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ABSTRACT

Employing two recently studied crustal-scale shear zones as type examples, this paper summarizes the major Palaeopro-
terozoic (Svecokarelian) shear tectonics of the central Fennoscandian Shield and demonstrates that this part of the Shield
was not as stable during the Svecokarelian Orogeny as commonly assumed.

The collision of the Svecofennian island arc with the Karelian Continent first created numerous NW-SE trending folds
and thrusts of stages D] and D2, which were then modified by successive shearing during stages D3 and D4. Stage D3 built
up a_ system of N-S trending shear zones, here named the Savolappi Shear System, the type example of which is the Hir-
vaskoski Shear Zone. This is a dextral strike-slip shear zone at least 150 km long and 10-30 km wide, characterized by
blastomylonitic fault rocks and various structures such as hook folds, Z-folds and sheath folds associated with the principal
displacement zone, synthetic Riedel shears, and pinnate shears. The traces of the axial planes of F3 en-echelon folds deviate
15°-30° anticlockwise from the plane of the principal displacement zone. Other members of the Savolappi Shear System
are the Pajala Shear Zone in northern Sweden and the Russian North Karelia Shear Zone in the east.

Stage D4 created a conjugate shear system called the Finlandia Shear System, the type example of which is the Oulujarvi
Shear Zone. This is a NE-SW trending sinistral strike-slip shear zone more than 250 km long and 20-30 km wide across
its southwestern end. It is composed of a NE-SW trending principal displacement zone, synthetic Riedel shears, and
pinnate shears with antithetic Riedel shears in a NW-SE direction. Typical fault rocks within these shears are S-C mylon-
ites. The axial-plane traces of F4 folds of all scales diverge by 20°-40° clockwise from the plane of the principal displace-
ment zone. The Kuopio Shear Zone is a conjugate NW-SE trending counterpart of the Oulujarvi Shear Zone. As a whole,
the Finlandia Shear System forms a conjugate network of NW-SE and NE-SW trending shear zones which occupies most
of the northern and central Fennoscandian Shield.

1. Introduction

A c o m m o n l y o v e r l o o k e d fea ture of t h e P a -

l aeop ro t e rozo ic geology of t h e F e n n o s c a n d i a n

Shield is t h e t e c ton i c e v o l u t i o n of t h e K a r e l i a n

area be tween the so-cal led R a a h e - L a d o g a Z o n e

(cf. K a h m a , 1 9 7 8 ) a n d t h e L a p l a n d G r a n u l i t e

Belt (F ig . 1 ) . M o s t c o m m o n l y , t h i s a r ea is

cons ide red a n A r c h a e a n d o m a i n c o v e r e d b y

anorogen ic , i n t r a c r a t o n i c s e d i m e n t a r y a n d

volcan ic rocks , col lec t ive ly k n o w n as t h e K a -

re l ian f o r m a t i o n s . T h e p r e s e n t b o u n d a r y of

A r c h a e a n c rus t t r e n d s a long t h e R a a h e - L a -

'Corresponding author.

doga z o n e (e .g. G a d l a n d G o r b a t s c h e v , 1 9 8 7 ) .

T h e ear ly w o r k s o n t h e K a i n u u Schist Belt,

w h i c h is s i t u a t e d well i n s ide t h e " A r c h a e a n d o -

m a i n " , neve r the l e s s p r o v e d th i s t o be o n e of

the m a j o r P r o t e r o z o i c t e c ton i c zones in t he

Shie ld ( W e g m a n n , 1928 , 1929; Vay rynen ,

1 9 3 3 ) , a fact ver i f ied b y n u m e r o u s la ter s tud-

ies (Laa jok i 1 9 7 3 , 1 9 9 1 ; K o n t i n e n , 1 9 8 7 , 1 9 9 2 ;

Laa jok i a n d T u i s k u , 1 9 9 0 ) . V a y r y n e n ( 1 9 5 4 )

e m p h a s i z e d t h e i n t e n s e folding of t he P ro t e ro -

zoic schis ts of F i n n i s h L a p l a n d a n d even con-

s ide red t h e m a s e p a r a t e o rogen ic be l t wh ich h e

n a m e d t h e L a p p i d e s . T h e ex tens ive a rea of

g r a n i t o i d s in cen t r a l L a p l a n d p r o v i d e s m o r e

e v i d e n c e of t h e o rogen ic n a t u r e of t he "Ar -
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Fig. 1. Simplified geological map of the Baltic Shield showing the major shear zones and geological units: /=Kuhmo
Complex; //=Iisalmi Complex; /7/=Pudasjarvi Complex; / = North Karelia Schist Belt; 2=Savo Schist Belt; i = Kainuu
Schist Belt; 4=Northern Pohjanmaa Schist Belt; 5 = Kuusamo Schist Belt; 6 = Perapohja Schist Belt; 7=Kemijarvi Com-
plex; 5=Kittila Greenstone Belt; HSZ=Hirvaskoski Shear Zone (see Fig. 2); ArSZ=Kuopio Shear Zone; OSZ= Oulujarvi
Shear Zone (see Fig. 4); Â =Russian North Karelia Shear Zone; P5Z=Pajala Shear Zone.

chaean domain", which was intensely de-
formed and reworked by Palaeoproterozoic
orogenic processes both in Finland and in
northern Sweden (e.g. Witschard, 1984).

The theory of thrust tectonics was applied to
the Finnish part of the Fennoscandian Shield
as early as in the 1920's by Wegmann (1928,

1929), and was developed further by Vayry-
nen (e.g. 1939), recalled by Gaal (1964) and
recently exemplified by Koistinen (1981) and
Park and Bowes (1983). However, little re-
search has been devoted to the post-thrusting
crustal-scale shear zones in Finland and neigh-
bouring areas, and most of what was done only
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c o n c e r n e d s o u t h e a s t e r n F i n l a n d (e .g. G a a l ,

1972; H a l d e n , 1982; W a r d , 1 9 8 7 ) . Ber the l sen

a n d M a r k e r ( 1 9 8 6 b ) d e s c r i b e d a n i m p o r t a n t

shear z o n e w h i c h t h e y ca l led t h e B a l t i c - B o t h -

n i a Megashea r , b u t t h e i r p a p e r is b a s e d m o s t l y

o n i n t e r p r e t a t i o n s of a e r o m a g n e t i c m a p s wi th -

o u t ac tua l f ie ldwork. T h e shea r t ec ton ic s of t h e

Sveconorweg ian p a r t of t h e F e n n o s c a n d i a n

Shie ld h a v e b e e n a t a rge t o f i n t ense s tudy ,

h o w e v e r (cf. p a p e r s in T o b i a n d T o u r e t , 1985

and in G o w e r e t al . , 1990; P a r k et al. , 1 9 9 1 ) ,

a n d t h e n u m b e r of r e p o r t s e m p h a s i z i n g shea r

zones as p r o v i n c e b o u n d a r i e s a n d essent ia l

t ec ton ic e l e m e n t s e v e n in t h e o ldes t p a r t s of

c r a t o n s is i nc r ea s ing r a p i d l y (e .g. v a n Bil jon

a n d L e g g , 1983; D a l y , 1986; H o f f m a n , 1 9 8 7 ) .

