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Pb-Zn-Ag vein mineralization of the central part of the Ceskomoravska vrchovina Upland
(Czech Republic): S, C, and O stable isotope study
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Abstract. The central part of the Ceskomoravska vrchovina Upland (Czech Republic) is characterized by the presence of base-metal vein
mineralizations of various origins. Three groups of mineralizations were distinguished based on sulfur isotope analyses of sulfides and barite (329 analy-
ses in total), and the carbon and oxygen isotope analyses of carbonates (124 analyses in total). 1) High-temperature mmera]lzatlons (ca400-500 °C) show
source sulfur values between +3 and +5 %0 CDT, and are derived from metamorphic or granitic rocks of the Moldanubicum. 3'%0 values of carbonates are
high; 3"3C values are low, indicating the involvement of originally organic carbon in the hydrothermal process. 2) Mesothermal mmerallzatlons
(ca200-350 °C) show source sulfur values that are either markedly positive (up to +10 %0 CDT) or within the range of ca—3 to +3 %o CDT. The & 180 val-
ues of water in the hydrothermal fluid were usually higher than 5 %0 SMOW, with water of low 5'%0 values being sometimes involved in the final stages
of the mineralization processes (meteoric or marine waters). The values of & "C correspond to homogenized carbon of the Earth’s crust, locally affected
by carbon from marbles/limestones. 3) Low-temperature mineralization (< 130 °C) shows markedly negative sulfane fluid values, whereas the sulfate
values range from +11 to +14 %0 CDT. In its & ~C values, the carbon of the fluids corresponds to homogenized crustal values (with local influence of car-
bon from limestones and oxidized organic matter). The water of the hydrothermal fluid shows values around 0 %0 SMOW, thus indicating a prevalence of
(i) marine water, (ii) meteoric water, or (iii) a mixture of waters of various origins in the hydrothermal system. The first and the third mineralization types
can be considered as distinct genetic categories (minerogenetic type): high-temperature mineralizations are genetically associated with Variscan mag-
matic and metamorphic processes, while the low-temperature mineralizations are genetically associated with hypersaline brines of a still controversial but

possibly marine origin. The mesothermal type most probably includes mineralizations genetically linked with a variety of geological processes.
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Introduction

The Ceskomoravska vrchovina Upland is constrained by
the western exocontact of the Moldanubian pluton in the
west, the rim of the Boskovice Graben in the east, and by
sediments of the Bohemian Cretaceous Basin in the north.
The metallic ores deposits of the central part of this unit are
typical of numerous occurrences of Pb-Zn-Ag vein minera-
lization. Most of the sites have been mined or at least ex-
plored using mining techniques as early as the Middle
Ages, and the last prospecting and mining took place there
in the mid-20th century. Some deposits constitute histori-
cally significant ore districts with numerous sites (e.g., Jih-
lava Ore District, Havlickav Brod Ore District), while
others are completely isolated. The deposits are hosted by
various regional-geological units.

The metallogenic characteristics of these sites are not
unified and have been the subject of controversy (e.g., Ber-
nard 1991, Ceskova 1978). Most of the sites have not been
subjected to modern methods of study, or else the relevant
data are unpublished or scattered in a number of incom-
plete scientific reports. Only one deposit has so far been in-
vestigated using modern analytical methods: the RoZna
uranium deposit (with vein-sulfide, stratiform barite-hya-
lophane etc. type mineralizations, e.g., Hladikova et al.
1995, Kiibek et al. 1996). This deposit is therefore not dis-
cussed here.

The present article is intended to summarize all avail-
able data on the S, C, and O stable isotope geochemistry of

these deposits, and to supplement it with new analytical
data. The material thus gathered was used for establishing
some genetic conditions of the origin of the Pb-Zn-Ag vein
mineralization in this part of the Bohemian Massif. The
present study is also a contribution to the discussion on
metallogenic subdivision of the Bohemian Massif and on
the metallogenic typology of this mineralization type.

Characteristics of the studied sites

The site locations are shown in Fig. 1. Their general eco-
nomic-geological characteristics are given below
(Table 1). Combined characteristics are given for histori-
cally or geographically delimited ore districts consisting of
two or more deposits. Mineralogical and economic-geo-
logical studies are referred only if published in the recent
past.

