

Hanski, E., Taipale, K. & Tuokko, I., 1980. Outcrop descriptions for the IGCP nickelexcursion in the
southern part of the Archean Kuhmo greenstone belt. Kuhmo Geological Research Project, Report 34.
14 p.

Hirme, M., 1974. Sariola. Geologi 2, 13—15.

Hautala, P., 1968. Venetpalon alueen petrologia ja rakenne. Unpubl. M. Sc. thesis.Dept. Geol. Miner.,
Univ. Oulu, 161 p.

Havola, M., 1980. On the geology of the Tuomivaara area north of Vuokatti in Sotkamo. /n Silvennoinen,
A. (Ed.) Jatulian geology in the eastern part of the Baltic shield. Proceedings of a Finnish-Soviet
Symposium held in Finland 21"—26" August 1979, The Committe for Scientific and Technical
Co-operation between Finland and the Soviet Union. Rovaniemi 1980. 39—48.

Hedberg, H.D., (Ed.) 1976. International stratigraphic guide. A guide to stratigraphic classification,
terminology, and procedure by the International Subcommission On Stratigraphic Classification of
IUGS Commission On Stratigraphy. Wiley & Sons, New York. 200 p.

Heino, T. & Havola, M., 1980. Jormasjarven—Talvivaaran alueen geologiasta. Unpubl. report M
19/3344—80/3/10, Geological Survey of Finland. 10 p.

Helovuori, 0., 1979. Geology of the Pyhdsalmi ore deposit, Finland. Econ. Geol. 74, 1084—1101.

Hietanen, A., 1938. On the petrology of Finnish quartzites. Bull. Comm. Géol. Finlande 112. 118 p.

Hietanen, A., 1975. Generation of potassium-poor magmas in the northern Sierra Nevada and the
Svecofennian of Finland. Jour. Research U.S. Geol. Surv. 3 (6), 631—645.

Honkamo, M., 1972. Kolin—Juuan alueen ultramafiset kivilajit. Unpubl. M. Sc. thesis. Dept. Geol.
Miner., Univ. Oulu. 91 p.

Huhma, A., 1970. Outokummun alueen kvartsiiteista, karsista ja karbonaattikivista. Unpubl. licentiate’s
thesis. Dept. Geol. Miner., Univ. Helsinki. 34 p.

—, 1975. Kallioperdkartan selitykset, lehdet 4222 Outokumpu, 4224 Polvijarvi ja 4311 Sivakkavaara.
English summary: Precambrian rocks of the Outokumpu, Polvijarvi and Sivakkavaara map-sheet
areas. Suomen geologinen kartta 1:100 000. 151 p.

—, 1976. New aspects to the geology of the Outokumpu region. Bull. Geol. Soc. Finland 48, 5—24.

—, 1981. Youngest Precambrian dyke rocks in North Karelia, East Finland. Bull. Geol. Soc. Finland 53,
67—82.

Huhma, A. & Huhma, M., 1970. Contribution to the geology and geochemistry of the Outokumpu region.
Bull. Geol. Soc. Finland 42, 56—88.

Huhtala, T., 1979. The geology and zinc-copper deposits of the Pyhdsalmi—Pielavesi district, Finland.
Econ. Geol. 74, 1069—1083.

Huhtala, T., Mikeld, T. & Rauhamaiki, E., 1978. Vihannin—Pyhésalmen alueen sinkkimalmien vulkaanis-
stratigrafinen asema. /n Laatokan—Perdmeren -malmivyohyke, Symposium 16.2.1978, Otaniemi,
Vuorimiesyhdistys r.y., 111—120.

Huomo, P., 1976. Kuopion ympaériston geologiasta ja Pienen Neulamaden stratigrafiasta. Stratigrafia-sym-
posio 8.9.1976, Suomen Geologinen Seura & Geologiliitto r.y., Koulutusmoniste 2, 38—49.

Hypponen, V., 1983. Kallioperdkarttojen selitykset, lehdet 4411 Ontojoki, 4412 Hiisijarvi ja 4413 Kuhmo.
English summary: Explanation to the maps of Pre-Quaternary rocks. Sheets 4411 Ontojoki, 4412

Isohanni, M., Ohenoja, V. & Papunen, H., 1980. Geology and nickelcopper ores of the Nivala area,
Western Finland. /n Papunen, H. (Ed.) Nickel sulphide field conference 1980, excursion quide, Finland
IGCP projekt 161, Sulphide deposits in mafic and ultramafic rocks, 1—36.

Isokoski, A., 1982. Raution liuskejakson keskiosan geologia ja malminmuodostus. Unpubl. M. Sc. thesis.
Dept. Geol. Miner., Univ. Oulu. 104 p.

Kahma, A., 1973. The main metallogenic features in Finland. Geol. Surv. Finland, Bull. 265. 29 p.

—, 1978. The main sulphide ore belt of Finland between Lake Lagoda and Bothnian Bay. Bull. Geol. Soc.
Finland 50, 39—43.

Kairakari, H., 1981. Kuhmon arkeeinen vihreakivivyohyke Koskenmden alueella. Unpubl. M. Sc. thesis.
Dept. Geol. Miner., Univ. Oulu. 63 p.

Koistinen, T.J., 1981. Structural evolution of an early Proteozoic strata-bound Cu-Co-Zn deposit,
Outokumpu, Finland. Trans. Royal. Soc. Edinburg, Earth Sci. 72, 115—158.

