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The medium-highly metamorphozed and intensely deformed early Proterozoic
supracrustal rocks of the study area, located at the boundary zone between the
Karelian and Svecofennian zones in central Finland, are classified following the
recommendations of the North American Stratigraphic Code into 16 lithostratigraphic
and lithodemic units.

The lithostratigraphic procedures can be applied only to the southeastern corn-
er of the area where the late Archaean basement complex is rimmed by less than
100 metres thin fluvial metapsammite formations locally underlain by a thin palaeosol
of sericite and chloritoid schists. These formations, which are correlated with the
Kainuu tectofacies, are overlain by at least 1 km thick sequence of turbiditic metap-
sephites and metapsammites of the Haajainen and Rotimojoki formations of the
western Kaleva tectofacies.

The major central part of the area is cored by two gneiss complexes, earlier con-
sidered to be the Archaean basement, but now classified mostly as lithodemic deriva-
tives of the Kaleva tectofacies. These complexes are mantled by gneisses and schists
which represent western, more metamorphosed distal equivalents of the Haajainen
and Rotimojoki formations. The western margin of the area is composed of gneisses
and schists part of which show Svecofennian affinities.

Excluding the Archaean basement, the area is intruded and migmatized by
Svecokarelidic intrusive rocks.
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Introduction

One of the greatest problems of the early Pro-
terozoic geology of Finland is the relationship be-
tween the Karelian and Svecofennian supracrustal
rocks and the location of their border zone. Un-
derstanding this relationship is of utmost impor-

tance in developing models for the early Pro-
terozoic evolution of the Fennoscandian Shield
in central Finland (see Gadl and Gorbatschev
1987 and references in it).

In 1985, the Department of Geology of the
University of Oulu began investigations in the
Salahmi-Naldnt6 area which occupies the zone
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between the Kainuu Schist Belt, a representative
of the Karelian schist areas, and the Svecofen-
nian rocks of central Finland (Fig. 1). The study
area covers map sheets 3324 and 3413 totalling
2400 km? in areal. It comprises the major north-
ern part of Savolahti’s (1965) Vieremd—Kiuruve-
si belt, and the granitic gneisses between Pyhdn-
td and Vuolijoki, which have generally been in-
cluded in the Archaean basement (e.g. Simonen
1980a).

The results presented here are based on J. Luu-
kas’ (1987) detailed field work in the surround-
ings of Itdméki and on our more regional work
carried out in 1986 and 1987. Detailed sedimen-
tological and stratigraphic studies of the Salah-
mi Schist Belt have been published elsewhere
(Korkiakoski and Laajoki 1988) and are only
reviewed in this paper. Prelimary structural and
metamorphic geological results are given by
Laajoki et al. (1988).

The main aim is to classify formally the early
Proterozoic supracrustal rocks of the study area
into stratigraphic units. It will also be demon-
strated that the schists and gneisses of Salahmi
and Nildntojarvi can be mapped in the form of
their lithodemic counterparts northwestwards to
Pyhénti and that the bulk of the granitic gneiss-
es of Pyhantid and Vuolijoki represent early Pro-
terozoic paragneisses rather than the Archaean
granitoid basement. The space limit does not al-
low detailed descriptions of individual units to
be given but some of them have already been
described by Korkiakoski and Laajoki (1988) and
Luukas (1987).

Stratigraphic procedures

The bedrock of the study area consists mainly
of multiply deformed gneissic rocks metamor-

81

phosed to upper amphibolite facies, migmatized
and intruded in abundance by granitic and oth-
er intrusive rocks. Only a fraction of them show
primary sedimentary features, a number are
paragneisses whereas other are gneisses of unsure
origin. Because of this their stratigraphic classifi-
cation is not easy and we have to face the dis-
puted question of how igneous and metamorph-
ic rock bodies should be classified in terms of
stratigrapy. The North American Commission on
Stratigraphic Nomenclature (1983) (hereafter
NACSN) makes a distinction between lithostrati-
graphic and lithodemic units, of which the former
include metasedimentary and metavolcanic stra-
ta, mostly stratified, which generally obey the
Law of Superposition and consequently, their
stratigraphic positions are known, whereas the
latter include intrusive, highly deformed, and/or
highly metamorphosed rocks which generally do
not conform to the Law of Superpositon. The
International Subcommission on Stratigraphic
Classification (ISSC) (1987), however, recom-
mends that all rock bodies which are defined and
recognized on the basis of their diagnostic lithol-
ogy should be considered as lithostratigraphic
units.

The authors feel that if metamorphic and ig-
neous rocks are included in the stratigraphy in
the sense proposed by the ISSC (1987) the terms
stratigraphy and lithostratigraphy deviate so
much from their original meanings and even
from the definitions of the International Strati-
graphic Guide (Hedberg 1976) that traditional
stratigraphy (the study of strata or stratified

‘rocks) would, for clarity’s sake, require a term

of its own, e.g. »stratostratigraphy». That is why
the present authors agree with the NACSN in that
it is useful and reasonable to classify the
metamorphosed and deformed sedimentary rocks
separately into two subclasses; lithostratigraph-

Fig. 1. Simplified geological map of the surroundings of Lake Oulujarvi (see inset for location). The circled and uncircled
numbers give, respectively, the stratigraphic unit and the deformation stage of the fault in question. Capitals A, B and C
indicate, the lisalmi, the Kuhmo—Ilomantsi, and the Pudasjérvi basement complexes, respectively. CPG = Central Puolanka
Group, KTW = Kalhamajarvi Tectonic Wedge. The area of Fig. 3 is outlined. The Kainuu Schist Belt comprises the Karelian
formations east and north of Lake Oulujérvi and the Northern Pohjanmaa Schist Belt consists of the Kaleva rocks at Utajarvi

and Kiiminki northwest of the Auho Fault Zone.
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Fig. 2. Stratigraphic classifications and unit hierarchies applied in this study following the recommendations by the North

American Commission on Stratigraphic Nomenclature (1983).

ic (or »stratostratigraphic») units consisting of
strata which show sufficient primary features that
their younging (or top) directions can be deter-
mined in the field, and lithodemic metasedimen-
tary units which are so gneissic or deformed that
their relative ages cannot be determined in the
field (Fig. 2). On the other hand, the recommen-
dations of the ISSC (1987) are followed in keep-
ing the nomenclature of the stratigraphic units
of metamorphic rocks as simple as possible (see
also Laajoki, in press a).

General geological setting

The Salahmi—Pyhinti area is located in cen-
tral Finland about 50 km northwest of the town
of Iisalmi. Its bedrock consists of early Pro-
terozoic schists, gneisses and intrusive rocks bor-
dering the northwestern margin of the late Ar-

chaean lisalmi Complex (2700—2500 Ma) (Fig.
1). In terms of tectonostratigraphy (see Laajoki
1986a), the study area belongs to the border zone
between the Karelian schist areas in the east and
the Svecofennian area of central Finland in the
west. The schists and gneisses of the southern
part of the study area appear on earlier maps
(Mékinen 1916; Wilkman 1929; Simonen 1980b)
as a solitary triangular schist belt called either the
Vieremd—Kiuruvesi schist belt (Savolahti 1965)
or Salahmi schists (Vdyrynen 1954). Korkiakoski
and Laajoki (1988) redefined the Salahmi Schist
Belt to include only the fairly well preserved au-
tochthonous-parautochthonous metasediments
fringing the lisalmi Complex at Salahmi. At this
stage we had not studied the relationship between
the Salahmi schists and the gneisses to the west
in the surroundings of Lake Nalantdjarvi. Maki-
nen (1961) considers the latter older (Bothnian)
than the former (Kalevian), whereas Wilkman



(1929, 1931) regards both of them as Kalevian.
Savolahti (1965) discussed this problem in detail
but did not reach any clear conclusion.

Field work carried out in summer 1987 demon-
strates clearly that the Nilantdjarvi gneisses
represent lithodemic derivatives of the Salahmi
schists and that they can be followed northwest
to Pyhintd and Piippola (Fig. 1, cf. Mékinen’s
1916 map). This gneiss belt, which is at least 60
km long and runs from Néldntojarvi to Piippo-
la is here called the Ndlinté—Piippola Belt.

