E. STUDY OF ISOTOPES AND PALAEOFLUIDS

E.1. THE DISTRIBUTION OF CARBON,
OXYGEN AND SULPHUR ISOTOPES
IN ROCKS AND ORE DEPOSITS

OF THE TEPLA-BARRANDIAN UNIT
AND THE MOLDANUBIAN ZONE

J. HLapfxovA, K. ZAk, B. KRIBEK

One of the aims of the project “Geological model of the
western part of the Bohemian Massif” was to gather sul-
phur, carbon and oxygen isotope data from different min-
eralization types and their host rocks in order to estimate
the age, physico-chemical conditions of ore deposition and
sources of hydrothermal fluids of vein and metasomatic
deposits. Published isotope data from stratiform and vein
mineralization types of the study area in western Bohemia
were re-evaluated and substantially complemented.

New sulphur isotope data have been obtained, especially
for stratiform mineralizations of the Varied Unit of the
Moldanubian Zone and for some new focalities with strati-
form mineralizations in the Tepla-Barrandian Unit (TBU).

Carbon and oxygen isotope compositions of carbonate-
rich rocks have been studied in the Upper Proterozoic and
Lower Palacozoic units of the TBU and in the Varied Unit
of the Moldanubian Zone.

Data characterizing individual rock units were used to
evaluate possible hydrothermal fluid sources of vein and
metasomatic types of late-Variscan and post-Variscan hy-
drothermal deposits. The stable isotope studies were fo-
cused mainly on the vein mineralizations of the St¥ibro ore
district and on the hydrothermal uranium deposits in west-
ern Bohemia,

The sulphur isotopic data were used by Hladikov4 (1993)
to reconstruct the sedimentary conditions during the for-
mation of the TBU alum-shales and of graphite-rich rocks
of the Moldanubian Zone. The combination of stable iso-
tope (C, O, 8), radiogenic isotope (Pb, Sr), and fluid inclu-
sion data was used by Z4k et al. (1993). Special attention
was paid to the comparison of the lithological, geochemical
and isotopic evolution of the rocks and mineralizations in
the TBU and Moldanubian units.

E.1.1. Sulphur isotopic composition of sulphides
from rocks and stratiform: mineralizations
of the Teplé-Barrandian Unit and the Moldanubian Zone

The Moldanubian Zone and the TBU were compared from
a metaliogenetic point of view by Pouba-Zoubek (1986)
and by Pertold-Suk {1986). Stratiform sulphidic minerali-
zations associated with metasediments or metavolcanites
occur in both units. The character of stratiform mineraliza-

tions and some of their geochemical parameters (e.g.,
Corg/Ssulph ratio) indicate that pyrite from the stratiform
mineralizations was formed mainly by the bacterial reduc-
tion of sulphate under anoxic conditions. All available
sulphur isotope data for the sulphides from metasediments
and metavolcanites in both regions are summarized. Sul-
phur isotope data on metasediments are also used for the
description of sedimentary environments in which pre-
metamorphic equivalents (precursors) of the studied rocks
were deposited.

E.1.1.1. The Varied Group of the Moldanubian Zone

The 8 values of sulphides from graphitic paragneisses
(rich in carbon) and surrounding rocks (with a low content
of carbon) are shown in Fig. 163.

The Suncontents in paragneisses that contain more than
2 % Cog are directly proportional to the organic carbon
content and follow the trend typical of anoxic sediments,
This implies that pyrite was derived from hydrogen sul-
phide formed during the bacterial reduction of a marine
sulphate. The 8 values of sulphides (from —6 to +8 %)
indicate that the reduction took place under conditions
closed te sulphate, i.e., the rate of sulphate reduction was
higher than the rate of its supply to the system. In the
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163. Histograms of sulphur isotope data of sulphides from rocks of the
Moldanubian Zone.
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pre-metamorphic stage the graphite deposits represented
huge accumulations of organic matter that were not de-
graded aercbically so that they contained even the compo-
nents that could be oxidized very easily by bacteria. These
factors probably caused the acceleration of sulphate reduc-
tion and the subsequent decrease in sulphur 1sotope frac-
tionation between sulphate and hydrogen sulphide. The
distribution of the **3 values of pyrite with low variability
and significant maximum between +2 and +6 %, implies
that the accumulated H;S was precipitated as sulphides in
a system with a low concentration of Fe?* ions (Hladikova
et al., 1993),

In sharp contrast to graphitic paragneisses, the pyrite and
pyrrhotite samples from amphibolite and amphibole-bi-
otite gneisses show a wide range of S values, from +3.9
to +33.2 %/ (Fig. 163). The amphibolites are thought to be
derived from basic volcanic rocks, and amphibole-biotite
gneisses are regarded as metamorphosed equivalents of
basic tuffs or mixed sediments. It should be noted that #S
values of magmatic sulphides of uncontaminated mantle-
derived volcanicrocks range from-1to +3%/.,. The original
basalts were probably contaminated by sedimentary sul-
phides which originated through sulphate reduction in a
system closed to sulphate.

The distribution of *8 values of sulphides in crystalline
limestones and cale-silicate rocks shows a transitional char-
acter between graphite-rich paragneisses and the amphibo-
lites. In both rock types the distribution of *S values cor-
responds to a system closed to sulphate.

Based on isotopic, geochemical and lithological data, the
most likely recent analogues of the environment, where the
rocks of the graphite deposits originated, are partly open
or fully barred lagoons communicating with the open sea
by seepage through barrier carbonate muds or sands or by
intermittent floods. The presence of metamorphic equiva-
lents of volcanites and tuffs indicate that the genesis of
graphite deposits was probably connected with volcanic
activity (Hladikovi et al., 1993).

E.1.1.2. The Tepla-Barrandian Unit

The first set of sulphur isotope data on stratiform sulphidic
mineralizations from the {TBU) was published by Smejkal
et al. (1974). Later this data set was enlarged and all results
are summarized in Fig. 164. It is evident that the range of
*8 data is very wide and that negative S values prevail. It
is assumed that sulphides were precipitated from hydrogen
sulphide formed during bacterial reduction of a marine
sulphate. It is important to note that sulphides with nega-
tive S values were found not only in metasediments but
also in metavolcanic rocks. Such sulphur isotopic composi-
tions were found in metavolcanites from the localities Trnéi
near Klatovy, Lomany, Kamenec near Radnice and SvrZno
(Hladikov4 et al. 1986; Hladikovi-Mrazek, 1988; Kopecky-
Hrochovd 1989). These sulphides were precipitated from
hydrogen sulphide formed during bacterial reduction and
dissolved in aqueous solution, which penetrated into ba-
salts during burial. This process was studied in detail at
Trnéi, and a model of interaction between sea water and
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basalt was proposed using isotopic and chemical data (Hla-
dikova-Mrazek 1991). However, sulphides with high posi-
tive *S values (close to +20 %/..) were found in metabasalts
from Struhadlo (Hladikova-Mrazek 1988). Disseminated
sulphidic accumulations were probably formed during
postvolcanic submarine exhalative processes at this locality.

A large variability of *§ values of sulphides from me-
tasediments of the TBU supports the idea of separate
sedimentary basins existing in this area. Some of these
basins communicated with the open Proterozoic sea during
the whole time of the accumulation of sulphidic minerali-
zations (e.g., Trnéf, Kamenec, Struhadlo, Pocinovice),
while the communication of some other basins with the
open sea was possibly undergoing restriction (e.g., Lomany,
Liblin, Hromnice). Shallow water environments are char-
acterized by the spatial association of pyritic black shales
with stromatolite horizons. Larger sulphidic accumulations
were formed as a consequence of a higher concentration of
reactive iron in basinal or pore waters. Iron could be pro-
duced during submarine alteration of volcanic rocks or
their tuffs or during postvoleanic hydrothermal processes.

E.1.2. Carbon and oxygen isotopic composition
of carbonate-rich rocks in the Moldanubian Zone
and the Tepld-Barrandian Unit

Carbon and oxygen isotope data of carbonate-rich rocks
(i.e., limestones, calc-silicate rocks) can provide informa-
tion on their formation conditions and on conditions of
their metamorphic transformations. A more detailed dis-
cussion of processes which influenced carbon and oxygen
isotopic compositions of carbonates from all regions with
carbonate rocks in the Bohemian Massif were compiled by
Hladikovd et al. (1989).

The normal marine sedimentary carbonate material
shows a very low variability of *C values, being usually in
the range from -2 to 4+2 %y, During diagenetic and low-
grade metamorphic processes of carbonate-rich rocks, the
original 3C values were not significantly changed. Sub-
sequent processes connected with high-grade metamor-
phism can lower the C and '*O values of pre-metamorphic
carbonates as a resuit of:

— decarbonation reactions

- isotopic exchange reactions between carbonate and orga-
nic carbon

— 1sotopic exchange reactions with metamorphic fluids

— combination of these processes.

All carbon and oxygen isotope data on carbonate rocks
from the studied regions of the Bohemian Massif are sum-
marized in Fig. 165. Palaeozoic limestones of the Bar-
randian area (Prague basin) have carbon and oxygen iso-
topic compositions which were not significantly affected by
diagenetic and metamorphic processes,

Very pure Moldanubian crystalline limestones (i.e., crys-
talline limestones with a very low admixture of silicate
minerals or graphite) show 8C values in the range typical
of marine limestones. Cale-silicate rocks of this unit show



significant changes in carbon and oxygen isotopic compo-
sition due to decarbonation reactions and interactions with
fluids (Z4k-Sztacho 1994). Moldanubian crystalline lime-
stones rich in graphite usually show a decrease in 8"C
values as a result of exchange reactions between carbonate-
carbon and graphite-carbon. Isotope fractionation be-
tween both (reduced and oxidized) forms of carbon at some
graphite deposits of the Varied Group of the Moldanubian
Zonge probably reached nearly isotope equilibrium and §"*C
values of crystalline limestones and graphites were used for
the caiculation of metamorphic temperature conditions.
Temperatures in the range from 580 to 610 °C were ob-
tained by Ci¥ek et al. (1984).

Massive carbonate rocks {limestones) are practically not
known in the Upper Proterozoic sequence of the Tepla-
Barrandian Unit, Only locally, especially in the vicinity of
centres of submarine volcanism, small layers of carbonate-
rich rocks corresponding to carbonatized tuffs and tuf-
faceous rocks occur. The very low grade of metamorphism
of this unit excludes any greater changes of Cand Q isotopic
composition during metamorphism. Therefore, the ob-
tained §*C values of carbonates are very close to their

pre-metamorphic 63C values, Carbon isotopic composi-
tion of the mentioned carbonates shows that these rocks
could not have been formed from marine bicarbonate with
a §"C value close to 0 */o. All carbonate-rich rocks of this
unit are probably a result of submarine hydrothermal ac-
tivity during which the dominant portion of carbon dioxide
originated through the oxidation of organic matter.

