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ABSTRACT 
Major element compositions of biotites of the Central European Variscan plutonic rocks have been evaluated by discriminant function 
analyses. Four groups of biotites have been distinguished: Mg-, Fe-Al-, Fe-Mg- and Fe-Mn-biotites. Mg-biotite occurs in K-Mg-rich 
metaluminous calc-alkaline plutonic rock series (monzonitic suite) in the Central Bohemian Plutonic Complex (mostly in the southern part), 
in eastern part of the South Bohemian Plutonic Complex and a major part of the Tisia Terrane. Fe-Al-biotite occurs in the peraluminous 
plutonic rock series (granodioritic suite) in major (western) part of the South Bohemian Plutonic Complex, outer zone of the West Carpathian 
Plutonic Complex and in small aplitic dykes in the Tisia Terrane. Fe-Mg biotites occur in granitoids transitional between calk-alkaline and 
peraluminous rock series found mostly in the inner part of the West Carpathian Plutonic Complex of trondhjemitic (tonalitic) suite. Fe-Mn-
biotite occurs in alkali-rich peraluminous, hypabyssal plutonic rocks (granodioritic suite) in the Pelsonian Terrane. The phlogopitic biotite 
crystallized at high temperature in a late- to postcollisional Variscan tectonic environment (350-340 Ma) where K-Mg-rich melt originated 
from the upper mantle and from the continental crust sources. The siderophyllitic Fe-biotite crystallized from Al-rich melt originating from 
the continental crust. Transitional Fe-Mg biotite probably crystallized from melts originating from different sources, e.g., oceanic and 
continental crusts (subduction related). The ages of these intrusions are uncertain. Fe-Mn-biotite showing alkaline character crystallized from 
a peraluminous melt at a late stage of crystal differentiation at low temperature in a postcollisional tectonic environment (280 Ma). The 
differing compositions of biotite represent different protoliths, melting conditions and different P, T, fO2 and aH2O during crystallization. 
Based on the biotite geochemistry an early Mg-rich and a late Fe-rich plutonic series has been recognized in the Variscan Central European 
late- to postcollisional plutonic intrusions; a similar trend has been described in the Variscan External Crystalline Massive of the Alps and in 
Corsica. 
 
 
INTRODUCTION 
 Biotite is the one of the most important 
ferromagnesian constituents of the granitoids. From its 
composition we can get information about the protoliths, 
melting processes and P, T, fO2 and aH2O conditions of the 
crystallization of the granitoid melt. 
 The analyzed and statistically evaluated biotite 
compositions derived from granitoids of the Moldanubian 
zone of the Variscan belt in the Central Bohemian 
Plutonic Complex, (CBP, Fig. 1), in the South Bohemian 
Plutonic Complex (SBP), in the Alpine collision zone 
(Western Carpathian Plutonic Complex, WCP) as well as 
behind it in the Tisia Terrane (TT) and the Pelsonian 
Terrane (PT). Three major host rock suites were identified 
according to the modal and CIPW norm compositions: a 
trondhjemitic (tonalitic), a granodioritic and a monzonitic 
(Fig. 2). The main target of the present publication was to 
estimate the conditions of crystallization of melts in these 
different suites indicative of different tectonic 
environments and to correlate them in the Variscan 
Central Europe. 
 
METHODS 
 More than two hundred biotite analyses have been 
collected from the literature (Ďurkovičová, 1967; Fiala et 

al., 1976; Petrík, 1980; Minařík et al., 1988) or analysed 
by microprobe and ICP-AES methods (titration for FeO, 
gravimetric analysis for H2O- and H2O+) in the 
laboratories of the Department of Petrology and 
Geochemistry, Eötvös L. University and Geological 
Survey of Hungary. In order to check the titration 
method Mössbauer method used for identification of 
Fe2+/Fe3+ ratio was carried out in the Department of 
Nuclear Chemistry, Eötvös L. University. Calculation of 
mineral formula was based on 22(O) in the case of 
microprobe analysis, 24 (O, OH) in the case of wet 
chemical analysis. We used for conclusions those analyses 
where Σ cations in X position range from 1.61–2.27 
(average: 1.91) and Σ Y from 5.03–6.31 (average: 5.75). 
According to Foster (1960) X between 1.6–2.2 and Y 
more than 5 is acceptable in analyses of biotite. The 
biotite compositions were plotted on different diagrams 
(Nockolds, 1947; Engel and Engel, 1960; Foster, 1960; 
Wones and Eugster, 1965; Nĕmec, 1972; Rossi and 
Chevremont, 1987; Abdel-Rahman, 1994) for presenting 
the classification of biotite, identification of coexisting 
minerals, determination of different magma types, giving 
information about the conditions of crystallization of 
magma and correlation of different plutons from different 
tectonic environments. 
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BIOTITE COMPOSITION OF VARISCAN 
GRANITOIDS FROM THE STUDIED 
AREAS 
A) Central Bohemian Plutonic 
Complex (CBP) 
 The most common rock-types of 
the CBP are syenite, quartz syenite 
(durbachite), monzonite (Čertovo 
břemeno, Fig. 1), quartz monzonite, 
granodiorite, granite (Sedlčany, Blatná) 
and small amount of two micas granite 
(Říčany). Most rocks have 
metaluminous (A/CNK = 0.8±0.2) 
character and belong to the monzonitic 
suite (Fig. 2), representing I-type 
plutonic rocks. Biotites are 
characterized by high MgO-content 
(mg# = 50–76, average mg# = 61±10 
(mg#=[Mg/(Mg+Fe)]x100, Fe = Fe2+ + 
Fe3+)). Average phlogopite content is 
57 mol% (calculated on the basis of 
Mg2+% in the octahedral site) and 
siderophyllite content is very low (3 
mol%). Biotites of the Čertovo 
břemeno type plutonic rocks are richest 
in MgO (mg# = 64) compared with the