Structurally, applying the terminology and
structural codes established by Laajoki et al.
(1988), the Nalanto—Piippola Belt and the Salah-
mi Schist Belt with its northwestern extension,
the Itamaki Schist Belt, form a large SE-NW
trending F, fold, called the Ahonkyld Antiform,
pierced by the D, faults of the Auho Fault Zone
and intruded and migmatized by Svecokarelidic
intrusive rocks in its central and southwestern
parts.

The area north of the Ahonkyld Antiform is
composed of diverse gneisses of problematical

origin transposed to the Auho direction while fur-
ther to the north and northwest the Northern

Pohjanmaa Schist Belt occurs. The latter and the
Salahmi schists have traditionally been correlat-
ed with each other (Mikinen 1916). Northeast of
the Itamaki Belt, the Otanméiki area consists
mainly of granitic gneisses intruded by 2065 Ma
old metagabbros with Fe-Ti ores (Talvitie and
Paarma 1980). The Kiuruvesi area, bordering the
study area to the south, consists mainly of gneiss-
es and metavolcanics intruded by Svecokarelid-
ic intrusive rocks (Marttila 1976, 1981) and be-
longs structurally to the Raahe—Ladoga Zone,
which is a conjugate NW-SE trending fault sys-
tem of the Auho Fault Zone. About 120 km to
the southeast is the Kuopio area with Archaean
basement domes mantled by Karelian supra-
crustal rocks.

The early Proterozoic bedrock of the study
area proper shown in Fig. 3 consists of three
major stratigraphic entireties: 1) The supracrustal
rocks rimming the Archaean basement in the
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east. These rocks can be classified by lithostrati-
graphic procedure. 2) Two gneiss complexes in
the central part of the study area and their less
metamorphosed gneiss and schist mantle. The
northern part of this group belongs to the Auho
Fault Zone and is strongly folded and faulted and
intruded by Svecokarelidic granitoids. 3) The
southwestern and western part of gneisses and
schists with Svecokarelidic intrusive rocks. In this
paper the stratigraphy of the supracrustal rocks
of each entireties will be established with an em-
phasis on the eastern relatively allochthonous
units and the central gneiss complexes and their
mantle. The western gneisses and schists and the
Svecokarelidic intrusive rocks will be treated only
in brief. Table 1 summarizes the stratigraphic
units described in the paper. The reader is adviced
to consult this table as well as figures 1, 3 and
21 when reading this paper.

Archaean basement

The depositional basement of the early Pro-
terozoic metasedimentary rocks is exposed in the
southeastern margin of the study area where the
late Archaean granitoid gneisses of the Iisalmi
Complex occur. We mapped only the marginal
zone of this complex; for its general lithology the
reader is referred to the descriptions of Wilkman
(1931). The narrow granitoid, gneiss wedge north
of Saaresmiki is also included in the basement
in Fig. 3, but this correlation is unsure.

The Archaean gneisses are mainly tonalitic,
rather massive gneisses with subordinate am-
phibolites and pegmatites. Locally there are also
banded gneisses with alternating mica gneiss and
quartz-feldspar gneiss bands.

Lithostratigraphy of the early proterozoic
formations rimming the Archaean basement

In this chapter those early Proterozoic
metasedimentary rocks which deposited on the
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Fig. 3. Geological map of the Salahmi—Pyhénta area (map sheets 3324 and 3413) based mainly on the mapping by J.
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(7’) with chert intermembers (black), Itaméki Formation (7b) and Ojanpera formation (7c). Ilkonahonkallion (Ik) and Kau-
kolanpuron (Kp) conglomerates are shown by open circles. 8. Katajakangas formation. 9. Rapisevankangas Gneiss Suite.
10. Lamujérvi Complex. 11. Turhala Gneiss. 12. Louteméki (12) and Sadinkangas (12’) gneisses. 13. Diverse Svecofennian
supracrustal rocks. 14. Otanmaki Alkaline Gneiss. 15. Metagabbro. 16. Amphibolite. 17—19. Svecokarelidic intrusive rocks:
17. Granite, pegmatite and granodiorite. 18. Diorite and quartz diorite. 19. Diverse plutonic rocks, mainly granitoids.
The location of the prophile in figure 20 is shown by line A—B.
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Table 1. List of the major rock units of the Salahmi—Pyhénté area. The stratigraphic correlation of a unit indicated by
an asterix is questionable.
Main strati- Lithostratigraphic Lithodemic
graphic unit Metasediments & | Paragneisses & Gneissic Complex Plutonic
metavolcanics schists
Svecokarelidic Diverse
intrusive rocks
(c. 1900—
1800 Ma)
Svecofennian Lahnavuori suite*
supracrustal
rocks
Otanmaki alkali Otanmaiki meta-
gneiss* gabbro
(2019 Ma) (2065 Ma)
Kaleva — Rotimojoki, — Nailanto— — Lamujérvi
tectofacies Itamaki & Piippola Belt Complex
Ojanpera (metasedimentary
formations component)
— Haajainen — Mataraméki Piiparinmaki &
Formation Gneiss Rapisevankangas | Pirttimaki
Gneiss Suite complexes*
Turhala Gneiss*
Tectonic and
erosional gaps
Kainuu* tecto- — Lahdemé&ki & | — Katajakangas
facies Potakka-aho formation*
formations
Subkainuu* Sericite &
palaeosol chloritoid schists
Sumi* tectofacies | Lautakangas
formation*
Late Archaean Iisalmi Complex
basement (2500—2700 Ma)

Archaean basement and which show evident
primary features to be treated as lithostratigraph-
ic units are described. These formations are en-
countered in two areas; in the Salahmi—L&4hde-
maki area where they form the Salahmi Schist
Belt and north of Saaresméki (Fig. 3). At Salah-
mi, the sequence is divided into three formations:
the Lahdeméki Formation (the lowermost), the
Haajainen Formation and the Rotimojoki For-
mation, which forms the bulk of the Salahmi
Schist Belt. Three formations, the Lautakangas,
Potakka-aho and Katajakangas, are encountered
north of Saaresméki, but due to scanty outcrops
their stratigraphic relations are not as clear as at
Salahmi. We first describe the Salahmi Belt and
then the Saaresméki area.

Ldhdemdki Formation (LmF)

This autochthonous-parautochthonous forma-
tion has been recently defined and described in
detail by Korkiakoski and Laajoki (1988). Thus,
only its main lithostratigraphic features are sum-
marized.

The depostion of the LmF was proceeded by
a period of intense chemical weathering of the
Archaean depositional basement which produced
a palaeosol rich in sericite or, when developed
on the Archaean amphibolites, rich in chloritoid.
The palaeosol (regolith) was mainly eroded and
mixed into the overlying psammitic sediments
during the deposition of the LmF. Locally, how-
ever, a basal sericite schist bed occurs (Fig. 4)
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which is about 0.5—1 m thick and which proba-
bly served as a lubrication surface along which
the formation was slightly moved during the
Svecokarelidic folding. In other places, the for-
mation begins with thin in sifu basal breccia
(Fig. 5).

As a whole the LmF is a fluvial sequence,
about 40—80 m thick, divided into two members.
The lower member consits of feldspathic quart-
zites with conglomerate interbeds whose
phenoclasts are Archaean basement granitoids
and vein quartz. The upper member contains ar-
kosites and metasiltstones with minor conglomer-
ates. The upper contact of the LmF against the
Rotimojoki Formation is tectonic. The formation
displays many well-preserved sedimentary struc-
tures documentated by Korkiakoski and Laajoki
(1988).