E.1.3. Sulphur isotopic composition of sulphides
from vein mineralizations in western Bohemia

Generally, the sulphur isotopic composition of hydrother-
mal sulphides and barite reflects:

a) sulphur source(s) of hydrothermal fluids, and

b) isotopic fractionation between oxidized and reduced
species of sulphur in hydrothermal solutions and between
fluid species and hydrothermal minerals formed.

During the mobilization of sulphur from rock reservoirs,
sulphur isotopic fractionation usually does not occur. An
exception is the separation of magmatic fluids from granitic
magmas under very high oxygen fugacity, The other proc-
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164. Histograms of sulphur isotope
data of sulphides from rocks of the
Tepli-Barrandian Unit.
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166. Sulphur isotopic composition of sphalerite and galena.

esses, i.e., the separation of magmatic fluids under lower
oxygen fugacity, the mobilization of sulphur from sulphides
by aqueous sclutions, the oxidation of sulphides, and the
dissolution of sulphates are not accompanied by measur-
able sulphur isotopic fractionations.

If hydrothermal sulphides are deposited under low oxy-
gen fugacity, i.e., sulphate ions are practically not present
in hydrothermal fluids, the sulphur isotopic composition of
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the fluid sulphur reduced species is nearly the same as the
isotopic composition of the total sulphur of the fluid. Under
such conditions the sulphur isotopic compositions of pre-
cipitated sulphides is close to that of the total sulphur of
the fluid and small differences in %S values of different
sulphides (e.g., in galena and sphalerite) can be used for
the calculation of the temperature of sulphide formation.
If both sulphate and sulphidic ions are present in the fluids,
the situation is more complicated and the interpretation of
the data very complex. Sulphur isotopic exchange reactions
between sulphidic and sulphate species start at tempera-
tures above approximately 250 °C, while under lower tem-
perature the behaviour of both sulphur compounds could
be regarded as relatively independent.

Significant differences in suiphur isotopic compositions
of accessory sulphides of the rocks of the TBU and of the
Moldanubian Zone were demonstrated above. While the
accessory and stratiform sulphides of the Moldanubian
Zone usually show positive S values, those of the TBU
are mostly negative. This conspicuous difference in sulphur
i1sotope composition of rock sulphides is reflected in the
sulphur isctopic composition of ore-forming fluids of late-
Variscan and post-Variscan hydrothermal mineralizations
in both units. e.g., the sulphidic minerals of hydrothermal
vein deposits of the Stfibro ore district (TBU) were formed
from fluids with a &S value of source sulphur of about
=T *fao (Fig. 166). These low &S values of sulphides were
already interpreted as a result of a mobilization of bacte-
riogenic sulphur from the host rocks of the TBU by Smejkal
et al. (1974).

Sulphur with a similar isotopic composition is typical of



167, Sulphur isctopic composition of
hydrothermal sulphides from uranium
deposits in western Bohemia. Names
of the mines are given on the lefl side
of the diagram.

168, Sulphur isotopic fractionation of
galena-sphalerite from different hyd-
rothermal mineralization phases in
western Bohemia.
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the majority of sulphidic mineralizations in the West Bohe-
mian shear zone (Fig. 167). Nevertheless, due to the vari-
able and sometimes higher oxygen fugacity of these hy-
drothermal processes it is sometimes difficult to determine
if 58 values of hydrothermal sulphides decreased due to
bacteriogenic sulphide mobilization or isotopic exchange
reactions in the fluid itself.

Sulphides from the localities which are situated in or
close to the Moldanubian Zone (e.g., Zadni Chodov and
Dylefi) show higher 5*S values as a consequence of mobi-
lization of sulphidic sulphur from Moldanubian rocks. The
higher 5*S values are typical here especially for sulphides
of pre-uranium stages.

Sulphur isotopic fractionation between co-existing ga-
lena and sphalerite from the studied vein deposits is shown
in Fig. 168. A wide range of temperature data from some
localities shows that non-contemporaneous depositions of
sulphides frequently pose a serious problem.

E.1.4, Carbon and oxygen isotopic compositions

of hydrothermal carbonates, oxygen isotopic composition
of hydrothermal quartz and the calculation of carbon
and oxygen isotopic composition of source fluids for vein
and metasomatic deposits in western Bohemia

Using the 8*C values of hydrothermal carbonates and the
temperature data obtained from fluid inclusion studies,
8'*C values of hydrothermal fluids between 10 and —15 %/u,
can be estimated for the vein deposits of the Stiibro ore
district. These low §'*C values indicate the significant influ-
ence of oxidized organic carbon on the hydrothermal fluids
(Bernard-Z4k 1992). Based on the available data, it is
difficult to determine if these low §'C values of hydrother-
mal fluids are a resuit of the mobilization of isotopically

anomalous carbonate-rich rocks of this unit (see above) or
a result of direct oxidation of carbonaceous compounds in
sediments. Both processes could have been combined.

Oxidized carbon species characterized by low 8C values
were present also in hydrothermal fluids of some uranium
deposits in western Bohemia. Carbonates with low 8"°C
values were found at the Vitkov II deposit and Zadni
Chodov. Nevertheless, numerous carbonate §'C data (and
calculated carbon isotope fluid compositions) from the
deposits Zadni Chodov, Oldfichov, and Dylen, which plot
in the range typical of “deep-seated” carbon, indicate that
this carbon source could have been also important in the
area of the West Bohemian shear zone.

A wide range of §'*0 values of carbonates from the west
Bohemian uranium deposits indicates either the mixing of
different fluid types or changes in the oxygen isotopic
compogition of the fluids as a result of fluid/rock interac-
tions. The pronounced trend of carbonate data from the
deposit Vitkov II in the diagram &§"C vs. "0 is probably a
result of the mixing of two fluid types. The first fluid was
characterized by a higher temperature, a deeper circulation
and by carbon with low §'C values, while the second fluid
was characterized by lower temperature, the presence of
meteoric water and carbon from a deep source (see Fig.
169).

Regarding the relatively low temperatures of deposition
(i.e., from 100 to 200 *C), which were cobtained from fluid
inclusions, and the observed §'*0 values of carbonates of
west Bohemian uranium deposits, it is evident that hy-
drothermal fleids had, in some cases, low §'*0 values, in
the range typical of fluids of meteoric origin which under-
went fluid/rock interactions at low temperature and/or high
fluid/rock ratios.

Using §'%0 values for carbonates and quartz and the
temperature data obtained from fluid inclusion studies,
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oxygen isotopic compositions of hydrothermal fluids at the
Stiibro deposit were also calculated. Quartz from the pre-
ore stage of mineralization at the Dlouha vein was depos-
ited from fluids with 8'%0 values between -1 and +5 %/
(SMOW). Drusy quartz, which belongs to the post-ore
stage, was deposited from fluids with a §'*0 value between
0 and +6 %y (SMOW). Dolomite-ankerite carbonates
from the Stifbre locality (Fig. 170) were formed from
similar fluids (80 values were in the range +1 and
+3 %ua). Two dominant fluid types were recognized in the
Stfibro ore district. The 8'*0 values of the dominant com-
ponent, the CaClz-rich brines, which probably originated
by an interaction between fluids and plagioclase at deep
crustal levels {(Behr et al. 1990; Bennet-Barker 1992), are a
result of fluid/rock interactions at low fluidfrock ratios.
Generally, fluids with these 830 values, especially with
respect to higher salinity in the later mineral stages, are
probably not shallow circulating water of meteoric origin.
Rather, these fluids probably reflect deep fluid circulation
through open tensional fault zones in well consolidated and
relatively cold crust. '

E.1.5. Conclusions

The stratiform sulphidic mineralizations and disseminated
sulphides in rocks of the Tepla-Barrandian Unit were
formed by the bacterial reduction of marine sulphates in
open or semi-isolated basins, with restricted basins evolved
only exceptionally. This resulted in dominantly low 58
values of stratiform sulphides.

The stratiform sulphidic accumulations and accessory
sulphides of the Varied Group of the Moldanubian Zone
were formed by the bacterial reduction of marine sulphates
mostly in basins with significantly limited communication
with open sea. These basins can be compared with present-
day lagoons. This resulted in positive 58 values of sul-
phides.

The differences in sulphur isotopic compositions of sul-
phides from both regions reflect differences in sedimentary

conditions, Unfortunately, these data can not be used to
elucidate geochronological relationships in both units,

Different sulphur isotopic compositions of dominant sul-
phur reservoirs of the Moldanubian Zone and the Tepla-
Barrandian Unit were reflected in differences in the sul-
phur isotopic composition of hydrothermal fluids of late-
Variscan and post-Variscan veins and metasomatic miner-
alizations of both units.

In these hydrothermal processes, fluids of many types
were involved. One end member is represented by a higher
salinity fluid with deep circulation in the crust. The second
important fluid type is a low-salinity low-8'20 fluid with
shallow circulation, important especially during some
phases of formation of West Bohemian uranium deposits.

Different sources of hydrothermal carbonate carbon
were also recorded. For deposits in the Tepld-Barrandian
Unit, a source with very low 8'*C values is typical, indicating
the importance of oxidized organic carbon in the fluids.
Hydrothermal carbonate types in (or close to) the West
Bohemian Shear Zone frequently have a carbon isotopic
composition in the deep-seated range of 5'°C values.

E.2. CHARACTER OF PALAEOFLUIDS
IN THE WESTERN PART

OF THE BOHEMIAN MASSIE

A FLUID INCLUSIONS STUDY

J. DuriSovA, P. DOBES

The main method of the fluid inclusion study, carried out
in the laboratory of the Czech Geological Survey, was
optical microthermometry (Duri$ovd-Hurai 1991). New
methodical approaches based on a combination of optical
microthermometry and micro-Raman spectrometry of
fluid inclusions were applied as a result of the co-operation
between the CGS laboratory and the laboratory of the
CREGU in Nancy. The data obtained enabled to calculate
compositions of fluids, to constrain the possible P-T condi-
tions of their existence {calculations of isochores of fluids
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of known composition) and to determine redox conditions
under the activity of these fluids (calculations of oxygen and
sulphur fugacity).

