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The Laukunkangas Ni-Cu deposit in a Svecokarelidic synorogenic 
plutoni te is located at the southeas tern end of the Kotalaht i nickel 
belt. The mineral izat ion is associated with the norites, olivine gabbros 
and peridoti tes of an olivine tholeiitic suite. It contains about 4.5 mil-
lion tons of ore in situ averaging 0.33 %> Ni and 0.10 %> Cu. 
The in t rus ive is a r a the r small pipelike body with an elliptical su r -
face plan. It extends to a depth of at least 300 m; its largest hor i -
zontal dimension is about 1 km and its wid th in the middle of the 
in t rus ive is some 200 m. 
The var ia t ions in the Ni and Fe contents in silicates, the MgO content 
in rock types and the Ni content in the sulphide phase clearly indi-
cate the in ternal layer ing in the intrusive. Emplacement probably 
took place in two or three stages. The boundar ies between the layers 
show contaminat ion tha t is reflected in the distr ibution of MgO and 
t race elements. »The model crystall ization tempera tures» suggest 
that the intrusion was emplaced in th ree separa te phases. 
The mineral izat ion occurs near the contact zone at the eas tern end 
of the intrusive. The f ew nickel-r ich port ions encountered inside the 
in t rus ive are small and discontinous lenses or slabs. 
The mineral izat ion is character ized by the following pa ramete r s : 
Ni /Co = 17.31, Ni /Cu = 3.15, Cu/Co = 5.49, and the Ni content in 
sulphide phase 4.81 %>. 
Leo Grundström, Malminetsintä, Outokumpu Oy, SF-83500 Outo-
kumpu, Finland. 

Introduction 

The objective, the maf ic L a u k u n k a n g a s in-
trusive, is located in sou theas te rn F in land 
(Fig. 1) in the area called the »main sulphide 
ore belt» by K a h m a (1973). F r o m this belt 
Gaå l (1972) has dis t inguished t h e sepa ra te 
»Kotalaht i n ickel -copper ore zone» in which 
L a u k u n k a n g a s is located. Häkl i (1970, 1971), 
Gaå l (1972), Häkl i et al. (1978) and Tont t i 
et al. (1979) have s tudied the character is t ic 
f ea tu res of the Ni-Cu occurrences in the 
zone. P a p u n e n et al. (1979) and Häkl i et al. 
(1979) pointed out t ha t the Ni-Cu occurrences 

of sou thern F in land are located in a rough ly 
c i rcular a rea a round the cen t ra l F in land 
grani to id bathol i th , and t h e »Kotalaht i Ni-
belt» is a p a r t of t ha t area. 

Dur ing explora t ion of the su lphide ore 
belt, the Explora t ion D e p a r t m e n t of Outo-
k u m p u Oy under took geological mapp ing in 
the Haukives i a rea in 1963—1971. In 1967 
the maf ic and u l t r amaf i c rocks w e r e sys-
temat ica l ly sampled and s tudied fo r t h e dis-
t r ibut ion of nickel be tween olivine, py rox -
enes, amphiboles and the coexist ing su lphide 
phase according to the method descr ibed by 
Häkl i (1963). 
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Fig. 1. A simplified geologic m a p of the Jou t senmäk i—Laukunkangas region. Par t ly a f t e r Gaål and 
R a u h a m ä k i (1971). 

G E O L O G I C A L M A P O F T H E 

J O U T S E N M Ä K I - L A U K U N K A N G A S R E G I O N 



The Laukunkangas nickel-copper occurrence . . . 25 

The L a u k u n k a n g a s nor i te in t rus ive was 
discovered in connection wi th sampl ing in the 
a u t u m n of 1969. The in t rus ive conta ined Ni 
and Cu sulphides in such abundance tha t the 
s tudies w e r e continued. The f i r s t indicat ion 
of the su lphide occurrence had, however , p ro-
bably been obta ined as ear ly as 1962 w h e n a 
l a y m a n sent a sample f rom a su lph ide-
bear ing boulder assaying 0.2 °/o Cu, 0.7 °/o Ni 
and 8.3 % S f r o m about 10 km southeas t of 
Laukunkangas . Despi te geological inves t iga-
tions in the area in 1962 and 1964 the source 
of the boulder was not found. 

The in-s i tu ore reserve es t imate based on 
d iamond core dri l l ing and percussion dri l l ing 
da ta indicates c. 4.5 mill ion tons of ore 
averag ing 0.33 °/o Ni and 0.10 °/o Cu. On ac-
count of the low grade, the prospect has been 
kep t on the reserve. 

L a u k u n k a n g a s is a sl ightly layered and 
p redominan t ly gabbroic in t rus ive and hence 
d i f fe r s in type f rom the u l t r amaf i c in t rus ives 
of Hi tu ra and Kota lah t i (Papunen 1970). On 
the other hand, in t e rms of su lphide minerals , 
geochemistry, pet rology and s t ruc tu re it is 
comparab le to the la rge J o u t s e n m ä k i (Pa rk -
kinen, 1971, 1975) and Pa r ikka l a (Häkli, 1968) 
in t rus ives and thus, as a type occurrence, the 
ore deposit has been submi t ted to comprehen-
sive examinat ion . 

Geology of the environment 

The concept of a Ni-ore bel t is la rge ly 
based on the existence of known Ni-Cu oc-
cur rences in a l inear bel t s t re tching f r o m 
Lake Ladoga to the Bothnian Sea. The bel t 
para l le ls a nega t ive g rav imet r i c anomaly and 
a sub-para l le l s w a r m of f r a c t u r e zones (Gaål, 
1972). According to Wahl (1963), the zone, 
which was la ter suggested to be potent ia l for 
Ni-Cu ores, is charac ter ized by hype r s thene -
bear ing plutonites, the emplacemen t of wh ich 
was control led by two f r a c t u r e l ines t r end ing 

NW-SE. The concept of the ore poten t ia l i ty 
of the »Ladoga—Bothnian Sea zone» was 
original ly proposed by P a a r m a and Marmo 
(1961); it was la ter cor robora ted by Mikkola 
and Niini (1968), Mikkola (1971) and K a h m a 
(1973). Gaå l (1972) suggested tha t the in -
t rus ives tha t act as host rocks for the nickel 
ores are associated wi th t r a n s c u r r e n t faul ts , 
domes and b rachyan t i fo rms . Faul t - tec ton ic 
analyses on the Ladoga—Bothn ian Sea zone 
have been u n d e r t a k e n by H ä r m e (1961) and 
Salli (1970), and l ineament in te rp re ta t ions by 
Talvi t ie (1971), and Mikkola and Vuorela 
(1977). P a r k k i n e n (1975) main ta ins t h a t the 
in t rus ives were emplaced dur ing large-scale 
regional movements . 

The area of L a u k u n k a n g a s (Fig. 1) is in-
cluded in the genera l geological m a p m a d e by 
Hackman (1931, 1933). Vorma (1975) has 
s tudied the sil icate minera l s of nori t ic rocks 
wes t of Laukunkangas . P a r k k i n e n (1971, 1975) 
has invest igated the s t ruc tu ra l h is tory of the 
l a rge maf ic in t rus ion of Jou t s enmäk i wes t of 
Laukunkangas . Gaål and R a u h a m ä k i (1971) 
have s tudied the Haukives i area, ex tend ing 
SE and NW f r o m L a u k u n k a n g a s and includ-
ing the m a j o r pa r t of the area shown in Fig. 
1. The broad context of the genera l geology 
of the L a u k u n k a n g a s area is r e f e r r ed to in 
the i r s tudy. 

The suprac rus ta l rocks and the p lutoni tes 
t ha t crosscut them const i tu te large l i thologic 
units . The suprac rus ta l series can be sub-
divided into a volcanogenic section, in which 
diopside amphibol i tes predomina te , and into 
sedimentogenic schists, composed main ly of 
me t ag reywackes and l ime-bear ing metased i -
ments . 

T he m e t a s e d i m e n t a r y l i thosome indicates 
an older eugeosynclinical series in the n o r t h -
ern Haukives i a rea and a younger R a n t a -
sa lmi-Savonl inna miogeosynclinical series 
(Gaål and Rauhamäk i , 1971). 

The rocks in the schist a rea are migmat ized 
to vary ing degrees, and the migmat i tes in-
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elude several s t ruc tu ra l ly d i f f e r e n t types . 
Breccia migmat i tes of va ry ing degree a re 
associated wi th boudinage s t ruc tures . Schol-
len and schl ieren migmat i tes g r ade into t h e 
more common banded migmat i t e s t ruc tu re . 
In Fig. 1 schollen migmat i t e is m a r k e d on t h e 
shore of Haukivesi , a lake wes t of L a u k u n -
kangas. 

The plutoni tes occur as la rge silicic or 
in te rmedia te in t rus ives or as smal le r m a f i c -
u l t r amaf ic bodies. J o u t s e n m ä k i is the la rges t 
massif (Parkkinen , 1971, 1975); L a u k u n k a n -
gas, the topic of the p resen t s tudy, is one of 
the smal le r in t rusives . The s t ruc tu re of t h e 
p lu toni te bodies m a r k e d in Fig. 1 is o f t en 
ve ry complicated, and the bodies f r e q u e n t l y 
contain 3 to 5 d i f f e r en t rock types. Usual ly 
only the p redominan t rock is m a r k e d on t h e 
map. 

The L a u k u n k a n g a s in t rus ive is embedded 
in a mica gneiss—veined gneiss env i ronment . 
A n a r r o w bu t dis t inct zone of migmat i t ic 
veined gneiss occurs be tween the V a r p a r a n t a 
t r o n d h j e m i t e dome suggested by Salt ikoff 
(1965) (in the west) and the L a u k u n k a n g a s 
intrusive. The gneiss contains calc-sil icate 
gneiss f r a g m e n t s and cumming ton i t e gneiss, 
amphibol i te and pyroxene qua r t z d ior i te 
close to the conformable contact of the i n t r u -
sive. The L a u k u n k a n g a s in t rus ive does not 
seem to be associated wi th any sizeable p lu -
ton bu t occurs as a separa te body in an in -
tensely migmat ized me tased imen t suite. 

