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3,2, Proterozoic crystalline rocks

Jukka Kousa, Heikki Lukkarinen and Thomas Lundqvist

3,2.1 General features

The Proterozoic crystalline rocks ofthe Finnish and
Swedish Mid-Norden area range between c. 2500 and
1100 Ma in age . Until the middle of the century.it was
commo nly believed that Ihe Proterozoic rocks in
Finland are product s of two orogenic cycles, during
which two mountain chains, the Karelides and the
Svecofennides, were formed (e.g. Eskola 1941). The
Karelian schists in eastern and northernFinland, known
also as the Karelian Formations (Eskola 1925), we re
cons idered younger than the Svecofennian schists in
the western pan ofFinland. In the 1960' s. radiometric

age determinations of particularly the plutonic rocks,
have shown that both orogenic belts contain coeval
plutoni c rocks. An increase in our knowledge of Pre­
cambrian sedimentation and tectonics led to the inter­
pretation that Ihe Svecofennian lithologies (Sveco ­
fennides) form a geosynclinal facies and the Karelian
formations (Karelides) the foreland facies of a single
orogenic belt (or an orogen), referred to as the
Svecokarelides. This belt was formed during the
Svecokarelidic (or Svecokarelian) orogeny c. 1900­
1800 Maago (Simonen 1986, and references therein).
Gaal and Gorbalschev (1987) have suggested that the
tennSvecokarelian orogeny is misleading and should
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be replaced by Svecofennian orogeny, because the
deve lopment of the Karelian formations was a proc­
ess of anorogenic cra ton-cover deposition more than
2000 Ma ago, whereas the Svecofennian litho logies
were devel oped as a result of orogeni c proce sses
during a short time interval between c . 1930 and
1870 Ma. On the recent ly published Bedrock map
of Finland to the scale of I : I 000000 (Korsman et al.
1997), the Svecofennian area (the Svecofennian Do­
main ) is interpreted to consist of three island-arc
complexes developed during the afore mentioned
time. Nironen (1997 ) has used a name Svecofennian
Oroge n for these complexes. Since orogenic proc­
esse s have affected the lithologies of bo th the
Svecofennian and Karelian Domains as well as the
Archaean basement complexes , there is good reason
to retain the traditional term Svecokarelian for this
orogenic event.

On the Mid-Norden Bedrock Map, the area con­
taining Proterozoic rocks is subdivided into two ma­
jor units, viz. the Karel ian and Svecofennian Do­
mains. Both are made up of various metamorphic
supracrustal lithologies intruded by plutonic and dyke
roc ks of several generations. The metamorphic grade
varies from a low to high, in places even to granulite
high grade . Rocks have also undergone polyphase
deformation. Deform ation and regional metamor­
phism mainly occ urred in Finland during the interval
c. 1900-1 860 Ma and in Swede n c. 1840-1 800 Ma.

Suprac rustal rocks of the Karelian Domain in Fin­
land form four assemblages: the Sumian-Sariolan,
Kainuan-Lapponian , Jatulian and Kalevian . They
consist of lithologies formed in an epi- to periconti ­
nenta l or conti nental margin setting, in part related to
rifting. They are older than c. 1900 Ma. Supracrustal
sequences of the Karelian Domain in Sweden , which
predate the Svecofennian, are made up of mafic
metavolcanites and metasedimentary rocks of the
Kalix-Sockberget area , referred to the Jatulian as­
semblages, and of the Kalevian schists and migmatites
of the Ranea area. The latter, which grade into the
similar , generally somewhat younger Svecofennian
lithologies, can in fac t be regarded as having formed
during the initial phases of Svecofen nian depo sition
(Gaal & Gorbatschev 1987).

Rocks of the Svecofennian Domain were formed in
a plate-convergent se tting. In Finland they are domi­
nantly composed of acidic, intermediate and basic
volcanic rocks of island arc affinity, 1930-1 920 Ma
in age, and c. 1910-1 890 Ma old metamorphosed
greywackes and argill ites with conglomerate interbeds
and mi nor carbonate rock s. The Svecofenni an Do­
main of Sweden is dominated by c. 1950- 1870 Ma
supracrustalrocks, mainlycomprising felsic volcanites
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and greywackes/argillites.The major part of the latter
were depos ited in the Bothnian Basin of Central
Fennoscandia, whereas an important part of the former
were formed in an ancient volcanic arc system in the
present Skellefte-Arvidsjaur Fields.

The various generations of plutonic rocks , mostly
granitoids, which have intruded into the supracrustals
of the Karelian and Svecofennian Domai ns, essen­
tially belong to three majorgroup s.The oldest, termed
early-orogenic (or synkinematic, synorogenic), pre­
date and are therefore affected by the main Sveco­
karelian deformation and regional metamorphism
and have ages between c. 1950 and 1840 Ma. The
second gro up, mostl y compri sing granites and
pegmatites, was formed by plutonic rocks termed
late-orogenic to postorogenic (late- to postkinematic),
with ages usually between c. 1820 and 1780 Ma. The
third group is anorogen ic with regard to the Sveco­
karelian (Sveco karelidic) orogeny, and compri ses
plutonic rocks of rapakivi associations, c. 1580- 1500
Maold, and younger,post-Jotniandolerites (diabases)
of c. 1270- 1200 Ma age.

Only minor remnant s of anorogenic sedimentary
rocks are found in the Finnish and Swedish Mid­
Norden area. In Finland, the anorogenic sedimentary
rocks - the siltstones and shales of the Muhos Forma­
tion (MuF) near Oulu and the Pokela Formation (PoF)
in the Lappajarvi meteorite crater - are Meso- to Neo­
proterozo ic. The age of the locally conglomeratic
sandstones and related siltstones and shales of the
Hailuoto Formation (HaF) near Oulu is Vendian to
Cambrian. In Sweden, the only known example is the
Jotnian Nordingra Formation (NoF) of the coastal
region south of Omskold svik, consisting of sand ­
stone with minor shale and conglomerate.The forma­
tion was deposited during the time interva l between
the rapakiv i intrusions and the post-Jotnian dolerites .
Large areas with similar sandstones and related sedi­
mentary rock s etc. exist on the floor of the Gulf of
Bothnia (p. 76).

3,2,2 Karelian Domain, Heikki Lukkarinen and
Thomas Lundq vist

3.2.2 .1 Sumian-Sariolan assemblages

The name Sariola (Sariolan or Sario lian) was origi­
nally defined by Eskola (1919) for metamorp hose d
arkosites and tillite-like polymic tic conglome rates
with pebble s derived from the Archaean basement
complex in Russian Karelia. These basal deposits
overlie the Archaean basement complex non-con­
formably, but underlie the Jatulian sedimentary rocks
conformably. Eskola' s (op. cit.) origi nal defin ition
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did not include volcanites as Sariola rock s. Later,
mafic and felsic vo lcanic rocks closely associated
with the Sariola-t ype metasediments pro per outside
the orig inal occurrences were referred to as Sumian
(Sumi) in Russian Karelia (Kratz & Mitrofanov 1980).
On the Bedrock Map, the co mbined term Sumian­
Sariolan assemblages is used to denote form ations
which resembl e lithol ogically and intheir strati-graph i­
cal position the lithologies defi ned as typical Sumian
and Sariolan rocks in Finl and and Russian Karelia.
Laajok i (1990) has proposed the name Sumi-Sariola
tectofacies for tho se rocks. The time of sedimentation
and volcanism of the Sumian-Sari olan rocks ranges
from 2500 to 2300 Ma (Meri lainen (980). Pb-Pb
dating assigns an age of 2455±45 Ma to a Sum ian
felsic metalava in Russian Karelia (Negrutza &
Negrutza1981).

In Finland, the occurrences of the Sumian-S ariolan
form ations occupy only small areas. On the Bedrock
Map , the 40- 100 m thick subaerial tholeiitic lava
flows of the Runkaus Format ion (RuF) in the Kemi
area belong to the Sumian-S ariolan assemblages.
Locally, between the lavas of the RuF and the Archaean
basement, or between the lavas and layered mafic
intrusions (Kern, Pen ), there occ ur 20-40 m-thick
formation s consisting of arkosi tes and polymictic
met aconglom erat es w ith we ll-ro unde d gra nit e,
migm at ite and quartz clasts (Perttunen 1985). A Sm­
Nd isotopic age for the lavas of the Runkaus Forma­
tion is 2330± 180 Ma (Huhma et al. 1990).

In the Kainuu Sch ist Belt (KSB), to the north of
Kajaan i, metamorphosed breccias,conglomerates and

arkos ites, originally deposited as immature flu vial
and alluvial grave l and sand of the 300-400 m-thick
Laanhongikko Formation (LaF) and the 100--200 m­
thick Iso Tolpanjarv i Formation (ITF), rest on the
Archaean basem ent (Strand 1988, Laajoki 1991 ).
They are over lain by the 300-400 m-thick subaeria l
massive or amygdaloidal basalti c to andesitic lava s of
the Matinvaa ra Forma tion (MvF), and the mafic lavas
with minor pyroclastics of the c. I 200 rn-th ick Vi­
hant aselka Formation (VsF; Strand 1988, Laajok i
1991 ). Whole-rock Pb-Pb da ting gives an age of
227 1±93 Ma for the Matinvaara lavas (Laajoki 199 1).
Th ese Sumian-Sariolan formations, named the Kur­
kiky la Group (see Laajoki 1991, and refere nces
therein ), were deposited and extruded in narrow,
fault-co ntrolled, intracra tonic rift basi ns.

In the Koli area, on the western side of Lake
Pielinen, three supracrustal formations form the
Kyykka Group (KyG) with a maximum thickness of
400 m. They consist of metamorphosed arkosite s,
conglomerates and minorargillites (Marmo et a1.1988,
Kohonen & Marm o 1992, Marm o 1993), and were
deposited nonc onformably upon the Archaean base­
ment complex during a period of glaciation. This
interpretation is based on the presenc e of a dia mic tite
member (Fig. 10) and dropstone-bearing siltsto ne­
argillite members of the 300 m-thick Urkkavaara Form­
ation (see Marmo & Oj akangas 1984) within the
Kyykka Group.A quartz-sericiteschist (the Hokkalam pi
Paleosol of Marmo 1992) overlies the Kyykka Group,
reflect ing a period of weathering between Sumian­
Sariola n and l atu lian sed imentatio n.

Fig. 10. Glaciogcnic diamictite of the Urkkavaara Formation . Kyykka. Kontio lahti. Photo .
H. Lukkarinen.
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Besides these Sum ian-Sariolan assemb lages there
are also some thin (usually less tban lOa m) arkosite­
conglomera te form ations lying between the Arcbaean
basement gneisses and Jatulian quartzi tes, but they
are too small to be shown on the Bedrock Map.
Examples are occurrences in the Nilsia area northeast
of Kuopio (Paavola 1984), the Lippumaki Formation
in Kuopio (Aumo 1983), and the Viesimo Group in
the Kiihtelysvaara area, south of Joensuu (Pekkarinen
1979 , Pekkarinen & Lukkarinen 1991). Some volcan­
ites occ urring just so uth of Lake Oulujarvi (i. e. the
Lautakangas format ion; Laajoki & Luukas 1988)
have also been interpreted to belong to the Surnian­
Sariolan assemblages.

3.2.2.2 Kainuan-Lapponian assemblages

In the Mid-Norde n area, the type localit ies of the
Kainu an-Lapponian asse mblages are within the
Kainuu Schis t Belt east and north of Lake Oulujarvi,
The name Kainuu (Kainuan) was originally defined
by Vayrynen (1928) for quartz conglomerates and
quartzites which belong to the Jatulian formations in
the eastern part of the Kainuu Schist Belt. Recent
deta iled studies in the belt, however, show that the
definition of the original Kainuan quartzites is so
inco mplete that to continue using it will cause confu­
sion. Th e concept of Kainuu is therefore redefi ned,
and its use is restricted to the name of the Kainuu
tectofacies, i.e. the tectofacies in the eastern part of
the Kainuu Schist Belt that consists of formations
dep osited unconformably on the Sumian-Sariolan
lithologies or, where these are lacking, direc tly on the
Archaean basement (KuC).These formations are also
overlain unconformably by the Jatulian formations
(Laajoki 1991). The name Lapponian (Lapponi) is
used for lithologies within the western part of the
Kainuu Schist Belt that have the same stratigraphic
pos ition as the Kainuan formations and, on the basis
of lithological similarities and struc tural evide nce,
have been tentatively correlated with the Lapponian
of Ce ntra l Lapland (Laajoki 1991; Geological Map,
Northern Fennoscandia, I : I million). On the Mid­
Norden Bedrock Map, the combined term Kainuan­
Lapponianassemblages [equal to the Kainuu-Lapponi
tectofacies of Laaj oki (1990 , 1991)] is used for these
rocks.

In the eastern part of the Kainuu Schi st Belt the
Korv uanjoki Grou p (KoG) belongs to the Kainuan­
Lappon ian assemblages. Th is gro up is comp osed of
formations containing quartz arenites with quartz­
pebble conglomerates and with vary ing amounts of
sericite and feldspar. In places, the lowest stratigraphic
level consists of aluminous cong lomerates and sand-
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stone with porphyroblasts of kyanite, andalusite and
chlori toid, indicating chemical weathering in the
source area (Laajoki 1991). These lithologies repre­
sent alluvial fan, braided river and fluvial deposits,
and were deposited in shallow-water part s ofa narrow
sea or inland basin system (Laajoki 1991). The thick­
ness of the formations belonging to the Korvuanjoki
Group varies from 600 to I 400 m (Laajoki, op. cit.).
The cent ral and western parts of the Kainuu Schist
Belt consist of turbiditi c arenites, hummocky cross­
stratified micaceous arenites, cross -bedded quartz­
ites and shallow-water muddy sedimentary rocks
with some volcanites form ing the Cen tral Puolanka
Group (CPG) of Laajoki (199 1). The thickness of the
formations within this gro up varies from 500 to 2 000
m (Laajoki , op. ci t.). Tonalit ic gneisses , quart z-feld­
spar gneisses, micagneisses, gneissic quartzites and
amphibolites of the Kalp io (KpC) and Kalhamajarvi
(KjC) Com plexes represent higher-grade metamor­
phic derivatives of the Central Puolanka Grouplitholo­
gies (Laajoki 1991). These Lappon ian assemblages
form the deeper-water counterparts to the Kainuan
assemblages in the same narrow sea or inland basin
system.

The age of the rocks of the Central Puolanka Group,
and of the Kalpio and Kalharnajarvi Com plexes, is
assumed to be Proterozoic (Laajoki 199 1), but recent
Sm-Nd isotopic data indicate that source material for
the lithologies belonging to the former is dominantly
Archaean in age. Whether the Centra! PuolankaGroup
lithologies were deposited in Archaean or Proterozoic
time is under discussion, and additional iso topic work
is needed before this problem can be satisfactorily
resolved(Kontinen et al.I996). On the I : 1000 000 Bed­
rock Map of Finland (Korsrnan et al. 1997), the Cen­
tral Puolanka Grou p and its higher-grade metamor­
phic derivatives are interp reted to be of Archaean age.

3.2.2.3 Latulian assemblages

The name Jatulian (Jatuli) was init ially proposed by
Seder holm (1897) for metasedimentary deposits
(quartzi tes, slates and dolomites) in easte rn and north­
ern Finland. In eas tern Finland, these lithologies form
chains of hills extending from Kiihtelysvaara to Koli
and Juuka, north of Outokumpu, and from Kainuu to
Kuusarno, outside the Mid -Norden area. Jatulian for­
mations also occur in the Kemi area and in the Kalix­
Sockberget area in Sweden. The original type locali­
ties ofJatulian rocks are the Suojarvi (Me tzger 1924)
andSoan1ahti (Hausen 1930) areas in Russian Karel ia,
where epicontinental Jatulian (Eo-Jatulian of Metzger,
op. cit.) sedimentary rocks (conglomerates andquartz­
ites)underlie marine Jatulian (Meso- and Neo-Jatulian
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Fig. 11a. Stromato lite structures (Cryptozoc n) in dolomite of the Rantamaa Formation.
Ram am aa. Torn io. Photo, V. Pcrttunen.

of Met zger, op. cit.) dolomites and pelitic schists .
Vayrynen (1933 ) divided the Jatulian sed ime ntary
rocks into three different facies : Sariolan (arkosi tes
with conglomerates) , Kainuan (quartz ites with co n­
glomerates) and rnarine Jatulian (dolomites and pelitic
schists ). According to pre sent-day definition , the
Jatulian lithologies were deposited unconformably
on th e Sumian-Sariolan assemblages or on the
Kain uan-Lapponi an assemblages of the Kainuan
Schist Belt, or, where these are lacking, di rect ly on
the Archaean basem ent. The lower part of the Jatul ian
stratigraphic sequence consists ofepiJpericontinental
arkos ites , sericite qu art zite s and orthoquartzites with
cong lo merate interb eds; in places, volcanic rocks
overl ie the orthoquartzites. The upper part of the
Jatulian lithologies, for which the name mar ine Jatulian
is also used, cons ists of dolomite s, qua rtzites,
volcanites, black schists and mica schists. On the
Mid -Nord en Bedrock Map, these latulian rocks are
named Jatulian assemblages, corresponding to the
1atuli tectofacies as defined by Laajoki (199 0).

According to Pert tune n (1985, 199 1) , I 000 to
I 500 m-thick quartzi te deposits form the Kivalo
Formation (KiF) of the Kem i area. They are overlain
by sub ae rial mafic lava flows of the 300- 1 000 m­

thick Jouttiaapa Formation (JuF), and have been
intruded by Jatulian diabas e dykes. A Sm- Nd iso tope
minera l isochron has yielded an age of2090±70 Ma
for the lavas of this formation (Huhrna et a!. 1990).
The 250-800 m-thick upper part of the Jatulian litholo­
gies of the Kemi area consists of quart zites of the
Kvarts imaa Forma tion (not shown on the Bedrock
Map) , stro matolite -s truc tured dolomites (Figs . II a
and II b) of the Rantamaa Forrnat ion (RaF)(Htirme &
Perttu nen 1964), and mafic tuffit ic layers (F ig. (2) of
the Tikan maa Form ation (T iF).

Fig. I Ib. Stromatolite structures (Gymnoscl en ) in do lo mite o f the
Ra ntamau Formation . Ranramaa, Tornio . PhOIO. V. Peruune n.

The Jat ulian suprac rustal rock s of the Kemi area
co ntinue wes tward into Sweden . Th ere, the Jatulian
Sockberget Group (SoG) north of Kalix consist s
mainly of quartzites, in part stro ngly rec rystallised or
even migmatised . In a minor area near Paltinge , west
of Kalix, a fuchsite-bearing Jatu lian-type quartz ite is
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found (Wikstrom 1993).
Th e major part ofthe Jatulian assemblages found in

Sweden belong to the Kalix Group, which compri ses
the older Karlsborg Formation (KaF) and the younger
Vitgrundet Formation (ViF; Ahman & Wikstrom
1990). The former consists of metamorphosed mafic
tuffs and tuffites, in part intercalated with limestone,
and lavas. Amo ng the lavas, feld spar-porphyritic,
hornblende-rich and amygdaloidal varieties are found.
Pill ow lavas also occur, but do not appear to be
co mmon. Mafi c volcanites, in part pillow lavas, are
also found on the island of Hinderson, east of Lulef
(Odrnan 1957). They contain intercalations of dolo­
mite and phyllite, and should pro bably be correlated
with the Kar1sborg Formation .

Dolomite is the major constituent of the Vitgrundet
Formation inthe Kalix archipelago . Itcontains quartz­
ite interca lations. The dolomite is well known for its
excellently exposed stromatolites , which are mainly
found on Vitgrundet and Lutskaret c. 10 km south of
Karl sborg, and on V. Graddmanhallan 15 km SSW of
Kar lsborg. A Pb-Pb age of 2. 1±0 .2 Ga has been
rep orted for the dolomite (Ohlander et al. 1992) .

Arkosites and quartz arenites wit h quartz-pebble
conglomerates and , in places, with polym ictic con­
glome rates belong to the East Puolanka (EPG) and
Vihajarvi (ViG) Groups (Laajoki 1991), and the
Vuok atti Group (VkG; Gehor & Havola 1988). Th ey
form mo st of the Jatu lian rocks within the Kainuu
Schist Be lt. Th e upper part s of the East Puolanka
Group have common ly been disp laced by tectonic
movements (Laajoki 1991). In the upper part of the

Vuokatti Group, quartzites are interstrat ified with
minor volcanites and mica schists (Gehor & Havola
1988). The quartz arenites, arkosites and arkosic
quart zites of the Vihajarvi Group were depo sited on
the Central Puolanka Group (CPG). They underlie the
quartzites, dolomitesco ntaining black schist and mica
schist interbeds, and mafic tuffites of the Som erjarvi
Group (not shown on the Bed rock Map). The roc ks of
the latter grou p show a tran sition to a more bas inal
faci es (Laajoki 1991).

Qu artzite s and arkos ites of the Juu anvaarat quart z­
ite (Ju v) and the Herajarvi Group (HeG) are situated
in the Ju uka and Koli areas, north of Outokumpu and
Joensuu, respectively. Th e Juuanvaarat quartzite is
an informal collective name for quartzi tes and arkosites
with some carbonate roc ks and black schists in the
arcuate region nort h of Outokumpu . Upda ted litho­
stratigraphic and sedimentological information is not
avai lable on these rocks .The Herajarvi Group (maxi­
mum thic kness 2 500 m) contai ns three quart zitic and
one arkos itic formation with westward-dipping beds
(Kohonen & Marm o 1992, and references therein ).
They form a c. 60 km-Iong chain of quart zitic hills on
the wes tern side of the Lake Pielinen named the
Nun nanlahti -Koli-Kalt imo area . No carbonate roc ks,
black schists or volcanites have been encoun tered
within theseJatuli an lithologies, which however have
been cut by 2200-1970 Ma Jatulian metadiabase
dykes and karj ali te sills.

Arkosites and quartz arenites with some quartz­
pebb le conglomerate interbeds of the 150-550 rn­
thick Haukilampi Formation (HaF) in the Kiihte -

Fig. 12. Mafic tuffit ic volcanite of the Ti kanmaa Format io n. Narkauskumpu . Tervo la. PhOlO.
V. Pcrtt unen.
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Iysvaara area are overlain by mafic lavas of the 3D-80
m-thick Koljola Form ation (Kj F; Pekkari nen 1979,
Pekkarinen & Lukkarin en 1991 ). Th ese lavas were
erupted 2120-2100 Ma ago , based on U-Pb zircon
ages of closely associated metadiabase dykes
(Pekkarinen & Lukkarinen 1991 ). Quartzites, dolom ­
ites, black schists and mafic volcanites of the Hyypi a
Group (HyG) form the up to 350 m-thick upp er part
of the Jatulian assemblages in the Kiihtelysvaara area.

