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INTRODUCTION 

In recent years Archaean greenstone belts 
of the Fennoscandian Shield have shown great 

potential for gold mineralization (see Nurmi 

& Sorjonen-Ward, 1993) , while at the same 
time , there has been considerable exploration 

activity in the Palaeoproterozoic Lapland 
greenstone bell. As a result of this, the Bid­
jovagge and Saattopora gold-copper mines 
were developed, and it is expected that mining 
operations at the Pahtavaara gold deposit will 
commence in the near future. 

Investigations on and around the gold pros­
pects in Lapland have focussed mainly on 

host-rock alteration (Korkiakoski et al., 1989 ; 
Hulkki , 1990; Nurmi et al. , 1991 ; Pankka et 
al., 1991; Korkiakoski, 1992; Pankka & Van­
hanen, 1992; Eilu, 1994), geological and 
structural setting (Ward et al. , 1989 ; Gaal & 
Ward , 1990; Ward et al. , 1992) , mineralogy 

(Korkiakoski, 1987; Kojonen & Johanson , 

1989) , and fluid inclusions (Ettner et al., 1993 
and 1994) . Carbon and oxygen stable isotope 
analyses on carbonates have been undertaken 
for the Saattopora (Korkiakoski , 1992 ref. 
Tamminen in prep.) and Pahtavaara gold de­

posits (Korkiakoski , 1992). Moreover, stable 
isotopes have been analysed from the Bidjo­
vagge mine (Ettner et al. , 1994). Radiogenic 
isotopes have been used to date different 

lithological units (e.g. Meriläinen , 1976; Hil­
tunen , 1982; Lehtonen , 1984 ; Silvennoinen , 

1991) and to provide information on the 
petrogenesis of the rocks (e.g . Patchett et al. 
1981; Huhma, 1986). Sulfur isotope data from 
base metal deposits , such as Saattopora , Pah­
tavuoma, and Riikonkoski in central Lapland, 
were published by Mäkelä and Tammenmaa 

( 1978). 

This study concentrates on the application 

of lead isotopes as an exploration method. The 
fundamentals of lead isotope geology are 

linked to the formation of the Earth about 4.55 
Ga ago. Since then, the primordial lead com­
position has been changed by the radioactive 
decay of 238U, m U, and 232Th to produce the 
daughter elements , 206Pb, 207Pb, and 208Pb , 

respectively. The fourth lead isotope, 204Pb , is 

however practically stable. Lead thus has the 
advantage of providing three isotopes that 

record information about geological process­
es. Moreover , lead isotopes do not show sig­

nificant fractionation by processes that affect 
the isotopes of lighter elements. 

In ore geology , lead isotopes are normally 
used to estimate metal sources and minera­
lization ages , but other applications , related 
to the evaluation of mineral prospects , also 

exisl. Some of the oldest publications concer­

ning lead isotopes in mineral exploration are 
Cannon et al. (1958 and 1961) , Cannon and 
Pierce (1967 and 1969), Doe & Stacey (1974), 
and Stacey et al. (1968). More recently, Gul­
son (1986) collated a wide number of case 
histories in order to assess the potential of 

lead isotope analyses as an aid to exploration. 
However , genetic investigations and app­
lications used in mineral exploration go hand 

in hand , because neither deposit scale nor 

regional exploration can be carried out effec­
tively without a thorough understanding of 
ore forming processes. 

Some of the earliest work using lead iso­
topes in Finland was done by Walter Wahl 
(1940 and 1941) and traditionally lead iso­

topes have been used to delineate different 
geotectonic provinces and to identify the 
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presence of older crustal components in crust 
forming processes (e.g. Kouvo, 1958; Vi­
nogradov et al. 1959; Kouvo & Kulp, 1961 ; 
Rickard , 1978 ; Vaasjoki , 1981 ; Huhm a, 1986 ; 
Vaasjoki, in press). Studies concern in g lead 
isotope characte ri stics and evaluation of the 
mineralization ages and meta I sources of min­
era l deposits in Finland have been published 
by Vaasjoki (1989), Vaasjoki and Kontoniemi 
(1991), and Vaasjoki et al. (1993). 

The aim of this study was to determine the 
lead isotope characterist ics and systemat ics of 
epigenetic gold mineralization within the Pal­
aeoproterozoic Lapland greenstone belt , and 
to evaluate respective sources of lead and the 
mineralization ages for each deposit. Empha­
s is was given to go ld occurrences located in 
the central part of Lapland. As reference 

material , synvo lcan ic stratabound base metal 
deposits (Inkin en, 1979) and unmineralized 
volcani c rocks of the Upper Lapponi Group in 
central Lapland (Lehtonen et al., 1992) were 
a lso investigated. In addition, samp ies were 
included from the Hangas lampi go ld deposit of 
the Kuusamo schi st belt in northeastern Finland 
and from the Bidjovagge ore deposit in Norway , 
which is located within a northern extens ion of 
the Central Lapland greens tone belt. 

As go ld is the most valuable e lement in 
these deposits , genetic aspects of gold miner­
alization are a matter of general importance. 
However , go ld and lead might have different 
sources, and therefore the use of lead isotope 
data from sul fides and gold sampies in ex­
plaining genetic aspects of gold minerali­
zation could be problematic. 

GEOLOGY OF TUE CENTRAL LAPLAND GREENSTONE BELT 

In trod uction 

The Palaeoproterozoic Centra l Lap land 
greenstone belt li es in the northern part of the 
Fennoscandian Shield (Fig. I ) and forms part 
of a wide SE to NW trending granitoid­
greenstone association extending from Lake 
Onega in Russia to northern Norway (e .g. 
Gaa l & Gorbatschev , 1987; Lehtonen et al., 
1992). This belt comprises volcanic-sedimen­
tary rocks deposi ted on the Archaean base­
ment ca . 2.5-1.8 Ga ago. 

1990; Laajoki, 1990 ; Manninen , 1991). Wide­
spread and locally intense regional a lbite and 
carbonate a lteration is considered to be syn­
volcanic (Eilu, 1994) , and thus it predates 
compressive deformation , as does also the 
mineralization of the synvolcanic base meta I 
deposits , such as Pahtavuoma and Riikonkoski 
(lnkinen, 1979; Puustinen, 1985) in Fin land, 
and Pahtohavare and Viscaria in Sweden 
(Ca rlson et al., 1988; Carlson, 1991). At 

The growth of the greenstone belt was con- approximately 1.9 Ga the Svecokarelian 
trolled by an intracratonic rift-system (Lehto­
nen et al., 1985; Gaal & Gorbatschev, 1987; 
Ward et al., 1989; Gaal, 1990 ; Gaal & Ward, 

orogeny caused compressive deformation and 
metamorphism under greenschist facies 
co ndition s. 

Fig. I. Generalized geological map of nonhern Finland (upper map), simplified after the Geological Map of the Northern 
Fennoscandia ( 1987) and the maps by Kulikov et aJ. ( 1980) and Lehtonen et aJ. ( 1992). Lithostratigraphic map of the Central 
Lapland area (Iower map), simplified after the map of Lehtonen et aJ. ( 1992). Names identify the formations referred to in the text 
and numbers indicate the locations ofmineralizations (* ) included in the study. Stratabound base metal deposits: Riikonkoski and 
Hormakumpu (I), Pahtavuoma (2). EpigeneTic gold deposits: Soretiavuoma (3), Kuotko (4), Suurikuusikko and Kiistala (5), 
Pahtavaara (6) , Lammasvuoma (7), Saattopora (8), Hangaslampi (9), Meurastuksenaho (10), Bidjovagge (I I) . 
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Regional geological se tting 

A geo logieal map (I :400 000) of eentra l 
Lapland and the aeeompanying explanatory 
notes were pub li shed by Mikkola ( 194 1). 
More reeently , a geologieal map at asca le of 
1:200 000 and an exp lanatory report were 
published by Lehtonen et a1. (1984 and 1985). 

Stratigraphie interpretations have been 
demonstrated by , amongst others Mäkelä 
(1968), Paakkola ( 1971) , Rastas ( 1980) , Si 1-

vennoinen et a 1. ( 1980), Si lvennoinen ( 1985) , 
and Manninen et al. (1987). The stratigraphie 
elassifieation used in this work is based on the 
eurre nt interpretations and nomenelature of 

een tr a l Lapland lith ost ratigrap hy (Tab le I) 
provided by Lehtonen et a l. (1992). 

The basement to the greens tone sequenee in 
ee ntra l Lapland (Fig . land Table I ) eompris­
es 2765-3 100 Ma (Kröner et a l. , 198 1; Kröner 

& Comps ton , 1990) Arehaea n gne isses (Le h-

tonen et al. , 1992). The Pa laeoproterozoie 
supraerusta l rocks have been slIbdivided into 
the Lower , Middle , a nd Upper Lapponi 
Groups (Le htonen et a l. , 1992). Coarse e las ti e 

quartzites and eong lomerates of the Lainio 
and KlImpli Grollps rest uneonformably on the 

Lapponi Group supraerusta ls at the sOllthe rn 
edge of the greenstone belt (Lehtonen et a l ., 
1992). 

The Lower Lapponian ultramafie to fe lsie 
lavas and pyroelasties oeeur in the eastern 
parts of the Centra l Lap la nd greenstone bell. 
The 2526±46 Ma (Pihl aja & Manninen , 1988) 

fe lsie vo lea ni es of the Madetkoski Fo rm at ion 

form the topmost part of th e Lower Lapponi 

Group. The Midd le Lapponian sedimentary 
rocks sllrround the Upper Lapponian vo lean­
ies in the east , sOllth , a nd sOllth-west. Geo­
ehrono logiea ll y , the Middle Lapponi Group 

Tab le I . Lilh os tr a ti g rap hy o f th e Cc ntral La pl a nd g ree ns lo ne be ll accordin g to Le ht o ne n e t a J. 1992 ( mo difi ed 
a ft e r Tabl e I , p. 2). 

GROUP TYPE AGE (approx.) 
FORMATION Ma/zircon U-Pb 

KUMPU Levi < 1913-2060 

Vesikkovaara 
LAINIO Latvajärvi ca . 1883 

Ylläs 

MAIN lITHOLOGIES 

quartzites, conglomerates 

quartzites, conglomerates 
intermediate to felsic volcanics 
quartzites, conglomerates 

Upper unit Vesmajärvi 
UPPER Porkonen 

2012 ± 3;( > 1920) mafic tholeiites 
BIF 

LAPPONI Middle unit Kautoselkä 
Lower unit Sattasvaara 

>2050 

MIDDLE 
LAPPONI 

LOWER 
LAPPONI 

Virttiövaara > 221 0 

Möykkelmä ca. 2435 
Madetkoski ca. 2526 

mafic tholeiites 
picrites, komatiites 

sedimentary rocks 

mafic tholeiites, komatiites 
mafic to felsic tholeiites 

ARCHAEAN BASEMENT COMPLEX 2765-3100 



li es be tween 24 3 5 and 22 10 M a, th e hi g he r 

age limit be in g c onstra in ed by th e age of the 

Ko ite la inen ga bbro (Puu s tine n . 1977; Muta ­

ne n, 1989 ) , w hi c h see ms no t to c ut th e Midd le 

L a ppo ni a n roc ks . Th e lo we r age limit is dete r­

min ed by th e age of a lbite di a bases wh ic h 

int rud e th e Middl e L a ppo ni an metasedim e nt s 

(Le ht o ne n e t a l. . 1992). 

Th e m aj o rit y of th e g reenston e be lt vo lca n­

ics e rupted be twee n 2.2 a nd 1.9 G a . Th ese 

Up pe r L appo ni an vol ca ni cs a re di v ided into 

three s trati g ra phi c al unit s : th e lowe r, th e mid ­

di e, a nd th e uppe r unit (Le hton e n e t a l. , 1992) 

(T a bl e I ). Ko matiiti c pillow la vas a nd pyro­

c las ti cs of th e lo wer unit a re ma inl y fo und in 

th e eas te rn pa rt o f th e Centra l L a pl a nd 

g ree ns to ne be ll. The middl e unit co ns is ts o f a 

th i c k thol e i i ti c sequ e nce in terb edd e d wi th 

e pi c las ti c sediment s a nd blac k schi s ts . 

G eoc he mi ca l a na lyse s of th e middl e unit th o ­

le iites show a s ia lic c ru s ta l co mpo nent , a nd 

thu s they m ay be co nn e cted with an e a rl y 

ph ase o f rift fo rm a ti o n (Mannin e n e t a l. , 

1987) . A minimum age o f ca . 2 050 M a fo r th e 

middl e unit vo lc anism is provided by the z ir­

con U-Pb-ages o f the cutting d ikes, e. g. th e 

Sä tk ä nävaa ra a lbite diab ase and Riikonkos ki 

a lbite ga bbro (L e hton e n e t al. , 199 2) . Th e 

P o rk o nen -P a hta vaara Iro n Form a ti o n sepa­

rat es the thol e iiti c upper unit from the middle 
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d e te rmin a ti o ns fro m th e Veik ase nmaa fe ls ic 

porphyry a nd a qu a rt z porph y ry c uttin g th e 

Nyssä kos ki m afi c vo lca ni cs (Le hto ne n e t a l. . 

1992). 

Th e roc ks o f th e La inio G ro up we re de­

fo rm ed by th e m a in ph as e s of the S veco ka­

re li a n o roge ny , w hereas th e sed im e nt s of th e 

Kumpu Gro up we re de pos it ed durin g th e late 

s tages of defo rm a ti o n . Th e U- Pb-z ircon age o f 

th e fe ls ic vo lc a ni s m in the L a tvaj ä rv i Fo rm a ­

ti o n, w ithin th e L a ini o Grou p , is 1883±5 M a 

(Le hton e n e t al. , 1992) . Approx im a te ly th e 

sa me age has bee n re po rted fo r th e Kirun a 

po rph y ri es in northe rn S wede n (Skiöld , 1986 

a nd 1987). 

The vo lca ni c-sedim e nt a ry seq ue nce in ce n­

tra l La pl a nd is intrude d by p os to rogeni c g ra n­

ites ( 1760- 1790 M a) a nd sy nkin e matic qu a rt z­

mon zo niti c to qu a rt z- di o ritic g ra nitoid s with 

ages ca . 188 0- 1899 M a (Le hto ne n e t a l. , 1984 

a nd 19 85 ). In the no rth e rn a nd no rth- wes te rn 

p a rt s of th e bel! g ra nodioriti c to ton a litic 

g ne isses occ ur. The U- Pb d a ta fro m these so­

ca ll e d He tt a g ranit es (A ppe ndi x I ) ex hibit 

he te ro ge neo u s zirco n popul a ti o ns includin g 

inherited Arc haean z irco ns , with the s m a ll es t 

z irco ns be in g Pal aeo pro te ro zo ic in age . Th e 

nega ti ve E Nd va lue s o bta in ed fo r these g ra nites 

a lso indi ca te that th ey re prese nt react ivation 

of basem e nt g nei sses durin g the early and 

uni t. An age ra nge be tween 2015 - I 920 M a fo r s y norog en ic s tages o f th e S vec okare I i an 
th e upper unit is indicated by zirco n U-Pb age orogeny ( Huhma , 198 6). 

EPIGENETI C GOLD AN D BASE METAL DEPOS ITS IN NOR THE RN 
FENNOSCAN DI A 

Go ld depos it s 

Th e g old d e posit s of the F e nn osca ndi a n 

Shi e ld were c lass ifi e d by urmi ( 199 1) into 

three tectono s tra tigraphic g roup s : I ) the Late 

Arc hae an (2. 9-2. 7 Ga) g ree nsto ne hos ted de­

pos it s in eas te rn Finl a nd , 2) th e Pa laeo pro­

te ro zo ic (2.5 - 1.9 Ga ) g reens ton e hos ted de­

pos its o f L a pl and , in th e north e rn pa rt of th e 

s hield , 3) the d e pos it s hos te d by th e 

Pa laeo pro te rozo ic S vecofe nni a n co mpl ex 

(2.0- 1.75 G a) in southe rn Finl a nd a nd C e ntr a l 

Swede n. All de pos it s in c luded in thi s study li e 

w ithin th e Pal aeopro te ro zoi c L a pl a nd g reens­

ton e belt (Fi g . I ) . 

In Finni s h Lapland , the g ree nstone hos ted 



10 Geologica l S urvcy of Finl a nd, Bu ll e tin 38 1 

go ld de po s it s li e within th e Kittil ä a nd So ­

d a nk y lä rural muni c ip a liti es in ce ntral La p­

la nd a nd in th e Kuu sa mo area in so utheaste rn 

La pl a nd (Fi g. I ). Th e hos t roc ks to th e go ld 

de pos it s were me ta mo rph osed unde r g ree n­

sc hi s t fa c ie s co nditi o ns. Alth o ug h th e depos­
it s a re spa ti a ll y conn ec ted with sy nvo lca ni c 

a lbite-ca rbon a te a lte ra ti o n , th ey s ho w c lea r 

ev ide nce o f sup e rimposed e pi ge ne ti c min e ra l­

iz in g processes . Th e go ld-min e ra li z in g hydro­

th e rm a l fluid s, c ha nn e led by shea r a nd fr ac­

ture zo nes, a re co ns id e red to be o f me ta­

mo rphi c o r ig in , a nd the min e ra li za ti o n is s up­

posed to have ta ke n p lace aft e r th e ma in ph ase 
o f d efo rm ation a nd th e peak of me ta mo rphi s m 

(W a rd e t a l. , 1989; Nurmi e t a l. , 199 1; W a rd 

et a l. , 1992). It appea rs th a t the prev io us ly 

h ydro th e rmall y a lte red lith o log ies in th e area 

we re co mpo s it io na ll y a nd s tru c tura ll y fa­

vo urabl e fo r f lui d f low. 

Th e go ld de pos its occ ur in and a ro und tec ­

to ni c s hea r a nd frac tu re zo nes in a va riet y of 

geo log ica l e nv iro nm e nt s (W a rd e t a l. , 1989) 

in c ludin g: I ) a ltered mafic to ultra ma fi c 

lith o log ies (S aa tto po ra, Sore ti av uo ma, P a hta­

vaa ra, L a mm asv uo ma), 2) th e v ic init y of 

gra nito ids and a lte red po rph y ry di kes (Ku o t­

ko), a nd 3) s tro ng ly a lte red me tasedim e nt s 

(Ku usa mo de pos it s). Go ld min e ra li za ti o n in 
ce ntra l Lap la nd is ty pi ca ll y assoc ia ted w ith 

qu a rt z-ca rbonate ve in s a nd brecc ias, a lthou g h 

di sse min a ted types a re a lso present. Do min a nt 

su I f i des a re py ri te, py rrhoti te, c ha lco py ri te, 

a nd a rse nopy rit e. In th e Kuu samo a rea, di sse­

min a ted A u-Co-U -d e posi ts occ ur in inte nse ly 

alte red a lbite-ca rb o na te-seri c ite roc ks (Pa nk ­

ka e t a l. , 199 1) . 

Fo ll ow in g th e o pini o n of ma ny w rite rs (e.g. 
K e rri c h & Fy fe, 198 1; Groves & Phillip s, 

1987; Ca mero n, 1988; C ol vin e e t a l. , 1988), 

Ko rki a kos ki ( 1992) co nnec ted th e o ri g in o f 

th e Pa htava ara go ld de pos it w ith a w ide r c ra­

to ni za ti o n process, in w hi c h bo th th e mag ma t­
ic processes tak in g p lace in th e c ru s t a nd 

d e volatiliza ti o n cau sed by meta morphi s m 

we re impo rta nt in th e co ncentra ti o n of go ld . 

Ho weve r , a n a ltern a tiv e inte rpret a tion was 

g ive n b y Hulkki ( 199 0 ), w ho proposed th a t 

th e Pahtavaa ra gold min e ra li za ti o n was pri­
ma ril y co nn ec ted with fum a ro lic ac ti v ity dur­

in g riftin g, w ith furth e r re mo bili za ti o n and 

co ncentra ti o n o f go ld durin g s ubsequ e nt 

co mpress io na l d eform ati o n . The min e ra li za­

t io n o f th e Kuu sa mo go ld occurre nces is co n­

s ide red to have take n pl ace afte r th e peak of 

me ta mo rph i s m o f th e S veco ka re l i an o roge ny 

( 1.9- 1.8 Ga) (Pa nkk a & Va nh a ne n , 1992) and 

the assoc iated min e ra li z in g fl uids are co ns id ­

ered to have bee n me ta morphi c a nd /o r mag­
matic in o ri g in (Pankk a e t a l. , 199 1). 

In no rth e rn No rway, th e Bidj ovagge go ld ­

cop pe r o re in th e no rth -wes te rn pa rt of th e 

Pa laeo pro te rozo ic Ka ut o ke in o gree ns to ne be lt 
(2. 0 -2 . 1 Ga: Kr i ll e t a l. , 1985; Ol se n & Nil ­

se n , 1985 ) is she ar zo ne re la ted a nd occ urs 

w ithin a zo ne of sodium a nd ca rb o na te me ta­

so mati s m ( Bj ~ rl y kke e t a l. , 199 3). An e pi ­

ge ne ti c o ri g in fo r th e min e ra li za t io n a nd a 

dee p c ru s ta l 01' ma ntl e so urce for th e go ld has 

been sugges ted by Gj e ls vik ( 1958), Padge t 

( 19 59 ), Bj ~ rl yk k e et a l. ( 1987 a nd 199 0 ), 

Nil sen a nd Bj ~r l y kke ( 199 1), a nd by Bj ~ r ­

Iyk ke e t a l. ( 1993) . 

In no rth e rn Swede n, the eco no mi ca ll y mos t 

importa nt pa rt o f th e P a hto hava re C u-Au o re 

is rega rd ed as ep ige ne ti c (Söde rholm & Nix­

o n , 1988; M a rtin ss on , 1992), but sy nge ne ti c 

m in e ra li za ti o ns s uc h as V isca ri a a re a lso 

prese nt. Accordin g to M a rtin sson ( 1992), th e 

tec toni c sys te m contro llin g th e s ite of th e 

Pahtoh ava re go ld de pos it is yo un ger tha n th e 

fo ldin g ph ase see n in th e g ree ns to nes. 
P res um ab ly, the min e ra li z in g hydrot he rm a l 

flu id is me ta morphi c in or igi n, in w hi c h th e 

de vo latili za ti o n of sulfa ti c evapOl' ite bea rin g 

bed s mi g ht have pl ayed a n impo rta nt ro le 

(M artin sso n, 1992). Ne ve rth e less, th e influ ­

e nce of mag mati c fluid s ca n no t be exc luded . 
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Base meta) deposits 

Many of the go ld deposits s howing epige­
netic structural characteristics are spatially 
assoc iated with base metal co ncentration s, 

us ually re la ted to albite alteration zones with 
variable mineralizing styles a nd metal (C u, 

Zn, Fe) contents . These deposits include 
Pahtavuoma , Riikonkosk i, and Sirkka, and the 
Saattopora cop per min e ralization (lnkinen, 
1979 and 1985 ; Puu stinen , 1985) in central 

Lapland, a nd the Viscaria cop per ore and a 

part of the P a htoha va re deposit (Carlson, 
1991; Martin sso n, 1991 and 1992) in the 
Kiruna greenstone belt (2200-1930 Ma: 

Skiöld & Cliff, 1984 ; Skiöld, 1986), northern 
Sweden. Genetically these deposits and the 
regional hydrothermal albite alteration repre­
sent syngenetic processes associated with the 
extensional ph ase of the gree nstone be lt 
formation (Inkinen , 1979 and 1985 ; Ward e t 
al., 1989 ; Mart ins so n, 1992) . 

Previous lead isotope results 

In north e rn Sweden and Norway the sulfide 
lead isotope compositions of both the sy n­
ge ne tic base metal depo s its and the epigenetie 
go ld depo s it s have typi ca lly been modified by 

the Palaeozoic Caledonian orogeny (ca. 420 

Ma ). Reac tivation of the Proterozoic base­
ment during the orogeny eaused remobili­

zation of the lead , which is now commonly 
reflected in the radiogenie lead iso tope eom­
po sition s of the s ulfides (e.g. Rickard, 1978 ; 
10ha nsson , 1983 ; 10hansso n & Rickard , 1984 ; 
Bj!ilrlykke e t al., 1987; Romer & Boundy, 1988 ; 
Romer , 1989a, 1989b and 198ge ; Bj!ilrlykke et 

al. , 1990; Romer 1990, 1991 and 1993 ; Romer 
& Wright , 1993). This type of radiogenie 

sulfide lead has been detected in an area ex­

tend ing nea rly 100 km to east of the prese nt 
boundary of the Caledonian allochthon. 

In northern Sweden undi st urbed Proterozo­

ie s ulfide lead iso tope eompositions have 
bee n obtained for in s ta nee from the Huor­

na ise nvu oma ska rn iron ore at Lannavaara 
(F ri e tsch , 1991 ), from the Kiuri Ra ssa ive , 
Pallemvaratji, and Askelluokta syngenetic 

Cu-Zn-Pb deposit s at Tjamotis (S undblad & 
Rostholt , 1986 ; Sundblad , 1991 ), from the 
ap lite re lated Munka Mo-deposit in the Rap­
pen di s tri c t (Romer , 1993 ), and from th e 
s tratabound Kopparasen Cu-Zn-U depo s it 
( Ro mer & Boundy , 1988) . The lead isotope 

co mposition of the Huo rnaisenvuoma sa mpies 

represents the most primitive eo mpo sition in 
the area , and is similar to the Outokumpu 
ga lena from Finland (Vaa sjoki , 1981) . Th e 
least radiogenic lead iso tope compositions of 
the Tjamotis a nd Kopparase n deposits lie 

close to the trend of the Sveeokare lian oro­

genie leads as defined by Vaasjoki ( 1981 ). 
This trend illustrate s orogenic mixing of up­
per crustal and mantle materi a l at ca . 1900 Ma . 

Lead isotope and U-Pb age result s from the 
Bidjovagge go ld-copper ore have been pub­

li shed by Bj !il rl ykke et al. ( 1987 and 1990) a nd 
Cumming et a l. (1993), aceording to wh ich 
the sulfide lead s are radiogenie with 206Pbl 

204Pb ra tios between ca. 22 a nd 158. On the 
206Pbp04Pb vs. 207Pbp04Pb diag ram , the data 

plot on a linear trend from which the least 
radiogenic samp Ies give a s lope of 0 . 1338 . 
Thi s trend has bee n interpre ted with a tw o­
stage model ( Bj !il rlykk e et a l. , 1990) in which 

a souree age of lead is fixed at ca. 1875 Ma 
and subsequent lead mobili za tion and minera­
lization oeeurred during pene plain formation 

at th e Cambrian-Preeambrian boundary. A U­
Pb age of 1837±8 Ma has been obtained from 
the Bidjovagge uraninite (C ummin g et a l. , 
1993 ), and oeeurrence of go ld as an inclusion 
in ura ninite is co ns idered to be ev idence of 
s imultaneous preeipita tion of go ld and urani ­
nite from a co mmon fluid (Cummin g et a l. , 

1993 ). 
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DESCRIPTIONS OF THE MINERAL DEPOSITS STUDIED 

Base meta) deposit s 

Several sa mpies from the Pahtav uoma, Rii­

konkoski , and Hormakumpu base metal depos­

its in central Lapland were included in the 

study ; locations of the se deposits are shown 

on a lithological map in Figure I. 

In the Pahtavuoma Cu-Zn-U depos it , four 

separate , mainly phyllite-hosted copper de­

posits occur nea r the contact with volcanic 

rocks. 0 wall rock a lteration has been ob­

served in proximity to the sulfide deposits. 

The mineralization is typically associated 

with quart z-c arbonate fracture fillings in bre­
cc ias and with st rati form disseminations. In 

addition, six zinc and three uranium showings 

have been found in the Pahtavuoma area 

( Inkinen , 1979). The zinc showin gs occur at 

the margin s of the copper deposits, a lth ough 

independent zinc-ore bodies also occur. The 

U-s howing s are connected with the copper 

mineralization , in which carbonate and uran i­

um bearing mineral s fill th e youngest fractu­

res, wh ich c ut across primary sed imentary 

s tructures (lnkinen , 1979). 

The Riikonkoski a nd Hormakumpu copper 

mineralization is associated with albite­

quartz-carbonate breccias, and th e deposit s 

are mainly ho s ted by phyllite or sericite 
sc hi st. The main ore mineral s are chalcopyrite 

and pyrrhotite, with pyrite bein g ra re (Puus­

tinen , 1985 ). 

Gold deposits 

Sampies from ten gold deposit s and occur­

rences were included in the study. The Sore­

tiavuoma , Kuotko , Suurikuusikko, Kii s tala , 

Pahtavaara , Lamma sv uoma, and Saattopora 

prospects are loca ted in ce ntral Lapland, the 

Soretiavuoma 

The Soretiavuoma go ld occurrence is host­
ed by altered komatiitic volcanics. Gold oc­

c urs prefentially in the transitional zones be­

tween the intense ly carbonated inner section 

with sulfide rich quartz-carbonate-albite­

tourmal i ne vei n network s a nd the surrou nd i ng 

talc-chlorite alteration zone (Keinänen, 1987 ; 

Keinänen et al. , 1988). Undeformed , barren 

quartz veins cut the deformed sulfide ri c h and 

go ld bearing veins, in which the most common 
ore minerals are pyrite , c ha lcopy rite , pyrrho­

tite, and arsenopyrite (Suoperä , 1988 ). Gold 

occurs both as separate g rain s and in c lusion s 

in pyrite a nd along grain boundaries (S uoperä , 

1988). 

Hanga s lampi and Meurastuk se na ho in the 

Kuu sa mo district , and Bidjovagge in northern 

Norway (F ig . I ) . In addition to these there are 

a large number of go ld prospects in the region 

that will not be considered in thi s co ntext. 

Kuotko 

The predominant lithologies In the vicinity 

of the Kuotko gold depo s its a re Upper 

Lapponian mafi c pyroclastics and tuffaceou s 

rocks , and synorogenic granitoids (ca. 1.9 Ga ) 

co nnected with altered porphyritic felsic 

dykes (Härkönen & Keinänen , 1989). The 

locations of the Au-deposits are controlled by 

a wide shear zone between the granitoids . The 

occurrence of lamprophyre s in the area 

indicates the presence of fracture zones pen­
e trating into the mantl e. 

Three types of mineralization can be distin­

g uished in the Kuotko area ( Härkön e n & Kei ­

nänen , 1989) : I ) pyrite and a rsenopyrite con­

taining quartz-carbonate vein networks that 



brecciate felsic dykes, 2) narrow quartz-car­
bonate-sulfide veins around felsic dykes, and 

3) separate massive pyrite , pyrrhotite , and 
arsenopyrite veins containing quartz and 
carbonate. Native gold is as ociated with 
su lfide minerals . 

Suurikuusikko and Kiistala 

Suurikuusikko go ld occurrence was discov ­
ered during follow-up in vestigations subse­

quent to the finding of the gold-rich lense at 
Kiistala (Härkönen, 1992). The minerali­

zation is represented by a shear zone hosted 
pyrite and arsenopyrite rich breccia, at th e 
contact between mafic vo lcanics a nd a graph­

ite-rich schists (Härkönen & Keinänen, 19 89). 
Gold occ urs as tiny inclusions in arsenopyri te 

and pyri te. 
Ln the Kiistala ca rbonate-arsenopyrite-ga­

lena vein, visible gold occurs predominantly 
in galena and sideritic carbonate (Härkönen & 

Karvinen , 1987). The vein is hosted by graph­

ite schist and ch lorite rich tuffite with inter­

beds of intermediate la va. Further drillings in 
the vein surroundi ngs indicated only narrow 
veins with colour less carbonate occasionall y 
conta ining arsenopyrite (Härkönen & Karvinen, 

1987). 

Pahtavaara 

The Pahtavaara go ld deposit lies in the most 
intensely a ltered eastern part of a long discon ­
tinuous hydrothermally a ltered zone that fol ­

lows the northern edge of the Sattasvaara 
komatiite comp lex (Korkiakoski , 19 87; Kor ­

kiakoski et aJ., 1989; Hulkki , 1990 ; Kor­

kiakoski , 1992). 
E levated go ld contents are associated with 

talc-carbonate-pyrite veins in biotite schists 

and with quartz-barite lenses o r veins in am­
phibole rocks. Magnetite is abu nd ant , and 
pyrite is the most common sulfide. Gold oc­
curs with pyrite and at the margins of the 
quartz-barite lenses (Korkiakoski, 1992). 

Geolog ical Survey of Finland , Bull etin 38 1 13 

Lammasvuoma 

At the Lammasvuoma go ld prospect , 
su lfides occur as disseminated , replacement, 
and breccia types. The mineralization is var­
iably hosted , for example by albite-carbonate 
rocks , s imil ar to those hosti ng the Saattopora 

gold deposit. 

Saattopora 

Mining of the Saattopora gold-copper ore 

by Outokumpu Finnmines Oy commenced at 
the end of 1988 , and the mine currently con­

sists of three open pits, namely the A- , B-, and 
C -ore. 

At the northern edge of the ore belt tuffitic 
rocks are common , while albitic phyllites and 

mica schists occur in the south (Anttonen et 
aJ. , 1989) . Ultramafic rocks also occur be­
tween the ore zones hosted by a lbite -carbon­
ate schist (a lbi tic fe lsite). The highest gold 
contents have been obtained from quartz-car­

bonate-sulfide veins that cut the a lbiti c fel­
s ite . Anomalous go ld contents have also been 
measured from the host rocks adjacent to 
these veins . In the A- and B-ores the main 

su lfides are cha lcopyrite a nd pyrrhotite, wh il e 
the B-ore a lso conta in s minor amounts of 
pyrite and arsenopyrite . The C-ore , w ith the 

lowest Au/Cu ratio , is richest in a rsenopyrite 

(H ugg , ora l com ., 199 1) . 
The Saattopora copper mineralization is 

located at the contacl zone between sedimen­
tary and vo lcanic rocks. It is hosted predo­
minantly by phyllite, yet part of the 
mineralization occu rs in a lbiti c fe lsite. The 
principal ore minerals , chalcopyrite and 
pyrrhotite , are either disseminated or associ­
ated w ith breccias and quartz-carbonate veins. 