T h e p r e s e n t p a p e r e s t ab l i shes t h e m a j o r

shea r sys t ems a n d s u m m a r i z e s t h e P a l a e o p r o -

t e rozo ic ( S v e c o k a r e i i a n ) t e c t o n i c e v o l u t i o n of

t h e pa r t of t he F e n n o s c a n d i a n Shie ld t h a t oc-

cup ies cen t ra l , e a s t e r n a n d n o r t h e r n F i n l a n d ,

a n d c o n t i n u e s i n t o t h e n e i g h b o u r i n g coun t r i e s .

O n e of i ts a i m s is t o s t ress t h e P a l a e o p r o t e r o -

zoic t ec ton ics of t h e A r c h a e a n d o m a i n of t h e

cen t ra l F e n n o s c a n d i a n Shie ld . T h e p a p e r is

ba sed o n de ta i l ed f i e ldwork ca r r i ed o u t in cen-

t ra l a n d n o r t h e a s t e r n F i n l a n d (Laa jok i a n d

L u u k a s , 1988; K a r k i a n d Laa jok i , 1990; Laa-

j o k i a n d Tu i sku , 1990; K a r k i , 1 9 9 1 ; Laa joki ,

1991; L u u k a s , 1 9 9 1 ) a n d t h e r e a d e r is refer red

to these p a p e r s for t h e o r ig ina l field da t a .

2. Geological subdivisions of the central
Fennoscandian Shie ld

T h e F e n n o s c a n d i a n Sh ie ld h a s p rev ious ly

been s u b d i v i d e d i n t o v a r i o u s u n i t s w i t h differ-

en t n a m e s (cf. G a a l , 1990 a n d references

t h e r e i n ) . S o m e o f t h e s e c lass i f ica t ions a re u n -

satisfactory in t h e p r e s e n t con tex t because they

t r ea t t he K a r e l i a n a r e a (F ig . 1) as a single u n i t

a n d d o n o t e m p h a s i z e t h a t a t least i ts ma jor ,

n o r t h e a s t e r n p a r t p a r t i c i p a t e d ac t ive ly in t h e

Svecokare i i an o rogeny .

I n t h e p r e s e n t c o n t e x t , w e d i v i d e t h e n o r t h -

e r n a n d cen t r a l F e n n o s c a n d i a n Sh ie ld in to

t h r e e m a j o r un i t s :

( 1 ) T h e Kola Province, w h i c h occup ies the

a r ea n o r t h e a s t of t h e L a p l a n d G r a n u l i t e Belt

a n d c a n b e s u b d i v i d e d fur ther i n to subun i t s

(cf. G a a l e t a l . , 1 9 8 9 ) .

( 2 ) T h e Karelian Province, o r the Karelides,

compr i s ing t h e area be tween the a b o v e un i t a n d

t h e Svecofenn ides (see b e l o w ) . T h i s u n i t con-

sists of la te A r c h a e a n crus t a n d its P a l a e o p r o -

t e rozo i c c o v e r (Laa jok i , 1 9 9 0 ) k n o w n collec-

t ive ly as t h e K a r e l i a n f o r m a t i o n s ( t h e t e r m is

u s e d h e r e in t h e sense de f ined b y Laajoki ,

1 9 8 6 ) . T h e K a r e l i a n P r o v i n c e can b e d i v i d e d

i n t o n u m e r o u s subun i t s , o f w h i c h th i s p a p e r

d iscusses t h e A r c h a e a n K u h m o , I i sa lmi a n d

P u d a s j a r v i C o m p l e x e s , a n d t h e i n t e rven ing

K a r e l i a n schis t a reas (F igs . 1, 2 a n d 4 ) . T h i s

p r o v i n c e a lso c o n t a i n s t h e K e m i j a r v i C o m p l e x

( th i s d e n o m i n a t i o n replaces t he informal n a m e

" C e n t r a l L a p l a n d g ran i t e c o m p l e x " ) , w h i c h is

a u n i t m a d e u p in p a r t of g ran i t i zed a n d mig-

m a t i z e d K a r e l i a n f o r m a t i o n s a n d in p a r t of

grani tes i n t rud ing the Kare l i an fo rmat ions a n d

t h e i r b a s e m e n t ( L a u e r m a , 1 9 8 2 ) . Its or igin, as

d i scussed in th i s pape r , is closely re la ted to Pa-

l a e o p r o t e r o z o i c shea r t ec ton ics .

( 3 ) T h e Svecofennian Province, o r the Sve-

cofennides, is a u n i t sou thwes t of t he Kare l i an

P r o v i n c e c o m p o s e d solely of P a l a e o p r o t e r o -

zoic c rus t . Large p a r t s a re i n t e r p r e t e d as is land

a rc c o m p l e x e s t h a t co l l ided wi th t he Kare l ides .

A b o u t half of t h e surface is m a d e u p of grani -

to ids . T h e b o u n d a r y be tween un i t s ( 2 ) a n d ( 3 )

h a s n o t yet b e e n loca ted precisely a n d its na-

t u r e is d i s p u t e d . Usua l ly , it is p l aced a t w h a t is

loosely cal led t h e R a a h e - L a d o g a Z o n e a n d is

r e g a r d e d as a p a l a e o s u t u r e (e.g. H i e t a n e n ,

1975) o r a faul ted b lock c o n t a c t (e.g. Kors -

m a n e t a l . , 1 9 8 4 ) .

3 . G e n e r a l deformation h i s to ry of t he cent ra l

F e n n o s c a n d i a n Sh ie ld

T h e K a r e l i a n P r o v i n c e h a s b e e n affected by

Svecoka re i i an p rogress ive d e f o r m a t i o n which
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crea ted i ts m a j o r s t r u c t u r a l fea tures in four

m a i n s tages. T h e d e f o r m a t i o n a l e v o l u t i o n c a n

b e d i v i d e d i n t o a n ear ly p h a s e w h i c h i n v o l v e d

t h e t r a n s l a t i o n of t h r u s t n a p p e s t o w a r d s t h e

c r a t o n a n d t h e c r e a t i o n o f t h e re la ted folds of

stages D{ a n d D 2 , a n d a y o u n g e r p h a s e of shear

t e c t o n i s m w h i c h p r o d u c e d t h e m a j o r shea r

zones of t h e cen t r a l F e n n o s c a n d i a n Shie ld .

T h e ear l ies t c o m p r e s s i o n a l s t ruc tu re s a re

ident i f ied b y i soc l ina l F ! folds ( K o i s t i n e n ,

1 9 8 1 ; W a r d , 1 9 8 7 ) w h i c h a re r e l a t ed o n t h e

m a c r o s c o p i c scale t o t h e first n a p p e e m p l a c e -

m e n t s a n d r e c u m b e n t folds (e.g. G a a l , 1990;

L u u k a s , 1 9 9 1 ) . Af ter t h e D ! d e f o r m a t i o n , t h e

earl iest s t ruc tu re s w e r e r e fo lded in a n iden t i ca l

c o m p r e s s i o n a l field p r o d u c i n g m o r e open ,

mos t ly u p r i g h t F 2 fo lds . T h e s e a r e t h e m o s t

c o n s p i c u o u s m e s o s c o p i c a n d m a c r o s c o p i c

s t ruc tu res in t h e P a l a e o p r o t e r o z o i c f o r m a t i o n s

of t h e F i n n i s h p a r t of t h e cen t r a l F e n n o s c a n -

d i a n Shield . T h e D 2 s t r u c t u r e s a r e a p p r o x i -

ma te ly in t h e i r o r ig ina l p o s i t i o n ( N W - S E ) in

the Savo Schis t Bel t (Laa jok i a n d L u u k a s ,

1988) a n d t h e N o r t h e r n P o h j a n m a a Schis t

Belt, b u t h a v e b e e n r e o r i e n t e d i n to a N - S d i -

rec t ion b y la te r d e f o r m a t i o n in t h e K a i n u u

Schist Bel t (Laa jok i a n d T u i s k u , 1990; K a r k i ,

1991 ; G e h o r a n d Laa jok i , 1 9 9 2 ) .

