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INTRODUCTION 

Sampies collected by Aleks Komu from a new railroad cutting initiated investiga
tion by the Exploration Department of the Geological Survey in the Pihtipudas 

area (Figs. 1 a and 1 b) during 1958- 59. 
Field investigations were led by A. J. Laitakari. The crew found several 

boulders and outcrops with arsenopyrite, galena and chalcopyrite in the area known 
as Ritovuori, 1.5 km south of Pihtipudas church. The high content of precious 

metals justified further exploration in the area. Geophysical measurements revealed 

one weak anomaly, subsequently investigated by drilling. The drill cores showed 
minor amounts of pyrite, pyrrhotite and arsenopyrite in the scbists. A galena-quartz 

vein, an arsenopyrite-quartz vein and a chalcopyrite-bearing Iime-rich aggregate 

were drilled to investigate their relations hip to the schists. 

I 

k 
I 

Gronod iOrl t. 

Granite 

FIG. 1 a. Location and general geological map of the Pihtipudas area. 
The investigated area is outlined. 
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FIG. 1 b. Local geological map with ore mineralized ve tns . 

The mineralized zone lies within a positive aeromagnetic anomaly extending 
from the Pihtipudas church as an uniform belt eastwards about 15 km. It was decided 

to undertake detailed geological mapping of the area during 1965- 1967 and to 
investigate the ore minerali zation associated with the surrounding rocks. The material 

was collected and the microscopic determination of the rocks and minerals werc 

made by the author during the years 1967- 1972. 
The purpose of this study is to report the results of these investigations, special 

attention being given to the ore mineralization in the Ritov uori area. 

GE ERAL GEOLOGY 

Wilkman (1938) considered the schists in the area as leptites of sedimentary origin, 

associated with the Bothnian schists belt and post-Bothnian suites of g ranites and 

granodiorites. Salli (1971) recognized an east-west schist zone primarily volcanic in 
origin, and a north-south schist zone of mainly sedimentary origin. ear the 
northern margin of the east-west schist zone there are epiclastic metasediments; 

mica schists, graywacke schists and conglomerate schists. The graywacke-like schists 

may occur also as intercalations in the basic volcanic schists. The investigated area 
at Ritovuori contains both disseminated ore minerals and ore-bearing guartz-veins. 

Both basic schists and acid or intermediate quartz-feldspar schists in the area are 
crossed by granodioritic dikes. 



Lea Abo: Ore mineralization at Ritovuori, Pihtipudas 7 

BASIC SCHISTS 

The suite is composed of amphibolites, plagioclase- and uralite porphyrites and 

schists containing hornblende metacrysts. The bulk of the basic schists are fine
grained amphibolites without any trace of the original texture which was obliterated 

by strong tectonism. The main constituents of the amphibolite are plagioclasc 
(An 2S- 3S) ' green hornblende (2V a = 72°_76°, c /\ y = 16°_ 18°) and dark brown 
biotite partially replaced by chlorite. Plagioclase is partly replaced by K-feldspar. 

Quartz is a common accessory mineral, along with epidote, calcite, zircon, tourmaline, 
apatite and opaque minerals. 

The original texture of plagioclase- and uralite porphyrites is somewhat better 

preserved. Plagioclase and hornblende or hornblende aggregates occur as pheno
crysts varying in size from 1 mm to 3 mm. Hornblende in the groundmass is fine

grained (0.05- 0.1 mm). The groundmass mineralogy is simi lar to that of the 
amphibolite. 

Schists containing hornblende metacrysts are present in the amphibolite and the 

plagioclase- and uralite porphyrites as intercalations. Euhedral metacrysts of horn
blende 1- 2 cm in length contain as inclusions minerals of the groundmass. The 

groundmass mineral compositions appear identical to those in the basic schists. 

These kind of intercalations may have formed by the recrystalliza tion of basic schists . 
Locally, the basic schists contain lime-rich aggregates 20- 30 cm in diameter. 

These consist primarily of epidote, calcite and sphene, with accessory quartz, plagio

clase, scapolite, K-feldspar, hornblende and hematite. The lime-rich aggregates are 
usually enriched in ore minerals. 

QUARTZ-FELDSPAR SCHISTS 

The acid or intermediate schists are grey or reddish-grey in colour. The maln 

constituents are quartz, plagioclase and K-feldspar with the g rain size varying 
between 0.05- 0.5 mm. Plagioclase varies from An lO _ 15 in acid schists to An i S_ 3D 

in intermediate schists. It is commonly partly replaced by quartz, K-feldspar, calcite 

or epidote. Biotite and rarely muscovite are present. Accessories are apatite, zircon, 

sphene, epidote, tourmaline and opaque minerals . Locally, qllartz und sometimes 
plagioclase or K-feldspar occur as phenocrysts 1-3 mm in diameter. 