Methods

Sulfur, carbon, and oxygen isotope analyses were carried
out on a Finnigan MAT 251 mass spectrometer in the labo-
ratories of the Czech Geological Survey (analysts K. Zak,
J. Hladikovd). The samples were prepared for measure-
ment using standard methods: sulfides were oxidized by
CuO to SO, at 800 °C (Grinénko 1962); SO, from barite
was liberated by heating with a mixture of V,05 and SiO, at
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Figure 1. Position of the studied sites in a schematic geological map.

1050 °C; carbonates were decomposed by 100% H;PO,
(McCrea 1950). The measured values were related to con-
ventional standards: CDT (&**S), PDB (8'%0, 8'*C of car-
bonates), and SMOW (8'%0 of water). Measurement preci-
sion was +0.2 %o for 8*S in sulfides; + 0.3 %o for 8*S in
barite; 0.1 %o for 830 in carbonates; +0.1 %o for 3°C
in carbonates.The &S values of the source sulfur and iso-
tope thermometry was determined using the equation of
Ohmoto and Rye (1979). 3'®0 values of hydrothermal
fluids were estimated from those of carbonates, in accor-
dance with O’Neil et al. (1969).

Most of the data presented here are original, with some
being adopted from earlier published studies. In contrast,
most isotope data for minerals from the Jihlava Ore District
(site 5) come from an unpublished study by Vosahlo
(1988). Some data on the Havlickiiv Brod Ore District
(site 2) come from a published source (Bernard and Zik
1992) and an unpublished database by Zak (Czech Geolog-
ical Survey, Praha). The data sources are not specified in
the text below.

Results

The results of isotope analyses of sulfur in sulfides and ba-
rite are summarized in Fig. 2 (329 analyses in total). The
results of the isotope analyses of C and O in the carbonates
are summarized in Fig. 3 (124 analyses in total).

Discussion

Sulfur isotopes in sulfides and barite

Isotopic relations among minerals

The data and their distribution permit the characterization
of some properties of the hydrothermal fluids (or, more
exactly, the degree of variability of these properties),
which control the establishment of 3**S values of the mine-
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rals formed (sulfides and possibly barite). These properties

include the 5**S value of source sulfur in the hydrothermal

fluid, temperature, pH, Eh and sulfur activity in the fluid.
It can be stated that:

— Data dispersal is relatively small for most sites. This
evinces minor variability of the above parameters.

— Site 14 in the TiSnov area and site 16 in MarSov are ex-
ceptional. Here, the variability in the &*S values in sul-
fides is probably due to major local Eh differences in
the hydrothermal fluid. A prominent dispersal in &S
values was also observed at site 3 in the Dacice-Slavo-
nice area. This can also be explained by the low Eh sta-
bility in the fluid. Another less likely possibility is that
the sulfides analyzed may belong to different minerali-
zation stages, characterized by different temperatures
of mineral crystallization, and different *S values of
sulfane in the fluid. This possibility cannot be excluded
due to the poorly known succession of relations at the
site.

— Prominent outliers in the *S values of pyrite were ob-
served in some cases (e.g., site 6 Méfin, site 3 Da-
Cice-Slavonice area). This can be explained by the fact
that, in most cases, pyrite is formed throughout the
existence of the hydrothermal fluid, and its isotope
composition reflects changes in fluid properties. For
example, pyrite with value 8**S = —15.7 %o from the site
6 M¢ftin was formed only in the final stage of minerali-
zation, during which an increase in oxygen fugacity can
be presumed. Another possible explanation is a diffe-
rent mechanism of pyrite (and chalcopyrite) formation:
their precipitation from sulfane-containing fluids requi-
res an oxidation mechanism, contrary to that of simple
sulfides (Ohmoto 1986).

— &% values of individual minerals at most of the studied
sites indicate the establishment of isotopic equilibrium
(with a few exceptions — mostly in pyrite). *S values
can be therefore used for thermometric calculations
(see below). The absence of isotope equilibrium among
sulfur-containing minerals is evident only at site 3 Da-
Cice-Slavonice, site 14 TiSnov, and site 16 MarSov: the
application of isotope thermometry on the deposits at
those sites is therefore problematic or impossible.

