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SULPHUR ISOTOPES OF THE STRATIFORM PYRITE DEPOSIT 
TURECKÝ VRCH AND STIBNITE DEPOSIT PEZINOK, IN THE 

MALÉ KARPATY MTS CRYSTALLINE, CZECHOSLOVAKIA 
ľigs. 1-29) 

A b s t r n c I: In ihe c rys ta l l ine oľ ihe M. K n r p u l y Alls s t ra t i form jiyritf 
depos i t s occur wi th in llie v o l e a n o g e n i c - s e d i m e n t a r y s e q u e n c e of L o w e r Paleozoic 
age. Spat ia l and genet ica] re la t ions to the s u b m a r i n e d i a b a s e vo lcanism are 
a p p a r e n t . hor p y r i t e - s u I p h u ľ iSS'''' sa l l ies r a n g e —3,0 to —21.2 perrnil, a n d in­
dicate bacter ia l r e d u c t i o n . Col lofomi-deposi ted and y o u n g e r , c r y s t a l l i n e p y r i t e 
are cointnon, the la t ter d i s p l a y i n g by 2 — '-\ p e n n i l h e a v i e r s u l p h u r . Ľ x t r e m e 
e n r i c h m e n t in S was found in mobi l i zed p y r i t e veinlels ( + 19.(i to + 2 1 . ! ) %o). 

ľhe s t i h n i t e m i n e r a l i z a t i o n is confined to the same p r o d u c t i v e s e q u e n c e s as 
the s t ra t i form p y r i t e bodies . T h o u g h the la t ter m a y not c o n t a i n Sb-ores, the 
s t i h n i t e depos i t s a rc usua l ly p y r i t e rich. T h e following AS'''' ranges were 
m e a s u r e d : s l ibn i le (—2.2 to —6,5 %n). a r z e n o p y r i t e (—1.0 to — (i.O'Vi'- p y r i t e 
(—1,9 to —8.5 %n), h e r t h i e r i t e (—9.2 to —1.0,8 %o), g u d m u n d i t e (—5,9 In 
— I •'!..) "mi), and fur p y r i t e whose a p p u r l e n e n c e to the Sb — or s y n g e n e l i c p y r i t e — 
m i n e r a l i z a t i o n is u n c e r t a i n , á S 1 1 var ied between —.'!.l and — 18/i % . I l ighesl 
e n r i c h m e n t in S ; - d i sp lay Fc-bear ing S b - m i n c r a l s i n d i c a t i n g a link to the 
s y n g e n e l i c p y r i t e depos i t s . T h e proposed schemes of . . t ime and s t r a t a - b o u n d 
S h - W - l l g " — and h y d r o l b e r m a J m i n e r a l i z a t i o n are discussed. 

P e 3 io M e: Cjioeo6pa3HLie nupi-iTOBBie MecropoKjieHHH Kpi-icTajiJii-mecKoro 
MaccHsa Majitix KapnaT BLicTynaiOT B ByjiKaHHiecKO-ocaaOHHOM KOMn.iei<ce HI-DK-
Henajieo30HCKoro B03pacTa. C B S S STHX MecTopo>K.neHnň c cyÔMapiiHHLiM ByjiKa-
HH3MOM /iiia6a303oro xapaKTera oqeBimna. .ZJanHBie iS'" 1 B ni-ipi-rre naxoiiHTOi 
B npeaejiax OT — 3,9 ixo — 21,2 ".'m) H CBiiaexejibCTByioT 06 6a.KTepinajiBH0H aeH-rejih-
HOCTH. 

fljin MHHepajias na Sb-MecTopo>KaeHHH HaxojiHinHxca B no,uo6noH reojioi i-mec-
KOH no3Miinn SLIJI n oiipexiejieuLi 3Haqenn;i <5S''' OT — 1 no —13,5 n B HeKOToptix 
cjiyiaHx JIO — 18,4 % . Ha oxnameHHe K cHHreneTiiqecKOMy nupHTOBOMy opyímeirHio 
noKa3BiBaior orpiniarejiLiiMe 3iiaaeHi-i;i AS'" n o6ora iuenne n30ronoM S' 2 Tex 
Sb-MHHepajiOB, KoropBie coaep)KaT >i<ejie3o. ľlpe/ijiaraeTCH juicKyccHH paajiimiiwx 
reneTHiecKHx -xeM, 

Introduction 

l i n p o r l a n l o r e - d e p o s i t s of (lie M a l é K a r p a t y M l s . a r e c o n f i n e d Io llie I V / . i n o k — 
I ' c r n c k e r y s l n l l i n e . O u t s i d e th i s a r e a a s m a l l d e p o s i l oľ o o p p o r - p o l y m o l a l l i c o r e s is 
k n o w n in c r y s t a l l i n e s c h i s t s n e a r llie v i l l a g e C a s t a (iN of I ' e z i n o k ) . 

( ' u p p e r a n d b a r y t e m i n e r a l i z a t i o n s o c c u r in m e l a p h y r e n i c k s of I 'eriuii i i i- . s e d i m e n ­
t a r y m a n g a n e s e o r e s in llie M a r i a l a l - s e h i s l s of Liuss ic a g e . T h o u g h e x p l o r e d in t h e 
pasl l l iey n e v e r r e a c h e d e c o n o m i c i m p o r t a n c e o w i n g Io low g r a d e a n d l in i i led e x l o n l . 

M i n e r a l d e p o s i l s ol p y r i t e a n d n n l i m o n y o r e s a r e llie o n l y o n e s a t t a i n i n g la rge 
d i m e n s i o n s in t h e M. K a r p a t y M l s . T h e y a r e r e s t r i c t e d Io t h e I ' e z i n o k — P e r n e k erys­
l n l l i n e l o c a t e d a h o u l 2(1 k i n s \ of I ' r a l i s l n v a . 

I hi-- c r y s t a l l i n e (of I r i a n g u l a r s h a p e is H a n k e d b y posl k i n e i n a l ic g r a n i l o i d s of 
\ a r i s c a n a g e : ( h e l i r a l i s l a v a Mass i f in i h e S. llie M o d r a Mass i f in llie X. 

I 'wo-niiea i p i a i l z g r a n o d i o r i l e s p r e v a i l o v e r I w o - i n i c a g r a n i t e s in llie B r a t i s l a v a 
M a s s i l . L e u c o c r a l i c difl'ei enl ia les as well as p e g m a l i l e s a r e c o m m o n , loo. 

lb', lug. J . K a n l o i . CSc.. Dionvz Sliir Ins l i lu le of i;eolo«'v. l í ra l i s lava. M l v n s k á di 
n.-i I. 

> 
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Fig. I. deolngical niiip of the 1'czinok — IVrnok area. Aľler ľ>. C n m b c I in Ideological map 
o t tlie M. Karpaty 1:50 000, 1972. slightly modified. 

I. ( luaternary 2. Mosozoic .'!. Granitoids. Bratislava Massif 'i. Granitoids. Modra Massif 3—A. 
Yariscan 5. Sericite-chlorile and Idotile phylliles Harmónia línii) (i. Seriľilľ-biolilo-and 
liiolilo phylliles 7. Aelinolitc srliisls 8. Aclinolilo schists witb stratiform pyrite bodies !). 
ľSiolitie micaschistoso gneisses and paragneisses 10. A inphiholites. medium lo ľine-grained II. 
Amphiboliles witli prevailing pvroelnslic material 5—11 Lower Paleozoic (to I pper Algon-
kian'.'l 12. Kaulls l.'i. I anils', supposed l'i. Mines (adits): I - Rudolf. 2 - Kolárska. 3 -

Slibnile. 'i — I'yrilc, 5 — I'erdinand. (i — Karol. 7 — Augustín. 