ORE MINERALIZATION 

The ore mineralizations at Ritovuori are situated primarily in the brecciated and 
tourmaline-mineralized zone. Since the zone is diffuse the exact boundary cannot 
be drawn. The area is about 1 km in length and some 200 m in breadt.h; it is situated 

in the contact zone of the basic schists and the quartz-feldspar schists . The contact 

between the basic and quartz-feldspar schists is sharp, but both schists are fOllnd 

as intercalations within each other. 
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The breccia occurs only in the basic schists; the basic fragments are 5- 10 cm 

in diameter, and surrounded by a tourmaline rim 2- 3 mm in breadth. The breccia 
matrix is composed of fine-grained quartz, plagioclase, K-feldspar, biotite and so me
times hornblende. 

Tourmaline mineralization occurs both in the basic and quartz-feldspar schists 
with tourmaline forming euhedral grains or aggregates 2- 3 cm in diameter. 

Plagioclase in the quartz-feldspar schist is slightly sericitized in the contact zone 

for a width of 10- 20 m. The sericitized schists locally contain both biotite and 
muscovite. 

Gold . . ...... .. ........ . 
Bismuth ... .. .. ......... . 
Rutile . ... ... .. ........ . 
Magnetite ..... .. .. . .. . . . 
Ilmenite . . ... . .. .. ..... . . 
Arsenopyrite ............ . 
Loellingite . . ... . . . ...... . 
Pyrite .................. . 
Pyrrhotite .. . .. ... .... .. . 
Marcasite ............... . 
Sphalerite .............. . 
Chalcopyrite ............ . 
Cubanite ..... .. .. . ..... . 
Covellite ........ . ... .. . . 
Galena ................. . 
Greenockite .. . ..... . ... . 
Pb-Bi-Sb-Cu-sulphosalts . . 
Pb-Bi-Sb-sulphosalts ..... . 
Ag-Sb-sulphosalts ....... . 
Quartz .......... . ... . .. . 
Calcite ................. . 
Scheelite .. . ..... . ...... . 
Tourmaline ............. . 
Sphene ................. . 
Epidote .... . .. ... ..... . . 
Plagioclase . ..... . .... .. . 
K-feldspar .............. . 
Scapolite .......... . . . .. . 
Amphibole ............. . 
Muscovite .... .... ...... . 
Chlorite .. .. ............ . 

TABLE 1 

List of minerals 

Galena
quanz vcin 

+ 

+ 
++ 
+ 

++ 

+++ 
+ 
+ 
+ 
+ 
++ 

+ 
+ 

A rsenopyritc
qU3rtz ve in 

+ 
+ 

+++ 
+ 

++ 
++ 
+ 
+ 

+++ 

+ 

Lime-rich 
aggregate s 

+ 
+ 
+ 

+ 
+ 
+ 

+++ 
+++ 

+ 
+ 

+++ 

+ 
-f-
+ 

+++ 
+ 
+ 

++ 
++ 
+ 

++ 
+ 
+ 
+ 
+ 

Abundance: 

+ = sparse 
+ + = moderate 

+ + + = abundant 
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The ore mineralization have been divided into the following g roups based on 
their main components : 

a) sparsely disseminated arsenopyrite and pyrite g rains 
b) minor amounts of pyrrhotite, chalcopyrite and pyrite in tbe basic schists and 

breccia fragments 

c) galena, sphalerite and chalcopyrite in small amounts within the lime-rich 
aggregates 

d) an arsenopyrite-quartz vem 

e) a galena-quartz vein. 

Minor antimony, bismuth and silver mineralization is present in the lime-rich 

aggregates (group c) and the galena-quartz vein (group e). ative gold occurs as 
minute grains in the arsenopyrite-quartz vein (group d). 

The disposition of the ore minerals is given in Table 1. 

DETAILED ORE MINERALOGY 

Native metals 
Gold 

Native gold most commo nly occurs filling fractures in arsenopyrite or the inter

stices between euhedral arsenopyrite g rains in arsenopyrite-quartz vein (Fig. 2. ). 

FIG . 2. ativc golJ (white) in fraerured arseno pyrite (lig ht g rey) 
with ehalco pyrite (grey) in arseno pyrite-quartz vein . 

