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Introduction 

P a a r m a and Marmo (1961) w e r e the f i rs t 
to point out t ha t a la rge number , if not most, 
of the ore deposits k n o w n in F in land are 
located in belt about 100 km wide runn ing in 
a NW-SE direct ion f r o m Lake Ladoga to the 
t own of Raahe (Fig. 1). This belt lies para l le l 
to common fau l t l ines in the same area 
(Härme 1961) and to a deep nega t ive gravi -
metr ic anomaly (Honkasalo 1962) border ing 
the belt on its SW side. Mikkola and Niini 
(1966, 1968) divided the zone into th ree meta l -
logenic provinces and noticed an abundance 
of basic (subsilisic) in t rus ions wi th in the belt 
associated wi th the ore bodies. In his dis-
cussion on the metal logenic f ea tu res of Fin-
land. K a h m a (1973) re fe r s to this, belt as the 
»Main Sulphide Ore Belt». 

Very little, however , is known, about the 
geological background of this belt . It is pa r t 
of the Svecokare l ian tectonic province bu t 
lies on the b o u n d a r y wi th the Archean base-
men t gneiss, which runs roughly subpara l le l 
to the no r theas t e rn edge of the Bel t bu t is in 
places more t h a n 100 km nor theas t of it. 
According to Pent t i l ä (1963), the a rea shows 
seismic act ivi ty. Talvi t ie (1971) made a de-
tailed s tudy of the seismotectonics of the 
Kuopio region (Fig. 1), which is cut by f r ac -
tures and fau l t lines belonging to the sulphide 
ore zone. He observed the most pronounced 
l ineaments in direct ions 0°—5°, 270°—275°, 
305° and 325°. The l a t t e r t w o are roughly, 
paral le l to the Main Sulphide Ore Belt . F rom 
seismotectonic in te rp re ta t ion and precise lev-
elling he concluded (op. cit, p. 37) t ha t the 
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Fig. 1. Remanent magnetization between the town of Raahe and Lake Ladoga (the Main Sulphide 
Ore Belt of Kahma 1973). 1. Basement complex within the Main Sulphide Ore Belt. 2. Approxi-
mate area of the Main Sulphide Belt. 3. Subsilicic intrusions within the Belt. 4. Major fracture. 
5. Area of the detailed maps in Fig. 2. and Fig. 3. Remanent magnetization shown on the Lambert 
equal area projection nets. The average direction shown as a tirangle. Table numbers refer to 

Tables in the text and pole numbers to the poles in Fig. 8. 
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grav i ty t rough in the 325° direct ion is pro-
bably »the mani fes ta t ion of a l a rger zone of 
c rus ta l weakness». According to him, the 
crustal block east of the town of Kuopio (see 
Fig. 1) is subsiding and causing the ea r th -
quakes recent ly regis tered in the area. In the 
I isalmi a rea (Fig. 1) Kaupp inen (1973) has 
mapped several blocks which he assumed to 
h a v e moved ver t ical ly in respect to each 
other . P a r k k i n e n (1975) made a deformat ion 
analysis of a maf ic in t rus ion in the south-
eas tern pa r t of the Belt. In his opinion, the 
wrench zones para l le l to the Belt a re caused 
by the oldest regional s tress in a NE-SW 
direct ion. Mar t t i l a (1976) adopted the concep-
tion of geosyncl inal sedimenta t ion of the 
suprac rus t a l series in the Kiuruves i area 
no r thwes t of Kuopio. He in te rpre ted the NW-
st r ik ing Belt as a subsiding r i f t val ley system 
connected w i th subpara l le l faul ts , shear 
zones and ex t rus ive and in t rus ive m a g m a -
tism. 

The purpose of the present paper is to 
repor t on the pa leomagnet ic da ta obtained 
for the Belt a rea and to compare t h e m wi th 
paleomagnet ic da ta on the Archean basement 
region jus t no r th of it. The aim is to t h r o w 
more l ight on the obscure quest ion of the 
origin of the Belt . The paleomagnet ic mea-
su remen t s a re concent ra ted on two areas: 
One is in the centra l pa r t of the Main Sul-
phide Ore Bel t in the Haukives i area, the 
o ther is jus t n o r t h of the Belt in the Archean 
basement complex in the Nils iä—Varpais-
jä rv i a rea (Fig. 1). The l i thology and paleo-
magnet ic da ta obtained will be described and 
discussed below. Addi t ional pa leomagnet ic 
resul ts a l ready avai lable f r o m the nor th -
wes te rn end of the Bel t and f r o m the Iisalmi 
a rea (see Fig. 1) will be included in the Dis-
cussion. Radiometr ic age da ta and lead iso-
tope values will also be considered in d rawing 
conclusions about the origin and evolution of 
the Belt. 

The lithology of the area 

Lithologically, the Bel t is not wel l def ined 
and its borders cannot be d r a w n exactly. It 
consists of series of metased iments and me ta -
volcanics deformed, recrystal l ized and folded 
dur ing the Svecokare l ian (1800—1900 Ma) 
orogeny. These schists and gneisses a re pene-
t ra ted by var ious of in t rus ive rocks main ly 
of synkinemat ic charac ter . An area typical 
of the Belt is me t w i th in the sou theas te rn 
pa r t of the zone in the Haukives i a rea (Figs. 
1 and 2). The geology of this area will be 
described below as represen ta t ive of the 
whole Belt . 

For comparison, pa leomagnet ic samples 
were s tudied f r o m the Ni ls iä—Varpais järv i 
a rea (Fig. 3) nor theas t of the Belt. This a rea 
is pa r t of the Presvecokare l ian basement 
complex, Archean in age. The l i thology of 
this area will also be described below. 

The Haukivesi area 

The Haukives i a rea is located in the south-
eas tern pa r t of the Raahe—Ladoga zone (Fig. 
1). The geology of the area has been described 
in detai l by H a c k m a n (1933), Gaål and R a u h a -
mäki (1971) and Korsman and P ä ä j ä r v i (1980). 
The area is character ized by h ighly m e t a -
morphic supracrus ta l rocks and by hype r -
s thene-bear ing plutonic rocks wi th sporadic 
basic (subsilicic) dykes (Fig. 2). 

The subracrus ta l complex consists of 
garnet -cordier i te -s i l l imani te gneisses, hype r -
s thene gneisses and hype r s thene amph ib -
olites. The garne t -cord ier i te -s i l l imani te 
gneisses a re migmat ized by t rondh jemi tes . 
The me tamorph i sm of these rocks took place 
unde r condit ions of g ranu l i t e facies but , 
according to Paavola (1976), the p ressure was 
not very high du r ing the recrystal l izat ion. 
Agglomerat ic and pil low l ava s t ruc tu res in 
some of the amphibol i tes and gneisses in the 
a rea suggest a volcanic origin for these rocks. 
The r emanen t magnet iza t ion found in these 
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Fig. 2. Simplified geological map of the lake Haukivesi area. 1. gabbro, 2. hypersthene quartz diorite 
and diorite, 3. granodiorite, 4. high-grade gneiss and amphibolite, 5. biotite gneiss, 6. diopside amphibolite, 

7. lamprophyre dyke, 8. metadiabase dyke. After Korsmän and Pääjärvi (1980). 

rocks is weak and unstable . Consequent ly , 
pa leomagnet ic invest igat ion was not pe r -
fo rmed on the rocks of the supracrus ta l 
complex. 

The suprac rus ta l rocks a re pene t ra t ed by 
hype r s thene -bea r ing plutonic rocks. They 
consist of granodiori tes , quar tz diorites, dio-
ri tes and minor occurrences of gabbros and 
u i t r amaf i c rocks. The quar tz diori tes and 
diori tes a re fol ia ted and have g radua l con-
tacts towards the hype r s thene gneisses and 
amphibol i tes . The magne t i t e content being 
low, only a f ew samples of these rocks w e r e 
su i tab le fo r pa leomagnet ic s tudies a l though 
a g rea t n u m b e r of samples w e r e collected. 

