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ABSTRACT 

Early Proterozoic layered mafic intrusions, 2450 Ma in age, 

occur in a zone, several hundred kilometers long, that trends 

W-E across northern Finland. They contain Cr and Fe-Ti-V 

deposits as well as subeconomic but often persistent Ni-Cu 

sulfide occurrences with frequently significant PGE abundances. 

Pyrr~otite, pentlandite, chalcopyrite ! pyrite are the pre-

dominant sulfides. The intensely metamorphosed Kanttijärvi 

body is one of the layered mafi~ intrusions . It can be sub-

divided into three major zones: the heterogeneous basal meta

gabbro;. the overlying uralitized and chloritized ultramafics; 

and the upper metagabbro, which is the largest unit of the body . 
• The sulfide min e ralization is concentrated as medium or low-

grade disseminations in the basal metagabbro and the overlying 

ultramafics. 

sulfide-free. 

The upper metagabbro, on the other hand, is almost 

The predominant su·lfide assemblage in the 

basal metagabbro is pyrrhotite-chalcopyrite-pentlandite~pyrite. 

It grades upwards from pyrrhotite-rich to a more chalcopyrite 

and pentlandite-predominant association. In the upper portion 

of th e lower mafic zone and in ultramafics an iron-poor 

sulfide assemblage, bornite-chalcopyrite-millerite-pentlandite

pyrite-violarite, is encounte~ed as a low-grade dissemination. 

The abundances of Pd and Pt, and of Cu and Ni in sulfide 

phase, increase gradually upwards from the basal contact of 

lower metagabbro to the upper ultramafics; the maximum content 

of Pd is 3.7 ppm and that of Pt 1. 2 ppm, the average Pd to 

Pt ratio being 2.9. The PGEs in the upper metagabbro are below 

the detection limit of 0.02 ppm. 

As in the other intrusions in the belt, the main carrier of 

platinum is sperrylite; in addition a few grains o f vysotskite 

hav e b ee n e n c ountered. The min e ralogy of pallad{um; whi c h 



is predominantly controlled by the system Pd-As-Sb, in which 

Cu sometimes substitutes for Pd, is more compli c dt:ed. The 

corresponding mineral species are is ome rtiei L ~, i dentified 
f' 

by micro.brobe and XRD , mertieite II, palladoars, Hi:l e and 
1 k 

arsenopalladinite or an unnamed Pd
5

As
2

, r c c o gnizea ; '/ rnicro-

probe and optical properties , and an unidentified pltn :.;e 

close to the composition of Pd 7 As
2

. In chemical and optical 

properties the palladium nickel arsen ide en c ountered r e sembles 

the mineral species majakite. Spo radi c Pd-bismuthotellurides have 

also been met with. In composition they all lie near the tie 

line Pd 7Bi 8 ~ Pd 7Te 8 , of which no species have been reported 

so far. Unidentified oxygen-bearing coatings , possibly 

palladium arsenates, occur as oxidation products on arseno

palladinite crystals . 
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INTRODUCTION 

A discontinuous belt of layered mafic in~rusions extends for . 
more than 270 .km across northern Finland from Tornio on the 

Swedish border eas twards to Nä ränkävaara on the Soviet border 

(Fig. 1). The beit comprises 11. large and several small 

separa te bodies. One of the largest, the Portt ivaara intrusion, 

is 30 km long and 4 km wide. The intrusions are either 

surro unded by Archean granitoids or they are located between 

the Archean granitoids and Prote rozoic Svecokarelian (2.2 Ga) 

metasediments and metavolcanics. Zircon datings by the U/ Pb 

method indicate an age of 2.45 Ga (Kouvo, 1976). The large 

layered gabbro body of Koitelainen in central Lapland, which 

is outside the belt proper, is of the same age. The layered 

intrusions have previously been described by Piirainen et a1. 

(1977 and 1978), Juopperi (1977) and Alapieti et al. (1979). 

The intrusions differ in type of minera1ization (Fig. 1). 

Chromite ores e xist in basal u1tramafic portions of the we stern 
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layered bodies in Tornio and Kemi (Kujanpää, 1980). In the 

Suhanko-Kuohunki area instead of the primary oxide minerals 

some iron-copper-nickel sulfide mineralizations occur near 

the basa1 contacts of the intrusions. A vanadiferous magnetite 

gabbro horizon exists in the upper partion of the intrusions 

of Syöte, Porttivaara and Kuusijärvi. The Porttivaara intrusion 

inc1udes a vanadium ore at Mustavaara (Juopperi, 1977). 

