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Abstract: Sulphur isotope investigation on sulphides and sulphates from various 
mineralization stages was applied to reveal the genetical aspects of ore formation of 
Dúbrava antimony deposit, hosted by granodiorites of Hercynian age. ô34S values 
for pyrite increase from first stage to the third period of second ore stage from 0.6 to 
6.3 %o per mil indicating dilution of the ore fluids due to crustal contamination in 
the later stage of mineral deposition. The whole range of ó34S values determined 
for all sulphide studied (stibnite, sphalerite, pyrite) is a little wider from -1.7 to 
+6.3 %o per mil and may suggest derivation of ore fluid from granitic magma. 
The barite which was deposited in the last two mineralization period of second ore 
stage shows ó34S range from 18 to 30,8 %• per mil. These values may be explained 
by dual source of sulphate sulphur - one was from oxidizing sulphidic ore fluid and 
second was probably derived from the leaching of evaporitic sequences or from 
hypersaline water of marine origin. 

K e y  w o r d s :  sulphur isotopes, sulphides, sulphates, Dúbrava antimony deposit. 

Introduction 

The isotopic ratio of sulphur in sulphides and sulphates are used for the interpretation of the 
genesis of any ore deposit. Application of the stable isotope geochemistry to the ore deposit 
research has been based on the understanding of the mechanism and magnitude of the isotope 
fractionation that accompany various geological processes. The interpretation of the sulphur 
isotope data is have been changed from time to time. 

The Dúbrava antimony deposit is located on the northern slopes of Nízke Tatry Mts. in S-W 
direction a few km away from Liptovský Mikuláš town in Central Slovakia (Czechoslovakia). 
This deposit is of vein type which is hosted by granodioritic rocks of Hercynian age. This 
deposit is petrographically devided into two main ore stages. These stages, especially second 
ore stage is divided into four mineralization periods ( C h o v a n ,  1989). The first ore stage is 
composed of scheelite-molybdenite-pyrite mineralization. The first mineralization period of 
second ore stage is consisted of arsenopyrite-pyrite, second period is by sphalerite-stibnite-
-zinkenite-pyrite, third period is represented by tetrahedrite-pyrite-barite? and last period is 
by barite. 

On the basis of main sulphide minerals (pyrite, stibnite, sphalerite) and sulphate (barite) 
occurrences and their sulphur isotopic composition authors discussed the origin of the ore 
fluids in Dúbrava antimony deposit. 
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Analytical procedure 

Pure sulphides and sulphate concentrate are separated by first of all from bromoform and 
afterwards by handpicking under the binocular microscope. The purity of sulphides and 
sulphates minerals are around 99.5 %. For the sulphur isotope analysis of sulphides, the 
sulphides were oxidized with cuprous oxide, by which sulphur dioxide obtained for analysis, 
which are enclosed in the sealed capsules. 

For barite, first of all the samples of barite are mixed with 50 ml of acidic mixture of H 3 P0 4 ,  
HI and concentrated HC1 kept in the small phlask and heated up to 48 hours. One small 
phlask, which is attached with back cooling system (with pure nitrogen) from which H 2S 
passed to one cylinder which contain Zn(CH3COO)2, where H2S converted into ZnS. This 
ZnS is later on burned with cuprous oxide to produce S 0 2  which is later on analysed for 
sulphur isotope. 

All the sulphur isotope data are reported in the usual per mil (%o) deviation from the Canon 
diablo troilite (CDT) standard. All the sulphur isotope analysis were performed on 
Finnigar-Mat-250 mass-spectrometer in the isotope laboratory of Dionýz Štur's Institute of 
Geology, Bratislava. 

Results and discussion 

The sulphur isotope analysis of various sulphides and sulphates, mainly stibnite, sphalerite, 
pyrite and barite are listed in Tab. 1 and Tab. 2. The total isotopic compositional variation in 
the Dúbrava antimony deposit is shown in the Fig. 1. The average compositional variation of 
sulphur isotope in sulphides and sulphates is very wide from —1.7 to +30.8 %o per mil. The 
lightest isotopic composition is recorded from sphalerite is —1.7 %o and the heaviest isotopic 
composition from barite is +30.8 %o per mil. 