In add ition to the mentioned Jatuli an lithologies,
there are also Palaeoproterozoic arkosites, sericite
qu artzites and orthoquartzites in the Arc haean
Rautavaara Complex, i.e. the Keyritty (Key) , Pisa
(Pi s) and Kinahmi (Kin) quartzites (Paavola 1984),
and within the Palaeoproterozoi c formations sur­
rounding the Archaean basement gneiss domes be­
tween Kuopio and Joensuu (see Wilkman 1938, Gaal
et al. 1975, Gaa11980, Au mo 1983, Koistin en 1993).
D olomites wi th skarn rocks, black schists an d
volcanites representing mari ne Jatulian litholog ies
are present within the Pisa quartzites and with in the
Palaeoprotero zoic rocks surrounding the Arc haean
basement gneiss domes. In the Kuopio region, quart z­
ites and dolomites are covered by mafic lavas of the
Vai vanen Formation (VaF) and mafic lavas with
felsic tuffs of the Koivusaari Formation (KoF). The
age of this volcanism is 206 0 Ma, based on U-Pb
zircon age data from the felsic tuff of the Koivusaari
Formation (Geological Survey of Fin land, unpub­
lished data). It is noteworth y that these Jatulian se­
quences, which are associated with basem ent gneiss
dom es, are much thinn er compared with tho se in the
Koli, Kainuu and Kemi areas in eas tern and north ern
Finl and. For example, the total thickness ofthe quart z­
ites, do lomites and volcanites in Kuop io is c. I 000 m
(A umo 1983).

3.2 .2.4 Kalevian assemblages

Th e name Kaleva (Kalevian) was originally pro­
posed by Fros terus (1902) for mica schists and phyllites
in the region between Lake Pielinen in the north and
Lake Lado ga in the south, and by Ram say (1902) for
mica schists and phylli tes in the Lake Onega area in
Ru ssian Karel ia. Accordi ng to the view prevailin g at
that time, Kalevian rocks were underlying the Jatulian
formations , but were younger tha n the Ladogian
schists defin ed earlie r by Sederholm (1897) on the
northern shore of Lake Ladoga (Fig. 13). According
to Eskola (1925), Kalevian schists were higher-grade
met amorphi c deri vatives of the Jatulian lith ologies.
Lat er, based on the studies of'Vayry nen (1928, 1933),
Kalevian schists were stratigraphically considered to
rest on the latulian de posits . Ori ginally, Vayrynen

(op . cit.) included black schis ts, iro n formations and
some dolomites in the Kainuu Schist Belt in the
Kalevian schists , but later he (Vayrynen 1954) de ­
fined these rocks as marine-Jatulian. The view that
black schis ts and associated lithologies were classi­
fied as Jatulian was favoured up to the mid-80' s,
when Kontinen (1986) reported unconformities be­
tween the Jatulian do lomites and the Kalevian black
schists and iron form ations of the Kainuu Sch ist Belt.

In this description, Kalevian assemblages repre­
sent lithologies common ly classified as Kalevian in
Fi nla nd (e .g . S imonen 1980, Perttunen 19 85,
Kork iakoski & Laajoki 1988, Ward 1988, Laajoki
1991 ). On the Bedrock Map, the Kalevian assem­
blages are shown by two colours: grey (colour no.
121) and grey with green dot s (co lour no.119), fol­
lowin g an informal division into 'Lower Kalevian 'and
'Upper Kalevian ' , respectively (e.g. Kontinen 1986,
Kontinen & Sorjonen-W ard 1991, see also Gaal
1990). Beca use the depositional age and stra tigrap hical
relationships be twee n the Kalevian lithologies in dif­
feren t areas are not firmly es tablished, a division into
' the Eastern Kaleva' and ' the Western Kaleva'
(Laajoki & Luukas 1988, Kohonen 1995), or a divi­
sion into geographica l prov inces (Ward 1987 ), has
also bee n suggested. Stra tigraphically, the Kalevian
assemblages overlie the Jatul ian lithologies, or, in
places, rest directly on the Archaean basement. ,o'Pbl
2<J6Pb age dat a on detrital zi rcons from the Upper
Kalevian greywackes in the Kainuu Schist Belt and in
Outokumpu range from 2820 to 1920 Ma. Onl y abo ut
one third of the analyse d crystals were Archaean,
showing that the source material of these greywackes
is mainly Proterozoic (Claesson et al. 1993) . Detrital
zircons from the Lower Kalevian Hoytiainen schists
(Hos), from the Ylikiiminki Formation (YkF) east of
Oulu and fro m the Mart imo Form ation (MaF) in the
Kemi area yie ld Archaean average ages, demonstrat­
ing a difference in provenance between the Lower
Kal evian sc hists and the Up pe r Kal evian and
Svecofenni an lith ologies (Huhma 1990). ENd (1900)

values for Lower Ka1evian schists (e.g . MSIA Map
112, 113, 139, 145) , however, ran ge from -5.5 to-1
(Huhma 1987, 1990 and unpublished data), indicating
that, besides the Arc haean material , Lower Kalevian
schists also co ntain Palaeoproterozoic crustalmaterial.

On the Mid-Norden Bedrock Map , the schists named
Hoytiainen schis ts (Hos) within the North Karelian
Schist Belt (Fig. 13) are classified as Lower Kalevian .
Metamorphosed to phyllites and mica schis ts, they
are thin-bedded, co mmonly distinctly graded-bedded
pelites and greywackes (Piirainen et al. 1974, Huhma
1975, Ny kanen 1971, Pekkarinen 1979) with some
coarse-clastic deposits (Ward 1987, 1988). Withi n
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Fig. 13, North Karelian Sch ist Belt. The map is mod ified after the Mid-Norden Bedrock Map. The lithology in Russian Knrelia is modified
after Koistinen and Saltykova (1999),
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the phyllites and mica schists there are arkositic and
quartzitic, sharp-bounded interbeds of varying thick­
ness (Kohonen 1995), or quartzitic beds which grade
upwards into the phyllites and mica schists with an
increase in pelitic material and decrease in quartzitic
material (Pekkarinen 1979). Depending on the grade
of metamorphi sm, phyllites and mica schists contain
andalusite, sillimanite, cordi erite or staurolite por­
phyroblasts (Nykanen 1971, Campbell et a!' 1978).

Along the contacts between Kalevian and Jatuli an
and, in places, also Kalevian and Archaean basement
lithologies, there are polymictic conglomerate beds
containing clas ts mainly of quartzite, volcanic rocks,
carbonaceous phyllite, granitoids and vein quartz. In
the Kiihtelysvaara area (Fig. 13), Pekkarinen (197 9)
interpreted these as turbiditic conglomerates, which
occur as a basal unit of the schists, depos ited
unconformably upon the Jatul ian sediments. Similar
conglomerates east of Lake Hoytiainen. described as
basal conglomerates by Piirainen et a!' (1974), bave
recent ly been interpreted to occur at several different
stratigraphic levels, and are not regarded as basal
units (sensu stricto) to the Kalevian schists (Kohonen
1995). As a who le, the Hoytiainen schists represent
sedime nts deposited either in a shelf or in a rift basin
environment (Kohonen, op. cit.).

West of the Hoytiainen schists there are mono to­
nous, thick-bedded, sandy metaturbidites with black
schis t interbeds, referred to as the Outokumpu schists
(Ous) on the Bedrock Map . Within these schists there
also occur fault-bounded bodies ofserpentinites (origi­
nally mantle peridotites), including minor pyroxenites
and gabbros, closely associated dolomite rocks, calc­
silicate rocks (skarns) , quartz rocks and infolded or
sheared black schist lenses. Massive sulphide ore
deposi ts (Cu, Co, Zn) of the Outokumpu mining
district are associated with these lithologies, referred
to as the Outokumpu association by Gaal et a!' (1975).
Koisti nen (1981) was the first who interpreted rocks
ofthe Outokumpu associationas fragments of ancie nt
ophiolites. On the Bedrock Map they are labelled Out
(the Ou tokumpu ophiolite complex). It is very likely
that these serpentinites represent upper mantle frag­
ments formed in a crustal thinning zone witbout
extens ive volcanic activity, because sheeted dykes
are not known to occur within the serpentinites, and
mafic lavas are only minor components of the
Outokumpu ophiolite complex (Koistinen 198 1,
Pe ltonen & Kontinen 1997). The origi n of the dolo­
mite and quartz rocks is assumed to be as pervasively
carbonati sed and silicified peridotites or serp entinites
(Haapa la 1936) , volcanic-exha lative sediments
(Borchert 1954, Makela 1974), or chemogenic sedi­
mentary rocks (Vahatalo 1953, Huhma & Huhma

1970). Recent studies concerning, for example, the
habit and composition of chromite in serpentinites
and dolomite and quartz rocks, imply that the last
mentioned rocks represent residual rocks after perva­
sive leaching of a peridotite or serpentinite precursor
(Peltonen & Kontinen 1997). That is why it is also
very likely tha t the sed imentary and volcanic­
exhalative models for the rocks and the Cu-Co-Zn ore
of the Outokumpu association are no longer credible
(Peltonen & Kontinen, op. cit.). Magmatism of the
Out okumpu ophi olite complex was active about 1970
Ma ago, based on the U-Pb-zirco nage of 1972± 18 Ma
(MSIA Map 121) from gabbro associated with
serpentinite (Huhma 1986). The ENdl 19, O) value of the
same gabbro is +3.1 (MSIA Map 122), suggesting a
depl eted mantle origin. The youngest 2°' Pbl'°6Pb age
of 1920 Ma for detrital zircons from the meta­
greywacke of the Outokum pu schists suggests that
these metaturbidites were deposited on the ocea n
floor after the 1970 Ma old ophiolites (Claesson et a!'
1993). As a whole, the Outokumpu schists together
with the Outokumpu ophiolite co mplex represent
allochtho nous sequences emplaced onto the craton
margin (Koistinen 1981).

The coarse-c lastic sedimentary rocks referred to as
the Liperi arkosite (Lip) southeast ofOutokumpu are
interpreted to belong to the Lower Kalevian litholo­
gies within the Outokumpu schists. These rocks are
impure arko sites containing thick conglomerate
interbeds with clasts of quartzite and granite. In the
east and north the Liperi arkosite is bounded by black
schists.

The schist area to the west of the Outokumpu
schists is informally named (by the author HL) the
Soisalo schists (Sos), and classified as Lower Kalevian
assemblages. It consists of mica schists and mica
gneisses, originally pclites and greywackes, with thin
black schist interlayers. They are variab ly migmatitic
but, in places, they also display primary sedimentary
structures such as graded bedding. The boundary
betwee n the Soisalo and Outokumpu schists on the
Bedrock Map is based on the distribution of the
serpentinites within the latter, and it coincides with
the tectonic lines drawn along the NW-SE-trending
lakes southeast of Kuopio. The boundary is different
from that presented on the I : I million Bedrock map
of Finland (see Korsman et a!. 1997). The western
boundary against the Svecofennian schists is tectonic
and somewhat obscure because of migmatisation and
deform ation of the rocks.

Defined as the Salahmi Schist Belt by Korkiakoski
and Laajoki (1988), a narrow schist zone northwest of
lisalmi (Fig . 14 ) consists of the Haaj ainen and
Rotimojoki Form ations (the last mentioned forma -
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tion is not labelled on the Mid-Norden Bedrock Map).
The Haaja inen Formation, containing turbiditic con­
glomerates and conglomeratic arkosites, is situated
between the Archaean basement and the Rotimojoki
Formation. Its contacts with the basement are strongly
tectonised. The contact with the overlying Rotimojoki
Formation is not exposed, but seems to be gradual.
The majority of the Rotimojoki Formation consists of
massive arkosites ,originally turbidites, and turbiditic ,
laminated to thinly bedded and graded mica schists.
Some conglomerate members (e.g. theIlkonahonkallio
Member; Korkiakoski & Laajoki 1988) occur in the
middle part of the formation . The basal stratigraphic
member of the Rotimojoki Formation contains
turbiditic, massi ve arkosite s alternating with mica
schists . The Rot imojoki and Haajainen Formations
belong to the Lower Kalevian assemblages, although
the Haajainen Formation (the easternmost forma tion)
is incorrectly coloured as a Jatulian assemblage on the
Bedrock Map .

Three schist group s are represented in the Kalev ian
assemblages of the Kainuu Schist Belt. On the Bed­
rock Map the Vayrylankyla Group (VaG) (Laajoki
1991) and the Sotkamo Group (StG; Gehor & Havola

1988;see also Kontin en 1986, 1987) repre sent Lower
Kalevian assemblages. They are composed of pre­
sumably rift-related quar tzose turbidites (phyllites
and mica schists), quart zites, black schists, iron for­
mations (Laajoki & Saikkonen 1977), tuffaceous
schist s, carbonaceou s schists and some sedimentary
breccias and conglomerate s. Turbiditic, deep-wate r
greywackes with intercalated black schists of the
Nuasjarvi Group (NuG; Gehor & Havola 1988, Kon­
tinen 1987) are interpreted as Upper Kalevian assem­
blages.

Three fault-bounded blocks (total area of 50 km-),
referred to as the Jormua ophiolite complex (Jor) , or
the Jormu a Ophiolite (Kontinen 1987, Peltonen et al.
1996, 1998) occur within the metaturbidites of the
Nuasjarvi Group. The y are composed of serpentinites
(extensivelyserpentinised mantleperidotite s), sheeted
dyke s (Fig. 15a), cumulate metagabbros, plagiogran­
ites, mafic lavas and some hyaloclastic tuffite s. The
lavas are either massive or pillowed (Fig. 15b) but
free of sedimentary intercalations. The U-Pb zircon
age of the metagabbro (MSl A Map 29) and the
plagiograni te (MSIA Map 28) assoc iated with this
complex is 1960±12 Ma (Kontinen 1987) . However,

ke SBfahmijfJNi

+
Salah

IiC

SALAHMI SCHIST BELT

Proterozoic lithology

o Granitic to dioritic plutonic rockso Metagreywacke

o Metavolcanite

o Turbiditic arkos ite and mica schist ~o Turbiditic meta-arenite and metapelite with Kalevian
conglomerate interbeds

o Quartzite and arkosite

Archaean lithology

o Mica gneisso Metavolcanite

o Tonalitic-trondhjemitic-granodioritic gneisses and
granito ids

Fig . 14 . Sal ahmi Schi st Belt, The map is modified after the Mid-Norden Bedrock Map. Names of the lithological units are according to Laajnki
and Lu ukas (I98 8 ) ~ PmC - Pirnirnakl Complex ; LmF - Lahdemiiki Formation (Kuinuan-Lapponian assemblages): RjF - Rotimoj ok i
Formation; HjF - Haajaincn Formation; MmG ~ Matararnak i Gne iss (more dista l ex tens ion of the HjF) . Sus (Savo schists I Svccotenn ian
Domai n) and liC (Iisalm i Complex) , arc acc ord ing to the Mid-Norden Bedr ock Map.
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a new concordant age of 1953±2 Ma obtained from a
gabbroic dyke cross-cutting the serpentinite yields a
better age estimate for the magmatismof thisophiolite
complex (Peltonen et al. 1996). Some dykes ('earlier
dykes' ) are chemically akin to ocean island basalts
and the 'main dyke and lava suite' displays an E­
MORB affinity, but there is no evidence to suggest

that the Jormua Ophiolite was formed in an arc­
related setting (Peltonen et al. 1996, 1998). The
Jorrnuaophiolite complexrepresents anallochthonous
assemblage emplaced onto the craton margin from
the present west (Peltonen et al. 1996).

The Northern Ostrobothnia (Pohjanmaa) schist area
east of Oulu (see Fig. 14) represents a sedimentary-

Fig. ISa. Sheeted dykes orthe Jormua o phio lite co mplex. Sam makkolam pi. Kajaani. Photo .
A . Kontinen .

Fig, 15h. Mafic pillo wed lava of the Jormua ophioli te complex. Kylm a. Palta mo. Photo , A.
Kcmlnen.
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volcanic basin developed in a cratonic or epicratonic
rift environment (Honkamo 1985, 1988, 1989). It
consists of metamorpho sed sedimentary and volcanic
rocks classified as Lower Kalevian assemblages. The
sedimentary rocks are mainly greywackes and mica
schists named the Vuotto (VuF), Ylikiiminki (YkF)
and Haukipu das (HaF) Formations. The greywackes
show well preserved primary sedimentary struc tures
characteristic of turbidites.The mica schists are more
deformed derivatives of the greywackes, proba bly
containing more peliti c material than the typical
greywac kes. The greywackes of the Vuotto Forma­
tion grade into arkosites and conglomerates of the
Utaja rvi Formation (not shown on the Mid-Norden
Bedrock Map), in the southeastern part of the Vuotto
Formatio n. The minor Koiteli For mation (KtF) con­
sists do minantly of a coarse-g rained, pebbly arkos ic
quartzite. It also contains interbeds of polymic tic,
unsorted conglomerate.

The volcan ic rocks [the Mar timoj oki (MjF),
Pyyraselka (PyF), and Kiiminki (KmF) Formations]
are mainly subaqueous, fine- to medium-grained,
massive lavas.Pillowed,brecciated and amygdaloidal
lavas occur in places. Chemically, they are MORB ­
like tholeiitic basalts. In additi on to mafic volcanic
rocks, the minor Vepsa Formation (not shown on the
BedrockMap;see Honkamo 1989)contains interbeds
of chemical sedimentary rocks such as iron forma­
tions, black schists, dolomites, skarn rocks and chert s.

Th e thickness of the greywackes varies from 2 000
to 3 000 m. The thickness of the volcanites may attain
c. 1500 rn, but is generally only a few hundred metres.
The total thickness of the sedimentary and volcanic
seque nces at Kiimin ki, in the middle part of the basin,

is c. 5-8 km. The greywackes of the Vuotto Forma­
tion (incl uding the Utajarvi Formation) are the
lowermost lithostratigraphic units. The lithologies of
the Vepsa Formation were deposited above the Vuotto
Formation. The lavas of the Martimojoki , Pyyraselka
and Kiiminki Formations erupted roughly at the same
strat igraphic level, on top of the Vepsa Formatio n, or,
where this formatio n does not exist , directly on the
greywackes of the Vuotto Formation. Stratigraph­
ically, the Koiteli Formation is situated on top of the
Kiiminki Form ation, or panly within it. The meta­
greywackes of the Ylikiiminki Formation were de­
posited above the volcanic form ations or, where these
are lacking, on top of the greywackes of the Vuotto
Formation. The stratigraphic relationship between
the Hauk ipudas Formation and the surrounding
Ylikiiminki Formation is uncertain.

The time of sedimentation and volcanism of this
basin is uncertai n. A U-Pb zirco n age for a K-feldspar
porphyry clas t from a conglomerate bed of the Koite li
Formation is 2093±35 Ma (MSIA Map 5), indicating
a max imum age for the sedime ntatio n of this con­
glomerate . The arkosic quartzite of the Koiteli For­
mation is cut by a I873±4 Ma old gabbro dyke (MSIA
Map 6, Honkamo 1988).

In the Kemi area, the Lowe r Kalevian lithologies
referred to as the Martimo For mation (MaF ) consist
of thin-bedded phyllites and mica schis ts, which are
more strongly metamorphosed counterparts of the
phyllites (Perttunen 1985, 1991). In places they are
graphite-bearing, and some conglomerate interbeds
are also present (Perttunen, op. cit.).

In the Haparanda-Lulea area of Sweden , the Jatulian
Kal ix Group is overlain by Kalevian-type phyllites,

Fig . 16 . Kalev lan mien sc hist with large porphyroblasts o f andal usite (chias toli rc) and
s maller. reddish brown porpbyroblasts of stauro lite. Soren. W of Kali x. Photo. Th. Lundq vist .
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schists and greywackes of the Rlmea Group (RnG).
The metamorphic grade of this group varies from
upper greenschist to upper amphibolite facies (mig­
matites). West of Kalix, staurolite and andalusite
(chiasto lite) are present in medium-grade metapelit es
(Fig. 16; Wikstrom 1995). Intercalations of graphite
schist and mafic lava occur. Near Prastholm, 9 km
northwe st of Ranea, there is a minor intercalation of
crystalline limestone (calcite with minor dolomite) in
veined greywacke gneisses.

The Ranea Group sedimentary rocks are transi­
tional to the greywackes of the Svecofennian Harno
group (Hag) in the west and southwest. Therefore, the
border between the two groups onthe Bedrock Map is
somewhat arbitrarily drawn.

3.2.2.5 Plutonic rocks of the Karelian Domain

The composition ofthe plutonic rocks of the Karel­
ian Dom ain in the Finnish Mid-Norden area varies
from pyro xenite to granite. The ages of the plutonic
rocks range between 2500 and 1800 Ma, but most of
them are 1890-1850 Ma. Although the majority of the
Palaeoproterozoic plutonic rocks in the Karelian and
Svecofennian Domains are almost coeval (1890­
1860 Ma ), tradit ionally classified as syn- or late­
orogenic product s of the same orogeny, they are in
this description interpreted to belong to the different
domains forthe following reasons: I )Sm-Nd data and
E Nd(<) values (varying from -9 to -5; Huhma 1986) of
the granitoids investigated from the Karelian Domain
show that these rocks either were derived from the
Archaean continental crust or were contaminated by
Archaean material when they intruded through the
crust. Granitoids from theS vecofennian Domain have

E" . values from -I to +3, suggesting a minor (IQ-30
, ~u (l '

%) admixture of Archaean continental crust (Huhma
1986. Lahtinen & Huhma 1997); 2) geop hysical stud­
ies confirm that the Karelian Domain is underlain by
Archaean continental crust (Korja 1991), but there is
no evidence for predominantly reworked Archaean
continentalc rust in the Svecofennian Domain (Huhma
1986); and 3) recent interpretations prefer an island­
arc origin for the lithologies of the Svecofennian
Domain , and the1890-1 880 Ma old plutonic rocks of
this Domain are arc-related (e.g. Lahtinen & Huhma
1997, Nironen 1997, Korsman et al. 1997).

The oldest plutonic rocks in the Karelian Domain
are rift-related, layered mafic and ultramafic intru­
sions in northern Finland. They occur as sheets or
lopolith-like bodies within the Archaean basement
gneisses or along the contact zone between basement
gneisses and the Proterozoic supracrustal lithologies
of the Karelian Domain. The Kemi (Kern), Penikat
(Pen) and Syote (Syo) intrusions (Alapieti 1982,
Alapieti & Lahtinen 1986, Alapieti et al. 1989) and
the unlabelled Kukkola/Tornio intrusion continuing
into Sweden (Alap ieti & Lahtinen 1989. Perttunen
1991) are shown on the Bedrock Map. These intru­
sions display crypt ic and rhythmic layering (Fig. 17)
and igneous lamination, feature s typical of layered
intrusions. Petrographically, the rocks of the lower
parts of these intrusions are generally pyroxenites and
peridotites with chromite cumulates. In addition to
chromite, these layered intrusions also contain
mineralisations of the platinum group elements (PGE
mineralisations; Lahtinen et al. 1989). The middle
and upper parts ofthe intrusions consist of gabbro and
anorthosite. Granophyres corresponding in their com­
position to alkali-feldspar granites cap the Syote and

Fig . 17. Layered ultramafic rock of the Penikat intrusion. Keski-Penik ka. Kem inmaa. Photo,
V . Perttunen.
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Penikat intrusion s (Alapieti 1982,Alapieti & Lahtinen
1986). Age determinations for these layered intru­
sions , based on the U-Pb zircon, Pb -Pb who le-rock
and Srn-Nd meth ods, yie ld a fa irly coherent set of
ages, ranging from 2435 to 2450 Ma (Alapie ti &
Lahtinen 1989 ). The U-Pb zirco n age of the Syiite
intrusion is 2436 ±5 Ma (MSIA Map I ,Alapieti 1982) .