Sulfur isotope thermometers
Sphalerite-galena pairs were preferably used for the pur-
pose of isotope thermometry. These minerals are common
at sulfidic deposits and show sufficiently contrasting fracti-
onation with respect to sulfane. Thermometry pairs with
pyrite do not generally yield geologically realistic tempera-
tures (see explanation above).

Sulfide-barite isotope pairs from the studied sites did
not yield geologically realistic temperatures. This may be
explained as follows:

— Barite was formed at a different stage of fluid develop-
ment than were the sulfides (sphalerite, galena), thus
precluding the establishment of isotopic equilibrium.
This explanation can be suggested (based on succes-
sion relations) for site 5 Jihlava, mineralizations 5.2,
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Figure 2. Isotope analyses of sulfur in sulfides and barite (6348 %o, CDT).

5.3, 5.4, site 6 Méfin, site 10.1 Stépénov Ore District,

mineralization Pb-Zn(-Sb), and for site 17 Jasenice.

— The slow rate of isotope exchange reactions between
sulfane and sulfate in the fluid at low temperatures
(Ohmoto and Lasaga 1982), in which no isotopic equi-
librium was established. This was probably the cause
for sulfide-barite pair failure at all studied sites where
barite is present.

Table 2 summarizes the geologically realistic tempera-
tures of isotopic equilibria. These temperatures were calcu-
lated from average &*S values of sulfides at the given sites
(outliers in &S values were not included in the mean value
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calculation). Where a thermometric pair was available
from a single hand specimen, the results are listed (includ-
ing the minerals used) — temperatures thus obtained can be
considered more realistic.

Based on the results of sulfur isotope thermometry, the
studied sites can be subdivided into three groups:

1. High-temperature ore occurrences and deposits (ca
350to0 450 °C). This group includes site 1, the Pelhfimov
Ore District; site 2, the Havli¢kav Brod Ore District; site
4, Dobra Voda; and site 5, Jihlava, mineralization 5.1.
Temperatures markedly exceeding 500 °C were some-
times obtained by isotope thermometry: such values
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Figure 3. Isotope analyses of carbon and oxygen in carbonates (613C %o, PDB, 5'%0 %e SMOW). A —dolomite-ankerite-kutnohorite, ® — calcite, % —sid-
erite.
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Table 2. Sulfur isotope thermometers

Temperature from one Temperature from
Locality hand-specimen average & 'S data
t (°C) minerals t (°C) minerals
449 sf—ga 279 sf—ga
1. Pelhfimov Ore District Nemojov 463 pyed 483 Py
653 py—ga
411 py—ga
Ceskd Béla 382 py-sf
Stfibrné Hory 542 st—ga 382 sf—ga
581 sf—ga 507 sf—ga
Utin 529 py—ga 593 st—py
2. Havlickav Brod Ore District 529 py-ga
Pohled 593 py—sf
Dlouha Ves 593 sf—py
S 441 sf—ga 581 sf—ga
653 py—ga
3. Dacice-Slavonice area non-realistic temperature
4. Dobra Voda 402 st —ga 317 sf—ga

according Pluskal

5.1. black sphalerite + sulphide + carbonates 370-410 and Vosahlo (1998) 507 sf—ga
ite + barite + i s
B b R ) B
5.3. dark brown sphalerite + barite + fluorite 250 af,ff%rggf]gl(u]sgk;gl;) 171 sf—ga
z;;)iil;ttels)rown sphalerite + barite + 230260 ai(éc;)/r;isiglﬁkljl(ul%(;é) 109 sf-ga
6. Mérin 257 sf—ga 303 sf—ga
7. Velké Mezifici 364 sf—ga
8. Ptacov no data

9. Jemnice 267 sf—ga
247 sf—ga 303 sf—ga
10.1. Pb-Zn(-Sb) 174 st—py
10. Stépanov Ore District 2 py7ea
95 sf—ga
10.2. Cu-Pb(-Zn) 96 sf—chp
94 ch-ga
11. Rozsec¢ nad Kunstatem 220 sf—ga 303 sf—ga
12. Stéchov-Laénov 121 sf-ga
13. Horni Loucky 257 sf—ga