The hype r s thene -bea r ing granodior i te in 
the area is porphyr i t ic . I t has in t rus ive con-
tacts and brecciates quar tz diori tes and dio-
ri tes. Hence, it mus t be somewha t younger 
than those typical ly synorogenic rocks. No 
samples ca r ry ing h a r d magnet iza t ion w e r e 
found in this rock. 

There are two types of subsilicic dyke rocks 
of d i f f e r en t ages in the Haukives i area. The 
older ones a re metad iabase dykes 1 to 2 m 
wide b roken by la te r tectonic faul ts . These 
dykes pene t r a t e suprac rus ta l rocks and dio-
rit ic and m o r e basic p lu toni tes bu t they have 
not been observed to cut the granodior i te . 
The i r magne t i t e content is low and only one 
diabase sample was found to ca r ry s table 
magnet izat ion. 

The N-S-s t r ik ing l a m p r o p h y r e dykes de-
scribed by H a c k m a n (1933) r ep resen t the 
youngest rock in the Haukives i area. The 
dykes va ry in th ickness f r o m a f e w centi-
met res to some metres . They a re f ine -gra ined 
porphyr i t i c rocks wi th plagioclase, biot i te 
and c l inopyroxene as phenocrysts . Amygdules 
f i l led wi th ca rbona te and biot i te indicate 
crystal l izat ion at a re la t ive ly low crusta l 
depth. The magne t i t e content of these dykes 
is usual ly qui te high and the rock is t he r e -



Paleomagnet ism and age relat ions of the rocks in . . . 113 

fore suitable for paleomagnetic measure-
ments. 

Granul i te facies metamorphism in the Hau-
kivesi area is closely connected wi th the 
hypers thene-bear ing intrusions. The age dif-
ference indicated by the contact relations 
mentioned above between the diorites and 
granodiorites cannot be very great. A radio-
metric Pb-U age of about 1880 Ma for both 
was reported by Gaål and Rauhamäki (1971). 
The isotopic age of the lamprophyres (1837 
Ma, see Fig. 5) is only slightly less than that 
of the quar tz diorite and granodiorite and 
granodiorite. It seems likely that the geolog-
ical evolution of the Haukivesi took 
place relatively fast between 1880 and 1840 
Ma. The area seems to have cratonized soon 
af te r the emplacement of the lamprophyre 
dikes about 1840 Ma ago. 

In the Pielavesi area, nor thwest of Hauki-
vesi, metamorphism and plutonic intrusion 
evidently took place under conditions similar 
to those in the Haukivesi area. Granul i te 
facies and hypersthene-bear ing rocks are 
common. No lamprophyre dykes have been 
reported but diabase dykes closely associated 
with gabbro-diorite rocks are numerous. 
Some of these rocks contain remanent magne-
tization strong and hard enough for paleo-
magnetic measurements. 

Closer to the Bothnian Sea, at the nor th-
western end of the Belt metamorphism has 
taken place mainly under conditions of am-
phibolite facies. Plutonic gabbros and diori-
tes f rom this area contain large amounts of 
magnetite, thus making it possible to conduct 
paleomagnetic investigations. 

The Nilsiä—Varpaisjärvi area 

North of Kuopio, the boundary between 
the Svecokarelian rocks and the Archean 
basement runs subparallel to the Belt (Fig. 
1). The Nilsiä—Varpaisjärvi area lies about 
50 km north of Kuopio and the major i ty of 

the rocks in this area belong to the Archean 
basement complex. It is divided into two 
par ts by the N-S-trending Proterozoic (Sveco-
karelian) Tahkomäki quartzi te ridge (Fig. 3). 

On the eastern side of the quartzi te ridge, 
in the Lake Syväri area, the basement com-
prises mainly of banded and migmati t ic 
paragneisses of diverse compositions. These 
gneisses are quar tz dioritic or dioritic in com-
position with mica- and hornblende gneiss 
and amphibolite horizons. Narrow cordieri te-
gneiss bands also occur. This paragneiss com-
plex is weakly magnetized and was not 
studied paleomagnetically. 

On the nor thwestern side of the Tahkomäki 
quartzi te ridge, in the Jonsa area, northeast 
of Varpais järvi (Fig. 3), the basement differs 
f rom other Archean grani te gneiss types of 
Finland part icularly in its or thopyroxene 
content. The rock here is highly metamor-
phosed and forms a clearly limited, separate 
block of basement. It has a high magnet i te 
content and is seen as a strong magnet ic 
anomaly on the aeromagnetic map. The 
remanent magnetization of the rocks of the 
complex being very high, it is suitable for 
paleomagnetic investigations. 

These basement rocks in the Jonsa area are 
cut by diabase dykes (Fig. 3) running approxi-
mately in an E-W or SE-NW direction. The 
width of the dykes varies f rom a few centi-
metres to about 150 metres. The contacts be-
tween the diabase and the wall rock are 
always very sharp, and chilled margins a re 
usual. The diabase dyke rock is very homo-
geneous, massive and f ine- or medium-grain-
ed. Ophitic tex ture is common. The best pre-
served dykes are composed of par t ly zoned 
plagioclase (An 40-60) a n d augite with some 
orthopyroxene. In some dykes brownish horn-
blende is the dominant dark mineral. 

Wilkman (1924 and 1938) divided the dia-
base dykes in the area into enstat i te-augite 
and hornblende dykes. Although they are 
somewhat d i f ferent in their p r imary com-
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Fig. 3. Simplified geological map of the Nilsiä—Varpaisjärvi area. Archean rocks: 1. granite gneiss, 
2. dominantly paragneiss, 3. pyroxene amphibolite (gabbroidic), 4. orthopyroxene. Proterozoic rocks: 
5. quartzite, 6. conglomerate, 7. mica schist, 8. metadiabase, 9. diabase dyke, 10. tonalite dyke, 11. fault 

and fracture. 

position, he considered the la t te r to be a l te ra-
tion products of the fo rmer . 

F resh and una l t e red diabase dykes ca r ry a 
s t rong and h a r d r e m a n e n t magnet iza t ion 
sui table for pa leomagnet ic studies. According 
to the direct ions of r e m a n e n t magnet iza t ion 
found in these dykes, they can be divided 
into two d i f f e ren t types (see p. 126), which 

do not, however , correspond to the two pe t ro-
graphica l ly d i f f e ren t types suggested by 
Wi lkman (op. cit.). 

No rad iomet r ic da t ing is avai lable for these 
dykes. In the i r chemis t ry and genera l eas t— 
west t r end the dykes are s imilar to the J a t u -
lian (2150 Ma) metad iabase dykes f r e q u e n t l y 
seen to cut the Presvecokare l ian basement 
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in eas tern Finland. Consequent ly , these dia-
base dykes in the Varpa i s j ä rv i a rea are 
though t to belong to the J a tu l i an age group. 

A second set of in tersect ing dykes occurs in 
the Nilsiä a rea (Fig. 3). These dykes a re f ine-
grained, massive and homogeneous. The con-
tacts wi th the wall rock are sha rp and 
apophyses a re common. The dykes a re f r o m 
a few cent imet res to 4—5 met res wide. Thei r 
direct ion var ies be tween N15°W and N85°W 
(345°—275°). The dip is subvert ical . 

The minera l composition of these dykes 
includes plagioclase, quar tz , bioti te and ho rn -
blende w i th accessory epidote, sphene, apa t i t e 
and magnet i te . Plagioclase occurs locally as 
in tensely zoned (An 35.25) laths, 1.5—2 m m 
in size. According to the classification of 
Streckeisen (1976), these dykes have a tonal i-
tic or qua r t z diorit ic composition. They can 
be corre la ted wi th the tonali t ic dykes de-
scribed by H u h m a (1975 and 1981) f r o m Nor th 
Karel ia , wi th an age be tween 1860 and 1830 
Ma. These dykes have a weak bu t r a t h e r ha rd 
r emanen t magnet izat ion. 