Porphyritic potassium granite bodi es and ass oci­
ated granite porphyry dyke s (apophyses) occ ur east
of the Kuhm o Green stone Belt, i.e . the Tuliniemet
(T ul ), Iso-Kikonvaara (Iki) and Kettuvaara (Ke t)
intru sions (Luukkonen I988) , and the Rasinmaki (Ras)
intru sion southwest ofthe Tipasjarvi Green stone Bel t
(Hyvarinen1989). On the Bedrock Map , the unla­
belled gran ite intrusion at Hoikanvaara, so utheast of
Puolanka (Kontinen 1989), also belongs to these
granites, which have a modal composition and texture
typical of rapakivi granite: potassium feld spar ovo ids,
up to 5 cm in size, with or without a plagioclase mantl e
(wibo rgite- or pyterlite-type, respectively). Fluorite
is a charac teristic accessory mineral. Th e granites are
massive and almost non-foliated. Bluish quart z cry s­
tals up to 3 mm in size and pinkish potassium feld spar
and oligoclase crystals up to 5 mm in size are typi cal
phenocryst s. The width of the granite porphyry dyk es
varies fro m 20 to 30 m. Radiometric age s of the
rapakivi- type granites and the associ ated dykes show
a Pal aeoproterozoic magmatic event, whi ch is partly
coeval with the magmati sm of the mafic layered
intrusions, e.g. zircons from the granite porph yry
dyke in Kokonniemi, just west of the Kettuvaara
intrusion , have yielded an age of 2435± I2 Ma (MSIA
Map 12, Luukkonen 1988), and the Rasinrnaki intru­
sion is 2352±25 Ma old (MSIA Map 52 , Vaasjoki et
ai. 1999).The emplacement ofthese gra nites has been
interpreted to be postoro genic in relation to the late
Arch aean orogeny (e.g. Luu kkonen 1988).

The Otanrnaki gneiss ic granite (Oag) is a quartz- ,
plagi oclase- and hornblende-bearing gneissic per­
alkaline to alkaline granite south of Oulujarvi, It is
interpreted to be spatially assoc iated with the Jormua
ophiolite complex (PeItonen et ai. 1996). Its age on
the Legend of the Bedrock Map is set as c. 1970 Ma,
but new determ inations yield a more precise age of
1958-1965 Ma (Geological Survey of Finl and, un­
published data ; Peltonen et ai. 1996) .

There are many gabbro and diorite bodi es of var i­
able size within the Karelian Domain , but only the
most prominent intrusions are show n on the Bedrock
Map. An Fe-Ti -bearing layered gabbro-anorthosite
intrusion, the Otanrnaki gabbro (Ota), south of Lake
Oulujarvi , is 2060±4 Ma old (MSIA Map 49 , Talvitie
& Paarrna 1980 , Lindholm & Anttonen 1980 ). The
Lapinlahti gabbro (Lap), south of Iisalmi, is com-

38

po sed of gabbroic and anorthositi c lithologies . Its age
is 1895±15 Ma (MSIA Map 7 1, Paavola 1988). An

unpublished c""",()(" value for the gabbro is -5.2,
indi cating an influence from Archaean crus t on the
co mpos ition of the ga bbro magma (H. Huhma, oral
co mmunication 1998). The co mposition of the Kaa­
rakkala (Kaa) intrusion (on the Bedrock Map named
Kaarakka) is mainly dioritic, but also gabbroic, par­
tic ularly in the central parts of the intru sio n.

The age group 1900-1860 Ma on the Bed rock Map
con sists of rock s of quart z dioritic, tona litic, grano ­
dior itic, granitic and quartz mo nzodioritic co mposi ­
tion .Th ey are more or less fo liated, eve n-grained and,
in places, porphyrit ic intrusive rocks. So me of them
ha ve been classified as co llision-re lated (1 .89- 1.88
Ga old) or post-coll isional intrusions ( 1.86 Ga and
1.88 Ga old) on the Bedrock Map of Finland (Korsman
et al. 1997). The Kermajarvi (Ker) and Suvasvesi
(Suv) intrusions, southeast of Kuopi o, are mainly
granodioritic. In many places the co mpos ition of the
Kermajarvi rocks is also dioriti c or quartz dioritic,
and the Suvasvesi intrusion also di splays a granitic
composition. Both intrusions hav e porphyritic
plagioclase or K-feldspar crys tals 1-2 ern in size.
Th ese intrusions postdate the essential part of the
migmatitic structures ofthe surrounding mica gneisses,
based on cross-cutting contact relations (Koistinen
1993).The Kermajarvi in trusion is I87 1±5 Ma (MSIA
Map 144 ) and the Su vasvesi intru sion 1870 ±4 Ma
(Huhma I986) . ENd(l~'" valu es are -2 .7 and -3.6 to -3.4,
respect ively (MSIA Map 146, Huhm a, op. cit.).

The Maarian vaara intrusion (Maa) , north of Outo­
kurnpu, is mainly granodioritic in co mposition wi th
more mafic derivatives form ing a continuous differ­
entia tion series from dior ite and quartz d iorite to
granite (Huhma 1975). The contacts with the country
roc ks are sharp , and contact effects, like granitisation
or migmati sation, are weak and purely local (Huhma,
op. cit.). Two samples of the granod iorite, some
kilometres to the northwest of the main body, have
provided an upper intercept age of 1900 Ma, but more
precise data yield an age of 1857±8 Ma (MSIA Map
108), showing that the Maarianv aara intrusion is
so mew hatyounger than the Kermajarviand Suva svesi
bodies. The EN,,,,IlO' valu e of the Maarian vaara intru­
sion is -6 (MSIA Map 107, Huhma 1986 ).

Th e Juurusvesi ton alite (Juu), north and northeast
of Kuopio , form s an extensive intrusion containing
both even-grained and porphyritic types (Figs. I8a, b)
with variable amounts ofmic a schist and amphibolite
inclus ions. The composition of the intru sion varies
from tonalite and minor quartz diorite to granodior ite .
Th e zircon U-Pb datin g yields an uncertain age of
1880 Ma for the Juurusvesi tonalite (unpublished
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data, Geological Survey of Finland).
The medium-grained and rather homogeneous

Onkivesi granodiori te (Onk), north of Kuopio, has
intruded with sharp ly cutting contacts into the cou n­
try rocks (Paavola 1988). The zircons from three
samples of this granodiorite are very heterogeneous,
and yield an age of 1908±16 Ma (Paavola, op. cit.),
An ENdl<l value of -3.6 for a sample from the Onkivesi
intrusion suggests an influence of Archaean crust
(MSIA Map 89,Huhma 1986). A homogeneousquartz
diorite near the Onkivesi granodiorite, but not in
geneti c relation to the latter, contains zircons which

have provided an age of 1902 Ma (MSIA Map 88,
Paavola 1988).

The Ristijarvi granodiorite (Ris), intruded with
sharp ly cutting contacts into the rnetagreywackes of
the Kainuu Schist Belt north of Kajaani, contain s
1859±8 Ma old zircons (MSIA Map 23, Kontinen
1993) and is therefore contemporaneous with the
Maarianvaara intrusion. The composition of the
Ristijarvi intrusion varies from granodiorite to gran­
ite, but is mainly granodioritic.

Lithologies belonging to the Haparanda suite (Hap)
in the Kemi area (Perttunen 1991) continue into the

Fig. 18a. Porphyritic Juurusvest tonalite . Yla-Pieksa. Juankoski. Photo , O. Aikas.

Fig. 18b. Juurusvesl tona lite (the cum mercia I mime Juankoski Grey ) is used as dimensional
sto ne. YHi-Pick sa. Juankoski. Pho (o . O. Aikas.
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Swedi sh part of the Mid-Norden area. Petrograph­
ically, the rocks of this suite range from gabbro to
granite, being mainly quartz dioritic, quartz monzo­
dioritic, tonalitic and granodiorit ic in compo sition. A
typical mineral for rocks of this suite is a subhedral
and oscillatory zoned plagioclase . Two age deter­
minations have yielded c. 1890 Ma (Perttunen 1991)
and I883±6Ma (MSIAMap204, Wikstrom & Persson
1997a). On the Swedish side there have been re­
ported abundant magma-mixing and mingling struc­
tures, as well as composite, in part hybridised and
synplutonic dykes in rocks of the Haparanda suite
(Fig. 19; Wikstrom (992).11 should also be noted that
the term 'Haparanda granite' has been frequent ly
used for granitoids in northern Sweden regardless of
the environment (Karelian or Svecofennian assem­
blages). In the Mid-Norden Bedrock map the term
' Haparanda suite' has, however, been restricted to
areas with Jatulian or Kalevian supracrustal assem­
blages, althoug h, admittedly, the borde r to the
Svecofennian is poorl y defined.

Several gabbro massifsbelonging to the Haparanda
suite occur in Sweden. An example is the Sangis
gabbro east of Kalix.

E Nd determinations on members of the Haparanda
suite have yielded distinctly negative values, indicat­
ing Arc haean rocks in the protolith . This Archaean
influence continues westward up to the Archaean
palaeoboundary, the Lulea-Jokkmokk Zone (e.g.
MSIA Map 201-203, 206, 236, 237, 239, Oblander
et al. 1993; see also p. 70).

The age group c. 1890-1880Ma,colourno.1150n
the Bedrock Map, consists in the Finnish Mid-Norden
area of plutonic rocks which are mainly granitic or
pegmati te granitic in composition. Most prominent
of these are the Kajaan i pegmatite granite (Kaj) , and
the lisalmi (l is), Kauppilanmaki (Kau) Honkarnaki
(Hon) and Vehmersalmi (Veh) granites. They are
medium- or coarse-grained and more or less foliated.
Because no age determinations are available, the
emplace ment time of these intrusions is uncertain. II
is also very probable that the Kajaani pegmatite
granite is much younger than the lower age limit
ment ioned in the legend of the Bedrock Map, based
on the age1796± 19 Ma of a coarse-grained granite
within this pegmatite granite (Karki et al. 1995). A
new, unpub lished age of 1868±3 Ma for zircons from
the Honkarnaki granite (north of Kuopio) indicates
that th is rock is coeval with the Suvasjarvi and
Kermajiirvi intrusions.

In Sweden, the dominantly microcline-porphyritic,
inpart foliatedI880±7 Ma(MSIAMap21 6,Wikstrom
et al. 1996) Degerberget granite (Deg) has also been
marked with colourl l5 on the Bedrock Map. In its
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Fig. 19. Mafic. synplutonic dyke in Haparanda Ionalirc , The dyk e
shows mingling and mixing phenomena. v dnafj arden . E o I' Kulix.
Photo. Th. Lundqvist.

northern parts this granite shows mingling structures
with a nearby gabbro (Fig. 20). (This gabbro, the
Skogstrask gabbro, is incorrectly marked with colour
symbol 95 on the Bedrock Map. The correct symbo l
should be 117.)

The Degerberget granite, which resembles the c.
1.80 Ga late- to post-tectonic granites found in the
Svecofennian Domain in Sweden, is particularly in­
teresting since it separates two phases ofdeformation
and migmatisation. The granite [and the similarly c.
1.88 Ga cross-cutting mafic-felsic Blasberget dykes
(Bdg), see below1cutsan olderfoliationand migmatite
structures. II is, however, locally involved in mig­
matisation (Rome r & Ohlander 1991, Wikstrom &
Persson 1997). A younger phase of migmatisation is
probably associated with the l783±3 Ma Lina granite
of the same area (Wikstrom & Persson 1997b). This
granite forms small massifs in the Kalix area, but is a
widespread rock further north (see Geolog ical Map,
Northern Fennoscandia, I : 1 million 1987).
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Fig . 20 . Grey Degerberget granite with a mafic encl ave . Degerberget. SW of Kalix . Photo. Th. Lundqvist.

3.2.2.6 Dyke rocks of/he Karelian Domain

Mafic dyke rocks, shown on the Bedrock Map in
the Finnish Mid -Nord en area ofthe Karelian Domain ,
are ma inl y Fe-tholeiitic and thole iitic Jatuli an
metadiab ase dykes, diffe rent iated rnetadiabase sills
and dyk es refe rred to as Karjalites (Kar) and the
Kapustakangas Suite (Kas) , and the Niinivaara
lampro phyre dyke (Nii). Besides these part icular
dykes there are gabbroic (noritic) dykes close ly asso­
ciated with the mafic layered intru sion (not shown on
the Bed roc k Map ). Th e age of these mafic dykes and
sills ranges fro m c. 2440 to 1970 Ma, showing a pro­
longed Palaeoproterozoic magmatic evolution. The
lamprophyre dyk es are younger , c. 1830 Ma.

The Jatulian met adiab ase dykes, which are Fe­
tholeiitic in composition (Nykanen 1968, Paavola
1987, Kontinen 1987b, Perttunen 1989, Vuollo et al.
1992, Nykanen et al. 1994), have the most extensive
area l di stribution in the Finnish Mid-Norden area.
Th ese dykes were intruded verti cally or subvertically
through the stabilised Archaean craton (Figs . 2 1a.b) ,
and they also cross -cut the Karelian metasedimentary
rocks , ex cluding the Kalevian greywackes. Some of
them have been interpre ted to rep resent feeding chan­
nel s for the Jatulian lavas (e .g . Pekkar inen &
Lukkari nen 1991). The width of these dyke s varies
from so me tens of centimetres up to 200 rn, though
the y are usually 10-100 m (Nykanen 1968, 1971b,
Paavola 1987, Kontinen 1987b, Perttunen 1991 ).
Their lengths range from hundreds of metres to sev ­
eral kilometres. On the Bedrock Map lots of dykes
have been draw n which are more extensive than those

shown in the original maps. Thi s has been done by
using low -a ltitud e aeromagnetic data. The Jatul ian
diabases are c. 2 100 Ma in age (MS[A Map 3, 135,
Perttunen 1987, Pekk arinen & Lukk ar inen 199 I), but
recent age determin atio ns have also demonstrated the
existence of metadiabase dykes as old as 2300 Ma
(Paavola [988, and unpublished data of the Geologi­
ca l Survey of Finl and).

Tholeiitic metadiabase dykes occ ur along with Fe­
tholei itic dykes. cutting the Archaean basement
gneisse s (Vuollo et al. 1992) and the lithologies of the
Kuhmo Greenstone Belt (Halkoaho, ora l communi­
cation, June 1998). Th ey are c. 1965 ± 10 Ma in age
and are interpreted to be assoc iated with the 1.97 Ga
ophi olite magmatism of the Outokumpu area (MS[A
Map 100, Vuoll o et al. 1992). Because the areal
distribution of these dykes is poorl y known, they are
not separated fro m the Ja tuli an metadiabase dykes on
the Bedrock Map.

Gabbroic (noritic) dykes close to the laye red mafic
intrusions are boninite-like in composition (Perttunen
1991. Vuollo 1994). Th ese dykes are interp reted to be
feeder channels for the mafic layered intru sions
(Piis panen 1972 ), and are possibl y c. 2440 Ma
(Perttunen 1991 , Vuollo 1994). Simil ar dykes occur
also in the Kuh mo Greenstone Belt (Halkoaho , ora l
communication, June 1998). These gabbroic dykes
are also co mbined with the Jatul ian diabase dykes on
the Bedrock Map.

Karjalite sills, dykes and intrusions (Vuollo 1988),
referred to as the gabbro-wehrlite association by
Han sk i ( I984), occur in the Koli area north of Joensuu
(Hanski 1986, Vuollo & Piirainen 1992. Vuollo et al.
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Fig. 21a. Proterozoic metadiabase dyke with Archaean basement gneis s inclu sion s. Inthe dyke
there is a 10-20 em-thick alteration rim (dark green ) at the contact with the basement gneiss.
Kulvemdki. Sonkajarvi. PhOlO. J. Paavo la.

Fig . 2 1b. Sharp con tact between mctadic base dyke (dark) and Archaean tc nallrlc basement
gneiss. Toivakkoj arvi , Sonkcja rvi. Photo . 1. Paavo la.

1992 ), in the Kainuu Schist Belt (Kontinen 1987b,
Laajoki 1991) and in the Kemi area (Perttunen 1987,
1991 ), Dykes similar in composition and age to the
gabbro -wehrlite association occur also in the Kuhmo
Greenstone Belt (Ha nski 1986, Halkoaho, ora l com­
muni cation,June 1998).Stratigraphically, thekarjalite
dykes are restricted to the vicinity of the unconformity
betweenPalaeoproterozoic Karelian metasedimentary
roc ks (i.e. the Jatulian quartzites and the forma tions
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stratigraphically helow these) and the underlying
Archaean lithologies (Hanski 1986, Vuollo & Piirainen
1992,Kontinen 1987b, Laajoki 199 1, Perttunen 1991).
Their leng ths range from a few kilometres up to 150
kilometres (in the Kemi area) . The thickn ess is usu­
ally 200-400 m. The karjalite sills and dykes are
strongly differentiated, varying in primary composi­
tion from wehrlite or pyroxenite at the base through
gabbro to quart z-plagioclase-rich granophyre at the
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top . They are interpreted to originate from a low -AI
tholeiitic (Vuollo & Piirainen 1992) or a picritic
(Hanski 1986) parental magma. These differentiated
sills and dyke s have provided ages of c. 2200 Ma
(Hypponen 1983, Perttunen 1991, Laajoki 1991,
Vuollo 1994) .

The rocks of the Kapustakangas Suite were in­
truded into the metasediments at lower strat igraphic
level s of the Central Puolanka Group, and into the
corresponding level of the Kalp io Complex. They
consist mainly of differentiated metagabbro intru­
sions with basal ultrabasic differentiates (Laajoki
199 1).

The Niinivaara lamprophyre dykes (Nii) were in­
truded with very sharp and rectilinear contacts into
country rocks north of Outokumpu (Huhma 1975 ,
1981, Laukkanen 1987 ). They dip at a high angle or
vertically , and their predominating strike is NW-SE
to E-W. Widths of the dykes vary from a few em to
70 ern, most commonly being 25-50 cm. In place s, it
is possible to trace them for more than 100 m. They
usually occur alone, but sporadically two or three
parallel dykes form a closely spaced swarm. The
dykes are fine-grained with man y hexagonal biotite
flake s up to 2 emin diameter. Othertypical phenocrysts
are apatite and xenocrystic clinopyroxene (augite).
The rocks are mainly shoshonitic in composition
(Laukkanen & Makipaa 1983) and were clas sified as
kersantites, only one of the anal ysed samples being
camptonitic (Laukkanen 1987). The age of the
Niinivaara dykes is 1830 Ma (Huhma 1981) .Lampro­
phyre dykes classifi ed as minettes (not shown on the
Bedrock Map) occur j ust east of the Kinahmi quartz­
ite in the Nilsia area north of Kuopio (Paavola 1984,
Laukkanen 1987).

In the Kalix area in Sweden there are some dykes of
importance for the interpretation of the tectonic­
metamorphic evolution (Wikstrom 1993). Th e c. 2
km-broad Siknas diabase dyke (Sid) west of Kalix
strikes N-S. It was earlier interpreted as mafic lavas
but has now been shown to be intru sive. The dyke
contains num erou s fragments of rocks which are
probably closely related to the matrix (autobreccia).
Skeletal plagioclase crystals indicate rapid cooling.

Some kilometres west ofthe Siknas dyke occurs the
NNE- SSW trending, c. 20 km-long Blasberget diabase
and granite porphyry dyke swarm (Bdg), mainly in
the Degerberget granite but also in rock s of the
Haparanda suite (cf. above). Th ese dykes, of which
the mafic generally postdate the felsic, are ofa chemi­
cal within-p late character. A more orless pronounced
foliation is visible in the diabase dyke s. The felsic
dykes have yielded a U-Pb zircon age of 1881±8.5 Ma
(MSIA Map 217 ,Wikstrom et al. 1996), similar to the

1880±7 Ma age of the Degerberget granite (MSIA
Map 216) . The emplacement of the Blasbergct dykes,
the Siknas dyke and possibly also the Degerberget
granite, has been interpreted to be related to move­
ments along the N-S trending Bothnian shear zone of
Wikstrom (1995) or the Baltic-Bothnian megashear
of Berthelsen and Marker (1986). The contact rela­
tion s of the Blasberget dykes and the Degerberget
granite with their wall -rocks dem on strate the pres­
ence of a generation of migmatite in the area which is
older than the c. 1.8 Ga, Lina granite-related mig ­
ma tisation (Wikstrom & Persson 1997b ).

In the Kali x area there are also numerous dykes of
ultramafic lamprophyres (Fig. 22) , striking roughly
N-S with a vertical or steep westward dip (Larsson
1943, Ahman 1950, Kresten et al. 1981, Ahman &
Wikstrom 1990) . These dykes , indicated as Klx on
the Bedrock Map, have an age of c. 1140 Ma (1150­
1120 Ma ; MS IA Map 220 , 224, 229, 230, Kresten et
al. 1997 and references therein). Although they are
not associated with an exposed plutonic complex, a
positive gravimetric anomaly in the area (Ruotois­
tenmaki et al. 1996) possibly reflects the exi stence of
such a complex at depth.

Fig . 22 . Ult ramaf ic Iamprophyre dykes (Kallx dyke s) in Dcge rberg
grani te. L. Bdtoklippan, SS W of KaJix. Photo , A. Wi kstrom.
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3.2.3 Svecofennian Domain, Jukka Kousa and
Thoma s Lundq vist

3,2.3.1 General overview

The bedrock of the Svecofennian Domain is bor­
dered in the east by the Archaean Basement Complex
with its Karelian sedimentary-volcanic cover (cf,
Fig. 23). The predominating supracrustal rocks of the
Svecofennian Doma in are turbidites, deposited in
what Hietanen (1975) called the Bothnian Basin (cf.
Fig, 24). Graphite- and pyrrhotite-bearing schists,
black schists, in Finland also carbonate rocks closely
related to synsedimentary mafic volcani tes, e.g. in
Ostrobothnia (Pohjanmaa), are common intercala­
tions in the turbidites. Major sedimentary units of the
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Svecofennian Domain, shown on the Mid-Norden
Bedrock Map , are in Fin land the Pohjanmaa schists
(Pos), also called the Bothnian schists, and the Savo
schists (Sas), and in Sweden the Harn o gro up
grey wackes (Hag). The detrital zircons in these
metaturb idites show a bimodal age distribution. The
majority are Palaeoproterozoic and have ages be­
tween 2.1 and 1.9 Ga, but a significant contribut ion of
Archaean zircons has also been recorded (Huhrna et
al. 1991, Claesson et al. 1993).

The eastemmost part s of the Svecofennian Domain
in Finland belong lithologically to the Savo schists
(Sas) and structurally to the locally highly sheared
Raahe-Ladoga Zone (RLZ), well known for its
volcanoge nic massive sulphide (VMS) deposits, e.g.
in the Pyhasalrni Formation (PyF).