After s tage D 2 , d e f o r m a t i o n c h a n g e d f rom

folding t o t h e duc t i l e s h e a r t e c t o n i s m of stages

D 3 a n d D 4 ( K a r k i , 1 9 9 1 ; L u u k a s , 1991) w h i c h

c rea ted t h e shea r s y s t e m s desc r ibed in th i s pa-

per . After these duc t i l e p h a s e s t h e style of de -

f o r m a t i o n c h a n g e d aga in , b e c a u s e t he n o w ex-

posed sec t ions were b r o u g h t t o a h igher c rus ta l

level a n d w e r e sub jec t ed t o semi-br i t t l e a n d

br i t t le faul t ing of long d u r a t i o n . S o m e of t he

D 3 a n d D 4 shea r z o n e s w e r e r eac t i va t ed a n d ,

in c o n s e q u e n c e , s h o w b o t h in i t ia l duc t i l e a n d

younge r b r i t t l e f ea tu res , t h e l a t t e r be ing ver i -

fied by a n o m a l o u s e lectr ic conduc t iv i ty (Kor ja

et al . , 1 9 9 1 ) . In fact, b r i t t l e d e f o r m a t i o n seems

to b e ac t ive e v e n t o d a y , as d e m o n s t r a t e d by

m i n o r e a r t h q u a k e s in a r ea s of shear zones

(Talvi t ie , 1971 ; M u s t i l a a n d K o r h o n e n , 1 9 9 1 ) .

4 . The Hirvaskoski Shear Zone, a type
example of major D 3 structures in the
Savolappi Shear System

Definition. S o m e t i m e ago w e recognized a

N - S t r e n d i n g shea r zone of P a l a e o p r o t e r o z o i c

paragne i s ses t h a t is ~ 150 k m long a n d 1 0 - 3 0

k m w i d e (F ig . 2 ) . It s epa ra tes t h e A r c h a e a n

Pudas ja rv i a n d K u h m o Complexes ( K a r k i a n d

Laajoki , 1990; K a r k i , 1 9 9 1 ) . T h i s D 3 t ec ton ic

z o n e w a s n a m e d t h e H i r v a s k o s k i Shea r Z o n e

( H S Z ) after a local i ty in i ts cen t r a l pa r t . L i th-

ologically, i ts s o u t h e r n e n d h a s b e e n m a p p e d

as t h e K a l h a m a j a r v i C o m p l e x ( K a r k i a n d Laa-

j o k i , 1990; Laa jok i , 1 9 9 1 ) , a n d a fault wh ich

def ines i ts s h a r p wes t e rn b o u n d a r y wi th t he

P u d a s j a r v i C o m p l e x is n a m e d t h e K a l h a m a

F a u l t (F ig . 2 ) . T h e eas t e rn m a r g i n of t he H S Z

is d e l i n e a t e d b y a shea r zone w h i c h in tersec ts

t h e w e s t e r n m a r g i n s of t h e n o r t h e r n m o s t t i p of

t h e K a i n u u Schis t Belt , t h e K u h m o C o m p l e x

a n d the K u u s a m o Schis t Belt (Fig . 2 . ) . T h e

s o u t h e r n e n d of t h e H S Z is cu t by t he O u l u -

j a r v i Shea r Z o n e , w h e r e a s t he n o r t h e r n e n d

o p e n s i n to a large horse ta i l s t ruc tu re a n d t h e n

t ape r s o u t in t h e gneisses a n d g r an i t o id s of t he

K e m i j a r v i C o m p l e x .

T h e H S Z fo rms a dex t ra l duc t i l e shear zone

(for t e r m i n o l o g y see Sylvester , 1988; H a r d i n g ,

1 9 9 0 ) w i th a subver t i ca l , N - S t r e n d i n g p r in -

c ipal d i s p l a c e m e n t z o n e ( P D Z 3 ) . T h e whole

shea r z o n e is c o m p o s e d of misce l l aneous faults

a n d fault rocks re la ted to d ive r se fold s t ruc-

tu re s loca ted b e t w e e n t h e subzones of m o s t in-

t ense shear ing . T h e ex ten t of shear s t ra in var-

ies great ly b e t w e e n t h e faul ts , w h i c h is verif ied

by t h e d ive r se cha rac t e r s of t h e mesoscop ic

s t ruc tu res a n d fault rocks (Bel l a n d Ether idge ,

1973; W i s e et al. , 1984; X u et al. , 1 9 8 6 ) .

Macroscopic structure. O n t h e macrosca le ,

t h e H S Z is b u i l d u p of duc t i l e s t r ike-sl ip faults

o r shea r z o n e s a n d less c o m m o n folds iden t i -

fiable f rom reg iona l m a p p i n g a n d ae romag-

ne t i c g rey tone m a p s . Fo l lowing the s imple

shear m o d e l ( R i e d e l , 1929; A y d i n a n d Page ,

1 9 8 4 ) , t h e faul ts c a n be g r o u p e d in to t h r ee cat-
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egories according to their mutual orientations.
The N - S trending faults are interpreted as
principal displacement zones ( P D Z 3 ) , whereas
synthetic Riedel shears ( R 3 ) , diverging 1 0 - 2 0 °
clockwise from the plane o f the P D Z 3 , and pin-
nate shears ( P 3 ) , diverging 1 0 - 2 0 ° anticlock-
wise, represent the other fault c o m p o n e n t s o f
the shear zone (Fig. 2 ) .

The Kalhama Fault is o n e of the subvertical
faults following the direct ion of the P D Z 3 . D 3

faults are most frequent near the Kalhama
Fault, whereas F 3 en-echelon folds are more
c o m m o n in the eastern part of the shear zone.
The total displacement caused by the D 3 shear-
ing is est imated to be about 7 0 - 9 0 km. This is
recognizable most clearly on the basis o f the
break-up and displacement of the layered mafic
intrusions in northern Finland (Alapieti et al.,
1990) and the fold structures in Lapland.

In Pos io (Fig. 2 ) , the eastern margin of the

Structural elements
So inclined/vertical

/£» ft So with top direction
S, or So Inclined

/ S3 inclined, vertical
/f0 / S4 Inclined, vertical

Jr S4 and siniatral fault
'unclassified schistosity
axial trace of D1-D2

K.Laalohl -92
28°15'

Fig. 3. Simplified structural map of the surroundings of the village of Posio (Fig. 2). The quartzites of the central area
(Kuoppavaara) are separated from the western, highly sheared mica schists and metabasites by the Nilojarvi fault and
from the Kuusamo Schist Belt in the east by the Kuoppavaara fault.
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Fig. 4. (a) Dextral semiductile fault in amphibole-rich paragneiss, showing a 10 cm wide ductile zone between the N-S
trending blastomylonitic zones, (b) Sheath fold bordered by migmatitic, N-S trending blastomylonite zone in the west,
(c) J-shaped D3 hook fold associated with a N-S trending fault, (d) Multiply deformed Palaeoproterozoic paragneiss
showing a dextral N-S trending mylonite zone and associated D3 en-echelon folds and Z-folds, the axial plane trace of
which diverges about 20° anticlockwise from the plane of the mylonite zone.