A heterogenous zone of disseminated iron-copper-nicke1 

sulfide are encountered close to the basa1 contacts of the 

Syöte, Porttivaara and Kuusijärvi intrusions and 1ocal1y 

also in the upper interna1 horizons. 

Alapieti et al. {1979) have divided the Syöte intrusion into 
1 

a relative1y t~in margina1 series and a more extensive over-

lying layered series. The marginal series comprises albite-

quartz rocks, gabbros and overlying u1tramafics. These are 

succeeded by rocks of the 1ayered series with an angu1ar 

unconformity in be1tween. The margina1 series is c haracterized 

by a weak but persistent Fe -Cu-Ni sulfide dissemination and 

the distribution of rock types shows a reversed fractionation 

trend . Olivine norites and nörites are typical of the marginal 

series, whereas the layered series consists of leucogabbros 

and anorthosites. A horizon of magnetite gabbro is found in 

the ba sa1 partion of the 1eucogabbro-anorthosite sequence. 

Alapieti et a1. (1979) have divided the layered series into 

three zones: the l ower, middle and upper zones. 

The disseminated sulfides chalcopyrite, pyrrhotite and 

p e nt1 andite occ u r in the 1ower margina l ser i es . T~e sulf ide 
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phase is rich in copper, the f o 11owing ave r age compos ition 

c haracterizes o ne o f the occurences: Cu 0.31 \ , Ni 0.19% , 

S 0.87 %, Pd 0. 59 ppm a nd Pt 0.23ppm. The tota 1 tenor of the 

platinum group elements occacionally exeeds o ne p pm . 

The most commo n p1 at inum minera 1 is s perry1ite . Pa11adium 

usua11y exists as tel1uride s and bismuthides s uch as 

me rens kyite , michenerite and froodite, which are f a ir1y 

regularly bordered by hess ite suggesting the existence of 

a solid so1ution in the system Pd-Ag-Bi-Te a t highe r tempera-

tures. 

The small intrusion of Kanttijärvi is l ocated in the western 

~xtremity of t he major Suhanko intrusion. The disseminated 
• 

' sulfides in Kanttijärvi we re discovered in 1964. I n the 

1970' s , while the f irst author (Y.V.) was studying the opaque 

mine r a 1 s under the mi croscope , h~ discovered t hat t he Kantti-

j ä rv i i ntrusion contained mo r e p latinum group minera1s, 

especially isomer tie ite a nd sperrylite , than did the othe r 

1a yered intrus ions. As a consequence, more sampl es were take n 

from the outcrops . Heavy minera1 fractions were separate d 

from the samples magne tica11y and with a shaking t abl e . 

The mineral fractions were e xamine d unde r an optical micro-

scope a nd t h e platinum group minera1 s we re analyzed o n an . 

e1ectron micropr obe and by XRD . As the targe t has no t b een 

diamond dril1ed , the descr i ption of the geo l ogy of the 

deposi t mus t be considered as p r e liminary . He nce , the e mphas i s 

of the prese nt pape r is on platinum group mine ra1ogy . 
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THE KONTTIJÄRVI INTRUSION 

The Kanttijärvi l a ye red body, which has a s trike l e ngth of 

about 600 m, is about 300 m wide (Fig. 2). lt dips 50° to 

north conformably with the structure of tl1e Proterozoic met.a

sediments and metavolca nics north of it. The southern footwall 

of the body is composed of Archean granitoids and mica gneisses. 

The prevailing rock types allow the body to be divided into 

three zones (Table l). Owing to the poor o utcrop the 

classification is desc riptive. Even so, the l owe r zones 

probably correspond to the marginal series of the Syöte 

intrusion described by Alapieti et al. (1979). 

The lower metag~bbro is strongly deformed and altered and, 

as indicated by its high tenors of aluminum a nd a lkalies, 

it represents a contaminate d marginal partion of t he intrus ion. 

Rhythmic l ayering is common. Fine-grained metapyroxenite 

exists as lenses and inclusions in the upper partion of the 

marginal metagabbro, and as a whole the s equence of the 

marginal zone seems to be reversed in terms of f rac tionation. 

The metagabbro grades into the overlying metaper i dotite, 

which locally displays magmatic breccia structures . The upper 

mafic zone consists of massive metagabbro t hat grades upwards 

into a more plagioclase-rich variety. The mafic minerals 

have all undergone alterations: o livine i s serpentized and 

åltered into talc and magnesite , orthopyroxene is altered 

into chlorite, and c linopyro xe ne into amphibo l e minerals; 

also plagioclase is sa ussuritized. 
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The chemical compositions of the rock types are shown in 

Fig. 3 and Table 2. The basal gabbroic partion of the lower 

mafic zone is characterized by rather high p bundances of 

aluminum and alkalies as a result of the Wdll-rock contamination. 

