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SULPHUR ISOTOPES AT THE SMOLNIK AND MNIŠEK NAD 
HNILCOM SULPHIDE DEPOSITS OF THE CAMBRO-SILURIAN 
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A l i s l r a c I: I'he C a m b r o - S i l u r i a n series of the Spiš.sko-gemerské ľiitlo In >ri<-: 
Mis c o n t a i n s : a) h y d r o t h e r m a l q u a r t z - s i d o r i l - s u l p h i d e veins, b dissominali ' i l lo 
mass ive p y r i t e a n d p\r i le-pol vmela l l ie (loj)osits. 

Microscopic e x a m i n a t i o n s of the later t y p e were carr ied mil and s u l p h u r 
isolopo d i s t r i b u t i o n s t u d i e d . 

The; m i n e r a l i z a t i o n is confined lo a sod imen lai'y- vo lcanogenic c o m p l e x . 
P o r p h y r o i d s most ly water-laid, niela rphosed luffs, luffilcs. lavas, preva i l . Tliev 
are associated with m o r e basic t y p e s : up lo d iabase , iheir n io lninorphoscd 
pv-roclaslics — chlor i te schists. Interonlnl inns of p r o d u c t s of neide and basic 
volcnuism occur. 

Colloidal t e x t u r e s are a b u n d a n l in lbe mass ive ores. Deformat ion, roervstnlli-
zat ion and remobi l iznt ion p h e n o m e n a are c o m m o n . 

Disseminated pyr i tu ores occur m a i n l y in chlor i te schists. The ranne of s u l p h u r 
isotope rat ios is verv- n a r r o w (21.81) lo 21,9.")). indicat ive of well honio<'cuizod 
s u n n 

O w i n g to c o n s i d e r a b l e e n r i c h m e n t in lbe h e a v y s u l p h u r isotope, digest ion of 
s u l p h a t e - r i c h s e d i m e n t s by the g r a n i l i z a t i o n processes, bv which lbe source 
was formed, is p o s t u l a t e d . 

The mass ive ores d i s p l a y s l ightly h igher ratios (21.98 lo 22,00) the ramie 
be ing s h a r p loo. Bacterial ac t iv i ty migbi have in certain par t s and lo verv 
l imited ex tend only, modified | h e d i s t r i b u t i o n of s u l p h u r isotopes. 

I'he pr inc ipa l d i s t r i b u t i o n was governed by lbe m a g m a l i c grnni t iza l ion) 
source and the e v o l u t i o n of s u l p h u r isotopes wi th in . Slight e n r i c h m e n t in S : l-
as well as in t 'u-Pb-Zn e o n l e n t s with l ime seems lo be c h a r a c t e r i s t i c . This 
e n r i c h m e n t reached its m a x i m u m d u r i n g format ion of pol vmeta l lie ores In Mní­
šek nad I I nileoni. 

ľhe d i s s e m i n a t e d and mass ive ores are of CNhalal ivc-sedimcnlarv or igin, d e n v e. I 
from s u b m a r i n e spr ings of m a g m a l i c h v d rol h e n n a I so lut ions . 

Mobi l izat ion into thin voinlcls d u r i n g h e r e y n i a n and a l p i n e m o v e m e n t s was 
I'm on. The mobi le (in- ľb-/.n m i n e r a l s were pre le ren l ial I y c -enlralcd in 
y o u n g veinlots . The s u l p h u r is l ighter than in d i s s e m i n a t e d ores and d i sphivs 
wider ranges in isotope ratios, l-'or roerys la l l iznl ion iď syngenol ie ores derropi-
t a t i o n - l e m p e r n l u r e s of 21)11 — 2:)!) °(. were measure,I . T h e ' i h o r m n l i l v in veinlels 
ranges 80 — 2(10 °(', 

Willi decreas ing i h c r m a l i l y of s u l p h i d e an increase in S : i- c o n l e n l s was found. 
I ' r a e l i o n a h o n of s u l p h u r isolopes belwccn coexis t ing s u l p h i d e s is a lways 

p r e s e n t . 
' 1 ' " ' " t endencies seem lo be in,Healed by the d i s l r ibu l i ľ s u l p h u r isolopes 

in i n e l n m o r p h - m o b i l i z e d ve in le l s : I. C e n c r a l increase in S : l- with respect lo ihc 
p r i m a r y , c x h a l a l i v e - s e d i i n e n l a r y n i i n c r a l i z a l i o n . 2. b ' racl ional ion i lurinu preci­
pi ta t ion which results in an increase in S:1- in coexisting; m i n e r a l s accordine; lo 
m i n e r a l species, from pv rile, c a r r y i n g the heaviest S, t h r o u g h chnlcopv ri le, 
spha ler i te , lei ra hod ri le lo ga lena, character ized by the lightest s u l p h u r . 

Deposits of s imi la r geological sel l ing, m i n e r a l o g y and d i s t r i b u t e ľ s u l p h u r 
isolopes were descr ibed IV lbe lial hu rsl-.\ewcasl le area . Canada bv 12 D e-
c b o w and \V. ,\. T u p p e r. 

' " g . Dr. .1. K i, n I o r. (2 Sc.. Ing. .1. 1! v b á r . I). Š túr . Ins t i tu te of l icoloov lirnlisl 
Mlviiska do l ina I. 
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H H M H ™ o 6 P a 3 0 M B M ° ^ « * * M K a x . Cepa HMeex 3«ecB 6oľee m n p o ™ n n e Z 
cooxHomeHMH H3oxonoB. ZloKpHHHxayHOHHaH xennopaxypa „ p T P H c ľ a J i I H ™ 
CHHreHexH,ecKHx p y Ä 6 B M a 2 0 0 - 2 5 0 °C. T e p n a ^ / o c T ^ L * & L 8 0 - 2 0 ° C 
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3Kcra,K y H oHHO-ocano™oM MHHepa.Haaqeii; 2. P a c n p e ^ e n n e BO B p e M ľ ľ c a l ľ e 
HHH BBipa>KaexcH B peayjiBxaxe noBBiineHHBiw c o s e p a a i m e M S32 B „ H „ e p a ™ e c -
KHX KOxn^Kcax cox.acHO HX B H M „ , OX n n p n x a , n e c y m e r o c a M y M rZZZ cepy 
,epea xa.BKonnpHx, C $ U « P H I , xexpasspnx a o r a . e n H x a , M p a J e p w o S r o £ 
MOH „exKOH cepoH. M e c T o p o » e H , „ c HO«O6HOH r e o p e n , MHHepaao rw* H 

pacnpene.eHHeM HSOXOHOB cePB, 6 B I „ H onncanB, B Kanade , pa MOH Baxrypcx HB,O 
Kacxji E. fleniOBHM H B. H. TannepoM. y p 

Introduction 

T h e s u l p h i d e d e p o s i t s of S m o l n i k ( S c h m o l l n i t z ) a n d M n í š e k n a d H n i l c o m a r e s i t u a t e d 

m t h e c e n t r a l p a r i of t h e S p i š s k o - g e m e r s k é r u d o h o r i e M t s ( S p i S - G e m e r O r e M t s ) t h e 

m o s t i m p o r t a n t m e t a l l o g e n e t i c z o n e of W e s t C a r p a t h i a n 

M i n i n g a t t h e S m o l n i k field d a t e s b a c k at l eas t to t h e 1 3 * c e n t u r v . C o p p e r w i t h s o m e 

s i l v e r w e r e t h e m a n , o b j e c t of m i n i n g a n d i n t h e 1 8 - 1 9 * c e n t u r i e s , S m o l n i k w a s o n e 

of t h e l a r g e s t E u r ó p s p r o d u c e r of Cu. S i n c e 1870 p y r i t e is t h e m a i n o b j e c t of a c t i v i t y 

c o p p e r b e i n g r e c o v e r e d as b y - p r o d u c t . 

T h e m i n e s n e a r M n i š e k n a d H n i l c o m w e n - o p e r a t e d on a m u c h s m a l l e r sca le 
R e c e n t l y t h e y w e r e r e o p e n e d a n d t h e a r e a e x p l o r e d b y t h e G e o l o g i c k ý p r i e s k u m 
(t rco logica l e x p l o r a t i o n ) . 

As for s i m i l a r d e p o s i t s in S p a i n . G e r m a n y . N o r w a y . S w e d e n , a. s. o.. m a n v a t t e m p t , 

h a v e b e e n m a d e s i n c e t h e las t c e n t u r y to e x p l a i n t h e g e n e t i c a l c o n d i t i o n s of th i s 

r e m a r k a b l e m i n e r a l i z a t i o n . 

M o d e r n i s o t o p i c i n v e s t i g a t i o n s w e r e a p p l i e d o n l y r e c e n t l y . A s y n g e n e i c o ř i " 
in w a s 

, n-
l . n s t n l a l e d as t h e o n l y p l a u s i b l e w i l l , t h e i s o t o p i c c o n s t i t u t i o n of c o m m o n l e a d if K ; 
t o r 1962, J . K a n t o r , M. R y b á r 1964) . 

T h e a i m of t h e p r e s e n t p a p e r is to d i s c u s s lbe g e n e t i c a s p e c t s of t h e m i n e r a l i z a t i o n 
I he c o n c l u s i o n s r e a c h e d a r e b a s e d m a i n l y o n s u l p h u r i s o t o p e s a n d d e t a i l e d m i n e r a l o g a ] 

i n v e s t i g a t i o n . r 

http://r0M0renn3au.HH


SULPHUR ISOTOPES 0 

O U T L I N E O F G E O L O G Y 

The ore deposits of Smolnik and Mníšek nad Hni lcom occur in an area buill. by the 
Gelnica series (Cambro-Silurian series of O. F u s á n, M. M á š k a, V. Z o u I) e k 
1955). 

It consists of mighty complexes of sediments, which contain in their central part 
large masses of prevailingly siliceous volcanogenic material . A flyschoid sedimentation 
is characteristic for the bulk ol the series, which resulted in alternating deposition of 
shales and sandstones and a considerable thickness (3—5 km) of the series. 

With the exception of the border zones (N, S). lbe Spiš-Gemcr Ore Alts, consist 
almost exclusively of epimetamorphosed rocks of the Gelnica series. They are host 
rocks to various mineralizations of epigonetic, magmalogcne-hydrolhermal and to lesser 
extent of syngenetic origin. 

The rough subdivision of the series into the basal, detritic, middle-volcanogenic. and 
upper-organogenie complexes as proposed b y O. F u s á n (O. F u s á n, M. M á š k a. 
V. Z o u b e k 1955) is still valid. 

T h e lowest par t of the Gelnica series is a flyshoid complex consisting of arenaceous 
sericite-chlorite schists (phyllites), which rhytmical ly alternate with saiulstones and 
quarlzites. They are overlain by similar sediments containing lyddite beds and sparse 
quartz p o r p h y r y lavas and pyroelastics. All these rocks are typically exposed in the 
W part of the Spiš-Gemer Ore Mls (Vlachovo beds L. S n o p k o 1957). 

T h e middle part of the Gelnica series is formed b y a sedimentary-volcanogenie 
complex. The sediments are prevailingly sericite-chlorite schists, sandstones and quarl­
zites. They alternate with volcanogenic. metamorphosed rocks which include subaqueous 
lavas of quart/, porphyries, quartz felspar porphyries, locally kera tophyre and diabases 
and their pyroelastics. Both, vertically and laterally, transitions between the volca­
nogenic and sedimentary rocks are observed. 

