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Abstract; Nine pre-Variscan and 40 Variscan granitoid types in Bohemia have been defined on the basis of statistical evaluation of more than 700

chemical analyses,

Pre-Variscan granitoids in non-metamorphosed state were studied in the Bolemicum and Lugicumblocks. The Lusatian massit is metallogenically
most specialized with the longest differentiation suite consisting of granodiorite to highly differentiated (Tanvald) granite, typical for the late
orogenic intra-block setting, The Chvaletice granite exhibits the characteristics of anarogenic granites emplaced at the onset of continental rifting.
Other massifs (Kladruby, Stod, and Tis) reprezent a comon cale-alkaline granitoids.

Four groups of Viriscan granitoids can be identified:

= group of tonalite-granite plutons located at major block boundaries (the Central Bohemian and the Zelezné hory plutons), without any

granile-related mineralizations,

= group of granodiorite-granite plutons within consolidated crystalline blocks (e. g. the Karlovy Vary, the Moldanubian and the Krkonoge plutons),

accompanied in particular by Sn and W mineralizations,

= group ol acidic volcano-plutonic complexes linked with late Variscan extensional tectonics in the castern Kruiné hory Mis., accompanied by Sn

and W mineralization similar to the previous group,

~ group of granodiorites with a primitive chemistry and with manifestations of alkaline metasomatism {the Cist4 and $i€novice massifs).

'Crech Geological Sunvey, Geologickd 6, 152 00 Praha 5
Loretdnske ndm. 2, 110 00 Praha 1

1. Introduction

The Bohemian Massif is one of the fundamental structural
units of the eastern branch of European Variscides (Suess
1888, Kossmat 1927, Franke 1989). A correct Interpretation
of the geological setting (geotectonic position) of granitoid
plutons can provide valuable information for proper under-
standing of the geological evolution of the Bohemian Mas-
sif and its position within the Variscan system. The geotec-
tonic interpretation is also closely related to the metallo-
genic one, being widely applicable in exploration for min-
eral raw materials.

Apart from classifications based on modal analysis
(Streckeisen 1976) or on norm systems (e.g. La Roche et
al. 1980), granitoids can also be classified according to the
style of associated mineralization (the Russian school, e. g.
Tauson 1977) or according to their geotectonic setting
(Chappell - White 1974, Loiselle - Wones 1979, Pearce et
al, 1984, Pitcher 1987 etc.). All these classifications have
been applied to the Bohemian Massif, ¢. g. by Sattran and
Klominsky (1970), based on metallogenic criteria, or Jakes
and Pokorny (in Vacek et al. 1983) and Klominsky (1988),
according to geotectonic setting. However all these pre-
vious studies were either based on analyses of major ele-

ments only or on incomplete and heterogeneous data on
trace elements.

The project "Regional Geochemistry of the Bohemian
Massif* (Cadkovi et al. 1984) collected sufficiently reliable
data on the content of a large spectrum of trace elements
from most of the granitoid plutons of the Bohemian Massif.
This database enabled a non-biased statistical evaluation
of evolutionary trends of the individual plutons and a new
view of their geotectonic and metallogenic classification.

This paper focuses on granitoids within the tonalite-gra-
nite range, without considering the associated mafic and
durbachitic rocks. Granitoids of the Brunovistulicum block,
on which we lack suitable data, have not been classified.

2. Data sources

Qur classification is based on a set of 550 chemical analyses
of granitoids gathered within the project ”Regional Geo-
chemistry” (Cadkova et al. 1984), which covered almost all
granitoid massifs of Bohemia. This set of so far most com-
plex analyses includes besides the major oxides, more than
30 trace elements determined by in the early lighties avail-
able methods.



Analyzed were:

- major elements: §i0;, TiO:, Al:O;, Fe:O0s, FeQ, MnO,
MgO, Ca0, Li;0, Na;0, K:0, P:0s, F, §, Car, COz, H20O7,
H.O- (wet chemistry in the laboratories of the Czech Geo-
logical Survey, Fraha),

— trace clements (XRF): As, Ba, Cr, Nb, Ni, Rb, 5r, W Y,
Zn, Zr (laboratory of the Unigeo, Brno),

— trace elements (optical emission spectroscopy): Ag, B,
Be, Bi, Cu, Mo, Pb, Sn, V (laboratories of the Czech
Geological Survey, Praha),

- trace elements (neutron activation): REE, Cs, Hi, 5b, 5c,
Ta (laboratory of the Geoindustria, Cernosice),

— trace elements {gamma spectrometry): U, Th (laboratory
of the Geofyzika, Brno).

For areas which were insufficiently sampled within the
regional peochemical project (the Krusné hory Mts., the
Orlické hory Mts.) or not included (the Kiadruby and
Raozvadov massifs, some sections of the Moldanubian plu-
ton), the data set was supplemented by unpublished analy-
ses from research reports dated between 1985-1994, mostly
carried out by identical methods.

A serious drawback of the data by Cadkova et al. (1984)
is the absence of major element analyses from the Central
Bohemian pluton. For these are as we usc data by Vejnar

(1973), Holub (this volume) and unpublished data by vari-
ous authors.

3. Data processing

The chemical data were processed using multivariance
statistical methods, The elements possibly fulfilling the
following criteria were used in the calculation:

-~ low maobility during weathering

— reliability of analytical procedure

— well-defined petrogenetic interpretability

The elements Ba, Ce, Li, Pb, Rb, Sc, Th, ¥ and Zr scam
to relatively best fulfill these requirements. Subsequent
statistical evatuation indicated that the content of Rb, Sr,
Zr, Th and Ce provides maximum information and their
distribution enables to define individual rock types and
evolutionary trends.

Based on cluster analysis, samples within each massif
were separated into groups. Homogeneity of the estab-
lished groups was subsequently verified by the fuzzy set and
scatter analysis. The homogeneous sample groups were
correlated with a geological map and with petrographic
descriptions. If chemical data were in agreement with pet-
rographic ones and the areal distribution of the sample
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. Sketch map of granitoids in Bohemia. 1 - Pre-Variscan plutons; 2-8 — Variscan granitoids: 2 — tonalite-granodiorite plutons; 3 - durbachitic
rocks; 4-6 — granodiorite-granite plutons: 4 - less differentiated granitoids; 5 - strong diferentiated granite; 6 — Li-mica granite; 7 -
volcano-plutonic complexes: volcanites, granites; 8 - Cista-lype granodiorite,
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groups could be cartographically expressed, a rock “type”
was defined. By rock type we understand a smallest unit of
the intrusive complexes which is, based on our present
knowledge, objectively chemically definable and geologi-
cally mappable. Yet each type could have been generated
as a product of one or several intrusions or processes. More
than one petrographic facies were distinguishable in some
of the types, even though these facies do not statistically
differ from each other in their chemistry. The defined types
retlect our present degree of knowledge of the individual
massifs. The subdivision in the less known massifs may
probably be elaborated in greater detail through further
systematic sampling,

After removing the extreme values, average concentra-
tions of all elements were calculated (the most important
ones are summarized in Table 1 and 2), basic petrographic
characteristicswere defined and their distribution was piot-
ted on the map (Fig. 1).

Differentiation trends of the individual plutons and their
inter-relations were investigated by factor and correspon-
dence analysis.

4. Characteristics of the rock types

4.1. Pre-Variscan granitoids (Tab. 1)

This group includes both reliably dated granitoid plutons
(the Stod pluton of Cambrian age, the Lusatian pluton of
Cambrian-Ordovician age, and the Kladruby massif of Or-
dovician age) and bodies as yet undated or dated with little
reliability, for whose pre-Variscan age there are geologic
indications (the Tis granite, the Tanvald and Jablonec
granites and the Chvaletice massif).

The Stod massif lics 20 km southwest of Pized. It is
markedly elongated in N-§ direction. The Ar/Ar method
corroborated a Cambrian age (518 Ma, Kreuzer et al.
1991). Two rock types have been petrographically distin-
guished here (Hejtman 1984); the Drnov biotite granite
and the Merklin hornblende-biotite granodiorite. Chemi-
cally, the massif is inhomogencous, but the above men-
tioned petrographic types could not be distinguished. It is
characterized by low silica (60-62 %), KO (< 2.5 %) and
Th contents (Fig. 4, 6a).

Table 1. Chemical characteristics of pre-Variscan granitoids (major elements in wt %, other in ppm)

LuZica pluton Cista-Jesenice pluton l‘._n"ur'astarn Bohemia Chvaletice]
Zawidov | Rumburk | Jablonec | Tanvald | Petrohrad Tis otod Kladruby

