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The wall rocks of the nickel bear ing maf ic and u l t r amaf ic plutonic 
rocks of Kotalaht i a re Archean banded granitoidic gneisses con-
taining inliers of Archean metasediments and metavolcanics. The 
zircon ages of the granitoidic gneisses are a round 2800 Ma. The 
zircons of the maf ic plutonic rocks of the Kotalaht i deposit have been 
dated 1883 ± 6 Ma. The Archean rocks are exposed in the oval-shaped 
Valkeinen brachyant i form, sur rounded by veined mica gneisses of 
probable Proterozoic age. 
Five deformat ion phases have been dist inguished by s t ruc tura l 
analysis. Deformat ion of the f i rs t phase took place dur ing Archean 
times. The t iming of the second deformat ion phase is uncer ta in but 
for the th i rd deformat ion phase a Proterozoic age has been established. 
During the f i rs t two phases granitoidic rocks wi th supracrus ta l 
inliers and amphiboli t ic dikes were t r ans fo rmed into banded gneisses 
by strong deformat ion. The third deformat ion phase refolded these 
rocks into NNW trending synforms and ant i forms, which were 
s imultaneously in t ruded by the maf ic and u l t r amaf ic plutonic rocks. 
The subver t ical axial planes of the Fs folds were refolded into S -
shapes dur ing the f o u r t h deformat ion phase in a NW-SE t rending 
le f t - la te ra l duct i le-shear belt. This shear belt is regarded as the 
upper pa r t of a deep-seated faul t , along which the nickel bear ing 
magma ascended f r o m the upper mant le . Na r row NE-ENE t rending 
deformat ion zones crossing the shear belt a re in terpre ted to belong 
to the f i f t h deformat ion phase. 
The largest occurrence of maf ic and u l t ramaf ic plutonic rocks in the 
vicinity of Kotalaht i is the dome-shaped massif of the Valk ia jä rv i 
gabbro in the core of the Valkeinen brachyant i fo rm. Ni, Cu, S, TiOo 
and P contents of the Valkea jä rv i gabbro are d i f fe ren t f r o m those 
of the maf ic to u l t r amaf ic plutonic rocks of Kotalaht i . 
Gabor Gaål, Department of Geology, University of Helsinki, 
P.O. Box 115, SF-00171 Helsinki 17, Finland. 

I n t r o d u c t i o n 

The Kotalaht i nickel-copper sulfide deposit 
is located in Central Finland south of the 
town of Kuopio in the commune of Leppä-
virta. The geology of the deposit and its 
economic fea tures have been described by 
Haapala (1969), Papunen (1970), Isokangas 
(1978) and Papunen and Koskinen (1978). The 

broad geological context has been dealt wi th 
by Gaål (1972), Kahma (1973), Gaål et al. 
(1978), Papunen et al. (1979) and Tontt i et al. 
(1979). The Kota laht i deposit is the economi-
cally most significant mine of the Kotalaht i 
nickel belt, a 10—40 km broad and 420 km 
long metallogenic zone stretching across the 
southern pa r t of Finland in NW—SE direc-
tion (Fig. 1). The tectonics of this bel t are 
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charac ter ized by a NW—SE s t r ik ing sys tem 
of fau l t s and f r a c t u r e s which have been in -
t e rp re t ed by the au thor as p redominan t ly 
t r a n s c u r r e n t f au l t s (Gaål and R a u h a m ä k i , 
1971; Gaål , 1972). Severa l o ther models have 
also been pu t f o r w a r d for the explana t ion of 
the complicated fau l t pa t t e rns name ly by 
Talvi t ie (1971, 1975), Tuominen et al. (1973) 
and P a r k k i n e n (1975). 

The present s tudy was in i t ia ted by the 
O u t o k u m p u Oy Explora t ion in 1968 wi th t h e 
aim of ga the r ing in fo rmat ion on t h e geo-
logical set t ing of the deposit , w i th special 
r ega rd on the s t r a t i g raphy and tectonics. 
Since the area is well exposed detai led geo-
logical mapp ing to scales 1 : 2000 and 1 : 4000 
have been car r ied out by the au thor in the 
close vicini ty of the mine in an area m e a -
sur ing 16 km 2 . Al toge ther 1200 exposures 
w e r e recorded in the years 1968 and 1969 and 
addi t ional in fo rmat ion was gained f r o m cores 
of the explora t ion dri l l holes (Fig. 2). For 
mapp ing technics the ADP-sys t em GEOKU 
has been applied and all da ta h a v e been 
processed by computer (Gaål and Suo-
konautio, 1973). The p re l imina ry resul ts of 
this work were summar ized in a company 
repor t , wh ich contains a shor t descr ipt ion 
on the geology and 46 maps (Gaål, 1970). 

Invest igat ions of the Kota lah t i region con-
t inued a f t e r the complet ion of the deta i led 
mapping . O u t o k u m p u Oy, Explora t ion e n -
larged the mapp ing area and t h e Kota lah t i 
nickel bel t be tween Varkaus and south of 
Kuopio has been mapped to scales 1 : 10.000 
and 1 :20.000. Results of these works a re 
compiled in a company repor t by J . P a r k -
kinen, 1974. Explora t ion of the area is still 
going on and n e w da t a a re cont inual ly 
ga thered . There fore , a l though collected da ta 
cover a much la rger area, it seems to be 
reasonable to res t r ic t the content of th is 
paper to the Kota lah t i area. One reason for 
t ha t is the hope, t ha t a deeper knowledge 
of the geology, especially s t ruc tures , s t ra t ig -

Fig. 1. Map of Finland showing location of the 
Kotalaht i nickel belt and the Kotalaht i nickel-
copper deposit. Data f rom the Ore Deposit Data 
File of the Geological Survey of Finland (Tontti 

et al., 1979). 

r a p h y and in t rus ion mechanism, m a y still 
lead to new ore f ind ings in the immed ia t e 
su r round ings of the mine. 

G e o l o g i c a l s e t t i n g 

The Kota lah t i a rea is bui l t up by gneisses, 
schists and plutonic rocks, me tamorphosed 
and migmat ized unde r the condit ions of the 

N i -Cu DEPOSITS OF THE KOTALAHT I 

N ICKEL BELT IN F INLAND 

N i c k e l belt 

Nickel contents 

O > 1 0 0 0 0 0 tn 
• 1 0 0 0 1 - 1 0 0 0 0 0 tn 
o 1 0 0 1 - 1 0 0 0 0 tn 
. < 1 0 0 0 tn 
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Fig. 2. Exposures and explorat ion dril l ing sites of the Kotalaht i area. 
upper amphiboli te facies. The geological map 
is governed by an oval-shaped s t ructure , the 
Valkeinen b rachyan t i fo rm (Figs. 3 and 4). 
Inside this s t ruc ture grani te gneisses are ex-
posed. The grani te gneiss complex is sur-
rounded by a few ten meters to 150 meters 
thick sequence of metasediments and meta -
volcanics, the epicontinental group. The epi-
continental group is sur rounded by banded 

leucocratic gneisses which, apar t f r om the 
scarcity of potassium feldspar, great ly re -
semble the grani te gneisses. The leucocratic 
gneisses t u rn into migmatized banded horn-
blende gneisses, which are sur rounded by 
monotonous veined mica gneisses. The grani te 
gneiss complex, the epicontinental group, the 
leucocratic gneisses and the banded horn-
blende gneisses are in t ruded by numerous 
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Fig. 3. Geological m a p of the Kotalaht i area. 
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6941 on Fig. 3. 
amphibolitic dikes which are gabbroic to 
quartz dioritic in composition. The amphi-
bolitic dikes have been nowhere observed to 
intrude the mica gneisses. 

The mafic to u l t ramafic plutonic rocks of 
the Kotalahti area in t rude all previously 
mentioned rocks, including the mica gneisses. 
The youngest intrusive rocks of the area are 
of granitic composition. Pegmati t ic veins, wi th 
preferred NS-str ike and subvertical dip, are 
met with throughout the area and the SW-
par t of the area is intruded by younger 
porphyri t ic granites. 