Svecofennian volcanic rocks form major belts but
also occ ur as narro w discontinuo us belts or limi ted
occurrences within both metasedimentary and intru ­
sive complexes. Exten sive, main ly felsic. volcanic
rock s are found in the Arv idsjaur Group (ArG) and
the eco nomically important Skellefte Group (SkG) of
the Skellefte District in Sweden. In Finland the vol­
canic rocks represent two different age groups (c. 1.92
and 1.88 Ga), which also have distinct chemical char­
acteristics. Me tavolcanic rocks that are significantly
older (agec. 1.95 Ga) than thee . 1.88 Ga.predominating
volcanic rocks ofthe Skellefte and Arvidsjaur Group s,
exis t to an unknown ex tent also in Sweden.

The idea first put forward by Hietanen (1975) that
the c. 1.9-1.8 Ga volcanic rocks of the Palaeo-

proterozoic Svecofennian Domain were formed in an
en vironment similar to that of Phanerozoic volcanic
arcs, is now widely accepted, although opinions dif­
fer on a more precise definition of the env ironment
(Rickard 1979, GaM 1985, Vivallo & Claesson 1987,
Kahkonen 1989, Park 199I, Weihed et al. 1992,
Ekdahl 1993, Lahtinen 1994, Kousa et al. 1994). In
agreement with this, magnetotellur ic and seismic
reflection measurements indicate struc tures in the
crust and mantle that have been interpreted to be
related to an ancient subduction zone dipping north­
east, below the Skellefte District (Rasm ussen et al .
1987, BABEL Workin g Group 1990).

Major plutonic complexes of the Svecofenn ian
Domain are the c. 1.88 Ga Central Finland Grani toid
Co mplex (CFi) and the c. 1.80 Ga Revsund granite
(Rev) and associa ted granitoids of Sweden. Among
the plutonic rocks, quartz-dioritic to granodioritic as
well as gran itic intrusions predominate over mafic
and ultramafic rocks (e.g. Simonen 1980). Intrusions
of granites of S-type and related pegrnat ites are com­
mon in the Harne group, and similar, probably S-type
peg matite granites and pegmatites also occu r in the
Bothnian schists of western Finland. Intrusive rocks
of the Central Finland Granit oid Complex and the
major part of the Sveco fenni an Domain in Sweden
(exceptforthe region northeast of the Lulea-Jokkmokk
Zo ne; cf. p. 40 and Oblander et al. 1993) do not
contain any significant contribution from Archaean
protoliths (Wilsonet al. 1985, Huhma 1986, Ohlander
et al. 1993, Laht inen 1994, Andersson 1997).

Finnish Mid-Norden area
Svecofenni an Domain
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Fig . 23 . Maj or stratigraphic units of the Svccofen niun Domai n in Finland.
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Younger ( 1.6- 1.2 Ga ), anorogenic intrusions also
occur in the Svccofennian Domain. Th e most impor­
tant of these are 1.6-1.5 Ga rapakivi complexes of
Sweden and po st-Jotn ian dolerites (diabases) of Swe­
den and Finl and .

3.2.3.2 Oldest supracrustal rocks ofth e Sveco­
fennian Domain

In the central part of the Swedish Mid-Norden area,
a particularly interesting supracrustal sequence , read­
ily see n on aeromagnetic maps (see M id-Norden
Mag net ic Anomaly Map), occurs in the Knaften area
south of Lycksele. In the lower part of this Kna ften
group (Kng), mafic volcanic rocks are intercalated
with greywackes of Harno group type. These mafic
volcanic rock s, which are mas sive flows and pill ow
lavas (Fig. 25) as well as debris flows , chemically
reflect an evolution from MORB-type to island-arc
type. They are overla in by calc-alkaline, felsic vol ­
canic rocks (Wasstrom 1990). The whole sequence
was subsequen tly intruded by c.1.95- 1.94 Ga calc­
alkaline , tonalitic to granodioritic granitoids and as­
soc ia ted dykes (see belo w). Evidently the Sveco­
fen n ian volcani c and sedime ntary assemblages of the
Swe dish Mid-Norden area therefore co ntain succes­
sions which can be stratigraphically and chro nologi ­
cally co rrelated w ith the Kalevian assemblages clo ser

to the Arc haea n basem en t in the east (see above ).That
such old sequences also occur in the Harno gro up
south of Knaften is suppo rted by V-Pb zircon ages of
c. 1930 Ma recorded for the Husum and Seltjam
granodiorites , intrusiv e into the greywackes of this
g roup in the Ornsko ldsvik area (see below).

A furt her ind ication of the occurrence of pre-1950
Ma metavolca nic rocks in the Mid-Norden area has
been found after the printing ofthe Bedrock Map.T he
region c. 20 krn ESE of Storuman (Barse le), in the
western part of the Svecofennian Domain, is a target
area for gold pro specti ng. In the meta greywackes at
Barsele a quartz-plag ioclase-porphyritic meta dacite
has been dated at 1959± 14 Ma (Eliasson & Stta ng
1998) .

3.2.3.3 Earliest pluton ic and dyk e intrusions of
th e Svecofenn ian Dom ain

Alon g the Savo schist belt (Sa s) in Finl and, a gro up
of gneissic plutonic rock s including the Kirkkoa.ari
(Kir) and Ket tupera (Ket) granodior ites and ( he
Venetpalo tonalite (Vet) has bee n docu mented .Iheir
age range is 1930-1910 Ma (Helovuori 1979, Korsm an
1984, Ekdahl 1993, Lahti nen 1994). Based on fi e ld
observations in the Pielave si area, Ekdahl (l g93)
propo sed that the se gneisses represent the dcpositia aial
basement of the Savo schist belt su pracrustal rocks
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and that they were probably generated from a re­
worked Archaean crus t. On the other hand, whole­
rock geochemical and isotope evidence indicate that
the Kirkkosaari granodiorites may be coeval with
some volcanic rocks stratigraphically above them,
and that their proto lith cannot have been Archaean
(Lahtinen 1994).

The plutonic rocks discussed above are closely
related to the volcanic activity producin g the earliest
Lower Svecofennian assemblages of the region, like
the Pyhasalmi Formation (PyF). Recently there has
been speculation on a close relationship between
these gneissic plutonic rocks and the oldest known
Svecofennian volcanites. It seems that, at least in the
Pyhasalrni area, the Kettuperii granodioritic gneiss
itself is of volcanic origin and may actually cons titute
one of the stratigraphically lowest members of the
felsic volcanic rocks (Lahtinen 1994). This is also
indicated by similar ENd values of c. +3 for these two
rock types (Lahtinen & Huhma 1996).

In Sweden, the oldest presentlyknown plutonic and
dyke rocks of the Svecofennian Domain are found in
the Knaften area (cf. above) .They are I954±6 Ma and
1940±14 Ma calc-alkaline, tonalitic to granodioritic
granitoids (Kna) and related dyke rocks, respective ly,
intrusive into the Knaften group (MSIA Map 323 and
324). Further south in Sweden, in northern Anger­
manland, two microcline-porphyritic,gneissic grano­
diorites at Husum and Seltjarn (Hus and Sel, respec­
tively, on the Bedrock Map), which are intrusive into
the Harne group greywacke migmat ites, have yielded
ages of I93 1±1 1 Ma and c. 1930 Ma (Lundqvis t et ai.
1999, MSIA Map 353 and 363).

3.2 .3.4 Lower Svecofennia n assem blages

The Savo schist belt (Sas) in Finland, situated near
the Archaean craton in the northeast, consists of
moderately to strongly metamorphosed, in places
also intensively sheared Palaeoproterozo icrocks.This
part of the Svecofennian Domain in Finland has been
proposed to represent the earliest stage of a complex
collisional,arc-formingprocess (Korsmanet al. 1997).
Major parts of the supracrustal rocks in the Savo
schist belt are more or less strongly migmatised mica
gneisses (Fig. 26). They are intercalated with minor
quartz-feldspar gneisses, graphite schists, and some
amphibolites of volcanic origin. Locally, a few dolo­
mite and skarn intercalations, as well as uranium­
bearing phosphate beds in the Vihanti, Kiuruvesi and
Pielavesi areas , have also been documented. Vol­
canic formations of the Savo schist belt have only
limited extension, but have played a very important
economic role as hosts for numerous massive sul­
phide deposits.

The migmatitic mica gneisses of the Savo schist
belt can be traced from Rautalampi to the poorly
exposed northwestern parts of the belt, where they
have been observed in a few outcrops and also in
diamond drill cores near the coastof the Bothnian Bay
north of Raahe. An economically interesting sequence
of felsic, intermediate and mafic volcanites with
dolomites, skarn rocks and black schists, hosting the
Lampinsaari zinc ore with few known satellites, oc­
curs at Vihanti, between the migmatites and a large
intrusive complex,

The Vihanti-Pyhasalmi ore belts constitute the north-

Fig. 25 . Pillow lava o f the Knaften group. Hastli den, Knaftcn area. Photo. Th. Lundqvi st .

50



Geolo gical Survey o f Finland. Speci al Paper 28
Description to the Bedrock Map of Ce ntral Fennoscandia (Mid -Norden)

western part of the Savo schist belt, bordered by the
Ru hapera Fault Zo ne and the Haapavesi igneous
co mplex in the southwest, and by the Revonneva
Shear Zone and the Archaean Basement Complex in
the north and east. They can be subdivided into two
major blocks by the NE-SW- trending Oulujarvishea r
zone, described by Karki et a!. (1993). This indicates
that the two belts at Vihanti and Pyhasalrniare at least
tectonically separated. Massive sulphide depo sits of
the Savo schist belt are clo sely related to these vol­
canic environments, and the most important deposits
occur here. Th e lithologically similar Pielavesi and
Kiuru vesi fie lds southeast and east of Pyhasa lmi have
been correlated with the Vihanti-Pyhasal rni belts
(Ekdahl 1993).

The Pyhasalrni Form ation (Py F), in the middle part
of the Savo schist be lt, is composed main ly of felsic
and mafic volcanic rocks with rare graphite - and
sulphide-bearing , calcare ous/skarn and tuffaceo us
rocks. These rocks have been intruded by numerous
syntec tonic intru sions. The lowest part of the Pyha­
salmi Form ation consists of felsic mass flows or
tuffaceous and pyroclastic rocks with minor mafic
interca lation s. Tow ards the proposed stratigraphic
top, mafic massive lavas and pyroclastic rocks, pillow
lava s and pillow brecc ias become more ab undant.
Th e metavolcan ic rocks in the Pyhasalrni area are
locally well preserved, but most of the rocks have
been strongly altered by hydrothermal processes and

deformed during later tectonic events .
Th e volcanic roc ks of the Pyhasalrni Formatio n

have a clear bimodal signature (Maki 1986, Kousa et
al. 1994). Most of the felsic rocks can be classified as

calc-a lka line, low-K rhyolites, and probab ly origi­
nated by melting of an unknown Pa laeoproterozoic
sialic crus t (Lahtinen & Huhma 1996). A quartz­
porp hyritic vari ety ofthese rhyolites from Ri itavuori,
near the Mullikkorarne massive sulphide ore, has
yielded a U-Pb zirco n age of 1921±2Ma (Kou sa et al.
1994). Th e felsic vo lcanic rocks have been proposed
to be cogenetic with the oldest kno wn rock in the
Pyhasalrni area (Kousa 1990, Laht inen 1994), the
Ket tupera granodioritic gneiss dated at I 930± 15 Ma
(Helovuori 1979). Th e mafic metavolcanic rocks are
sub-alkalic , and resemble recent low-K tholeiitic
basalts to basal tic andesites, with a primitive isla nd­
arc tholeiitic (IAT) affinity (Kousa et al. 1994).
Met avolcanic sequences , which are lithologically and
geoc hemically almost identica l with the Pyhasalmi
Formation, have been descri bed in the Pielavesi
(Ekdahl 199 3) and Rautalampi (Kousa & Lahtinen
1988) are as southeast of'Pyhasalrni, alon g the eastern
boundary zone of the Svecofennian Domain .

The bedrock of south and central Ostrob othn ia
(Pohjanmaa) is dom inated by metamorphosed grey­
wackes and pelites of turb iditic origin, belonging to
the Pohj anmaa schis ts (Pos), also ca lled the Bothnian
schists . Altho ugh these rocks have been metamor-

Fig. 26. Migmatit ic mica gne iss. Ruukki. Photo. J. Kousa.
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phosed to biotite-plagioclase schists and gneisses and
locall y also migmatised , they still demonstrate prima­
ry turb iditic struc tures in numerous places (Fig. 27) .

Th e Pohjanm aa greywac kes contain thin elongated
intercalations of mafic to intermediate metavolcanic
rocks, which are exposed only in a few outcro ps in the
south, for example at Vittinki in the vicinity of the
tow n of Seinajoki, and at Evijarvi , and continue
towards the north via Kaustinen to Kannu s and
Himanka (Hiv) in central Ostrobothn ia. The Vitt inki
volcanic rocks (Viv) are mostly deform ed and meta­
morphosed to diopsi de-banded amphibolites with
pill ow struc tures preserved only in a few places.
Chemically, they resembl e tholeiitic basalts ofMORB
affi nity. Closely associated with these volca nic rocks
are glassy or banded quart z-rock layers which have
been documented to represent chert precip -itates
(Tuukki 1984). Together with mafic volcanic rocks,
these laye rs can be traced tens of kilometres from
Laihia to Lap ua as a discontinuous formati on .
Metacherts at the village of Vittinki are known for
their manganese mineral occurrences.

Th e Evijarvi area volcanites (Evv) can mostly be
class ified as tholeiitic basalts and basaltic and esite s
havin gN-typeMORB to WPB characteristics (Vaarma
& Kahk onen 1994). Well-preserved pillow lavas can
be found in almost all units of the Evij arvi volcanic

rocks , although pyroclastic and primary sedimentary
structures predominate in places. Black schist, skarn
and carbonate rocks are very co mmon intercalations
in these volcanic for mations . The best known are
probably the carbonate rocks at Vimpeli (Vim).North­
ward from Evijarvi, identical metavolcanic forma­
tions can be traced to Kaustinen, Kannus and Himanka
(Hiv; Fig. 28), where also an ultram afic member was
found in the course of the Mid-Norden mapping (1.
Kousa, unpub lished data ). This unit can probably be
correlated with mafic -ultramafic volcanic laye rs de­
scribed from numerous places within the Harne group
metagreywackes in the Swedi sh part of the Mid­
Norden area.

Felsic volcanites are rare among the rocks of the
Bothni an schist belt, and have been observed only at
Ruotsalo near the town of Kokkola, where they have
been described as quartz-feldspar schists or quartz­
ites. Structurally, these felsic volcanites occ ur in the
central part s of an antiformal do me stratigraphically
beneath skarn and carbonate rocks, black schists and
metagreywackes.These rocks are also the host of ura­
nium-bearing pho sphorite layers (Aikas 1988, 1989).

The metamorphic grade in this part of the Bothnian
schist belt increases towards the Vaasa granite and the
Bothnian Bay . In the Evijarvi area, the metapelite s
close to the Central Finn ish granitoid complex, be-

Fi g . 27. Gently northwest dipping open fold in metagrey wac ke with quartz and pegmatite vein s, Himank a. Photo, J. Kousa.
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longing to the eastern part of the schist belt, contain
stauro lite and garnet porphyrob lasts, while musco­
vite pseudomorphs after andalusite occur in the cen­
tra l part (Vaarma & Pipping 1997). Near the cont act
with the Vaasa granite (Vaa), west of the Evijarvi
area, si llimanite and K-feldspar occur as porphyro­
blasts. Further west, migmatisation and partial melt­
ing of these metasediments is a dominating feature.

The Nivala area , which is dominated by migmatitic
mica gneisses, is situated north of the Central Finlan d
granitoid complex, between a N-S- trending belt of
granitoid batholiths (Toholampi-Rautio-Kalajoki) in
the west and the Savo schist belt. These gneisses have
locally amphibolitic, or graphite- and sulphide-bear­
ing intercalations (Isohanni et a!. 1985), and thus
resemble the lithological assoc iation of the Savo
schists. These migmatites are host rocks to Ni-bear­
ing ultramafic intru sions in the Nivala area.

In the Swedish part of the Mid-Norden area, the
major part of the metamorph ic Svecofennian supra­
crus tals consists of extensive turbiditic greywackes
and argillites of the Harne group (Hag), which forms
a continuation of the Pohjanmaa or Bothnian schist
belt in Finland. The Harno group has a maxim um
thickness of the order of 10 000 m and has been
metamorphosed at upper greenschist to upper am­
phiboli te facies co nditions (Lundqvist et al. 1990). In
areas of low metamorphic grade the greywackes
display well pres erved primary structures such as

Bouma sequences, graded bedding (Fig. 29), cross­
bedding, load casts, etc. High grade rocks, however,
predom inate, and are charac terised by the formation
of veined gneisses and raft migmatites (Fig. 30).
Intercalations of graphite- and pyrrhotite-bearing
schists, chert, basalts (in part pillow lavas), and, in
rare cases, rhyolites and dacites are found in the grey­
wackes. The V-Pb zircon ages of felsic volcanic
intercalations at Rocksjo in the Junsele area and near
Solleftea are as young as 1874±6 Ma (MSIA Map
338) and I870±2 Ma (MSIA Map 386 and Lundqvist
et al. 1998), respect ively, and date the younger parts
of the greywacke sequence. As already mentioned,
the oldes t parts of the Harno group are intercalated
with the pre-1.95 Ga Knaften group, and therefore the
total time of deposition of the Homo group is at least
80 Ma (Lundqvist et al. 1998).

In the northern part of the Swedish Mid-Norden
area, low-grade (greensc hist-facies) , felsic volcanic
rocks with subordinate mafic volcanic rocks pre­
dominate in the Skellefte District.The older volcanites
here belong to the submarine Skellefte Group (SkG),
deposited in a volcanic arc setting and having a lotal
thickness of at least 3 000 m (Allen et a!. 1996). The
volcanic rocks display a compositional range from
rhyolite to basa lt, with a great predominance for the
former (Allen et al., op. cit.). Chemically, they are
ca lc-alkaline or subalka line, and the basalts tholei itic
to calc-alkaline (Claesson 1985, Vivallo & Claesso n

Fig. 28. Basalt ic pillo w lava. Himanka. Photo. J. Kousa.
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Fig . 29. Low-grade greywackc o f the Hamo group. showing graded bedding by upward decrea sing
frequenc y and size o f cl asts of plagi ocl ase. quartz and phylli te. Road-c ut near Bjasta. SW o f Ornsko ldsvlk .
Photo, Th. Lundqvlst.

Fig . 30 . Migm atised greywacke o f the Harne group (Scholten or raft migmat ite) . Hamon, near the to wn
of Ham osand . PhOIO, Th. Lundqvist.

1987 ). Deposition of the felsic volcanic rocks oc­
curre d as breccias, flows, domes etc., mainly at c.
1890- 1880 Ma (MSIA Map 296, 30 1,308). A recent
age de termination of a possibly intrusive tonalite in
the Kr istineberg area, however, may indica te that the
volcanicity started already at or before I907±12 Ma
(Bergstrom & Strang 1999). The numerous massive
sulphide ores of the Skellefte District (p. 116) are
closely related to the felsic volcanic activity (e.g.
Rickard 1979,Weihed et a1. 1992, Bergman Weihed
et al. 1996, Billstro rn & Weihed 1996). They usually
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occur at a stratigraphic level near the overlying
metasedimentary rocks of the Harno group, in a
proximal position to volcanic centres and near
subvolcanic domes (Fig. 31; Allen et a1. 1996). Inthe
vicinity of the ores the volcanic rocks have been
altered to sericite and chlorite schists.

The Skellefte Group volcanic rocks are overlain by
(and intercalated with) the Harne group greywackes
in the Skellefte District (Gavelin 1955, Lundberg
1980). In the Mala-Kristineberg area the greywackes
have been intruded by mafic, Mg-rich sills, and have
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Fig. 3 I . Facies mode ls for subaqueous rhyolite cryptodorne-tuff volca noes and massive sulphide ores: 1) with a small number of post-tuff
intrusio ns. and 2) many post-tuff intrusions. From Allen et 'II. ( 1996) .

here been separated as the Mala group by Bergstrom
and Strang (1996 ). Major accumulations of mafic
volc anic deposits overlying the Skellefte Group felsic
volc anites near Mala have been distinguished by
Bergstrom and Stran g (1999) as the Tjamstan forma­
tion . (The Mala group and the Tjamstan fonmation are
not shown on the Mid-Norden Bedrock Map.)

3.2.3.5 Supracrustal rocks transitional between
the Lowerand Upper Svecofe nnian assemblages

In the legend to the Mid-Norden Bedrock Map, the

followi ng supracru stal assemblages have been in­
clude d with a broken bracket in the Lower Svecofen­
nian assemblages, indicating that they occ upy a rath­
er high level in the Svecofennian stratigraphy. The y
can be regarded as transitional to the Upper Sveco­
fennian assemb lages described in the next chapter.

The younger, l 878±2 Ma (MSIA Map 272). more
extensive complex of volcanic rocks of the Skellefte
District belongs to the terres trial Arvidsjaur Group
and cons ists of felsic (rhyolitic to dacitic) flows and
ignimbrites as well as mafic or intermediate (basaltic
to andesitic) flows and tuffs. Their metamorphic
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Fig. 32 . Volcaniclastic, c last-supported conglomerate, Antinneva formation, Pyhajoki. Photo, J.
Kousa.

grade is usually low. Volcanic textures and structures
are extremely well preserved, especially in the felsic

Fig. 33. Cross-bedded tuffac eous metasediment with matrix-sup­
ported conglomerate interca latio n. Antinneva formation, Pyhajo ki.
Photo , J. Kousa.
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rocks,where ignimbrite flames, porphyritic and glass­
shard textures, flow banding (cf. excursion guide, p.
134), accretionary lapilli, perlitic cracks, lithophysae
and spherulites are common (Grip 1935, Lilljequist
& Svenson 1974). The volcanites of the Arvidsjaur
Group overlie those of the Skellefte Group (Gavelin
1955, Lundberg 1980). Conglomerates with granitoid
pebbles which indicate that at least the stratigraph ic­
ally higher parts of this group belong to the Upper
Svecofennian assemblag es (see below) are interca­
lated in the Arvidsjaur Group .

Accord ing to Perdahl and Frietsch (1993) and Per­
dahl (1995), the Arvid sjaur Group volcanic rocks
near Arvidsjaur are calc-alkaline to alkali-calcic and
were formed in a mature volcanic arc environment.
In the Arjeplog region northwestof Arvidsjaur, in the
northernmost part of the Mid-Norden map area, the
volcani c rocks of this group are bimodal , mildly
alkaline, and extruded in an extensional arc or back­
arc environment. Similar volcanic rocks near Lulea
are, according to the same authors, calc-alkaline,
with a rather high proportion of andesites , and were
formed in the earlier stages of an arc devel opment.