Tectonics 
The impor tance of large-scale f a u l t zones 

for the emplacement of Ni -Cu-bear ing i n t r u -
sives was proposed by Gaål (1972). The NW-
SE t rend ing l ineaments have been in te rp re ted 
as fau l t s control l ing the emplacemen t of 
maf ic intrusives. 

In the course of f ield mapp ing the area was 
submi t t ed to a stereoscopic l ineament in t e r -
pre ta t ion on the basis of aer ia l photos. The 
l ineament on the cont inuat ion of the H ä r m ä -

niemi f au l t suggested by Gaål and R a u h a -
mäki (1971), is c lear ly visible on the ma in -
land. It cont inues as f a r as Lake Kolvonen, 
bu t fo rks into two p a r t s as it passes L a u k u n -
kangas. There has, however , been no way of 
establ ishing w h e t h e r or not it is a real fau l t . 
The present au thor feels tha t it is mere ly a 
l ineament produced by coincidence in the 
direct ion of glacial t ranspor t , the t r end in 
the schistosity of the bedrock and the g r a p h -
i te-r ich and deeply wea the red and eroded 
schist zones all t r end ing in the same direct ion. 

The genera l t r end of the L a u k u n k a n g a s 
mica gneiss zone is N 70 W. The dip var ies 
f r o m 60° to 90°, e i ther to NE or SW, and the 
gneisses a re isoclinally folded. Detai led ob-
servat ions show tha t the in t rus ive conforms 
wi th the or ienta t ion in the gneiss. The l inea-
tion in the schist is usual ly NW and the 
p lunge varies f rom 30 to 65 . The average 
t rend in the regional fold axes is 315°/80°. 

The Laukunkangas intrusive 
Shape 

Geophysical da ta and observat ions on the 
bedrock suggest t ha t the sur face plan of the 
in t rus ive is an ellipse or lens-shaped. Ver t i -
cally the in t rus ive seems to be a pipe- l ike 
body tha t p lunges 75° to 85 c NW. The body, 
which is over 300 m deep, is about 1 km long 
and some 200 m wide in t h e middle. The only 
par t of the in t rus ive tha t is known in deta i l 
is the eas te rn end (Fig. 2). E a r t h w a s removed 
over an a rea of about one hectare . This a rea 
was intersected by 31 d iamond dri l l holes, to-
tal l ing 6745 m in length, and 19 percussion 
dri l l holes total l ing 537 m. On the basis of 
these and detai led geological mapp ing t h e 
geological maps and nickel d is t r ibut ion m a p s 
shown in Figs. 2 and 3 were d rawn . The 
heavy l ine on the m a p outl ines the exposed 
outcrop. 

Fig. 2, which is a somewhat s implif ied geo-
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Fig. 2. A detailed geologic m a p of the eas tern end of the Laukunkangas intrusive. 

logic map, shows several crosscutting pegma-
tite veins and a brecciated, east-west t rending 
diabase dyke that cuts the intrusive. The 
diabase is the youngest rock in the intrusive; 
it intersects all the s t ructures and presumably 
extends to the wall rock. 

The eastern end of the intrusive is s t ruc-
tural ly very heterogeneous and contains in-
tensely brecciated and metamorphosed wall-
rock tongues. Shear and breccia zones that 
often t rend almost N-S are marked on the 
nickel distribution map (Fig. 3). 

Rock types and dimensions 
The Laukunkangas intrusive consists of a 

differention series ranging f rom peridotites 
to quartz diorites (Figs. 2 and 4a). Although 
the intrusive is a pipe-like body tha t dips 
steeply towards NW, the distribution of the 
rock types in its eastern contact zone indi-
cates layered structure. At least in the com-
prehensively studied eastern part of the body 
the rock types occur as superimposed layers 
approximately parallel to the contact of the 

body. Wall-rock gneiss is occasionally en-
countered between the layers as »intercala-
tions». 

The rock types vary greatly in dimension. 
The peridotitic rocks crop out only as a nar -
row tongue in section L = 34.700; drilling 
data suggest, however, that the tongue ex-
tends downwards and nor thwards . In profile 
L = 34.725 the rock is already 10 m wide on 
the surface of the outcrop. Although i r regu-
lar in shape, the peridotite portion is obvious-
ly coherent in the eastern par t of the pluton. 
Peridotites also occur locally in other par ts 
of the intrusive as nar row zones sandwiched 
between graphite-bearing gneisses and brec-
ciated black schists. Olivine gabbros are in-
variably associated with the peridotites. 

Norite, the predominant rock type in the 
intrusive, accounts for well over half of the 
mass of the intrusive in both the exposed 
areas and the sections. Pyroxene gabbros 
occur in the southern par t of the outcrop as 
a zone with distinct boundaries that sub-
divides the eastern end of the intrusive into 
two parts. 
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Fig 3. The distr ibution of nickel within the area shown in Fig. 2. 

The contacts of the cummingtonite gabbro 
in the outcrop are sharp and distinct. Within 
the intrusive the cummingtonite gabbros 
often occur as layers 30 to 40 m thick in as-
sociation with other var iants of altered 
gabbros. The internal s t ructure of the in t ru -
sive suggests that these zones are transit ional 
ones. 

The outcrop of the intrusive contains 
f ragments of graphi te gneiss. Similar in-
tensely brecciated and folded rocks have been 
encountered within the intrusive in several 
drill holes. These have been interpreted as 
breccia f ragments loosened f rom the wall 
rock during emplacement. Various silicic 
dyke rocks are characteristic of the Laukun-
kangas intrusive. The dykes t rend preferably 
almost N-S and N70-80E. The dips are often 
gentle, although some subvertical dips are 
also encountered. 

Description of rock types 

termined on the basis of 430 thin sections 
(Table 1.) The intrusive consists of a d i f fer -
entiation series whose rock types often grade 
into one another. According to the classifica-
tion of Yoder and Tilley (1962), the rocks of 
the intrusive belong mineralogically to the 
tholeiite- olivine tholeiite suite. 

The ul t ramafic members of the series con-
sist of harzburgit ic peridotites which owing 
to serpentinization of olivine and alteration of 
pyroxene into cummingtonite, are locally 
metaperidotites. Phlogopite is a common con-
st i tuent of the altered variety. Perknites, 
which contain orthopyroxene, hornblende and 
biotite as major minerals, are the alteration 
products of pyroxenites. They are fa i r ly ra re 
in the Laukunkangas intrusive. 

The mafic members of the different iat ion 
series abound in the body. They include oli-

The mineral compositions of the Laukun-
kangas intrusive and its wall rocks were de-

Fig. 4. The geology, Ni and MgO contents and the 
Ni content in sulphide phase on profi les K = 34.650 
and K = 34.700 across the Laukunkangas intrusive. 
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Table 1. M ine ra l compos i t i ons of the ro cks of the Laukunkangas 
intrusion and contact zone 
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Peridotite M M m M m M m s M s v s M 
Metaperidotite m s M s M m m M v s M 
Perknite M s M v s M s m s v s m 

Olivine gabbro M M m M vs s M m v s M 
Olivine norite M M s M s s M v s s v s 1 M 
Metanorite m M M M m s M s v s M 
Norite M m M s M M VS v s v s v s v s M 
Pyroxene gabbro M M M v s m M s v s v s m 
Hornblende qabbro M c M v s M m c v s v s c 
Metagabbro m m m M m M s m c s VS v s c 
Cumminqtonite qabbro vs M M M M s s v s v s vs v s m 
Diorite M v s M v s M vs c c c v s c 
Pyroxene quartz diorite M M m M v s M M s s s c 
Quartz diorite M m M v s M M s s s c 
Trondhiemite M c M M c c c s v s c VS v s c 

D Y K E S 
Diabase M m M s M m c s s v s c c v s v s 

Pyroxene diabase m m M m m M vs v s v s v s v s c 
Peqmatite n 0 t s t u d j e d 

S U P R A C R U S T A L R O C K S 
Amphibolite m m M m m M m c 
Pyroxene amphibolite M M M M m m s c c c 
Amphibole rock M M m M m 
Pyroxene-qarnet qneiss M M s M M s s c c c s M 
Pyroxene qneiss M c M M m c c c 
Garnet gneiss v s M c M M c s c c s c M v s 

Biotite qneiss c M m M M M c c c c 
Gumminqtonite qneiss M M M M c c c c c 
Chlorite qneiss m m M M M M M c c vs s 
Hornblende qneiss M M M M c c c c 
Cordierite-qraphite qneiss m M m c c c M c c c M m 
Graphite gneiss m c c M M s c c m c c M 
Black schist M M c c c M 
Pyroxene kinziqite m s s M s M M S c s v s c c s M c M 
Kinziqite M M M C s c s c s M m M 

O T H E R S 
Blastomylonite c m M m M M c c C m 

M = major mineral present 
m = minor " 
c « character ist ic accessory mineral: 

found in practically every thin section studied 
s • rare accessory mineral 
vs • very rare mineral, only in a few thin sections 
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vine gabbro, olivine norite, norite, pyroxene 
gabbro, hornblende gabbro, metagabbro and 
cummingtonite gabbro. The olivine gabbros 
and olivine norites are coarse-grained and 
ra ther equigranular rocks, with olivine, or-
thopyroxene, hornblende, f resh plagioclase 
(labradorite) and opaques (mainly sulphides) 
as main minerals. The orthopyroxene, which 
is cloudy and pleochroic hypersthene, is of ten 
in tergrown with brown »basaltic» horn-
blende. In »metanorites» the olivine has com-
pletely altered into serpentine and the rock 
often contains coarse scales of phlogopite. 
Likewise, plagioclase has undergone sericiti-
zation. 