Stratigraphy and rocks 

G r a n i t e g n e i s s c o m p l e x 
The grani te gneiss complex consists chiefly 

of strongly foliated, banded and migmatized 

pink-gray grani te gneisses. The same rock 
type is the main component of the granitoidic 
par t of the Archean basement complex of 
eastern and northern Finland as well as the 
Kuopio gneiss domes (Wilkman, 1938, p. 16— 
17 and Preston, 1954). 

The composition of the grani te gneiss is 
granitic to trodhjemitic. The major minerals 
are in order of decreasing abundance 
oligoclase, microcline, quartz, biotite and in 
some samples, hornblende. Minor and ac-
cessoric components are muscovite, chlorite, 
apatite, zircon and opaques. Under the 
microscope the texture is granoblastic and 
massive to strongly foliated. Cataclastic de-
formation is common and in such cases 
potassium feldspar is underformed, which 
indicates secondary granitization. A few 
samples are devoid of potassium feldspar 
and cannot be petrographical ly distinguished 
f rom the leucocratic gneisses. 
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In the cent ra l p a r t of the Valke inen 
b r a c h y a n t i f o r m microcl ine g ran i t e has been 
met wi th in a reas of a f ew h u n d r e d square 
meters . 

The g ran i t e gneisses are grani to id ic in-
t rus ive rocks, in which s t rong de fo rmat ion 
produced banding. They in t ruded the m e t a -
sed imen ta ry rocks of the epicont inenta l group, 
which are met wi th in the g ran i t e gneiss 
complex as inliers and inclusions. The la rges t 
inlier is an o r thoquar tz i t e 2—10 mete r s th ick 
and 300 mete r s long wi th in the g ran i t e gneiss 
(Fig. 3). This quar t i z i t e is en t i re ly recrys ta l -
lized, s t rongly fol ia ted and of glassy ap-
pearence. I t is grani t ized by the leucocrat ic 
grani te , s imilar ly to the grani t ized quar tz i t e 
of the Pu i jo-hill , Kuopio (Härme, 1959). 
Smal le r inclusions of o r thoquar tz i tes h a v e 
been found in the localities x = 6939.78, y = 
533.13 and x = 6940.08, y = 533.075. In -
clusions of diopside amphibol i te have been 
met w i th among o thers at x = 6941.125, y = 
532.335 and x = 6941.31, y = 532.085. One 
inclusion of mica gneiss has been found at 
x = 6940.89, y = 532.875. 

A s t rongly a l tered and de fo rmed diori te of 
200 m X 250 m area l size was mapped in the 
g ran i t e gneiss complex. Contact re la t ions 
w i th the g ran i t e gneiss are unclear . 

Both g ran i t e gneiss and dior i te a re in-
t ruded by numerous amphibol i t ic dikes. The 
amphibol i tes a re composed of g reen h o r n -
blende and oligoclase as m a j o r components . 
Bioti te and quar tz a re minor components and 
accessories a re chlori te, apat i te , zircon 
epidote and opaques. The amphibol i tes h a v e 
in t ruded the a l ready s t rongly de fo rmed 
banded g ran i t e gneisses, bu t they are t h e m -
selves fol ia ted and cofolded wi th the wa l l 
rocks. They a re i n t ruded and migmat ized 
by leucocrat ic t r o d h j e m i t e composed of 
oligoclase and quar tz , f o r m i n g on m a n y 
places typical agmat i t e s t ruc tu res (Fig. 5). 
The amphibol i tes a re identical w i th the 
amphibol i tes of the Kuopio gneiss domes 

descr ibed by Pres ton (1954, p. 15—16). The 
younges t rocks of the g ran i t e gneiss complex 
are f ine -gra ined crosscut t ing diorit ic dikes 
s t r ik ing NE—SW nor th of t h e Va lk ia j ä rv i 
gabbro. They are p robab ly comagmat ic w i th 
the Va lk i a j ä rv i gabbro massif. 

E p i c o n t i n e n t a l g r o u p 
The rocks of the epicont inenta l g roup have 

been s tudied recent ly in detai l by Niskanen 
(1980) and the fol lowing descript ion is based 
chief ly on his results . 

The epicont inenta l g roup consists of 
quartzi tes , ca rbona te - and calc-sil icate rocks, 
g raph i t e schists and diopside amphibol i tes . 
No s t ra t ig raph ic sequence can be establ ished 
wi th in the group. 

The quar tz i tes a re complete ly recrysta l l ized 
glassy and granoblas t ic rocks wi thou t any 
p r i m a r y clastic t ex ture . Four types h a v e 
been dis t inguished: muscovi te -bear ing o r tho-
quar tz i te , muscovi te-s i l l imani te quar tz i te , 
f e ldspar -bear ing quar tz i t e and calc-silicate 
quar tz i te . The m u t u a l o rder of these types 
is unclear , bu t it is assumed tha t the calc-
silicate quar tz i tes r epresen t the u p p e r p a r t 
of the sequence, f o r m e d be fo re the commen-
cement of ca rbona te sedimenta t ion . The 
glassy appearence of the quar tz i t e has 
awakened doubts w i t h r ega rd to the i r 
s ed imen ta ry origin. The heavy f r ac t ion of t h e 
quartzi tes , however , contains de t r i t a l zircon 
which s t rongly speaks fo r s ed imen ta ry origin. 
Also the minera l composition, among o thers 
s i l l imani te and muscovi te content , indicates 
impur i t ies in p r i m a r y quar tz i tes . 

The calc-sil icate rocks a re p robab ly 
me tamorphosed calc-areni tes wh ich recrys-
tall ized unde r amphibol i te facies condit ions 
to coarse g ra ined ska rn rocks. The m a j o r 
minera l s a re diopside, t remoli te , andesine, 
potass ium fe ldspar and epidote. The potassi-
um fe ldspar occurs as una l t e red gra ins replac-
ing plagioclase. Severa l types of calc-sil icate 
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Fig. 5. Banded grani te gneiss wi th deformed agmat i te s t ructure . Valkeinen hill. 

rocks have been recognized, for example 
diopside skarn and a t remol i te-garnet -
epidote-clinozoisite rock. Within calc-silicate 
rocks layers of carbonate rocks a f e w centi-
meters to several meters thick have been 
observed. The carbonate minera l is calcite, 
only in one sample has dolomite been met 
with, forming a granoblast ic ma t r ix in which 
sporadically serpentinized olivine and humi te 
grains occur. 

Three types of graphi te schist have been 
recognized: biot i te-chlori te-graphite schist, 
epidote-chlori te-graphite schist, epidote-
t remoli te graphi te schist. 

The diopside-amphiboli tes are amphiboli tes 
wi th long continuous diopside bands of 
several mil l imeters to several cent imeters 
thick. The ma jo r minerals are hornblende, 
diopside, plagioclase and quartz. The plagio-
clase is oscillatorily zoned and its composition 
is labradorit ic. Accessoric minerals are 
carbonate, sphene, apat i te and opaques. The 
average chemical composition of the diopside 
amphiboli tes is shown in Table 1. 13 diopside 
amphibolites, 8 f rom the mine and 5 f r o m 
its surroundings, are plotted on the AFM-

diagram in Fig. 6. All the dots, except one, 
fa l l into the tholeiitic field (Irvine and 
Baragar , 1971). The chemical composition, 
before all the high iron and t i tanium con-
tents, favor the volcanic origin of these rocks, 
Since similar banded diopside amphiboli tes 
are associated wi th basaltic pillow lavas in 
the Haukivesi area (Gaål and Rauhamäki , 
1972) and in the Kuopio region, it is plausible 
to assume tha t they are volcanogenic rocks 
wi th the composition of tholeiitic basalt . 
Ehlers (1977) has shown by strain analysis of 
basaltic lavas of the Åland archipelago, tha t 

Table 1. The average chemical composition of the 
diopside amphiboli tes of the Kotalaht i area, 13 
samples, a r i thmet ic means and the er rors of 
ar i thmet ic means, XRF-ana lyses by the Geological 
Labora tory of Outokumpu Oy, a f t e r Niskanen 

(1980). 
SiO-> 53.2 ± 1.2 
Ti O j 1.33 ± 0.09 
A I 2 O 3 14.7 ± 0.7 FeiO-i 1 
FeO J 11.5 ± 0.6 
MnO 0.18 ± 0 . 0 1 

MgO 5.8 ± 0.5 
CaO 8.7 ± 1.0 
Na^O 2.4 ± 0.3 
K>0 1.22 ± 0.18 
P 2 O 5 0.40 ± 0.03 
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F 

Fig. 6. Diopside-amphiboli tes of the Kotalaht i 
area on the AFM-d iag ram (A = NaoO + K»0, F = 
tot. Fe, M = MgO), 13 analyses, a f t e r Niskanen 

(1980). 

banded diopside amphibol i te developes out of 
pil low lavas as a resul t of s t rong deformat ion . 

