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INTRODUCTION

The Bohemian Massif is a part of the Variscan belt of Central
Europe (Fig. 1). The formation of numerous vein and shear-zone
hosted deposits of gold, base metal and uranium is linked to the
Variscan and post-Variscan stages of development of the
Massif. By now, the gold and uranium mineralizations have been
dated with precision (Anderson 1987; Zachariá and Stein
2001), whereas the ages of base metal deposits are unknown.
Therefore, the K-Ar analysis of various grain-size fractions of
illite and muscovite from hydrothermal alteration zones and Rb-
Sr isotope analysis of sphalerite and carbonates were used in
this study to determine the age of the base metal deposits. The
results obtained are discussed with respect to the temporal
relations of hydrothermal events and structural development of
the Bohemian Massif.
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Fig. 1. Simplified geological map of the Bohemian Massif, location
of studied deposits and location of deposits discussed in text.

A

THE DEPOSITS STUDIED
Hydrothermal alteration products were studied in the Kutná
Hora, Příbram and Ro ná districts (Fig. 1).

(1) The mineralized system of the Kutná Hora district
consists of Fe-Zn-Pb-Ag sulphide veins and zones of
mineralization. The major minerals include pyrite, pyrrhotite,
arsenopyrite, Fe-rich sphalerite and galena. The deposit is often
compared with the Freiberg deposit in Germany.

(2) Base metal and uranium mineralization in the Příbram
district are confined to NESW-striking 1 order tectonic lines. The
sulphide mineral assemblage consists of Ag-rich galena, Fe-
poor sphalerite, tetrahedrite, chalcopyrite, Ag minerals and
barite. Slightly younger vein-type uranium mineralization at
Příbram consists mostly of uraninite in carbonate and quartz
gangue.

(3) At Ro ná, the shear zone-hosted uranium (uraninite and
coffinite) mineral assemblage forms the main economic
mineralization but a pre-uranium Fe-Zn-Pb-Ag sulphide and a
post-uranium Pb-Zn sulphide mineralization also occurs at the
deposit.
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Fig. 2. Radiometric age of different grain-size fractions of illite
and nuscovite from hydrothermal alteration zones in the
Příbram, Kutná Hora and Rožná deposits.
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Fig. 6. A model of mineralization at the Rožná deposit in relation to the
tectonic evolution of the Bohemian Massif (after Kříbek et al., 2009).
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Fig. 3. Types of sphalerite
used form Rb/Sr age
determination:

A: Sphalerite I in association with siderite, B: sphalerite II in
association with calcite/ankerite.
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Fig. 7. Timing of vein- and shear zone-type hydrothermal mineralization of
the Moldanubian and Bohemian domains of the Bohemian Massif, fluid
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Fig. 4. Rb-Sr isochron diagram for sphalerite and carbonates
from the Příbram deposit.

METHODS
K-Ar age data were obtained from the <1μm, <3μm and <5 μm
separates of eight illite/white mica-rich samples. K-Ar dating was
performed by Actlabs Laboratories, Canada. Data were stored
and processed by a Hewlett-Packard MX-21-E data system. For
Rb-Sr studies, rock powders were dissolved in a mixture of HF,
HNO and HClO . Before decomposition, all samples were
spiked with Rb- Sr mixed solution. Rb and Sr were separated
using conventional cation-exchange techniques. Total blanks
were 0.010.05 ng for Rb and 0.30.7 ng for Sr. Accuracy of the
measurements of Rb and Sr contents was ± 0.5%, Rb/ Sr
1.0%, and Sr Sr 0.007% (2s). Isotope ratios were determined
on a Finnigan MAT 261 thermal ionisation mass spectrometer. Sr
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isotopic ratios were normalized to Sr/ Sr = 8.37521. Rb-Sr dating
was performed byActlabs Laboratories, Canada.
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The K-Ar age data on illite/muscovite in hydrothermal alterations
group into three distinct intervals:
(a) 314 ± 18 to 298 ± 8 Ma: The Kutná Hora base metal deposit
and pre-uranium base metal mineralization at the Ro ná deposit
(3 samples).
(b) 274 ± to 268 ± 7 Ma: The Příbram base metal deposit (2
samples) and 277 ± 5 to 264 ± 4 Ma (uranium mineralization,
Ro ná deposit (2 samples).
(c) 233 ± 5 to 227 ± 5 Ma: Post-uranium base metal mineralization
at the Ro ná deposit (2 samples).
At Kutná Hora and Příbram, differences in age determination in
different grain size fractions (< 1

pectra are flat. Differences in age
determination in hydrothermally altered rocks associated with the
uranium mineralization at Ro ná are slightly higher (11 m.y.) and
K-Ar data of different size fractions distinctly decrease with
decreasing size. The inclined spectra are suggestive of
incomplete homogeneity of the K-Ar system.
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μm, <3 μm, <5 μm) are relatively
small (68 m.y.) and age s