Radiometric datings 

Kouvo and Ku lp (1961) showed tha t t he re 
is a dist inct d i f fe rence be tween the isotopic 
composit ion of sulphide lead in the n a r r o w 
belt wes t of the Archean cra ton and tha t 
found in the cra ton and in the large Sveco-
fenn ian a rea west of the Belt. They in fe r red 
tha t e i ther this may suggest an ear l ier h is tory 
for the Kare l i an rocks or it m a y represen t 
anomalous lead wi th an unusua l c rus ta l envi-
ronment . This lead, p reda t ing the t ime of the 
Svecokare l ian synorogenic stage, was charac-
terized by a low /(-value. In t e r l abora to ry 
comparisons w e r e la ter p e r f o r m e d be tween 
the U.S. Geological Su rvey labora tor ies in 
Denver and the Geological Su rvey of F in land; 
these showed tha t the low /.«-value is def in i te -
ly real and not due to incorrect measu remen t s 
of ->06Pb/204Pb ratios. This isotopic composi-

tion of su lphide lead is surpr i s ingly homo-
geneous and includes polymetal l ic sulphide 
deposits such as Vihant i (Rouhunkoski , 1968), 
Pyhäsa lmi (Stacey et al. 1977; Helovuori , 
1979) and others (Vaasjoki 1981). This isotopic 
composition of sulphide lead has been found 
in the immedia te vicinity of the border of the 
Archean craton, which consists of the evolu-
t ionary groups known as Ja tu l i an . It thus 
incorporates the Main Sulphide Ore Bel t in a 
l i thos t ra t igraphic horizon. For the present , 
this un ique isotopic composition of sulphide 
lead has not been found at the sou thern end 
of the Belt . Chances of f inding it, howeve r 
do exist. 

Aho (1979) and Helovuor i (1979) have shown 
tha t the isotopic composition of the tota l lead 
of volcanic rocks f r o m the P ih t ipudas area 
jus t southwes t of the Bel t and f r o m the P y h ä -
salmi ore field wi th in the Belt f i t separa te 
isochrons showing the same age wi th in the 
limits of exper imen ta l uncer ta in ty . Of an 
essential orogenetic s ignif icance is the fac t 
t ha t the poin t der ived f r o m t h e isotopic com-
position of sulphide lead in the Pyhäsa lmi 
ore deposit lies on the isochron def ined by 
the lead isotopic composition of Pyhäsa lmi 
volcanites, whereas the P ih t ipudas sulphide 
lead lies on the isochron of P ih t ipudas vol-
canites. 

The p lumbotec tonic model publ ished by 
Doe and Z a r t m a n (1979) indicates a man t l e 
origin and cont inenta l env i ronmen t s for the 
sulphide deposit in Pyhäsa lmi , in the cent ra l 
p a r t of the belt, whereas the lead f r o m P ih t i -
pudas jus t SW of the belt (Aho 1979), lies 
nea r to the orogenic curve (Stacey et al. 1977). 

The a m o u n t of radiogenic lead isotopes 
genera l ly increases towards west f r o m the 
b o u n d a r y of the Archean craton, and the 
common lead da t a show dist inct boundar ies 
along both sides of the belt. The isotopic 
da ta on sulphide leads indicate an age of 2100 
Ma for the O u t o k u m p u ore on the n o r t h -
eas tern b o u n d a r y of the belt, 1970 Ma for the 

5 
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Pyhäsa lmi ore in the cent ra l p a r t of t h e bel t 
and 1800 Ma for the P ih t ipudas occurrence 
jus t southwes t outside the belt p roper (Stacey 
et al. 1977). A comprehens ive s tudy of th is 
subjec t has been u n d e r t a k e n by Vaasjoki 
(1981). 

The age relat ions of the bel t region com-
pared w i th those outs ide the bel t have been 
broadly def ined in a n u m b e r of U-Pb invest i -
gations. Except for the Archean cra ton the re 
is no re l iable age d i f fe rence be tween the 
in t rus ions in side and outside the belt . 

In this work the U - P b isotopic re la t ionships 
of zircons f r o m t h e bel t in t rus ions and 
Archean in t rus ions in the Varpa i s j ä rv i a rea 
w e r e s tudied in order to de t e rmine more 
precisely the age relat ions of the d i f f e ren t 
pa leomagnet ic pole positions obtained. 

The isotope rat ios of the most concordant 
zircon f rac t ions f r o m eleven in t rus ions def ine 
a s u m m a r y chord w i th an uppe r concordia 
in tercept at 1892 ± 4 Ma (calculated accord-
ind to York 1966; 2). The resul ts a re all f r o m 
the belt in t rus ions ex tend ing f r o m the P a r i k -
ka la gabbro at the southeas te rn end of the 
belt to the Käpy lä microcl ine g ran i t e at Vi-
hanti , in the nor thwes t . 

The U - P b da ta (Table 1, Fig. 4) show ex-
cellent l inear i ty for the th ree densi ty f r ac -
tions of zircons f r o m a guar tz diorit ic pegma-
toid (A843) and fo r a single, a lmost concord-
ant, zircon f rac t ion heavier t han 4.6 g. cm"3 

f r o m a hyper s thene -bea r ing qua r t z diorit ic 
rock (A844) in the Varpa i s j ä rv i area. The 
f i t ted diascordia l ine has an uppe r in tersec-
t ion wi th concordia at 2680 ± 3 Ma (York 
1966: 2 sigma). 

It has been found, especially in Finnish 
Lapland , t ha t lead- lead total rock sys tems 
are d i s turbed and thus record a t ime of 
me tamorph i sm, despi te the qui te good co-
l inear a r r a y s formed. However , as s ta ted 
earl ier , t he l a m p r o p h y r e dykes represen t the 
younges t rocks in the Haukives i a rea and are 
unmetamorphosed . The tota l rock sample 
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Fig. 4. Concordia dia- 0 , 6 

gram and U-Pb rations 
for zircon samples from 
the Varpaisjärvi quartz 
dioritic pegmatoid (A843) 
and hypersthene-bearing 
quartz dioritic rock 
(A844); Iso-Uski lampro-
phyre (A987); Parikkala 
gabbro (A884; Nykänen, 
unpublished); Ylivieska 
gabbro (A380; Pesonen 
and Stigzelius, 1972); 
Koivu järvi gabbro-diori-
te (A311; Helovuori, 
1979); Tuli-Toiviainen 
mafic pegmatoid (A678; 
Marttila 1976); Kotalahti 
mafic pegmatoid (A701; 
Gaål 1980); Voinsalmi 
hypersthene granite 
(A382; Gaål et al., 19); 
Jusko qtz. diorite (A834; 
Helovuori, 1979); Voin-
salmi hypersthene qtz. 
diorite (A383; Gaål et al., 
19); Käpylä granite 
(A899; unpublished); Vaarasi a hti hypersthene granite (A049; Wetherill et al., 1962); Lammasaho 
granodiorite (A600; Marttila, 1976). Each zircon fraction has a letter corresponding to the fractions 
listed in Table 1. 

2 0 7 P b / 235U 
17,0 

f r o m which zircons w e r e separa ted yielded 
th ree apa t i t e f rac t ions : d a r k brownish , yel low 
and t r ansparen t . Isotopic analyses of two 
apat i tes and fou r whole rock types (Table 2) 
of l amprophy re dyke in Iso-Uski a re plot ted 
on a lead- lead isochron d iagram (Fig. 5). A 
pe t rographic descript ion of these var ie t ies of 
Iso-Uski l a m p r o p h y r e has been given by 
L a u k k a n e n (in prep.), w h o has also examined 
the d i f f e r en t apat i tes used for isotopic work . 
The da ta on d i f f e ren t rock types and apat i tes 
def ine a well f i t ted isochron based main ly on 
total rock groups and two points of apat i tes 
w i th l inear regression as fol lows: r = 0.99983, 
m = 0.112027 ± 1.3058E-03. The da ta given 
in Fig. 5 w e r e calculated according to York 

1966 (2o). The age yielded by lead- lead da ta 
a re consistent w i th n u m e r o u s U-Pb and Rb-
Sr ages measured on la te- and post-orogenic 
grani to ids in F in land (e.g. Neuvonen 1970; 
Kor sman and Leh i j ä rv i 1973; Vaas joki 1977; 
Mer i lä inen 1976). In this connection men t ion 
should be made of the observat ion by Aho 
(1979) on the d iscordant z i rcon- t i tani te pa i r 
in P ih t ipudas grani to ids w h e r e t i tani tes and 
monazi te have as low ages as 1800 Ma. 