I granod. granite granite granite grancd. granite massif granite ranite
Sio2 | 665 753 7498|747 68 74.4 5] 725] 757
Ticz2 . | 07 0.14 005/  0.02 ce68| o018] 07 0.26 0.18
A03 |  156]  13.15 13.8 14.6 14.7]  13.4| 15.8 14.2 12.4
Fe203 | 055 0.42 0.29 0.15 0.75{ 0.3] 1 0.7]  0.38
FeO 38 1.1 0.96 0.76 36] 14| 44 17 1.37
MgO | 1.7] 03 0.17]  o0.08[ 1.3 0.3f 11 o7 025
Ca0 _2.6 0551 058  0.28 1.8 0.66 34| 21 0.79
Na20 | 35| 28] a1 4.4 3.4] 3.6 44| = 4 3.86
K20 35 47|  44] 43 3.7 46{ 21 28] 4
P205 0.25 0.19]  0.08 0.13]  0.18] 0.11 02|  0.08] 003
831 170 70| .50 821  393]  832] aso| 600
- 81 74 15[ 38 4] 6] 3 6 3.3]
___20] 24] 34 42( 23] 19 18 13] 13
6 3] 22 1.4 5.7 38] 10l ~ 58 8
61 35 121] 265| 40 55| 28] = 36 11
9| 71 12 25 7 6 8] 6 g
18 20 26 12 23 21 13 151 8
120 251 334 810| 102 150 57 80 129
14 4.4] 4.4 B.6 12| 58 17 7 3.8
164 - 35 20] 5 86 _ 30| 199 82 32
10 10 1367  105] 0| 1o 6] 8 17|
3 B 16| 6.5 45| 5] 4 5] 8
28 3 331  =2¢] 37| 26  32] 26 77
56| 18] = 24] s 81 54 @3] 59 41
A7l 73] a3 17 189 101 304 153 163
_ 29 A1 8] 4 28f 5| 28 27 33
57] 28 24] 10| 44| 28] _46 46 65
.53y 27 32 1.6 5.5 3.2 7.5 5.8 9.2
_ 14 0.3] 017 01 116 0.4 2.1 1.1 0.84
26| 28] 27| 1.4 2.7 22 4.8 2|  7.35
0.43] 0.41 0.39 0.17] 043 0.34 0.77 0.24] 075
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2. Distribution of some trace elements in granitoids in Moldanubicum.
1 — Freistadt type; 2 — Volary type; 3 - Lasenice type; 4 - Trhové Sviny
type; 5 — CiméF type; 6 — coarse grained two-mica granite (Eisgam
type); 7— Homolka type.
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3. Distribution of some trace elements in granitoids in NW Bohemia.
1 - Loket type; 2 - mountain granites; 3 — transitional granites;
4 - "Krufné hory” granites; 5 - Li-mica granites; 6 - Preiselberg-type
granites; 7- Cinovec-type granites.
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4. Distribution of some trace elements in granitoids in W Bohemia.
I-4 - Pre-Variscan granitoids: 1 - Petrohrad type; 2 - Tis type;
3 - Stod-massif; 4 - Kladruby-massif; 5-9 — Variscan granitoids:
3 ~ Sedmihofi-ring massif {with phases 51 to S3); 6 — Bor massif:
7 - Babylon-massif; § - Cistd-stock; 9 — Sténovice-stock.

3. Distribution of some trace elements in granitoids in Central Bohe-
mian pluton. | - Sazava type; 2 - Bland tvpe; 3 — Ricany type;
4 - PolZary type, 5 — Sedléany type; 6 — Certovo bfemeno type;

7 — Tébor wype.
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The Kladruby massif was not sufficiently sampled within
the Regional geochemistry project. Isolated data from the
biotite granite/granodiorite in the central part of the massif
correspond to other pre-Variscan granites (Rb/Sr and
Rb/Th plots in Fig. 4). The massif have been considered to
be of Variscan age {Neuzilova - Vejnar 1966}. This was also
confirmed by K/Ar dating yielding an age of 370-290 Ma
(Smejkal 1964), but during preparation of this paper to
print confirmed Voves {1994) pre-Variscan age of the main
body of the Kladruby massif by Rb-Sr method, giving 464
+ 36 Ma.

The Tis massif (part of the Cistéd-Jesenice pluton) lies
100 km west of Prague (the hidden part of these massif is
much larger, see paper by Kopecky et al,, this volume).
Geological indications suggest a pre-Upper Carboniferous
age: the age of 450-320 Ma obtained by the K/Ar method
(Smejkal 1964) appears to be influenced by argon loss
during intrusion of the Cistd granodiorite. A striking pet-
rographic resemblance with rocks of the Lusatian pluton,
low U and Th values and the sedimentation of the Upper
Carboniferous on the already deeply eroded massif suggest
a Cadomian age (Chiupadova 1970). Chemically, two types
have been defined (compare Orlov 1932, Chlupiéovi
1970):
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— the Petrohrad type, comprising a biotite granodiorite at
Stebno and Petrohrad,

— the Tis type, comprising a biotite granite at Tis and Zihle
and a muscovite-bearing biotite granite south and east of
Jesenice (richer in potassium in comparison with the Petro-
hrad type). Both types exhibit low contents of compatible
elements (Ce, Zr and Th), characteristic for all the pre-
Variscan granitoids (Fig. 4, 6a). There are no analytical data
available to characterize the eastern and northern parts of
the massif covered by Carboniferous sediments.

‘The Lusatian (LuZice) pluton is the largest pre-Variscan
granitoid complex in the Bohemian Massif, Most of it lies
in Germany, only a smaller portion reaches into northern
Bohemia. The only dating performed by the conventional
K/Ar method (Smejkal 1964) yielded data of great scatter.
Based on geologic relations, the pluton is younger than the
Upper Proterozoic and older than the Upper Ordovician.
Domedka (1970) and Opletal et al. (1983) distinguished
two basic granitoid types here - the medium-grained, bi-
otite "Zawidow™ granodiorite and the medium- to coarse-
grained "Rumburk” granite. Our analytical data are n
agreement with this subdivision,

The granites in the south rim of the KrkonoSe-Jizera
massif, known as the "Tanvald granite” (Kvi¢insky 1980)
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have been newly attributed to the Lusatian pluton. Based
on their geologic position, they are obviously older than the
Krkonose-Jizera ("Liberec™) granite, but younger than the
Ordovician (Klominsky 1969). Chemically, two pet-
rographically similar granites, both medium-grained, two-
mica, have been distinguished within the so called Tanvald
granite:

~ the "Jablonec" type, west of the Jablonec town,

— the "Tanvald” type, near towns Smrzovka and Tanvald,
chemically significantly more differentiated, trending to-
ward the tin-bearing granites,

It is the Lusatian pluton, the only pre-Variscan granitoid
complex of the Bohemian Massif, where we can find a
significant differentiation suite of the Zawidéw-Rumburk-
Jablonec-Tanvald types, whose youngest member is al ready
close to the ore-bearing granites.

The Chvaletice massif intruded Late Proterozoic sedi-
ments in eastern Bohemia, west of Pardubice. Based on
available analytical data, it is chemically homogeneous, It
differs from the other pre-Variscan granites by a low content
of Al and P (Al:Osaround 12 %, P20s0.03 %) and by high
Y and HREE contents (Fig. 6a), which is attributable to its
anorogenic or rifting-related position (compare diagram
after Pearce etal. 1984, Fig. 11). Drozen et al. (this volume)
interpret the evolution of this region in a similar manner,
suggesting a Late Proterozoic rifting in the area of the
Chvaletice massif. An age of 408 Ma (the Rb-Sr whole-rock
method, Laciok and Bendl, unpublished data) would argue
against the Proterozoic rifting hypothesis.

4.2. Variscan granites

4.2.1. The Bohemian part of the Krusné hory (Erzgebirge)
Mis., Slavkovsky les and Smréiny (Fichtelgebirge)

This is the classical ore-bearing (Sn, W) area of Variscan
magmatism straddling the border between Bohemia and
Saxony, studied in detail geologically, petrographically and
geochemically many times (Fiala 1968, Jarchovsky - Stem-
prok 1979, Stcmpmk 1986, 1991 etc., Breiter - Seltmann
1995). Yet, only the latest detailed geochemical data have
shown a distinct differences in evolution of the western and
castern parts of the area (Breiter et al. 1991b). All compari-
sons of the Bohemian and German parts of it done hitherto,
have been based on inhomogeneous chemical data collec-
tions (Baumann et al. 1974, Tischendorf et al. 1989) and
they are not entirely dependable. Our interpretation there-
fore covers only the Bohemian part of the Kruné hory Mts.

The evolution of magmatism in the western part of the
Krusné hory Mts. (including Smréiny and Slavkovsky les)
can be best documented by the Karlovy Vary pluton, which
is an example of development of differentiation of a granite
pluton (recognized already by Fiala 1968), culminating in
the Sn-W ore-bearing Li-mica granite intrusions. Chemi-
cally, five rock types have been defined here, in good
agreement with petrographic characteristics (Fig. 3, 6g, 7):
- the Loket type, a medium-grained, highly porphyritic
biotite granodiorite in the Slavkovsky les area,

the "mountain granite” type in the Nejdek portion of the
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Table 2. Chemical characteristics of Variscan granitoids (major elements in wi. %, other in ppm )

Central Bohemian Batholith Zelazné hory Mis, Cistd | Sténovice
Shzavs Podhry R Rlzary | Seditany | durbachitic Nasavrky piuton stock |  siock

tonulite granits | granodiorits |  granite granite | granitoides | grancdiorita | granite  |granodiorts {granodiorite

Si02 62.5 66.7 628] 70 59.7 71 64.6 74.8 60.2 68
TiO2 0.42 0.42 0.51 0.34 0.86 0.25 053] 025 0.3 0.38
Ai203 15.5 14.6 14.9 16.3 135] 1425 16.1 13.1 181 16
Fe203 1.66 094] 098] 053] 1.2 0.06 0.64 1 0.9 0.9
FeO 4 26 3.1 1.3] 44| 21] 3.3 0.61 11] 18
MgO 28] 24 22 1.1 54 09 2.3 06] 075 1.2
Ca0 52 2.2 33] 145 3.8 31 37| 1 2.6 3.1
Na20 _ 35 29 35 37] 27| 38 34 31] 85 51
K20 2.7 5.4 4.1 52 63] 26 37 4 23 26
P205 015 0.31 0.21 034]  o08] 021 0.2 0.05 0.1 0.15
Ba ' 1163 1313|1081 1010 1475 1491 1353] 1850 821 1005
Cs_ 8.5 35 o5 323 25.5 235 107 T 2 2 B
Ga 17 13 18 27| 17 21 1] 4] 15 12
Hf 43  39] a9 323] 67| 84| 53] a5 46| 48
Li 23] 21 33 a8 6] 35| 36 7 18 20
Nb 12 10 14 20 22 25] 8] 5 8] 8
Po | 28] 23 36 74| 30| 49 19 6 23] 34
Rb 121 68 171 354 264 314 154] 108] 38 72
Sc 24.3 20.7 146] 58 182 131 128 45 3.3 58
Sr 411 330 313 317 352 378 458 130 810] 754
Th 14.6 9.5 20.6 322 217  30.3] 19 21 10 15
& &5 4 8.1 7| 125 11.3 8 6 5 7.5
Y 18] 18 16 7 7] AT 24 17 8 7
Zn 83 67 83 50 68 70 61| 22 38 46
Zr 118 144 156 235 202 320 122] 148] 103 110
la 35 33] 37 26 48 a1 T3] 30 24| 38
Ce 67 59 73 700 90 21 6] 48] 40 50
Sm 5.76 4.77 58 4.87 9.1 10.7 52 31 22 3.6
Eu 15 13| 128 084 45] 185 @ 1.4 p.78] 11 1.2
Yb 217 1.6 1.7 1 17 1.37 1.7] 18] 1] 1
Lu 0.36 0.37 0.28 0.15 0.33 0.27 0.18 0,24 0.15 0.18

plutan (defined by Laube 1876), denominaled also as the  shaped elevations accompanied by near-contact pegma-

