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INTRODUCTION 

The first comprehensive study of lead iso

topic composrtions of Finnish galenas from a 
wide variety of geologie al environments was 

published by 01avi Kouvo and Laurence Kulp 
in 1961. Although the data suffered from un
certainties in the determination of the 206Pbl 

204Pb-ratio, and some of the interpretations 

were hampered by an insufficient number of 
existing radiometrie dates from adjoining 

rocks, they demonstrated that there was a 

distinct difference between the leads of the 
Svecofennian and Kareli<an orogenie subunits. 
The Svecofennian leads yielded model ages 
consistently around 1800 Ma, whereas the 
Karelian leads formed a cluster on the 206Pbl 

204Pb vs. 207Pb/ 204Pb diagram with model ages 

ranging from 2050 up to 2300 Ma. The reason 
for the ,abnormal ,behaviour of the Karelian 

leads was thought to be either an earlier 

his tory of the lead or its evolution in an 
unusual crustal environment. 

A large number of new lead isotopk ana
lyses, generally supporting the point made 

by Kouvo & Kulp (1961), were published in 

the Annual Reports of the Geological Survey 

of Finland (hereafter referred to as GSF) in 
1965 and 1966. 

In the course of an interlaboratory com
parison of sampies G16, G25 and G30 (GSF 
1973, p . 16) it was found that the resuHs dif

ferred significantly from those obtained by 
Kouvo and Kulp (1961). Moreover, the intro
duction of the new decay constants for ura

nium (Jaffey et ar. 1971) and thorium (LeRoux 

& Glendenin 1963), the redetermination of the 
meteorite isochron and especially of the lead 
isotopic composition ofthe Canyon Diabio 
troilite lead (Tatsumoto et ar. 1973) rendered 
any single stage lead evolution model obso

lete. All these factors contributed to the de
cision to reanalyze the Finnish galena mate
rial employing rigorous isotopic fractionation 
control and frequent standardization du ring 

the investigation. The data were to be inter
preted on the basis of the latest lead evolu
tion models and with the help of geochro
nologic data accumulated since the early 

1960s. 

ANALYTICAL PROCEDURES 

As a rule, 'the galenas were chipped off 

handspecimens or fragments of diamond 
drill cores. They were cleaned of silioates and 
other sulfides by handpicking under a stereo

scopie microscope. In some rare cases, when 
galena occurred as fine-gr,ained dissemina-

tions, the sampies were ground and the ga

lenas were handpicked fram heavy (d > 
4.2 g/cm3), nonmagnetic separates. 

The chemioal treatment was as reparted 
by Vaasjoki (1977, p. 12). 

Each sampie was prepared in duplicate. 
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Two mass spectrometer analyses (runs) were 
performed on one, and one run on the other 
batch. If the difference between ,tJhe batches 
seemed significant, Le the standard deviations 
did not overlap, the second batch was ana
lyzed again. If the results of three runs coin
cided, the deviating fourth was rejected. In 
the sole case where there seemed to be a sig
nificant difference between the duplicates, a 
third analysis of a new mineral separate 
demonstrated 1;he isotopic homogeneity of the 

sample. 
The samples from the rapakivi granites 

(Vaasjoki 1977) were run on the older mass
spectrometer of the laboratory of the Geologi
cal Survey of Finland, in which fractiona
tion w,as controlled by maintaining the power 
on the filaments 'as constant as possible. Since 
the dimensions of 'the filaments vary, this in
volved the measurement of both the voltage 
and the current and the calculation of their 
product. All other analyses were carried out 
on the newer instrument, which is a z-focus
ing single filament mass-spectrometer built 
at the Geologioal Survey accOlding to the 
desi~n of the Department of Terrestrial Mag
netism of the Oarnegie Institution, Washing-

ton D.C. In this version, it is possible to 
measure the filament temperature directly 
by means of an optical pyrometer. The fila
ment temperature was first kept at 1150o C, 
but as experience was gained on the new 
instrument, the running 'temper,ature was 
raised to 1200°C. The manufaeturers report 
the accuracy of ,the pyrometer used as ± 5°C 
in this temperature range. Tests involving 
three staff members of the la:bomtory indicat
ed and a'VeI1age »personal» difference of 
± 3°C. Thus there are grounds for assuming 
that the 'tempemture differences between runs 
never exceeded ± 10°C. 

The results were normalized by comparison 
with the CIT standard lead, which was run 
2-3 times lafter every 60-80 runs . The 
values reported by Catanzaro (1967) were 
assumed to be correct. The average correction 
was + 0.08 0J0 per mass-unit. The reliability of 
the standardization is demonstrated by the 
interlaboratory comparison of samples G25, 
G30 and G16 (GSF 1973, p. 16) carried out by 
Drs Olavi Kouvo (Geological Survey, Finland) 
and Bruce Doe (United States Geological SUiI"
vey, Denver). The precision of the reported 
ratios is on average ± 0.07 0/ 0. 

GRAPHICAL PRESENTATION OF DATA 

The 206Pb/204Pb VS. 207Pb/204Pb diagram 

This presen'tation invol'Ves the uranogenic 
lead isotopes 206Pb and 207Pb ,and the non

radiogenic 204Pb. It thus reflects the changes 
which have occurred in the U,Pb systematics 
of the material ,analyzed. For galenas, this 

essen:tially represents llhe history of their 
leads before :their final crystalliza:tion. 

The drawback of the di'agl1a!m is Hs sen
sitivity to errors in the measurements of the 
204Pb and the correlated error arising from 

this (e.g., Kanasewich 1968, Fig. 7) . On the 
other hand, it is particularly attraetive, be
cause i't involves only the U,Pb system, and 
the isotopic fractionation of uranium in na
ture has been demonstrated only in one un
usual case, the Oklo natural reaetor in Gabon 
(IAEA 1975). Thus on this diagram each point 

is defined by a unique pair of parameters 
consisting of the 238U/204Pb ratio (fl) and the 

model age. Moreov,er, since geological 
processes are not known to cause any isotopic 
fractionation of lead, ·and the nonr,adiogenic 



204Pb provides a natural reference isotope, the 
diagram is eminently suited for the calcula
tion of high er order isochron ages . 

The 204Ph/206Ph vs. 207Ph/206Ph diagram 

This diagram contains essentially the same 
information as the previous one but, as th e 
ordinate is based on the more p recise 207Pb/ 
206Pb ratio, it does not suffer from the correla

ted error. The main difference ,to the pre
vious diagram is that the ,age of a higher 
order isochron is given by the intersection of 
the 207Pb/206Pb axis. The slope of a straight 
line on this diagram has no simple geological 
meaning. 

A drawback of 'th is dLagram is that it is 
practically impossible to present common lead 
data at a sufficiently large scale together wrth 
the complete 207Pb/206Pb axis, and thus t h e 

visual comparison of isochron data is diffi
cult. 

The 206Ph/204Ph vs. 208Ph/204Ph diagram 

This diagram is 'also sensi:tive to errors in 
the measurement of the 206Pb/204Bb ratio and 

the correlated ,error arising from it. Since it 
involves the thorogenic 208Pb, it is particular

ly useful for the detection of changes in the 
U, Th systematics of the geochemical environ
ment studied. Jits dependence on both U, Pb 
and Th, Pb pairs gives it one degree of free
dom, whioh tmakes both model and isochron 
ag es douMful. 

The trilinear 206Ph_207Ph_208Ph dia gram 
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ti on al trilinear plot weIl known from petrol
ogy. Thus, e.g . 'the 206Pb coordinate of a 
given ,analysis is: 

206Pb 
206Pb = X 100 

206Pb + 207Pb + 208Pb 

which by dividing the righ t side by 206Pb be
comes: 

1 
206Pb = X 100 

1 + 207Pb/206Pb + 208Pb/206Pb 

By the same procedure, rthe other two coor
dinates become: 

and 

208Rb/206Pb 
208Pb = X 100. 

1 + 207Pb/206Pb + 208Pb/206Pb 

It is evident that the effect of t he 206Pb/ 
204Pb ratio is not expressed on the trilinear 
plot. From a theoretical poin t of view this 
should therefore be the ideal way to present 
lead isotopic results, because the main source 
of unreliabi'lity is eliminated {e.g. Richards 

1962). However, i:t should be kept in mind 
thai this presentation involves all the three 
elements affecting the geochemioal history of 
lead. Therefore, rior sampIes with similar U, 
Pb-, but dtfferent Th, Pb-histories (or vice 
versa), the distribution of the data on the 
diagram becomes inconcIusive. 

It is easily shown Itha:t for sampIes defining 
a stDaight line on this diagram t he change in 
the 208Pb coordinate is proportional to the 
change of the 206Pb coordinate. This can be 

interpreted as ,a development tram the same 
inttial lead wäh olosely rela'ted subsequent 

On the 206Pb_ 207Pb_ 208Pb diagram the mo- changes in the U,Th-Pb system. In geological 

lar abundances of the three radiogenic lead terms, sampIes defining 'a straight line on the 
isotopes are reduced to percentages yielding a trilinear lead diagmm probably belong to the 

sum of 100, and are presented on a conven- same geochemical system. 