In fine-grained tuffites, the presence of volcanic ash m a y be veiled by later 
metamorphi sm and the rock m a y acquire the appearence of quartz-sericite schists in 
the case of siliceous extrusives, or that of chlorite schists, when m o r e basic material 
was present. 

For the middle par t of the Gelnica series the term Pača beds was proposed by 
(). F u s á n. 

The upper part of the Gelnica series is less detritical than the proceeding ones. Dark 
phyllites. graphite schists dominate. Subordinate scricite, chlorite schists (sometimes 
arenaceous) occur. Typical reprezentants are dark lyddites and lenses of light, crystalline 
limestones. Thick l imestone lenses are developed in the W p a r t of the Spiš-Gemer 
Ore Alls, whereas their dimensions diminuish eastwards-to the surroundings of Smolnik 
and .Mníšek. 

During the sedimentation of the organogenic complex a basic, s u b m a r i n e volcanism 
was active (diabases, luffs, tuffites). It 's intensity was considerably lower than lhal 
ol I he porphyries. 

Tins upper part of the Cambro-Silurian (Gelnica! series termed Bclliar beds 
(L. S n o p k o 1957) attains thicknesses of 200—500 in. 

As no fossils were known, the Cambro-Silurian age of the Gelnica series was 
supposed from analogy with the Eastern Alps. In 1902 P. S n o p k o v á has determined 
the Cambrian age of lbe lowest pari of the Gelnica series (Vlachovo beds) by spores. 
I'be lowest and lbe middle part ol' the Gelnica series therefore probably correspond 
lo the Cambrian-Ordovician and the Bclliar beds lo lbe Silurian. 
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SULPHUR ISOTOPES n 

II. S c h n c i d e r h 6 h n in 1931 and regarded as genetically related to the pyrite 
mineralization. Similar rocks, found in the surroundings of Svedlár (\Y of Smolnik) by 
(). F u s á n. J . K a n t o r , were regarded as hypoabyssal channels for the extrusive 
volcanism of the Devonian Phyllite-Diabase series (Rakovec-series). Diabases and meta­
morphosed manganese deposits were from the Gelnica series described in 1954 bv one 
of the authors (J. K.i. The Smolnik gabbro-dioriles were also considered as deep sealed 
equivalents of the carboniferous diabase voleauism (J. I l a v s k ý 1956). In a recent 
paper (J. I I a v s k ý 196í) their submar ine extrusive nature is postulated. 

J'he flyshoid and black shale complexes are highly folded, forming a monoclinal. 
steeply S-deepind structure (J. I I a v s k ý 196/i). 

Pi/rile Deposits 

ľhe mam mass of the pyrite mineralization is confined lo the chlorite phvllites 
altered diabase tuffs and luffiles). (Inly lo an insignificant extent, certain pails of the 

graphite phyllilcs are mineralized, loo. Pyrite may exceptionally impregnate sedimentarv 
carbonalc rocks of the productive sequence. Various ore types may he distinguished 
according lo mineralogy, textures, grade etc. 

I. Disseminated pyrite ores. The term ..glim" is used by the miners lo designate this 
type. Probably derived from . . ( d i m m e r " (mica) of german miners, as the ore is always 
micaceous, rich in chlorite. These low-grade ores contain up lo 20 " o S. 

T h e pyrite is generally well crystallized, showing cubic or pyritohedra] outlines. The 
dimensions varying mostly in the range 0.1—ó mm. A grouping of the pyrite crystals 
into bands (mm to cm thickness) is often observed. Their size in one and the same 
hand is ypproximativoly constant, within narrow limits, while between different . .bands" 

Fig. 3. Disseminated pyrite ore in carbonate 
country rock. Smolnik. Polished section.10 X. 

I* ig. '2. Disseminated pyrite ore 
type in chlorite schist. Mníšek 
l . ' d o v i r í \ ľidi P o l i s h e d s p e t i n n 

d til. slim' 
ilron 
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Fig. 4. Disseminated pyrite ore in chlorite 
schist. Fractured pyrite. Sniolník. Glim-adit. 
Polished section, 10 X. 

considerable changes may occur. The in­
tensity of mineralization may vary too 
from band to band and rich pyrite disse­
mination alternate with ban-en chlorile 
schists. 

ľho mineralogy of the poorer dissemi­
nated ores is extremely simple, pyrite being 
almost the only suphide. Small, irregular 
inclusions ol chalcopyritc occur sometimes 
in the porphyroblast ic pyrite. They may be 
dispersed in the chlorite phyllites too. but 
their content is generally very low. 

The euhedral pyri te crystals m a y be 
well preserved at one place, more or les 
corroded at the other, where later mobili­
zation, took place or they m a y be highly 
fractured by tectonic movements (Fig 2 
3, 4). 

T h e disseminated pyri te ores occur 
around massive pyri te bodies or indepen­
dently. Their thickness m a y be consider­
able (several 10 m). (See Fig. 5. page 9). 

2. Massive pyrite ores. In the upper parts of the deposit large, lense-shaped bodies 
of massive ores were mined. They reached up to 50 m in thickness. With depth, there 
is an increase of disseminated ores at the expense of massive ones. 

T h e highest grade ore is very compact, dense and hard. T h e term „cast pyrite'' is 
used by the miners for this type. For the unaided eye. in the uniform pvritic mass, 
only small to hardly visible crystals arranged in bands or discontinuous patches are 
visible. A b a n d i n g m a y also be macroscopically indicated by irregular lenses of darker 
gangue minerals (Fig. 6) rarely exceeding few millimeters in dimensions. It m a y be 
relic of p r i m a r y deposition, which has been accentuated by m e t a m o r p h i c recrystalli-
zation. 

T h e fine grained pyr i te of ..cast pyr i tes " ranges 0.01.-0.03 (generally O.OXmm). By 
etching a mosaic structure is revealed (Fig. 7). A par t of the pyr i te crystals is elongated 
and b y their preferred orientation a recrysiallization under pressure "indicated. 

T h e interstices of the fine-grained pyri te m a y be filled b y chalcopvrite. which is 
relatively a b u n d a n t in this oretype. Porphyroblasts and poikilobasts of arsenopvrite 
occur sporadically as well as lelrahedri le and galena. 

Sphalerite is common. It. contains exsolution-type blebs of chalcopvrite. which arc 
more concentrated near the grain b o u n d a r i e s , leaving the central parts without 
inclusions. Large chalcopyritc grains in sphalerite are surrounded b y a halo of chalco­
pvri te blebs with gradual ly diminuishing density. Trace amounts of sulphosalls occur 
in association with chalcopvrite. 

W i t h the exception of pyrite, all the sulphides display owing to their higher mobil i ty 
a tendency to be concentrated with coarser carbonates and quartz in the lense-shaped 
patches. 

^ Another type of massive ores is the somewhat porous, so called „farinaceous" pyrite. 
The. porous aggregates arc relatievly soft and can be easily reduced to powder-hence 
their designation. Owing to this property, good polished sections are difficult to obtain. 
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Fig. 5. Vertical section of the Smolmk deposit. Alter ,T. 11 a v s k ý 1964. I. — Gabbrodiorites. 
2 — Sericite-quaptz phyliites. .'Í — Lyddites. 4 — Chlorite phyllites (Tuffiles of basic volca­
nic*). 5 — Massive pyrite ores. 6 — Copper ores (vein and „layers"). 7 — Supposed massive 
pyrite ores. 8 — Dispersed pyrite ores („glim" and ,,grocyn'"-types). 9 — Quartz veins with 
copper minerals. 

The grain size is very low-down lo fractions of a micron. Greater dimensions arc 
found m idioblastic, recrystallized pyrites. 

The finest crystallites are dispersed, or arranged in clusters, spherical aggregates and 
concretions up lo 0.3 mm. Colloidal deposition is well preserved. Other sulphides occur 
in quite subordinate amounts . The ores may display a more or less pronounced banding 
(Fig. 8). 

The ..farinaceous' ' is the dominat ing lype in massive ores, which grades 30—45 ,'n S. 
A transition between the massive and dispersed ores form the so called ..grocyiuj". 

a term of unknown origin, designating ores of 2 0 — 3 0 % S. They have certain specific 
textura! features, too. In contrast, to the disseminated ores, the pyri te euhedra are no I 
so well preserved. They are irregular, often corroded and fractured. Great differences in 
gram size exist in one and the same hand. Globular and concretionary forms are 
common. 

Quartz is generally more abundant than in disseminated ores and so are various 
sulphides: chalcopyrile, sphalerite, less galena, tetrahedrite. arsenopyrile, marcasite. sul-
phonimerals a. s. o. The sulphides may be restricted to pyrite only. 
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Fig. S. Kin<- gra ined p y r i t e ore of the „ m u č - Kig. 9. Rich p y r i t e ore („groeyiľ ' - typel 
n i a k - (l 'arinaccou.s)-typc. Bands of fine- Coarse g r a i n e d in the c e n t r a l p a r t wil l 
g r a i n e d p y r i t e s u r r o u n d e d b y coarser pyr i te . t r a n s i t i o n into g l i m - t p y e d i spers ions S m o l n i k 
S m o l n i k . Ignác-adit . Pol ished sect ion. 10 X . second level. P o l i h s e d " s e c t i o n . 10 X . 
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Fig. 1.0. Pyr i te ore „ g r o c y n " - t y p e . Intense Fig. I I . Rich p y r i t e ore (,,grocyn"-type) 
fracturing'. S m o l n í k . P o l i s h e d section. I 0 ! X . f ractured, c o n t a i n i n g c h a l c o p y r i t e , sp l ia ler i tc 

ga lena. S m o l n í k . Gl im-adi t . Pol i shed section 
10 X . 

I'ig. 12. Handed p y r i t e ore, f ine-grained. Srnol- l-'ig. I,'!. Clusters of finest p y r i t e crysta ls , 
ink. fgnác-adit. Polished section, 1 X . c •rctionary to gar land- l ike . T r a n s i t i o n s 

into d i spersed crysta l l i tes . So called . . s u l p h u r 
h a c l e n a " al u p p e r side. S m o l n í k . h a n d e d ore. 
Polished section, 320 X. 



12 KANTOR, RYBA I\ 

Fig. 14. Irregular dispersions, loosely packed Fig. 15. Pari of a large cluster consisting of 
clusters and tight spheres of the type „mine- idiomorphic pyrite (white) and interstitial 
ralized sulphur hacteria" formed by minute ehalcopyrite (light gray). Recrystallization of 
pyrite crystals. Srnolnik, handed ore. Polished mixed gels. Smolník, Ignác-adit. Banded ore. 
section, 480 X. Polished section. 1000 X. 

A more complicated origin than in disseminated ores is evident.. Examples arc 
reproduced in Fig. 9, 10. 11. 

3. Banded pyrite ore. It docs not belong to typical representants of the Smolník 
deposit and was available from the Ignác adit only, where it occurs in smaller amounts . 
In grain size they are comparable to the ..cast pyri tes", though grains of few microns 
are qui te common. 