L e u c o c r a t i c g n e i s s a n d 
l a y e r e d h o r n b l e n d e g n e i s s 

The leucocrat ic gneiss is a l ight m e d i u m -
to f ine -gra ined fol ia ted and somet imes 
banded rock. The f ine -gra ined var ie ty has 
been mapped as lepti te. The t e x t u r e is g r ano -
blastic w i th f r e q u e n t cataclast ic de format ion . 
The ma in minera l s are, in decreas ing o rde r 
of abundance , oligoclase, qua r t z and a b r o w n 
biotite. Microcline and hornb lende h a v e been 
met wi th occasionally as m a j o r minerals . The 
oligoclase is sericit ized in half of the 22 th in 
sections s tudied and the biot i te is a l tered into 
chlori te in a th i rd of the th in sections. The 
minor components a re chlori te, sericite, 
muscovite, epidote and potass ium fe ldspar , 
the accessoric minera l s being opaques, apa -
tite, zircon, sphene, ca rbona te and garne t . 

The leucocrat ic gneisses conta in i n n u m e r -
able amphibol i t ic dikes, of which only the 
extens ive ones could be d r a w n on the geologi-

cal m a p (Fig. 3). In the close vicini ty of the 
ore deposit the t h inne r amphibol i t ic d ikes 
are s t rongly deformed, boudinaged and b rec -
ciated, fo rming agmat i tes or typical schol len-
migmat i tes wi th t rondh jemi t i c mobi l isa te 
and angu la r maf ic f r a g m e n t s (Fig. 7). This 
rock resembles the schol lenmigmat i tes on the 
Haukives i area, which have been mapped in 
the su r round ings of the n icke l -bear ing maf ic 
and u l t r amaf i c in t rus ions of t ha t a rea (Gaål 
and Rauhamäk i , 1972). The schol lenmigma-
tites a re resul ts of both tectonic and in t rus ive 
activi ty. 

The leucocrat ic gneisses conta in in some 
par t s more biot i te and g rade into mica 
gneisses. In o ther pa r t s ho rnb lende bea r ing 
bands appea r and the rock t u rn s into banded 
ho rnb lende gneiss. 

In the banded hornb lende gneiss f r o m a 
mi l l imeter to severa l cen t imete rs thick h o r n -
blende-r ich bands a l t e rna te wi th leucocrat ic 
ones. The rock is migmat ized by a mobi l isa te 
of t rondh jemi t i c composition. 

The m a j o r minera l s of the rock a re oligo-
clase, ho rnb lende and quar tz . The minor 
minera l s a re chlori te, potass ium fe ldspar and 
biotite, the accessoric components being 
opaques, apat i te , zircon and epitode. The 
hornb lende gneiss has been me t wi th as in-
tercala t ion in the mica gneisses in the no r th -
ern pa r t of the area . 

The s t ruc tu ra l deve lopment of s imilar 
gneisses has been s tudied in wel l exposed 
areas of West Greenland , w h e r e it could be 
demons t ra t ed tha t progress ive de fo rma t ion of 
plutonic grani to id rocks w i t h maf i c inl iers 
resul ts in banded gneisses (Myers, 1978). 
S imi lar deve lopment has been envisaged in 
the Kota lah t i area. The m a j o r pa r t of the 
banded gneisses is fo rmed by t rondh jemi t e , 
which has been s t rongly fol ia ted and in t ruded 
by maf ic dikes. Dur ing progress ive d e f o r m a -
tion the t r o n d h j e m i t e became de fo rmed to-
ge ther wi th the amphibol i te dikes and a l ight 
t rondh jemi t i c mobi l isa te migmat ized the 
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Fig. 7. Banded leucocratic gneiss wi th brecciated f r agmen t s of amphiboli t ic dikes. Vehka open pit, 
Kotalaht i mine. 

complex. At this stage the agmati tes and 
schollenmigmati tes were formed. Ext reme 
deformat ion in the upper par t of the complex 
produced out of these components the banded 
gneisses, which might represent a zone of 
shear below the mica gneiss group. 

M i c a g n e i s s g r o u p 
The ma jo r minerals of the mica gneiss are 

oligoclase, quar tz and biotite. In the na r row 
NW—SE trending mica gneiss belt south the 
Valkia järv i b rachyan t i fo rm porphyroblas ts of 
garnet , si l l imanite and pinitized cordierite 
are met with. Minor and accessoric minerals 
potassium feldspar, apati te, zircon and 
opaques. Round calc-silicate concretions or 
boudinaged layers are typical. The mica 
gneisses are invar iably veined by a leuco-
cratic t rondhjemi te mobilisate. The relat ive 
abundance of mobilisate increases f rom NW 
to SW, in the nor theas te rn corner of the area 
being about 10 % and in the vicinity of the 
deposit 40 to 50 °/o. In the SW-par t of the 
area the veined gneisses are in t ruded by a 

younger porphyri t ic granite . This grani te has 
large oligoclase phenocrysts and, as other 
ma jo r components, potassium feldspar, quar tz 
and muscovite. Potassium feldspar in places 
replaces plagioclase. Minor and accessoric 
components are chlorite, carbonate, epidote, 
sphene and opaques. 

M i n e r a l a g e s a n d t h e i r b e a r i n g 
o n t h e s t r a t i g r a p h y 

In order to s tudy age relations, samples 
have been taken f rom the grani te gneiss, the 
leucocratic gneiss and mafic plutonic rocks of 
the Kotalaht i deposit. U-Pb age de termina-
tions on zircons and sphene were carr ied out 
by O. Kouvo of the Geochronological 
Labora tory of the Geological Survey of Fin-
land. K-Ar age determinat ions on bioti te have 
been done by F. J . Fitch, FM Consultants, 
Herne Bay, Kent, England. 

The analytical results are shown in Tables 
2 and 3 and the concordia plot of the U-Pb 
determinat ions in Fig. 8. Sample numbers are 
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Table 2. Analytical results of the U-Pb age determinat ions on zircon and sphene of the Kotalaht i area 

Zircon , 0 6 p , soepb 
S a m p l e Rock f r a c t i o n 2 3 8 U radiogenic No. K o c k d = g.cm-s f ig /g ä 0 4 P b 

0 = um " g 8 (measured) 

A356B Leucocratic gneiss + 4.6 64.2 24.0 1123 
A356C » 4.2—4.6 126.0 50.7 725 
A362A Grani te gneiss total 552.2 190.1 853 
A362B » + 4.6 376.3 139.5 1735 
A362C » 4.2—4.6 479.5 170.9 804 
A362D » 4.0—4.2 659.9 216.8 524 
A362E » t i tani te — — — 

A357A » total 520.1 168.2 1001 
A357B » t i tani te 80.5 22.4 75 
A446A diorite total 407.3 115.1 2917 
A446B » + 4.2 351.9 100.6 8094 
A446C » 4.0—4.2 659.5 181.3 8371 A701A gabbro + 4.2/ +130 398.3 113.7 11731 A701B » + 4.2/—130 454.7 130.1 11579 
A701C » 4.0—4.2/+70 150.3 410.9 9563 

Least squares calculated according to York (1966). 
For half lifes of 235u and 238u the values given 
by J a f f e y et al. (1971) have been used. 

