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Zwei-Glimmergranite im zentralen Teil des Südböhmischen Plutons 

Zusammenfassung 

Innerhalb des zentralen Teils des Südböhmischen Plutons konnte drei unterschiedliche, stark peralumische Granite nachgewiesen wer
den. Alle drei Intrusionsereignisse können mit ihrer regionalen Verbreitung sowie an Hand ihrer unterschiedlichen mineralogischen und geo-
chemischen Charakteristik definiert werden. Der älteste ist der Läsenice Granit, der vermutlich durch Aufschmelzung von Metasedimenten in 
einem "minimum melf-System während des thermischen Höhepunktes der variszischen Metamorphose gebildet wurde. Das Hauptstadium 
der Intrusions wird von einer Abfolge von Cimef Granit, Eisgarner Granit und von diversen Muskovitgraniten gebildet. Dieses war primär 
eine K-reiche, peralumische Schmelze, die relativ reich an Zr, Th und REE war und die mittels Fraktionierungprozessen eine Anreicherung 
an Na, P, F, Li, Rb, Sn, Nb, U und Ta erfahren hat. Das letzte Intrusionereignis fördert den tiefer sitzenden Zvüle Granitstock. Diese Schmelze 
kann man bezüglich ihrer Hauptelemente als fraktioniert ansehen, sie war aber im Gegensatz zu der vorhergehenden nicht in der Lage eine 
Anreicherung von Sn, Nb, U und Ta sowie der LIL-Elemente zu produzieren. 

Abstract 

Within the central part of the South Bohemian Pluton three strongly peraluminous granite intrusion events were recognised. All three 
events were defined in their surface extension and can be distinguished by their individual mineralogical and geochemical features. 

The oldest one, the Läsenice granite, was produced by minimum melting of metasedimentary material during the thermal peak of the 
Variscan metamorphism. The main stage of intrusion history is represented by the suite of the Cimef, Eisgarn, and muscovite granites. The 
original high-K peraluminous melt, which was rich in Zr, Th and REE, underwent an intensive fractionation process towards the enrichment 
in Na, P, F, Li, Rb, Sn, Nb, U and Ta. The last melting episode produced deep seated stocks of Zvüle type. This melt was evolved in case 
of major elements, but, in contrast to previous melt, not able to produce LILE and Sn, Nb, U, Ta-enrichment. 

1. Introduction 

More than 90% of the exposed surface of the South Bohe
mian Pluton (SBP) consists of several types of two-mica gra
nites, which differ from each other only in granularity, eventu
ally in presence of Kfs phenocrysts and biotite/muscovite 
ratio. The actually used Czech classification of the SBP-gra-
nites is based on the results of KOUTEK (1925) and ZOUBEK 
(1949). Based on macroscopic field observation in traditional 

quarry-areas they define the so called "granite types" -
Mräkotfn, Ci'mer and Landstejn. These three granite types, mi-
neralogically very similar, but texturally - at least on typical lo
calities - well distinguishable, have been considered as three 
evolutionary phases - intrusions - of the pluton. In Austria, 
the medium- and coarse-grained varieties of two-mica grani
tes in the surroundings of Litschau, Gmünd and Weitra are 
termed Eisgarn granite and subordinate bodies of the fine
grained varieties as Mauthausen granite (WALDMANN, 1950). 

Autor's addresses: 'Czech Geological Survey, Geologickä 6, CZ-152 00 Praha 5. Universität Wien, Institut für Petrologie, Geozentrum, 
Althanstrasse 14 , A-1090 Wien. 
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Fig. 1. 
Simplified geological map of studied area. 



Previous attempts to distinguish individual two-mica grani
te intrusions and to define their succession based on field re
lations (Czech maps 1:200 000 (DUDEK et al., 1963), and 
1:50 000 (HRON, 1990, 1991), Austrian map 1:75 000 
(WALDMANN, 1950)) have failed, caused by the fact that the 
area is insufficiently exposed and no contact between the in
trusion types are exposed. Moreover, the individual granite 
types show large internal inhomogenities. Also the newest 
geochemical interpretations of Austrian two-mica granites 
(VELMER and WEDEPOHL, 1994; GERDES, 1997) oversimplified 
the situation taking all two-mica granites together into only 
one "Eisgarn group". 

KLECKA and RAJLICH (1984) based on structural relations, 
showed, that the central part of the SBP is much more com
plicated and the exposed two-mica granites belong to seve
ral independent magmatic events. An important attempt to 
recognise the pluton structure was made by GNOJEK and 
PRICHYSTAL (1997) giving first comparison of the Czech and 
Austrian sides of the pluton, based on geophysical, mainly 
gamma-ray measurements. BREITER et al. (1998) compiled 
all existing gamma-spectrometric data defining areal extent 
of individual granite intrusions. 

The available isotopic age data of the two-mica granites by 
Rb/Sr- and Ar/Ar-methods reviewed by SCHARBERT (1998) do 
not allow to distinguish between individual intrusions. This is 
caused by the relative small variance of Rb/Sr ratio within 
each intrusion. The Ar/Ar age data resemble more likely the 
regional cooling during uplift than ages of crystallisation 
(SCHARBERT et al., 1997). 

The aim of our study, supported by Czech-Austrian agency 
AKTION, was to characterise by geochemical, penological, and 
mineralogical methods the individual types of two-mica granites 
of the SBP and to constrain a more realistic evolutionary model. 
Our work is concentrated to the central part of the SBP on both 
sides of Czech-Austrian border between the towns of Jindfichüv 
Hradec, Gmünd, Slavonice and Mräkotin (Fig.1). 