14. TiSnov area non-realistic temperature
15. Heroltice 205 sf—ga 165 sf—ga
16. MarSov-Javirek area 113 sf—ga
17. Jasenice 197 sf—ga

18. Letovice no data

were considered irrelevant (this was especially the case 10.1. site 11, Rozse¢ nad Kunstitem; site 12, Stéchov-Lag-
of thermometric pairs with pyrite — see explanation nov; site 13, Horni Louckys; site 15, Heroltice; and site 17,

above). Jasenice.
2. Mesothermal ore occurrences and deposits (ca Where homogenization temperatures of fluid inclu-
200-250 °C). This group includes site 5, Jihlava Ore Dis- sions are available, they are consistent with the results ob-

My

trict, mineralizations 5.3 and 5.4; site 6, Méfin; site 9, tained from isotope thermometry (Maly and Dobes 2001,
Jemnice; site 10, St&panov Ore District, mineralization Maly 2003, Hrazdil et al. 2003).
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3. Low-temperature ore occurrences and deposits (be-
low ca 130 °C). This group includes site 10, St&panov Ore
District, mineralization 10.2; site 14, TiSnov area; and site
16, MarSov. The results of isotope thermometry clearly
show that the mineralization 10.2 of the St&€panov Ore
District occurred at low temperatures. No exact data could
be obtained for site 14 TiSnov and site 16 MarSov. These
conclusions are supported by the results of fluid inclusion
studies (Maly and Dobes§ 2002, Dolnic¢ek 1999).

Formation temperatures of ca 350 °C were indicated for
site 5 Jihlava Ore District, mineralization 5.2, and site 7
the small amount of analytical data, however, these values
should be considered preliminary.

Isotopic composition of source sulfur and its origin
Determination of the &*S value for sulfur of the hydrother-
mal fluid (the so-called source sulfur) is generally problema-
tic, as it is generally impossible to determine the oxidized vs.
reduced sulfur ratio in the fluid. The presence of pyrrhotite
(stable), temperatures below 500 °C, and fluid pH values
less than 6 seem to suggest the dominance of H,S as a sulfur
carrier in the fluid (isotopic composition of sulfides then
corresponds to source sulfur). The simultaneous formation
of pyrite and hematite is thought to indicate the prevalence
of sulfate in the fluid, in which case the &S values of sulfi-
des may widely differ from those of the source sulfur.

The assumed formation conditions for the deposits
studied, and the inferred 3**S values of source sulfur, are
summarized in Table 3.

In principle, the sulfur sources of hydrothermal fluids at
the studied sites include the following:

1. Deep-seated sulfur with &S values around 0 %o.

This source of sulfur can be assumed only for site 7
however, this interpretation is contrary to the following
considerations: lead at this site is derived from upper
crustal rocks (Vanécek et al. 1985); the source of carbon
for hydrothermal fluids was strongly affected by the host
limestone; and the salinity of the hydrothermal fluid is
merely ca 6 wt.% NaCl equiv. (Maly 2004). The effect of
fluids derived from a deep-seated source was therefore
probably weak at this site, and the source of sulfur in the
ambient rocks should be considered.

2. Sulfur derived from rocks in which the ore mineral-
ization occurred.

Bernard and Zak (1992) reported 28 isotope analyses of
accessory (stratiform) sulfides (pyrite, pyrrhotite) from
rocks in the surroundings of the Moldanubian pluton. The
values of &S encompass a wide range from ca —15 %o
CDT to +6 %o CDT; a prominent peak is, however, ob-
served in the interval of ca 0 to +5 %o CDT. Sulfur of this
isotopic composition could have posed a direct source for
hydrothermal fluids at site 2 Havlickiv Brod Ore District,
site 4 Dobra Voda, and site 5 Jihlava Ore District, mine-
ralizations 5.1 and 5.3.