Dykes l ike l amprophyres a re found to br ing 
up inher i ted mate r i a l or iginat ing f r o m wal l 
rocks or represen t ing ear ly crystal l izat ion. 
Zircons separa ted f r o m a block we igh ing 
about 40 kg of the Iso-Uski l a m p r o p h y r e dyke 
yielded 5 m g of la rge zircon crystals (fract ion 

Table 2. Analytical data on whole rock samples and two apatites from the Iso-Uski lamprophyre dyke. 

Sample No. •206pb/204pb 207pb/204pb 208pb/204pb 

JML6 whole rock 
JML7 whole rock 
JML8 whole rock 
JML5 whole rock 
A987 dark apatite 
A987 light coloured apatite 

17.770 ± 0.034 
18.018 ± 0.048 
18.190 ± 0.017 
18.229 ± 0.005 
20.564 ± 0.017 
26.444 ± 0.010 

15.504 ± 0.044 
15.550 ± 0.052 
15.559 ± 0.023 
15.562 ± 0.009 
15.812 ± 0.017 
16.484 ± 0.012 

36.210 ± 0.109 
36.351 ± 0.117 
36.411 ± 0.060 
36.455 ± 0.035 
36.671 ± 0.037 
39.019 ± 0.031 
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206Pb / 204Pb 

A987C), 3.5 mg of heavy zircon (density 
+ 4.6 g.cm"3) and about 3 mg of zircon 4.2— 
4.6 g.cm"3. These zircons have been described 
by L a u k k a n e n (in prep.). U - P b da ta on t h e 
zircon f rac t ions are given in Table 1, and 
isotope rat ios a re p lo t ted on the inser t g r a p h 
in Fig. 5. A ten ta t ive in te rp re ta t ion of these 
fa i r ly concordant resu l t s in t ha t they f i t d i f -
f e ren t d i f fus ion curves (Wassenburg 1963) as 
fol lows: f rac t ion A 1905 Ma (K = 2.0000E-
11/a); f rac t ion B 1900 Ma (K = 3.20834E-
11/a) f rac t ion C 1919 Ma (K = 4.47080E-
11/a). Owing to the small sample size the 
l imits of e r ro rs fo r single ages a re qui te la rge 
(e.g. 207Pb/206Pb ages (Ma): A, 1905 ± 22; 
B, 1898 ± 12; 1915 ± 13). Despite the l imits 
of the e r ro rs it is clear tha t a pooled zircon 
chord for the Iso-Uski l a m p r o p h y r e is con-
sis tent ly offset by 10—20 Ma wi th respect to 
the chord for the zircons f r o m the bel t i n t r u -
sions and by 70 Ma wi th respect to the lead-
lead isochron of whole rocks and apati tes. 
F r o m field evidence it is clear t ha t the zircons 
a re not coeval wi th the crystal l izat ion of t h e 
Iso-Uski whole rock. This e f fo r t to establ ish 
the qual i f ied tectonic f r a m e w o r k provides 

Fig. 5. -'06pb/ao4pb ver-
sus 207pb/204pb in the 
Iso-Uski whole rock 
samples and two apa-
tites. Each sample or 
fraction has a number or 
letter corresponding to 
analytical data listed in 

Table 2. 

the fol lowing view of the Proterozoic h is tory 
of the 1900 Ma group: 

Age (Ma) 
Rock body Locality Reference ± 2 error 

(concordia 
intercept) 

Parikkala Kesus- Nykänen, 1886 ± 1 
gabbro maa 

Saari 
in prep. 

Voinsalmi Ranta- Gaål et ai., 1884 ± 13 
intrusions salmi 1971 and un-

published 
Kotalahti Leppä- Gaål 1980 1882 ± 13 
diorite and virta 
mafic pegm-
atoid 
Koivujärvi Piela- Helovuori 1892 ± 14 
gb. diorite vesi 1979 and un-

published 
Vaaraslahti Piela- unpublished 1884 ± 9 
hy. granite vesi 
Jusko qtz. Pyhä- Helovuori 1893 ± 3 
diorite salmi 1979 
Kettuperä Pyhä- Helovuori 1932 ± 3 
gneiss salmi 1979 
Käpylä Vihanti unpublished 1886 ± 5 
granite 
Tuli-Toiviai- Kiuru- Marttila 1981 1886 ± 5 
nen mafic vesi 
pegmatoid 
Ylivieska Yli- Pesonen and 1884 
gabbro vieska Stigzelius 1972 (nearly 

concor-
dant) 
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The da ta presented provide an in te rna l ly 
consistent f r a m e w o r k , which includes the 
P ih t ipudas in t rus ions outside the belt . An 
older event is r epresen ted by the K e t t u p e r ä 
gneiss described by Helovuori (1979). 

The ages w e r e all calculated according to 
the fol lowing decay constants (10"9a_1): 238U: 
0.155125; 235U: 0.984850. 

The K - A r and Rb-Sr ages for bioti te f r o m 
the Vaaras lah t i py roxene g ran i t e show fa i r 
ag reement at 1760 Ma and 1730 Ma (Wetheri l l 
et al. 1962). S imi lar K - A r mica ages have 
been found for o ther grani to ids and schists 
in S. F in land, i r respect ive of the i r s t ra t i -
graphic position, and thus provide a min imum 
age for the last regional cooling event . 

Paleomagnetic measurements 

Rocks sui table for pa leomagnet ic measure -
ments were found both inside and outside 
the Belt area. With in the Belt, in the Hau-
kivesi area, t h ree d i f f e r en t rock types wi th 
h a r d enough r emanence were dri l led: 1) 
hyper s thene -bea r ing quar tz diorites, 2) dia-
base dykes, and 3) l a m p r o p h y r e dykes. Con-
tact re lat ions indicate t ha t the l a m p r o p h y r e 
dykes are the younges t in the area. They 
are also the most sui table for paleomagnet ic 
work because of the i r ha rd and s table m a g n e -
tization. The quar tz diori tes and diabase 
dykes are weak ly magnet ized and thus only 
in th ree samples was r e m a n e n t magnet iza-
tion detected wi th the i n s t rumen t avai lable 
(Fors ter - type f luxga te spinner , Fors te r 1966) 
despite the large collection of or iented sam-
ples dril led. For tuna te ly , the same rock types 
wi th more s table magnet iza t ion are found in 
the Pie laves i—Kiuruves i area. Addi t ional 
pa leomagnet ic da ta on the Belt a rea are avai l -
able thanks to the work of Pesonen and St ig-
zelius (1972) on Ylivieska and o ther a reas at 
the no r thwes t e rn end of the Sulphide Ore 
Belt . 

Three rock types yielding re l iable paleo-
magnet ic resul ts w e r e collected fo r the base-
men t region in the Varpa is jä rv i—Nils iä a rea : 
1) hyper s thene -bea r ing diori t ic basement 
gneiss, 2) diabase dykes cut t ing the basement , 
and 3) tonal i te dykes represen t ing the 
youngest rock in the area. For comparison, 
addi t ional samples were dri l led f r o m plutonic 
subsilicic in t rus ive rocks and diabase dykes 
in t h e Iisalmi region no r thwes t of Varpa is -
jä rv i (Fig. 1). 

