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A b s t r a c t : Two a n t i m o n y deposits w i th nat ive a n t i m o n y are described 
— Seinäjoki (Finland) and S t e p a n o v a G u b a (Karel ia) . Ores of these depo­
sits are very s imilar both w i t h respect to the m i n e r a l and chemical compo­
sition and as regards paragenet ic associations. These are two t y p o m o r -
phic m i n e r a l associat ion: q u a r t z - a n t i m o n y and a n t i m o n y - s u l p h i d e . The 
d a t a obta ined suggest t h a t ores w e r e formed in t h e deposits u n d e r specific 
condi t ions : at re lat ively high t e m p e r a t u r e s for a n t i m o n y deposition, and 
at e x t r e m e l y low s u l p h u r fugacity for t h e h y d r o t h e r m a l process. 

Pe3K>Me: OnucaHO aea cypbMHHbix MecTopojKaenHsi c caMopoanoR cypbMoft — 
CeřtHHÍíoKH (CDHUJUIHOTH) H CTenaHOBa Ty6a (Kapejina). PyAbi MecroproivieHHH 
oneHb cxoflHbi KaK no MHnepaxibHOMy H XHMHnecKOMy cocTaBy, Tax n no napareHe-
THHecKHM accoimauHsiM. BbwejisHOTca ABe THnoMopetiHbix MHHepanbHbix accouHauHH 
— KBapueBO-cypbMHHaa H cypbMsiHO-cynbctjHflHaH. noJiy>ieHHbie aanHbie CBHae-
TenbCTByioT o TOM, HTO pyflbi MecToposKxteHHfl o6pa30BaxiHcb B cnem«j)HHecKHX 
ycnoBHHx: npn OTHOCHTejibHO BMCOKHX AHH cypbNMnoro py,aooTJio>KeHHH TeMnepa-
Typax H řípu KpaňHe HH3KOH am rHflpoTepManbHoro npouecca cjjyrHTHBHOCTH cepw. 

A s is k n o w n , t h e m a i n t y p e of c o m m e r c i a l a n t i m o n y d e p o s i t s a r e a n t i m o n i t e 
d e p o s i t s w h e r e a n t i m o n y is p r e s e n t i n t h e s u l p h i d e f o r m a n d w h i c h a r e f o r m e d 
at r a t h e r l o w t e m p e r a t u r e s a n d h i g h v a l u e s of s u l p h u r f u g a c i t y . T h e d i s c o v e r y 
in t h e p a s t d e c a d e s a t t h e B a l t i c s h i e l d of d e p o s i t s w h e r e a n t i m o n y is p r e s e n t 
p r e d o m i n a n t l y i n t h e n a t i v e f o r m s i g n i f i c a n t l y b r o a d e n s o u r c o n c e p t s of a n t i ­
m o n y o r e f o r m a t i o n . C l a s s e d w i t h t y p e i s t h e g r o u p of d e p o s i t s of t h e S e i n ä j o k i 
o r e r e g i o n i n F i n l a n d a n d a n o r e m i n e r a l i z a t i o n S t e p a n o v a G u b a i n K a r e l i a , 
w h i c h o c c u r in P r o t e r o z o i c m e t a m o r p h i c s c h i s t s . I n S e i n ä j o k i t h e s e a r e v e i n s 
a n d s t o c k w o r k s . O r e m i n e r a l s f o r m n e s t s , v e i n l e t s a n d i m p r e g n a t i o n s . T h e m a i n 
t y p e s of h o s t r o c k s a l t e r a t i o n s a r e s i l i c i f i c a t i o n a n d s e r i c i t i z a t i o n . M i n e r a l i z a t i o n 
is p r i n c i p a l l y c o n f i n e d t o t h e s i l i c i f i c a t i o n z o n e s , o c c a s i o n a l l y d e f i n i t e l y g r a ­
v i t a t e s t o w a r d s g r a p h i t i z e d s c h i s t s . I t h a s b e e n t r a c e d i n d e p t h t o 100 m . I n 
c o n t r a s t i n K a r e l i a t h e r e h a s b e e n l o c a t e d o n l y o n e s u r f a c e o u t c r o p of m i c a 
c r y s t a l l i n e s c h i s t s w i t h a z o n e of f i n e o r e i m p r e g n a t i o n . 