South of the Mid-Norden map area, the Harno
group greywackes areoverlain by arkoses (the Naggen
arkose and high-grade equivalents, cf. Lundq vist
1987 and Lundqvist et aI. 1990), and mafic and felsic
volcanites belongin g to the Havero group (Hag).
Only minor parts of the volcanic rocks are exposed
within the Mid-Norden map area (cf. Gorbat schev et
aI. 1997), whereas the arkose is found farther south
(cf. Lundq vist et aI. 1990). Tentatively, the volcanic
rocks of the Havero group have been correlated with
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those of the Arvidsjaur Group on the Bedrock Map.
The volcanic rocks of Pihtipudas and Perh o (Piv

and Pev, respectively) have been included in the
rocks transitional between the Lower and Upp er
Svecofennian assemblages of Finland. They are situ­
ated in the area of the Central Finland granitoid
Complex (CFi), and are mainly composed of interme­
diate to felsic plagioclas e- and quartz-porphyritic
rocks with minor mafic uralite-porphyritic members.
At Pih -tipudas, the volcanic rocks and synorogenic
plutoni c rocks are considered to be cogenetic and
have a U-Pb zircon age of 1883 Ma (Aho 1979).
Several formations of volcanic rocks [the Kuu saa
(Kuv) and Yli- vieska (Ylv) volcanites ], probably
situa ted strat i-g raphically above the migmatised
Bothnian mica gneisses, occur further north, outside
the Central Finland granitoid complex in the Lestij arvi,
Yliv ieska, Raahe and Kuusaa areas. These volcanic
rocks display well preserved primary structures which
indicate a shallow- waterorevensubaerialdepositional
env iro nment (Figs. 32and 33).They vary from basalts
to K-rh yolites in composition, and have a mature,
island-arc calc-alkaline affinity. This volcanism in
the northern part of the Svecofennian Domain is
closel y related to the syntectonic magm atism of the
Central Finland granitoids, which is c. 1890- 1875 Ma
in ag e, and is also broad ly synchronous with the peak
of regional metamorphism in this area. Structurally,
the bedrock of the Nivala area is interpreted as a
gently dipping dome surrounded by younger, loca lly
flat-lying volcanic and sedimentary for mations at
Kuusaa, Ylivieska, Sievi and Lestij arvi.

3.2.3.6 Uppe r Sv ecofennian assemblages

Sedim entary-volcanic sequences which contain
co nglomerates with clasts of c. 1.88 Ga (early
orogenic, synkinematic) granitoids occur in the north­
ern and north -central part s of the Swedish Mid­
Norden Svecofennian Domain. and in the ce ntral
parts of the Finnish Mid-Norden Svecofennian Do­
main. Such granitoids normally displ ay intrus ive re­
lat ionships with Svecofennian supracrustal rocks
(cf. Kautsky 1957 and below). The te rm ' Upper
Svecofennian' , which was coined in the Nordkalott
Map (Geological Map, Northern Fennoscandi a, I : I
million (987) for similar formations, has also been
adopted in the Mid- Norden Bedrock Map. This term ,
however, must be regarded as provisional, since a
number of recent rad iometric age determinations
have demonstrated a wide range of ages for gra nitoids
mapped as early oroge nic or synkinematic . There­
fore, form ation s con taining pebbles ofsuch granitoids
cannot, without confirmation by radiometric age de­
termination of the pebble gra nitoids, be term ed 'Up­
per Svecofennian' . However, since granitoid pebble­
bearing conglomerates give important information
on the exhumatio n of granitoids and the geo logical
evolution of a region , the term ' Uppe r Svecofennian
assemblages' has been maintained as an informal
concep t on the Mid-Norden Bedrock Map.

The most imp ortant of the Swedish Upper Sveco­
fenn ian assemblages in the Mid-Norden area are the
Vargfors (VfG) and Ledfat (LeG) Groups [conglom­
erat e (Figs. 34 and 35), sandstone, and esite] , the

Fig . 34. Upper Svecofennlan v argfors con glo merate (Abborr tjam co nglome rate ) with clasts of volcanites
and Jorn-type granitoids. N of Vargforsdammen. on the northern side of the river Skell eftealven, W of
Jorn. Photo. T h. Lundqvist.
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Fig. 35 . Upper Svecofennian Ledfat conglomerate with clas ts of mainly volcanites of the Arvidsjaur
Group and sandstone. N of Bocktrasket. Ledfat area, NW of Mala. Photo, Th . Lund qvist.

Dobblon Group (conglomerate,felsic volcanites), the
Svart la Group (SvG; arkose, quartzite, conglomerate
and phyllite), the Pitea Group (PiG; conglomerate,
arkose , phyllite, mafic volcanites), at least the upper
parts of the Arvidsj aur Group (ArG) at Hej north of
Jorn, and greywackes and mafic volcanic rocks at
Blavik sjon between Lycksele and Storuman. The
Balinge Group (BaG) west of Lulea is dominated by
a conglomerate-like rock (Fig. 36) with rounded
tonalite clasts, earlier interpreted as an epiclastic
formation but rece ntly reinterpreted as a magmatic,
hydraulic breccia (Wikstrom et al. 1996). A similar

reinterpretation has also been suggested for at least
parts of the conglom erates with granitoid clasts oc­
curring in the Vallen-Alhamn area south of Lulea
(Ahman 1953, Wikstrom & Mellqvist 1995). On the
Mid-Norden Bedrock map, these and related occur­
rences (cf. Wikstrom et al. 1996) are shown by the
same colour symbol as (epiclastic) Upper Sveco­
fennian supracrustal rocks.

The above-mentioned Upper Svecofennian supra­
crustal rocks have been deformed and regionally
metamorphosed to greenschist or lower amphibolite
facies during the Svecokarelian orogeny. Their ages

Fig. 36. Magmatic. hydraulic breccia (Ballnge 'conglo merate'). Balin gsberget. WNW of Lul ek. Photo.
Th . Lundqvist.
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are not always well known, but an ignimbri te in the
Vargfors Group has yielded a U-Pb zircon age of
1874 .9±3 .7 Ma (Billstrom &Weihed 1996). Granitoid
clasts in the Ledfat Group (see Offerberg 1959 ) have
been dated at c. 1.87 Ga (Skiold 1988), which gives a
max im um age for this grou p. A granodiorite pebble in
the Pite co nglomerate on the coas t near the town of
Pitea has yielded a U-Pb zircon age of 1868±13 Ma
(Persson & Lundqvist 1997), whereas a dyke of
tonalite porphyry cutting the co nglomerate has been
dated at 1865+24/-10 Ma (Persson & Lun dq vist, op.
cit ., M SIA Map 273). A granitoid clast in the con­
glomerate at Blaviksjon has yie lded an age of I890±7
Ma (M SIA Map 3 18).

Granitoid fragm ents in a breccia atMiittsundsberget ,
similar to that at Balinge, has an age of I879±4 Ma
(MSIA Map 246). Fragments or pebbles in the co n­
glomera te-like rocks at Valle n-Alhamn have yielded
both Archaean (c . 2.7 Ga) and Palaeoprot erozoic (1.9

Ga) ages (Lundqvist et al. 1996, Lundqvist et aJ.
2000). A megaxen olith ofaugen-gneiss in the Bal inge
magmatic breccia (see Fig.6, p. 19)is also of Arch aean
age (2638± 19 Ma; MSI A Map 240) .

Conglomerates intercalated with Arv idsjaur Group
volcanic rocks dated at l878 Ma (MSIA Map 272) in
the Hej area co ntai n pebbles of the c. 1.89 Ga Jorn GI
grani toid (see below). Th ey demonstrate that at least
the upp er parts of the Arvidsjaur Group belong to the
Upper Svecofennian.

It should be noted that the upper parts of the Harn o
group greywackes probably belong to the Upper
Svecofennian assemblages, although they can only
rarely be positively ide ntified as such. Thi s conforms
with the ideas pu t forward by Kautsky (1957) that
what he called the EIvaberg series grey wackes should
corre late stratig rap hically with the Vargfors Group.
Fairly yo ung age s of c. 1.87 Ga for felsic volcanic
rocks interca la ted with the greywackes in Angerman-
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land point in the same direct ion (see above, p. 53).
T he Dobblon Group (DoG ) of Einarsson (1979),

incl uding co nglomerates wit h clasts ofthe underlying
1.87 Ga granitoid (MSIA Map 256 , 257), as we ll as
felsic, 1803±1 5 Ma volcanites (M SIA Map 250), is
situated west of Sorsele (Fig. 37) . Thi s group appea rs
to have been deposi ted on top of a folde d greywacke
sequence and therefore, in contrast to the abo ve
asse mblages postd ates the major Svec okarelian de­
formation . The Dobblon Group, along with the sur­
rounding intru sive, 179 1±22 Ma Sorse le granite
(MSIA Map 238), has been included in the Trans­
scandinavian Igneous (or Granite-Porphyry) Bel t (see
Gaal & Gorbat schev 1987 and below).

In the Bure area northeast of Sorsele, red ,
polymictic co nglo merates with thick intercalations of
reddish arkosic and tuffi tic sandstones overlie vol­
canic rocks of the Arvidsjaur Group.The clasts of the
co ng lomerates are do minated by sandsto ne and red
rhyolite, but o ther roc k types, e.g. grey granite, are
also present. The conglomerates have been termed
the Loi to Forma tion and correlated with the Vargfors
Gro up (Perdahl & Einarsson 1994). (The term Loito
Formation has erro neously been omitted on the Bed ­
roc k Map, and should be added on the three small
field s NE of Sorse le.)

In Fin land , the Kuu saa (Kuv) and Yli vieska (Ylv)
volcanic format ion s are separated fro m eac h other by
more or less co ntinuous belts of volcanicl astic roc ks
co mposed of polymictic conglomerates and finer­
graine d, immature, commonly cross-bedded volcani­
clastic metase diments, named the Yliv ieska (YlF)
and Set tijarvi (Se F) Fo rmations. These are included
among the Up per Sv ecofennian asse mblages on the
Mid-Norden Bedrock Map . Most of the pebbl es of
these co nglomerates are of volcanic orig in. Granito id
pebbles have been observed in some conglomerate
layers in the Haapajarvi.Ylivieska and Raahe areas.
The U-Pb zircon age ofone granitoid pebble fro m the
Set tij ar vi co nglomera te (Haa pajarvi area) is c. 1888
Ma (Vaasjoki & Sakko 1988).

3.2.3 .7 Early (c. 1.90-1.85 Ga) plutonic an d
dyke rocks of th e Svecofennian Domain

These intrus ions occur throughout the Svecofennian
Domain. Most predate the Svecokarelian regional
deformation and metamorphism, the mai n exceptions
being the pyroxene granitoids of Finland and the
Perthi te monzonite suite (Pms) of Sweden. They are,
thus, generally more or less intensely foliated (gneiss­
ose) . M igmatisation has also affected some of these
intrusions, a process which has evidently been pro ­
moted by the presence of xenoliths and shee t-like
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inclusions of greywackes. Th e intru sions have been
termed early orogenic, synkinematic or synorogen ic.

The Vaa sa granodiorite (Vaa) occ upies a region in
the southwestern part of the Finnish Mid-Norden map
area . Lith olog ically, this granitoi d is rathercomplex .
In part, it can be cla ssified as a synoroge nic, porp hyritic
granitoid, mainly grey in co lour. It is genera lly quite
heterogeneous in both co mpos ition and fab ric. Ac­
cording to the descript ion of Lait akari (1942), the
co mpos ition of the Vaasa granitoid is mostly grano ­
dioritic or tonalitic. Ga rne t- and hypersth ene-bearing
var iet ies have been observed in numero us places in
the so uthern and so uthea stern parts of the pluton. In
ma ny areas, especially in the northern, southern and
southea stern parts, migm atitic vari e ties are common,
indicating a high metamorphic grade. Major parts of
what has been called Vaasa granite, for example in the
Pietarsaari area , can actually be interpre ted as perva­
sively melted, raft- migmatitic mica gneisses with a
granodio ritic neosome.These contain a paleosome of
mica gneiss and calc-silicate-richrock s (Laitala 1981),
orig inating from the grey wackes of the Bothnian
schist belt. Excellent out crops to demonstrate th is are
found on the coast of the Gulf of'Bo thn ia near Faboda
village, southwest of the town of Pietarsaari (see
photo in excursion guide, p. 128).

Th e Central Fin land Granitoid co mplex (CFi) is
situated in the sou thern part of the Mid- Norden map
area and consis ts mainly of plutonic rocks whic h have
been various ly clas sified as ear ly, syn- and late­
orogenic, and were formed in the age range 1890­
1870 Ma. Sy stemat ic bedrock mapping of this
granito id co mplex was done during the ea rly decades
of the 20th century, and thu s the overall geo log ical
outline and the lithol og ical boundaries of this area are
not very accurately known. However, the old, de­
tailed descriptions of the va rious rock typ es are still
very useful (Saksela 1934, Wilkman 1938, Laitakari
1942) . Intru sions of the Cent ral Finland gra nitoid
co mplex consist of roc ks rang ing from gabbros to
granites in co mposition. Major parts are co mposed of
porphyritic granod ior ites, but porphyri tic gra nitic va­
rieties are co mmon as we ll. In some cases, these two
rock types grade into each other with no detectable
intrusive contact between them , indicating their clo se
re lationship. Less important by volume are diori tes
and gabbros. In the Vii tasaari area, these mafic roc ks
have been quarr ied for building stone. Small peridot­
itic and anorthos itic int rusion s in a few places in the
Kinnula and Viit asaari areas have also been docu ­
mented (Ny kanen 1962, Pipping 1966). Duri ng re­
ce nt ye ars, some of the mafic intru sions of the com­
plex have been important targets for ilmen ite explo­
ratio n (Karkka inen et aI. 1997 ).
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The occurrence of pyroxen e-bearing granitic to
gabbroic intrusive rocks is a special feature of the
Savo schist belt. This rock association occurs all
along the belt from Rautalampi (Rau) in the southeast
to Pielavesi and Kiuruvesi (Kiu), and again farther
northwest to the Lamu (Lam), Rantsila (Ran; Fig. 38)
and Kopsa (Kos) areas near Raahe. The intrusions
closely foll ow the bound ary zone between the
Archaean and Svecofennian Domains. Major rock
types of these intrusive complexes are coarse K­
feldspar porphyritic granites, granodiorites andquartz
syenite s or monzonites. Even-grained dioritic and
gabbroic differentiates are typically associated with
these intrusions. Both the granitoid- syenitoid and the
gabbroic rocks contain orthopyroxene as well as
hornbl ende as main mafic components. In some vari­
eties clinopyroxene is also present (Marltila 1981,
Salli 1983, Lahti 1995).

Geochemically, the pyroxene-bearing intrusive
complexes show I-type characteristics with slightly
negative t

Nd
values. Some syenitic varieties have

anomalously high Fe, K and Sa contents compared
with other Svecokarelian granitoids (Lahti 1995). A
U-Pb age of 1884 Ma has been obtained from the
Vaaraslahti intrusion in thePi elavesiarea (Salli 1983),
and this is also considered to be the age of the other
intrusions mentioned above.

Th e pyroxene granitoid intrusions have given rise
to high-temperature and low-pressure granulitic con­
tact aureoles in their wall-rocks (Heltta 1988). On the
Mid- Norden map they can be seen as cores of fault­
bounded blocks, which have been metamorphosed at
high amphibolite to granulite-facies conditions (see

also Korsman et al. 1984).
A few rather large mafic intrusions, named the

Ylivieska (Yli), Kumiseva (Kum) and Vihanti (Vih)
gabbros, are situated north of the Central Finland
granitoid complex. In fact, they are compositionally
complex layered intrusions, also containing peridotitic
differen tiates. U-Pb zircon ages of the Ylivieska and
Kumiseva intrusions are c. 1880 Ma. The Nivala area
is well known for its numerous but quite small
ultramafic bodies (Niv) in a migmatitic mica gneiss
environment (the Nivala gneiss complex, Ngc, not
shown in the Mid-Norden Bedrock Map) . Ultramafic
intrusions in the Nivala area have been deformed and
metamorphosed, and altered to serpentinites and
metaperidotites. The Hitura ultramafic body is inter­
sected by felsic pegmatite dykes which have been
dated at 1877 Ma (U-Pb zircon age, Isohanni et al.
1985). It has been proposed that the ultram afic rocks
in the Nivala area are olderthan the Ylivieska gabbro
(lsohann i et al. 1985). The Hitura and Makola
ultramafic rocks at Nivala are important hosts for
nickel, which has been mined during several periods
from the 1940' s until recently.

The plutonic Jorn suite (Jrn) is intrusive into the
older Svecofennian supracrustal rocksof the Skellefte
District, notably the volcanic arc rocks of the Skellefte
Group and the Harne group. The type massif at Jorn
comprises four different granitoid (tonalitic to gra­
nitic) generations, termed G1-GIV, and minor gabbro
(Wilson et al. 1987). The granitoid phases become
younger and more evolved towards the centre of the
massif. U-Pb zircon ages of various granitoid phases
of the Jorn massif fall between 1.89 and 1.87 Ga

Fig. 38. Coarse K- feldspar porphyri tic orthopyroxene granite {Rantaila granite}. Rantslla . Photo, J.
Makinen.
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(Wilson et al. 1987, MSIA Map nos. 282, 285, 286,
295,296).

Porphyritic intrusions of tonalite in the GI phase at
Tallb erg in the southern part of the Jorn massif are
associated with mineralisations of porphyry copper
type (Weihed 1992). In this same region a dyke of
metadolerite, the Algliden mafic dyke (Amd), with
parallel dykes of intermediate composition, is associ­
ated with Cu-Ni mineralisations (Weihed, op. cit.).

In the Kristineberg area of the western Skellefte
Distr ict, recent U-Pb dating of a tonalite thought to
belong to the Jorn suite has yielded a fairly old age of
1907±13 Ma. It is not clear whether this tonalite is
intrusive into the Skellefte Group volcanites of this
area, or whether it forms the local baseme nt of the
latter (Bergstrom & Strang 1999).

A less common composition for plutonic rocks of
the Svecofennian Domain is noted in the 1873±I0 Ma
(MS[A Map 281)Gallejaur monzonite of the Skellefte
District. This intrusion has been interpreted as geneti­
cally related to the andesites of the Vargfors Group
(see Weihed et al. 1992).

Northwest of Skelleftea, at Bjorkdal, a c. 1905 Ma
tonalite contain s quartz veins which are presently
mined for gold (Billstrom & Weihed 1996).

In the region of the Arvidsjaur Group , more gra­
nitic compo sitionsof intrusions prevail, e.g. in theAr­
vidsj aur, Antak and Avaviken granites, of which the
last-mentioned is associated with U mineralisations.
U-Pb ages for these granites are: Arvidsjaur 1877+8/
-7 Ma (MSIA Map 26 1), Antak 1879+15/-12 Ma
(MSIA Map 274) and Avaviken as young as c. 1840
Ma (Wilson et al. 1985). A somewhat older, grey

granite, dated at 1892±62 Ma (MSIA Map 231),
occurs c. 60 km ENE of Arvidsjaur. This granite body
contains Mo mineralisatio ns related to apl itic dykes.

In the Harno group greywackes there are numer­
ous, though usually not very voluminous intrusionsof
grey, foliated, in some cases augen-bearing tonalites
and granodiorites-granites (Fig. 39). They are found
throughout the Mid-Norden part of the Bothnian
Basin from Pitea in the north to the vicinity of
Ostersund in the south. Their ages usually fall be­
tween 1.89 and 1.87 Ga, but the total age range is
1.90-1 .85 Ga (see MSIA Map). However, the younger
ages of this range (1.86--1.85 Ga;MSIA Map 311and
315), recorded for the granodiorites and granites of
the Siktrask dome in the southern borde r zone of the
Skellefte District, have turned out to be due to the
presence of complex zircons. Ion probe dating of
rocks from this dome has yielded ' normal' ages of c.
1.88 Ga (P. Weihed, personal communication 1999).

Gabbrosand dioritesof similarage as the granitoids
are subordinate in volume. Examples are the Hoting­
Rorstrorn gabbro (Hot) near Dorotea (Lundqvist et al.
1990), the Nasberget gabbro (Nab) in the northern
part of the Jorn massif and the Kallax gabbro near
Lulea, Minor occurrences of related ultramafic rocks
intruded into the Harno group metagreywackes at
Lappvattnet and Mjovattnet southwest of Skelleftea
contain nickel mineralisations. A gabbro at Lainijaur
in the western part ofth e Skellefte District was mined
for nickel during World War II. The layered Hoting­
Rorstrornand nearby Klappsjo gabbros have attracted
attention becau se some parts contain elevated plati­
num-group element contents (Lundqvis t et al. 1990).

Fig . 39 . Weakly fo liated early-oroge nic granodiorite with Kvfeldspar megacrysts. Skags udde area. E of
Om skold svik . Photo . Th. Lundqvist.
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Fig. 40. Gold-bearing quartz veins in gabbro. Akerberg mine. NW of Skellefted. Photo. Th. Lundqv ist .

A gab bro at Akerberg , 35 km NNW of Skelleftea
contains a system of thin parallel quartz veins, which
are mined for gold (Fig. 40) . This gabbro probably
belongs to the Jam suite.

Interesting cong lomerate-like breccias caused by
bulb- like intrusions of dioritic- granodioritic magma
into the greywackes of the Hamo group have been
observed at Jan -Sakri saberget, 35 km WSW of
Skelleftea. The breccias generally contain rounded
fragments of ultramafite, gabbro, diorite, tonalite­
granodiorite and metagre ywacke in a matri x which in
part looks like an intrusive rock (granodiorite) but , in
part, also resem bles a metasediment (Kumpulainen
1995, Nilsson & Kero 1998).

The Perth ite mon zonite suite (Pms) has been corre­
lated with the Finnish pyroxene-bearing granitoids at
Rautalampi, etc. (see above). It is only sparsely rep­
resented in the northernmost parts of the Swedish
Mid-Norden map area , but occupies large areas fur­
ther north (Geo logical Map, Northern Fennoscandia,
I : I million 1987 ), where it is spatially related to the
felsic vo lcanic rocks of Kiruna-Arvidsjaur type. It is
characterised by strongly perthitic feld spars, and in
many cases also by the presence of pyrox ene [mainly
clinopyroxene but rarel y also orthopyroxene; see
Od rna n (1957) and Witschard (1984)]. The relation­
ship bet ween rocks of this suite and other Sveco­
karelian plutonic rocks is problematic. In tecton ic
respect s, the intrusion of the suite seems to postdate
the major Svecokarelian orogenic deformation of its
wall-rocks. Howeve r, V-Pb ages are old , 1.88-1.86
Ga (S kio ld & Ohlander 1989, Martinsson 1999). The
res ults may perhaps be taken to indica te an earl ier

termi nation ofthis deformation in northernmost Swe­
den than in more southerly areas (cf. p. 40).

The Nottrask gabbro c. 6 km northeast of Boden
was included in the Haparanda suite by Od man ( 1957),
but on the Mid-Norden Bedrock Map has provision­
ally been denoted as an early member of the Perthite
monzonite suite. It has the shape of a downward
pointing funnel (Widenfalk et al. 1985). Some other
gabbro occurrences in the northern part s of the Swed­
ish Mid-Norden area have also been given this colour
symbol, but their age and relationship with the Perth ite
monzon ite suite are not clear.