- --- - ---------------------------------
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SAMPLING AND GROUPING THE SAMPLE MATERIAL 

The sampling was determined ,to a grea't 

extent by the need to reanalyze 'already 
existing material. The work was restrieted 

to sampIes eolleeted from outerops, and no 
results from ore-eontaining boulders are pre
sented. Leads exhibiting future or modern 
model ag es were rejected, because they have 

all probably experieneed muHistage histories. 

No other applioation of the »aeeepted age» 

prineiple was made. 

Towards the end of the study, when the 
general pieture of the data had already emer
ged, a spedal effort was made to extend the 
geographical eoverage and 'to assess bhe dif
ferenees and simila,rities between the various 

E;;J A 

BJ 8 

Oe 
BD 
OE 
~ F 

§G 

100 km 

lead groups established. In all , 85 sampIes 
from 54 different loealities, ranging from the 

40 million ton Outokumpu ore deposit to 
subordinate sulfide disseminations and in
eonspieuous veins a 1ew millimeters in width, 

were analyzed. 
The initial division of the sampIe material 

into seven groups was based on the geologie 

environment alone in the following m,anner: 

A. The Archean basement leads are found in 

rocks belonging to the soealled Presveeo
karelian basement. Radiometrie ages for 

zireons of these areas range from 2600 to 

2800 Ma (e.g. Kouvo 1958, 1976; Wetherill 
et al. 1962; Kouvo & Tilton 1966). 

Fig. 1. Location of the sampling 
sites, For symbols of the localities, 
consult Fig. 2. Geological back
ground simplified from Simonen 
(1962). A. Archean supracrustal for
mations. B. Archean gneissose gran
ites. C. Layered gabbro intrusions. 
D. Svecokarelian supracrustal for
mations. E. Svecokarelian intrusive 
rocks, mainly granitoids. F . Rapa
kivi granites. G. Jotnian unmeta-

morphosed sediments. 



B. Deposits in the Ka7'elian schists are usu
,ally epigenetic mineralizations. In order 
to be dassified into ,this category, the 
mineraliz'ation had ,to lie relatively close 

to the Archean basement in rocks of es tab
lished Karelian nature. Thus, for exam

pie, the OCCUI1rences in the main sulfide 
ore belt as defined by Kahma (1973) , 

which were reported by Kouvo and Kulp 
(1961) as KaI1elian leads, are not consid
ered in this group. 

C. The Outokumpu mine. Bath the geological 

environment and the lead isatopic com

position of the Outokumpu copper ore 

deposit and some other associated deposits 
(e.g. Luikanlahti and Vuonos, Kahma 1973) 
are unique in Fin}and. 'Dhe Outokumpu 

ore complex (see Appendix 1) is situated 
in the ~alevian micaschists ,and phyllites, 
which are ,thought to presentthe flysch

f'acies of the Karelian sedimentation. It 
should be noted, that the »ages» of the 

Outokumpu ores r,eferred to in 'the litera

ture (e.g . Kahma 1973 and 1978) are based 
on lead model lage calcula:tions from data 
obtained for galenas, and may therefore 
not be related ,to the true age of the 

deposit. 

D. Leads from the main sulfide ore belt. All 

sampled ores are situated in schists of 

probable voleanic origin (Nikander 1976; 
Rauhamäki et al. 1978; Helovuori 1979; 
Huhtala 1979). Usually there are two 
'types of ares within each deposit: pyritic 
Cu-Fe-S ores land sphaleritic Zn-Pb-Cu 

ores. Comparisons have been drawn be

tween these ores and the yellow and hlack 
Kuroko ores 1n Japan, and the origin of 
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the ores is ascribed to synsedimenta'tional 
volcanic .activity in a marine environment 
(Rauhamäki et al. 1978; Rehtijärvi et al. 
1979) . For descriptions of the individual 

deposits 'and further references see Ap
pendix 1. 

Two galena occurrences from the Kan
kaanpää area, SW-F~nland (no :s 24 and 25 
in Fig. 1) were included in this group of 

deposits on the basis of ,their lead isotopic 
composition. 

E. Leads from the Centml Finnish batholith 

area come from mineraliz'ations situated 

in small supracrustal zones surrounded by 
granites, granodiorites and gabbros. The 
supracrustal series consist mostly of meta
volcanic rocks. No mineralization in this 
area is, by present standards, of ,any eco
nomic importance. 

F . Leads from the Svecofennian supracrustal 
rocks represent 'a multitude of geologie 

environments ranging from skarn forma
tions (e.g. Orijärvi) to quartzitic veins in 

shear zones (e.g. Koskenkylä, Pernaja) and 

Svecofennian roof pendants in the rapa
kivi granites (Hyvärilä, Lemi). 

G. Leads from the rapakivi granite massifs 
consist mainly of greisen lodes around the 
youngest intrusive phJases of each massif 
and epigenetic quartz-epidote-galena 

veins. They have recerrtly been dealt with 

in detail (V1aasjoki 1977) and are included 

in this study !for the sake of completeness 
only. 

Short descriptions of the s'ampled deposits 

are given in Appendix 1, ,and their !ocations 

in relation of the main geologie units of Fin
land are given in Fig. 1. 

RESULTS 

The analytical data obtained are summar

ized in Table 1 together with the milieu 

indices jJ, and W land the model ag es for both 

the two-stage model af Stacey and Kramers 
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Table 1. Lead isotopic data from Finnish galenas 0' 
IJQ ;:;. 

Lead isotopic Ratios Stacey and Kramers Cwnming and Richards e 
(fJ. 

SampIe locality 
Model Model C ... 

206/ 204 207/ 204 208/ 204 age I' W age I' W < 
Ma Ma ro 

'< 
0 

A. Archean basement leads 
.... 

G 33 Saarikylä, Suomussalmi 13.600 33 .440 55.65 2825 11.388 45.931 
"J 

14.863 3020 13.78 S 
G 305 Saarikylä, Suomussalmi 13.606 14.879 33 .494 3036 14.14 58.40 2831 11.447 46.743 Ql 

G 306 Saarikylä, Suomussalmi 14.030 15.003 33.829 2766 12.021 47.93 2603 11.182 44.592 ::l 

G 168 Viitaranta, Ilomantsi 14.686 15.158 34.715 2367 10.660 45.49 2249 10.922 45.346 .fL 

G 145 Suhanko, Ranua 14.716 15.192 34.556 2389 10.913 44.11 2254 11.005 44.060 lJj 

2-G 31 Huhus, Ilomantsi 14.828 15.227 34.936 2341 10.897 47.47 2204 11.012 46.326 ro 
G 54 Hevoskumpu, Tuupovaara 15.099 15.239 34 .682 2124 10.256 38.34 2028 10.821 41.067 M-

G 149 Tapaninkylä, Hyrynsalmi 15.139 15.325 34.969 2217 10.93 44.01 2069 11 .057 44.048 6' 
G 128 Pahkakoski, Yli-Ii 15.155 15.422 35.049 2336 11.827 48 .74 2131 11 .348 45.862 w ..... 

'" B. Deposits in Karelian schists 

G 183 Hammaslahti Mine 14.744 15.120 34.800 2257 10.091 43.16 2179 10.742 44.705 
G 75 Mosku, Tohmajärvi 14.958 15.182 34.813 2160 10.091 40.67 2079 10.754 42.976 
G 289 Runkaus, Tervola 14.986 15.337 35.468 2360 11.511 55.04 2180 11.225 50.336 
G 82 Tikkala, Tohmajärvi 15.030 15.240 34.937 2185 10.43 42.75 2075 10.877 43.917 
G 303 Kolmisoppi, Sotkamo 15.077 15.241 34.815 2145 10.322 40.33 2044 10.843 42.388 
G 153 Runkaus, Tervola 15.147 15.371 35.285 2274 11.341 49.57 2098 11.194 47.152 
G 41 Niittylahti, Pyhäselkä 15.249 15.286 34.934 2067 10.318 39.76 1963 10.853 41.981 
G 152 Mieslahti, Paltamo 15.258 15.360 35.144 2168 10.936 44.66 2016 11.071 44.501 
G 304 Suoranta, Pyhäselkä 15.310 15.281 34.935 2009 10.155 38.45 1919 10.797 41.265 
G 296 Suoranta, Pyhäselkä 15.341 15.313 35.041 2031 10.350 40.06 1923 10.870 42.146 
G 302 Koli, Lieksa 15.675 15.458 35 .273 1977 10.863 41.20 1820 11.084 42 .231 

C. The Outokumpu mine 
G 170 Outokumpu mine 14.716 15.015 34.471 2113 9.200 35.75 2114 10.426 40.808 
G 30 Outokumpu mine 14.731 15.016 34.476 2100 9.174 35.52 2104 10.416 40.673 
G 40 Outokumpu mine 14.873 15.056 34.533 2034 9.206 34.77 2036 10.428 40.019 