The i > i • i n i - i i >; 11 rocks id I lie Modi") Massif arc Inutile granodior i tes : two-mica granites 
ami pegmatites oecuring ipiile subordinnlely (B. ľ. n m b o I — .1. \ a I a e h L956, 
IS. C a m b e I 1067). 

Tlie molasedimonlary nicks of lbe crystalline bell consist of phylliles and schists 
scricitic. ebloritic. quarl/.ose. biolilic. bi tuminous). By pciiplulonic nielaiuorphism 

restdled mieaseliils as well as biolilic paragneisses. which are commonly garnetiferous. 
\ ariable amounts of aclinidile may la1 present, indicating original pyroclaslic material 

in these schists that display often gradual transitions lo black, bi tuminous (so called 
graphitic schists and lo metadiabasic rocks. The latter prevailing in lbe northern pari 
of the Pi-zinok—lVniťk area (B. C a m b e I 10.58. H. Ž á k o v s k y 1962). 

Intrusive forms — gabbros. gabbrodioriles a. s. o. have been also described li. C a lu­
ll p i 10.52. Ik ( la in b e l — <i. K u p č o L065) but are not marked in geological 
maps . 

Biotitic paragneisses and inicasi liisls. extending between the Bratislava granitoide 
massif and the ore zone Be/.inok—Kolársky vrch—Turecký vrch (map. 1* ig. I), are 
supposed to represent the oldest members of the crystalline (B. ('.a in h o i L958). 
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They are overlain by the volranogcnic-sodimontary rocks of the so called firsl 
productive zone (Pezinok—Kolársky vrch. Konské h lavy—Turecký vrch). It consists 
of submar ine diabasic cxlrusions and pyroclaslics. a l lernating with politic and organo-
detritic mctasediments . 

Within this zone large bodies of stratiform pyrite ores occur, apparent ly in genetic 
relation to the diabase volcanism. 

In the .\\\ part of the section Pezinok—Kolársky vrch is located the largest anti­
m o n y deposit of the M. Karpaty Mls., it's SE part being dominanl ly mineralized by 
pyrite. 

In the section Konské hlavy—Turecký vrch of the first productive zone only in­
dications ol Sb ores are known, though pyrite forms here large lense-shaped bodies, 
loo. 

The present paper deals with the distribution of su lphur isotopes in sulphides of 
both parts of the productive zone No. I. 

After I!. C a m b c l (1958) the productive voleanogenic-detrilal sequence has been 
succeeded by a younger detrilal sedimentat ion, represented in the enclosed map bv 
biotite phyllit.es, micaschils and paragneisses laying between the first productive zone 
in the south and the second one in the north. 

The principal masses of motabasic rocks are concentrated in the northern part of 
the territory, to the N of the road connecting ľezinok with Pernek. They are believed 
to represent with the enclosed stratiform pyrite bodies, products of a younger volcanic 
phase (B. C a in b e l 1958). 

In connection with this . .younger" voleanogenic-detrilal sequence three ore zones 
are dist inguished: with stratiform pyrite deposits and Sb-mineralizalions or deposits 
in each one. In the zone developed along the southern margin of the melabasitc area 
lie the deposite Kristina. Nádej. Augustín and Karol. The oilier two zones occur outside 
the area illustrated on the geological map. 

A somewhat different interpretation of the superposition of the rock sequences was 
given by .1. C i I I í k - P. S o b o l i c - \\. Z á k o v s k ý (1959) and R. Ž á k o v-
s k ý (1962) who regarde all ore zones as peneconlenipornncous. 

Pijrite (Ipjiosil Turecký vreli 

The pyrite deposit Turecký vrch and the a n t i m o n y deposit Pezinok—Kolársky vrch 
are located in the southern part of the Pez inok—Pernek crystalline about I to 2 kins 
N of the Bratislava granitoide .Massif. 

They are part of the so called first productive zone, which is by the granitoide in­
trusion of the Kolársky vrch divided into two segments. One of them (segment L of 
B. C a m b e I 1. c.) stretches from Pezinok N\V to the hill Kolársky vrch in a total 
length of about 1 kms. It contains the largest Sb-deposil of the M. Karpaty Mts. as 
well as stratiform pyrite bodies. 

1'he Ľ-W trending continuation ol' the productive zone beyond the granitoide cupola 
(zone l b of I!, ( l a m b e I) m a y be followed in the surroundings of the hill Turecký 
vrch. Conformable pyrite sheets of larger dimensions, but only indications of Sb-ores 
were disclosed in this section by recent exploration. 

I he southernmost productive zone is regarded as older than the three norlherlv 
King ones í ľ>. C a m b e I 195!). 19(57). 

In all are the principal characteristics of the mineralization similar: T h e bodies are 
stratiform. K'ing coneordant ly within the ore bearing sequence. The latter consils of 
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l i l h o l o g i c a l l y \ a r i e g a l e d b o d s w i t h a e t i n o l i t e - . g r a p h i t e - , sor ic i tc- , c h l o r i t e - schist-, in 

v a r i a b l e p r o p o r t i o n s , as I h e m o s l i m p o r t a n t , ( i r a d u a l t r a n s i t i o n s b e t w e e n t h e rock- a m i 

o r e - t y p e s a r c c o m m o n . P y r i t e o r e s d i s p l a y al p l a c e s p r o n o u n c e d h a n d i n g a n d well 

p r e s e r v e d s e d i m e n t a r y t e x t u r e s (big- •>—'•' • 

ľ h e la rges t a c c u m u l a t i o n s of p y r i t e o c c u r w i t h i n , o r m t h e c lose p r o x i m i t y ol 

a e t i n o l i t e s c h i s t s , ľ h o u g h s y n g e n e i c p y r i t e is n e v e r a h s e n t . il g e n e r a l l y Forms o n l y 

m i n o r o r e - b o d i e s in b l a c k . . g r a p h i t i c " ' b e d s ľ h e t e r m g r a p h i t i c is u s e d , t h o u g h H a k e s 

ol' c r y s t a l l i n e g r a p h i t e o c c u r o n l y in h i g h e r m e t a m o r p h o s e d s c h i s t s ol t h e a r e a 1 . 

C e r t a i n d i v e r s i t y b e t w e e n p y r i t e d e p o s i t s o l l b e p r o d u c t i v e / n o e s m a y r e s u l t a l so f r o m 

d i f f e r e n c e s in t h e s t a l e of p r e s e r v a t i o n of s e d i m e n t a r y s t r u c t u r e s a n d t e x t u r e s . 

In t h e m i n e r a l i z a t i o n s of t h e l i n e c k ý vre l i a r e a f e a t u r e s i n d i c a t i n g s y n s e d i i n e n l a r y 

d e p o s i t i o n of p y r i t e a r e o f ten p r e s e r v e d u p to t h e m i n u t e s t d e t a i l s . In t h e SK s e g m e n t 

of t h e first o r e - z o n e , in t h e d e p o s i t s I ' e z i u o k — K o l á r s k y vre l i [ h e y b e c o m e r a r e r , less 

p r o n o u n c e d , o r e v e n t o t a l l y l a c k i n g . 

S i m i l a r c o n d i t i o n s a r e e n c o u n t e r e d in t h e s e c o n d o r e - z o n e . F e e b l y m e t a m o r p h o s e d 

o r e s e x h i b i t i n g s y n s e d i r n e n l a r y t e x t u r e s , t h e s u l p h i d e s b e i n g r e p r e s e n t e d b y p y r i t e 

o n l y , o c c u r in t h e ,\\\ p a r t ( . s u r r o u n d i n g s ol K a m i - d e p o s i t ) . 