Magn. 80 x, o ne nieo !. 
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A rounded grain was found as an inclusion in pyrite of the galena-quartz vein. The 

content of gold varies considerably even within the same vein. 
Clark (1960) suggests that gold may be present as sub-microscopic inclusions or 

as solid solution in arsenopyrite and mi grates at lo"wer temperatures towards fracture 

zones. The major part of gold at Ritovuori may have been deposited in this way; 

lesser amou nts of gold occur in the other sulphides. 

Bismuth 

Native bismuth occurs in the galena-quartz vein as small droplets in galena and 
as exsolution blebs within the different phases of the altered Pb-Bi-Sb-sulphosalt 
(cf. Plate II, Pigs. a and c). Ramdohr (1969) suggests that native bismuth has formed 
during the alteration of bismuth compounds, especially in the Pb-Bi-sulphosalts, 

as a result of decreasing temperature. 
Bismuth is more abundant as inclusions within galena of the galena-bearing 

li me-rich aggregates than in the galena-quartz vein . The larger bismuth grains 

display twinning (Pig. 3.). Craig (1967) suggested that crystallization stresses are 
apparently sufficient to produce twinning. Twinning mayaIso result from grinding, 
but the bent lamellae caused by mechanical deformation has not been observed. 

Oxide ore minerals 

Minor amounts of oxide ore minerals are present; so me rutile is found as inclusions 

within the arsenopyrite of the arsenopyrite-quartz vein and is considered to have 
crystallized before the arsenopyrite. The lime-rich aggregates contain some magnetite; 
ilmenite occurs in the basic schists. 

Sulphides and arsenides 

Arsenopyrite 

Arsenopyrite is a major mineral in the mineralized zone occurring as grains and 
aggregates 2- 3 cm in diameter in both the basic and acid schists. It is also a main 
mineral in the arsenopyrite-quartz vei n as euhedral grains. Arsenopyrite does not 

occu r in the basic fragments of breccia which may indicate that ore mineralization 
occurred after brecciation. Chalcopyrite and pyrrhotite fill the fractures in arseno

pyrite and the interstices between arsenopyrite grains. Arsenopyrite appears to 

have remai ned, for the most part, stable during the deposition of later ore minerals. 
Mimetic twin ning of arsenopyrite is common, especially in the arsenopyrite-quartz 

vei n. Twinning has been observed in gangue-filled fractures, perhaps reRecting the 
in fluence of stress on the symmetry and twi nning (Clark, 1965). 



Loellingite 
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FIG. 3. Twinning in native bismuth within galena 
o f a lime-rich aggregate. 

G alena black, bismuth g rey ami tw inned. 
Crossed nicols, oil imm., photo E. Halme. 

Minor amounts of loellingite are present. Loellingite occurs as small grains 

within the arsenopyrite-quartz vein. It was distinguished from arsenopyrite by 

etching with concentrated FeCl". 

Pyrite 

Pyrite, as arsenopyrite, is abundant in the mineralized zone. It occurs as euhedral 

g rains, and with marcasite in fine-grained intergro\\·ths replacing pyrrhotite. The 

euhedral pyrite grains have a skeletal form. In the galena-quartz vein the skeletal 

pyrite grains contain inclusions of galena. This is interpreted as evidence that pyrite 

has also formed during the later stages of crystallization. 

Pyrrhotite 

Disseminated pyrrhotite grains occur Jn the basic schists, breccia fragments and 

lime-rich aggregates. Pyrrhotitc is replaccd by pyrite and marcasite intergrowths in 

both the galena-quartz and the arscnopyritc-quartz vcins. Thc rcplacement of 

pyrrhotitc is not similar in the t\\'o veins. 
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In the arsenopyrite-quartz vein the altered extremely fine-grained substance has 

an oval and concentric form (»birds eye»); this material is commonly called marcasite 

although pyrite may co-exist or frequently be the only mineral (Ramdohr, 1969). 

In the galena-quartz vein pyrrhotite is replaced by marcasite or pyrite-marcasite 

aggregates. They often form lamellar aggregates, / / (0001) of pyrrhotite. j'vIarcasite 
remains while the pyrrhotite is leached away resulting in cellular pseudomorphs 

of pyrrhotite (Ramdohr, 1969). The small marcasite grains are clearly anisotropie; 

gangue minerals fill the interstices of the lamellae. 

Sphalerite 

Sphalerite occurs as disseminated grains with galena and chalcopyrite in the 

lime-rich aggregates. It was not observed in the galena -quartz vein and on ly occasion 

ally in the arsenopyrite-quartz vein. Sphalerite contains exsolution blebs of chalco

pyrite. 