The metapyroxenitic lenses display rather high chromium. 

As the abundance of chromite is low, the chromium was originally 

incorporated in cumulus pyroxene thus indicating low P0 2 
during crystallization. The concentration of Cr in the ultra-

mafic zone is much lower than in pyroxenite. 

A weak iron-copper-nickel sullide mineralization exists in 

the lower mafic zone, while the overlying ultramafic zone and 

the uppe r metagabbro are almost barren. The sulfide mineral 

assemblage of ~be basal partion of the l ower mafic zone includes 

pyrrhotite, chalcopyrite and pentlandite. The sulfidc mineral-

ization grades upwards into assemblages richer in cappe r and 

nickel and poorer in iron (Table 3). An iron-poor assemblage: 

chalcopyrite-bornite-pentlandite-millerite-violarite-pyrite 

is encountered in the metapyroxenitic lenses in th~ upper 

partion of the lower mafic zone. In addition to the platinum 

group minera ls, the accessory opaque mine rals are ida ite, 

parkerite, sphalerite, argentopentlandite, arsenopyrite, galena, 

niccolite, hessite, gold, electrum, ilmenite and chromite. 

The bulk of the platinum group elements is confined to the 

sulfide bearing lower mafic zone. The maximum abundance of 

palladium is 3.7 ppm and that of platinum 1.3 ppm. Like capper 

and nickel the platinum group elements (Table 2) gradually 

increase upward s from i r on sulfide predominate basal meta-
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gabbro to iron-poor sullide assemb1ages in the metapyroxenite 

1enses. The abundance of pa11adium in the sulfide phase 

(Tab1e 3) corre1ates we 11 with the correspondirig abundanc~s 

of copper and nicke1. The corre1ation coefficient between 

pa11adium and nicke1 is 0 . 95 and 0.79 bet~een pa11adium and 

copper. 

PLATINUM GROUP MINERALOGY 

As the tenors of the platinum group e1ements are rather 1ow, 

the investigation of platinum group minerals wer.e mainly 

carried out on the heavy minera1 fractions. The mineral 

assemb1ages and their mode of occurence were studied only on 

selected rock samp1es . General1y, the p1atinum group minerals 

occur together with su1fides , but certain minerals , e. g. 

sperrylite exist a1so as inclusions in silicates. The chemical 

compositions of the minera1s were determined by a JEOL JXA-733 

electron probe with 15 kV acce1erating potentia1 and 15 nA 

probe current. Metals were used as standards for Au, Ag, Ni , 

Te and Bi, pyrite for Fe and S, a Pt-Cu al1oy for Pt and Cu 

and a synt~etic isomertieite {Cabri, 1980) for Pd, As and Sb. 

The X-ray 1ines used were AgLB1 , BiMa 1 SKa, FeKa, NiKa , CuKa , 

AsK 1 PdLa 1 SbLa 1 Te La. , PtLa and AuLa.. . The X-ray da ta were 
a 1 1 1. 1 1. 

corrected with the aid of the EMPADR VII computer program 

by Ruck1idge and Gasparrini (1969). 

~ "j ..; ·- • - ..... '-"'-

Sperry1ite is the most common platinum mineral in the 
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occurence . It occurs in si licates , isomertieite and sulfides 

as minute inc lus ions 1ess tha n 0 . 05 mm in diameter. The 

chemica1 compositio n of the mine ra1 is close to the stoic hio-

metric PtAs2 (Tab1e 4) in accordance with recently published 

analytica1 data (Cabri e t a1. , 1975, Koivisto et a1 ., 1980). 

The following trace e 1 ements have been detecte d in sperrylite: 

Ag , Au, Cu , Ni, Fe, S , Te, Sb and Bi . 

Vysot s kite 

White e uhedra 1 crystal s of vysotskite with a vio l e t tint occur 

as inc 1usions in chalcopyrite. The minera1 does not show bire-

f l ectance and its anisotropy in air varies from light to dark 

• violet . The ident i ficat i o n of vysotskite is based mai n ly on 

the c hemical compos itio n (Tabl e 5). The mineral e ither contains· 

cations in e xcess or ha s a defic i e ncy in anions . The vysot skite s 

of Stillwater are close t o sto ichiometric (Pd,Pt,Ni)S (Cabri 

e t a l. , 1978). 