The new data on palaeofiuids from mineral associations
of rocks from several geological units of the western part
of the Bohemian Massif obtained within the framework of
the project “Geological model of Western Bohemia in
relation to the deep borehole KTB in the FRG" were
correlated with previous data from metamorphic rocks of
the Silesian zone (Jeseniky Mts, area) and the eastern part
of the Moldanubian Zone (locality Orlik near Humpolec).

E.2.1. Review of the results of fluid inclusion study
in selected mineral associations

E.2.1.1. Fluid inclusions in granulites

The granulites of the Moldanubian Zone of southern Bo-
hemia formed under the conditions of high-pressure
granulite-facies metamorphism (up to 1.4 GPa and 950 °C,
Vrdna 1992) about 340-350 Ma ago (e.g., Aftalion et al.
1989). Granulite rocks underwent the polyphase retro-
grade metamorphism under the conditions of amphibolite
facies metamorphism and lower during their ascent to a
relatively high level in the Earth's crust (Fiala et al. 1992).
Fluid inclusions were studied in quartz porphyroclasts,
garnet and exceptionally in mesoperthite from the Pracha-
tice, Kfiffanov, Lifov and Blansky les granulite massif
(Dobes 1993a). Based on a distribution of inclusions in
relation to their host mineral, the composition and density
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171. Comparison of the P-T trajectory of the evolution of granulites in
the Mcldanubman Zone of southern Bohemia (summarized in Vrina
1992) with the P-T conditions of trapping of fluid inclusions in the
granulites (shown by dashed line). The Nuid inclusion ispchores do not
reach the peak P-T conditions of the granulite facies metamorphism.
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of trapped fluids, several types of finid inclusions were
distinguished: three generations of CO-rich (=CH,, Nj)
inclusions with a gradually decreasing density from 0.94 to
0.58 g.cm™, several generations of H20-CO; (£ CH,, N3)
inclusions with variable volume fractions and density of
COz(the bulk density of inclusions is in the range from 0.17
to 0.92 g.cm™ and bulk homogenization temperature
reaches up to 340 °C), H2O-rich inclusions with homogeni-
zation temperatures between 146 and 323 °C and salinity
up to 3.5 wt. % NaCl equiv., and N>-CH, vapour-rich
inclusions with a very low density. Only the CO;with high
density (0.94 to 0.89 g.cm™) occurs in the relatively earliest
inciusions, and the portion of water solution increases in
the later generations of fluid inclusions up to HzO-rich
inclusions without detectable CO;. The inclusions filled
with water or a CH4-N; mixture are considered to be the
latest.

The isochores of fluids, calculated from fluid inclusions
of a known composition and density, do not reach the
conditions of peak granulite-facies metamorphism. The
data can be explained by the trapping or re-equilibration of
inclusions during the superimposed retrograde metamor-
phism and tectonic processes connected with the uplift of
granulite massifs to the higher crustal position. P-T trajec-
tory, reconstructed from the fluid inclusion data, is convex
towards the T axis, i.e., it indicates a decompression regime
and an adiabatic uplift of the granulite massifs (Fig. 171).
The influx of water to the fluid system during the uplift and
the mixing of H;O-rich fluid with COzrich fluid probably
enhanced the superimposed plastic deformation of the
granulite bodies,

E.2.1.2. Fluid inclusions in guartz VEins
of the Moldanubian Zone, Sumava (KaZperské Hory)

Fluid inclusions from various types of quartz veins (partly
Au-bearing) at Ka3perské Hory were studied in oriented
sections, mainly from the point of view of correlation of
palacofluids with tectonic and metamorphic processes
{f}uriimé. et al. 1993a, b, Pertold et al. 1993, Strnad 1994).

The locality occurs at the boundary of the Varied and
Monotonous Group. The quartz samples were collected in
the “Nadéje” gallery from vein structures with complicated
morphologies in the area of an extensive shear zone in
biotite gneisses. In all types of veins and in quartz from
gneisses, fluid inclusions with analogous character were
found. Three main types were distinguished: H,O-CQO;
inclusions (early fluids, a content of liquid CO; + N;? app.
60-80 mole %, appreciable variability of CO;density from
0.60 to 0.98 g.cm™?), HyO-rich inclusions (late fluids on
fissures, ¢ = 2-8 wt. % NaCl equiv., Ty, = 170-205 °C}) and
N3:-(CH,) inclusions (late fluids on fissures, sometimes oc-
cur together with H;O-rich inclusions, Nz in vapour phase
with an admixture of CO,;?, CHs?).

The quartz veins formed during D; deformation, which
is connected with the uplift of the rock complex, are there-
fore, considered to be retrograde. The microthermometric
data suggest that the origin of the vein system is probably
connected with huge changes in pressure during the exten-
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174, Isochores of Hz0-(CHy) and CHy-{Hz0) inclusions from inter-
pillow matrix; P-T parameters on crossing of the isochores represent
the conditions of trapping of inclusions under immiscibility of Hz0-
rich and CHy-rich fluids (locality Mitov).

sion deformation. If we take into account the origin of
veins at temperatures of about 400 °C, then based on
densities of the CO; phase, the pressures oscillated in the
range from 400 to 160 MPa. Under the conditions of ii-
thostatic pressure, the earliest veins would have already
formed at depths of about 14 km and during the successive
uplift, the vein filling would have continued up to depths
app. 6 km and were probably still under the conditions of
iithostatic pressure. The circulation of H2O-rich and N
rich fluids, probably of meteoric origin, tock place during
the late brittle deformations. The vapour phase, rich in N,
could have been released during the oxidation of biotite
accompanied by a reduction in cations of chloride solutions
of meteoric origin (Shepherd et al. 1989).

E.2.1.3. Fluid inclusions in rocks of the Barrandian Upper
Proterozoic (locality Mitov)

The rocks of the volcano-sedimentary complex of the Bar-
randian Upper Proterozoic at the Mitoy locality (metaba-
salts of andesitic compaosition, carbonatized volcanites, sili-
cites, greywackes, siltstones, black pyritic shales etc.) un-
derwent sea floor metamorphism (e.g., Mrazek 1991) and
were successively affected by the Cadomian metamor-
phism under actinolite-pumpellyite up to the chlorite zone
(Chab-Suk 1977).

Fluid inclusions were studied in quartz and calcite from
an inter-pillow matrix (a quartz-calcite-chlorite-pyrite as-
semblage} and from oblique guartz-calcite veins with ax-
inite (a thickness to 0.5 m).

Fluid inclusions in quartz and calcite of the inter-pitlow
matrix are mostly composed of a water solution or liquid
methane, or mixtures of these phases {(Dobe% 1993b). Pri-
mary inclusions in both minerals contain a water solution
with & low salinity (¢ <10 wt. % NaCi equiv.), and homog-
enization temperatures between 200 and 315 °C with a
maximum value range of about 250 °C. In dark-celoured
quartz with small aggrepgates of anthraxolite and in coarse

grained calcite with an admixture of organic matter, secon-
dary inclusions with a mixture of H:O and CH,were found.
These inclusions are believed to be the relics of a hetero-
geneous environment under the conditions of the immisci-
bility of a water solution and methane. Either H:0 or CH,
expressively predominate (up te 94 mole %) in inclusions.
Methane (d = 0.162 to 0.363 g.cm™) contains a small
admixture of CO;, N2 and H3S. The homogenization tem-
peratures of H;O-CH, inclusions (135 to 207 *C) can be, in
this case, considered to be the temperatures of trapping of
these inclusions, and the corresponding pressure (derived
from isochore data of CHy-rich and H20-rich inclusions)
50 to 100 MPa (Fig. 172). Inclusions of the same character
were also found in later calcite veins (0.5 to 2 mm thick)
inside the inter-pillow matrix.

Quartz, calcite and axinite of the oblique veins contain
the HzO-rich inclusions with temperatures of homogeniza-
tion from 190 to 270°C and variabie salinity from 1 to 23
wt. % NaCl equiv. H;O-CO; inclusions with a variable
content of both phases (dCO; = 0.615 to 0.741 g.cm™,
admixture of CH, up to 20 mole %) only rarely occur in
vein quartz. Based on the fluid inclusion study, it can be
assumed that in the inter-pillow matrix the relics of fluids
of various stages of the basalt-sediment-sea water interac-
tion were trapped. The thermal effect of a submarine basalt
extrusion provoked pyrolysis of the organic matter of sedi-
ments (at 350-400°C, after Kfibek et al. 1993) and initiated
the circuiation of sea water, which reacted with the sedi-
mentary organic matter to produce methane. The methane,
owing to a limited miscibility with water solution at decreas-
ing temperatures, formed an isolated liquid phase.

The primary HzO-rich inclusions in calcite and quartz
(T to 315°C) probably represent the initial stage of inter-
pillow filling formation during the basalt-sea water interac-
tion, whereas later HyO-CH, inclusions were trapped dur-
ing the successive circulation of water solution and meth-
ane (together with organic particles) under lower tempera-
tures of about 200 °C and pressures not exceeding 100 MPa.
The low content of CO: and Nz in inclusions indicates a
reduction environment during the water-rock interaction.
On the other hand, the formation of oblique veins with
axinite is probably connected with other types of fluids:
changes in the oxidation state in the rock environment are
evidenced by the presence of CO»-rich fluids (not CH,-
rich), and the infiltration of high salinity fluids took place
at the end of the crystallization of the vein filling (calcite,
the latest vein mineral, contains H;O-rich inclusions with
salinity up to 23 wt. % NaCl equiv.).

E.2.1.4. Fluid inclusions in minerals from veins
of the Stfibro type in the Upper Proterczoic

In the phyllitic Upper Proterozoic rocks, the sulphidic vein
mineralizations are well known. Their formation is con-
nected with post-metamorphic tectonic processes and the
filling of tensional open faults. There is no reliable dating
for these Pb-Zn mineralizations (Z4k et al. 1993). Their age
is estimated by Bernard (1591) to be Triassic or near the
Permian/Triassic boundary.
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Fluid inclusions were studied in pre-ore dolomite-an-
kerite, fluorite and quartz with radial microtexture, in spha-
lerite, and post-ore coarse-grained quartz, barite and cal-
cite from the Dlouhd vein of a NNW-SSE strike. The
inclusions in virtually all the minerals have variable liquid
to vapour ratio. Only-liquid, only-vapour, or two-phase
inclusions can be found. This is interpreted as a result of
continued healing and necking of inclusions at low tem-
perature after the vapour phase had nucleated (Bodnar et
al. 1985) and not as a result of boiling.