----------

D. Leads tram the main sulfide are belt 

G 295 Pukkiharju, Rautalampi 15.091 15.125 34.765 1950 9.335 35.49 1940 10.478 40.304 
G 17 Säviä, Pielavesi 15.102 15.115 34.771 1924 9.243 35.06 1924 10.443 40.113 
G 25 Pyhäsalmi mine 15.111 15.147 34.835 1969 9.470 36.57 1944 10.531 40.911 
G 26 Vihanti mine 15.125 15.128 34.870 1925 9.303 36 .07 1918 10.4 40.778 
G 106 Jylhä, Pielavesi 15.128 15.145 34.805 1950 9.426 35 .91 1931 10.514 40.474 
G 89 Vihanti mine 15.131 15.131 34.878 1925 9.313 36.14 1917 10.47 40.820 
G 57 Kumpuselkä , Keitele 15.134 15.107 34.709 1881 9.128 33.68 1895 10.397 39.206 
G 93 Vihanti mine 15.137 15.137 34.886 1930 9.352 36.32 1919 10.485 40.894 
G 92 Vihanti mine 15.138 15.136 34.890 1927 9.338 36.29 1917 10.48 40.893 
G 90 Vihanti mine 15.144 15.130 34.870 1913 9.288 35.82 1908 10.460 40.611 
G 87 Vihanti mine 15.144 15.146 34.869 1938 9.404 36.30 1920 10.506 40.795 
G 126 Vihanti mine 15.15 15.146 34.896 1934 9.398 36 .49 1917 10.503 40.95 
G 91 Vihanti mine 15.150 15.158 34.941 1952 9.487 37.32 1927 10.538 41.438 
G 86 Vihanti mine 15.151 15.153 34.873 1943 9.445 36.44 1921 10.521 40.839 
G 88 Vihanti mine 15.153 15.156 34.942 1945 9.462 37.18 1922 10.528 41.378 
G 74 Heittala, Kankaanpää 15.155 15.172 34.929 1971 9.588 37.57 1935 10.577 41.474 
G 58 Kumpuselkä, Keitele 15.162 15.186 34.963 1987 9.685 38.27 1942 10.614 41.847 
G 286 Vihanti mine 15.173 15.170 34.955 1951 9.538 37.44 1920 10.558 41.450 
G 292 Verttuunjärvi, Kankaanpää 15.230 15.167 34.916 1898 9.420 35.99 1879 10.512 40.514 (l 

'" E. Leads tram the central Finnish bathalith area 0 
0' 

G 70 Verttuunjärvi, Kankaanpää 15.383 15.234 35.024 1875 9.668 36.60 1831 10.613 40.582 01l 

G 100 Kaipola, Jämsä 15.389 15.225 35.010 1853 9.586 36.06 1818 10.581 40.289 
;:;. 

G 293 Verttuunjärvi, Kankaanpää 15.409 15.267 35.263 1904 9.866 39 .51 1840 10.691 42.472 
g:. 

G 118 Lepomäki, Hämeenkyrö 15.416 15.223 35.026 1827 9.531 35 .73 1798 10.559 40.111 C/J 
~ 

G 45 Visuvesi, Kuru 15.450 15.224 35.019 1801 9.491 35.19 1776 10.543 39.747 ,., 
<: 

G 95 Sykäräinen, Toholampi 15.451 15.198 35 .006 1756 9.305 34.29 1753 10.468 39.318 '" '< 
G 96 Sykäräinen, Toholampi 15.470 15.224 35.092 1783 9.460 35.55 1762 10.531 40.065 0 
G 84 Muittari, Saarijärvi 15.518 15.266 35.055 1811 9.687 35.71 1766 10.624 39.850 ..., 
G 85 Muittari, Saarijärvi 15.528 15.293 35 .120 1846 9.866 36.97 1782 10.695 40.545 "j 

G 122 Tarhapää, Keuruu 15.529 15.280 35.131 1824 9.77 36.66 1770 10.657 40.451 S' 
G 294 Muurame 15.552 15.300 35.183 1837 9.878 37.39 1771 10.701 40.846 

j;;' 
::s 

G 98 Korpilahti 15.552 15.304 35.178 1843 9.905 37.45 1774 10.711 40.850 P. 
G 83 Muittari, Saarijärvi 15.557 15.310 35.166 1849 9.946 37.46 1777 10.727 40.797 l:lJ 
G 15 Karna, Viitasaari 15.561 15.278 35.147 1795 9.712 36.28 1747 10.634 40.236 E: 
G 307 Koijärvi , Forssa 15.569 15.234 35.066 1716 9.396 34.18 1704 10.505 39.058 ~ 
G 16 Ritovuori, Pihtipudas 15.577 15.287 35.164 1796 9.748 36.44 1744 10.649 40.303 S' 
G 173 Alajärvi 15.595 15.281 35.157 1771 9.682 35.93 1726 10.623 40.006 

'" G 99 Tahkonsaari, Korpilahti 15.510 15.276 35.113 1832 9.765 36.66 1779 10.65 40.45 .... 
'" 



Q 
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Table 1. eon t. 
C:;. 

~ 
UJ c 

F . Leads from Svecofennian supracrustal rocks '1 
<: 

G 11 Attu, Pa rainen 15.66 15.327 35.192 1792 9.912 36.63 1722 10.717 40.194 It> 
'<: 

G 284 Tervasmäki, Nurmo 15.673 15.340 35.228 1801 9.984 37 .1 3 1724 10.746 40.473 0 
G 283 Marttalanniemi, Nurmo 15.685 15.343 35.237 1797 9.991 37.13 1719 10.75 40.465 

..... 
G 282 Ylimysjärvi, Nurmo 15.688 15.341 35.214 1791 9.971 36.81 1715 10.742 40.248 "'J 

G 12 Orijärvi, Kisko 15.699 15.356 35.261 1805 10.061 37.52 1720 10.778 40.649 ~ 
III 

G 263 Koskenkylä, Pernaja 15.705 15.336 35.250 1769 9.910 36.74 1700 10.718 40.277 ;:l 

G 169 Karkalinniemi 15.710 15.347 35.195 1782 9.982 36.49 1705 10.747 39.979 .P 
G 52 Lammi 15.712 15.327 35.325 1749 9.840 37.07 1687 10.69 40.624 tJ:I 
G 7 Hyvärilä, Lemi 15.719 15.373 35.280 1815 10.150 37 .88 1721 10.814 40.798 § 
G 288 LOhjansaari 15.720 15.337 35 .210 1757 9.890 36.16 1690 10.711 41.703 It> 

M-

G 9 Korsnäs mine 15.721 15.330 35.277 1747 9.849 36.59 1684 10.694 40.246 S· 
G 13 P akila, Helsinki 15.725 15.366 35.275 1800 10.092 37.54 1711 10.791 40.622 '" G 48 Hästö, Perniö 15.745 15.371 35.324 1792 10.100 37 .85 1702 10.795 40.836 

,.... 
0> 

G 266 Koskenkylä , Pernaja 15.802 15.388 35.360 1772 10.136 37 .81 1679 10.812 40.751 

G. L eads from the rapakivi granite areas 
G272 Hogland, USSR 15.908 15.367 35.380 1655 9.857 35.91 1592 10.702 39.678 
G 63 Taivassalo 15.968 15.388 35.540 1641 9.924 37.06 1570 10.731 40.458 
G 274 Eurajoki 16.037 15.381 35.764 1575 9.801 37.84 1519 10.682 41.243 
G 260 Eurajoki 16.067 15.403 35.724 1587 9.908 37.70 1518 10.727 40.972 
G 259 Eurajoki 16.071 15.417 35.856 1606 9.993 39.15 1528 10.763 41.967 
G 261 Peippola, Kymi 16.073 15.420 35.760 1609 10.010 38.39 1529 10.770 41.354 
G 151 Peippola, Kymi 16.094 15.429 35.660 1607 10.044 37 .51 1523 10.785 40.616 
G 141 Anjalankoski 16.251 15.441 35.740 1505 9.954 36.49 1431 10.752 39.933 
G 277 Koskenkylä, Pernaja 16.273 15.464 35.740 1525 10.074 36.81 1437 10.803 40.007 
G 62 Anjalankoski 16.334 15.471 35.840 1490 10.057 37.06 1404 10.798 40.216 
G 258 Finnström 16.470 15.458 35.924 1365 9.858 35.82 1304 10.714 39.498 

All data normalized against the CIT-standard lead (Catanzaro 1967) 
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GALENAS FROM FINLAND 

o RAPAKIVI GRANITES 

" SVECOFENNIAN SUPRACRUSTAL FORMATIONS 

• 8ATHOLITH OF CENTRAL FINLAND 
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D KARELIAN SCHISTS 
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Fig. 2. The 206Pb/204Pb vs. 207Pb/204Pb diagram. Growth eurves aeeording to the two- stage model 
of Staeey and Kramers (1975). The middle eurve is their average global lead growth eurve. The trend 

of the Sveeokarelia n orogenie leads is indieated by a so!id !ine. 

(1975, hereafter referred to as the SK-model) 

and th e linear u ranium accretion model of 

Cumming and Riehards (1975, h ereafter re

ferred to as the CR-model) . The data are 

plotted on the diagrams discussed on pp. 6-

7 in Figures 2-5. The following features 

are evident : 

A. The sampJes from t he Archean basement 

are widely scattered on all d iagrams. 
Their model ages range from 3000-2000 

Ma for the SK- and from 2800-2000 Ma 
for the CR-model. A characteristic feature 

of these leads is the h igh values of both 
,u and W, irrespective of the model em
ployed. On the trilinear diagmm (Fig. 4) , 

sampIes with younger model .ages tend to 
plot towards the uranogenic lead field . 