Chalcopyrite 

Minor amounts of chalcopyrite occur as disseminated, small grains in the basic 

schists and the tourmaline-bearing breccia. It occurs as rare grains in the arsenopyrite

quartz and galena-quartz veins. Chalcopyrite is a principal ore mineral in the lime-rich 

aggregates, associated with sphalerite and galena. This chalcopyrite is apparently of 

later age than that in the basic schists. Chalcopyrite may contain unmixed cubanite 

lamellae which may be replaced by covellite. These secondary copper sulphides 

occur in very small amounts. 

Gale na 

Galena is a primary constituent of the galena-quartz vein and occur as dissemi

nated grains in the lime-rich aggregates. Pb-Bi-Sb-bearing sulphosalts, Ag-Sb

sulphosalts and native bismuth are present as irregular inclusions in galena. In addition 

greenockite blebs occur in the galena of the galena-quartz vein. 

Greenockite 

Greenockite has been observed as small anhedral grains (0.01 - 0.03 mm) in 

galena only in the galena-quartz vein. It is bluish grey with internal reflections 

varying from light yell ow to brown (cf. Plate II, Figs. a and e). 

Sulphosalts 

The sulphosalt minerals are divided into three groups: 

1. Pb-Bi-Sb-Cu-sulphosalts 

2. Pb-Bi-Sb-sLllphosalts (several different phases) 

3. Ag-Sb-su lphosalts 
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FIG. 4. Pb-Bi-Sb-Cu-sulphosalt (white-grey) within galena (darker grey) of 
[he galena-quartz vein. In vertical direction lies a scratch trace which was 
produced by grinding. The scratch goes over galena and sulphosalt. Sulphosalt 

remains almost unmarked. Magn. 80 x, crossed nicols. 

All three sulphosalt groups oeeur as inclusion within the galena of the galena
guartz vein. In the lime-rieh aggregates only Pb-Bi-Sb-Cu -sulphosalts (1. ) and 

Ag-Sb-sulphosalts (3.) are present. 

Pb-Bi-Sb-Cu-sulphosalts 

Pb-Bi-Sb-Cu-sulphosalts oeeur as lath-shaped or tabular grains up to 0.4 mm 

In width within galena (Fig. 4.). While the optieal properties are best observed in 
oil, a weak pleoehroism and strong anisotropy is evident in air. In a diagonal orienta

tion, the grains are easil y distinguished from galena by their slightly greenish grey 

eolour. 
Standard eteh tests (one minute) gave the following results: (a) 1: 1 HCl, 20 ~o 

KCN and 40 % KOH negative; (b) 1: 1 HN0 3 stains irideseent to brown; (e) 20 o ~ 

FeCl 3 gave a faint tarnish. 
The polished hardness of the sulphosalts is nearly the same as that of galena. 

The serateh hardness is higher than that of galena (Fig. 4.). The mierohardness was 
determined with a Viekers hardness tester. The indentation load was 50 g. The 

Viekers hardness was 160 kgjmm 2 obtained on a tabular grain and 127 kg jmm2 

obtained on a lath-shaped grain. The lath-shaped grain fraetured along the cleavage 

direetion . 
The refleetivity of the sulphosalts is presented in Table 2. The differenee in 

refleetivity of the su lphosalt land II is not great, but still deteetable. Eleetron miero-
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TABLE 2 

Thc reAectivity,l) microprobe analyses and atomic proportions of the Pb-Bi-Sb -Cu-sulphosalts. 

I 
\,<'r. o~ 

I RS46 nm ~o - P- b- ..... - B-j --'--Sb-"'---C- u-' --I~ atomic proportions 

Sulphosalt 39.3- 42.61 46.3 

Sulphosalt II 37. 7- 42. I 50.2 

~--~-~---

19.7 13 

24.9 6 

Sulphosalt I, taken from the ga lena-quartz vein 
Sulphosalt II, taken from a I ime -rich aggregate 

2 15.7 96.7 Pb7 .1 Bi3.0Sb3.4CUS15. S 

2 15.3 98.4 Pb7.7Bi3.SSb1.6CUS15.2 

I) The reAectivity of the sulphosalts \\"as measured in air using a Leitz MPV microscope photOmcter. 
Monochromatic light was obtaincd with inrerference filtcr (546nm). SiC was used as a standard, 
(he reAectivity of which is R = 20 . 6 0

0 in air. Three different grains were measurcd from su lpho
sa lt land sulphosalt II. Sincc only a fe\\" g rains were suitable for measurements, the results are 
not completely reli ablc. 

probe analyses were made of tbe same sulphosalts; these data suggest tbat the re

Aectivity increases with tbe content of antimony. 
Nowacki (1969), in bis study of the structural classil1cation of tbe sulpbosalts 

noted tbe following minerals which have similar chemical composition to the Pb-Bi
Sb-Cu-sulphosalts at Ritovuori (cf. Table 2). 