Fig. 1. Sketch map of investigated Variscan granitoids of Central Europe. 

 
Fig. 2. QAP mesonorm diagram (Streckeisen, 1976) of Central European Variscan 
plutonic rocks (Tisia and Pelsonian Terranes, Central and South Bohemian 
Plutonic Complexes, South Alps and Western Carpathian Plutonic Complexes); 1. 
alkali felspar syenite, 2. syenite, 3. monzonite , 4. monzodiorite (monzogabbro), 5. 
diorite (gabbro), 6. quartz alkali feldspar syenite, 7. quartz syenite, 8. quartz 
monzonite, 9. quartz monzodiorite, 10. quartz diorite, 11. alkali feldspar granite, 
12. syenogranite, 13. monzogranite, 14. granodiorite, 15. tonalite (trondhjemite). 
(after Lameyre et al., 1982 and Buda et al., 1997). 
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Sedlčany, Říčany (mg# = 59) and the 
Blatná (mg# = 52) types. They usually 
have low oxidation ratios 
(Fe3+/[Fe3++Fe2+] = 0.07–0.17, average: 
0.13) and mostly coexist with 
amphibole. The biotite crystallized 
from typical calc-alkaline magma 
(Table 1, Fig. 3A, Fig. 4A and Fig. 
5A). The composition is very similar to 
the Mg-rich biotite of vaugnerites (mg# 
= 60-65; Sabatier 1991). 
 
B) Tisia Terrane (TT) 
1. Eastern Mecsek Mts. (Fig. 1) 
 Three main rock units occur: mafic 
enclaves or small bodies in granitoids, 
granitoids and microgranite dykes. 
Two rock-types of mafic enclaves or 
small bodies can be distinguished by 
their different biotite compositions: (a.) 
monzonite, quartz monzonite with Mg-
rich biotite (FeO*[FeO+Fe2O3 * 0.899] 
/ MgO = 0.89, mg# = 61-74, average 
mg# = 67). (b.) quartz monzonite with 
higher Fe-bearing biotite (FeO*/MgO 
= 1.49; mg# = 51–63, average mg# = 
56). Both contain amphibole and 
pyroxene. Average phlogopite content 
is 52 mol% with low siderophyllite 
content (5 mol%). 
 In microcline megacryst-bearing 
granitoids (quartz monzonite, granite) 
biotite has lower Mg-content 
(FeO*/MgO = l.67, mg# = 51–58, 
average mg# = 53, phlogopite = 47 
mol%, siderophyllite = 6 mol%). 
Amphibole is the most common 
coexistent mineral. 
 Mafic enclaves or small bodies as 
well as the hosting granitoids are 
metaluminous or slightly peraluminous 
(A/CNK = 0.94±0.2) and belong to the 
monzonitic suite (Fig. 2). They have I-
type or I/S-type characters, which is 
supported by low δ18O ratio (average 
biotite = 5.00‰, average whole rock = 
8.84‰, Buda 1996) and by the 
presence of amphibole and chromite.  
 Biotite has high Al, Fe and low 
Mg-content (FeO*/MgO = 4.44; mg# = 
35, phlogopite = 22 mol%, 
siderophyllite = 17 mol%) in the 
peraluminous (A/CNK = 1–1.1) 
microgranite dykes crosscutting the 
pluton. 
 In general the biotites are Mg-rich 
(mg# = 51-74, average mg# = 56±9), 
they show usually low oxidation state 
(Fe3+/Fe2++Fe3+ = 0.13-0.22, average 
= 0.19) and coexist with amphiboles. 
Both the enclaves and the host rocks 

Fig. 3. Plots of Al 3+– Mg 2+– Fe 2++Fe 3+ (Němec, 1972), Mg 2+– Al VI +Fe 3++Ti 
4+– Fe 2+  +Mn 2+ (Foster, 1960), Fe 3+ – Fe 2+ – Mg 2+ (Wones and Eugster, 1965) 
of biotite composition of some Central European Variscan granitoids. 
 