Vein mineralization deposited at epithermal environ-
ment under temperatures from 140 °C to less than 100 °C.
Salinity of the solution varied gradually during the deposi-
tion of minerals. K, Mg and Ca chlorides are components
of solution in addition to NaCl: the content of CaCl; in-
creases in high salinity fluids. Pre-ore minerals mostly de-
posited from low salinity fluids (¢ = 0.2 to 6.7 wt. % NaCl
equiv.), whereas the deposition of ore minerals and the
large quantity of quartz was connected with influx of high
salinity fluid or with mixing of two fluids [c = 4.2 to 25 wt.
%, eutectic temperature (T.) varies from —45.5 to —68 °C].
Salinity decreased again towards the latest stages of the
mineralization {salinity in barite and calcite is from 0.2 to
14.3 wt. % NaCl equiv.).

Vein minerals formed at a shallow level, therefore the
homogenization temperatures are close to the real tem-
peratures of trapping of inclusions. CaCl; content, ob-
served in high salinity fluid inclusions, is thought to be a
result of the interaction of water solutions with plagioclase
at deep crustal levels (Behr et al. 1990, 1993).

E.2.2. Correlation of the fluld inclusion results
from different mineral associations

E.2.2.1. Composition of palaeofluids

Several main types of fluid inclusions can be distinguished
with respect to their composition from all the associations
studied:

H;O-rich — unsaturated water solutions

H;O-multi-phase — water solutions with salt crystals and
hardly soluble phases

H;0-CO; ~ water solutions with a variable portion of
COx(+CH,y, Np)

CO2-rich — mostly liquid-only, water-free CO;

H,0-CH4 — water solutions with a variable portion of
CH4I:+CG2, Nz}

Ni(+C0O,,+CH,) — vapour mixtures,

All the types of fluid inclusions (C-O-H-N composition)
mentioned so far were found in minerals from the meta-
morphic mineral associations, whereas in the post-meta-
morphic associations only water-rich fluid inclusions were
found.

The data obtained are shown in Fig. 173. It seems to be
apparent that fluids are enriched either in CH, or in CO;.
The content of all three phases (H;O, CO;, CH(+N3) is
quite variable in metamorphic minerals. In inclusions whe-
re CO; predominates, the CH, content did not exceed 15
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173. Molar compaosition of selected fluid inclusions (calculated from
the microthermometric and micro-Raman spectrometric data)
Explanation;

cross — quartz from granulites

box - quartz and scheelite from sillimanite gneisses and skamoids of
the Moldanubian Zone (locality Orlik)

open triangle — quartz from gneisses and skamoids in the Moldanu-
bian Zone {locality Kafperské Hory)

solid circle - quartz from mica schists and quartzites of the Silesicum
(localities Zlaté Hory and Zlaty Chlum)

asterisk — quartz from inter-pillow matrix from the Tepld-Barrandian
Upper Proterozoic {locality Mitov)

solid triangle - quartz from the cassiterite-bearing quartz vein from
the Kruiné hory granite.

HoS ' (268%)
(1.8 %) (39%)
P > '-4_5 ﬁ} I:DE

(78.1 %) (15.5 %)

(935 %)

I'74. Composition of the vapour phase of selected fluid inclusions in
quartz from gneisses of the Moldanubian Zone (locality Kafperské
Hory). Micro-Raman spectrometry was carried out in CREGU,
Nancy. Data in mol. %.

mole %; on the other hand, in inclusions with prevailing
CH,, the COzcontent is lower than 12 mole 9%. Nawas also
observed in metamorphic fluids: in samples from the
Moldanubian Zone, fluids with an equal portion of CH,
and N3 {CHy = 24 mole %, N2= 26 mole %, H:0 = 50 mole
%) were observed. In a quartz vein from skarnoid rocks in
the Ka¥perské Hory area, inclusions with a content of 93.5
mole % of N; in vapour phase were found (Fig. 174).
Nevertheless, the bulk compesition ( with 10vol. 9% of Hz0
in inclusion) is represented by fluid composed of
34 mole % of H20O, 61 mole % of N; and 4 mole % of
CO2+CHs. From the distribution of fluid inclusions in



minerals of the metamorphic associations, it can be de-
duced that fluids of different composition are preserved in
different generations of inclusions. It was proved that the
amount of CO; in fluids increased with the grade of meta-
morphism. The inclusions of water-free liquid CO; are
typical, especially of minerals in granulites. The fluids with
CH, and N; belong to the relatively late penerations of
inclusions which originated under conditions of lower tem-
peratures (350 °C) and pressures (100 MPa). The presence
of CHy-rich fluid in minerals from the inter-pillow matrix
from the Proterozoic rocks (locality Mitov) is connected
with a basalt-sediment-sea water interaction.

In contrast to metamorphic fluids, the inclusions from the
quartz veins from the Preisselberg granite represent the
water solution with a CO; content not exceeding 4 mole %
(in Fig. 173 the composition of these fluids is shown by a
filled triangle}. The salinity of these fluids is low (5 wt. %
NaCl equiv.), and a typical feature is a very low fluid density
(=~ 0.3 g.em™), The common oceurrence of these fluids
within the inclusions of highly concentrated solutions (~
40 wt. %) is likely to be a resuit of heterogenization of an
originally hemogeneous fluid {magmatic origin?) to a va-
pour and a liquid phase with distinctly different densities
and concentrations of salts. Such phenomena were already
described in a fluid inclusion study of minerals from quartz
veins and greisens from the Eastern and Western Kruiné
hory Mts., and were also recently observed in quartz phe-
nocrysts of the Teplice rhyolite and in the vein aplite from
the Preisselberg granite (the Vrchoslav locality).

The late Variscan palaeofluids which took part in the
origin of the vein mineralizations (the Stfibro type) repre-
sent the unsaturated chloride solutions, in which Mg is
probably cation in addition to Na, but locally dominant Ca
chlorides can be found.

E.2.2.2. Thermobarometric constraints
for the existence of fluids

The calculations of isochores of trapped fluids enabled the
establishment of P-T conditions under which a fluid of
known composition could have existed and be preserved as
fluid inclusions.

Fluid inclusions in granulites represent the conditions of
retrograde development of these rocks under the condi-
tions of amphibolite facies grade metamorphism. Pressure
at an estimated temperature of about 600 °C corresponded
to 400450 MPa (Fig. 171).

The isochore calculations from rocks of the Moldanubian
Zone give evidence that pressure during the origin of the
sillimanite-cordierite-biotite gneisses at a temperature of
about 650 °C reached 350 MPa (Durifové et al. 1992, 1993a,
b, Fig. 175). The origin of a vein system during the uplift of
the Moldanubian rocks in the Ka3perské Hory area under
the conditions of retrograde metamorphism (if we take into
account a temperature indicated by mineral assemblages
app. 400 °C) started at pressures close to 400 MPa and
continued under the successive uplift to pressures of about
160 MPa (corresponding to a depth 14-6 km below the
surface under the lithostatic pressure). In good agreement

with the data from the Meoldanubian Zone are fluid inclu-
sion isochores calculated from gquartz of metamorphic
rocks of the Silesian zone, where the pressure at the silli-
manite zone (under 500 °C) reached 300450 MPa (Duri-
Sové et al. 1993a).

In comparison to the P-T conditions during metamorphic
processes, the quartz veins from the Kruiné hory granite
were formed under low pressure. Under the assumed tem-
peratures of the origin of the veins of about 400 °C {based
on homogenization temperatures of different types of fluid
inclusions), fluids were under a pressure of app. 30 MPa
(DuriSové et al. 1993b), which corresponded to depth of
about 1 km under the lithostatic pressure. These data are
supported by the geological position of greisens and ore-
bearing veins in the Kruiné hory Mits., which suggests a
relationship with the granite plutons which intruded at a
shaliow level below the surface. This can also be supported
by a relationship with the extrusions of the Teplice rhyolite.

Low temperatures (130-200 °C) and relatively low pres-
sures (50-100 MPa) are characteristic of the late palaeo-
fluids in minerals from the inter-pillow matrix from the

volcano-sedimentary complex of the Barrandian Protero-
zoic (Dobel 1993b).
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175. P-T conditions of crystallization of apatite {Ap), quartz (Q) and
scheelite (Sch) from sillimanite gneisses of the Moldanubian Zone
{locality Orlik - Durifovi et al. 1992). Isochores of COy-rich fluids are
shown by dashed line. The asterisk represents the metamerphic P-T
conditions of sillimanite-cordierite-biotite gneisses (T=650 “C,
P=0.3-0.4 GPa), The open arrows indicate two possible variants of
development of the P-T' conditions during crystallization of minerals,
based on the data from various generations of inclusions. The solid
arrows show the conditions of probable influx of CHs-rich fluids
related to scheelite crystallization.
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E.2.2.3. Redox conditions

Oxygen fugacities of palacofluids were calculated from the
fluid inclusion data obtained from selected samples.

Oxygen fugacity values of metamorphic fluids are rela-
tively low (logfO; = -31 to —32 at 350 °C) and correspond
to the values close to the Q-F-M buffer (Fig, 176). These
values give evidence of a reduction environment influenced
by the occurrence of organic matter in rocks. The calculated
values from the CO»-rich inclusions correspond to the fuga-
cities at the chemical equilibrium of fluid with graphite. A
breakdown of this equilibrium occurs under temperatures
below 400 °C, This fact was observed in the inclusions in
scheelite and quartz (the Orlik locality — Durifova et al,
1992), which formed at temperatures of 360-380 °C and
were filled with a CHy-rich fluid, in contrast to COs-rich
inclusions, which were trapped under higher temperatures,
From the fluid inclusion study of selected localities, it can
be stated that CHy-rich inclusions formed as a result of a
reaction between water-rich fluids and graphite-bearing
rocks, and not as the relics of the reaction CO;-rich fluid
+ CHe-rich fluid, which, under conditions of isobaric cool-
ing, could have caused the graphitization of rocks accom-
panied by the origin of water-rich fluids (Behr et al. 1991).
Increased CH. content gives evidence of the fluid reduction
in late generations of CHy-rich inclusions.

The oxygen fugacities (logfO, = -30.5 at 350 °C) calcu-
lated for fluids from a quartz vein from the Preisselberg
granite are by one order of magnitude higher in comparison
with the fugacity of metamorphic fluids and indicate that
fluids were not in equilibrium with graphite.