B . SampIes from the Karelian schists exhibit 

lead isotopic patterns and fl and W rela
tionships silTIlHar to those of the Archean 
group, ,though the range of their model 

ages is considel'ably smaller, being 2360-
1970 Ma for the SK- and 2180-1820 Ma 

for the CR-model. 

C. The large Outokumpu copper ore deposit 
has a lead isotopic composition which is 

unique in Finland. The fl and W values 
are the lowest encountered during this 
study. The ages yielded by the two models 
are in excellent agreement around 2100 
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Fig. 3. The 206Pb/204Pb vs. 208Pb/204Pb diagram. The growth eurve is the average global growth 
eurve as ealeulated by Staeey and Kramers (1975). The trend of the Sveeokarelian orogenie leads is 

indieated. Symbols as in Fig. 2. 

Ma. SampIe G40 represents a skarn zone 
wrthin the deposit, land its lead isotopic 
composition i,s probaJbly due to reactions 
during the Svecokarelian regionall meta
morphism. 

D. The group of sampIes from t he main sul
fide ore belt is the most coherent en
counter,ed du ring this study. The model 
ages are mostly of the order 2000- 1900 
Ma, and for eadh sampIe the resulrts of 
botJh models agree quite weIl. The values 
of ft and W for both models lare definitely 

lower than those for the conformable lead 
growth CUfves of either of the models 
employed. 

E . The leads from t he Central Fj:nnish batho
lith area exhibit 'a fairly large range of 
lead isotopic compO-sitions with 206P b l 

2o"'P b mtios :flrom 15.38 to 15.6. The model 
ag es range from 1900 to 1700 Ma for the 
SK- and from 1850 to 1700 Ma for the CR
model. Both ft land W tend to increase as 
'1he ,leads become more radiogenic, and 
the sampIes plot quite elose '10 the con-



focmable lead growth eurve of both 
models. 

F . The leads from the strongly migmatized 
Sveeofennian supraerustal formations 
form a surprisingly eoherent group when 
the wide variety of their genetie environ
ments is eonsidered. The analytieal data 
plot slightly above rthe eonformable lead 
growth eurves on the 20GPb/204Pb vs. 207Pbl 

204Pb diagram, wh ich also is refleeted in 
thE' values for both f-t and W . The model 
agBs ar·e 1800-1750 Ma for the SK- and 
1725-1680 Ma for the CR-model. 

G. Th _ lead isotopie eomposition from the 
galena mineralizations of the rapakivi 
granites are variable. Vaasjoki (1977, pp. 
42--51) suggested on the basis of eom
bined isotopie and mineralogie observa-

2L 
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tions, that the leads in these mineraliz
ations beeome more radiogenie as the 
temperature and press ure of their forma
tion deerease. 

Perhaps the most striking feature of the 
data presented is tha:t the leads from the 
Outokumpu mine, the main sulfide ore belt, 
the Central Finnish batholith area and the 
Sveeofennian supr>aerustal belt define a sub
linear trend on all diagrams. It is worth not
ing that .two of the sampIes from Outokumpu 
(G30, G 170) faU slightly off 'the general trend 
in Figs. 2 and 3, but are in perfeet coneert 
with it on the trilinear lead diagram (Fig. 4) 

where the total effeets of the U,Th-Pb sys
tematies beeome evident. 

The data warr>a:nt the eonelusion that 
groups C, D, E and F form a sampIe popula-

206Pb 

2200 • \ 
- - I:b -

13 

207PbI-----5::!'3-~~-~_~-~~-~~___;:":-----------....,,..208Pb 

Fig. 4. The trilinear 20GPb_207Pb_208Pb dia gram. Sampies from Saarikylä , 
'Suomussalmi are omitted. The growth eurve from Stacey and Kramers 
(1975). The trend of the Sveeokarelian orogenie leads is indieated. Symbols 

as in Fig. 2. 
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tion intimately assoeiated with the Sveeo
karelian orogeny, and ean therefore be re
ferred to eolleetively as the Sveeokarelian 
orogenie leads. Besides the inereasing 206Pb! 
204Pb ratio, the main eharaeteristies of this 

group are: 

1) a eontinuous deerease in the lead model 
age, espeeially evident in Fig. 2, 

2) an inerease of the U!Pb ratio, and 

3) a deerease of the Th!U ratio in the souree 

material of these galenas. 

DISCUSSION 

Leads from the Archean basement and from 
the Karelides 

Radiometrie U, Pb ag es of zireons from the 
Arehean basement eomplex range from 2600 
to 2800 Ma (Kouvo 1958, 1976 ; Wetherill et al. 

1962; Kouvo & Tilton 1966). The basement is 
uneonformably overlain by the Jat ulian 
quartzites, whieh are intruded by mafie vol
eanie rocks and diabases yielding zireon U,Pb 
ages from 2000 to 2200 Ma (Sakko 1971 ; Simo
nen et al. 1978). In southern Lapland the 
Jatulian overlies layered mafie intrusions (Fig. 
1), whieh have been dated at 2450 Ma (Kouvo 
1976). The middle sueeession of the Karelides, 
the so-ealled Marine Ja tulian, eonsists of dolo
mites, blaek sehists and banded iron forma
tions. One of the banded iron formations has 
yielded a whole rock lead isochron age of 2080 
Ma (Sakko & Laajoki 1975). The uppermost 
part of the Karelides, the Kalevian miea
schist-dolomite formation, is cut by the 1880 
Ma old Sveeokarelidie orogenie granitoids. 

It is obvious that 'the lead model ages for 
the galenas from the Archean and ~arelian 
mineI'alizations bear no relation to their true 
ages. Rather the wide variation of the lead 
isotopie eompositions within both groups sug
gests that these mineI'alizations have under
gone several phases of development. The high 
milieu indices point towards environments 
unusually rieh in uranium and thorium as 
eompared to lead. Aecording to the plum-

boteetonies model (Doe & Zartman 1979), this 
would eorrespond to lead evolution in th e 
upper erust. 

The most surprising result is that the least 
r adiogenie leads of the Archean basement 
eomplex, ·the sampies from Saarikylä, Suo
mussalmi, have the highest ,u values encoun
tered in this study. Considering that the 
model ag es of the samp'les are in good agree
ment with radiometrie U,Pb dates of 2600-

3000 Ma obtained from zireons from the Kuh
mo-Suomussalmi greenstone belt (Kouvo, per
sonal eommunication), it may well be that 
the high fL valu es implied by samples G33 and 
G305 refleet a primary ,feature of t he Saari
kylä ore. In order to generate a high fl lead, 
there should have been repeated fractionation 
of uranium, thorium and lead between the 
mantle and the erust before the formation of 
the deposit. Thus the lead isotopie eomposi
ti on of the Saarikylä ore suggest that at least 
parts of the Arehean basement area may be 
eonsiderably older ·than is indieated by the 
radiometrie ages obtained so far. 

The variations in t he isotopie eompositions 
of the leads in the Archean basement eomplex 
ean be explained in the following manner: 
during the last Arehean orogeny, some 3000 
-2600 Ma ago, there oceurred one or more 
ore forming events, whieh resulted in the 
formation of a number of sulfide mineraliz
ations with a vari,ety of lead isotopie eomposi
tions. In the course of the Sveeokarelian orog-
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Fig. 5. The 204Pb/206Pb vs. 207Pb/206Pb diagram. 
The Archean basement sampIes and the galenas 
from the rapakivi granites are omitted. Note that 
the Karelian leads can be divided into two groups 

on this diagram. Symbols as in Fig. 2. 

eny, about 2200-1800 Ma ago, these mineral
izations were remobilized and radiogenic lead 

that had evolved in a crustal -environment, 

characterized by high U/Pb and Th/Pb ratios, 
was incorporated into them. The scatter of 

the Archean basement leads on 1he 1rilinear 
plot (Fig. 4) indicates that the mixing was of 
a local nature, land that no regional homogeni

zation of the lead isotopes occurred. 

The higher resolution of the 204Pb/206Pb vs. 
207Pb/206Pb plot (Fig. 5) reveals that the Kare

lian leads can be divided isotopically into 

two sUJbgroups. Galenas situated in the Jatu

lian volcanic rock elose to the Archean base-
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ment have high er U/Pb ratios in their source 
material than the other Karelian sampIes, 
which are situated mostly in the Kalevian 
fonmations. It is also worth noting, that the 
only mineable ore in ·this glroup, Hammasl'ahti, 
is the least nadiogenic lead of the group and 

plots elosest to the average growth curve. 

The epigenetic nature of the mineralizations 
in the Karelian schists in general and of the 
Hammaslahti ore in particular (Hyvärinen et 

al. 1977), as well as the proximity of the 
Archean basement to the more mdiogenic 

mineralizations suggests that these occurren
ces were formed during the Svecokarelian 
orogeny by hypogene material, which pene

trated both the basement and the sediments 
of the continental margin. While passing 
through the rocks with high U/Pb ratios, the 

hypogene material scavenged from them lead 

evolved in 'a crustal environment. The sub
linear trend of the Karelian leads on the 
trilinear plot (Fig. 4) suggests that the mixing 

of lead isotopes from a variety of sources was 
on a regional scale. 