The samples were dri l led and or iented in 
the f ield w i th a sun compass on glacially 
polished, f r e sh surfaces. The s tabi l i ty of the 
remanence was tested by progressive demag-
net izat ion up to 90 or 100 m T and checked by 
heat ing. As a ru le no secondary component 
was detected besides the VRM: Usually, only 
those samples w e r e accepted which yie lded a 
circle of confidence less t han 20° and a low 
0ß 3-value (Pesonen 1973) as posit ive tests for 
stabil i ty. 

Remanent magnetization of the intrusive 
rocks in the Haukivesi area 

The only rock type which gave real ly rel i-
able resul ts in the f o r m of s table r e m a n e n t 
magnet iza t ion in the Haukives i region were 
the l a m p r o p h y r e dykes encounte red on small 
is lands in the l ake Haukives i (Fig 2). The 
26 samples dr i l led at 12 sites all yielded a 
s table direct ion of r e m a n e n t magnet iza t ion 
(Table 3 and Fig. 1). The samples were 
cleaned wi th a f - and hea t - t r ea tmen t s ; both 
methods gave a s imilar end point (Fig. 6). In 
contrast , only two samples f r o m a l a rge col-
lection of gabbro, diori te and qua r t z diori te 
samples had ha rd magnet izat ion. Thei r mag-
netic direct ions join w i th the direct ion mea-
sured on a n a r r o w diabase dyke f r o m the 
same area and are shown in Table 3. 

Al though, as suggested by the cu t t ing con-



Table 3. Remanent magnetization of basic intrusions in the Haukivesi area. 

Sample 
No. Rock type 

Remanent magnetization after cleaning Sample 
No. Rock type Locality N n Deel, 

(deg.) 
Incl. 
(deg.) 

Intensity 
(A/m) 

Ct95 
(deg.) k R Demagn. Remarks 

7333 

7705 

7707 

7801 

7802 

7803 

7804 

7805 

7806 

7807 

7808 

7809 

Lamprophyre dyke Pikku Pöljä, 
E Rantasalmi 
Iso-Uski, 
Savonlinna 
Selkä-Anttonen, 
Rantasalmi 
Nuottaluoto, 
Rantasalmi 
Tiheinen, 
E Rantasalmi 
Kirvesluoto, 
E Rantasalmi 
Tiheinen, 
N Rantasalmi 
Iso-Uski, 
Savonlinna 
Iso-Uski, 
Savonlinna 
Selkä-Anttonen, 
Rantasalmi 
Maa-Anttonen, 
S Rantasalmi 
Maa-Anttonen, 
W Rantasalmi 

1 

1 

2 

2 

2 

2 

3 

2 

2 

5 

1 

2 

12 

10 

10 + 10 

10 + 9 

9 + 9 

10 + 6 

8 + 10 + 10 

8 + 10 

9 + 10 

10 + 5 

10 

10 + 10 

347 

357 

352 

347 

346 

349 

343 

346 

341 

354 

346 

347 

32 

37 

33 

29 

41 

38 

40 

41 

43 

45 

37 

39 

.873 

.212 

.118 

.146 

.078 

.035 

.062 

.242 

.312 

.285 

.121 

.382 

4 

1 

(2 + 8) 

(2 + 2) 

(8 + 2) 

(5 + 5) 

7 

(1 + 1) 

(2 + 2) 

8 

9 

(5 + 3) 

112.7 

1973 

340 

811 

55.3 

1518 

296.3 

1254 

13120 

91.8 

31.2 

300.2 

11.902 

9.995 

1.997 

1.998 

1.981 

1.999 

2.993 

1.999 

1.999 

4.956 

9.971 

1.996 

40 mT 

80 mT 

80 mT 

45 mT 

45 mT 

45 mT 

50 mT 

500°C 

45 mT 

450°C 

45 mT 

450°C 

Af 

Af 

Af 

Af 

Af 

Af 

Af 

Heated 

Af 

Heated 

Af 

Heated 

Average lamprophyres 28.43° E 62.13° N 12 — 348 38 — 3.1 192.4 11.942 
Pole 225° E, 48° N 

dm = 3.7C 

dp = 2.2° 

7329 

7330 

7703 

Hy-qu-diorite 

Diabase dyke 

Torasalo, 
Rantasalmi 
Porosalmi, 
Rantasalmi 
Näätäsaari, 
Rantasalmi 

1 

1 

1 

11 

10 

10 

346 

350 

349 

53 

30 

49 

.180 

.124 

0.013 

7 

23 

7 

49.1 

5.3 

45.9 

10.797 

8.309 

9.804 

40 mT 

40 mT 

50 mT 

Af 

Af 

Af 

Average diorites and diabase 28.28° E 62.15° N 3 — 349 44 — 19 44.6 2.955 
Pole 225° E, 53° N 

dm = 24° 
dp = 15° 

Total average Haukivesi area 28.40° E 62.13° N 15 — 348 39 — 3.4 130.8 14.893 

K> 
o 

B o 

o 
s. 
a 
o s s o 
o s a 

•e e s e o 

Mean paleomagnetic pole position 225.4° east, 49.0° north, <5m = 4.1°, ép = 2.4° 
N = number of cores, n = number of specimens, a = circle of confidence at 95 °/o probability, k = estimate of the precision parameter, 
R = resultant of the unit vectors 
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Fig. 6. Demagnetization 
of the lamprophyre dyke 
rock. Specimen 7804.15 
demagnetized with alter-
nating magnetic field (af) 
treatment. Specimen 
7809.21 demagnetized by 

heating. 

tact relations, the dyke rocks mus t be some-
wha t younger t han the plutonic rocks, the 
direct ions of the r e m a n e n t magnet iza t ion do 
not d i f fe r marked ly . The pa leomagnet ic pole 
positions calculated on the basis of these di-
rect ions are plot ted on the A P W pa th given 
for the Balt ic Shield by Pesonen and Neuvo-
nen (1981) in Fig. 8 as pole n u m b e r s 1 and 2 
(subsilicic in t rus ions and l amprophy re dykes, 
respectively). 

Remanent magnetization of the subsilicic 
intrusions in Kiuruvesi—Pielavesi area 

The Kiuruves i—Pie laves i area, which lies 
about 150 km nor thwes t of the Haukives i 
a rea is charac ter ized by the same type of 
hype r s thene -bea r ing plutonic rocks and simi-
lar diabase dykes as those encountered in the 
Haukives i area. These rocks are, however , 
more s t rongly magnet ized than those in the 
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Haukives i area; hence, the pa leomagnet ic 
resul ts a re more reliable. The pa leomagnet ic 
pole position measured on gabbro f r o m this 
area has been repor ted by Pesonen and Neu-
vonen (1981) to be 238.2° E and 35.9° N; it is 
p lot ted he re in Fig. 8 as pole n u m b e r 3. A 
very s imilar pole was calculated f r o m the 
values measured on two gabbro samples and 
fou r d iabase sites sampled in the Kiuruves i— 
Pielavesi a rea by the present au thors (Table 
4). The pa leomagnet ic pole position given 
by these samples is 235.2° E and 43.1° N (pole 
n u m b e r 4 in Fig. 8). The hype r s thene gabbros 
in this a rea are assumed to be synorogenic 
and somewha t less t han 1900 Ma in age (Mart-
tila 1976), see Table 1. The diabase dykes 
are evident ly ve ry s imilar in age, a l though 
they are unde fo rmed and clear ly in tersect ing 
the me tamorph ic rocks in the area. 

A baked contact test, which might have 
given addi t ional in fo rmat ion on t h e n a t u r e 
of the pa leomagnet i sm of the area, was not 
pe r fo rmed . 