H S Z t u r n s N N E a n d is m a r k e d by a shea red ,

mylon i t i c z o n e of m e t a p e l i t e s (F ig . 3 ) in ter -

sect ing t h e " L a p p i d i c " t r e n d of t h e K u u s a m o

Schist Belt .

D y n a m i c a l l y , t h e s t ress field d u r i n g stage D 3

differed f rom t h a t of s tage D 2 in t h a t t h e low-

est, ver t ica l p r i n c i p a l s t ress a n d the i n t e r m e -

d ia te , h o r i z o n t a l a n d N E - S W t r e n d i n g o n e

c h a n g e d p laces . T h e m a x i m u m p r inc ipa l s tress

(ox) r e m a i n e d in a N E - S W d i rec t ion . T h i s

stress field c r ea t ed t h e N - S s t r ik ing dext ra l

s t r ike-s l ip shea r zones .

Mesoscopic structures. T h e fault rocks asso-

c ia ted wi th d iverse D 3 faults a re most ly sheared

gneisses w i th m e t a m o r p h i c fol ia t ion of a sym-

m e t r i c , r e cove red cha rac t e r . S o m e t i m e s the

fol ia t ion is i n t eg ra t ed wi th in t rafol ia l , isoclinal

fold s t ruc tu res . B l a s tomy lon i t i c zones a n d

a s y m m e t r i c s t ruc tu re s such as fol ia t ion fishes,

i n d i c a t o r s of dex t ra l sl ip w i t h i n t he shear zone ,
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h a v e b e e n d e t e c t e d in z o n e s of m a x i m u m

' shear ing . S igma s t r u c t u r e s a n d o t h e r m i c r o -

scopic shear -sense i n d i c a t o r s a r e also vis ible in

the mica - r i ch fault r ocks . T h e dex t r a l s e m i d u c -

ti le faul ts in t h e H Z S c o n s i s t o f n a r r o w b la s to -

my lon i t i c zones b o r d e r e d b y w i d e r zones of

duct i le d e f o r m a t i o n ( F i g . 4 a ) .

A s y m m e t r i c folds w i t h ax ia l -p l ane t r aces d i -

verging 15° t o 30° a n t i c l o c k w i s e f rom t h e

p l ane of the P D Z 3 c o n s t i t u t e en -eche lon folds

in t he D 3 shear z o n e . T h e s e a r e t ight a n d usu -

ally n o t h a r m o n i c , a n d a r e closely re la ted to t he

b las tomyloni t i c zones a n d o t h e r e l emen t s of t he

shear zone (F ig . 4 d ) . H o o k - a n d Z-folds (F ig .

4 c ) a re de tec tab le in m i c a - r i c h pa ragne i s ses

a n d p r o v i d e c lear e v i d e n c e of dex t r a l sl ip du r -

ing shear ing . T h e ax i a l -p l ane t r aces a re m o s t l y

para l le l t o t h e P D Z 3 a n d t h e i r fold axes per -

pend icu la r t o t h e s t re tch ing Hneat ion . T h e h o o k

folds a re J - s h a p e d folds w i t h n a r r o w faults pa r -

allel t o t he ax ia l -p lane t r a c e s (e .g. H u d l e s t o n ,

1989; cf. Fig. 4 c ) , w h e r e a s t h e Z-folds a re

p r o d u c t s of en t i re ly d u c t i l e d e f o r m a t i o n .

Shea th folds (e .g. S c h w e r d t n e r , 1987) c o m -

pr ise t h e four th class of fo lds w i t h i n t h e shea r

zone (F ig . 4 b ) . In t w o - d i m e n s i o n a l sec t ions

these a re seen as i r r egu la r b a s i n a n d d o m e

s t ruc tu res o r t u b e - s h a p e d s t r u c t u r e s in t h e d i -

rec t ion of t he s t r e t ch ing Hnea t ion . T h e shea th

folds are s i t ua t ed b e t w e e n b l a s t o m y l o n i t i c

zones o r zones of h ighes t s h e a r s t r a in .

T h e P r o t e r o z o i c p a r a g n e i s s e s of t h e H S Z

h a v e been i n t r u d e d b y S v e c o k a r e l i a n g ran i t es

a n d gran i t ic p e g m a t i t e s , a m o n g s t w h i c h t h e

la t te r a re genet ical ly a s s o c i a t e d w i t h t h e shear-

ing. T h e m i g m a t i z a t i o n of t h e paragneisses a n d

t h e a m o u n t of g ran i t i c m a t e r i a l i nc rease t o -

w a r d s t h e n o r t h , a n d t h e gne i s ses of t h e n o r t h -

e rn pa r t of t h e H Z S a re m i g m a t i t e s w i t h o u t

p r i m a r y s t ruc tu res .

4.1. Structural correlations and definition of

the Savolappi Shear System

T h e K e m i j a r v i C o m p l e x p r e v e n t s t h e H S Z

from be ing fol lowed n o r t h , wh i l e t h e defor-

m a t i o n caused b y t h e O S Z h a m p e r s m a p p i n g

of i ts s o u t h e r n ex t ens ion . I t is, never the less ,

p r o b a b l e t h a t t h e s h e a r e d Vay ry l anky l a N a p p e

(Laa jok i , 1 9 9 1 ) a n d t h e s h e a r e d core of t he

s o u t h e r n e n d of t h e K a i n u u Schis t Bel t ( H a -

vola , 1 9 8 1 ) r ep re sen t t h e s a m e t ec ton i c zone .

If so , t h e or ig ina l length of t h e H S Z was a t least

3 0 0 k m . T h e m a p s of P a a v o l a ( 1 9 8 0 , 1984)

s h o w clearly t h a t a N - S t r e n d i n g shea r zone

occurs a t t h e s o u t h e a s t e r n c o r n e r of t he I i sa lmi

C o m p l e x (F ig . 1 ) , a n d th i s Ni l s ia Shea r Z o n e

c a n b e co r re l a t ed t en t a t ive ly w i t h t h e H S Z .

T h e s e zones a p p e a r to r ep re sen t a large s t r ike-

slip fault z o n e w h i c h follows a D i - D i t ec ton ic

z o n e ( t h e K o i l l i s m a a - K a i n u u - N o r t h Kare l i a

t ec ton i c z o n e of Laa jok i 1 9 9 1 ) a n d subd iv ides

t h e A r c h a e a n crus t i n to t h e K u h m o C o m p l e x

i n t h e eas t a n d t h e I i sa lmi a n d P u d a s j a r v i

C o m p l e x e s in t h e west .