Haajainen Formation (HJjF)

The northern end of the Haajainen Formation
(HjF), recently established by Korkiakoski and
Laajoki (1988), projects from its type area at
Haajainen to the southeastern corner of the study
area (Fig. 3). The HjF is a turbiditic metapsephite
and metapsammite unit which contains a lot of

Fig. 4. The basal sericite schist
regolith (about 40 m wide zone in the
center) between the lisalmi Complex
(on the left) and the lowermost quart-
zite of the Lahdeméki Formation.
Lahdemaki.

conglomerates together with metapsammites at
Haajainen, but at the study area the rocks are,
however, mostly turbiditic meta-arenites and
metapelites. Its lower part is intensely tectonized
and the HjF is probably parautochthonous-
allochthonous. At Metelinméki it grades into
Rotimojoki Formation, but the relationship is
disturbed by intrusion of Svecokarelidic grani-
toids.

Rotimojoki Formation (RjF)

This formation with well-preserved primary
structures was established by Korkiakoski and
Laajoki (1988) who give a detailed description of
its sedimentology and stratigraphy. Their results
are summarized here.

The lower contact of the RjF with the HjF is
most likely gradational, whereas structural and
topographic evidence suggests that it is separat-
ed by a tectonic contact from the LmF at Lih-
deméki (Fig. 3). The contact with the Matara-
maéki Gneiss and the major western part of the
RjF is practically unexposed.

The type section ot the basinal RjF is Lah-
deméki—Ilkonahonkallio where the formation,
which is about 1000 m thick, is divided into three



Fig. 5. Sedimentary breccia with
basement orthogneiss clasts at the bot-
tom of the Ldhdeméki Formation,
Lahdemaki.

members: 1) The lower member consisting mainly
of massive arkosites originally turbidites of
smooth mid/lower fan, 2) The middle member
consisting mainly of massive arkosites original-
ly turbidites of channeled mid fan and 3) The
Ilkonahonkallio member consisting mainly of
quartzite-phenoclasted turbiditic conglomerates
and massive-graded arkosites of upper/mid fan
channels and laminated — thinly bedded and
graded mica schists interpreted as levee and in-
terchannel turbidites of upper/mid fan. The
poorly exposed western and southwestern part
contains a few amphibolite bodies and sporadic
mica schist outcrops.

As a whole the RjF is included with the western
Kaleva tectofacies of the nearby Kuopio, North-
ern Pohjanmaa and Perd-Pohja provinces.

Lautakangas formation (Lkf)

At Lautakangas, about 500 m northeast of
Potakka-aho, basic metavolcanite occurs in a few
outcrops (x = 7109.1,y = 499.1). On the basis
of the geophysical maps this unit is seen to con-
tinue southeast outside the study area and may
be better exposed there. The formation is, there-
fore, not defined formally here but is treated as
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an informal unit called the Lautakangas forma-
tion (Lkf). The metavolcanics are intensely
deformed, fine-grained basic rocks amphibole,
quartz and plagioclase as the main minerals. Its
southern contact with the Potakka-aho Forma-
tion is covered by marshy terrain.

North of Lautakangas banded hornblende-
feldspar gneisses, consisting of alterating am-
phibolitic and quartz-feldspar gneiss layers, oc-
cur. They are included in this formation as a
more metamorphosed part of the original volcan-
ic succession.

Potakka-aho Formation (PoF)

Definition: North of Saaresmiki are a few soli-
tary outcrops of feldspar metapsammites litho-
logically similar to those of Lahdeméaki. Because
this occurrence is physically separated from the
LmF it is classified as a lithostratigraphic unit in
its own right, named the Potakka-aho Formation
(PoF).

Name and outcrops: The formation takes its
name from the small locality (x = 7108.4,y =
498.5) where its only outcrops known occur. So
far, the PoF is known to be exposed in only three
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small outcrops at Potakka-aho and at the bot-
tom of the ditches of a forest road.

Contacts and thickness: The contacts of the
PoF are not exposed. By analogy with the LmF,
it is concluded that the PoF was deposited on the
Ilisalmi Complex and so its lower contact is a non-
conformity. The thickness of the formation is at
least a few hundred metres.

Structure: The PoF is folded into a vertical po-
sition and faces northwards from the Iisalmi
Complex.

Lithology: The PoF consists of two major
lithologies: 1) Light brown or reddish feldspar
quartzite and arkosite with distinct bedding and
rare cross-bedding. 2) Closer to the basement,
mica schist and micaceous metapsammite.

Correlation: On the basis of its lithological
similarities and stratigraphical position close to
the Archaean basement the PoF is correlated with
the LmF, but the geophysical maps indicate that
physically it more likely belongs to the unit which
includes the quartzites and conglomerates of lake
Alanteenjarvi (Wilkman 1924), about 70 km
southeast from Potakka-aho (see unit 2 on
Fig. 1).

Katajakangas formation (Kkf)

This formation occurs mostly outside the study
area where it has been described by Puumalai-
nen (1986). It is a psammitic metaturbidite unit
with frequent amphibolite layers. It shows typi-
cal T, or T, features at Katajakangas, the type
locality, but, in the west, it is metamorphosed
and granitized to quartz-feldspar gneisses and
partly altered to Otanméki alkali gneiss. The
westernmost parts are also unexposed; so the
relationship of the formation to the Itdméki For-
mation cannot be established.

On the basis of lithology the Kkf could be cor-
related with the Itamé#ki Formation, but it also
closely resembles the Puolankajiarvi Formation
(Laajoki and Korkiakoski 1988). This problem
is discussed more in the section »Interregional
correlation».

Stratigraphy of the central gneiss complexes and
their lithodemic mantle

The major central part of the study area is
composed of banded or weakly banded quartz-
feldspar gneisses with frequent amphibolite lay-
ers. The gneisses have been intruded, migmatized
and granitized by Svecokarelidic granitoids. In
earlier studies these gneisses have been included
in the Archaean basement, but this study indi-
cates that this concept is probably not valid.
These gneisses are encountered in two areas,
south and north of the Itiméiki—Rapisevankan-
gas schists and gneisses. Because the rocks of
these areas differ in lithology and their contact
relations are open they are here classified into two
separate units called the Pirttimiki (the south-
ern one) and Piiparinméki (the northern one)
complexes. Structurally the former forms the
core of the Ahonkyl4d antiform.

These complexes grade to and are mantled by
paragneisses and schists. These are classified into
the Mataraméki Gneiss, which rims the Pirttimé-
ki Complex in the southeast, the Rapisevankan-
gas Gneiss Suite and the Itimdki Formation,
which occupy the border zone between the Pirt-
timéki and Piiparinméki complexes, the Nilin-
to—Piippola Belt which rims these complexes in
the southwest and west and the Ojanpera forma-
tion in the northeast. In this context we also de-
scribe two gneisses of undetermined origin: the
Loutemdki and Sadinkangas gneisses which oc-
cur within the Nalanto—Piippola Belt.

Pirttimdki Complex (PmC)

Definition: The banded gneisses and schists
with relatively common amphibolite layers and
associated Svecokarelidic intrusive rocks, occupy-
ing the area from Mataramiki in the southeast
to Leppiperd and Juutinen in the centre of the
study area (Fig. 3), form the Pirttiméki Complex
(PmCQ).

Name and outcrops: The complex takes its
name from the small settlement area where it is



best exposed. In addition to the type locality at
Pirttimaki (map sheet 3324 07) the complex is
well-exposed also at Pilpankangas, Viitamaki,
Leppiperd and Juutinen. Other parts of the com-
plex are poorly exposed, for example, wide areas
in the surroundings of Ahokyl4 are totally un-
exposed.

Contacts: All contacts are either lithodemic or
tectonic. In the southeast the contact is situated
below the Mataramiki Gneiss. Although this
contact is not directly exposed, the lithological
and structural relationships clearly indicate that
the PmC and the Mataramiki Gneiss belonged
originally to the same sedimentary sequence of
which the latter is a better preserved part. In the
north the PmC changes gradually to the
Rapisevankangas Gneiss Suite and is separated
by a fault from the Piiparinmédki Complex. In
other areas the contact zone is not exposed.

Structure: The PmC forms the southeastern
end of the southeasterly plunging Ahonkylad F,
antiform refolded and faulted by D, and D,.
The thickness of the original sedimentary se-
quence cannot be measured but it was at least a
few hundred metres.