Sample A356 is a leucocratic gneiss of 
t rondhjemi t ic composition f r o m the wall rock of 
the Vehka ore body, Vehka open pit, wi th loca-
tion x = 6940,93 and y = 531.675. 

Sample A362 is a migmati t ic grani te gneiss f rom 
the Valkeinen b rachyan t i fo rm wi th location x = 
6940.67 and y = 532.69. 

Sample A357 is a banded, medium-gra ined 
grani te gneiss of pink colour f r o m the Pauka r l ah t i 
dome, s i tuated NW f r o m the Kota laht i area wi th 
location x = 6945,82 and y = 530,11. The P a u k a r -
lahti dome is the second southernmost gneiss dome 
of the Kuopio district, which has been classified 
as basement since the pioneer mapping of W. W. 
Wilkman (1938). 

serial n u m b e r s of the Geochronological La -
bora to ry of the Geological Su rvey of F in land . 

The zircons of the g ran i t e gneiss of Val-
keinen yield s t rongly discordant ages. The 
sample A362 is represen ted by four f ract ions . 
The P b 2 0 6 / U 2 3 8 and P b 2 0 7 / U 2 3 5 mole ra t ions 
def ine a l inear a r r a y which has an uppe r 
in tercept on the concordia curve at 2857 ±49 
Ma and a lower in tercept at 1746 ±51 Ma. If 
samples A357-Paukar lah t i and A356-Vehka 
are combined, da ta de f ine an excel lent dis-
cordia a r r ay hav ing an uppe r in te rcept of 
2795 ±13 Ma and a lower in te rcept of 
1670 ±13 Ma. Fol lowing the t r e a t m e n t of 

+ A446 - VAL IMALMIO 
+ A701 -MERTAKOSKI 
• A356-VEHKA 
O A362-VALKEINEN 
O A357-PAUKARLAHTI 

207Pb / 235U 
Fig. 8. Concordia d iagram of U - P b determinat ion 
on zircons and sphene in the Kota laht i area, by 

O. Kouvo, Geological Survey of Finland. 
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by O. Kouvo, Geological Survey of Finland. 

Isotopic abundance äospb = 100 
204 207 208 

Age (million years) 
- 0 6 P b i'0-pb 207pb 
238U 235U 20(Spb 

.07842 17.539 12.244 2318 ± 14 2418 ± 8 2504 ± 7 .13186 19.461 12.187 2461 ± 14 2554 ± 9 2628 ± 7 .10944 16.867 14.446 2159 ± 21 2280 ± 14 2390 ± 15 .05443 17.421 20.884 2298 ± 15 2419 ± 9 2523 ± 6 .12060 17.714 10.922 2223 ± 15 2352 ± 9 2467 ± 6 .18741 17.311 12.819 2074 ± 14 2204 ± 9 2327 ± 8 
— — — — — 1850 .08744 15.746 11.969 2047 ± 13 2172 ± 9 2293 ± 12 .3064 29.226 76.118 1795 ± 12 1808 ± 12 1824 ± 22 

.02299 11.876 15.501 1822 ± 11 1849 ± 7 1880 ± 10 

.00940 11.713 14.687 1840 ± 11 1861 ± 7 1884 ± 5 

.01025 11.696 14.860 1778 ± 11 1825 ± 6 1880 ± 5 

.006034 11.634 13.746 1838 ± 11 1857 ± 6 1879 ± 5 

.006161 11.624 14.999 1841 ± 11 1858 ± 7 1877 ± 4 

.008215 11.591 8.467 1769 ± 16 1814 ± 9 1867 ± 4 

Sample A446 is a diorite f rom the lower u n -
mineral ized pa r t of the Mertakoski—Vehka in-
t rusive body, below the Väl imalmio ore body. 

Sample A701 is a gabbro associated wi th the 
Mertakoski ore body. 

Wetheri l l (1956) it is clear f rom Fig. 8 tha t 
these data are compatible with episodic loss 
of lead about 1700—1800 Ma ago. The ages of 
1824 Ma for t i tani te A357 and 1850 Ma for 
t i tani te A362 indicate some element redis-
tr ibution. Based on analogy wi th the Kuo-

pio gneiss domes and the basement complex 
of eastern Finland (Wetherill et al., 1962; 
Kouvo and Tilton, 1966), it is concluded tha t 
the zircons indicate about 2800 Ma age of the 
grani te gneisses of Valkeinen and P a u k a r -
lahti. The bioti te ages of the grani te gneiss 
samples around 1730 Ma and 1670 Ma are 
in agreement with the K-Ar ages of biotite 
of the Kuopio gneiss domes in samples A53 
and A43 as 1730 Ma and 1760 Ma (Kouvo and 
Tilton, 1966). According to the lower intercept 

Table 3. Analyt ical results of the K - A r age determinat ions on bioti te of the Kotalaht i area by F. J. Fitch. 

Sample 
No. Rock Method KoO 

Atmospheric 
contami-

nat ion 
v / m 

Apparen t 
age and 

er rors m.y. 
Average apparen t 

age and er rors 
m.y. 

A 356 leucocratic biotite 7.65 2.8 0.7132 1724 ± 34 
gneiss 7.65 2.8 0.7121 1721 ± 34 1724 ± 34 gneiss 7.65 2.3 0.7140 1726 ± 34 

A 362 grani te biotite 8.89 2.2 0.833 1731 ± 35 
gneiss 8.89 2.1 0.834 1731 + 35 1731 ± 35 

8.89 2.1 0.833 1730 ± 35 
A 357 grani te biotite 7.53 3.0 0.666 1663 ± 50 

gneiss 7.53 2.7 0.680 1687 ± 51 1675 ± 50 
7.53 2.6 0.672 1674 ± 50 

Constant used: h = 0.584 X 10"'» yr-« Xß = 4.72 X 10-'» yr-» 
v / m = volume of radiogenic argon in m m ' N.T.P. per gr of sample 
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on the concordia diagram it is possible to 
interpret the biotite age as result of a major 
metamorphic overprint ing event. 

The zircon of the leucocratic gneiss of 
Vehka differs considerably f rom the zircons 
of the gneiss granite, being poor in uranium, 
more t ransparent and heterogenous in 
habitus. The crystals are euhedral wi th 
tetragonal prisms and platy shapes. Fu r the r -
more sample A356 contains anomalously 
much zircon producing 6.5 grams of zircon 
out of 40 kg of rock. The zircon does not 
point to a detri tal material . The leucocratic 
gneisses resemble granite gneisses in rock 
type, metamorphic grade and deformation and 
both of them contain amphibolitic dikes. Thus 
a completely different interpretat ion for the 
leucocratic gneisses than for those of the 
granite gneisses would be artificial and the 
pr imary age similar to those of the granite 
gneisses must be accepted for them. 

Zircons of the Vehka—Mertakoski intrusive 
body give a slightly discordant age of 1883 ±6 
Ma. Since the intrusion has taken place in 
connection with folding it is possible to date 
this deformation at around 1890 Ma. 

It was concluded that the granitoidic 
parent rocks of the grani te gneisses and 
leucocratic gneisses crystallized around 2800 
Ma ago. Since these gneisses contain inliers 
and inclusions of the epicontinental group, it 
must be assumed that the rocks of the 
epicontinental group are older than 2800 Ma. 
This ra ther surprising result should be dis-
cussed in the regional context. 