2. Geological Setting 

The Variscan South Bohemian Pluton (SBP) is the largest 
granitoid complex (6000 km2) within the Bohemian Massif. It 
intruded Moldanubian high-grade metamorphic rocks (main
ly cordierite-biotite paragneisses) and crops out in the area 
between Jihlava (Bohemia) in the north and Donau river 
(Austria) in the south. The western part of the SBP is partly 
covered by Tertiary and Quaternary sediments. 

The SBP is a complex batholith built up by several intrusi
ons of different granite types. The succession of these indi
vidual granite types has been recently interpreted by FINGER 
and HOCK (1986), SCHARBERT (1987), LIEW et al. (1989), 
KOLLER (1994, 1996), and VELLMER and WEDEPOHL (1994). 

The studied area lies in the NE part of the SBP, in the so 
called "Central Moldanubian Pluton" (CMP), the largest indi
vidual (but not homogeneous) body of the SBP. 

Based on gamma-ray spectrometry (GNOJEK and PRICHYS
TAL, 1997; BREITER et al., 1998) and all accessible structural 
and chemical data (KLECKA and RAJLICH, 1984; KLECKA and 
MATEJKA, 1995; BREITER and SCHARBERT, 1995, 1998), a new 
typology of two-mica granites has been developed. The most 
substantial differences between older printed geological 
maps (WALDMANN, 1950, Czech edition 1:50 000) and our in
terpretation are in definition of the coarse-grained granites, 
formerly termed as Landstejn and Eisgarn, and in classifica
tion of the fine-grained granites N of Gmünd. 

Following types of two-mica granites can be distinguished 
and their areal extent can be defined: 

• The fine- to medium-grained two-mica to biotite Läsenice 
granite forms the Klenov body NW of the town Jindfichüv 
Hradec and the area near the NW margin of the CMP (SW 
and NE of the town of Jindfichüv Hradec (KLECKA and RAJ
LICH, 1984). 

• The medium- to coarse-grained porphyritic Cfmer granite 
is characterised by the large amounts of tabular Kfs crystals, 
often showing fluidal orientation. Our data confirm that the 
areal extent of the Cimef granite is nearly identical with that 
shown in the 1:50 000 maps edited by the Czech Geological 
Survey (HRON, 1990,1991). Within the Austrian part of CMP, 
the eastern peri-contact stripe between the towns of Slavonice 
and of Gmünd belongs to this type (as mentioned already by 
PRICHYSTAL, 1992).The quarrying district around the vil
lages of Mräkotin is built up by fine- (to medium-) grained 
granite named by KOUTEK (1925) the Mräkotin granite. In 
spite of its textural differences from the Cimef type proper, 
it is - from the chemical point of view - nearly identical and we 
interpret it as only local facies of the Cimef granite. 

• The Eisgarn granite s.S. (according to WALDMANN, 1950) 
forms the central part of the CMP between the towns of 
Nova Bystfice and Gmünd. The SW part of this "central body" 
is buried below the Cretaceous and Tertiary sediments of 
the SE part of the Tfebofi basin. It is texturally variable. The 
coarse-grained locally porphyritic granites prevail in the mar
ginal part of the body while mostly medium-grained non-por 
phyritic granites are developed in its centre. The outer con
tact of Eisgarn granite towards the enveloping Cimef granite 
can be mapped only with difficulties because of its elluvial co
ver. In this case the gamma-ray spectrometric patterns re
semble quite well the shape of the intrusion (compare 
PRICHYSTAL, 1992; GNOJEK and PRICHYSTAL, 1997). The boun
dary between the outer porphyritic and inner mostly medium-
grained facies (Fig. 1) can be drawn only approximately, 
while both facies show transitions into each other. 

• Several small bodies of a fine-grained two-mica granite are 
situated either within or along the margins of the Eisgarn gra
nite. According to their geological position they should be 
younger that the Eisgarn s.S. granite and are not eqiuvalents of 
the Mauthausen granite as mentioned by WALDMANN (1950). 
They are certainly members of the Eisgarn suite. 

• The medium- to coarse-grained, predominantly non-por-
phyrjtic Zvüle granite forms a ring-shaped body intruding 
the Cimef granite. This body was earlier named "Landstejn 
granite" (ZOUBEK, 1949). But Zoubek's type locality, the 
Landstejn castle, is situated outside this body, and the out
crops below the Landstejn castle are built up by a coarse 
porphyritic variety of the Cimef granite. Therefore we omit 
the name Landstejn and prefer the name "Zvüle" according 
to a small village in the centre of this body. 
Both bodies of the coarse-grained granites (Eisgarn and 
Zvüle types) coincide in their distribution quite well with the 
gravity minima (MEURERS, 1992; GNOJEK in BREITER et al., 
1998). This is explained by the presumed deepest roots of 
the pluton in these stock-shaped structures. 
Two-mica granites of the CMP are intruded by three types 
of younger granites: 

• A swarm of more than 30 dykes of granite porphyries and 
dyke rhyolites forms a 30 km long NNW-SSE trending 
zone between Läsenice in the north and Schrems in the 
south (KLECKA, 1984; BREITER and SCHARBERT, 1995), 

• Muscovite granites form several stocks and irregular bodies 
in the axial part of the pluton (e.g. Galthof and Pyhrabruck 
granites), or on the pluton periphery (e.g. Homolka 
and Sejby) (BREITER and SCHARBERT, 1995, 1998), 