The characteristic banding is produced by al ternating bands and lenses of pyrite 
with gangue minerals, predominante ly carbonates, quar tz (Fig. .12). 

The minu te pyr i te crystals are irregularly dispersed or display a tendency to form 
clots, concretionary bodies or spheres of the tvpe „mineralized sulphur bacter ia" 
(Figs. J 3, J 4). 

Recrystall ization fenoména of mixed chalcopyrite-pyrite gels are common. Fig. in 
shows a par t of a large gel cluster, in which pyrite recrystallized into well developed 
euhedra and ehalcopyrite occurs as inl'illings of interstices. 

In Fig. Hi two tightly-packed pyri te spheres of the same origin arc reproduced. The 
simultaneous and colloidal precipitation of pyrite and ehalcopyrite is evident. 

Sphalerite, galena and tetrahedrite occur in minor to trace ammounts . Owing to high 
mobili ty, they are preferably concentrated in coarser recrystallized parts of the ore. 
Pyrite and the sparser arsenopyri to are found in large poikiloblasts enclosing other 
minerals, loo (Fig. 30). 

In llio handed ores abundant textures indicating colloform precipitation and later 
recrystallization have been well preserved. 

4. Non economic mineralizations in sediments. The sedimentary rocks contain insigni­
ficant amounts of pyrite which has typical signs of sedimentary origin. Scattered 
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Fig'. 16. Relatively compact pyrite spheres Fig. 17. Chalcopyrite-pyrite band (coarse 
(inlor.slitia.lLy some chalcopyrite). Richer chal- grained) in disseminated ore. Smolnik. Sample 
copyrite surrounding well-developed pyrite 173. Polished section. 4 X. 
crystals at the upper side of the photograph. 
Colloidal deposition. Quartz — black. Banded 
ore. Smolnik, Ignác-adit. Polished section, 
WOO X. 

(Milledpa. not accompanied by other sulphides arc common. In graphite phyllites they 
arc often associated by minute crystallites and spherical aggregates of the type ..mine­
ralized sulphur bacteria". 

lu feebly mineralized luffites of the deposit, microscopic examinat ion revealed 
remarkable textures. The pocks are greyish, to brownish-green, rich in chlorite. Macroseo-
pically white to brown, spheroid bodies scattered in the rock m a y be observed. They 
consist of iron bearing carbonates inbedded in a matr ix of chlorite, lighter carbonate 
and quartz. The diameter ranges I—.'! mm. Some indicate concentric-colloform deposi­
tion, which lias been preserved after recrystallization and tectonization (Fig. 18). In 
others the concentric textures may be completely lacking, or just indicated (Fig. 19). 

The pyrite occurs, as idioblastic euhedra. scattered in the rock, in bands or as clots 
ol minute crystals. Younger veinlets m a y be found, too. In some samples clusters of 
very fine grained pyrite formed the nuclei on which deposition of the colloidal car­
bonates look place (Fig. 1!)). 

Interesting pyrite-chalcopyrile aggregates are commonly observed in this rock. They 
consist of an outer, dense pyrite rim around nuclei of fine grained chalcopyrite, pyrite 
and minute micaceous clay minerals. In some the center is formed by a larger pyri te 
popphyroblast and the space between it and the pyrite-rim filled by a pyrite-chalcopyrite 
mixture (Fig. 20!. 

Spheroidic bodies of pyrite only were also observed. In some the outer bounda ry is 
sharp. The crystallites lightely packed at the circumference, become loosely bound 
Inwards the inner pari, leaving an unmineralized core of sedimentary gangue minerals 
only. In rarer eases the reverse is found. The light core is surrounded by gradually 

http://inlor.slitia.lLy
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big'. 18. Conccnlľic colloform deposited 
brown carbonate, reerystallized and surround­
ed by light carbonate, chlorite, quartz. 
Fractured. Two bands of pyrite (black). 
Smoliiik, Iliin section, 10 X. 

I'ig. 20. Ccncrctionnry, zoned pyrile-chalco-
pyrite bodies. Outer rim of dense pyrite, 
inner oľ cbalcopyrite, pyrite and micaceous 
gangue minerals. From same sample as Fig. 
19. Polished section, 60 X. 
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Fig. 19. Recrystallized colloform deposited 
spheres of carbonates. Some with clumps of 
minule pyrite crystals in the center. Inter-
slitially between spheres: quartz, chlorite, 
carbonates. Smolnik, thin section. 10 X. 

Fig. 21. Pressure shadows of chlorite around 
pyrite porphyroblast (bottom and pyrite aggre­
gate (top) in carbonate country rock. Smol­
nik. Thin section, 120 X. 
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l''ig. -'-• Pyrite aggregates with quartz in 
pressure shadows. Smolnik. Thin section. 
Xicols X, 32 X. 

Kig. 23. Fractured pyrite surrounded and 
veined by chalcopyrite (light grey!, sphalerite 
medium grey). Quartz and chlorite (dark 

grey). Copper rich pyrite ore. Smolnik. Poli­
shed section. 100 X. 

sparser and sparser dispersions. Pyrite euhedra of the ..glim"-t.ypc are dispersed in 
the rock, loo. 

A certain similarity between these carbonate and sulphide textures and parts of the 
so called ..kniesl" In [be Ilnminelsborg deposit. Germany (F. K r a u in e 1955) may be 
found. 

It is interesting to note, that even in the carbonates of ibis soft rock pressure shadows 
have been preserved. I'bey consist of chlorite and were found around pyrite porpbvro-
blasts (Fig. 21. lop), as well as around clusters of finest pyrite crystallites, or so called 
..mineralized sulphur bacteria" 'Fig. 21. bottom). The common type with feathery 
quartz in a inalri.x of carbonates, quartz, chlorite and pyrite is represented in Fig. 22. 

A simultaneous, s y n g e n e i c and pre-leclnnic origin of |be pyrite, chalcopyrite and 
carbonate is evident. 

o. (Iwlcopyrile ore. Chaloepyrile. after pyrite lbe most important sulphide of the 
Smolnik deposit, is generally in small amounts associated with the higher grade 
pyrite ores. 

Mich copper ores (up to 10 ° () Cu) are concentrated in the so called ..layered veins", 
which — .'Í to 8 in number — were intensely mined in the past. They strike parallel to 
the pyrite lenses and attain thicknesses up to 1 in. 

l b e ores contain subordinate pyrite in d ihedra l cubic crystals, fractured and veined 
by chalcopyrite and other sulphides (Fig. 2.'S). 

Sphere-like aggregates of pyrite are sparse. The less abundant sphalerite contains 
emulsion-like blebs of chalcopyrite í big. 2a). 

'•alena. lelrahedľite, arsenopyrile. boiirnonlle. unlive bin nth. sulpb minerals are 
noted less frequently 
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Fig. 24. Pyrite sphere overgrown by idio-
blastic pyrite. Sphalerite containing numerous 
chalcopyrite blebs. Compact chalcopyrite-
[)> rite ore. Smolnik. Polished section, 320 X 

Fig. 25. Sphalerite replaced by galena in a 
thin quartzcarbonate-sulphide veinlet. Quartz 
— black. Smolnik, Charitas-adit. Polished 
section. 10 X. 

• 2(5. Hour lite rim between letrahedrile 
I ganguc (black). Chalcopyrite (centre) 
I galena (bottom) included in tetrahedrile. 
ingcr mineralization. Smolnik. Ignáe-adit. 
isbed section, 480 X . 

Fig. 2/ . Band of massive, coarse grained, 
[>yrite-chalcopyrite in disseminated pyrite ore. 
Chlorite schist — dark grey. Smolnik. 1st 
level. Polished section. 4 X. 
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Fig. 28. Colloidal 'textures. Mixed chaleo- Fig. 29. Native bismuth (white) with bis-
pyrite-pyrite gels, [dioblastic pyrite in center. mulhiiiite in chalcopyrke. Arsenopyrite lining 
Carbonate-cblorite rock, feebly mineralized. a fracture. Compact Cu-ore. Smolnik. Polished 

Smolnik. Polished section, 240 X. section, 1000 X . 

6. Epigpnetic veinlels. Varied types occur in ihc Smolnik deposit- Quartz and car­
bonates are the usual gangue. sulphides being proseni, in variable amounts and mutual 
proportions. Chalcopyrite, sphalerite, totrahodrite. pyrite, arsenopyrite. marcasite, galena. 
bournonite, boidangerite. Cu- and Jji- sulphominerals , nat ive gold, native bismuth 
were noted (Figs. 25, 26). 

Many of the. vcinlets exhibit signs of intense tectonization and are pre-tectonic. 
Others consist of massive sulphides, almost without gangue minerals, reminding layered 
bands of sedimentary sluphides (Figs. 27, 17). 

7. Ilydrotl ermal veins The Smolnik area is rich in hydrothermal vein deposits. 
Quartz-stibnite veins, siderite veins, s ider i te-quar tz-sulphide veins with variable pro­
portions of the valuable minerals are innumerable . 

For comparison with the Smolnik deposit, results of sulphur isotopes analyses from 
the l'ákoei mid Kríž adits will bo given. 

The veins are neb in sulphides and have a quartz-sidorit.e gangue. Pyrite, present 
in more generations, dominates. The subordinate arsenopyri te is younger ; chalcopyrite, 
pyrrhotile, sphalerite, marcasite a. o. occur in minor amounts . 

Chemical Composition oj the Smolnik Ores 

The tenors of the ores mined in Smolnik ranged: S: 8 — 4 7 % Fe: 7—45 % ; As up to 
0 . 5 5 % : Sb up to 0 , 0 6 % ; Cu 0 . 2 - 4 % (exceptionaly 1 0 % ) ; Pb up to 0 , 3 3 % : Zn 
op to 0 , 3 7 % : Bi up to 0 . 0 3 % ; Ag up to 8 g/t (.1. [ l a v s k ý 1967). 

The trace elements in pyrites were studied in detail by B. C a m b e 1, J . J a r k o v -
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s k ý (196/ I. Their result an- reproduced 
in Pig. 31, 32, page I!). 

I lie Se eonlenl of pyritu was found lo 
vary between 5—60 g L (average 20) and 
thai of chaleopyrite between 8—360 g I 
IT IS ii l> a c a n. ,1. F o r b e r g e r. ,). I-
I n v s k ý 1962). 

M íl í J e k n a d J ľ n i I c o m a r e a 

Geological Setting 

ľiie deposit is situated about S km \ . \ K 
of Smolnik. Published dala regarding geo­
logy and ore deposits are scarce and almost 
limited to a paper by P. ( I r e c u ľ a 
(1963). They are based on detail mapping 
and material from explorations made by 

Fig. 30. ľdioblastic nrseiiopyrite with inch.- ' ' " ' 0 o o l " " ' i ( ' k > ' ' prieskum (Geological ox-
sinns of rhalropynte, galena and gangne. ploration). 
Handed ore. Smolnik, Igmlc-adit, 320 X.' A I'lyshoid complex was recognized by 

I5- ( ; ľ i' i' n ľ a í 1963' as oldesl member in 
the area (big. 33. page 20). It consists of alternating chlorite-sericile phvllites dark 
arenaceous phylliles. (piarlzites and sandstones. Subordinate quartz-felspar porphvrv 
lulfs (quartz and felspar phenocrysls reaching [3-A cm), luffites and lavas occur. ' 

T h e I'lyshoid complex is overlain by graphile-sericite phylliles. intercalated by thin 
beds of lyddites. 