The system Pd-As -Sb 

The diagram (Fig . 4) compiled according to Cabri et a l . (1 975) 

s hows the five phases in the sys tem Pd-As-Sb ide ntified in 

Konttij ä rvi. 

Palladoarsenide 

The mine r al occurs in assoc iatio n with pyrite . It is white i n 

colo r with a pinkish tint , and is stro ngly anisotrop i c. 

The c hemical compos itio n , g i ven in Ta ble 6 , deviates s lightly 

from that of the stoic h iometric Pd 2 (As , Sb ) (Cabri e t al ., 1 975 ) . 
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A white rnineral with a faint lil~c tint and a strong anisotropy 

is either arsenopalladinite or an unnarned Pd 5As 2 (Cabri, 1975). 

The chernical cornposition is close to the stoichiornetric 

Pd 5As 2 (Table 6) . 

(Pd,Cu)
7

(As,Sb) 2 

This rnineral is an alteration product of the Pd 5As 2 phase 

rnentioned above. It is grayish in color and shows a very 

strong anisotropy (Fig. 5). The chemical composition is close 

(Table 6) . 

Isomertie ite 

The rnineral isomertie ite has b een described from the alluvial 

sands from Itabira, Minas Gerais, Brazil (Clark et al ., 1974) 

and from Lac des Iles, Ontario (Cabri and Laflamme , 1979). 

Konttijärvi is thus the second solid occurence . Isomertieite 

is the most common platinum group mineral in the Konttijärv i 

intrusion. I t occurs as rather large euhedral grains up to 

0.4 mm in diameter together with su lfides . Inclusions of 

sperrylite and native gold are cornrnon. Isomertieite also 

exists as complex inte rgrowths with mertieite, majakite and 

palladium bismuth tellurides (Fig. 6) . Except for a slight 

excess of cations its chemical composition (Table .7) is close 

that of the synthetic Pd 11sb
2

As
2 

by Cabri (1980). Note also 

that the mine ral is "impure" with rather high tenors of Cu, Au, 

Ag and Pt. As it a l so contains gold and sperryl ite as inclusions , 

we may assume t hat a Pd-Pt~Au-Ag-Cu-As-Sb solid solutien 
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existed at high temperatures and that the intergrown phases 

exsolved when the temperature dropped. 

Mertieite II 

The mineral, interpreted as mertieite II on account of its 

chemical composition, is white with a greenish tint especially 

in oil in~ersion if compared with isomertieite. It occurs as 

complex intergrowths with isomertieite, majakite and the 

palladium bismuthotellurides. It commonly shows micrographic 

intergrowths of electrum and cavities that were probably once 

filled with fluid. The chemical analyses suggest a formula close 

to Pd 16sb5As as proposed by Cabri (1 980) . 
.. 

~he system Pd-Ni-As 

Majakite 

A grayish white mineral with a distinct violet tint when 

compared with isome rtieite occurs as intergrowths with iso-

mertieite and mertieite II. Its chemical composition is close 

to the formula PdNiAs. The mineral is tentatively suggested 

as majakite previously described by Genkin et al. (1976) 

('rable 8). 



10 

'l'he systeHl Pd-Bi-'l'e 

Fig.8 depicts the known natura1 phases of the system 

Pd-Bi-Te: keitchconnite and te11uropa11adinite (Cabri et a1., 

1979), sobolevskite (Evstigneeva et al., 1975), kotulskite 

(Genkin et al., 1963) and froodite, michenerite and 

merenskyite according ta their stoichiometry. Also the 

phases found in Kanttijärvi have been shown. 

Pd7 (Bi,Te) 8 

Numerous sma1l inclusions af pa1ladium bismuthotelluride s 

occur in born~te and chalcopyrite. The inclusions are 

·anhedral, less than 0. 05 mm in diameter, and are characte

rized by high reflectivity, a creamy white color anr.l strong 

anisotropy with yellow and grayish violet colors in air. 

The mineral is distinctly softer than chalcopyrite. The 

chemical ana1yses indicate a varying ratio of Bi/Te, but 

an almost constant cation ta anion ratio of 7:8 (Table 9, 

Fig. 8). In the diagram the- compositions plot below the 

tie line of sobolevskite-kotu1skite. Hence, there is 

probably an unknown solid solutien Pd7ni 8-Pd7Te8 in the 

system Pd-Bi-Te. Note also that Mihä1ik et a1. (1974) 

have described a phase PdTe1 • 04 Bi0 • 04 from Messina, Transvaal, 

South Africa that was s uggested to be a palladium-poor 

kotulskite. 