The Sveeokarelian orogenie leads 

The Outakumpu are complex is situated in 
the Kalevian mica-schists and phyllites, which 

are thought to represent the iDlysch-flacies of 
the Karelian sedimentation. A lower lage limit 

to this phase of sedimentation is set by the 

Pb-Pb whole rook isochron age (2080 ± 45 Ma) 

of a Marine Jatulian iron formation (Sakko & 

Laajoki 1975). Adetrital zircon from the Vuo
nos mine has Illn apparent age of 2285 Ma 
(GSF 1976), which indicates the minimum age 

of the source material of the Kalevian rocks. 

A uraninite 'from the remobilized part of the 
Outokumpu ore has a U,Pb age of 1895 Ma 

(Kouvo & Tilton 1966). Whole rock Pb-Pb and 
U-Pb isochrons (Asa, unpublished data) indi

oate ages of 1896 -and 1875 Ma, respectively. 
Because the galena data (G30, G 170) plot be-
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low the isochrons , the ages yielded by the 
latter are thought to reflect the remobiliz
ation rather than the emplacement of the ore. 
The ore is cut by pegmatite dikes dated by 
Rb-Sr studies of muscovites at 1790 Ma (Kou
vo 1958, Kouvo & Tilton 1966). Likewise, 
phlogopite from a shear zone has yielded a 
Rb-Sr age of 1780 Ma (AB 7Rb = 1.42 X 10-11/ 

a) . 

A noteworthy feature is that the isotopic 
composition of the lead in the Outokumpu 
galenas is unique in the Karelides. The Ou
tokumpu mineralization is most likely volca
nie exhalative in origin (Mäkelä 1974). If 

formed at its preserrt site, immediately next to 
the Archean basement and enveloped in sedi
ments whose source material is at least 2285 
Ma old, it is surprising that the ore has not 
scavenged any significant amount of crustal 
lead, though mineralizations of much lesser 
extent and often emplaced under less sev,ere 
conditions have done so in ,the same geologioal 
environment. The ophiolitic nature of the Ou
tokumpu complex, its high chromium and co
balt contents, arrd its paucity of lead point 
towards an origin from abasie or ultrabasic 
source. Geochemically, it resembles in many 
ways the pyrrtic copper ore deposits of the 
Troodos complex on Cyprus, which are popu
larly regarded as having been formed by 
voloanic activity at an ocean ,rise (e.g. Sillitoe 
1972). However, the Outokumpu complex 
lacks signs of a submarine emplacement such 
as e.g. pillow lavas. In addition, it should be 
noted that ,the Troodos massif has also been 
inteI'preted as being due to a caldera collapse 
and subsequent Ifumarolic lactivity (Constan
tinou & Govett 1973). 

The interpretation of the Outokumpu ore 
complex as a remnant of an ancient piece of 
oceanic crust, thrust by ta nappe-forming 
movement (the F1 phase of Gaal et aL 1975) 
into the flysch sediments accumulating at an 
active continental margin (e.g. Väyrynen 
1939), could explain both the singular char-

acter of the ore as weH as the lead isotopic 
composition of its galenas, which deviates so 
much from the other leads encounter ed within 
the Karelian formations. 

Recently much new geochronologic d,ata 
has been outlined from the main sulfide ore 

beU. The oldest lage registered is a U,Pb date 
from zircons of granitic gneiss of 1932 ± 2 Ma 
(Helovuori 1979). A whole rock Pb-Pb iso
chron from the metavolcanic rocks in the Py
häsalmi area y ields lan apparent age of 1909 
± 27 Ma (op. eiL). The isochron passes w ithin 
analytical error through t he data point for the 
Pyhäsalmi ore lead (G25). Titanit es frorn the 
rocks of the Pyhäsalmi area generally yield 
ages around 1860 Ma. In the Vthanti area, an 
early orogenie dioritic gabbro has been dated 
by U,Pb lanalyses frorn zircons to be 1900 ± 
10 Ma old . Synorogenic granitoids yield an 
age of 1875 ± 15 Ma, and a titanite from a 
diabase dike cross-cutting the ore gives a 
U,Pb age of 1860 ± 15 Ma (Vaasjoki, unpub
lished data) . Whole rock Pb-Pb isochron and 
U,Pb data from the uraniferous phosphatic 
horizon sugges't a complete resetting of this 
U,Pb system at 1876 ± 2 Ma (Vaasjoki et aL 
1980). Thus the ores of the main sulfide ore 
belt have been emplaced before 1860 Ma. The 
fact tha t the whole rock lead isochron from 
the Pyhäsalmi rnetavolcanic sequence passes 
through the lead isotopic composition point of 
the galena from this deposit strongly supports 
the concept of a genetic link between the 
volcanic activity and the emplacement of the 
ores. From this point of view, the most likely 
age of deposition of the ores of the rnain sul
fide ore belot is 1880-1940 Ma. 

From the Central Finnish batholith area, a 
radiometrie age survey was recently published 
by Aho (1979) for the area surrounding the 
smaH Ritovuori mineralization at Pihtipudas 
(no. 36, Fig. 1). Zircons from both the rneta
volcanic rocks and the surrounding grani,toids 
give 'a U,Pb age of 1883 ± 20 Ma, and titanites 
as weH as monazites from the granitoids yield 



1800 Ma. A whole rock Pb-Pb isochron of the 
metavO'leanie rock suite yields an age of 1898 
± 26 Ma, whieh may possibly indieate the 
time of ore formation, sinee the isochron 
passes through the point defined by the Pihti
pudas galena (G16). Thus, though different in 
their lead isatopie eompositions, the Pyhä
salmi and Pihtipudas ores are essentially 
eoeval. 

There is abundant geoehronologie data from 
the plutonie rocks of 'the Svecofennian supra
crustal belt. Radiometrie U,Pb and Rb,Sr 
dates from a variety of minerals (e.g., Kouvo 
1958, 1976; GSF 1975, 1976 ,and 1977) indieate 
that in southern Finland the intrusion of the 
early orogenie gabbros oeeur.red ,about 1890 ± 
10 Ma ago. Synorogenie granodiorites were 
emplaeed during the interval from 1890 to 
1860 Ma. Late orogenie granites and pegma
tites, many of them migmatite forming, in
truded the area about 1835 ± 15 Ma aga 
(Vaasjoki et al.) . The orogenie period was 
followed by the emplacement of the post
orogenie granites around 1815 Ma in the 
Aland 'area and by the intrusion of the vast 
rapakivi massifs du ring the period from 1700 
to 1540 Ma (V1aasjoki 1977). Most of the lead 
mineralizations in 'iJhe Sveeofennian supra
erustal rocks oeeur either in quartzose veins 
eross-eutting ,the migmatites or in skarns 
formed du ring the migmatization. Thus, the 
most likely age for these deposits is from 
1850 to 1820 Ma. 

In summary, it is evident that the ore 
mineralizations exhibiting Sveeokarelian 
orogenie leads have been formed during a 
time interval with 'a lower limit at 1835 ± 
15 Ma 'and an upper limit ranging from 1880 
to 2080 Ma. The lower limit is dependent only 
on the error limits of U,Pb minera'l analyses 
from the late orogenie granites. The upper 
limit, however, depends to a large degree on 
the genetic interpretation of rthe Outokumpu 
ore deposit, and must be eonsidered an open 
question at the present time. Obviously, any 
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interpretation of the lead isotopie data from 
the Sveeokarelian orogenie mineralizations 
must reeognise this uneertainty. 

The applieation of the shortest possible time 
span of Sveeokarelian ore formation, about 
30 Ma, would render 'the event praetieaUy 
insiJantaneous as far as lead model appliea
tions are eonsidered. This means in effeet 
that it might be permissible to interpret the 
Sveeokarelian ore leads as mixtur es of two 
diserete leads, one formed at t he elosing 
phases of ,the Archean, about 2800-2600 Ma 
ago, and the other during the Middle Protero
zoie, about 1900-1800 Ma ago, with both 
leads plotting elose ,to 'an av·erage global 
growth eurve. Such interpretations have been 
offered for a number of Seandinavian leads 
on various oeeasions (e.g. Kanasewieh 1968 ; 
Ric~ard 1978). The data aeeumulated du ring 
this study indieate that the Sveeofennian 
supraerustal leads, whieh should represent 
the other end member of the mixture, imply 
for their sources ,u-values 10.0 ± 0.15 and 
10.8 ± 0.1 for the SK- and eR-models, respee
tively. The ,u-values implied by the least 
radiogenie Archean lead (Saarikylä, Suomus
salmi) 'are mueh high er, thus ruling it out as 
the other end member of the mixture. More
over, no leads have been deteeted between 
the Outokumpu ore lead and a hypothetieal 
Arehean end member. The present data 
therefore do not indieate a mixture of two 
diserete leads, 'though the possibili ty eannot 
be eompletely ruled out. It should also be 
pointed out that, if ,the Outokumpu deposit 
ean be proven to have been formed more than 
2000 Ma ago, the initilal requirement of the 
lead mixing model, ,a short time span of 
emplacement of the Sveeokarelian orogenie 
leads, would be obviated. 