The flyshoid complex, dark phylliles included, is supposed to be an equivalent of 
the \ laehovo beds (P. C, r e e u ľ a 1963 . 

In the basal parts of lbe younger Paěa-beds. products of a more basic volcnnism 
up to typical diabase tuffites. tuffs and subordinate lavas, were deposited. 

They are followed by 7 0 - 1 0 0 m mighty politic sediments (chlorite-sericile phylliles. 
locally siliceous, subordinate quartzitcs). 

Higher in the sequence, typical represenlants of the Paca beds. i. e. quartz porphyries, 
quartz-felspar porphyries, their pyroclasties are abundant . 

From local intercalations of the porphyry pyroclasties by diabases a close association 
i)l the siliceous with the basic volcanism m a y be deduced. 

I he lop of the volcanogenie sequence is represented by products of the siliceous 
volcanism only. 

A horizon of graphite-sericito and chlorite phylliles forms (he top of the Pača beds 
in llie area. 

Lcnse shaped bodies of gabbro-,liorites occur locally and are supposed lo be vounger 
Iban the ľača-l.eds (P. C r c c u ľ a 1963). 

Ore Deposits 

Besides siderile sulphides and qiinrlz sulphides, hydrolhermal . typical vein deposits, 
the most important mineralization of the area is of the disseminated type. 



SULPHUR ISOTOPES I!) 

I'he disseminated mineralization (P. (1 r e c u ľ a 1963) is confined Lo the upper part 
of the pelitic sediments of the Pača bods, respectively to the base of the volcanogenic 
complex (Kig. .'S.'S. page 20). 

Two types are distinguished: 
1. Disseminated pyrite mineralization in chlorite schists, very similar Lo thai of 

Smolnik (Fig. 2). 
2. Disseminated lead-zinc-eopper mineralization, more or less closely associated with 

the lirsl type. Pyrite, galena, sphalerite. chalcopyrile, arsenopyrite, Let.rahedrite. quartz 
and carbonates are common. They occur in thin vcinlets Loo. and lend lo be especially 
enriched in the vicinity of leelonic lines, where compact ores are found. Silicificalion 
nl the country rocks, at places accompanied by rhaleopyri le impregnations, is often 
observed. 

CEA'ETICAL VIEWS R E G A R D I N G T H E S.MOLXlK AND M N f S E K D E P O S I T S 

I be Smolnik deposit has been regarded as a typical example of a hydrothermal . 
deep seated deposit of the Rio Tiiilo type. 

According lo II. B o c k h (.1905) and II . S e l l n r i i l e r h i i l i n (1931). diorites were 
the source ol the pyritebearing bydrol herins. A melasomatic replacement of Silurian . ľ 
limestones by hydrothermal solutions related to gemeride granites (of Hercynian or 
Cretaceous age) was proposed by J. 1 1 a v s k ý (1.956). 
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l'ig. •'!!. H i s t o g r a m oľ trace e l e m e n t s d i s t r i b u t i o n in pyr i tes of the S m o l n i k deposit After 
li. i: a m h e I. .I. J a ľ k o v s k ý I!)(i7. 
H g . .'!'_!. 11 i s lognim oľ trace elenieii ls d i s t r i b u t i o n in pyr i tes of the Mníšek nad H n i l c o m 
d e p o s i t s . I). C a ni h e I, J . .I a r k o v s k < Ií)(i7. 
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Fig. 33. Geological map and vertical section 
of the Mníšek nad Ilriilcom (Jalovicí vrch) 
deposit. Aflľľ P. G r e e u l a 1965. i — 
Flyshoid complex (quartzites-phylliles). 2 — 
Graphite-sericile pliyllites. 3 — Chlorite sericite 
phyllites. 4 — Basic rocks. 5 — Tuffitss of 
acide volcanics. (i — Tuffs of acide volcanics. 
7 — Quartz porphyries. S — Sulphide ore 
bodies. 9 — Loam. 10 — Alluvial deposits. 
I 1 — Tectonic lines. 
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li. C a m b o 1 (1957) indicated by analogy with the pyrite deposits of the Malé 
Karpaty Mts, lie had studied in detail, a possibility of sedimentary-exhalat ive origin 
for the Si no] ink deposit. 

Masspelromelric investigations of common lead revealed in the Smolnik deposit the 
oldest, isotopie pattern in the Spišsko-gomerské rudohor ie .Mts, according to which an 
exhalal ive-scdimcntary origin of probably Cambrian age was-poslulaed (J. K a n l o r 
L962). 

New, important data, support ing the exhalntivc-sedimentary origin were published 
by ,1. [ 1 a v s k ý in IÍKi'i and certain geoehemical evidences in favour of it by B. 
C a m b e 1, .1. J a r k o v s k ý (1967). 

Similar views were expressed regarding the Mníšek-deposit. 
For the disseminated pyrite mineralization a syngenetic origin and derivation from 

basic members of the volcanic complex was pustulated. T h e Cu-Pb-Zn mineralization 
was supposed to have used the same, revived tectonic zone as channelways for the 
hydrothermal solutions. Tlve same origin and age was admitted as have the oilier 
liydrolliermnl Cu-Pb-Zn deposits of the Spis-Oemer-Ore .Mts. (P. G r e e u l a 196,'ii. 

This view regarding the dispersed Cu-Pb-Zn mineralization is in contrast with lead 
isotope data. T h e lead of galena was found to have considerably lower contents ol 
radiogenic isotopes than lead from the younger, hydrothermal vein deposits. T h e isotope 
ratios are very similar to those of the Smolnik deposit (J. K a n t o r L962). 

Similar relation between both these deposits was found by B. C a m h e 1. .1. J a r ­
k o v s k y <I9(>7) in the distribution of trace elements in pyrites. (Compare Figs. 31, 
,T2. page I!).i 

The genefleal schemes proposed for the Smolnik and Mníšek nad I ln i lcom deposits 
will be discussed in the light, ol su lphur isotopes investigations. 

S U L P H U R I S O T O P E S 

The four stable su lphur isotopes occurying in nature have approximat ive abundan­
ces: S : l- 9 5 % : S : l : i 0,7 % ; S:!'' 4 , 2 % ; S : , l i 0 . 0 1 7 % . In sulphure bearing minerals con-
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Fig. 34. U p p e r p a r i : S u l p h u r isotope ratios in s u l p h i d e s of the S m o l n í k - M n í š e k n a d H n i l c o m 
deposi ts . Dispersed p y r i t e ore — black s q u a r e s . „ G r o e y n " - t y p e o r e s : s q u a r e s with circles. 
C o m p a c t and poly ine la l l ie ores — d i a g o n á l y black a n d whi te . Veinlets and b a n d s — white 
s q u a r e s . I f y d r o t h e r m a l veins — crossed. 
Lower p a r t : D e c r i p i t a t i o n t e m p e r a t u r e s of s u l p h i d e s in v a r i o u s ores of the S m o i n i k - M n í š e k 
nad H n i l c o m depos i t s . E x p l a n a t i o n s as a b o v e . 

siderable dif ferences againsl these mean values m a y be e n c o u n t e r e d . T h e y are due In 

the geoehemieal h i s t o r y of the m i n e r a l s . T h e most ef fect ive process of separat ion of 

s u l p h u r isotopes in nature is the k inet ic effect, especial ly d u r i n g the bacter ia l r e d u c t i o n 

ol sulphates. 

As s u l p h u r c o m p o u n d e have a u n i v e r s a l d i s t r i b u t i o n in all rock types, and lend to 

be h i g h l y concentrated in m i n e r a l deposits, the s t u d y of s u l p h u r isotopes m a y p r o v i d e 

i m p o r t a n t data for the u n d e r s t a n d i n g and t r a c i n g of var ious geological processes. 

F r o m the f o u r isotopes, the rat io S 3 2 S:)'' of the most a b u n d a n t ones, is g e n e r a l l y 

used for c h a r a c t e r i z a t i o n . T h e rat io S : l 2 S : ! : i g i v i n g half the value of S: l-, S:i'' m a y he used. 

loo. H i g h precis ion in the absolute measurement of the r a t i o of two isotopes in a sample 

is d i f f i c u l t , to o b t a i n , l i n t h igh accuracy d e t e r m i n a t i o n s are possible, if the sample 

S'1" S- ! rat io is measured against the rat io of the same isotopes in a s t a n d a r d . 

I r o i l i t i c s u l p h u r k n o w n to have a s t r i k i n g l y u n i f o r m S : ;- S' , : l rat io is used as a p r i m a r y 

s t a n d a r d . I he isolopic c o m p o s i t i o n s of the samples are expressed as p c r m i l d e v i a t i o n s 

S S " no I r o m the s tandard a c c o r d i n g the r e l a t i o n : 

S ; ' ' S''1-1 s a m p l e — S''1 S'''-l s l n n d a r 
x inou (Sr)/' S : ;- s t a n d a r d 

l '«ľ lbe S m o l n í k and Mníšek nad H n i l c o m samples, the p c r m i l d e v i a t i o n s as wel l 
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as I lie S'!" S''1 ;iľľ given in relation to the meteoritic s tandard ratio ol 22.22 ľahle I 
page 22. big. .34 page 21). 

The separated samples were checked lor purity under a binocular microscope and 
combusted willi ('uO in a vacunmi system, flic Soviel made M l-l.'!0.) model inas-
speclromelcr, modified, was used for the isolopic analyses. 

The results are discussed in connection with an outline of characteristic features 
of sulphur isotopes in sulphides nľ various origins that were proposed for the Snioluik 
and Mníšek deposits. 

Scdtmciilanj Origin i>j Sulpliidcn 

In the cycle of su lphur and the sulphur isotopes balance of the crust, the oceans 
though averaging only 0.09 " o S. piny by their masses an important role. 

The homogenous distribution of su lphur isotopes in the dissolved ocean-waler 
sulphates was early recognized (A. T r o f i m o v 1949, A. S z a b o. A. ľ u d g e. A. 
M a e N a m a r a . I í. G. T h o d e 1.950. 11. S a k a i H).")?. H. \Y. b'e e 1 v. Ľ K u I p 
19.57. A. V i n o g r a d o v . M. S. C h u p a k h i n. V. A. C. r i n e n k o Í9.5IÍ. The 
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v)'i — D i s s e m i n a t i o n s in ch lor i te sehits . P y r i t o h c d r a ( 0 , 1 — 0 / i m m j not associated with o t h e r 
su lphides . P y r i t e : 15.1 21,89. S m o l n í k , 1 s t ' L e v e l . 

51 — D i s s e m i n a t i o n s in c h l o r i l e - c a r b o n a t e rock, ve ined h y thin c a r b o n a t e ve inlets . Pyri tu 
l iexaedra up to I n u n . locally calaclast ic . Traces of c h a l c o p v r i t c a n d ga lena . Rut i le present . 
P y r i t e : 14.46 21.90. ' h i - 3.) S m o l n í k . Ignác adi t . 