Six analyses of rock sulfur have been performed from
different rocks and different regional-geological units of

the Svratka Dome of the Moravicum (Dolnic¢ek 2004, Maly
— unpublished data). The &*S values range from +1.1 to
+14.7 %0 CDT, with most data concentrated in the interval
of ca+5 to +10 %o CDT. Sulfur of this isotope composition
could have posed a direct source for hydrothermal fluids at
site 10 Stépz’mov Ore District, site 11 Rozse¢ nad Kuns-
tatem, site 12 Sté&chov-Lacnov, site 13 Horni Loucky, and
site 17 Jasenice.

Without the knowledge of &*S values of the rock types
in the ambience of a specific ore occurrence, reference to
the ambient rocks as a source of the sulfur is somewhat
speculative. This category includes ore occurrences in the
Moldanubicum with negative 8*S values of source sulfur
(i.e. site 1 Pelhfimov Ore District; site 5 Jihlava Ore Dis-
trict, mineralizations 5.2 and 5.4; site 6 Méfin) and sites
with markedly positive 8**S values of source sulfur (site 9
Jemnice, site 18 Letovice).

3. Permian-Triassic marine sulfate.

This source is believed to be responsible for the forma-
tion of barite-dominating Upper Permian—-Lower Triassic
(Dolnicek et al. 2003) mineralizations in the Svratka Dome
(MarSov and Ti%nov sites). Barite 8**S values are higher than
those of the host rocks, precluding sulfur sources in the mo-
bilized sulfur (i.e. oxidized to sulfate) derived from the host
rocks because no significant isotopic fractionation occurs
during pyrite oxidation (Bottrell et al. 2001). Nevertheless,
we cannot exclude host rocks as a direct source of sulfur.
Theoretically, the superimposed bacterial reduction of mo-
bilized host rock sulfur may explain the observed &*S val-
ues, although temperatures above ~80 °C terminate the bac-
terial activity. Alternatively, most barite sulfur isotope data
fall within the range reported for Permian-Triassic marine
sulfate (Claypool et al. 1980). A marine evaporitic origin of
the parent fluids may also be supported by other methods
(high Br/Cl ratios in fluid inclusion leachates, oxygen iso-
tope composition of the parent fluid; Dolnicek 2004).

The values of &S can be expected to vary depending
on the host lithology at the sites where sulfur is believed to
come from the ambient rocks. This trend is readily appar-
ent: mineralizations hosted in metamorphic rocks (of the
Olesnice Group of the Svratka Dome Moravicum) show
positive ™S values (usually highly positive values) in all
cases; mineralization 15 Heroltice (autochthonous part of
the Svratka Dome of the Moravicum) is located in different
rocks (limestones) and shows 8**S values of around 0 %o.
Mineralizations hosted by Moldanubian metamorphic
rocks show &**S values in the range of ca —3 to +3 %o.

The idea of local material sources is also supported by
lead isotope geochemistry (Table 4): mineralizations
hosted by the same regional-geological (or lithological)
unit have practically identical lead isotope compositions.
No correlation is visible between the lead isotope composi-
tion and other properties of the mineralizations (formation
temperature, **S values, presumed mineralization ages).
This is well documented by mineralizations in the Mora-
vicum: lead at all of the studied sites (meso- and epither-
mal) is markedly enriched in radiogenic isotopes compared
to other sites.
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Table 3. &S value of source sulfur (%o, CDT)

Locality t(°C) H,S/S0,” ratio 3**S5¢

1. Pelhfimov Ore District Nemojov 400-500 H,S > SO427 -1to-2
Ceskd Béla 400-450 H,S > SO42_ +3to+5
Stiibrné Hory 450-500 H,S > SO427 +3to +5
Utin 450-550 H,S > 5042’ +4t0 +5

2. Havli¢ktv Brod Ore District >
Pohled about 500 H,S > SOy +4 to +5
Dlouhd Ves 450-550 H,S > SO42’ +3 to +4
BartouSov 450-550 H,S > SO42_ +4to +5

3. Dacice-Slavonice area 160-200* probabl.y extremely ?

variable Eh

4. Dobra Voda 400-450 H,S > SO42_ +4t0 +5
5.1. black sphalerite + sulphide + 350-450 H,S > SO427 +310 45
carbonates
5.2. dark brown sphalerite + barite + 250-350 variable H,S > SO427 0103
carbonates