T h e s t u d y of F i n n i s h a n d K a r e l i a n o r e s b y m e a n s of t h e m i n e r a g r a p h i c , 
m i c r o p r o b e a n d o t h e r m e t h o d s h a s r e v e a l e d t h e m t o b e v e r y s i m i l a r b o t h 
w i t h r e s p e c t t o t h e m i n e r a l a n d c h e m i c a l c o m p o s i t i o n a n d a s r e g a r d s p a r a -
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genetic association. As seen f roní the Tab. 1, with respect to the set of mi­
nerals the ores from either place are, in effect, identical, being different solely 
in the presence or absence of certain ra re mineral species, of which seinäjokite 
and pääkkôneni te are new minerals ( M o z g o v á et al., 1976; 1977; B o r o -
d a e v et al., 1981). The two principal ore minerals — native an t imony and 
pyrrhoti te — are irregularly distr ibuted. If one of them dominates, the other 

T a b l e 1 

Distribution of ore minerals 

Minera l 

Ant imony , na t ive 
Py r rho t i t e 
Marcas i te 
Arsenopyr i te 
Sb-a r senopyr i t e 
Loell ingite 
G u d m u n d i t e 
Ber th ie r i t e 
St ibni te 
Chalcopyr i te 
Sphaler i te 
Te t r ahedr i t e 
Bre i thaup t i t e 

i P a r a r a m m e l s b e r g i t e 
Seinäjoki te 
P ä ä k k ô n e n i t e 

j Sb-wes te rve ld i t e 
St ibarsen 
Auros t ib i te 

', Minera l Y 
Minera l Z 

Formula 

Sb 
Feo.seS-Feo.ooS 
FeS-, 
FeA~sS 
Fe(As. Sb)S 
(Fe. Ni)As-. 
FeSbS 
FeSb ,S , 
S b , S | 
CuFeS, 
(Zn, Fe)S 
Cu l n(Fe, Zn)-,Sb/,Sn 

NiSb 
Ni(As, Sb)., 
(Fe0SNi0.2) (Sb^As, , . , ) , 
Sb-AsS., 
Fe(AS(,.,,5Sbn.or,) 
SbAs 
A u S b , 
Pb,Sb->oAs8Slg 

PbŠb^Äs-.S,: 

Seinäjoki 
(Finland) 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

i 
Stepanova 

Guba 
(Karelia) 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

! 

one is either absent or present in a subordinated quanti ty, the two minerals 
never contacting wi th each other. Inside the ore zones, ant imony is concen-
1 ra ted in quar tz veins and in the intensively silicified rocks. Pyrrhot i te , on the 
other hand, occurs in less altered rocks. The majori ty of other ore minerals 
are observed to associate both with nat ive ant imony and with pyrrhot i te , but 
in different quant i ta t ive relations. Accordingly, at the Seinäjoki deposits we 
have identified two paragenet ic mineral associations (B o r o d a e v et al., 1982, 
1983). The same associations have been established also at the Karel ian ore 
mineralization. These are the quar tz-ant imony and ant imony-sulphide associat­
ions (Tab. 2). 

In the first association the main mineral is nat ive ant imony and among 
the subordinate ones there have been recorded ant imoni te and ant imony and 
iron sulphides (gudmundite and berthieri te) . In the second associations these 
sulphides, alongside wi th pyrrhot i te , become dominant minerals and nat ive 
antimony a secondary one. 
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A specific feature of the quar tz-ant imony association is, on the one hand, 
a constant arsenic admix tu re in naltive ant imony (from 7 to 11 % in Seinäjoki 
and 0.2—0.8 % in Karelia) and, on the other hand, a ra ther high ant imony 
content in such minerals as arsenopyrite, loellingite, as well as marcasi te . In 
large arsenopyri te crystals there is often observed a zonal distr ibution of 
ant imony: in interior zones 2 % Sb, in the exterior zone up to 12 .0% (Seinä­
joki) and up to 1 8 % (Karelia). This fringe zone represents a druse of small 
Sb-arsenopyri te crystals (Fig. 1). Similar crystals of this var iety develop also 
around gudmundi te . In loellingite the m a x i m u m Sb content amounts to 3.4 % 
in Seinäjoki and 2 . 7 % in Karelia. An increased nickel content in arsenides 
(loellingite and arsenopyrite) and the formation of own minerals of this element, 

T a b l e 2 

Distribution of minerals according by association 

Associations Main minerals Minor minerals 

Juartz-antimony Native antimony 
Quartz 
Arsenopyrite 
Loellingite 

Stibnite 
Pyrrhotite 
Pääkkonenite 
Sb-arsenopyrite 
Berthierite 
Gudmundite 

Rare minerals 

Seinäjokite 
Sb-westerveldite 
Stibarsen 
Aurostibite 
Y-and Z-minerals 
Pararammelsbergite 