I n t e n s e m e l a n i o r p h i s m p r o d u c e d a b u n d a n t p y r r h o t i l e a n d d e s t r o y e d of ten t h e fine 

s y n s e d i r n e n l a r y f e a t u r e s . ( D e p o s i t s A u g u s t í n . K ý h o v á . [Nádej. K r i s t i n a ni l b e Sk. par t 

of s e c o n d z o n e . 

T h e p y r i t e m i n e r a l i z a t i o n of t h e T u r e c k ý v r c h d e p o s i t , its r e l a t i o n to t h e host r o c k s 

is i l l u s t r a t e d in t h e s e c t i o n b ig . 2 a l t e r I ' . Ž á k o v s k ý . 

k o r t h e c h a r a c t e r i z a t i o n of t h e d e p o s i t s u l p h i d e s u l p h u r i s o t o p e r a t i o s ol s a m p l e s 

f r o m t h e b o r i n g l '\-(i w e r e u s e d . 

S i n c e 1 9 5 6 p y r i t e d e p o s i t s of t h e M. K a r p a t y M l s . a r e r e g a r d e d as ol e x h a l a l i v e -

s o d i m e n t a r y o r i g i n a m i as g e n e t i c a l l y r e l a t e d to t h e s u b m a r i n e d i a b a s e v o l c a n i s i n ol 

L o w e r P a l e o z o i c a g e St . P o l á k IÍI56 . I!. C a in b r I | ! I5(>' . 

I s o t o p i e i n v e s t i g a t i o n s r e v e a l e d t h e i m p o r t a n t role ol b i o g e n i c p r o c e s s e s d u r i n g t h e 

f o r m a t i o n of t h e o r e s . P y r i t e s u l p h u r is c o n s i d e r a b l y e n r i c h e d is S'1- w h i c h is u s u a l l y 

p r o d u c e d b y s u l p h a t e r e d u c i n g b a c t e r i a .1. K a n 1 o ľ in I!. (. a ni b e l — .1. K a n I o r 

11)72). 

In t h e past b e s i d e s a s y n g e n o l i r . s u b i n a i ' i n o - c x h a l a t i v o a l so h y d r o l h e r n i a l or l i q u a t i o n 

o r i g i n h a v e b e e n a s c r i b e d to t h e M. K a r p a t y p y r i t e o r e s . 

S!ÍI)iiil<,-(i('i>(isil '.'czinul: — Kolársku vrch 

Tbe ore bearing complex Pezinok — Kolársky vrch is undrelain by an up to several 

hundred meters thick zone of biolile gneisses which are -.opposed to represent the 

oldest sediments of the crystalline and are penetrated by numerous pegmatite dykes 

and small granite bodies. 

In its overlier — toward-, the central part of the crystalline — a less metamorphosed 

M'ipienee of biolitie. micaschislose gneisses and phylhlcs is developed. 

Argillaceous and bi tuminous sediments with variable proportions ol pyroclastic mate­

rial and aetinolite schists a l ternat ing in a variegated sequence are the proper host rocks 

to the mineralizations. Stratiform pyrite bodies are confined mainly to aetinolite 

-ehists. the stihnite mineralization to graphite bi tuminous schists. T h e latter extend 

along the whole productive zone, attaining thicknesses of 30 to 60 m. whereas that 

of the sedimentary members of the ore zone vanes between ;i() and 150 m. 

Aniphiholiles form the immediate under-, as well as overlier of the ore hearing 
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I. A m plii bol í les '1. Aclinnlile schisls .'!. C.rii|)]i- I. Ainpliibolilcs '1. Aeliiiolile schists .'!. Gran-
ilc scliisls 1. l!io|i |e phylliles ó. Pyrile nru. iliiids \. Biolilc micaschisls lo gneisses 5. 

(iľ:i|)hilc schists with Sb-orcs (i. Graphite 
schisls Willi (lis|)ľľsc(l pyrite 7. 1'yiilc HIT. 

schisls. I hry mighl reprosonl submar ine lava ľhiws will) rich pyrorlastic clcposilion. 
paiLls also small intrusions of gahhroidic rocks metamorphosed into spotted amphi-
holites 'M. C a m h c I I. c ) . 

I'aiallel to the striking ol llie stihnite ore occtiľ zones enriched in quartz, locally of 
dark colour. True quarlz-slibnile w i n s , formed by deposition in open space are nol 
developed. I!. C a in h e I (I. c.': reports also lhal richer stihnite ores are generally 
restricted to weekly and medium silicified parts, whereas llie highly silicified ones of 
the productive zone carry only poor mineralizations. 

Sections across llie stihnite deposit Pezinok—Kolársky after I!. C a in l i e I and 
I. (. h r a p p a are reproduced in ľ'iir. '.). 

llie mincralogiral association is relatively rich and has been recently studied hv 
I'- (.a in b e I (J. c.) and Si. P o l á k (I!),").")). Described were: pyrile, arzenopyri le . 
lollingile. chalcopyrile. gudmundi te . pyrrhoti ie. sphalerile. stihnite, berlhierile. jame-
sonile. native anl imony. kermesile. valonlinito. senarmonl i le . quartz, carhonales . . . 

I hive mineralizal ion slaves are disl inguished in stihnile deposits of the M. Karpaty 
Mls.: I. (piarlz — pyrile • arzenopyrito, 2. stihnite — carbonate — ipiarlz. .'!. slih-
uile — kermesile. Supervene processes produced a rich association of secondary mine­
rals, loo. In spile ol certain nuneralngical differences from one ore deposit (Pezinok. 
I'ernek. Kuchyňa or indicalion lo llie oilier, ibis scheme is reported to be generally 
valid (15. C a m h e I I. c. . 

Some characlerislic features ami relations of llie minerals analyzed for sulphur 
isotope ratios are presented in Fig. 17 — 2S. 

!'• ( a in b e I I. c.) gathered evidence in favour of a hydrothermal . poslgranilic 
origin and \ ariscan age of lbe Pezinok — Kolársky vrch stihnile deposil and similar 
mineralizations of lbe \l. Karpaty Mls. This view was shared by the prevailing pari 
ol geologists, who have studied llie area. 
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I. C i I I í k — ľ. S o li o 1 i r — R. 7. á k o v s k ý I 1959) have emphasized tin- hydro-
ihermal origin and neoide formation of the Sb-minernlization at the end of Alpine 
folding. 

Recently based on the discovery of a gently dipping, subhorizonlal . sheet of high 
grade ore. a nietasomatic origin has been postulated for the rich, and a hydrolhermal 
one for the impregnat ion ores (J. ľ a s I o r L972). See also Fig. 1(5. 

T h e works of A. M a u e h e r ( i960) . 1\. H o l i (1966). A. M a u e h e r - lí. 11 o 1 I 
(1968), R 11 o i l - A. M a n c h o r (1972), L. L a h u s e n (1972) and others have 
brought new ideas regarding the genesis ol stihnite deposits. A. M a n c h e r and 
R. H o 1 1 (1968) were the first to indicate that a n t i m o n y mineralizations of the 
M. K a r p a t y Mls. are to he regarded as belonging to the " t ime and strata b o u n d " 
Sb-Hg-W Format ion of Lower Plaleozoic age. which may continue to the stihnite 
deposits of the Spiš-Gemer Ore Mounta ins . 

In 1970 the author has pointed to the presence of biogenic sulphur, enriched in S"1'-. 
in certain a n t i m o n y minerals of the M. Karpaty stihnite deposits \.\. K a n t o r in 
B. C a m h e 1 — .1. K a n t o r 1972). Molybdenum-poor scheelite was found to he 
a wide spread minera l of the crystalline area, almost never lacking m heavy concentra­
tes of s tream sediments (J. K a n t o r l97 /i). 

The present paper is aimed to bring further isotopic evidence in favour of the 
gcnelical interpretat ion ol the mineralizations. 