5. Jihlava Ore District 3 - -
5.3. (.1ark brown sphalerite + barite + about 250 variable H,S > 50427 +110 43
fluorite
5.4. light brown sphalerite + barite + about 250 variable H,S > SO427 0103
carbonates

6. Méfin about 250 variable H,S > SO427 -3to—4

7. Velké Mezifici 3507 H,S > SO42’ about 0

8. Ptacov no data

9. Jemnice about 250 H,S > S0,> +7t0 +8
10.1. Pb-Zn(-Sb) about 250 variable H,S > SO42’ +8 to +10

10. Stépanov Ore District . _ :

P 10.2. Cu-Pb(-Zn) 100-150 | variable H,S > SO,’ 910 +10 (main
mineralization stage)

11. Rozsec¢ nad Kunstatem 200-250 H,S > SO427 +10to +12

12. Stéchov-Laénov 200-250 ? H,S > SO42_ +2to+4

13. Horni Loucky about 250 H,S > SO42’ +8 to +9

. 2-
. . Rry . variable H,S > SOy -8 sulfane,
14. Tisnov area 80-120 SO42_ > H,S +11 to +14 sulphate
15. Heroltice 200-250 H,S > SO42’ +1to-1
. 2-
S Ty . variable H,S > SOy e e

16. MarSov-Javirek area up to 130 S 042_ > H,S 1 to —6 sulfane

17. Jasenice 200-250 variable H,S > SO427 +6 to +7

18. Letovice 200-250* H,S > SO42_ +5to +6

* according Th of fluid inclusion (Dobe§, Maly — unpublished data)

#* according Th of fluid inclusion (Dolnicek 1999)

Carbon isotopes in carbonates

In common hydrothermal fluids, H,CO; and HCO;™ are the
main carriers of oxidized carbon to be considered in iso-
tope studies of carbonates. At temperatures above 100 °C,
the main carrier of carbon is H,CO3; (Ohmoto 1986).

If temperatures used in the study of isotope geochemis-

try of sulfur are considered for the origin of carbonates (see
above), the sites studied here can be divided into three
groups based on the calculated 8'*C values of fluids:

1.

At a majority of the sites, the values of source &°C fall
within the range typical of the homogenized carbon of
Earth crust, or deep-seated carbon (ca—5 to —8 %0 CDT).

Some sites falling within this range show a trend to-
wards more negative 8°C values of source carbon.
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Such a trend can be interpreted as showing the more
prominent involvement of organic carbon in the hydro-
thermal process. This applies to site 2 Havlicktiv Brod
Ore District and site 5 Jihlava Ore District, mineraliza-
tion 5.1 and 5.2.

In contrast, some sites show a shift towards more posi-
tive 8'°C values of source carbon: site 12 (Sté-
chov-Lacnov), site 15 (Heroltice), site 17 (Jasenice),
and to a lesser degree also site 14 (TiSnov area). This
trend can be interpreted as the involvement of carbon
from the marbles and limestones that hosted the hyd-
rothermal mineralization process. Alternatively, the
decrease of crystallization temperature also increases
the 8"3C values of younger carbonates (site 14, Tisnov
area).
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Table 4. Isotope composition of sulfur and lead (data for lead after Vanécek et al. 1985)

) Pb isotope ratios
Locality 34
8""Ssg %o, CDT 206/204 207/204 208/204
1. Pelhfim Ore District —1to-2 18.16 15.59 38.36
2. Havli¢kav Brod Ore Stiibrné Hory +3 to +5 18.12 15.59 38.12
District Bartousov +4t0 +5 18.14 15.61 38.25
3. Dacice-Slavonice area ? 18.11 15.65 38.29
5.1. black sphalerite + sulphide + carbonates +3to 45 18.17 15.59 38.18
5.2. dark brown sphalerite + barite +carbonates 0to-3 18.22 15.65 38.34
5. Jihlava Ore District 5.3. dark brown sphalerite + barite + fluorite +1 1o +3 18.11 15.52 38.25
5.4. light brown sphalerite + barite + 0to-3 18.15 15.59 3821
carbonates
+8 to +10 18.81 15.64 38.57
. o 10.1. Pb-Zn(-Sb) 18.76 15.68 38.70
10. Stépanov Ore District
18.74 15.59 38.42
10.2. Cu-Pb(-Zn) +9 to +10 18.99 15.76 38.66
I1. RozseC nad +10t0 +12 18.82 15.77 38.61
Kunstatem
~ +2to +4 18.35 15.58 38.34
12. Stéchov-La¢nov
19.02 15.82 38.80
14. TiSnov area* Kvétnice -8 (H,S) 18.55 15.64 38.29
15. Heroltice +1to-1 18.78 15.60 38.37
-1 to -6 (H,S) 18.78 15.76 38.66
16. MarSov-Javirek area 18.90 15.82 38.91
18.69 15.64 38.60