^.ntimony-sul-
shide 

Pyrrhotite 
Gudmundite 
Berthierite 
Stibnite 
Arsenopyrite 
Marcasite 

Loellingite 
Sphalerite 
Chalcopyrite 
Tetrahedrite 
Native antimony 
Quartz 

Pyrite 
Chalcostibite 
Breithauptite 

namely seinäjokite and bre i thaupt i te in Seinäjoki and Sb-bear ing pa ra rammels ­
bergite in Karelia (Fig. 2) are also very typical. In loellingite from Seinäjoki 
the nickel content reaches 9 %, in Karelia — 4 %. In Karel ian arsenopyri te 
its content does not exceed 1.3%, marginal Sb-arsenopyri te being completely 
free from an admix tu re of this element. Arsenqpyri te and loellingite are present 
in the form of idiomorphic crystals inside the grains of native an t imony and 
appear to have been formed earlier, the presence inside them of cross-cutting 
ant imony ve'inlets testifying to this. Loellingite had crystallized earlier than 
arsenopyrite, as shown by the formation of the rims of the la t ter around 
loellingite. The latest ore mineral in the quartz-aintimony association is an t i ­
monite which forms fringes a round ant imony grains and crosses them in the 
form of veinlets. 

An impor tant feature of ores from the Seinäjoki is the development in them 
of unique minerals incompletely sa tura ted with sulphur (no such minerals 
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Fig. 1. Zonal crystal of Sb-bearing arsenopyrite. Seinäjoki. 
Explanations: a) backscattered electron image; b) SbLr/1 X-rays image. 220 x. 

have yet been recorded in Karelia). This is pääkkôneni te (Sb2AsS2) and the 
minerals Y(Pb2Sb2 0As8S1 9) and Z(PbSb6As2Sc), two lat ters have not yet been 
sufficiently studied ( B o r o d a e v et al., 1982; 1983). All of them develop in 

Fig. 2. Crystal of pararammelsbergite in native antimony. Karelia. 200 x. 
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Fig. 3. Replacement texture of pyrrhotite by marcasite. Seinäjokd. 110 x. 

association with native antimony and belong to the quartz-antimony associa­
tion. 

The main mineral of the second, antimony-sulphide association, as mentioned 
above, is pyrrhotite. On evidence of Finnish geologist P ä ä k k ô n e n (1966). 
pyrrhotite constantly occurs, though in insignificant quantities, in mica schists 
and thus its distribution has a regional character. As presumed by P ä ä k k ô ­
n e n , it had been formed in the process of -metamorphism of melnikovite and 
other black unstable compounds of ferrous sulphide accumulated at the bottom 
of sea basins and lakes. At the deposists in question pyrrhotite ds definitely in­
herited. Within the ore zones its separate impregnations grow larger, apparently 
as a result of selective recrystallization caused by incoming hydrothermal so­
lutions. Pyrrhotite was partly redeposited, cementing fragments of metamor-
phic rocks in brecciation zones. 

Within the ore zones pyrrhotite is replaced by marcasite forming very pic­
turesque textures (Fig. 3). 

Pyrrhotite is often surrounded by gudmundite fringes (Fig. 4) in which there 
are locally observed graphic (myrmekite-like) structures of intergrowth of 
gudmundite with pyrrhotite. P ä ä k k ô n e n (1966) explains the development 
of such graphic structures by the replacement of pyrrhotite with gudmundite 
when antimony is added according to the scheme FeS + Sb —»- FeSbS. Pyrrho­
tite, as well as gudmundite fringes, are sometimes replaced by berthierite 
in which the relics of these minerals are occasionally preserved unreplaced. 
All the three minerals are, in their turn, replaced by antimonite which forms 
reaction margins around their grains and cross-cutting veinlets inside them. 
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No direct relations between pyrrhotite and antimony have been observed. 
In those rare cases when the two minerals occur in the same ore aggregate 
other sulphides — gudmundite, berthierite — are necessarily found between 
them. 

The absence of cross-cutting allows to presume that the two associations 
have been formed from the same solution, but have developed under a different 
physico-chemical environment. The rocks were subjected to the most intense 
hydrothermal reworking in the sections of quartz-antimony association, which 
resulted in the almost complete removal of pyrrhotite. 

The antimony-sulphide association has formed in the less intensively altered 
host rocks, in which pyrrhotite has preserved. The latter reacted with the 
antimony-containing, but sulphur-free solutions, as a result of which there 
were forming such minerals as gudmundite and berthierite, whilst native an­
timony was developing in a limited quantity. The order of crystallization may 
be conceived in the form of the following idealized scheme: 

Q u a r t z - a n t i m o n y a s s o c i a t i o n : 

loellingite —*• arsenopyrite —> native antimony 

A n t i m o n y - s u l p h i d e a s s o c i a t i o n : 

pyrrhotite gudmundite 
\ \ 

marcasite (+ pyrite) berthierite 
\ 

stibnite (+ marcasite) 

Thus, typomorphic features of the peculiar antimony deposits with native 
antimony, which have so far been found on the Baltic shield alone, we may 
consider to be the following: 

1. Development of two typomorphic paragenetic associations — quartz-anti­
mony and antimony-sulphide consisting principally of a similar extremely 
specific set of minerals which are present in different quantitative relations. 