The Valkeinen brachyant i form, discovered 
during the field work of this study, was 
found to be the southernmost representat ive 
of the Kuopio gneiss domes. Wilkman (1938) 
classified the granite gneisses of the Kuopio 
gneiss domes as the basement to older schists, 
comprising quartzites, graphi te schists, 
carbonate and calc-silicate rocks overlaid by 
mica gneisses. These schists, also known as 

Savo schists, were regarded older than the 
overlaying Kalevian of the Karel ian orogeny. 

Later the Savo schists have been correlated 
with the rocks of the Karelian belt (Preston, 
1954). Af te r mineral age determinations f rom 
the gneiss granites yielded Archean ages 
(Wetherhill et al., 1962: Kouvo and Tilton, 
1966) the Savo schists were regarded as Pro-
terozoic and they are now generally accepted 
to belong to the supergroup of the Sveco-
karelian schists (Simonen, 1971). Some 
problems, however, remained and it has been 
recognized, that both in Kuopio and south of 
Kuopio, the Archean-Proterozoic boundary is 
obscure. This has been a t t r ibuted to the high 
grade of metamorphism and remobilization 
of the basement during the Svecokarelian 
event. Preston (1954, p. 12) states: »Where 
all rocks have been subject to agencies of 
granitization and migmatites are dominant, 
quartzi te and calc-silicate rocks are likely 
to be the only relicts of this sequence, and 
gneiss on one side will be indistinguishable 
f rom gneiss on the other». In the present 
study gneisses on both sides of the epicon-
t inental group have been found to be older 
than 2800 Ma and inclusions of the epicon-
t inental group are met with in the grani te 
gneiss complex. Leucocratic microline 
granite migmatizes both grani te gneiss and 
the quartzites, being distinctly the youngest 
rock type of undetermined age. 

Only the mica gneiss group is lef t as of 
probably Proterozoic age. 

Structural history 
Polyphase folding, deep-seated ductile 

faul ts and high metamorphic grade with 
migmatization render the s t ruc tura l analysis 
of the Kotalahti area especially difficult . This 
has been taken into account during the field 
work and special at tention has been paid to 
the registration of several generations of 
foliation, lineations, migmati te s t ructures and 
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dike and vein orientations. Also the geo-
physical maps have been extensively used 
to aid the s t ruc tura l analysis. The rocks of 
the epicontinental group show up well in the 
magnet ic and electric maps. For example the 
s l ingram anomalies indicate the distr ibut ion 
of graphi te schists, rocks which are usually 
poorly exposed, and the Bouguer anomaly map 
gives informat ion about the ex tent of the 
maf ic -u l t ramaf ic plutonic rocks. 

The s t ruc tura l in terpre ta t ion of the field 
data is displayed in the foliation and l ineation 
maps. The foliation maps show st r ike and dip 
of the foliations s, to s 3 belonging to folding 
phases F, to F 5 (Fig. 9). Since the grea t n u m -
ber of determinat ions cannot be displayed on 
the map, average values have been computed 
for values wi th less than 30° scatter. On the 
lineation map the plunge of fold axes, minor 
fold axes and lineations is shown for 1 3, 1 4 

and 15, generated dur ing the folding phases 
F : ;, F 4 and F 5 (Fig. 10). Repeated deformat ion 
makes the in terpre ta t ion of lineation prob-
lematic and the relat ive-age classification on 
Fig. 10 must be regarded as somewhat hypo-
thetical. According to the general usage 1 3 is 
paral lel to the intersection line of s 3 wi th s, 
and/or s 2 . Similarly 14 is the intersection of 
s 4 with s, and/or s 2 and/or s 3 . 

The f i r s t recognizable deformation, F,, is 
reflected in the complicated in ternal fold 
pa t te rns of the epicontinental group as seen 
for example in the wall rocks of the Jussi 
ore body. Since p r imary sedimentary s t ruc-
tures have not been observed in the area, 
Fj is very lit t le known. It is assumed, tha t the 
grani te gneisses, the leucocratic gneisses and 
the banded hornblende gneisses have been 
foliated dur ing F, and tha t the amphiboli t ic 
dikes in t ruded conformably wi th s t in 
Archean times. 

The second phase of deformation, F 2 , pro-
duced in the central pa r t of the area a large 
an t i form with the grani te gneiss core and 

inclined or recumbent axial plane (Fig. 9). 
Other Fo folds could not be indentif ied in the 
area and it is diff icult to conclude the 
p r imary t rend of the F 2 folds. The amphi-
bolite dikes have been foliated dur ing F 2 

and the banding of the gneisses has been 
produced by strong deformat ion dur ing this 
phase. There are no unambiguous cri teria 
to date F 2 . If the mica gneiss g roup is of 
Proterozoic age F 2 is Proterozoic, since if 
deforms the mica gneisses. 

During the third deformat ion phase, F 3 , 
the s train was comparat ively low and s 3 axial 
plane schistosity is weakly developed. The 
banded gneisses wi th s^s., composite foliation 
became refolded into f lexura l f low type of 
folds. The F 2 an t i form has been refolded in 
N—NNW trending synforms and ant i forms 
with subvert ical axial planes (Fig. 4). The 
Kotalaht i synform has been formed at this 
stage and the Valkeinen brachyant i form, es-
sentially an F 2 / F 3 in terference s t ructure , wi th 
the Valkea järv i gabbro complex in its core. 
Another F 3 an t i form was formed in the 
western par t of the area wi th grani te gneiss 
in its core. The mafic to u l t ramaf ic plutonic 
rocks in t ruded during F 3 and it is concluded 
f rom the zircon age of the Kotalaht i plutonic 
complex, tha t F 3 took place around 1900 Ma 
ago. 

In the four th deformat ion phase, F 4 , a zone 
of high strain and intensive refoliation de-
veloped with NW—SE str ike and subvert ical 
dip. The s 4 foliation intersects the F 3 an t i -
form in the SE par t of the area, which makes 
F 4 distinctly younger than F 3 . However, i t is 
likely tha t F 4 followed F 3 in an un in te r rup ted 
deformat ion process in which the E—W com-
pression was released in a lef t hand t rans-
cur ren t movement . Thus the F 3 synforms and 
ant i forms were bent in S-shapes in a ductile 
shear zone in which also the s 4 foliation 
formed, f i rs t at an angle to the shear zone, 
but later, as the t ranscur ren t movement wen t 
on, rotated into a position paral lel to the 

8 
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A X I A L PLANE T R A C E S -4— antiform 

antiform 

synform 

( a n t i f o r m 
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S, 
— 4 s 2 
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i S 4 
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r i ^ i ^ Mineralized mafic to ultramafic plutonic rocks 

M I B Gabbro and diorite 

^ Veined mica gneiss, hornblende gneiss and leucocratic gneiss 

r Epicontinental group 

Rocks with electric conductivity (= graphite s c h i s t s ) 

Granite gneiss complex 

Fig. 9. Foliations of the Kota laht i area. 
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Fig. 10. Lineat ions and fold axes of the Kota lah t i area. 
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shear zone. The shear zone had probably also 
a vertical component of movement, which 
caused fu r the r parallelism of s 4 wi th the 
shear zone. The mechanism and theoretical 
aspects of ductile shear belts have been dealt 
wi th by Ramsay and Graham (1970). The 
Kotalaht i faul t line marks the central line of 
the shear belt. It is a young f racture , which 
is assumed to be a comparatively late revival 
of the ductile shear belt. 

The f i f th deformation phase, F 5 appears in 
nar row ENE trending belts which can be in 
a few cases identified as culminations and 
depressions upon the F s folds, for instance 
in the Koirus järvi brachyant i form and the 
Kotalaht i brachysynform (Fig. 3). 

Mafic and ul t ramafic plutonic rocks 

The bulk of the mafic to u l t ramaf ic plutonic 
rocks of the area occur in a NW—SE trending 
nar row belt north of the Kotalaht i fau l t line. 
Three plutonic complexes can be distin-
guished. They are f rom NW to SE: the Rito-
lahti gabbro, the Kotalaht i maf ic-ul t ramaf ic 
plutonic complex and the Valkia järvi gabbro 
complex (Fig. 3). The belt of the mafic and 
ul t ramafic plutonic rocks extends fu r the r to 
SE into the Haukivesi area (Gaål and Rauha-
mäki, 1972) and to NW. 