The calculated sulphur fugacity values of metamorphic

log 1O
20 —

=d

300 400 B0

T (I"C)

176. Changes of oxygen fugacity with temperature (calculated from
data on fluid inclusions in quartz), The dotled area shows the data on
metamorphic fluids (gneisses of the Moldanubian Zone - locality
Oriik, vein quartz from metamorphic rocks of the Silesicum —localities
Ziat§ Chlum and Zlaté Hory). The crosses show the values of post-
magmatic fluid from veins in the Kru3né hory granite (locality Horal
Krupka).
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fluids of the Silesian zone (logfS; ~—8 at 350 °C) are
relatively high and in agreement with the occurrence of
pyrite and pyrrhotite in rocks,

E.3. EPIGENETIC HYDROTHERMAL
MINERALIZATION

I. VAaviiin

The main aim of the chapter is to provide a basic systematic
review of the hydrothermal mineralization in the region,
This review should enable us to follow regional distribution
and the saccession of distinct types of mineral assemblages,
their relations to regional tectonics, principal fault zones,
intrusive and plutonic bodies and to the main lithostrati-
graphic units. To some extent and indirectly, the data bring
information on activity of hydrothermal fluids through a
number of stages of geological evolution,

The study is mainly based on the metallogenic map of
(Czechoslovakia 1 : 500 000 (Sattran-Ilavsky 1976), on me-
tallogenetic reviews by Bernard—Pouba (1986), Bernard et
al. (1990), Bernard (1991) and books on topographic min-
eralogy by Kratochvil {1956-1966), Tudek (1970), and
Oswald (1959). In several instances, new data and data
from recent reports and papers have been used.

Occurrences of epigenetic hydrothermal mineralization
have been listed within southern and western Bohemia in
56 map sheets at a scale 1 : 50 000. The following features
have been collected for each occurrence: the genetic type
of mineralization, age of mineralization, size of accumula-
tions, mineral index, and references. A detailed evaloation
of the data obtained is given in Vaviin (1993). The database
INDICIE (Vaviin 1993) is available within the final report
of the project “Geological Mode! of Western Bohemia in
Relation to the Deep Borehole KTB in FRG”.

E. 3. 1. Metalliferous mineralization

Polymetallic assemblage (+ Ag)

A) Silver-poor polymetallic assemblages (Olovi, Stfibro)
are connected mainly to quartz veins, and less frequently
to quartz-carbonate and quartz-barite veins. Low-Ag pa-
lena, sphalerite, minor pyrite, chalcopyrite and marcasite
are the most common ore minerals. Calcite, and less often
dolomite-ankerite and fluorite, prevail among gangue min-
erals,

The polymetallic assemblage occurs also in numerous
veins with uranium and with the so-called five-element
(Ag-As-Bi-Co-Ni) formation in the central part of the
Kruin¢ hory Mts. as a younger mineralization stage (e.g.,
Abertamy, Jichymov). Polymetallic mineralization in the
Piibram uranium district is older in comparison to the
predominating uranium mineralization.

B) Polymetallic silver-bearing mineralization (Piibram,
Michalovy Hory, and the area between HoraZd'ovice and



Klatovy) is bound on quartz, also partly on carbonate or
barite veins with galena, sphalerite, chalcopyrite, tetrahe-
drite and Ag-minerals. The main source of silver is most
frequently Ag-bearing galena. The assemblage was indi-
cated in a number of places; it occurs more frequently in
the vicinity of Klatovy and HoraZd'ovice. The richest accu-
muiations of silver-bearing polymetallic ores occurred in
the Piibram ore district and its deposits in Bfezové Hory,
Bohutin, Vrandice, Radétice, etc. The main type of miner-
alized structures is represented by complex symmetric veins
with several stages of mineral filling. The principal ore
component is Ag-rich galena associated with several gen-
erations of sphalerite, Ag-bearing tetrahedrite, bournon-
ite, and boulangerite. Arsenides of Ni and Co (skutterudite,
niccolite, smaltite etc.) are rare. Argentite, pyrargyrite,
proustite, stephanite, diaphorite, polybasite, pyrostilpnite
and other Ag-minerals are typical of the Pfibram deposit.
Siderite, calcite, dolomite, barite and quartz form the char-
acteristic vein filling.

The second type of mineralization is represented by
finely disseminated ores in quartz veins. Galena, bou-
langerite, jamesonite, sphalerite, abundant pyrite and
arsenopyrite, silver-bearing tetrahedrite and diaphorite are
common. Cassiterite, stannite, scheelite, and wolframite
associate exclusively with this disseminated mineralization.
At the Vrandice deposit there are also Cu-ores like chalco-
cite, tetrahedrite and chalcopyrite with barite in some veins
beside galena and sphalerite. Mixing and hybridization of
individual stages of mineralization, resulting in dissemi-
nated ores, is characteristic of the Piibram polymetallic ore
district.

C) Polymetallic mineralization with silver and gold (Hory
Matky Bo#i, Velhartice, NalZovské Hory, Zdblati, and
Volyné) (Moravek et al. 1992), It is associated with quartz
veins corresponding to the B-type mineralization.

Copper mineralization

Occurrences are concentrated around Maridnské Lizné,
and only scarcely in the central and southern part of the
region studied. Tisova near Kraslice is considered as sul-
phidic stratiform Cu-deposit. A post-metamorphic hy-
drothermal stage, including chalcopyrite, pyrrhotite and
pyrite, was described by Bernard-Pouba (1986).

Copper mineralization associated with chalcopyrite in
quartz veins of the Maridnské Lizné& fault system is devel-
oped near Muténin and Chodova Plana. Quartz veins with
chalcopyrite and minor barite, chalcocite and covellite oc-
cur at T¥i Sekery, Drmoul and Broumov. Some polymetal-
lic deposits provided Cu as a by-product (e.g., Pfibram,
Vrandice).

The occurrence of chalcopyrite, pyrite, pyrrhotite in frac-
tures of the Sténovice-type granodiorite near Nebilovsky
Borek, where sulphides are associated with minerals of the
Alpine-type veins, i.e., epidote, laumontite, chlorite and
calcite, is of an unclear genesis.

Gold-bearing mineralization

Accumulations of gold are concentrated in two areas:

1) The Central Bohemian region comprises a part of the
Central Bohemian Pluton, its roof pendants {metamorphic
“islets”), and the adjacent Upper-Proterozoic volcanosedi-
mentary unit, The Central Bohemian Suture delimits this
area in the West, the Benefov fault in the East. This area
provides the biggest accumulations of gold in the Bohemian
Massif, which are divided into two main, mostly monomin-
eral types:

a) The Au-quartz assemblage with gold of high fineness,
also called the “quartz early-Variscan mineralization” {Ber-
nard-Pouba 1986). Gold is accompanied by accessory py-
rite, arsenopyrite, pyrrhotite, scheelite, and rare galena,
chalcopyrite and molybdenite. Minor Bi-minerals closely
associated with gold include native bismuth, maldonite,
bismutite, several sulphosalts, tellurides and sulphotellu-
rides of Bi. In Krisna Hora nad Vitavou and Mile$ov,
Au-8b mineralization in quartz-antimenite veins carries
disseminated gold and rare aurostibite, native antimony,
and allemontite.

b) The Au-quartz assemblage with gold of a low fineness
occurs in the Moldanubian Zone near Pisek and Vod#any,
along the periphery of the Central Bohemian Pluton. Gold
is accompanied by minor sulphides, especially pyrite and
arsenopyrite. Minerals with Bi, Te, Mo, and W are absent.

2} Gold-bearing mineralization in the Meldanubian
Zone controlled by lithology: Au (W) mineralization occurs
in lithological layers or veins, as in the Ka3perské Hory and
Hartmanice regions. A synmetamorphic origin or at least
a metamorphic enrichment of these accumulations is prob-
able (Mordvek et al. 1992). Gold of high fineness is accom-
panied by arsenopyrite and pyrite, accessory galena, pyr-
rhotite, chalcopyrite, and molybdenite. Bi-bearing miner-
als represented by native Bi, maldonite, and hedleyite are
typomorphic of this mineralization, as well as other tellu-
rides and sulphoteliurides, and accumulations of scheelite.

Molybdenite mineralization

Accumulations of molybdenite were found (together with
Au-quartz veins) at Hirky near Cist4, where massive mo-
Iybdenite and pyrite impregnations occur in the myloni-
tized contact between two different granitoids. Minor mo-
lybdenite along fractures in granitoids, pegmatites and apli-
tes in the Central Bohemian Pluton is locally accompanied
by pyrite and other sulphides. It tends to accumulate along
the ascent line of the Central Bohemian Pluton without any
special relation to lithologic types (Bernard-Pouba 1986).
Accessory molybdenite accompanies gold in some deposits.

Tin-tungsten, and flithium-tin-tungsten mineralization

These two types occur mostly in the Saxothuringian Zone,
associated with the Variscan granite intrusions, namely
Karlovy Vary granite. An admixture of cassiterite, stannite,
and wolframite with disseminated sulphides is present in
quartz veins of the Biezové Hory deposit in the Pifbram
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district. Gold deposits bound to the Central Bohemian
Pluton (e.g., Kasejovice, Kocelovice) locally contain some
wolframite and scheelite. The Moldanubian gold deposits
at KaSperské Hory and Hartmanice contain substantial
quantities of scheelite. The genesis of the latter occur-
rences, as well as of scheelite near HoraZd'ovice, has not
been satisfactory explained yet.

Sb mineralization

Antimonite mineralization is represented only in the Krés-
ni Hora-MileSov district. Quartz veins with massive anti-
monite accompanied by native gold and aurostibite contain
also pyrite, arsenopyrite, pyrrhotite, sphalerite, rare tetra-
hedrite, berthierite, native antimony and allemontite. An-
timonite was mined in the Bohutin mine (the Pribram
district), where it is associated with accessory berthierite,
pyrite, and in places barite, at the Klementski vein. Small
localities include Bonénov SE of Chodovd Plani, Chfid
near Kralovice, Pland near Radnice, Padr{ near RoZmitél,
and Kamyk nad Vltavou. At these localities, antimonite
with pyrite and arsenopyrite appears in quartz veins.

A supposed antimonite in occurrence near Mirovice was
identified by Litochleb-Srein {1993) as a mixture of bou-
langerite and jamesonite.

Hg mineralization

Almost monomineral accumulations of cinnabar occur in
three lithologically distinct areas:

1) Cinnabar accumulations are bound to the Ordovician
volcanosedimentary rocks in the Barrandian (Jedova hora
near Hofovice, Kruina hora, Brezina). Hg mineralization
was discovered in the ferriferous Komérov and Klabava
horizons of the Lower-Ordovician S4rka sequence, where
cinnabar often forms monomineral veinlets and impregna-
tions, in places accompanied by pyrite, antimonite, carbon-
ates, quartz, and barite.