"older intrusive complex* (OIC) (Stemprok 1986, Tischen-  tites and by greisenization. It includes the petrographic
dorf et al. 1989) comprising 2 medium-grained, biotite to  varieties of Cist4, Lesny-Lysina and Kladsk4 in Slavkovsky
two-mica granite, les (Fiala 1968) and small stocks in the northern portion of
~ the "transitional granite” type (defined by Fiala 1968), the pluton (Breiter et al. 1991b).

comprising a structurally diversified two-mica granite that The emplacement of the Karlovy Vary pluton was prob-
encompasses the petrographic varieties of Kfely, Tridomi,  ably not accompanied by larger volcanic activity, no evi-
Owéak and Kyni\*art-iﬂndw in Slavkovsky les. Chemically  dence of it has been found until now.

similar are also the Bila skila granite (called also medium The evolution of magmatism in the eastern Kruiné hory

granite YIC/MG and interpreted as a forerunner of YIC)  Mits. (east of the Floha line and east of the Brandov fauit)
and the Rotava type (also called transitional granites  was different. The granite intrusions of the Flaje and Tel-
OIC/TG in sine Tischendorf et al.1989 and Forster and nice massifs were coeval with the mountain granites (OIC)

Tischendorf 1994} in the Nejdek portion of the pluton, of the western part of the mountains. They were followed
—the "Kruiné hory granite” (defined by Laube 15876}, called by the Teplice rhyolite extrusion culminating by formation
also the "younger intrusive complex* (YIC) (Stemprok - of a caldera and subsequent intrusion of granites of two
Tischendorf l.c.), consisting of a medium-grained, por- types:

phyritic to coarse-grained biotite granite with topaz. Dark — the older Preisclberg type, consisting of a medium-
mica is represented by Li-biotite to protolithionite, grained, porphyritic biotite granite,

—the "Li-mica granite” type, is a fine- to medium-grained, - the younger Cinovec type, a medium-grained, albite-
albite-topaz-zinnwaldite granite which often forms cupola- zinnwaldite granite, with topaz, forming cupola- or stock-
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westemn and central Kru§né hory eastern Kruiné hory Sedmihofi stock

Lokt cides transitional | younger | Li-mica Preiselberg | Clnovec bictite two-mica | musc-lurm.

granie granites graniies granttes granitas _granita granite granite granite granite
Si02 84.1 71.4 74 74.7 74 75.7 75.2 71.6 738] 738
TiO2 0.81 035] 018 0.1 0.04 0.08 0.03| 0.2 0.1 0.02
AI203 __166]  145] 142 135 14.6 12.3 128  14.05 14.1 14.7
Fe203 0.72 0.53 0.45 0.27 021] 08 0.32 1.07]  0.47 0.38
FeQ 3.3 1.5 0.8 1.1 0.9 0.5 0.8 1.1 0.68 0.37
MgO [ 7] osl 02 o1 01 0.1 01] 024 0.19] 013
Cal 2.7 1.2 0.5 04 04 06 05 1.04 0.54| 0.51
NaZ0 38| 33| a2] 32 32| 3i| 34| 38| 362 388
K20 4.4 4.7 48] 47 4.1 5 4.6 5 3.5 393
P205 037] 023 0.26 027 0451 002 0.01 0.09 0.2 0.36
Ba 1281 472 avo| 82| 37 63 50 260 180 25
Cs B 20 30 67| 102 18] 3 12 33 50
Ga 33 2] 25 29 39} 24 35] 28] 27[ 28]
Hf 107 48 3.4 2.9 1.9 7.7 7.6 11 29 1.7
L] 60 125 153 353 943] 121] 822 65| 200 376
Nb 1o 18] 18] 21 37 35 6e] 18 1320
|Pb 1 45 33 24 15[ 7 33, 34| 75| 3] 15
Rb 7Y 24e 393 702| 1428 214 M2f)  250) 380 604
Se 108 61 37 36 3.5 3] e8] 78 3.6 3.3
Sr 376 151 38 15 24 13 2 50 37 19
Th 321 25 25| 11 48]  a43] e8] 57| 10 4.1
U 4 4 83| 18] 118 12 32| 821 751 15
Y 28] 23 19 25] 33 51 53 45 36 30
Zn ] 74 56 48] 50 103 57 29 50 38 26
Zr 941 1401 a7 72| 8] 118] 100 265| 45| 26
a | 7| @@ 2| 3] 3 | 30| 18| 18| 8
{Ce 128 72 38 26 8 70 70 215 31 11
Sm 7.8 5.2 3] 28 13] es 8l 15 T34 1.5
Eu 163] 082 038 013] o1 012] 01  06] 028 011
Yb 2.15 1.74 1,689 212 1.9 9.05 15.2 43| 15/ 13
Lu 0.3 0.26 0.19 0.18 0.15 1.25 1,07 0.6 0.2 0.1

shaped structures passing into subvolcanic conditions {the
Knotl stock at Krupka) (Stemprok 1989, Cocherie et

al.1991, Eisenreich - Breiter 1993),

The relatively high contents of compatible elements:
HREE (Fig. 6h), and Zr, Th (Fig. 3) and the low contents
of Al and P are, along with the nature of enclaves in the
Teplice rhyolite, indicative of enrichment of the magma by

a deep crustal materia

4.2.2. Moldanubicum

Granitoids of the Moldanubian pluton have been tradition-
ally, on the basis of thetr macroscopic appearance, subdi-
vided into four basic types: the Weinsberg, Freistadt,
Mauthausen and the Eisgarn types. They were defined in
Austria (Waldmann 1951), but the subdivision was also
widely accepted in the Bohemian part of the pluton. Re-
cently, a more genetical classification (Finger - Héck 1986,
Liew et al. 1989) distinguish two basic groups: an older, last
orogenic, comprising mainly the Weinsberg granite, and an

younger, past orogenic, comprising Mauthausen, Freistadt
and Eisgarn granites,

Age determinations of the principal components of the
pluton by the Rb-5r method were carried out systematically
by Scharbert (Scharbert 1987, 1992, Scharbert - Vesela
1990, Breiter, Scharbert 1995). However, the higher Rb-5r
age of the Mauthausen and Freistadt types does not corre-
spond to geologic evidence — both types are geologically
younger than the Weinsberg type.

In the Czech part of the Moldanubian pluton, chemical
analyses enabled defining eight basic rock types {Fig. 2, 6e,
f, 8):

- the Weinsberg type, mostly comprising a medium-
grained, conspicuously porphyritic granodiorite, the oldest
member of the Bohemian part of the pluton, particularly
wide-spread in the Novohradské hory Mts, (analysed by
Hujsl 1981 and Hermanek 1995),

— the Freistadt type, composed of fine- to medivm-grained
biotite granodiorite, widespread E of Trhové Sviny and
mainly in the surroundings of Kaphiee,
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Moldanubian (South Bohemian) Batholith o
Weinsberg | Freistadt Lipnice Volary Trih.Sviny Lisenice Cimeét Eisgen | subvolcanic | Homotha Kozi hora
typa typa grmnite: ranibs granita pranite granite granite dykas pranta grenlis
Si0z2 655 705 698] 721 72.3 74.6 73 738 736 728 756
Tio2 05| 05[] o082 0.35 0.38 0.08 0.28 018 01 0.03] 008
AL2O3 15.7 147] 147 14.4 14.3 14.7 14.5 14.3 14.2 15.1 12.9
Fe203 215 04| 0.4 0.51 0.56 0.39 0.41 043 072 038 08
FeO 2.2 2 18] 118 1.2 0.44 1.04 0.73] ~ 033 0.28] 0.9
MgO | 15| 084 079 0.5 0.5 0.19 04 025] o015 o011 008
Ca0 | 2.5 1L R 0.66 0.65 072 047] 045 051 047
Na20 32 3s|] 3 35| 286 36 3.2 323 351 435  3.38
K20 47 a2 517 4.7 5.45 4,65 5.1 4.66 418 38 5.04
P205 | 0.3 0.2 0.28] 0.2 0.26 0.22 0.3 0.3 031 o073 008
Ba 1 550/ 1386 628 585 322 256] 317 67 55 35 140
Cs B 4 7 19 9.1 12.1 13.7 30 36 750
Ga - 20 26 18] 23 15 22 24 32{ s{
Hf 5 71 3 41| { 3.4{ 2[ 17 1.3
Li 30 30 75 a7 62 33] 79| 154 200 500
Nb _ 8 12 7 1ol 10 T 16 28 51 34
Pb 35 27 10 36 37 37 24 22 11
[Rb 170 140 305 203 285 175 271 368  555| 11a5] 340
Sc 6.5 5. 58] 28] 275 31 33 -
Sr 180 290 116 171 74l 83 100 40 27f &3 23
Th 2] 46 18] 33 8 174 1" 4 08
U j 34| 6 5.1 7.2 57 1.7 12 5 4.2
Y _ | 22 " 14 2 20| 145 16 18] 8| 3 18
Zn | 6 so 91 48 95 33| 9] a4 so] 83
Zr 2000  i70[  226] 08| 131 23 93] s4| 25 13| 27
ta [ 37 60] 28| 3 53] 26 4] 7 130
Ce SR | | G D T e s
Sm ] 55 105 53 7 07] 57| 335 18 05
Eu 1.2 0.76] 088 053] 045 o057 028 012 0.02
Yo [ 03 115 0.48 AT A a1 e 0.2y
Lu 0.2 0.16 0.21 0.1 011 -0 0.1 0.05 0.03