Koistinen, T., Kurki, J. & Parkkinen, J., 1983. Exogenic features in the stratabound Cu-Co-Zn ore deposit
of Outokumpu; a short review. /n Laajoki, K. & Paakkola, J. (Eds) Exogenic processes and related
metallogeny in the Svecokarelian geosynclinal complex. Guidebook of the field trip for the IGCP
projects 91 and 160 to eastern, central and southern Finland, August 17—26, 1983. Geological Survey
of Finland, Espoo. Guide 11, 100—109.



43

Kojonen, K.K., 1981. Geology, geochemistry and mineralogy of two Archean nickel-copper deposits in
Suomussalmi, Eastern Finland. Geol. Surv. Finland, Bull. 315. 58 p.

Korsman, K., 1973. Pre-Quarternary rocks, Sheet 3233 Rantasalmi. Geological Map of Finland 1:100 000.

—, 1977. Progressive metamorphism of the metapelites in the Rantasalmi — Sulkava area, southeastern
Finland. Geol. Surv. Finland, Bull. 290. 82 p.

Korsman, K. & Lehijiarvi, M., 1973. Kallioperédkarttojen selitykset, Sulkavan Kkartta-alueen kalliopera.
Summary: Precambrian rocks of the Sulkava map-sheet area. Geological Map of Finland 1:100 000.
3144 Sulkava. 24 p.

Korsman, K. & Paijirvi, A., 1980. Pre-Quaternary rocks, Sheet 3234, Varkaus, Geological Map of
Finland, 1:100 000.

Kouvo, O., 1958. Radioactive age of some Finnish Precambrian minerals. Bull. Comm. géol. Finlande 182,
1—70.

—, 1964. Kallioperamme ikdsuhteista. Geologi 16, 13—20.

—, 1976. Kallioperamme kronostratigrafiasta. Suomen Geologinen Seura & Geologiliitto r.y. Koulutus-
moniste 2, 1—13.

Kouvo, O. & Tilton, F.R., 1966. Mineral ages from the Finnish, Precambrian. J. Geol. 74 (4), 421—442.

Kratz, K.O., 1976. Age range of the Jatulian Complex of Karelia. Dokl. Acad. Nauk. SSSR, Earth Sci.
Sect, 231, (5), 1191—1194.

Kratz, K.O., Gerling, E.K. & Lobach — Zuchenko, S.B., 1968. The isotope geology of the Precambrian of
the Baltic Shield. Can. J. Earth Sci., Vol. 5, 657—660.

Kratz, K. & Mitrofanov, F., 1980. Main type reference sequences of the early Precambrian in the U.S.S.R.
Earth Sci Review. 16. 295—301.

Laajoki, K., 1966. Vimpelin Hallapuron alueen petrologiaa. Unpubl. M. Sc. thesis. Dept. Geol. Miner.,
Univ. Turku. 81 p.

—, 1973. On the geology of the South Puolanka area, Finland. Geol. Surv. Finland, Bull. 263. 54 p.

—, 1975 a. On the stratigraphic position of Kaolin in Vayrylankyld. South Puolanka area, Finland. Bull.
Geol. Soc. Finland 47, 83—91.

—, 1975 b. Rare-earth elements in Precambrian iron formations in Vdyrylankyld, South Puolanka area,
Finland. Bull. Geol. Soc. Finland 47, 93—107.

—, 1976. Pohjois-Puolangan prekambriumin rakenteellis-stratigraafisista pédapiirteistd (On the main
structural and stratigraphic features of the precambrium in North Puolanka). Suomen Geologinen
Seura & Geologiliitto r.y., Koulutusmoniste 2, 25--32.

—, 1980. Karjalaisten muodostumien alaosat Puolangan tutkimusten valossa. Geologi 32, 45—49.

Laajoki, K. & Lavikainen, S., 1977. Rare-earth elements in the Archean iron formation and associated
schists in Ukkolanvaara, Ilomantsi SE Finland. Bull. Geol. Soc. Finland 49, 105—123.

Laajoki, K. & Saikkonen, R., 1977. On the geology and geochemistry of the Precambrian iron formations
in Vayrylankyld, South Puolanka area Finland. Geol. Surv. Finland, Bull. 292. 137 p.

Laitakari, A., 1942. Kivilajikartan selitys B2, Vaasa (Explanation to the general geological map of Finland,
1:400 000). 66 p.

Laitala, M., 1980. Pre-Quaternary rocks, Sheet 2322, Kokkola. Geological Map of Finland, 1:100 000.

—, 1981. Pre-Quartenary rocks, Sheet 2321, Pietarsaari. Geological Map of Finland 1:100 000.

Laukkanen, J., 1983. Iti-Suomen lamprofyyrit ja lamprofyyriproblematiikka. Unpubl. M. Sc. thesis. Dept.
Geol. Mineral., Univ. Turku. 108 p.

Lavikainen, S., 1973. Pre-Quaternary rocks, Sheet 4244, llomantsi. Geological Map of Finland 1:100 000.

—, 1975. Pre-Quaternary rocks, Sheet 4243, Oskajérvi. Geological Map of Finland 1:100 000.

—, 1977. llomantsin Ukkolanvaaran alueen kallioperdn synnyn ja kehityksen tulkintaa (On interpretation of
the origin and evolution of the bedrock in the Ukkolanvaara area, Ilomantsi). Unpubl. licentiate’s
thesis. Dept. Geol. Miner., Univ. Turku. 146 p.