2) Cinnabar accumulation in weakly metamorphosed
Early Palacozoic rocks of the western part of the Krufné
Hory Mts. and Smréiny near Luby. Minor indications
were found in the vicinity of A8 (Trojmez{). Mineralized
zones with cinnabar veinlets and impregnations with
quaritz, pyrite, and minor carbonate follow the original
bedding in the Lower Ordovician or Cambrian volcano-
sedimentary rocks.

3} The oldest stage of Hg-mineralization is known from
the Proterozoic phyllites near BezdruZice. Extensive heavy-
mineral anomalies with cinnabar located near this village
have not been explained yet.

Cinnabar mineralization is usually interpreted as associ-
ated with late-Variscan stages. Some authors suggest that
cinnabar concentrated directly from Cambrian and Ordo-
vician volcanites and that it subsequently migrated and
redeposited during late-Variscan processes.
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“Five-clement” As, Ag, Bi, Co, Ni mineralization

A strongly defined and rather uniform assemblage with As,
Ag, Bi, Co and Ni prevails in the Kruiné hory Mits., east of
the Karlovy Vary pluton (Jichymov, Abertamy) while in the
Homi Slavkov region this mineralization appears in minor
accamulations (Homi Slavkov, Krasno, Prameny, and Smr-
kovec) and further S of Maridnské LAzné in Michalovy
Hory and Svati Anna. The arsenide mineralization in Svati
Anna shows a prevalence of As and Co over Ag and Ni; Bi
is almost absent. Arsenides form a minor admixture in the
Piibram uranium and base-metal deposits. A typical fea-
ture of the five-element formation is its close relationship
to several stages of U-mineralization. This assemblage is
quite common not only in the Bohemian Massif, but also
in some other ore belts {e.g., the Canadian Shield).

The veins formed during several stages. The first one
gave rise to a polymetallic assemblage with quartz. The
major U-bearing stage followed, resulting in the deposition
of uraninite, dolomite, quartz, and fluorite. The third stage
resulted in the deposition of As, Ag, Bi, Co, Ni-rich phases;
a late silver-bearing substage deposited argentite and sul-
pho-arsenides of Ag. The youngest stage brought realgar
and tennantite, and calcite gangue.,

The superposed mineralizations were influenced by a
complex intra-vein metasomatism, remobilization and re-
generation of some minerals {uraninite, native bismuth).
The vein mineralization displays spatial zoning, namely in
the Jichymov district.

Uranium mineralization

The uranium mineralization is one of the most widespread
within the area and includes ore districts exploited during
the last decades. It is concentrated mainly in four regions:
— the Kruiné hory Mts.

— western Bohemian region

— south-western Bohemia

— the Pribram district and Central Bohemia

A) The Kruiné hory Mts.

Primary uraninite associated with the five-element min-
eralization and with late-Variscan polymetallic formations
occurs in the Saxothuringian metallogenic belt and along
its boundary. The most important ore district is Jachymov.
Uraninite was deposited during several stages. The first
generation uraninite is accompanied by dolomite, lesser
calcite, fluorite, quartz, and pyrite. The younger ones are
frequently associated with Co- and Ni-arsenides and native
silver,

In the Hernf Slavkov district, vein mineralization is al-
most identical to that of Jichymov, the ore-content is,
however, far lower; silicification of carbonates from earlier
stages is more extensively developed.

B) Western Bohemian region

The western Bohemian ore region with Zadnf Chodov,
Vitkov II and Dylei deposits, and with occurrences at Svatd
Anna, Vitkov I, Oldfichov, Ostrov near Tachov, Bor near
Tachov etc., features mineralization in Moldanubian crys-
talline rocks, intruded by the Bor pluton. Occurrences are



controlled by faults of the West Bohemian shear zone and

the Maridnské Lazné fault. The U-bearing assemblages

comprise two types: a) metasomatic mineralization and

b) classic vein mineralization.

All over the region, local conditions favoured ore meta-
somatism which, in general, predominates over the vein for-
mation, especially in coarse-grained paragneisses and gra-
nitoids. Four stages of varying importance were recognized:

1) pre-ore, albite-sericite-chlorite stage

2) metasomatic ore-bearing brannerite-coffinite stage

3) vein ore quartz-hematite-uraninite stage

4) post-ore, carbonate-sulphidic stage, rarely with arse-
nides (Svatd Anna) and selenides (Oldfichov near Tachov,
Hlinné).

According to a paragenetic and Pb-5-isotopic study, an
early pre-uraninite substage with guartz and sulphides was
recognized within the latter stage (Oldfichov near Tachov),
and the U-minerals-selenides-arsenides succession of post-
uraninite phases at the Svatd Anna deposit was determined
by Vaviin (1993).

C) South-western Bohemia

Several occurrences are grouped along the contact of the
Central Bohemian Pluton near HoraZd ovice, i.e., the Stiel-
ské Hostice and Chanovice intrusions. Uranivm minerali-
zation is bound to pennate veins of the main dislocations
of the Moldanubian crystalline complex near their contact
with the pluton (e.g., Ustale&, Lipova Lhota, Velhartice), or
directly in plutonic rocks {Nahofin, Meédichov). Calcite
veins with uraninite and locally with coffinite, pyrite, chal-
copyrite, hematite, galena, and sphalerite admixtures pre-
dominate. Accessory selenides are indicated at Ustale&,
Naho#in, and Téchonice.

D) The Pfibram uranium district and Central Bohemia

The Piibram uranium district with deposits at Kamenn4,
Le3etice-Brod, Jerusalém, Bytiz, Skalka, and Obofisté ex-
tends 25 km along the NW contact of the Central Bohemian
Phuton and Upper-Proterozosc rocks. Ore-bearing paraliel
veins with a characteristic carbonate-uraninite assemblage
intersect this contact. The veins occur in Proterczoic grey-
wackes and siltstones affected by contact metamorphism.
Uraninite of several generations prevails among U-bearing
minerals, and coffinite occurs only in traces. Four stages of
mineralization were recognized:

— the oldest siderite-sulphidic stage with siderite, ankerite,
galena, sphalerite, chalcopyrite, arsenopyrite, and tetra-
hedrite

— a pre-ore, carbonate stage with calcite, goethite, and
hematite

— an ore-bearing, calcite-uraninite stage with several gen-
erations of calcite

- a post-ore, calcite-sulphidic stage with early caicite as-
sociated with late U-antraxolite, coffinite, uraninite, and
subordinate common sulphides, allemontite, Ni- and
Co-arsenides, montroseite and quartz. The latest calcite
is accompanied by abundant pyrite.

U-mineralization near Novotniky and DlaZov islocalized
along the Klatovy apophysis, in the SW continuation of the
Piibram U-district. Minor localities occur in granitoids of
the Central Bohemian Pluton (Pechova Lhota, Petrovice,

Velkd), along major tectonic faults trending N-S to NW-SE,
A small deposit at Predborice, in the Sedléany metamor-
phic roof pendant, carried uranium mineralization with
carbonates, selenides and gold.

The hydrothermal uraniom deposits are largely of late-
Variscan age and display ciose connections to Variscan
granitoid intrusions, especially to their exocontacts, e.g.,
the eastern margin of the Karlovy Vary pluton, western
contact of the Bor pluton, and NW and SW margins of the
Central Bohemian Pluton. The most efficient factors for
the location of U-mineralization were tectonic structures,
Uranium deposition is generally controlled by major faults
and their intersections, ore-minerals are concentrated
mostly in the related parallel, subparaliel or cross-cutting
structures of lower orders. Potential for the U-mineraliza-
tion is also influenced by variable lithological properties of
rocks, e.g., amphibolites, pyrite-rich rocks.

Sulphide-selenide mineralization

This assemblage is spatially closely connected to the U-
mineralization, namely to vein accumulations of coffinite
and uraninite. It is known from three regions in the area
studied:

1) Near Maridnské Lazné&, occurrences of selenides of the
clausthalite-galena isomorphic series, accompanied by a
series of Pb-Bi selenides, are known at Oldfichov near
Tachov, with poubaite and soucekite as newly described
minerals. Rucklidgeite was found here for the first time in
Bohemia (Cech-Vaviin 1978, 1979). A Se-analogon of iko-
nulite is described from Hlinné near Tachov (Litochleb et
al. 1990), and paraquanajuatite from Bavarian Héhenste-
inweg near Poppenteuth, close to the Bohemian border
(Dill 1981). Clausthalite has been recently found in the
Svata Anna deposit (Vaviin, 1993). There is no reliable
up-to-date reference on the occurrence of selenides of Cu
and Pb at Zadni Chodov (Group of authors, 1984).

2) The most notable locality in the HoraZd'ovice region
is Ustaleé, where, in addition to clausthalite, also berzelian-
ite, umangite, eskebornite and rare bukovite were descri-
bed. Minerals of the clausthalite-galena series in an assem-
blage with naumanite were recently described from Na-
ho&in and Téchonice (Litochleb et al. 1990).

3) An exceptionally varied assemblage of selenides of Cu,
Pb, Hg, Ag, Fe, Co, Ni, and Te is known from Predbofice,
the locality situated in the Sedléany metamorphic roof
pendant on the Central Bohemian Pluton (Kvaéek 1987).
Hakite, a selenium-rich analogue of tetrahedrite, was newly
described from here, together with permingeatite and fis-
chesserite, rare selenides of Apg and Au. Recently, a rare
selenotelluride of Pd, merenskyite, was identified (Johan
1989). Berzelianite and clausthalite were recorded from
adjacent Voltyiov.

Selenides were formed during the final stage of uranium
mineralization, when an increased redox-potential enhan-
ced their precipitation, especially under the deficiency of
sulphur in hydrothermal fluids. The endogenous replace-
ment of uraninite by coffinite, known from the majority of
selenide occurrences, is characteristic of this stage.
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Fe-Mn mineralization

This mineralization occurs in two distinct genetic types:

a) Abundant quartz veins containing Fe-Mn mineraliza-
tion represented by hematite (mostly as bothryoidal aggre-
gates), pyrolusite, minor polianite and psilomelane are
developed in the Kruiné hory Mts., mainly around the
Karlovy Vary pluton and its mantle. The veins near Horni
Blatna filt thick NW-SE trending tectonic zones and con-
tain hematite as the single or strongly predominant ore
mineral. Similar quartz veins with hematite also occur near
Horni Slavkov.

b) Siderite veins without a substantial admixture of po-
lymetallic sulphides occur mainly in the Piibram region
(Narysov, Ze#ice). Their limonite gossans were mined in
the past. Isolated shows of siderite veins are known from
the vicinity of Zelezna Ruda and Rozvadov.