Norite is by fa r the most common rock type 
in the intrusive. In texture it is hypidiomor-
phic-granular and often ophitic; in grain size 
it varies f rom the coarse-grained pegmatit ic 
to the f ine-grained foliated norites. Plagio-
clase is f resh and euhedral and the ortho-
pyroxene f requent ly subhedral . The norites 
are f ree f rom clinopyroxene, whereas in the 
pyroxene gabbros augite is one of the ma jo r 
minerals. The hornblende gabbros are not as 
common as the pyroxene gabbros. Macro-
scopically the metagabbros and cumming-
tonite gabbros are paler than the other gab-
bros. In the cummingtonite gabbro the ortho-
pyroxene has altered almost entirely into pale 
cummingtonite, which occurs as lamellar 
grains that have preserved the shape of the 
pr imary hypersthene. 

Diorite and pyroxene quartz diorites are 
minor constituents in the intrusive and occur 
mainly in its brecciated and heterogeneous 
contact zones. Quartz diorites and t rondhje -
mites are met with close to the contact zone 
as minor dykes. Silicic pegmatit ic and mafic 
diabase dyke rocks abound in the intrusive. 
The mafic dykes are pyroxene diabases and 
»gabbroic amphibolites» granoblastic in tex-
ture. The mineral compositions of the supra-
crustal wall rocks in the intrusive are listed 
in Table 1. As a rule the wall rock mica 

gneiss is migmatit ic in s t ructure and brec-
ciated along the contacts. 

The graphi te gneiss, black schist and graph-
ite breccias that occur within the intrusive 
are very heterogeneous, often intensely folded 
and brecciated rocks in which wall rock and 
plutonite f ragments are embedded in a 
graphi te schist matrix. They f requent ly show 
yellowish or white carbonate veins and 
white quartz veins that are locally abundant . 
Pyr i te veins and pyrrhot i te-pent landi te dis-
seminations are also common. 

In places mylonites are associated with 
shear or breccia zones and with the contacts 
of the pegmati te dykes. In the plutonites the 
mylonites usually occur as nar row swarms of 
greenish veins rich in epidote. 

Contact alteration 
The marginal zone between the intrusive 

and the wall rock is f rom a few decimetres 
to a few metres thick. The contact is brec-
ciated, part icularly on the side of the wall 
rock, and hence on the ground plan, no clear 
alteration zone can be recognized at the con-
tact. Several drill cores, however, demon-
strate that there is a na r row zone of horn-
blende gabbro and diorite in the intrusive 
close to the contact with the wall rock. The 
zone passes into gneiss gradual ly as the 
intrusive rock grades into a f ine-grained and 
oriented var iant with the increase in the 
abundance of garnet . 

The alteration of norite begins locally with 
metanori te followed by garnet i ferous hyper-
sthene gneiss or kinzigite. Occasionally nori te 
grades into the wall rock through cumming-
tonite-bearing pyroxene gabbro, and the py-
roxene gabbro zone may at tain several metres 
in thickness. In places af te r norite the t ran-
sitional series in the contact zone has quar tz-
nori te followed by a f ine-grained or medium-
grained quartz diorite that grades into gar-
netiferous hypers thene gneiss. 
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Table 2. Chemical compositions of the Laukunkangas rocks. o 
Ar i thmet ic means 9 
Rock type 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
Number of 
samples 14 2 124 134 17 33 6 33 2 19 5 3 10 2 5 3 29 441 
analysed 

SiO» 41.24 49.29 50.91 47.04 51.24 52.31 52.65 67.39 49.84 64.74 43.51 60.15 51.64 57.34 65.51 57.03 50.43 51.65 
T i 0 2 0.54 0.82 0.66 0.63 0.91 0.87 0.52 0.43 0.68 0.75 0.65 0.76 0.49 0.66 0.39 0.60 0.58 0.65 
AI2O3 6.79 11.21 14.22 11.28 11.28 15.21 15.31 14.14 13.10 13.40 11.72 14.06 12.61 15.06 15.01 14.35 12.33 12.82 
FeO * 16.86 13.36 10.29 15.25 11.52 9.14 8.15 4.11 12.48 6.66 12.59 8.20 12.67 8.19 5.41 8.16 13.77 11.55 
MnO 0.09 0.11 0.13 0.13 0.15 0.11 0.11 0.03 0.13 0.06 0.13 0.07 0.09 0.04 0.03 0.06 0.09 0.11 
MgO 17.92 10.76 10.72 11.92 14.39 8.13 9.69 2.35 9.95 3.00 7.69 4.06 7.26 3.85 2.39 5.78 7.77 9.79 
CaO 4.53 5.35 7.19 5.81 5.86 7.60 8.34 3.20 7.91 3.44 8.75 3.63 3.97 3.17 3.75 4.82 5.05 5.93 
Na^O 0.93 1.33 1.99 1.38 1.45 2.30 2.33 3.55 1.78 2.67 1.17 2.96 1.42 1.11 3.56 2.64 1.93 1.92 
KoO 0.28 1.42 0.60 0.55 0.64 1.01 0.68 1.67 0.83 2.18 0.83 1.84 1.58 2.77 1.23 1.33 1.14 0.85 s 2.21 1.83 0.59 3.07 0.47 0.48 0.13 0.29 2.68 0.37 1.91 0.39 4.11 3.16 1.61 0.59 3.93 1.69 

91.39 95.43 97.30 97.06 97.91 97.16 97.91 97.16 99.38 97.27 93.95 96.12 95.84 95.35 98.89 95.36 97.02 96.96 
* Total Fe as FeO 
S tandard deviations. 

SiOo 5.77 6.84 2.19 5.49 2.16 1.97 1.59 5.94 4.72 5.14 10.10 4.72 4.40 3.34 3.32 4.01 12.66 8.14 
T i 0 2 0.09 0.25 0.19 0.18 0.45 0.39 0.08 0.28 0.01 0.33 0.33 0.31 0.08 0.12 0.25 0.07 0.29 0.26 
AI2Ö3 1.62 2.91 2.52 2.87 2.16 1.86 3.13 1.37 0.73 1.46 3.72 1.55 3.35 1.53 1.61 1.39 3.31 3.10 
FeO 3.05 5.97 2.55 4.47 1.38 1.42 1.39 1.86 6.00 1.17 7.52 1.17 3.19 0.65 2.17 0.30 11.46 5.45 
MnO 0.06 0.03 0.04 0.04 0.03 0.03 0.06 0.03 0.01 0.04 0.07 0.03 0.04 0.02 0.01 0.07 0.04 0.05 
MgO 1.18 0.98 2.57 3.57 3.47 2.03 4.80 1.25 0.12 1.36 1.61 1.12 5.57 0.97 0.68 2.29 3.76 4.58 
CaO 1.02 0.20 1.24 1.32 1.57 1.23 2.41 1.01 0.19 1.46 5.14 1.24 0.97 0.94 0.73 1.19 2.22 2.01 
Na->0 0.23 0.43 0.58 0.50 0.38 0.58 0.90 0.68 0.27 0.62 1.05 0.39 0.40 0.54 0.40 0.86 0.91 0.87 KoO 0.14 1.01 0.17 0.22 0.15 0.28 0.29 0.73 0.83 0.23 0.57 0.33 0.85 0.25 0.27 0.56 0.66 0.60 S 0.69 2.03 0.68 2.55 0.42 0.67 0.05 0.24 2.12 0.51 2.37 0.17 1.66 0.69 0.85 2.01 8.55 2.89 

1 peridotite 
2 perkni te 
3 norite 

4 norite, ore-bear ing 
5 pyroxene gabbro 
6 hornblende gabbro 

diabase 
pegmati te 
pyroxene gneiss 

10 biotite gneiss 
11 mylonite 
12 garnet kinzigite 

13 black schist 16 
14 graphi te gneiss 17 
15 t rondhjemi te 18 

marginal norite 
migmatit ic rocks 
whole intrusive 



The Laukunkangas nickel-copper occurrence . . . 33 

Geochemistry of the host rocks 

Compiled in Table 2 are the XRF data on 
the rock types. The samples were analysed 
at the laboratory of the Exploration Depart-
ment of Outokumpu Oy. The sulphur con-
tents were determined by an automatic Leco 
t i trator. Most of the 441 samples were taken 
f rom the drill holes of profiles K = 34.650 and 
K = 34.700. The sampling was systematic, 
and pieces 1 to 2 m long drill cores were 
taken f rom each hole at intervals of 3 to 5 m. 
The analytical data were grouped according 
to rock types. 

The sum of the analysed components in 
peridotites in Table 2 is only 91.39 °/o. The 
samples were not, however, assayed for wa-
ter, whose content in the altered chlorite- and 
serpentine- bearing rocks may be several per-
centages. Neither are included the Ni and 
Cu concentrations incorporated in sulphides. 

Comparison of these data with the corre-
sponding rock compositions at Kotalaht i and 
Hitura (Papunen, 1970) and Par ikkala (Häkli, 
1963) shows that the SiOo contents in the peri-
dotites are very close to each other: at Lau-
kunkangas the peridotites contain 41.24 °/o 
S i 0 2 at Kotalaht i 45.14 %>, at Hi tura 41.64 % 
and at Par ikkala 45.05 % S i 0 2 . The lowest 
A L 0 8 content, 1.63 °/o, is at Hi tura; the 
highest, 6.79 °/o, at Laukunkangas : at Kota-
lahti and Par ikkala the f igure is 5.84 %. The 
MgO content is distinctly lowest, 17.92 %, at 
Laukunkangas and highest, 26.77 °/o, at Hi-
tura; at Par ikkala the corresponding content 
is 19.87 % and at Kotalaht i 25.05 %>. The 
Hitura peridotite is richest in alkalies: N a 2 0 
+ KoO is 2.42 °/o, whereas in the other peri-
dotites it is f rom 1.21 to 1.65%. The CaO 
content is 10.44 % at Par ikkala ; in the other 
peridotites it is between 3.44 and 4.53 %. 