Lehtinen, M., 1970. New evidence for an impact origin of Lake Lappajédrvi, Western Finland. Bull. Geol.
Soc. Finland 42, 89—93.

—, 1976. Lake Lappajirvi, a meteorite impact site in Western Finland. Geol. Surv. Finland, Bull. 282. 92 p.

Lehto, T. & Niiniskorpi, V., 1977. Pohjois- ja Iti-Suomen rautamuodostumat. Geological Survey of
Finland, Rep. Invest. 22. 49 p.

Lonka, A., 1971. Pre-Quaternary rocks, Sheet 2323 Kaustinen. Geological Map of Finland 1:100 000.

Mikeld, K., 1976. On the stratigraphy and petrography of the Tuomivaara iron formation in Sotkamo,
northern Finland. Bull. Geol. Soc. Finland 48, 71—86.

—, 1981. Magmatismin kehitys ja kerrossidonnaisten vulkanogeenisten sulfidimalmien muodostus laattatek-
toniikan valossa. Geologi 32, 122—123.

—, 1981. Outokumpu-tyyppisten malmien esiintymismahdollisuuksista Itd- ja Pohjois-Suomessa. English
summary: On the potential of finding Outokumpu-type ore deposits in East- and North-Finland.
Geologi 33, 17—20.

Maikeld, M., 1974. A study of sulfur isotopes in the Outokumpu ore deposit, Finland. Geol. Surv. Finland,
Bull. 267. 45 p.

—, 1983. Outokumpujakso ennen ja nyt. Vuoriteollisuus 1, 18—22. )

Mikinen, E., 1916. Oversikt av de prekambriska bildningarna i mellersta Osterbotten i Finland. Bull.
Comm. géol. Finlande 47. 152 p.

Makkonen H., 1981. Sividn liuskejakson granaatti-kordieriitti-antofylliittikivet. Unpubl. M. Sc. thesis.
Dept. Geol. Miner., Univ. Oulu. 84 p.

Marmo, J.S. & Ojakangas, R. W., 1983. Varhaisproterotsooinen Urkkavaara -muodostuma Kontiolzchdella



44

— Glasigeeninen metasedimenttisarja Sariola-ryhmin yldosassa. English summary: Early Proterozoic
Urkkavaara Formation in Kontiolahti, North Karelia — a glacigenic metasedimentary sequence in the
Upper Sariolan Group. Geologi 35, 3—6.

Marttila, E., 1976. Evolution of the Precambrian volcanic complex in the Kiuruvesi area, Finland. Geol.
Surv. Finland, Bull. 283, 109 p.

—, 1981. Kallioperédkarttojen selitykset, 3323 Kiuruvesi. English summary: Pre-Quaternary rocks of the
Kiuruvesi mapsheet area. Geological Map of Finland 1:100 000. 48 p.

Marttila, S., 1972. Serpentiiniytyminen Outokumpu -jaksossa. Unpubl. M. Sc. thesis. Dept. Geol. Miner.,
Univ. Turku. 95 p.

Matisto, A., 1958. Kivilajikartan selitys D S Suomussalmi. The general geological map of Finland. English
summary. 115 p.

—, 1959. Suomussalmen alueen geologiasta. Unpubl. licentiate's thesis. Dept. Geol. Miner., Univ. Helsinki.
95 p.

Mattila, E., 1971. Sotkuman kupolin NW-reunan geologisesta rakenteesta. Unpubl. M. Sc. thesis. Dept.
Geol. Miner., Univ. Turku. 74 p.

Merildinen, K., 1980. Stratigraphy of the Precambrian in Finland. Geol. Foren. Stockholm Férh. 102 (2),
177—180.

Merildinen, K. & Sokolov, V.A., 1981. Some attainments and problems relating to the geology of the
Jatulian formations in Finland and Soviet Karelia. /n Puustinen, K. (Ed.) Geological, geochemical and
geophysical investigations in the eastern part of the Baltic Shield. Papers issued to the 10" General
Meeting of the Finnish — Soviet Joint Geological Working Group, held in Rovaniemi, 7""—11"
September 1981. The Committee for Scientific and Technical Co-operation between Finland and the
Soviet Union, Helsinki 1981, 9—-18.

Metzger, A., 1959. Svekofenniden und Karcliden; eine kritische Studie. Acta Acad. Aboensis, Math. Phys.
XXI, 16. 27 p.

Mikkola, A. & Viisanen, S., 1972. Remobilization of sulphides in the Outokumpu and Vihanti ore deposits,
Finland. 24" Int. Geol. Congr. 4, 488—497.

Mikkola, T., 1955. Sedimentary transportation in Karelia quartzites. Bull. Comm. géol Finlande 168,

27—29.
—, 1961. Sediment groups, particulary flysch, of the Precambrian in Finland. Bull. Comm. géol. Finlande
196, 51—65.

Mutanen, T., 1976. Komatiites and komatite provinces in Finland. Geologi 28, 49—56.

Nenonen, E., 1964. Sotkamo Talvivaaran ympdériston kivilajeista, niiden stratigrafiasta ja tektoniikasta.
Unpubl. M. Sc. thesis. Dept. Geol. Miner., Univ. Helsinki. 70 p.