The Kotalahti mafic to ultramafic plutonic 
complex 

The Kotalahti mafic to u l t ramaf ic plutonic 
complex comprises three small mineralized 
intrusive bodies, situated in the oval-shaped 
Kotalaht i brachysynform with wall rocks of 
leucocratic gneisses (Fig. 11). 

The largest body is the Mertakoski—Vehka 
intrusive body, which is a roughly t r iangular 
plate parallel to the axial plane of the 
synform, on average 50 to 100 meters thick, 
dipping 75° towards ENE (Fig. 12). The out-

cropping length of the body is 1000 m and 
its maximum depth 700 m. At its bottom 
the plate bulges up to 200 m thickness. The 
plutonic rocks of the Mertakoski—Vehka in-
trusive body form a differentiat ion series 
f rom peridotites to quar tz diorite. 

The following description of the rocks is 
given according to Papunen (1970) and Papu-
nen and Koskinen (1970). The peridotites are 
predominant ly harzburgites and lherzolites 
and subordinately dunite. The characteristic 
rock type of the intrusion is an altered py-
roxenite, perknite, in which about half of the 
pyroxenes is altered into colourless tremolite 
or cummingtonite and hornblende. Gabbros 
are olivine gabbro, olivine norite, norite, py-
roxene gabbro and hornblende gabbro. The 
more mafic gabbros are often distinguished 
by larger poikilitic crystals of plagioclase. 
The hornblende gabbros show ophitic texture . 

All the above rocks are cut by f ine-grained 
granoblastic gabbroic to quartz dioritic as 
well as t rondhjemit ic and granit ic dikes. 

The vertical zoning of the differentiat ion 
products within the intrusive body is re-
versed. The ul t ramafic rocks are in the upper 
par t of the intrusion and gabbros in the lower 
part . The least mafic differentiates, diorite 
and quartz diorite are in the lowermost par t . 
Accordingly, mineralization occurs in the 
upper par t of the body, predominant ly in 
u l t ramafic rocks, but also in the more mafic 
gabbros. 

Papunen et al. (1979) in terpret the ophitic 
hornblende gabbro and the diorite to quar tz 
diorite as a result of the contamination of the 
ul t ramafic magma with the t rondhjemit ic 

Fig. 11. S t ruc tura l m a p of the Kota laht i n ickel-
copper deposit. P i -d iagram nr 1: 57 foliations (con-
toured wi th isolines 1—3.5—6—8.5—11—13.5 %), 
4 fold axes (circles) and 11 lineations (crosses) P i -
d iagram n r 2a: 414 foliations (contoured wi th iso-
lines 1—2—3—4—5—6 %>), 17 fold axes (circles) 
and 40 l ineations (crosses) Be ta -d iag ram n r 2b: 
414 foliations, contours 1—3—5—7—9—11—13%. 
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6940.3 

1 ° " l Porphyritic granite 
H H Gabbro and diorite 
J I Mineralized ultramafic plutonic rocks 
m m Amphibolitic sills 

~l Veined mica gneiss 
I ^ S s I Graphite schist 
I 1 Banded hornblende gneiss 
l~ 1 Leucocratic gneisses 
f l i g l Banded diopside amphibolite 
NT-Q-I Skarn and carbonate rocks 
I s S i : " ! Quartzite 
I " ' I Granite gneiss 

ff S Pegmatite vein, mafic chike 
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Table 4. Sequence of the intrusion and s t ruc tura l 
events as de te rmined in the Vehka open pit (see 

Fig. 13). 

(1) Leucocrat ic gneiss wi th s t rong foliation (si) 
(2) Amphiboli t ic dikes I, foliation (s 2) 
(3) Amphiboli t ic dikes II, cut t ing amphibol i te 

dikes I, folded, boudinaged in connection wi th 
the Fa event 

(4) Fs lef t hand folds 
(5) Pe rkn i t e + gabbro intrusion + disseminated 

sulphide ore 
(6) Tonali t ic veins brecciat ing the perkn i te 
(7) Amphibol i te I I I dikes in t ruding paral le l to 

the axial plane of the F3 folds, non-fol ia ted 
(8) Crosscutt ing pegmat i te veins 
(9) Remobilized sulphide ore in t ruding the con-

tacts of amphibol i te I II and pegmat i te veins 
and impregnat ing pegmat i te 

neosome of the su r round ing leucocrat ic 
gneisses. 

The H u u h t i j ä r v i in t rus ive body has the 
shape of a sl ightly compressed pipe which 
p lunges 80" towards NNW down to a dep th 

of over 750 m. The pipe is para l le l to the fold 
axis of the Kota lah t i b rachysynfo rm, as de-
mons t ra t ed by the pi- and be t a -d i ag rams on 
Fig. 11. The H u u h t i j ä r v i in t rus ive body con-
sists a lmost en t i re ly of minera l ized perkni te . 

The sword shaped Juss i in t rus ive body 
p lunges 75° towards no r th and ex tends below 
the dep th of 750 m. It is emplaced in the 
hinge zone of a subver t ica l fold wi th in rocks 
of the epicont inenta l group, i n t ruded by 
numerous pegmat i te dikes. Sulf ides , as mas -
sive ore in crosscutt ing veins and breccia 
type of ore, a re quan t i t a t ive ly p redomina t ing 
over the host - rock perkni te , which is met 
wi th as a brecciated pipe be tween the + 200 
and + 400 levels (Papunen and Koskinen, 
1978). 

The re la t ion of the in t rus ion to the wal l 
rocks has been s tudied in detai l by the au tho r 
in the Vehka open pi t (Fig. 13). The outcrop 
su r face has been mapped in the scale 1 : 100 
and the m a p r e d r a w n in scale 1 :400. The 
analysis of the m a p yielded impor t an t resul ts 

S S W 
Huuhtijärvi 
ore body 

Vehka 
ore body 

Projection 
of the s 
Jussi ure body 

Mertakoski NNW 
ore body 

Fig. 12. Longi tudinal project ion of the Kota laht i maf ic and u l t ramaf ic plutonic complex, a f t e r the 
geological staff of the Kota laht i mine. 
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regarding the mechanism of the intrusion. 
The dominating s t ructural fea ture is lef t-
hand folding of the wall rock gneisses with 
steep NE-plunging axes. These folds have 
been correlated with the F : } deformation 
phase. The intrusive body forms a 10—15 m 
thick plate which is par t ly conformable with 
the foliation of the wall rock, par t ly cross-
cutting parallel to the F ; j axial plane. Based 
on contact relations a sequence of intrusion 
and s t ructural events has been established 
(Table 2). 

The Valkiajärvi gabbro complex 

The Valkiajärvi gabbro complex consists 
of two large intrusive bodies and several 
small satellites, which are all parts of an 
oval-shaped massif of 500 X 1000 meters in 
size as judged f rom the gravimetr ic map and 
interpretat ion of gravimetric data (Figs. 14 
and 15). The intrusion center of the gabbro 
complex is in the core of the Valkia järv i 
brachyant i form (Fig. 9). The gabbro is 
wrapped into rocks of the epicontinental 
group, in which the foliation dips steeply 
away f rom the gabbro. 