Isotopic invrstiz((ilion oj sulphide sulphur 

Samples were obtained from drill cores and mines, exceptionally from dumps. Some 
were kindly given at our disposal by 15. ( ' a m b e l . Individual sulphide minerals were 
used for isotopic investigations with the exception of few cases where a t tempts to 
separate monominera l concentrates have failed. 

T h e puri ty of concentrates was checked u n d e r a binocular microscope or by X-ray 
difraction. when previous inmeragiaphic observations revealed the necessity of such 
control. 

The sulphur dioxide was obtained by oxidation ol the sulphides with cuprous oxide 
and after purification scaled into ampules. 

The mass-spectrometer measurements were made on a modified MI-1305 instrument 
(Sumy. I 'RSS) . Su lphur isotope ratio results are expressed as perniil values relative 
to tin1 meteoritů' s tandard : 

4 S M ( l y = S-/S- sample - Substandard ^ ^ 
S-1'1 S ; - s tandard 

The masspeclrometric analyses were caned out under the guidance of Mr. M. R y-
b á r by Mrs. M. 1 I a n u š o v á and Miss. I L S p i š á k o v á. the preparat ion of 
sulphur dioxide by Mr. M. G a r a j and Mrs. M \\ i e g e r o v á. Monominera l frac­
tions were prepared by "Mrs. M. S t r e š n á k o v a and Mr. D. Z a ť o v i č and the 
X-ray identification by Mrs. .1. D n r k o v i f o v á . I he graphic illustrations were 
drawn hv Mrs. M. ľ. e k 1 o v s k á. Their assistance is gratefully acknowledged. 
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isotope ratios in the pyrite deposit Turecký vreli 

ľ h c v a r i a t i o n s in i s o l o p i e c o n s l i t u t i o n of p y r i t e s u l p h u r of t h e d e p o s i t T u r e c k ý v r c h 

w o r e s t u d i e d on dr i l l c o r e s of the. b o r i n g T Y - 6 (Fig . 2) a n d on o n o s a m p l e of T Y - 2 . 

I'he S Sy' a n d S' i 2 S ; / | \ a l l ies for ( h e s a m p l e s a r e l is ted in T a b l e I. 

A d d i t i o n a l d a t a p e r t a i n i n g in t h e l l u d o l ľ adi t p y r i t e s m a y he f o u n d in t h e u p p e r 

p a r i of T a b l e 2. O r e t y p e s a f t e r I!. C a m b e I a r e i n d i c a t e d : O S = q u a r t z - s u l p h i d e . 

CiQS = g r a p h i t e - q u a r t z - s u l p h i d e . A S = a i n p l i i b o l e - s u l p l i i d e o r e . 

I'lie log of t h e b o r i n g T Y - 6 w i t h Ä S'"''1 p e r m i l v a l u e s is r e p r o d u c e d in Fig. 4 w i t h t h e 

h l h o l o g y g i v e n a l t e r t h e d o e i i n i e n l a t i o n b y t h e G e o l o g i c a l e x p l o r a t i o n g e o l o g i s t s . 

W i t h t h e e x c e p t i o n of t w o s a m p l e s , all a r e e n r i c h e d in t h e l ight i s o t o p e S : ;-. t h e 

')' S ; ' v a l u e s r a n g i n g f r o m —,'!.!) in — 2 1.2 % 0 . T h e s p r e a d of a b o u t I 7 %o is c o n s i d e r a b l y 

l a r g e r t h a n e x p e c t e d in s u l p h i d e s f o r m e d f r o m h o m o g e n i z e d h y d r o t h e r m a l s o l u t i o n s , 

a n d w i t h n e g a t i v e v a l u e s a l s o i n d i c a t i v e of t h e fact that b a c t e r i a l r e d u c t i o n of s u l p h a l o -

s u l p h l i r b a s p l a y e d a n i m p o r t a n t role in ( h e p r e c i p i t a t i o n of l b e s u l p h i d e s . 

I h e l o u r orebodie . s of t h e b o r i n g T Y - 6 a r e .'! — ô m t h i c k . O w i n g to t h e u s u a l v a r i a ­

t i o n s In t h e d i s t r i b u t i o n of s u l p h u r i s o t o p e s in s t r a t i f o r m d e p o s i t s f o r m e d u n d e r t h e 

i n l l u e n e e of s u l p h a t e - r e d u c i n g b a c t e r i a , r e p r e s e n t a t i v e m e a n i s o t o p e r a t i o v a l u e s m a y 

be o b t a i n e d e i t h e r f r o m o n e a n a l y s i s of a r e p r e s e n t a t i v e s a m p l e , o r c a l c u l a t e d f rom 

a l a r g e r n u m b e r of d a t a for i n d i v i d u a l p o i n t s a m p l e s . 

In s p i l e ol Ibis a n i n c r e a s e in l i ght s u l p h u r f r o m t h e lowest o r e - b o d y lo t h e u p p e r 

o n e is a p p a r e n t f r o m o u r d a t a . loo . 

I a b l e I. Turecky vrch, bor ing TY-fi, p y r i t e depos i t 

M i n e r a l S : !- S ;M SS:V' [%„) 

p y r i t e 
p y r i t e 
p y r i t e 
p y r i t e 
p y r i t e 
p y r i t e 
p y r i t e 
p y r i t e 
p y r i t e 
p y r i t e 
p y r i t e 
p y r i t e 
p y r i t e 
p y r i t e 
p y r i t e 
p y r i t e 
p y r i t e 
pyr i te 
p y r i t e 
p y r i t e 
p y r i t e 
p y r i t e 
p y r i t e 
p y r i t e 

22.5 II) 
22,545 
22.6:18 
22/.8II 
22.490 
22.bS(i 
22.(148 
22,(i!)7 
22.040 
22,700 
22.700 
22.701 
22.fi.'!0 
•>•> 4 3 3 
22.30(1 
22.638 
22.5(18 
22.55(1 
22.(114 
22.55(1 
22,530 
22.537 
22.505 
22.553 

- 1 2 . 0 
- 1 4 . 4 
- 1 7 . 0 
- 1 1 . 9 
- 1 2 . 3 
- 1 8 . 4 
- 1 8 . 9 
- 2 1 . 0 
- 1 8 . 8 
— 21.2 
- 2 1 / 2 
- 2 1 . 2 
- 1 8 . 1 

- 9 . 5 
- 3 . 9 

- 1 8 . 5 
- 1 5 . 4 
- 1 4 . 9 
- 1 7 . 4 
- 1 4 . 9 
- 1 5 . 7 
- 1 4 . 1 
- 1 5 . 5 
- 1 4 . 8 

N r. Depth (in 

(167; S 
1108/8 
(1(1!)''S 
070/S 

670a/S 
(170b S 

(171 S 
07 h. S 
0711. S 
671 e/S 

072 S 
072a S 
0721. S 

074 S 
673/S 
075 S 
070 S 
(.// 8 

677a S 
078.8 

105(1'S 
079/S 
080 S 
430/S 

20.00-
55.50-
59.90-
40.80 
40.80 
40.80 
42.00-
42.60-
42,60-
42.60-
',4.50 
44.50 
'i 4.50 
40.70-
47.30 
69.40 
70.40-
75 .90-
75,90-
77,80-
8 0 . 6 0 -
81,40-
8 2 . 9 0 -

-21.50 
-35.30 
-40.80 

-44.00 
-44.00 
-44.00 
-44.0(1 

-48.20 

-71.00 
-70.90 
-70.90 
-78.50 
-81.40 
-82.90 
-84.90 

50.11 n. f'l'V-2 
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ľ .1 h I c 2. Isotonic composition of |>\ nlc-sidplnir 