Neuvonen, K., 1971. Kallioperdkartan selitys, 2324 Kannus. English summary: Explanation to the map of
the rocks. Geological Map of Finland 1:100 000. 27 p.

Neuvonen, K., Korsman, K., Kouvo, O. & Paavola, J., 1981. Palecomagnetism and age relations of the
rocks in the Main Sulphide Ore Belt in central Finland. Bull. Geol. Soc. Finland 53, 109—133.

Nironen, M., 1979. Pohjois-Keiteleen kallioperdn stratigrafiaa ja ruhjetektoniikkaa. Unpubl. M. Sc. thesis.
Dept. Geol. Miner., Univ. Helsinki. 67 p.

Niskanen, K., 1980. Kotalahden alueen epikontinentaaliryhman stratigrafia, petrografia ja geokemia.
Unpubl. M. Sc. thesis. Dept. Geol. Miner., Univ. Helsinki. 80 p.

Nykinen, O., 1959. Kallioperdkartan selitys, 2441 Raahe, 2243 Paavola. English summary: Explanation to
the map of rocks. Geological Map of Finland 1:100 000. 36 p.

—, 1963. Kallioperdkartan selitys, 2334 Kinnula.English summary: Explanation to the map of Finland
1:100 000. Geological Map of Finland 1:100 000. 41 p.

—, 1967. Pre-Quaternary rocks, Sheet 4232—4234 Tohmajarvi. Geological Map of Finland 1:100 000.

—, 1968. Kallioperidkartan selitys, 4232-—4234 Tohmajarvi. English summary: Explanation to the map of
rocks. Geological Map of Finland 1:100 000. 66 p.

—, 1971 a. Pre-Quaternary rocks, Sheet 4241 Kiihtelysvaara. Geological Map of Finland 1:100 000.

—, 1971 b. Kallioperédkartan selitys, 4241 Kiihtelysvaara. English summary: Explanation to the map of
rocks. Geological Map of Finland 1:100 000. 68 p.

—, 1971 c¢. On the Karelides in the Tohmajarvi area, Eastern Finland. Bull. Geol. Soc. Finland 43, 93—108.

—, 1975. Kallioperidkartan selitykset, 4213 Kerimaki ja 4231 Kitee. English summary: Precambrian rocks of
the Kerimédki and Kitee map-sheet areas. Geological Map of Finland 1:100 000. 43 p.

—, 1980. Pre-Quaternary rocks, Sheet 4124-—4142 Punkaharju. Geological Map of Finland 1:100 000.

—, 1982. Pre-Quaternary rocks, Sheet 4123—4114 Parikkala. Geological Map of Finland 1:100 000.

—, 1983. Punkaharjun ja Parikkalan kartta-alueiden kallioperd. Summary: Pre-Quaternary rocks of the
Punkaharju and Parikkala map-sheet arcas. Geological Map of Finland 1:100 000. 81 p.

Ojakangas, R.W., 1965. Petrography and sedimentation of the Precambrian Jatulian quartzites of Finland.
Bull. Comm. geol. Finlande 214. 74 p.

Paavola, J., 1980. Mantled gneiss dome in the Kuopio area. /n Hytonen, K. (Ed.) Precambrian bedrock of
southern and eastern Finland. Guide to excursions 001 A+ C 26" International Geological Congress
Paris 1980. Geol. Surv. Finland, 13—15.

Papunen, H., 1960. Havaintoja Siivikkovaaran alueen kallioperdsta Kuhmon pitdjan Vieksin kylista.
Unpubl. M. Sc. thesis. Dept. Geol. Miner., Univ. Helsinki. 55 p.

Park, A., 1983. Sequential development of metamorphic fabric and structural elements in polyphase
deformed sepentinites in the Svecokarelides of eastern Finland. Trans. Royal. Soc. Edinburg: Earth
Sciences 74, 33—60.

-

-



45

Park, A. & Bowes, D., 1982. Metamorphosed and deformed pillows from Losomaiki: Evidence of
sub-aqueous volcanism in the Outokumpu association, Eastern Finland. Buil. Geol. Soc. Finland 53,
135—144.

Parkkinen, J., 1974. Raportti Leppavirran aluetutkimuksista 1968—1972. Unpubl. report, Outokumpu Co.
250 p.

Parkkinen, M., 1980. Suonenjoen—Karttulan alueen mafisten syvikivien geologinen asema ja ympiristo.
Unpubl. M. Sc. thesis. Dept. Geol. Miner., Univ. Helsinki. 46 p.

Patchett, P.J., Kouve, O., Hedge, C.E. & Tatsumoto, M., 1981. Evolution of continental crust and mantic
heterogeneity: evidence from Hf isotopes. Contrib. Mineral. Petrol. 78, 279—297.

Pekkarinen, L.J., 1979. The Karelian formations and their depositional basement in the Kiihtelysvaara—
Vartsild area, East Finland. Geol. Surv. Finland, Bull 301. 141 p.

Peikonen, K., 1966. Piirteitd Pohjois-Karjalan liuskealueen geologiasta Kontiolahden ja Polvijarven
pitdjissd. Unpubl. M. Sc. thesis. Dept. Geol. Miner., Univ. Helsinki. 83 p.

Peltola, E., 1960. On the black schists in the Outokumpu region in Eastern Finland. Bull. Comm. géol.
Finlande 192. 107 p.

—, 1968. On some geochemical features in the black schists of the Outokumpu area, Finland. Bull. Geol.
Soc. Finland 40, 39—50.