The isotopic composition of pyrite, according to  petrographical observations in various 
mineralization period from two stages in the deposit, is showing increasing trends in ô 3 4 S 
values from +0.6 to 6.3 %o per mil up to third period of mineralization of second ore stage. 
The ô 3 4S value of +0.6 %o is observed in the first ore stage, where the pyrite is associated with 
scheelite mineralization while +6.3 %o is observed in the third period of mineralization period 
of second ore stage ,where pyrite is associated with tetrahedrite mineralization. The variation 
in isotopic values of sulphur in pyrite can be seen from Fig. 2. 

From Fig. 2. it can be observed that the variation in the first ore stage is very narrow (+0.6 to 
+ 1.9 %o), average spread is only of 1.3 %o per mil. In the Dúbrava deposit second ore stage is 
devided into four mineralization periods. Among them, the first mineralization period has 
ô 3 4S value of +4.9 %o, which is associated with arsenopyrite-pyrite mineralization. The second 
mineralization period is of economic importance in which stibnite, sphalerite and other 
sulphosalts are formed besides pyrite deposition have shown also narrow spread (+2.8 to 6.1) 
average spread about 3.3 %o per mil. The third period of mineralization shows also very 
narrow spread (+4.1 to 6.3 %o). The fourth period of mineralization is associated with barite. 
In this period generally there is pausity of pyrite, if pyrite is present then in very minute 
amount so it is not possible to extract pure pyrite for sulphur isotope analysis. However, 
average all spread in isotopic values is very narrow about 3.6 %o per mil in all over the deposit 
from first ore stage up to third mineralization period of second ore stage. 

Sphalerite, which was analysed from all over the length of the deposit, shows range of ó 3 4 S 
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T a b l e  1 

Sulphur isotopic composition of sulphides and sulphates from the Dúbrava deposit 

S. No. Location 
ó "  S %o per mil 

S. No. Location 
Stihnite Sphalerite Barite 

1 Flotačná adit + 3.5 
2 Rakytova adit +2.5 
3 Dogmár vein +3.7 
4 Svätopluk adit - 0 . 3  
5 Predpekelná adit —1.7 
6 Dogmár vein +4.6 
7 Dogmár vein +3 2 
8 Dogmár vein +2.7 
9 Dogmár vein +5.1 

10 Dogmár vein +3.7 
11 Dogmár vein +3.1 
12 Dogmár vein +2.2 
13 Dogmár vein +2.2 
14 Dogmár vein +3.9 
15 Predpekelná adit +3.1 
16 Predpekelná adit +3.7 
17 Predpekelná adit + 1.7 
18 Predpekelná adit +3.1 
19 Flotačná adit +3.1 
20 Rakytova adit +26.9 
21 Dogmár vein +26.5 
22 Dogmár vein +25.3 
23 Dogmár vein +30.8 

Pyrite (11) 

Barite ( A) 

Sphalerite ( 5 )  

Stibnite (1A) 

-5 0 +5 +10 +15 +20 +25 +30 +35 

Fig. 1. Average spreading of ô3 4S values in sulphides and sulphates from the Dúbrava deposit. 
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T a b l e  2 

Sulphur isotopic composition of barite, according to ore formation stage and mineralization periods 
from the Dúbrava deposit 

á 3 4  S %o per mil 

S. No. Location and sample description First ore stage Second ore stage 

P'period Hndperiod in r dperiod 

1 Rakytova adit, associated with 
scheelite-molybdenite mineraliza­
tion 

+ 1.6 

2 Rakytova adit, associated with 
scheelite-molybdenite mineraliza­
tion 

+ 1.9 

3 Rakytova adit, associated with 
scheelite-molybdenite mineraliza­
tion 

+ 0  8 

4 Rakytova adit, associated with 
scheelite-molybdenite mineraliza­
tion 

+0.6 

5 Dogmár vein, associated with 
arsenopyrite mineralization +4.9 

6 Dogmár vein, associated with 
+5.5 sphalerite-zinkenite-stibnite +5.5 

mineralization 
7 Ľubelská, associated with sphalerite +6.1 

zinkenite-stibnite mineralization 
+6.1 

8 Svätopluk adit, associated with 
+5.4 sphalerite-zinkenite-stibnite mine­ +5.4 

ralization 
9 Flotačná adit, associated with 

sphalerite-zinkenite-stibnite mi­
neralization 

+2.8 

10 Ignác adit, associated with +4.1 
tetrahedrite mineralization 

+4.1 

11 Flotačná adit, associated with 
tetrahedrite mineralization 

+6.3 

values from —1.7 to  3.7 %o per  mil. The average spread is about  4 %o per mil. Stibnite, which 
has close association with sphalerite shows  ô 3 4 S  values spread over +1.7  to 5.1 %o per  mil with 
an average spread of 3.4 %o per mil values. In stibnite, only one sample from Dogmar vein 
shows the maximum value and the lowest value of sulphur isotope is recorded from 
Predpekelná adit of Dúbrava deposit. 