Ber thelsen a n d M a r k e r ( 1 9 8 6 b ) descr ibe the

B a l t i c - B o t h n i a M e g a s h e a r a n d a m e g a s h e a r in

R u s s i a n N o r t h K a r e l i a wh ich t r e n d s in the

s a m e , a p p r o x i m a t e l y N - S d i r ec t ion . T h e

n o r t h e r n p a r t of t h e former , w h i c h w e he re call

t h e Pa ja la Shea r Z o n e , is clearly ana logous to

the H S Z , a n d t h u s t h e cen t ra l a n d n o r t h e r n

F e n n o s c a n d i a n Shie ld is t r a v e r s e d by at least

t h r e e r a t h e r closely spaced m a j o r N - S t r e n d -

ing shea r zones : t h e Pa ja la Shea r Z o n e , the

Hi rvaskosk i Shear Z o n e a n d the Russ i an N o r t h

K ar e l i a Shea r Z o n e . Toge the r , these form a

large sys tem of shea r zones t h a t we call t he Sa-

volappi Shear System (F ig . 7 ) .

5 . T h e Oulujarvi S h e a r Z o n e , type example of

D 4 s h e a r zones of t he F in l and ia S h e a r Sys tem

Definition. T h e Oulu ja rv i Shea r Z o n e ( O S Z )

is a N E - S W t r e n d i n g , subver t i ca l shea r zone

~ 2 5 0 k m in length w h i c h sepa ra t e s t h e Savo

a n d N o r t h e r n P o h j a n m a a Schis t Belts as well

as t h e A r c h a e a n I i sa lmi a n d P u d a s j a r v i C o m -

plexes (F ig . 5 ) . It t r ansec t s t h e n o r t h e r n e n d

of t h e K a i n u u Schis t Belt a n d c o n t i n u e s as a

dying, semi-br i t t l e fault sy s t em in t h e n o r t h e r n

p a r t of t h e A r c h a e a n K u h m o C o m p l e x . In its
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Fig. 5. Simplified geological map of central Finland showing the major structures of the sinistral Oulujarvi Shear Zone.
The NW margin of the shear zone is defined by the Auho Fault.
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sou thwes t e rn a n d c e n t r a l p a r t s , t h e O S Z t r u n -

j cates a n d t r a n s p o s e s all t h e ear l ie r s t ruc tu res ,

inc lud ing t h e H S Z , in a duc t i l e m a n n e r a n d in-

c ludes a n u m b e r of P a l a e o p r o t e r o z o i c g ran i tes

(Laa joki , 1 9 9 1 ) a n d m i g m a t i t i c gneisses . T h e

degree of m i g m a t i z a t i o n a n d t h e a m o u n t of

g ran i to ids increase s o u t h w e s t w a r d s .

T h e O S Z h a s p r e v i o u s l y b e e n cal led t h e

A u h o Fau l t Z o n e (Laa jok i , 1 9 8 6 ) b u t is h e r e

r e n a m e d o n t h e bas i s of r e c e n t s t ruc tu ra l work .

T h e n a m e " A u h o F a u l t " is neve r the le s s re -

t a i n e d for a fault para l le l t o t h e p r i n c i p a l d i s -

p l a c e m e n t z o n e of t h e O S Z ( P D Z 4 ) . B o t h t h e

O S Z a n d t h e A u h o F a u l t a r e seen very clearly

o n a e r o m a g n e t i c g r ey tone m a p s , t h e fo rmer

forming a s h e a r e d a n d fo lded z o n e 3 0 - 4 0 k m

wide at its s o u t h w e s t e r n e n d a n d n a r r o w i n g t o -

w a r d s t he n o r t h e a s t , a n d t h e l a t t e r s i t ua t ed at

t he n o r t h wes t e rn b o r d e r of t h e O S Z .

T h e evo lu t i on of t h e O S Z follows t h e genera l

evo lu t iona ry m o d e l of s t r ike-s l ip zones as de -

scr ibed by H a r d i n g a n d Lowel l ( 1 9 7 9 ) , a n d

Sylvester ( 1 9 8 8 ) . A p p l y i n g H a r d i n g a n d Low-

ell 's ( 1 9 7 9 ) m o d e l , t h e duc t i le ly folded sou th -

eas te rn pa r t of t he O S Z r e p r e s e n t s t h e a rea of

earl iest en -eche lon folding, c o n t i n u e d defor-

m a t i o n causing in i t i a t ion of t h e s inis t ral s tr ike-

slip faults.

Macroscopic structure. T h e m a c r o s c o p i c

s t ruc tures ident i f ied by m a p p i n g ( K a r k i a n d

Laajoki , 1990; Laa jok i a n d T u i s k u 1990; Laa -

j o k i , 1991 ; L u u k a s , 1 9 9 1 ) a n d f rom t h e

ae romagne t i c g rey tone m a p s consis t of large en-

eche lon folds a n d m a j o r faul ts w i th c o n n e c t i n g

m i n o r faults a n d hor se ta i l s y s t e m s (F ig . 5 ) .

T h e m o s t c o n s p i c u o u s m a c r o s c o p i c s t ruc-

tu res of the O S Z are large N E - S W t r e n d i n g en-

eche lon folds, w h i c h r e p r e s e n t in te r fe rence

p a t t e r n s caused by t h e s u p e r i m p o s i t i o n of D 4

a n d D 2 , a n d a r r a n g e d in t h e en -eche lon m a n -

ne r typical of large s t r ike-s l ip shea r zones (e.g.

Sylvester, 1 9 8 8 ) . T h e largest in ter ference folds,

r each ing lengths of a b o u t 30 k m a n d w i d t h s of

8 k m , are s i t ua t ed at t h e s o u t h w e s t e r n e n d of

t h e shea r zone , w h e r e a s s i m i l a r folds a r e s o m e -

w h a t smal le r in t h e n o r t h e a s t , t h e p r i nc ipa l

o n e s va ry ing in l eng th f rom 10 t o 2 0 k m a n d

be ing ~ 5 k m w i d e (Laa jok i a n d Tu isku ,

1 9 9 0 ) . T h e t r e n d s of t h e ax ia l p l anes of t he

folds d e v i a t e less t h a n 4 0 ° c lockwise f rom the

st r ike of t h e P D Z 4 .

M a j o r N E - S W t r e n d i n g s in is t ra l s tr ike-sl ip

faults , classif ied as p r i n c i p a l d i sp l acemen t

zones ( P D Z 4 ) , syn the t i c R i e d e l shears ( R 4 )

d iverg ing less t h a n 2 0 ° an t i c lockwise f rom the

p l ane of P D Z 4 , a n d p i n n a t e shears ( P 4 ) d i -

verging less t h a n 2 0 ° c lockwise f rom the p l ane

of P D Z 4 , h a v e b e e n ident i f ied all ove r t he OSZ.

Dex t r a l , N W - S E t r e n d i n g a n t i t h e t i c R iede l

shears ( R ' 4 ) h a v e also b e e n obse rved . T h e

largest faul ts , t h e A u h o F a u l t a n d the P y h a n t a

Fau l t , a re a s soc ia t ed w i t h t h e P D Z 4 .

T h e to t a l s in is t ra l d i s p l a c e m e n t caused by

t h e shea r z o n e in t h e n o r t h e r n K a i n u u Schist

Beit has b e e n e s t i m a t e d to be ~ 40 k m , t he d is-

p l a c e m e n t s a long i n d i v i d u a l faults va ry ing

from a few tens of m e t r e s to several k i lomet res .