—, 1978. Origin of Precambrian copper sulfides of the Outokumpu District, Finland. Econ. Geol. 73,
461—477.

—, 1980. Geology of the Vuonos ore deposit. /n Hakli, T. (Ed.) Precambrian ores of Finland. Guide to
excursions 078 A + C, Part 2 (Finland). 26" International Geological Congress, Paris 1980. Geol. Surv.
Finland, 33—41.

Pesonen, L. & Stigzelius, E., 1972. On petrophysical and paleomagnetic investigations of the gabbros of the
Pohjanmaa region, Middle-West, Finland. Geol. Surv. Finland, Bull. 260. 27 p.

Piirainen, T., 1968. Die Petrologien und die Uranlagerstidtten des Koli-Kaltiomogebietes im finnischen
Norkarelien. Bull. Comm. géol. Finlande 237. 99 p.

—, 1969. Initialer Magmatismus und seine Erzbildung in der Beleuchtung des Koli-Kaltimogebietes. Bull.
Geol. Soc. Finland 41, 21—45.

—, 1976. Kolin alueen kalliopera ja sen suhde svekokarjalaiseen vuorijonoon (Bedrock of the Koli area and
its relation to the Svekokarelidic orogeny). Suomen Geologinen Seura & Geologiliitto r.y., Kolutu-
smoniste 2, 14—21.

Piirainen, T., Honkamo, M. & Ressi, S., 1974. A preliminary report on the geology of the Koli area. Bull.
Geol. Soc. Finland 46, 161—166.

Piirainen, T., Hugg, R., Isohanni, M. & Juopperi, A., 1974. On the geotectonics and ore forming processes
in the basic intrusive belts of Kemi — Suhanko, and Sy6te — Nirdankidvaara, Northern Finland. Bull.
Geol. Soc. Finland 46, 93—104.

Pipping, F., 1972. Kallioperdkartan selitykset, 3311 Viitasaari. English summary: Precambrian rocks of the
Viitasaari map-sheet area. Geological Map of Finland 1:100 000. 21 p.

—, 1976. Pre-Quaternary rocks, Sheet 2332 Perho. Geological Map of Finland 1:100 000.

—, 1979. Pre-Quaternary rocks, Sheet, 2313 Alajdrvi. Geological Map of Finland 1:100 000.

Pokki. E., 1965. Havaintoja Tohmajarven konglomeraatista ja sita ymparoivista kivilajeista. Unpubl. M.
Sc. Depi. Geol. Miner., Univ. Helsinki. 62 p.

Preston, J., 1954. The geology of the Pre-Cambrian rocks of the Kuopio district. Ann. Acad. Sci. Fennicae,
Ser. A. III, 40. 111 p.

Rastas, P., 1969. Jormuan emaksinen kompleksi. Unpubl. M. Sc. thesis. Dept. Geol. Miner., Univ. Turku.
94 p.

Rauhamiki, E., Miakeid, T. & Isomiaki, O-P., 1980. Geology of the Vihanti mine. /n Hiakli, T. (Ed.)
Precambrian ores of Finland. Guide to excursions 078 A +C, Part 2 (Finland). 26" International
Geological Congress, Paris 1980. Geol. Surv. Finland, 14—24.

Rehtijirvi, P., Aikds, O. & Mikeld, M., 1979. A middle Precambrian uranium- and apatite-bearing horizon
associated with the Vihanti zinc ore deposit, Western Finland. Econ. Geol. 74, 1102—1117.

Reimold, W. & Stoffler, D., 1979. Isotope, major and trace element chemistry of the Lappajdrvi impact
melt. Meteoritics 14 (4), 526—528.

Rossi, S., 1975. Ipatin — Hattusaarenkyldn alueen kallioperd Pohjois-Karjalan liuskealueen koillisosassa.
Unpubl. M. Sc. thesis. Dept. Geol. Miner., Univ. Oulu.

Rouhukoski, P., 1968. On the geology and geochemistry of the Vihanti zinc ore deposit, Finland. Bull.
Comm. géol. Finlande 236. 12 p.

Rybakov, S.I. & Lobac-Zhuchenko, S.B., 1981. Greenstone belts of the Fenno-Karelian Craton, In
Puustinen, K. (Ed.) Geological, geochemical and geophysical investigations in the eastern part of the
Baltic schield. Papers issued to the 10"f General Meeting of the Finnish — Soviet Joint Geological
Working Group, held in Rovaniemi, 7" — 11'" September 1981. The Committee for Scientific and
Technical Co-operation between Finland and the Soviet Union, Helsinki 1981, 19—42.

Sakko, M., 1971. Varhais-Karjalaisten metadiabaasien radiometrisid zirkoni-ikid. Summary: Radiometric
zircon ages of the Early-Karelian Metadiabases. Geologi 23, 117—118.

Sakko, M., & Laajoki, K., 1975. Whole rock Pb-Pb isochron age for the Paakké iron formation in
Vayryldnkyld, South Puolanka area, Finland. Bull. Geol. Soc. Finland 47, 113—116.

Saksela, (Saxén) M., 1923. Uber die Petrologie des Otravaaragebietes im ostlichen Finland. Buil. Comm.
Géol. Finlande 65, 63 p.



46

—., 1933 a. Die Kieserzlagerstiatte von Karhusaari in Nordkarelien, Finland. Geol. Foren. i Stockholm.
Forh. 55, 29—58.