50 — Typical d i s s e m i n a t e d ore in ch lor i te schist . S u l p h i d e s r e p r e s e n t e d by p y r i t e o n l y . 
P y r i l h e d r a up to 2 m m . f ractured. P y r i t e : L4.2 21.91. (Fig. 4.) S m o l n í k . ( d i m adi t . 

5.'i — As No 56. P y r i t o h c d r a up to 0,8 m m . P y r i t e : 12.i) li 1.94. S m o l n í k , K a r o l adi t . 
I0G — Rich p y r i t e d i s s e m i n a t i o n s in ch lor i te schists . P y r i t e : 12.8 21,94. S u b o r d i n a t e 

c h l a c o p y r i t e . Ore intersected hy t h i n q u a r t z ve in le t s . Mníšek nad H n i l c o m , H u t n v potok. 
L4 — P y n l e d i s s e m i n a t i o n s in ch lor i te schists . H e x a e d r a up to (3,4 m m . Traces of chalco-

pyr i te . P y r i t e : 12.5 21,95. Fig. 2. .Mníšek nad H n i l c o m . J a l o v i c í vreli. 
Kly — Pyr i te d i s s e m i n a t i o n in chlor i te schist. S u b o r d i n a t e c h a l c o p v r i t e b a u d s . P v r i t e : 

I 1.9 21.90. Mníšek n a d H n i l c o m . l í u l n ý potok. 
.'í — \ ery fine g r a i n e d d i s s e m i n a t i o n s of e u h e d r a l p y r i t e and colloform depos i ted pyr i tc-

c h a l c o p v r i l e aggregates in c h l o r i t e - c a r b o n a l c rock. Figs. 19, 20. D e c r e p i g r a m Fig. 37. page 30. 
P y r i t e : ' . ! 1.4 21,97. S m o l n í k . I l n d Level. 

U) Compact a n d p o l y m e t a l l i c o r e s : 
L(H — \ ery f ine-grained, p o r o u s p y r i t e ore („far inaccous^-type) w i t h p r e s e r v e d s e d i m e n t a r y 

tex tures . Fig. 8. P y r i t e : 10.9 21.98. S m o l n í k , Ignác adi t . 
I I — (.om pac t ore f so ca I led ..cast" p v r i t e t v p e . Fig. (i. /. D e e r e p i g r a m Fig. .'!/. page 30. 

P y r i t e : 10.6 21.99. S m o l n í k . 
13 — P y r i t e from g a l e n a - p y r i t e - p y r r h o t i t e ore . W a l c h e n n e a r D b l a r n , Aust r ia . Meta­

m o r p h o s e d depos i t of s imi la r geological se t t ing as the S m o l n í k - M n í š c k depos i t s . P v r i t e : 
10,1 22.00. 

!(i8 — H a n d e d ore. A l t e r n a t i n g b a n d s of f ine-grained s u l p h i d e s and g a n g u e s . Figs. 12. 13, 
I."). Deerep igram Fig. 37. page 30'. P y r i t e : 10.1 22.00. 

105 — P y n l e from i r regu lar d i s s e m i n a t i o n s in ch lor i te schists . S a m p l e d b y B. C a m b e I. 
.í. J a r k o v s k ý. P y r i t e : 0.7 22.01. Mníšek n a d H n i l c o m . J a l o v i c i v rch. 

1 / S a — Disseminated p o l y m e t a l l i c ore. f ine-grained. P y r i t e wi th Pb-Zu-Cu-minera l s in 
quar tz-ser ic i te schist. P y r i t e : 0.0 22.01. M n í š e k n a d H n i l c o m , J a l o v i c í v r c h . 

Hifi — S a m e t y p e of oře as Xo 178a. P y r i t e : 8.8 22,03. M n í š e k n a d H n i l c o m . J a l o v i c í vrch. 

c) D i s s e m i n a t e d to compact ores r . .grocyn"-type) : 
29 — ľypical „grocyn*"-type ore in chlor i te schists . Large dif ferences in g ra in size. P v r i t e . 

fractured a n d c o r r o d e d : 13.8 21.92. Traces of c h a l c o p v r i t e and s p h a l e r i t e . Poor in q u a r t z . 
Fig. 10. S m o l n í k . find Level. Xhornák- adit . 

o — As s a m p l e No 29. In the f ine-grained p y r i t e Fig. 9) sparse m areas i tc and c o n c r e t i o n a r y 
p y r i t e occur. P y r i t e : 12.7 21.0V Decrep igram Fig. 37. page 30. S m o l n í k . I lnd | . , . V el. 

2 — Pyr i te ore ( , .grocyn"-type). Pyr i te f ractured, i r r e g u l a r shapes , up to 2 m m in size. 
Rich in q u a r t z and veined b y thin q u a r t z - p y r i t e - e h a l c o p y r i t e veinlets . Poor in ch lor i te . 
S m o l n í k . Char i tas adi t . P y r i t e : 1.6 22.18. 

30 — As s a m p l e 2. More ca lac las t ic a n d r icher in c h a l c o p v r i t e and s p h a l e r i t e . Fig. I I. 
P v r i t e : VO.'l 22. 13. S m o l n í k Gl im adi t . 
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bournonite. pyrite etc. Fig. 25. 172a — sphalerite: 9,1 22.01. I/2b — galena: 8,0 22.0-1. 
Decrepigram big. 38, page 32. Smolník, Charitas adit. 

173a, b — Thin band of compact chalcopyrite-pyrite in dispersed ores of ,,glim"-type. Fig. 
17. Decrepigram Fig. 38. page 32. 173a — octohedral pvrite: !),0 22.02. L73b — clialcopvrite: 
8,6 22,03. Smolník. 

107b, c — See disseminated ores. 
17 — Sulphide rich quartz, siderite ore from hydrothermal vein. Prevailing pvrite (2 gene­

rations), subordinate arsenopyrite, chalcopyrite, marcasite, pyrrhotite in quartz gangue with 
small amounts of siderite. Pvrite: 3,5 22,14. Smolník, Rákoci adit. 

20 — Same type of hydrothermal mineralization, but other vein. Pyrite: 3,1 22,15. Smolník. 
Kríž adit. 

S'1- S'1'1 ratio was found by A. M a c X a m a ľ a and H. G. 'ľ h o d c (1951) as averaging 
21.80 ± 0.5. 

Subsequent investigations, based on refined techniques and high precision instruments 
resulted in m o r e raliable values, W . V. A u I I. J . L. K u 1 p (1959) report for geographi­
cally and vertically careful selected samples of ocean bodies an average ratio S3- S3'' 
of 21,76 ± 0.01 (8 S3'' = 20,3). whereas H. G. T h o d e. J . M o n s t e r. H. B. D u n-
f o r d (196:1) have for (he presentday sea water found an average permil value S S 
of 20,1 ± 0.3. 

J . R. K a p I a n. Iv. O. E m e r y. S. C. R i t t e n b e r g (1963) have obtained similar 
results. Jn 8 analyses of dissolved sulphate from the Santa Barbara. Santa Monica 
and Santa Catalina sills of California the spread of pormil values was 20.2 to 20.6 
with the average value of + 20/i permil with regard to the meteoritic s tandard. 

A good homogenization of the sulphur isotopes in sea water has thus been proved. 
It is comparable only to the very narrow spread in su lphur isotope ratios of me­
teorites. 

Another remarkable feature is the concentration of the heavier isotope S3'1 in ocean 
water. A similar enr ichment in S3'1 is generally observed in cvaporiles. anhydr i te and 
gypsum. 

II. G. T h o d e. ,1. M o n s t e r . II. IS. D u n f o r d (1961) give for present day 
deposited gypsum on lbe bottom of the Boca de Virila. Peru 6 S3 / | = 22.5 and \\ . V. 
A n i l , J . L. K u l p (1959) foe similar deposits of the Laguna Madre, Texas. 5 S3'1 = 
20,7 i. c. practically identical values with present-day ocean water sulphates. 

The indctity between the isotope ratios ol cvaporiles and those of the ocean water 
m a y be preserved, when the evaporation of the water bodies in the more or less 
restricted lagoons proceeds rapidly, almost completely and is not disturbed by other 
processes. 

With negligible influx of river waters carving lighter su lphur and contact of the 
deposilional basin with the inexhaustible sulphate revervoir of lbe ocean, the deposited 
cvaporiles m a y have the same. or. due to bacterial activity, a somewhat heavier sulphur 
than lbe ocean (J. M o n s l e ľ. II. G. T h o d e 196a). 

Changes in the influx (ď river waters, ocean water, intense bacterial activity, pre­
cipitation of sulphides a. s. o. may produce a complex pattern in lbe distribution ol 
su lphur isolopes. 

The broadest range in isotope ratios exhibit sulphides ol sedimentary origin, as 
found by II. G. T h o d e . A. M a c X a in a r a. A. ( ' o i l i n s (I949) and many in­
vestigators afterwards (YY. V. A u 1 I. .1. I.. K u I p 1959. II. G. T h o d e el al. 1953. 
A. ľ. V i n o g r a .1 o v. M. S. C h u p a k h i n el al. 1956. M. L. .1 e n s e n 1958. 
J. I!. K a p l a n . K. O. K m <• v y. S. C. R i I l e a l , e r g 1963 a. s. o.). 
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II. G. T h u d e. II. K 1 e c r k o p c r. I). E 1 c h e r n n discovered in 1 95 I isotope 
Fractionation in the bacterial reduction of sulphates. This, mostly non-equilibrium, 
kinclic, process, governs the distribution of sulphur isotopes In sedimentary basins and 
is ol dominant importance in llie geochemistry of sulphur isotopes. 

During the reduction S3 20/," r e a d s faster than S'^'O/,". the lighter isotope being 
enriched in I US and consequently in the precipitated sulphides. 

The value of the kinetic effect depends on various Factors. At very low sulphate 
concentrations or at very rapid metabolic rales it may drop to zero, whereas at slow 
metabolic rales il may reach 25 ° o (A. G. II a r r i s o n. II. (). T h o d e 1958). 

Extreme dispersion of sulphide isotope ratios may lake place, where a limited hody 
of sulphates is almost completely reduced. The early formed sulphides are characterized 
by the lightest sulphur. Willi successive deposition, they become richer and richer 
in S . ()n the other hand, bacterial reduction produces a gradual enrichment of the 
sulphate in the heavier isotope. 

Sulphides of sedimentary origin display wide ranges of S S'1'1 ratios. With an average 
about 22/ i9 the sulphur is considerably lighter than In meteorites (W. Y. A u I I. J. 
L. K u I ji .1959). 

Pyri te in lbe dispersed ores ('..glim" type) of the Smolnik and .Mníšek nad llnilcoin 
deposits is characterized by a narrow spread of S'1- S';/| ratios (21,86 to 21.95) (big. \V\, 
page 21). 

\ ery fine grained and massive pyrite ores are depleted in S;,/'. the ratios varying 
within relatively narrow limits, too. 

I'lie total spread of the combined (dispersed and massive) ores is low. and does not 
lil lbe conditions expected for a sedimentary, origin of the ores with prevailingly 
bacterial activity. 

Another feature, not quite compatible with such an assumption is the heavy sulphur 
in pyrite as will he discussed in connection with the origin of the sulphur. 

Ilydrotlicnnal Origin oj Sulpirides 

The largest quant i ty of published sulphur isolope dala pertains to samples from 
bydrothermal deposits ..sonsii lato". Their isolope ratios cover almost the whole range 
observed in sulphur ol various rock types. 