The main body has evolved in two distinct 
intrusion phases (Fig. 16). The f i rs t phase is 
made up predominant ly by ural i te gabbro 
with subordinate parts of pyroxene gabbro 
and occasional peridotitic parts. The rocks 
of the first phase are medium- to coarse-
grained with an indistinct but macroscopically 
perceptible foliation. They contain inclusions 
of leucocratic gneiss, graphi te gneiss, mica 
gneiss and amphibolite. The foliation and the 
inclusion trains define an ant i form in the 
main body which has been identified in the 

Fig. 13. Geological map and s t ruc tura l in te rp re -
tat ion of the Vehka open pit. Geological mapping 
by the author and tachymetr ic survey by M. Aa l -
tonen, Outokumpu Oy. For fu r the r explanat ion, 

see Table 2. 
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Fig. 14. Bouguer anomaly m a p of the sur roundings of the Valk ia jä rv i gabbro complex wi th the out-
lines of the outcropping maf ic and u l t r amaf ic plutonic bodies. 

s t ruc tu ra l analysis as an F ; ! s t ruc tu re . The 
second in t rus ion phase occurs in N N W -
str ik ing dikes cut t ing the rocks of the f i r s t 
phase wi th s h a r p contacts para l le l to the 
axial p lane of the F : s an t i fo rm. I t consists of a 
f ine- to med ium-gra ined non-fol ia ted d iabase-
like hornb lende gabbro. Chemical composi-
tion of the rocks of the f i r s t and second 
in t rus ion phases are given in Table 5. The 

younges t rock is pegmat i t e wh ich crosscuts 
gabbro in numerous diversely or ien ted dikes. 

In the py roxene gabbro the m a j o r minera l s 
are pyroxene, in the f i rs t place ens ta t i t e bu t 
also augite, which a re usual ly ural i t ized. The 
nex t m a j o r minera l , by towni t ic or l ab ra -

Fig. 15. Geophysical in terpre ta t ion of the g rav i -
metr ic da ta of the surroundings of the Valk ia jä rv i 

gabbro complex. 
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Table 5. Chemical composition of the Va lk ia jä rv i 
gabbro complex. 1. Ural i te gabbros and pyroxene 
gabbros of the f i rs t intrusion phase (27 analyses), 
2. Hornblende gabbros of the second intrusion 
phase (8 analyses). For sample sites see Fig. 16A. 
X- r ay f luorescence analyses by the Geological 

Labora to ry of the Ou tokumpu Oy. 

Ar i thmet ic means and the errors 
of ar i thmet ic means 
1 2 

SiOi %> 51.2 ± 0.2 51.6 ± 0.7 
TiO? 0.80 ± 0.10 0.9 ± 0.2 
AloO:; 10.8 ± 0.4 14.5 ± 0.6 
FeOtot 9.7 ± 0.3 9.1 ± 0.7 
MnO 0.15 ± 0.01 0.14 ± 0.1 
MgO 12.4 ± 0.7 7.1 ± 0.8 
CaO 6.2 ± 0.2 6.6 ± 0.4 
Na jO 1.56 ± 0.08 2.6 ± 0.4 
K>0 0.76 ± 0.06 1.00 ± 0.18 
P 0.21 ± 0.01 0.22 ± 0.02 

Ar i th - S tandard A r i t f h " S t anda rd ppm metic deviation m e t l c deviation mean deviation mean 

Ni 552 325 123 92 
Cu 85 48 60 36 
As 14 22 12 9 
Pb 48 18 44 19 
Zn 134 23 154 52 
Cr 1565 968 289 105 
Sr 468 173 567 326 
Zr 87 25 104 52 
Ba 690 214 770 280 

dorit ic plagioclase, occurs in poikilit ic grains . 
Other m a j o r minera l s a re ho rnb lende and 
biotite. Accessoric minera l s a re chlori te, 
sericite, zircon, carbonate , apat i te , epidote 
and opaques. T e x t u r e is granoblas t ic to 
porphyr i t ic , massive unde r the microscope 
and med ium-gra ined . 

In the u ra l i t e gabbro the m a j o r minera l is 
ura l i t ic ho rnb l ende wi th sporadic r emnan t s of 
pyroxene . In a f e w samples plagioclase w i t h 
the average composit ion of l ab rador i t e p re -
dominates . The o ther m a j o r component is 
bioti te. Accessories a re chlori te, apat i te , 
epidote, carbonate , muscovi te and opaques . 

The ho rnb lende gabbro is character ized by 
ophit ic t ex ture . The p redomina t ing m a j o r 

mine ra l is e i ther andesinic or by towni t ic 
plagioclase or hornblende , which is pa r t ly 
urali t ic. Other m a j o r minera l s a re biot i te and 
chlori te . Accessories a re apat i te , muscovite, 
epidote, ca rbona te and opaques. Some 
var ie t ies of the hornb lende gabbro conta in 
s ignif icant amounts of quar tz , thus g rad ing 
into a qua r t z diorite. 

Geophysical interpretation of the 
gravimetric data 

The average dens i ty of the Va lk i a j ä rv i 
gabbros is 2.94 g r / c m 3 (42 determinat ions) , 
and the corresponding value of the su r -
round ing g ran i t e gneisses 2.73 g r / c m 3 (12 
determinat ions) . Thus t h e in t e rp re t a t ion of 
the g rav imet r i c da ta is based on the d i f -
fe rence va lue of 0.2 g r / cm 3 . According to 
Fig. 15, the gabbro massif has an overal l dip 
of 65°—70° towards NE, ex tend ing to the 
depth of about 300 meters . This in fo rmat ion 
is most re l iable in prof i le K 64.6, w h e r e the 
s teep NE slope of the posit ive g rav i ty ano-
mal ly suggest the compara t ive ly shal low 
dep th of the massif . 

The geophysical da ta suppor t s the v iew 
tha t the two separa te gabbro occurrences on 
Fig. 14 belong to a single body, which is 
covered by a gneiss saddle. This result , how-
ever, might be modif ied by geological da t a 
since in the area be tween the two gabbro 
bodies rocks of h igher densi ty occur: calc-
silicate rocks wi th 2.85 g r / c m 3 (16 de t e rmina -
tions) and amphibol i tes wi th 2.88 g r / c m 3 (15 
determinat ions) . 

Mineralizations and silicate nickel 
contents 

In the Mer takosk i—Vehka in t rus ive body 
the m a j o r pa r t of the Ni—Cu deposi t is bound 
to the u l t r amaf i c d i f fe ren t i a tes in the upper 
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Fig. 16 A. Distr ibution of the f i rs t and second in t rus ion phase (stripled) in the Valk ia jä rv i gabbro. 
Fig. 16 B. Silicate nickel contents of the Va lk ia jä rv i gabbro. Numbers wi thout brackets : nickel in 

amphibole (ppm). Numbers in brackets : nickel in enstat i te (ppm). 

pa r t of the complex and the ore is both of 
the disseminated and the breccia type (Pa-
punen, 1970, Papunen and Koskinen, 1978). 
At the upper levels also the gabbros contain 
disseminated ore, bu t at lower levels maf ic 
rocks are devoid of sulfides. The sulf ide 
occurrences form a U-shaped f la t tened body, 
which is known in the nor th as Mer ta -
koski ore body, in the lowermost center as 
the Välimalmio ore body and in the south 
as the Vehka ore body (Fig. 12). The Huuh-
t i jä rv i pipe wi th its mineral ized perkni te 

forms the Huuh t i j ä rv i ore body and ana-
logously the Jussi ore body is a separate 
pipe 150 m east of the Vehka ore body. In 
the Jussi ore body veins of massive sulfide 
ore in t rude carbonate and calc-silicate 
rocks (Papunen, 1974). 

The nickel content of the sulf ide phase 
in the breccia and massive type of ore is 
r a the r constant, being l i t t le more t han 6 °/o, 
wi th the exception of the Jussi ore body 
where the corresponding f igure is 11 B/o 
(Papunen and Koskinen, 1978). In the dis-
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Fig. 17. The chemical composition of the Va lk ia jä rv i gabbros compared to the ( N a ; 0 + K2O) — AI2O3 
— Mg diagram of the Kotalaht i intrusion by Papunen et al. (1979). 

seminated type of ore the nickel content 
of the sulf ides corre la tes w i th the magne -
sium content of the host rock, being 'n 
per idot i tes 9.8 %>, in pyroxeni tes 9.2 °/o, in 
perkn i tes 8.4 °/0, in gabbros 5.9 °/o and in 
diori tes and quar tz diori tes 1.4 °/o (Papunen, 
1970). The average nickel content of the 
sulf ide phase of var ious rock types of the 
Kota lah t i deposit is 6 °/o (Häkli, 1963). 