Mesoscopic structures. T h e O S Z features

progress ive f o r m a t i o n of a s t r ike-sl ip shear

zone wi th m e s o s c o p i c s t ruc tu res largely s imi -

lar t o t h o s e of t h e H S Z . T h e D 4 d e f o r m a t i o n

first p r o d u c e d duc t i l e folds, w h e r e a s t he la ter

p h a s e is c h a r a c t e r i z e d by d u c t i l e - s e m i d u c t i l e

faul t ing. M a n y faul ts were also affected by

br i t t l e d e f o r m a t i o n d u r i n g younger

r eac t iva t ion .

T h e m e s o s c o p i c F 4 folds a re usual ly en-ech-

elon folds, t h e i r ax ia l -p lane t races typical ly d i -

verging 2 0 ° t o 4 0 ° c lockwise f rom t h e s t r ike of

the P D Z 4 . T h e cha rac te r i s t i c folds wi th in t he

O S Z a re a s y m m e t r i c a l S-folds wh ich are m o r e

o p e n t h a n t h e c o r r e s p o n d i n g Z-folds of the

H S Z (Figs . 6a a n d 6 c ) . T h e p e n e t r a t i v e S4 ax-

ia l -p lane schis tos i ty is well d e v e l o p e d in the F 4

folds of t h e P u o l a n k a j a r v i F o r m a t i o n (Laa joki

a n d Tu isku , 1 9 9 0 ) . In m a n y cases , o n e or b o t h

l imbs h a v e b e e n s h e a r e d in tens ive ly a n d occa-

sional ly i n t r u d e d by g ran i t i c m a t e r i a l .

M e s o s c o p i c faul ts a re c o m m o n in exposures

a n d mos t ly r e p r e s e n t e i the r N E - S W t rend ing ,

s in is t ra l R 4 shea r s o r N W - S E t r e n d i n g , dext ra l

R ' 4 shears . T h e b a n d i n g in t h e highly me ta -
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Fig. 6. (a) Chevron-type folds in the crest zone of a macroscopic D 3 en-echelon fold, (b) Dextral semiductile fault in the
direction of a D 4 antithetic Riedel shear showing a 30 cm wide ductile zone cut by a NW-SE trending 1 cm wide mylonite
zone. (с) S-shaped D 4 fold in Palaeoproterozoic paragneiss; the axial-plane trace is in the direction of the PDZ4. (d) NE-
SW trending mylonite zone which intersects Palaeoproterozoic mica schist. The sinistral shear sense is shown by the sigma
structures in the mylonite zone.

m o r p h o s e d gneisses is usua l ly para l le l t o t h e

s h e a r surface. T h e s e m i d u c t i l e faults a r e a few

d e c i m e t r e s w i d e a n d c o n s i s t of a n a r r o w S-C

m y l o n i t i c z o n e r i m m e d b y w i d e r z o n e s of d u c -

ti le d e f o r m a t i o n ( F i g . 6 b ) . T h e S-C m y l o n i t e s

i n d i c a t e s in i s t ra l s h e a r i n g w i t h i n R 4 a n d t h e

P D Z 4 . I n a d d i t i o n , t h e sense of t h e shear ing c a n

b e d e t e r m i n e d m i c r o s c o p i c a l l y f r o m rol led

p o r p h y r o c l a s t s a n d s i g m a s t r u c t u r e s (F ig . 6 d ) .

A l t h o u g h t h e O S Z f e a t u r e s s h e a r s t r u c t u r e s

s imi lar t o t h o s e of t h e H S Z , t h e r e are also some

f u n d a m e n t a l differences. T h e faults of the H S Z

feature b l a s t o m y l o n i t i c character i s t ics , whereas

t h e c o r r e s p o n d i n g s t r u c t u r e s in t h e O S Z h a v e

S-C m y l o n i t i c a n d m o r e b r i t t l e character i s t ics .

T h e angles b e t w e e n R 3 a n d P 3 a p p e a r t o b e

s m a l l e r t h a n t h o s e b e t w e e n R 4 a n d P 4 , o r else

t h e angle of i n t e r n a l f r ict ion u p o n d e f o r m a t i o n

of t h e H S Z is s m a l l e r t h a n t h a t in t h e O S Z .

T h e s e di f ferences suggest t h a t t h e p r e s e n t sec-
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t ion of t h e H S Z r e p r e s e n t s a d e e p e r crus ta l sec-

t ion a n d a h ighe r g r a d e o f m e t a m o r p h i s m t h a n

t h a t of t h e O S Z .

5 .1 . Structural correlations and definition of

the Finlandia Shear System

Laajoki ( 1 9 8 6 ) sugges ted t h a t t h e poor ly

def ined R a a h e - L a g o d a Z o n e m a y fo rm a con-

juga t e sys tem w i t h t h e O S Z ( a t t h a t t i m e

t e r m e d t h e A u h o F a u l t Z o n e ) , b u t d o u b t e d t h e

jus t i f ica t ion of e x t r a p o l a t i n g t h e fo rmer zone

as a zone of i n t ense s h e a r i n g n o r t h w e s t w a r d

pas t t h e cross ing p o i n t w i t h t h e O S Z (F ig . 1 ) .

O u r s u b s e q u e n t de t a i l ed ana lys i s of t h e geo-

physical d a t a a n d t h e m a p p i n g resul ts s h o w e d

t h a t th i s susp ic ion w a s ju s t i f i ed .

In a d d i t i o n , we f ind t h a t t h e c o n c e p t of t he

R a a h e - L a g o d a Z o n e is p o o r l y def ined a n d

u n d e r s t o o d . G a a l ( 1 9 7 2 ) c o n s i d e r s t h i s t o b e

a deep-sea ted w r e n c h fault z o n e t r e n d i n g f rom

A. KARKIETAL.

t h e G u l f of B o t h n i a t o L a k e L a d o g a , a n d Gad l

a n d G o r b a t s c h e v ( 1 9 8 7 ) la te r cal led it t he La-

d o g a - B o t h n i a n B a y T e c t o n i c Z o n e . O n t h e

o t h e r h a n d , t h e t e r m " R a a h e / B o t h n i a n S e a -

L a d o g a " is of ten a s soc i a t ed w i t h t h e " m a i n

su lph ide ore be l t of F i n l a n d " as de sc r ibed by

K a h m a ( 1 9 7 8 ) . K o r s m a n ( 1 9 8 8 ) , for e x a m -

ple , s ta tes t h a t t h e R a a h e - L a g o d a z o n e is a

b o u n d a r y b e t w e e n t h e A r c h a e a n rocks in

n o r t h e r n a n d ea s t e rn F i n l a n d a n d t h e Pro te r -

ozo ic ones , a n d hos t s m o s t of t he m a j o r sul-

p h i d e o re d e p o s i t s in F i n l a n d . In v iew of these

m u l t i p l e s ignif icance a s soc ia t ions we a re reluc-

t a n t t o c o n t i n u e t h e use of t h e " R a a h e - L a d o g a

n o m e n c l a t u r e " a n d prefer t o app ly t h e t e r m

" K u o p i o Shea r Z o n e " to t he p a r t of t h e origi-

na l R a a h e - L a d o g a Z o n e of G a a l ( 1 9 7 2 ) situ-

a t e d sou thwes t f r o m t h e p o i n t w h e r e t h a t zone

crosses t h e O S Z . T h e K u o p i o Shea r Z o n e in-

c ludes t h e Suvasves i , H a u k i v e s i a n d Pihla ja-

vesi F a u l t s . I t s s t r u c t u r e h a s b e e n d o c u m e n t e d

by G a a l a n d R a u h a m a k i ( 1 9 7 1 ) , H a l d e n

2.45 Ga mafic intrusion
basement

Default zone
D-fold

D4-fold
D4-thrust
Default zone

(°*P?) Anorogentc granite

Fig. 7. Tectonic evolution of the central Baltic Shield between 1.93 and 1.80 Ga ago: thrusting and folding during stage
D2; development of the Savolappi Shear System during stage D3; structural features produced by N-S compression during
stage D4.
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( 1 9 8 2 ) , a n d v a r i o u s a u t h o r s in K o r s m a n

( 1 9 8 8 ) . •;.,.-.