Barite is the only sulphate mineral found in the deposit area, which represented the last 
stage of mineral paragenesis. Barite shows heavy enrichment in ô 3 4 S  values, which ranges 
from  +25.3 to  30.8 %o per  mil. The barite also shows narrow spread of 5.5 %o per  mil. A l l  over 
the deposit the average spreading in sulphides of sulphur isotopic composition of only 3.2 %o 
per mil. 
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Fig. 2. Variation in Ô34S values in different generations of pyrites from the Dúbrava deposit. 

Chemical environment of deposition 

The temperature of mineral deposition were probably in the range of 250 ± 50 °C and may 
have decreased with time. Such a temperature range is consistent with a measured filling 
temperature of fluid inclusions in the quartz gangue mineral associated with sulphide or 
sulphate mineral deposition. 3 4  

In the Fig. 3, the stability field of minerals at the time of deposition is shown. The  ô S 
contours are drawn for ô 3 4 S 2 S  %o per mil and indicating the isotopic composition of barite, 
pyrite and sphalerite. The stability fields for pyrite, pyrrhotite, magnetite and hematite at 
2 S = 0.01 m are also shown. The cross-hatched area in the figure indicate the probable 
environment of deposition of Dúbrava deposit. The associated gangue mineral assemblage at 
the deposit is quartz-sericite-chlorite-carbonate. The appearance of carbonate mineral 
suggest formation under higher pH condition (Fig. 3). 

None of the above mentioned facts take into account of dropping temperature during 
sulphide or sulphate deposition and changes in f Q 2  due to mixing of ore fluids with seawater (e. 
g. S a t a ,  1973). L a r g e  (1977) observed that the mixing of ore fluids with seawater results in 
an increase in pH, f o z  and ZS, together with fall in the temperature and leads to the mineral 
precipitation of pyrite-sphalerite ± galena assemblage around the hydrothermal vent on the 
sea floor. Such a theory may be applicable for Dúbrava deposit but in the deposit area no 
occurrence of galena is observed by authors. 

Source of sulphur 

The stibnite composition ranges from +1.7 to 5.1 %o per mil of sulphur isotope with an 
average spread of 3.4 %o per mil. Most of the values of ô 3 4 S in stibnite is concentrated around. 
2.9 %o per mil. A s  C o l e m a n  (1977) and R o b i  n s o  n -  Fa  r r a n d  (1982) pointed out that 
the igneous type of samples of granite have &34S values in the range of - 3 . 6  to +5 %» per mil. 
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So in the case of Dúbrava deposit sulphur for stibnite deposition was derived from igneous 
source, where all the mineral deposition is hosted by granodioritic rocks. A s  K a n t o r (1974) 
pointed that the Pezinok antimony deposit is the combination of epigenetic and synsedimen-
tary processes, but in the Dúbrava deposit the source of sulphur for sulphide deposition is 

- 3 0  

-32-

- 3 6 -

Pyrite 

-38-

Pyrrhotite 

- 42 

p H  

Fig. 3. A log f 0 2  pH diagram for the Dúbrava ore deposit. 
Sulphur isotope contours (fine solid lines and dashed extensions) are drawn for ó 3 4 S z s  = 0 %o per mil, 
T = 250 °C, ionic strength = l , andm K +  = 0.1 m, Ba2+ = 10"3 m (after R y e -  O h  m o  t o ,  1974). The 
talc-dolomite boundary for H 4 Si0 4  = 10 2 m, Ca2+ = 10"2 m and C = 10"1 (after L a r g e ,  1975). 
Cross-hatched area is showing depositional environment for the Dúbrava deposit. 
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probably mantle derived, because all the values have concentrated around 0 %o per mil with an 
average value of 3.2 %o per mil. A s  the pyrite from the first ore stages shows distinctly average 
value of 1.2 %o per mil, which indicate that the sulphur derived form homogeneous mantle 
magma source, which is having probably granitic composition. 