- the Lipnice type, composed od medium- to fine-grained
biotite granite in the northern part of the Central pluton,
characterized by low 8iO;, and high Ba, Sr, and Zr contents,
— the Trhové Sviny type, consisting of a medium-grained,
biotite granite in the northern part of the Novohradske
hory Mits,, characterized by relatively high Zr, Th and
LEEE contents,

— the Volary type, composed of a medium- to fine-grained,
two-mica granite in the central part of the Sumava Mis.,

~ the Lasenice type, a medium- to fine-grained, two-mica
granite forming the northwest rim of the Central pluton and
the Klenov massif, specific in its low Rb, Zr, Th and REE
contents,

- the Cimé&f type, a medium grained, porphyritic, two-mica
granite in the central part of the Central pluton,

— the type of coarse-grained, two-mica granites, geologi-
cally younger than the Cimé&f type, encompassing the gran-
ites at Cefinek, and Landstejn in the northern part of the

pluton, in the northern surroundings of town Ceské
Velenice, and the Tfistoli¢nik-Dreisesselberg massif in the

a4

Sumava Mts. This type corresponds best to the Austrian
"Eisgarn“-pranite from the typus locality.

Based on the latest studics, several other granite types
(geologically younger than the above) can be recognized
within the Moldanubicum:
~ the Kozi hora-Hirschenschlag type, comprising a fine-
grained, biotite granite with indications of greisenization
and a Mo-mineralization (God 1989, Koller et al. 1993),
resembling chemically the Cimé&f type, but with a different
initial Sr ratio (Scharbert 1987),

— a type consisting of vein subvolcanic granite porphyries
and dyke granite forming a distinct N-§ trending zone
stretching from Pelhfimov to Litschau (Kie¢ka - Vaikova
1988, Vrana 1990, Breiter et al. 1994, Breiter - Scharbert
1995),

— the Homolka type, composed of an albite-lithium musco-
vite-topaz phosphorus rich granite with Sn-Nb-Ta minerali-
zation that forms a stock west of Nova Bystiice (Breiter et
al. 1994, Fryda - Breiter 1994, Breiter - Scharbert 1995);
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Rozvadov piuton Bor | Babylon | Orlické hory area Zulova piton | Krkonode
cordierte | Rozvadov | Bamau |Kitfovykdm | massif | massd | ) massif
bonalite granite | granis granite | granodiorite | granite lonalds | granite graﬁudmrﬂe _grantte granite

Si02 58| 7328] 7534 72 E 715 59 699 66 74 72.4
TiO2 03] 03 0.09 001 051 028 0.61 03 0.83 0.21 0.34
Al203 246 138]  133] 1391 156 14.6 15.3 15.4 15.4 13.7 136
Fe203 0.7 053] o047 0.3 0.3 0.4 15 0.43 08 0.44 0.64
FeO 48 073 0.48 0.3 25 1.6 47 1.5 3.7 1.3 17
0 47 0.33 0.14] 002 1 08 4.2 1.2 {3 0.3 0.66
Ca0 17 0.79 048] 026 2l 14 52| 17 ag 1.3 1.63
INa20 21] 288 3.3 5.68 33 35 28] 45 36 34 34
K20 15 5.09 356 35 51] 48] 3¢ 38l 33] 45| asg
P205 0.34] 018 033 0.52| 0.2 017 042 009 018 007 012
Ba 1510 215] 5| 1270 §53] 1533 83| 1075 572 362
Cs 30} | B 6 16 6.3 8.1 7] 48 13
Ga 18] 19 20 20 2] 16 25
Hf 28 15 7 4 5.4 48 8.3 49| 54
U s & 175 600 41 92 8 35 3B 3w 82
Nb 7 7 18] 37| g 8 of [ 5] 3 12
Pb 3% B 7 s 44 JIHE 3] 15 17| 2
Rb _211] 233 483] {010 166 29| | 143 80 194 241
Sc | I 78 55 28] 7| 124] 4B 7
Sr_ 18 85 7] 11 =3 17] 467 363 254 116 101]
Th 1 3 2] 3 19 5 13 7 w0 17 24
U ] 35 | 55] 6 5 25 6.5 4 5 7
Y 12 10 7] 16 7] 21 32 15 29 24 41
Zn 110 52 B4| 98 60 52 75| 48| BA 41 30
Zr 119 94 16 18] 204 113 154|141 284 150 138
|La 3 3 8 oes|  se| 34| 47 32 40 39 34
Ce 76 68] 13 11 6] 64 g8 57 83 77l 76
Sm 7.65 6.1 4] o014 64 5 79 49 75 6.3 58
Eu 11] 057 013] 002 15| 08 KKl 16] 07 08
Yb ] 114  071] 06 0.27| 1.3 1.8 28 13 45 a7 34
Lu 0.15 0.13 0.13 0.03 0.22 0.3 0.38] 018] 04 0.41 0.8

this type involves bodies situated at the Sejby and Nakolice
in the Novohradské hory Mis. (Klecka - Matéjka 1992),
The Weinsberg-granite is probably a product of mixing
of granitic magma with granulitic lower crust material (Kol-
ler et al. 1994). The chemistry of the Lasenice type - low
contents of compatible trace elements - is indicative of an
origin by anatexis under the conditions close to a granite
minimum, where the preponderant part of accessories sup-
plying the magma with trace elements was not melted and
remained in the restite. Other granite types can be at first
sight considered as the products of melting of predomi-
nantly crustal {metasedimentary) material in a gradually
evolving magmatic reservoirs with several particular foci of
stronger differentiation (the Central pluton, the Novohrad-
skeé hory Mts, area and the Ttistoliénik-Dreisesselberg mas-
sif). The Homolka-type granites represent a final stage of

these evolution.

The Kozi hora-Hirschengschlag type, due to its relatively
primitive chemistry and lower Sri(Scharbert, pers. comun.)

represent probably a new input of magma from different
(metaigneous?) source.

The northern part of the Central pluton and the massifs
in the northwest part of the Sumava Mits., could not be
reliably classified, due to incoherent sampling.

4.2.3. The Central Bohemian pluton

This is undoubtedly the most complicated magmatic com-
plex in Bohemia. It intruded along the contact of the
Moldanubian block on the southeast and the Bohemicum
block on the northwest. Unfortunately, only trace-clement
analyses are available, but even these support the basic
subdivision of the pluton by Holub et al. (this volume) into
six rock types (Fig. 5, 6b, ¢, 9):

the Sazava type, a biotite-hornblende tonalite in the
northwest portion of the pluton,
— the PoZiry type, leucocratic biotite granite (trondhje-
mite}, locally muscovite-bearing, in the northern part of the
pluton,
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8. Schema of granite type distribution in Moldanubicum. 1 - Weinsberg type; 2 — Volary type; 3 - Trhové Sviny type; 4 - Lisenice type; 5 — Ciméf
type; 6 — coarse grained two-mica granite (Eisgarn type); 7 - Homolka type; 8 — Kozf hora-Hirschenschlag type; 9 - subvolcanic dykes; 10 -

Freistadt type; 11 — parts of pluton without interpretations.

— the Blatna type, a biotite granodiorite in the southwest
part of the pluton,

— the Ri¢any type, a biotite granite, locally muscovite-bear-
ing, situated in the eastern part of the pluton,

- the Sedl¢any type, a biotite granite in the eastern part of
the pluton,

— the durbachitic rocks (the "Certovo bfemeno* mela-
granite and the Tabor syenite) in the southeast part of the
pluton.

The behavior of some trace elements in the Central
Bohemian pluton (Fig. 5) differs from other described
plutons. The contents of Zr, Th and LREE in the suite
starting from the intermediate to the acidic rocks (the
Sazava-Blatna-Ri¢any types) do not show a decreasing gra-
dient as usual, but they increase or remain at the same level.
The strontium contents in tonalites, granodiorites and
granites are roughly the same. Graphs of the inter-depend-
ence of contents of elements within the individual rock
types are roughly parallel (see Fig. 5). This indicates that
these rocks could not have resulted from differentiation of
the same magma. An origin from independent portions of
magmas that were gradually generated at the contact of the
Moldanubicum and the Bohemicum is more likely (re-
cently supported by Sr-Nd investigation by Janouiek - Ro-
gers 1994). The focus of the magmatism most probably
drifted eastward, i. e. toward the Moldanubicum.
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The Sedl¢any type represents chemically a transition
from the Riany granite to the durbachitic rocks, which is
in good agreement with the suggestions of Holub et al. (this
volume} explaining the origin of this rock by mixing of two
magmas. The chemistry of the durbachitic rocks is quite
specific and its evaluation is beyond the scope of this paper.
It is discussed in detail by Bowes and KoSler (1993} and
Holub et al. (this volume).

The PoZary type, very acidic and at the same time geo-
chemically primitive rock may represent a rest magma after
differentiation of the Sdzava-tonalite.

4.2.4. The West Bohemian pluton

It involves several smaller massifs (Fig. 10) whose inter-re-
lations are not well understood and most of whose are not
unequivocally dated. Most of the massifs are related to N-S
trending tectonics and they are generally elongated in this
direction. Proceeding from N'W toward SE, the Rozvadov
massif at the German border, the Bor massif, the Sedmihofi
stock, and the small Babylon massif near DomaZlice belong
to this group. Hejtman (1984) considered the Stod, Klad-
ruby, Cistd and Sténovice massifs to belong to this group,
but the Cistd and St&novice stocks exhibit a markedly
distinct chemistry and the Stod, Kladruby, and Tis massifs
are of pre-Variscan age (Fig. 4).