3.2.3.8 1.8-1. 7 Ga plutonic and dyke rocks of
the Svecojennian Domain

Large volumes of granitoid magm a intruded into
the Svecofennian Domain of the Swedish part of the
Mid-N ord en map area at c. 1.8 Ga, shortly after the
Svecokarelian orogeny. In contrast, the Finnish part
of the Domain is characterised by on ly few granitic
intrusions of this age , mainl y in the area so utheas t of
Oulu .

The 1.8 Ga granitoid magm as were only to a minor
ex tent accompanied by mafic magm a. Th ey were , in
part, volatile rich, leadin g to the form at ion of abun­
dant pegrnatites, and, in part, volatile poor. To the
fo rmer group be long the Lina granite of Norrbotten
Co unty (see Geological Map, Northern Fennoscandia,
I : I milli on 1987 and p. 40), and the Ske llefte and
Hamo granites.

The mostly eve n-grained and redd ish Lina granite
(Lin) mainly occurs in the Swedish Nordkalott area
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(Geological Map, Northern Fennoscandia, I : I mil­
lion 1987), but also in some smaller massifs in the
Mid-Norden area . These are not well known and are
separated from other red granites, notably those ofthe
Arvidsjaur granite type (see above). The Lina granite
is found in both the Karelian and the Svecofennian
Domains (cf. p. 40) . Studies of this granite in the
Nordkalolt area show that it was formed by mobili sa­
tion of older crust (mainly 1.9 Ga granitoids, see
Ohlander & Skiold 1994). Pegmatites related to the
Lina granite are abundant. A related, also pegmatite­
rich granite occurs at Storliden north of Arvidsjaur,
where it forms adi stinct, rounded massif. The Storliden
granite, with an age of 1792±5 Ma (MSIA Map 235),
is U-anomalous.

The Harno (Har) and Skellefte (Ske) granites are of
S-type and commonly contain muscovite. They occur
in the Harno group greywackes, from which they
were formed by partial melting (C1aesson &Lundqvist
1995). Both even -grained, mostly fine-grained , and
microcline-porphyritic varieties occur (Fig. 41) .Their
age is 1.82-1.80 Ga (Claesson & Lundqvist 1995,
Billstrorn & Weihed 1996). Associated pegmatites
are usually simple, one- or two-mica rocks, and
generally carry tourmaline. In some case s they dis­
play almost monomineralic concentrations of quartz
orfeldspar(Fig. 42) . Complex pegmatites with Li, Nb
and Sn have been noted in the U'mgsele, Jarkvissle
and Sidensjo areas of Vasternorrland County (e.g.
Romer & Smeds 1994), and at Varutrask near
Skelleftea (Quense1 1952). U-Pb columbite ages are
1.80-1.78 Ga (MSIA Map 313, 369-371) . In the
Varutrask pegmatite, well known for its content of

rare minerals, high rubidium contents are also noted.
Li-bearing pegmatites also occur on Kluntarna near
Pitea, and a complex pegmatite with e.g. beryl has
been found near Kramfors (Odman 1957 with refer­
ences, Lundqvist et aI. 1990).

Pegmatite granites are very common in the Bothnian
schist area of Finland, where they mainly exist as
dykes and veins within the mica gneisses, but also as
larger intrusions . A group of dykes of complex
pegmatites, for example in the Seinajoki and Kuortane
areas, occurs along the southern and eastern margin
of the schist belt, close to the contact zone of the
Central Finland Granitoid complex. These pegmatites
have attracted special interest because of their rare
mineral contents (e.g. beryl, cassiterite, columbite,
topa z, lepidolite, spodumene and different varieties
of tourmaline). Many ofthese are of gemstone quality
(Haapala 1966, Lahti & Saikkonen 1986 and Vilpas
1996).

The largest volumes of 1.8 Ga granitoids were
formed by high-temperature, volatile-poor (pegmatite­
poor) magmas .The most important of these granitoids
is the coarsely microcline-porphyritic, c. 1.81-1.78
Ga Rev sund granite (Rev), whichcovers largeparts of
the Svecofennian Domain in Sweden (Fig. 43; MSIA
Map 279, 305 , 320, 331 and 355). Hornfels alteration
is common in the wall -rocks of this granite (Lundqvist
et aI.1990). It postdates the S-type Hamo granite and
show s a differentiation from (rare) gabbro to quartz­
monzodiorite, quartz monzonite, granodiorite and
granite (Persson 1978). Porphyritic and non-por­
phyritic, in places dark-coloured, in part pyroxene­
and olivine -bearing granites of the so-called Sorvik

Fig. 4 1. Hiirno gran ite with lath -shap ed Kcfeldspar megacrysts. Od lngen, SW of Sollcf tca . Photo, Th.
Lundq vist.

64



Geologica l Survey of Finland. Speci al Paper 28
Description to the Bedrock Map of Central Fennoscandia (Mid-Norden)

Fig . 42 . Quartz-feldspa rquarry in pegmatite associated wi th the Hamil granite. Quartz occ upies the main
part of the quarry. and is capped by Kcfeldspar . Langsjokullen . Edsele . NW of Solle ftea. Photo. Th .
Lundq vist.

and similar granite types (Gorbatschev et al. 1997,
Weihed & Antal 1998), are probably closely related
tothe Revsund granite. Similarly, the F-rich Grotingen
(or ' Red Revsund ' ) granite (Gro) in the southern part
of the Swedish Mid-Norden area proba bly belongs to
the Revsund suite, altho ugh no precise age data exist
up to now (Gorbatschev et al. 1997).

C. 25 km southeast ofStorum an the so-called Joran
dom e is seen as a rounded structure on the Bedrock
Map. It is formed by a granite (the Joran granite, Jor),
which is a highly evolved variety of Revsund granite.

This granite has attrac ted interest because of its W
mineralisations (e.g . Eliasson 1995) .

Only very subordinate volumes of mafic rocks
(diorite or gabbro) occur in the Revsund granit e. By
mingling and mixing phenomena they can be closely
related to this granite. Such mafic rocks (colour 95 on
the Bedrock Map) have been found for exa mple in the
Kalvtrask area, in the southern pan of the Skellefte
District (Weihed & Antal 1998).

An even-grained, reddi sh granite, the Adak granite
(Adk) , occurs in the western part of the Ske llefte Dis-

Fig. 43. Typical . reddish-grey Rev sund granite with megacrysts of microc1ine. Stordals bergct. N of
Om skoldsvlk . Photo. Th. Lundqvist.
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trict. It has traditionally been correlated with the Rev­
sund granite, and this has nowbeenconfirrned by radio­
metric dating (l802±3 Ma ; Berg strom & Strang 1999).

The Sorsele granite (Sor), situated in the western
part of the Skellefte District, resembles the Revsund
granite in age (l791±22 Ma, MSIA Map 238 ) and in
chemical-modal variation. Thi s granite is usually
included in the Transscandinavian Igneous Belt. Re­
cent interpretations also include the Revsund granite
in thi s concept (e.g. Gorbatschev & Bogdanova 1993).

Some granites and syenites with 1.8 Ga ages occur
in the northern parts of the Mid-Norden area. The
Edefors granite and syenite (Edf) near Alvsbyn , and
the Boden syenite (Bod) northwest of'Lulea (Ohlander
& Skiold 1994), as well as the porphyritic Ale granite
(Ale) west of Lulea (MSIA Map 241; Ohlander &
Schaberg 1991) belong to these intrusion s, which
were formed from dry magmas. The Edefors and
Boden rocks contain cl inopyroxene, in part also
olivine. The Edefors syenite and granite were formed
from mantle melts with less than 35% of cru stal
material (Ohlander & Skiold 1994).

In the southwest, near the Caledonides, the micro­
cline-porphyritic,1.70-1.68 Ga Ratan granite (Rat)
covers a total area of c. 5 000 km-, but occupies only
a sm all area on the Mid-Norden map .Like the Sorsele
granite, ithas been included in the Transscandinavian
Igneous Belt (see Gorbatschev et aI.1997) .

Around the Muhos Formation (MuF), south of the
town of Oulu in Finland, the Mid-Norden Bedrock
Map shows a large granitoid intrusion named the
Tyrnava granite (Tyr). Thi s granitoid is very poorly
exposed and seen only in a few scattered outcrops,

and is therefore not well defined. The Tyrnava
granitoid area has been reported to contain a hetero­
geneous association of coarse pegmatite granites,
even-grained microcline and aplite granites, and also
K-feldspar porphyritic varieties (Kesola 1985). The
Tyrnava granite, on the boundary zo ne between the
Sveco-fennian and Karelian Domains, is distinguished
fro m other intrusions in the area because of its late­
orogenic (cross-cutting) nature. A V -Pb zircon age of
c. 1825 Ma has been reported for a homogeneous,
slightly K-feldspar porphyritic variety (Honkamo
1989). Th e Tyrnava granite has been observed to
intrude both Karelian and Svecofennian schists, and
also the Archaean basement complex .

3.2.3.9 Mesoproterozoic intrusive rocks of the
Svecofennian Domain

3.2 .3.9 .1 Rapakivi complexes and dykes

A number of plutonic rapakivi complexes and
related dyke rocks occur in the Mid-Norden area,
mainly in Sweden. V-Pb ages for these fall in the
interval 1.6--1.5 Ga. They have traditionally been
termed sub-Jotnian, as some of them form the base­
ment of Jotnian (see below) sandstone formations.
Recent overviews on the Swedish rapakivi complexes are
found in Ahl et al. (1997) and Andersson (1997).

The rapakivi complex of Ragunda (Rag; Kornfalt
1976, Persson 1997 , Gorbatschev et al. 1997) consists
of leucogabbro, gabbro, quartz syenite and syenite,
biotite granite and hornblende granite. It is composed
of a number of rounded intrusions whi ch become
successively younger towards theeas!. Two V-Pb age

Fig. 44. Nordingra gabbro with inclusions of leucogab bro/anorth osite. Bonharnn, Nordingrd
ar ea , E of Kramfor s. Photo, Th. Lundqvist.
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determinations of the granites have yielded 1506±13
and 1513±9 Ma (MSIA Map 382 and 39 1). Chemi­
cally, the granites are metalum inous to peralum inous
(Persson 1997). They are porph yritic, with cm-Iarge
phenocrysts of alkali feldspar , and are usually mixed
and mingled with the Ragunda gabbro (cf. pho to on p.
138). Dykes of felsic as well as mafic composition
occur in the Ragunda massif and its surroundings, and
are close ly related to the rapakivi magm atism.

In the rock s surrounding the Ragunda rapakivi
complex, a transformation of microcline to orthoclas e
has been observed, caused by the heat of the rapakivi
intrusion s (Kornfa lt 1969).

Th e Nordingra rapakivi complex (Nor) of 1578±9
Ma age (MSIA Map 390) consists of granite, gabbro
and leucogabbro with anorthosite (Fig. 44). (The tenn
anorthosite in the legend of the Bedrock Map denotes
leucogabbro as well as anorthosite proper. This also
co ncerns the Ragunda rocks.) The granite, which is
porphyritic with em-large alkali feldspar phenocrysts,
forms ac. I km-thick sheeton top ofgabbro/anorthosite
(Lundqvist et aI. 1990). It intrud es and brecciates the
mafic rocks of the complex (Fig. 45). Mingling and
mixing phenomena are not as conspicuous as at
Ragunda. The gabbro was formed by multiple intru­
sion, and is layered . The Nordingra complex is well
known because of von Eckermann' s ( 1938) theory of
anorthosite formation through upward acc umulation
of fIoating plagioclase crystals in a gabbroic magma.
This theory may stilI be valid for Nordingra, although
the structure is not as simple as envisaged by von
Eckermann (Lundqvist et aI. 1990).

Limited horn fels alterat ion has been observed in

wall-rock s and xenoliths of metagreywacke , etc.
(Lundqvis t et aI. 1990).

Other rapakivi massifs in the Mid-Norden area are
smaller than those at Ragunda and Nordingra. They
occur at Mard sjo (Mar; gabbro, leucogabbro or
anorthositic gabbro, quartz sye nite, granite; 1524±3
Ma, see MSIA Map 366), Nordsjo (Nom; monzonite
or syenite, dependi ng on method of classification,
with dykes of dolerit e, granite porphyry , syenite and
monzonite porp hyry; 1519±7 Ma, see MSIA Map
35 1), Mullnaset (gabbro, syenite and granite,1526±3
Ma, see MSIA Map 339 ) and Striimsund (granite with
minor quartz syenite); see also Andersson (1997),
Gorbatschev et aI. (1997) and Lundqvist et aI. (1990).
Rapakivi granite is also found on the Bonden skerry
southeast of Nordmaling. Th is granite is probably
connected with the Nordingra granite at dep th.

E-W-trending dykes ofgranite porphyry of rapakivi
type as well as various hybrid rocks are found near
Bollstabruk, between Ragunda and Nordingra. The
most important is the c. 10- 20 m-wide Boll stabruk
granite porphyry dyke (Bgp: see Lundq vist et aI.
1990).

The undeformed Petolahti diabase dyke (Pdd), c.
35 km south of the town of Vaasa , on the western
coast of Finland, is zoned and exhibits a differentia ­
tion from sulphide-bearing olivine diab ase through
pyroxene diabase to quartz diabase (Ervamaa 1962).
The composition of the dyke is geochemically differ­
ent from that of the Jotnian Vaasa diabase dykes (see
below) exposed on a few islands in the Gulf of
Bothnia. The Petolahti diabase dyke cuts sharply
through the Svecofennian mica gneiss and has been

Fig . 45 . Ncrdingra granite brecciat ing Nordl ngra gabb ro. Sal sakcr, Nord ingrJ. area. E of Kramfors.
Photo. Th. Lu ndq vist.
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proposed to be related to the c. 1.65 Ga, sub-Jotnian
Harne diabase dyke swarm ofsouthern Finland (Sipila
et al. 1985). Thus, it may be closely related to rapakivi
intrusions, although radiometric age data are lacking.
The ultramafic portion of the diabase dyke is the host
rock for a small Ni -Cu ore that was mined in 1972­
1973 (Sipi];i et al. 1985).

3.2.3 .9.2 Post-Jotnian mafic intrusions

The Jotnian (see 3.3), sub-Jotnian and older,
Palaeoproterozoic bedrock has been intruded by nu­
merous, up to some hundred metres wide sheets, sills
and dykes of dolerite or diabase. (Cf. Saksela 1933,
Laitakari 1942, Lundqvist et al. 1990, Gorbatschev et
al. 1997.) It should be noted that these rocks, which
are unmetamorphosed, have traditionally been called
diabases in Finland and dolerites in Sweden. These
terms have also been adopted on the Mid-Norden
Bedrock Map.

In Sweden, the dolerites belong to the c. 1250-1220
Ma post-Jotnian Central Scandinavian Dolerite Group
(CSD) and, in the Angermanland coast region, to the
Ulvo Dolerite Complex (UDC; Larson 1980; see also
Welin & Lundqvist 1975). The latter is well exposed
in the coast region and displays beautiful igneous
layering, in part graded, and lamination (cf. photos in
the excursion guide, p. 136). The dolerites are of
alkali-olivine basalt type and consist of labradorite,
olivine, titaniferous augite, titanomagnetite and mi­
nor K-feldspar,quartz and apatite. In titanomagnetite­
rich layers the mineral ulvospinel was first discov­
ered (Mogensen 1946). In the upper parts of the flat ­
lying sheets, monzonitic and even granitic composi­
tions are found (Lundqvist et al. 1990).

The Swedish post-Jotnian dolerites have generally
intruded in the form of gently dipping sheets or
lopoliths (cf. Larson 1980 and Gorbatschev et aI.1997).
The most conspicuous lopolith occurs in the coast
region of Angermanland and Medelpad, and has a
semi-circle shape with a diameterof 90 km (Lundqvist
et al. 1990).

Numerous dolerite dykes, mostly strikingE-W±30°
and dipping steeply, are found in the Swedish Mid­
Norden area . Their mineralogy (where known) is
generally similar to that ofthe sheets and sills, and the
dolerites are therefore usually considered to be of the
same age (see Lundqvist et al. 1990). The dykes
appear as distinct linear positive anomalies on
aeromagnetic maps, from which their extensions have
been drawn on the Bedrock Map. They have been
denoted by the same colour as the post-Jotnian
dolerites, but palaeomagnetic investigations com­
pleted after the Mid-Norden Bedrock Map has been

68

published (Moakhar 1998) suggest that at least some
of these dykes are associated with the rapakivi com­
plexes and are thus older (1.6-1.5 Ga).

On a few islands in the Gulf of Bothnia, c. 30-40 km
west of Vaasa in Finland, there are exposures of well
preserved medium- to coarse-grained, oli vine-pyrox­
ene diabase (Vdd) intruding migmatised mica gnei ss
as roughly N-S to NE-SW-striking dyke swarms
(Saksela 1933, Laitakari 1942). The Vaasa dykes are
medium- to coarse-grained and composed mainly of
labradoritic plagioclase, monoclinic and rhombic
pyroxene, olivine and titanomagnetite (Nykanen
1960). Some of the dykes have a very coarse-grained
diabase-pegrnatitic core, which has been dated. The
U-Pb zircon age of three samples taken from the
dykes of Svall and Norrgrynnan islands is c. 1268 Ma
(Suominen 1991), confirming that these dykes can be
correlated with the post-Jotnian Satakunta diabase
200 km south of Vaasa, and also with the Ul vo
dolerite and the Central Scandinavian Dolerite Group
in Sweden.

3.2.3.10 Metamorphism and tectonic evolution
of the Svecofennian Domain

3.2.3.10.1 General overview

Svecokarelian deformation and regional metamor­
phism affected the Svecofennian supracrustal rocks
as well as the oldest (early orogenic, synorogenic or
synkinematic) plutonic rocks. Available data indicate
that the main phases of deformation and metamor­
phism occurred earlier in Finland (c. 1.88 Ga) than in
Sweden (between c. 1.86 and 1.82 Ga) . Early phases
have, however, also been detected or suggested in
Sweden (cf. p. 70). A noteworthy feature of the
Svecofennian Domain in Sweden and Finland (ex ­
cept for the easternmost parts, near the Archaean
craton) is the lack of structural trends persisting over
large areas (cf. MSIA Map).

Regional Svecokarelian metamorphism of the
Svecofennian Domain of the Mid-Norden area mainly
occurred at amphibolite-facies conditions. In Fin­
land, granulite facies has been attained in some re­
gions, while in Sweden, particularly in the Skellefte
District, vast areas are characterised by greenschist­
facies metamorphism.

The regional metamorphism was of low-pressure
type, as shown by the occurrence of andalusite and
cordierite and the absence of kyanite. At higher
grades andalusite is replaced by sillimanite. Avail­
able data point to Svecokarelian geothermal gradients
of the order of 50°C/km.

Contact metamorphism (hornfels alteration) , re-
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lated to relatively late igneous intrusions, is superim­
posed on the regional metamorphism. In Finland,
such metamorphism is found in the contact zone of
the pyroxene granitoids, while in Sweden hornfelses
are found particularly around the Revsund granite,
but also near rapakivi complexes.

3.2.3.10.2 Tectonometamorphic features of the
Svecofennian Domain in Finland

The Svecokarelian deformational history of the
Svecofennian Domain in Finland has been docu­
mented to include four more or less well separated
stages. These events have been studied mainly in the
boundary zone between the Svecofennian and Karelian
Domains (Korsman et al. 1984, Korsman 1988, Luukas
1991), but the stages can also be identified in the west,
in the Bothnian schist belt (Vaarma & Pipping 1997).
Especially along the Savo Schist Belt, fault-bounded
blocks with internally different structural and meta­
morphic histories are a very prominent feature
(Korsman et a1.l984, Hiiltta 1988).

Deformation in the Svecofennian Domain of Fin­
land involved an early phase of thrusting towards the
Archaean craton in the northeast, when D I and D2
folds developed, and younger phases (D3 and D4) of
shearing and fragmentation which produced the ma­
jor shear zones of the central Fennoscandian Shield
(Karki et al. 1993). On the Mid-Norden Bedrock
Map, the main two folding events of the polyphase
Svecokarelian deformation (D2 and D3) are schemat­
ically presented by the same symbol lines, according
to J. Luukas. The unclassified lines marking fault and
shear zones have been constructed mainly from low­
altitude airborne magnetic maps of the Geological
Survey of Finland, but in many cases have also been
confirmed from outcrops.

The metamorphic imprint on the Svecofennian
supracrustal rocks varies between low-pressure me­
dium grade and granulite high grade. The eastern
margin of the Svecofennian Domain (i.e., the Savo
schist belt), consisting mainly of migmatised mica
gneisses with abundant metavolcanic rocks, has usu­
ally reached upper amphibolite facies. In many cases,
even low-pressure high-temperature granulite-facies
conditions have prevailed, as indicated by the occur­
rence of hypersthene, cordierite, garnet and in places
also sillimanite. In the Pielavesi area, c. 100 km
northwest ofKuopio, regional metamorphism culmi­
nated at a temperature of 800--880 °C and a pressure
of c . 5.5 kb (Holtta 1988). Contemporaneous
magmatism produced granitoids and tonalitic
migmatites (Korja et al. 1994). The pyroxene
granitoids, dated at c. 1884 Ma, intruded slightly after

this peak of metamorphism. Some of these have
caused clear contact-metamorphic aureoles in the
surrounding rocks (Hiiltta 1995).

High-grade conditions also prevailed in the area
west of the Savo schist belt, as indicated by migmatised
mica gneisses, for example around the Nivala
ultramafic bodies. This feature may indicate the pres­
ence of a dome-like window structure in the area,
where former deeper levels of the crust have been
exposed, surrounded by the stratigraphically higher
supracrustal rocks of the Upper Svecofennian, like
the Kuusaa Formation and the Ylivieska volcanites
and related sedimentary rocks.

Conditions in the Bothnian schist belt reflect a
progressive increase in metamorphic grade from the
contact with the Central Finland granitoid Complex
towards the Vaasa granite. Near the contact zone of
the Central Finland granitoids, metagreywackes are
characterised by a paragenesis with staurolite and
garnet, indicating medium-grade metamorphism.
Through andalusite pseudomorphs (replaced by mus­
covite), the sillimanite - K-feldspar paragenesis is
reached near the contact zone of the Vaasa granite
(Vaarma & Pipping 1997). The Vaasa granite itself
contains hypersthene-bearing varieties, also indicat­
ing a westward increasing metamorphic grade (Lai­
takari 1942).

The large area between the Savo schist belt and the
high-grade area of the Bothnian schist belt reached
medium-grade conditions west and north of the Cen­
tral Finland granitoid Complex . This area consists of
the greywackes of the eastern part of the Bothnian
schist belt, stratigraphically overlain by the Upper
Svecofennian supracrustal formations (rock numbers
99,103 and 104 in the Mid-Norden Bedrock Map).
No systematic study of metamorphism has been car­
ried out here, but during bedrock mapping and explo­
ration, andalusite and garnet have been observed in
numerous places, sometimes also cordierite and
staurolite, indicating low amphibolite facies meta­
morphism. Andalusite is typically replaced by mus­
covite and quartz (Vasti 1989).