The Sveeokarelian orogenie leads are plot
ted in Fig. 6 on a 206Pb/204Rb vs. 207Pb/204Pb 
diagram together with ,the mantle and oro
gene growiJh eurves from the plumboteetonies 
model 1of Doe and Zartman (1979) . This model 
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Fig. 6. The r elationship of the Sveeoka relian orogenie leads to the m a ntle and oroge ne eurves 
of the plumboteetonies model (Doe & Zartman 1976) on the 206Pb/204Pb vs. 207Pb/204Pb dia 
gr a m. Symbols as in Fig. 2. The sam pie G40 from a ska rn in the Outokumpu deposit h as 

been omitted. 

presupposes that uranium, 'thorium and lead 
are initially divided between three sourees, 
i. e. the upper and lower erust and the mantle. 
During an orogeny, whieh in the model is 
depicted as an instant event, fixed portions 
from the sources are mixed in the orogene 
and subsequently partially redistributed be
tween the newly formed upper and lower 
erusts. The remainder is returned to the 
mantle. The redistribution eoneentrates 
mainly uranium, but also thorium and lead 
in the upper erust, while the mantle is de
pleted in these elements. Thus the orogene 

eurve of the plumboteetonies model refleets 
the average evolution of lead in the litho
sphere, while the mantle, the upper, and the 
lower erust eurves depiet the lead evolution in 
their various parts. It should be emphasized 
that, though orogenies are modelled as instant 
events, this has ,an impact on the interpreta-

tion of data only if the eurves ,are used for 
dating purposes. 

From Fig. 6 it beeomes evident that the 
Sveeokarelian orogenie leads ean be inter
pneted as reeording a steady evolution of 
lead from almost a mantle eomposition (Outo
kumpu, also noted by Staeey et al. 1978) to 
the final eomposition of an orogenie lead 
(leads of the Sveeofennian supraerustal for
mation). It is worth studying the impliea-tions 
of such an interpretation in some detail. 

The mantle origin of the Outokumpu ore 

ean be supported by the intimate assoeiation 

of ,the ore with serpentinites, whieh, as indi

eated by olivine and pyroxene pseudomorphs, 
are at least partly metamorphosed peridotites 

(e.g. Huhma 1975). As indieated earl1er, there 

is no reason why the Outokumpu eomplex 

eould not be interpreted as ,an ophiolite de-



rived from oeeanie erust, whieh would explain 
its mantle-liIDe eharaeteristies. 

Staeey et ar. (1978) have eoncluded that the 
lead isotopie eomposition of the galena from 
the Pyhäsalmi mine (G25) indieated 'a mantle
derived lead. The data now .available from 
the main sulfide ore belt (17 sam pIes from 6 
loealities, excluding G74 and G292 from SW
Finland) suggest ,that significant amounts of 
erustallead were ineorporated into 1hes·e ores. 
It seems plausible that 'loavas responsible for 
the mineralizations were genel'lated through 
the melting of thoroughly homogenized erus
tal material und er the influenee of magmas 
derived from the mantle. 

Though essentia11y eoeval with the deposits 
of the main sulfide ore belt, the minerali-
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material on a large regional seale from a 
single orogenie domain. Data from Bohemia 
and Mexieo indieate that the plumboteetonie 
interpretation may be gener.a11yapplieable 
to orogenie regions. 

Though Legierski and Sattran (1967) do not 
present individual analytieal data, it is evident 
from their Fig. 3 that averages of their group 
I, II, III ,and IV deposits of the Hereyni'an of 
Bohemia form a sublinear array mueh re
sembling that of the Sveeokarelian orogenie 
leads. 

In a mOI1e reeent paper, Cumming et ar. 
(1979) have demonstrated that the Genozoic 
Pb-Zn deposits of northern Mexieo yield lead 
isotopie data eonforming to ,a sublinear trend 
similar to that observed in the Finnish de-

zations of the Central Finnish batholith area posits . The relatively large seatter in the 
eontain more erustal Lead. This may indieate 
either a passage of 'the mantle-derived mate
rial through a thieker pile of geosynelinal 
sediments or a lesser amount of Lead in the 
mantle-derived eomponent. The faet that a11 
true lead ores are situa·ted in the main sulfide 
ore beH, and no mineable ores of any kind 

Mexiean data is probably due to the eombined 
effeets of younger (and eonsequently more 
heterogeneous) starting material of lower 
metamorphic grade (and eonsequently less 
we11 mixed) than in F inland. 

are known from the Central Finnish Batholith Exploration applications 
area, favours the latter ,alternative. 

Sveeofennian supraerustal formation eon
tains 'the youngest mineralizations within the 
Sveeokarelian orogJenie leads. These formed, 
as suggested by the wide-spread migmatiz
ation, at the peak of the regional metamor
phism during the orogeny. Therefore, they 
should eontain the largest and best mixed 
erus,tal eomponent both in terms of rocks 
and lead. That the lanalytieal data presented 
exhibit only a small seatter in the lead iso
topie vatios, despite the vari,ation in types 
and sizes of mineraIization and the large 
geographie distanees involved, is in the 
author's view ,strong evidence in favour of 
a plumbobeetonie interpretation for the Sveeo
karelian orogenie leads. 

F rom other ,areas, there ,aI1e only few lead 
isotopie studies of galenas tha t eneompass 

The applieation of lead isotopie studies to 
mineral exploration has been long eonsidered 
(e.g . Cannon et ar. 1961). Doe and Staeey 
(1975) suggested that ores eould be »finger
printed» by their lead isotopie eomposition, 
and Gulson and Mizon (1979) have demon
strated that the lead isotopie eomposition of 
massive lead-zine deposits such as Broken 
Hill is refleeted in their weathered surfaee ex
pressions as weIl. 

The results of the present work provide 
accurate information on the lead isotopie eom
positions of the galenas of various types of 
base metal mineralizations in Finland. Espe
eially in Central Finland, where it is possible 
to eneounter in Pleistoeene formations ore 
boulders derived from either the Arehean 
basement, the main sulfide ore belt, the 
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Central Finnish batholith area or the Sveeo

fennian supraerustal formation, the lead iso
topie eomposition of galena is the easiest and 
most aeeurate way of determining the original 
geologie environment of the sample. More
over, bearing in mind the eonstaney of the 

lead isotopie eomposition of galenas within 

the main sulfide ore belt as a whole and also 
within its individual deposits, lead isotopie 
determinations ean make an important eon
tribution to the assessment of mineral pros

pects within that region. 
Another interesting aspeet is that leads 

similar to those of the main sulphide ore belt 

oeeur in the Kankaanpää area in SW-Finland. 

The aetual differenees between the lead iso

topie compositions of these two areas is of the 
same order as that observed between the 
Captain's Flat (Ostie et aL 1967) and Wood
lawn (Gulson 1979) deposits in the Laehlan 

Fold belt in Australia. Though the paueity 

of the lead isotopie ,analyses does not allow 

to single out the Kankaanpää area IClS 'a major 
exploration target, it is evident that any 

future indieation of base metal mineralization 
from the area should be given serious eon

sideration and the material lanalyzed for its 
lead isotopie eomposition. 

CONCLUSIONS 

1) The leads from galenas from the Arehean 

basement area demonstrate that remobil
ization of lead formed in the upper erust 
during the Lower Proterozoie oeeurred in 
the eourse of the Middle Proterozoie 

Sveeokarelian orogeny. The least r.adio

genie lead of this group sugglests that 
some parts of the basement area may be 
eonsiderably older than is indieated by 
the radiometrie data obtained so far. 

2) Leads from mineralizations in the Karelian 

metasediments most likely represent ma
terial seavenged from the basement and 

underlying sediments of the Proterozoie 

eontinental margin. 

3) The Sveeokarelian orogenie leads suggest 
the formation of a mature orogenie lead 
by adding sueeessively more homogenized 

erustal material into a mantle-derived lead 

eomponent. The linear arr>ay formed by 
these leads is a ,typieal feature to be ex

peeted in any orogenie environment. 

4) Espeeially in Central Finland, the lead iso

topie eomposition of galenas may be useful 

in assessing the value of new ore prospects 
and the origin of ore-eontaining boulders. 
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rived from oeeanie crust, which would explain 
its mantle-lik!e eharaeteristies. 

Staeey et al. (1978) have eoneluded that the 
lead isotopie composition of the galena from 
the Pyhäsalmi mine (G25) indioated 'a mantle
derived lead. The data now available from 
the main sulfide ore belt (17 samples from 6 
loealities, excluding G74 and G292 from SW
Finland) suggest >that significant amounts of 
erustallead were ineorporated into >these ores. 
It seems plausible that ,l>avas responsible for 
the mineralizations were genenated through 
the mel ting of thoroughly homogenized erus
tal material under the influence of magmas 
derived from the mantle. 

Though essentially coeval with the deposits 
of the main sulfide ore belt, the minerali
zations of the Central Finnish batholith area 
eontain more erustal lead. This may indicate 
either a passage of >the mantle-derived mate
rial through a thicker pile of geosynclinal 
sediments or a lesser amount of 1ead in the 
mantle-derived eomponent. The faet that all 
true lead ores are situated in the main sulfide 
ore beH, and no mineable ores of any kind 
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material on a large regional seale from a 
single orogenie domain. Data from Bohemia 
and Mexieo indieate that the plumboteetonie 
interpretation may be generally applieable 
to orogenie regions. 

Though Legierski and Sattran (1967) do not 
present individual analytieal data, it is evident 
from their Fig. 3 thcrtaverages of their group 
I, II, III >and IV deposits of the Hereyni>an of 
Bohemia form a sublinear array mueh re
sembling that of the Sveeokarelian orogenie 
leads. 