Paleomagnetism of the subsilic intrusions 
at the northwestern end of the sulphide 
ore belt 

Pesonen and Stigzelius (1972) carr ied out a 
pa leomagnet ic invest igat ion of the gabbros 
and re la ted in t rus ive rocks at the no r th -
wes te rn end of the Belt ( P o h j a n m a a region). 
They s tudied the r e m a n e n t magnet iza t ion of 
a large nori t ic gabbro in Ylivieska and of 
eight o ther gabbro-d ior i te bodies in the Poh -
j a n m a a region which, according to Salli 
(1965), f o r m a comagmat ic synorogenic series. 
Hard and s table magnet iza t ion was found in 
Ylivieska and in f ive o ther in t rus ions in the 
area (Fig. 1). The pole site given by the Yli-
vieska gabbro is 242.2° E and 43.3° N and is 
reproduced as pole n u m b e r 5 in Fig. 8. The 
o ther P o h j a n m a a gabbros give a pa leomag-
netic pole at 239.1° E, 37.9° N; it is shown as 
n u m b e r 6 in Fig. 8. 
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According to Pesonen and Stigzelius (1972), 
the deviat ion observed in the magnet ic direc-
t ions in the area can be assumed to be caused 
by paleosecular var ia t ion in the ancient geo-
magnet ic field. 

Remanent magnetization in the 
Varpaisjärvi—Nilsiä area 

Paleomagnet ic measu remen t s w e r e car r ied 
out on the hype r s thene -bea r ing basement 
complex, diabase dykes and tonal i te dykes in 
the Varpa is jä rv i—Nils iä area. Dri l led at a 
n u m b e r of sites NE of Varpa i s j ä rv i (Fig. 3), 
the basement rock yielded una l te red , wel l 
preserved rock types wi th s table and hard 
magnet iza t ion (Fig. 7). The direct ions of 
r e m a n e n t magnet iza t ion a f t e r af -c leaning 
measured for the hype r s thene -bea r ing base-
m e n t a re l isted in Table 5. The NRM of these 
samples was ve ry h a r d and did not marked ly 
change in direction dur ing a f -demagne t iza -
tion a f t e r removal of the viscous component 
(Fig. 7). The paleomagnet ic pole position 
de te rmined by the r e m a n e n t magnet iza t ion 
measured for these hype r s thene basement 
rocks (313.0° E and 63.9° N) d i f fe r s grea t ly 
f r o m all o ther paleopoles measured for the 
Balt ic Shield. This pole was used by Pesonen 
and Neuvonen (1981) as a 2680 Ma old key 
pole in the i r construct ion of the A P W pa th 
for the Balt ic Shield. This pole is shown as 
the pole n u m b e r 11 in Fig. 8. 

The hyper s thene -bea r ing basement block 
in Jonsa, NE of Varpa i s j ä rv i (Fig. 3), is cut by 
diabase dikes runn ing eas t—west as described 
above (p. 113). These dykes are weak ly mag-
netized a l though some una l t e red samples 
contain h a r d and s tab le magnet iza t ion (Fig. 
7). The af-c leaned direct ions measu red on 
these diabase dikes a re listed in Table 6. The 
paleomagnet ic pole 187.8° E and 47.1° N, is 
plot ted as n u m b e r 7 in Fig. 8. 

To tes t the p r imar i ty of the magnet iza t ion 
measured , a baked contact test (Everi t t and 
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Fig. 7. Demagnetization 
of samples from Varpais-
järvi area. Specimen 
7818.15 hypersthene dio-
rite demagnetized with 
af-treatment. Specimen 
7826.26 hypersthene dio-
rite about 7 cm from the 
diabase contact (at-treait-
ment). Specimen 7718.15 
cutting diabase demagne-
tized with af-treatment. 

Clegg 1962 and Pesonen 1978) was carr ied 
out. As seen in Table 7, the decl inat ion and 
incl inat ion values a re una f fec t ed about 100 m 
f r o m t h e contact of a d iabase dyke over 25 m 
wide. When approaching the contact the 
direct ion of r e m a n e n t magnet iza t ion g r a d u -
ally moves towards the direct ion of the dyke 
rock. Consequent ly , it can be assumed tha t 
the hea t t r a n s f e r r e d f r o m the dyke has re -
magnet ized the wal l rock. T h e g radua l 
change in wall rock magnet iza t ion conf i rms 

tha t the magnet iza t ions measured on both the 
diabase and the una f fec t ed basement rock 
are of p r i m a r y TRM. 

Stable magnet iza t ion was also measured 
on some samples f r o m t h e tonal i te dykes in 
Nilsiä, in the sou thern p a r t of the Lake Syvä-
ri area (see Fig. 3 and p. 115). The direction 
of r e m a n e n t magnet iza t ion of these dykes is 
given in Table 8. The r e m a n e n t magnet iza-
tion is weak but hard , and the average direc-
tion fo r the f ive dykes d i f fe rs but l i t t le f rom 



Table 6. Diabase dykes of the Varpaisjärvi area, type 1. 

Remanent magnetization after AC-cIeaning 
bampie 

No. Locality N n Deel, 
(deg.) 

Incl. 
(deg.) 

Intensity 
(A/m) 

0195 
(deg.) k R Demagn. 

(mT) Remarks 

7718.1 Hanhimäki 1 10 12 25 0.047 2 503.6 9.982 40 Af 
7720.1 Saarnakallio 1 10 13 44 0.028 9 32.7 9.724 50 » 

7723.1 Härkäharju 1 10 15 35 0.242 1 1784 9.995 50 » 

7816.3 Nieminen 1 8 15 54 0.031 10 30.1 7.770 50 Baked 
contact, Af 

7817.1—2 Nieminen 2 10 + 10 27 45 0.067 (9) 1068 1.991 40 Af 
7821.1—2 Hanhimäki 2 9 + 10 8 32 0.028 (5) 198.3 1.995 50 » 

7824.1—2 Joutsenus 2 10 + 10 10 34 0.145 (2) 729.9 1.999 50 » 

7826.2 Jonsanharju 1 3 20 32 0.081 5.2 555.7 2.996 50 » 

7827.1—2 Saarnakallio 2 10 + 10 9 44 0.027 (5) 276.4 1.996 40 » 

7829.1—2 Suomäki 2 10 + 10 9 37 0.212 (4) 781.6 1.998 30 » 

7831.1—2 Palomäki 2 10 + 10 24 41 0.020 (12) 35.3 1.971 40 » 

Average lat. 27.91° E 11 15 38 — 5.4 73.35 10.863 
long. 63.38° N 

Paleomagnetic pole position 187.8° E, 47.1° N, (5m = 6.4°, <5p = 3.8° (Pole number 7 in Fig. 8) 
Notations as in Table 3 

Table 7. Remanent magnetization of the hypersthene-bearing basement rock in contact with the diabase dyke. 

Direction of the magnetization after AC-cleaning 
Sample r ... Distance from M ' Locality .. „ „ n t a „ t N N o Locality t h e c o n t a c t W D e c l - I n c L Intensity a95 . R Demagn. 

(deg.) (deg.) (A/m) (deg.) K a (mT) 

7818.1 Nieminen, > 100 m 6 291 65 .977 4.3 247.7 5.980 80 

7826.3 
Varpaisjärvi 
Jonsanharju, 1.2 m 6 354 34 .152 2.8 561.7 5.9911 50—80 

7816.1 
Varpaisjärvi 
Nieminen, c. 1 m 10 359 42 9.7 25.8 9.652 50 

7816.2 
Varpaisjärvi 

c. 1 m 10 5 37 4.0 143.7 9.937 50 
7816.3 » 0.2 m 8 15 54 .031 10.3 10.2 7.768 50 
7826.2 Jonsanharju, 

Varpaisjärvi 
7 cm 3 20 32 .081 5.2 555.7 2.9964 50 

Notations as in Table 3 
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tha t measured fo r the subsilicic in t rus ions 
in the Haukives i a rea (Table 3). As ment ioned 
ear l ier on p. 114, the magnet iza t ion of two of 
the diabase dykes s tudied paleomagnet ica l ly 
f r o m Varpa i s j ä rv i d i f fe red f r o m t h a t of the 
others. In these dykes the r emanence is 
para l le l to t ha t in the tonal i te dykes and is 
the re fo re listed wi th t hem in Table 8. The 
corresponding pa leomagnet ic pole position, 
223.6° E and 47.3° N is given in Fig. 8 as 
n u m b e r 8. 