* Dolnicek and Slobodnik — unpublished data

Oxygen isotopes in carbonates

Provided that the temperatures used in the study of isotope

geochemistry of sulfur, and the temperatures obtained

from the study of Th from fluid inclusions in carbonates

(see above), are considered for the origin of carbonates, ap-

proximate 8'%0 values for the water of the hydrothermal

fluids can be determined. These values allow the division
of the studied sites into two groups:

1. Most sites show high &'30 values for the water of the
hydrothermal fluid, from ca +4 to +10 (even higher va-
lues can be presumed in some cases). These values are
typical for fluids subjected to isotopic equilibration
with the host rock at high temperatures.

2. Atsome sites, the number of analyzed samples, and the
knowledge of their paragenetic position, permitted a
more detailed isotope study. It revealed that water with
lower 880 values was involved in the hydrothermal
process during final stages of mineralization. This was
the case at site 5 (Jihlava, mineralization 5.1), site 10
(Stépénov Ore District, mineralization 10.2), and site
11 (Rozse¢ nad Kunstatem). Such a trend can be explai-
ned by the involvement of water of a different type in
the system (probably water of meteoritic or marine ori-
gin).

At site 14 (Tisnov area), '30 values of water in hydro-
thermal fluids focus around O %o (£3 %0) SMOW. This in-

dicates a prevalence of (i) marine water, (ii) meteoric water
(with possible O-exchange with the rock environment at
relatively low temperatures), or (iii) a mixture of waters of
different origins in the hydrothermal system. The propor-
tion of meteoritic water was increasing during the final
stages of mineralization: -5 to —1 %o SMOW (Dolnicek
2004).

Conclusion

Based on our interpretation of the obtained isotope data,
the studied sites can be divided into three types:

1. High-temperature mineralization (ca 400-500 °C,
depending on isotope thermometer) with source sulfur hav-
ing 8*S values mostly between +3 and +5 %o (with the ex-
ception of site 1 Pelhfimov Ore District). As suggested by
mineralogical, isotopic, and geochemical data, the hydro-
thermal fluids were characterized by a marked dominance
of sulfane over sulfate (more reducing environment). Ana-
lytical data indicate (at some sites) an increase in oxygen
fugacity in the final stages of the mineralization process.
The source of sulfur is believed to have been the metamor-
phic rocks, or possibly the granitic rocks, of the Mol-
danubicum. The values of "0 in carbonates of the main
mineralization stage are high (due to high-temperature iso-
tope exchange reactions with oxygenated host-rock miner-
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als); the low 8"°C values indicate the involvement of car-
bon of organic origin in the hydrothermal process.

This group includes the following sites:

1. Pelhfimov Ore District

2. Havlickiv Brod Ore District

4. Dobra Voda

5. Jihlava Ore District, mineralization 5.1

This type of mineralization fits the characteristics of the
Kutné Hora type Lower Permian Fe-Zn-Pb-Ag vein miner-
alization in the sense of Bernard and Z4k (1992), as well as
the mineralization of the “kb+eb Erzformation” type (Bau-
mann 1958) or “k-pol” type (Bernard 1991). Bernard and
Z4k (1992) suggest that this mineralization has temporal
and genetic relationships to middle Variscan metamor-
phism and magmatism.