Minor amounts of spha lerite occur in the cop­
per mineralization , which contrast s with the 
go ld ore at Saattopora. Elevated gold contents 
have been analysed from the albitic felsite 
ho st in g part of the copper mineralization 

(lnkinen , ora l com. , 1991 ). 
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Hangaslampi and Meurastuksenaho 

In the Kuusamo area , the Au-Co-U deposits 
occur mainly in the upper part of the Sericite 
Quartzite Formation (>2200 Ma; Silvennoinen , 

1991) and the lower part of the Siltstone For­
mation (>2078±8 Ma; Silvennoinen , 1991) 
(Pankka et al., 1991). These deposits can be 
subdivided into two end-members according 
to the type of mineralization (Pankka et al., 
1991; Pankka & Vanhanen, 1992): 1) replace­

ment deposits within ductile deformation 
zones, and 2) breccia-type deposits within 
brittle deformation zones. The schistose and 

flattened replacement deposits are associated 
with zones of sericitization and chloritization 
and are continuous in the shear zone direction. 
The breccia-type deposits are related to 
hydrothermal pipes with brecciating car­

bonate and quartz. The Hangaslampi deposit 
represents the first type and Meurastuksenaho 
is an intermediate type between the two end­
members. 

The Hangaslampi deposit is hosted princi­
pally by hydrothermally altered albite rocks 
and sericitic schists. Elevated gold contents 
have been recorded from the quartz-sericite 
and biotite-sericite rocks with pyrite , pyrr­

hotite, and minor chalcopyrite. The distribu­
tions of gold and uraninite have a strong pos­
itive mutual corre lation (Pankka , 1989 ; Pank­
ka et al. , 1991). 

The mineralization at the Meurastuksenaho 
Au-Co-U-deposit is associated with albite­
quartz-carbonate and chlorite-amphibole 
rocks of the Sericite Quartzite Formation 
(Pankka et al. , 1991). The principal ore 
minerals , pyrrhotite and pyrite, together with 

minor chalcopyrite and cobaltite, exhibit both 

disseminated and more massive habits. Gold 
also shows a tendency to correlate positive ly 
with Co-rich parts of the deposit. 

Bidjovagge 

Cop per mining activity at Bidjovagge com­
menced in the beginning of 1970's but in 1985 
Outokumpu Finnmines Oy reopened the mine, 
producing gold as weil as copper. 

In the Kautokeino area in northern orway, 
Archaean gneisses and amphibolites are sep­

ara ted by three -S trending Palaeoproterozo­
ic greenstone belts. The Bidjovagge ore lies in 

the western most belt, which consist of shal­
low marine sediments and mafic to ultramafic 
vo lcanics intruded by diabase dykes and gran­
itoids. In the mine area, both sediments and 

diabases are albitized, this process having 
taken place before mineralization (Söderholm 
& Nixon, 1988). 

The ore can be divided into copper and gold 
ore types on the basis of their metal contents 
(Nil sen & Bj!1Srlykke, 1991; Bj!1Srlykke et al. , 
1993). A different type of classification was 
proposed by Lamberg and Toikkanen (1991) , 
who distinguished between Cu-Au , Au-Te , 
and Au rich ore types. Generally, the ore is 

shear zone related and hosted by albitic 
felsite , metadiabase, and black schist. The 

mineralization is associated with carbonate 
veins , vein networks, and disseminations in 
brecciated zones (Bj!1Srlykke et al. , 1990). 
Principal ore minerals are chalcopyrite , pyri­
te, pyrrhotite , and hematite. A positive 
corre lation exists between the gold content 
and radioactivity , which is mostly generated 
by davidite (Bj!1Srlykke et al., 1987). 
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SAMPLING AND ANALYTICAL METHODS 

Sam pIe material 

The study targets were chosen so as to rep­
resent various geo logical env ironments. The 
majority of the sampIe material was taken 

from dr ill cores stored by Outokumpu 
Finnmines Oy and the Geological Survey of 
Finland , Rovaniemi , although some sa mpies 
were obta in ed from geologists working on the 

gold prospects and the geology of the green­
stone belt in central Lapland. Sulfide samp ies 

were se lected from drill core sections with 
elevated gold contents , and adjacent wal l rock 
sampies were also col lected. The length of 

drill core sampled was normally about 10 cm. 

Polished thin sections were prepared from the 
majority of the mineralized samp ies and a lso 
from a few wall rock samp Ies. 

The locations of the stud ied mineral depos ­

its and occurrences are shown on the litholog­
ical map in Figure I , while explanations to the 
abbreviations used in the figures are given in 
Appendix 2. Some background information 

concerning the sampie material and mineral 
separates is presented in Appendices 3 and 4 , 
and petrographical descriptions of the sam­

pies are given in Appendix 5. 

Analytical procedures 

Sam pIe preparation and chemical 
separation 

Milling of the whole rock sampies , and 
crushing and separation of the mineralized 

sa mpies were done at the Mineralogical Lab­
oratory of the Geological Survey of Finland at 
Espoo. Heavy liquids and a Frantz isodynamic 
magnetic separator were used in mineral sep­
aration. Finally, the separated mineral con­

centrates were hand-picked under a binocular 
micro sco pe. As many sulfide fractions as 

possible were analysed from each samp ie and 
in addition, various size fractions for some 
minerals were ana ly sed. 

in addition to the sulfide samp ies, several 
relatively pure carbonate fractions were also 

obtained. lf the carbonates contained sulfide 
and magnetite inclusions, the trace lead in 
carbonate was leached usin g an extreme ly 
weak «0.5 N) hydrochloric acid. In this 
procedure , the leachab le component is mainly 
CaCO

J
. Conventional minerals , such as 

monazite, rutile , and uraninite, used for U-Pb 

age determination, were found only from the 

Saattopora and Bidjovagge samp ies. Total 
dissolutions (WR) and acid leaches (LE) of 
the who le-rock powders were analysed from 
the wall rock samp ies taken from the vicinity 
of the mineralized sections. The ac id leaches 
were intended to represent the lead isotope 
composition of the readily soluble phases , 

such as sulfides and ca rbon ates. 
Apart from . ome extremely lead rich min ­

erals such as galena, and th e lead poor Pahta­
vaara sulfides, the weight of the analysed 

su lfide fraction was normally ca. 200 mg. The 
sulfides were washed with ca. 1.2 N HCI in an 
ultrasonic bath to remove surface conta­

mination. The weight of the whole-rock sam­
pies was usually about 200 mg. However, the 
wall rocks immediately adjacent to the 
mineralization s were occasionally so pOOl' in 
lead that sam pie weights of up to ca. 400 mg 

were required. 
The washed su lfid e fractions and who le­

rock leaches were first dissolved in an I: I 
HCI-HNO

J 
acid mixture . The total dissolu­

tions of the whole-rock powders were carried 
out in Savillex® teflon beakers in a HF-HNO J 
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acid mi xture . Aft e r e vapo rati o n , th e sa mpI es 

we re re di sso lved into IN HBr. L ead was ex t­

rac ted fro m o th e r e le me nts us in g a ni o n-ex­

c ha nge c hro ma tog raph y, a nd lead pu r ifi ca ti o n 

was co mpl eted w ith a nodi c c lec tI'ode pos iti o n 

(G ul so n & Mi zo n. 1979) . S in ce o nl y a few 

meas ure me nt s of lead co nce ntra ti o n s we re 

do ne. th e co lo ur o f th e a nod e de pos it was used 

to es tim a te th e re la ti ve lead co nte n ts of th e 

s ulfides (A ppe ndi x 4). 

Na ti ve go ld w as was hed w ith an H F- HNO ,­

ac id mi x ture a nd di sso lved in aqu a regia. Th e 

lead was ex tr ac ted w ith a ni o n-exc ha nge 

c hro m a tog ra ph y fo ll ow in g th e proced u re de­

sc rib ed in Saa rni s to e t a l. ( 199 1, p. 3 12-3 13) . 

Fo r U- Pb -d a tin g, de pe ndin g o n th e min e ra l 

in vo lved , a 2-3 0 mg sa mpI e was di sso lved in 

a s tee l-j ac ke ted te fl o n c ru c ibl e w ith a n HF­

HNO, ac id mi x ture, fo ll ow in g th e co nve n­

ti o na l procedure desc ribed by Krog h ( 1973). 

Th e sa mpI e was s piked with m U a nd 2°" Pb o r 
mi xed 235 U + 20X Pb tr ace rs. Ura nium a nd lead 

we re ex tr ac ted us in g a ni o n-exc ha nge c hro­

m a tog ra ph y. If re quired . ur anium was furth er 

purifi ed by ex trac tion with ammonium nitra te 

a nd me th y li so buth y lke to ne . 

Mass spectrometry and data processing 

Le ad w as lo ad ed o n a Re-filam e nt w ith a 

phos ph o ri c ac id -s ili ca ge l mi x ture a nd ur a ni ­

um w ith phos pho ri c acid o n a T a-s ide fil a me nt 

in a tri pI e fil a me nt sys te m. Th e a na lyses we re 

pe rform ed w ith a VG Sec to r 54 th e rm a l ion­

iza tion multi co llector ma ss spec tro me te r , 
w ith a fil a me nt te mpe ra ture of c a . 120 0 °C fo r 

lead . Th e 2o -e rro r es tim a tes based o n multi ­

pl e a nal yses o n s ta nd a rd a re less th a n 0.20 %, 

0 .20 %, a nd 0 .25 % fo r th e 206 Pb/204 Pb , 207 Pbl 

204 Pb , a nd 2osPb/ 204Pb ra ti os , res pec ti ve ly. Th e 

meas ured lead iso to pe ra ti os we re no rm a li zed 

acco rd in g to th e a na lysed ra ti os of S RM 98 1-

sta nda rd (Gul son et a l. , 1984), w ith co rrec ti o n 

coeffic ie nt s of +0 .09 to + 0 .1 3 % per a. m .u. o r 

wi th s pec ifi c co rrec li o n fac to rs fo r the 206Pbl 
204P b . 207 Pbp04 Pb , a nd 2osPb/ 2ll4Pb ra ti os. Th e 

b la n k fo r th e s ulfi de lead process was less 

th a n 2 ng, w hich is co ns ide red to be ins ig nif­

ic ant. T he Pb- bl a nk o f th e U- Pb - procedure 

was 0.5 ng. In add it io n , a ve ry hi g h meas ure d 

206 Pb/204 Pb ra ti o of a bo ut 40000 . w ith a to ta l 

204 Pb co nt e nt lowe r th a n th a t ex pec ted fo r th e 

bl a nk , indic a te s an e ve n lo w e r blank lev el for 

a t leas t th a t sampI e pre pa ra ti o n. Th e co rrec ted 

lead iso to pe d a ta a re li s ted in A ppe ndi ces 3 

a nd 4. 

Th e lin ear reg ress io ns used for the lead 

iso to pe d a ta prese nt a tion s have bee n fitt e d 

us in g two me th o ds (Ludwi g 1990 , pp. I 1- 12) . 

Yo rk 's o ri g inal a lgo rithm ( 19 69) is used wh e n 

th e o nl y cau ses of sca tte r a re t he ass ig ned 

e rro rs. Howeve r, hi g h MSWD (mea n squ a re 

o f we ig ht ed dev ia tcs) valu es indi c ate th a t th e 

sca tt e r fr equentl y ex ceed s a nal y ti ca l e rror s. 

In these cases th e reg ress io n fittin gs ass ig n 

e qu a l we ig hts to th e da ta po int s a nd ze ro er­

ro r- co rre lations fo r th e X , Y pairs. 

Th e ca lculate d Pb - Pb - mo d e l ages o f th e 

leas t radi oge ni c sa mpI es a re based o n th e tw o ­

s tage evo lution mod e l of Stacey a nd Kra me rs 

( 197 5). The co nco rdi a inte rce pt s a nd ass o ­

c ia ted un ce rtainti es o f th e lin ea r reg ress ion s 

a re ca lc ulate d acco rdin g to th e mod e l o f Lud ­

wi g ( 19 80 ) . All a ge s ha ve bee n ca lc ulated 

us in g th e decay co ns ta nt s reco mm e nd e d by 

th e l. U. G .S . Subcomm iss io n o n G eoc hro no logy 

(Ste ige r & Jäge r, 1977 re f. Ja ffey e t a l. , 197 1). 

Other analyses 

U, Th , a nd Pb co nce nt ra ti o ns o f se lec ted 

s ulfid es we re me a sured a t th e G eo log ica l 

Survey o f F inl a nd , E s poo. Th a nd U we re 

an a ly sed with a n induc tiv e ly coupl ed pl as ma 

(JCP) mass spec tro me te r a nd Pb w ith an atomi c 

a bso rpti o n spec tropho to me te r (AA S). 

Sul fur iso topes were an a lysed a t th e De pa rt­

me nt o f Isotope Geo logy o f the Di o njz Stur 



Institute of Geology , Bratislava. Siovakia, accor­

ding to the method of Ustinov and Grinenko 

(1965). In summary, the powdered sulfide sampie 

was purified by heating it for 30 minutes at a 

maximum temperature of 320°C. The oxidation 

of sulfide to S02 was performed using CuO at 

a temperature of 770°C (3 0 minutes) . The re-
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leased S02 was collected into glass ampoules 
and analysed with a Finnigan MAT 250 mass 

spectrometer. Although recent measurements of 
international standards have not been done, the 

results are considered to be represe ntative 

enough for this study, as previous analyses on 

standards have g iven reliable results. 

Lead evolution reference models 

When low radiogenic data are presented on 
a 206 Pbj2°~Pb vs. 207 Pbj2°~Pb 01' 206Pb/ 20~ Pb vs. 

20H Pbj2°~Pb diagram, it is customary to include 

a reference lead evolution curve. These 

should be considered as model trajectories , 

which may approximate but do not necessarily 

represe nt the true course of lead evolution in 
the area concerned. 

The Stacey and Kramers (1975) two-stage 

model for average crustal lead growth is the 

most commonly used. This assumes that ter­

restial lead evolved initially from a primordial 

composition , which is considered to be the 

sa me as that of the Canyon Diabio troilite at 

4.57 Ga. At ca. 3.7 Ga, U-Th-Pb differentiati­

on processes led to a change in conditions, 

described by the seco nd-stage of lead evoluti­
on. The average 238 U/20~Pb , 232Th j204Pb , and 

D2Th/23H U values at the end of this second 

stage a re assumed to be 9.74,36.84, and 3.78 , 
respecti vely. 

If the data points fall significantly below 

the Stacey and Kramers (1975) curve on a 
206Pbp04Pb vs. 207 Pbj204 Pb diagram , the mantle 

growth curve of Zartman and Doe (198 I ) is 

considered. Thi s model is based on the 

geochemical behaviour of Th , U. and Pb with­

in varying terrest rial re servoir s, i.e. upper 

crust , lower crust , and mantle , which by re­

peated recycling (orogeny) produce different 

lead evolutions for each reservoir. The evolu­

tion of mantle lead commenced at 4.0 Ga , and 
the m Uj204Pb , 232Thp04Pb, and D2Th/238U val­

ues have been changing as a result of each 

subseguent orogenic event. The present day 

values are 8.35 , 29.39, and 3.52 respectively. 

SULFU R ISOTOPE RESULTS AND DISCUSS I ON 

Sulfur isotopes were analysed from several 

sulfide sampies occurring in association with 

gold mineralization and results are presented 

in Table 2. Based on the eguilibrium frac­

tionation geothermometry of cogenetic sulfur­

bearing compounds (Sakai , 1957 and 1968; 

Tatsumi , 1965; Bachinski , 1969) the sulfur 

isoto pe data can be used to estimate the 

formation temperatures of the sulfides. Howe­

ver, in most of the present cases the 83~S va­

lues of the a naly sed sulfide pairs failed to 

follow the predicted course of the eguilibrium 
fractionation. This may be attributed to fluc­

tuati ng su Ifide crystall ization conditions , such 

as changes in T , pH , and fo; Nonetheless , a 

pyrite-pyrrhotite pair from the Saattopora B­

ore gave a temperature estimate of 382°C and 
that for the pyrite-chalcopyrite pair from Bid­

jovagge is 269°C (~34S=A x 106/Tl ; A=0.30/ 

pyrite-pyrrhotite pair , A=0.45/pyrite-chalco­

pyrite pair; Kajiwara & Krouse , 1971 ). 

The 834 S range for sulfides from gold de­

posits in central Lapland is 3.5%0, with a mean 

of +3.79%0 . This narrow range may indicate 
regionally s imilar sulfur sources and deposi­
tional conditions. Ohmoto and Rye (1979) 

suggest that 834S values centered around 0%0 
(-4 - +4%0 ) indicate a magmatic source for the 
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sulfur, although primary magmatic and sulfur 
extracted from magmatic minerals can not be 
d istinguished. At Bidjovagge, the negative sul­
fur isotope values for sulfides occurring in 
black schist might indicate the existence of two 

sepa rate sulfur sources , or the fractionation of 
sulfur isotopes during sulfide crysta lli zation. 

In general, 8,4S values s imilar to those of 

the central Lapland deposits have been reported 
from shear zone related go ld-qu ar tz ve in 
sulfides in the Barberton gree nstone be lt , South­

Africa (+ I - +4%0; deRonde et al. , 1992) and the 

Proterozoic greenstone-hosted F lin Flon go ld 
occurrences at Saskatchewan, Canada (+2.8 -

+5.5%0; AnsdelI & Kyser, 1992). Moreover, the 
results for central Lapland agree with the 83.JS 

values of + I to +4%0 (Lam be rt et a l. , 1984) 
o btain ed from many Australian A rc haean 

discordant go ld deposit hosled pyrites . These 
va lues have been exp la ined as representing sul­

fur deri ved from f1uid-indu ced metamorphic 
re mobili zat ion of the greenstone sulfides. 

Table 2 . Sulfur isotope results for so me sulfides from 
go ld depos it in Lapl a nd . 

DEPOSIT SAMPLE MINERAL 634 S(%o) 

Kuotko R436/76 .40 PY +3.32 
Kuotko R305/7 .95 ASPY +3.62 
Soretiavuoma R307/48.70 PY +4.46 
Soretiavuoma R307/48.45 ep +5.73 
Saattopora/A A1205 PO +3.93 
Saattopora/A A1205 ep +4.08 
Saattopora/B R208/124.45 PY +2.93 
Saattopora/B R208/124.45 PO +2.23 
Bidjovagge S154B/124 .65 PY -2 .07 
Bidjoavgge S154B/124 .65 ep - 1 .90 
Bidjovagge N20E/203.55 PY + 6 .1 2 
Bidjovagge N20E/203.55 ep +6.14 
Bidjovagge N95F/46.70 PY + 1 .26 
Bidjovagge N95F/46 .70 ep + 1 .23 
Bidjovagge N95F/59.45 PY +2.76 

ASPY = arsenopyrite; ep = chalcopyrite; PO = pyrrhotite ; 

PY = pyrite . e4s/32S); - (34 S/32S).td 
634 S;(%o) = X 1000; 

e4 S/32S).td 
i = mineral ; std = standard 

U -Pb AGE DETERMINATIONS AND RADIOGENI C 207Pbp06Pb AGES 

The U-Pb analytical res ult s from the Lap­
land g ree ns tone hosted go ld min era li zal ion s 

are presented in Tab le 3. Because the number 
of conve ntional min e rals used in U-Pb datin g 
is low in th e sa mpi e mater ia l, the co mmon 

lead corrected radiogenic 207Pbp06Pb ages of 

the hi g hl y radiogenic sulfid es and wall rocks 
were used as minimum est inlates (Tab le 4) for 
the closure ages of the U-Pb systems. 

Saattopora area 

A thucolite (F ig. 2) from a ca rb o nate ­
sulfide vein at Saattopora (S P (A)- R257/ 
61.40) shows a di scordant age , the 2117 Pbp 06Pb 

age be in g around 1765 M a (Table 3). Idiomor­
phic coarse grained mon az ite from the Saat­
topora o re co nce ntrate s hows an a lm os t con­
cordant U-Pb age of ca. 1780 Ma (Table 3) 

a nd is, within error limit s, almost th e sa me as 

the 207Pb/206Pb age of th e thucolite. Thin sec­

t ion examination of th e vein sa mpi e s uggests 

that monazite belongs to the wa ll rock para­
ge nes is. 

On th e co ncordi a di ag ram (Fi g. 3), th e an­
a lytic a l data for thu co lite a nd monazite plot 

o n a lin ea r tre nd with an upper intersec tion at 

1781 ± 18 Ma (Fig. 3) . A prev iou s ly analysed 
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Table 3. U-Pb ana lytical data from the Saattopora, Hangaslampi , and Bidjovagge gold deposits . Selected 
analyses of uranium rich minerals from Lapland , are also included. 

DEPOSIT 
Analysed 
mineral 

SAATTOPORA 

Concentrations 
(ppml 

238U 200Pb 

G443/concentrate 

Atomic abundances· 
Measured 200Pb = 100 

2OOPb/204Pb '"'Pb 207 Pb >!'"Pb 

Atomic ratios·· 
208Pb 207Pb 207Pb 
238U 23'U >!'"Pb 

Age(Mal 
207Pb 
23SU 

MONAZITE 571 .4 156.0 1869 0 .0359 11 .39 24.77 0 .3155 4.744 0 .1091 1767 ± 16 1775 ± 9 1784 ± 11 

A -R257/74.60 
RUTILE 4.115 1.065 155.7 0.616518.77 24.56 0 .2992 4 .254 0 .1031 1687±9 1684±5 1681 ±20 

A-R257/61.40/THUCOLITE 
A /aliquot 1 23840 5731 33560 0.0001 10.81 0.03140.2778 4 .141 0 .1081 1580±8 1662±5 1767± 1 
A/ aliquot 2 25904 6562 36013 0.001010.80 0.0231 0 .2928 4 .360 0 .1080 1655±8 1704±4 1766±2 
B/ aliquot 1 24027 5939 41110 0.0005 10.77 0 .0459 0.2857 4.237 0 .1076 1619±7 1681 ±5 1759±2 
B/aliquot 2 24015 5930 44427 0 .0005 10.79 0 .0419 0 .2854 4 .243 0 .1078 1618±8 1682±5 1763± 1 

HANGASLAMPI 

R388/41 . 20 
PYRITE 8.364 2 .537 1044 0 .0941 12.56 4 .248 0 .3505 5 .459 0 .11301936±9 1894±5 1847±1 
(brannerite inclusions) 

R388/ 66.85 
PVRRHOTITE 488.8 139.3 15551 0 .006411.23 0 .8881 0 .3294 5 .059 0 .11141835±9 1829±5 1822±0 
(brannerite inclusions) 

BIDJOVAGGE 

R154B/ l02.45 
RUTILE 9 .863 2.254 143.7 0.682819.36 46.31 0 .2642 3 .615 0.09931511 ±8 1552±4 1610±1 2 

N95F/59 .45 
TITANITE 162. 1 31.70 1312 

PALKISKURU , Enontekiö* * * 11 
DAVIDITE A61 
A 57699 14479 3050 
B 51084 12528 2898 

LAAVIVUOMA, Kittilä* .. 2' 

0 .0695 10.78 27 .02 0 .2259 3.058 0 .0982 1313±8 1422±5 1589±4 

0.032711 .18 1.498 0 . 2900 4 .291 0 .10731641±7 
0.034311 .19 1.668 0 .2834 4 .189 0.1072 1608±7 

1691 ±4 1754±2 
1671 ±9 1752±19 

URANINITE 56.5 % 14.6 % 1855050.0005 10.92 0 .01490.3038 4 .572 0 .1091 1710±10 1744±6 1785 ± 2 

KESÄNKI, Kolari * * *31 
V-Fe-OXIDE 9249 
aliquot 1 
aliquot 2 

27902 7091 
27988 7095 

80882 0.0000 10.69 0 .06650.2937 4 .328 0 .10691660±4 1698±2 1747±5 
80882 0.000010.69 0 .06470.2930 4 .318 0.10691656±3 1696±2 1747±4 

* = Blank corrected values ; * * = Corrected for blank and age related common lead (Stacey and Kramers 1975); 
* * * = Analyses by Olavi Kouvo . 
11. Davidite from shear zone in granodiorite . Source of sampie : Kari Pääkkönen, GSF. 
2'. Uraninite from amphibole-sulfide vein cutting a mica schist . GSF, M52. 5/ 2741 /84/R307!76. 20-76.40, Laavivuoma 

(Pääkkönen, 1988); Source of sampie: Kari Pääkkönen, GSF. 
31 . Uranium bearing V-Fe-oxide fram sericite quartzite . Outokumpu Oy, 2732 05, Kol /Kes-22, Kesänki , Kola ri; 

Source of sampie : Risto Sarikkola, Outokumpu Oy. 
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Fig. 2. Thucolite grain from a carbonate-sulfide vein , Saattopora A-ore (SP(A)­
R257/61.40). Width of view is 3.70 mm, reflected and plane po larized light. 
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uraninite (A 766) from a granitic vein cutting 
the Pahtavuoma copper mineralization has a 

s imilar Pb-Pb age of ca. 1780 Ma (Vaasjoki , 
oral com., 1993 ). In addition , Olavi Kouvo 

has analysed a uranium-bearing V-Fe-oxide 
( Kesänki) , a ura ninite (Laavivuoma), and a 
davidite (Palki s kuru) from Lapland , all of 
which yielded approximately the same age as 
the Saattopora thucolite (see Table 3 for furt­

her information concerning these sa mpIes). 

An almost concordant U-Pb age of ca. 1685 
Ma (Table 3 and Fig. 3) was obtained for 

rutile (Fig. 4) from a fine grained albite-car­

bonate rock brecc iated by sulfide-tourmaline 
veins (SP(A)-R257/74.60) . In thin sec tion 
narrow s u Ifide- fi Il ed fractu res were so me­
times observed to be overgrown by rutile , 
although the reve rse relationship was also 

recorded. Thus, rutile formation both post­
dates and predate s minor sulfide mobilization. 

This exceptionally young age cannot be at­
tributed to a low closure temperature for ru­

tile , which according to Mezge r et a l. (1989) 
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varies between 350-450°C , depending on the 
grain size. However , if the cooling rate is 

slow enough , the diffusion of the radiogenic 
lead may continue long after the estimated 

closure temperature is attained (Dodson, 
1973 , 1976 a nd 1981). On the other hand , the 
formation of hydrothermal rutile could be 
connected with the breakdown reactions of 

previously formed Ti-rich minerals, which 
can take place readily even at low temperatu­

res (Van Baalen 1993). 
Analyses of monazite and rutile from the 

albite-carbonate rock hostin g the Saattopora 
copper minerali za tion gave common lead cor­
rected 207Pb j206Pb ages of 1773 and 1672 Ma 

(Table 4) , re s pectively. These are approxima­
tely the same as those obtained for the Saat­
topora gold ore (Tables 3 and 4). Sulfides 

associated with the copper mineralization 
show homogeneous 207 Pb j206Pb ages around 

2.0 Ga (Table 4) , which co ntrast with the 

widely sc attered results from sulfides within 
the Saattopora gold ore (Table 4) . 

-' L 
., ., 

" I . .... ' . . .L 

.. _A~ ~ rut ..... . · Ja.~..c -,-'. \, ....... . ./ ;W'.1- .. :' ., .. , . 
. ' / ~rut 
\ . , 

Fig. 4. Rutil e (rut) from an albite-ca rbonate rock, which is brecciated by 
pyrrhotite (po) and tourmal ine (tour), with minor chalcopyrite (c py), Saatlopora 
A-ore (SP(A)-R257174.60). Width 01' view is 11 .0 mm, reflected light. 
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Table 4. 201Pbl'°6Pb ages for th e hi ghly radi ogenie sampies. 

DEPOSIT/SAMPLE 206Pbp04Pb 207PbP04Pb (207Pb/206 Pb) ' AGE(Ma) 

SAATTOPORA GOLD ORE 
A1205-PYRRHOTITE 1149 147 0 .1162 1899 
A1205-PYRRHOTITE 1490 172 0 .1063 1737 
A1205-RUTILE/abraded 386 51 .3 0 .0972 1572 
A-R257/74 .60-RUTILEA 156 29.9 0 .1041 1698 
A-R257/82 .20-PYRRHOTITE 308 51.3 0 .1237 2010 
A-R257/82 .20-CHALCOPYRITE 234 4304 0 .1288 2081 
A-R257/61 o4O-THUCOLlTEA cao4OOOO cao4OOO ca.0 . l08 1765 
G443-MONAZITE#1 A 1869 218 0 .1092 1785 
G443-MONAZITE#2 7122 789 0 .1089 1781 
concentrate-G OLD/fine 550 79 .3 0 .1198 1953 
concentrate-G OLD/coarse 492 7304 0.1220 1985 
concentrate-G OLD/magnetic 435 64.3 0 .1169 1907 
A-R257/70.60-LE 2102 238 0 .1066 1743 
A-R257/70 .60-WR 1668 188 0 .1043 1703 
B-R208/120.80-LE 260 42.3 0 .1104 1806 
B-R208/120.80-WR 213 35 .5 0 .1022 1664 

SAATTOPORA Cu-MINERALIZATION 
ab-erb rock-CHALCOPYRITE 473 72.7 0 .1256 2038 
ab-erb rock-PYRITE 498 74.6 0 .1230 2001 
ab-erb rock-PYRRHOTITE#l 765 107 0 .1226 1995 
ab-erb rock-PYRRHOTITE#2 894 123 0 .1 227 1996 
ab-e rb rock-PYRITE 559 81 .9 0 .1227 1996 
ab-erb rock-RUTILE 1093 126 0 .1026 1672 
ab-erb rock-MONAZITE 13685 1497 0 .1084 1773 
phyllite-LE 276 40 .6 0 .0969 1566 
phyllite-WR 286 40 .3 0 .0922 1471 

HANGASLAMPI 
R388 /41 .20-PYRITE#1 1208 148 0 .1114 1822 
R388 /41.20-PYRITE#2A 1044 131 0 .1129 1847 
R388/41.20-PYRITE#3 808 104 0 .1125 1840 
R388/66 .85-PYRRHOTITE#1 2893 344 0 .1142 1867 
R388 /66.85-PYRRHOTITE#2A 15551 1746 0 .1114 1822 
R388/57 .90-LE 452 65 .3 0 .1 147 1875 
R388 /57 .90-WR 541 72 .1 0 .1083 1770 

MEURASTUKSENAHO 
R332/179.60-PYRRHOTITE 166 32 .1 0 .1 112 1819 

BIDJOVAGGE 
N95F/21 .80-LE 341 39.7 0 .0746 1059 
N95F/21 .80-WR 254 33.2 0 .0746 1056 
N95F/45 .30-CHALCOPYRITE 189 34.7 0 .1122 1835 
N95F/59045-PYRITE 781 112 0.1264 2049 
S 154B/1 0204O-RUTILE 144 28.2 0 .1003 1630 

• = Corrected for age related common lead (Stacey and Kramers 1975) . 
A = including the U-Pb-analysis . 
LE = acid leach of whole rock powder, WR =total dissolution of whole rock powder. 



Geological Survey of Finland, Bulletin 381 23 

Hangaslampi 

Two hi g hly radiogenic sulfides from the 
Han gas lampi deposit , namely pyrite ( HL­
R388/41.20) and pyrrhotite (HL-R388/66.85) 

(F igs. 5 and 6) , were ana lysed for their U 

contents and Pb isotope ratios (Table 3) . The 
pyrite analysis plots on the uppe r s ide of the 
concordia c urve (Fig. 3), most probably indi­

cating so me episodic uranium lo ss. The pyr­
rhotit e is ex tremely rich in uranium and s how s 

good co ncorda ncy with aU-Pb age of ca. 1830 
Ma . The 207Pbp06Pb age estimates (Table 4) 

for th e Han gas lampi and Meura s tuk se naho 

Fig. 5. Pyrite from a sericite-quanz schist, 
Hangaslampi (HL-R388/4 1.20). Width ofview 
is 1.50 mm, reOected and plane-polarized light. 

Fig. 6. Pyrrhotite grains poikilitically in mag­
netite , Hangas lampi (HL-R388/66.85). Width 
o f vicw is 3.70 mm, reOected and plane pol ar­
ized li ght. 

su lfid es have ages s imil ar to that of the 
concordant pyrrhotite , and the mean age of the 
six samp Ies is ca. 1836 Ma. 

Hi g h uranium contents and 206Pbf204Pb ra­

tios in sul fides are unusual , and must have 
originated from so me uranium rich mineral. 
Accordin g ly, two g rains of a mineral resem­

bling uraninite in appearance (Figs. 7a and 
7b ) were identified from the Hanga s lampi 
samp Ie (HL-R388/66.85) usin g the Cameca 
SX 50 microprobe at the Geologica l Survey of 
Finland , Espoo. One grain (Fig. 7a) is c lear ly 
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Fig. 7. Bac k scaLLe red e lectron images (a and b) of the U-Ti m inera l (brannerit c) in py rrh o tite. Hangaslampi (HL-R388/66. 85). In 
these images, the small brighl white spots are ga lena ancl the po rt ion s of the U-Ti -minera l ri chest in uran ium appear as white areas. 
W idth of view is a) 0. 18 mm and b) 0.57 111 111. 

a n inc lu s io n in py rrh o tite, and possesses hi g h 

U
2
0 , a nd Ti0

1 
co nt e nt s , va ry in g fro m ca. 20 

to 70 % a nd 20 to 52 %, res pec ti ve ly. Th e 

o th e r g ra in (Fi g. 7 b) , occ up y in g th e fr act ured 

co ntac t zo ne of ca rb o na te aga in s t py rrh o ti te 

a nd mag ne tite , was mo re he te roge neo us , w ith 

di s tin c t ur a nium a nd tit a nium ri c h d o ma in s 

a nd so m e ce rium ri c h pa rt s co nt a inin g no 

ur anium . Th e co mpo s iti on of thi s U-Ti mine r­

a l co uld co rres po nd to th a t o f bra nn e rite 

(UTi
2
0

6
) . A ltho ug h th e s ul fides fro m the 

Saa tlopo ra o re a lso have radi ogeni c c harac­

te ri s ti cs, with hi g h uranium co nte nts . no urani ­

um r ic h in c lu s ions we re fo un d d urin g pro bin g 

of th e Saa ttopo ra sa mpI e SP(A )- R257/6 1.40. 