The gabbros also differ . At Laukunkangas 
the hornblende gabbros assay 52.31 % S i0 2 , 
but at Kotalahti 50.69 % S i0 2 . The d i f fer -
ences are even more marked in the MgO con-

A l 2 0 3 

0 PYROXENE GABBRO 
« PER IDOT ITE 

Fig. 5. Compositional var ia t ions in peridoti tes and 
gabbros at Kotalaht i , Hi tura , Pa r ikka la and L a u -

kunkangas . 

tents: the Kotalaht i gabbros assay 14.84 % 
MgO; the Laukunkangas varieties 8.13 % and 
the Par ikkala ones 5.17 %. 

Fig. 5 shows the compositional variat ion of 
the above rock types in a te rnary diagram. 

The analytical data on Laukunkangas are 
characterized by the rapid decrease, especial-
ly in MgO contents, f rom peridotites (17.92 %) 
to hornblende gabbros (8.13 %). Correspond-
ingly the Ca, Al, Na and K abundances in-
crease at a high rate towards the acidic rocks. 

The compositions of the rocks of the Lau-
kunkangas intrusive have been plotted on a 
t e rnary diagram MgO — A L 0 3 — ( N a 2 0 + 
K 2 0 ) (Fig. 6). The rocks of the differentiat ion 
series and the dyke rocks were sampled f rom 
profiles K = 34.650 and K = 34.700. Supra-
crustal samples were taken f rom the wall 
rock close to the contact zone. 

The diagrams demonstrate tha t the d i f fe r -
entiation series is continuous, extending f rom 
peridotites through norites to pyroxene and 
hornblende gabbros. The compositions of the 
di f ferent rock types f requent ly overlap, pos-
sibly because of contamination between the 
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layers in the in t rus ive . The nor i te in the 
marg ina l zone is r ichest in alkal ies and a lu-
min ium. The m a g m a type is close to tholeii t ic 
in composition. 

Comparison of the d i f fe ren t ia t ion series a t 
L a u k u n k a n g a s wi th those at Kota lah t i and 
P a r i k k a l a (Papunen, 1970) shows t h a t the 
rocks at L a u k u n k a n g a s are dis t inct ly poorer 

A I 2 O 3 

* V E I N E D G N E I S S 
+ G R A P H I T E G N E I S S 

Fig. 6. Composit ional var ia t ions in the rocks at 
Laukunkangas . 

in MgO, and tha t the a lkal i contents a re 
lower at L a u k u n k a n g a s t han at Kota lah t i . 

The composit ions of the silicic dyke rocks 
plot wi th in a res t r ic ted area and f o r m a wel l -
out l ined field. A rock wi th the composit ion 
of the maf ic dyke var ie t ies fa l ls wi th in the 
f ield of nor i tes and gabbros . 

The suprac rus ta l rocks a re homogeneous in 
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Table 3. C.I.P.W. norms of the Laukunkangas rocks. 

1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 

Quar tz 1.63 0.26 23.96 15.71 24.24 
Orthoclase 1.65 8.39 3.54 3.25 3.78 5.97 4.02 4.91 12.88 10.86 7.27 
Albite 7.87 11.25 16.84 11.68 12.27 19.46 19.71 15.06 22.59 25.05 30.12 
Anor th i te 13.52 20.42 28.10 22.96 22.38 29.19 29.31 25.30 17.06 18.01 18.60 
Corundum — • — — — — — • — — 0.39 0.60 1.00 
Diopside 7.31 5.03 6.19 4.84 5.43 7.80 9.82 11.49 — — — 

Hypers thene 21.36 45.01 38.27 37.77 48.43 31.97 33.67 31.74 18.57 24.05 15.30 
Olivine 36.44 1.98 2.52 12.30 3.41 — — 6.91 — — — 

I lmenite 1.03 1.56 1.25 1.20 1.73 1.65 0.99 1.29 1.42 1.44 0.74 
S u m 89.18 93.64 96.71 94.00 97.43 96.67 97.78 96.70 96.87 95.72 97.27 

I [ Wo 3.74 2.55 3.16 2.45 2.79 3.97 5.04 5.82 — — — 

Diopside s En 2.13 1.33 1.80 1.25 1.70 2.16 3.00 3.00 — — — Diopside s [ Fs 1.44 1.16 1.23 1.14 0.94 1.67 1.78 2.67 — — — 

Hypers thene <J 1 En 12.73 24.04 22.84 19.71 31.12 18.08 21.13 16.80 7.47 10.12 5.96 Hypers thene <J ( Fs 8.63 20.97 15.43 18.06 17.31 13.89 12.54 14.94 11.10 13.93 9.34 
. • 1 1 Fo 20.86 1.01 1.44 6.12 2.11 — — 3.4Q — — — Olivine j 1 Fa 15.58 0.97 1.08 6.18 1.30 — — 3.42 — — — 

Plagioclase An 63.22 64.47 62.53 66.29 64.59 59.16 59.78 62.68 43.03 41.82 51.13 
1. = peridot i te 
2. = perkn i te 
3. = nori te 
4. = nori te, ore-bear ing 

5. = pyroxene gabbro 
6. = hornblende gabbro 
7. = diabase 
8. = pyroxene gneiss 

9. = mica gneiss 
10. = kinzigite 
11. = t rondh jemi t e 

te rms of alkalies bu t show a large var ia t ion 
in AloO.j contents. 

The C.I.P.W. norms listed in Table 3 were 
calculated, as suggested by Bingler et al. 
(1976), f rom the average compositions com-
piled in Table 2. Comparison of these re-
sults wi th the microscopic observations (Ta-
ble 1) reveals conspicuous differences. Py-
roxene gabbros and nori tes are olivine nor-
mative, a l though olivine has not been re-
vealed by microscopic examinat ion. Similar-
ly, there are differences in the plagioclase 
abundances. One of the reasons for the dif-
ferences is tha t iron was determined as total 
iron, which includes the iron incorporated in 
sulphides and calculated to FeO. Examina-
tion of the normat ive compositions, however, 
shows tha t the rocks at Laukunkangas con-
tain abundan t hypers thene and tha t the 
or thopyroxene has slightly more enstat i te 
than ferrosil i te. Likewise, olivine is for -
s ter i te-predominant . The normat ive anor th i te 
content in the plagioclase is consistent wi th 

the values determined f rom thin sections; 
the composition is close to the labrador i te in 
nori tes as well. 

The dif ferent ia t ion indices calculated ac-
cording to Bingler et al. (1976) were compared 
wi th the S i 0 2 and MgO contents in the rocks. 
The results presented in Figs. 7 and 8 de-
monst ra te two dif ferent ia t ion t rends in the 
rock types of the intrusive. This suggests 
that there were at least two emplacement 
stages at Laukunkangas : I) peridotites, ore-
bearing nori tes and pyroxene gabbros; and II) 
perknites, ba r ren nori tes and hornblende 
gabbros. The mineral izat ion is associated 
with the f i rs t stage alone, a l though some 
relics of the sulphides are occasionally en-
countered in the rocks of the second stage as 
well. 

The di f ferent ia t ion indices of grani tes and 
t rondhjemi tes d i f fer marked ly f rom those of 
the maf ic rocks and form an individual series 
on the diagrams. 
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Fig. 7. The di f ferent ia t ion indices of plutonites versus SiO->. 

As shown in Fig. 8, the two d i f fe ren t i a t ion 
series in the in t rus ive are well ref lected in 
the MgO contents of the rocks. Fu r the r , the 
MgO contents w e r e h igher in the f i rs t s tage 
than in the second. 

Compiled in Fig. 4c are the MgO contents 
in dri l l cores t aken f r o m holes in prof i les 
K = 34.650 and K = 34.700. The layered 
s t ruc tu re is c lear ly visible in the d iagram, 

a l though it is d i f f icu l t to out l ine the exact 
boundar ies be tween the layers. The va r i a -
tion in MgO contents should p robab ly be a t -
t r ibu ted to a l tera t ion and contamina t ion in 
the t rans i t iona l zones be tween layers and 
rock types. 

Fig. 9 shows the e lementa l abundances in 
dr i l l core EK/La-25 against its l i thology. 
Owing to their low S iO ä contents the per i -
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Fig. 8. The d i f ferent ia t ion indices of plutoni tes versus MgO. 

dotites show up clearly. The contaminat ion 
is demonstra ted par t icular ly in the change in 
MgO, S i 0 2 and Cr contents across the boun-
daries between the zones. The S i 0 2 content 
in metagabbros and cummingtoni te gabbros 
is slightly less than 50 °/o, whereas in nori tes 
it is above 50 %>. In the MgO diagram the 
peridoti tes and olivine gabbros are at about 
the 20 °/o level whereas the norites. meta-
gabbros and cummingtoni te gabbros are at 
under 15 u/o. Down to a depth of 115 m, how-
ever, the surficial nori te is fa i r ly rich in MgO. 
In the marginal zone the MgO content in 
norite falls to 5 °/o; in veined gneiss it is less 
than 5 °/o. 

On the basis of the MgO curve the in-
trusive can be subdivided into three par ts : 
1) the lower zone at a depth between 210 
and 295 m; 2) the in termedia te zone at 115 
to 210 m; and 3) the upper zone f rom 0 to 

115 m. The metagabbros and cummingtoni te 
gabbros tha t occur on the boundaries of these 
zones show distinct changes in MgO contents. 
Par t icu lar ly between the lower and in ter-
mediate zones there is a t ransi t ional zone 
that is characterized by enhanced S i 0 2 , in-
tense f luctuat ion in MgO and depletion in 
Cr. The Cr content in the in termedia te zone 
averages 0.10 to 0.15 %>, whereas in the upper 
and lower zones it is be tween 0.2 and 0.3 °/o. 
However, in the lower par t of the in ter -
mediate zone there is a Cr-r icher portion 
that assays about 0.3 °/o Cr. 