The Rozvadov massif was formed in two phases {Breiter
- Trzebski 1994, Breiter - Siebel 1995). The older portion
comprises a complex of cordierite granitoids highly con-
taminated by their gneissic wall-rocks. A sequence of three
types intruded during the younger phase:
— fine-grained, two-mica granite {Rozvadov type),
- medium-grained, two-mica granite (Birnau type),
— fine-grained, leucocratic, phosphorus-rich albite-zinn-
waldite granite with topaz, of the "K¥iZzovy kimen-Kreuz-
stein”™ type, which is chemically analogous to the ore-bea-
ring Li-mica granites in the Kruiné hory Mts. and Moldanu-
bian batholith.

The Bor massif consists of two main rock types: of a
contaminated hornblende-biotite granodiorite to diorite
(redwitzite?) and of a biotite granodiorite. The set of che-
mical analyses is relatively inhomogeneous, indicating a
certain internal differentiation, but it does not enable a
clear-cut subdivision that would correspond to the existing
geological map. High thorium content typifies the Bor
massif,

The "Sedmihoii stock® is geologically and chemically
independent from the Kladruby massif, and is undoubtedly
of Variscan age. It exhibits a ring structure (Bartofek et al.
196%) and consists of four subsequent magmatic events:

- intrusion of medium- to coarse-grained biotite granite
with orthite,

— intrusions of N-S trending granite porphyry dykes of
subvolcanic character,

= intrusion of medium-grained two-mica granite,

— intrusion of fine-grained muscovite-tourmaline granite.

Some indications of Sn- and W-mineralization were
found within the stock.

The age of the Sedmihofi stock by the Rb-Sr method
gives 313 + 50 Ma (Voves 1994).

The Babylon massif is a relatively homogeneous body

9, Schema of granite type distribution in
the Central Bohemian pluton (compiled
after Holub).

SAZEVA TOMALITE
| BLATNA GRANODIORITE
POZARY GRANITE
+ ¢ | RICANY GRAMITE o
= "] SEDLCANY GRANITE

1 DURBACHITES

composed of a porphyritic biotite granite which becomes
two-mica granite at the north contact.

4.2.5. The Cistid and Sténovice massifs

The Cista granodiorite stock (90 km west of Praha, 8 km in
diameter) is geographically a part of the Cistd-Jesenice
pluton. It intruded on a junction of several faults. The N-§
trending "Plzen* fault (Sfovickovi 1973), with the small
Sténovice granodiorite massif lying on it 50 km southward,
is the most important one. The Cista massif is ring-shaped,
it has an inexpressive zoned structure, and has, according
to Kopecky et al. {this volume)}, a system of radial and
concentric faults.

The St&novice massif seems also to be ring-shaped (Klo-
minsky 1963}, but gravimetric investigation revealed a N-5
trending high, mostly covered by wall-rock consisting of
Proterozoic sediments (Mrlina, personal communication).

Both massifs are formed by a medium-grained, biotite
granodiorite. Their chemical composition differs strikingly
from all the other granitoids of the Bohemian Massif; they
show an extremely high Srcontent (Fig. 4) and in particular
a positive Eu-anomaly (Fig. 6d), along with Na0>K.O
and a high H{/Zr ratio. Manifestations of alkaline metaso-
matism have been found at the near-contact zone of the
Cistd massif (see Kopecky et al., this volume).

4.2.6. The Krkonose-Jizera massif

It lies at the border with Poland. It is chemically relatively
homogeneous, formed by coarse-grained porphyritic bi-
otite granite (Klominsky 1969). Variscan age was confir-
med by the Rb-Sr method in the Polish part of the massif
(330-325 Ma, Pin et al. 1988). It differs considerably in its
high trace-element contents (Zr, Th and REE) from the
nearby pre-Variscan granites (the Jablonec and the Tanvald
granites).
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10, Schema of granite massifs in western Bobemia. 1-6 — Variscan
Eranitoids: 1 - contaminated homblende-biotite granodiorite of Bor-
massif; 2 — biotite granodiorite to granite; 3 - fine-grained biotite- o
two mica granite of Rozvadov-type, 4 — felsitic granite porphyry;
5 - differentiated two-mica and muscovite granile; 6 — albite granile
KiiZovy kdmen type; 7 - pre-Variscan biotite granite; B — Bérnau body;
Ba - Babylon massif, Bo - Bor massif; Fl - Flossenbiirg massif;
H - Hagendorfstock; K~ KfiZzovy kimen stock; Kl — Kladruby massif;
M ~ Marianské Lazné€ body; P - Pleystein stock; Ro- Rozvadov massif;
3 ~ Silbergrube stock; Se — Sedmihofi stock.

4.2.7. The Orlické hory Mis. and the Silesicum

The several small granitoid bodies in the Orlické hory Mts.
and in the Zibfeh series at the border of Bohemia, Moravia
and Poland can be subdivided into two basic types (Opletal
et al. 1980):
— hornblende-biotite granodicrites {tonalites) at Pé&cin,
Kunvald, Bystiec, Mistrovice and Hefmanice near Sum-
perk,
— biotite granites at Olednice, Litice, Helvikovice and Bil4
Voda.

Both types are chemically relatively compact with the

88

clark concentration of trace-elements. Opletal et al. {1980)
consider both types as pre-Carboniferous, although the
existing K /Ar data yield 295-360 Ma (Smejkal in Opletal
et al. 1980).

The Zulovd massif, lying east of the Ramzovd thrust
zone, 1. €. in Silesia, is composed of two rock types:

- a biotite granodiorite in the western part of the massif,
— biotite granite in its eastern part.

Both types differ significantly in their chemistry and
exhibit a conspicuous differentiation trend. Typical feature
is the increase in Th contents toward more acidic rocks,
mineralogically refiected by an abundance of orthite.

4,2.8. The Zelezné hory pluton

It forms a trianguloid body in the Zelezné hory Mts. in
eastern Bohemia. The most significant features of its struc-
ture are interpreted in different ways (see Drozen et al. this
volume). There is a certain geologic and petrographic re-
semblance to the Central Bohemian pluton.

Regardless of the varying geologic interpretations, two
chemically very distinct rock complexes can be distin-
guished:

— tonalites to granodiorites (environs of Skuted),
- biotite "red” granites at Zumberk and Lukavice.

The chemistry is on the whole quite primitive, the ele-
ment distribution is similar to that in tonalites and grano-
diorites of the Central Bohemian pluton.

(Part of the pluton near the east contact is markedly
influenced by assimilation of the gneissic wall rock and has
not been included in the classification. There are no avail-
able and usable data from the south part of the pluton, from
the so-called Vieradov complex of probable pre-Variscan

age.)
5. Geotectonic Implications

Statistical evaluation of chemistry of all the types of Varis-
can granitoids defined above enabled to define four groups
of massifs or plutons which correspond to evolutionary
phases of the Variscan orogen and to the differing geotec-
tonic position of their intrusions. Overall characteristics of
these four groups are obvious from Fig. 2, 3,4, 5 and 6.

1. A group of tonalite-granodiorite plutons marks the
onset of Variscan magmatism in Bohemia (geologic evi-
dence suggests a Devonian or Carboniferous age). It forms
a2 SW-NE trending zone that separates in the northwest the
Moldanubian block from the Bohemicum. The central Bo-
hemian and the Zelezné hory plutons belong to this group.
The position of tonalites in the Orlické hory Mts. is not
quite clear. Chemically, these are plutons with a wide range
of major-element contents {gabro-tonalite-granodiorite-
granite), but with small differences in their trace-clement
contents. There is no correlation between Rb and Sr con-
tents, Zr, Th and Ce contents show a rather increasing
trend toward the more acidic rocks. The contents of grani-
tophile elements such as Li, Cs, Sn etc., oscillate around the
clark values.

2. A group of granodiorite-granite plutons corresponds



temporally to the culminating post-orogenic magmatic
stage (of Carboniferous or possibly Permian age, according
to geologic evidence ). The plutons are situated within con-
solidated crystalline blocks. They frequently consist of a
large number of separate intrusions, forming conspicucus
differentiation suites culminating in specialized Sn- and
W-bearing, extremely differentiated rocks. The Moldanu-
bian pluton, the Karlovy Vary and the Smréiny (Fichtelge-
birge) plutons, the Rozvadov massif and the massif of
Sedmihofi in western Bohemia belong to this group. The
Krkonose-Jizera, the Zulova, Bor and Babylon massifs do
not contain similar highly differentiated granites. Their
evolution was terminated either before the ore-bearing
stage, or the Sn-W-mineralized granites have not been
rcached by the present erosional level.

The granitoid magma in this group is characterized by a
high positive correlation within the groups of compatible
(Sr, Ba, Zr, REE, Th) and incompatible (Li, Rb, Cs, F)
trace elements. Inter-correlation of both groups of ele-
ments is strongly negative, the Zulova massif being the only
exception,

3. This group of volcano-plutonic complexes is linked
with late-Variscan extensional tectonics. At present, the
only known representative is the volcano-plutonic complex
formed by the Teplice rhyolite and by the Preiselberg and
Cinovec granites of Westphalian C-Permian (7) age in the
eastern Kruiné hory Mts. Characteristic is a granite intru-
sion marking the collapse of a caldera composed of rocks
of the probably comagmatic voleanic complex. Significantly
higher contents of Zr, Y, and particularly of Th and HREE
and lower contents of Al and P distinguish this group from
group 2. Contribution of a deeper-seated source or second-
stage melting of granulitic source rocks during the magma
genesis is likely. Chemically identical, but lacking any pre-
served volecanic material, is the granite stock on the Hora
Svaté Katefiny village.