Sm a ll g ra in s of ga le na we re fo un d in bra n­

ne rite ( Fi gs. 7a and 7 b); th ese re prese nt mo­

bili zed a nd co nce ntra te d radi oge ni c lea d , 

fo rm ed as a res ul t of radi oac ti ve d ecay of 

uranium . 

Bidjovagge 

Bl ac k to bro wn roundi s h rutil e fro m a me ta­

di a base hos tin g the Bidjovagge o re (BV ­
S 154B / 102 .45 ) (F ig . 8) s ho w s di sco rd a ncy 

with a 207Pb!2°6Pb age of ca. 16 10 M a (T a bl e 

3 a nd F ig . 3). Mi c rosco pi ca ll y , th e rutil e 

see ms to be yo un ger th a n c ha lco pyrite (Fi g . 

8) , a nd th e refo re th e rutil e fo rm a ti o n is a ttrib ­

ute d to a hydro th e rm a l ph ase pos td a t ing th e 

maj o r s ulfide c rys talli za ti o n . 

T ita nite hav in g a brow n to li g ht brow n co­

lo u r a nd so me ti mes a d u 11 a ppea ra nce (B V ­

N 95F/59 .4 5) ( Fi g . 9a ) has a 207Pb!2°6Pb age of 

L5 89±4 M a (T a bl e 3 a nd Fi g. 3). Mi c rosco pi ­

ca l s tudi es in d ica te th a t th e tita nites we re th e 
las t min e ra ls to c ryst alli ze in th e wa ll roc ks 

(Fi g . 9a). Ln so me ca ses tit a nit e e nc loses ru ­

t il e a nd ilm e nite g rai ns (F ig . 9 b), a nd he nce 

th e fo rm a ti o n o f tit anite ca n be a tt ribute d to 

re trog rade me ta mo rphi c reac ti o ns fro m th e 

rutil e a nd ilm e nite (Fo rce , 199 1, p. 12 ) . How­

ever, th e ages fo r th e rutil e a nd tit a nite a re 

h ig hl y d isco rda nt a nd a re co ns ide red to g ive 

o nl y a lower age a pprox im a ti o n fo r th e c lo ­

sure o f th e U- Pb sys te m s in min e ra ls. 
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Fi g. 8. Metadiabase hos ted rutil e (rut), which is younger than c ha lcopyrite (c py), 
Bidjovagge (BV-S I54B/ 102.45). Width of view is 1. 50 mm , re tl ec ted and 
plane-polari zed light. 

Fig. 9. a) Ti tanites fro m an a lbite-carbonate rock. b) Occas ionall y titani te (tita) enc loses ilmenite (il me) a nd rut il e (rut). 
Bidjovagge (BV-N95F/59.45). Width of view is a) 1.01 mm, transmitted and cross-po lari zed light and b) 0.2 1 mm , 
transmitted and pl ane-polarized light. 

25 
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Wall rock sampIes 

Wall ro c k samp Ies (WR) rich in radiogenic 
lead from the vicin it y of the Saattopora mine 
yield 207Pbp06Pb age estim a tes (Tab le 4) co n­

siderably younger than those of the s ulfides. 

An acid leach and total di sso lution of a wall 
rock sampIe from the Bidjovagge a rea g ive a 
207Pbp06Pb age estimate of ca. 1000 M a, and a 

sa m pIe from the Han gas la mpi area ca . 1770 

Ma. However , if th e sa mpI e s izes were too 
s mall to have mainta ine d th e actual equili ­

brium volume of th e lead and uranium in th e 

rock (see e.g. Roddick & Compston, 1977 ), 
thes e s in g le results mi g ht be irre leva nt , a l­

thou g h th e Han gas lampi res ult could reflect 
the effec t of nearby postorogenic gra nites. 

LEAD ISOTOPE RESUL TS 

Upper Lapponian volcanics, central Lapland 

Sam pIes 

Lead iso to pes for whole rock sa mpI es from 

centra l Lapland volcanics a re g ive n in Appen­

dix 3. According to Lehtone n e t a l. ( 1992), the 
sa mpI es from th e diffe re nt form ation s re pre­
sent the following Upper Lapponian s trati­
g raphic a l unit s (see Fig. I ): Ves maj ä rv i and 

Ve ik ase nmaa (upper unit ); Tarvasenvaara, 
Linkupalo , Kön gäs, Sin e rmä , a nd Kautose lkä 
(middl e unit ); Jeesiörova, Peuramaa , and Sat­

tasvaa ra ( Iowe r unit). 

Res uIts 

M ost of th e sa mpI es havin g the lowes t 
206Pb/204 Pb rat io s of the Upper Lapponi group 
were co ll ec ted from th e lower unit. The least 
radioge nic lea d iso tope co mpos ition , plottin g 
close to th e ma ntl e evo lution cu rve of Zart­

man and Doe ( 198 1) (F ig . 10) , was recorded 

from th e Vesmajärvi Formati o n , wh ic h be­
lo ngs to th e upper unit. 

On th e 206Pbp 04Pb vs . 207Pbp04Pb diag ram 

(F ig . 11 ) , a ll th e whole-rock lead isotope 
co mpos ition s meas ured from the three diffe r­
e nt Uppe r Lapponian units co nform to a lin ear 

trend with a s lo pe co rres pondin g to an age of 

ca. 1835 Ma. This may be an ar tifac t ca used 
by th e mi xi ng of lead from different sources , 
as th e analyses be lon g in g to th e different 
unit s have s li g htl y deviating s lopes (Ta bl e 5) . 

Nevertheless , th e sepa rat e s lo pe ages deter­
min ed from the lin ea r tre nd s of th e lowe r 

( 1869±30 Ma) a nd middle ( 1837±48 Ma) unit s 
do coi nc ide within e rror limit s. The lin ea r 

trend of the upper unit sa mpI es co rrespo nd s to 

a n o lde r age. 
Th e somew ha t hi g h MSWD-values (see 

Table 5) ca lc ul ated fro m th e regressions e i­
ther reflect some in com plete ness in the ho mo­
ge ni za tion process , or th e effect of geo log ica l 

processes postdating the homogeniza ti o n . On 
the 206 Pbp04 Pb vs. 208Pbp04Pb diagram (Fig . 

11 ) , th e lead isotope data fall into separate 
s ublin ear compositio na l trends indicating 
differences in the Th/U ratios. 
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Fig. 10. "l6Pbl'04Pb vs. 2°'Pbl'04Pb (upper diagram) and 2<l6Pbl'04Pb vs. ""Pbf'04Pb (Iower diagram) 
plots ofthe least radiogenic sulfides, carbonates, and Upper Lapponian volcanics. For reference 
the Stacey and Kramers (1975) lead evolution curve and the mantle lead evolution curve of 
Zart man and Doe (1981) (upper diagram only) are also presented. Sulfides: o =Soretiavuoma; 
x=Kuotko; Ll=Kuotkoliamprophyre; +=Suurikuusikko and Kiistala; *=Pahtavuoma and Riikonkoski. 
Carbonates: * =SaattoporalA-ore; 0 =Pahtavaara. Whole-rocks: • =Upper Lapponian volcanics. 



28 Geologieal Survey of Finland, Bulletin 381 

24 

22 

16 

14 
10 

UNMINERALIZEO 
UPPER LAPPONIAN 
VOLCANICS 

+ 

Isochron age 1835±28 Ma 

30 50 70 
206Pb/ 204Pb 

90 

110 ,.---,.-----,Ir------,-----rl----r----rl---r---rl ----, 

90 
20BPb 

204Pb 

70 

50 

UNMINERALIZEO 
UPPER LAPPONIAN 
VOLCANICS 

c 

Fig. I I. 2Il6Pb/")" Pb vs. 207Pbl'().I Pb (upper diagram) and 206Pbl'().IPb vs. 20SPb/").IPb (Iower 
diagram) plots of the whole-roek lead isotope data from the Upper Lapponian volcanies. 
Central Lapland greenstone bell. Upper unil: +=Veikasenmaa (n=5); x=Vesmajärvi (n=5). 
Middle unil: 0 =Linkupalo (n=3), Köngäs (n=2), Sinennä (n=2), Tarvasenvaara (n= I) , and 
Kautoselkä (n= I). Lower IIn;l: L'. =Peuramaa (n=2) and Jeesiörova (n=2); 0 =Saltasvaara 
(n=6). 
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Tabl e 5 . Slopes, corresponding age estimates, and MSWD- values of the re g re ss ional 
fittin gs for most of the lead isotope data of the Upper Lapponian volcani cs. 

Upper Lapponian units (n) 
Formations (n) 

Lower unit (9) 
Peuramaa and Jeesiörova (4) 
Sattasvaara (5 ) 

M iddle un it (8) 
Upper unit (10) 

Veikasenmaa (5) 
Vesmajärvi (3) 

A ll sampies (29) 

Siope 

0 .1143 

0 .1123 
0 .1166 

0 .1122 

AGE ± 2a/Ma MSWD 

1869 ± 30 
1851±46 
1883 ± 94 
1837 ± 48 
1904 ±32 
1914 ± 50 
1901 ± 30 
1835 ± 28 

1.3 
0 .7 
2 .2 
51 
22 
22 
0 .0 1 
63 

MSWD = mean square of weighted deviates . 

Lea d iso tope ch aracter is ti cs of th e t h ree 
Upper Lap ponian volca n ic u n its 

The differences between the lead isotope 
characteristics of the Upper Lapponian vol­

canics can , to some extent , be used to classify 
the volcan ics into the three volcanic units of 
the Upper Lapponian Group. The middle unit 
sampIes are usually radiogenic and show the 

highest Th/U ratios (2 .7-3.5); the Linkupalo 

sampIes form the steepest Th/U trend , where­
as the upper unit sampies show varying ra­
diogenic patterns , and the amount of thoro­
genic lead is low in most of the radiogenic 
sampIes . Weakly radiogenic uranogenic lead 

isotopic compositions are typical of the lower 
unit sampies , so me of which (Jeesiörova sam­
pies and most of the Sattasvaara sampies) 

form the least radiogenie compositional group 
among all the analysed volcanics. Features com­
parable with the geochemical results include the 

higher Th contents in the middle unit in compar­
ison with the upper unit (Lehtonen et al. , 1992). 

In the lower unit , the lead isotope character­
istics of the Mikkuurova and Peuramaa sampies 

differ from the other sampies (Appendix 3) . 
This is seen in the relatively high 208Pbf204Pb 
ratios of the picrites from the Peuramaa 
Formation and the Mikkuurova Mg-basalt from 
the Sattasvaara Formation . In addition, the other 

Peuramaa sam pie and the Mikkuurova sampie 
have high 206Pbf2 04Pb ratios. 

Resett ing of t h e U-P b systems 

The uranogenic lead isotope compositional 
trends (Table 5) of the middle and lower unit 

volcanics of the Upper Lapponi Group slope 
too gently to illustrate the uranogenic lead 
growth from the volcanism to the present, but 

could be explained by a nearly synchronous 
resetting of the U-Pb systems in both units. The 
age estimate (ca. 1870-1840 Ma) for the reset­
ting , and its wide area l extent would imply that 

it was caused by metamorphic and tectonic 
processes related to the Svecokarelian orogeny . 

The separate trends seen on the 206PbP04Pb 
vs. 208Pbp04Pb diagram (Fig. 11 ) could reflect 

primary compo sitional differences in Th/U 

ratios . However, another possible reason for 
the seemingly low Th/U ratio s, at least for the 
upper unit sampIes , could be fractionation of 
uranium and thorium (enrichment of uranium 

or loss of thori um) due to metamorphie proc­
esses. This might be connected with the allo­
chtonous emplacement of the granulite belt at 
ca. 1.91 Ga (Bernard-Griffiths et al. 1984 ; 
Sorjonen-Ward et al. , 1994) , as the Pb-Pb 
isochron age (Table 5) for the volcanic s of the 

upper unit apparently coincides with this age . 
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Base metal deposits 

Sampies 

A few sampIes from the Pahtavuoma, Rii­
konkoski, Hormakumpu, and Alakylä deposits, 

representing synvolcanic stratabound base met­
al mineralization, were analysed (Appendix 4). 

These sampies mainly consisted of galenas 
hosted by black schist and albite-sericite schist. 

Results 

The uranogenic lead isotope compositions 
of the Pahtavuoma Cu-Zn-U deposit form a 

relatively homogeneous group on the upper 
side of the Stacey and Kramers ( 1975 ) lead 
evolution curve (Fig. 12). The fairly high 11-
value of about 10 (Table 6) for the Pahtavuoma 
galena most likely indicates some involvement 

of an upper crustal lead component. 
The uranogenic lead isotope compositions 

of the Riikonkoski galenas show two clearly 

separate compositions (Fig . 12). The least ra­
diogenic samp ie, Iying on the upper side of 
the Stacey and Kramers (1975) lead evo lution 
curve , has a model age of ca. 2354 Ma and a 
l1-value of 10 .6, which is the highest value in 
the present data set (Table 6). The other Rii­
konkoski galena shows a distinctly radiogenic 
composition, with a 206Pbp04Pb ratio of about 

24.4 (Appendix 4 and Fig. 12). The lead iso­

tope compositions of the Hormakumpu and 
Alakylä sampies (Appendix 4 and Fig. 12) 

fall into a sing le, relatively homogeneous, 
radiogenic lead compositional group. 

Discussion 

In the Riikonkoski area, the least radiogenic 

lead composition apparently represents the 
initial lead composition of the mineralization. 
The high Il-value (Table 6) clearly indicates 
the involvement of an Archaean crustal lead 
component in the galena. The existence of 

another, radiogenic composition indicates a 
secondary origin for that galena. 

The slope of the two-point trend construc­

ted between the least radiogenic and radio­
genic galenas is 0.1357 (R), corresponding to 
an apparent age of ca. 2170 Ma. However, 
because the U/Pb ratio in galena is typically 
low, the addition of in situ formed radiogenic 
lead does not alter the lead composition 

significantly. Therefore, the lead growth sim­

ply by uranium decay from ca. 2170 Ma to the 
present is unlikely to be the reason for radio­
genic galena formation . Instead, it is sugges­
ted that the trend is a two-point isochron in 
which the lead evolution from a source ca. 

1963-1913 Ma (T I) in age was completed with 
subsequent lead separation and the formation 
of the radiogenic galenas quite late in the 

geological history , conceivably during the 
Caledonian orogeny ca. 420-500 Ma aga (T

2
) 

(Equation I; Faure, 1977). 

R = 11137.88 ( ( I ) 

R = slope of the compositional trend 
AI = decay constant of 238U ( 1.55125 x 10.10 y.l; Jaffey et al. 1971 ) 
A2 = decay constant of 235 U (9.8485 x 10.10 y.l ; J affey et al. 1971) 
TI = age of the source rocks in wh ich the radiogenic lead grew 

T2 = age of the lead separation and mineralization 
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Fig. 12. 2(16Pbl")" Pb vs. 2°'Pb/")" Pb (upper diagram) and 206PbI'OJ Pb vs. 2°'PbI'OJPb (Iower 
diagram) plots of the lead isotope dala from the stratabound base melal deposits and from the 
Soretiavuoma, Kiistala, and Suurikuusikko gold occurrences . For reference lhe Stacey and 
Kramers lead evolution curve (1975) is also presented. Sulfides: '" =Pahlavuoma, Riikon­
koski , Hormakumpu, and Alakylä; 0 =Soretiavuoma; *=Suurikuusikko and Kiistala. WR,LE: 
x=Pahtavuoma; 0 =Soretiavuoma. 
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Table 6. Calculated model ages and mil ieu indices (two-stage model of Stacey and Kramcrs 1975) 
for the least radiogenic sulfides and carbonates from the Central Lapland greenstone beIL 

DEPOSIT/ LEAD ISOTOPE RATlOS 
SAMPLE 206/204 207/204 208/204 Ma* J1 W 

KUOTKO 
Au 15.364 15.117 35 .026 1693 8.9 33.4 
R305/7.95-PO 15.255 15.111 34 .927 1781 9.0 34.0 
R436176.40-GA 15.312 15.155 34.875 1805 9 .2 33.9 
R436/76.40-GA 15.225 15.118 34.807 1818 9 .1 33 .5 
R436176.40-PY 15.285 15.191 35.045 1889 9.5 37 .1 
A 11 68/lamprophyre-PY 15.269 15.131 34 .928 1802 9 .1 34.4 

SORETIA VUOMA 
R307/48.45-CP 15.277 15.177 35.033 1873 9.4 36.6 
R307/48.45-CP 15.298 15.199 35.094 1890 9.5 37 .6 
R307/48.45-CRB 15.280 15.166 34 .990 1852 9.3 35 .8 
R307 /48.45-( Pb-rich?) 15.297 15.192 35 .081 1880 9.5 37.2 
R307/48.45-ASPY 15.279 15.178 35.043 1872 9.4 36.7 
R307 /48. 70-CRB 15.294 15.178 35 .035 1859 9.4 36.4 
R307 /48. 70-PY 15.298 15.189 35 .036 1874 9.5 36 .7 

KIISTALA 
G347-GA 15.313 15.186 34 .965 1855 9.4 35.7 

STRATABOUND MINERALIZATIONS 
Riikonkoski -GA 14.692 15.153 34 .671 2354 10.6 44.5 
Pahtavuoma-GA 15.468 15.304 35 .207 1913 10.0 39.1 

* = model age; J1 = 238U /204 Pb; W = 232ThP04Pb; ASPY = arsenopyrite; 
CP = chalcopyrite; CRB = carbonate ; GA = galena; PO = pyrrhotite; PY = pyri te 

Palaeozoic galena formation was most prob- the presence of other radiogenic galenas at Horma-

ably restricted to pre-existing shear zones, that kumpu and Alakylä, which together with this par-
were reactivated during the Caledonian oroge- ticular Riikonkoski galena, define a rather weil 

ny. This interpretation is also consistent with homogenized lead isotope compositional group. 

Soretiavuoma 

Sampies 

Gold deposits 

te, an unknown lead rich mineral, carbonate, 

and wall rock sampies , were all taken from 

the drill core SV-R307 (Appendix 4) . The 

sulfides are quite rich in lead when compared 

The analysed sam pies from the Soretiavuo- with the other epigenetic gold mineraliza-

ma deposit, namely cha1copyrite , arsenopyri- tions, whereas the U and Th contents of the 
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Table 7. Pb , U and Th co nce ntration s. For com pari son, approximate ,o6Pbl'°'Pb and ,O'Pbl'°4Pb are 
al so shown. The Pb/U, Pb/Th , and Th /U are co nce ntrat ion ratio s. 

DEPOSIT/ 206 Pb 2°OPb Pb Th U Th /U U/Pb Th/Pb 
SAMPLE 204Pb 204Pb f./g/g f./g /g f./g /g 

SORETIAVUOMA 
R307/48.45-CP 15 35 41 
R307/48.70-PY 15 35 45 

KUOTKO 
R305/7 .95-PO 15 35 2 
R305/7 .95-ASPY 15 35 2 
R443/18.60-PY 18 38 136 1.04 <0.01 
R436/76.40-GA 15 35 710000 n.a. n.a. 
R436/76.40-PY 15 35 73 ! 
R436/87 .85-PY 16 36 196 
lamprophyre-PY 16 35 1240 5 .05 2.41 2 .1 <0.01 <0 .01 

SUURIKUUSIKKO 
R434/65.80-ASPY 17 35 21 0.36 0.02 
R434/80.55-ASPY 17 36 9 0 .22 0 .12 1.8 0 .01 0.02 

LAMMASVUOMA 
R3 /45.00-PY 29 39 4 0 .13 0.17 0 .8 0 .04 0.03 

PAHTAVAARA 
R508/111.55-PY 36 35 0.36 0.36 

SAATTOPORA Au-ORE 
A-A 1205-PO 1490 40 18 0 .89 149 <0.01 8.3 0.05 
A-A 1205-CP 132 37 2 
B-R208-PY 97 64 50 0.11 0.11 1.0 <0.01 <0 .01 
C-ASPY 97 52 9 3.32 88.0 0 .04 9 .8 0 .37 

SAATTOPORA Cu-MINERALIZATION 
SP/Cu-CP 473 42 6 0 .24 0.04 

HANGASLAMPI 
R388/22.75-PY 56 82 2 0 .12 0.06 
R388 /41.20-PY 808 43 3 0.15 11 .5 0 .01 3 .8 0.05 
R388/66.85-PO · 2893 54 80 7.77 315 0 .02 3 .9 0.10 
R388/71 .05-PY 108 47 2 0.11 0.06 

MEURASTUKSENAHO 
R332/179 .6-CP 97 48 3 0 .11 0 .04 

BIDJOVAGGE 
N20E/197 .50-CP 47 43 200 2.07 15.6 0 .13 0 .08 0.01 
N20E/203.55-CP 29 44 22 0.90 0.39 2.3 0 .02 0.04 
N95F/2 .10-PY 72 54 2 0.39 0 .32 1.2 0.16 0 .20 
N95F/14.10-PY 47 45 31 0.23 0 .10 2.3 <0.01 <0 .01 
N95F/46.70-PY 36 43 174 0 .18 <0 .01 
N95F/59.45-PY 781 362 1 0.32 0.40 0 .8 0.40 0 .32 

S 1 65B/81 .40-PY 49 44 3 0.13 0.47 0.28 0 .16 0.04 
S 154B/96 .35-CP 26 42 6 0.45 1.51 0.30 0 .25 0 .08 

N95F/124.65-CP 40 50 12 0 .26 0 .02 
S 154B/1 49 .8-PY 37 57 27 0.56 0 .75 0.75 0 .03 0 .02 

') Brannerite inclusions; ASPY = arsenopyrite; CP = chalcopyrite ; GA = galena; PO = pyrrhotite; 
PY = pyrit e; ! =below detection limit; n.a. = not analysed . Pb/AAS; U,Th/lCP-mass spectrometer 
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sulfides we re below the respec tive detection 
limits (T a bl e 7 and Appe ndi x 4). Multipl e 
a nal yses of indi vidua l sul f ide sepa rates gave 
coinc ident res ults , indi catin g that lead was 
we il homogenized in the mine ralizing fluid . 

Re s ult s 

The a na lys ed le ad iso to pe co mpos iti o ns 
from the So re ti avuom a minerali za ti o n pl o t 
within a narrow compos iti o na l fi e ld (Fi gs. 10 
and 12). On the 206Pbp 04Pb vs. 207 Pb/204Pb 

di ag ram (Fi gs. 10 and 12), the re lati ve ly lead 
rich s ulfides (Table 7 and Appendi x 4) plot 
between the average cru sta l evolution curve 
of Stacey and Kramers (1 975 ) and the mantl e 
curve of Z a rtman a nd Doe ( 1981 ). The 

15.5 

15.3 

207Pb 

204Pb 

15.1 

SVECOKARELIAN 
OROGENIC LEADS 
CVaasjoki J 1981) 

sul f ides have mode l ages in th e range 1850 to 
189 0 M a, and a Il-va lue of ca . 9.4 (T abl e 6). 
On th e 206Pbp 04Pb vs. 208Pbp 04Pb d iag ram (Fi g. 

12), th e lead iso tope co mpositio ns o f th e 
So reti av uoma sulfides li e roughl yon the Sta­
cey and Kram ers ( 1975) evoluti o n curve . 

The urano ge ni c lead co mposi t io n of the 
ac id leac h fr ac ti o n of th e wall rock sampi e 
fa ll s between the s ulfide compos it io na l group 
and the w ho le roc k compos iti on (Fi g . 12) . 
Th ese data could be roughl y connec ted with a 
lin e (R 0 .090-0 . 105) correspondin g to an age 
approxim ation w ith large errors ( 1424±380 to 
I 720±300 Ma). Thi s line might indicate that the 
sulfide lead org inated from the wall rocks. 

Soret iavuoma J 

Kopparäsen 
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Fig. 13. Sveeokarelian orogenie lead trend determined by Vaasjoki ( 198 1). Growth eurves aeeording to two­
stage model of Staeey and Kramers ( 1975). Galena sampies (Vaasjoki, 1981): • =Outokumpu mine; 0 =Main 
sulfide ore bell ; j, =B atholith of Central Finland ; /:; =S vecofennian supracrustal formations. Simpli fied afte r 
Figure 2. of Vaasjoki ( 198 1; Fig. 2, p. 13). Added sulfide lead compositions: x=Soreti av uoma; * =Kopparasen 
(Romer & Boundy, 1988). 



Discussion 

The Soretiavuoma lead isotope composi­

tional group plots on the mantle-crustal lead 
mixing trend of the Svecokarelian orogenic 
leads defined by Vaasjoki (1981) (Fig. 13 ). 
This trend illustrates the mixing of juvenile 
mantle lead with upper crustal lead during the 

Svecokarelian orogeny at ca . 1.9 Ga (Vaas­

joki, 1981 ; Huhma, 1986). On this lin e, the 
Soretiavuoma sampIes fa ll on the high 206Pbl 

204Pb side of the co mpositiona l g roup defined 

by the main sulfide ore belt galenas , for 

which an approx imate mineralization age in­
terval of 1860 to 1940 Ma has been deter­
mined (Vaasjok i, 1981 ; Kousa et al. , 1994). 

The lead isotope compositions of the Sore­

tiavuoma sul f ides are identical w ith those of 

the least radiogenic leads from the Kop­
parasen C u-Zn- U deposit in northern Sweden 

(Romer & Boundy, 1988; Romer, 1989a) 
(Fig. 13). It is hosted by the Palaeoprotero­

zo ic Kopparasen greensto ne belt, w hi ch is 
exposed as a basement window in the Ca le­
donides. These stratabound deposits hosted 
by mafic metatuffs and metasediments have 

been interpreted as vo lcanic-sedimentary and 
premetamorphic in origin (Adamek, 1975). 

The lead isotopes from the Soretiavuoma 
sulfides have characteristics, such as homo­
geneo us compositions and relatively lead­
rich sulfides, that are typical of volcanic-ex­
halative mineralization. However , the Sore­

tiavuoma mineralization is regarded as epige­
netic and thus younger than the hosting 

lithologies, wh ich are considered to be older 
than ca. 2.0 Ga. According to Suoperä (1988) 
the fracture-related gold bearing veins at 
Soretiavuoma are deformed and represent the 
oldest vein phase in the area. Consequently it 
is suggested that the Soretiavuoma minerali­

zation is temporally connected with the (ear­
Iy- to) synorogenic stage of the Svecokarelian 
orogeny. As the lead composition coincides 
with the orogenic mixing line, the lead may 
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originate from the s urroundin g volcanic 
rocks. 

Kuotko 

Mineralization 

Sampies 

The samp Ies from the Kuotko mineraliza­
tion include the lead-poor sulfid es from drill­
core R305, the lead-ric h a nd porous pyrite 
from R443 , the lead-rich a nd lead-poor 

su lfid es from R436, a nd lead-poor panned 
meta lli c go ld (Appendix 4 a nd Table 7). Some 
carbonates were a lso a naly sed. The su lfides 
typically lack uranium and thorium, althou gh 
the porous pyrite is an exception, with a Th 

content of ca. I ppm (Tabl e 7). 

Results and discussion 

The sampI es a na lysed from the Kuotko area 
can be roughly divided into the fo ll owing four 
lead isotope compos iti o nal groups (F ig . 14). 

Group I . The lead isotope compos ition of a 
lead-rich microfractured idi omorphic pyrite 

(KU-R436176.40) (see a lso Fig. 15, Appendi ­
ces 4 and 5, Table 7) fal ls s li g htl y below the 
Stacey a nd Kramers (1975) lead evolution 
cu rv e. This lead composi tion is s imil ar to that 
of the Soretiavuoma su lfides, and will subse­
quently be referred to as " the Soretiavuoma 
group". This weIl homogenized lead in the 

uranium deficient sulfides most probably rep­
resents the initial lead composition for that 
part i cu lar phase of mineral i zation at Sore­

tiavuoma and Kuotko. 
Group 2. The second group comprises the 

relatively nonradiogenic lead-poor sampIes 
from drill-core R305 (see also Fig. 16 , Appen­

dix 4 and Table 7) and the gold sampIe (Fig. 17). 
In addition, the least radiogenic pyrite from the 
Kuotko lamprophyre has a lead composition 
simi lar to that of this group (see Fig. 10). 
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PY ; + =R443/PY(acid leaches). Orhers: * =Au, • =R305/CRB; • = R436/CRB; x =R436/wall 
rock. 
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Fig. 15. a) Idiomorphie , mierofraeturcd, and lead rieh pyrite, b) with re li cs of magnctite, Kuotko (K U-R436176.40) . Width 
of view is a) 2.50 mm, b) 1.0 I mm, re fl ected and plane-polari zed li ght. 

Fig. 16. Arsenopyrite (aspy) and pyrrhotite (po) with minor chalcopyrite (epy) in 
a eabonate-quartz vein , Ku otko depos it (KU-R30517.95 ). Width of view is 3.70 
mm, retleeted and plane-polari zed light. 

37 
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Fig. 17. Panned gold. KliOtko. Width or view 
is 1.50 mm, reflected and plane-polarized light. 

Fig. 18. Sheareel quartL vein with overgrown 
idiomorphie pyrite. Kuotko (KU-R-l36/87.85). 
Width or view is 3.70 mm. transmined anel 
cross-polariLed light. 

Fig. 19. Pyrite '·pellets". KliOtko (KU-R443/ 
18.60). Width of view is 1.50 mm. rerlected 
anel plane-polarizeel light. 
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Fig. 20. Pyrrhotite brecciates carbonate in vein, Kuotko (KU-R436/42.20). 
Width of view is 3.70 mm, transmitted and cross-polarized light. 

The lead composition of galena from the 
drill core sec tion R436/76.40 is slightly hete­
rogeneous and it has 207 Pbp04 Pb ratios inter­

mediate between the Soretiavuoma group 

(Group I) and Group 2 from Kuotko (Appen­

dix 4 and Fig. 14). Unfortunately , the relation­
ship between the galena and the other sulfides 
in the sampIe is unclear. In thin section only 

magnetite relicts and pyrite (Group I), togeth­
er with minor arsenopyrite were detected (see 
Fig. 15). On the other hand , in hand specimen 
galena seems to occur as separa te s malI , com­
pact seams in a restricted area; it may there­

fore represent a later fracture filling and is not 
necessarily cogenetic with the Group I 

sulfides. 
On the 206PbP04Pb vs. 207 PbP04Pb diagram 

(Fig. 14) , the least radiogenic sampIe plots 
slightly below the mantle evolution curve of 
Zart man and Doe ( 1981) , with a J..l-value of ca. 
9.0 (Table 6). In this group, the sampIes have 

a narrow range , defining a gently sloping 

compositional trend ( R=0.0868 , n=5 , 
MSWD=O .O I 3 , I 356± I 400 Ma) which howev­
er, is geologically meaningless. On the 206Pbl 
204 Pb vs. 208Pb/204 Pb diagram (Fig. 14 ), the 

leas t radiogenic sa mpIe plots on the evolution 
curve of Stacey and Kramers (1975). 

Group 3. The more heterogeneous third 

group consists of sam pIes which are slightly 
radiogenic (Fig. 14 and Appendix 4). These 
include a macroscopically dull , lead-rich py­
rite (Fig. 18) , two pyrrhotites (magnetic frac­
tion) , and a carbonate sampIe , all separated 

from drill core R436 (Appendix 4). The 
slightly radiogenic pyrites from the lampro­

phyre also have lead compositions resembling 
those of this group (see Fig. 10). The high 
lead contents (Table 7 and Appendix 4), mar­
casite alteration of the pyrrhotite, and the 
occurrence of the pyrite would suggest a 
secondary origin for the elevated 206Pbp04 Pb 

ratios. 

Group 4. In the Kuotko area, the most radio­
genic sam pIes , with 206PbP04 Pb ratios around 

18-20, are the lead-rich pyrite from the drill­
core section KU-R443/J 8.60 (Table 4 and Fig . 
19) and the low-Iead carbonate with brecciat­
ing pyrrhotite from drill-core R436/42.20 
(Fig. 20). The R443 pyrite clearly differs 

petrographically from the other Kuotko py­
rites in forming large "pe llets" , with a car­

bonate matrix between the small pyrite cubes 
(see Fig. 19). This might represent so me of the 
latest stages of sulfide formation, as also sug­
gested by Ilkka Härkönen (oral com., 1991). 

On the 206Pbp04Pb vs. 207 Pbp04Pb diagram 

(Fig. 14), the lead isotope compositions of the 
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tot a l di ssolution s and mos t of th e s te p by step 
di ssol ved ac id leaches of th e poro us R443 -

pyrite form a linear trend w ith a s lope o f ca . 

0.1 304 , co rres pondin g to a n appa rent age of 

2103±85 M a (n=6 , MSWD=0.36). The most 

eas ily di ss ol ved fra c tion s, po ss ibl y re present­

in g th e ca rb o nate matri x be twee n th e s mall 
p yrite c ubes in a la rger pe ll e t , sho w th e hi g h­
es t 206Pbp l4Pb ratio s a lon g thi s tre nd . 

Th e re lati ve ly high lead conte nt ( 136 ppm ), 

co ntras tin g w ith a d efi c ie ncy in ura nium (Ta­

bl e 7) , th e pe tro g ra phic a l a ppea ra nce, a nd the 

ass umpti o n th at th e min e ra li za ti o n was not 

coeva l w ith th e volca ni s m milit a te aga in s t the 

po ss ibi I ity of lead growth from ca . 2 100 M a to 

prese nt be in g the reason for th e radi ogenie 

na ture of th e py rite. The re fo re it is sugges te d 
th a t lead se pa ration from a ca . 1888- 1835 Ma 

o ld source too k pl ace in ea rl y Pa laeozo ic time 

a t , ca. 4 2 0 -500 M a (Equ ation I : R=0 . 1304 , 

T ,= 1888 -1 835 M a , T 2=420 -500 M a). In fac t. 

th e re is ev id e nce th a t th e s hea r zo ne in th e 

Ku o tk o a rea ha s be en ac tiv e eve n durin g 

pos tg lac ia l tim e ( Härk ö ne n o ra l co m ., 199 1), 

whi c h e na bl es on e to s uppose th a t reac tiva­
ti on of th e shear zo ne could a lso hav e ta ken 
pl ace prev io us ly. 