The system Pd-As-0 

Palladium arsenate 

A dark grayish mineral with distinct anisotropy occurs as 

an alteration product of the phasc (Pd,Cu) 7As,Sb) 2 . The 

phase is ox~gen-bearing, and if interpreted as hydrated 

11 

arsenate, has a formula of (Pd,Cu,Ni) 18Aso4 • 4H2o. (Fig.S; 

Table 10). 

Discussion 

.. 
• 

The Konttijärvi - layered body is part of a layered intrusive 

complex 2.45 Ga old. It lies in the western extremity of 
~·d 

the major Suhanko intrusion may be separated from Suhanko 

by granite gneiss. The rocks are moderately deformed . and 

altered. The lowest zone of the intrusive complex contain 

considerable PGEs. The host rocks of the PGMs are urali-

tized and chloritized mafic and ultramafic membcrs of the 

sequence. A wcak sulfide dis"semination controls the richest 

accumulation of PGEs. The sulfide mineral assemblage is 

poor in iron and consists of pentlandite, millerite, violarite, 

chalcopyrite, bornite and local pyrite. Gold and elcctrum 

~ccompany the PGEs. 

The occurrence of PGE in the lower marginal zone of the 

Konttijärvi intrusion corresponds well to the accu~ulation 

of PGE in the other layered · bodies of the belt. Platinum 

... 
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group mineralogy of Kanttijärvi is mare complicated than 

in the ather layered badies of the belt. The abserved 

solid salutions and substitutions af the Kanttijärvi 

PGM prabably refer ta high temperature of depasition. 

On the ather hand, complex intergrawths and micrographic 

textures with opcn cavitics in isomertieite and mertieite II 

as well as oxidatian of palladium arsenides have bcen 

interpreted as cansequences af law-temperaturc metamarphism. 

The PGEs were originally concentrated, together with Ni-Cu 

sulfides, in the basal partion of the layered mafic complex 

of the belt. In Konttijärvi, hawever, the PGEs were 

enriched by by· metamorphic processes. The Pd to Pt ~atio 

of the Kanttijärvi accurrence (2.5 - 8.3) and the existing 

Cu to Ni ratios (1.7 - 2.9) are in accord with the data 

presented by Naldrett and Cabri {1976) for the thaleiitic 

mafic racks. 

As the tenar of Pd is directly related to the tenars of 

nickel and capper in the sulfides, the high-grade sulfide 

accumulations may locally contain economically significant 

grades af PGE. 
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TEXT OF THE FIGURES 

Fig. 1. Loca tion of thc layered mafic intrusions in 

northern Finland 

Fig. 2. Geologica l map and section of the Kanttij ä rvi 

intrusion showing the location of sampling lines. 

Fig. 3. A diagram illustrating variation of chemical 

composition along samlping lines A-E in Fig. 2. 

Fig. 4. Cation-rich part of the ternary system Pd-As-Sb 

(Cabri et a l. 1975). Squares refer to synthetized 

phases, circles denote the known species and crosses 

reprcsent analyses from Konttijärvi: A = palladoarse-
• 

nide, B = unknown Pd5As 2 or arse nopa lladinite, C -

unknown (Pd,Cu) 7 (As,Sb) 2 , D = isome rtieite and 

E = mertieite II. 

Fig. 5. Backscattcred electron i mage (BEI, compositional) 

and X-ray distribution images of an arsenopalladinite 

or an unknown Pd
5

As
2 

crystal (white in BEl) 

which is r eplaced by unreported phases of (Pd,Cu) 7 (As, 

Sb) 2 (gray in BEl) and palladium ar sena te (dark gray). 

Fig. 6. X-ray distribution images of a complex intergrowth of 

isomertieite , mertieite, majakite and Pd7 (Bi,Te) 8 

Fig. 7. Backscattered electron image (BEI, compositional) 

and X-ray distribution images showing a micrographic 

intcrgrowth o f mertieite, electrum and cavities in 

an isomertieite crystal. 

Fig. 8. Mineral in the ternary system Pd-Bi-Te . (Genkin et 

al.,l 96 3; Evstigneeva et al., 1975; Cabri et al., 1979). 

Crosses r eprcsent ananlyscs from Konttijtirvi. 