Kobellite 

Giessenite ................ .... . .. . 
Bismuth-Robinsonite ............. . 

R czbanyite-Type . . ............... . 

Pb ,,(Bi, Sb)SS' 7' Bi: Sb = (0-1.6): 1 
Pb 9Bi aSb J.5CuS ao 

PbS2(Bi, Sb)12Sz", Sb: Bi = 100: 69 

Pb 4 (Bi, Sb) IO S I9 

In addition, so me Pb-Bi-sulphosalts (e.g. lillianite) contain antimony. Schot and 
Otteman (1969) note that antimony-ricb lillianite is similar to kobellite. Vaas joki and 
Kaitaro (1951) have examined a »Iillianite» from Iilijärvi wh ich contains antimony, but 

is not bomogeneous and is identical with seleniferous cosal i te coexisting with a mixture 

of galena. Sakbarova and Krivitskava (1972) concluded from their study of lead

antimony-bismuth-sulpbosalts that kobellite and cosalite belong to the same sulpho
salt group, with the general formula R 22+ R 23+ S". Stibial lillianite belongs in a 

different sulphosalt group, the general formula of wbicb is R 32 + R 23+ S6. In both 
groups the bismuth-antimony ratio is variable while the atomic sums of bismuth 

and antimony are practically constant. Giessenite, Pb 9Bi 6Sb J. äCUS30 (Graeser, 1963) 
is, in chemical composition closely related to the Pb-Bi-Sb-Cu-sulphosalts at Rito
vuori. Copper forms obviously an essential constituent of these minerals. In many 

sulphosalt studies the copper content is overlooked as an impurity. According to 
Karup-Moller (1973) antimony is necessary for the formation of giessenite. Sb-free 
giessenite has not been found . 

The X-ray powder diffraction data for Pb-Bi-Sb-Cu-sulphosalts I and II, stibial 
lillianite and kobellite are given in Table 3. The data show some similarities with 
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TAil LE 3 

X-ray powder d i ffract ion da ta for Pb-Bi-Sb -Cu -su lphosalts. 

l. 2. 3. 4. 
----

d (A) I d(A ) 1 d (A) 1 _L_ d(A ) I 

4.76 ' / 2 
4 .54 ' / 2 

4 .3 1 \\" 4.34 ' / 2 
4 . 17 n1\V 4. 27 ' / 2 

3. 86 2 3. 98 4 
3 .75 mw 3 .73 3.73 1 3 .75 ' / 2 
3.57 mw 3. 60 m 3.57 1 

3. 50 10 3.54 10 
3.44 1 

3 . 39 vs 3.4 3 m 3.42 7 3.41 9 
3. 29 ms 3. 33 111 \V 3 .3 1 3 3.27 4 

3. I 69 m 3.1 8 2 
3.1 3 m 3.0 7 2 3.12 

3 .0 I m 3.01 7 
2. 964 2.95 9 2.98 

2.90 ' / 2 
2.8 8 2. 85 *\V 2.84 2 2.85 2 

2.81 m 
2.74 w 2.755 ms 2.76 2 2.72 5 

2.60 vw 2.60 ' /2 
2 . 57 1/2 

2. 532 w 2. 52 2 2.523 1 
2.43 vw 2.49 2 

2.355 ' /2 
2.31 W 2 . 29 2 2 . 305 1 

2 .265 m\v 2.253 ' /2 
2.199 m\\' 2 .1 7 7 2.185 ' / 2 

2. I 4 ms 2 .1 50 2 

2.11 \\" 2.129 2 

2 .094 mw 2.091 1 /2 
2 . 06 8 

2 . 04 ms 2 .045 mw 2.039 1 
2.011 1 

1. 9 5 w 1. 9 7 5 *w 1. 960 3 1. 976 ' /2 
1. 8 9 ~ 01 \V 

1. 8 8 \\" 1. 875 1 
1. 850 4 

1. 8 I w 1. 805 1 
1. 787 mw 1. 7 6 6 6 

1. 73 ms 1. 751 6 
1. 7 1 6 nlW 

1. 7 0 w 

---- ---- --

Line intensity: 

vs = very strong, s = strong, ms = medium stro ng, m = medium, mw = medium weak, w = wea k. 