S umma ry of di scu ss io l7 

Th e lead iso tope c hara c te ri s ti cs o f roc ks in 

th e Ku o tk o a rea, s uc h as th e ir di s tin c ti ve 

co mpos iti o ns, th e le ad co nte nt s, a nd th e ho ­

moge nit y o f th e le ad in th e tw o leas t radi oge n­
ie co mpos iti o na l g ro ups (Groups l a nd 2) , all 

indi c ate th e e xiste nce of two diffe re nt phases 
o f s ulfid e minera li zation with se pa ra te lead 

sourees . On e e vid e ntly re prese nt s a ty pe of 

(ea rl y- to) sy norogeni c min e ra li za ti o n rese m­

blin g th a t id e nti f ied a t S o re ti av uo ma. Th e 

o th e r indi ca tes a mantl e lead so urce w ith a 
lowe r c ru s ta l co mpon e nt , i f th e leas t ra ­

dio geni c sa mpie has prese rved a n initi a l lead 

co mpos ition . The go ld sa mpI e fr o m Ku o tko 

be lo ngs to th e latt e r g ro up a nd re fl ec ts gold 
c o nce ntra ti o n, at least durin g thi s ph ase . 

Wall roc k sa m pI es 

Sa mpi es 

Three w a ll roc k sampI es imm edi a te ly adj a ­

cent to the mine ra li zed sec ti o ns we re a na lysed 
from drill co re R436 (Appe ndi x 4). In addi ­

tion , wh o le- roc k sam pI es o f fe ls ic po rph yry 

a nd la mpro ph y re fr o m th e Kuotko a rea and 

p yrit e, apatite , and mix ed titanit e a nd a pa tite 

f rac ti o ns fr o m th e la mpro ph y re we re a na­

Iysed . In th e Ku otk o area, th e fe ls ic po rph y­

ri es a re re la ted to ea rl y - to sy no roge ni c g ran­

itoid s , suc h as th e Ruoppapalo g ra no di o rite, 

whi c h has aU- Pb age of 19 15 ±7 M a ( Ha nnu 
Huhm a, ora l co m ., 1990). 

Res ull S 

On th e 206Pbp04Pb vs. 207 Pbp 04 Pb di ag ra m 

(Fi g. 2 1) , th e lead iso tope co mpos iti o ns of th e 

wa ll roc ks a dj ace nt to th e min e ra li za ti o n 

(R4 36) and th e ac id leac hes fro m th ese sa m­

pies d efin e a sublin ea r tre nd with a n a pprox i­

ma te s lope of 0.11 30 . Th e corres po ndin g a p­

pare nt age, I 848±200 M a , ag rees ro ug hl y with 

th e rese t age fo r th e Uppe r Lappo ni a n middl e 
a nd lo we r unit vo lc ani cs. 

On th e 206Pbp04Pb vs. 207 Pbp 04 Pb a nd 206Pbl 

204Pb vs. 208 Pbp 04Pb di ag ra ms (F igs. 10 and 

2 1) , th e lead iso to pe compos iti o n o f th e leas t 

radi oge ni e, lead - ri c h p y rite (A ppe ndi x 4) 

from th e la mpro ph y re pl o ts in the sa me 

compos iti o na l g ro up a s th e Gro up 2 sul fid es 
of th e Ku o tk o min e rali z ati o n . Th e mode l age 

for th e pyrite is 1802 Ma , a nd th e c al c ul a ted 

e voluti o na ry indi ces a re in th e sa me c atego ry 

as th e Group 2 sulfides from Ku o tk o (T abl e 6). 
On th e 206Pbp04Pb vs. 207Pbp 04Pb di ag ra m 

(Fi g. 2 1), th e lead iso to pe co mpos iti o ns o f th e 
fel s ic po rph y ry (WR ) , la mproph y re (WR , L E) , 

a nd a pa tit e, a nd th e mi xed tit a nit e a nd a patite 

frac ti o n fro m th e la mpro ph y re fo rm a lin ea r 

compos iti o na l tre nd with a s lo pe of 0 .105 2 

( n= 5 , MSWD= 2. 5). Th e co rres po ndin g a p­
pare nt age is ca . 171 8±40 Ma . 
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KUOTKO: 
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Fig. 21. l06Pb/"" Pb vs. ,o7Pb/"~Pb (upper d iagram) and ""'Pbl'°'Pb vs. ""Pb/"~Pb (Iower 
diagram) plots ofthe lead isotope data for the wall rock sam pies, lamprophyre, and felsic 
porphyry from the Kuotko area. KU-R436/11'all rocks: EEi =WR: + =LE. LalllproplnTe: 
!'. =APA/TITAIWR: 11 =PY ; <J =LE. Felsic porphyr.": • =WR; 0 =LE. 
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Fig. 22 . Carbonati zed lamprophyre with py rite cubes in carbonate ve in , Ku otko. 
Width of view is 3.70 mm , transmitled and cross-polari zed light. 

Disc u ss ion 

In th e Ku o tk o a re a , th e Sore ti a vuom a group 

minera li za ti o n (Group I ) too k place durin g 

th e (ea rl y- to) sy noroge ni c s tage of th e S ve­

co kare li a n o roge ny a nd was fo ll owed by th e 

reg ion a l rese ttin g of th e hos t roc ks. Moreo­

ve r, th e go ld bea rin g s ulfid e minera li za ti o n 

(Gro up 2) a nd th e c rys ta lli za ti o n of th e la m­

pro ph y re py rites (±ca rb o na ti za ti o n '1) may be 

re la ted processes, beca use th e leas t radi ogen­

ic lead co mpos ition s o f th e Gro up 2 sa mpi es 

a nd th e pyrite from th e ca rb o nate fill e d fr ac­

tures in th e la mproph yre (Fi g. 22) a re s imil a r. 

Sub sequ e nt to Group 2 min e ra li za ti o n , lo ng 
la s tin g co ntinu o us o r la te e pi sodi c hydro th e r­

ma l processes re lated to dee p fr ac ture zo nes 

a re a ppa re ntl y indi ca ted by th e ca lc ul a ted 

s lo pe age o f 17 18±40 M a . 

Suurikuusikko and Kiista la 

Sa mpi es 

Only two drill core sec ti o ns fr o m th e Suu­

rikuu s ik ko go ld depos it we re ana lysed, and a 

prev iou s ly a na lysed ga le na (M . Vaasj o ki ) fro m 

th e gold-ri ch ve in at Kii stal a was al so in c luded 

in th e stud y (Appendi x 4) . The Suurikuus ikko 

sam pies have moderate lead conte nts , and th e 

uranium concentration s in th e tw o ana lysed 

sam pies are 0 .3 6 and 0 . 12 ppm (T abl e 7 ) . 

Res ult s a nd di scu ss io n 

The re lati o nship be tween the lead iso tope 

compos ition s of the Suurikuus ikko and Kiistal a 

sulfides and th e oth e r leas t radi ogeni c sam pies 

is show n in Fi gure 10. The Kii sta la ga lena plots 

in th e sa me co mpos iti o nal g ro up as th e Sore­

tiavuoma sampies and has a model age o f 1855 Ma 

(Table 6) . Thus, the Soreti avuoma group lead com­

positi on has been identifi ed from three deposits, 

namely Soreti avuoma, Kuotko, and Kii sta la . 

The lead iso to pe co mpo s iti o ns of th e Suuri ­

kuu s ikk o sulfides are c le arl y radi oge ni c, with 
t he ]06Pb j204Pb ra ti os a t a round 16. 5 - I 7. 0 (Ap­

pe ndi x 4 a nd Fi gs. 10 a nd 12). In th e ura no ­

geni c lead di ag ra m ( Fi g. 12) , th e d a ta show 

s ig ni f ica nt scat te r , indi ca tin g e ith e r s li g htl y 
differ in g initi a l U/Pb ra tio s, o r modificati o n 

o f th e o ri g in a l U/ Pb ra ti os by late r pro cesses. 

Pahtavaara and Lammasvuoma 

S a mpI es 

Lead isotopi c compos iti o ns ha ve bee n ana ­

Iysed from mag ne tit es, p y rit es , ca rb o nates, 



and wall rocks adjacent the Pahtavaara gold 

deposit. The sulfides are extremely poor in 

lead (see chapter "Sampie preparation and 

chemical separation" and Table 7) when com­

pared with the other gold occurrences of this 

study. The U and Pb concentrations for one 

analysed sampie are 0.36 and I ppm, respec­

tively (Table 7). Because the Pahtavaara deposit 

is hosted by the Sattasvaara komatiites , the lead 

isotope data from the unmineralized volcanics 

from the Sattasvaara Formation will also be 

considered in connexion with these results. 

Of the analysed Lammasvuoma pyrites (Ap­

pendix 4) , one occurs as a dissemination, while 

the other forms breccia in the host rocks. A wall 

rock sampie from the immediate vicinity of a 

mineralized section was also analysed. 

Results 

On the 206Pb/20-l pb vs. 207Pbp°-lpb diagram 

(Fig. 23), most of the lead isotope composi­

tions of the sulfides, carbonates, wall rocks 

(WR , LE) , and the Sattasvaara volcanics fall 

on the same sublinear trend. If the whole rock 

sampie EIM-91-1, a few magnetites, and one 

pyrite are rejected (see Fig. 23) the correspon­

ding apparent slope age becomes 1814±32 Ma 

(R=0.1109, n=24. MSWD=35.5). Furthermore, 

if most of the pyrites and magnetites only are 

included, the corresponding slope age remains 

virtually unchanged (R=0.1113, n= 14. 

MSWD=44, 1821 ±43 Ma). Approximately the 

same slope (R=0.1107, 1811±87 Ma) is ob­

tained for results from foul' carbonate samp­

les , with a lower MSWD value 01' 5 . 

Within the group of least radiogenic sam ­

pies (Fig. 10) , the Pahtavaara carbonate plots 

on the mantle evolution curve or Zartman and 

Doe ( 1981 ). However , the lead in the carbon­

ate has evolved , with some radiogenic lead 

addition, and therefore the actual initial lead 

composition is obscure. 

Thc Pahtavaara sulfides show extremely 
low Th/U ratios , as can be concluded from the 
almost constant 20SPbp°-l pb ratios with inc-
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reasing 206Pbp04Pb ratios (Fig. 23). In contrast, 

the Th/U trend defined by the lead isotope 

compositions of the Sattasvaara volcanics in­

dicates relatively high Th contents, albeit this 

trend is determined by one extreme analysis. 

Compared with the Pahtavaara sulfides, the 

Lammasvuoma sulfides show higher relative 

thorogenic lead isotope compositions (Fig. 23). 

Otherwise the sampie material from the Lam­

masvuoma gold occurrence is too s mall to 
give any reliable indication of its lead isotope 

characteristics (Appendix 3). 

Discussion 

The uranogenic lead isotope compositions 

of the Pahtavaara sulfides representing diffe­

rent types of alteration environments 

(Korkiakoski 1992) , namely talc-carbonate 

veins associated with biotitization and quartz­

barite veins related to the later amphibole 

growth, as weil as the surrounding rocks plot 

roughly along the same uranogenic composi­

tional trend . This indicates an almost con­

temporaneous resetting of the U-Pb system of 

the surrounding volcanics and the hydrothermal 

mineralizing process. In addition, when plotted 
on the 206Pbp04Pb vs. 208Pbp°-lpb diagram (Fig. 

23) the data suggest roughly s imultaneous pro­

cesses for wall rock alteration and sulfide 

mineralization , coinciding with the cessation of 

thorogenic lead growth. This may suggest a 

metamorphically induced resetting of the U-Pb 

systems in the volcanics and the concomitant 
formation of a metamorphic mineralizing fluid. 

On thc other hand , the primary mineraliza­

ti on at Pahtavaara has been linked with a duc­

tile phase of deformation (Korkiakoski 1992; 

Ward et al. 1989), and another major alterati­

on process afrected the area during the retro­

grade stage of metamorphism (Korkiakoski 

1992). [n that case the slope age of ca. 1820 

Ma for the Pahtavaara sampies could be 

considered as a minimum age approximation 
for the primary gold mineralization. 
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Saattopora area 

SampIes 

The Saattopora sampIes consist of sulfides 
and wall rocks from the A , B, and C gold ores 
and from the Saattopora copper mineraliza­
tion , which was formerly an exploration target 
of the Outokumpu Finnmines Oy . Gold , vein 
carbonate, rutile, and thucolite have also been 
analysed from the A-ore (Appendix 4 and 
Tables 3 and 4). The ore-related sulfides are 
extraordinarily radiogenic , showing 206Pbl 

204Pb ratios between 80 and 1500 (Appendix 

4) , and have variable lead contents, ranging 
from 2 to 50 ppm (Table 7). The highest 
measured uranium and thorium contents are 
149 and 3 .3 ppm (Table 7) , respectively. 

Results 

Ores 

On the 206PbP04 Pb vs. 207PbP04Pb diagram 

(Fig. 24), the lead isotope compositions of the 
Saattopora A- and B-ore sulfides with the gold 
concentrates define a sublinear trend with a 
slope of 0.1146 , or of 0.1159 (Iine I) if one 
or two of the most radiogenic sampIes are re­
jected. These slopes correspond to ages of 
1873±26 Ma (n=13) or 1894±46 Ma (n=12) , 
respectively. The most radiogenic A-ore pyrr­
hotite , with a 206Pbp04Pb ratio of ca. 1490 re­

duces the slope (R=0.1082 , n=14) so that it 
corresponds to an age approximation of 
I 770±66 Ma (not shown) . 

The lead isotope analyses of the wall rock 
rutiles , B- and C-ore wall rocks, and C-ore 
sulfides plot consistently below the composi­
tional trend defined by the A- and B-ore 
sulfides (Fig. 24) . The uranogenic lead isotope 
compositions of the A- and B-ore wall rocks 
and carbonates also plot along a trend (Figure 
24 ; line 2 , R=0 . 1044, n=6, 1707±8 Ma). Re­
jecting the most radiogenic A-ore sampIe 
e06Pb/ 204Pb=l668) does not significantly 
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change the result (line 2 , R=0.1034 , n=5 , 
1686±75 Ma). This age approximation is sim­
ilar to the concordant single rutile analysis 
from the Saattopora wall rock. Moreover, the 
uranogenic lead compositions of the C-ore 
sulfides plot on a trend (not shown), which 
corresponds to an extraordinary low age 
approximation of 802±570 Ma (n=3 , 
R=0.066) . 

On the 206Pbp04Pb vs. 208Pbp04Pb diagram 

(Fig. 24), the A-ore sulfides differ signifi­
cantly from the B-ore sampIes. The A-ore 
sulfides and their wall rocks, as weIl as the 
gold sampIes record almost no thorogenic 
lead growth wi th i ncreas i ng 206Pbp04Pb ratio 

(Th/U«O.l) . In contrast to the A-ore, the B­
and C-ore sulfides are less radiogenic and 
their Th/U ratios are higher , with values 
around 0.8 and 0.3, respectively (see also Fig. 
24). 

Copper minerali zation 

As with the Saattopora A-ore, the sulfides 
from the Saattopora Cu-occurrence show 
anomalously high 206Pb/204Pb ratios (Appendix 
4). On the uranogenic lead diagram (Fig. 24), 
the sulfide lead isotope compositions define a 
sublinear compositional trend with an appar­
ent slope age of ca . 2000±41 Ma (R=0.l230, 
n=6). On the 206PbP04Pb vs. 208Pbp04Pb diag­

ram (Fig. 24), the sulfides from albite-carbon­
ate schists plot along the same low Th/U 

trend, together with the A-ore sulfides and the 
wall rocks . 

Relationship of ca . 1780 Ma age to the 
gold mineralization 

The extremely radiogenic nature of the 
Saattopora ore leads , together with the high 
uranium concentrations , and varying 206Pbl 

204Pb ratios detected from multiple analyses of 
the same mineral fraction, all indicate the 
existence of HN0

3
-HCl soluble uranium-rich 

and thorium-poor inclusions. However , no 
such inclusions have been identified either 
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from thin sections or from the microprobe 
analyses. Nevertheless, uranium - ri c h in c lu­
sions were detected in th e hi ghl y radiogenic 
Hangas lampi pyrrhotite , and furthermore the 
occ urrence of thucolite a lso indicates the 
presenc e of uranium-rich mineral s in the Saat­
topora ore veins. Con sequentl y, it is suggest­
ed that uranium-ri ch micro-inclu s ion s are the 
main cause for the high radiogenity and the 
hi gh uranium contents in the Saattopora ore 
re lated sulfides and gold. 

In contrast to the s lope age of ca. 1870-
1900 Ma determined for the sulfides and go ld 
of the Saattopora A- and B-ores, an age of ca. 
1780 Ma has been obtained for thucolite from 
the Saattopora A-ore, and also for monazite 
from the Saattopora wall rocks (Table 3). 
Similar ages have been obtained for uraninite 
from Pahtavuoma and for other uranium-rich 
mineral s from several places from Finnish 
Lapland (see Table 3). These ages are rou ghly 
coeval with the emplacement of the postoro­
genic granites at ca. 1780 Ma (e.g. Meriläinen, 
1976; Lauerma, 1982). However, some uranium 
concentration had already taken place in the 
Saattopora ore at the time of sulfide crystalli­
zation. Thu s, the ca. 1780 Ma age for the 
Saattopora thucolite may represe nt a reset age 
of a min eral related to gold minera lization or 
the tim e of uranium mobilization and thucol­
ite crysta llization in the ore. 

The Pahtav uom a sulfides have lead isotope 
character istics that clearly differ from those 
of the Saattopora sulfides. This ma y indicate 
that th e hydrothermal processes responsible 
for the crys ta lli za tion of the sulfid es with 
hi gh U/Pb and low Th/U ratios in the Saatto­
pora area were not operating at Pahtavuoma. 

Discussion 

The uranogenic lead isotopic compositions 
of the A- and B-ore sulfides and gold sampies 
reflect approximately coeval crystallization 
with divergent U/Pb ratios. The slope of the 
tre nd gives an apparent age of ca. 1870-1900 
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Ma for the mineralization. The ca. 2000 Ma 
isochro n age from th e sulfid es of th e Cu­
occurrence may then indicate the prese nce of 
an older minera li zat ion , pos sibly sy ngenet i­
cally related to the rift- stage vo lcani sm. 

Following the minera lization , the intru s io n 
of the po sto roge nic granites at ca. 1780 Ma 
caused either so me uranium mobilization and 
thucolite crys talli za tion in the o re or e lse onl y 
reset the thuco lite related to the gold miner­
a lizati o n . The co ncordant U-Pb-age of ca. 
1685 Ma for ruti le , together wi th the gentl y 
sloping lead iso tope compositional tre nd (ca . 
1700 Ma) for th e A- and B-ore wall rocks 
indicates prolonged continuous or episodic 
hydrothermal processes in the Saattopora 
area. 

In the C-ore , the disseminated arsenopyrites 
record either late s tage episodic radioge nic 
lead loss, or else the diffu sion of radiogenic 
lead continued long after mineralization and 
the intrusion of the po storogeni c g ranites. 
This interpretation is supported by the very 
gently s loping uranogenic lead iso tope 
compositional trend of the C-ore sulfides, and 
a contradictory relation ship between the most 
radioge ni c A-ore sulfide , with a very hi gh U/ 
Pb co ncentrat ion ratio , and the C-ore sulfide 
with an extremely hi gh U/Pb co ncentrati on 
ratio , co rres ponding to a relatively low 206Pb/ 
204Pb ratio (see Table 7). 

The 208Pbp04Pb rat ios remain a lmost co n­
stant whil e the 206Pbp04 Pb rati os of the A-ore 

sulfides a nd its imm ed iate wall rocks in ­
crease, demonstrating the presence of a fluid 
with hi gh U/Pb and low Th/U ratios. In cont­
rast , the hi gher Th/U ratios in B- and C-ore 
sulfides, as weil as in their wall rocks reflect 
higher Th/U ratios in the fluid , or the 
incorporation of some thorium from the ho st 
rocks. The varying structural and lithological 
controls of the rock sequences aro und differ­
ent ores may have had an effect on the phy­
sico-chemical conditions which controlled the 
minera li zation proces ses. Thi s may be, at 
least in part , the reason for the s lightly vary-
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in g Th /U ra li os in th e di ffe re nt o re re la te d 

sulfides a nd wa ll roc ks. 
Th e hi g h ur a nium co nte nt s of th e c rys ta lli z­

in g s ul f ides indi c ate a so urce a rea w ith abun­
d a nt ur a nium a nd al so th e ex iste nce of fluid s, 
th a t we re ca pable of di sso lvin g uranium . In 

th e Saa tt o po ra a rea ea rli e r ura ninite co ncent ­
ra ti o ns co uld repre se nt th e hi g h U/ Pb e nviro n­
me nt s fr o m which th e min era li z in g fluid mi ght 
have le ac he d ura nium . The Pa ht av uo ma, 
A a ke nu svaa ra , a nd P a ht av uo ma- Ko lva ke ro 
uraninite occ urre nces (Inkin e n 1979; Pääkkö­
ne n 1988 a nd 198 9 ) fo r in s tance, loca te d in the 

vic inity o f th e Saatto po ra o re, indi ca te the 

pre sence of exc epti o nall y hi g h U/Pb e nv iron­

me nts in th e a rea. 

Hangas lam pi and Me urastu ksena ho 

S a mpi es 

Th e a na lysed sa mpi es fro m th e Ha ngas la m­

pi d e pos it in the Kuu sa mo di stri c t co ns is t of 
severa l s ul f ides, o ne mag ne tite frac ti o n , so me 
wa ll roc k sa mpies, a nd a fe w ca rb o nates. Th e 
e xtre me ly radioge ni c sulfid es a re lead -poor , 

whil e hav ing hi g h ura nium co nte nt s (Appe n­
di x 4 a nd T a bl e 7). Fro m th e Me uras tukse naho 
de pos it , o nl y o ne sampi e co nta inin g sul f ide 

a nd mag ne tite was ava il ab le. 

Res ult s 

On th e ura nogeni c lead di ag ra m (F ig. 25 ), 
th e lead isotope co mpo s iti o ns of th e Ha ngas­
lampi ca rb o nate s an d s ulfides defin e a lin ear 
t re nd w ith a s lo pe o f c a . 0. 11 13. Rega rdl ess of 

th e numbe r of a na lyses in c lud ed , th e 
co rres po ndin g s lo pe age re ma in s a t a ro und 
1820 M a (n=5 , 1820± 15 Ma; n= IO, 1820±3 1 
M a ; n= 14 , 1822±5 M a). Ne ithe r rej ec ti o n of 
the o ne or two most radi oge ni c sa mpi es (HL­
R388/66.85) no r in c lu s io n of o nl y th e mos t 
radi ogeni c sul fides a lte r th e s lope age s ig ni f­
ica ntl y. 

On th e 106Pbj2°~Pb vs. 1OS Pbp°-lpb di ag ra m 

(Fi g. 25), th e ex tre me ly low 1osPbp04 Pb and 
hi g h 106 Pbpo~Pb ra ti os, indi ca te ve ry low th o­

r ium a nd hi g h ura nium co nte nt s in th e 
s ul f ides . In co mpari son w ith th e sul f ides, th e 
wa ll roc k sa mp ie s show c le arl y hi g he r re la­

tive 108Pb co nte nt s . 

Di sc uss io n 

Th e nea rl y co ncord a nt U -Pb age fo r th e 
uranium -ri c h a nd h ig hl y radioge nic pyrrh o tite 
is abo ut 183 0 M a (T able 3 a nd F ig. 3) a nd th e 
o th er radi oge ni c sulfides show 107Pbp06Pb 

ages a ro und 1820-1 850 M a (Ta bl e 4). T akin g 

into account the s lo pe age o f th e lead co mpo ­

sition a l tre nd fo rmed by the Ha ngas lampi a nd 
o ne o f th e M e uras tuk se na ho sa mpi es (ca. 
1820 M a), th e pro ba ble age of sul f ide fo rm a­
t ion ca n be f ixed a t a ro und 1820- 185 0 M a. 

In the Ha ngas la mpi sul f ides a nd mag ne ti­

tes, mos t of th e ura nium is app are ntl y locate d 

in bra nn e rit e inc lu s ion s. Thi s is regard ed as 
ev ide nce of approx im ate ly coeva l c ry ta lli za ­

tion o f the sul f ides a nd th e in c lu s io ns. On th e 
oth er ha nd , th e o th e r de tec ted bra nne rite g ra in 
lies a ro und th e bo undary betwee n th e s ulfide 
and ca rb o nate g ra in s, with the ca rb o na te te nd ­

in g to occ up y fr ac tures in th e sul f id es a nd 
mag ne tit es . In thi s res pec t , th ese res ult d o 

no t prec lu de th e poss ibilit y th a t a n o lde r 
min e ra li za ti o n had a l ready ex is ted in th e a rea. 

As with the Saa tto po ra a nd Pa htavaa ra o res , 
th e b ra nn e rit e in c lu s io ns in th e Hangas la mpi 

s ul f id es indi ca te spec if ic fluid co nditi o ns, 
th a t we re a lso ca pa bl e o f leac h ing ur a nium. 
A ga in , as a t S aa tt o po ra, seve ra l ura nium 

occurre nces have been re po rted fro m th e Kuu ­
sa mo a rea (Vu o kk o 1988; Va nh a ne n 1989; 

P a nk ka et a l. 199 1) . Th e co nce n tra ti o n of 
ura nium may be ge neti ca ll y co nn ec ted w ith 
th e sa me hyd ro th e rm a l p rocesses res po ns ibl e 
fo r th e sul f ide mine ra li za ti o n , a lth o ug h ura ni ­
um e nri c hme nt co u ld a lso have ta ke n pl ace 
durin g ea rli er hyd ro th e rm a l ep isodes in the 
area. 

2 
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Bidjovagge 

SampIes 

Sulfides hosted by albite felsite , metadia­
base, and black schist were samp led from drill 
core. from the Bidjovagge ore . The lead con­
tents vary between samp Ies, and the 206Pb/ 
204 Pb ratios in most sampIes are around 25-50 

(Appendix 4 and Table 7). 

Re s ults 

On the 206PbP04 Pb vs. 207 Pb j204 Pb diagram 

(Fig. 26), most of the lead isotope compos ition s 

of the Bidjovagge su lfides form a sublinear 

trend with a slope of ca. 0.1280 (n=26) (Fig. 
26), correspondi ng to an apparent age of ca. 
2070±67 Ma. However , the most radiogen ic 

chalcopyrite (Appendix 4: N95F/45.30) clearly 
deviates from the regression line formed by the 

other sulfides. The wall rock (LE, WR) leads 
conform to a linear trend with a slope of 0 .0727, 
which corresponds to an age of I 005± 19 Ma 
(not shown). Although the trend depends on the 

most radiogenic analysis, the s lope does not 
change significantly if this data point is omitted. 

On the 206Pb/204Pb vs. 20H Pb/204 Pb diagram 

(F ig. 26), the sulfides define separate trends 
with different Th/U ratios , depending to so me 
extent on wall rock types. The metadiabase 

hosted su I fides are moderatel y rad iogen ic and 
pos sess higher relative 208Pb/204 Pb ratios than 

sulfides from the black schist and albitic fel­

s ite. The albit ic felsite su lfides plot in an area 

with lower Th/U ratios. 

Discussion 

In contrast to the variab le 206Pb/204 Pb ratios 

of the Saattopora, Hangaslampi , and 

Pahtavaara sulfides, the Bidjovagge sulfides 
show a quite re su'icted range of values at 
around 30 (Appendix 4 and Fig. 26). The ho­

mogenization of the lead may be connected 
with large scale fluid migration and Pb 
mobilization in the basement during the Cal­
edonian orogeny (Duane & de Wit , 1988; see 
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also page 19) . Accordingly, Bj0rlykke et al. 
(1990) modelIed the su lfide lead isotope results 

from Bidjovagge using a two-stage model and 
obtained a Svecokarelian source age for ra­
diogenic lead mobilized during the ea rly Palae­
ozoic times. Similar results (Eq uati on I: 
R=0 .1 280, T

1
= 1850 Ma , T2=425 Ma) cou ld also 

be obtained using the data of this study. Ho­

wever, the scatter of the data around the regres­
sion line indicates incomplete homogenization 

of the Th-U-Pb systems in all samples. 
The significa nce of the separate trends seen 

on the 206Pb/204Pb vs. 208 Pbj204Pb plot (Fig . 26) 

might be spurious. The sulfides on and a round 
the lin e with the highest Th/U ratios cou ld 
reflect mobilization and nea rl y complete ho­
mogenization of the lead during the Caledoni­
an orogeny . The others, mainly a lb ite-car­

bonate rock ho s ted sulfides occupying the 
lo wer relative 208Pb/204 Pb ratio area, also de­
part from the uranogenic lead trend (Fig. 26). 
In these, the lower Th/U ratios might more 
closely reflect the primary ratios, and thus 
also indicate the possible existence of low Th/ 

U ratios in su lfid es s imilar to the Saattopora , 

Hangaslampi , and Pahtavaara su lfides. 
In both the uranogenic and thorogenic dia­

grams , one of the most clearly deviating 

sulfides is a cha lcopyrite samp Ie (BV-N95F/ 
45.30) with a 206Pbp04 Pb ratio of 189. The 

207 Pbp06Pb age for this sa mpIe is ca . 1850 Ma , 

which is , w ithin erro r limits , the same as the 
U-Pb age of 1837 Ma for the Bidjovagge 

uraninite (Bj0r lykke et al., 1990; Cumming et 
al. , 1993). Furthermore, this age represents 

approximately the same age group as that de­
fined for the Upper Lapponian middl e and 
lower units and the Pahtavaara and Hangas­
lampi sulfides . The geologica l significance of 
the highly discordant 207Pb j206Pb ages of ca . 

1600 Ma for rutile and titanite (Tables 3 and 4) 
is equivocal, and these results shou ld only be 
taken as lower age limits for the minerals . Ho­
wever , as in the case of the Saattopora area, this 
rough age approximat ion may reflect pro longed 
hydrothermal activity in the a rea. 
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SOME ASPECTS RELATING TO FLUID CHARACTERISTICS 

The low 208Pbj2°~Pb ratios , wh ich corre­

spond to high 206Pbj2°~Pb ratios in the Saatto­

pora , Hangaslampi , and Pahtavaara su lfides 

and magnetites, and possibly also in the pri­

mary Bidjovagge su lfid es, a ll indicate an 

extraordinarily low initial Th/U ratio for these 

minerals. This could reflect a low Th/U ratio 

for the mineralizing fluid. However , the appa­
rently low 208 Pb/204Pb ratios of the su lfides 

related to mineralization do not inevitably 

indicate thorium poor fluid, since they may 

alternatively result from fractionation of 

uranium and thorium between different 

crystal li zing phases. It has also been proposed 

that an almost total separat ion of U from Th 

may occur in hydrothermal fluids under de­

creasing temperature (Titayeva 1994). Accor­

dingly , uranium titanates (brannerite , dav­
idite) with Th and lanthanides are found in 

hypothermal deposits , while uranium oxides 

occur in mesothermal and epithermal depos­

its. Nonetheless , the existence of uranium­

rich in c lu sio ns in the su l fides demonstrates 

that the physico-chemical properties of the 

fluid were favourable for both leaching and 

then precipitation of uranium. 

The oxidized uranium(Vl)-ion (uranyl-ion) 

readily forms complexes with common water­

soluble anions. while thorium may remain un­

soluble (e .g. Hostetler & GatTeis , 1962; Ad­

amek , 1975; Nash et al., 1981; Ruzicka , 1993). 

At low temperatures (T< 120°C) uranium forms 
comp lexes with carbonate, while at hi gher 

temperatures it complexes w ith anions such as 

ch loride, fluoride , sulphate, phosphate , and ar­

senate. According to Holland (1965 , p. 1136-

1137) , in ore-forming fluid at T==400°C , in the 

presence of carbonate (fco,== I to 100 atm) , and 

with log fo between ca. -25 to -3 1, uraninite can 

exist in equilibrium with the common sulfides , 

magnetite, calcite, and quartz. In the presence of 
such a high oxygen fugacity , gold prefentially 
complexes with ch loride (Jaireth, 1992). 

The fluid inclusion and mineral paragenesis 

studies from many Archaean epigenetic, 

su lfid e-poor, metamorphic gold mineraliza­

tions show low NaCI conte nt s « I 0 wt-% 
NaCI-eq.), mineralization temperatures be­

tween 300-500°C, reducing fluid conditio ns 

(moderate to low fo) ' and near neutral to 
slight ly alkaline natul:e of the H 20-C02-f1uid, 

in which go ld is probably transported as 

hydrogen sulfide complexes ( Au(HS) 2 ) (e.g. 
Seward , 1973 and 1984; Kerrich, 1983; Phil­

lips & Groves , 1983 and 1984; Colv in e et al. , 

1984; Phillips, 1993; Phillips & Powell, 

(993). These fluid characteristics are nOI fa­

vourable for uranium complexing. 

However, with the exception of the 

Pahtavaara ore the Lapland gold deposits are 

relatively rich in sulfides and differ therefore 
in this respect from more typical Archaean 

gold mineralizations. The Archaean almos­

phere was poor in oxygen , which is discern­

ible for instance in the lack of evidence (such 

as sulfate minerals, fractionated sulfide sulfur 

isotopes) of high marine su lfate contents in 
massive su lfid e mineralizations (Sangster, 

19 80; Cameron, 1982). The increase in at­

mospheric oxygen levels during the Palaeop­

roterozoic time (e.g. Holland, 1962; Karhu, 

1993) promoted sedimentation of su lfate­

bearing evapor ites (Hattori et al., 1983), 

which could represent a source for oxygenat­

ed , metamorphic fluids. Another possible 

source for oxygenated fluid is sea water, in 

which go ld and base metals are dissolved as 
chloride complexes: meteoric waters are a lso 

oxygenated. Moreover, it has been suggested 

that felsic magmatism (Cameron & Carrigan, 

1987; Cameron & Hattori, 1987) can cause the 

formation of an oxygenated fluid. Cameron 

(1988 and 1989) has proposed that even some 

of the Archaean gold deposits formed in the 

presence of moderately oxidized fluids, re­
sulting from the introduction of mantle CO2 
and partial melting of lower crust, accompa­

nied by release of go ld . 