W . \ . A u I I and .1. L. K u I p (1959) have summarized llie availabble analyses and 
found an average of 22.1.'! for the S'1- S1'1 ratio (span 21.5.'! to 22.52). Willi llie inclusion 
ol ground water deposits" of AI. L. J e n s e n (I960), llie range-would he extended 
lo much higher, negative pcnnil values. 

In spile ol (he broad overall range, certain bydrothermal deposils display a strikingly 
uniform isolopic composition. Tins uniformity is characteristic for a well homogenized 
source. 

In llie ^ ellow knife gold district. Canada, llie averages for various vein systems 
range + 1./ lo + 3 . 8 permil deviation (A. W a n I e s s. A. B o y l e . I). L o n d o n 
I960!. W. V. A u I I and .1. I.. K u I p (I960) report uniform sulphur ratios in deposits 
hundreds ol kms apart, along llie Soiilhamerican Andes. A. li y z n a r. A. (' a m p h e I. 
A. K r o u s c '1962' For the Queinonl ore body. Canada ( + 0 . 0 9 6 to + 1.7.'! pcnnil 
deviation), a. s. o. In cases mentioned above, llie permil values are slightly positive. 
the sulphur being heavier than llie Iroililie one. 

llie narrow spread, and ratios approaching those of meleorilic and terrestrial values, 
indicate besides a well homogenized source a possible derivation from llie manile or 
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deeper parts ol the crust, when' tlie melted blocks were large enough to produce sulphur 
u! llie representative average value. I I ydrol hcrnis ol other origin, may ol course, deposil 
su lphur of tpiile similar composition. 

The grunitizcd sedimentary complexes might have been ol limited size and might 
have contained large accumulat ions of sulphate evaporates and small cpianlilies of 
sedimentary sulphides. The deposits derived should cary heavy sulphides with a pro­
bably narrow spread in isotope ratios. 

If in the granil.izat.ion processes blocks with considerable accumulations of sedimen­
tary sulphides are incorporated, lighter sulphides are produced by the related hydro-
thermal solutions. 

11ydrothermal deposits displaying sharp, but from one deposit to the other different 
su lphur isotope ranges indicate derivation from a well homogenized source. 

Broader variations in sulphur isotope ratios may. on the other hand, indicate inhomo-
geuous. incomplete extraction, which is characteristic for shallow parts ol the crust. 

Mixing of su lphur in hydrothermal solutions derived from different sources, may 
also result in similar broad spread in isotope ratios at one and the same deposit. 

Sandstone u r a n i u m deposits, lead zinc mineralizations of the Mississip. Missouri. 
Jopl in types, copper mineralizations of the konnecolt type are typical represants 
with broad ranges in isot.opic composition ol su lphur (M. L. .1 e n s e n l!);>íb. 

The Smolník and Mníšek nad J luilcom deposits exhibit a uniform distribution of 
su lphur isotopes, especially in the dispersed ore types. I he remarkable constancy does 
not, contradict the assumption ol a inaginat.ic hydrothermal origin. 

Similar narrow ranges were found in the massive ores, where the sulphur is generally 
somewhat lighter. 

Sulphides from bands and vemlels intersecting the dispersed ami massive ores display 
on the other hand a relative wide spread, covering almost the whole range of both 
ore types. A gradual depletion in the heavier isotope is evident. 

Source oj Sulphur 

The t noil i lie su lphur of meteorites is known to he extremely uniform in isotopie 
composition. The overall variation ol the S1'- S'" ratios does not exceed I)..) no or 
S S : w ± 0.5 ° „ ÍYY. V. A u I t. .1. L. K u I p l!ló!) or ± 0.2 % 0 (H. <'<• T h o d e. .1. 
M o n s t e r . II. 15. I) u n f o r d líltíl). A not insignificant spread (ď the reported values 
is ol instrumental origin. 

A. ľ. V i n o g r a d o v . M. S. (Mi u p a k h i n. V. A. (1 r i u e u k o I l!);">7) found. 
using high-precision techniques, identical values of S 5 = 22.20 for nine stony 
meteorites and one achondritc. 

\ o significant difference — grand mean ol pernul value equal to + 0.2 i t 0.1 oo — 
was found in Iroilitic su lphur from meteorites, studied by A. S m i t h e r i n g a I e. 
M. I.. .1 e n s e n (!!)().'!). 

Meleoriliľ sulphur is a generáli}' adopted standard and provides a base level in 
relation to which the extent of su lphur isotope fractionation in natural processes may 
be measured. 

The meleoritic su lphur is supposed to represent primordial su lphur in a similar way 
as lead in iron meteorites. 

The constancy of S isotope ratios in meteorites suggests that similar results may he 
expected in basic to ultrabasic rocks from the mantle, where a high degree ol honio-
genizalion and small deviations from the meleoritic s tandard are highly probable. 

http://granil.izat.ion
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A limited niimlx'ľ ol experimental results 
supporting such ideas was published by 
A. P. V i n of! r n d o v el al. i 1937). A. 
M n e X a m a ľ a. II. C. T li o d e (1950). 
\Y. V. A u I i. .1. Ľ K u I p (1950) a. ... 

Decisive dala. based on detailed investi­
gations nl large ultrabasie to basic intrusive 
sills, are reported by M. S h i m a. AY. II. 
C, m s s. II. C. T h o d e (1963). The l'ol-
lownig mean values oľ pennil deviations 
were obtained: l.eiteli sill. Ontario, (.aiiada 
( + D. I i: Cobalt sill. Ontario. Canada !0.70): 
Palisades sill. New Jersey. USA 10.95); 
Insizwa sill. Mast Criqunland. S. Africa 
1.00). (Kill-. 35 page'.',; 

In norites oľ the Sudbury district. Cana­
da, and in the associated Xi-Co ores, slightly 
positive permil values were found by II. 
<;. T b o d e. II. li. 1) u n ľ o ľ d. M. S h i- 5 (X.) *3+2+1 0-1-2 Sf*; OJ 0 
m a I 962 . Micropegmntites and the pro­
bably genetically related Cll-Pb-Zn ores Fig. .']á. Distribution of sulphur isotopes in 
display on the other hand higher positive 0" ' insizwa sill. After M. S h i in a. \Y. II. 
v s. ( ; ' - ' - s - "• , ; - T h o d e I90.2, 

I be Triassic igneous rocks ol the .Newark group, haslern I SA. are supported to be 
ol manile origin. A. S m i I h e r i n g a I e and M. I.. J e n s e n (1963] report lor the 
siiiphuľ ol lbe intrusive diabases only small premil deviations ( + 0.I + ()/i I from 
Iroilitie sulphur. 

T a l i I c 2. Hulplnir Isotope Ratios in Coexisting Minerals 

Sample X,. Mineral S:i'-"S:!'' i ^ Mineral AÓ'S:l-S:l'' ÄS3'' AáS:1'' N 

'M .07 21.94 I .(KHZ, 
107 Cp ľv 

11.2 I2.fi 1.1 
22.D2 21.111i 

17 1 Cp I V 
1.0027 

S.! I I 1.8 2.0 
22,02 " L0O05 

Cp l>\ 

ISO 
21.00 

22.01 
I 1.0 

s.o 

;!.o 

21.08 

22.02 

9.0 

10.9 

I M 
I.OO00 

,0000 

Cp 

9.1 I.I 
21.80 I. It'll 8 

lá. I I 2.1 

Probably slightly contaminated by pyrite with heavier sulphur from country rock, 
ľ. — pyrite. Cp — rhalropyrilr. S|i - sphalerite, (in - galena. T - lei railed rile. 

http://I2.fi
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sulphur isotope ratios and decrepitation temperatures of sulphide; 
ek nad llnileoin deposits. Explanation: Fig. -Vi. page 21. 

These data seem to lie a reasonable support of views, lhal unconlaminaled sulphur 
of mantle origin is characterized by an isolopie constitution, winch is close lo thai 
of nieleoi'ilic sulphur, ltul is slightly enriched in S . 

Contamination by sulphur of crustal rocks as well as fractionation may considerably 
increase the differences against, the meleoritic standard and the spread ol the S,!-; S " 
ratios. 

A manile origin of sulphur in the Sniolnik and Mníšek nail llnileoin deposits would 
thus require sharp limits in the isolopie composition and ratios closely approaching 
meleoiilic sulphur. I'lie first condition only is satisfied. The sulphur is loo enriched 
in the heavy isotop |o he regarded as iiiicoiilannnaled. primordial sulphur. 

Sulphur with narrow isolopie range and composition close lo lilt' meleoritic one may 
be produced by processes of granilizalion. Lower parts of the crust, where large blocks 
of sedimentary rocks containing' both, the heavy sulphur of the evaporites as well as 
the lighi one of sedimentary sulphides, are incorporated in the granilizalion process. 
represent sneh sites ol hoinogenizalion. 

If onlv small blocks are melted and digested, hoinogenizalion mav proceed far enough 
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In yield su lphur of sharp isotopic range, but the resulting isotope ratios depend on 
the prevailing type of su lphur compounds in the blocks: 

a) Tt m a y be heavier than the troilitic su lphur when the sedimentary material was 
rich in sulphates (gypsum, anhydr i te) . 

I>> In magma tic hydrothcrmal deposits related lo granitization of strata containing 
appreciable quantities of sedimentary sulphides, the su lphur may be lighter than the 
mcteoritic one. and may have sharp limils of ratios too. 

c ! When apropriate amounts of sulphates and sulphides are digested, su lphur closely 
approximat ing the isotopic composition of meteorites may be produced even by gra­
nitization of smaller blocks. 

Sulphur isotope ratios found in the Smolnik and Mníšek nad Hni lcom deposits, 
especially in the dispersed ores, do fit the conditions expected in magmat ic hydro-
thermal deposits related to granitization of sulphate-rich sedimentary complexes. 

Interpretation of Sulphur Isotope Data from Siuolník-Mníšek Deposits 

The prevailing mass of ores at the Smolnik and Mníšek nad Hnilcom deposits 
(•(insists of two types: 

1. dispersed pyri te ores (,,glim"-type). 
2. massive pyrite ores and polymetallic ores. 
The d i s p e r s e d p y r i t e o r e s occuring almost exclusively in chlorite schists 

show a very narrow spread in isotope ratios and an enrichment in the heavy isotope 
21.S(i to 21.95). See Table I. page 22. Fig. '.Vi. page 21. Fig. 2. .'!. \. 

From the foregoing discussion follows that the sulphur was derived from a well 
homogenized source. H y d r o t h c r m a l solutions associated with granitization of sedimen­
tary piles, rich in sulphates, would yield su lphur of these characteristics. 

Fractionation of su lphur during crystallization of basic lo ullrabasic rocks m a y pro­
duce heavy sulphur, too. Recent investigations of M. S h i m a, W . 11. (j r o s s. H. 
O. ľ l i m l ľ f 1063) revealed the tendency of sulphides to be enriched in S'1' during 
the process of magmatic differentalion. In the Insizwn sill. South Africa, of presumably 
mantle origin, there is a pronounced gravity differentiation, with picrite at the base. 
followed by Iroclolile and gabbros. In the coppernickel mineralization of the basal 
zone the sulphur is lighter than the meleorilic one. permil values ranging — 2 . 5 0 lo 
— 3,05. For the systematically sampled gabbro an average permil value of -f- 1.0 
šas found. I ľ ig. .'!.). page 27>. 