1. Sulphosalt I, Ritovuo ri, Pihtipudas, Ni -filter, Cu-radiation, camera diameter 57,54 mm 
(P. Kallio). 

2. Sulphosalt H, Ritovuor i, Pihtipudas, Ni-filter, Cu-radiation, camera diameter 114.8, mm, 
* masked by NaCI (P. Kallio) . 

3. Stibial lill ianite ( 1854), D arasun , U .S.S . R. (Sakharova and Krivitsk ava , 19(2). 

4. K obellite, Hvena, Sweden (Harris et :11., 1968). 



16 Geological Survey of Finland , Bulletin 275 

I 
, 

~ ',' 

~ ... ', 

'.; .'''''' ,." ff.:. ' 

i' 

FIG. 5. L ath -shapeJ Ph -Bi -Sh -sulphosalts wirhin galena of the galena -quanz 
"ein. \X'hite po ints a re nati" e bismuth. 1fag n. 80 x, o ne nieol, oil iml11., 

photo E. Il aime. 

each other, but the results are not identical even bctween thc sulphosalt compounds 

land II. Identification by X -rar diffraction analyscs is diflicult because of the dose 

similarities in crystal structure for diffcrent lead sulphosalts. Eguiva lent su lphosa lts 

could not be found among the kno"'n Pb-Bi-Sb-Cu-sulphosalts . Both su lphosa lts 

may be new members of a sulphosalt scries. t\. study of the crystal structure cou ld 

glve tbe answer to this problem. 

Pb-Bi-S b-sul phosalts 

Pb-Bi-Sb-sulphosalts altcred to different phascs occur as indusions in gaicna of 

the galena-guartz vein, The grains are tabular or lath -shapcd, bct\\'een 0.4- 0.6 mm 

in length. The similarity in form of these grains suggests that they originated from 

the same mineral wbich became unstable and altered into several di fferent phases 

plus abundant native bismuth (Fig. 5.). Thc greyisb I arts composcd of small lath 

shaped grains may bc distinguishcd in tbe sulphosalt grains. These have a sli g h t 

reflection pleocroism and a distinct anisotropy. Tbey form be nt and radial aggregates 

resulting from tbe breakdown of the original mineral (Fi g . 6. ). 

Tbree different phases have been obser\'ed based on tb e distribution of antimony 

(cf. Plate I, Pig. c. ). The content of antimony varies from nil in pbase I, to medium 

in phase II and to abundant in phase IIr. The relations hip of lead to antimony is 

seen in Pig. b . The content of lead is abundant in phase I, when antimony is ni l. 
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FIG. 6. Pb-Bi-Sb-sulphosalts sho\\·ing bcm and radial gro\\'th aggregatcs. 
Crosscd nicols, photo E. Halme. 

In phase II the antimony and lead content are medium. The lead content in phase III 
sparse when antimony is abundant. The BiLa t scanning image shows thc distribution 

of bismurh. The bismuth content is sparse in phase I , medium in phases II and Ur. 
The CuKa t scanning image sho\\"s copper occurring as small dots aro und th e su lph o

salt grain. 
Al teration of the Pb-Bi -Sb-sulphosal t to the di fferent phases and native bismu th 

has occurred only in the galena-quartz ycin. Thc galena-quartz vein also conta ins 

Pb-Bi -Sb-Cu-bcaring sulphosalt 1 sh()\\"ing no sign of alteration. 

Ag-Sb-sulphosalts 

Grains of Ag-Sb-sulphosalts occur as inclusions in galena and within the Pb-Bi-Sb

sulphosalts. The largest grain measures up to 0.2 mm, but normally thc g rain size is 

< 0.1 mm. The colour of thc l\g-Sb-sulphosalts is grey or bluish grey against galena, 

but much lighter than grccnockitc and sphaleritc. 
There arc t\\"o typcs of J\ g-Sb-su lphosalts. One is macroscopically decp-red. 

This sulphosalt is pleochroie \\"ith rcd internal reAections , and distinctl y anisotropie. 