Lithology and origin: The metamorphic grade
of the complex is upper amphibolite facies and
the gneisses are often migmatized by Svecokare-
lidic granitoids. The PmC consists of four major
lithologies: 1) The dominant lithology is banded
quartz-feldspar gneiss with mica-rich bands (Fig.
6). The gneisses contain both plagioclase and
microcline and show hetero- or granoblastic tex-
ture. The mica-rich bands are biotite schists with
variable amounts of feldspars and quartz. No
primary structures have been preserved but the
banded appearance, the pelitic composition of
mica-rich bands and the textures point to the fact
that the gneisses are metasedimentary. 2) Red-
dish granitic microcline-rich gneisses abound in
close association with quartz-feldspar gneisses
whose granitized derivatives they most probably
are. 3) Amphibolite bodies conformable with the
banding of the enclosing gneisses are frequent in
the southeastern part of the complex. Some of
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them are banded but mostly they are generally
homogeneous and strongly foliated. Because no
primary structures or textures are visible the ori-
gin of the rocks cannot be determined. 4) Sveco-
karelidic granitic intrusive rocks have intruded
the southwestern part of the PmC, in particular,
where pegmatite bodies occur at the PmC-Ma-
taramaki Gneiss-contact.

Correlation and age: The overall lithology of
the PmC and the way it grades to the mantling
gneisses shows that it does not belong to the Ar-
chaean basement, but represents lithodemic
derivatives of the early Proterozoic sedimentary
rocks (cf. Wilkmann 1931, Simonen 1980b).

Piiparinmdiki Complex (PpC)

Definition: The granitic gneisses with abundant
amphibolite layers, intruded and migmatized by
Svecokarelidic granitoids north of Rapisevankan-
gas form the Piiparinmaki Complex (PpC).

Name and outcrops: The PpC derives its name
from Piiparinmiki (map sheet 3413 09B), the lo-
cality which occupies the central area of the com-
plex. The complex is fairly evenly exposed, but
the outcrops are mostly solitary and separated
from each other by wide unexposed marshy ter-
rains.

Contacts: The contacts of the complex are un-
exposed. The complex can, however, be delineat-
ed sharply from its surroundings with the aid of
geophysical maps. Geophysics and structural ob-
servations indicate that its southern contact with
the Itamaiki schists, Rapisevankangas gneisses
and the PmC is mostly tectonic, but the contact
with the Nidlanto—Piippola Belt may be grada-
tional.

Structure: The PpC forms the core of a poly-
phacial fold structure whose earlier structures
were intensively transposed by D, parallel to
major S, faults of the Auho Fault Zone. The
transposition of its eastern and western margins
was more intensive than in the centre where earli-
er structures are still visible.

Lithology and origin: The gross lithology of



the PpC resembles that of the PmC, but its
gneisses are more recrystallized and do not show
as clear a banded structure. They are also more
granitized. The complex consists of 1) quartz-
feldspar gneisses, 2) amphibolite layers and 3)
Svecokarelidic intrusive rocks. On the basis of
geophysical maps and lithology the PpC seems
to consist of three subcomplexes, called informal-
ly the eastern, central and northwestern subcom-
plexes (their boundaries are delimited by broken
lines on Fig. 3).

The eastern subcomplex consists of banded
quartz-feldspar (plagioclase and microcline)
gneisses with abundant amphibolite layers and is
intruded by gabbros (Puumalainen 1986). In the
east these gneisses are bounded by alkali gneiss-
es. The central subcomplex consists of light,
weakly banded oligoclase gneisses (Fig. 7) poor-
er in microcline than the eastern part. Amphibo-
lite layers are also common. The gneisses of the
northwestern subcomplex are intensely granitized
quartz-feldspar gneisses often showing banded
structure and containing subordinate amphibo-
lite layers.

The origin of the PpC gneisses is problemati-
cal. Its marginal parts show paragneissic features
whereas the core zone has coarse oligoclase

Fig. 6. A banded biotite-
quartz-feldspar gneiss showing a
F,-fold. Pirttimdki Complex, Kaidan-
maki. The length of the label of this
and all other photographs to follow is
17 cm.

gneisses which resemble those of the Archaean
basement.

Correlation and age: In its gross lithology the
PpC resembles the PmC at the latter’s northern,
more recrystallized and deformed extension. On
the other hand, the oligoclase gneisses of the cen-
tral subcomplex could be correlated with the Ar-
chaean rocks of the lisalmi Complex. This can-
not, however, be verified without isotope data.
At this stage, a reasonable working hypothesis
is that the marginal zones of the PpC represent
Proterozoic gneisses correlative with the PmC
and that the core is Archaean. The PpC can be
mapped northeastwards as far as southwest
Puolanka where its relationship with the South-
western Paragneiss Complexe has not yet been
established (Laajoki 1986b).

Rapisevankangas Gneiss Suite (RGS)

Definition: The Rapisevankangas Gneiss Suite
was described and defined by Luukas (1987) and
his classification is followed here. This suite in-
cludes the banded gneisses and schists occupy-
ing the border zone between the Pirttimaki and



Fig. 7. Oligoclase gneiss with am-
phibolite layers and showing F;-folds.
Piiparinmaki Complex, west of
Itamaki.

the Piiparinméki complexes at Rapisevankangas,
west of Itamaki (Fig. 3).

Name and outcrops: The suite takes its name
from Rapisevankangas (x = 7107.6,y = 478.2)
where its individual gneiss lithodemes are best ex-
posed. This suite is exceptionally well exposed
and so its lithology can be classified in more de-
tail than any other gneiss unit in the study area.

Contacts and thickness: The southern contact
with the Pirttimdki Complex is considered grada-
tional and metamorphic and the northern con-
tact with the Piiparinméaki Complex tectonic. The
contact with the Itdméki Formation is not ex-
posed, but is interpreted as lithodemic. The to-
tal thickness of the suite is estimated to be about
500—800 m.

Structure: The suite defines an F, structure
refolded intensely by D,. The F, fold axes are
subhorizontal and partly coaxial with F,.

Metamorphism: Metamorphism is higher than
at Itamdiki as revealed by the almost complete
lack both of primary structures and staurolite in
the mica schists and the common banded struc-
ture of the gneisses.

Lithodemes: The suite consists of seven litho-
demes (Fig. 8) (regrettably, due to lack of locali-
ty names we have to use 'Rapisevankangas’ as
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Fig. 8. A map showing the field relationship of the litho-
demes of the Rapisevankangas Gneiss Suite. Symbols: 1.
Teerimaki Biotite—Plagioclase Gneiss. 2. Leppiperad Quartz-
Feldspar Gneiss. 3. Rapisevankangas banded hornblende
gneiss. 4. Rapisevankangas quartz-feldspar gneiss. 5.
Rapisevankangas mica schist. 6. Rapisevankangas hornblende
gneiss. 7. Pitkdkangas Mica Schist. 8. Paavonsuo Quartz-
Feldspar Gneiss. 9. Petdjakangas Quartz Dioritic Gneiss. 10.
Piiparinmaki Complex. 11. Amphibolite. 12. Granite and peg-
matite. The map area is 7 X 6 km and the broken line indi-
cates the tectonic contact between the Piiparinmaki Complex
and the RGS.
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the geographic code of four first lithodemes). 1)
The Rapisevankangas banded hornblende gneiss
consists of alternating dark hornblende-quartz-
plagioclase layers and much thinner and lighter
biotite-plagioclase layers (Fig. 9). 2) The
Rapisevankangas quartz-feldspar gneiss is a light-
coloured banded lithodeme. 3) The Rapisevan-
kangas mica schist is a biotite mica schist with
abundant thin psammitic layers (Fig. 10). No
prophyroblasts occur. 4) The Rapisevankangas
hornblende gneiss consists of weakly banded or
massive hornblende-bearing quartz-plagioclase
gneiss with enough magnetite to cause distinctive
positive anomalies on aeromagnetic maps. 5) The
Pitkdkangas Mica Schist is a fairly homogene-
ous biotite schist with thin conformable am-
phibolite layers. 6) The Paavonsuo Quartz-
Feldspar Gneiss is a reddish biotite-banded
quartz-feldspar gneiss. 7) The Teeriméki Biotite-
Plagioclase Gneiss is a paragneissic banded gneiss
of probable turbiditic origin.