2. Presence of Sb admixture in certain minerals of arsenic, iron, and nickel 
(arsenopyrite, loellingite, marcasite, pararammelsbergite, westerveldite, etc.). 

3. Presence of nickel in the ores, which either enters as admixture in other 
minerals (arsenopyrite, loellingite) or form own minerals (seinäjokite, para­
rammelsbergite, breithgauptite). 

4. Development of minerals with sulphur deficit (pääkkônenite, etc.). 
Results of this study and published experimental and thermodynamic data 

enable to discuss some physico-chemical conditions of ore formation in these 
deposits. We shall now try to evaluate two factors of equilibrium — tempe­
rature and fugacity. 

The temperature of the formation of the quartz-antimony mineral association 
can be evaluated by means of minerals-geothermometers (Tab. 3). 
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Fig. 4. Pyrrhotite (gray) surrounded by gudmundite rim (white). Karelia. 110 x. 

The data listed in the Table show tha t t empera ture of the quar tz-ant imony 
association formation was ra ther high (—400—500 °C). The results of homo-
genization of fluid inclusions in quartz are in good agreement with this con­
clusion. The formation of the ant imony^sulphide association was taking place 
under lower t empera ture conditions, as determined by the upper thermal sta­
bility limit of gudmundi te (280°) and monoclinic pyrrhot i te (250°). 

The sulphur fugacity calculated for ore deposit Seinäjoki ( B o r o d a e v et 
al„ 1982; 1983), varies from 10"17 to 10"15 a tm at 400 °C and from 10_i:> to 10"-" 
at 280 °C. This is much lower than those of sulphur fugacity, which according 
to B a r t o n (1969,1971) are characteristic of the process to hydro thermal 
sulphide mineral formation (stibnite deposits). Since mineral associations in Ka­
relia are similar with those in Seinäjoki the same ranges of sulphur fugacity 
appear to be in both deposits. 

Thus the conditions of ore formation in these unique deposits were very 
specific. These deposits have been formed at relatively high t empera tu res for 
ant imony ore deposition and under am extremely low sulphur fugacity for the 
hydrothemal process. These two factors have led to the formation of the unique 
ant imony ores composed practically of monomineral nat ive an t imony and 
unusual associations of native metals, intermetal l ides and minerals undersa-
tura ted with sulphur. 
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T a b l e 3 

T e m p e r a t u r e condi t ions of format ion of an t imony deposits wi th nat ive an t imony 

Asso­
cia­
tion 

c 
o 
B 

| 

CO 

•3 

A n t i -
mony-
su lph-

ide 

Geo te rmomete r 

solubil i ty of S in loell ingite 
(mass %) 

3.4 
3.0 
~2 

content of As in a rsenopyr i te 
coexist ing wi th loell ingite + p y r r h o -
t i te (at %) 

34.0 
37.0 

35.3-36.3 
34.6-36.3 

content As (mass %) in na t ive 
Sb coexist ing wi th Sb2AsS2 ( synthe­
tic analogue of pääkkôneni te ) 

14.9 
12.1 
11.0 

content of Sb (mass %) in Sb-a r se -
nopyr i te 

8.0 
14.5 

4.8-12 
7.4-17.6 

homogenizat ion t e m p e r a t u r e s of 
fluid inclusions in quar tz 

g u d m u n d i t e s tabi l i ty 

monocl inic pyr rho t i t e s tabi l i ty 

homogeniza t ion t empe ra tu r e s of 
fluid inclusions in quar tz 

T, °C 

702 
650 

-500 

330 
550 

440-510 
370-510 

500 
425 

-400 

450 
550 

360—500 
440-650 

3 6 0 ^ 0 0 
340-350 

320-410 

280 + 10 

<250 

1 
1 220-230 

Author 

C l a r k , 1960 

in Seinäjoki, this s tudy 

K r e t s c h m e r — 
S c o t t , 1976 

in Seinäjoki, this s tudy 
in S tepanova Guba, 
this s tudy 

L u c e et al., 1977 

in Seinäjoki, this s tudy 

G a m j a n i n et al., 1981 

in Seinäjoki, this s tudy 
in S tepanova Guba, 
this s tudy 

in Seinäjoki, this s tudy 
in Seinäjoki, B a 1 i t s k y 
et al., 1976 
in S tepanova Guba, this 
s tudy 

C l a r k , 1966 

S c o t t - K i s s i n , 1974 

in Seinäjoki ; B a l i t s k y 
et al., 1976 
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