Three samples of sphalerite and carbonates (siderite and
ankerite) from various paragenetic stages in the Příbram
deposit were analysed. The Rb/ Sr values for sphalerite
and carbonates differ markedly from one another (Fig. 2).
The isochron #339 of sphalerite I associated with siderite
yielded the age of 330 ± 4.3 Ma. Isochrons #338 and #337 of
sphalerite II in association with ankerite yielded the ages of
276.4 ± 2.8 Ma and 223.8 ± 2.8 Ma. The initial Rb/ Sr ratios
for the older sphalerite I and the younger sphalerite II differ
and could indicate either a different source of hydrothermal
fluids or an interaction and local re-equilibration and
equilibration with wall rocks.
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DISCUSSION:

Hydrothermal vein and shear zone-hosted deposits of the
Bohemian Massif can be divided into four groups:

(1) Gold deposits (not discussed in detail in this extended
abstract) dated at 342.9 ± 4 Ma (molybdenite, Re-Os) and
339338 Ma (Ar-Ar, Zachariá and Stein, 2001). conditions,
fluid inclusions composition and O, C, S isotope characteristics
indicate the metamorphic origin of gold mineralization
(Zachariá et al. 1997). These orogenic-type gold deposits are
believed to have been formed during the period of Variscan
synorogenic extension (340 and 325 Ma; Franke 2006).

(2) The Kutná Hora base metal deposit (Freiberg type) is
related to the short period of post-collisional collapse and
extension of the Variscan belt. Its origin must have been
controlled by a high heat flow (thermal doming) in the
neighbourhood of “younger granitoids” (320-290 Ma) which are
widespread in Western and Central Europe. Fluid inclusion,
paragenetic, and isotope data suggest that pre-uranium
mineralization formed from reduced low-salinity metamorphic
or magmatic fluids at temperatures close to 300 C ( ák and
Dobeš, 1991).
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This type of mineralization was formed without
obvious control by distal field tectonics and coincides in time
with the 300 15 Ma metalliferous event in the French Massif
Central.

P-T CONDIIONS OF MINRALIZATION
IN RELATION TO THE AGE OF THEIR FORMATION

(3) The age of base metal deposits of the Příbram type and uranium
mineralization (Příbram and Ro ná deposits) overlaps with, or is slightly
younger than, the period of the Stephanian-Early Permian wrench-induced
collapse of the Variscan belt (305-280 Ma). Continental dextral shears, such
as the Tornquist-Teisseyre fracture zone, were linked by secondary sinistral
and dextral shear zones in the territory of the Bohemian Massif (Pitra et al.
1999). This deformation probably reflects a change in the Condwana-
Laurussia convergence from oblique collision to a dextral translation
(Arthaud and Matté 1977). High salinity of hydrothermal fluids together with
Pb and Sr isotope evidence show that the base metal deposits of the
Příbram type were formed during very deep crustal circulation of high- O
fluids possibly from the lower crustal reservoirs ( ák et al. 1991) whereas
the formation of uranium mineralization is associated with the shallow
infiltration of oxidized basinal brines of the Upper Stephanian and Lower
Permian basins, mixed with meteoric water, into the crystalline basement

(4) Small base metal deposits and remobilization of uranium are thought to
have taken place during the Triassic and Jurassic onset of a new rifting cycle
that preceded and accompanied the stepwise break-up of Pangea.
Mineralization is probably associated with several periods of reactivation of
the older Stephanian to Early Permian brittle structures. Wide range of
salinities and O, C, S isotope characteristics of carbonates and sulphides
indicate mixing of residual brines (“shield brines”) with meteoric water
during the formation of this mineralization type.
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TECTONIC SETTING
Age
(Ma) MOLDANUBICUM BOHEMICUM

Intramonate basins formation

Transtensional furrows opening

Early Triassic Unconformity

260

270
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290
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350
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Rožná
Uranium

Příbram
Uranium

Příbram
Pb-Zn-Cu
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Pb-Zn

Kutná Hora
Fe-Zn-Pb-Ag

Jílové
Čelina
Mokrsko
Gold Kašperské Hory

Gold

FLUIDS

Rožná
Pb-Zn

Th = 190-340 C
NaCl eq. = 2-8 wt. %

o

Th = 100-280 C
NaCl eq = 14-25 wt. %
1 Ofluid =

+6 to +11 per mil

o
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Th = 80-200 C
NaCl eq = 5-25 wt. %

O fluid =
+3 to +6 per mil

o
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Th = 60-200 C
NaCl eq = 3 - 25 wt. %

O fluid =
+12 to +15 per mill

o
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Th = 200-330 C
NaCl eq. 1-4 wt. %

O =
+4 to -2 per mil (SMOW)

o

18
�

G
ra

n
ito

id
s

G
ra

n
ito

id
s

Roudný
Gold ?