The second is a lighter grer than the former and slightly pinkish. ReAection pleo

chroism and anisotropy ha\"c not been obscrved. This could bc due to the orientation 

of the gra ins. Becausr.; of thc small g rain size more accuratc microseopie studics 

could not be performcd. 
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Mieroprobe analyses were made to determine the eomposition of the Ag-Sb
sulphosalts (cf. Plate II). On the right side of the studied seetion is the Pb-Bi-Sb
sulphosalt altereel to different phases, the boundaries of whieh are c1early visibly 
against the galena on the left side (Fig. b.). The lower side of the X-ray seanning 
images (SbLu l and AgLu 1) shows the antimony and silver bearing sulphosalts. 

The SbLu l image c1early shows the distribution of antimony between the Ag-Sb
sulphosalt and the Pb-Bi-Sb-sulphosalt. The points of native bismuth in galena anel 
in the Pb-Bi-Sb-sulphosalt are seen in the BiLu l image. 

Plate III presents a photomierograph, eoneentration profiles and X-ray seanning 

images of the Ag-Sb-sulphosalts. In the middle of the photomicrograph both Ag-Sb
sulphosalts ean be seen as a greyish area in galena. A splinter of light-eoloured 
chalcopyrite divides the greyish grain. On the left side of this grain lies a hole with 
several grains of mareasite. On the right side of the photomicrograph is the Pb-Bi-Sb

sulphosalt, slightly more greyish than galena. The distribution of lead, bismuth 

and antimony in the sulphosalts is shown by the eorresponding X-ray seanning 
Images. 

The left part of the Ag-Sb-sulphosalt is slightly pleoehroie, the grain is anisotropie 

with abundant red internal refleetions. The right part of the grain is gray, internal 
refleetions are absent and the anisotropy is slight. The profiles show the distribution 

of antimony and silver in the Ag-Sb-sulphosalt as marked in the photomierograph. 
The pronouneed minimum points of the antimony and silver eoneentration eurves 

indieate chalcopyrite. The profiles c1early show that the right part of the Ag-Sb
sulphosalt is rieher in silver than the left part. 

One mieroprobe analysis was maele of the Ag-Sb-sulphosalt with red internal 

refleetions. The results are similar to analyses of pyrargyrite from Lengenbach 
(Nowaeki, 1969). The optieal properties of the silver-poor grain are also identieal 
with those of pyrargyrite. 

The silver-rieh part may be Sb-billingsleyite (Ag ,SbS 6) with weak or absent 

anisotropy, sinee the properties (Keighin and Honea, 1969) are very similar to those 

of this mineral and of stephanite. Stephanite is strongly anisotropie, with no internal 

reAeetions. Stephanite deeomposes at 197°C ± 5 with an exeess of sulfur to form 

Sb-billingsleyite and pyrargyrite. Keighin and Honea (1969) suggest that Sb-billings
leyite does exist, but may be misidentified as stephanite. 

CHARACTERISTICS OF ORE GENESIS 

The following main events may be reeognized: (1) early stage of rock alteratioll 
(serieitization), (2) breeeiation and tourmaline mineralization and (3) prineipal ore 
stage with development of the veins. 
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The prineipal ore stage (3) at Ritovuori eonsists of two different groups: 1. 
disseminated grains of ore minerals in the basie sehists and in the quartz-feldspar 
sehists, and 2. ore minerals in quartz veins and in lime-rieh aggregates. 

Arsenopyrite and pyrite oeeur as dissemi nated euhedral grains in both the basie 

sehists and the quartz-feldspar sehists (group 1.). This assemblage represents 
relatively high P-T eonditions during mineralization. The rutile and tourmaline 

inclusions in arsenopyrite show that they erystallized before arsenopyrite. The skeletal 

pyrite grains indieate in this arsenopyrite-pyrite assemblage that pyrite erystallized 
at early stage. Pyrite was deposited also du ring the later stages, sinee galena inclusions 

have been found within pyrite grains. Disseminated g rains of pyrrhotite, ehalcopyrite 

and pyrite oeeur in the ba sie sehists and in the breeeia fragments . This assemblage 
follows the arsenopyrite-pyrite assemblage. The amount of disseminated pyrrhotite, 
ehalcopyrite and pyrite is variable and sparse, but inereases eonsiderably in the 
mineralized zone of the basie sehists. 

The mineralized quartz veins and lime-rieh aggregates in the basie sehists (group 

2.) are divided into three distinetive assemblages: (A) arsenopyrite-quartz vein, 
(B) lime-rieh aggregates and (C) galena-quartz vein. 