For the large sills in the Rastem I S.\ isotopic fractionation was negligible during 
llie early stages of crystallization. It became important in the later ones, the sulphides 
formed being successively enriched m S . Enr ichments of .'S lo S permil were commonly 
observed 'A. S m i I h e r i n g a I e. .M. I.. J e n s e n 1963). 

In nature the inorganic reduction of sulphates lo sulphides during granitization is 
the main source ol heavy sulphides, more important than fractionation during diffe­
rentiation. It is supposed to have yielded the heavy sulphur of the Smolnik and Mníšek 
nad Hnilcom deposits too. Other evidences indicate exhalative sedimentary deposition 
of the dispersed pyrite ores. 

In the in a s s i v e and b a n d e d ores of Smolnik an increase of Cu-Pb-Zn con­
tents re la l ive ' to the dispersed ones of the ..glhrľ'-type is observed. T h e sulphur is 
depleted is S : ! 1 [S : i- S:'^ ratios range 21.98 lo 22.00]. 

Considerably higher base metal tenors are present in the dispersed to massive ('u-
I'b-Zn ores in Mníšek nad llnllcoin where the S'1- S,;'' ratios range 21.90 lo 22.0.'!. 
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T h e highest rat io of t l ie disperse*! ores is equal lo l l ie lowest one of the massive 
and p o l y m e l a l l i c ores. I'he ranges being r e l a t i v e l y n a r r o w in both eases. 

T w o p o s s i b i l i t i e s f o r the e x p l a n a t i o n of the observed dif ferences in isolopic c o m ­
posi t ion are to be c o n s i d e r e d : 

A. I hey m a y be due In changes in isolopic c o m p o s i t i o n of s u l p h u r in l l ie source 
ol h y d r o l h e r i n a l so lut ions. I he r e l a t i v e l y n a r r o w spread and higher ( lu-Pb-Xn c i in len ls 
w o u l d be m accord w i t h l lus a s s u m p t i o n . 

I). I he isnlnpe ratios in the source were (luring- |he ore f o r m i n g process almost 
constant, equal In those ol the dispersed ores, l l i e l i g h t e r s u l p h u r of the massive 
ores ol' the S i n n l n i k deposit consists of a m i x t u r e of this h y d r o l h e r i n a l s u l p h u r w i t h 
biogenic s u l p h u r f o r m e d d u r i n g the depos i t ion in the sea. M i c r o s c o p i c i n v e s t i g a t i o n 
revealed c o l l o l o r m depos i t ion w h i c h is often associated w i t h bacterial a c t i v i t y . 

W i t h large scale bacter ial r e d u c t i o n of the sea water su lphate, great v a r i a b i l i t y in 
isolopic c o m p o s i t i o n ol the sulphides and c o n s i d e r a b l y l ighter s u l p h u r w o u l d be ex­
pected, l l u s was not, c o n l i r n i e d by masspectrometr ie analyses. 

Owing' to the \'ery f ine-gra ined n a t u r e ol l l ie massive ores the greater v a r i a b i l i t y 
in isolopic c o m p o s i t i o n m a y be lo a certain extent vei led by l l ie fact thai mean values 
for a v e r y large n u m b e r ol s u l p h i d e grains are measured. 

In coarser ores ol l l ie . . g r o c y n " - l y p e consist ing ol p y r i t e w i t h o u t o i l i e r su lphides 
I'lg. !). 10 isotope ratios [ 2 I . Í M — 21.92i in l l ie range of d isseminated p y r i l e ores were 

f o u n d . In others, intensely f r a c t u r e d , r ich in c h a e o p y r i l c . sphaler i te, galena and q u a i l / . 
1'ig. I I considerable e n r i c h m e n t in S , ;- ' rat ios 22.1. ' !—22.IS 1 look place. C i c n i i i c rela­

tions ol these samples to h y d m i hernial veins (rat io 2 2 . M — 22.1.")' can not. be e x c l u d e d . 
Processes ol n i o b i i i z a l i o n m i g h t have m o d i f i e d l l ie textures, m i n e r a l o g y as well as 
i n t r o d u c e d l ighter s u l p h u r . 

A d e r i v a t i o n ol l l ie massive ores in S i n n l n i k and of l l ie po ly metal I le ones in M n í š e k 
I n i n i the same source as l l ie dispersed p y r i l e ores is thus p lausib le. T h e di f ferences 
in isotope ratios are m o s t l y due In the e v o l u t i o n of l l ie h y d r o l h e r m a l so lut ions d u r i n g 
[he g r a n i l izal ion and ore l u r m i n g processes*. L ight s u l p h u r m a y result f r o m isolope 
exchange r e a c t i o n : I l_>S'''' +S' ! '-( )•> = I I^S1- -f- S;''( t-j w h i c h under mauniat ic c o n d i t i o n s 
favours it's entrance into h y d r o g e n e s u l p h i d e . T h i s might have been a c c u m u l a t e d '" 
certain parts uf the n iagina l ie c h a m b e r ani l by tectonic m o v e m e n t s channeled into 
l l ie ( l a m b r o - S i l i i r i a n sea. I h e p r e v a i l i n g ] ) anorganic, e x h a l a l i v c s e d i m e n t a r y depos i t ion 
of the massive sulphides was lo a l i m i t e d extend o n l y a c c o m p a n i e d by bacter ial pro­
d u c t i o n nl h y d r o g e n e s u l p h i d e . 

A n e v o l u t i o n ol the isolopic c o m p o s i t i o n nl s u l p h u r in the source is indicated not 
n n l y by l l ie observed d i f lerenccs in isolope ratios between the dispersed and massive 
deposit, l l i e dispersed p y r i l e ores are I here, on l l ie c o n t r a r y , d e v o i d of ( j i - l 'b- '/ .n 
ores bal also by h igher c o n c e n t r a t i o n of ( lu-Pb-Xn in l l ie Inter type, l l rearches a ma­
x i m u m in l l ie dispersed In massive p n l y m e l a l l i c ores of lbe M n í š e k nad l l n i l c o i n 
minera ls. 

Sulpliur Isotopes in ( oe.rtsliii!< Sulphide Minerals 

Most nl' l l ie s u l p h i d e bear ing veinlels and bands of In Smol n ik-.M n íšek deposi ls 
rarely exceed few ecu I nuclei's i l l thickness. I 'nnn this and l e x l i i r n l evidences a con­
temporaneous f o r m a t i o n or at least a re lat ive short l i m e i n t e r v a l between the prec ip i­
tat ion ol the minera ls mav be deduced. 
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tig. 3i). Sulphur isotope ratios ii: coexisting mineral pairs I c 11 side of graph . wilii 
corresponding decrepitation temperatures (right s ide. Smnlnik deposit. 

I nclľľ these conditions identical su lphur isotope ratios in different coexisting- sul­
phides would I xpoeted. In Tahle 2. page 2/ results are presented for samples 
from different veinlets and hands. All supposedly contemporaneous mineral pairs dis­
play slight, hul distinct dilfcrenccs in isolopic composition. 

Sulphur in pyrite is in all eases heavier than in chalcopyrite. d á l e n a was found 
to carry lighter sulphur than coexisting chalcopyrite. sphalerite and lelrahedrilc. 

Although the dala arc meager still, they indicate lhal increasing amounts of the 
light su lphur isotope S , ! J are hnill into the lattices of contemporaneous minerals from 
pyrite-carrying the heaviest-, through chalcopyrite. sphalerite, lelrahedrilc. lo galena-
displaying the lightest sulphur. 

Instructive is the relation between sulphur isotope ratios ipermi] values! and the 
ihermalily ol minerals presented In Fig. .'56. page 28. The ihermalily was measured 
by a highly sensitive Ihermo-vareummclr i r device, constructed at the I). Slur Institute 
ol geology by one of [ho authors '.I. K.) with K. Ľ J i á š and .1. L u x . Dccrepitalion 
graphs are presented m ľ'ig. .'57. .'38. page .'50. .52. 

In the graph I* ig. page 28 the disseminated ores occupy a distinct field, which 
is characterized by low 32 lo 'Vt ratios and high decrepitation temperatures. T h e 
massive and handed ores display similar decrepitation ranges but have slightly lighter 
sulphur. In both, the dispersed and massive ores, the decrepitations correspond with 
the lowest, uncorrected, recrystallizalion temperatures. 

I'he S-'- S"1 ratio against decrepitation temperature plots for minerals of veinlets 
which carry heavier sulphur and were formed at higher temperature, issue from the 
field ol the disseminated ores. Willi decreasing ihermalily a marked increase in the 
S'- S ratios is observed. 

In the present work no marked difference in crystallization temperature between 
hexaedral and pyritohedral pyrite was found, both belonging lo the L90—250 °C range. 
I he rare octohedral pyrite formed below 100 "(]. 
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In ills' liľsl part ol [he graph Fig. .i!). page 33 coexisting sulphides n IT arranged 
by their increasing S^-/S ratios, whereas the second shows the dislribulii ľ I lie 
respective decrepitation temperatures. Certain correlation is evident even from these 
few examples. Detailed investigations on richer material may clarify better he tem­
perature dopendance ol the Iractionation factor lor coexisting sulphide pairs. 

The papers by F. D e c h o w (I960). \V. M. T o p p e r (I960), A. S m i l h c r i li­
g a I. e. M. I.. J e n s e n (1963). F. B u s c h e n d o r f cl al. (1963) a. o. contain dala 
concerning ild lerencos in isolopie composition ol coexisting sulphides. It was only 
ľ a I s u o ľ;i I s u in i (1965) who paid alien I ion [D I lie fractionation o I su lphur between 
sulphides. 

His observations are based — with the exception (if the metamorphosed lli lashi 
deposit — on samples from Late Tertiary deposits of J a p a n . 

T h e following fractionation factors were found for sulphide pairs from Japanese 
deposits (T a t s u o T a t s u m i) and for the veinlets of the Smolní k deposit: 

Mineral pair Fractionation factor 
J a p a n Sinolnik 

chalcopyrite-pyrilc 1,0005—J ,0016 1.0005-1.001 'i —I 1.0027'.' 
galena-tetraheďľile J .0028 1,0009 
galena-sphalerite 1 .0009-1.0031 1.0009 
galena-chalcopyrite 1.0021 1.0018 

,^53.^13 J [Z>tS23 ^ISl e l U ÍCZH * ^ *UT\ '°^H «Ul3 

Kig. ',11. Geological map ill' Heath Steele mine area, Canada. After K. D n J i n w llllil). I -
liasic volcanic nirk\ 'J — Siliceous volcanic rocks. .'! — Sulphide bodies. \ — Quartz and 
quartz ľcldspar porphyries, ô - Quartz eye rocks, (i — Quartz sericile schists. 7 — Geologic 
contacts. S — Inferred faults. II — I'ollialioa. Ill — Schistositv. II — Krachov cleavage. 
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L o w t h e r m a l i l y ol the Japanese samples was supposed by T a l s u n T a I s u in i 

and was measured for l l ie S m o l n í k deposi l by Ihe a u l h o r s . P r a c t i c a l l y idenl ieal ranges 

ol f r a c t i o n a t i o n ľaelors were f o u n d . 