EJ.2. Hydrothermal non-metallic mineralization

Quartz veins

Only several economically important bodies, exploited as
raw materials for the glass industry or for crushed stone,
are mentioned in the literature. Occurrences of large and
morphologically conspicuous, vertical quartz veins, so-
called lodes, belong to this category. Occurrences near
Pavlikov, Babylon, Novy Kramolin and Tachov form part
of the West Bohemian shear zone (Bohemian quartz lode),
and other quartz veins are found, e.g., near Kodov in the
Marianské Lazné region, and Damétice in the Hora*d'o-
vice region. A huge quartz vein at Cernava and Tatrovice
near Nejdek in the Kruiné hory Mts. was also exploited.

Quartz veins are located along principal tectonic discon-
tinuities. They represent the oldest stage of mineralization
filling extensional structures, that were later reactivated,
and in places filled by later metalliferous mineralization.

Carbonate veins

Carbonate veins free of other minerals have not been
systematically described in the literature. Carbonate veins
carrying some metalliferous mineralization, including
those with pyrite, are mentioned in the respective parts of
this chapter, as well as siderite and ankerite veins.

Barite-fluorite mineralization

There are two zones in which barite-fluorite veins are
found. The first one is in W part of the Kru¥né hory Mits.,
including minor deposits at Blahufiov, Hradi$t€ and Kovar-
ska N of Klé$terec nad Ohfi. The second zone is near Horni
Slavkov and Sokolov {Lobzy, Novina, Staré Sedlo, Vitkov
near Sokolav).

The mineralogical composition of the veins in both zones
is similar, Quartz and fluorite, with variable amounts of
barite, form major components. Hematite and accessory
sulphides — galena, sphalerite, chalcopyrite, chalcocite,
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marcasite, and pyrite also occur. Relatively abundant pyrite
with an increased content of T1, associated with bothryoidal
hematite, is known from Hradi$t€. The age of the fluorite-
barite assemblage in both cases is late-Variscan (Mesozoic).

Isolated quartz veins with fluorite (free of barite and
sulphides), scattered throughout the area around Pied-
bofice, Muté&nice, and Topélec, are classified by Bernard-
Pouba (1986) as of a late-Variscan age. Fluorite minerali-
zation within the Sn-W greisens in the Kru¥né hory Mits. is
considered to be of late-Variscan age. Fluorite and also
rarely barite occur as subordinate or accessory components
in these rocks.

Barite minemlization

Isolated monomineral barite veins are found, e.g., in the
Marianské Lizné region in Dolni Kramolin, Pernarec near
Stifbro and Smrkovice near Pisek. Barite more frequently
forms a counterpart of the sulphide assemblages in almost
all metalliferous districts of the area (Cetyné, Kosobudy,
Michalovy Hory, Stfbro, Cernovice, Hory Matky Bozi
etc.). The biggest accumulations of barite in veins with the
sulphidic assemblage were found in the Klement vein in the
Ptibram ore district. Barite is also associated with stibnite
and Hg-bearing mineralization. A late-Variscan age is as-
cribed to these occurrences by Bernard-Pouba (1986).

EJ3.3. Minerals of the Alpine-type veins
and similar assemblages

The mineral assemblages of the Alpine-type veins are de-
rived from chemical components released from the country
rocks without any influx from hypogene sources, There is
no sharp division between veins of the Alpine-type and the
hydrothermal ones. According to numerous authors, the
temperature of formation of the Alpine vein minerals lies
within the same range as that of hydrothermal processes.
Bernard et al. (1981) considered 5 groups of Alpine-type
mineral assemblages. Several localities of quartz, albite,
calcite, laumontite, epidote, chlorite, fluorite, and rarely
pyrite- and chalcopyrite-bearing assemblage were found
mainly in the Central Bohemian Pluton. This mineral as-
semblage best corresponds to the “B” assemblage in the
classification of Bernard (l.c.). In some places sulphides,
namely molybdenite, also occur together with other miner-
als in the Alpine-type veins (Nedin, Luby). These cases are
probably due to cogenetic formation of the Mo-minerali-
zation with other minerals of the veins. The small number
of known Alpine-type vein occurrences is probably reflect-
ing the fact that in many areas they arose little interest,
particularly in absence of large, well-crystallized minerals.



E.3.4. Notes on metallogeny and tectonics of the region
with regard to the occurrence
of epigenetic hydrothermal mineralization

The presence of gold, silver, tin, and uranium vein deposits
and the absence of Cr, Pt, and magnetite deposits of mag-
matic origin are characteristic of the Bohemian Massif, The
following magmato-metallogenic cycles were outlined by
Bermard-Pouba (1986):
I. Pre-Variscan:

a) Pre-Cadomian

b) Cadomian

c) Early-Palacozoic
II. Variscan:

a} Early-Variscan

b) Middle-Variscan

¢) Late-Variscan

d) Epi-Variscan {Saxonian)
ITi. Post-Variscan

In terms of metallogenic zoning, the area studied belongs
to two metallogenic belts:

A) the Saxothuringian metallogenic belt in the NW (the
Kruiné hory Mts. and Slavkovsky les Mts.)

B) the Bohemian-Moravian metallogenic belt, divided
into the Tepla-Barrandian subzone and the subzone of the
western and central part of the Moldanubian unit. The
latter belt forms a major part of the area studied.

Within the area, there is a clear relationship between the
occurrence of epigenetic hydrothermal mineralization and
the main tectonic structures, so called weak zones or su-
tures according to Bernard (1986). In the Kruiné hory Mts.,
the As, Ag, Bi, Co, Nimineralization, the U mineralization,
and also partly the sulphidic and Sn-W mineralization are
concentrated. The maximum concentration of metallifer-
ous occurrences is located along the intersection of the
Krudné hory fauit with the Jachymov fault, which are the
two main metal-bearing structures of the region.

U-mineralization, associated with sulphide-selenide mi-
nerals, chalcopyrite, and minor As, Ag, Bi, Co, Ni miner-
alization is typical of western Bohemia. The Central Bohe-
mian Suture is characterized by the presence of the early-
Variscan gold-bearing mineralization, younger U minerali-
zation, by shows of sulphide-selenide, and polymetallic
mineralization, and subordinate antimonite mineraliza-
tion. The Pibram district is an example of enrichment in
U, Cu, Pb and Zn at the intersection of transversal faults
with this suture.

In places, the role of the supposed Stfibro fault in con-
trolling the sulphide mineralization and, in addition, barite
and quartz veins, is apparent.

EJ.5. Conclusions

Mutual relationships of individual types of mineralization
have been investigated, especially in districts of mining
activity during the last decades. Several stages of minerali-
zation have been recognized in many deposits. A succession

of gold-bearing, polymetallic and uranium-bearing miner-
alization has been established in the region of the Central
Bohemian Pluton. A succession of older polymetallic, ura-
nium-bearing, five-element and younger polymetallic for-
mations has been determined in the Saxothuringian metal-
logenic province. Barite- and fluorite-barite mineralization
forms the latest stages of mineralization in this province.

Selenide-bearing parageneses are always associated with
uranium-bearing assemblages and represent the final stage
of this type of mineralization. Individual stages of miner-
alization repeatedly enriched the multiply reactivated
structures through which metalliferous fluids and brines
were channelled.

The role of granitoids in the mineralization process is of
two types: a) granitoids act as the direct source of metais
and fluids, b) granitoids served as energy and fluid sources
for the redistribution of elements from parent rocks, or of
pre-existing metalliferous accumulations.

E.4, Sr AND Nd ISOTOPIC COMPOSITION
OF YOUNG BASALTIC ROCKS
IN BOHEMIA AND MORAVIA

K. VoXURrka, J. BENDL

Bohemian and Moravian Cenozoic basaltic rocks belong to
the Central European Volcanic Province (CEVP) which
forms a ca 750 km long volcanic belt spanning from Eifel
in the west, through Germany, Bohemia, and Poland to
Moravia. The easternmost occurrences of the basaltic rocks
are located in Moravia. Volcanic rocks with the lowest, i.e.,
Quaternary age, occur in Eifel, western Bohemia and
northern Moravia (Lippolt, 1982).

Radiogenic isotopic systems contained in minerals of
peridotite rocks and brought to the surface by primitive
melts derived from the Earth’s mantle may potentially
provide important constraints on the composition and his-
tory of the underlying lithosphere and asthenosphere.

Sr, Nd and Pb isotopic data from the western part of the
Central European Volcanic Province were presented by
Worner et al. (1986). 5r and Nd isotopes in mafic basaitic
rocks from a limited area within Lower Silesia (DSB) were
studied by Alibert et al. (1987). The isotopic composition
of Sr, Nd and Pb were interpreted in terms of the genetic
models by Blusztajn and Hart {(1989). A large amount of
isotopic data from the CEVP were summarized in the work
by Wilson and Downes (1991). An important part of the
CEVP is formed by the Bohemian Massif, but the regional
systematics of the Sr and Nd isotopes in the Bohemian
Massif have not been assessed yet. This contribution pre-
sents new Sr and Nd determinations on the Bohemian and
Moravian basaltic rocks (BB and MB respectively) that are
used for interpretations concerning the character of the
source reservoirs of the basaltic magmas,
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177. Localization of samples of Cenozoic basalts from Bohemia and Moravia analysed for ¥'51/%Sr. Main occurrences of Tertiary volcanic rocks
and also the location Silurian basalt from the Barrandian (no. 40) are shown. Numbers of samples correspond to those in Tab, 42, Samples 1 to
7 are Tertiary basalts from the Kozikov-Semily lava flow in NE Bohemia, 1 to 3 are Te rtiary basalts from Bohemia, 32 to 39 are Tertiary basalts

from northern Moravia.

E.A4.1. Geological setting

The Bohemian basaltic rocks occur mainly in connection
with the Ohfe Rift structure. Concerning the estimated
volume of the Cenozoic voleanic products, the most impor-
tant are Doupovské hory and Ceské stfedohoti (Fig. 177),
with a total volume of 122 and 52 km?, respectively (Sht-
beny 1986, Hradecky-Shrbeny this volume). A less impor-
tant tectonomagmatic structure appears to be the Labe
(Elbe) deep fault system. Localities of the studied samples
are schematically shown in Fig. 177. Alkaline nepheline
basalts, nepheline basanites, nephelinites and melilites pro-
bably correspond to uncontaminated primary magmas,
This idea is supported by the comparison of the Ni and Cr
contents as well as the Mg/Fe ratios of the lavas containing
peridotite xenoliths and those without them (Shrbeny
1986). The present contribution deals mainly with rocks of
this character. The case of trachytes and phonolites is
different, as they represent more differentiated volcanic
types occurring in the Bohemian Massif,

Occurrences of Moravian basaltic rocks are scattered all
over northern Moravia but their overall area is rather small.
They are located in a complicated fault systern known as
the North Moravian tectonovolcanic belt (Fediuk and Fe-
diukovi, 1988a).