• Ring-shaped system of small stock and dykes of biotite 
granite and zones of metasomatism at KoziHora/Hirschen-
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Table 1 
No. 2713 2868 3009 2721 2950 2963 3024 2720 2949 2954 2957 
Granite type Läsenice Cimef Eisqarn 
S i0 2 73,8 72,6 73,2 73,8 71,3 72,0 73,4 73,5 71,3 73,6 73,5 
T i 0 2 0,10 0,18 0,22 0,20 0,37 0,32 0,24 0,19 0,16 0,16 0,20 
Al 20 3 14,1 14,8 14,3 14,2 14,8 14,8 14,1 14,2 15,0 14,1 14,3 
Fe 20 3 0,26 0,33 0,15 0,25 0,87 0,44 0,12 0,19 0,52 0,78 0,70 
FeO 0,68 0,79 1,23 1,06 1,04 1,30 1,20 0,99 0,85 0,70 0,72 
MnO 0,03 0,03 0,03 0,02 0,03 0,03 0,03 0,02 0,30 0,39 0,03 
MgO 0,20 0,24 0,47 0,32 0,56 0,62 0,41 0,28 0,29 0,22 0,27 
CaO 0,69 0,66 0,76 0,83 0,90 0,92 0,92 0,77 0,69 0,62 0,74 
BaO 0,02 0,02 0,02 0,03 0,03 0,04 n.a. 0,03 0,03 0,01 0,05 
Li20 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,03 0,02 
Na20 3,16 3,28 3,12 2,89 2,91 2,83 2,99 2,98 3,25 3,32 3,18 
K20 5,15 4,91 5,19 5,65 5,35 5,45 5,39 5,48 5,91 4,60 5,32 
P205 0,24 0,28 0,25 0,24 0,25 0,23 0,26 0,25 0,25 0,28 0,22 
F 0,04 0,06 0,09 0,13 0,19 0,15 0,13 0,09 0,11 0,18 0,09 
L.O.I. 0,73 0,81 0,91 0,71 1,2 0,96 0,84 0,64 0,97 1,02 0,87 
H20' 0,25 0,16 0,07 0,21 0,23 0,17 0,16 0,2 0,15 0,2 0,14 
Total 99,4 99,2 100 100 99,9 100 100 99,8 99,5 99,8 100 
Rb 246 268 297 288 332 308 268 293 371 390 338 
Sr 55 59 67 66 71 82 69 65 54 27 38 
Zr 43 57 88 117 148 122 93 85 62 49 80 
Sn <7 <7 10 <7 <7 <7 <7 <7 <7 18 <7 
Zn 42 51 67 64 101 82 76 66 61 67 73 
Nb 9 14 17 17 12 11 10 11 17 17 18 
Pb 33 28 24 30 19 20 19 25 32 12 23 
Ga 20 17 n.a. 28 27 23 n.a. 28 28 28 23 
V 2 3 n.a. 4 14 18 n.a. 3 4 2 4 
Th 5,1 5,6 17 23,5 34,7 37,2 14,7 15,9 17 14 18,5 
U 6,8 6,4 11,7 8 6,5 9,9 4,6 10,1 8,4 7,1 10,4 
La 10,6 n.a. 28,6 36 47,8 42,2 n.a. 26,1 21,1 14,8 24,7 
Ce 22,3 n.a. 59,6 77,3 112 95,1 n.a. 56,5 49,2 35,5 57,7 
Pr <5 n.a. 8,25 10 12,6 13,4 n.a. 6,81 5,36 n.a. 6,78 
Nd 9,63 n.a. 27,9 34,1 53,7 46,7 n.a. 25,6 23,1 17 27,5 
Sm 2,97 n.a. 6,21 7,84 9,56 8,93 n.a. 5,68 5,32 4,06 6,06 
Eu 0,25 n.a. 0,48 0,4 0,52 0,62 n.a. 0,4 0,37 n.a. 0,32 
Gd 2,35 n.a. 4,34 5,3 5,15 4,8 n.a. 4,09 2,88 2,52 4,09 
Dy 2,13 n.a. 2,24 2,59 2,06 2,44 n.a. 2,3 1,69 2,02 2,4 
Y 9,74 n.a. 9,36 9,78 9,36 9,57 n.a. 9,84 7,31 10,6 12,3 
No. 2964 2969 ; >978 2987 2965 2985 2776 2935 2937 2940 2941 
Granite tvpe Eisqj irn fine-ar.Eisaarr Zvüle 
SiO? 75,0 72,5 73,8 74,0 70,7 72,8 74,3 71,5 71,1 72,4 71,8 
T i0 2 0,07 0,24 0,19 0,10 0,22 0,17 0,11 0,18 0,17 0,21 0,17 
Al 20 3 14,2 14,5 14,0 14,6 14,7 14,6 14,4 15,9 15,3 14,3 14,9 
Fe 20 3 0,22 0,59 0,48 0,29 1,58 1,32 0,69 0,68 0,69 0,69 0,70 
FeO 0,40 0,95 0,66 0,62 n.a. n.a. 0,26 0,66 0,70 0,77 0,55 
MnO 0,02 0,03 0,02 0,02 0,03 0,03 0,02 0,03 0,03 0,03 0,02 
MgO 0,1 0,35 0,27 0,12 0,37 0,29 0,13 0,28 0,32 0,33 0,25 
CaO 0,44 0,7 0,61 0,49 0,66 0,58 0,47 0,82 0,73 0,88 0,58 
BaO 0 0,02 0,02 0,01 n.a. n.a. n.a. 0,02 0,03 0,02 0,06 
Li20 0,04 0,03 0,02 0,04 n.a. n.a. 0,01 0,04 0,03 0,03 0,03 
Na 20 3,59 3,08 2,96 3,54 3,18 3,13 3,42 3,84 3,33 3,38 3,32 
K20 4,47 5,17 5,37 4,41 4,86 5,05 4,55 4,58 5,52 4,79 4,92 
P205 0,31 0,26 0,22 0,32 0,29 0,29 0,25 0,32 0,27 0,29 0,29 
F 0,21 0,22 0,16 0,22 n.a. n.a. 0,08 0,09 0,09 0,07 0,08 
L.O.I. 1,02 1,10 0,89 1,03 1,25 1,18 0,86 1,20 1,00 0,98 1,28 
H?0- 0,2 0,21 0,17 0,11 n.a. n.a. 0,18 0,3 0,19 0,23 0,27 
Total 100 99,8 99.8 99,8 97,8 99,4 99,7 100 99.5 99,4 99,3 
Rb 475 362 319 495 361 309 361 367 338 279 360 
Sr 10 39 55 57 55 52 14 52 64 67 43 
Zr 9 89 71 29 89 63 31 55 55 70 47 
Sn 16 <7 12 18 n.a. n.a. <7 18 14 10 20 
Zn 56 113 62 88 68 57 104 89 78 72 68 
Nb 23 16 13 27 12 10 13 0,19 12 14 14 
Pb 8 8 28 <7 28 29 13 21 23 24 21 
Ga 33 19 20 26 19 18 18 33 32 29 26 
V <2 9 4 2 11 8 <2 5 5 6 7 
Th 3,7 25,4 23,1 5,5 13,6 10 7,1 7,6 9,9 10 8,4 
U 6.6 13,1 12.5 15,5 5.1 5 8,3 7,4 4.3 5.2 6,7 
La 4,28 28,2 23,7 6,91 23,6 20,1 9,29 16,9 17,3 20,5 15,9 
Ce 9,81 65,5 54,5 16,7 49,3 41,3 20,8 36,9 37,5 44,5 34,9 
Pr n.a. 9,01 7,59 n.a. 6,03 6,44 n.a. <5 <5 5,07 n.a. 