The s tudy of silicate nickel proved to be 
usefu l in del ineat ing maf ic and u l t r amaf i c 
rocks f avorab le for the occurrence of nickel 
su l f ide deposits (Häkli, 1971). Olivine, or tho-
pyroxene , augi te and amphibole both f r o m 
the Kota lah t i p lutonic complex and the Val-
k i a j ä rv i gabbro complex w e r e analyzed fo r 
nickel by electron microprobe in the Geo-
logical Labora to ry of the O u t o k u m p u Oy. 
The resul ts f r o m Kota lah t i a re given by 
P a p u n e n and Koskinen (1978). The nickel 
content in olivine is 1000—3000 ppm, in 
augi te 50—400 ppm, in average 250 ppm, 
and in ens ta t i t e 100—850 ppm, the bu lk 
of de te rmina t ions being 100—400 ppm. The 
nickel content of the amphibole var ies ac-
cording to the rock type and the average 

values are 490 ppm in peridoti te , 420 ppm 
in pyroxeni te , 370 p p m in pe rkn i t e and 106 
ppm in the ophitic ho rnb lende gabbro. 

For comparison 40 samples f r o m the Val-
k i a j ä rv i gabbro have been analyzed for the 
present s tudy. Resul ts a re displayed in Fig. 
16. Olivine has not been detected in the 
samples and augi te is only sporadical ly met 
wi th ; thus only resul ts f r o m ens ta t i t e and 
amphibole are of significance. In the ura l i t e 
and py roxene gabbros of the f i r s t in t rus ion 
phase the silicate nickel decreases f r o m east 
to west in enstat i te , f r o m 361 p p m at the 
eas te rn marg in to 75 ppm in the west . The 
nickel in the amphibole decreases accordingly 
f rom 570 ppm to 46 ppm. In the ophit ic 
ho rnb lende gabbro of the second in t rus ion 
phase the silicate nickel is low: 21 to 74 ppm 
in ens ta t i t e and 7 to 172 ppm in amphibole . 
The samples contain l i t t le sulfides, the su l fu r 

Fig. 18. The S1O2, TiO?, AI2O2, FeO, MnO, CaO, 
N a 2 0 , K2O, Ni, Cu, S, P and Cr contents of the 
maf ic and u l t r amaf ic plutonic rocks of Kota laht i 
and Valk ia jä rv i plotted versus MgO content. 
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content being 0.02 °/o to 0.5 °/o, and on ave r -
age, 0.16 °/o. The nickel content of the sul f ide 
phase of the Va lk ia j ä rv i gabbro is accordingly-
low, 191 ppm on average, in the 40 samples. 

The dis t r ibut ion of the silicate nickel in the 
f i rs t phase of the Va lk i a j ä rv i gabbro could 
be expla ined in two ways. E i ther the nickel 
is enr iched towards the eas te rn m a r g i n of 
the body or the wes te rn p a r t of the gabbro 
is deple ted in nickel. Since the iron and 
magnes ium content of the maf ic sil icates has 
not been de te rmined , no def in i te choice can 
be made be tween the two a l ternat ives . The 
whole rock MgO content corre la tes wi th t h e 
silicate nickel and MgO is increas ing t owards 
the eas te rn marg in of the in t rus ive body in-
dicat ing magmat ic d i f fe ren t ia t ion . On the 
o ther hand the ve ry low nickel content of t h e 
wes te rn m a r g i n of the massif awakes the 
suspicion tha t nickel migh t have been ex -
t rac ted at the p rox imi ty of the Kota lah t i 
deposit . 

On the ( N a P + KoO)—AL,0 3 —MgO d iag ram 
the Va lk ia j ä rv i gabbros are comparab le to the 
chemical composition of the maf ic and u l t r a -
maf ic plutonic rocks of Kota lah t i as given by 
P a p u n e n et al. (1979), a l though t h e magmat ic 
d i f fe ren t ia t ion of the exposed pa r t of the 
Va lk ia jä rv i massif is less developed (Fig. 17). 
P a r t of the ura l i t e gabbros and py roxene 
gabbros plot into the f ield of the poikili t ic 
gabbro of Kota laht i . These gabbros show in 
the Va lk ia j ä rv i gabbro complex t rans i t ion 
into the f ield of the ho rnb lende gabbros , 
which plot into the f ie ld of the ophit ic 
gabbros and d ike gabbros of Kota laht i . The 
S i 0 3 T i 0 2 A1 2 0 3 , FeO, MnO, CaO, N a 2 0 , 
K , 0 , Ni, Cu, S, P and Cr contents of Ko ta -
laht i (A Häkli , personal communicat ion) and 
Va lk i a j ä rv i a re compared a t increas ing MgO 
contents on Fig. 18. There is a s ignif icant 
d i f f e rence in the Ni, Cu, S, T i 0 2 and P con-
tents . The h igher Ni, Cu and S contents in 
Ko ta lah t i can be expla ined by the minera l iza-
tion process. 

Fig. 19. Dynamic in terpre ta t ion of the th i rd and 
four th deformat ion phases governing the intrusion 
tectonics of the maf ic and u l t ramaf ic , plutonic 

rocks of the Kota laht i area. 

Conclusions 
The maf ic and u l t r amaf i c plutonic rocks 

i n t ruded rocks of Archean age dur ing 
a Proterozoic event about 1900 Ma ago. 
According to the resu l t of the s t ruc tu ra l 
analysis, this event comprises the de fo rmat ion 
phases F 3 and F 4 . These two phases devel -
oped p robab ly as a response of the crus t to 
an approx ima te ly eas t -west or iented com-
pression, which caused no r th - sou th t r end ing 
synfo rms and an t i fo rms at the f i r s t s tage 
and a NW-SE s t r ik ing subver t ica l duct i le 
shear zone wi th le f t l a te ra l f low at the second 
stage (Fig. 19). The shear zone is p robab ly 
the uppe r pa r t of a deep-sea ted faul t , wh ich 
might have been act ive for a long t ime be -
fore the F 3 phase. This f au l t was t h e w e a k -
ness zone, along which the mate r i a l ascended 
f r o m the uppe r mant le . The V a l k i a j ä r v i 
gabbro in t ruded the Valke inen b r a c h y a n t i -
fo rm dur ing the F 3 fo lding and developed into 
the shape of a dome. The su i table condui t for 
the Kota lah t i maf ic and u l t r a m a f i c plutonic 
rocks was the h inge zone of an F : j synfo rm, 
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which in a l a te r event was refo lded into the 
Kota lah t i b r achysynfo rm. The d i f f e ren t i a t ed 
rocks became mixed up dur ing the in t rus ion 
process and this caused the reversed position 
of the u l t r amaf i c d i f f e ren t i a t e s in the Ko ta -
laht i deposit. F u r t h e r complicat ion is caused 
by the mul t ip le n a t u r e of the int rusions . A 
younger in t rus ion phase composed of the 
ophitic gabbro is c lear ly recognizable in the 
Va lk i a j ä rv i gabbro complex. In the Ko ta -
laht i deposit several s w a r m s of dikes, the 
breccia type of ore and veins of massive 
sul f ide ore are indicators of a mul t ip le in -
t rusion process. 

One of the conclusions of this paper is of 
regional significance. The deta i led s t ruc tu ra l 
work combined wi th minera l -age de t e rmina -
tions disproves the Proterozoic age of p a r t of 
the Savo schists. The epicont inenta l g roup 
a round the Valke inen b r a c h y a n t i f o r m and 
corresponding rocks in the Kuopio domes 
cannot be corre la ted wi th the J a tu l i an g roup 
bu t represen t an Archean rock association. 
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