N r. Locality S:r-' S : , í AS11'' -"„„1 R e m a r k s 

HHKCKV vucii: 
2361) S 

71 S 
236a S 

240 S 
m; s 

'ill.') s 

239 s 
101 S 
21 IS S 

102a S 
4021) S 

2(17 S 
433 S 
124 S 

70/S 
241/S 
123/S 

72/S 
104n S 

KU S 
122 S 
103 S 

Kiuloll ÍKIÍI 
Rmloll ;)(lil 
Kndoll adi l 
Rudol l adi l 
Rudol l adi l 

ľ i : / . i . \ o K 
Sb-adil 
Sll-ildil 
Sb-adit 
Sl>-adil 
Sb-adil 
Sli-i»lil 
Sb-adil 
Sb-adil 
^.-••dii 

i Kolárskii-iu 
ľ\ ľllc-illlil 
IVri lc-adi l 
ľyľili '-ailil 
Pvr i te-adi l 
Kerdinand-; 
Fcrdiiiaiul-i 

CA.II.A : 

it 

ulil 
ulil 

22.527 
21.793 
21,743 
22.540 
22,643 
22.682 

22.289 
22,418 
22.425 
22.154 
22.457 
22.178 
22.500 
22.501 
22.521 
22.321 
22.420 
22.493 
22,663 
22.690 
22.531 
22.603 

! 

- 1 3 . 6 I 
+ 19.6 
+ 21.9 ) 
- 1 1 . 2 
- 1 8 . 7 
- 2 0 . 1 

- 3 . 1 
- 8 . 8 
— 9.2 

- 1 0 . 1 
- 1 0 . 5 

I 1.5 
- 1 2 . 4 
- 1 2 . 5 
- 1 S.4 

- 4 , 5 
-8.1i 

- 1 2 . 1 
- 1 9 . 5 
- 2 0 . 7 
- 1 3 , 8 
-.16,9 

C O S 
m-iliiliz 
vcinlel 
C O S 
COS 
C O S 

p v-vcii 
AS 
AS 

AS 

C O S 
SiO-j-.-ii 
i inprcg 
AS 
I IS 
QS; P> 

C O S 

The macro- and microlexlural features of the ores arc variegated depending on con­
ditions of deposition, the mutual interchange of bands containing various proportions 
of pyroclastic. luffaccous material, b i tuminous to graphitic substances, quartz ol chc-
mogenie and clastic origin, carbonates a. s. o. Synsedimcnlary and mctamorphie defor­
mations have added In the complexity of these features. 

A common type of ore displaying macrobanding is illustrated in Fig. .). the parallel 
bands differing in mineralogical and lexlural composition. The large, irregular layer 
al the lop id the specimen ennsits of ehemogenic quartz associated with small amounts 
of carbonates. Thin graphit ic bands (black) are concentrated in the central parts. 
Tuffaccous material with variable amounts of quartz and graphite dominate in the 
rest of lbe hands. Pyrite is strictly confined to the individual hands in variable, often 
verv different a m o u n t s . Concretionary pyrite occurs in the upper right part ol the 
specimen, bellow the quartz-band. 

For pyrite su lphur of two 2—3 mm thick bands, about 5 mm appart , S S-'1'1 values 
of — I l.!l and —12.3 permil, whereas for the concret ionary pyrite the * S : l t value — L8/i 
were measured. An enrichment in S:1- from bottom to top of the specimen follows from 
these measurements . 

In the dominat ing number of the hands, the pyrite grains and porphyroblasts are 
similar to those illustrated in Fig. 12. But few hands might he found, where it is 
developed in the form of intergranular rims and tiny intragranular replacements 

•Fig- 6). 
I 'vrite-quarlz mineral izations occurr ing within the deposit in bands and layers, few 



Sľ l . l 'UľK ISOTOPES 319 

Fig. fi. Log of the boring TV-(>. Turecký vrch. 
W i l l i u'S'1 '1 V i l l l l O S . 

I. Ampliibolitcs 2. Actinolite scliisls .'!. Pyrite 
ore \. (Irapliile schists 5. ISiolilc plivliilcs. 

-?io-T e-?i2| 
-313-212 

i 
•D 

i 

reulimelers lo Few decimeters thick, represent another ore type (Fig. 7). Two pyrite 
varieties me distinguished : 

a) Thinly laminated pyrite in irregular, angular, rarely rounded aggregates reaching 
up to 2 cms in size. (The onlx lorn, visible in Fig. 7). Thin laminae of pyrite and 
nonopaque minerals (quartz, organic mailer a. s. o.) alternate. Particularly well shown 
is microfolding and various distortions providing evidence of deformation of the sul­
phides in a plastic, unconsolidated stale (Fig. 8). 

b) Crystalline pyrite, exceptionally reaching I. mm in size. Acquires a much belter 
l , o l l s n t h a n l h I(>1' laminated type. Occurs generally in quite suhordinalc amounts 
distributed d o n u n a n t l y in the quartz, along lbe borders or in veinlels culling the 
laminated aggregates I Fig. 9). 

1 ' " ' monomineral concentrate, consisting of bolh pyrite types bas a S S :M value of 
- 2 1 . 2 % 0. Identical ratios (-2:1.2) displayed the laminated variety. The crystalline 
ľ . v n l 1 ' N V l i s ľ d I" be. enriched in the heavy isotope S:!'' (5 S;1'' = —18.1) relative In 
Ui'i »lder. laminated type. The identity in isolopic constitution between the laminated 
and bulk sample is due to only small contents of crystalline pyrite in the latter. 

The transition zones between the banded and quarlz-pyrite ores may also displas 
ddferent textures from those already mentioned. After sequences consisting of contin­
uous and alternating pyrite-hosl rock bands 'as in Fig. 5), these become less regular 
W l ' , l - , ' s l 1 ' ' r l- '•""l l l l l s bmcleney may be mere accentuated al Ihe eontacl with the 
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ľis. ">• Banded ore. Alternating hands nf pyrilc. lufľilir-ľiiir-drtľitiil-. dark, lupaníxlcl rilal 
111; 11 o r i r 11 mid rheinogenic quarlz. 'ľhc latter in a lliiľkľr band and scams in the upper pari 

of I he polished sample. .Natural size. oS'''1 values indicated. 

quar lz-pynle layer T i g . 1 0 . In t lie latlor. ihinly laminated pyrilc occurs in fragments 
of irregular shape and varying dimensions. Deformation is common, llie laminae consist­
ing of highly prolonged lense shaped pyrilc sheets or at places are preserved in 
a straight, planparallcl . c o m m o n s form. Fig. I I . I T illustrates details of the pyrite-
(piarlz layer n-produced In the upper pari of ľig. 10. Crystalline pyrite is in quarlz-
pyritc hands sparse, and always later than the laminated one. 

The hulk pyrite 'consisting of hoth the laminated and crytsallinc form of the 
quartz-pvri le layer lias 5 S'"1 = — 21.0 "no- For the laminated pyrite the ä S-1'1 value ol 
—21.2 non and lor the younger crystalline pyrilc that of — IS.S" W i have been measured. 
The a d m i x t u r e of the later, heavier sulphur carrying pyrite is in the analysis id the 
hulk sample apparent . 

In the lower part id the same specimen ľig. 12 irregular and coarser grained 
porphvroldasl ic pyrite occurs dispersed In the wedgeshaped hands . The porphyroblasls 
enclose small amounts of irregular rounded inclusions of chalcopyri le. hexagonal pyrr-
holile and sphalerite. The fine pyrilc dispersed in the schistose b a n d (bottom of the 
sample. Fig. 10. 12) showed with the S S : ; ' value of —18.9 to he less enriched in light 
su lphur than the laminated one. It 's isotope ratio is identical with that ol the younger, 
crystalline pyrite aecoinpaying the thinly laminated variety. The latter was observed 



sri.ľiiru isomi'Ks :Í2:I 

1-iff. fi. K 
'•Ti.írfi.',? n e t ° S l l '"ŕ l , ; " " ' • J , y r Í l C "• i " " ' ' - m , d in'"'P"»»»l«-r replacement 
"I liillilic'!.) band. Same specimen as in l<ijr. .",.. m . , g „ . gQ X. 