Nd 5,17 30,7 25,9 8,38 22,8 19,1 9,68 16,5 17,5 20,6 16,3 
Sm 1,24 6,16 4,93 1,89 4,82 4,55 2,55 4,11 4,15 4,79 3,9 
Eu n.a. 0,31 0,34 n.a. 0,38 0,4 n.a. 0,3 0,37 0,44 0,34 
Gd n.a. 4,09 3,59 2,07 3,63 3,58 2,19 2,71 2,65 3,37 2,58 
Dy 1,45 2,61 2,12 1,96 2,6 2,3 1,62 1,93 1,49 1,89 1,5 
Y 7,91 10,1 8,78 11,4 12,4 10,3 7,44 8,59 6,82 8,48 6,79 
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Table 1 
Chemical composition of typical samples of two-mica granites. Major elements in wt.%, trace elements in ppm. 
Major and trace elements of samples Nos. 2965 and 2985 were analysed by XRF in the Geozentrum, University Wien. All other samples 
were analysed in laboratory of Czech Geological Survey, Praha: major elements by standard methods of wet chemistry, Rb, Sr, Zr, Sn, Nb, 
and Pb by XRF (detection limit 7 ppm), Ga and V by OES (detection limit 2 ppm), and REE by ICP-AAS. The contents of Tb, Ho, Er, Tm, 
Yb, and Lu are in all samples under detection limit (1 ppm for Er and Yb, 0.9 ppm for Tb, 0.6 ppm for Ho, 0.4 ppm for Tm, and 0.16 ppm for 
Lu). Th and U were analysed by gamma-ray spectrometry in ENVI-2000, Brno, detection limit lower than 1 ppm. 
2713 - fine-grained biotite (+muscovite) granite of Läsenice type, abandoned quarry 2 km NNW of Horni Pena. 
2868 - fine-grained biotite (+muscovite) granite of Läsenice type with biotite nests up to 0,5 cm, blocks in forest, 1 km NE of Hute near 
Pfibraz. 
3009 - medium grained porphyritic biotite (+muscovite) granite Cimef type, quarry, 1 km E of Cimef. 
2721 - medium grained porphyritic biotite (+muscovite and andalusite) granite Cimef type, quarry Kavex, 1.5 km SW of Räsnä. 
2950 - medium grained biotite (+muscovite) granite of Cimef type, blocks in forest, 1 km SW of Rottal. 
2963 - medium grained coarse porphyritic biotite (+muscovite) granite, quarry Fripess, Aalfang. 
3024 - medium grained biotite (+muscovite) granite with scarce phenocrysts of Kfs of Cimef type, quarry Kavex, 0.5 km W of Mräkotin. 
2720 - fine- to medium grained biotite (+muscovite, andalusite) granite of Cimef type, quarry Kavex, 1 km N of Sumrakov. 
2949 - coarse grained porphyritic two-mica granite, rim facies of the Eisgarn granite, excavation for family house, Griesbach. 
2954 - medium- to coarse grained two-mica granite of the Eisgarn type with scarce phenocrysts of Kfs, outcrop Grasselstein, 2 km NW of 
Litschau. 
2957 - medium- to coarse grained two-mica granite with Kfs phenocrysts up to 4x2.5x0.5 cm of Eisgarn type, blocks, 0.5 km E of 
Langauhäuser, 3 km SW of Litschau. 
2964 - medium grained muscovite (+biotite) granite, core facies of the Eisgarn granite, outcrop in Dreichsbachtal, 2 km W of Goprechts. 
2969 - medium grained porphyritic two-mica granite, rim facies of the Eisgarn granite, outcrop near the road, 1 km NW of Altmans. 
2978 - coarse grained porphyritic two-mica Eisgarn granite, crushed big blocks in forest, 2 km NE of Brand. 
2987 - medium grained muscovite (+chloritised biotite) granite, core facies of the Eisgarn granite, blocks in forest, 2 km NW of Brand. 
2965 - fine grained two-mica granite of Eisgarn type, small abandoned quarry in forest, 2 km NW of Aalfang. 
2985 - fine grained two-mica granite of Eisgarn type with nests of biotite up to 1 cm, blocks in forest 1.3 km SE of Gross Radischen. 
2776 - medium to coarse grained two-mica granite of Zvüle type, biotite is chloritised, small blocks in forest 1 km ENE of Roznov, southern 
rim of the Zvüle body. 
2935 - coarse grained porphyritic two-mica granite of Zvüle type, blocks in forest on top of small hill, 0.5 km S of Olsany, northern rim of the 
Zvüle body. 
2937 - coarse grained porphyritic two-mica granite of Zvüle type, blocky outcrop 2 km N of Valtinov, northern part of the Zvüle body. 
2940 - coarse grained two-mica granite with scarce Kfs phenocrysts, outcrop in forest 1.5 km S of Valtinov, central part of the Zvüle body. 
2941 - medium- to coarse grained two-mica granite with scarce Kfs phenocrysts, outcrop in forest 0.8 k S of Terezin. 