If the mineralizing fluid was oxidized, the 

restrieted range of sulfur isotope eomposi­
tions may be problematie. Normally , when the 
sulfide mineral s erystallize from oxid ized flu­

id they would be expeeted to show at least 
some var iation due to fraetionated sulfur iso­
tope values. However , sulfide deposition un­
der redueing eonditi ons of similar type might 

be expeeted to generate quite s imilar 83~S­

values (Ohmoto & Rye , 1979). Also, biased 

sampie material (gold enriehed) a nd the small 

number of analyses may g ive a distorted im­
pression of the aetual range of sulfur isotope 
eompositions in the area. 

In add ition to the barite assoe iated with the 
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Pahtavaara gold ore, Lapland reeords other indi ­
eations of the presenee of a moderately oxidized 
fluid. Eilu ( 1994) observed the effeets of sy n­
orogenie , fraeture zone related hydrotherm a l 
aetivity with earbonatization a nd albitization 
reaetions in the lsolaki area. The related fluid 
had moderate to high fugaeities of 0 2 a nd CO2 
and high Na+/ K+, whieh are eonsistent with a 

magmatie , metamorphie , 01' sed im entary ori­

gin. Furthermore, the fluid inclu sion and min­
eral paragenesis studies from the Bidjovagge 
(E ttner et al. , 1993 and 1994) and Pahtohavare 
go ld ores (Martinsson, 1992 ; Lindbiom & 
Martinsson , 1990) suggest mineralization in 
the presenee of a saline a nd oxidized fluid. 

·SUMMARY AND DlSCUSSION 

An overview 

The stratabound base metal deposits and 
epigenetie gold mineralizations in the Lapland 

greenstone belt have distinetly different lead 

isotope eharaeteristies, a lth ough a eonsidera­

ble range in eompositions has a lso been re­
eorded from both groups on a deposit seale. In 
spite of the rather limited sa m pie material , the 

essential eharaeteristies of the base metal 
mineralization eould be s ummarized as fol­

low s: I) eompared with the Staeey and Kram­
ers ( 1975) model , the least radiogenie lead 

isotope eompositions show higher !-1-values , 

2) similar ly evolved leads show relatively 
homoge neous isotope eompositions , at least 
on a deposit seale, and 3) the sulfide minerals 
are usually rieh in lead , and do not show high 
206Pbj2°~Pb ra ti os. 

The epigenetie go ld depo sits and oeeurrene­
es are divided into two broad groups having 

d ifferent lead isotop ie eharaeteristies. The 
Soretiavuoma, Kiistala, and Kuotko oeeur­
renees s how relatively nonradiogenie 

eompos it ions. Furthermore, the least ra­
diogenie eompositions of the Soretiavuoma 

group (Soretiavuoma, Kiistala , Kuotko/Group 
I ) and Kuotko (Group 2) are isotop ieally dis­
tinetive: the former represent oroge ni e mixing 

of mantle and upper erusta ll ead, and the latter 
mantle lead with a possible lower erusta l eom­
ponent. The highly radiogenie deposits , name­
Iy Saattopora , Han gas lampi , and Pahtavaara 
all s how linear to s ublinear lead eomposi­
tional trends on the 206Pb/204Pb vs. 207Pb j204Pb 

plots , and the su lfides have extremely low Th/ 
U ratios, mostly due to presenee of ura nium ­

rieh inelusions . Moreover , and in sp ite of the 
Palaeozoie lead homogenization at Bidjo­
vagge, the original lead isotope eharaeteris­

ties might have been simi lar to the highly 
radiogenie g roup. These results are a lso rele­
vant to mineral exploration, sinee the eeon­
om ieally most interesting deposits typieally 

possess the lead isotope eharaeteristies of the 

highly radiogenie gro u p. 
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Hydrothermal evolution 

Th e lead isotope re sult s from Lapl a nd indi­
ca te a t leas t three differe nt ph ases of o roge ni c 
hydrothe rm a l acti v it y th a t we re pres umabl y 
in vo lv e d in th e epi ge ne ti c go ld min e rali­

za ti o n. Th es e res ults ca n be summ a ri zed as 

fo ll ows (see a lso T abl e 8): 
I ) So re ti av uo ma gro up : Within th e g ro up of 

d e pos its co nta inin g sulfid es with th e leas t ra ­
di ogeni c lead isoto pe compos iti o ns, the Kii sta la 
ga le na, a lead-ri ch mi crofrac tured pyrite from 
Ku o tk o , a nd th e S o re ti av uo ma sa mpI e , a ll 
s ha re s imil a r lead iso to pi c co mpos iti o ns . 

Eac h of th ese de posi ts is loc ate d o n th e north ­
e rn s ide of th e Sirkka fr ac ture lin e, w ithin or 
nea r a no rth -so uth t re ndin g f ault zo ne. 

Th e lead w ithin th is g ro up appea rs to have 
o ri g in a ted durin g oroge ni e mi x in g of ma ntl e 
a nd up pe r c ru s ta l mate ri a l. A ll th e s ulfides 
s how sy noroge ni c m o d e l ages ( 1852- 189 0 

M a) (T abl e 4) a nd th e lead a na lyses fo rm a 
co mpos iti o na ll y ho moge neous iso to pi c g ro up . 

In additi o n, th e th o rogen ic lead com posi ti o n 
co in c ides with th e average c ru s ta ll ead growth 
c ur ve o f S tacey a nd Kr a me rs ( 197 5 ), a nd th e 
s ul f ides a re re la ti ve ly ri c h in lead . Thi s 
min e ra li zat io n eve nt is th oug ht to have co in ­
c id ed wi th th e (ea rl y- to) sy no rogen ic phase 
of th e Svecoka re lia n o roge ny a nd re la ted 
processes. 

A mo re wi des pread di s tributi o n fo r thi s 

ki nd of m in e ra li za ti on has no t ye t bee n 
d e mo ns trated , s in ce pos tmin e ra li zat io n 
hydro th erma l processes co uld have des troyed 
th e o ri g in a l lead isotopi c s ig natures in o th e r 

loca ti o ns. Th e po te nti a l fo r thi s type of 
min e ra li zat in g process in pro du c in g econo mi ­
ca ll y inte rest in g go ld d e pos its may be mino r . 
It may , howeve r, be im po rt a nt fo r reg io na l 
sca le co ncentrat io n of go ld , pri or to furthe r 

mo bili za ti o n a nd up g radin g by la te r hydro­
th e rm a l processes. 

2) S aa tto po ra a rea : T he lead iso top ic co m­
pos iti o ns of th e Sa att o po ra A- a nd B-o re 

sulfides a nd go ld sampI es defin e a s ublin ea r 

tre nd , a nd th e co rres po ndin g age es tim a te o f 
ca. 187 0-1 900 M a sugges ts sy no roge ni c min ­
e ra li za ti o n. Ho we ve r , sulfides associa ted w ith 
th e co ppe r min e ra li zation g i ve a s tee pe r 
s lope, with a n app are nt age of ca . 2000 Ma, 

w hi c h is ro ug hl y co ns iste nt w ith th e age o f th e 

surro undin g vo lca ni cs . In o th e r res pec ts th e 

lead iso to pe c harac te ri s ti cs rese mbl e th ose of 
the Ha ngas la mpi a nd Pa htavaa ra sul fides. [n 
th e C-o re s ul f ides , a la te phase of radi oge ni c 
lead d e pl e ti o n is ev ide nt. 

Thu colite fr o m a n ore ve in a nd mo naz ite 
fr o m th e Saa tto po ra a rea gave ages of ca. 

1780 Ma (T a bl e 3) , and they a re th e refo re 
te mpo ra ll y assos ia te d w ith th e e mp lace me nt 

o f th e pos to rogeni c g ra nites. The impo rta nce 
of thi s hyd rot he rm a l s tage as a go ld co nce n­
t ra tin g process may be re la ti ve ly min o r, be­
cause th e thu co lit e age is take n to re prese nt 
rese ttin g of th e U- Pb system o r t he mo bili za­

ti o n of ura nium in th e area. Th e U-P b age fo r 

th e s in g le rutil e ex trac ted fro m th e Saatto po ra 
a lbit ic fe ls ite (ca. 1690 M a) , a nd the a ppa re nt 

Pb-Pb isoc hro n age of ca. 1700 M a fo r th e 
S aa tto po ra wa ll roc ks, both pl a us ibl y impl y 
pro lo nged hyd roth e rm a l ac ti vit y in th e a rea. 
Neve rth e less, th e effec ts of th ese la tes t eve nts 
we re res t ric te d to dis tu rba nce of th e U- Pb 

sys te ms of th e more suscepti b le wa ll roc k 
min e ra ls. 

A la te ph ase of me ta mo rphi s m, assoc ia ted 
with postoroge ni e g ra niti c in t ru s io ns a t ca. 
1780 Ma is a lso indi ca ted , fo r exa mpl e , by th e 
U- Pb age of tita nite f rom a mo nzo nite (A840; 
z irco n age 1862 M a) (Hiltun e n , 1982) , wes t­

e rn La pl and. In additi o n , th e ages of ura nium ­
ri c h min e ra ls fro m La pl a nd (T a bl e 3) indi ca te 
th a t ura nium was mo bil e a t ca. 1780 M a. As 

w ith th e a no roge ni c d istu rba nces to the U- Pb 
sys te m s o F th e Saa tto po ra wa ll roc ks , th e 
w ho le rock lead isotope d a ta f rom t he Po rko­
ne n-Pa htavaa ra iro n fo r ma ti o n a nd fro lll th e 
Toto-Oj a fe ls ic vo lca ni cs (Appe nd ix 5 ) g ive 
a no roge ni c s lo pe ages (ca . 1600 Ma) . In th e 



Table 8. Apparent mineralization s tages and o th er hydrothermal proees ses in th e Lap land greensto ne belt dedueed from lead iso tope and age da ta 
from go ld depos it s, ba se meta l depos it s , and unmin era li zed vo lea ni es. 

SVECOKARELIAN OROGENY 
DEPOSIT PRE-OROGENIC SYNOROGENIC LATE-OROGENIC POSTOROGENIC ANOROGENIC PHANEROZOIC 

ca.1900-1880 Ma ca.18S0-1810 Ma ca. 1800-1770 Ma < 1750 Ma 

Central Lapland, Upper Lapponian Group: 
Middle and lower units volcanism ca. 2200-2050 Ma 

(Lehtonen et al. . 1 992) 

MET AMORPHISM 

Kuusamo: 
Greenstone Formation 111 

Jyrävä/quartzite 

Base metal deposits : 
Pahtavuoma 

Riikonkoski, 
Hormakumpu 
Saattopora 

Gold deposits : 
Saattopora 

Pahtavaara 

Hangaslampi 

Soretiavuoma 

Kiistala 

Kuotko 

Bidjovagge 

volcanism > 2078 ± 8 Ma 
(Silvennoinen. 1991) 

METAMORPHISM 
(Silvennoinen. 1991) 

U-Pb/uraninite 

mineralization 

mineralization 

mineralization 

(Lauerma & Piispanen. 1967) 

Pb-Pb/uraninite 
(Vaasjoki. oral com., 1993) 

radiogenic galena 
(lead separation) 

MINERALIZATION Pb-Pb/thucolite U-Pb/rutile 
wall rocks U-Pb/monazite 

? ...... . .......... ...... MINERALIZATION 

7 ....................... MINERALIZATION 
U-Pb/pyrrhotite 

MINERALIZA nON 

MINERALIZA nON 

MINERALIZATION (Group 1) 

? .................. ...... MINERALIZATION (Group 2) .. .. ..... ? 

MINERALIZATION 
U-Pb/uraninite 
ICumming et al.. 1993} 

U-Pb disturbance "porous" pyrite 
in lamprophyre (lead separation) 

resetting of sulphides 
whole-rocks (lead separation) 
(Bj0rlykke ot al. . 1990) 
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Bidj ovagge area, the w ho le roc k lead iso tope 
data for a lbitic fel s ites also reflec t a no rogenic 
rese ttin g a t 13 39±8 M a (Bj lil rl y kke e t a l. , 

1990) . 
3) Kuotk o : In addition to th e (ea rl y- to ) 

s yn o ro geni c Soretiavuom a co mpo s itional 

g roup , another ph ase of mine ra li za tion ha vin g 
a diffe re nt le ad source is e vide nt a t Ku o tko . 
These low-I ead sulfides a nd the re la ted gold 
sa m pI e s ugges t, on the bas is of the Z art man 
and Doe ( 198 1) mode l, a ma ntl e lead sourc e 

with a po ss ibl e lower c ru s ta l compo ne nt. 
Ho we ve r, the te mporal re la tion s be tween the 

two min e ra li za tion pha ses is obsc ure. 
All th e o ther , rather hetero ge neous and 

more radio genic lead compos iti o ns a t Kuotko 

m ay have dive rse origin s, suc h as radi ogenic 
in s itu lead addition a nd la te r lead mo biliza­
ti o n , indi ca ting a multi ph ase hydro th e rma l 
hi s to ry in th e area . Th e lates t loca l lead 

separa ti o n may have been co nnec ted w ith th e 
Ph a ne ro zo ic reactivati o n of a prev io us ly ex­

is tin g shea r zon e . 
Ph a ne rozo ic (ca . 500-450 M a) ura nium and 

lead separation in Prec a mbri a n hos t roc ks in 
Finl a nd has previousl y bee n reco rd ed from 
uraninites within so me s hea r zo nes in so uth­

ern Finl a nd (Vaasjoki , 1977). T hese yo ung 
ages have bee n linked w ith th e Ca mbro ­
Siluri a n-Ord ov ician tra nsg ress io n, sedim e n­
ta ti o n, a nd di age nes is, whe reas th e Ph a nero­
zo ic lead sepa rati o n in ce ntra l La pl a nd may be 

assoc iated with C a ledonian reac ti va ti o n of th e 
fo rm e r shea r zo nes . 

4 ) Ha ngas la mpi and Pa htavaa ra: Th e 

s ulfid es of these depos it s, as we Il as the 

Saa ttopora o re, typi call y have low lead con­
te nt s a nd sho w ve ry hi g h 206PbP04Pb ratios, 
with low co rres pondin g 208 Pbp04Pb ratios. 

Afte r th e min e ra li zati o n , th e lea d in th e 
sulfides furth er evo lved ma inl y by addit io n of 
ura noge ni c lead , s inc e th e initi a l lead and 
ura nium co ntents were in mos t of the cas es 
low a nd hi g h, re spec ti ve ly, and th e th o roge ni c 
lead g rowth was a lmo st co mpl e ted a t th e time 

of minerali za tion . Th e ura nium ri c h inclu -

s ion s are res po ns ibl e for th e hi g h U/Pb a nd 
lo w Th /U rati os in the sul f ides a nd indi ca te 

th e in vo lve me nt of a rela ti ve ly ox idi zed fluid . 
Furth e rm o re, the coe xi ste nce of ura nium and 

gold may be a co nsequ e nce of an a no malou s ly 
ri c h ura nium a nd go ld source reg io n, in co m­

binati o n with fluid c ha rac te ri sti cs fa vo urin g 
gold and ura nium transporta ti o n, and the s imil ar 
minera li z ing conditi o ns, or s imulta neous crys­
ta lli za ti o n fo r uranium ri c h mine ra ls a nd go ld . 

The s lo pe ages fo r the Ha ngas la mpi and 
Pahtavaa ra depos it s, the 207Pbp 06Pb ages o f 

the mos t rad ioge ni c Ha ngas lampi s ulfides, 
a nd the s in g le co nco rdant U- Pb age of the 
e xtre me ly radi ogeni c Han gas lampi pyrrh o tite, 
a ll indi ca te la te-o roge ni c (ca. 1820- 1850 M a) , 
a pprox im a te ly coeva l, hydrothe rm a l pro­

cesses. Th e U-Pb age fr o m the Bidj o vagge 
uraninit e , publi shed by Cumming et a l. ( 1993) 
f all s into the sa me category. Furthermo re, the 

lead iso to pe co mpos ition s o f the unmin e ra l­

ized middl e a nd lower unit vol ca ni cs of the 
U ppe r La ppo ni an Group form linea r tre nd s 
w ith a pprox im ate ly s imil ar s lo pes co rres ­
pondin g to ages of ca . 1840 a nd 1870 M a . Thi s 
has bee n attribu ted to a si g nifi cant Pb mo bili­

zati o n event , w hi c h caused rese ttin g of the U­

Pb sys te m in th e volcani cs . Co nsequ e ntly , 
these res ult s ca n be inte rp re ted as indi cat in g 
the fo rmati o n of a la te- oroge ni c me ta mo rphi c 
hydro th e rm a l fluid th at was also respo ns ibl e 
fo r th e go ld mine ra li za ti o n. 

Impli cati o ns for the ex is te nce of a la te-o ro­
gen ic meta mo rph ic ph ase ( 18 10- I 860 M a) is 
indi cated by seve ra l U-Pb res ult s fro m the 

Lapl a nd a rea. The z ircon s fro m th e Saa ripu­
das albitite dike (A964 ; H iltun e n, 1982) c ut­

tin g ac ross th e Ko la ri g reens to ne in wes te rn 
L a pl a nd , has aU-Pb age of 2027±33 Ma. 
Howeve r , a n age es tim ate of ca. 1820 M a f ro m 
tita nite re prese nt s the age o f meta mo rphi s m 
a nd rec rys la lli za ti o n (Hiltun e n, 1982). Mo re ­
over, age es tim ates fro m the Mu o ni o ma p­

sheet area (Le hto ne n 19 84 ), includin g a va lu e 
o f 1840 M a fo r tit a nite fr o m th e Ka ngosj ärvi 

mon zo nit e (A583) a nd 1832±7 M a age fo r th e 

3 



Kangosselkä paragneiss (A838) are conside­
red to represent late-orogenic metamorphism. 
In central Lapland , U-Pb data from a single 
titanite fraction demonstrates metamorphism 
of the Kallo quartz-monzonite at about 1832 

Ma ago (Olavi Kouvo, 1990, unpublished re­
port of the Laboratory of Isotope Geology , 
GSF), whereas the intrusive age of this plu ­

ton , 1886±4 Ma, has been established by dat­

ing of zircons (Lehtonen et al. 1992). In the 
Kuusamo map-sheet area (Silvennoinen, 1991), 
a nearly concordant ti tanite from the greenstone 
formation lIlaiso reflects metamorphism at ca. 

1809±18 Ma. The ca. 1800 Ma uraninite age 
from Jyrävä, Kuusamo (Lauerma & Piispanen , 

1967) is also in accordance with this result. 

The res ults of this study indicate similar 
sulfide lead isotopic characteristics and oxi­
dized fluid conditions for the Saattopora, 
Hangaslampi , and Pahtavaara mineralizations ; 
a common genesis for these deposits is also 
therefore implied. However, the differing age 

estimates for the sulfide mineralizations at 
Saattopora , and at Pahtavaara and Hangaslam­

pi may demonstrate a time gap between these 
mineralizations . Alternatively, this may in­
stead be attributed to the existence of a longer 
lived thermal system at Pahtavaara and 

Hangaslampi. In contrast to the Saattopora 
area, no evidence of postorogenie hydrot-
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hermal processes was detected in the Hanga s­
lampi and Pahtavaara areas. Therefore the 
apparent slope ages obtained from the 
Hangaslampi and Pahtava a ra sulfides must be 
considered as minimum age estimates for the 
gold mineralization. 

5) Bidjovagge : The lead isotope results 

from sulfides associated with the Bidjovagge 
ore are in good agreement with previously 

published interpretations. These include ex­
pI ai n i ng the linear uranogenic lead isotope 
compositional trend as a two-stage model in 
wh ich ca. 1850 Ma old lead was separated 

during the Caledonian orogeny at ca . 420 Ma 
ago. However, so me of the analysed sulfides 
might have remained unaffected by the Cale­
donian orogeny. These sulfides may have had 
low original Th/U ratios , similarly to the 

Saattopora , Pahtavaara , and Ha ngaslampi 
sulfides. Likewise , the age estimates for the 
late-orogenic hydrothermal phase at Hangas­
lampi and Pahtavaara, as weil as for the meta­

morphic resetting of the U-Pb systems in the 
Upper Lapponian volcanics are s imilar to 

those obtained for the previously dated Bidjo­
vagge uraninite, ca. 1837 Ma (Cumming et al., 

1993) . This implies roughly coeval hydrother­
mal activity throughout central Lapland, and 
the Kuusamo and Bidjovagge districts. 

COMPARISONS BETWEEN GOLD DEPOSITS IN LAPLAND AND ARCHAEAN 
LODE GOLD DEPOSITS 

Results from Archaean deposits 

Lead isotope characteristics 

In contrast to th e homogeneous lead iso tope 
compositions characteristics of volcanogenic 
mas sive sulfide mineralizations Ce.g. Stanton 
& Russeli , 1959 ; Ostic et al. , 1967; Cumming 
& Robertson, 1969 ; Sato et al., 1981; Godwin 
et al., 1982 ; Fehn et al. , 1983 ; Gulson , 1985 ), 

lead isoto pic s tudies of epigenetic vein gold 

minerali za tion from different terrai ns and 
with different ages tend to record hetero­
geneous compositions, even within a single 

metallogenic province. 
Sulfide lead isoto pe data from Archaean 

gold minerali zat ions often define depo sit 
sc ale linear uranoge nic compositional trend s 
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(Bro wnin g e t a l. , 1987; D a hl e t a l. , 1987; Pe r­

rin g & M c Na ug hto n, 199 0 ; McN a ug hto n e t 

a l. , 1990a a nd 1990b) with quit e res tri c ted 
206 Pbpo~Pb ra nges (e .g. Yil ga rn Bl oc k , wes t­

e rn Au s tra li a: c a . 13 .0- 18.3). Le ad iso to pes 

co mmonl y s ho w a pro vinc ia l c harac te r , sug­

ges tin g a de pe nd e nce o n reg io nal lith o logy , 

w ith diffe re nt source a reas o r co nduit s fo r th e 

min e rali z in g fluid s (e.g. Z imb abwe : R obe rt ­

so n, 1973 ; Kra me rs a nd Fos te r , 1984, Au s tra­

li a: Da hl e t a l. , 1987 ; Pe rrin g & M cN a ug hto n, 

1992 , C a nad a: H a tto ri , 1993). Th e lead iso­

to pe dat a f ro m th e Ross a nd Kirkland d e pos it s 

of th e A bitibi be lt in Ca nad a have bee n 

inte rpre ted as res ultin g fro m mixin g o f th e 

o ri g inal fluid le ad with lead fr o m th e c hann e l­

way ho s t roc ks (H a tt o ri , 1993). 

Th e ura nogeni c lead iso to pe tre nd s in th e 

Yil garn c ra to n o ri g in a te d e ith e r in Pb mo bili ­

za tion processes pos td a tin g th e min e ra li za ti o n 

o r in th e mi x in g of lead s fr o m diffe re nt sourc­

es a t th e tim e o f mine ra li za ti o n (M cNa ug hto n , 

1987). L ead mo bil iza ti o n is s uppo rte d by 

obse rva ti ons ( Mc a ug hto n e t a l. , 1992 ) th a t 

th e uran oge ni c lead co mpos iti o ns o f th e indi ­

v idu a l de pos it s fo rm lin ea r, co mmo nl y s imi ­

la ry s lo pin g tre nds , and w ith in suc h tre nd s , 

so me of th e ga le nas are too rad iogeni c fo r a ny 

kn ow n rock ty pe in th e Arc haean but co uld 

in s tead have bee n fo rm ed durin g Pro terozo ic 

lead mo bil iza ti o n (Pe rrin g a nd M cNa ug hto n, 

199 0) . Fo r eac h tre nd , th e s imil a riti es in leas t 

radi oge ni c lead co m pos iti o ns ins ide a rad iu s 
of 100 k m a nd regard le ss of th e degree of 

me ta m o rphi s m a nd th e ty pe of hos t rock ( Mc­

N aug hto n e t a l. , 199 0 a) a re a ll c on s id e red to 

in d ica te th e prim a ry lead co mpos iti o n of th e 

min e ra li z in g f luid. 

Relationships between go ld mineralization 
and orogeny 

T he re la ti ve age of th e in d iv idu a l g reen­

s to ne hos ted gold d e pos it s with res pec t to 

mag mati sm, me ta mo rphi s m, a nd defo rm a ti o n 

is in ma ny c ases we il co ns tra in ed by th e s tru c­

tura l re la ti o nshi ps be twee n th e m. Multiph ase 

hydro th e rm a l ac ti vit y has been doc um e nte d 

for in sta nce fr o m th e A rc haea n o rse m an­

Wilun a minin g ca mp , w he re pe trogra phi ca l 

studi es o f th e go ld min e ra li za ti o ns indi ca te 

pre-, sy n-, a nd pos t-peak me ta mo rphic f luid 

ac ti v ity (M cCu a ig , 1990 ) . In add it io n , tex tur­

a l a nd s tru c tura l fea tures reco rde d from th e 

so uth e rn Abiti b i g ree ns to ne hos te d go ld 

mine ra li za tion s indic a te tw o ph ases of hydro­

th e rm al ac ti vit y , na me ly pre- a nd la te - , and 

pos tpea k meta m o rphi s m (M a rqui s e t a l. , 

19 90) . 

Direc t d a tin gs of min e ra li za ti o n is usua ll y 

diffi c ult and a va ri e ty of ages ca n res ult from 

the appli ca tion of diffe re nt d a tin g me th od s o n 

d iffe re nt mine ra ls . Fo r exa mpl e , so me of th e 

age de te rminati o ns o n h ydro th e rm a l ve in min ­

e ra ls a nd mine ra ls fr o m th e a lte ra tion ha los 

fro m th e Abitibi g ree nsto ne be lt , Can ad a , 

show "earl y go ld " ages of ca. 2690-267 0 M a 

(e.g. ca. 2 6 9 0 Mal mi c ro pro be U- Pb o n 

h ydro th e rm a l z irco n : C lao ue- L o n g e t a l. , 

199 0 ) co inc idin g broadl y w ith th e reg io na l 

me tam o rphism a nd pluto ni s m a t ca. 2 .68 -2.7 0 
Ga (e .g . W o ng e t a l. , 199 1; Feng e t a l. , 1992 ; 

Ha nes et a l. , 1992 ) . Thi s is in co ntras t to th e 

" Iat e go ld ages" vary in g be tw ee n ca. 2 62 5 a nd 

2 570 M a (e.g . 2602±20 Ma/Sm -Nd o n sc hee li ­

te: An g lin , 1990 ; ca. 2600 M a/Ar-A r o n mu s­

cov ite : H a ne s e t a l. , 1987 , 1989 a nd 1992; 
2577-2625 M a/U- Pb o n r util e a nd tit a n ite : 

Je mi e lit a e t a l. , 1989 a nd 1990 ; 2570 M a/A r­

A r o n mu scov ite : Ke rri c h e t a l . , 198 4 ; 

2624±62 Ma/U- Pb o n rutil e: Sc ha ndl e t a l. , 

1990; 2599±9 Ma/U- Pb o n rutil e: Wo ng e t a l. , 

1989 a nd 199 1), th a t s ugges t a dis t inc t tim e 

ga p be twee n th e gol d mi ne ra li za ti o n eve nt , 

a nd reg io na l me ta m o rphi s m a nd plutoni s m . 
Some of th e inte rpre ta ti o ns in favo ur o f " Ia te 

min e ra li za ti o n" (Co lv ine e t a l. , 1988; F yo n e t 

a l. , 1988) ad voca te co nt inued mag mat ic a nd 

meta m o rp hi c f luid ac ti vit y in th e dee p c ru s t 

fo ll o win g th e pea k of me ta mo rphi s m. 

Ke rr ic h a nd Cass id y ( 1994) d ea l w ith th e 



relationships of lode go ld mineralization to 
accre ti on, magmatism , metamorphism , and 
deformation. They criticize the relatively 

yo un g published age data support in g mineral­

izat ion, mostly in Archaean terranes, ca. 100 

to 240 Ma after the terrane accretio n. T hey 
argue that such young ages are not in 
acco rd ance with the tectonic , structural , and 
metamorphic relationships of the mineralized 
areas but reflect instead reactivation of earlier 
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shear zones and the resetting of the primary 
isotopic signatures. Kerrich and Cassidy 

(1994) a lso presented a generalized appraisal 
of the relationship between Proterozoic col­

li siona l orogenic belts and go ld mineralizati­
on , according to wh ich, Proterozoic go ld 
mineralization is typically related to post­
peak metamorphic brittle-ductile reactivation 
of the syn-collisional d ucti le structures dur­

ing subsequent uplift and cooling. 

Proterozoic vs. Archaean depos its 

The lead isotope data from the Palaeoprot­

erozoic g reensto ne hosted go ld deposits in 
Lapland appa re ntly resemble those from Ar­
c haean lode gold deposits in general, but in 
detail interpretation of the results is rather 

comp li cated. Similarities include the region ­
al ly observed least radiogenic lead isotope 

composition (Soretiavuoma group) and the 

lin ear trends for the uranogenic su lfide lead 
isotope compositions (Pahtavaara , Hangas­

lampi , and Saauopora) hav in g approximate ly 
uniform s lopes (Pahtavaara and Hangaslam­
pi). In addition, as is the case with the Abitibi 
Belt and Norseman-Wi lun a gold camps , for 
instance , severa l phases of hydrothermal ac ­

tion have been revealed in connection with the 

lead isotopic studies in the Lapland area. 

In Lap land, the observed least radiogenic 
lead composition of the Soretiavuoma group 
does not necessarily represent the initial lead 

compo ition of the gold mineralizing fluid in 
every deposit. Instead , it is likely to relate to 
a different type of mineralization process 

preceding the major hydrothermal activity 
that accompanied the introduction of gold. 

Lead isotope compositional trends from 
Archaean lode gold deposits show limited 
ranges of 206Pbp04Pb ratios, whereas in Lap­

land , the extraordinarily wide range of ratios 
in sulfides from some gold prospects indicates 

the existence of uranium rich inclusions in the 
sulfides. Therefore the uranogenic composi-

tional trends for the Saattopora , Pahtavaara, 
and Hangaslampi sulfides are considered to 
record the decay of uranium from the time of 
mineralization to the present. Consequently, 
in contrast to Archaean go ld deposits, neither 

lead mixing nor later mobilization need 

inevitably be invoked to interpret the majority 

of the results. 
The temporal relationship between go ld 

mineralization in Lapland and orogenic 

processes agrees we il with the views of Ker­
rich and Cassidy (1994). In the northern 
Fennoscandian Shield, it has been proposed 
that metamorphism and shear deformation 
were roughly coeval (Berthe lsen and Marker, 
1986; Pharaoh and Brewer, 1990 ; Bj0rlykke et 

al. 1993). The Soretiavuoma group mineraliza­

tion , character ized by deformed gold bearing 
veins most probably took place during the 
(early-) to synorogenic phase. Moreover , if 
the so-ca ll ed synorogenic granitoid magma­
ti sm at ca. 1880-1900 Ma was coeval with the 

metamorphism and shear deformation , the 
Saattopora mineralization can be corre lated 
with the synorogenic phase. On the other 

hand, the U-Pb age data from Lapland zircons 
and titanites indicate the presence of a late­
orogenic metamorphic phase ca. 1810-1850 
Ma, which is approximately the same age as 
estimates for the sulfides associated with the 
Pahtavaara and Hangaslampi deposits. The 

metamorphism of the Upper Lapponian vol-
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eanies is also ev idently eo nneeeted with thi s 

late -oro ge nie phase, oee urrin g temporally 

be tween th e intru s ion s o f sy n - and posto­

rogenie g ra nitoids . By a na logy w ith th e ev i­
de nee for th e timin g of go ld minerali za ti o ns in 

other areas, the lead iso to pes and U -Pb age 

determinations from th e S aa ttopo ra area re­

fle e t seve ral pha ses of po s to roge nie and 

a noroge nie h ydro th e rmal ae tivit y , none of 

w hi e h , however , seem to have been s ig nifi­

cant with respeet to prim ary go ld mineralizati ­

on. 

CONCLUSIONS 

The primary purpose of thi s study was to 

e haraeteri ze th e lead iso to pi e s ign a tures of 

g reen s ton e- hos ted e pi gene ti e go ld minera li za­

ti o n in Lap la nd . In additi o n , the res ult s of 

so me sulfur iso tope s tudi es were eo ns id e re d , 
suggestin g a ma g matie so uree for th e sulfide 

sulfur. The ma in eone lu s io ns of the s tud y ea n 

be summ ar ized as folIows. 

I ) B ased on th e ir s ulfide lead iso tope 

e haraete ri s ti es, th e epi ge ne ti e go ld minera­

li za tion s ea n be e lass ifi ed into two g ro ups, a) 

d e posit s with re la tive ly no nradioge ni e lead 

eo mpo s iti o ns and b) deposits w ith hi g hl y ra­

diogenie s ul f ides. The eeo no mi ea ll y mos t in­

te res tin g de pos its be lo ng into the latte r g roup. 

Aeeordingly , lead isoto pe e ha raete ri s ti es may 

be used as an adjun et in mineral exploration. 

a) Within th e no nrad ioge ni e gro up , the 

Soretiavuoma eo mpos iti o nal g roup rep resent s 

a distin e ti ve ly different type of go ld Illine ra li­

za tion ide ntifi ed for three deposits , na me ly 

Soretiavuoma , Kii sta la , a nd Kuotko . These 

a re a ll e harae te ri zed by relatively lead- ri e h 

s ulfides , hOlllogeneous lead eOlll posi ti o ns, ini ­

tial Th/U rat ios e lose to average e rusta l lead 

growth values, a nd lead isotopie eompositions 

eo ineidin g w ith the Sveeokarelian oroge ni e 

lead trend deterlllined by Vaasjoki ( 198 1) , 

s ugges tin g oroge ni e Illi x in g of Ill an tl e a nd 

upper erusta l leads. At Ku o tko, a distinetly 

different lead eO lllp os iti o n is also present , 

po ss ibl y reeo rdin g a eo mbin a tion of ma ntl e 

and lower erusta lleads in th e lead -poo r sulfid es 

a nd go ld eonee ntrate. This indieates th a t go ld 

mineralization took plaee in two stages and 

represent two differe nt so urees. 

b) The highl y radiogeni e depos it s ineludin g 

Saattopora, Han gas lampi , a nd Pa htavaara ex­

hibit lead poor a nd hi g hl y rad ioge ni e sulfides 

w ith low Th/U a nd hi g h U/Pb ratios . On th e 

uranoge nie lead diag rams analy ses define lin ­
ear to s ublin ear eompositional trends. Be ­
ea use th e extremely hi g h 206PbP 04Pb ra tios in 

the sulfides are mos tl y ea used by ura nium ri e h 

in e lu s ion s , th e phy s ieo-ehemi ea l e haraete­

risties of the fluid were favourable for th e 

uranyl - io n tran s po rta ti o n , a nd thus a relative­

Iy oxidized fluid is propo sed . The s imilar iti es 

in lead iso tope e ha raete ri sti es sugges t a eom­

mo n ge nes is for th e min era li za ti on in these 

deposits. 