Assemblage (A) eonsists of arsenopyrite, loellingite, pyrite, mareasite, ehalco
pyrite and native gold. This assemblage suggests that ore forming fluid was enriehed 
mostly in As, Fe, Cu and Au. The bismuth and antimony-bearing minerals are 

laeking. Arsenie was deposited as arsenopyrite and loellingite. The abundanee of 

arsenopyritejloellingite and laek of pyrrhotite may suggest a relatively high AsjS 
ratio in the ore fluids. Arsenie-bearing minerals do not oeeur in the assemblages 

(B) and (C). 

Ore minerals in assemblage (B) are ehalcopyrite, sphalerite, galena, pyrite, pyr
rhotite, mareasite, Pb-Bi-Sb-Cu-sulphosalt II, Ag-Sb-sulphosalts and native bismuth. 

Assemblage (B) indieates a solution rieh in Zn, Cu, Fe aod Pb, but also eontaining 

some Sb, AL 'tnd Bi. The Pb-Bi-Sb-Cu-sulphosalt II in assemblage (B) is less anti
mony-rieh tl.an the eorresponding sulphosalt in assemblage (C). This may indieate 
that the antimony-eontent in ore forming fluid was inereasing during the eourse 

of erystalliza~ion. 

Galena is the main mineral in assemblage (C). The other ore minerals are pyrite, 

ehalcopyri te, mareasite, Pb-Bi -Sb-Cu -sulphosal t I, Pb-Bi-S b-sul phosal ts, Ag-S b
sulphosalts, greenoekite and native bismuth. The solution was rieb in Pb with some 
Cu, Fe, Sb, Ag and Bi. Laek of Zn in the mineralizing solution of this assemblage, 

resulted in an element sueh as Cd eould not enter the sphalerite strueture, tbus it 

deposited as greenoeki te. 

The presenee of several mineral assemblages indieates that the ore was deposited 
from different ore forming fluids or from one ore forming fluid with eontinuously 

ehanging eomposition. 
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AGE OF THE MI ERALIZATIONS 

The radiometrie isotope ages of zircon and sphene were determined from the 

granodiorites and porphyritic granites surrounding the Pihtipudas schist belt. The 
ages for zircon from the intrusive rocks are about 1900 Ma and for sphene 1800 Ma. 

Many intrusive rocks of Finland belong to the same lower age group 1800- 1850 Ma. 
The isotopic composition of lead in the galena of the galena-quartz veln at Rito

vuori has been analyzed in several connections (Kouvo and Kulp, 1961; Geological 

Survey of Finland, Annual report 1965). The latest determination was carried out 

in the laboratories of the U.S. Geological Survey, Denver, (Geological Survey of 
Finland, Annual report 1973) with following results: 

206Pb 208Pb 
204Pb - 15.577 15.287 204Pb = 35.164 

The model lead age for the Pihtipudas galena is 1800- 1850 Ma. 

The calculated model age based on the isotopic composition of lead from the 
Pihtipudas galena differs from the model lead age for the massive sulphide ores 
in the neighborhood of Pihtipudas, e.g. Vihanti (Rouhunkoski, 1968), Pyhäsalmi 

(Gcological Survey of Finland, Annual report 1973) and Säviä (op. cil., 1966), which 

is about 2050 Ma. 

Genetically, it is noteable that the isotopic composition of lead in the Pihtipudas 
galena differs from that of the SW -Finland occurrences, which, however, show 

ncarly the same age as the Pihtipudas lead. 
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PLATE I 

rlG. a. BSE image of Pb-Bi-Sb-slliphosalts within 

ga lena of thc galena-qllartz vc in. FI es. b - c. Scanning 

images showing the distribution of Pb, Sb, Bi and Cu 

in the grain shown in Fig. a. Magn. 250 x. 
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PLAIE 11 

FIG . a. f\g-Sb-sulphosalts (grcy), Pb-Bi-Sb-sulphosalt 

(light grey), native bismuth (white) and greenockite 

(dark grey) \\'ithin galcna of the galena-quartz vein. 

l\fagn. 180 x, onc nicol. FIGS. b- c. Scanning images, 

showing thc distribution of Sb, Bi, Ag and Cd, were 

raken from rhe area indicated on thc photomicrograph. 

Magn. 290 x. 
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PLATE 111 

FI G. a. Ag-Sb-sulphosalts (dark grey) and Pb-Bi-Sb

sulphosalt (light grey) within galcna of the galcna

qllartZ vein. FIG. b. A profile of concentration Cllrves 

of Ag and Sb along the black line A- A'. FIG. c- f. 

Scanning images sho\\"ing the distribution of Sb, Ag, 

Pb and Bi. Magn. 200 x. 
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