The later on enrichment of sulphur in &34S values in the younger generation of pyrite 
indicating the mixing of marine water or crustal sulphur. The sphalerite, which also shows 
narrower spread in 3 4 S  values indicating igneous derivation of sulphide sulphur. 

A s  in the whole figure of isotopic composition of sulphides show narrow spread (Tabs. 1̂ and 
2). By utilization of sulphur isotope data and fluid inclusion temperatures, the range of ô S H , s  

value for the deposit is calculated to be —1.7 to 5.1 %o per mil, but the sulphur isotopic 
composition of total sulphur in the solution (ô 3 4 S z s )  in the Dúbrava deposit may differ form 
6 3 4 S H , s  value as also observed by S o  et al., (1983) and by S h e l t o n  et al. (1980), too. 

0 
3 A , 3 '  

A =6 S fluid - (JSmelt 

+ 4 • 3 

Fig. 4. A log f 0 2  versus temperature diagram 
showing sulphur isotope fractionation between 
magmatic fluids and hydrothermal granitic melts at 
P H ; 0  = 1 Kb (after O h m o l o - R y e ,  1979). 

S0 2 /H 2 S line is an equal activity boundary. 
700 800 900 1000 1100 1200 

T'C 
F = fayalite, H = hematite, M = magnetite, 
Q = quartz. 

O h m o t o -  R y e  (1979) have shown that the isotopic composition of sulphur in a magmatic 
fluid with a hydrous melt of granitic composition (log f 0 ,  = 12.1000 bars, 800  °C and an initial 
melt value of Ó34S near to 0 %o per mil) will have Ô34S fluid value near to 3 %o per mil. A s  the 
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total average value of sulphide minerals are 3.2 %„ per mil from Dúbrava deposit. It is 
therefore tempting to interpret the source of sulphur is an igneous source, probably from 
associated granodioritic intrusion. The small variation in the f 0 2  of the melts could result in 
a marked difference of ô 3 4 S values of sulphur in a magmatic fluid in equilibrium with the melts 
(Fig. 4). 

For the consideration of the source of sulphate sulphur, which caused the barite deposition 
in the deposit area at the last stage of depositional process. The barite shows heavy enrichment 
in ô S values, which are considerably different from sulphidic sulphur isotopic composition. 
The earlier values for barite from Dúbrava deposit were reported by K a n t o r - Ď u r -
k o v Í č o v á (1977) ranges from +18.3 to 33.3 %o per mil. A s  in this study, the ô 3 4S  values show 
quite heavy enrichment of sulphur upto 30.8 %o per mil. If authors take earlier reported values 
into consideration in explaining the source of sulphur for barite deposition. The possible 
explanation of the barite ô 3 4 S values involves a dual sulphate source. The light sulphate 
probably was derived from the oxidation of the aqueous sulphide in the sulphidic ore fluid. 
Some occurrences of sulphide mineral in the proximity of barite indicate local presence of H 2 S 
there during mineralization process. Variable incorporation of H 2 S derived sulphate at a Ô34S 
value around 16 %o per mil with heavier sulphate (ô3 4S values at least between 3 0 - 3 4  %0 per 
mil) ( K a i s e r et al., 1987). The same case is observed in ô 3 4 S values of barite from Dúbrava 
deposit, which can account for the observed range of barite ô 3 4 S values. 

The isotopically heavy sulphate was present at the depositional site, which was the product 
of an oxidizing subsurface fluid, which derived from equally heavy sulphate containg sea water 
or may be from evaporitic rocks and may be deposition of such heavier sulphatic barite caused 
by barite-precipitation-dissolution process that cycles barium between oxygenated and 
reduced zones in either redox-stratified wet sediment or sea water ( C e c i l e  et al., 1983) 
which may be one explanation for the heavy isotopic values of sulphate sulphur observed in 
the deposit. The same type of view regarding the occurrence of heavy and light isotopic 
sulphate were expressed by S h a n k s  et al. (1987) 

Conclusion 

The sulphur isotopic study in the Dúbrava antimony deposit of various sulphide minerals 
revealed that the source of sulphur was igneous derived from mantle probably the granitic 
magma having homogeneous composition, but later on enrichment in Ô34S values of sulphide 
minerals indicating some crustal contamination. 