Also shown in Fig. 9 are the Ba, Sr and 
Zr contents. The peridotit ic lower part , which 
also contains olivine gabbros, is clearly dis-
t inguished f rom the in termedia te and upper 
zones. The s t ront ium content in the lower 
zone is more or less constant at c. 150 ppm. 
The average Zr content is 35 ppm. 
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% Ek/La-25 % 

Fig. 9. The geology and var ia t ions in Ba, Sr, Zr, Cr, MgO and SiO> and in the nickel content of the 
sulphide phase ( S F N i ) in dril l hole EK/La-25. 1. norite, 2. cummingtoni te gabbro, 3. pyroxene gabbro, 

4. olivine gabbro, 5. peridotite, 6. ore, 7. t rondhjemi te , 8. veined gneiss. 

The ba r ium content var ies b e t w e e n 20 and 
700 ppm. In the upper zone the corresponding 
averages are: 50 ppm Zr, 270 p p m Sr and 
420 ppm Ba. In the in t e rmed ia te zone the 
concent ra t ions v a r y considerably; as a ru le 
the highest concentra t ions a re encountered 
in me tagabbros and cummington i te gabbros . 
The t rans i t iona l zone shows up, pa r t i cu la r ly 
because of the Ba and Sr contents. The 
average contents in the wal l rock veined 
gneisses a re 160 ppm Zr, 290 ppm Sr and 
1 050 ppm Ba. The pegmat i t ic veins m a y con-

tain over 1 400 ppm Zr, about 1 200 p p m Sr 
and near ly 2 500 ppm Ba. 

Ore occurrences 
The sulphides at L a u k u n k a n g a s are con-

cent ra ted at the eas te rn end of the in t rus ive 
(Fig. 3), the richest occurrences being close 
to the contacts. On the hor izonta l p lane the 
ore minera l iza t ion seems to f o r m an a rch -
like zone in the eas tern pa r t of the in t rus ive . 
Only sporadic and small su lphide occurrences 
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have been encountered in the middle of the 
intrusive. 

The ore mineral paragenesis at Laukun-
kangas is simple. The main minerals are 
pyrrhoti te , pentlandite and chalcopyrite. 
Magnetite, ilmenite, violarite, rutile, graphi te 
and anatase are common accessories; 
sphaleri te and molybdenite are rare. Nar row 
nickel arsenide veins are occasionally en-
countered in the contact zone. 

Ore Types 

The ore types include the dissemination 
in norites and gabbros, the dissemination in 
peridotites, the breccia ores and the sulphide-
bearing graphi te rocks. 

The disseminated sulphides in norites and 
gabbros vary f rom fine-grained to coarse-
grained, i.e. f rom less than 0.1 mm to several 
cm in diameter. The grains generally exhibit 
interstit ial forms against the silicates. The 
anhedral pyrrhot i te often contains euhedral 
or subhedral pent landi te as inclusions as well 
as small pentlandite exsolution bodies and 
»flames». Anhedral chalcopyrite portions are 
almost invariably present. 

As a rule the sulphide grains are fresh, and 
replacement s t ructures are rare. When 
abundant , the sulphides show an inter-
granular texture. 

The disseminated sulphides in peridotites 
are either intersti t ial grains or constitute a 
network of in tergranular dissemination in 
which the matr ix is composed of sulphides. 

The sulphides average 6 wt-°/o as against 
less than 4 wt-°/o in norites. Violarization 
of pent landi te is more common in peridotites 
than in norites. Magnetite has commonly 
formed in and around the f rac tures of the 
sulphide grains as a result of the serpentini-
zation of olivine. Rare accessoric i lmenite oc-
curs as independent grains. 

The sulphide breccias and veins, which 
favour the contact zone of the intrusive are 
composed of massive sulphides or contain 
wall rock f ragments and inclusions. 
Pyrrhoti te , pentlandite and chalcopyrite are 
the predominant minerals, chalcopyrite and 
pentlandite occurring as coarse grains or in-
tergranular str ingers between the pyrrhot i te 
grains. Pent landi te »flames» are common in 
pyrrhoti te. The accessories are sphalerite, 
gersdorffi te, ilmenite, magnetite, ruti le and 
graphite. 

The sulphide mineralization in the graphi te 
schist inside the intrusive is pyri te-pre-
dominant and thus differs markedly f rom 
that in peridotite. The sulphides occur as 
bands in an intensely folded graphi te schist. 
Pyr i te contains f ine-grained inclusions of 
chalcopyrite, pentlandite and millerite; 
sphaleri te may be fair ly abundant . 

Drill hole EK/La-16 intersected a nickel 
arsenide vein a few mm thick in the wall 
rock outside the intrusive. Within the vein 
a two-phase gersdorff i te was observed in the 
reaction seam between niccolite and pent-
landite. The compositions of the phases are 
shown in Table 4. 

Table 4. Chemical composition of niccolite, gersdorf f i te (two reaction rims) and pent landi te . Electron 
microprobe determinat ions . 

S °/o As °/o Fe %> Co »/o Ni %> Sum °/o 

Niccolite 0.18 54.06 0.03 0.04 43.15 97.46 
Gersdorf f i te ; middle 18.81 45.58 5.15 7.50 23.98 101.02 
Gersdorf f i te ; r im 19.01 44.61 1.26 2.04 32.48 99.41 
Pent landi te 32.86 0.00 29.64 0.12 37.19 99.81 
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Table 5. Calculated normat ive abundances of sulphides in drill hole Ek/La-25. 

1. 2. 3. 4. 5. 6. 

Pyr rho t i t e 3.45 83.84 3.12 85.47 4.76 77.28 
Pent landi te 0.62 11.78 0.51 10.24 1.08 18.05 
Chalcopyri te 0.16 4.38 0.13 4.29 0.28 4.67 
Sum 4.23 100.00 3.76 100.00 6.12 100.00 
Number of 
samples 166 166 133 133 33 33 
1. the whole drill hole, mean value 4. sulphide phase in nori tes and gabbros 
2. sulphide phase in the whole drill hole 5. peridoti tes 
3. nori tes and gabbros 6. sulphide phase in peridoti tes 

Chemistry of the sulphide occurrence 

Calculated f rom the analytical data of drill 
hole EK/La-25, the average sulphide con-
centration in the intersected intrusive is 4.23 
wt-°/o (Hänninen, 1978). Of the sulphides, 
pyrrhot i te accounts for 83.84 %>, pent landi te 
11.78 % and chalcopyrite 4.38 %> (Table 5). 
The abundance of sulphides varies f rom under 
0.5 °/o in disseminated ores to about 90 °/o in 
massive ores. 

In peridotite, the calculated pent landi te 
abundance in sulphide phase is about 18 to 
20 °/o, whereas in norites and gabbros it is 
c. 8 to 10 °/o. The corresponding Ni concen-
trations in sulphide phase are 5.7 °/o in peri-
dotite and 2.5 to 4.5 °/o in norites and gabbros. 

Fig. 4 b shows in detail the distribution of 
sulphide nickel in the Laukunkangas in-
trusive. The figures demonstrate clearly tha t 
the distribution of sulphides is heterogeneous. 
The pa t te rn is the same as that on the ground 
plan (Fig. 3). The nickel abundances are 
highest at the eastern end of the intrusive 
close to the contact. The Ni accumulations 
inside the intrusive are sporadic and shaped 
like nar row lenses or slabs. Nickel contents 
exceeding 1 per cent are encountered in 
peridotites and ore norites, par t icular ly in 
profile K = 34.700. 

The metal contents calculated for the 
mineralized portion (Ni + Cu > 0.3 °/o) of 

profile K = 34.700 are given in Table 6. The 
following average ratios characterize the 
occurrence: Ni/Cu = 3.15; Ni/Co = 17.31; 
Cu/Co = 5.49. The corresponding ratios for 
the perknites at Kotalaht i are Ni /Cu = 2.95; 
Ni /Co = 21.0 (Papunen, 1970). 

In Finnish ul t ramafic and mafic intrusives 
the average Ni/Co ratio is 13.6 for peridotites, 
10.1 for perknites, 6.4 for olivine gabbros, 
5.9 for norites, 3.8 for gabbros, 2.4 for diorites 
and 1.9 for quartz diorites (Häkli, pers. 
comm.) Hence, the nickel content in the rocks 
decreases rapidly and the relative Co abun-
dance increases as the SiO a rises. 

The Co content at Laukunkangas is distri-
buted in the profiles studied in roughly the 
same way as the Ni content. In the mineral i-
zation the cobalt content varies between 400 
and 800 ppm. Maximum contents of over 1 600 
ppm occur at sites where the nickel abun-
dances exceed 1.0%. 

Table 6. Metal content of the mineral ized portion 
of profi le K = 34.700. 

a r i thmet ic 
mean 

s tandard 
deviation 

Cu 1 460 ppm 1 315 ppm 
Zn 46 ppm 22 ppm 
Ni 4 600 p p m 5 400 ppm 
Co 265 ppm 240 ppm 
S 3.93 °/o 4.23 °/o 



The L a u k u n k a n g a s nickel-copper occurrence ... 41 

1:-. 

•A " 

S F N ' N i % 
Ek/La -1 30 . . . . Fig. 10. The nickel con-

3+ I-..'-- •'. " N o n t e s tent of the sulphide phase v Peridotites ^ d r m c o r e s to 
EK/La-30 versus the 
nickel incorporated in 
sulphides. The data on 
samples tha t contained 

! _ _ _ less than 0.3 °/o S a re 5 Niv. omitted. 