The lithodemes contain subordinate amphibo-
lite layers or lenses conformable to the banding
of the gneisses and are often intruded by pegma-
tite veins.

The RGS, with its many lithodemes, provides
a good example of how manifold the stratigraph-
ic classification of a metamorphic rock suite may
be even within a relatively small area.

Correlation: The RGS is considered to
represent a lithodemic transition between the
PmC and the Itdmaki Formation. Its mica schists
are obviously the western extension of the ImF
but its gneisses cannot readily be correlated with
any of the specific gneiss types of the PmC ex-
cept the Teerimidki Biotite-Plagioclase Gneiss
which resembles the paragneisses at Pirttiméki.

Itamdaki Formation (ImF)

Definition: This formation has recently been
described by Luukas (1987), whose description
and definitions are applied here. The Itaméki
Formation (ImF) comprises all the mica schists,

mostly staurolite-bearing, and associated meta-
psephites and metapsammites which are folded
in a complex way between the central gneiss com-
plexes. This belt greatly resembles the Rotimojoki
Formation, but is separated from it by gneisses
and intrusive rocks and tectonic zone(s). How-
ever, its psephitic members differ significantly
from those of the RjF and hence these two units
are described separately.

Name and outcrops: The formation takes its
name from the locality where it is best exposed
and where Wilkman (1929, 1931) described these
rocks earlier. Outside the type area at Itiméki
(x = 7112.8, y = 484.8), only solitary ImF out-
crops are encountered.

Contacts and thickness: The contacts with the
central gneiss complexes are not exposed where-
as those with the Rapisevankangas Gneiss Suite
are metamorphically gradational. The eastern
part of the formation is devoid of outcrops and
therefore its relationship to the formations north
of Saaresmaiki is not known. The thickness of the
ImF cannot be measured; it is estimated to be of
the order of hundreds of metres or even more
than one kilometre.

Structure: The ImF forms an F, synform
refolded by D, and D,.

Bulk lithology: Staurolite mica schist with rare
relict bedding or graded bedding structures (Fig.
11) forms the major lithology. Staurolite por-
phyroblasts have often been replaced by prograde
muscovite. Sillimanite segregations are also com-
mon.

Metapsammite members: The ImF contains
distinctive quartz-feldspar metapsammite mem-
bers at three localities. The thickest member oc-
curs at Itamaki where a few tens of metres thick
unit consists of massive or graded T, turbidites.
The stratigraphic position of the members with-
in the ImF is not clear but at least the member
at Itamaki is located close to the Piiparinmiki
Complex.

Kaukolanpuro metapsephite members: East of
[tamaéki, close to the Kaukolanpuro streamlet,
amidst the bulk mica schists two separate con-



Fig. 9. Banded hornblende gneiss.
Pitkdkangas.

Fig. 10. Intensely deformed mica
schist. Rapisevankangas.

glomerate members, the eastern (x = 7110.5,
y = 490.0) and western (x = 7110.9,y = 489.3)
Kaukolanpuro members, occur (marked by Kp
in Fig. 3).

The eastern member contains both conglomer-
ate and quartzite beds. The former are polymic-
tic, containing mostly orthoquartzite phenoclasts
(maximum diametre 40 cm) with subordinate ar-
kosite and skarn-like rock and schist fragments
in a dark bluish biotite quartzite matrix (Fig. 12).
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The quartzite beds are of the same dark massive
biotite-quartzite as the matrix of the conglomer-
ate and they are interpreted as T, turbidites.
The thickness of this member is at least 30—40
metres.

The western member is thinner, its phenoclast
size is smaller (less than 10 cm) and the skarn rock
phenoclasts are lacking. The conglomerate occurs
as an interbed in staurolite mica schist and no
quartzite beds are encountered.



Correlation: The ImF is correlated chronos-
tratigraphically with the Rotimojarvi Formation,
but the Kaukolanpuro members differ so much
from the Ilkonahonkallio Member that they may
represent separate, but closely related deposition-
al systems.

Ojanperd formation (Ojf)

This is a small psammitic metaturbidite occur-
rence which outcrops within the PpC-type gneiss-

Fig. 11. Staurolite mica schist with
psammitic interbeds, Itaméki Forma-
tion. Loukkukangas (Luukas 1987).

Fig. 12. Metaconglomerate of the
eastern metapsephite member of the
Itamaki Formation, Kaukolanpuro.
The white phenoclasts are orthoquart-
zite, the dark ones skarn-type rock
(Luukas 1987).

es at Ojakangas, 3 km north of the northern mar-
gin of the study area. Its southern extension,
marked on Fig. 3, is based purely on geophysi-
cal interpretations. Lithologically this unit resem-
bles the psammitic metaturbidites of the ImF and
the Nilanto—Piippola Belt at Kansanneva and
is correlated with the ImF.

Mataramdki Gneiss (MmG)

Definition: Between the PmC and the



Fig. 13. Mica gneiss folded along a
horizontal fold axis and showing a
psammite interbed. Mataraméiki
Gneiss, Kukkomiki.

Rotimojoki Formation and its western lithodemic
derivatives there occurs a narrow but distinctive
unit of psammitic banded gneisses of turbidite
origin. This marker unit is called the Mataramaki
Gneiss.

Name and outcrops: This lithodemic unit takes
its name from both the hill of Mataraméiki on
whose western flank it is best exposed and from
its gneissic lithology. The type outcrops occur at
Mataraméki (x = 7076.7, y = 487.9) on both
sides of a forest road from Heindlampi to Joke-
la. Other parts of the lithodeme are poorly ex-
posed with the exception of Kukkomiki (x =
7084.9, y = 489.1).

Contacts and thickness: The contact with the
PmC is intruded by pegmatite granites or is un-
exposed and so the relationship of these two units
is not known. The contact with the Rotimojoki
Formation and its correlatives is also not ex-
posed. The thickness of the unit is a few tens of
metres at least.

Structure: The MmG is multiply deformed and
at Mataraméaki shows complex interference fold
patterns. At Kukkomaki, it is folded along a sub-
horizontal late fold axis (Fig. 13) and east of Pirt-
timéki it is cut by a N-S trending fault. Exclud-
ing the Kukkomiki area, the composite N-S strik-
ing gneiss banding is almost vertical and at Ma-
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taramaki it dips about S0—70° to the southwest.
As a whole the MmG forms an F, structure en-
veloping the PmC antiform and deformed
by D,.

Lithology and origin: The MmG consists of
psammitic-psephitic turbidites metamorphosed to
variable degrees. The western part is gneissic and
migmatized and granitized by the Svecokarelid-
ic pegmatites, whereas the eastern part consists
of less metamorphosed schists (Fig. 13). The best
preserved metasediments in the west occur at Tiu-
kuméki, northwest of Mataramiki, where dis-
tinctive graded or massive T, turbidite beds are
still visible (Fig. 14). These are quartz-plagioclase-
microline metapsammites. The microcline is
mostly secondary. At Patvinperd, east of
Mataramaéki, there are graded bedded strata
which are conglomeratic in their lower parts (Fig.
L5).

The conglomerate of Kukkomiki was described
in detail by Savonlahti (1965). It is intensely
deformed and does not show clear primary
sedimentary features. The phenoclasts are mainly
felsic quartz-plagioclase-microcline gneisses with
subordinate mica schist fragments and the ma-
trix is a micaceous psammite. The conglomerate
occurs as thin, intensely deformed interbeds in
mica schists (Fig. 13, see also Savolahti’s (1965),
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figs. 22—24). The more metamorphozed parts of
the MmG consist of banded gneisses with alter-
nating psammitic and pelitic bands.
The primary structures locally preserved prove
that this lithodeme represents metaturbidites.
Correlation: The metapsammite occurrence of

Fig. 14. Gneissic metaturbidite of the
Mataramaki Gneiss at Tiukuméki. The
sphere is a calcareous concretion (@ 10
cm).