In a more reeent paper, Cumrning et al. 

(1979) have demonstra>ted tha>t the Cenozoie 
Pb-Zn deposits of northern Mexico yield lead 
isotopic da·ta eonforming to .a sublinear trend 
similar to that observed in >the Finnish de
posits. The relatively large seatter in the 
Mexiean da ta is probably due to the eombined 
effects of younger (and eonsequently more 
heterogeneous) starting material of lower 
metamorphie grade (and eonsequently less 
weIl mixed) than in Finland. 

are known from the Cen'tral Finnish Batholith Exploration applications 
area, favours the latter ,alternative. 

Sveeofennian supracrustal formation eon
tains the youngest mineralizations within the 
Sveeokarelian oroglenic leads. These formed, 
as suggested by the wide-spread migmatiz
ation, at the peak of the regional metamor
phism during the orogeny. Therefore, they 
should eontain the largest ,and best mixed 
crus,tal eomponent both in terms of roeks 
and lead. That the <analytieal data presented 
exhibit only a small seatter in the lead iso
topie natios, despite the vari.ation in types 
and sizes of mineralization and the large 
geographie distanees involved, is in the 
author's view strong evidence in favour of 
a plumbotectonie interpretation for the Sveco
karelian orogenie leads. 

From other .areas, there ,aDe ·only few lead 
isotopic studies of ,g<alenas tha t encompass 

The applieation of lead isotopic studies to 
mineral exploration has been long eonsidered 
(e.g. Cannon et al. 1961). Doe and Staeey 
(1975) suggested that ores eould be »finger
printed» by their lead isotopie eomposition, 
and Gulson and Mizon (1979) have demon
strated that the lead isotopie eomposition of 
massive lead-zine deposits sueh as Broken 
Hill is reflected in their weathered surfaee ex
pressions as weIl. 

The results of the present work provide 
aeeurate information on the lead isotopie eom
positions of the galenas of various types of 
base metal mineralizations in Finland. Espe
cially in Central Finland, where it is possible 
to eneounter in Pleistoeene formations ore 
boulders derived from either the Arehean 
basement, the main sulfide ore belt, the 
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Central Finnish batholith area or the Sveeo
fennian supraerustal formation, the lead iso
topie eomposition of galena is the easiest and 
most aeeurate way of determining the original 
geologie environment of the sampIe. More
over, bearing in mind the eonstaney of the 
lead isotopie eomposition of galenas within 
the main sulfide ore belt as a whole and also 
within its individual deposits, lead isotopie 
determinations ean make an important eon
tribution to the assessment of mineral pros
peets within that region. 

Another interesting aspeet is that leads 
similar to those of the main sulphide ore belt 

oeeur in the Kankaanpää area in SW-Finland. 
The aetual differenees between the lead iso
topie eompositions of these two areas is of the 
same order as that observed between the 
Captain's Flat (Ostie et al. 1967) and Wood
lawn (Gulson 1979) deposits in the Laehlan 
Fold belt in Australia. Though the paueity 
of the lead isotopie analyses does not allow 
to single out the Kankaanpää area as 'a major 
exploration target, it is evident that any 
future indieation of base metal mineralization 
from the area should be given serious eon
sideration and the material lanalyzed for its 
lead isotopie eomposition. 

CONCLUSIONS 

1) The leads from galenas from the Arehean 
basement area demonstrate that remobil
ization of lead formed in the upper erust 
du ring the Lower Proterozoic oeeurred in 
the eourse of the Middle Proterozoie 
Sveeokarelian orogeny. The least radio
genie lead of 'this group suggests that 
some parts of the basement area may be 
eonsiderably older than is indieated by 
the radiometrie data obtained so far. 

2) Leads from mineralizations in the Karelian 
metasediments most likely represent ma
terial seavenged from ,the basement and 

underlying sediments of the Proterozoie 
eontinental margin. 

3) The Sveeokarelian orogenie leads suggest 
the formation of a mature orogenie lead 
by adding sueeessively more homogenized 
erustal material into a mantle-derived lead 
eomponent. The linear army formed by 
these leads is 'a Itypieal fea:ture to be ex
peeted in any orogenie environment. 

4) Espeeially in Central F inland, the lead iso
topie eomposition of galenas may be useful 
in assessing the value of new ore prospects 
and the origin of ore-eontaining boulders. 
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Appendix 1 

Descriptions of the mineralizations sampled 

A. Mineralizations from Archean basement areas 

1. Saarikylä, Suomussalmi (G33, G305, G306) . An 
ore mineralization containing iron sulfides, 
galena and sphalerite. The host rocks are 
Archean metasediments, possibly of a volcanic 
origin, and belong to the Kuhmo-Suomussal
mi greenstone belt. 

2. Viitaranta, Ilomantsi (G168). A small galena 
mineralization in a mica schist. 

3. Suhanko, Ranua (G145). A galena-iron sulfide 
mineralization in a drill-core sampie. The 
host rock is a quartz diorite. 

4. Huhus, Ilomantsi (G31). A disseminated ga
lena-sphalerite-ilmenite mineralization in the 
basement gneiss. 

5. Hevoskumpu, Tuupovaara (G54). A pyrite
galena-sphalerite ore in the Kiihtelysvaara
Ilomantsi amphibolite zone. The immediate 
host rocks are epidote and sericite quartzites, 
which probably were metasomatically formed 
during the emplacement of the ore (Aurola & 
Vähätalo 1939). 

6. Tapaninkylä, H yrynsalmi (GI49). A few cm 
thick chalcopyrite-sphalerite-galena-bearing, 
sheared chlorite layers in a greenschist con
taining minor amounts of disseminated iron 
sulfides. Part of the Kuhmo-Suomussalmi 
greenstone belt. 

7. Pahkakoski, Yli-Ii (G128). A dark, galena
bearing veinlet in a drill-core sampie. The 
dominant rocks in the area are greenstones 
occurring together with acidic porphyries. 

B. Deposits in Karelian schist 

8. Hammaslahti mine (GI83). The Hammaslahti 
copper ore is situated in a shear zone. The 
immediate host rock is an impure arkose 
containing fragments of phyllite. The ore is 

mainly of breccia type, but in places dis
semina ted sulfides predominate. Chalcopyrite 
and pyrite are the principal ore minerals. 
.sphalerite and galena are scarce. Hyvärinen 
et al. (1977) consider the ore deposit to be 
epigenetic and that the ore-forming material 
was remobilized from the country rocks. 

9. Mosku, Tohmajärvi (G75). Chalcopyrite-ga
lena-bearing quartz veins cut a metadiabase 
belonging to the group that is known to 
penetrate both the Archean basement and the 
Jatulian quartzites (cf. Nykänen 1971). 

10. Runkausvaara, Tervola (Gl53, G289). The 
sam pIes are from two slightly different loca
lities. G153 represents alm thick mineral
ized quartz vein intersecting an albite diabase 
intercalation in a Karelian quartzite about 
500 m from the contact against the base
ment gneiss. G289 is a drill-core sampie, 
and represents a differentiated albite diabase 
beneath the Karelian quartzite. It contains a 
mineralized quartzose part, possibly avein. 

11. Tikkala, Tohmajärvi (G82). A set of 10-20 
cm thick quartz veins containing galena, 
sph alerite, chalcopyrite and iron sulfides cut 
a dolomite belonging to the Marine Jatulian 
formation. 

12. Kolmisoppi, Sotkamo (G303) . Galena-bearing 
quartz vein cutting a K arelian black schist in 
a drill-core sampie. 

13. Niittylahti, P yhäselkä (G41). Galena mineral
ization in mica schist. 

14. Mieslahti , P altamo (Gl52). Galena mineral
ization in Karelian quartzite elose to the 
contact of the Archean basement. 

15. Suoranta, Pyhäselkä (G296, G304) . A quartz 
vein cutting Kalevian mica schists containing 
sporadic galena and chalcopyrite mineraliz
ations. 

16. Koli, Lieksa (G302). Aschist in the lowest 
Karelia n formation containing finely dissemi
nated galena. 
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C. Outokumpu mine 

17. Outokumpu mine (G30, G40, G 170). The Outo
kumpu copper ore deposit is connected with 
the so-called Outokumpu complex composed 
of black schists, quartzites and serpentinites, 
which can be traced over a distance of 30 
km. The rocks surrounding it are originally 
pelitic sediments metamorphosed to mica 
schists in the conditions of amphibolite facies 
(Ga al et aL 1975). The outermost units of the 
Outokumpu complex are black schists. Almost 
monomineralic quartzites, generally in con
neetion with large serpentinite bodies (Huh
ma & Huhma 1970), eonstitute the immediate 
host rock of the ore. At times, dolomites and 
skarns oeeur between the quartzite and the 
serpentinite. The dimensions of the serpen
tinite lenses may reaeh several hundreds of 
metres in width and several kilometres in 
length. The Outokumpu ore body lies eon
cordantly in one of the quartzite layers. 
Texturally, the ore ean be divided into banded 
pyritie and massive pyrrhotitic types. The 
average thickness of the ore body is 7-9, 
its width 200-400 m and it is about 4 km 
long. Opinions of the genesis of the ore have 
ranged from epigenetic hydrothermal to syn
genetic sedimentary. Currently, the ore is 
eonsidered to be syngenetic volcanic-exhala
tive in origin (Mäkelä 1974) . 