... 
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TaLl c 1. Gc neralizcd sec tion of thc KonttijJrvi body 

Unit 

Uppc r mafic 

~onc 

Ultra mafic 

zone 

Lowcr mafic 

zone 

'l'hickncs 5 

230 m 

50 m 

20-30 m 

Rock type 

mc t agabbro 

metapcridotite 

mc tapyroxcnite 

lcnscs of meta

pyroxcnitc 

mctagabbro 

Hain mincrals 

hornblendc , plagioclasc 

chloritc, hornbl e ndc, talc, 

magncs i te , oxide 

chlorite, hornbl cnde 

chloritc. hornble nde 

plagioclase, hornblende 1 
biotite, quartzt ______j 

•· 



l';,J>,.J 

.1.1~0:; 

cr,..o5 
l•'r·~O:; 

PcO 

l.'uO 

11u2o 

1<20 

II o+ 
2 

H/l -

co~ 

Cu 

Ni 

l'd 

l't 

(w t.- ·!. ) 

II 

II 

II 

II 

II 

II 

" 

" 
II 

" 
" 
" 
• 

" 
• 
• 

( VP:J) 

• 

O, l 'J 

( 1 . 1 (l 

·r. :~11 

0,17 

n.:>9 

1. 32 

2. 63 

0, 0 6 

0.06 

0.?4 

o.oo 
0 .09 

1),8/l 

0.24 

0,03 

.. 
( . 

(). 1 ' l 

O, lf/ 

1 • 1 1 

~. 1 1 

o. 1_:5 

n.~ :; 

10 , ' ((, 

2 . 4 ., 

0.32 

1. 4 4 

0, 0 5 

0,()1\ 

.) , 24 

.! O. Hl 

0 , 013 

0.74 

o. 19 

o.oo 

9'1 . ti7 

·~ 

'-'·· .. ·u 
1), t') 

(i ,( ).j 

4. '(? 

(). ? '; 

1, 2? 

<J , O') 

0, 2 ) 

1 ~. 0'( 

'{. '('1 

o. o<J 

O,CJ? 

0,0<) 

0,01\ 

o. 10 

o. 14 

o. 11 

1. 10 

0,45 

0,03 

99.6 1 

( 1, 1'1 

(1,0') 

1 , '17 

1o . :n 

20 . (;0 

'(. 5'{ 

0,03 

0,1Ö 

o. 16 

o. 14 

1. 30 

0,49 

0.04 

99.70 

., 

o.~) 

0,01\ 

11. :,o 

0, 20 

X 

G,(. 1 

o. 1'J 

10,40 

1. 01 

0,20 

1 • (\() 

O,f\4 

0 . 11 

0,13 

o. 10 

0. 26 

0.01 

9<J . 66 

4'), (1() 

0,1'j 

., • 10 

X 

13,Yl 

0,?0 

22 , Q2 

4. 4 'J 

o. 1? 

O, OG 

?.7fl 

1,"38 

o. '14 

o.o~ 

0,19 

0,06 

0,01 

100 . 87 

l ; Lowcr p o rtl o n o f IIH.!La <Jal.Jbro i n thc low,~ r milfic zonc , s.:~mplin<J line A. 

2. Upper port 1o n o f mcta<]oJI.lbro in thc lowcr ma fi c zonc , samplin<J li nc A, 

3. Qu.•rl :t. - L<.!:.r in<J mctapyroxc nitc in thc l o wcr mafic zonc, samplin<J linc A. 

4 . M..:tapyro:<eni te in thc l owcr maf ic. zonc, samplin<J l inc A . 

!:>. 11c t.1 •J ••u!.t'O in th<.! lowcr maf ic .:onc, sampling linc IL 

6. Mctapc 1· ido titc in lhc ultr .1mo1 f i c zonc, samplin<J linc C . 

7. f·1c t .. Hp !ot..ro in thc uppcr rna f ic zonc , sampl ing li ne l>. 

II. Mc t a<J,llJI.Jr u in lh~ uppcr mo1fic zo nc, S<lwplin'J linc E. 
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Tabl e 3. Calcul atcd c;iemical composi tioM; of the su l fldc phnse 

in the rocks of the lone r mnfic z on e (thc sul phur contcnt of t!~c 

sul f i dc phaue was estj.r..ated as 37 c f ) , . 
1 2 3 4 5 

Cu (v1t - %) 7 . 93 16. 44 25 . 93 34 . 80 30 . 51 

Ni n 4. 63 5. 58 9 . 54 12. 19 10.64 

Fc II 50. 44 40.98 27. 53 16 . 01 21.85 

Pd ( ppm ) 63 144 31 3 401 341 

Pt n 17 37 128 151 107 

Rh n 2 1 9 13 6 •. 