Fig. 15. A T,, metaturbidite bed
(above the compass) with pebbly
major lower part and laminated upper
part. Mataraméki Gneiss, Patvinpera.

Isomaiki (north of Kukkomaiki) is included, with
certain reservations, into the MmG. The con-
glomeratic parts of the lithodeme in particular
resemble the finer-grained conglomerates of the
Haajainen Formation and the Mm@ is interpret-
ed to represent the latter’s more distal extension.



The Nilinto-Piippola Belt (NPB) (Western
lithodemic dericatives of the Rotimojoki
Formation)

Introduction: Under this heading the schists,
gneisses and migmatites which run from
Sadinkangas in the south via Loutemaki, Hil-
lokankaat and Kansanneva to Peramaankangas
in the northwest (Fig. 3) and continue outside the
study area to Piippola (Fig. 1) are described. The
naming and grouping of these rocks in terms of
stratigraphical nomenclature is problematical.
Originally and (strato)stratigraphically they most
probably represent the same sediment unit of
which the Rotimojoki Formation is the least
metamorphosed part (Fig. 16). Lithologically
they differ, however, so much from the RjF that,
if lithology is applied as the only classification
criterion, they and the RjF should be treated, in
the procedure recommended by ISSC (1987), as
separate lithostratigraphic units. This shows that
the stratigraphic classification proposals by
NACSN (1983) and ISSC (1987) for metamorphic
terrain may both cause some practical complica-
tions and shortcomings. Obviously the purpose
of the stratigraphic classification has to be tak-
en into consideration; if the emphasis is put on
the original stratigraphic position and geometry,
then the present secondary (metamorphic) lithol-
ogy of metasedimentary rock bodies should be
neglected as a classification criterion. On the oth-
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er hand, if the stratigraphic classification is also
intended to serve metamorphic petrology the
metamorphically different parts of an originally
single stratigraphic unit should be separated (cf.
Fig. 16). Because this paper is intended to serve
both purposes an informal usage has been select-
ed and the rocks in question are grouped under
the class which indicates that they differ in secon-
dary lithology from the RjF but correlate
stratigraphically with it. They are called collec-
tively the Nalanto—Piippola Belt (NPB) of which
they form the bulk.

Outcrops and thickness: The NPB rocks are
best exposed in the Sadinkangas (x = 7073.0,
y = 485.7), Louteméki (x = 7082.4,y = 474.7),
Hillokankaat (x = 7092.6, y = 466.1), Kan-
sanneva (x = 7113.6, y = 473.0) and Peri-
maankangas (x = 7120.1,y = 466.0) areas (Fig.
3). The Sadinkangas—Loutemaki—Hillokankaat
occurrence forms a synform which flanks the
Pirttimiaki Complex or the Mataraméki Gneiss
in the northeast and the Turhala Gneiss and
Svecokarelidic granitoids in the west. The Kan-
sanneva and Perdmaankangas occurrences flank
the PpC in the east but are intruded or migma-
tized by Svecokarelidic granitoids in the west (the
Pyhinta granite, the Lamujarvi Complex), south
(Huhmarkangas granite) and north (the Kestila
granite). They are separated from each other by
a major D, fault. All the contact zones are un-
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Fig. 16. A scheme showing the original stratostratigraphic relationship of the Nalanto—Piippola Belt with the Pirttimaki
Complex and the Rotimojoki Formation. The latter was underlain by the Haajainen Formation (not shown). On the basis
of their present secondary lithologies (symbolized by different horizontal ornaments) all these units form distinctive entini-
ties of their own but originally they formed a single lithostratigraphic stratum of a group rank.
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exposed, but lithological observations indicate a
metamorphic gradation between the NPB and the
PmC at Pilpankangas.

The exact thickness of the metasedimentary
pile cannot be estimated because of scattered na-
ture of the outcrops, the complex structure and
the metamorphism. However, the original se-
quence was at least many hundreds of metres
thick.

Structure: The NPB forms a synformal D,
structure west of the Ahonkyla Antiform. This
structure was deformed by D, folding and fault-
ing. The internal structures of each of the
subareas are complex.

Lithology: The degree of metamorphism of the
belt increases from Sadinkangas, where the rocks
are amphibolite facies schists, to the northwest
where they are gneisses and grade into the mig-
matites of the Lamujarvi Complex. The belt con-
tains two major metasedimentary lithologies: 1)
mica schists and mica gneisses and 2) metapsam-
mites and psammitic gneisses. Mica schists oc-
cur at Sadinkangas where they show primary tur-
biditic features (Fig. 17) and so can be consid-
ered as finegrained metaturbidites. Mica schists
without primary structures are common in other
parts of the belt, especially in the eastern parts
of Kansanneva and Peramaankangas, where they
are often garnet-bearing. As the grade of
metamorphism increases the mica schists grade
into banded mica gneisses (Fig. 18). Metapsam-
mites occur as intermembers within the more
pelitic schists and gneisses. In less metamor-
phosed areas, in the south, they often show soli-
tary or amalgamated massive or graded psammite
beds which are clearly T, turbidites. The more
gneissic types do not show primary structures
but, on the basis of their overall massive, psam-
mitic and blastoclastic nature, they are readily
identified as more metamorphosed T, turbidites.

Electromagnetic maps indicate that the belt
also contains a lot of black schists and related
rocks. These are, however, exposed only in one
outcrop south of Sadinkangas.

An areally restricted but lithologically signifi-

cant rock association is encountered at Lou-
teméki, where amidst the gneisses metachert and
silicate iron-formation units with psammitic T,
metaturbidite interbeds outcrop. Savonlahti
(1965) described these as quartzites and horn-
blende schists (see his figures 26 and 27).

In addition to metasedimantary rocks the belt
contains amphibolite layers of which some show
tuffitic lamination (Fig. 19) and is intruded and
veined by Svecokarelidic intrusive rocks.

Correlation: The belt is correlated with the
RjF. Outside the study area in the south it joins
the southern extension of the RjF at Kiuruvesi
and Vierema. In the northwest it may continue
from Piippola to Pulkkila if not up to Paavola,
but here the intense Svecokarelidic migmatization
and anatexis make its mapping laborious (Fig. 1).

Sadinkangas and Loutemdki gneisses

At Sadinkangas (x = 7073.0,y = 485.7) and
Louteméki (x = 7092.5, y = 474.6), massive
quartz-plagioclase gneiss bodies which were
described in detail by Savolahti (1965, p. 45)
occur. These rocks are problematical, because
they are rather homogeneous, granoblastic and
consist mainly of felsic minerals quartz,
plagioclase and microcline with subordinate bi-
otite. These occur closely associated with turbi-
dites and could represent completely recrystal-
lized psammitic turbidites of unusual thickness
and homogenity. Another choice is that they were
orthogneisses.

Gneisses southwest of lake Nilantojarvi

The poorly exposed southwestern corner of the
study area is underlain by banded gneisses in the
Turhala—Remeskyld area and by gneisses and
schists at Raippaméki and Lahnavuori. Their
mutual relationships and relations to the Nélan-
to—Piippola Belt are not known.

Turhala Gneiss (TuG)

Definition: The gneisses between the NPB at



Fig. 17. A gneissic mica schist with
thin psammite interbeds at Sadinkan-
gas. Nilanto—Piippola Belt.

Fig. 18. A mica gneiss with poorly
preserved psammite interbeds at Tyr-
savia. Nalanto—Piippola Belt.

Sadinkangas and Hillokankaat and the Lah-
navuori suite, southwest of Lake Naldntojarvi,
are grouped into the lithodeme called the Turhala
Gneiss.

Name and outcrops: The gneiss takes its name
from the locality (x = 7072, y = 479) where it
is best but rather poorly exposed. Its contact
zones are unexposed.

Structure: The TuG may form an F, anti-
form.