The youngest Moldanubian granitoids — the felsic por-
phyries and the Homolka granite are closely related to the
extensional tectonics, but chemically, they belong to the
other Moldanubian plutenic rocks, 1. e. to the 2nd group.

4. A group of probably deep-seated magmas with mani-
festations of alkaline metasomatism. Time of the intrusion
cannot be established with certainty, due to the lack of
dependable isotopic data. This group consists of grano-
diorites with anomalous magnetic properties of the Cisti
and Sténovice massifs, Both intrusions are related to tec-
tonism. Geophysical pattern of the Cist4 massif {Bartodek
etal. 1969) suggests a stock with deep-seated influence. The
rock chemistry is primitive (Rb<38r), the positive Eu-ano-
malies are indicative of feldspars of cumulate character or
of a precursor rich in plagioclases of possible anorthosite
type. All this, including the alkaline metasomatism mani-
festations (Kopecky et al., this volume), is indicative of a
deep magmatic origin, independent of other Variscan mag-
matic phenomena in the Bohemian Massif.

Comparing the above defined plutonic groups in the
Bohemian Massif with the systems of Pitcher (1987), group
1 can be attributed to continental-margin plutons (Andean
type), group 2 can be classified as collisional plutons (Her-

cvnian type) and groups 3 and 4 as anorogenic plutons,
According to Pearce etal. (1984) group 1 is product of "arc"”
magmatism, group 2 collisional magmatism and group 3
"anorogenic” magmatism. Position of group 4 is problem-
atical {Fig. 11).

The pre-Variscan granitoids of Bohemia form, except for
the Lusatian pluton, relatively small and simple, little dif-
ferentiated bodies that are difficult to interpret. The Lusa-
tian pluton and the Tis ( + Petrohrad) granite belong to the
intra-block, granodiorite-granite pluton types, whose late
differentiates (the Tanvald type)} exhibit a tin-bearing
trend. The Chvaletice granite bears certain features of an
anorogenic (rifting-related) position - low Al and P, high
Y and HREE (Fig. 11}. Geotectonic position of the Stod
massif 1s unclear,

6. Metallogenic implications

Based on the spatial and occasionally even temporal coin-
cidences of the ore- and some non-metallic deposits related
to the defined granitoid varieties, several metallogenic
types of Variscan plutons can be delimited:

a. type of tonalite-granodiorite plutons occurring at block
boundaries (the Central Bohemian pluton being the typical
body) — without directly genetically related ore mineraliza-
tion,

b. type of granodiorite-granite (intra-block) plutons (the
Karlovy Vary and Moldanubian plutons arc typical)} with a
close genetic relation to Sn, W, Li, (£ Mo, Nb, Ta) and
F-mineralizations. The volcano-plutonic complex of the
castern Kruiné hory Mis. (geotectonic group 3) is metallo-
genically similar,

¢. type of primitive deep-seated magmas with manifesta-
tions of alkaline metasomatism on deep-seated intra-block
faults (the Cistd granodiorite being a typical body) — alka-
line metasomatism (fenitization ), accompanied by Zr and
Mo indications, 1s linked with the stock contact.

7. Discussion

In the last 25 years metallogenic models of Variscan mag-
matites in the Bohemian Massif were based fundamentally
on the conception of the "petro-metallogenic series” de-
fined by Sattran and Klominsky (1970). Further papers
dealing with this topic (Sattran 1981, Vacek et al. 1983,
Klominsky 1988), have not brought any substantial pro-
gress. Sattran and Klominsky {l.c.) defined four metallo-
genic granitoid series:

1. the 5n + W series — represented by granites of the
krusné hory type in northwest Bohemia, the Tanvald-type
in north Bohemia (considered to be Variscan) and the
coarse-grai-ned Moldanubian granites (Landste)n etc.),

2. the "transitional”, W + Mo series — granites of the
mourntain type in northwest Bohemia, the KrkonoSe Mits,
granites, the Rozvadov massif, the Sedmihofi granite, gran-
ites of the Bor massif and the Ri¢any granite in the Central
Bohemian pluton,

Ky
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and Sténovice granodiorite, Kladruby massif, Sedmihoff stock, Bor massif

3. the "transitional“ Mo + Au series - granodiorites of
the Bor massif, the Kladruby, Cista, Sténovice and Zulovi
massifs,

4. the Au series - tonalites and granodiorites of the
Central Bohemian pluton and the Zelezné hory pluton.

We consider the approach of Sattran and Klominsky (1.c.)
as methodologically unacceptable, since portions of the
same magmatic complex are often attributed to different
metallogenic series (the Kruné hory Mts., the Moldanu-
bicum, the Central Bohemian pluton etc.). The difference
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consists only in the magmatic differentiation degree and
therefore in the degree of concentration of metallic ele-
ments and metaliogenic productivity. Also, the use of mo-
lybdenum, which is metallogenically unimportant in the
Bohemian Massif, as a typomorphic element, does not
appear plausibie. Logic requires to put always a complete,
genetically related complex of rocks to a single metallo-
genic type. The actual mineralization styles then depend on
the differentiation degree reached by the pluton or its part.

Therefore we propose to omit the two "transitionai®



series of Sattran and Klominsky (l.c.) and we accept only
the three, clear-cut metallogenic pluton types defined in the
previous chapter,

Orlov (1932) and Klominsky (1988) suggested some simi-
larities between the Cistd and Sténovice massifs and the
Central Bohemian pluton. But the specific chemical fea-
tures of the Cistd and Sténovice granodiorites (high Sr
content and positive Eu-anomalies) has not been found in
any of the rocks of the Central Bohemian pluton. Also
affinity between the Ri¢any granite (Central Bohemian
pluton) and the Melechov massif in the northern part of the
Moldanubian pluton suggested by Klominsky (1988} is not
supported by our data. Both granites belong to different
geochemical types. The hypothetical Ri¢any batholith,
which, on the basis of gravimetric data of, involves both
these granites (Tomek 1975) (if it even exists), cannot be a
homogeneous body.

We must also critically evaluate the idea of a specific
position of the so called "small intrusions” (Bartosck et al.
1964), to which these authors put the Sedmihofi stock, the
Sténovice, Cistd and Flije massifs, They exhibit a roughly
isometric shape, have 3-8 km in diameter and are located
on important faults, The Sedmihofi stock has a neatly
zoned ring structure, the Cist4 grancodiorite forms a circular
stock with an inexpressive zoned structure, the other bodies
lack any zoned structure. Chemical data have shown quite
explicitly the above massifs to belong to different genetic
groups. Only the Cistd and Sténovice massifs correspond
Bartodek s et al. (1969) concept of a deep magma source
and of an ascent along decp-rooted, extensional N-S trend-
ing faults, being essentially anorogenic. The Sedmihofi
mtrusion undoubtedly belongs to the group of late-stage,
Sn-W mineralized, granodiorite-granite massifs, such as the
Karlovy Vary and Moldanubian plutons, Only the structural
conditions at the intrusion site — intersection of faults - pave
rise to a stock. After all, the highly differentiated, Li-rich
granites of the Krudné hory Mts, and of the Moldanubicum
commonly form stocks, although without any conspicuous
zoned structure. The Flije massif in the Krudné hory Mts,
is formed by a mountain-type granite, fully equivalent to
the mountain granites of the Karlovy and Smréiny massifs.

The discovery of highly differentiated Li-rich granites
(previously known only in the Kruiné hory Mts.), made
lately in the Rozvadov massif (the KiiZovy kdmen type,
Breiter - Trzebski 1994) and at several localities in the
Moldanubicum (the Homolka type, Breiter et al. 1994),
points to a great similarity of the late-stage Variscan mag-
matism in the Saxothuringian and Moldanubian blocks and
provides a wide scope for Sn-W ore exploration that might
cover a considerable portion of the Moldanubian block.,

We would also like to express our opinion on the popular
classification of I- , S- and A-type granitoids (Chappell -
White 1974, Loiselle - Wones 1979) in the Bohemian Mas-
sif. This classification was applied in the Bohemian Massif
by Jakes and Pokorny (in Vacek ct al. 1983) and Klominsky
(1988). Stemprok (1986) and Tischendorf et al. (1989)
attempted to apply it in the Kruiné hory Mts, Liew et al.
(1989) and Finger (1994) in the Moldanubicum. In many
cases, the above mentioned authors, while using the same

criteria, have arrived at quite contradictory interpretations.
For instance, the Kruiné hory-type granites in northwest
Bohemia are attributed to S- (Stemprok l.c.), I- (Tischen-
dorf l.c.) and A- (Klominsky l.c.) types! On the whole, we
consider application of the I-5 classification criteria {Chap-
pell - White 1974) to central European Variscides as not
entirely fitting. These criteria were conceived in southeast
Australia in a magmatic regime located on the continent-
ocean contact, whereas the European Variscan granitoids
were generated predominantly in the final stage of collision
of continents or microcontinents. Therefore, on the basis
of the most general geclogic criteria our type of tonalite-
granodiorite plutons (e. g. the Central Bohemian pluton)
can be only very roughly identified with the I-type of Chap-
pell and White and the granodiorite-granite type plutons
with the S-type. However, individual chemical and isotopic
criteria of Chappell and White should not be applied to the
central European Variscides.

The term A-granite has been obscured by the different
approach of many authors to such an extent, that its use is
mostly questionable. Is it the geologic position that is es-
sential for the use of the term A-granite, or only certain
chemical characteristics fulfilled more or less by all highly
differentiated granitoid magmas? We therefore avoid the
use of the I-S-A classification and have rather tried to
nterpret the conditions of granitoid genesis in terms of
Pitcher (1987) and Pearce (1984} (see above). (Compare
discussion about M-5-I-A typology in Clarke 1993).