I ig. 7. Pvrilc- piaľlz layeľ. Polished sample natural size. 
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I-ig. S. Laminated pyr i te displaying' micro-
ľoldi i ig as result oľ late diagenelic deľorma-
l [tin in plastic stale. Lower, right edge — 
roarser crystal l ine pyr i te. Detail oí the sample 
shown in ľ i g . 7. Polished section, niagn. 

!)0 X . 

Pig. D. I ragmenls oľ deformed, laminated py-
ľi le (gray) embedded in q u a i l / ihlaek) con­
taining eryslal l ine pyr i te (white). Saníc speci­
men as in Lig. 7. Polished section, magii. 

8 X . 

in q u a r t z layers, less f requent in h i g h l y si l iceous h o s l r o r k . whereas the schislose 

bands c a r r y as a n i l e e r y s l a l l i n e p y r i t e o n l y . 

T e x l u r a l a n d isol.opie re lat ions ní this k i n d between b o t h p y r i t e types are a l i u n d n i i t 

t h r o u g h o u t the w l i o l e T u r e c k ý v r c h deposit . T h e i r appearance after e t c h i n g w i t h 

K M n O / i + lloSO/, is i l l u s t r a t e d in Fig. I' i. T h e y o u n g e r , coarser c r y s t a l l i n e p y r i t e is 

more resistant ( w h i l e ) , whereas e t c h i n g of the l a m i n a t e d aggregates r e a d i l y reveals the 

e x t r e m e fineness of g r a i n size, i n d i c a t i v e of c o l l o f o r m d e p o s i t i o n . R e e r y s t a l l i z a t i o n 

p h e n o m e n a m a y be observed in the laminae1, too. In F ig. 15 d e f o r m a t i o n of l a m i n a t e d 

p y r i t e i n t o m i n u t e folds in the v i c i n i t y of .somewhat coarser p y r i t e is s h o w n . As in the 

p r e c e d i n g eases l ight s u l p h u r is p r e f e r e n t i a l l y c o n c e n t r a t e d in the l a m i n a t e d var iet\ 

S S/'''1 = —17.VS. the heavy isotope in the coarser c r y s t a l l i n e one (& 5 ' = — M . í ) ) . 

D i f ferences in ď S1'1 values between c o e x i s t i n g l a m i n a t e d a n d c r y s t a l l i n e p y r i t e range 

2.1 to i!.l and are s u m m a r i z e d in l a b l c 3. 

T h e heavier s u l p h u r in the y o u n g e r , c r y s t a l l i n e p y r i l c m a y be the result ol bacter ia l 

r e d u c t i o n in a svs lem p a r t i a l l y closed b y b u r i a l u n d e r y o u n g e r layers, b y the s h i e l d i n g 

a c t i v i t y of the SiOi-gel layer a. s. o. 

T e x l u r a l features i n d i c a t i n g s y n s o d i m o n t a r y d e f o r m a t i o n and s y n g e n e i c o r i g i n ol the 

p y r i t e ores in the M . K a r p a t y M i s . have been descr ibed b y St. P o l á k ( l í)ó(i. ' . 
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I- ifi. II). \\ edging mil of | > \ i • i I < • -11 < > s t rock 1 >; 111 < I s in the v i c i u i l y nf a pyritc-quartz layer 
(uj)|K'ľ paril. Polished surface, natural size. 

Rxlreme enrichment in heavy sulphur [S S;|/| = + I 9 . ( i and + 2 1 , 9 ) shewed pyrite 
li'inn an nlxiul .) nun thick veinlct, cutting syngeneic p y r i l e H I T . for which in the 
immediate neighborhoud of 1.11 c vcinlct the value of —13,(5 /o has boon measured. 

Bacterial reduction of residual sulphate in the solutions c i r c u l a t i n g through the veinlet 
would result In production of sulphides carrying heavy sulphur. Il mighl have also 
originated Ironi solutions which in the earlier singes of evolution have preferentially 
leached and carried away the more m o b i l e l ight isotope whereas in the later stages 

Nr. 

1171c 
11711) 

pynlc 

T a h I e :; 

Remarks 

Lamin. 
[ T V s l . 

672a , l.amil 
672li crvst. 

117 In 
1171 

1177a 
11// 

-21.2 
-18.8 

-21.2 
- 18.1 

p v i i le-q un i I /. li;i ni] 
'l/\ |)\"ľi lc-(ju;iľlz I)ilii(l 

-21.0 
-18.0 

:u 

•I.\ 

|)\ ľi lr-q II;I i'l/. Ii;i ml 
[jyi-i le-qii iuiz bund 

17/ 
IV!) 

pyi ' ih; ľni in si'liisls 
py i'l lp-qu;u 1/ IKIIKI 

pyi i lc-tjuai 1/ !i;iiul 
p\ i i lľ-(|iiaľl/, í);iiul 



lie heavier sulphur might have been transported, modified by sulplialo-reducing haele-
na. and deposited. 

In tin1 In n i ML I'N-li highest hea\ y snlpluiľ contents S S'" = —,'i.!) and — !)..) were 
measured in pyrite of nelinolile schisls. underlaying llie ore hody willi highest cnrich-
menl in light sulpluiľ <> S : ; ' = —IS.I lo - 21 .2 . 

Though no eleaľ evidence is provided by a sufficient numhoľ ol analyses, pyrites 
from amphiholi les appear lo c a n y heavier sulpluiľ than pyrites ol the ore hodies. 

lsol(>i>c riilio.1 in saliiliiili-s 0/ ihv stihiiil<'-<l('i>(»iil I'l'tiniil; — l\oláľsl;i) vreli 

In the slihnile-depnsil samples were taken so as lo represent llie whole mineralization 
as well as the ore types distinguished hy geologists working in the area. I'he S S-" 
values fall in the range — 1.0 lo — I •>.."> oo and are hsled in Talde \. 

T a b i c 4. Pezinok (Cajla), stihnite deposit 

M meral 

152 S 
111 S 
117 s 

1021 S 
448 S 

1023 S 
1022 S 
08.") S 

K >75 S 
(>85 S 

085a S 
119 S 
í.">l S 
Ii8(i S 
IÍ81 S 

1027 S 
150 S 

027a S 
(i8.'i S 

102', S 
Vili S 

J.
 

11)71 S 
1038 s 

si i 1)11 íle 
s l ihnilľ 
s t i h n i t e 
s t i h n i t e 
s l i h a i l c 
s l ihni le 
s l i lmi le 
s l ihni le 
s l ihni le 
s l i lmi le 
beľtll icľile 

b c r l h i e r i l c 
hei l lneľi le 
a ľ/enopv nit 
a i/euopN nit 
ar/.eaop\ 11 11 
ai'/.eao|,\ ľili 
pvr i lc 
|)\ Ml" 
pyrite 
p y r i l e 
íX 11 (11111111 (1 1 1 (• 

•j. 11 (1 í l 11111 < 111 r 

l i 11 ( 1 1 1 H 1 1 1 ( 1 Í l (' 

S:i2/S:i 

22.270 
22.271 
2'1 274 
22.289 
22.29!! 
22.2.02 

SS3 ' ' (%(,) KlMlUlH 

3.1 

22.2,00 
22.350 
•)•) Y>~ 
• ) • ) /, / , - ) 

22.101 
22.212 
• i • i •)/,-, 

22.287 

22.281 

22.110 
•)•) ;>,",/| 

22.2,08 
• ) • ) - • > - , 

—0.5 
-0.1 
—9.2 
— 0 9 

-10.8 
-1 .0 
-1.1 
-3.0 
-0 .0 
-1.9 
-2.7 

—8.5 
— 5.9 
— 7.9 

-12,.., 

+ hcľllnc 
+ sli l,nil. 