—, 1933 b. Kivilajikartan selitys B4, Kokkola. English summary. 55 p.

—, 1949. Das pyroklastische Gestein von Lappajirvi und Seine Verbeitung als Geschiebe. C.R. Soc. Géol.
Finlande 22, 19—30.

—, 1957. Die Entstehung der Outokumpu — Erze im Lichte der tektonisch-metamorphen Stoffmobilisier-
ung. Neues Jahrb. Mineral. Abh. 91. 278—302.

Salli, 1., 1961. Kallioperidkarttojen selitys, 2413 Kalajoki, 2431 Ylivieska, 2433 Haapavesi. English
summary: Explanation to the maps of rocks. Geological Map of Finland 1:100 000. 49 p.

—, 1964. The structure and stratigraphy of the Ylivieska — Himanka schist area, Finland. Bull. Comm.
géol. Finlande 211. 67 p.

—, 1965. Kallioperdkarttojen selitys, 2432 Pyhdjoki, 2434 Vihanti. English summary: Explanation to the
maps of rocks.Geological Map of Finland 1:100 000. 50 p.

—, 1966. Kallioperdkarttojen selitys, 2342 Sievi, 2344 Nivala. English summary: Explanation to the maps of
rocks. Geological Map of Finland 1:100 000. 37 p.

—, 1967. Kallioperdkarttojen selitykset, 2341 Lestijarvi, 2343 Reisjarvi. English summary: Explanation to
the maps of rocks. Geological Map of Finland 1:100 000. 41 p.

—, 1971. Kallioperdkarttojen selitykset, 3312 Pihtipudas. English summary: Explanation to the maps of
rocks. Geological Map of Finland 1:100 000. 42 p.

—, 1983. Kallioperidkarttojen selitykset, 3314 Pielavesi. English summary: Pre-Quaternary rocks of the
Pielavesi map-sheet area. Geological Map of Fiuland 1:100 000. 28 p.

Saltikoff, B., 1965. Pohjois-Sdamingin (Varparannan) intrusiivimassiivi ja sen ympdristd. Unpubl. M. Sc.
thesis. Dept. Geol. Miner., Univ. Helsinki. 70 p.

Savolahti, A., 1965. On the schists and associated intrusive rocks of the Vieremd — Kiuruvesi region. Bull.
Comm. géol. Finlande 218, 1—83.

Sederholm, J.J., 1893. Om berggrunden i sodra Finland. Fennia & (3), 137 p.

—, 1897. Uber eine archaische Sedimentformation in siidwestlichen Finland. Bull. Comm. géol. Finlande 6.
254 p.

—, 1920. Nagra huvuddrag i mellersta Fennoskandias urberg. Geol. Foren. Stockholm Forh. 42, 19—25.

Silvennoinen, A., Honkamo, M., Juopperi, H., Lehtonen, M., Mielikdinen, P., Perttunen, V., Rastas, P.,
Risanen, J. & Viinidnen, J., 1980. Main features of the stratigraphy of North Finland. /n Silven-
noinen, A. (Ed.) Jatulian geology in the eastern part of the Baltic shield. Proceedings of a
Finnish-Soviet Symposium held in Finland 21°'—26" August 1979. The Committee for Scientific and
Technical Co-operation between Finland and the Soviet Union. Rovaniemi 1980. 153—162.

Simonen, A., 1953. Stratigraphy and sedimentation of the Svecofennidic, Early Archaean supracrustal rocks
in southwestern Finland. Bull. Comm. géol. Finlande 160. 60 p.

—, 1955. Congr. Géol. Internat. — Comm. Stratigraphie. Finlande. Lexique stratigraphique international,
Vol. 1, 89—101.

—, 1957. Itd-Karjalan ja Kuolan kallioperdstda. Geologi 9, 82—85.

—, 1960 a. Pre-Quaternary rocks in Finland. Bull. Comm. géol. Finlande 191. 49 p.

—, 1969 b. Pre-Cambrian stratigraphy of Finland. 21* Int. Geol. Congr. Norden. Proceedings, Section 9,
141—153.

—, 1971. Das finnische Grundgebirde. Geol. Rundschau 60 (4), 1406—1421.

—, 1980. The Precambrian in Finland. Geol. Surv. Finland, Bull. 304. 58 p.

Simonen, A. & Kouvo, O., 1955. Sandstones in Finland. Bull. Comm. géol. Finlamde 168, 57—88.

Simonen, A., Helovuori, O. & Kouvo, O., 1978. Laatokan — Perameren -vydhykkeen kallioperdn
erikoispiirteistd. /n Laatokan — Perdmeren -malmivyohyke, Symposium 16.2.1978, Otaniemi, Vuo-
rimiesyhdistys r.y., 10—19.

Sims, P.K., 1980. Subdivision of the Proterozoic and Archaean eons: Recommendations and suggestions by
the international subcommission on Precambrian stratigraphy. Precambrian Research, 13, 379—380.

Sokolov, V.A. & Stenar, M.M., 1980. Printzipy rastchbne ia i korrelatzyi dokembrija jugo-vostochnoi
chasti Baltijkogo skita. Printzipy i kriteri dokembrija v mobil’nykh zonakh, Leningrad (with English
and French abstracts).

Stenar, M.M., 1972, Tectonic development of the Archaean complex in Karelia (Belomorides of the Western
White Sea region). Geotectonics 5, 279—283.