The pre-Variscan granitoids {except for the Chvaletice
granite) differ significantly from the Variscan granitoids in
their lower content of Zr, Th and REE. This is well-docu-
mented by granites of the west Bohemian area (see Fig. 4).
The differences in contents of these elements can be used
as one of the rough indicators of chronologic position of
those massifs that have not been reliably dated (for exam-
ple Kladruby massif).

Finally, we would like to make an assessment of how
much the interpretation of granitoid plutons could contrib-
ute to recognition of a structure of the Variscan orogen. The
documented zoning of the main pluton types, i.e. tonalite-
granodiorite plutons in the central, NE-SW trending zone
and the granodiorite-granite plutons within the Moldanu-
bian and Saxothuringian blocks is in contradiction with the
classical concept of SE-NW zoning of the eastern part of
the Variscides (Suess 1888, Kossmat 1927). The character
of the Central Bohemian pluton indicates an origin on a
continental margin with manifestations of subduction and
mixing of magmas generated at various depths and derived
from different sources, On the other hand, the plutons of
the Moldanubicum and Saxothuringicum originated under
the regime of a thick and differentiated continental crust.
A certain SE-NW trending zoning can be observed only in
the character of the youngest differentiates, i.e. the Sn-W
bearing granites. Chemical and geological features typical
of an anorogenic setting increase in number from the
Maoldanubicum to the eastern Kruiné hory Mts. (Tischen-
dorf - Forster 1992, Breiter 1994).

In addition to new geological and paleontological data
from the Barrandian basin (Patocka et al. 1994, Chlupac
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1994), the granitoid chemistry is another evidence for in-
terpreting the Bohemian Massif as a mosaic of blocks with
different pre-Variscan development, brought and linked
together only in Variscan times. The A-type affinity of
Chvaletice-granite and a discovery of granite xenoliths with
strong alkali-metasomatism in Tremadocian basalt at Ot-
mid¢e in Barrandian basin (Fiala 1977) suggest pre-Variscan
rift-like event on the NW-border of Moldanubicum (break-
down of Gondwana, compare Franke 1994), In this inter-
pretation, the Bohemicum block is a relict of a shelf (prob-
ably Saxothuringian ?7), Lower Paleczoic of the Barrandian
basin represents a remnant ocean-type basin situated be-
tween the continental Moldanubian and Saxothuringian
blocks. {Owing to the occurrence of Variscan alkaline me-
tasomatism in the Cista massif, we have to assume, even in
the Bohemicum block, an old continental-type crust under-
lying Proterozoic sediments). The Staré Sedlo- and Mi-
rotice-orthogneiss (Ko3ler - Farrow 1994) an the Central
Bohemian pluton are products of Devonian-Carboniferous
"arc” magmatism on the NW-rim of Moldanubicum indi-
cating closure of "Barrandian™ ocean.

8. Conclusions

Eight unmetamorphosed pre-Variscan and 40 Variscan gra-
nitoid types have been defined in Bohemia. Interpretation
of the pre-Variscan granitoids is difficult, mainly due to the
lack of age determinations of some massifs. The geological
setting and the scarce ArfAr and Rb/Sr ages argue for
predominantly Cambrian and Ordovician ages of the intru-
s10ns.

The intra-plate affinity of the Chvaletice granite and the
granite xenoliths with a strong alkali metasomatism in the
Tremadocian basalt at Otmice (Fiala 1977, Fryda, personal
commun. 1994) reflect breakdown of Gondwana and open-
ing of a Paleozoic basin on the NW border of the Moldanu-
bian block.

The Lusatian {(LuZice) pluton shows a relative long dif-
ferentiation path and it contains, as the only one among the
pre-Variscan plutons, potential ore-bearing partial intru-
sions (the Jablonec and Tanvald types).

The Cisti-Jesenice, Kladruby and the Stod massifs are in
their outcropping portions simple, homogeneous bodies
with no perspective of granite-produced mineralization.

The Variscan granitoids have been divided into four
groups. The group of tonalite-granodiorite plutons with
calc-alkaline chemistry without any granite-produced min-
eralization in the NW rim of the Moldanubicum {the Cen-
tral Bohemian pluton, Zelezné hory pluton, probably the
tonalites in the Orlické hory Mts. and the Silesicum) is
relatively the oldest (Upper Devonian, Lower Carbonifer-
ous), These granitoids are, along with their somewhat older
metamorphosed predecessors (the Mirotice gneiss, Kosler
- Farrow 1994), the product of an arc-related magmatism
on a block boundary after the closure of the (oceanic or
back-arc ?) Prague basin.

The second, somewhat younger group, is built by grano-
diorite-granite plutons that intruded into consolidated cry-

92

stalline blocks (the Moldanubicum, Saxothuringicum). The
chemistry of these rocks suggests a crustal origin. Some of
these plutons have undergone a long differentiation history
with enrichment in litophile elements (Rb, Li, Cs, Sn, U, F)
and producing Sn-W deposits (the Karlovy Vary pluton and
some indications in the Moldanubian batholith). Other
massifs simply show no significant internal differentiation
(the Krkonose, Zelezné hory and the Bor massifs).

The third group is represented by the late Carboniferous
volcano-plutonic complex of the eastern Krudné hory Mits.
The sequence of events — extensional faults, rhyolite extru-
sion, forming of a caldera, intrusion of small granite stocks
and the chemical signature suggest already "anorogenic”
conditions of the magma penesis, differentiation and intru-
sion. This magma type produced an important Sn-W (Mo,
Sc) mineralization,

These three Variscan granitoid groups correspond to
three stages of the culminating development of the Varis-
can orogen — closure of the sedimentary basin, collision and
uplift, decompression and extension.

The fourth group comprises two granodiorite stocks of
Carboniferous (7) age in the Bohemicum block —the Cistd
and the Sténovice stocks. They have an exotic chemistry
(very high Sr, positive Eu anomaly) and the Cisti stock
produced indications of alkaline metasomatism (fenitiza-
tion). The temporal and genetic relations of these grano-
diorites to the above defined granitoid groups remain un-
clear.

Recommended for print by E, Jelinek
Translated by authors
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Chemismus &eskych granitoidil: geotektonické a metalogenetické implikace

(Resume anglickdho textu)

KAREL BREITER - ADOLF SOKOL

PiedloZeno 22, Gnora 1996

Cesky masiv je jednou ze zdkladnich stavebnich jednotek vychodni vétvé evropskych Variscid. Mnoho cennych informaci
pro spravné pochopeni geologického vyvoje Ceského masivu (CM) a jeho postaveni ve variském systému miZe pfinésl
spravnd interpretace prostiedi vzniku {geotektonické pozice) granitoidnich plutonil. S interpretaci geotcktonickou je Gzce
spjata i interpretace metalogeneticka se zcela praktickym vyznamem pfi vyhledavani nerostnych surovin.

Zakladem této prace je soubor 550 chemickych analyz granitoidi shromiZdénych v rimci projektu "Regionilni
geochemie® (Cadkova et al.1984), které pokryvaji témé¥ viechny granitoidni masivy Cech. Tento soubor dosud nejkom-
plexnéjSich analyz zahrnuje vedle hlavnich oxidd i stanoveni pfes 30 stopovych prvki v té dobé dosaZitelnymi metodami.
V oblastech, které nebyly pokryty vzorkovanim Cadkové et al. {l.c.), byl soubor dopinén nepublikovanymi analyzami
autort.

Chemick4 data byla zpracovina pomoci multivariaénich statistickych metod - klastrovou, faktorovou a fuzy-analyzou.
Pro vipodet byly pouZity prvky spinujici pokud moZno tato kritéria:

— malé mobilita pfi zvétravani,
- spolehlivost analytického stanoveni,
— dobre definovana petrogeneticka interpretovatelnost.

Relativné nejlépe spliiuji tyto poZadavky prvky Ba, Ce, Li, Pb, Rb, 5¢, 5n, 5r, Th, Y a Zr. Nasledné statistické zpracovéni
dokazalo, Ze maximum informace je obsazeno v obsazich prvka Rb, Sr, Zr, Th a Ce, jejichZ distribuce umoZnuje definovat
viechny horninové typy a vyvojové trendy.,

Pro viechny definované typy byly po vylouéeni extrémnich hednot vypoéteny primérné hodnoty obsahu viech elementi
{nejvyznamnéjsi z nich uvadi tab. 1 a 2), stanovena zakladni petrograficka charakteristika a zakresleno jejich rozdifeni do
map.

Prevariské granitoidy jsou v nemetamoriované podobé zachovany zejména v blocich bohemika a lugika. Jsou to masivy
stodsky (518 Ma - svrchnf kambrium, Kreuzer et al. 1991), kladrubsky (464 +36 Ma - spodni ordovik, Voves 1994), tisky
a petrohradsky granit a luZicky pluton véetné tanvaldského a jabloneckého granitu (piedsvrchnoordovicky, Opletal et al.
1983, Kvicinsky 1986). S vyjimkou luZického plutonu jde o pomérné jednoducha4 télesa granodiorit-granitového typu bez
vyrazné diferenciace pravdépodobné korové geneze. Spoleénym znakem ve srovnani s variskymi granitoidy jsou niZsi
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obsahy U, Th, Zr a REE. Této charakteristice se vymykd pouze chvaleticky granit v hrani¢ni oblasti bohemika a
moldanubika (408 Ma (?), Bendl, dstni sdél.) s chemickymi znaky anorogenniho (riftogenniho) prostfedi vzniku.

Statistické zpracovani chemismu variskych granitoidi umoznilo definovat 4 skupiny masivii & plutoni, které korespon-
duji s etapami vyvoje variského orogenu a rozdflnou geotektonickou pozicf jejich intruzi. Zakladni charakteristiky téchto
4 skupin jsou nejlépe patrné z obr. 2, 3, 4, 5.