In a d d i t i o n t o t h e m a j o r s t ruc tu re s exempl i -

fied b y t h e O S Z a n d t h e K u o p i o Shea r Z o n e ,

m i n o r D 4 s t ruc tu re s a r e q u i t e c o m m o n in east-

e rn F i n l a n d ( K o i s t i n e n , 1 9 8 1 ; W a r d , 1 9 8 7 ) ,

t h e s o u t h e r n p a r t of t h e K a i n u u Schis t Belt

( G e h o r a n d Laa jok i , u n p u b l i s h e d d a t a ) a n d

L a p l a n d (F ig . 7c; M a r k e r , 1988; W a r d et al. ,

1988; G a a l et al. , 1 9 8 9 ) . T h e s e D 4 s t ruc tu res ,

w h i c h cove r a m a j o r p a r t of t h e cen t ra l F e n -

n o s c a n d i a n Shield , f o r m a n e t w o r k of s in is t ra l

N E - S W t r e n d i n g a n d dex t r a l N W - S E t r e n d -

ing shear zones w h i c h w e call t h e Finlandia

Shear System.

6. Discuss ion

T h e effects of t h e p r o l o n g e d co 'mpress ional

evo lu t ion of t h e K a r e l i a n a n d Svecofenn ian

P r o v i n c e s d u r i n g t h e Svecoka re l i an O r o g e n y

have been desc r ibed b y m a n y a u t h o r s (cf. Gaa l ,

1990, a n d re ferences t h e r e i n ) . T h e ear l ies t re-

c u m b e n t folding a n d N E - d i r e c t e d t h ru s t i ng t o -

w a r d s t h e c r a t o n c a n b e iden t i f i ed as a bel t of

ex te rna l t h r u s t i n g a n d folding in t h e K a r e l i a n

format ions . T h i s fold a n d fault bel t was fo rmed

by a N E - S W c o m p r e s s i o n w h i c h c a u s e d accre-

t i on of t h e n o r t h e a s t e r n Sveco fenn ian i s land

arc to t h e K a r e l i a n p r o v i n c e d u r i n g T)x (F ig . 7,

le f t ) . S o m e t h r u s t i n g a n d folding m a r k i n g t h e

final c losure of t h e o c e a n i c b a s i n b e t w e e n t h e

Svecofenn ian i s l and a r c a n d t h e Ka re l i de s w a s

also assoc ia ted w i t h s tage D 2 of t h e p rogress ive

Svecokare l i an d e f o r m a t i o n ( L u u k a s , 1 9 9 1 ) .

T h e c u l m i n a t i o n of t h e reg iona l m e t a m o r -

p h i s m t o o k p lace d u r i n g s tage D 2 ( H o l t t a ,

1988; T u i s k u a n d Laa jok i , 1 9 9 0 ) a n d accre-

t i on of t h e S v e c o f e n n i a n i s l and a rc o c c u r r e d

b e t w e e n 1.93 a n d 1.85 G a ago (Vaas jok i a n d

Sakko , 1988; G a a l , 1 9 9 0 ) .

T h e fol lowing p h a s e of d e f o r m a t i o n c r ea t ed

t h e m a j o r N - S s t r ik ing , ve r t i ca l D 3 shea r zones

of t he Savo lapp i S h e a r S y s t e m in t h e cen t ra l

a n d n o r t h e r n F e n n o s c a n d i a n Shie ld (F ig . 7,

m i d d l e ) . T h e Pa ja l a S h e a r Z o n e a n d t h e R u s -

s ian N o r t h K a r e l i a M e g a s h e a r def ine t h e west-

e r n a n d t h e e a s t e r n m e m b e r s of th i s sys tem,

whi l e t h e H i r v a s k o s k i Shea r Z o n e a n d its

s o u t h e r n e x t e n s i o n r e p r e s e n t a t h i r d ma jo r N -

S s t r ik ing shea r z o n e b e t w e e n a n d paral le l t o

t h e first-named pa i r . T h e c r e a t i o n of th i s shear

sys t em m a r k s a change f rom t h e folding a n d

t h r u s t i n g o f t h e ear ly s tages t o t h e duct i le

shea r ing of s tage D 3 . T h e m a i n r e a s o n for th i s

change a p p e a r s t o b e t h e t h i c k e n i n g of t he Pa-

l a e o p r o t e r o z o i c c rus t , w h i c h c a u s e d a change

of t h e s t ress field, a n d t h e D 2 p e a k of t he re-

g iona l m e t a m o r p h i s m ( T u i s k u a n d Laajoki ,

1 9 9 1 ) .

T h e P e r a p o h j a Schis t Bel t b e t w e e n the Pa-

j a l a a n d H i r v a s k o s k i Shea r Z o n e s represents a n

a rea in w h i c h a local N - S c o m p r e s s i o n caused

by n o r t h w a r d d i s p l a c e m e n t of t h e P u d a s j a r v i

C o m p l e x d u r i n g D 3 faul t ing f o r m e d t h e E - W

t r e n d i n g folds desc r ibed by Sa lonsaar i ( 1 9 9 1 ) .

T h e s e fo rm a c o u n t e r p a r t of V a y r y n e n ' s

( 1 9 5 4 ) " L a p p i d i c fo ld ing" .

Since t h e a m o u n t of g r a n i t o i d s increases to -

w a r d s t h e n o r t h w i t h i n t h e H S Z a n d s ince t he

Pa ja la S h e a r Z o n e is a lso cha rac t e r i zed by

a b u n d a n t s y n k i n e m a t i c g r an i t o id s , we suggest

t h a t t h e f o r m a t i o n of t h e K e m i j a r v i C o m p l e x

m a y h a v e b e e n a s soc ia t ed w i t h t h e left-step-

p i n g H i r v a s k o s k i - P a j a l a p a i r of shear zones .

T h e space p r o b l e m m a y h a v e b e e n reso lved by

t ec ton i c u n d e r p l a t i n g , w h i c h could , in tu rn ,

h a v e g iven rise t o g ran i t i c d i a p i r s a n d caused

t h e m i g m a t i z a t i o n of A r c h a e a n a n d Kare l i an

f o r m a t i o n s in t h e a r ea of t h e K e m i j a r v i C o m -

plex . T h e ages of t h e C e n t r a l L a p l a n d grani -

t o i d s r ange f rom 1843 t o 1770 M a ( L a u e r m a ,

1982; H u h m a , 1 9 8 6 ) a n d s u p p o r t th i s

i n t e r p r e t a t i o n .