—, (Ed.) 1978. Correlation of the Precambrian. Guidebook of the excursion in Karelia. Karelian Branch of
the U.S.S.R. Academy of Sciences, Petrozavodsk. 92 p.

Taipale, K., 1983. The geology and geochemistry of the Archaean Kuhmo greenstone — granite terrain in
the Tipasjarvi area, Eastern Finland. Acta Universitatis Ouluensis, Series A, Scientiae Rerum
Naturalium No 151, Geologica No 5. 98 p.

Taipale, K. & Tuokko, I., 1981. Kuhmon arkeeisen vihredkivivyohykkeen geologiasta ja malmimineralisaa-
tioista. Kuhmon ja Kittilin Malmiprojektit, raportti No 47, 65 p.

Technoexport/Suhanova, Malyshev, Kuzmina., 1978. Raportti [lomantsin alueen kompleksisesta geologis-
geofysikaalisesta tulkinnasta. Rautaruukki Oy, Malminetsintd raportti No OU rpr 5/77.

Tuokko, I., 1979. Kuhmon — Suomussalmen liuskejakson rautamuodostumat ja niiden stratigrafinen
sijainti. Kuhmon ja Kittilin malmiprojektit, raportti No 16. 82 p.

Tynni, R., 1978. Muhoksen muodostuman mikrofossiilitutkimuksen tuloksista. Geol. Surv. Finland, Rep.
Invest. 30. 18 p.

Tynni, R. & Donner, J., 1980. A microfossil and sedimentation study of the late Precambrian formation of



47

Hailuoto, Finland. Geol. Surv. Finland, Bull. 311. 27 p.

Vidndnen, J., 1977. Migmatiiteista Tappuniemen — Linnansaaren alueella Itdiselld Haukivedelld. Unpubl.
M. Sc. thesis. Dept. Geol. Miner., Univ. Oulu. 97 p.

Vaasjoki, M., 1977. Rapakivi granites and other postorogenic rocks in Finland: their age and the lead
isotopic composition of certain associated galena mineralizations. Geol. Surv. Finland, Bull. 294. 64 p.

—, 1981. The lead isotopic composition of some Finnish galenas. Geol. Surv. Finland, Bull. 316.

Vaasjoki, M., Aikis, O. & Rehtijarvi, P., 1980. The age of Mid-Proterozoic phosphatic metasediments in
Finland as indicated by radiometric U-Pb dates. Lithos 13, 257—263.

Vihitalo, V., 1953. On the geology of the Outokumpu ore deposit in Finland. Bull. Comm. géol. Finlande
164. 98 p.

Vanne J., 1982. Alasen OKU-tyyppinen assosiaatio Sotkamossa. /n Puustinen, K. (Ed.) geokemiallinen
malminetsintd ja yhteistyd. Malmiosaston kokous Mikkelissda 27.—28.10. 1982. Unpubl. report M
10.2/82/1, Geol. Surv. Finland, 33—34.

Vartiainen, H., 1965. Tipasjirven alueen kallioperd Sotkamon pitdjdn SE-osassa. Unpubl. M. Sc. thesis.
Dept. Geol. Miner., Univ. Oulu. 125 p.

—, 1969. Tipasjarven rikkikiisumalmi ja sen metamorfisesti muuttunut ympéristd. Unpubl. licentiate’s
thesis. Dept. Geol. Miner., Univ. Oulu. 155 p.

—, 1970. Schist belt of Tipasjarvi in the parish of Sotkamo, Finland, Bull. Geol. Soc. Finland 42, 13—22.

Visti, K., 1978. Sievi — Rautio alueen liuskevyohykkeen geologiasta. Unpubl. M. Sc. thesis. Dept. Geol.
Miner., Univ. Turku. 99 p.

Viyrynen, H., 1928. Geologische und Petrographische Untersuchungen im Kainuugebiet. Bull. Comm. géol.
Finlande 78. 127 p.

—, 1933. Uber die Stratigraphie der Karelischen Formationen. C.R. Soc. Géol. Finlande 6; also Bull.
Comm. géol. Finlande 101, 54—78.

—, 1938. Notes on the geology of Karelia and Onega region in the summer of 1937. C.R. Soc. Géol.
Finlande 12; also Bull. Comm. géol. Finlande 123, 65—80.

—, 1939. On the geology and tectonics of the Outokumpu ore field and region. Bull. Comm. géol. Finlande
124. 91 p.

—, 1954. Suomen kallioperd, sen synty ja geologinen kehitys. Otava, Helsinki. 260 p.

Vidal, Ph., Blais, S., Jahn, B.M., Capdevila, R. & Tilton, C.R., 1980. U-Pb and Rb-Sr systematics of the
Suomussalmi Archean greenstone belt (Eastern Finland). Geochem. Cosmochim. Acta, vol. 44,
2033—2044.

Virtakainen, K., 1966. Pieksimien — Virtasalmen alueen kallioperastd. Unpubl. M. Sc. thesis. Dept. Geol.
Miner., Univ. Helsinki. 70 p.

Vorma, A., 1971. Geological Map of Finland 1:100 000. Pre-Quaternary rocks, Sheet 3232 Pieksamaiki.

Wahl, W., 1963. The hypcrsthene granites and unakites of Central Finland. Bull. Comm. géol. Finlande
212, 83-100.