E.4.2. Experimental methods

Fresh blocks of basaltic rocks with a minimum weight of
10 kg were crushed and homogenized into fine powders.
Srwas isolated in quartz columns filled by cation exchange
BioRad resin, The '“Nd/'"*Nd ratios were determined at
the Czech Geological Survey. The bulk REE fraction was
isolated in quartz columns filled by biobeads, previous-
ly saturated by di-(2-ethylhexyl) orthophosphoric acid
(HDEHP). Sr and Nd analyses were performed on a Fin-
nigan MAT 262 thermal ionisation mass spectrometer with
a Re double filament assembly. The ¥Sr/Sr ratio was
corrected for isotopic fractionation using *Sr/%Sr = 0.1194
and the "?Nd/'"*Nd ratio using **Nd/"“Nd = 0.7219.

E.4.3. Results

Isotopic ratios of the analysed alkaline basaltic rocks from
Bohemia and Moravia are summarized in Tab. 42. For the
BB, the ¥S1/Sr ratios fall into a range of 0.70313 to
0.70364. The total average of all Cenozoic basaitic rocks
from Bohemia, presented in Tab. 42 (nos. 1-31), is 0.7035,
No correlation of the Sr isotopic ratio with the rock type or
geographic location was observed in the group of Bohe-
mian basaltic rocks, despite the fact that some of the locali-
ties are as far as 200 km apart. The ¥Sr/™Sr ratios of the



Table 42. Sr isotopic compositions and contents of some elements in Tertiary and Quaternary basaltic rocks from Bohemia and northern Moravia

No.| Locality Rock Age ForMer| 25* | Na20 | K30 Sr Rb Nb Ni Cr Note
(Ma) (wt. %} | (».%) | {(ppm) | (ppm) | (ppm) | (ppm) | (ppm)
1 Smrd{ NB 3-7 0.70313 4 | 288 1.26 749 351 B9 506 527 1,2, 7
. Proged NB 37 0.70345 51 303 1.30 853 43 90 LYK 439 1,2
3 Rozdkov AB-AQB 37 0.70341 | 10 2.9% 054 842 49 a1 442 492 1,2
4 Podmoklice AQOB 3.7 0.70353 2 | 3 1.27 ™M 24 68 263 324 1,2
3 Komérov AQB 37 0.70345 | 1D 2,70 .75 879 54 o0 413 461 1,2
] Slap NB 39432 0.70343 2] 300 1.31 795 X 88 464 498 1,2
7 Pelechov NB 3-7 0.70349 4 | 2.98 1.39 B38 29 o2 428 529 1,2
8 Bukoves ON Tertiary 0.70343 3| 345 1.3 92 | 504 103 135 1R2 1,2,7
9 Dobkovifky ON Miocene 0.70346 | 10 3.27 0.68 1004 26 61 2M 44 3
10 | Dévin MM L 0.70327 T | 217 .41 1389 26 155 417 701 4
11 Chrastensky vrch POL G2 0.70353 | 15 2.85 1.45 1267 25 169 A55 637 4
12 | Rip-JZ ON Tertiary 07036 | 5| 479 2.33 1679 18 213 24 a7
13 | Studénka AQBR Cenogoic | 070330 | 9 | nd n.d nd n.d n.d n.d na
14 | Horni Paseky (Af) MON Cenczoic | 070347 | 12 | 232 | 0486 906 | 28 132 | | 415
15 | VI&i Hora near ADOBR Tertiary 0.70344 7| 297 1.15 1067 46.8 124 67 152
Krisnd Lipa
16 | Partyzénsky vich ADB Terliary 070347 | 3| 33 1.28 765 | 20 92 169 | 377
17 | Rip-§ ON Tertiary 070364 | 4 | 4.85 2,19 1438 27 206 a8 46
18 | VIH Hora near ON Cenoeoic 0. 70355 3.02 1.49 823 42 81 123 313 5
Cernalin
I9 | Pledny vich near Q1 Tertiary 070335 | 4 | nd n.d &dl4 | 336 BS 491 677 7
Rumburk
20 | Komomi hiirka near MON 0.26 0.,70343 1| 375 2.04 879 46 133 218 382 6
Cheb
21 E picak near Ceské ON Tertiary 070337 | 3| 265 1.56 1132 29 o9 254 i’ |3
ipa
22 | Blatnd near Libd AOBR Cenozoic 0.70335 2] 346 0.85 1130 356 108 156 215 57
| 23 | Slapany near Cheb NB Cenczole D.70346 | 3 | 298 1.20 664.7 | 249 57 318 463 57
24 | Vesec near Mimod POL 65 70353 4 | 091 1.15 1711 28 171 281 503 2,4
25 | Matd Certova zed MON 65 070366 | 2 | 4m L.55 882 | 27 100 | 460 | 977 |24
26 | Vinafickd hora ON Tertiary 0. 70366 5| 554 0.78 1485 50 164 449 28
27 | Libochovany near ON Tertiary | 070324 | 2 | 3.14 | 0.75 883 | ;2 78 | % 182 |3 )
Lovosice
28 | Velkd Certova zed MON 65 070352 3| 4.10 141 800 28 o 453 856 2,4
29 | Luhov near Mimon POL Tertiary 070346 | 2 | 260 1,60 1537 30 174 373 528 1,3
W0 | Ukchovicks Spidhk picritic 9 0.70344 1.9 0.79 7225 | 14 49 |e8s |77 |89
nephelinite
31 | Svojkov MM &5 0.70335 4 | L57 1.65 2142 33 164 299 461 8,9
32 | Venudina sopka NB 1.94 0.70321 & | 369 2.01 836 32 68 260 373 6,1,0
33 | Maly Roudny NB Cenozoic (L, 70325 3| 44 1.13 OB6 24 74 239 333 1,0
M | Volima NB Pleistocene | 0,70325 9| 328 1.34 781 26 &1 211 344 10,6
35 | Hirkanear NB Canoaoic 070324 | 4 | nd n.d 1143 15 115 206 283
Stemplovec
36 | Zilesi near Javornik ON Cenozoic 0.70325 9| 354 141 1136 39 101 268 345 1,0
37 | Kamennd hora near MON 20 0.70335 51 322 1.32 872 15 95 26 545 2, 1.0
Otice
3B | Velky Roudny NB L5 (.70323 4.18 0.97 1052 30 85 201 234 6, 1,0
a9 UhliFsky vrch NB 24 0.70333 LR} ! 1.39 958 41 83 212 289 6, 1,0
40 | Sv. Jan - Barrandian ADB 420 4.702]2 3| 277 1.30 765 15.1 i1 163 196 7.1,1,1,2

Rock type symbols: AOB - alkali olivine basalt, NB - nepheline basanite, ON - olivine nephelinite, AB - analcime basanite, MM — micro-
melilitolite, MON — melilite-olivine nephelinite, POL - polzenite, AOBR - alkali olivine basalic rock, OBR - olivine basaltoid, Ol - basalt -
olivine basalt '

25" error corresponding to last two digits in isotopic ratio

Notes: 1 - K20, Naz0, and trace elements from Shrbeny (1986), 2 - ages compiled by Shrbeny-Vokurka (1985), 3 - K20 and NazO from
unpublished data, 4 — chemical data from Ulrych et al. (1990), 5 — chemical data and petrography from Shrbeny (1979), 6 — ages from
Sibrava-Havliek (1980), 7- Rb and Sr determined by isotopic dilution, 8 — ages from Ulrych et al. (1990), 9 - chemical data from Shrbeny (1989),
10 - K30 and NazO, petrography, and K-Ar age from Fiala et al, (1974), 11 - Fiala el al. (1974), 12 - isotopic compasition from Vokurka-Kober
{1989). Where not stated otherwise, NazO and K30 were determined in the course of rock wet analysis, the chemical laboratory, Czech Geological
Survey, Chief chemist M, Huka.
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Moravian basalts fall into the interval 0.70312-0.70335,
therefore showing less scatter than Bohemian basalts.

The “*Nd/"**Nd ratios of the BB fall into a range of
0.512786(4) 10 0.512870(62), and these ratios of the MB fall
between 0.512874 and 0.512908. Sm concentrations vary a
little, between 7.98 and 11.35 ppm, whereas the Nd concen-
tration ranges between 39.50 and 66.67 ppm.

E.4.4. Discussion

The content of the mantle peridotite xenoliths, the Mg/Fe
ratios, as well as the concentration of Ni and Cr in BB and
MB imply that the assimilation and fractional crystal-
lization processes were likely to play only a limited role
during the ascent of the basaltic magmas. The Nd isotopic
composition of both BB and MB is greater, and Sr isotopic
composition is less radiogenic when compared with the
Bulk Earth. Although the differences in the isotopic com-
position are very limited, BB tend to fall into a field of less
evolved Nd and more evolved Sr compared to MB (see
Fig. 178).

Sr and Nd isotopic composition of the primitive basaltic
rocks may reflect the geochemical variability of their man-
tle source reservoirs. Our results are in agreement with a
hypothesis that the LIL enrichment of the mantle reservoirs
becomes less important from the western margin of the
CEVP towards the east. There is also a marked difference
between the Bohemian and Moravian Cenozoic volcanic
areas, The Moravian deep source reservoir appears to be
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178. Crosses — "Nd/"*Nd versus ¥Sr/*Sr plot. Moravian basalts,
circles - Bohemian basalts. Nd isolope data for Moravian basalts are
from Tab. 1, for Bohemian basalts from Bendl et al. (1993) and
unpublished data. ¥Sr/Sr ratios are from Vokurka-Bendl (1992,
Fig. 1).
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slightly depleted in terms of its LIL content when compared
with the Bohemian part.

The primary magmas of the primitive mafic Cenazoic
basaltic rocks from Bohemia and Moravia could have origi-
nated through the partial melting of source materials de-
rived mainly from an astenospheric component. The source
reservoir could have had a similar composition to the
HIMU component of Zindler and Hart (1986) due its high
U/Pb ratio. From reservoirs of this type, some of the alka-
line basaltic rocks of the oceanic islands and within plate
mobile zones are thought to have been derived.

Slight differences in the **Nd/*Nd ratios of the Bohe-
mian, Moravian, and Lower Silesian basaltic rocks can be
interpreted as a consequence of the changing character of
their Upper Mantle sources. A depleted mantle component
could have played an important role in the genesis of the
DSB and, to a lesser extent, of the MB as well.
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