A p p r o x i m a t e l y 1.85 G a ago a n e w p h a s e of

c o m p r e s s i o n s t a r t e d in a N - S d i r ec t ion , possi-

bly b e c a u s e o f t h e func t i on ing o f a n e w sub-

d u c t i o n sys t em in t h e s o u t h (cf. E d e l m a n a n d

J a n u s - J a r k k a l a , 1983 ; Vaas joki a n d Sakko ,

1 9 8 8 ) . T h i s w a s r e l axed by v a r i o u s D 4 s t ruc-

t u r e s t h a t f o r m e d in dif ferent p laces a n d at dif-

ferent t i m e s (F ig . 7 ) . T h e first t o b e p r o d u c e d
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w e r e t h e E - W s t r ik ing folds (e.g. in t h e T a m p -

ere area; C a m p b e l l , 1980; N i r o n e n , 1 9 8 9 ) a n d

t h e 1.83-1.81 G a o l d m i g m a t i z a t i o n (Vaas-

j o k i a n d S a k k o , 1 9 8 8 ) i n s o u t h e r n F i n l a n d .

S i m i l a r folds f o r m e d b y a p u r e s h e a r m e c h a -

n i s m h a v e b e e n i d e n t i f i e d i n t h e n o r t h e r n p a r t

of t h e S a v o Schist Belt, w h e r e t h e E - W st r ik ing

D 4 folds g r a d u a l l y swing i n t o a N E - S W direc-

t i o n t o f o r m t h e e n - e c h e l o n folds of t h e O u l u -

j a r v i S h e a r Z o n e . T h i s fo ld ing p r e c e d e d t h e

m a j o r s in i s t ra l s h e a r i n g of t h e O u l u j a r v i S h e a r

Z o n e ( L u u k a s , 1 9 9 1 ) . S i m u l t a n e o u s l y t h e r e

m a y h a v e b e e n s o m e r e a c t i v a t i o n a n d r o t a t i o n

of t h e D , - D 2 t h r u s t z o n e s o n t h e n o r t h e r n s ide

of t h e I i s a l m i C o m p l e x ( F i g s . 1 a n d 7 c ) . T h e

S a a r i a h o g r a n i t e ( 1 . 9 1 G a ; Laa jok i , 1 9 9 1 )

clearly p r e d a t e s t h e D 4 d e f o r m a t i o n , w h e r e a s

t h e i n t r u s i o n of t h e N a t t a n e n - t y p e g r a n i t o i d s

following a N E - S W t r e n d in t h e n o r t h e r n F e n -

n o s c a n d i a n Shie ld ( 1 . 8 0 G a ; F r o n t et al., 1989)

a n d t h e s y n k i n e m a t i c o r p o s t k i n e m a t i c grani-

t o i d s of t h e O S Z (e.g. t h e T a k i a n k a n g a s gran-

ite, 1.80 G a , a n d t h e A v a i n l a m p i d i o r i t e , 1.80

G a , Laa joki , 1 9 9 1 ) i n d i c a t e t h e age of shear-

ing by stage D 4 .

D u r i n g t h e g e n e r a t i o n of t h e Oulu jarv i Shear

Z o n e , i ts s o u t h e a s t e r n c o n j u g a t e , t h e N W - S E

t r e n d i n g d e x t r a l K u o p i o S h e a r Z o n e (Fig . 7 c )

d e v e l o p e d s i m u l t a n e o u s l y w i t h a s s o c i a t e d

g r a n i t e s of 1.78 G a age ( H a l d e n , 1 9 8 2 ) . T h i s

s h e a r z o n e h a s b e e n c o n s i d e r e d a m a j o r tec-

t o n i c feature in F i n l a n d a n d h a s b e e n i n c l u d e d

in t h e R a a h e - L a d o g a Z o n e ( G a a l , 1 9 7 2 ) . We

are , never the les s , i n c l i n e d t o r e g a r d t h e K u -

o p i o S h e a r Z o n e as p a r t o f t h e F i n l a n d i a S h e a r

S y s t e m a n d d o n o t s u p p o r t t h e i d e a t h a t m a j o r

strike-slip fault ing o c c u r r e d a l o n g its n o r t h -

w e s t e r n c o n t i n u a t i o n p a s t t h e p o i n t w h e r e it

m e e t s t h e O S Z . We r a t h e r suggest t h a t in t h e

la t te r a r e a d e f o r m a t i o n w a s re leased by fold-

ing. T h e d i s t r i b u t i o n of t h e g r a n i t o i d s , t h e

v a r i a t i o n s in d e f o r m a t i o n style a n d t h e g r a d e s

of m e t a m o r p h i s m w i t h i n t h e O u l u j a r v i a n d

K u o p i o S h e a r Z o n e s suggest t h a t t h e i r south-

w e s t e r n a n d n o r t h w e s t e r n p a r t s , respect ively,

r e p r e s e n t m o r e d u c t i l e d e f o r m a t i o n of pre-

s u m a b l y d e e p e r s e c t i o n s of t h e P r e c a m b r i a n

c r u s t t h a n t h e n o r t h e a s t e r n a n d s o u t h e a s t e r n

p a r t s .

As a resul t o f p o w e r f u l N - S d i r e c t e d D 4

c o m p r e s s i o n , t h e I i s a l m i C o m p l e x was faulted

t o a c o n j u g a t e str ike-sl ip sys tem, t h e ind iv id-

u a l fault d i r e c t i o n s of w h i c h c o i n c i d e w i t h

t h o s e of t h e m a j o r s h e a r z o n e s descr ibed above .

T h e r e m a y also h a v e b e e n s o m e t h r u s t i n g o r

reverse faul t ing r e l a t e d t o N - S c o m p r e s s i o n in

t h e n o r t h e r n p a r t o f t h i s c o m p l e x (Fig . 7 c ) . I n

L a p l a n d , t h e effects o f N - S c o m p r e s s i o n are

r e p r e s e n t e d b y E - W s t r i k i n g folds in c e n t r a l

L a p l a n d a n d b y t h e la tes t t h r u s t i n g of t h e L a p -

l a n d G r a n u l i t e C o m p l e x ( B e r t h e l s e n a n d

M a r k e r , 1986a; M a r k e r , 1 9 8 8 ) .

As a w h o l e , t h e t e c t o n i c c o n s e q u e n c e s of de-

f o r m a t i o n stages D 3 a n d D 4 a p p e a r t o h a v e

b e e n m u c h m o r e i m p o r t a n t a n d c o m p l i c a t e d

t h a n h a s b e e n r e a l i z e d prev ious ly . I n conse-

q u e n c e , t h e p o r t i o n of t h e F e n n o s c a n d i a n

Shie ld affected by t h e m c a n n o t b e c o n s i d e r e d

a n a n o r o g e n i c c r a t o n i c a r e a b u t r a t h e r an es-

sent ia l p a r t o f t h e S v e c o k a r e l i a n O r o g e n y . T h e

preci se d e t e r m i n a t i o n of t h e role of th i s r e a l m

in t h e S v e c o k a r e l i a n O r o g e n y m u s t , however ,

awai t t h e c o m p l e t i o n of a t e c t o n i c synthes is for

t h e w h o l e Shie ld, i n c l u d i n g also t h e R u s s i a n

p a r t of K a r e l i a .
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