2. Mesothermal mineralization (200-350 °C, based on
isotope thermometry). The values of &Sy are either mar-
kedly positive (max. +8 to +10 % CDT) or lie within the
range of ca —3 to +3 %o CDT. The sulfur source can be ex-
pected in rocks surrounding the ore occurrences (this fact
has been confirmed at some sites and is presumed at oth-
ers). Hydrothermal fluids were more oxidative than those
of the preceding mineralization type; their oxidative char-
acter usually became even more distinct during the final
stages of mineral formation. Waters of hydrothermal fluids
generally show &'30 values higher than 5 %0 SMOW (due
to isotope exchange reactions with oxygenated host-rock
minerals). The involvement of water with low 8'%0 values
in the final stages of the mineralization process was docu-
mented in some cases (probably meteoritic or marine wa-
ter). The values of 3'"*C correspond either to homogenized
carbon of the Earth’s crust or its mixture with carbon from
marbles/limestones (at sites where ores are hosted by these
lithologies).

This group includes the following sites:

3. Dacice-Slavonice area

5. Jihlava Ore District, mineralizations 5.2, 5.3 and 5.4

6. Méfin

8. Ptacov

9. Jemnice

10. St&panov Ore District, mineralization 10.1

11. Rozse¢ nad KunStatem

12. Stéchov-La¢nov

13. Horni Loucky

17. Jasenice

18. Letovice

In some parameters, the mineralizations correspond to,
for example, the “Lower Permian Pb-Zn-Cu-Ag veins:
Ratiboi'ské Hory type” in the sense of Bernard and Zik
(1992) or to the “pol” mineralizations sensu Bernard
(1991). It is, however, very probable that mineralizations
of this group were in fact formed due to different processes
and are of different ages. The establishment of this group
cannot therefore be considered as genetic.

While the genesis of some sites is fairly constrained,
that of others remains uncertain. Mineralization in the
Svratka Dome of the Moravicum (site 10 Sté€panov Ore

318

District, site 11 Rozse¢ nad Kun$titem, site 12 Sté-
chov-Lacnov, site 13 Horni Loucky, and site 17 Jasenice)
are traditionally genetically linked to the final stages of
Variscan metamorphism (Maly and Dobe§ 2001). Mineral-
ization in the Ttebi¢ Massif and its envelope (site 6 Méfin,
site 7 Velké Mezifici, and site 8 Pticov) is probably geneti-
cally linked with local tectonic structures such as the Tte-
bi¢ and Sazava Faults (cf. Chmelar 1986).

3. Low-temperature mineralization (below 130 °C).
The &™S values of sulfane in the hydrothermal fluid were
markedly negative, while those of sulfate range from ca
+11 to +14 %o CDT. Sulfane was introduced from an exter-
nal source by migrating fluids or was formed in lower-tem-
perature areas of the hydrothermal system by the process of
bacterial sulfate reduction. The sulfate sulfur may have
been sourced from the host rocks or from the sulfate of the
marine water (the stable isotope signature of which may be
locally modified by other processes and sources). Carbon
in the fluids has 8"*C values most commonly in the range of
-6 to —11 %0 PDB, which indicates the prevalence of
“deep-seated” or homogenized crustal carbon (with limited
effects of carbon from the host limestone, and local effects
of carbon from oxidized organic matter from the ambient
metasediments or possibly hydrocarbons of the hydrother-
mal fluid). Water of the hydrothermal fluid most com-
monly shows values around 0 %o SMOW. This may indi-
cate a prevalence of marine water in the hydrothermal sys-
tem. Although this interpretation is not the only possible
one, it may be further supported by independent results
(Br/Clin fluid inclusion leachates; Dolnicek 2004). Signif-
icant changes in redox conditions occurred in the course of
the mineralization process.

This group includes the following sites:

14. Tisnov area

16. Marsov

In its parameters, the mineralization perfectly corre-
sponds to the “fba” association sensu Bernard (1991). Its
genesis can be linked with hypersaline fluids of primarily
marine origin. The age of the mineralization has been es-
tablished as the Late Permian to Early Triassic at site 14
(TiSnov area; Dolnicek et al. 2003).

A distinct position is occupied by the mineralization at
site 10 St€panov Ore District, mineralization 10.2. It is
clearly a low-temperature occurrence, but fully corre-
sponds to the mineralizations of group 2 in other aspects.

The definitions of group 1 (high-temperature) and group
3 (low-temperature) are quite certain: their features are char-
acteristic enough to make them distinct genetic types.
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