3.2.3.10.3 Tectonometamorphic features of the
Svecofennian Domain in Sweden

During the last ten years, new ideas on the plate
tectonic evolution ofthe Svecofennian Domain in the
Swedish Mid-Norden area have been put forward,
based on geophysical as well as isotope investiga­
tions . In agreement with the early ideas of Hietanen
(1975), magnetotelluric and deep seismic reflection
measurements indicate structures in the deep crust
and mantle that have been interpreted to be related to
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an ancient subduction zone dipping NE, below the
Skellefte District and its extension into the Gulf of
Bothnia (Rasmussen et al. 1987, BABEL Working
Group 1990) . A model has also been suggested for the
plate tectonic evolution in the border zone between
the Svecofennian and Karelian Domains (the Lulea­
Jokkmokk Zone). Measurements of eN" values in c.
1.88 and 1.80 Ga granitoids indicate that a 1.9 Ga
volcanic arc has collided here with the Archaean
continent in the northeast in the time interval between
the intrusion of these two granite groups (Ohlander et
al. 1999,cf.alsoOhlanderetal. 1993).

In the Svecofennian Domain south of the Mid­
Norden area (in Gavleborg County and south of
Stockholm), the main Svecokarelian deformation has
been interpreted as an early E-W compression pro­
ducing N-S folds with east-dipping axial planes, fol­
lowed by N-S compression, giving rise to fold inter­
ference (cf. Lundqvist et al. 1990). In the Mid-Norden
area, however, such a relatively simple model is hard
to confirm. The structures here seem to be strongly
influenced by early orogenic (c. 1.89-1.85 Ga)
granitoid massifs, which have formed relatively rigid
blocks during deformation, and by a kind of diapiric
upwelling during and after raft migmatite formation
(e.g. Lundqvist et al. 1990) .

In the Skellefte District, the first regional deforma­
tion resulted in upright isoclinal folds with E- W to
NE-SW-striking axial planes and fold axes plunging
c. 60 o /E in the eastern part of the District (Bergman
Weihed et al. 1996). A second deformation produced
gentle to open folds with steep NE-SW-striking axial
planes, and was largely coaxial with the first-genera­
tion folds in the eastern parts of the District. In more
westerly parts the structural evolution is in principle
similar, but the orientation of the structural elements
differs.

In the so-called Nickel Zone southwestofSkelleftea
(Fig. 24), a pronounced ENE-WSW structural trend
is formed by subparallel foliations, lithological
boundaries and shear zones.

As to the timing of the regional Svecokarelian
deformation and metamorphism in the Swedish Mid­
Norden area, these events are bracketed between c.
1865 and 1820Ma(theageoftheyoungestsupracrust­
al rocks and the oldest, essentially undeformed gran ­
ites, respectively). However, older phases of defor­
mation have been suggested to have occurred in the
eastern part of the Skellefte District before 1875­
1860 Ga, or in the time interval between the Him GI
and GIll granitoids (at c. 1.88 Ga; see Lundstrom et
al. 1999). South of Skelleftea, recent structural inves­
tigations combined with ion-probe dating have been
interp reted to indicate the existence of deformation
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structures and migmatisation features as old as 1900­
1890 Ma, followed by a younger phase of deforma­
tion and veining at 1860 Ma (Rutland et al. 1997).
Further work, however, is needed to elucidate the
tectono-metamorphic evolution of this part of the
Bothnian Basin.

In Sweden, the regional Svecokarelian metamor­
phism involved mobilisation oflarge parts ofthe Har­
no group greywackes to migmatites (Lundqvist et al.
1990, Gorbatschev et aI.1997). These migmatites
generally contain sillimanite and cordierite, in some
cases also almandine. The transformation from anda­
lusite in medium-grade rocks to sillimanite with ris­
ingtemperature, according to field observations, seems
to have taken place at a somewhat lower temperature
than that necessary for migmatisation (Lundqvist et
al. 1990) .

Migmatisation of the Harno group greywackes has
taken place in three steps, the first of which involved
formation of granitic veins, mainly in the peliti c
layers of the metasediments. The second step pro­
duced raft migmatites (Schollen-migmatites) with
more than 50 % of a granodioritic mobilisate that
commonly contains scattered megacrysts of micro­
cline. The third step was linked with the intrusion of
the c. 1.8 Ga Harno and Skellefte granites (cf. above),
and involved injection of granitic-pegmatitic mate ­
rial into the greywacke gneisses (Lundqvist et al.
1990).

The largest area in the Svecofennian Domain with
low-grade metamorphism is the Skellefte District,
where volcanic rocks of the Skellefte and Arvidsjaur
Groups as well as the Harne group greywackes con­
tain parageneses with chlorite, sericite and epidote.
Only minor low-grade areas occur in the Bothnian
Basin south of the Skellefte District.

After the Svecokarelian orogeny, important ductile
deformation occurred along shear zones. Important
N-S-striking shear zones crosscut the Revsund gran­
ite in the Kalvtrask area southwest of Skelleftea
(Weihed & Antal 1998 ), and are therefore younger
than 1.8 Ga. Post-I.8 Ga shear zones have similarly
been recorded in the Revsund granite in northern
Angermanland (Lundqvist et al. 1990). In the south,
the northernmost part of the important Storsjon­
Edsbyn Deformation Zone (see Fig. 24) has a N-S
trend near the Caledonian border south of Ostersund.
Th e latest deformations in this zone are bracketed be­
tween 1.7and 1.2Ga (Bergman & Sjostrom 1994). Ac­
cording to U-Pb dating of titanite, earlier movements
in the zone occurred at 1.80 Ga (Hogdal et al. 1996).

Contact metamorphism related to the 1.8 Ga and
later (post- and anorogenic) intrusions in Sweden is
superimposed on the regional metamorphism.Around
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the Revsund gra nite. homfelses with hypersthene,
almandine. co rdie rite, sillimanite. anda lusite, green
spinel and microclin e have formed in greywackes
(Lundqvist et a1. 1990). The regional schistosity has
concomitantl y been more or less wiped out. Simi lar
homfelses have been noted loc ally at the contacts of
the Ragunda massif and in xenoliths of the Nordingra
granite, leucogabbro and gabbro. A transformation of
microcline to orthoclase has been observed in the
wall-rocks of the Rag unda massif, and loca lly also
aro und major post-Jotnian dolerite sheets (Kornfalt
1969. Lundqvist et a1. 1990).

Numerous brittle deformati on zones crosscut the
bedrock of the Swedish Svecofennian Domain. They
ge nerally follow (earlier) ductile zones . Because of
extensive rock units of uniform lithological co mpo si­
tion (granito ids. raft migm atites) fault displace ments
are generally difficul t or impossible to es timate. In the
No rdingra area. how ever. an E-W fault with a c. I km
sinistral d isplacement is situated in Ullange rfj arde n
(Lundqvist et al. 1990). In the sub-Jo tnian and Jotnian
complexe s of Nordingra, nume rous faults have been
detected. in part by geop hysical methods . Espec ially
N-S faul ts have been noted, in which the eas tern
blocks have become uplifted c. 8G-90 m relative to the
western . In general. however. the ent ire Gulf ofBo th­
nia block should have been depressed in relation to the
land areas in the west and east. as on ave rage I 000
m ofJotni an sa ndsto ne occ ur below sea level (Axberg
1980. Ahlberg 1986). Faults have also been reported
predating the intrusion of the post-Jot nian doleri tes
but affe ct ing the c. 1.58-1.25 Ga Jotnian sandstone of
Nordingra (Lundqvist et a1. 1990).

3.2 .3.11 References

AhI. M., Andersson, V.B., Lundqvist , T. & Sundblad, K.
(eds .} 1997 . Rapakivi grani tes and rela ted rocks in central
Sweden . Sveriges geologis ka und ersokning Ca 87. 99 p.

Ahlberg, P. 1986. Den svcnska kcnti nentalsockeln s berg­
grund. Sam manfattning av ti flgdngl iga undersokningar.
Sveriges geologiska undersb kni ng, Rap porter Deh med­
delanden 47 . 101 p.

Ah m a n. E. 1953. Yallen -Al hamnomrddet i Nederlu lea s: n.
Summary : The Vallen -Alhamn area. par ish of Nederlulea.
North-Eastern Sweden . Sveriges geo logiska undersokning
C 529. 21 p.

Ahm a D, E. & wl ks trbm, A. 1990. Bergg rund skartan 25M
Kalix SO. I: 50000. With a short descr ip tion in Swe dish
and a n Engli sh summary. Sveriges geolog iska undersokning
Ai 4 5.

Abo, L. 1979. Petrogenet ic and geoc hronological studies o f
metavol canic rock s and associated granitoids in the Pihti­
pudas area , Central Finland. Geological Survey of Finland ,
Bullet in 300. 2 1 p.

Ai kas, O. 1989. Phosphate resources in ea rly Prot erozoic
supracrus tal rocks . Fin land, with reference to the Balti c
Shield . In: Not hnlt. A.J.G.• Sheldon, R.P. & Davi dson.
D.F . (eds.) Phosphate depo sits of the world. Vol. 2 :

Phosph ate rock resources. Cambridge: Cambridge Univer­
sity Pre ss. 429 --436.

Allen, R.L., w ethed, P. & Svenson, S.~A. 1996. Sett ing of
Zn-Cu-Au-Ag Massive Sulfide Deposits in the Evolut ion
and Faci es Architecture o f a 1.9 Ga Marine Volc ani c Arc.
Skel lcfte Distr ic t. Sweden. Economic Geo logy 9 J. 1022­
1053.

Andersson, U.B. 1997. Petrogenes is o f some Proterozoic
granitoid su ite s and associate d basic rock s in Swede n
(geoche mistry and isotope geo logy ). Sveriges geo log iska
under sokning, Rapp ort er och meddelanden 9 1. 2 16 p.

Axberg, S. 1980. Seismi c strat igraphy and bedrock geo log y
of the Bothnian Sea . nort hern Baltic. Acta Universitat is
Stoc kholmi ens is. Stockholm Contributions in Geo logy. Vol.
XXXV I:3. 153-213.

HAHELWorking Group 1990. Evidence forear ly Proterozoic
plat e tectonics from seismic reflection pro fi les in the Balt ic
Shield . Nature 348. 34-38.

Bergma n, S. & Sjostrom, H. 1994. The Storsj on -Ed sbyn
Deformation Zone. central Sweden. Research report of a
project entitled : "The thermometamorp hic history of a
major shear zone in centra l Swed en - integrated gco log ica l­
geophysical study" . Sveriges geologiska und ersokning dnr
03-500/92:78. 46 p.

Bergman \Veih ed , J. , Bergs t ro m, U., Blllstrbm, K. &
\Veih ed , P. 1996. Geo log y. tecton ic se tt ing . and origin o f
the Paleoproterozoic Boliden Au-Cu-As deposit. Skellefte
Distr ict, nor thern Sweden . Eco nomic Geology 91. 1073­
1097.

Bergst r om, U. & Strang, T . 1996. Kartbl aden 231 MaliL In :
Wahl gren. C.-H. (ed .) Regional berggrundsgeologi sk un­
de rso kning . Sammanfau ning av pagiiende under sbkningur
1995. Sverige s geologis ka undersokning, Rapport er oc h
meddelanden 84. 85-92.

Bergstrom. U. & St ra ng. T . 1999. Kartbladen 231 Mala.
In:Wahlgren. C. -H. (ed.) Regio nal bcrggrundsgeologisk
und ersokning. Samm anfau ning av pag aende undc rsok­
ni ngar 1998 . Sverige s geologiska unde rsokning, Rapport er
och meddelanden 98. 48-54.

Berthelse n, A. & Marker. M. 1986. 1.9-1.8 Ga old strike­
slip megashears in the Baltic Shield. and their plate tecton ic
imp licat ions . Tectonophysics 128.1 63-1 8 1.

Hill st ro m, K. & weihed, P. 1996. Age and pro venance of
host rocks and ores in the Paleo proterozoic Skellefte Dis­
trict, north ern Sweden. Eco nomic Geology 9 1, 1054-1072.

Ctaesson, L.-A. 1985. The geochemistry of early Proterozoic
metav olcanic rocks hostin g massive sulphide depos its in
th e Ske llefte distri ct . north ern Sweden . Jo urna l of the
Geo log ica l Soc iety 142. 899-909.

Ecke rmann, H. vo n 1938. Th e ano rthosi te and ke nni ngi te of
the Nordingra-Rbdc region. Geolo giska Foreningens i Stock ­
hol m Forhand lingar 60. 243-284.

E in a rsson , O. 1979. Den prek am br is ka berggrunden i
Dobblonomrddet .vustcrbonen s Ian. Sver iges geo logts ka
under sokning C 748 . 123 p.

Ekd a hl. E. 1993. Early Protero zoic Kareli an and Svecofennian
for mati on s and the evolutio n of the Raahe-Ladogu Ore
Zone. based on the Pie lave si area. central Finland. Geologi ­
cal Survey o f Fi nland . Bullet in 373 . 137 p.

Elia sse n, T . 1995. Berggr unden pa kartb laden 23H Ste nscle.
In : Wahl gren . C.-H. (ed.) Region al berggrundsgeologi sk
under sokning. Sa mman fattn ing av pagaen de undersok­
ningar 1994 . 77- 83.

Eliasson , T. & Strang. T. 1998. Kartb laden 23H Stensele . In :
W ahl gren. C .- H. (cd.) Regional berggru ndsgeo logisk
under sokning. Sa mma nfunning av pa gaende undersok­
ni ngar 1997. Sveriges geo logiska undersoknl ng . Rapporter
oc h medd eland en 97 . 55-59 .

71



Geological Survey of Finland, Special Pape r 28
Thomas Lundqvist and Sini Autio (eds. ), ReiduLv Bee et of.

Rrvamaa, P. 1962. The Petolahti diabase and associated
nickel -copper-pyrrhotite ore. Finland. Bull etin de la Corn­
miss ion geolo gique de Finlande 199, 1-80.

Gaal, G. 1985. Nickel metallogeny related to tectonics . In:
Papunen, H. & Gorbunov, G.I. (eds.) Nick el-copper de­
pos its of the Baltic Shield and Scandinavian Caledonides.
Geological Survey of Finland, Bulletin 333, 143-155.

Gaal, G. & Gorbatschev, R. 1987 . An outline of the Pre~

cambrian evolution of the Balti c Shield. Precambrian Re­
search 35,15-52.

Gaveiin, S. 1955. Beskri vning till bergg rund skarta over
vustcrbou cns Ian. 1. Urbergsomradet inom Vaster­
bo ttcn slan. With map to the scale of 1 : 400 000. Sveriges
geologiska undersbkning Ca 37, 4-99.

Geological Map, Northern Fennoscandia, 1 : 1 million
1987. Geolo gical Surveys of Finland, Norw ay and Sweden.
Helsinki .

Gorbatschev, R. & Bogdanova, S. 1993. Fronti ers in the
Baltic Shie ld. Precambrian Research 64, 3-21 .

Gorbatschev, R., Kornfalt, K.·A., & Lundegardh, P.R.
1997. Beskrivning till berggrundskartan over Jamtlands
Ian. Del I : Urberget. With map to the scale of I : 200 000 .
Sveriges geologiska undersokning Ca 53: 1. 250 p.

Grip, E. 1935. Die Arvidsjaurporphyre . Eine archaische
Effusivgesteinsreihe im nordlichen Schweden. Bull etin of
the Geological Institutions of the Univ ersity of Uppsala
XXV, 135- 220.

Haapala, I. 1966. On the granitic pegmatites in the Pera­
seinaj oki-Alavus area , South Pohjanmaa, Finland. Bul­
letin de la Commission geologiqu e de Finlande 224. 98 p.

Helovuori, O. 1979. Geology of the Pyha salmi ore depo sit ,
Finland. Economic Geology 74 (5),1084-1101.

Hietanen,A.1975. Gen eration of pota ssium-poor magmas in
the northern Sierra Nevada and the Svecofennian of Fin­
land. Journal of Resea rch of the U.S. Geological Survey 3
(6), 63 1- 645.

Hbgdal, K., Gromet, L.P. & Claesson, S. 1996. The
geochronology of a ducti le shear zone in Jamtland, central
Sweden. GFF 118, Jnbilee Issue, AI4- A I5.

Htiltfa , P. 1988. Metamorphic zones and the evolution of
granulite grade metamorphism in the earl y Proterozoic
Pielavesi area , central Finland. Geological Survey of Fin­
land, Bnlletin 344. 50 p.

Hdltta, P. 1995. Contact metamorphism of the Vaaraslahti
pyroxene granitoid intrusion in Pie lavesi, Cent ral Finland .
In: HoIWi, P. (ed.) Relationship of granitoids, struc tures
and metamorphism at the eastern margin of the Central
Finland Granitoid Complex. Geolo gical Survey of Finland,
Bulletin 382, 27- 79.

Honkamo, M. 1989. Po hjois-Pohjanmaan vulkaniiti t : Lapin
vulkaniittiprojektin raportti . Summary: Volcanic rocks in
northern Ostrobothnia : a report of the Lapland Volcanite
Project. Geologian tutkimuskeskus, Tutkimusraportti 89.
46 p.

Huhrna, H. 1986. Srn-Nd. U~Pb and Pb-Pb isotopic evidence
for the originof the Early Proterozoic Svecokarel ian crust in
Finland. Geological Survey of Finland, Bull etin 337.48 p.

Huhrna, H., Claesson, S., Kinny, P .D. & Williams, I.S.
1991. The growth of Earl y Proterozoic crus t: new evidence
from Svecofennian detrital zircons . Terra Nova 3 (2), 175­
178.

lsohanni, 1\'1., Ohenoja, V. & Papunen, H. 1985. Geology
and nickel-copper ores of the Nivala area . In: Papunen, H.
& Gorbunov, G. I. (eds.) Nickel-copper depo sit s of the
Baltic Shield and Scandinavian Caledonides. Geological
Survey of Finland, Bulletin 333, 2 11- 228.

Kahkonen, Y. 1989. Geoch emistry and petrology of the
metavolcanic rock s ofthe early Prot erozoic Tamp ere Schist

72

Belt, southern Finland. Geological Survey of Finland, Bul­
letin 345. 107 p.

Kiirki, A., Laajoki, K. & Luukas, J. 1993 . Major Palaeo­
proterozoic shear zones of the central Fennos candian Shield.
In: Gor batsche v, R. (ed.) The Baltic Shield. Precambrian
Research 64 (1-4), 207-223.

Kiirkkiiinen, N., Sarapaa, 0 ., Huuskonen, !\-1., Koistinen,
E. & Lehtimiiki, J. 1997. Ilmen ite exploration in western
Finland, and the mineral resources of the Kalvi a deposit.
In: Autio , S. (ed.) Geo logi cal Survey of Finland, Curr ent
Research 1995- 1996. Geological Survey of Finland, Spe­
cial Paper 23, 15- 24.

Kautsky, G.1957. Ein Beitrag zur Stratigraphi e und dc m Bau
des Skelleftefeldes, Nords chwede n. Sveri ges geologis ka
und ersoknin g C 543. 65 p.

Kesola, R. 1985. Oulujoen kartta-alueen kalliopera . Sum­
mary : Pre-Quaternary rock s of the Oulu joki map-sheet
area . Geological Map of Finl and I : 100 000, Explanatio n
to the Maps of Pre-Quaternary Rocks, Sheet 3422. Geo lcgi­
cal Survey of Finland. 29 p.

Korja, T., Luosto, V., Korsman, K. & Pajunen, M. 1994.
Geoph ysical and metamorphic feature s of Palaeoproterozoic
Sveco fennian orog eny and Palaeoproterozoic overprinting
on Archaean crust. In: Paju nen, M. (ed.) High temperatu re­
low pressure metamorphism and deep crustal structures :
meeting of IGCP proje ct 304 'De ep Crustal Proce sses ' in
Finland, September 16-20, 1994. Geo log ical Survey of
Finland, Guide 37,11 - 20.

Kornfalt, K.-A. 1969. Xcray and opt ical observations on the
K-feldspars from the Ragunda area , central Swede n.Sveriges
geologiska undersokning C 636. 33 p.

Kornflllt, K.-A. 1976. Petrology of the Ragunda rapakivi
massif, central Sweden . Sveriges geolog iska undersokning
C 725. II I p.

Korsman, K., HOittii, P., Hautala, T. & Wasenius, P.1984.
Metamorphism as an indicat or of evolutio n and structure of
the crust in Eastern Finland. Geological Surv ey of Finland,
Bull etin 328. 40 p.

Korsman, K. (ed .) 1988. Tec tono-metamorphic evolution of
the Raahe-Ladoga zone. Geological Survey of Finland,
Bulletin 343. 96 p.

Korsman, K., Koistinen, T., Kohonen, J., Wennerstrom,
M., Ekdahl, K, Honkamo, M. , Idman, H. & Pekkala, Y.
(eds.) 1997. Suo men kall iopertikartta - Berggrundskarta
over Finland ~ Bedrock map of Finla nd 1 : 1000000. Espoo:
Geological Sur vey of Finland.

Kousa, J. & Lahtinen, R. 1988. The geochemi stry of bas ic
metavolcanic rocks in Pyhajarvi , Rautal ampi and Ranta ­
salmi. In: Pajun en, M. (cd .) Project No. 235 "Metarnor ­
phism and geodynamics " excursion in Finland 15 .6 . ~

19.6.1988. Geol ogical Survey of Finland, Guide 21,22-23 .
Kousa, J., Marttila, K & Vaasjoki, M. 1994. Petro logy ,

geoc hemistry and datin g of Paleo proterozoic metavolcanic
rocks in the Pyhajarvi area, cen tral Finlan d. In : Nironen, M.
& Kahkonen, Y. (eds.) Geoc hemi stry of Proterozoic sup ra­
crustal rocks in Finland. IGCP Project 179 St ratigraph ic
methods as applied to the Proterozoic record and IGCP
Project 217 Proterozoic Geochemi stry. Geo log ical Survey
of Finland, Special Paper 19, 7-27.

Kumpulainen, R. 1995. Jan -Sakris aberge t. An intrusion
breccia in the Palaeoproterozoic of northern Sweden.
Sverige s geologiska undersokning, Research Report 03 ~

500/92: 18. 59 p.
Lahti, S. I. 1995. Mineralogy and geochemistry of the

Vaaraslahti pyro xene grani toid in Piela vesi , Finland. In:
Holtta, P. (ed. ) Rel ationship of granitoids , st ructures and
metamorph ism at the eastern margin of the Central Finland
Granitoid Complex . Geological Survey of Finland, Bulleti n



Geological Survey of Fin land . Special Paper 28
Description to the Bedrock Map of Central Fennoscandia (Mid-Norde n)

382.5-25 .
La htlne n, R. 1994. Cru stal evolu tion of the Svccofennian

and Karelian domains durin g 2. 1 - 1.79 Ga. with special
em phasis on the geoc hemistry and origin uf 1.93 ~ 1.9 1 Ga
gneis sic tonalites and associated supracrustal rocks in the
Rautal amp i area. central Finland . Geological Survey of
Fin land, Bull et in 378. 128 p.