2) In Lapland , th e Sv eeo kare li a n orogeny 

initiated seve ra l phases of hydro th e rm a l ae­

tivity , w hi eh eo ntinued after th e emp laceme nt 

o f th e postorogenie g ranites. So me of th e 
ea rli est ae tivit y was also responsible for th e 

eo nee ntrat ion of go ld . Th e lead isoto pe res ult s 
fo r th e g reen s to ne- hos ted go ld mineralization 

in Lapland allow th e following hydro therm a l 

phases to be distinguished a nd e las s ified in 

re lat io n to th e intru s io n of synoroge nie a nd 

pos to roge nie g ra nites: i) (Earl y- to) sy no ro­

ge ni e Soretiavuoma group mineralization 

took plaee at Soretiavuoma, Kii sta la, a nd 
Ku otk o. ii) Formation of the Saattopora go ld 

o re is eo nnee ted with the sy norogenie pro­

cesses (ca. 1870- 1900 Ma). iii ) Al Kuotko , a 

further hydroth e rm a l phase assoeia ted w ith 

gold mineralization is a lso ev ide nt. iv) The 

results from th e Pahtavaara , Hangas lam pi , a nd 

Bidjovagge (previo us ly published data) de­

pos it s indieate major hydro th e rlll a l aetivity 



during the la te-o ro genic ph ase, occurring tem ­
porally between the intrusion of the synoro­
genic and postorogenic granites (ca. 1850-

1810 Ma). This age approximation is consid­
ered as a minimum age estimate for the gold 
mineralization at Pahtavaara and Hangaslam­

pi. The slightly earlier to approximately coe­
val (ca . 1840-1870 Ma) regional metamorp­

hism caused rese tting of the U-Pb system in 

the unmineralized lower and middle unit vol ­
canics of the Upper Lapponian Group and may 
thus reflect related and roughly contempo­
raneou s processes. v) At Saattopora , the intru­

sion of the postorogenic granites at ca. 1780 
Ma rese t the U-Pb system in thucolite 01' alter-
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nati vely caused mobil i zation of urani u m and 
thucolite crystallization in the ore veins, as 
weil a the monazite crystallization in the wall 
rocks adjacent to the ore. vi) At Saattopora , a 
slow cooling hi story or a late phase of hydrot­
hermal activity (ca. 1.7 Ga) was responsible 

for the disturbance of the U-Pb sys tems in the 
more susceptible wall rocks. vii) Finally, 

Phanerozoic lead separation took place in the 
Bidjovagge area , and apparently was also re ­
sponsible for the formation of radiogenic ga­
lenas in so me s tratabound base metal deposit 
in the Kittilä region. In addition , some of the 
Kuotko sulfides may have been modified in 
Phanerozoic times. 
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Appendix 1. -Pb a na lyt ica l resliits from the He tta g ra nite; A891 Ka ppe ni , Kittil ä a nd A355 Peltovuo­
ma , Eno llte kiö . 

Analysed mineral 

ffaction 

Concentrations Measured Atomic abundances· : 
"oepb = 100 

A891 A Kappe,a 

zircon/elongated crystals 
+ 4.3/-100 494.3 137.9 2440 0.03706 13.366 17.222 

A891 B Kappe,a 

zircon 
+ 4.3/-100 444.2 126.7 2796 0.03374 13 .798 19 .862 

A891 C Kappe,a 

zircon/elongated crystals 

+ 4 .2 /+ 100 610.6 169.0 3210 0.02941 13.966 12.319 

A891D Kappe,a 
zifcon 

+4.2/+ 100 629.9 161.4 3679 0.02696 14.124 11.672 

A891 E Kappe,a 

zircon/elongated crystals 

4.2-4.3/ + 300 766.7 187.7 1868 0.06127 12.332 22 .197 

A891 F Kappe,a 

zircon 
4.2-4.3/+ 300 719.6 179.6 2716 0 .03688 12.378 21.137 

A891 G Kappe,a 

titanite 
3.4-3.6 92 .26 26.43 841.3 0.1179 12.439 21.992 

A891 H Kappe,a 

zifcon/HF 
4.2-4.3/-300 622.6 136.7 6614 0.01247 11.676 22.467 

A8911 Kappe,a 

zircon 
4.2-4 .3 /-300 681 .2 144.0 2606 0.03734 11 .803 23 .609 

A366A Peltovuoma 

zircon 

+ 4 .6 /- 100 347.2 98.81 3187 0.03019 13.917 13.989 

A366B Peltovuoma 
zircon/HF, crushed 
4 .2-4 .6 /-100/ 749 .3 199.8 6463 0.01761 12.619 11.822 

A366C Peltovuoma 

zifcon/HF 
+ 4.2/+ 100 649.4 169.3 3269 0.02981 13 .270 10.314 

A366D Peltovuoma 
zircon/H F. crushed 

4 .0-4 .2/100-200 1148 266 .9 4099 0 .02388 11.363 11 .612 

A366E Peltovuoma 
zircon/HF 

4 .0-4.3/+ 100 1363 264 .6 1349 0.07324 13 .322 12 .898 

Atomic '8tios·· Age(Ma) 

0.32242 6.7227 0 .12874 1801 ± 11 1934 ± 6 2080 ± 6 

0.32969 6 .0704 0 .13366 1836 ± 11 1986 ± 7 2146 ± 4 

0.31991 6.9847 0.13669 1789± 10 1973 ± 6 2173 ± 4 

0.33026 6.2706 0 .13771 1839 ± 9 2014 ± 6 2198 ± 3 

0.28330 4.6467 0 .11642 1607 ± 9 1739 ± 14 1902 ± 27 

0.28828 4 .7282 0 .11896 1632 ± 9 1772±7 1940± 10 

0.31863 4 .7672 0 .10829 1783 ± 161777 ± 13 1770 ± 22 

0.30232 4.7646 0.11407 1702±10 1776±6 1866 ± 3 

0.28629 4 .4689 0.11297 1622 ± 11 1723 ± 7 1847 ± 6 

0 .32889 6 .1322 0 . 13624 1832 ± 8 1994 ± 4 2167 ±4 

0 .30816 6 .2199 0.12286 1731 ±8 1866 ± 4 1998 ± 3 

0.30126 6.3478 0.12876 1697 ± 8 1876 ± 6 2081 ± 6 

0 .26871 3 .9344 0.11030 1483± 7 1620 ± 4 1804 ± 3 

0 .22441 3.8202 0 .1 2347 1306 ± 7 1697 ± 6 2007 ± 6 

• = Blank corrected values; •• = Corrected for blank end 8ge related common lead (Stacey end Kramers 1976). All analyses by Olavi Kouvo, GSF . 

L_ 
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Appendix 1. Continu ed. 

206Pb 

238U 

0.5 

0.4 

0.3 

0.2 

0.1 

HETTA GRANITE 
A891 Kappera 
A355 Peltovuoma 

1770 Ma 

1600 

x 

x 
1200 

800 

2 4 

2400 

2000 

o oCt!J 

o =zircon A891 
- =t itanite A891 
x =zircon A355 

6 
207Pb/235U 

8 10 

Appendix 2. Explanation of a bbrev ia tion s used in text. 

WR to tal disso luti on of who le- rock sam pie 
L E ac id leach of whole-rock sa mpie 
SULF s ulfide mineral 
PY pyri te 
CP c ha lco pyrite 

ASPY arsenopyr ite 

PO pyrrhotite 

MAGN magnet ite 
GA ga le na 
APA apa tite 

C RB ca rb o nate 
TITA titanite 

HM F hand magne t fr ac ti on (PO , MAGN ) 

12 



Appendix 3. Lead isoto pe co mpo siti ons of se lected Upper Lapponian vo lcan ics from the Cenl ra l Lap la nd g reenstone be lt. 

SAMPLE NO/ LOCATION ROCK TYPE LEAD ISOTOPE RATlOS 
FORMATION (UNIT)* 206/204 207/204 208/204 207/206 208/206 

7412 Veikasenmaa Kiimarova pillow lava (3) 38.168 17.786 37.341 0.4660 0 .9786 
7472 Veikasenmaa Kiimarova pillow lava (3) 73.607 21.916 42 .886 0 .2977 0.5826 
9771 Veikasenmaa Veikasenmaa pillow lava (3) 20.368 15.743 37.385 0 .7730 1.8355 
9782 Veikasenmaa Veikasenmaa basic porphyrite (3) 20.082 15.613 38.539 0.7775 1.9191 
9701 Veikasenmaa Veikasenmaa basic lava (3) 20.996 15.718 36.527 0.7486 1.7397 
5165 Vesmajärvi Rajala Mg-tholeiite (3) 17.726 15.384 35.287 0 .8679 1.9907 
5155 Vesmajärvi Järvikäinen basic lava (3) 17.916 15.426 37 .332 0.8610 2.0837 
5489 Vesmajärvi Järvikäinen pillow lava (3) 20.295 15.756 36.161 0.7763 1.7818 
5333 Vesmajärvi Penikkajärvi pillow lava (3) 15.385 15.185 34.857 0.9870 2.2657 
5170 Vesmajärvi Rajala Mg-tholeiite (3) 30.056 16.892 38.564 0.5620 1.2831 
10090 Linkupalo Linkupalo pillow lava (2) 49.324 18.975 76.698 0.3847 1.5550 
10093 Linkupalo Linkupalo pillow lava (2) 50.224 18.974 74.902 0.3778 1.4914 
10098 Linkupalo Linkupalo pillow lava (2) 36.352 17.346 59.092 0.4772 1.6256 
10220 Köngäs Köngäs pillow lava (2) 46.613 18.488 62.028 0.3966 1.3307 0 

" 10225 Köngäs Köngäs pillow lava (2) 30.625 17.019 50.847 0 .5557 1.6603 0 
ö 

10474 Sinermä Palovaara basic lava (2) 96.405 24.210 104.37 0.2511 1.0826 "" ;:;' 
10490 Sinermä Palovaara basic lava (2) 40.078 17.851 54.058 0 .4454 1.3488 :c 
6579 Tarvasenvaara Tarvasenvaara amygdale lava (2) 28.986 16.662 44.756 0.5748 1.5440 

CIJ 
c 
~ 

5963 Kautoselkä Kivipurnuvaara Fe-tholeiite (2) 18.913 15.542 38.984 0.8218 2.0612 < 
" '< 

9299 Peuramaa Peuramaa picritic lava (1) 15.751 15.226 35 .360 0 .9667 2.2450 0 

9336 Peuramaa Peuramaa picritic lava (1) 23 .723 16.124 
..., 

41.519 0.6797 1.7502 ::!1 
8924 Jeesiörova Jeesiörova komatiitic lava (1) 15.504 15.199 35.039 0.9803 2.2600 ::J 

;;-
8938 Jeesiörova Jeesiörova komatiitic lava (1) 15.787 15.216 35.059 0 .9638 2.2207 ::J 

?-
8805 Sattasvaara Visakuppura basalttic komatiite (1) 15.410 15.167 34.967 0.9842 2.2691 tll 

5482 Sattasvaara Visakuppura peridotitic komatiite (1) 15.767 15.212 35.028 0.9648 2.2216 =-; 
5655 Sattasvaara Visakuppura peridotitic komatiite (1) 15.617 15.222 35.173 0.9747 2.2522 ::J 

7711 Sattasvaara Mikkuurova Mg-basalt (1) 24.651 16.241 45.439 0.6589 1.8433 w 
00 

6621 Sattasvaara Sattasvaara peridotitic komatiite (1) 17.539 15.505 36.283 0.8840 -2.0687 
6629 Sattasvaara Vanttion Rolli peridotitic komatiite (1) 19.177 15.623 36.499 0.8147 1.9033 

(UNITS)*: Lower (1), middle (2), and upper (3) volcanic units of the Upper Lapponi Group (Lehtonen et al. 1992). 
Source of sampIes: Pentti Rastas and Jorma Räsänen, GSF (Lapland Volcanite Project). 



Appendix 4. Lead isoto pe compositions of se lected s ulfid es , carbonates, and adjacent wall rocks from s tratabo und base metal and epigenetic go ld 
deposit s in the Lapland g reenstone bell. 

ANAL. DEPOSIT/ 
NO. SAMPLE 

69AB-lo PVU/EIM-91-6 
69-wr PVU/EIM-91-6 

118## PVU/EIM-91-6 

119## PVU/EIM-91-6 

126 PVU/EIM-91-6 
129## PVU/EIM-91-6 

41 G202IHormakumpu 

44 G202/Hormakumpu 
46 G202/Hormakumpu 
46 G202/Hormakumpu 

208A G202/Hormakumpu 

2088 G202/Hormakumpu 

188A 

1888 

189A 
189B 

209A8 

G 127/Alakylä 

G127/Alakylä 

G178/Riikonkoski 
G 178/Riikonkoski 

G228/Riikonkoski 

96 SV·R307/48.4·48.6 
100## SV-R307/48.4-48.6 
97 SV-R307/48.4-48.6 

144## SV·R307!48.4·48.6 
144b SV·R307/48.4-48.6 
136 SV-R307/48 .7-48 .8 

60A8 SV·R307!48 .7·48 .8 
72-10 SV-R307/66.3·66.4 
72-wr SV-R307/66.3-66.4 

201·w K U/panned 
201 K U/panned 

23 KU-R306/7.96 

16 KU-R306/7.96 
11 KU-R306/7.96 

MINERAUZATION TYPE/ 
ORE MINERALS 

breccia/cp,aspy 

breccia/cp,8sPY 

breccia/cp,aspy 

breccia/cp,aspy 

brecci a/py. cp, po 
breccia/py,cp,po 

breccia/py,cp,po 

breccia/py,cp,po 

breccia/pv,cp,po 

breccia/py,cp,po 

shear plane/ga,cp,py 

shear plane/ga,cp,py 

breccia/po 

breccia/po 

sulf-crb vein/po,cp,ga 

(crb-Isulf-qtz vein/cp 

(crb-)sulf-qtz vein/cp 

(crb-Isulf-qtz vein/cp 
Icrb-)sulf-qtz vein/cp 

Icrb-)sulf-qtz vein/cp 

crb-sulf breccia/py 

crb-sulf breccia/py 

HOST ROCK 

black schist 

black schisl 
black. schist 

black schist 
black schist 

black schist 

black schist 

black. schist 
black schist 
black schist 
black schist 
black schist 

black schist 
black schist 

ab·se schist 
ab·se schist 
ab·se schist 

umr/crb·ab·ch rock 
umr/crb·ab·ch rock 
umr/crb·ab·ch rock 
umr/crb·ab·ch rock 
umr/crb·ab·ch rock 
umr/crb·ab·ch rock 
umr/crb·ab·ch rock 
umr/crb·ab·ch rock 
umr/crb·ab·ch rock 

sulf·crb breccia/aspy,po mtuf/crb·ab rock 
sulf·crb breccia/aspy,po mtuf/crb·ab rock 

sulf·crb breccia/aspy,po mtuf/crb·ab rock 
sulf·crb breccia/aspy,po mtuf/crb·ab rock 
sulf·crb brecci a/aspy,po mtuf/crb·ab rock 

ANALYSED 
FRACTION 

acid leach 
total dissolution 
fr.nm .0 .6A 
fr.nm .0.6A; -200 

fr.nm .0 .6A; + 200 
fr.nm .0.6A 

several fractions 
fr .m.1 .4A; + 100 
fr .nm.1.4A; + 100 
fr .m.1.4A; +100 

fr.m.0.6A 
fr.nm. 0 .6A; + 200 

d<3.3 
fr .nm.0 .6Nn.2mg 
fr .nm.0 .6A 
d<3.3; acid leach 
fr .m. 1.4A 
acid leach 
total dissolution 

acid leach 
total dissolution 

d<3.3 

hand magnet 
fr .m.<0.2A;+200 

ANALYSED 
MINERAL 

LE 

WR 
ASPY.CP 

ASPY.CP 
CP 
GA 

GA 

PYIdullI 
PY 
CP 

GA 
GA 

GA 

GA 

GA 
GA 
GA 

·Pb-

b-db 

b-db 

bl 

bl 
db-bl 

db 
db-bl 

db 

CP db 
CP db·bl 

CRB linclusions) 
Pb·rich 
ASPY Ib 
CR8 Ib 
PY db 

LE 
WR 

GOLD 
GOLD 

CRBlbulkl 

POlbulkl 
PO 

206/204 

16.943 

16.020 
16.489 

16.478 

16.627 
16.468 

24.316 
23 .881 

24 .162 
24.676 

23.931 
24.029 

24.316 

24 .466 

24.468 
24.403 

14 .692 

16 .270 
16.298 

16.280 
16.297 
16.279 
16.294 
16.298 
16.696 
16.861 

18.009 
16 .364 

16.679 

16.616 
16.266 

LEAD ISOTOPE RATlOS 

207/204 

16.333 

16.326 
16.296 

16.276 
16.286 
16.304 

16.498 

16 .411 
16 .436 
16.639 

16.361 
16.396 

16.463 

16.469 

16.471 
16.478 

16.163 

16.177 
16.199 
16.166 
16.192 
16.178 
16.178 

16.189 
16 .229 
16.338 

16 .63 1 
16.117 

16.149 

16.133 
16.111 

208/204 

36.319 
36.281 

36.221 

36 .166 

36.187 
36 .207 

44 .712 
43.930 
44 .330 

44.482 

43.964 
44.230 

46.064 

44.327 

44 .339 
44 .203 
34 .671 

36 .033 
36 .094 

34 .990 
36 .081 
36 .043 
36.036 
36.036 
34 .992 
36.016 

37 .629 
36 .026 

36 .027 

34 .963 
34.927 

207/206 

0.9617 
0.9666 

0 .9876 

0 .9869 

0.9846 
0.9894 

0.6786 
0.6872 

0.6802 
0 .6743 

0 .6833 
0.6823 

0.6770 

0.6734 

0.6734 
0.6763 

1.0314 

0 .9936 
0.9936 

0.9926 
0 .9931 
0.9934 
0.9924 

0.9929 
0.9704 
0.9096 

0 .8624 
0.9839 

0.9662 

0 .9763 
0 .9906 

208/206 

2 .2163 

2.2024 
2.2740 

2.2713 
2.2662 
2.2762 

1.8388 

1.8396 
1.8347 
1.8026 

1.8371 
1.8407 

1.8628 

1.8126 

1.8128 
1.8113 

2 .3699 

2.2932 
2 .2941 

2 .2900 
2.2933 
2.2936 
2 .2907 

2.2903 
2.2296 
2.0767 

2.0894 
2.2797 

2.2339 

2.2634 
2.2896 

BV = Bidjovaoge; HL = Hangaslampi; KU = Kuotko; LAM = Lammasvuoma; MA = Meurastuksenaho; PV = Pahtavaara; PVU = Pahtavuoma; SK = Suurikuusikko; SPIA,B,C) = Saattopora gold orel A·, B·, C·ores; 
SP-Cu = Saattopora Clrmineralization; SV = Soretiavuoma; diss = dissemination; ab = albite; amph = amphibole; bar = barite; bt = biotite; eh = chlorite; crb = carbonate; qtz = quartz; se = serieite; sulf = sulfide; 
tle = tale; tour = tourmaline; tre = tremolite; ASPY = arsenopyrite; CP = ehaleopyrite; GA = galena; LE = acid leach of whole rock powder; MAGN = magnetite; PO = pyrrhotite; PY = pyrite; WR = total dissolution 
of whole rock powder; graph·sehist = graphite-rieh sehist; mtuf = mafic tuffite; metased = metasedimentary; umr = ultramafic rock; d = density; fr.nm/fr .m. = non magnetie/magnetie fraction with a speeific 
current; + 200,·100 = size fraetions; Pb· = the eolour of the anode precipitation 1- = eolourless, IIb = brownish, Ib = light brown, b = brown, db = dark brown, bl = blackl. 
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Appendix 4. Co ntinLlcd 217. 

ANAL. DEPOSIT/ 
NO. 

36 

10 
36 

12 

62 
37 

63 
62-1L 
62-2L 

62-3L 

63-1L 

63-2L 
63-3L 
63-R 

SAMPLE 

K U-R306/7 .96 

KU-R306/7 .96 
KU-R306/7 .96 

KU-R306/7.96 

KU-R443/ 1 8 .6-1 8 .9 
KU-R443/ 1 8 .6-1 8 .9 

KU-R443/ 1 8 .6-1 8.9 
KU-R443/ 1 8 .6-1 8 .9 

KU-R443 /1 8 .6-1 8.9 
KU-R443/ 1 8 .6-1 8.9 

KU-R443/ 1 8.6-1 8.9 

KU-R443/1 8 .6-1 8 .9 
KU-R443/1 8.6-1 8 .9 
KU-R443/1 8 .6-1 8.9 

73-10 KU-R436/21 .3-21.4 
73-wr KU-R436/21 .3-21.4 
61. KU-R436/42.2-42 .3 

61b KU-R436/42.2-42.3 
66-10 KU-R436/73.4-73 .6 
66-wr KU-R436/73.4-73 .6 
86-10 KU-R436/76 .3-76 .4 

86-wr## KU-R436 /76 .3-76 .4 
88A KU-R436/76.4-76.6 
888 KU-R436/76.4-76.6 
91/130 KU-R436/76 .4-76 .6 
92 KU-R436 /86.3-86 .4 
93 KU-R436/87 .8-87.9 
123 KU-R436/87 .8-87.9 

68 KU-A1168 
90-10 KU/R308 + R31 1 
90-wr K U/R308 + R3 1 1 
48.-ic KU/R308 + R311 

48b-ic KU/R308 + R3 1 1 
49 ~ 66 KU/R308 + R3 11 

66 ~ 49 KU/R308 + R311 
127## KU/R308 + R31 1 

MINERALIZATION TYPE/ 
ORE MINERALS 

sulf-crb breccia/aspy,po 

sulf-crb breccia/aspy,po 

sulf-crb breccia/aspy,po 

sulf-crb breccia/aspy,po 

sulf-crb vein/py 

sulf-crb vein/py 

sulf-crb vein/py 

sulf-crb voinipy 
sulf-crb vein/py 

sulf-crb vein/py 

sulf-crb vein/py 

sulf-crb vein/py 
sulf-crb vein/py 

sulf-crb vein/py 

sulf-crb breccia/po 

sulf-crb breccia/po 

qtz-sulf-crb vein/py ,aspy 

qtz-sulf-crb veinlpv,8SPY 
qtz-sulf-crb vein/py,aspy 

sulf vein/po 
qtz-sulf vein/py,cp 

qtz-sulf vein/py,cp 

diss in erb-veln/py 

diss in erb-vein/py 

diss in erb-vein/py 

diss in crb-vein/Pb-? 

HOST ROCK 

mtuf/crb-ab rock 
mtuf/crb-ab rock 
mtuf/crb-ab rock 

mtuf/crb-ab rock 

mtufl? 

mtufl? 

mtuf/? 
mtuf/ ? 

mtuf/? 
mtufl? 

mtuf/? 
mtuf/? 
mtufl? 

mtuf/? 

mtuf/crb-se-ch schist 

mtuf/crb-se-ch schist 

mtuf/crb-.b-qtz 

mtuf/crb-ab-qtz 

mtuf/crb-ch-ab rock 

mtuf/crb-ch-ab rock 
mtuf/crb-ch-ab rock 

mtuf/crb-ch-ab rock 

mtuf/crb-ch-ab rock 

mtuf/crb-ch-ab rock 

mtuf/crb-ch-ab rock 

mtuf/se-ab-qtz schist 

mtuf/crb-ab-qtz rock 

mtuf/crb-ab-qtz rock 

lamprophyre 

lamprophyre 

lamprophyre 
lamprophyre 

lamprophyre 

lamprophyre 

lamprophyre 

lamprophyre 

ANALYSED 
FRACTION 

fr .m. <0.2A;-200 
fr .nm.0.6A; + 200 
fr .nm.0 .6A; -200 

fr.m.0.6A 

fr.nm .0.6A; + 100 
fr.nm .0.6A; -100 
fr.nm.0.6A; -200 

fr.nm.0.6A; + 100 

fr .nm.0 .6A; + 100 
fr .nm.0 .6A; + 100 
fr.nm.0.6A; -200 
fr .nm.0 .6A; -200 
fr .nm.0.6A; -200 

fr.nm.0.6A; -200 

leach 

total dissolution 

d<3.3 
hand magnet 

acid leach 

total dissolution 

acid leach 

total dissolution 

fr .nm .1 .4A 
fr .nm.1.4A 
fr .nm 1.4A; + 100 

hand magnet 

fr .nm .1.4A; + 100 
fr .nm. l.4A; -100 

fr .nm.160mg) 
acid leach 

total dissolution 
d:3.16-3.22 

d:3.16-3 .22 
fr.om.1.4A; + 200 
fr.om.l .4A ; + 200 
fr.om.l .4A; + 200 

ANALYSED 
MINERAL 

POI.spy) 
ASPY 

ASPY 

ASPY 

PYlporous) 
PYlporous) 

PYlporous) 
PY-2N HCI 
PY-6N HCI 

PY-7N HN03 

PY-2N HCI 

PY-6N HCI 
PY-7N HN03 

PY -residual 

LE 
WR 

CRB linclusionsl 

POlbulkl 

LE 
WR 

LE 

WR 

GA 
GA 
PY(idiomorphicl 

POIbulk) 
PYldul1) 
PYldull) 

·Pb-

Ib 

db 
db 

b 

b-db 

Ib-b 

db 

b 

IIb 

db 
Ib 

IIb 

b-db 

bl 

Ib 
db 
db 

PY(idiomorphic} db 

LE b 
WR Ib 
APATITE 

TlTANITElap.tito) 
PYlidiomorphicl db 

PYlidiomorphic) bl 
rich in Pb? 

206/204 

16.378 
16.336 

16 .397 

16.386 

18.499 

17.898 

18 .144 
20.993 
21 .003 
17.861 

20.486 
19.146 
17 .168 

17.693 

19.616 
23.884 
17.932 

18.222 
16.169 
17 .240 
16.346 

16.663 
16.312 
16.226 
16.286 

16.987 
16.838 
16.804 

16.269 
16.240 
16 .601 
19.336 

29 .646 
16 .660 
16.633 

16.616 

LEAD ISOTOPE RATlOS 
207/204 

16.130 
16.120 

16.124 

16.133 

16.666 
16.679 

16.627 
16.891 

16 .901 
16.612 

16.817 
16 .660 
16.428 
16.464 

16.668 
16.103 
16.616 

16.612 
16.263 
16.321 
16.161 

16.177 
16.166 
16.118 
16. 191 
16 .246 
16.221 
16.247 

16.131 

16.270 
16.264 
16.689 

16.644 
16 .233 
16.201 
16 .204 

208/204 

34 .986 
34 .938 

34 .960 
34 .972 

38.176 

37 .872 

37 .919 

40 .738 
40.778 
37 .636 

40 .181 
38 .936 
36.913 
41.376 

38 .716 
40.649 
36.796 
37.290 
36.939 
36.106 
36 .034 

36.123 
34 .876 
34 .807 
36.046 

36 .834 
36.617 
36.670 

.34 .928 
36 .068 
36 .960 
41.377 

38.626 
36.424 
36 .347 
36 .328 

207/206 

0.9839 
0.9860 
0 .9823 
0 .9836 

0 .8414 
0.8706 

0 .8668 
0.7670 

0 .7671 
0.8690 

0.7721 
0.8174 

0 .8986 
0 .8740 

0.8029 
0.6742 
0.8663 

0 .8667 
0 .9439 
0 .8887 
0 .9873 
0 .9762 
0 .9897 
0.9930 
0 .9939 
0.9636 
0.9610 
0.8647 

0 .9909 
0.9403 
0 .9244 
0 .8062 
0.6633 
0.9734 

0.8724 
0 .9736 

208/206 

2 .2760 
2.2783 

2 .2699 

2.2729 

2 .0637 
2.1160 

2.0899 
1.9406 
1.9416 

2.1027 
1.9614 
2.0336 
2.1602 
2.3386 

1.9839 

1.6978 
2.0620 

2.0464 
2 .2240 
2.0943 
2 .2830 

2.2668 
2 .2776 
2.2862 
2 .2928 
2.2416 
2 .2426 
2 .2607 

2.2876 
2.2204 
2. 1793 
2 .1398 
1.3040 
2.2636 
2.2610 
2.2622 

BV = Bidjovaoae ; HL = Hangaslampi; KU ::=: Kuotko; LAM = Lammasvuoma; MA = Meurastuksenaho; PV = Pahtavaara; PVU = Pahtavuoma; SK = Suurikuusikko; SP{A,B,CI = Saattopora gold orel A-, B- , C-ores; 
SP-Cu = Saattopora Cu-mineralization; SV = Soretiavuoma; diss = dissemination; ab = albite; amph = amphibole; bar = barite; bt = biotite; ch = chlorite; crb = carbonate; qtz = quartz; se = sericite; sulf = sulfide; 

tlc = talc; tour = tourmaline; tre = tremolite; ASPY = arsenopyrite; CP = chalcopyrite; GA = galena; LE = acid leach of whole rock powder; MAGN = magnetite; PO = pyrrhotite; PY = pyrite; WR = total dissolution 

of whole rock powder; graph-schist = graphite-rich schist; mtuf = maftc tuffite; metased = metasedimentary; umr = ultramafic rock; d = density; fr .nm/fr .m . = non magnetic/magnetic fraction with a specific 

current; + 200,-100 = size fractions; Pb· = the colour of the anode precipitation (- = colourless, IIb = brownish, lb = light brown, b = brown, db = dark brown, bl = blackl. 
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Appendix 4. Contilllied 3/7 . 