I h e f r a c t i o n a t i o n of sulphides is e x p l a i n e d by the f o l l o w i n g isotope exchange re­

actions ( ľ a I s u o I a 1 s u m e : 

S"'-" + PbS 3 ' 1 = S : i ' '" + l 'bS : i -

S:!'-" + F c S 2

y j = S :1''" + I'VSY1-

I'bS'1'' + ľeS-r" '-= l'l>S : l- = el-'S2

:!'' 

In contrast to l l ie l i y d r o t h e r m a l su lphides of J a p a n , the vcin lets of the S m o l n í k 

deposi l were f o r m e d by m o b i l i z a t i o n f r o m older e x h a l a l i v e s e d i m e n t a r y m i n e r a l i z a t i o n s , 

l l i e isotopic c o n s t i t u t i o n m i g h t have been therefore — w i t h respect to the p r i m a r y 

m i n e r a l i z a t i o n — m o d i f i e d two l imes. 

D u r i n g the process of resolut ion the more m o b i l e S , !- isotop m i g h t have been pre­

f e r e n t i a l l y removed f r o m the sulphides, p r o d u c i n g solut ions enr iched in S:1- and sul­

phides depleted in S'1-. 

MASSIVE SULFIDE DEPOSITE 

A 

"A" 

- 7 T -

A 

- K -

A 

Brunswick No 6 

Brunswick No 12 
Fab Metals 
New Larder M" 
Armstrong Brook 
New Calumet 
Caribou 
Hurray 
Devils Elbow 
Texas Gulf Sulfur 
Wedge 
California Lake 
A Zone (CM. and S.) 
B Zone (CM.andS.) 
Stratrnat 
Heath Steele A-1 Zore 
Heath Steele B-1 Zone 
Clearwater 

Sedimentary sulfides 
Granites 
Gabhro 

FISSURE DEPOSITE 

—x-* Beresford 
-K-j Sturgeon Pi ver 
—xt N i gadoo 

\ Keymet 

HOST ROCKS 

I A 

->- ' I A = Mean Value 

2150 60 70 80 90 22,00 10 20' 30 40 SO 60 70 

S 3 / V RATIOS 

. I I . Sulphur 
p p e ľ I !)(>(>. 

I lie l ia l l i i i ľs l-.\cwi After \V. M. 



:Í6 KANTOM. llYllAlt 

Ihe, Final modiľicalion was connected will] 11 u - precipitation ol t lie sulphides in I he 
veinlels. The fractionation ol su lphur isotopes between various sulphides was governed 
by the P-T conditions and ihe latlice energy ol ihe minerals lonned. 

Tlie su lphur ol the veinlels thus seems lo exhibit an enrichmenl in S'- wilh respect 
lo the primary mineralization as well as an enrichment in the same isotope according' 
to mineral species in coexisting minerals which increases I nun pvrite lo galena. 

( omparison witli Oilier Sulphide Deposits 

Similar types as the Sniolnik-.M uíšek niineralizalions seem to lie present among 
the metamorphosed pyrite and pyrile-pok metallic deposits ol has lém Alps in Austria. 
T h e geological setting is analogous and so are the ores. Isolopic evidence is still lacking. 
Su lphur isotope ratios in pyrile-pyrrholile-galena ore ol the \\ alchen near Ohlaren 
deposit 'Table I. .No 131 are in the range of polymclallic ores from Smolník-.Mníšek. 
Earlier the authors (J. K a n I o r. M. Ií y h á r 1962i have found similar isotope ••alios 
in galenas. Though these single analyses are not in contrast with such assumption, 
a large quant i ty of su lphur isotope ratios based on detail investigations is needed, owing 
In the variations of su lphur isotopes in metamorphosed deposits ol this type. 

Regarding the sulphide deposits of the Bathursl-tVewrastle area. Canada, sufficient 
data are available to reveal similar features as the Sniolnik-.M uíšek nad l lnilcom 
deposits. T h e similarities cover geology, slraligraphic position, ore deposits, mineralogy 
and su lphur isotopes. 

A review of the geology of the area was published by II. C. S m i I h and P. S k i li­
n e r (1958). ľ 'ulher details regarding geology and ore deposils contain papers by h. II. 
L e a . C. li a n c o u r t <I!)ÓS>. K. I) e c h o w (19601. \Y. M. T u p p C r ( i960), the last 
two with rich isotope data. 

The large sulphide bodies of the area are confined to the Ordovician folded bell 
which is in ihe east unconformably overlain by the flat King Pennsylvania!) and lo 
the north deeps under the Silurian bell. 

The ( Irdnvician bell consists of siliceous volcanic rocks, porphyries, basic volcanic 
rocks, siliceous and argillaceous sediments. Their relations are not always clear. Ihe 
siliceous mctasedimontnry rocks are generally older than ihe siliceous volcanic rocks, 
whereas ihe argillaceous are generally younger. The age of ihe later was confirmed by 
graptolile finds as Middle ( irdnvician. 

The siliceous melasedimenlary rocks are quarlzosc. wilh varying amounts of sericite. 
chlorite, whereas the argillaceous include van-coloured slates, locally graphitic or 
ferriigineous. Both types are al places inlerbeded. 

The siliceous vnleanies with corroded anil fractured felspar ± quartz phenocrysts 
contain breccias and agglomerates, and are therefore regarded mostly as ol luflaceous 

The porphyries inelude-owing lo various origin and grade ol metamorphosis-rocks 
displaying grcal variability. Characteristic are large phenocrysts of quartz and or felspar 
in a ľdiislnse groundmass id quartz, felspar, sericite and chlorite. 

In ihe S11 is- (leiner Ore Mis. the term porphyroid is used to designate practically 
identical rocks with ihe porphyries of ihe Balhursl-Xewcaslle area. 

Basic rocks include diabase dykes and sills, rare gahhros and diabase effusives, 
metamorphosed lo greenstones. The later are commonly inlerkiyred with sediments, 
though luflaceous varieties occur within the siliceous volcanic rocks, too. 
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The ordovieian is penetrated by granites o I |>osl middle Silurian and pre.-IVnsyl-
vanian age. 

Sulphide deposits arc of two types: 
1. Massive sulphide bodies, Cieneially very line grained pyrite with pyrrholite. 

sphalerite, chaleopyrite. galena. arsenopyriU'. marcasile. letrahedri le-lannanli le a. n. 
2. Small, coarse grained lissure deposits. 
Most of llie massive sulphide deposits occur within [lie inlerlavered sediinenlary-

..porphyry"" complex. The mainnl\ being spatially related lo lbe porphyry-sedimenlary 
conlacls. Volcanic rocks are barren. Sulphide bodies are common in chlorite schists. 
ľei'ľiigineoiis slates, or iron formation. 

K. I) e e h o w (I960) reporls for the l leath Slelle mine (Fig. 40. page .'!/i. compare 
with big. •'!•>. page 20) isotope ratios within the range 21 . 82 lo 22. 0.'!. A magmalie 
bydrol.hcrmal origin and genetic relations lo granites are admitted. 

The distribution of su lphur isotopes in niosl ol [he sulphide deposils ol |he area was 
studiet by \\. M. ľ u p p e r (I960), l b e s u m m a r y is reproduced in big. I I . page .'!.>. 
S-1- S,!'' ralios for lbe massive sulphide bodies range 21.88 lo 22.0o. bor lbe hydro-
thermal vein deposisls llie very narrow spread ol 22.18 [o 22.21 was found. Compare 
with big. V2. page .'!7 and big. 34. page 21.) \\ . M. T o p p e r [on poslulales an 
epigenetie origin lor the massive ores and emphasizes genetic relations lo granites. 

Sulphide deposils of this lypc seem lo be confined lo Cambro-Silurinn volcnnogenie-
sedimentnry sequences with dominal ing [)orphyry volcanism which is closely associaled 
wilb basic rocks. 

The exlinlativc sedimentary deposils of Meggen (b'. I! n s c b e n d o r I el al. 196.'!) 
and l lammelsberg (G. A n g e r el al. I!)(i(i In ( le rmany show less agreemenl wilh 
the Smolník-Mníšek nad l lni lcom mineralizalions in sulphur isotopes distribution ď ig. 
42). 

Conclusions 

In the Cambro-Silurian series of lbe Spiš-Gemcr (Ire Mls. 
â  bydrolhernial cpiarlz-siderite-sulphide veins and 
b disseminated lo massive pyrile and pyrile-polymetallic ore deposils occur. 
Microscopic examinat ions ol lbe later type were carried out and sulphur isolope 

dislribulion studied. 
The mineralization is confined lo a sedimenlary-volcanogenie complex. Porphyroids 

— mostly water-laid, metamorphosed, luffs, tulTites. and lavas — prevail. They arc 
associaled with more basic lypcs. up lo diabases and their metamorphosed pyroclastic-
chlorite schists. Intercalations of products of the acide and basic volcanism occur. 

Colloidal textures are abundant in the massive ores. Deformation, recrystallization 
and immobilization phenomena are common. 

T h e disseminated pyrite ores occur prevailingly m chlorite schists. I be range of 
su lphur isolope ralios is very nerrow (21.86 lo 21.95), indicative of derivation from 
a well homogenized source. 

( (wing lo the considerable enrichment of su lphur in lbe heavy isolope. digestion 
of sulphate-rich sediments by the graniti/.ation processes by winch lbe cource was 
formed, is postulated. 

The massive ores display slightly higher ralios (21.98 to 2 2 . 0 . the range being 
sharp, too. Bacterial activity might have in certain parts, and lo a very limited extend 
only, modified the distribution of su lphur isotopes. 

The principal dislribulion was governed by the magmalie (granitization) source and 



SI "1.1 i l l l ! ISOTOPES >() 

ihľ e v a l u l i o n of I lie s u l p h u r i s o t o p e s w i l l i i n . S l i g h l e n r i c h m e n t in S' ;- as well as In 

C u - P b - Z n ľ o n l c n t s w i t h Lime s e e m s lo he c h a r a c t e r i s t i c . T h i s e i i i ' ie l inienl r e a c h e d il's 

m a x i m u m d u r i n g [he ľ o r m a l i o n of llie p o l y m c t a l l i c o r e s in M n í š e k n a d l l u i l e o u i . 

I he d i s s e m i n a t e d a n d m a s s i v e o r e s a r e ol o x h a l a l i v e s e d i m e n t a r y o r i g i n , d e r i v e d 

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

M o b i l i z a t i o n i n t o t h i n v e i n l e l s d u r i n g h e r e y i u a n a n d a l p i n e m o v e m e n t s w a s c o m m o n . 

I he m o r e m o b i l e C u - P b - Z n m i n e r a l s w e r e p r e f e r p n l i a l l y c o n c e n t r a t e d in t h e v o u n g 

v e i n l e t s w i t h q u a r t z - c a r b o n a t e g a n g u o . 1 he s u l p h u r is g e n e r a l l y l i g h t e r t h a n in d i s s e m i ­

n a t e d o r e s a n d d i s p l a y s w i d e r r a n g e s in i s o t o p e r a t i o s . 
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