Very little galena has been found in t he 
deposit. G30 is from the contaet between the 
ore and the serpentinite, G40 from a diopside 
skarn, and G170 from the ore proper. 

The deposit has also been dealt with by Vähä
talo (1953), Disler (1953), Väyrynen (1939) , 
Borchert (1954) , Saksela (1957) and Huhma 
(1975). 

D. Leads from the main sulfide beIt 

18. Pukkiharju, Rautalampi (G295). A number of 
small ore showings, eontaining iron sulfides, 
sphalerite and galena occur in aschist zone 
eonsisting of gneisses, amphibolites, quartz
feldspar schists leptites and cordierite rocks. 
A number of skarns also occur in the area. 

19. Säviä, Pielavesi (GI7). The ore is situated in 
the cordierite-antophyllite gneiss formation 
of Säviä. Pyrite and chalcopyrite are the 

major ore minerals, with minor sphalerite and 
galena. See Huhtala (1979). 

2U. Pyhäsalmi mine (G25). The Pyhäsalmi ore 
deposit lies in a strongly metamorphosed 
schist belt of volcanic-sedimentary affiliation. 
The deposition of the compact pyrite ores 
seems to have preceded the folding. The for
mation of the ore was initially syngenetic, but 
later tectonic movements during the Sveco
karelian orogenie eulmination have brought 
about structures typieal of epigenetic ores (He
lovuori 1979). 

21. Jylhä, Pielavesi (G106). Galena mineralization 
in a drill-core sampie. The country rock is 
a cordierite gneiss belonging to the Säviä 
schist formation. 

22. Vihanti mine (G26, G89, G93, G92, G90, G87, 
G126, G91, G86, G88, G286). This ore deposit is 
part of the Lampinsaari eomplex, which is 
enveloped by miea gneisses, usually inter
preted as metagreywackes. The Lampinsaari 
eomplex eomprises acid volcanic rocks, skarns, 
dolomites, graphite tuff and quartz porphyry. 
Most of the volcanie rocks are dacitic in 
composition. Pyrite and lead-zinc ores oecur 
as separa te bodies (Rauhamäki et aL. 1978) . 

The formation of the deposit has been attri
buted to various geOlogie processes ranging 
from epigenetie-igneous to syngenetic-volca
nie. Currently, the latter interpretation is the 
prevailing one. The deposit has also been 
dealt with by Isokangas (1954), Mikkola (1963), 
Rouhunkoski (1968), Wennervirta and Rou
hunkoski (1970) and Mikkola and Väisänen 
(1972). 

23. Kumpuselkä, Keitele (G57, G58). A number 
of small iron sulfide-chalcopyrite-galena mi
neralizations in plagioelase porphyrites, am
phibolites, arkosites and eordierite-sillimanite 
gneisses. G57 is from an outcrop, G58 from 
a drill-core sampie. 

24. Heittola, Kankaanpää (G74). A galena-spha
lerite dissemination in skarn-bearing amph i
bolite in the NW-end of the Kankaanpää 
schist-zone, elose to the contact of a gneissose 
diorite. 

25. Verttuunjärvi, Kankaanpää (G70, G292, G293). 
Fine-grained sphalerite and galena are dis
semina ted in an amphibolite (G292). T he 
country rock is pierced by an EW-trending 
fraeture zone, quartz and massive sphalerite, 
locally also galena and iron sulfides (G70, 
G293). The leads from t his loeality have been 
classified by isotopie grounds only. 



E. Leads from the Central Finnish batholith area 

25 . Verttuunjärvi, Kankaanpää. See above. 
26. Kaipola, Jämsä (GI00). The Kaipola schist 

zone is surrounded by the typical rocks of the 
Central Finnish ba tholith area: potassium 
granites, diorites and hornblende gabbros. The 
supracrustal formation consists of mica schists, 
leptite gneisses, greywackes, conglomerates, 
amphibolites and uralite porphyrites, which 
all exhibit signs of granitization. In the horn
blende-mica schists there are numerous small 
skarns, one of which contains a galena
chalcopyrite- sphalerite-iron sulfide minerali
zation. Field r eports M/17/J ä 57/1 and M/17/ 
Jä 59/2 by Paunu Oivanen (GSF). 

27. Lepomäki, Hämeenkyrö (GlI8). Galena-bear 
ing sulfide accumulations on schistosity plains 
in an acidic schist. 

28. Visuvesi, Kuru (G45). An acidic-intermediate 
vokanic rock containing disseminated chalco
pyr ite, galena and sphalerite. 

29. Sykäräinen, Toholampi (G95, G96). A vol
canogenic schist formation, where amphibolite 
grades into quartz-feldspar schist. In the 
latter rock there occur narrow galena veins. 

30. Muittari, Saarijärvi (G83, G84, G85) . The 
supracrustal formation of Saarijärvi consists 
of quartz porphyry and plagioelase porphyry. 
In the marginal parts of the formation, elose 
to the contact against potassium granites, 
galena and sphalerite occur both as dissemina
tion and veins. The ore paragenesis also in
eludes chalcopyrite, bornite, cha lcocite, mag
netite and fluorite . 

31. T a rhapää, Keuruu (GI22). A galena mineraliz
a tion in a pegmatite vein crosscutting a 
veined gneiss possibly of supracrustal origin. 

32. Muurame (G294). A galena-bearing quartzose 
vein in a granodiorite. 

33. Korpilahti (G98). A galena-bearing quartzose 
vein in a folia ted granodiorite. 

34. Tahkonsaari, Korpilahti (G99). Similar to the 
previous two. 

35. K olima, Viitasaari (GI5) . The Kolima schist 
formation consists of partly migmatized am
phibolites, leptites, agglomerates and ga rnet
bearing paragneisses. The sampie, containing 
sphalerite, galena and iron sulfides sterns 
from the last mentioned rock. 

36. Ritovuori, Pihtipudas (GI6) . The mineralized 
rocks lie within the Pihtipudas schist zone, 
which comprises mostly acidic and basic meta
volcanic rocks and a subordinate amount of 
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metasediments. The ore mineralization occur 
in a brecciated zone rich in tourmaline, and 
can be divided into separa te galena-quartz 
and arsenopyrite-quartz veins. The area h as 
been studied in detail b y Aho (1975, 1979) . 

37. Koij ärvi, Forssa (G307). A sphalerite-pyrite
galena - chalcopyrite mineralization in an am
phibolite, proba bly associated with a fracture 
zone. 

38. Leppämäki, Alajärv i (GI73). A galena-sph a-
lerite- chalcopyrite- a r senopyrite 
ation in a migmatitic gneiss. 

mineraliz-

E. Leads from Svecofennian supracrustal rocks 

39. Attu, P arainen (GlI). A galena-sphalerite 
deposit associated with calcareous rocks (0. 

Vaasjoki 1956). 
40. Seinäjoki-Nurmo (G282, G283, G284). The 

sam pies are from three slightly different 
localities, all belonging to the Seinäjoki
Nurmo antimony occurrences . The mineraliz
ations are situated in Svecofennian schists 
elose to the contact of the Central Finnish 
batholith. The main rock t ypes are mica 
schists, probably both sedimentary and vol
canic in origin, and interm ediary and acid vol
canic rocks. The antimony mineralizations 
occur partly as impregnations in sheared parts 
of the intermediary and acid volcanic rocks. 
The most important ore minerals ar e metallic 
antimony, arsenopyrite, loellingite, stibnite, 
gudmundite and pyrrhotite . Lesser amounts of 
pyrite, chalcopyrite, bethieri te, breithauptite, 
metallic gold, galena and a urostibite occur 
(Yletyinen 1978). 

41. Orijärvi, Kisko (GI2). The Orijärvi mine, as 
weil as the nearby Aijala and Metsämonttu 
mines, belong to the Kemiö-Kisko schist 
zone. The area is dominated by amphibolites 
and cordierite-antophyllite rocks. Limestones 
and tremolite-actinolite skarns occur as in
tercalates. The ores are partly disseminated 
and partly breccialike sphalerite-galena
ch alcopyrite-iron sulfide mineralizations (Var
ma 1954; La tvalahti 1979) . 

42. Koskenkylä, P ernaj a (G263, G266). See Vaas
joki (1977), Appendix 2. 

43 . Karkalinniemi, Lohja (GI69) . Small sulfide 
mineralization associated with skarns. 

44. Lohj ansaari, Lahj a (G288). As G169 . 
45. Lammi (G52) . Small galena mineralization in 

a quartz vein. 
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46. Hyvärilä, Lemi (G7). See Vaasjoki (1977), Ap- 49. Hästö, Perniö (G48). A marcasite-galena-
pendix 2. arsenopyrite-loellingite mineralization in Sve-

47. Korsnäs mine (G9). The Korsnäs lead ore cofennian migmatitic rock. 
deposit is situated in a tectonically brecciated 
zone cutting the surrounding gneisses. The 
immediate host rocks of the ore are skarns 
and calcite. A lead mine, with lanthanoids 
as an important by-product. 

48. Pakila, Helsinki (G13) . A galena-bearing 
quartz-vein intersecting the Svecofennian 
migmatites. 

G. Leads from the rapakivi granite massifs 

50-54. See Vaasjoki (1977) , Appendix 2. 
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