ANAl. DEPOSIT/ 
NO. SAMPLE 

74-10 KU-A1262 
74-wr KU-A1262 

99 KU-A1262 

121 SK-R434/65.8 
18 

24 

132 
19 

122 
40 

SK-R434/65.8 

SK-R434/65.8 

SK-R434/65.8 
SK-R434/80 .5-80.8 

SK-R434/80 .5-80 .8 
SK-R434/80 .5-80 .8 

MV## G347!Kiistala 

221a 

221b 
71-10 
71-wr 

101 

102 
2208 
220B1 
220B2 

220c 
220D1 
22002 
2228 

222b 
67 -1 0 

PV-R508/87.3 

PV-R508/87 .3 
PV-R508/96.4-96 .5 
PV-R508/96.4-96 .6 
PV-R508/111 .5-111.7 

PV-R508/1 11.5-111 .7 
PV-R508/1 11.9 
PV-R508/ 111.9 
PV-R508/ 111 .9 

PV-R508/ 111 .9 
PV-R508/ 111 .9 
PV-R508/1 11.9 
PV-R508/ 117 .3 

PV-R508/ 117 .3 
PV-R508/ 124 .0 -124. 1 

57-wr PV-R508/ 124.0-124.1 

219A1 PV-R509/110 .9 
219A2 PV-R509/ 110.9 
219b1 PV-R509/ 110.9 
219c PV-R509/1 10 .9 

223b PV-4A 

MINERALIZATION TYPE/ ANALYSED 
ORE MINERALS HOST ROCK FRACTION 

felsie porphyry acid leach 
felsie porphyry total dissolution 

diss/aspy,py felsie porphyry acid leach 

qtz-sulf-crb vein/aspy,py mtuf/graph-schist/ch-ab fr.nm.2.3A; + 200 
qtz-sulf-crb vein/asPV,py 

qtz-sulf-crb vein/aspy,py 

qtz-sulf-crb vein/aspy,py 

breccia/aspy,py 

breccia/aspy ,py 

breccia/aspy,py 

sulf-crb vein/aspy,oa 

ab-crb-qtz vein/magn,py 

ab-crb-qtz vein/magn,py 

sulf patches/py,magn 

sulf patcl'les/py,magn 

diss/maon,py 
diss!magn,py 

diss/magn,py 

diss/maon,py 

diss/maon,py 

diss/magn,py 
tlc-crb-sulf lens/magn,py 

tlc-crb-sulf lens/magn,py 

mtuf/graph-schist/ch-ab 
mtut/graph-schist/ch-ab 

mtuf/graph-schist/ch-ab 

mtuf/graph-schist/ch-ab 

mtuf/gfaph-schist/ch-ab 

mtuf/graph-schist/ch--ab 

mtuf/graph-schist/ch--ab 

umr/amp~ch-crb schist 

umr/amph-c~crb schist 

umr/bt-tlc-crb schist 

umr/bt-tlc-crb schist 

umr/tre-crb rock 

umr/tre-crb rock 

umr/8mp~crb-ch rock 

umr/amp~crb-ch rock 

umr/amph--crb-ch rock 

umr/amph--crb-ch rock 

umr/amp~crb-ch rock 

umr/amph-crb-ch rock 

umr/bt-ch schist 

umr/bt-ch schist 

umr/ch-amph rock 

umr/ch-amph rock 

diss/tlc-bar lens/magn,(PV} umr 

diss/tlc-bar lens/magn,(py} umr 

diss/t lc-bar lens/magn,(pyl umr 

diss/tle-bar lens/magn, (py) umr 

diss/maon,(py) umr/amph rock 

fr.nm.2 .3A; + 200 
fr .nm.2 .3A; -200 

fr .nm.2.3A; -200 

fr .nm .2 .3A; + 200 
fr .nm.2.3A; -100 
fr .nm.2.3A ; -200 

hand magnet 

fr.nm .1.4A 
acid leach 

total dissolution 

fr .em.1.4A; coarse 

fr .m . 1 .4A; f ine 

hand magnet 

fr .nm.1.4A 
fr .nm.1.4A 

fr .m.1.4A 
d< 3.3; acid leach 

d< 3 .3; acid leach 

hand magnet 

fr .nm.1.4A 

acid leach 

total dissolution 

hand magnet 

hand magnet 

d> 3 .3; acid leach 

d< 3 .3; acid leach 

d> 3.3 ; acid leach 

ANALYSED 
MINERAL 

LE 
WR 
ASPYlpy) 

ASPYlpy) 
ASPYlpy) 
ASPY(py) 

ASPYlpy) 

ASPY,PY 
ASPYlpy) 
ASPY,PY 

GA 

MAGN 

PY 

LE 
WR 
PY 

PY 
MAGN 
PY 
PY 

PY 
CRB 
CRB 
MAGN 

PY 
LE 
WR 

MAGN 
MAGN 
CRBlsulfi 
CRB 

PY 

·Pb-

IIb 

db 

Ib-b 
Ib-b 

Ib-b 

Ib 
Ib 

Ib 

IIb 

206/204 

56.669 
42.202 

20 .965 

16.493 

16.642 
17.090 

16.969 
16.992 
16.936 

17 .009 

15.313 

60 .913 

43 .396 

22.469 
23 .207 
36.091 

35.529 
24.027 
19.445 
18.454 

30 .860 
15.468 
15.430 
37.844 

20 .886 
15.429 
17 .073 

58.049 
56 .980 
33.746 
19.511 

26.757 

LEAD ISOTOPE RATlOS 
2071204 

20 .000 
17 .968 
15.947 

15.327 
15 .413 

15 .427 

15 .406 

15 .491 
15.460 
15.494 

15.186 

20.278 

18.687 
15.901 
16.033 
17.500 

17.472 
16.013 
15.636 
15.528 

16.863 
15.217 
15.188 
17 .671 

15.807 
15.239 
15.346 

19.626 
19.485 
17 .230 
15.675 

16.631 

208/204 

70.744 
53 .035 

37 .892 

34.955 
35 .166 
35 . 127 

35 .096 
35.428 

35 .327 
35.458 

34 .965 

35.285 

35 .025 
34 .889 

35 .356 
34.970 

34.962 
34.932 
34 .911 
34.945 

35.002 
34.913 
34 .828 
34.976 
34.864 
34 .706 
35 .086 

34 .999 
34 .925 
34.861 
34 .915 

36 .873 

207/206 

0.3529 

0.4258 
0 .7606 

0 .9293 
0.9261 

0.9027 

0.9079 
0.9117 

0 .9129 
0.9109 

0.9917 

0.3329 

0.4306 
0 .7077 
0.6909 
0.4849 
0.49 18 
0 .6664 
0.8041 
0.8415 
0.5464 
0 .9837 
0 .9843 
0.4643 

0.7568 
0.9877 
0 .8989 

0.3381 
0.3420 
0 .5106 
0 .8034 

0 .6216 

208/206 

1.2484 
1.2567 
1.8074 

2 .1194 
2 .1131 

2.0554 

2 .0683 

2 .0850 
2 .0859 
2 .0847 

2.2834 

0 .5793 

0.8071 
1.5528 
1.5235 
0.9690 
0 .9840 
1.4538 
1.7954 
1.8936 

1.1342 
2 .2570 
2 .2571 
0.9242 

1.6692 
2.2494 
2 .0551 

0.6029 
0 .6129 
1.0330 
1.7894 

1.3407 

BV = Bidjovagge; HL = Hangaslampi; KU "" Kuotko; LAM = Lammasvuoma; MA :: Meurastuksenaho; PV = Pahtavaara; PVU "'" Pahtavuoma; SK = Suurikuusikko; SP(A,B,CI = Saattopora gold orel A- , B-, C-ores; 

SP-Cu = Saattopora Cu-mineralization; SV = Soretiavuoma; diss = dissemination; ab -= albite; amph = amphibole; bar = barite; bt = biotite; ch = chlorite; crb = carbonate; qtz = quartz; se = sericite; sulf = sulfide; 

tlc = tele; tour = tourmal ine; tre = tremolite; ASPY = arsenopyrite; CP = chalcopyrite; GA = galena; LE = acid leach of whole rock powder; MAGN = magnetite; PO = pyrrhotite; PY -= pyrite; WR = total dissolution 

of whole rock powder; grap~schist = graphite-rich schist; mtuf = mafic tuffite; metased = metasedimentary; umr = ultramafic rock.; d = density; fr .nm/fr .m . = non magnetic/magnetic fraction w ith a specific 

current; + 200,- 100 = size fractions; Pb- = the colour of the anode precipitat ion (- "" colourless, IIb = brownish, Ib = lioht brown, b = brown, db =dark brown, bl = blackl . 
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Appendix 4. Co ntinued 417. 

ANAL. DEPOSIT/ 

NO . SAMPLE 

87·le PV/EIM·9 ,., 

87-wr PV/EIM -91-1 

139 

138 

LAM-3/46.0-46 .1 

LAM-3/46 .0 -46 .1 

20 9 LAM-3/46 .8-46 .9 

B9-le LAM -3/46 .8-46 .9 

69-wr LAM -3/46 .8-46 .9 

SP-A1206 

8 = 34 SP-A1206 

34 = 8 SP-A1206 

9 = 22 SP-A1206 

22 = 9 SP-A1206 

34-2L SP-A 1206 

34-3L SP-A 1206 

34-R SP-A 1206 

29-le SP-A 1206 

31 -wr SP-A 1206 

61.-je SP-A 1206 

61 b-je SP-A 1206 

218 = 61 SP-A1206 

89-le SP-A 1206 

89-wr SP-A 1206 

76A-je SPIA}-R267/ 61 .4 -61 .6 
76B~jc 

77A-je 

77B-je 

63-le 

63-wr 

110 

114 

190 

111 

116 
116 

SPIA}-R267161 .4 -61 .6 

SPIA}-R267/61.4-61 .6 

SPIA}-R267161 .4 -61 .6 
SPIA}-R267nO.6-70.7 

SPIA}-R267170 .6-70 .7 

SPIA}-R267/ 74 .6-74 .7 

SPIA}-R267/74 .6-74.7 

SPIA}-R267/74.6-74 .7 
SPIA}-R267182 .2-82.3 

SPIA}-R267/82.2-82 .3 

SPIA}-R267/82 .2-82 .3 

MINERAUZATION TYPE/ 

ORE MINERALS 

brecci a/diss/py 

breccia/diss/py 
breccia/diss/py 

sulf-erb vein/po,cp 

suff-erb vein/po,cp 

sulf-erb vein/po,cp 
sulf-erb vein/po,cp 

suff-erb vein/po,cp 

suff-erb vein/po,cp 

suff-erb vein/po,cp 

sulf-erb vein/po,cp 

sulf-erb vein/po,cp 

sulf-erb vein/po,cp 

sulf-erb vein/po,cp 

suff-erb vein/po,cp 
suff-erb veinlpo,cp 

sulf-erb veinlpo,cp 
suff-erb vein/po,cp 

suff-erb veinlpo,cp 

suff-erb veinlpo,cp 

tour-suff vein/po,py ,cp 

tour-suff vein/po.py ,cp 

tour-suff vein/po,py,cp 
qtz-sulf vein/po,cp 

qtz-sulf veinlpo,cp 
qtz-sulf vein/po,cp 

HOST ROCK 

umr/ch-tlc-amph rock 

umr/ch-tlc-amph rock 

? Ibt-ch-ab-qtz schist 

? Ibt-ch-ab.qtz schist 

? Ibt-ch-ab.qtz schist 

mtuf/crb-ab rock 

mtuf/crb-ab rock 

mtuf/ab-crb schist 

mtuf/ab-crb schist 

mtuf/ab-crb schist 

mtuf/ab-crb schist 

mtuf/ab-crb schist 

mtuf/ab-crb schist 

mtuf/ab-crb schist 

mtuf/ab-crb schist 

mtuf/ab-crb schist 

mtuf/ab-crb schist 

mtvf/ab-crb schist 

mtuf/ab-crb schist 

mtuf/ab-crb schist 

mtuf/ab-crb schist 

mtuf/ab-crb schist 

mtuf/ab-crb rock 

mtuf/ab-crb rock 

mtuf/ab-crb rock 

mtuf/ab-crb rock 
mtuf/ab-crb rock 

mtuf/ab-crb rock 

mtufl.b-erb rock 
mtuf/ab-crb rock 

mtuf/ab-crb rock 
mtuf/ ab-tour schist 

mtuf/ ab-tour schist 

mtuf/ab-tour schist 

ANALYSED 
FRACTION 

acid leach 

total dissolution 

fr .nm.1.4A; + 100 

f r.nm.1.4A ;-100 

fr .nm.1.4A; -100 

acid leach 

total dissolution 

fr.nm.1.4A; + 100 

f r.m .1.4A; + 100 

fr.m .1.4A; + 200 

f r.m .0 .4A; + 100 

fr .m.0 .4A; + 10 0 

f r.m .1.4A; + 200 

fr .m .1 .4A; + 200 

fr .m . 1.4A; + 200 

acid leach 

total dissolution 

d :4 .0-4 .3 

d :4.0-4 .3 

d :4.0-4 .3 

acid leach 

total dissolution 

acid leach 

total dissolution 

hand maonet 

fr .nm.0 .6A; + 200 
d > 4 .0/fr.nm.0 .6A 

d > 3 .3 /maon. 

fr .nm.0 .6A; + 200 

fr .m .0 .6A 

ANALYSED 

MINERAL 

LE 

WR 

PY 

PY 

PY 

LE 

WR 

CPlpy} 

CP 

CP 

PO 

PO 

CP-6N HCL 

CP-7N HN03 

CP-residual 

LE/vein 

WR/vein 

RUTILE 

RUTILE I.br 1 h} 
RUTlLEI.br 2h} 

·Pb-

IIb 

Ib 

Ib 

Ib 

IIb 
Ib-b 

LE IIb 

WR 

THUCOLITE 
THUCOLITE 

THUCOLITE 

THUCOLITE 

LE 
WR 

POIbulk} 

PYlep} 
RUTILE 

POIbulk} 

CP 

PO 

IIb 

IIb 

IIb 

Ib 

IIb 

20 6 /204 

16.197 

17 .121 

28 .807 

29 .777 

46 .306 

43 .163 

78 .236 

137.0 6 

132 .19 

13 1.00 

1 148.9 

1489.7 

227 .08 

196.71 

120.66 

90 .113 

92 .042 

99 .861 

6 16.62 

386 .78 

103.67 

92 .748 

33660 

36013 

41110 

44427 

2101.6 
1667.8 

77 .001 

61.444 

166.16 
307 .62 

234 .27 

B2 .943 

LEAD ISOTOPE RATlOS 

2071204 

16.326 

16.603 

17 .008 

17.1 0 0 

18.009 

17 .982 

21.371 

31 .764 

31.166 

31.340 

146 .87 

172.11 

41.873 

38 .662 

30 .164 

24 .990 

24 .881 

23.124 
62 .644 

61 .324 

27 .194 

26.012 

3642 . 1 

3903 .9 

4436.7 

4806.1 

237 .77 

187.66 

23 .921 

20.643 
29 .927 

61 .346 

43 .391 

26.416 

208/204 

36 .343 

36.861 

38 .901 

38 .968 

46.1 16 

47 .809 

61 .884 

36.761 

36.609 

37 . 143 

37 .146 

40 .333 

38 .011 

37 .806 

37.000 

37 .018 

36 .280 

41.146 

63.396 

60.766 

38 .781 

36 .166 

49.468 
48.902 

60.709 

60.180 
42 .793 

49 .868 

·41.031 

39 .169 
40 .066 

39.393 

38 .690 

'6.316 

207/206 

0 .9461 

0.9066 

0.6904 

0 .6743 

0 .3976 

0.4167 

0 .2732 

0 .2317 

0 .2368 

0.2392 

0 .1278 

0 .1166 

0 .1844 

0 .1966 

0 .2602 

0 .2773 

0 .2703 

0 .2316 

0 .1211 

0 . 1330 

0 .2623 

0 .2697 

0 .1086 
0 .1084 

0.1079 

0 .1082 

0 . 1131 
0 . 1126 

0 .3107 

0.3993 

0 .1917 
0 .1669 

0 .1862 

0 .3064 

208/206 

2 .1820 

2 .0940 

1.3604 

1.3083 

0 .9968 

1. 1079 

0 .6632 

0 .2682 

0.2769 

0 .2836 

0 .0323 

0 .0271 

0 .1674 

0 .1922 

0.3069 

0.4108 

0 .3942 

0.4121 

0.1034 

0 .1316 
0 .3741 

0 .3899 

0 .0016 
0.0014 

0.0012 

0 .0011 

0 .0204 
0.0299 

0 .6329 

0 .7614 
0 .2666 

0.1281 

0.1647 

0.4378 

BV = Bidjovagge; HL = Hangaslampi; KU = Kuotko; LAM = Lammasvuoma; MA - Meurastuksenaho; PV - Pahtavaara; PVU = Pahtavuoma; SK = Suurikuusikko; SPIA,B,C) = SaaHopora gold orel A-, B- , C-ores; 

SP-Cu = Saattopora Cu-mineralization; SV = Soretiavuoma; diss = dissemination; ab - albite; amph - amphibole; bar = barite; bt = biotite; ch = chlorite; crb :o:: carbonate; qtz = quaru; se = sericite; sulf = sulfide; 

tlc= talc; tour = tourmaline; tre = tremolite; ASPY = arsenopyrite; CP = chalcopyrite; GA :Z Qalena; LE - acid leach of whole rock powder; MAGN = magnetite; PO = pyrrhotite; PY = pyrite; WR = total dissolution 

of whole rock powder; graph-schist = graphite-rich schist; mtuf = mafic tuffite; metased - metasedimentary; umr = ultramafic rock; d = density; fr .nm/fr .m. = non magnetic/magnetic ffaction with a specific 

current; + 200 ,-100 =size fractions; Pb* :z:: the colour of the anode precipitation I- - colourless, IIb =-= brownish. Ib = light brown, b = brown, db = dark brown, bl = black). 
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Appendix 4. Co ntinu ed 517 . 

ANAl. 
NO. 

62 

134 

83-le 
83-wr 
84-le 

84-wr 

86-le 

85-wr 
109-a 
109-b 

DEPOSITI 
SAMPLE 

SPIAIIEIM-91-2b 
SPIAI /EIM-91-2b 

MINERALIZATION TYPEI 
ORE MINERALS 

sulf-crb \lein 

sulf-crb vein 

SPIBI-R208/ 109.1 · 109.2 

SPIBI-R208/ 109 .1-109.2 
SPIBI-R208/ 112.6-112.7 
SPIBI-R208/ 112.6-112.7 

SPIBI-R208/ 120.8-120 .9 

SPIBI-R208/120.8· 120.9 
SPIBI-R208/124.4-124 .6 sulf-qtz-crb vein/py,po 

SPIBI-R208/ 124.4-124.6 sulf-qtz-crb vein/py ,po 

94A SPICI /EIM-91 -3 
94B&## SPICI/EIM-91 -3 
94Bb SPICI/EIM-91 -3 

210-le SPICI/EIM-91 -3 
210-wr SPICI/EIM-91-3 

diss/aspy 

diss/aspy 

diss/aspy 

HOST ROCK 

mtuf/ab-erb rock 
mtuf/ab-crb rock 

mtuf/ab-crb schist 
mtuf/ab-crb schist 

mtuf/ab-crb-tour schist 

mtuf/ab-crb-tour schist 

mtuf/ab-crb-tour schist 

mtuf/ab-crb-tour schist 

mtuf/ab-tour-crb schist 

mtuf/ab-tour-crb schist 

mtuf/ab-crb rock 

mtuf/ab-crb rock 
mtuf/ab-crb rock 
mtuf/ab-crb rock 
mtuf/ab-crb rock. 

BO-ie 

203 
204 
206 

SP-G443/concentrate 

SP/concentrate 

SP/concentrate 

SP/concentrate 

sulf-crb-qtz veinlpo,cp,py mtuf/ab-crb rock. 

sulf-crb-qtz veinlpo,cp,py mtuf/ab-crb rock 

sulf-crb-qtz veinlpo,cp,py mtuf/lb-crb rock 

sulf-crb-qtz vein/po,cp,py mtuf/ab-erb rock 

76A SP-Cu/EIM-91-4 
76B SP-Cu/EIM-91 -4 
136## SP-Cu/EIM-91 -4 
137## SP-Cu/EIM-91 -4 

98A SP-Cu/EIM -91-4 
98B SP-Cu/EIM-91 -4 
78-ie SP-Cu/EIM -91 -4 
79-ie SP-Cu/EIM-91 -4 

117 SP-Cu/EIM -91 -6 
126 SP-Cu/EIM-91 -6 
68-le SP-Cu/EIM-91 -6 
68-wr SP-Cu/EIM -91-6 

suff-erb vein!ep,po,py 

suff-erb vein!ep,po,py 
suff-erb vein/ep,po,py 

suff-erb vein/ep,po,py 

suff-erb vein!ep,po,py 
suff-erb vein!ep,po,py 

suff-erb vein/ep,po,py 

sulf-erb vein/ep,po,py 

breeeia/py,ep,aspy 

breeci a/py,ep,aspy 

mtuf/ab sehist 

mtuf/ab sehist 

mtuf/ab schist 
mtuf/ab schist 

mtuf/ab schist 
mtuf/ab sehist 

mtuf/ab schist 

mtuf/ab schist 

phyllite 
phyllite 
phyllite 
phyllite 

ANALYSED 
FRACTION 

d:2 .8-2.96 
d :2 .8 -2.96 

acid feach 

total dissolution 

acid leach 

total dissolution 

acid leach 

total dissolution 

fr .nm.0 .6A 
fr .nm.0 .6A 

fr.nm .0.6A; + 100 
fr.nm .0.6A; + 100 
fr.nm .0.6A; + 100 

acid leach 

total dissolution 

fr .nm.1.4A 
fine gr ained 

coarse grained 

hand magnet 

fr .m. 1.4A; + 100 
fr .em. 1.4A; + 100 
fr.m .0 .2A; -100 
fr .m .O.4A; -100 
fr .nm. 1.4A ;-200 
fr .nm.1.4A ;-200 
fr .nm.1 .4A 

fr .nm. + m . l .4A 

fr.nm . 1.4A ;-200 
fr.nm . 1.4A 

acid leach 

total dissolution 

ANALYSED 
M INERAL 

CRB 
CRB 

LE 
WR 
LE 
WR 
LE 
WR 
PY ldull1 

PY 

ASPY 
ASPY 
PYI60mgi 

LE 
WR 

MONAZITE 

GOLD 
GOLD 
GOLD 

CP 
PYlep) 
PO (markasite) 

PO (markasite) 

PYlacid leachl 
PYlacid leaehl 
RUTILE 
MONAZITE 

ASPY,CPlpyl 
PYlcpl 
LE 
WR 

IIb 

IIb 

Ib-b 

Ib 

IIb 
Ib 

Ib-b 
b-db 

db 
db 

IIb 
IIb 
IIb 

206/204 

16.466 

16 .806 

88 .144 

118.83 
187 .74 

166. 16 

260 .30 

213 .17 
77 .632 
96.672 

97.446 
174.20 

73 .86 1 

302 .84 
331.76 

7121.9 
660 .46 
492 .36 
436 .21 

472.98 
497.96 
66 .09 
893 .64 

668 .82 
639 .60 
1092.6 
13686 

89 .174 
148.09 
276 .11 
286.16 

LEAD ISOTOPE RATlOS 

207/204 

16.300 
16.286 

22.463 

26.871 
36.678 
31.061 

42 .272 
36.463 
24 .179 

26.406 

23 .936 
28 .889 
22 .240 

36 .266 
37 .234 

789 .11 

79 .326 
73 .417 
64 .267 

72 .728 
74 .640 
107 .16 
123 .03 

81 .907 
79 .118 
126.83 
1496.9 

23.843 
31 .922 
40 .683 
40.278 

208/204 2071206 

36.470 0.9298 

36 .186 0 .9670 

170.4 7 0 .2648 

164 .29 0 .2177 
164 .29 0 .1896 
131 .80 0 .1880 

168.27 0 .1624 
136 .36 0 .1664 
69 .333 0 .3119 
63 .689 0 .2731 

61.634 

66 . 162 
47 . 132 

120.89 
116 .27 

2617 _2 

60 .224 
42.469 
39.014 

41.669 
42 .628 
46 .662 
46 .973 
43 .033 
41.614 
46 .947 
4712.2 

38 .638 
42 .330 
66 .440 
66 .333 

0 .2466 
0 .1668 
0 .3011 

0 .1198 
0 .1122 

0 .1108 

0 .1441 
0 .1491 

0 .1476 

0.1638 
0 .1499 
0.1401 

0.1377 
0 .1466 
0.1467 
0 .1162 
0.1094 

0.2674 
0.2166 
0 .1470 
0 .1408 

208/206 

2.1666 

2.2261 

1.9341 

1.3826 
0.8218 

0.7981 

0 .6464 
0 .6396 

0.7663 
0.6678 

0 .6299 
0.3224 
0.6381 

0.3992 
0.3476 

0 .3676 
0.0912 
0 .0863 
0 .0896 

0 .0881 
0 .0864 
0 .0697 
0 .0626 
0 .0770 
0 .0771 
0.0430 
0.3443 

0.4333 
0.2968 
0 .2008 
0 . 1934 

sv = Sidjovagge; HL = Hangaslampi; KU = Kuotko; LAM "'" Lammasvuoma; MA = Meurastuksenaho; PV "" Pahtavaara; PVU = Pahtavuoma; SK = Suurikuusikko; SPIA,S,C) = Saattopora gold orel A-, B-, C-ores; 

SP-Cu = Saattopora Cu-mineralization; SV = Soretiavuoma; diss ::z dissemination; ab = albite; amph = amphibole; bar = barite; bt = biotite; eh = chlorite; erb = carbonate; qtz = quartz; se = sericite; sulf = sulfide; 

tlc = tale; tour = tourmaline; tre = tremolite; ASPY = arsenopyrite; CP = chalcopyrite; GA = galena; LE = acid leach of whole rock powder; MAGN = magnetite; PO "" pyrrhotite; PY "" pyrite; WR = total dissolution 

of whole rock powder; graph-schist = graphite-rich schist; mtuf = matic tuffite; metased "" metasedimentary; umr = ultramafic rock; d = density; fr .nm/fr .m. = non magnetic/magnetic fraction w ith 8 speeific 

current; + 200 ,- 100 = size fractions; Pb- = the colour of the anode precipitation I-=colourless, IIb = brownish, Ib = Iight brown, b = brown, db = dark brown, bl = black). 
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Appendix 4. Co ntin ued 617. 

ANAL. OEPOSIT/ 
NO. SAMPLE 

66. HL-R388/22 .7-22 .8 

66b HL-R388/22.7 -22 .8 
70A-le HL-R388/23 .7-23 .8 

70B-le HL-R388/23 .7-23 .8 
70B-wr HL-R388/23.7-23 .8 

120## HL-R388/41.2-41 .3 
216 HL-R388/41.2-41.3 

64##-le HL-R388/67 .9-68 .0 
64-wr 

68## 
216-ic 

107 
131## 
106 
142 

HL-R388/67 .9-68 .0 
HL-R388/66 .8-66 .9 
HL-R388/66 .8-66 .9 

HL·R388!71.0-71 .1 
HL-R388/71 _0-71 .1 
HL-R388!71 .0 -71 .1 
HL-R388!71 .0 -71 .1 

103## MA-R332/ 179.6 
104 MA-R332/ 179.6 
106 MA-R332/ 179.6 

176-le BV-N 16P/20 .2-20 .3 
176-wr BV-N 16P/20.2-20 .3 

146## BV-N20E/ 197 .6-187 .6 
147 BV-N20E/ 197 .6-197 .6 
166## BV-N20E/203 .6-203 .6 
167 BV-N20E/203.6· 203 .6 
168 BV-N20E/203 .6-203 .6 
146 BV-N20E/213 .2-213 .3 

160b BV-N96F/2.1-2 .20 

161A BV-N96F/2.1-2 .20 
161B BV-N96F/2.1-2 .20 
162 BV-N96F/7 .0 -7 .10 
167. BV-N96F/ 14 .1-14 .2 

167b BV-N96F/ 14 .1-14.2 
169 BV-N96F/ 14.1 -14.2 

MINERALIZATION TYPE/ 

ORE MINERALS 

magn brecciate py 

magn brecciate py 

diss/stripes/py ,magn 

diss/stripes/py,magn 

magn brecciate po 

magn brecciate po 

sulf-crb vein/py 
sulf-crb vein/py 
sulf-crb vein/py 
sulf-crb vein/py 

magn brecciate po 

magn brecciate po 

magn brecciate po 

diss/stripes/cp,po 

diss/stripes/cp,po 

diss/stripes/cp,po 

diss/stripes!cp,po 

diss/stripes/cp,po 

diss/py,magn 

sulf-crb vein/py 

sulf-crb vein/py 

sulf-crb vein/py 

diss/stripes/py 
sulf-crb breccia/po,cp 

sulf-crb breccia/po,cp 

sulf-crb breccia/po,cp 

HOST ROCK 

met8sed/ab-ch-qtz rock 

metased/ab-ch-qtz rock 

metased/ab-ch-qtz rock 

metased/ab-ch-qtz rock 

met8sed/ab-ch-qtz rock 
met8sed/ab-se-qtz rock 

met8sed/ab-se-qtz rock 

metased/ab-ch-qtz rock 

metased/ab-ch-qtz rock 

metased/ab-se-qtz rock 

metased/ab-se-qtz rock 

metased/ab-se-qtz rock 

metased/ab-se-qtz rock 

metased/ab-se-qtz rock 

metased/ab-se-qtz rock 

metased?/chl-amph rock 

metased ?/chl-amph rock 

ANALYSED 
FRACTION 

fr .nm.1 .4A 

hand magnet 

acid leach 

acid leach 

total dissolution 

fr .nm. 1.4A 

fr.nm .1.4A 

acid leach 

total dissolution 

fr .nm.1.4A 
fr.nm . l .4A 

fr .nm. l .4A; coarse 

fr .m .1.4A; f ine 
d <3.3 
fr.m .1.4A 

hand magnet 

fr .m.0 .6A 
metased ?/ch-amph rock fr.nm .O.SA 

metadiabase acid leaeh 

metadiabase total dissolution 

mtuf? l ab-erb rock 

mtuf? l ab-erb rock 

mtuf? l ab-erb rock 

mtuf? lab-erb rock 

mtuf? l ab-erb rock. 

metadiabase 

mtuf? lab-erb rock. 

mtuf? lab-erb rock. 

mtuf?/ab-erb rock. 

mtuf ?lab-erb rock. 
mtuf? l ab-erb rock. 

mtuf? l ab-erb rock. 

mtuf? l ab-erb rock. 

fr .m .1.4A ;-200 
fr .nm.1.4A; + 200 
fr .nm.1 .4A; + 200 
fr.m.1.4A; -200 

fr.m.1.4A; + 200 
fr .nm.O.SA 

d < 3 .3; . cid le.ch 

fr.nm.0 .3A 
fr.nm.0.3A 

fr.nm. 1.4A 
d < 3.3 ; acid leaeh 

d<3.3; acid leaeh 

fr.nm .1.4A ;· 200 

ANALYSED 
MINERAL 

PY 
MAGNlbulkl 

LE 

LE 
WR 

PY 
PY 

LE 
WR 
PO 
PO 

PY 

PY 
CR81inciusionsi 

CRB 

MAGNlbulkl 
PO 
CP 

LE 
WR 

CP 
PY,CP 
PY 
CP 
CP 
PY 

CR8 

PY 
PY 
PY 
CRB 

CRB 
PY 

·Pb* 

Ib 

IIb 

Ib 

db 
db 

IIb 

IIb 
IIb 
IIb 

b 

db 
db 

Ib 
IIb 

db 

206/204 

66.087 
73 .168 

291 .04 

664.43 

360.67 
807 .96 
1043.9 

461.79 
640 .84 

2893 .2 
16661 

108.01 

109. 10 
31 .8 16 
26 .731 

130.32 
166.46 
96.764 

28 .093 
32 .063 

43 .168 
46 .813 
32 .263 
28 .721 
28 .343 
34 .980 

46 .826 

72 .032 
72 .702 
113.94 
36.069 

32.827 
49 .316 

LEAD ISOTOPE RATlOS 
20 71204 

21.647 

24 .219 
39 .383 

62 .636 
47.438 
104 .42 

131.40 

66.299 
72.149 

343.77 
1746.8 

28.003 
27.610 
17 .694 
16.869 

27 .667 
32 .066 
26.106 

16 .861 
17 .171 

18.401 
19.007 
17 .632 
16.996 
16.921 
17 .666 

19.636 

23 .067 
23 .114 
27 .977 
17 .737 

17 .637 
19.634 

208/204 

82 .316 

103.48 
66 .496 

93 .136 
62 .172 

43 .268 
46 .066 

466.40 

394.76 
64 .412 
138.36 

47 .072 

43 .660 
37 .414 
36 .672 

44 .387 
47 .348 
47 .606 

43.192 
42.613 

42 .687 
42 .697 
46 .373 
44.326 
44.027 
48 .406 

46 .030 

63.474 
63 .672 
77 .601 
42 .388 

41.491 
46.366 

207 /20 6 

0 .3860 
0 .3310 
0 . 1363 

0 .1108 
0 . 1316 

0 .1292 
0 .1269 

0 .1446 
0 .1334 
0 . 1188 

0 .1123 

0 .2693 
0 .2622 
0 .6630 
0 .6662 

0 .2116 
0 .1926 
0 .2698 

0 .6002 
0.6366 

0.4264 
0.4060 
0 .6434 
0.6917 
0.6970 
0.6060 

0 .4286 
0 .3201 
0.3179 
0 .2466 
0.6069 

0 .6373 
0.3961 

208/206 

1.4676 

1.4143 
0.2260 

0 .1660 
0.1724 

0 .0636 
0.0432 

1.0301 
0 .7299 
0.0188 

0 .0089 

0 .4368 
0 .4002 
1.1760 
1.4262 

0 .3406 
0 .2846 
0.4920 

1.6376 
1.3291 

0 .9868 
0 .9099 
1.4373 
1.6433 
1.6634 
1.3838 

0 .9826 
0 .7424 
0.7369 
0 .6802 
1.2091 

1.2639 
0.9197 

sv = Bidjovagge; HL = Hangasiampi; KU - Kuotk.o; LAM = Lammasvuoma; MA = Meurastuk.senaho; PV = Pahtavaara; PVU = Pahtavuoma; SK = Suurik.uusik.k.o; SP(A,S,C) = Saattopora gold orel A-, B-, C-ores; 

SP-Cu = Saattopora Cu-mineralization; SV :=: Soretiavuoma; diss = dissemination; ab = albite; amph = amphibole; bar = barite; bt = biotite; ch = chlorite; crb = carbonate; qtz = quartz ; se = serici te; sulf = sulfide; 

tlc = tale; tour = tourmaline; tre =- tremolite; ASPY = arsenopyrite; CP = ehalcopyrite; GA - galena; LE "'" acid leaeh of whole rock powder; MAGN = magnetite; PO = pyrrhotite; PY - pyrite; WR = total dissolution 
of whole rock. powder; graph-schist ""' graphite-rieh sehist; mtuf = mafic tu11ite; metased = metasedimentary; umr = ultramafic rock; d = density; fr.nm/fr .m . = non magnetie/magnetie fraetion w ith a speeifie 

current; + 200,-100 = size fractions; Pb- = the eolour of the anode precipitation (-= eolourless, IIb = brownish, Ib = light brown, b = brown, db = dark. brown, bl = black.' . 
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Appendix 4. Con t inued 717. 