schlag with occurrence of molybdenite-magnetite greisens 
(GÖD, 1989; BREITER et al., 1994). 

3. Chemical characteristics 

In the period 1997-1998 we analysed by geochemical 
methods about 60 new samples from the study area. 
Together with c. 60 older samples analysed during the last 5 
years by the CGS and GBA, we have sufficient data to cha
racterise the chemical composition of all the defined granite 
types, their internal inhomogeneities and mutual genetic 
interrelations. 

3.1 . Main geochemical features 

Major element geochemistry of all two-mica granites is rather 
uniform. Characteristic contents are (compare Fig. 3 and 
Tab. 1): Si02 71-75%, Al203 14-15.5%, CaO 0.5-1%, 
Fe203tot 1.2-1.5%, K20 4-6%, Na20 2.5-4%, P205 

0.15-0.35%, F lower than 0.2%. All granites are peraluminous 
with ASI betwen 1.15 and 1.30. The major difference among 
defined granite types can be seen in Na/K-ratio: the relative 
most Na-enriched is the Läsenice granite, the most K-enriched 
(generally more than 5% K20) is the Cimef granite. 

The contents of trace elements are much more variable. 
The difference between individual granite types can be bet
ter expressed on various plots (Fig. 4). Generally the follo
wing features can be defined: 
• The Läsenice granite is poor in all trace elements (namely 

LILEandHFSE) 
• The Cimef granite and the rim-facies of the Eisgarn grani

tes are relatively rich in potassium and compatible trace 

elements such as Zr, Th and REE and can be classified as 
high-K peraluminous rocks. 

• The Cimef granite is chemically not homogeneous as re
garded from compatible trace elements, namely Zr ad Th 
(compare distribution of Th in Fig. 2). 

• The Rb/Sr- and Rb/Zr-plots seem to support the idea that 
the Eisgarn granite was produced by further fractionation 
of the Cimef granite melt. The rubidium was during this frac
tionation enriched from ca 200 ppm to about 500 ppm, Sr 
depleted from c. 150 to c. 5 ppm and Zr depleted from 
about 180 ppm to 5 ppm. 

• The Eisgarn granite is enriched in Si and Na, and more 
depleted in Ti, Fe, Mg, Ca, Ba, and K than the Cimef gra
nite, but there is a distinct overlap of both granites (Fig. 3). 

• The Eisgarn melt was able to fractionate effectively to
wards the center of the body producing small amounts of 
more evolved "muscovite granite" melt enriched in P, Na, 
Rb, U, Sn, Nb, and Ta. 

• The Zvüle granite represents a relatively evolved melt with 
lower contents of compatible elements, but, in contradiction to 
the Eisgarn granite, without any enrichment in LILE and U. 

• All rock types can be well defined by U- and Th values 
which allow to use gamma-ray meassurement as an effec
tive tool for field mapping. 

• The most effective diagram for distinguishing of all types of 
two-mica granites is the Rb vs. Th plot (Fig. 4d). 

3.2. Internal structures of individual intrusions 

The sampling density of the Eisgarn and Zvüle granites 
allow to construct simple mathematical models of the inner 
structure of both bodies in respect to their geochemical 
variation. 
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Fig. 2. 
Simplified map of Th-distribution in studied area. The Austrian and frontier parts were measured 
by ground gamma-ray spectrometry (GNOJEK and PRICHYSTAL, 1997), the Czech inland was mea
sured by airborne gamma-ray spectrometry (DEDÄCEK et al., 1990, 1991). For further details see 
BREITER et al. (1998). The area of this map is the same as the area of geological map on fig. 1. 