1 

•il 

All samples displayed negative í S::'' values with respeel lo llie meteorite s tandard. 
and a spread which is not common in hydrolhermnl deposits derived Iroin a well 
homogenized source. 

I'he dominat ing type of Sh-ores. disseminated in black phy Hi les. is developed in the 
surroundings of the open-cut workings and the Sh-adil. Samples for isulopie s tudy were 
laken across the ore bodv (i m above the Sh-adil i Fig. 16). 
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'''S- " • ľ > i'iic-(|ii;ii-|z l.ixcľ w i l l i i i i c - i i l a i - I i-. ľJ. l i l iol) Iasl ic p y i i l c in W C < I » C S I I ; I | K M I 
lriiř;-mi-iils iiľ (Icľoniinl. i h i i i l y l i i in i i i i i lc i l |iv- pyri lc-sľ l i ist i isc IKIIHIS. Drl.-iil ľľiim low cľ pni | 
i l l ' ' a m i ľ«'\v i - o i i ľ s f ľ ríľniiiod p y r i t e s . Dcl i i i l uľ Kip. 10. ľ u l i s l i n l s t v l i o n . I I I . I Í Í I I . 12 X . 
ri-i >• t • ll|i|H'ľ |>;iľl uľ I-iff. 10. ľ o l i s l l ľ d s ľ ľ l i i i n . 

ni i i^n. II! X . 
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lig-. I,'). Common typo of I li in l\ -[ami tin leil Fig. II. C.onlael of laminated l.gray) and 
pvrile líniu pyrilo-qiiartz hanil. \ o plaslie crystalline •ulnlei pyrite. Klrlied willi 
deformation. Polished section, magii. 150 X. KMnO/, + l l 2 S() v Colloform deposited pyrite 

in ihe laminae is rendilv attacked l>\ etching. 
Polished soťlion. magii. 150 X. 

Tlir Following; variation ranges of i S'"'1 values wore Found: 

slibnilc — 2..'! lo —4,7 %o 
borthierilc —í).2 
arzenopvrito — I . I —• >.! 
pyrite — I .!• lo —2.7 
hcrlhiorite + stihnite —li.I 

For other parts of the same ore-lype: 
gudmundi le —5.9 lo —13.5 l,oo 
stihnite — 6. f> 

The common relation of st ihnite (* S : l i = —2,4) lo carbonate is reproduced in Fiji. I/ . 
In samples 6 m above the Sb-adit an unusual type of gudmimdi le with higher grinding 
hardness (probably due to higher As contents) and numerous poikiloblastie inclusions 
of st ihnite was observed, e m b e d d e d in stihnite (Fig. 18. <5 S"1 of stihnite = — 4.7). 

In recently discovered, rich Sb-ores, which are by some authors (.1. P a s t o r 1972) 
regarded as formed hy metasomatic replacement. S S " values var ied: 

stihnite —2.2 to — 4 . 7 % 
ar/.enopyrite —1.1 —6.0 
pyrile —2.7 — 8.."i 
heithieri le - 9 . 9 - 1 0 . S 
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removed l>y exploitation 8. Localization oľ 
Fig". ir>. M icroľolds in laniinaled pyrite. Inilia] analyzed samples will) áS : w values: Sh — stih-
sialic of cr\ slallizalioii. K.lclicd with KMiiO/, + nile. asp\• — arzenopy r-ilľ, berth—berthierito, 

l l jS() v Polished section, magii. 150 X. py—pyrite. 

From tlie limited number of analyses hitherto carried out a tendency towards con­
centration of the light su lphur (and berlhiorile'.1,) in the lower pails — towards the lying 
wall — of the deposit seems to be indicated. 'See Fig. I!) for spalial distribution.) 

liertliicritc is a common constituent of the ores. Two types may be distinguished 
in certain parts of the deposit : One in the form of irregularly shaped aggregates of 
aeieular crystals, embedded in carbonates containing impregnations of finer crystals, 
the oilier in coarser-grained aggregates with a rim which does not contain any sul­
phides (Fig. 20. -5 S:i'' = —9,9). 

The association of hcrlhierile with carbonates is widespread, as well as it's later 
formation. See lierlhierile veinlet in Fig. 21 . with the common arzenopyri le and rare 
ehalcopyrile. 

Arzenopyri le occurs disperzed in idiomorphie crystals, which may display marked 
zonal growth even without etching (Fig. 22. 8 S-1'1 = —6.0). It has also been observed 
in irregular to rounded clusters, which is the commoner form for the rarer lollingitc 
(Fig. 23). Owing to low contents of sulphur in the later, a t tempts to determine the 
isotope ratio were unsuccessful. 

Idiomorphie g u d m u n d i l e is commonly found in the Sli-ores. The generally larger 
crystals lormed later than arzenopyri le . as manifested by overgrowth of g u d m u n d i l e 
hands over arzenopyri le (Fig. 24), or by inclusions of arzenopyri le in g u d m u n d i l e 
(Fig. 25, S S1''' of arzenopyri le = —1.0). 

hew samples contained gudmundi le in close association wilh monoclinic pyrrhotite, 
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ľ'ifí. 17. Stibnile in caľboiiato. partly along ľ i;;. IS. ('•ii i imiimliic wiili poikiloblasliľ in-
ľ lci iv i i fr ľ . ľolisbod section, niiifín. 150 X . elusions nľ s l i l m i l r . in slibnile mul carbonate. 

ľnli-hľll section. lUilgll. I.'lll X . 

PEZINOK- Sb 

Sb 2 2 

Sh .1 7 

Sb • 3.1 

Py - ?ľ - . . 
16 j * [ — S b - 3.3 A s p y • 1 o 

ipzzfcz 
HORNÁ CHODBA 399 nj 

STREDNÁ CHODBA 39-: 09 
S... "ET Ĺ t ^ 

u. 
D O L N Á C H O D B A 3 8 8 - 1 0 r ^ # " 

Bert 40.8 
21 . 2J \ \ 2 6 

Bert -9.9 

Hli. I!t. IVzinok — K i > I ;'i i s k N vieli. lii-li Sli-nics. Samplum sile- and o'S:"' \; 1111»- -: sb — si ibnilc. 
py —pyrile. a spy — m zcnop\ ii|e. b c i l - berlliici'ilc. 
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'''-• -"• I í''! li t<MJ l<- in l i n y , ar icular cryslfils ľ-iff. 21. ISertliierilc vcinlcl in carhouali 
and in coarser grained aggregates. Polished U l a l r o p y r i l e ícp). g iehnundi lc (g) and : , m 

*€-»-!KJII, magi i . 80 X . i iopyr i le [whi le, relief). I'nlislie.l section 
rnagn. 'i50 X . 

1,1,111 ' " Hie I'onn ní i d i o m o r p h i r crystals f'Ki«r. 20). O w i n g In lack of d i rcel eou lac l . 
their re lat ion remained unc leared. 

I ' y r rho l i t e developed in l l ie f o rm of m y r i n e k i l i c r ims in g u d n i u n d i l e a long ils 

'•'"ilae.l.s w i l l i be r lh ie r i l • s t ihn i te (T'ig. 27. 2S. -S S : !1 of bc r l h i e r i l c = - 10.8'). G u d -

m u n d i l o and p y r r h o l i l e appear earl ier ihan bo r lh io r i l o w i l l i s l i l i n i l e . 

l ie lween l l ie dispersed and the i leh ( ine lasomal ic l ype of .1. |» a s I o r) Sb-ores no 

s igni f icant dill 'ei'enees in su lphu r isotope ratios " e r e f ound . 