1. skupina tonalit-granodioritovych plutonil znamena poditek variského magmatismu v Cechich (na zikladé geo-
logickych dokladi svrchné devonského aZ karbonského stiff). Tvofi zénu jz.-sv. sméru lemujici na SZ a S blok moldanubika
proti bohemiku. Patfi sem stfedofesky a nasavrcky pluton, pfisluSnost tonalitd v Orlickyeh hordch nenf zcela jasnd.
Chemicky jde o plutony s Sirokym rozpétim obsahd hlavnich prvki (tonalit-granit), aviak s malymi rozdily v obsazich
stopovych prvki. Mezi obsahy Rb a Sr neni korelace, obsahy Zr, Th a Ce smé&rem ke kyselej§im horninim spiSe rostou.
Obsahy granitofilnich elementd (Li, Cs, Sn ap.) se pohybuji kolem kiarkovych hodnot. Tento typ plutonit neni provézen
Zadnou s granity pfimo spjatou mineralizaci.

2. skupina granodiorit-granitovych plutont éasové odpovida vrcholnému postorogennimu stadiu magmatismu (podle
geologickych dokiadit karbonského, moZn4 az permského stafi). Plutony leZi uvnitf blokd konsolidovaného krystalinika.
Casto jsou sloze ny z velkého poctu dil¢ich intruzi, tvof{ virazné diferenciacni fady vreholici specializovanymi rudonosnymi
intruzemi. Sem patii zejména moldanubicky pluton, karlovarsky a smréinsky pluton, rozvadovsky masiv a Sedmihofi v
zapadnich Cechdch. V ostatnich masivech (krkonodsko-jizersky, Zulovsky, borsky, babylonsky) nebyly silné diferencované
granity zjistény. Jejich vivoj bud’ skonéil diive, aniZ dosahl iirovné rudonosnych granitil, nebo tyto granity nejsou v dnednim
erozivnim fezu zastiZzeny.

Chemicky je tato skupina charakteristicka vysokou korelaci v granitoidnim magmatu kompatibilnich (Sr, Ba, Zr, REE,
Th) i nekompatibilnich (Li, Rb, Cs, F) stopovych prvkil. Vzijemna korelace obou skupin prvki je vysoce zdporna.

Neymiadsi faze nékterych plutoni v saxothuringiku jsou albit-zinnwaldit-topazové granity obohacené cinem a wolfra-
mem, které produkovaly ekonomicky vyznamna loZiska téchto kovi (Krdsno, Rolava, Prebuz, Horni Blatn4). Nejmladsi
faze plutond v moldanubiku jsou fosforem bohaté albit-muskovitové( + topaz) granity, obohacené cinem, niobem a
tantalem. Rudni minerdly v téchto granitech jsou rozptyleny v horning a netvofi ekonomicky vyuZitelné koncentrace.

3. skupina vulkano-plutonickych komplexii spojeni s pozdné variskou extenzni tektonikou. Jedingm dosud Znimym
zastupcem je vulkanoplutonicky komplex vychodnich Krudnych hor tvofeny teplickym ryolitem a preiselberskym a
cinoveckym granitem (westfal C-perm). Charakteristickd je intruze granitl po kolapsu kaldery velice pravdépodobné
komagmatického vulkanického komplexu. Chemicky je oproti 2. skupiné signifikantni vy$§i obsah Zr, Y a zejména Th a
HREE, a nizky obsah Al a P. Podil hlubinného zdroje pfi genezi magmatu je pravdépodobny. Chemicky totozny, aviak
bez zachovaného vulkanického aparitu, je granitovy peit na Hofe Sv. KateFiny, Nejmladsi faze, albit-zinnwaldit-topazové
granity, jsou nositeli greisenové mineralizace Sn a W (Cinovec), na Krupee té2 Mo. Charakteristickd je piimés Sc.

4. skupina hlubinnych magmat s projevy alkalické metasomatdzy. Dobu intruze nelze geologicky spolehlivé casové
zafadit, spolehlivé izotopické Gdaje chybéji. Skupinu tvofi anomdilné magnetické granodiority Sisteckého a &ténovického
masivu. Obé intruze jsou tektonicky podminéné. Geofyzikdlni obraz éisteckého masivu (Bartosek et al.1969) dokazuje
charakter pné s hlubinnym dosahem. Chemismus hornin je primitivni, pozitivni Eu-anomalic ukazuje na podil Zived
kumulatového charakteru nebo prekursor velmi bohaty plagioklasy, snad anortozitového typu. Tovie, véetné projeva alkal.
metasomatozy (Kopecky et al., tento svazek), svéddi pro hlubii (spodnokorovy ?) piivod magmatu, nezavisly na ostatnich
variskych magmatickych projevech v CM.

Vysvétlivky k obréazkidm

1. Piehledna mapa granitoidd Cech. | - prevariské granitoidy; 2-8 - :il:]d?-il‘:jf’ mnsiv:_ 4 —_kladr_uhﬁk:." masiv. 5-9 —_variake gr:m:ilui_f.l:.-.' 5_ -
variské granitoidy: 2 — tonalit-granodioritové plutony; 3 — durbachi- tlst:dnuln:nﬁ (s fazemi 51 a2 S?-‘,I.; 6 = borsky masiv; 7 - babylonsky masiv;
tick€ horniny; 46— granodiorit-granitové plutony: 4 - relativné méns 8 ~ pef Cistd; 9 - peit Sténovice.

diferencované granitoidy; 5 - silné diferencované granity; 6 - lithng
granity; 7 — vulkanoplutonické komplexy: vulkanity, granity; 8 - gra-
nodiority typu Cisté.

5. Distribuce nékterych stopavich prvkl v graniloidech stfedodeského
plutonu. 1 - typ Sdzava; 2 - typ Blatnd; 3 - typ Riany; 4 — typ PoZiry;
3 — typ Sedléany; 6 - typ Certovo bfemeno; 7 - typ Tébor.

2. Distribuce nékterych stopovyich prvkd v granitoidech moldanubika. 6. Distribuce prvkil vzienych zemin (normalizovane chondrity), a -
1-typ Freistadt; 2 —typ Volary; 3 - typ Lasenice; 4 - typ Trhové Sviny; zipadni Cechy a chvaleticky masiv; b - distecky a §ténovicky pefi; ¢ +
3 - typ Ciméf; 6 - typ hrubozrnych dvojslidnych granitd; 7 - tvp d— E[chnfesﬁjplumn; e + [~ moldanubicky }:Iumn: g - k:'irlr:wnrskjf
Homolka. pluton; h — vulkanoplutonicky komplex vyehodnich Kruinygch hor,

3. Distribuce nékterych stopovych prvkd v granitoidech severozipad-
nich Cech. I - typ Loket; 2 — horské granity; 3 — prechodné granity;
4 - krulnohorské granity; 5 - lithnd granity; 6 - typ Preiselberg; 7 -

7. Mapka distribuce granitovych typi v severozapadnich Cechich. 1 -
porfyricky biotiticky granit "Loket“; 2 - biotitické az dvojslidné "hor-
sk¢” granity; 3 — dvojslidné "pfechodné” granity; 4 - biotitické "krus-

typ Cinovec. nohorské” granity; 5 — albit-muskoviticky granit "Kladskd®; 6 - albit-
4, Distribuce nékterych stopovych prvkdl v granitoidech zdpadnich Et”"'_""'ﬂldit'1“_["“3{'-‘_"’""3 "lithne™ granity, 7 - tephcky ryolit; & - granitovy
Cech. 14 - prevarisk€ granitoidy: 1 - typ Petrohrad; 2 - typ Tis; 3 - porfyr; 9 — biotiticky granit typu "Preisclberg”; 10 — pné albit-zinn-
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waldit-topazového granitu typu "Cinovec”, peit vychazejici na povich,
ped skryty; 11 - viznamné vrty s vyznadenim zastiZeného typu granitu,

8. Mapka distribuce granitovych typi v moldanubiku. 1 - Weinsberp;
2 — Volary; 3 - Trhové Sviny; 4 — Lésenice; 5 — Ciméf; 6 - hrubozrnné
dvojslidné granity; 7 - Homolka; 8 Kozi hora; 9 - Zilné hominy;
10 - Freistadt; 11 — pro nedostatek dat nezafazené Zasti plutonu.

9. Mapka distribuce granitovych typi ve sttedoéeském plutonu (upra-
veno podle Heluba et al., v tomto sborniku).

10. Mapka roziffenl horninovych typd v zdpadnich Cechéch. 1-6 -
variské granitoidy: 1 - kontaminované amfibol-biotitické granodiority
borského masivu; 2 - biotitické granodiority aZ granity; 3 - drob-
nozroné biotitické a2 dvojslidné granity rozvadovského masivu;
4 — granitové porfyry; 5 — diferencované dvojslidné aZ muskovitické
granity; 6 — albiticky granit Kiizovy kimen; 7 - prevarisky biotiticky
granil; B - masiv Birmnau; Ba - babylonsky masiv; Bo - borsky masiv;
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Fl — masiv Flossenbiirg; H - pné u Hagendorfu; K - pné Kiiového
kamene; Kl - kladrubsky masiv; M — maridnskoldzefisky masivek; P -
pefi Pleystein; Ro - rozvadovsky masiv; § — ped Silbergrube.; Se -
Sedmihofi.

11. Interpretacni diagram podle Pearce et al. {(1984). a + b — stie-
dodesky pluton: tonality, granodiority, granity + asociované durbachi-
tické horniny; ¢ - karlovarsky pluton + vulkanoplutonicky komplex
vichodnich Krufnych hor; d — moldanubicky pluton: e — chvaleticky
masiv, tisky a petrohradsky granit; I — istecky a Eténovicky granodiorit,
kladrubsky masiv, pef Sedmihofi, borsky masiv.

Vyavétlivky k tabulkdm

1. Charakieristické sloZen( prevariskych granitoidd.
2. Charakteristicke sloZen{ variskych granitoidd.