The Eisgarn body (Fig. 5) shows distinct zonation patterns 
of neariy aii analysed elements: an increase of elements 
such as Rb, Na, P, and F and a decrease of K, Ca, Fe, Mg, 
Th, Zr, Sr etc. from the contact to the centre. The isolines 
conform with the contacts of the older granites and crystalli
ne rocks on the NW, N, E, and SE margins. On the SW, the 
continuation of the intrusion is covered by Tertiary and 
Quaternary sediments of Tfebofi basin. This zonation can be 
explained as a product of intensive inward oriented fractional 
crystallization after the intrusion. The earlier portion of the 
melt crystallizing along contacts zones was enriched by P-
poor Kfs phenocrysts, relative Ca-rich P-poor plagioclase, 

relative Mg-rich biotite and accessories. On the opposite, the 
late melt in the centre of the intrusion produced Na, P-rich 
plagioclase, Al, Fe-rich biotite, P-enriched Kfs and only small 
amount of accessories. This model is in good agreement 
with the position of small bodies of P, F, Na, Rb, Sn, Nb-rich 
muscovite granites in the intrusion centre. 

The Zvüle body is nearly homogeneous as regards major 
elements concentrations, but we found distinct ring-shaped zo-
nality of Rb and Sr (Fig. 6). The relatively scarce type of "re
versed" zonality is expressed here by increase of Rb and de
crease of Sr from the centre towards to the rims. The most frac
tionated part of this body is situated along its southern contact. 

Fig. 4. 
Trace element distribution in two-mica granites: a, Rb/Sr, b, Rb/Zr, c, Ufi"h, d, RbH"h. Symbols see Fig. 3. 

206 



CO 

O 
CM 

< 

16 

15.5 

15 

14.5 

14 

13.5 

13 

-

* 

m 

m 
mm° " - * • ° o 

•+- -*• 

m 

3a 
70.5 71 71.5 72 72.5 73 73.5 74 74.5 75 75.! 

Si02 [%] 

4 

3.8 

3.6-

g 3.4 

O 3.2 
CM 

2.8-

2.6-

2.4 

3c 
70.5 71 71.5 72 72.5 73 73.5 74 74.5 75 75. 

Si02 [%] 

1.1 

1 

0.9-

21 0.8 
O 
(0 0.7 

O 

0.6-

0.5 

0.4 

a a 

'70.5 71 71.5 72 72.5 73 73.5 74 

3b Si02 [%] 
74.5 75 75. 

o 
CM 5-

4.5 

» - 6 . % c 

; • * • 

a . • a 

3d 70.5 71 71.5 72 72.5 73 73.5 74 74.5 75 75. 

Si02 [%] 

Fig. 3. 
Harkers diagrams of two-mica granites of the CMP: a, Si02 vers. Al203, b, Si02 vers. CaO, c, Si02 vers. Na20, d, Si02 vers. 
• Cfmef, • Eisgarn, • Muscovite granites, + Läsenice, * Zvüle 

K,0. 

IOU1 
• 

160J 

140-

_ 120- •*• m 

£ m 

Q. 100-
Q. • • • 
— 80-
to 

60J 
- *?^Ss*> 

40-

4a 20 
o f f a o  

1— 1 r- 1 1 1 1  

150 200 250 300 350 400 450 500 550 600 

Rb fDDml 
150 200 250 300 350 400 450 500 550 600 

Rb fDDml 

25 

20 

E 15 
a 
a. 
^ 10 

4c 

*. 

C3 CD • 

a 

.«- cP • a • a 

.i. c 

* * * 
-•SC J w ^ - " 

•+- • * * 

• -R • 

* -

•' 

10 15 20 25 30 35 40 45 
Th fDDml 

a 
o. 

4d 

45 

40-

35 

30-

25-

20 

15 

10 

5 

o-i— 
150 200 250 300 350 400 450 501 

Rb fDDml 

207 



Na,0 / K20 

Fig. 5. 
Idealised areal distribution of selected elements within the Eisgarn body. The isoli-
nes of element contents or ratios were constructed by methods of data interpolation 
by polynomial regression of third order. 
a, Simplified geological sketch of the interpreted body. The interpreted area is dot
ted, localisation of used samples is expressed by small squares, b, Idealised distri
bution of P206 in wt.%, c, Idealised distribution of Na20/K20-ratio in wt.%, d, 
Idealised distribution Rb in ppm, e, Idealised distribution of Th in ppm, f, Idealised 
distribution of Zr in ppm. 

Muscovite occurs in all investigated two-
mica granites in the form of relative large fla
kes, often inter-growing with biotite and 
seems to be of primary magmatic origin. The 
Fe/Mg-ratio in the muscovite is in all cases 
distinctly higher than in the coexisting biotite. 

4.2. Alkali feldspars and plagioclase 

In the Cimef granite, plagioclase is mostly 
represented by oligoclase, in all other grani
tes with oligoclase to albite. Associated mus
covite granites contain only pure albite. The 
core of the plagioclase is in all investigated 
granite samples frequently strongly sericiti-
sed. 

Potassium feldspar has been distinguished 
in two forms: the phenocrysts in Cimef granite 
and the rim-facies of the Eisgarn gamite are 
perthitised and contain many small inclusions 
of non-perthitised Kfs and albite. Relative 
smaller columns of Kfs in all granites are twin
ned, but only slightly perthitised. 

Chemically, the Kfs from the Cimef grani
te are very poor in phosphorus (mostly below 
the detection limit), Kfs from the Eisgarn gra
nite have low to moderate content of P, Kfs 
from associated muscovite granites are rich 
in phosphorus (ca 0.5% P2Os). 

4.3. Alumosilicates 

4. Mineralogical remarks 

4.1. Micas 

The Fe/Mg-ratio in both micas, biotite and muscovite, is a 
sensitive indicator of the degree of granite fractionation. 
Systematically this ratio increases from the Cimer granite 
through the rim-facies of the Eisgarn granite to the core-
facies of the Eisgarn granite and to the Zvüle granite. 