Dif ferences are reported by .). P a s t o r (1. v.) as lo shape. th ickness, pos i t ion , grade 
and m i n e r a l o g y : 

T in - r ich ore grades 5 - 1 0 % SI), is . ' ! - 8 ,n th ick , gen t l y ( 5 - 2 0 ° ) i nc l i ned , has sharp 
hn imdanes againsl the over - and u n d e r l a y i n g rocks and low contents of py r i t e and 
nr / .enopyr i le . 

The ma in deposi t of dispersed ores is a large lense-shaped hodv 20—40 in th ick 
oľ loc lon ized g r a p h i t e p h v l l i l e s . i n c l i n e d 7 0 - 8 0 ° t o w a r d s S\V and of c o n s i d e r a b l y lower 
grade. 

'> S"' values for sulphides of the s t i h n i t e deposit are presented in T a b l e \ and b i g . 29. 

In the h i s t o g r a m are i n c l u d e d is pe ratios for pyr i tes s h o w i n g closest relat ions to l l ie 

Sh-minerals. T h e plots for those of the S b - a d i l . w h i c h might be regarded h v some 

a u t h o r s as b e l o n g i n g In the s y n g e n e i c p y r i t e ores, and as h a v i n g no genetic re lat ions 
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ľ iiř. 22. Zonal arzcnopvrite in carbonate. 
Polished SCClioll. magii. 'l.'lO X . 

Fig. 2.'i. Spheroidic ajigrcgalc (if vi'i-y Fine­
grained lollingito. embedded in stihnite ami 

quartz. Polished section, magn. 80 X. 

to the Sb-minoralizalion. are shown in the lower pari of the histogram together willi 
á S3'1 plots lor pyrites of the Turecký vrch deposit. 

The views expressed regarding the origin of the Sb-ores of the M. K a r p a t y Mls. 
may be s u m m a r i z e d : hyclrothermal of Variscan age (B. C a m b e l I. e.. St. P o l á k 
1. e.), h y d r o t h e r m a l of Alpine age (I. C. i 1 1 í k el al. 1. c.), hydrothermal -of melasomatie 
and impregnation type (J. P a s l o r I. c.), " l ime and strata b o u n d " i. e. s\ nsedimenlary 
as well as epigenelie of Lower Paleozoic age (A. M a u e h e r — \\. 11 o 1 I I. c ) . 

From tlie geoelieinislry of su lphur isotopes follows: Hydrothermal solutions ol deep-
seated origin, related lo magmalic chambers, are homogenous. The SM values vary 
within narrow limils and ihe isolopic composition is close lo ill e meteorite s tandard. 

Svnsedimentary deposition of sulphides might be accompanied by processess. which 
modific the isotope ratios, sneh as ihe activity of sulphate reducing bacteria, mixing 
of su lphur of different origin a. s. o. The resulting sulphides display often large varia­
tions in isolopic constitution as well as negative <S S'"'' values. 

T h e sulphide samples analysed in ihis s tudy might be characterized (Table 4. Fig. 29) 
as follows: 

T h e isotopic composition of su lphur is not homogenous. For the Sb-deposit Pcz inok— 
Kolársky vrch ihe spread in & S3'1 values reaches al least 12.5 permil. 

Consistently negative S S3'1 values appear, indicating enr ichment in S 3 2 with respect 
to the meteoritic sulphur. The sulphides contain biogenic sulphur. Highest S3- contents 
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it;'. V\. Coascr olulmiiudiLo rimming earlier, Fig. 'lit. Arzrnnpyrile (relief) enclosed in 
ine-grairird nrzenopyrite (relief). Polished gudnumdilc. Carbonates — black. Polished sec-

seelioii, magn. 150 X. lion. magn. 150 X. 

are found in those Sb-minerals which arc iron-rich, such as hci'lhicľilc and gudinunditc, 
whereas |hc lowest enrichment was found in stihnite and arzenopyri te . The last, two 
minerals have isotope ratios which arc more compatible than in any other one of the 
stihnite deposit with the idea of liyclrothermal origin from a deep-scaled source. Bui 
the results for the complex of all analyzed samples arc not in accord with such an 
assumption. 

I he derivation ol the stihnite mineralization from assimilation of the progranilic 
pyrite deposits by the graniloide magma, mixing with juvenile Sb-sourccs and deposi­
tion ol the paragenetie association from so produced hydrothcrmal solutions has also 
to be considered within the frame of proposed nietalogcnetic schemes. Higher homo-
geni/.ation. i. e. lower spread in S S'1'' values than found in sulphides of the Sh-deposit 
would result. 

For the interpretation of llie observed isolopie constitution and spread in ä S;!'' 
values, two genetieal schemes arc to he considered, by which biogenic su lphur coidd 
have hecu incorporated in the sulphides of the stihnite deposit. 

a) An cpigenetic-hydrothermal origin would require: I. Transport of Sb and a part 
ol S From a deep-sealed source. 2. Dissolution and mobilization of the synsedimentary 
pyrite mineralization from deeper parts of the productive zone. .'!. Deposition of sul­
phides with variable amounts of lbe .. juvenile" (in composition closer to melenrilie S1 



I'ig. 2'i. I d i o m n r p h i c ľvystnls of m o n o c l i n i c 
p\ 11 ho l i tc in i IIIMHIÍIII ' . Larger g u d m u n d i t o 
iiľiiľ lower edge of I lit- p h o t o g r a p h . Polished 

section, lllillíll. 220 X . 

4 
i. t 

ŕ 

*» 

fa^f 

ľig. 27. M y r n i e k i l i c i n l c r g r o w l h of pyrr-
liolile a long g i i d m u n d i t c (wlii lc)-bortl i icriU' 
b o u n d a r y . Pol ished sect ion. inngn. í i ó O X . 

l i g . 28. P r i s m a t i c g u d n i u u d i t e willí t n y m i e -
kitie p y i i h o l i l e a l o n g b e r t h i c r i t e - g u d m u n d i l c 

b o u n d a r y . Polished section, m a g n . (>ó(l X. 
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Kig. 2!). Histogram nľ oS''1 values. Upper pari: Pezinok. stihnite deposit, hower parí: Pezi-
nok — Turecký vreli, pyrile mineralization. I. Pyrilc 2. Arzenopyrile .'!. Berthierilo \. Borthio-
rite + stihnite 5. Stihnite (i. ( nd mundile 7. Pyrile. Turecky vreli deposit 8. Pyrite. Pezinok. 

Sb-adit i). Pyrite, other localities of zone 1 A. 

;mil remobilized, in S:l- enriched sulphur. \. Ceological features which arc typical I'or 
opigenetie, li\ drothormal deposits. 

h) More or less direct lormalion under supersonic cnndilions would load to negative 
'i S'1' values and llieir larger spread. In undoubtedly synsedimentary deposited pyrite 
ol the Turecký vrch deposit a variation range comparable to thai I'or the sulphides 
"I Ihe stilmile mineralization was I'ound. the latter displaying less negative <5 S:!'' 
values. In the time and strata-bound mineralization, as proposed by A. M a u e h e r 
and lí. 11 ("i I I (I. e.) also for stihnite deposits of the Malé Karpaty Alls., epigenetic 
and synsedimenlary deposition might he closely related In lime and space. II' accom­
panied lurther by processes of reniobili/.alion. su lphur isotope patterns similar to those 
observed in our studs' may result. 

In sulphides of both, the pyrile deposit Turecký vrch. as well as in the stihnite 
deposit Pezinok — Kolársky vrch. light In S : l- enriched sulphur, which is generally 
concentrated by sulphate reducing bacteria, plays an important role. 
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