Remanent magnetization of subsilicic 
rocks in the Iisalmi region 

Hypers thene -bea r ing subsilicic rocks of an 
in t rus ive charac te r occur in the region no r th -
east of the town of Iisalmi nea r the no r th -
eas tern bounda ry of the su lphide ore belt 
(Fig. 1). Samples for compar ison w e r e dri l led 
for pa leomagnet ic measu remen t s f r o m gab-
bros, dior i tes and d iabase dykes. The m a g -
netic direct ions observed in these rocks are 
given in Table 8 and Fig. 1. The re is a r a the r 
large sca t te r in the direct ions of the r e m a n e n t 
magnet iza t ion measured . The magnet ic ori-
enta t ion in t h e cut t ing diabase dikes is s l ight-
ly d i f f e r en t f r o m tha t in the p lutonic gabbros 
and diori tes. Al though not ver i f ied by radio-
met r ic datings, this migh t be caused by a real 
d i f fe rence in the t ime of emplacement . Pa leo-
magnet ic poles 9 and 10 calculated on the 
basis of the Iisalmi in t rus ions lay close to the 
assumed A P W path in Fig. 8 b u t the age d i f -
fe rence be tween the gabbros and diabase 
dykes has not been asserted. 

•a Discussion 

The geological n a t u r e of t h e sulphide ore 
belt is not fu l ly unders tood. I t is evident , 
however , t h a t it d i f fe r s f r o m its su r round ings 
and mus t represen t a u n i q u e pa r t of the 
crust . This is also seen in the d i f fe rence in 



Table 9. Remanent magnetization of basic intrusions in the Iisalmi region. 

Sample 
No. Rock type Locality N Deel, 

(deg.) 
Incl. 
(deg.) 

Intensity 
(A/m) 

«95 
(deg.) k R Demag. 

(mT) 

7339 Pyroxene 
diorite 

Holopanlampi, 
Iisalmi 

10 306 50 2.554 2.4 401.0 9.978 30 

7340 — » — Tervamäki, 
Iisalmi 

11 305 22 1.570 5.6 67.4 10.852 30 

7343 — » — Valkiamäki, 
Iisalmi 

12 326 46 0.535 2.5 305.8 11.964 30 

7344 Diorite Saarela, 
Iisalmi 

9 338 39 0.142 6.3 67.4 8.881 30 

7345 Pyroxene 
diorite 

Syrjäpuro 
Iisalmi 

12 338 29 1.390 2.5 295.9 11.963 30 

7767 Gabbro Central prison, 
Sukeva 

10 352 26 2.779 4.6 113.1 9.920 50 

Average gabbro-diorites 
27.31° E 63.62°N 

6 328 36 — 16.1 18.16 5.724 Pole site 
249° E 42° N 

Pole 9 in 
Fig. 8 

7772 Diabase Moilanen, 3 344 66 .175 2.9 1786 2.998 40 

7773 Diabase 
Sonkajärvi 
Pienimäki, 3 345 44 .326 3.4 1284 2.998 40 

7774 Diabase 
Sonkajärvi 
Saarimäki, 3 334 64 .222 8.7 201.0 2.990 40 

7775 Diabase 
Sonkajärvi 
Halmemäki, 
Sonkajärvi 

3 334 46 .010 9.3 176.7 2.989 100 

Average diabase dykes 
27.50° E 63.73° N 

4 339 55 — 14.0 43.77 3.931 Pole site 
241°E 59°N 

Pole 10 in 
Fig. 8 
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the pa leomagnet ic da ta be tween the belt a rea 
and the region n o r t h of it. 

The direct ions of r e m a n e n t magnet iza t ion 
measured inside the bel t v a r y ve ry l i t t le (Fig. 
1). This coherency is wel l seen in the c lus ter 
fo rmed by the paleomagnet ic poles of the 
rocks in the belt a rea (Fig. 8). In contras t to 
this grouping, the pa leomagnet ic poles cal-
cula ted f r o m the da ta collected in the Va r -
pais järvi—Nils iä and Iisalmi areas a re dis-
t r ibu ted over a w ide area (Stars in Fig. 8). 
Any explana t ion given for t h e origin and 
evolut ion of the belt has to t ake th is paleo-
magnet ica l ly f u n d a m e n t a l d i f fe rence into 
considerat ion. 

Th ree tectonic models t h a t d i f fe r in p r in -
ciple have been proposed to expla in the ori-
gin of t h e Main Su lph ide Ore Belt. As pointed 
out by several au thors (e.g. Gaål and R a u h a -
mäki 1971 and P a r k k i n e n 1975) the la rge 
n u m b e r of t r a n s c u r r e n t f au l t s and shear 
zones test if ies to a la rge la tera l d isplacement 
along the Belt. The Belt migh t wel l h a v e 
developed as a resul t of a sequence of la tera l 
d isplacements and shears. On t h e o ther hand, 
K a h m a (1973) and la te r Bowes (1980) have 
proposed a tectonic model involving the con-
vergence of two crusta l plates w i th the Belt 
r epresen t ing the su tu re zone of this collision. 
According to this model, t he su lph ide-bear ing 
volcanic- sed imen ta ry sequence in the Belt is 
a r e m n a n t of a volcanic island arc system. 
In the th i rd model, proposed by Mar t t i la 
(1976) it is suggested tha t a subsiding r i f t 
val ley sys tem wi th a folded and highly 
metamorphosed volcanogenic-sedimentary 
pile developed along the axia l zone. 

The paleomagnet ic da ta avai lable should, 
in principle, be use fu l for f ind ing out which 
of the models proposed are acceptable. If 
for instance, the Lake-Ladoga — Raahe 
s t ruc tu re were due ma in ly to la rge l a te ra l 
t r a n s c u r r e n t displacements , it would be seen 
as a d i f fe rence in the decl inat ion and/or in-
clination of the r e m a n e n t magnet iza t ion on 

e i ther side of the f au l t line. Such a d i f f e r -
ence has not been observed in the pa leomag-
netic da ta collected f r o m and n o r t h of t h e 
Bel t area. F u r t h e r m o r e , the type of d i f f e r -
ence in pa leomagnet i sm be tween these a reas 
cannot be expla ined by s imple la te ra l dis-
p lacement . On the cont rary , t he re mus t be 
a f u n d a m e n t a l diss imilar i ty in the geological 
and t h e r m a l h is tory of these two ad junc t ed 
areas to be able to produce such a big d i f -
fe rence in the n a t u r e of the pa leomagnet ic 
behaviour as described above and i l lus t ra ted 
in Fig. 8. 

If the Bel t was fo rmed as a resul t of t h e 
convergence of two crus ta l plates and if t h e 
magnet iza t ion of these plates took place be-
fo re the collision, they should show some-
w h a t d i f f e r en t or ienta t ions in remanence . 
Hence, they should also show d i f f e r en t paleo-
magnet ic pole positions. As discussed by 
McElhinny and McWill iams (1977), the dif-
fe rence observed is not , however , s imply r e -
la ted to the amoun t of re la t ive motion b u t 
also to the geomet ry of the movemen t in -
volved. On the o ther hand, the d isplacement 
mus t be ve ry la rge to be detected pa leomag-
netically. 