The AI /Si-ratio in biotite increases in the same evolutionary 
line, which is in good agreement with the increasing per-
aluminous character of the granites (Fig. 7). 

Fig. 6. _ 
Idealised areal distribution of selected elements within the Zvüle body: 
a, Simplified geological sketch of the interpreted area. The interpreted area is do
tted, localisation of used samples is expressed by small squares, b, Idealised dis
tribution of Rb in ppm, c, Idealised distribution of Sr in ppm. 

Andalusite occur either in the form of 
spindle-shaped crystals or in isometric relicts 
incorporated in large muscovite flakes. 
Andalusite is a rather common accessory mi

neral in all granite types, the samples from the surroundings 
of Mräkotin with contain up to 0.5 vol.%. In the vicinity of 
Mräkotin there are granite domains which are poor in musco
vite with the mineral assemblage quartz+Kfs+oligoclase+ 
biotite +andalusite. Generally, the assemblage biotite+mus-
covite+relicts of andalusite is rather common. 

Fibrous aggregates of sillimanite have been found as alte
ration product of andalusite. 

4.4. Accessory minerals 

Apatite is the most abundant accessory 
phase. The early Mn-poor euhedral apatite 
(0.5-1% MnO) is common in all rock types, the 
late Mn-rich interstitial apatite (up to 3.5% of 
MnO) was found only in the core-facies of the 
Eisgarn granite. Monazite is much less abun
dant than apatite. Zircon is ubiquitous in small 
amounts. Anatase (secondary ?) was found in 
the most muscovite-rich facies of the Cimef 
and Eisgarn granites. 

The very good correlation between Th and 
Ce (BREITER et al., 1998) in whole rock analy
ses suggests that the major host of Th is mo
nazite in all granite types. This was confirmed 
also by the EMP analyses. The good correla
tion of Th and Zr can be explained by similar 
behaviour of these elements during the evolu-
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Fig. 7. 
Evolution of biotite and muscovite chemistry during fractionation of the Öimef 
and Eisgarn granites (EMPA). 2946- Cimef granite, Kaproun, 2949- rim facies 
of the Eisgarn granite, Griesbach, 2943- Zvüle type granite, Javori Vrch hill, 
2964- core facies of the Eisgarn granite, Dreisbachthal. 

Chemically, the Cfmef granite represents a 
high-K peraluminous melt with high contents of 
compatible elements, which implies melting con
ditions well above the "granite minimum melt" 
system within the deeper (lower ?) parts of the 
continental crust. Inhomogenities within the intru
sion, well indicated by field gammy-ray meassu-
rement, imply insufficient homogenisation of the 
melt during intrusion. Areas indicated by Th-enri-
chment contain more early crystallised biotite-
hosted apatite, monazite, and zircon. In areas 
with Th-depletion, the granite was affected by 
chloritization of biotite accompanied by destru
ction of accessory minerals. 

5.3. Eisgarn granite 

tion of the melt, Th and Ce incorporated in the monazite, Zr in 
the zircon, respectively. Both monazite and zircon are com
mon inclusions in biotite. 

5. Granite typology and discussion 

5.1 . Läsenice granite 

The Läsenice granite is composed by quartz, orthoclase, 
albite-oligoclase, mostly fresh biotite and subordinate mus
covite. Sillimanite and sericitised andalusite are common. 
The granite was affected by shearing - secondary quartz 
and,cracks filled by sericite are ubiquitous. Chemically, the 
Läsenice granite is characterised by very low contents of all 
compatible elements - Th , Zr, REE etc. and also U. The 
major element composition of this granite is near the "granite 
minimum melt" composition demonstrating an origin derived 
from crustal melting possibly during the thermal peak of the 
regional metamorphism in the sense of a typical S-type 
granite. This granite differs significantly from all the other 
granites in Bohemian part of the CMP, being comparable to 
the Altenberg granite in Austria (FINGER et al., 1994). 

5.2. e.'mer granite 

The medium- to coarse-grained porphyritic Cfmef granite 
contains plenty of perthitised orthoclase phenocrysts hosting 
many small isometric nearly automorph grains of albite and 
not perthitised Kfs. Plagioclases (oligoclases) are smaller, 
sub-automorph, with strongly sericitised cores. Fresh biotite 
clearly predominates over fresh magmatic muscovite. 
Andalusite is common as relicts hosted in large mica flakes. 
Apatite and zircon are the most common accessory mine
rals, monazite is rare. All these accessory minerals occur 
mainly as inclusions in biotite, commonly surrounded by a 
pleochroitic halo. 

The medium- to fine-grained granite from quarrying district 
around the village of Mräkotin was named by KOUTEK (1925) 
the Mräkotin granite. In spite of its textural differences from 
the Cimef type proper, it is - from the chemical point of view -
nearly identical and we supposed that the Mräkotin granite is 
only a local facies of the Cfmef intrusion. 

The rim facies of the Eisgarn granite s.S. 
resemble petrographically the Öimef granite conta
ining large perthitised orthoclase phenocrysts, 
smaller sub-automorph sericitised oligoclaces, 

biotite rich in accessory apatite, zircon and monazite, and 
muscovite with relicts of andalusite. The core-facies conta
ins, besides relatively scarce and often partly resorbed pert-
hite phenocrysts, also small automorph columns of not-pert-
hitised Kfs, and nearly automorph, only slightly perthi
tised albite. Muscovite prevails strongly chloritised accessory-
poor biotite. Andalusite is rare or absent. Besides old isomet
ric Mn-poor apatite, also young Mn-rich interstitial apatite is 
present. 