The su lphur content in the ore is f r e -
quent ly f rom 3 to 6 %>. Whenever the Ni 
content is 0.5 to 1.0 °/o the su lphur content 
is f rom 5 to 9 °/o. Massive ore veins have 
been encountered in some drill holes, e.g. 
EK/La-23 and EK/La-25, in which the 
sulphur content is above 30 "/o, the Ni content 
is f rom 4 to 5 °/o and the Co content up to 
0.18 "/o. 

Te Ni content in the sulphide phase, S F N i . 
was calculated f rom the analytical da ta as 
follows: 

Ni content S F N l = 36.5 X 
S content 

The calculated average Ni content in the 
sulphide phase in profi le K = 34.700 is 
4.81 °/o, with a s tandard deviation of 1.39 °/o. 
The results are shown in detail in Fig. 4d. 

The highest contents, over 6 °/o, are in pe-
ridoti te and olivine gabbro in drill hole 
EK/La-25 and in nori te in drill hole EK/La-
16. In profi le K = 34.700 the p redominant 
level is 4.5 to 6.0 °/o Ni; in profi le K = 34.650 
it is 3.5 to 4.0 °/o Ni. The cryptic layering in 
the intrusive seems to be best reflected in the 
Ni abundance in the sulphide phase. 

Fig. 10 shows the calculated Ni contents in 
the sulphide phase in the samples collected 
f rom drill holes 1 to 30 at Laukunkangas . 
Samples wi th a su lphur content under 0.3 °/o 
were omitted. The diagram exhibits a large 
and ra ther i l l-defined scattering in S F N 1 f r om 
2.0 to 7.5 %>. The average S F N i contents in 
peridotites, over 4.0 %>, are higher than those 
in norites. The highest Ni contents in the 
massive sulphide veins are about 5 °/o. 
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Fig. 11. The S/Ni ra t io in the host rocks of the contact zone and in the wall rocks in dril l holes 
EK/La-12 and EK/La-17 and in the black schis t -graphi te rocks wi th in the intrusive in dri l l holes 
EK/La-29 and EK/La-30. The Ni contents on the abscissa re fe r to the averages of the sampling 

intervals. 

Chemical composition of sulphides in graphite 
gneiss, graphite breccia and black schist 

Graphi te-bear ing rocks are encountered 
within the Laukunkangas intrusive. Black 
schists and graphi te breccias occur in the 

contact of the intrusive and in its wall rock. 
The sulphur to nickel ratios of the contact 

rocks and wall rocks are shown by diagrams 
(Fig. 11) drawn on the basis of data f rom drill 
holes EK/La-12 and EK/La-27. Drill holes 
EK/La-29 and EK/La-30 demonstrate the cor-
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Table 7. Average chemical composition of pentlandites . Electron microprobe determinat ions . 

Sample 1. 2. 3. 4. 5. 6. 
Number of 
analyses 3 4 3 3 3 3 

Fe 29.68 27.84 29.06 29.87 29.67 29.33 
Ni 34.33 38.54 34.05 35.54 34.21 34.71 
Co 2.37 0.04 3.19 0.86 3.17 2.38 
S 33.80 33.26 33.12 33.42 33.42 33.33 
Total 100.18 »/o 99.68 °/o 99.42 °/o 99.69 °/o 100.47 °/o 99.75 °/o 
1. Ek/La-30 , 158.70 disseminated ore in nori te (Ni = 0.12 %>) 
2. Ek/La-30, 170.00 black schist (Ni = 0.21 °/o) 
3. Ek /La-1 , 58.00 disseminated ore in nor i te (Ni = 1.32 °/o) 4. Ek/La-25 , 300.25 massive ore (Ni = 5.12 °/o) 5. Ek/La-23 , 89.15 mylonit ized ore (Ni = 0.40 °/o) 
6. Ek/La-16, 39.00 disseminated ore in nori te (Ni = 0.83 %>) 

responding ratios in the graphi te schists 
within the intrusive. These graphi te schists 
are conspicuously rich in Ni, the nickel con-
tent incorporated in sulphides being as high 
as 0.52 %>. This is markedly higher than in 
the corresponding rocks in the environment , 
where the Ni content is usually under 0.10 8/o. 
The sulphur content in the graphi te schists 
intersected by drill hole EK/La-12 is between 
4.0 and 8.5 °/o. 

The influence of the mafic intrusive is 
clearly reflected in the S/Ni ratios in drill 
holes EK/La-12 and EK/La-27, which show 
that in the contact zone nickel has migrated 
into gneiss. Far ther away f rom the contact, 
however, the S/Ni ratio in the gneiss gradu-
ally increases to 140. The graphi te-bearing 
rocks within the intrusive seem to have been 
equilibrated at a S/Ni ratio of 10 to 20. The 
sulphur-nickel ratio thus varies distinctly 
in the graphi te rocks, depending on their 
location. 

The in t raformat ional graphi te schists may 
be f ragments of the sulphide-bearing mica 
gneiss- black schist horizons in the environ-
ment. The f ragments in the mafic intrusive 
have acquired nickel ei ther f rom the silicates 
in the intrusive or through invasion of nickel-
rich sulphides f rom the mafic rocks. 

Chemical composition of the ore minerals 

Tables 7 to 10 give the analytical data for 
pentlandite, pyrrhot i te and pyrite. 

Pent landi te occurs in two di f ferent sulphide 
associations. In Table 7 sample 2 represents 
the pyri te-milleri te- pent landi te association; 
all the other samples belong to the monoclinic 
pyrrhot i te- hexagonal pyrrhot i te- pentlandite 
association. The average chemical composi-
tions of pentlandites in associations are shown 
in Table 8. The associations differ clearly in 
their nickel and cobalt contents. The Ni con-
centration in pentlandite varies f rom 34.21 to 
38.54 %>. The highest Ni concentration, 
38.54 °/o was recorded f rom the pyri te-
bearing black schist that showed the 
lowest Co abundance, 0.04 °/o. Similarly the 
pentlandites in the Jussi orebody show higher 

Table 8. Average chemical compositions of the 
pent landi tes in mpo — hpo — pn and py — ml — pn 

associations. 

mpo — hpo — pn py — ml -- p n 

Fe 29.52 27.84 Co 2.39 0.04 Ni 34.57 33.54 S 33.42 33.26 
Total 99.90 °/o 99.68 ®/o 
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Table 9. Average chemical composition of pyrrhot i tes . Electron microprobe determinat ions . 

Sample 1. 2. 3. 4. 5. 
Number of 
analyses 4 4 3 3 3 

Fe 59.60 59.69 59.62 59.48 59.49 Ni 0.50 0.29 0.37 0.40 0.36 Co 0.04 0.01 0.02 0.02 0.03 S 39.53 39.33 39.72 39.80 39.99 
Total 99.67 °/o 99.32 %> 99.73 °/o 99.70 °/o 99.87 %> 
1. Ek/La-30, 158.70 
2. Ek /La-1 , 58.00 
3. Ek/La-25 , 300.25 
4. Ek/La-23, 89.15 
5. Ek/La-16, 39.00 

disseminated ore in 
disseminated ore in 
massive ore 
mylonitized ore 
disseminated ore in 

nori te (Ni = 0.12 °/o) 
nor i te (Ni = 1.32 °/o) 

(Ni = 5.12 °/o) 
(Ni = 0.40 %>) 

nori te (Ni = 0.83 %>) 

Ni content and lower Co contents than in 
any other orebodies in the Kotalaht i deposit 
(Papunen, 1970). 

The Co content in the pentlandite in the 
disseminated ores is between 2.37 and 3.19 ®/o, 
whereas in the massive sulphides it is 0.86 ®/o. 
The sulphur content of pentlandite is more 
or less constant, 33.12 to 33.80 °/o. 

Harr is and Nickel (1972) have demonstrated 
that the composition of pentlandite depends 
on the ambient sulphide association. The 
analytical data compiled in Table 8 are 
compatible with this concept. 

The Fe and S contents in pyrrhot i te a re 
fair ly constant (Table 9). The Co content is 
also constant and low, 0.01 to 0.04 %>. The Ni 
content varies between 0.29 and 0.50 °/o, 
without a distinct relation to ore types and 
grade classes. 

Pyrrhot i te occurs as monoclinic and hex-
agonal variants. The cores of the crystals tend 

to be hexagonal pyrrhoti te , whereas the 
margins and the portions along the cleavages 
are monoclinic. The composition of the 
pyrrhoti tes analysed indicates that they are 
admixtures of monoclinic and hexagonal 
variants. 

The Co content in the pyri te in black schist 
is between 0.00 and 0.95 °/o, that of Ni be-
tween 0.00 and 0.26 (Table 10). 

Sulphur isotopes 
The aim of the sulphur isotope study was 

to clarify the origin of the sulphur in the 
norites and graphite-bearing rocks in drill 
hole EK/La-30. Twenty-f ive samples were 
analysed at the sulphur isotope laboratory 
of the University of Utah under the super-
vision of Dr. Jensen (P. Hautala pers. comm.). 
The average ^ 3 4 S in sulphides in norites and 
gabbros was —0.23, whereas for graphi te 

Table 10. Co and Ni contents in pyrites. Electron microprobe determinat ions . 

Co °/o n Ni °/o n av. Co %> av. Ni %» 

1. 0.00—0.93 (14) 0.00—0.21 (14) 0.025 0.10 
2. 0.00—0.08 (6) 0.00—0.26 (6) 0.04 0.10 
1. Ek/La-30, 170.00 black schist (Ni = 0.21 °/o) 
2. Ek/La-12 , 84.00 black schist 
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rocks and migmat i tes the corresponding 
f igure was —2.59. The average of all samples 
was —0.64. The range fo r nor i tes was f r o m 
+ 3.13 to —4.28 and for g raph i t e rocks f r o m 
—0.47 to —6.53 (Hauta la pers. comm.). I t is 
widely accepted tha t <534S values close to zero 
r e fe r to igneous origin. Al though samples 
were not t aken f r o m the wal l rock mica 
gneiss for comparison, the d 3 4 S values of the 
g raph i t e rocks and contact rocks p robab ly 
indicate t ha t a m a j o r pa r t of the i r su lphur 
der ives f r o m the wal l rock. 