1. Lowcr f-O r tion oi metagabbro , l ine A. 

2. Uppcr ?Ortion of metaga!JLro , l inc A. 

3. Quar tz- bearing ~etapyroxcnite , linc A 

4 . ll!etapyrox cni te, linc A 

5. Metagabbro, l ine 3 

;. 



Tuule 4. :F:lcctrort microp:::-obe 

1 

Vlt-~ at. prop . 

:Pt 55.46 0.98 

Ag o. 19 0,01 

Au 0,20 o.oo 
cu 0.09 o.oo 
Fe 0.02 o.oo 
Ni o.oo o.oo 
Pd o.oo o.oo 

As 42.~2 1. 96 . 
s 0.34 0.04 

Te o.oo o.oo 
Sb o. 13 o.oo 
Bi o.oo o.oo 

Totnl 98.85 

SU!:l of ,.... caticns 1. 00 

Suru of ani ons 2 

anu.ly:;es of 

2 

wt-~ 

55 . ::S2 

0,10 

o. 10 

0,02 

0.01 

0.01 

o.oo 

42.43 

0,08 

0. 44 

o. 13 

0.13 

98.77 

:-· ! ' ' rryJ :i.tc. 
1 

nt. prop. 

·0.99 

o.oo 
o.oo 
o. oo 
o.oo 
o.oo 
0,00 

1. 97 

0 . 01 

0 . 01 

o.oo 
o.oo 

1.00 

2 

i 

1 
r 
l 

1 
i 

. : 
i 

; .. : 
. -1 

1 

t 



Table s. El eetron rni cropr obe anal y~ is of v~ . ;otDkitc . 

wt-% at. prop. 

Pd 62 . 67 0. 8 7 

Ni 4.76 0.12 

Pt 8. 8 1 0.07 

Au 0. 21 o.oo 
Ag 0.07 o. oo 
Cu 0.07 o.oo 
l<'c 0.01 o.oo 

s 21.61 1.00 

Te • o. 13 o.oo 
As o.oo o.oo 

J Sb o.oo · o. oo 
Bi o.oo o.oo 

~·otal 98 .34 

Suro of ca t ions 1.06 

------ Sum oi' an ion s 1 



'l' nh l.c (j . 1·. tt .c..; :..rcnJ J::.i ero r,r-ul:(~ U!!h l~'!~ CG of J"•:!ll ~:d 0 't':· :! r:rlid0, J· J5.". •: 2 ' ' n :.l 
ur.n ri~H:ti (1'<.1, Cu ) 7;'~ 2 

rallnd Otl!'!; C!l i (! C l':.l,/'s2 ( "'d 1 (:(1) .,.·. f.l2 

\'l l-~ nt. pro p. wt-~ nt . prop , \'/ t-!t n t , rrop. 

rd 70,% 1. ~·9 7 1 . ~6 4 .66 7 1 ,80 6.06 

Cu 1. 11 o.o~ 1. -18 0 , 16 6,36 0 . 90 

~:1 0.32 0.02 1,00 o. 12 0. 25 0.04 

J.u 0 . 2 1 0 , 0 1 2 . 34 o.oc 0. 2 2 0.01 

Ag 0,00 o.oo 0.17 0.0 1 0,17 0,02 

Pt o.oo o.oo o.oo 0~00 0 , 00 0 , 00 

Fe · 0 . 03 0,00 0 , 08 0,01 0 , 24 0.04 

As 22.47 0,90 21,20 1. 96 14 . 77 1, 76 

Sb 3.96 o. 10 0, 14 0.01 2.72 0,20 

s 0.03 o.oo 0,03 0,01 o.oo o.oo 
Te 0 . 16 o.oo o.~o 0.03 0,50 0 . 04 

Bi o.oo o.oo o.oo o.oo o.oo 0 , 00 

Total 99.25 98.58 97 . 02 

~U13 o ! cations 2 , 07 5.04 7 .06 

Sum o! anicns 2 2 

'r-

-· 



'J' ~tb.ll: .. ;.1 .i c robrolJc:" ; ,,..., 1 y ra.•:; o f 1:1<: r l i c i t <: 11 t."llh..i i:.;o1acrti<:i u~ . 

t.!crtld t e 1 I ( 1 ) rcrtl (: l te (2) JeO~ICr· ltci te 

\'lt - :; nt, prop, VI t-'~ II t, J>r'Op , wt-~~ nt , prop. 