The sulphate mineral barite, which was deposited from the mixing of two sulphate sources 
as evidenced given by sulphur isotopic values in the barite samples. 
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REFERENCES 

CECILE, M P. — SHAKUR, M. A .  — KROUSE, H. R., 1983: The isotopic composition of the western 
Canadian bantes and the possible derivation of oceanic sulphates ó 3 4S and ô l s O  age curves Canad J 
Earth Sci. (Ottawa), 20, pp. 1528-1535. 

C H ° X A N '  M ' '  1 9 8 9 :  M i n e r a l°g i c a l-paragenctical relations on the Dúbrava Sb deposit and their 
significance for metallogenesis of Nízke Tatry Mts. Acta geol. geogr. Univ. Comen., Geol. (Bratislava) 
44 (in press). " 



SULPHUR ISOTOPIC STUDY OF ANTIMONY 7 5 7  

COLEMAN, M. L., 1977: Sulphur isotopes in petrology. J. Geol. Soc. (London), 133, pp. 593—608. 
KAISER, C. J. - KELLY, W. C. - WAGNER, R. J. - SHANKS, W. C., 1987: Geologic and 

geochemical controls of mineralization in the southeast Missouri barite District. Econ. Geol. 
(Lancester), 82, pp. 719—734. 

KANTOR, J., 1974: Sulphur isotopes of the stratiform pyrite deposit Turecký Vrch and stihnite deposit 
Pezinok, in the Malé Karpaty Mts. crystalline, Czechoslovakia. Geol. Zbor. Geol. Carpath. (Bratislava), 
252, pp. 311-334.  

KANTOR, J. - ĎURKOVIČOVÁ, J., 1977: Distribution of sulphur isotope in barites of West 
Carpathian deposits and occurrences (in Slovak). Manuscript, Geofond, Bratislava. 

LARGE,  R. R., 1975: Zonation of hydrothermal minerals at the Juno mine Tennant Creek Gold field, 
Central Australia. Econ. Geol. (Lancaster), 70, pp. 1387—1413. 

LARGE, R. R., 1977: Chemical evolution and zonation of massive sulphide deposits in volcanic terrains. 
Econ. Geol. (Lancaster), 72, pp. 549—572. 

OHMOTO - RYE, R. O., 1979: Isotopes of sulfur and carbon. In: B a r n e s ,  H. L. (ed.) - Geochemistry 
of hydrothermal ore deposits. John Willey and Sons, New York, pp. 509—567. 

ROBINSON, B. W. — FARRAND, M. G., 1982: Sulfur isotopes and the origin of stibnite mineralization 
in New England, Australia. Mineralium Depos. (Berlin), 17, 161 — 174. 

RYE, R. O. - OHMOTO, H., 1974: Sulfur and carbon isotopes and ore genesis: a review. Econ. Geol. 
(Lancaster), 69, pp. 826 — 842. 

SATO, J. A., 1973: A chloride complex model of Kuroko mineralization. Geochim. J. (Tokyo), 7, pp. 
2 4 5 - 2 7 0 .  

SHANKS, W. C. - WOODRUFF, L. G. - JILSON, G. A .  - JENNINGS, D .  S. - MODENE, J. S. 
— RYAN, B. D., 1987: Sulfur and lead isotope studies of stratiform Zn-Pb-Ag deposits, Anvil Range, 
Yukon: basinal brine exhalation and anoxic water mixing. Econ. Geol. (Lancaster), 82, pp. 600—634. 

SHELTON, L. K. - SO, C. S. - RYE, D.  M. - PARK, M. E., 1986: Geologic, sulfur isotope and fluid 
inclusion studies of the Sannae W-Mo mine, Republic of Korea: comparison of sulfur isotope 
systematics in Korean W deposits. Econ. Geol. (Lancaster), 81, pp. 430—446. 

SO, C. S. — RYE, D.  M. — SHELTON, L. K., 1983: Carbon, hydrogen, oxygen and sulfur isotopes and 
fluid inclusion study of the Weolag tungsten-molybdenum deposit, Republic of Korea: fluid histories of 
metamorphic and ore forming events. Econ. Geol. (Lancaster), 78, pp. 1551-1573 .  

Manuscript received June 13, 1989. 

The first author is responsible for language correctness. 