Ni contents in silicates 
Altoge ther 299 samples of olivine, ensta t i te , 

augi te and amphibole w e r e assayed for Ni 
and Fe by electron microprobe. Table 11 
gives the average compositions, s t a n d a r d 
deviat ions and densit ies of the d i f f e r en t rock 
types. The Ni content in sil icates drops 
rap id ly f r o m per idot i tes to more silicic rocks 
and, since Ni and Mg corre la te well, the 
iron content increases wi th the decrease in Ni. 

Olivine was analysed for Ni and Fe f r o m 
17 per idot i te and olivine gabbro samples. The 
Ni content var ies f r o m 778 to 1 519 ppm 
(Table 12) and the Fe content f r o m 13.5 to 
17.9 %. The large var ia t ion in the Ni content 
in olivine wi th in such a n a r r o w range of Fe 
var ia t ion suggests t ha t the rock a l ready con-
ta ined sulphides du r ing the crystal l izat ion 
s tage (Naldret t et al. 1978). 

Fig. 12 depicts the da ta f r o m Table 11. The 
nickel incorpora ted in augite, Aug N i , and in 
ens ta t i t e (bronzite according to its F e con-
tent), E n N i , is p lo t ted in t h e d iag ram versus 
the iron contents in these minera ls . The 
augi te curve demons t ra tes t ha t the par t i t ion 
of nickel changes regu la r ly f r o m per idot i tes 
to diorites. There is a ma rked decrease in 
nickel content f r o m 157 ppm in the augi te 
in olivine gabbro to 97 ppm in the augi te 
in py roxene gabbro. At the same t ime the 
iron content increases f r o m 4.5 to 5.10 % . 

A pecul iar f e a tu r e of the E n F e / E n N i d i ag ram 
is the high nickel content , 287 ppm, in the 
ens ta t i te of perkni te . The ens ta t i te of olivine 
gabbro shows a h igher nickel conten t t han 
does the ens ta t i t e of per idot i te . The nickel 
abundances in the ens ta t i tes of nor i tes a re 
marked ly lower, and the curves show tha t 
most of the nickel had a l ready been incor-
pora ted in the silicate lat t ices before the 
nori t ic rocks were crystal l ized. The h igher 
E n N i in pe rkn i t e m a y be a t t r ibu ted to the 
fac t tha t pe rkn i t e does not belong to same 
emplacement series as per idot i te and ol ivine 
gabbro. On the o ther hand, in the su lphide-
bear ing per idot i tes and olivine gabbros, the 
silicates may have been deple ted in nickel 
owing to the subsolidus react ion N i s i l i c - ->-
N j S u l p h . 

Fig. 13 i l lus t ra tes the Ni and Fe contents 
in amphiboles and o r thopyroxenes on prof i le 
K = 34.650 (120 samples) and on prof i le K = 
34.700 (109 samples). The samples were taken 
sys temat ica l ly a t 10-m intervals . In prof i le 
K = 34.700 the nickel contents in amphibole , 
over 400 ppm, and those in o r thopyroxene , 
f r o m 200 to over 300 ppm, are highest in the 
per idot i te - olivine gabbro zone (cf. Fig. 4a), 
i.e. in the lower zone in Fig. 9. Above this 
zone the re is a n a r r o w por t ion in which the 
nickel content in amphibole is low, u n d e r 
200 ppm, and the nickel content in py roxene 
var ies f r o m 100 to 200 ppm. This por t ion is 
located main ly in the me tagabb ro — cum-
mingtoni te gabbro zone, i.e. in the upper pa r t 
of the t rans i t iona l zone. Moreover , t he r e a re 
la rge areas w i th m i n i m u m Ni contents in the 
surf ic ia l pa r t s of dri l l holes EK/La-25 and 
EK/La-27 in the midd le of the in t rus ive . The 
nickel content in amphiboles and pyroxenes 
is unde r 100 ppm. 

The dr i l l ing prof i les show tha t in t h e 
eas tern m a r g i n of the in t rus ive the re a re a t 
least two or possibly th ree por t ions tha t 
d i f fe r in Ni content . In the middle port ion 
the Ni contents in amphiboles v a r y b u t this 
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Table 11. The average nickel and iron contents in olivine, enstat i te, augite and amphibole and the densities of some rock types. 

Rock type n 0 1 N i ppm o i F « %> E n N 1 ppm EnFe o/o A u g N i ppm A u g F e °/o AfNi p p m AfFe o/o Density 
(g/cm*) 

Peridoti te 
Pe rkn i t e 
Olivine gabbro 
Norite 
Pyroxene gabbro 
Hornblende gabbro 
Diorite 
Quar tz diorite 
Diabase 
Grani te 
Pyroxene gneiss 

13 
7 
6 

127 
64 
56 

8 
8 
6 
2 
2 

1 081.1 
1 107.0 

15.52 
15.50 

227.1 
287.0 
253.5 
136.2 
109.9 
108.8 
49.1 
44.7 
43.0 
42.0 

9.07 
11.35 

9.07 
14.04 
14.29 
14.10 
16.41 
16.07 
15.80 
13.05 

173.3 
166.0 
157.7 
135.0 
96.7 
33.0 
23.0 
23.0 

2.95 
3.80 
4.50 
5.10 
7.60 
6.20 

16.30 

339.1 
397.8 
350.8 
220.2 
169.3 
224.3 

72.9 
44.7 
62.5 
28.5 
29.0 

4.64 
6.63 
4.70 
6.59 
7.40 
8.77 
7.43 
8.56 
8.20 

12.70 

3.24 
3.12 
3.05 
3.08 
3.00 
2.97 
2.94 
2.90 
2.93 
2.86 
3.08 

Standard deviations 

Rock type n OlNl ppm OlFe o/o E n N 1 ppm E n F e %> A u g N i ppm A u g F e % A f N 1 ppm AfFe o/0 
Density 
(g/cm 3 ) 

Peridot i te 
Perkni te 
Olivine gabbro 
Nori te 
Pyroxene gabbro 
Hornblende gabbro 
Diorite 
Quar tz diorite 
Diabase 
Gran i te 
Pyroxene gneiss 

13 
7 
6 

127 
64 
56 

8 
8 
6 
2 
2 

221.8 
146.7 

1.04 
1.55 

52.1 
43.0 
32.9 
71.4 
57.6 
28.8 
27.7 
27.6 

5.7 

0.95 
0.50 
1.36 
2.24 
2.19 
1.60 
1.66 
1.04 

0.07 

47.5 
6.5 

45.3 
61.2 

0.21 

0.40 

85.8 
67.9 
60.6 

117.0 
195.0 
156.3 
36.5 
17.3 
48.0 
19.1 

0.52 
1.57 
0.68 
1.86 
1.99 
2.43 
0.72 
2.12 
1.03 
4.10 

0.03 
0.04 
0.12 
0.16 
0.11 
0.12 
0.07 
0.07 
0.10 
0.05 
0.14 
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Fig. 12. Nickel in augite and enstat i te versus iron in the same minerals in the rocks of the L a u k u n -
kangas di f ferent ia t ion series. 

is due to the variat ion in the species. The Ni 
and Fe contents in pyroxene are more or 
less constant (100 to 200 ppm Ni). 

The variation in the Ni content in silicates 
in profile K = 34.650 can be at t r ibuted to the 
layered s t ructure of the intrusive. In the 
upper par t of the intrusive, which is almost 
f ree f rom sulphides, the Ni contents in 
amphiboles and pyroxenes are generally 
under 100 ppm. The distances between drill 
holes in the profile are locally up to 200 m 
and hence the connection of the drill core 
data between the di f ferent holes is some-
what ambiguous. Nevertheless, if the data 
on the drill cores are compared with each 
other, the occurrence of plate-like units be-
comes evident; especially the Ni and Fe 

contents in silicates suggest the existence of 
coherent plates within the intrusive. 

Crystallization temperature 
Häkli (1968) applied the Ni part i t ion coef-

ficients of the mineral pair olivine-augite to 
estimate the crystallization tempera ture of 
the Par ikkala mafic intrusive. Table 12 gives 
the Ni contents in the coexisting olivine, 
augite and or thopyroxene in peridotites and 
olivine gabbros f rom which the Ni part i t ion 
coefficients of the mineral pair were cal-
culated. 

The olivine in peridotites shows a large 
variation in Ni content, f rom 778 to 1 519 ppm 



K " 34.650 K- 34.700 
Ni in amph ibo l e 
I [ < 100 ppm 

^ ^ 100 - 200 ppm 

j g g 200 -300 ppm 

300 -400 ppm 

•iT l > 400 ppm 

2 0 0 m 

Fe in orthopyroxene 
I I < 1 4 % 

14 - 16 % 

mu is -18 % 
18 - 20 % 

• > 20 % 

d. 
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Table 12. Nickel par t i t ion coefficients of ol ivine-augite and olivine-enstati te. 

Rock Drill ho le /dep th O l N i A u g N i E n N i K = 0 1 N i / A u g N i K = 0 1 N i / E n N i 

Peridot i te 25/228.55 1 519 162 296 9.38 5.13 
» 25/234.00 1 397 239 260 5.85 5.37 
» 25/233.10 1 238 — 273 — 4.53 
» 25/264.00 1 188 181 216 6.56 5.50 
» 25/261.85 1 096 169 255 6.49 4.30 
» 25/248.65 1 047 195 232 5.37 4.51 
» 8/143.00 1 020 — 170 — 6.00 
» 25/224.65 976 — 245 — 3.98 
» 15/284.25 950 — 260 — 3.65 
» 17/70.00 814 94 157 8.66 5.18 
» 8/26.80 778 — 134 — 5.81 

Olivine gabbro 15/310.40 1 344 — 283 — 4.75 
» 15/300.50 1 200 164 277 7.32 4.33 
» 15/294.80 1 092 — 286 — 3.82 
» 15/272.00 1 078 — 239 — 4.51 
» 25/274.00 985 158 208 6.23 4.73 
» 25/284.00 943 151 228 6.24 4.14 

Ni; the var ia t ion is also m a r k e d in olivine 
gabbros, f r o m 943 to 1 344 ppm Ni. 