To see convergent p la te mot ion in the 
paleomagnet ic results, we should have paleo-
magnet ic pole da ta avai lab le on both the 
Archean pla te nor theas t of the Bel t and the 
Presvecokare l ian block southwes t of it. This 
is not the case since no such old r e m n a n t is 
known on the sou thwes te rn side of the Belt . 
The divergence in magnet iza t ion be tween the 
Belt and the basement block in the Varpa i s -
j ä rv i a rea no r th of it cannot be caused by the 
motion of two approaching plates. F u r t h e r -
more, the tonal i te dykes cut t ing th rough the 
Archean basement in Nilsiä have the same 
magnet ic direct ion and the same pa leomag-
netic pole position as do the in t rus ive rocks 
of the same age (about 1850 Ma) wi th in the 
Belt (Fig. 8). This indicates tha t no ve ry 
large la tera l d isplacement has t aken place 
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Fig. 8. Paleomagnetic pole positions determined from the Main Sulphide Ore Belt (diamonds) and 
basement areas north of it in the Varpaisjärvi—Nilsiä and Iisalmi regions (stars) plotted on the 
apparent paleomagnetic polar wandering path of Pesonen and Neuvonen (1981). Pole No 1. Subsilicic 
intrusions in the Haukivesi area, Table 3. No 2. Lamprophyre dykes in the Haukivesi area, Table 3. No 3. 
Subsilicic intrusions in the Pielavesi area, Pesonen and Neuvonen (1981). No 4. Subsilicic intrusions in 
the Pielavesi—Kiuruvesi area, Table 4. No 5. Ylivieska gabbros (Pesonen and Stigzelius 1972). No 6. 
Pohjanmaa gabbros (Pesonen and Stigzelius 1972). No 7. Type 1 diabase dykes in Varpaisjärvi, Table 6. 
No 8. Type 2 tonalite dykes and diabase dykes, in the Nilsiä—Varpaisjärvi area, Table 8. No 9. Gabbros 
in the Iisalmi area, Table 9. No 10. Diabase dykes from Iisalmi area. Table 9. No 11. Hypersthene-

bearing isolated basement complex in the Varpaisjärvi area, Table 5. 

be tween the Belt and t h e Archean cra ton 
area since Svecokare l ian t ime. 

The simplest tectonic model to expla in the 
observed paleomagnet ic charac te r of the 
a reas now studied is axial up l i f t or subsiding 
of the Bel t in re la t ion to the basement com-
plex in the nor theas t . The homogeneous and 
coherent r emanence measu red on the erosion 
sur face in the Belt a rea could have been 
crea ted in the rocks of the r ising Bel t in a 
m a n n e r s imilar to t ha t described by Beckman 
et al. (1977) and Morgan (1976) f r o m Green-
land (see also Ueno and I rv ing 1976). The 

coherent magnet iza t ion would have t aken 
place w h e n t h e rock uni ts passed the blocking 
or Cur i e - t empe ra tu r e in the crus t (zero-line 
of Neuvonen 1961). 

If however , this type of up l i f t magne t i za -
tion takes place in rock uni t s t ha t a re of simi-
lar age b u t belonging to two ad jacen t blocks 
wi th a d i f f e r e n t r a t e of upl i f t , t he rocks 
should show d i f f e ren t magnet ic direct ions on 
the erosion surface. The tonal i te dykes in 
Nilsiä (Table 8) and possibly also the subsi-
licic in t rus ions in I isalmi (Table 9) have t h e 
same age as the in t rus ive rocks in t h e Bel t 
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area. The pa leomagnet ic direct ions are also 
s imilar , and the pa leomagnet ic pole positions 
for all these rocks (poles 8, 9 and 10 and all 
the diamond-poles) plot in the same area in 
Fig. 8. This has i m p o r t a n t consequences for 
the in te rp re ta t ion of the paleomagnet ic re -
sul ts obtained. 

As the f i rs t conclusion w e can pos tu la te 
t ha t the pa leomagnet ic measu remen t s in the 
area da te the ve ry same even t s as do the 
rad iomet r ic U-Pb age de te rmina t ions . This is 
a ve ry impor t an t fac t since m a n y Sveco-
kare l ian in t rus ive in this same a rea (about 
220°—250° E and 30°—60° N) rocks in o ther 
localities of the Fennoscandian Shield (Peso-
nen and Neuvonen 1981), plot fo r example 
in t rus ive rocks in n o r t h e r n Sweden (Cornwell 
1968), subsilicic p lu toni tes in SW Fin land 
(Neuvonen 1974) and e f fus ive and dyke rocks 
in Soviet Kare l ia (McElhinny and Cowley 
1977). All these rocks are about or s l ightly 
younger t han 1900 Ma. Therefore , t he re is 
every reason to consider this spot as one of 
the Key Points of the A P W curve of the 
Fennoscandian Shield. 

Because the pole posit ions of the tonal i te 
dykes and t h e I isalmi in t rus ion a re s imilar to 
those of the Bel t rock, the homogenei ty ob-
served in the magnet iza t ion wi th in the Bel t 
is not l ikely to have been caused by any pla te 
motion, w h e t h e r ver t ical or horizontal . A n y 
such movemen t would have been recorded on 
these rocks and would h a v e resul ted in a 
d i f fe rence in the magnet ic directions. F u r -
thermore , t he r e has ev ident ly not been any 
m a r k e d crus ta l up l i f t associated wi th the bel t 
since Svecokare l ian t ime, since such a 
phenomenon would cer ta in ly have been rec-
orded in the magnet iza t ion of the Belt rocks. 
It is also evident t h a t the age of magnet iza-
tion of the Bel t does not accord wi th t h e f is-
sion t r ack ages measu red by Leh tovaa ra 
(1976). 

The radiometr ic age da ta der ived f r o m the 
Belt a rea indicate a shor t period of igneous 
act ivi ty about 1880—1840 Ma ago. 

This period is also recorded in the mag-
net izat ion of t h e rocks of the Belt and is 
i l lus t ra ted as a c luster ing of the pa leomag-
netic poles in Fig. 8. Al though the conver-
gence of two crus ta l plates cannot expla in 
the magnet iza t ion observed in the a rea 
studied, h i g h - t e m p e r a t u r e me tamorph i sm and 
the in tens ive igneous act ivi ty associated w i th 
it migh t wel l be caused by p la te su tur ing . 
On the o ther hand, the high heat f low and 
high t e m p e r a t u r e m e t a m o r p h i s m connected 
wi th magmat ic act ivi ty along the Belt can 
well expla in both the paleomagnet ic and t h e 
rad iomet r ic da ta wi thou t any sutur ing . As 
proposed by Bowes (1980) pla te collision and 
the associated subduct ion associated, would, 
however , nicely complete the whole evolut ion 
p ic ture of the Main Su lph ide Ore Belt . This 
model would expla in the volcanogenic-sedi-
m e n t a r y pile and the associated su lphide ores 
as the r e m n a n t of a volcanic island arc sys-
tem. The same explana t ion was ear l ier adop-
ted by K a h m a (1973). An even more precise 
explana t ion for the ore deposits of t h e Bel t 
would, however , be t h a t of deep f lu id con-
vection as described e.g. Hutchinson et al. 
(1980). 

The pa leomagnet ic pole position calculated 
for type 1 diabase dykes in Varpa i s j ä rv i (pole 
n u m b e r 7 in Fig. 8) lies f a r off the adopted 
A P W curve. The Archean basement block 
intersected by these dykes was evident ly in 
an isolated position du r ing the Proterozoic 
time, since the high g rade Archean minera l 
parageneses a re preserved and t h e paleo-
magnet ic direct ions are still measurab le . The 
posit ive baked contact test (p. 124) indicates 
tha t the magnet ic direct ions measured fo r 
both the basement and t h e cu t t ing dykes are 
p r imary . As proposed by Pesonen and Neu-
vonen (1981) a more complex polar w a n d e r i n g 
curve wi th a la rge post-orogenic loop could 
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be d r a w n fo r the age in te rva l 1850—1750 Ma 
to f i t this diabase pole as well. On the other 
hand, as ment ioned ear l ier (p. 115), f ield evi-
dence suggests t ha t these diabase dikes are 
more readi ly corre la ted wi th the J a tu l i an 
dykes about 2150 Ma old. Therefore , discus-
sion on the shape of the A P W curve mus t 
be postponed unt i l more pa leomagnet ic work 
has been done on new, radiometr ica l ly dated 
rocks aged be tween 1900 and 2500 Ma. 
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