The intrusive body is chemically well zoned. The degree of 
fractionation increases from the margin towards the centre; 
this is reflected for example by the increase in ratios of Rb/Sr 
from 7 to 40 and U/Th from 0.3 to 3 (compare also Fig. 5). 

Several small bodies of fine-grained two-mica granites are 
located within or along the margins of the coarse-grained 
Eisgarn granite s.s. central body. This type of granite seems 
to be genetically related to the crystallisation of the Eisgarn 
granite melt, representing a late melt product. 

5.4. The Zvüle granite 

This body is clearly intrusive, younger than the enveloping 
granites and forms a deep-seated stock. The Zvüle granite is 
mineralogically characterised by the presence of sericitised 
perthitic orthoclase phenocrysts, nearly automorph albite 
with sericitised cores, and by muscovite predominating over 
biotite. Muscovite contains rather common relicts of andalu
site. Biotite contains only scarce accessories and is, mainly 
in outer parts of the body, frequently chloritised. Apatite is 
the most abundant accessory phase. 

Chemically, the granite is rich in Si, AI and Na and poor in 
Fe, Mg, Ca and compatible trace elements. In contrast to the 
Eisgarn granite, the Zvüle granite is not enriched in granito-
phile elements such as Li, Rb, Nb and Sn. The Zvüle melt 
was not able to produce extreme fractionated melts like the 
muscovite granites in case of fractionation of the Eisgarn 
melt. 

The Zvüle granite body shows a rather weak reverse 
zoning expressed mainly by feldspar-hosted trace elements Rb 
and Sr. This can be explained by upwards fluid migration in 
magma reservoir producing Rb-enrichment in the uppermost 
part of the magma chamber. During following intrusion, the 
top portion of the crystal mush was emplaced along contact, 
while the lower, Sr-richer part of the magma, was emplaced 
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later within the body centre. Similar typ of zonality was 
reported by JANOUSEK et al. (1997) from the Ricany granite 
from the Central Bohemian Pluton. 

5.5. Muscovite granites 

The lowest thorium and highest uranium contents define 
well the group of muscovite granites (Fig. 4) which were not 
distinguished in the older printed maps. These granites are 
the products of expressive fractionation as they are rich in 
uranium, phosphorus and rare metals. The bodies of this 
granite have been recognised in the localities such as 
Homolka, Galthof and Nakolice-Pyhrabruck (as stocks) and 
Sejby (as dykes) and were described sufficiently (BREITER et 
al., 1994; BREITER and GNOJEK, 1996; BREITER and SCHARBERT, 
1995, 1998). 

6. Genetic interpretation 

The compilation of geochemical and mineralogical data 
together with the results of gamma-ray spectrometry and 
within the framework of all important geological features 
among the different granite types (KLECKA and RAJLICH, 
1984; KLECKA and MATEJKA, 1995; BREITER and SCHARBERT, 
1995) allow to present the following outlines of a genetic 
model for the CMP: 

The Variscan peraluminous granites of the SBP were for
med in the succession of the following three episodes by 
remelting of continental crust: 

1. The evolution of the pluton started with the intrusion of 
the Läsenice granite. It is a peraluminous, typical S-type 
granite with low contents of all compatible elements, produced 
by remelting of metasedimentary material during the thermal 
peak of the Variscan metamorphism. The bodies of this 
granite were locally affected by flat shear zones (KLECKA and 
RAJLICH, 1984). 

2a. The second stage of the pluton history started by the 
intrusion of high-K peraluminous Th- and Zr-rich melt, which 
crystallised as medium- to coarse-grained porphyritic Cimef 
granite in the south, and fine- to medium-grained non-porphy-
ritic Mrakotin granite in the north. This melt was considerably 
inhomogeneous as regards the content of Kfs phenocrysts 
and accessory minerals and, thus, the contents of the com
patible elements such as Th, Zr and REE. Products of this 
intrusive phase built the largest part of the CMP. 

2b. Further fractionation of the "Cimef melt" produced the 
Eisgarn s.s. granite in central part of the pluton between the 
towns of Nova Bystfice and of Gmünd. This melt was chemi
cally more evolved and was able to undergo further intense 
fractionation. The expressive inward zoning of this body is 
well displayed in major and trace elements distribution 
patterns. 

2c. Following intense fractionation of the "Eisgarn melt" 
finally produced small bodies of F, P, Rb, Li, U, Sn, Nb, Ta-
rich muscovite granites. 

3. New input of evolved Si-rich, but F, Rb, Li, U-poor melt 
produced deep-seated stocks of coarse-grained granites 
(the Zvüle stock in studied area, the Melechov and Cefinek 
stock in the northern part of the SBP). The Zvüle stock dis
plays a week reverse zonation. 

The granitic dyke rocks are a products of the Cimef-Eisgarn 
melt evolution. They intruded between the phases 2b and 2c. 
Some of them could be younger than 2c. Generally, these 
N-S trending dykes indicated the beginning of the intense 
late-Variscan extension, which enabled the penetration of 

small portions of the residual melt into the uppermost parts of 
the CMP and to its gneiss mantle. 

The only weakly peraluminous (ASI=1.07) intrusion of the 
Kozf Hora/Hirschenschlag granite-dyke system from another 
deep-seated source is considered to be the youngest one. 
This granite differs from other SBP granites by its lowest Sr: 

(SCHARBERT, 1987). 
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