La hti nen, R. & Huhma, H. 1997. Isotopic and geoc hemical
constraints on the evo lution of the 1.93-1.79 Ga Sveco­
fennian crus t and mantle in Fin land . Precambri an Research
82 (1-2), 13- 34 .

La itakari, A. 1942. Vaasa. General Geological Map of Fin­
land 1 : 400 DOD, Explanation to the Map of Rocks . Sheet B
3. Geological Survey of Finland. 66 p.

La itala, M. 1981 . Pietarsaari. Geo logical map of Finl and I :
100 000, Pre-Qu atern ary Rocks . Sheet 232 1. Geologica l
Survey of Finland.

La rs on, s.A. 1980. Layered intrusions of the Ufvo Dolerite
Complex, Angerm an land, Sweden. Department of Geol ­
ogy . Univers ity of Gothenburg, Publ. A36. 213 p.

Lilljequist , R. & Svenson, s.-A. 1974. Exceptionally well
preserved Precambrian ignimbrites and basi c lavas in N .
Swe de n. Geologiska Foreningens i Stockholm Porhand­
Iingar 96 . 221-229.

Lundberg, B. 1980, Aspec ts of the geology of the Skelleftc
Distri ct , north ern Swede n. Geo logiska Forenin gens iStock­
ho lm Forhandlingar 102, 156- 166.

Lundqvist, Th , 1987. Early Svecofennian stratigraphy of
so uthern and central Norrl and, Sweden, and the possible
existence of an Archaean basement wes t of the Svcco­
karelides. Precambrian Research 35. 343-352.

Lun d qvist, Th. , Gee, D.G ., Kumpulain en , R., Karis, L. &
Kresten, P. 1990. Beskri vning till bergg rundskartan over
V5sternorrlands Ian. With English Summary . Maps to the
scale of I : 200 000 . Sver iges geologis ka unde rsokning Ba
31. 429 p.

Lundq vist , Th ., Vaasjoki, M. & Persson, P.-O. ] 998. U-Pb
ages of plutonic and volcanic rocks in the Svecofennian
Both nian Basin. central Swede n. and the ir implications for
the Palaeoproterozoic evolu tio n of the Basi n. GFF 120.
357-363 .

Lundqvist , T h., Vaasjoki, M. & Skiold. T . 1996. Prelimi­
nary note on the occ urre nce of Archaean rocks in theVallen ­
Alhamn area . nort hern Sweden . In: Lund qvist. Th . (ed.}
Rad iometri c dating results 2, Division of Bedrock Geology.
Ge ol og ical Surve y of Sweden . Sveri ges ge o logiska
undersokn ing C 828 . 32-33.

Lundqvist, Th., SkiOld , T. & Vaasj oki , M. 2000. Archaean ­
Pro terozoic geoc hronology of the Vullen-Alhamn area.
no rthern Swe de n. GFF 122, 273- 280.

Lundstr om, I. , Persson , P.-O . & Bergstrom , U. 1999.
Indi cati ons of ear ly deform ational events in the northeast­
ern part of the Skellefte field. Indirect ev ide nce from
geologic and radiometric da ta from the Stavatrask-Kllrudn
area. Boliden map- sheet. In: Bergman. S. (ed.}Radiometr ic
dati ng results 4. Divi sion of Bedrock Geol ogy , Geological
Survey of Swed en. Sveriges geologiska undersokning C
83 1, 52-69.

Luuk as, J . 1991. Salahmin-Pyha nnan alueen stratigrafia ja
rakennegeo logia. Abstract: Stratigraphy and structure of
the Early Proterozoic Salahmi -Pyhanta area, cen tral Fin­
land. Res Terrae. Ser. B 16. 131 p.

Maki , T. 1986. Lith ogeochemistry of the Pyhasa lmi zinc­
copper-pyrite depo sit . Finland. In: Prospecting in areas of
glaciated terrain 1986: papers present ed at the seventh
international sym pos ium organized by The Institution of
Mining and Metallurgy and The Geo logical Sur vey of
Finland. Kuopio, 1·2 September. 1986. Lond on: The Insti-

tut ion of Mining and Metallurgy, 69-82 .
Ma rttnsson, 0., Vaasjoki, M. & Persson. P.-D. 1999 . U-Pb

zircon ages of Archaean to Palaeoproterozoic granitoids in
the Tornetrask-Rdstoj aure area , nor the rn Swed en . In:
Bergma n. S. (ed. ) Radiometric dating result s 4. Division of
Bedrock Geo logy, Geological Survey of Sweden. Sveriges
geo logiska undersnkni ng C 831 , 70----90.

Marttt!a, E. 1981. Kiuruveden kurtt a-aluee n kalliopera . Sum­
mary : Pre-Quaternary rocks of the Kiuru vesi map-sheet
area . Geolog ical Map of Finland I : 100 000 . Explanation
to the Maps of Pre-Quaternary Rocks . Sheet 3323. Geologi­
cal Survey of Finland .

Moakha r , M.O. 1998. Rupak ivi granite and basic dykes in
the Fennoscandian Shie ld: A palaeomagnetic ana lysts. De­
partment of Environmen tal Engineering. Division of Ap­
plied Geophysics, Lule f University of Technology. 199X:40.
unpagi nated. (disserta tio n)

Mogensen , F. 1946. A ferro-ort ho-titanate ore from Sod ra
Ulvon . Geo logiska Fc reningens i Stoc kholm Forhandlingar
68.578-588.

Nilsso n, G . & Kero, L. 1998. Bedrock map 22 K Skellefte1i
NV, sca le 1 : 50 000 . Sveriges geologiska undcrsokning Ai
67 .

Nyka nen, O. 1960. Korsnas, Geological map of Finland I :
100 000. Pre-Q uaternary Rocks, Sheet 1242. Geo logical
Survey of Finland .

Nykanen, 0 .1962. Kinnula. Geological map of Finland I :
100 000. Pre-Quaternary Rocks, Sheet 2334 . Geologic al
Survey of Finland.

O ffer -be rg, J. 1959. Rock s and stratigraphy of the Ledfat
area. Vn srcrbotrcn County, northern Sweden . Sveriges
geologiska unde rso kning C 564. 45 p.

Od ma n, O. 1957. Beskrivni ng till berggrund skarta over
urbe rget i Ncr rbot te ns Ia n. With map to the scale of I :
400 000. English summa ry: Descr iption to m;:l p of the Pre­
Cam bria n rocks of the Norrbotten County. N. Sweden
(exc l. the Caledonian mountain range). Sveriges geologis ka
und ersokning Ca 41 . 151 p.

Ohla nder, B. & Schabe rg, H. 1991. Cha racte r and U-Pb
zirco n age ofthe Proterozoic Ale grani te. nort hern Sweden .
Geo logi ska Foreningens i Stoc kholm Forhandlinga r 112.
105- L12.

Ohlande r, B. & Skiold, T . 1994. Diversityof 1.8 Ga potassic
gran itoids alo ng the edge of the Archaea n craton in northern
Scandinavia : a result of melt formation at various depth s
and from various sources . Lithos 33, 265- 283.

Ohlander, B., SkiOld . T. , Elmi ng, s.-A.,BAB EL Working
Group, Claesson, S. & Nisca , D.H.1993. Delineation and
characte r of the Archaea n- Proterozoic bound ary in north ­
ern Swe den. Precamb rian Resear ch 64. 67- 84.

Park. A.F. 1991. Cont inen tal growth by accre tion: A tecto­
nostratigraph ic terra ne analysis or the evo lutio n of the
wes tern and cen tral Baltic Shield. 2.50 to 1.75 Ga . Geo log i­
cal Society of Amer ica Bulletin 103.522-537.

Per-d a hl , J .-A . 1995. Svecofennian volcanism in northern­
most Sweden. Division of Applied Geology, Lule1i Univer ­
sity of Technology 1995 :169D. unpaginated . (di ssertat ion )

Perdahl,J.-A. & Eina rsso n, 0. 1994. The marin e- continen­
tal transiti on of the Early Prote rozoic Ske llefte-A rvidsjau r
volcanic arc in the Bure area. northern Sweden . GFF 116.
133- 138.

Persson , A.I . 1997 . The Ragunda rapakivi co mplex. In: Ahl .
M.. Andersson, U.B., Lundqvist. T. & Sund blad. K. (eds.)
Rapakiv i granites and related rocks in cen tra l Swede n.
Sveriges geologi ska under soknmg Ca 87, 49-58.

Per sson, L. 1978 . The Revsund-Sorvik gran ites in the wes t­
ern part s of the province of Angermanland. ce ntral Sweden.
Sveriges geo log iska undersoknin g C 74 1. 59 p.

73



Geological Survey of Finland, Special Paper 28
Thomas Lundqvist and Sini A utio (eds.), Reidulv B~je et al.

Persson, P. ·O, & Lundqvist, Th, 1997. Radiometric dating
of the Palaeoproterozoic Pite conglomerate in northern
Sweden. In: Lundqvist, Th. (cd.) Radiometric dating results
3, Division of Bedrock Geology, Geological Survey of
Sweden. Sveriges geologiska undersokning C 830, 41-49.

Pipping, F. 1966. Viitasaari. Geological map of Finland I :
100 000, Pre-Quaternary Rocks, Sheet 3311. Geological
Survey of Finland.

Quensel, P.1952. The paragenesis of the Varutrtisk pegmatite.
Geological Magazine LXXXIX, 49-60.

Rasmussen, T.M., Roberts, R.G. & Pedersen, L.B. 1987,
Magnetotellurics along the Fennoscandian Long Range
profile. Geophysical lournal of the Royal Astronomical
Society 89, 799-820.

Rickard, D.T.1979. Scandinavian metallogenesis. Geo.Iour­
nal 3.3, 235-252.

Romer, R. & Smeds, S.-A, 1994. Implications of Ll-Pb ages
of columbite-tantalites from granitic pegmatites for the
Palaeoproterozoic accretion of 1.90~ 1.85 Ga magmatic arcs
to the Baltic Shield. Precambrian Reserarch 67,141 -158.

Rutland, R,W,R., Skiold, T. & Page, R.W. 1997. Age and
regional significance of deformation episodes in the
Svecofennian Province South of Skellefte . In: Rutland,
R.W.R. & Drummond, B.l. (eds.) Palaeoproterozoic Tee­
tonics and Metallogenesis: Comparative analysis of parts of
the Australian & Fennoscandian Shields . Australian
Geodynamics Cooperati ve Research Centre (AGSO) Record
1997 /44.103-105.

Saksela, M, 1933, Kokkola. General Geological Map of
Finland 1 :400 000, Explanation to the Map of Rocks , Sheet
B 4. Geological Survey of Finland. 55 p.

Saksela, M.1934. Vaasa. General Geological Map of Finland
1 : 400000, Pre-Quaternary Rocks, Sheet B 3. Geological
Survey of Finland.

Salli, 1.1983. Pielaveden kartta-alueen kalliopera. Summary:
Pr e-Quaternary rocks of the Pielavesi map-sheet area. Geo ­
logical Map of Finland 1 : 100000, Explanation to the Maps
of Pre-Quaternary Rocks , Sheet 3323 . Geological Survey
of Finland. 29 p.

Simonen, A. 1960, Plutonic rocks of the Svecofennides in
Finland. Bulletin de laCommission geologique de Finlande
189,1-101.

Simonen, A. 1980. The Precambrian in Finland. Geological
Survey of Finland, Bulletin 304. 58 p.

SipiHi., P., Ervamaa, P. & Papunen, H. 1985. The Petolahti
nicke l-copper occurrence. In: Papunen, H. & Gorbunov,
G.1. (cds. ) Nickel-copper deposits of the Baltic Shield and
Scandinavian Caledonides. Geological Survey of Finland,
Bulletin 333. 293-312.

SkiOld, T.1988. Implications of new U-Pb zircon chronology
to Early Proterozoic crustal accretion in northern Sweden.
Precambrian Research 38,147-164.

SkiOld, T. & Ohlander, B. 1989. Chronology and geochem­
istry of late Svecofennian processes in northern Sweden.
Geologiska Foreningens i Stockholm Forhandlingar 111,
347-354.

Suominen, V. 1991. The chronostratigraphy of southwestern
Finland with special reference to Postjotnian and Subjotnian
diabases. Geological Survey of Finland, Bulletin 356. lOOp.

Tuu'kkf P. 1984. Simpsibn ja muiden Pohjanmaan liuske­
alueiden kvartsirikkaiden metasedimenttien petrografia,
mineralogiajageokemia.Unpublished master's thesis , Uni­
versity of Oulu, Department of Geology. 132 p.

Vaarma, M. & Kahkonen, Y. 1994, Geochemistry of the
Paleoproterozoic metavolcanic rocks at Evijarvi , western
Finland. In: Nironen, M.& Kahkonen, Y. (eds. ) Geochem­
istry of Proterozoic supracrustal rocks in Finland. 1GCP
Project 179 Stratigraphic methods as applied to the

74

Proterozoic record and IGCP Project 217 Proterozoic
geochemis try. Geological Survey of Finland. Special Paper
19,47-59.

Vaarma, M. & Pipping, F. 1997. Alajarven ja Evijarven
kartta-alueiden kalliopera. Summary: Pre-Quaternary rocks
of the Alajarvi and Evijarvi map-sheet areas . Geological
Map of Finland 1 : 100000, Explanation to the Maps of Pre ­
Quaternary Rocks, Sheet 2313 and 2314 . Geological Sur­
vey of Finland. 83 p.

Vaasjoki, M. & Sakko, M.1988. The evolution of the Raahc­
Ladoga zone in Finland: isotopic constraints. In: Korsman.
K. (cd.) Tectono-metamorphic evolution of the Raahe­
Ladoga zone . Geological Survey of Finland, Bulletin 343,
7-32.

wasstrbm, A. 1990. Knaftenomradet - en primitiv tidig
proterozcisk vulkanisk obage seder om Skelleftefliltet, nor ­
m Sverige. Unpublished master's thesis , Abo Akademi ,
Department of Geology and Mineralogy. 128 p.

wasstrom, A. 1993. The Knaften granitoids of Vasterbotten
County, northern Sweden. In: Lundqvist , Th. (ed.) Radio­
metric dating results, Division of Bedrock Geology, Geo ­
logical Survey of Sweden, "Sveriges geologiska under­
sokning C 823. 60-64.

wasstrom, A. 1996. U~Pb zircon dating of a quartz-feldspar
porphyritic dyke in the Knaften area , Vasrerbotren County,
northern Sweden. In: Lundq vist, Th. (ed.) Radiometric
dating results 2, Division of Bedrock Geology, Geological
Survey of Sweden, Sveri ges geolo giska undersokning C
828.34-40.

vastl. K. J. 1989. Geology of the Rauhala stratiform massive
Zn-Cu-Pb sulphide deposit. In: Kojonen, K. (ed.) The early
Proterozoic Zn-Cu-Pb sulphide deposit of Rauhala in
Ylivieska , western Finland. Geological Survey of Finland,
Special Paper II. 5-18.

Weihed, P. & Antal, I. 1998. Bedrock maps 221 Kalvtrask
NE and SE, scale 1 : 50 000. Sveriges geologiska under­
sokning Ai 93 and 95.

Weihed, P., Bergman, J. & Bergstrom, U. 1992, Metal ~

logeny and tectonic evolution of the Early Proterozoic
Skellefte district , northern Sweden. Precambrian Research
58, 143-167.

WeIin, E, & Lundqvist, Th. 1975. K-Ar ages of Jotnian
dolerites in Vasternorrland County, Central Sweden.
Geologiska Foreningens i Stockholm Forhandlingur 97,
83-88.

Widenfalk, L" Elming, S.-A.. & Enmark, T. 1985. A
multidisciplinary study of the Nottrask Gabbro, northern
Sweden. GeoJogiska Foreningens i Stockholm Forhand­
lingar 107,109-1 26.

Wikstrom, A. 1993. Berggrundskartan Kalix SV. I : 50000.
With a short description in Swedish and an English sum­
mary. Sveriges geologiska undersokning Ai 81.

Wikstrom, A., MeIlqvist, C. & Barbarin, B. 1996. The
Balinge conglomerate in northern Sweden reinterpreted as
a magmatic, hydraulic breccia. Terra Nova 8, 166-172.

Wikstrom, A., MeIlqvist, C, & Persson, P.~O. 1996. An
Archaean megaxenolith and a Proterozoic fragment within
the Balinge magmatic breccia, Lulea, northern Sweden. In :
Lundqvist, Th. (ed. ) Radiometric dating results 2. Sveriges
geologiska undersokning C 828,48-56.

Wikstrom, A., SkiOId, T. & Ohlander, B. 1996. The rela­
tionship between 1.88 Ga old magmatism and the Baltic­
Bothnian shear zone in northern Sweden. In: Brewer, T.S.
(ed.) Precambrian Crustal Evolution in the North Atlantic
Region. Geological Society Special Publication 112,249­
259.

Wilkman, W.W. 1938. Kuop io. The General Geological
Map of Finland I : 400 000 , Explanation to the Map of



Geological Survey of Finland, Special Paper 2M
Descripuon to the Bedrock Map of Central Fennoscandia (Mid-Norden)

Rocks, Sheet C 3. Geological Sur vey of Finland. 171 p.
Vilp as, L.1 996. Ete la-Pc hja nmaan jalo-ckoru- ja kori stekive t.

Abstract : The gems of Southern Ostrobothnia. western
Fi nland . Geologica l Survey of Fin land, Guide 40_34 p.

Wilson, M.R. , Ha milton, P.J., Falliek, A.E., Aftalion, M.
& Mlc hard, A. 1985. Granites and earl y Proterozoic crus ta l
evolu tion in Swe den : evidence from Sm-Nd , U-Pb and 0
isotope systematics . Earth and Planetary Science Lette rs
72. 376-388.

Wilson . M.R .,Sehlsted t,S., C taesson. L.-A.,Smellie, J .A.T.,
Aft a lion, 1\1., Hamilton, P.J. & Fallick. A. E. 1987. Jorn :
an early Proterozoic intrus ive complex in a volc anic -a rc
environment. nor th Sweden . Precambrian Research 36,
20 1-225.

Witschard, F. 1975. Description of the ge ological maps

Pjall asen NV, NO, SV, SO. Beskrivn ing till berggrunds ­
kartbladcn Fjall flsen NV. NO , SV , SO . With an appendi x on
geophysical aspects by H. Henkel. With maps to the scale o f
1 : 50 000. Sver iges geologiska unde rsok ning Af 17- 20. 125
p.

Witseha rd , F. 1984. The geo log ica l and tectonic evolution of
the Precam brian of northern Swe den ¥ a case for basement
reactivation? Precambrian Research 23, 273- 3 15.

Viva llo , \V. & C laesson, L..A. 1987. Intra-arc rifling and
massive sulphide minera liza tion in an early Prote rozo ic
volc anic are, Skellefte dist rict , northern Swed en. In: Phar ­
aoh, T.e. , Beckinsule. R.D. & Rickard. D. (eds.) Geo­
chemistry and Mineral iza tion o f Prot erozoic Volc anic Suit­
es. Geological Society Special Publication 33, 69-79.

3.3 Meso - a nd Neoproterozoic cover rocks of the Svecofennian Domain

Jukka Kousa and Thomas Lundq vist

3.3.1 G eology

Sedimentary cover formations ofMesoproterozoic
(Jo tnian) age occur in the Svecofennian Dom ain in
the Muhos area and at Lappajarvi in Finland, and at
Nordingra in Sweden. In the western part of the
Muhos area deposit ion also occurred in Neoprot­
erozoic (Vendian) time.

At Nordingra the plu toni c rapakivi rocks as well as
the olde r Svecokarelian co mplex have been weath­
ered and overlain by an up to 65 m-thick cover
sequence of reddish , arkosic, continental sandstone,
shale and conglomerate (Fig. 46; Lundqvist et al.
1990 ). The basal layers are formed by regolithi c
material reflecting the underlying lithologies. Th e
sequence is termed the Nord ingra Formation (NoF)
and is included in the Jotnian formati ons of Fenno­
scandia. It is co nnected with the much more extensive
sandsto ne occurrences in the Gulf of Bothnia. The
sands tone forma tion at Nordingra has been protected
fro m ero sion by the overlying lopolithi c sills of the
Vivo Doleri te Complex (see above).

Th e unmetamorphosed sedimentary rock cover ly­
ing on the Palaeop rot erozoi c crystalline bedrock in
Finland is preserved in only a few places on land in the
Mid-Norden map area. Such rocks have been ob­
served in a roughly NW-SE-trendin g, graben-like
basin south of Oulu, extending c. 50 km inland from
the coast. Th is roughl y 20 km broad basin is filled
with a sedimentary succession named the Muhos
Form ation (MuF), whic h form s the easte rnmost pan
of the basin-fill of the Gul f of Bothni a. The Mu hos
Formation is quite exotic for Finland. In spite of this,
it has not been an important target for re-examination
during recent years. Thi s is due to the fact that it is
almost totally covered with a rather thick pile of
Qu aternary sed ime nts . Th us, data on the formation

mai nly derive from a few diamond drillings made on
the island of Hailuoto, c. 40 km west of Oulu, and at
Tupos 20 km south of Oulu during the 1950' s and
1960' s (Simonen & Kouvo 1955 , Kalla 1960. Veltheim
1969 ).

The Muhos Formation is a fla t-lying succession of
immature sedimentary roc ks. The greatest thickness
of the form ation , 895 rn, has been observed at Tupos,
c. 20 km south ofOu lu (Kalla 1960).The sedimentary
rocks that have been detected by dr illing are usually
red-coloured, interfingering siltstones and shales, de­
posi ted in a flo odplain env ironment (Simonen &
Kouv o 1955). Th e low ermost unit of the pile also
contains cong lomeratic and arkosic sandstone layers,
only few metres in th ickness.The only known outcro p
belonging to the Muhos Formation shows a bed of
polymictic con glomerate less than 10m thick. fou nd
at Kiek si, Muh os (Brenner 1941). The Muhos Forma­
tion was conside red to be corre lated with the Jotn ian
sandstones in Satakunta, southwestern Fin land, based
on ""K -"'Ar datin gs of two sandstone samples whi ch
indi cate a diagenesis event at approx imately 1300 Ma
(Simonen 1960). Microfoss il description s, on the
other hand, ind icate an age of sedimentat ion which is
probably 100 Ma yo unger than the 'OK - "'Ar age
(Tynni 1978).

The diamond drillings made on Hailuoto haveshown
that the unm etamorp hosed sedimentary rock cover is
here obviously much thinner than at Muhos, being
probably less than 300 m in the western pan of the
island (Veltheim 1969 ). Th e sedimentary success ion
on Hailuoto may be composed of two di fferent units.
The lower unit. lying directly on the metamorph osed
Svecofennian bedrock. consists of conglomerates.
red arkoses and red shal es. The upper unit. deposited
on the red shale, is co mposed of inter-fingering beds
of arkoses, sandstones , siltstones and shales. Thus,
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