Wegmann, C.E., 1928. Uber die Tektonik der jungeren Faltung in Ostfinnland. Fennia 50, No 16, 1—22.

—, 1929 a. Uber alpine Tektonik und ihre Anwendung auf das Grundgebirge Finnlands. C.R. Soc. Géol.
Finlande 1; also Bull. Comm. géol. Finlande 85, 49—53.

—, 1929 b. Beispiele tektonischer Analysen des Grundgebirges in Finland. C.R. Soc. Géol. Finlande 2; also
Bull. Comm. géol. Finlande 87, 89—127.

—, 1929 c¢. Stereogram des Gebietes von Soanlahti-Suistamo. Bull. Comm. géol. Finlande 85, 58—66.

Wetherill, G.W., Kouvo, O., Tilton, G.R. & Cast, P.W., 1962. Age measurements on rocks from the
Finnish Precambrian. J. Geol. 70 (1), 74—88.

Wilkman, W.W., 1921. Vuorilajikartan selitys D 4, Nurmes. 126 p.

—, 1923 a. Tohmajirvi — konglomeratet och dess forhallande till Kaleviska skifferformationen. Bull.
Comm. géol. Finlande 62. 40 p.

—, 1923 b. Kuopion seudun kivilajit. Suomen geologinen komissioni. Geoteknillisid tiedonantoja 36. 64 p.

—, 1931. Kivilajikartan selitys C 4, Kajaani. 247 p.

—, 1938. Kivilajikartan selitys C 3, Kuopio. English summary. 171 p.






Tata julkaisua myy

-

Denna publikation sdljs
av

-~

This publication is
available from

_—

VALTION STATENS GOVERNMENT
PAINATUSKESKUS  TRYCKERICENTRAL PRINTING CENTRE
POSTIMYYNTI POSTFORSALININGEN MAIL ORDERS

00101 Helsinki
Puh. (90) 566 0266
Vaihde (90) 56601

Teleksi 123458 vapk sf

KIRJAKAUPAT HELSINGISSA

Annankatu 44
(Et. Rautatiekadun kulma)
Vaihde (90) 1734396

Etelgesplanadi 4

Puh. (90) 662 801

00101 Helsingfors

Tel. (90) 566 0266

Vaxel (90) 56601
Telex 123458 vapk sf

BOKHANDLARNA | HELSINGFORS

Annegatan 44
(I hérnet av S. Jarnv.g.)
Vaxel (90) 1734396

Sédra esplanaden 4

Tel. (90) 662801

SF-00101 Helsinki Finland
Phone internat.
+ 358056601
Telex 123458 vapk sf

BOOKSHOPS IN HELSINKI

Annankatu 44
Phone (90) 173 4396

Etelgesplanadi 4
Phone (90) 662801

ISBN 951-690-220-0
ISSN 0781-4240.

WNT ¥ g ‘wuopnny — L [LLYOdVISNINIILAL ‘STISTIASNATILNAL NVIOOTOdD

‘wduuie

‘H



	COVER PAGE
	TITLE PAGE
	Luukkonen, E. & Lukkarinen. H.
	CONTENTS
	PREFACE
	INTRODUCTION
	LATE ARCHAEAN ERA
	Kianta Supergroup
	Migmatites and granitoids older than or contemporaneous with the late Archaean greenstone belts
	The area of the tate Archaean greenstone beUs
	Kuhmo and Ilomantsi Groups.
	Suomussalmi greenstone belt
	Kuhmo greenstone bellt
	Tipasjärvi-Hietajärvi greenstone belt
	Nunnanlahti-Ipatti greenstone belt
	Kiihtelysvaara greenstone belt
	Ilomantsi greenstone belt


	Migmatites and granitoids younger than the late Archaean greenstone belts
	The undivided migmatites and granitoids west of the Kainuu and north Karelia schist areas within the Iisalmi microcontinent


	EARLY PROTEROZOIC ERA
	Karelia and Svecofennia Supergroups
	Sariola Group
	Jatuli Group
	Kainuu schist area
	North Karelia schist area

	Kaleva Group
	Nunnanlahti- Tohmajärvi area
	Puruvesi-Polvijärvi area
	Outokumpu Ore District
	Puruvesi-Kallavesi area
	Ristijärvi-Nuasjärvi area
	Vieremä area

	Bothnia Group
	Punkaharju--Parikkalaarea
	Rantasalmi-Sulkava area
	Savonlinna-Haukivesi area
	Kerimäki area
	Pieksämäki area
	Suonenjoki-Rautalampi area
	Säviä area
	Viitasaari area
	Pyhäsalmi-Pielavesi-Kiuruvesi area
	Pihtipudas area
	Kinnula area
	Venetpalo area
	Raahe- Vihanti area
	Pyhäjoki-Kalajoki- Ylivieska-Haapavesi--Sievi-Leslijärvi-Reisjärvi area
	Nivala area
	Kannus area
	Kokkola-Pietarsaari area
	Kaustinen-Alajärvi-Perho area
	Kyyjärvi-Saarijärvi area

	Plutonic rocks of the Kaleva and Bothnia Groups


	MIDDLE PROTEROZOIC ERA
	Jotnia Supergroup
	Muhos group


	MESOZOIC ERA
	Lappajärvi meteorite crater

	SUMMARY
	REFERENCES AND OTHER RELEVANT LITERATURE
	BACK COVER