Lithology: At Turhala, the lithodeme consists
of banded hornblende-biotite-plagioclase gneiss
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with alternating darker and lighter layers. The
rock contains amphibolite layers or boudins of
which some show tuffitic features, grey ortho-
gneissic fragments and green calcareous epidote-
rich concretions. Where the grade of metamor-
phism is lower the rock has a paragneissic struc-
ture with thin psammitic and pelitic beds of prob-
able turbiditic origin.

Correlation: The weak turbiditic features and
concretions indicate that the lithodeme may be
considered as a more metamorphosed part of the
Naildanto—Piippola Belt.
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Lahnavuori suite (Lvs)

In the southwestern corner of the study area,
at Lahnavuori, Liittovuori and Raippamaki, a
variety of gneissic supracrustal rocks which differ
markedly in lithology from the other gneisses and
schists of the study area occur. These rocks con-
tain e.g. »leptites» and so have a Svecofennian
affinity. They are grouped into an informal unit
called the Lahnavuori suite. They have not yet
been studied in detail, but Wilkman (1931, p. 65)
describes them briefly. The suite is separated
from the Turhala Gneiss by a N-S-trending D,
fault and Svecokarelidic intrusive rocks.

Lamujiarvi Complex (LjC)

Definition: The Svecokarelidic granitoids and
relict mica gneisses in the surroundings of Lake
Iso Lamujérvi and to the north of it form a grani-
toid-dominated complex called the Lamujirvi
Complex.

Name and outcrops: The complex takes its
name from Lake Iso Lamujérvi. It is poorly ex-
posed and only a few solitary outcrops are en-
countered in its central part. Consequently its
contacts are not visible.

Fig. 19. Banded amphibolite with
quartz veins. Nalanto—Piippola Belt.
Sadinkangas.

Lithology: The metamorphic grade of the com-
plex is markedly higher than that of the Kan-
sanneva and Perdmaankangas gneisses of the
Nalanto—Piippola Belt and anatectic features are
common in the supracrustal rock components.
The complex consists of two major lithologies.
1) Svecokarelidic granites and granodiorites and
2) mica gneisses intruded and migmatized by the
former. The mica gneisses still show locally some
graded features but mostly they are banded
gneisses or gneisses veined by thin granitoid lay-
ers. The granitoids are the dominant component
and the mica gneisses can be considered as relics
or inclusions within them.

Correlation: The supracrustal component
represents relics of the NPB and the granitoids
are Svecokarelidic.

Early proterozoic intrusive rocks

The gneisses and schists of the study area are
abundantly intruded by early Proterozoic intru-
sive rocks; increasing in amount from the Iisalmi
Complex towards the western and northern mar-
gins of the area. Because the main subject of this
paper is the stratigraphy of the supracrustal rocks



the main intrusive types encountered are only list-
ed here.

Metagabbro and gabbros

Magnetite-bearing metagabbros correlative
with the Otanméki gabbros (Pddkkonen 1956,
Talvitie and Paarma 1980, Kerkkonen 1979) oc-
cur at Vuolijoki. The gabbro west of Saaresjir-
vi may belong to this same group. A solitary body
occurs at Kansanneva. Nowhere are the contacts
of the gabbros with the supracrustal rocks ex-
posed.

Diorites and quartz diorites

Small diorite bodies occur in the Sadinkan-
gas—Loutemadki area and at Turhala. The Pirt-
timéki Complex is intruded by dioritic rocks at
Viitaméki and in the Leppiperd—Juutinen area.
The highly metamorphosed Rahajirvi gneiss, east
of Saaresmaéki, is also included in this group.

Pegmatites, granites and granodiorites

Granitoids occur frequently as smaller bodies,
migmatizing layers, veins etc. among the gneiss
complexes, gneisses and schists.

Of the larger granite bodies occuring in the
western part of the area the most important are
the granites of Kestild (Wilkman 1931), Pyhin-
td, Huhmarkangas, and those in the surround-
ings of Lake Nélantojarvi (Savolahti 1965, p. 63).

Diverse plutonic rocks

The western margin of the study area belongs
to an igneous suite consisting of granites, mon-
zonites and diorites which intrude the Lahnavuori
suite.

Otanmaiki alkali gneiss

Northeast Itamaéaki, a distinctive pink gneiss
with egirine and alkaliamphibole occurs. This
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rock is known as the Otanméki alkali gneiss and
is considered by Hyténen and Hautala (1985),
and Puumalainen (1986) as a metasomatic unit
replacing the Katajakangas formation and the
Pirttimdki Complex, but it, or at least a part of
it, may also be an alkaline granite (Marmo et al.
1966).

Chronostratigraphy

The only rock unit in the study area so far dat-
ed by radiometric methods is the Otanmaki alkali
gneiss whose zircon gives an age of 2019 Ma
(Hytonen and Hautala 1985).

The Otanmiki metagabbro with which the
metagabbros at Vuolijoki (Fig. 3) are correlat-
ed, have a zircon age of 2065 Ma (Talvitie and
Paarma 1980). The Svecokarelidic plutonic rocks
of the Kiuruvesi and Pihtipudas areas south of
the study area gives ages of about 1900 Ma (Mart-
tila 1976, 1981, Korsman et al. 1984). The
cratonization age of the lisalmi Complex is about
2600—2500 Ma (Simonen 1980a). On the basis
of these data the depositional age of the supra-
crustal rocks falls between 2500—1900 Ma.

Correlations

In metamorphosed and deformed supracrustal
areas like the Salahmi—Pyhénta area stratigraph-
ic correlations must be based on a proper under-
standing of the primary sedimentological and
(strato)stratigraphic relations of the present
metasedimentary units, the way in which
metamorphism has changed the original litholo-
gies and how the deformation reorganized the
original sequences. The influence of igneous
rocks piercing and melting the original sediments
must also be taken into account. Isotopic studies
are also important, but as to our area they are
not yet carried out. In this chapter correlations
within the study area are first made and then the
correlation of the rock units with other
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metasedimentary units in central and northern
Finland is discussed. In doing this attention is
paid to the importance of structural geological
studies in connection with lithostratigraphic and
lithodemic working methods. The terms Sumi—
Sariola, Kainuu, Jatuli and Kaleva will be used
to refer to the tectofacies defined by Laajoki (in
press b).

Intraregional correlations

Figs. 20 and 21 (see also Fig. 16) give an in-
terpretation of how the many diverse meta-
morphic rock units of the study area are correlat-
ed with each other. As the critical reader will have
noticed the contact relationships of the different
units are either unexposed, tectonized or intrud-
ed by the granitoids which, together with the vari-
able grade of metamorphism and the variable in-
tensity of deformation, hamper the correlation.
However, applying the tectofacies concept
(Laajoki in press b) the supracrustal rock units
of diverse metamorphic build-up within the study
area can be classified into three main classes: 1)
The lower fluvial tectofacies, 2) the basinal (Kale-
va?) tectofacies and its gneissic derivatives and
3) the rock units of unknown stratigraphic posi-
tion (cf. Table 1).

The Lahdemaiki and Potakka-aho formations
are included in the first group. The second group
includes the majority of the rock units: the
Haajainen Formation, and the Mataramaki
Gneiss, the former’s likely western more
metamorphosed equivalent, the Rotimojoki and
Itamadki formations and their more metamor-
phosed equivalents within the Nédlant6—Piippola
Belt, the Ojanperd formation and the paragneis-
sic component of the Lamujarvi Complex. The
bulk of the Pirttiméki and Piiparinméki complex-
es and the Turhala Gneiss, are considered as
gneissic derivatives of the lower parts of this tec-
tofacies exposed in antiform zones. The third
group includes the Lautakangas and Katajakan-
gas formations and the Lahnavuori suite which
will be discussed in the next section.