ANAL. DEPOSIT/ 
NO. SAMPLE 

170## BV-N96F/14.'" 4.2 
177-le BV-N96F721.8-21.9 
177-wr BV-N96F721 .8-21.9 

166 BV-N96F/46.3-46.4 

166 BV-N96F/46.3-46.4 
1680 BV-N96F/46 .7-46.8 

16Bb BV-N96F/46 .7-46 .8 

14B## BV-N96F/46 .7-46.8 

149 BV-N96F/46 .7-46.8 
160 BV-N96F/69.4-69.6 

163 
181 
171 
lB2## 

161## 
162## 
183 
163## 
164. 
164b 
184 
186-ic 

169. 
169b 
172 
173 
174## 
176 

BV-S164B/81 .4 -81.6 
BV-S164B/81.4-81.6 
BV-S164B/96 .2-96 .3 
BV-S164B/96 .2-96 .3 

BV-S164B/96 .3-96 .4 
BV-S164B/96 .3-96.4 
BV-S 164B/96.3-96.4 
BV-S164B/ l 02 .4-1 02 .6 

BV-S164B/ l 02 .4-1 02 .6 
BV-S1 64B/l 02.4-102 .6 
BV-S 164B/l 02 .4 -102 .6 
BV-S164B/ l02.4-102.6 
BV-S 164B/ 124.6-124.7 
BV-S164B/124 .6-124 .7 
BV-S1 64B/124 .6-124 .7 
BV-S164B/1 24.6-124 .7 

BV-S 164B/124.6-124. 7 
BV-S164B/ 124.6·124 .7 

MINERALIZATION TYPE/ 
ORE MINERALS HOST ROCK 

sulf-erb breccia/po,cp 

sulf-erb veinlpo,cp 

sulf-erb vein/po,cp 

sulf-erb vein/cp 

sulf-erb vein/cp 

sulf-erb vein/cp 

sulf-erb vein/cp 

sulf-erb-tre lens/py 

sulf netw orks/po 

mtuf71ab-crb rock 
mtuf?!ab--crb rock 

mtuf?/ab-crb rock 

mtuf?/ab-crb rock 

mtuf?/ab-crb rock 
mtuf7lab-crb rock 

mtuf? lab-crb rock 

mtuf1/ab-crb rock 

mtuf?/ab-crb rock 
mtuf7/ab-crb-tre rock 

mtuf7/ab-crb rock 
sulf networks/po mtuf? lab-erb rock 

sulf-qtz-crb breccia/po,cp black schist 

sulf-qtz-crb breccia/po,cp black schist 

sulf-erb veinlpo,cp,py 

sulf-erb vein/po,cp,py 

sulf-erb vein/po,cp,py 

diss/cp,po 

diss/cp,po 

diss/cp,po 

diss/cp,po 
diss/cp,po 
sulf-erb vein/po,cp,py 

sulf·crb vein/po,cp,py 

sulf·crb vein/po,cp,py 
sulf·crb vein/po,cp,py 

sulf·crb vein/po,ep,py 

sulf·crb vein!po,cp,py 

black schist!ab·crb rock 

black schist!ab·crb rock 

black schist!ab·crb rock 
metadiabase 

metadiabase 

metadiabase 

metadiabase 

metadiabase 

black schist 

black schist 

black schist 
black schist 

bl ack schist 

black schist 
1 B6 BV-S164B/ 124.6·1 24 .7 sulf-crb vein/po.cp.py black schist 
178-le BV-S164B/139.8-1 39 .9 

17B-wr BV-S164B/ 139 .B-139 .9 
179-le 8V-S1 64B/1 43 .0·143 .1 
179-wr 

164 
BV-S1648/ 143.0 · 143. 1 
BV-S 164B/ 149.8-149.9 sulf·qtz!stripes!py 

20BA## BV-S1 86B/l08 .7-10 B.B sulf-crb v.in/py,po.cP 
20BB## BV-S1 86B/108 .7·108 .B sulf-crb veinlpy,po.cP 

black schist 

black schist 

black schist 
black schist 

black schist 

mtuf1!ab·crb rock 

mtuf? !ab·crb rock 

ANALYSED 
FRACTION 

fr.nm.1.4A; + 100 
acid leach 

total dissolution 

fr .m . l .4A ; + 200 

fr .nm.l.4A 
d<3.3 ; acid leach 

d<3 .3; acid leach 

fr.m.l.4A; + 100 
fr .nm. l .4A; + 100 

fr .nm.1.4A; + 200 

fr.nm.l.4A 
hand magnet 

d>4.0 
hand magnet 

fr.m . l.4A; -200 
fr.em .1.4A 
hand magnet 

d>4 .2; -200 

fr .nm.l.4A; + 200 
·d>4 .0; fr .nm.l .4A 

hand magnet 
d>4 .2; -100 

d<3 .3; acid leach 

d<3 .3 
fr .nm.1.4A ;-200 
fr .nm. l .4A; + 200 

fr.m . l .4A; - 100 
fr .m . l.4A; + 100 
hand magnet 

acid leach 

total dissolution 

acid leaeh 
total dissolution 

fr.m.0.3A 

ANALYSED 
MINERAL 

PYlcpl 

LE 
WR 

CPlpyl 
PY 

CRB 
CRB 

CP 

PYlporousl 
PY 

PY 
POtbulkl 
CPlpyl 
POtbulkl 

CP 
PY,CP 
POlbulkl 
CPtacid I .. chl 

CPtacid I.achl 
PYlacid leachl 
POlbulkl 
RUTILE 

CRB 
CRB 
PY 
PYldull1 

CP 
CPlpyl 
POtbulkl 
LE 

WR 
LE 
WR 
PYldull1 

GA 
GA 

·Pb-

db 

b-db 

db 
IIb 

Ib 
Ib 
b 

Ib-b 

IIb 
IIb 
Ib-b 

Ib 

db 
db-bl 

b 
b 

IIb 

db 

206/204 

46 .770 
340 .66 

264.41 

188.93 

100.08 
37 .184 
34 .64B 

36.443 
36 .601 

7BO.83 

48 .936 

33 .B96 
28 .394 

27.123 

26.399 
26.917 
26.32B 
30 .031 

30.166 
28.012 
27.416 
143.74 
40 .489 
43.624 
48.699 
46 .646 
40.132 
39.863 
37.428 
31 .B86 

33 .909 
30 .276 
33.120 
36.893 

21.791 
21.BOl 

LEAD ISOTOPE RATlOS 

207 /204 

19.22B 
39.662 

33.199 

34 .720 

26.620 
18.082 
18.062 

17 .863 
17 .B67 
111.98 

lB.966 
17.622 
16.826 
16.812 

16.660 
16.724 
16.726 
17 .267 

17 .261 
16.913 
16.B2B 
28.171 
18.469 
lB.896 
19.726 
19.464 
18.674 
lB .616 
lB.202 
17.19B 

17.404 
16.908 
17.146 
18 .349 

16 .126 
16. 116 

208/204 

46 .041 

169.24 
128.02 

90 .309 

63.616 

42 .716 
41 .688 

43 .211 
43 .269 

362.07 

43 .721 

43 .361 
42 .782 
42.446 

42.191 
42.206 
42.0B3 
47 . 190 

47.397 
46 .381 
44.983 
67.476 

46.483 
41 .9B3 
63.721 
62 .776 

49 .692 
49.627 
48 .386 
64 .146 

66 .660 
61.162 
62 .661 
67.416 

41.394 
41.416 

2071206 

0 .4111 
0 .1164 
0 .1306 

0.1838 
0.2660 

0.4863 
0.6213 

0 .6037 

0.6016 
0 .1 434 

0 .3B74 
0.6169 
0.6926 
0 .619B 

0.6307 
0 .6213 
0.6363 
0 .6746 

0 .6722 
0.6038 
0.6138 
0.1960 
0 .4669 
0.4341 
0.4060 
0.4171 

0.4628 
0 .4646 
0.4863 
0.6394 

0 .6133 
0.6684 
0.6177 
0.4974 

0 .7400 
0.7392 

208/206 

0.9630 
0.4968 

0.6032 

0 .4780 

0 .6367 
1. 1487 
1.2003 

1.2192 
1.2164 
0.4637 

0 .8934 
1.2792 
1.6067 
1.6649 

1.6982 

1.6679 
1.6984 

1.6714 

1.6712 
1.6667 
1.640B 
0.4694 
1.1234 
0.9646 
1.1031 
1.1314 
1.2382 
1.2424 
1.2927 
1.69B2 
1.6706 
1.6898 
1.6897 
1.6663 

1 .8996 
1.8997 

sv .... Bidjovagge; Hl .=: Hangaslampi; KU = Kuotko; lAM .=: lammasvuoma; MA .=: Meurastuksenaho; PV = Pahtavaara; PVU = Pahtavuoma; SK = Suurikuusikko; SPIA,B,C) = Saanopora gold ore! A· , B·, C·ores; 

Sp·Cu = Saattopora Cu-mineralization; SV = Soretiavuoma; diss = dissemination; ab = albite; amph = amphibole; bar = barite; bt = biotite; eh = chlorite; crb = carbonate; qtz = quartz; se = serieite; sulf = sulfide; 
tle =- tale; tour = tourmaline; tre = tremolite; ASPY = arsenopyrite; CP "'"' chalcopyrite; GA = galena; LE = acid leach of whole rock powder; MAGN = magnetite; PO .=: pyrrhotite; PY = pyrite; WR = total dissolution 

of whole rock powder; graph·sehist = graphite·rich schist; mtuf = mafic tuffite; metased = metasedimentary; umr = ultramafic rock; d = density; fr .nmlfr .m. = non magnetie!magnetic fraetion with a speeific 

current; + 200,·1 00 = size fraetions; Pb- = the eolour of the anode precipitation I·::: eolourless, IIb = brownish, Ib = light brown, b = brown, db = dark brown, bl = black). 
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App end ix 5. Desc ripition s of s ul f id e and wa ll roc k sa mpi es . 

ST RATABOU D COPPER DEP OSITS 

EIM -9 1-6- PA HTAV UOM A, Kittil ä: 
S ul f id e a nd wa ll roc k sampi e fro m a ph y llite/bl ac k sc hi s t w ith ilm e nite(±mag ne tite ) di ss emin a ti on . Ch alco ­
pyri te a nd a rse no py rite occ ur in fi ss ures. 

G202- HORM A KU MP U/R387/50.40 , Ki tt il ä : 
Ga le na sa mpi e fro m a brecc ia ted seri c iti c sc hi st , w ith pyrite, cha lco pyrit e , a nd galena . 

G I27- ALAKYLÄ , Kittil ä : 
Gal e na sa mpi e f ro m a sc hi s t brecc ia ted by cha lcopyrite, pyrite, and gal e na . 

G 178- RIIKONKOSKI , Kittil ä: 
G ale na sa m pi e from a seri c iti c sc hi st brecc iated by pyrrhotite a nd ga le na. 

G228- RllKONKOSKIIR 349/72 .10-72. 20 , Kittil ä : 
G ale na sa mpi e from a carb o na te ve in c uttin g a bl ac k sc hi s!. 

GOLD DEPOS ITS 

SOR ETT AV UOMA , Kittil ä 

R307/48 .45-4 8.50 : 
S ul f id e sa mpi e fro m a cha lco pyrite rich qu a rt z-ca rb ona te ve in . Quart z is coarse grained and invariably 
shows undul ose ex tincti o n . Quart z mosa ic occ urs loca ll y as ove rg ro wth s a t th e g ra in bound ari es. Chalcop y­
ri te has been a t leas t pa rti a ll y mo bili zed into the mi c rofrac tures. Accesso ry min era ls are: a lbite , tour ma lin e, 
arse no pyr ite , ga le na and loca ll y, v io lar ized N i-s ulfid e(?). 

R307 /48 . 70-48. 75: 
Sul f id e sa mpi e from an a lbite-ca rbo na te-c hl o rite roc k . Mi c rofr ac tured subh edra l pyrites have co mm onl y 
c rys ta lli zed on the irreg ul a rl y o ri e nte d c hl o rite ve ins a nd zo nes . 

R307 /55.3 5-55 .45 : 
W a ll rock sa mpi e f rom a fin e g ra in ed ca rb onate-c hl o rite- ta lc rock (ultra mafic vo lcani c roc k) w ith coa rse r 
ca rbo na te spo ts . 

K UOTKO , Kittil ä 

R305/7.95 : 
S ulfid e sa mpi e fr o m a s li g htl y ca tac las ti c qu a rt z-s ulfid e-ca rb o nate ve in . Pyrrhotite and cha lco pyrite occ ur 
a round coa rse g ra ined a rse no pyrit e. Three types of qu a rt z a re prese nt: und e formed bri g ht g ra in s, over­
g row th s w ith undul ose ex tin ct ion, and g ra nob las ti c mos ai cs be twee n th e boundarie s o f th e sul f id e a nd 
ca rbo na te g ra in s . Carbonate is coarse g ra in e d a nd shows undul ose ex tin c ti o n. 

R443/ 18.60- 19.60: 
S ulfi de samp ie fro m a n anke ri te-ve in ri c h in go ld, pyrite a nd a rse no pyrite. C ross -cuttin g re la ti ons indi ca te 
tha t th is vein is the la te s t in th e a rea (Härkö ne n, o ra l co m . 199 1) . 

R436/2 1.35-2 1.45 : 
W a ll rock sa mpi e fr om a ca rbo na te-se ri c ite-c hl o rit e sc hi s t w ith thin qu a rt z-ca rbonate ve inl e ts and shea r 
zo nes co nta inin g ca rbo na te. Di sse min a ted o paqu es a re a li gned pa ra ll e l to th e direc tion of sc hi stos ity. 

R436/42.20-42.30: 
S ul f ide sa m pi e from a ca rbo na te-sulfid e breccia in w hi c h pa rti a ll y pyriti zed py rrh o tit e brecc ia tes carbo na te. 
T he host-rock is ex t rem e ly fi ne gra ined c hl orite-se ri ci te -carbo nate-a lbi te rock. A ca rbo na te-fill ed f rac ture 
c ut s th e b recc ia. 
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R4 36173.40-73 .50: 
W al l roc k sa m p ie from a fine g rained (b io tite)-c hl ori te - ser ic ite-a lbite rock with coarse ca rb ona te spots a nd 
weakly discernible p lagioclase pheno c rysts. 

R436176.30-76.40: 
W a ll rock sa m pi e, whi ch is macroscopic a ll y a nal ogo us with the preceding sa mpi e. 

R4 36176 .40-76 .5 0 : 
Sulfide sa mpie from a qu a rt z-ca rbonate vein/breccia w ith coa rse mi c rofractured pyr ite c ubes, idio morp hic 
arsenopyrite , minor chalcopyrite, and re li cts of idi o morp hi c coarse mag netite g ra in s. Ca rbo na te brecciates 
qu a rt z, a nd bo th minera ls show undulo se extinction. M acroscop ica ll y, ga lena occurs as a thin seam. 

R4 36/86.30-86.40: 
Sulfide samp ie from a compact pyrrhotite ve in . The wa ll rock is extremely fine g rai ned a lbit e-quartz-ser ic ite 
sc hi s!. Some quartz veinlets older than the sulfide vei n c ut th e rock. P yrrhotite has loca ll y a lt ered to 
ma rcas ite . 

R4 36/87 .85-87 .96 : 
Sulfide sa mpi e from a coa rse g rained qu a rt z-py rit e vein c uttin g th e fin e g ra in ed ca rbo nate-a lbite- qu artz­
chlorite-sericite rock. The ve in quart z show s undul ose ext in ct ion a nd quartz overgrowths somet ime s occ ur 
at g ra in boundaries. The schist contains disseminated ilm e nite. 

A 1168 - Kuotk o (R308/22 .5 0-22 .80) + composite sa m pie (R 308 and R 3 11): 
Lamproph yre sa mpie was initially delivered to GSF for U-Pb-dating, but apatite was no t suffic ie ntly 
radiogenie. The lamprophyre consists of s ubh edral phl ogop ite lath s (flow-structure) in a fine g rained 
groundmass. ldiomorphi c pyrite has also been se para ted from the lamprophyre. 

A 1262- Ku ot ko: 
Ho st-rock a nd sulfid e sa m pie f rom a felsic porphyry. The z irco ns we re he teroge neo us and th e f rac ti on s izes 
were too sma ll for U- Pb da tin g. Lead iso tope a na lysis was done from the acid-Ieach a rse nopyr ite-py rite 
fraction. In thin sec tion , th e re lation ship between th e s ulfid es (disse min ation /ve in ?) a nd the host-rock was 
not discernible. The porphyry co ns is ts of sub-e uh edra l plagiociase laths in a fine gra in ed ground mass w ith 
carbo na te, ser ic ite, a nd a lbite. 

SUURTKUUSIKKO AND KTISTALA, Kittil ä 

R4 34/65.80: 
Sulfide sa mpi e from a carbon a te ve in with arse nopyr ite a nd pyrite. 

R4 34/80.55-80.80: 
Sulfide sam pi e from a brecc ia with arsenopyrite a nd pyrite. 

G347-Kiistala: 
Galena sam pi e from the Vuomajärvi ga len a- a nd arsenopyrite-rich vein. Visible go ld has been recorded from 
th e ga len a a nd ve in ca rb o nate. Th e wall rocks are g rap hite bearing sc hi s t a nd c hl orite rich tuffite wit h 
intermed iate lava int e rca lations . 

PAHTAVAAR A , Sodankylä 

R 508/87.30: 
Sulfide samp ie from a fi ne gra in ed amp hibo le-ch lo rit e -ca rb o na te sc hi st w ith disseminated magnetite. Pyrite 
occ urs mainly in felsic ve in s (a lbite, ca rbo nate , quartz) w hi c h brecciate th e wa ll rock. 

R50 8/96.40-96.50: 
W all roc k samp ie from a biotite-talc-carbonate sc hi s t (in itial ly u ltramafic vo lca nic rock). Subhedral biotite 
laths ca n be distinguished from the g roundm ass. Acce ss ory min e ra ls are cubic opaque (mag net ite) , zo isi te, 
a nd z irco n in biotite. 

R508/111 .55- 111.70 : 
Sulfide sa mpi e from a coa rse gra in ed carbonate-tremolite rock with pyrite. Pyrite contains so me carbonate 
and tremo lite in c lu s iml s. A carbonate-filled fracture sUfro und ed by abundant magnetite disseminations, Clit s 
the roc k . 
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R50SIlII.90 : 
Sulfide sampie from a coa rse g ra ined amphibole-carbonate-chlorite rock with some di ss eminate d pyrite and 
ma gnetite. 

R5081l17 .30: 
Sulfide sampie from a fine gra ined magn e tite-di sse minated biotite-chlorite sc hist with a coarse grained talc­
carbonate len s. Pyrite occurs in the felsic pa rt . 

R50S/ 124.00-1 24. 10: 
Wall rock sampie from a fin e g rained chlorite-talc-carbonate rock with coa rse r flow-stru c tured amphibole 
lath s and di sse minated ma g ne tite. 

R5091l10.90: 
Sulfide sampie from a coa rse g rained talc-carbonate-barite vein with abudant magnetite and minor pyrite. 

4A: 
Sulfide samp ie from a coarse gra ined amphibole rock with so me spherulitic amphiboles a nd several pyrite 
g rain s. 

EIM-91-1: 
Wall rock sam pi e from a chlorite-talc-amphibole rock , represe nting a moderately altered metakomatiite with 
macroscopi ca ll y observable pillow lava structures. 

LAMMASVUOMA , Kittilä 

LAM-3 /45 .00 -45. 10 : 
Sulfide sa mp ie from a biotite-c hlorite-albit e-quartz schist comprising a granoblastic grain mass w ith ba nds 
ri ch in biotite a nd c hlorite. Py rit e occurs pa rtly as dissemin a tion networks that are sc histosity-controlled 
a nd partl y as brecc ias. Tourm a line is an accessory minera l, and ilmenite and rutile ( ilmenite= >rutile?) tend 
to be res tri c ted to ce rt ai n bands. 

LAM-3 /45.S0-45.90: 
Wall rock sa mpi e from a s tron g ly carbon a ti zed a nd shea red albite-carbonate rock with fine g rained sericitic 
inte rcalations. Ca rbonate s urrounds albite la th s and repla ces the transectin g shea r zo ne s. 

SAATTOPORA, Kittil ä 

A 1205 (hand s pec imen /A-o re ): 
Sulfide sampie from a s ulfid e-ca rbonate-qu a rt z ve in cutting albitic felsite (a lbite-carbon a te-qu a rtz sch ist/ 
rock). Chalcopyrite brecciates ca rbonate and so metimes occurs as a grain mos aic at the margins of the 
coarse subhedral pyr rhotites . A broken c ha lcopy rite-fill ed fracture cuts th e vein. 

A-ore; R 257/61.40-6 1. 45: 
Sulfide samp ie from a su lfide-carbo nate ve in in w hi c h sulfid es brecciate carbo na te. Chalcopyrite occurs 
as s mall sepa rate gra in s and, like pentl andit e, as in c lu s ion s in pyrrhotite . Gold occurs in py rrhotite , in 
carbonate. a nd at thucolite g ra in boundaries. A yo un ge r ca rbon a te filled fracture has formed in s ide the vein. 

A-ore; R 257/70.60-70.70: 
W all rock sa mpi e from a stro ng ly sheared a nd ca rbon at ized rock in which th e a lbite la th s occur in th e 
carbon a te gro un dmass. Additional mineral s a re apatite a nd o paques. The rock is cut by thin carbonat e 
ve inlet s. 

A-ore; R25 7/74.60-74.7 0 : 
Sulfide sampie from an a lbite- rich and tourmaline-bearing, sheared fine g ra ined albite-ca rbonate schist. 
Pyrrhotite- to urm alin e breccias , older quartz ve ins , a nd pyrrhotite±chalcopyrite veins c ut th e sc hist. Mar­
cas i te i s a n a l terati o n prod uct after pyrrhoti te . Accessory min era ls are i I men i te a nd ru ti le . 

A-ore; R257/S2.20-S2.30: 
Sulfide sa mpi e from a quartz-sulfide(-albite-tourmaline-scheelite) ve in c uttin g sc hi stose a nd ex tremel y fin e 
gra in ed a lbite- qu a rt z- to urm a lin e rock. In the ve in pyrrhotite a nd chalcopyrite occur between coa rse quartz 
g rain s w ith undul ose extinction. Th e go ld in th e sa m pie is assoc iated wirh c ha lco pyrite . 
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A-ore; EIM-91-2: 
A vein ca rbon ate samp ie. 

B-ore; R208/l 09.1 0-1 09.15: 
W a ll rock sampie from a fine to med ium g ra ined and schistose a lbite-carbo nate sc hi st , in wh ic h th e fine 
g ra in ed ca rbonate surround s a lbite lath s or is co nfin ed to ce rtain layers. The quartz is a lso related to certai n 
laye rs. Additional minera ls are tourmaline and ox ides. A carbonate filled fracture c ut s th e rock. 

B-ore; R208/l12.65-112.70: 
Wall rock samp ie from a quartz-albite-carbonate-tourmaline schist. The rock is fine g ra in ed but con tains 
coarse grained flattened quartz-albite domains and carbonate spots. It is cut by quartz-albite veinlets, wh ich 
in turn are cut by fine grained tourmaline veinlets. Accessory minerals are apatite, biotite, and opaques. 

B-ore; R208/120.80-120.90: 
Wall rock sam pie from a fine g rained quartz-albite-carbonate-tourmaline schist. Fine alb ite-quartz-tourma­
lin e±bio tite±chlorite grou ndm ass surro und s the coarser carbonate g ra in s. Opaques wit h carbo nate a nd 
c hl o rite form poorly preserved relicts after some minerals or rock fragments. Tourmaline is usually present 
in thin lam in ae. 

B-ore; R208/l24.45-124 .55: 
Sulfide samp ie from a ca rb o nate-s ulfid e(-qua rt z) ve in. The ve in pyrite and pyrrhotite locally brecciate 
ca rb o na te. Some sulfid es occu r poikilitically in quartz-albite-carbonate mass. Pyrite is found as in c lu sions 
in pyrrhotite or as separate medium to coarse sub -euhedra l g rains . T he wa ll rock is banded schis t wi th 
diffu e irregu lar rock fragments and abundant tourmaline and lesser biotite , chlori te, and a lbite. Severa l 
go ld grains were found in the su lfide separates. 

C-ore; E IM -9 1-3: 
Su lfide and wa ll rock sa mpi e from the C-ore. The wa ll rock consists of a lbite la th s, quartz , and carbonate 
wit h variab le gra in sizes . The coarse grai ned ca rb onate-a lbite portions trave rse the wall rock with irregu lar 
con tacts. Sulfides , mainly arsenopyrite with cha lcopyrite and pyrrhotite inclusions , occur as patchy disse­
minations. Ilmeni te is the major oxide mineral. In thin sec ti on , one go ld grain was found wi thin an 
arsenopyri te gra i n. 

G443-concentrate : 
Main minerals: pyrrhotite, c ha lcopyrite, pyrite, and rutil e. 
Accessories: mona zite, ilmenite, schee lite, Fe-Co-Ni-su lfarse nid es, pentlandite , coba ltite , tellurides, and 
go ld . 

Cu- min era li za tion ; E1M-91-4: 
Sulfide and wall rock samp ie from a mineralized , s li ghtly carbonatized , fine to medium grained , albite­
quartz schis t. Coarser grained irregular quartz-carbonate-albite-chalcopyrite vein lets with so me tourmaline 
occur in the schist, and are cut by coarse grained carbonate veins. Accessory minerals are pyrite , pyrrhotite , 
marcasite (an alteration product of pyrrhotite) , thucolite, ruti le, and ilmenite. 

Cu-mi neralization; E1M-91-5: 
Sulfide and wa ll rock samp ie from the Cu-minera lization hosted by black schist/phyllite. The major sulfide 
minerals are pyrite, c ha lcopyrite, and arsenopyrite. 

HANGASLAMPI , Kuu samo 

R388/22.75-22 .80: 
Sulfide sampie from pyrite , which occurs as poikilitic inclusions in a magnetite groundmass with some 
chlorite and biotite flakes. 

R388/23. 75-23.85: 
Wall rock sam pie from a granoblastic (albite-)quartz rock , which is brecciated by chlorite vein lets. 

R388/41.20-41.30: 
Sulfide sam pie from a sc hi stose a nd banded seric ite-quartz ite, which is breccia ted by so me irregular and 
diffuse quartz ve inl ets. Pyrite, occasiona ll y with magnetite inclusions , forms a pronounced dissemination 
assoc iated with bands c uttin g the graded bedding. Magnetite with ilmenite lamellae is concentrated in 
certa in layers, a nd in addition i lm enite occu rs as separate gra in s. 
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R388/57. 90-57.95: 
Wall rock sampie from a schistose gra nobl as ti c (a lbite- )c hlorite-quartz rock with carbonate orain-accumu-
lation s. " 

R388/66 .85-66.90: 
Sulfide sampie from a compact magn e tite-pyrrhotite rock. Pyrrhotite occurs poikilitically in magnetite and 
some Incluslon s of quartz and carbonate occur in both. 

R388171 .05-71.10: 
Sulfide sampie from idiomorphic coarse grained pyrite in a carbonate vein. Sheared fine grained carbonate 
and quartz grains with undulose extinction occur at the margins of the coarse carbonate grains. 

MEURASTUKSE AHO , Kuusamo 

R3321l79 .60 : 
Sulfide sampie from a compact mag netite-pyrrhotite-chalcopyrite rock containing some carbonate and 
chlorite. 

8IDJOVAGGE, Finnmark, northern Norway 

N95F/2.10-2.20: 
Sulfide sa mpie from a coarse grained carbonate vein/rock with pyrite spots hosted by albite-carbonate 
sc his!. 

N95F17 .00-7.10: 
Sulfide sa mpie from a schistose albite-carbonate rock , wh ic h is cut by some carbonate veins and quartz 
veinlets. Pyrite occurs as fl a ttened g rains parallel to the direction of sc histo s ity . 

N95F/ 14 . I 0-14.20: 
Sulfide sampie from an albite-carbonate rock brecciated or replaced by so me irregularly bordered ca rbon­
ate-sulfide veinlets. In the a lbite-carbonate rock , the sulfides are a ligned parallel to the direction of 
sc histos it y. The main sulfide mineral is pyrrhotite. The minor sulfides co nsist of chalcopyrite , wh ich occurs 
either in microfractures or at pyrrhotite grain boundaries , and pyrite cubes. Ilmenite is disseminated 
throu g hout the rock. 

N95F/21.80-21.90: 
Wall rock sa mpie from a sulfide deficient albite-carbonate rock. 

N95F/45.30-45.40: 
Sulfide sa mpie from a carbonate vein containing pyrrhotite , chalcopyrite, and rutile , and which c uts the 
metadiabase. Hi gh Au-contents have been obtained from thi s drill-core section (La mberg & Toikk anen 
199 1). 

N95F/46.70-46.80: 
Sulfide sa mpie from a chalcopyrite-rich ca rbon a te vein cutting the metadi a ba se. Mackinawit e occurs in s ide 
the chalcopyrite. This drill-core section is rich in copper (Lamberg & Toikkanen 1991). 

N95F/59.45-59 .55: 
Sulfide sa mpi e from a sulfide-carbonate- tremolite part or vein in albite-carbonate sc his!. This skarn type 
also contains pyrite , titanite , and minor tourmaline. 

S 186BIl 08.70-108.80: 
Galena sa m pi e from a ca rbonate ve in. The vein sulfides are pyrrhotite , pyrite, and chalcopyrite. Minor 
secondary pyrite occurs in carbonate as thin vei nlets , diffu se a nd irreg ular spots, and idiomor phic gra in s. 

S 1548/8 1.40-81.50: 
Sulfide sa mpie from a metadiabase with "network-like" disselllinated pyrrhotite. 

S 1548/96.25-96.30 : 
Sulfid e sampie from a black schist in contact with a carbonate vein. In the schist the pyrrhotite occurs as 
thin veinlets or thicker patches. The c ro ss -cutting fractures are filled with carbonate and/or chalcopyrite . 
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S 154B /96 .35-96.40 : 
Sulfid e sa m pi e fr o m a ca rbo na te ve in in co nt ac t w ith bl ac k sc hi s!. Py rrh o tite domin a tes , w ith min o r 
cha lco pyrite a nd py rite a lso occ urin g in th e ve in . 

S 154B / I 0 2 .45- 1 02. 55: 
Sulfide sa mpi e fro m a metadi a ba se w ith c ha lco pyrite a nd pyrrh o tite . Hi g h Au -co nte nt s have bee n o bt ai ned 
fro m thi s drill -co re secti o n (Lambe rg & T o ikk a ne n 199 1). In thin sec ti o n o ne c ha lcop y rite- hos ted Au -gra in 
was fo und . The sa mpi e a lso co nt a in s a bu da n t ilm e nit e and rutil e. 

S 154 8 1124 .65- 124 .7 5 : 
Sulfide sa m pi e f ro m a b lack sc hi s t , c ut by a s ulfid e-ca rbo na te ve in co nta inin g py rrh o tite, c ha lcopy rite , a nd 
pyr ite. S o me of th e py rite has g row n ove r the ca rbo na tes. The ve in is c ut by a thin carbo na te-pyrite ve in le t. 

S 154811 39 .80 - 139.90 : 
W all roc k sa m pi e f rom a sulfid e-poo r bl ac k sc hi s!. 

S 154BII43.00- 143. 1 0 : 
W a ll roc k sa mpi e fro m a sul fi de- poo r bl ack sc hi s!. Co mp a red w ith th e precedin g sa mpi e thi s co nt a in s mo re 
g raphite. 

S 154811 49 .80 - 149. 90 : 
Su lfid e sa mpi e fro m a s heared bl ac k sc hi st , in whi c h py rite is as soc ia ted with sha rpl y fo lded qu a rt z ri c h 
laye rs . Th e sc hi st conta in s diffuse chlorite- ri c h frag me nt s . 

20 E/ 197 .50- 197 .65 : 
Su lf ide sa m pi e fro m a g rade d a lbite -ca rbo na te roc k . C ha lc o pyri te occ urs as f1 a tte ned g ra in s pa ra ll e l to th e 
sc hi s tosy direc ti o n. Hi g h A u-, U- , Pb - a nd C u-co nte nts have bee n obt a in ed fr o m thi s d rill -co re sec ti o n 
(Lambe rg & T o ikka ne n 199 1). In thin sec ti o n , on e pyr rh o tite- hos ted A u-g ra in was fo und . 

N20E/2 03. 55-203.60: 
Sul f id e sa mpi e f ro m a g raded a nd fo ld ed a lb ite-ca rbo na te rock. Th e sulfi des, ma inl y c ha lco pyrite , a re mos tl y 
assoc ia ted w ith th e coa rse gra in ed qu a rt z laye rs co nta inin g p lag ioc lase lath s. Hi g h A u-co nte nt s have bee n 
re po rted from thi s dri II -cOI'e sec ti o n (L a m be rg & T o i kka ne n 199 1). 

N 20E/2 13.25 -2 13.3 5: 
S ulfid e sa mpi e fr o m sub- to e uh edra l py rit e in a mag ne tite-d issemin a ted me tadi a base. 

N 15 PI20.2 0-20.30: 
W all rock sa m pie f ro m a s li g htl y a lte red metadi a base. 
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A ppend ix 6 . Lead isolope dala from lhe Porkollen-Pahlavaara iron fromalion , Killilä (AS90. AS91) , and from 
lhe TOlO-Op volcanlcs, Kltulä (A874). 

ANAL. DRILL CORE LEAD ISOTOPE RATlOS 
NO . DEPTH (m) ROCK TYPE 206/204 207/204 208/204 

PORKON EN-PAHT A V AARA, Kittilä 1) 

A590* (Fig. 1) 
A Rl/22.80 greenstone 29.423 16.944 
8 R1/22 .80 banded greenstone 59.431 19.600 
C R1 /102 .50 sulphide rich schist 17.036 15.446 
D R1/140.80 sulphide rich schist 31.311 16.870 
E Rl/150.00 jas per, siderite 37.790 17.514 
F Rl/169.30 brecciated greenstone 25.001 16.357 
G R1/170.30 magnetite breccia 20.554 15.825 

H R1 siderite rich schist 58.032 19.421 

R1 banded tuffite 68 .583 21 .115 

K R1 greenstone 53.078 19.303 

A591 ** (Fig . 2) 
A R2/8 .50 greenstone 46.035 18.540 

8 R2/15.50 tuffite 59 .621 19.649 

C R2/17.60 jaspilite( + siderite) 20.392 15.768 

0 R2/20 .50 sulphide rich schist 42.845 17.611 

E R2/149 .70 greenstone, jaspilite 61 .056 19.646 

F R2/207 .80 sulphide rich schist 19.918 15.844 

G R2/212 .60 sulphide rich schist 21 .532 16.024 

H R2/212 .60 jaspilite 21.412 15.847 

I R2/297 .00 sulphide rich schist (CP) 28.587 16.593 

TOTO-OJA, Kittilä 2
) 

A874 * * * (Fig . 3) 
A R3/9.80 felsic volcanic rock (biotite) 57.357 19.432 

8 R3/16 .30 tuffitic band/felsic volcanic rock 39 .014 17.721 

C R3/21.50 porphyritic felsic volcanic rock 74.047 21 .135 

0 R3/28 .55 tuffite 36.873 17.543 

E R3/58 .90 porphyritic felsic volcanic rock 62 .333 19.907 

F R3/65 .90 porphyritic felsic volcanic rock 93.990 23 .014 

G R3/79.80 felsic volcanic rock 90 .173 22 .913 

H R3/83 .20 felsic volcanic rock 51 .605 19.566 

1) Source of sampies : Pentti Rastas, GSF. Analyses : Matti Sakko, GSF. 
*) R1 : x = 7517.94, y = 446 .46; **) R2 : x = 7517.95, y = 446.40; 
2) Source of sampies: Rautaruukki Oy. Analyses : Matti Sakko, GSF. 
** *) R3 : x = 7507 .28, y = 524.93 

37.868 
46 .193 
35.032 
39 .159 
38 .326 
37.070 
35 .868 
52.812 
58.439 
67.245 

73.268 
46.254 
35.627 
38.039 
49 .537 
35 .344 
35.738 
35.327 
36 .821 

69 .219 
44 .769 
80.141 
41.044 
80.417 
107.78 
109.36 
135.45 
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Append ix 6 . Continu ed. 

Fig. 1 . 206Pbf o4Pb vs . 207Pb/204 Pb diagram, 
A590 Parkanen-Pahtavaara, drill care R 1 . 

Fig . 2 . 206Pbf o4Pb vs. 207 Pb/204Pb diagram, 
A591 Parkanen-Pahtavaara, drill care R2 . 

Fig . 3 . 206Pbf o4Pb vs . 207 Pb/204Pb diagram, 
A874 Tata-Oja, drill ca re R3 . 
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