The corresponding va lues for augi te a re 
94 to 239 p p m Ni in per idot i tes and 151 to 
164 ppm Ni in olivine gabbros. In per idot i tes 
ens ta t i te contains 134 to 296 ppm Ni and 
in olivine gabbros 208 to 286 Ni. 

The model crystal l izat ion t empera tu r e s for 
the in t rus ive given in Table 13 were cal-
cula ted wi th the aid of the 0 1 N i / A u g N i and 
the equat ion InK = — A / T + B given by 
Häkl i (1968). The mine ra l pa i r ol ivine-augi te 
shows a model t e m p e r a t u r e of 1 130° to 
1 270 C and the minera l pair olivine-
ens ta t i t e 1 075°C to 1 290°C. 

The va lues obta ined f r o m L a u k u n k a n g a s 
(Fig. 14) d i f fe r f r o m those f r o m the P a r i k k a l a 
in t rus ive (Häkli, 1968). Only two samples 
indicate model t empe ra tu r e s s imilar to those 
repor ted f r o m Pa r ikka l a ; the rest a re 
m a r k e d l y h igher . 

The model t e m p e r a t u r e da ta also suggest 
t ha t t he re are at least t h r ee uni t s wi th d i f -
f e r en t crystal l izat ion t e m p e r a t u r e in the 

Fig. 13. The dis tr ibut ion of nickel and iron in 
amphiboles and or thopyroxenes on dril l ing profi les 

K = 34.650 and K = 43.700. 

L a u k u n k a n g a s in t rus ive . The highest t em-
pera tures , 1 270°C and 1 290°C, w e r e ob-
ta ined f r o m the per idot i te m a r k e d on the 
g round plan and which was intersected by 
dri l l hole EK/La-8 in prof i le K = 34.725. 

Iin Fig. 15 the L a u k u n k a n g a s da ta are com-
pared wi th model t e m p e r a t u r e de te rmina t ions 
repor ted by Häkl i (1971) f r o m some Finnish 
intrusives. 

Conclusions 

The contact relations, s t ruc tu res and m e t a -
morphic f ea tu res of the L a u k u n k a n g a s p lu ton 
show it to be a synorogenic Svecokarel id ic 
int rusive. It contains p la te- l ike por t ions tha t 
d i f f e r s l ight ly in composit ion and w e r e pro-
duced by emplacement t h a t took place in 
two or th ree successive stages. Per idot i tes 
and olivine gabbros crystal l ized dur ing the 
f i rs t emplacement s tage and nor i tes du r ing 
the last. Emplacemen t was fol lowed by a l t e r -
at ions such as serpent in izat ion of olivine and 
the rep lacement of o r thopyroxene by colour-
less amphiboles . Pe rkn i t e s w e r e obviously 
fo rmed f r o m pyroxeni tes as a resul t of the 
a l te ra t ion processes. The a l te ra t ions w e r e 

4 
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Table 13. Part i t ion coefficients K = 0 1 N i / A u g N i , k = 0 1 N i / E n N i and the model crystall isation t em-
pera tures . 

K = 0 1 N i / A u g N i T C° K = 0 1 N i / E n N i T C° 

9.38 1544 1270 5.13 1487 1215 5.85 1424 1150 5.37 1508 1235 
— 4.53 1434 1160 6.56 1451 1180 5.50 1519 1245 6.49 1449 1175 4.30 1412 1140 5.37 1404 1130 4.51 1431 1160 
— 6.00 1560 1290 
— 3.98 1382 1110 
— 3.65 1350 1075 
8.66 1522 1250 5.18 1491 1220 
— 5.81 1544 1270 
— 4.75 1453 1180 
7.32 1479 1205 4.33 1415 1140 
— 3.82 1366 1090 
— 4.51 1432 1160 
6.23 1439 1165 4.73 1452 1180 
6.24 1439 1165 4.14 1399 1125 

A = 8643 A = 4972 
B = 7.836 B = 4.979 

— A 
Equat ion T = InK — B 

probab ly associated wi th regional m e t a -
morphism, and the emplacemen t and crys ta l -
lization of the in t rus ive took place be fo re 
the culminat ion of me tamorph i sm. Rapid 
changes in chemis t ry due to contaminat ion 
are, however , somet imes visible in the contact 
zones be tween the layers . Thus, the t r ans i -
t ional zone be tween the lower and in t e r -
media te layers conta ins ma te r i a l tha t der ived 
f rom the wal l - rock mica gneiss. S imi lar ly the 
contact rock p roper is a hybr id rock t h a t w a s 
fo rmed w h e n the maf ic m a g m a ass imila ted 
components f r o m the wal l rock gneiss. 

The ore minera l iza t ion at L a u k u n k a n g a s is 
control led by the fol lowing fac tors : 

1) The ore minera l iza t ion is associated 
wi th the peridoti tes , olivine gabbros and ore 
nor i tes of the f i r s t emplacement stage. 

2) Ni-Cu sulphides occur close to the con-
tact wi th the wal l rock at the eas tern end of 
the in t rus ive . The middle p a r t of the body 
is only s l ight ly mineral ized. The bu lk of the 
nori t ic in t rus ive is complete ly f r ee f r o m 
sulphides. 

3) The silicates in the ore zone conta in 
s ignif icant ly more nickel than do the silicates 
e lsewhere . 

4) The ore minera logy is s imple: p y r r h o -
tite, pen t l and i t e and chalcopyri te . Replace-
m e n t t ex tu re s a re ra re . 

Character is t ics of the L a u k u n k a n g a s i n t r u -
sive a re : 

1) The distinct d i f fe ren t ia t ion series f r o m 
per idot i tes to qua r t z diorites. The rocks be-
long to the olivine tholeii t ic series (Yoder 
and Tilley, 1962). 

2) The in te rna l layered s t ruc ture , which 
mani fes t s itself in the e lement contents , pa r -
t icular ly in those of MgO, Sr, Ba and Zr as 
well as in silicate nickel and in the d i s t r ibu-
tion of nickel in su lphide phase. 

3) The g raph i t e -bea r ing f r agment s , which 
w e r e caugh t up f r o m the wal l rock by the 
in t rud ing m a g m a and which now occur as 
tonques in the intrusive. A n ickel i fe rous 
su lphide minera l iza t ion d i f f e r ing dist inctly 
f r o m tha t in the wal l - rock g raph i t e rocks w a s 
genera ted in t h e f r agmen t s . 
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900 1000 1100 1200 1300 C° 

Fig. 14. The model crystall ization t empera tu re s 
at Laukunkangas calculated f r o m the 0 1 N i / A u g N i 

ra t io compared wi th the corresponding values in 
the Pa r ikka la gabbro (Häkli, 1968). The circles 
re fe r to the Laukunkangas olivines and the crosses 

to the Laukunkangas augites. 

p p m 
Ni 
2 0 0 0 -

1 

1 

Fig. 15. The nickel content in olivine versus the 
model crystall ization t e m p e r a t u r e calculated f r o m 
the 0 1 N i / A u g N i ratio. Calculations based on the 
work by Häkl i (1971) on the Finnish maf ic in-
trusives: 1. Par ikka la , 2. Jou tsenmäki—Tolvanie -
mi I, 3. Joutsenmäki—Tolvaniemi II, 4. Kangas -
niemi, 5. Kevitsa and 6. Myhinkoski , Rauta lampi . 

The circles re fe r to the Laukunkangas data . 

ppm Ni in 
Ol iv ine 
2 0 0 0 - 1 

1 0 0 0 -

500-

900 1000 1100 1200 
1—I 
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4) The numerous silicic pegmat i te dykes 
and mafic diabase dykes. 

The host rocks in the Laukunkangas in t ru -
sive d i f fer f r om those at Kotalaht i and Hi-
tura, the ma jo r Ni-Cu occurrences in the 
»Kotalahti nickel-copper ore zone». The Hi-
tura occurrence is predominant ly u l t ramaf ic 
and contains only small amounts of other 
d i f ferent ia tes ; at Kotalaht i the mineral iza-
tion is also largely associated wi th u l t ra -
mafics (Papunen, 1970). In m a n y respects 
the Laukunkangas intrusive is similar to the 
Jou tsenmäki massif (Parkkinen, 1971, 1975) 
and the Par ikka la intrusive (Häkli, 1968): 

1) The host rocks in the intrusives are 
general ly rich in or thopyroxene. 

2) The di f ferent ia t ion series p re fe r gab-
broic rocks. 

3) The indistinct layered s t ruc ture is com-
mon. 

4) The model crystallization t empera tu re 
pa t te rns are somewhat similar to those of 

the Par ikka la intrusive, which, however , is 
slightly more homogeneous than the L a u k u n -
kangas intrusive. 

On the basis of silicate nickel in maf ic and 
u l t ramaf ic rocks, Häkli (1970, 1971) has dem-
onstrated the existence in Finland of areas 
potential for the occurrence of Ni mineral i -
zations. The most impor tan t of these is the 
»Nickel arch» around the Central F inland 
grani te area (Papunen et al., 1979; Häkli et al. 
1979). The application of silicate nickel to 
detailed studies of individual mafic or u l t r a -
mafic intrusives has obvious advantages. 
With the aid of the Ni contents in silicates it 
has been possible to establish the t rend of the 
d i f ferent ia t ion in the Laukunkangas in t ru -
sive and to direct activities to locating u l t ra -
mafic rocks, the potential host for nickel ores. 
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