Interregional correlation

There are five basic problems as to the corre-
lation of the supracrustal rocks of the Salahmi—
Nalanto area with the early Proterozoic (Kare-
lian) schists of nearby Kainuu, Kuopio, and
Northern Pohjanmaa and the Svecofennian rocks
to the southwest: 1) Correlation of the fluvial tec-
tofacies. 2) Correlation of the Lautakangas for-
mation. 3) Correlation of the less-gneissic part
of the basinal tectofacies and the stratigraphic
position of the Katajakangas Formation. 4)
Correlation of the gneisses and amphibolites of
the Pirttimaki and Piiparinméki complexes and
the Turhala Gneiss. 5) Correlation of the Lah-
navuori suite and the overall stratigraphic rela-
tionship of the study area with the Svecofennides.

1) Korkiakoski and Laajoki (1988) discuss the
correlation of the Ldahdeméki Formation and
conclude that it represents a relic of the Karelian
platformal cover of the Archaean basement ob-
viously correlative with the lowermost parts of
the Kainuu Schist Belt and the Savo schists near
Kuopio. The Lahdemiki and Potakka-aho for-
mations also resemble the lower arkosic-con-
glomeratic part of the Northern Pohjanmaa
schist area at Utajarvi (Honkamo 1985). On the
basis of the underlying regolith (for details see
Korkiakoski and Laajoki 1988) and the relative-
ly great maturity of the metapsammites it seems
that these rocks more likely belong to the Kainuu
than the Sumi—Sariola tectofacies.

2) The Lautakangas formation is so poorly
known that its correlation can only be outlined.
Geophysical maps suggest that its occurrence was
controlled by a narrow intracratonic basin
bounded by SE-NE-trending faults. This kind of
occurrence is typical of the volcanic rocks of the
Sumi—Sariola tectofacies (Laajoki in press b)
and so this formation is tentatively included in
this tectofacies and consequently regarded as old-
er than the Potakka-aho Formation.

3) The better preserved parts of the basinal fa-
cies (the Haajainen, Rotimojoki, Itiméiki and
Ojanperd formations, the Mataraméki Gneiss
and the Nalanto—Piippola Belt) with their bulk
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Fig. 20. A cross section from Raippamaiki to Lahdeméaki showing the stratigraphic relationships of the rock units. For

symbols see Fig. 3.

flyschoidic lithologies bear great lithological
similarities to the rocks of the Kaleva tectofacies.
Recent studies (for reference and discussion see
Laajoki, in press b) have shown that the inter-
nal stratigraphy of the Kaleva is much more com-
plex than was formerly realized and that its
reclassification into separate units is necessary.
The overall similarity of the Kaleva of the Salah-

mi—Pyhinti area with that of the Northern Poh-
janmaa at Utajarvi and Kiiminki (Fig. 1) clearly
points to the fact that these two schist areas were
originally joined and that the Kaleva-type schists
and gneisses of the Auho Fault Zone represent
their transposed and more metamorphic deriva-
tives (for more details see Korkiakoski and
Laajoki 1988).
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Fig. 21. Block diagram showing simplified stratigraphic columns from different subareas of the Salahmi—Pyhéanti area.

Abbreviations: IsC = lisalmi Complex. LmF = Lihdemiki Formation, PoF = Potakka-aho Formation, HjF = Haajai-
nen Formation, RjF = Rotimojoki Formation. PmC = Pirttimaki Complex, NPB = Nalanto—Piippola Belt. MmG =
Mataramaki Gneiss. PpC = Piiparinmédki Complex, Ojf = Ojanperd formation. TuG = Turhala Gneiss. RGS =
Rapisevankangas Gneiss Suite. ImF = Itdméki Formation. LjC = Lamujarvi Complex.
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The main problem, however, is how to con-
nect the basinal facies with the Kainuu Schist
Belt. The latter is a deformed schist basin bor-
dered on its both margins by the Kainuu and
Jatuli quartzites and cored by metaturbidites of
the Kaleva. Its northwestern margin, however,
differs from this general Karelian model in be-
ing a part of the Auho Fault Zone and contain-
ing the Central Puolanka Group. The latter,
which is documented in detail (Laajoki 1986b,
Laajoki and Korkiakoski 1988) bears lithologi-
cal and stratigraphical similarities to the Lappo-
ni (»pre-Jatuli») rocks of Lapland. The age de-
terminations (see Laajoki 1986b) also support
that the Central Puolanka Group predates the
Jatuli and it may represent the deeper-water fa-
cies of the Kainuu (Laajoki, in press b). The
Katajakangas formation is very similar to the
psammitic turbidites of the Puolankajirvi For-
mation with which the Central Puolanka Group
commences. According to Puumalainen (1986)
a part of the Katajakangas formation was affect-
ed by the metasomatism which produced the
Otanmaki alkali gneiss. If the zircon age of this
gneiss defines also the age of this metasomatic
event the Katajakangas Formation must pre-date
2019 Ma. This indicates that the Katajakangas
metaturbidites are more likely correlative with the
Kainuu than Kaleva tectofacies (Table 1).

The Kaleva of the eastern margin of the
Kainuu Schist Belt has breccia-like conglomer-
ates at its base which are overlain by turbidites,
iron-formations and black schists which are in
turn overlain by breccias and turbidites which
grade to orthoquartzitic red bed-type psammites
(Kontinen 1986, Gehor and Havola 1988,
Laajoki 1988). The Kaleva of the Salahmi—Py-
hédnta area deviates from this eastern Kaleva of
the Kainuu and Hoytidinen (Ward 1987, 1988)
basins and may represent a separate turbidite se-
quence called informally »the western Kalevay.
This originally formed a SE-NW trending belt
from Kuopio via Salahmi and Northern Pohjan-
maa to Perd-Pohja and farther northwest to
Sweden.

4) The interregional correlation of Pirttimiki
and Piiparinmiaki complexes and the Turhala
Gneiss is questionable without isotopic data.
Here, however, they are correlated with the
Karelidic gneisses within the Auho Fault Zone
north of Lake Oulujérvi (Fig. 1). The extent to
which they include an Archaean component
awaits isotopic studies of their coarse, massive
gneissic parts. Similarly, whether or not some of
them may be included in a younger age group of
the Kettuperd (1930 Ma, Helovuori 1979) and
Rastinpéd (1930 Ma, Korsman et al. 1984) gneiss-
es and the Laajaméki quartz diorite (1923 Ma,
Vaasjoki and Sakko 1988) cannot be established
without these studies.

5) With its leptitic rocks the Lahnavuori suite
shows clear affinities with the rocks of the Pie-
lavesi—Kiuruvesi—Pyhésalmi belt (e.g. Martti-
la 1976; Helovuori 1979). The boundary between
this belt and the Nildnto—Piippola Belt is, how-
ever, poorly exposed and the few outcrops are
mostly of Svecokarelidic intrusive rocks. Thus,
at this stage their mutual relationships cannot be
established and, as Laajoki (e.g. 1984) has
stressed, a study or the relationship between the
Karelides and the Svecofennides forms one of the
greatest challenges of the early Proterozoic ge-
ology of Finland.

Conclusions

The main conclusions concerning the early
Proterozoic stratigraphy of the Salahmi—Pyhin-
td area and its surroundings can be summarized
as follows:

1. The Pirttiméaki and Piiparinméki complexes,
earlier considered as Archaean, more likely
consist mostly of early Proterozoic gneisses
(originally distal Kaleva and older sediments)
deformed multiply and metamorphosed by
the Svecokarelidic orogeny.

2. The Archaean age of the gneisses west of the
Kainuu Schist Belt in the surroundings of
Oulujarvi and to the south and north of it



should be re-evaluated in the light of conclu-
sion 1.

3. The Lautakangas formation may represent
the products of the Sumi volcanism.

4. The Potakka-aho and Lahdemaki formations
seem to represent relics of the Kainuu tectofa-
cies.

5. The Haajainen Formation and the
Mataramaéki Gneiss are considered the prox-
imal and distal parts, respectively, of a sin-
gle coarse-clastic turbiditic unit with which
the deposition of the western Kaleva began
in its proximal parts.

6. The Rotimojoki, Itam#ki and Ojanpera for-
mations represent parts of the same group
and the Nildanto—Piippola Belt forms their
western lithodemic correlative. They are all
correlated with the metaturbidites of the
Northern Pohjanmaa Schist Belt, but their
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