l'd '((), 44 1 ~ . 46 71.32 1:, .64 7 1. 35 10 . 61 

Cu 0 ,1 5 0 , 06 o.oo o.oo 2.73 o . Gn 

Ar, 1. 10 o . 16 

Au 0 . 0 1 0. 06 
Pt 0 , 00 0, 00 o.oo 0,00 O, G1 O.D5 

}'c 0 . 0) 0 . 0 1 0 . 00 0 , 00 0, 05 O, Ol 
Ni 0, 00 o. oo 0. 03 0 . 01 0 , 00 o.oo 

Sb 25.37 4 .86 25 . 59 4. 90 15. 03 1 • <)6 

As 3 . 50 1.09 3.39 1.05 9 . 4} 1, 99 

s 0,05 0, 04 0, 02 0, 0 1 0 , 03 0,01 

Te o .oo 0 , 00 0,00 o . oo 0,00 0 , 00 
]Ji 0 .27 0 ,03 0.1 3 0 . 01 0 , 30 0,0? 

Totnl 99 . 01 100 , 50 101, 57 

Sun1 of cntions 15.53 15 ,65 11, 50 

Sum or nnions 6 6 4 

-· 



Tablc 8. Eleetron r,d croprobc anal y d :: of W..tjuki te. 

wt-% at. prop. 

Pd 45.01 1.01 
r-

Ni 23.33 0.95 

Pt o. 18 o.oo 
Fc o.o6 o.oo 
cu o.oo o.oo 

As 30.85 0.99 

Sb 0.58 . 0.01 

Te 0.14 o.oo 
• s o.oo o.oo 

Bi o.oo o.oo 

'l'otal 100.15 

Sum of cations 1. 96 

Sum of anions 1 

. / 



'J'tti,J . • \' 1.. ! \.ll ; n. i C:l "O JH'C~b!J Ullll) Y H CB (11.' ( : 1.\ ~. 1 • ,·( j lliO l cll.Ln·ol,) ::niull, 1 d "'; . 

2 :s 
wt-~' nt . prop , VI L-:.: ut, pr op . wt-~ E.l t . prop , 

l 'd 37.60 6.1, 6 33. 11 6 . 63 :n. 6s 7. 00 
Ui 0.60 o . 19 o.oo 0 . 03 0 . 03 1).01 
Cu 0 . 39 o. 11 0.12 0 . 04 o. 12 0,04 
Ar, 0 . 40 0.03 

}'t 0 . 59 0 . 06 0. 77 o.os 0,77 O,o / ) 
Au 0.20 0.02 

Fe o.oo o.oo 0 . 30 o. 11 o. oo o.oo 
Te 43. 10 6 .1 9 20 . 41 3.41 14. 12 2.49 
Di , 9 . 10 1.67 43.50 4.44 50.40 5.40 
As 0.39 o. 10 o.oo o.oo o.oo o.oo 
Sb 0.3(l 0,06 o.n 0 . 13 0.49 0.09 
s o.oo o.oo 0 . 04 0.02 0 , 02 0.01 
Tota l 102 , 83 99. 45 99.60 

Sum of cntio:w 6 . <?2 6. 93 7.22 
Su:u of anion!J 8 8 0 



Tabl c 10 . }~lcctron t,d.croprobc analy~;]. :.; of pu.) l nd i.um arscn2.t e . 

Pd 

Cu 

Ni 

}~c 

Pt 

0 

As 

Sb 

Te • 
s 
Bi 

Tota l 

Suro o f 

Suro of 

wt-% 

84 . 85 

3 . 52 

2.37 

0.03 

o. oo 

6.34 

3.71 

0.09 

0. 07 

o. oo 
o. oo 

100 . 98 

cations 

anions 

nt. prop~ 

1. 70 

o. 12 

0 . 09 

o. oo 
o. oo 

0 . 89 

0. 11 

o. oo 
o. oc 
o. oo 
o.oo 

2.00 

1.00 
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Table 1. Generalized section of the Kanttijärvi body 

Unit 

Upper mafic 

zone 

Ultramafic 

zone 

Lower mafi c 

zone 

Thickness 

230 m 

50 m 

20-30 m 

Rock type 

metagabbro 

metaperidotite 

metapyroxenite 

l e nses of meta

pyroxenite 

metagabbro 

.... 

Main minerals 

hornblende, p lagioc las e 

chlori L ~ , hornblende, talc, 

magnesite, oxide 

chlorite, hornblende 

chlorite, hornblende 

plagioclase, hornble nde 

biotite , quartzt 

.'· 