Legend for Fig. 3, 4 and 5: 
(A) South part of Central Bohemian Plutonic Complex (Czech Rep.)=  
(B) Tisia Terrane (South Hungary). Mafic enclaves, microcline megacryst 
bearing granitoids and microgranites of Eastern Mecsek Mts.: = Erdősmecske, 
◊ = Feked,  = Véménd, x = Mórágy, + Kismórágy, ⊕ = Kismórágy 
(microgranite),  = Fazekasboda. Northern Mecsek Mts.: = Szalatnak. 
Western Mecsek Mts.:  = Almáskeresztúr. Duna-Tisza Interfluve: A = 
Kecskemét, B = Cegléd (granitoid). East of River Tisza: 1 = Mezőhegyes, 
Battonya N, 2 = Pitvaros, Battonya 64. 
(C) South Bohemian Plutonic Complex (Austria):  = Gebharts, = Rastenberg, 

 = Sarleinsbach, ◊ = Weinsberg,  = Mauthausen,  = Schrems, + = Plochwald 
(kingizite), x = Karlstift,  = Eisgarn, = Weinsberg (granodiorite),   = 
Plochwald. 
(D) Western Carpathian Plutonic Complex (Slovakia):  = Inner belt (Tribeč, 
Žiar, Nizke Tatry, Vysoke Tatry, Veporic unit),  = Outer belt (Malé Karpaty, 
Povážský Inovec, Strážovské vrchy, Malé Fatrá Velká Fatrá, Branisko). 
(E) Pelsonian Terrane (Velence Mts., Hungary):  = granite,  = microgranite, 
= pegmatite. 
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have calc-alkaline character. The Mg-rich biotite 
composition of enclaves or small bodies is very similar to 
the Mg-biotite occurring in vaugnerite (French Massif 
Central), redwitzite (Voges, Schwarzwald) and durbachite 
(Central Bohemian Plutonic Complex). Fe-rich biotite with 
muscovite occurs only in peraluminous microgranite dykes 
(Table 2, 3, Fig. 3B, 4B, 5B). 
 
2. Western Mecsek Mts. 
 The biotite composition (Almáskeresztúr: FeO*/MgO = 
1.22; between mg# = 58–61) is similar to the biotite 
occurring in granitoids of the eastern Mecsek and it coexists 
with amphibole. The host rock is metaluminous (A/CNK =  
0.91±0.2) calc-alkaline quartz monzodiorite. 
 
3. Northern Mecsek Mts. 
 Biotite is rich in Fe (Szalatnak: FeO*/MgO = 3.25; mg# 
= 35, phlogopite = 43 mol%) and Ti (TiO2 = 4.84 wt%) and 
depleted in Al (Al2O3 = 13.5 wt%, siderophyllite = 1mol %). 
The host rock is a metaluminous (A/CNK = 0.91±0.1) quartz 
monzonite and has a Fe-potassic calc-alkaline character 
according to the biotite composition. 
 
4. Danube-Tisza Interfluve 
 Most of the host rock is granite with prevailing 
peraluminous character (A/CNK = 1.4±0.2). 
Two types of biotite were distinguished: 
a. Mg-biotite (FeO*/MgO = 1.67-1.75; mg# = 51) of 
medium oxidation state occurs with amphibole in calc-
alkaline granite (Kecskemét). Their compositions are similar 
to the biotites of granitoids occurring in E-Mecsek Mts. 
 b. Fe-Al-rich biotite (FeO*/MgO = 2.38; mg# = 42) 
occurs with muscovite in peraluminous granite gneiss 
(Cegléd). It has a very low oxidation ratio. This locality is 
situated in the northeastern rim of the granitoid body, which 
is transitional into the surrounding gneisses. 
 
5. East from River Tisza 
 Two major types of biotite can be distinguished:  
 a. Mg-biotite (FeO*/MgO = 0.83-1.50, mg# = 70) occurs 
with amphibole. The host rock is calc-alkaline granite and 
granodiorite (Mezőhegyes, Battonya North-2) 
 b. Fe-biotite (FeO*/MgO = 2.41-2.58, mg# = 41) occurs 
in peraluminous muscovite biotite granite (Pitvaros South-1 
and Battonya-64, Table 4, Fig 3B, 4B, 5B) 
 
C) South Bohemian Plutonic Complex (SBP) 
 According to the biotite composition two major 
populations can be identified: 
 a. Mg-biotite (FeO*/MgO = 1.59–1.66, mg# = 51, 
phlogopite = 48 mol%, sideropyllite = 1 mol%) occurs east 
part of SBP at Rastenberg in granodiorite, quartz syenite, 
quartz monzonite and in the small bodies of quartz 
monzodiorite at Gebharts with amphibole as a coexisting 
mineral. The oxidization level is low (Fe3+ = 0.22 per 
formula). The host rocks are calc-alkaline with I-type 
character (δ18O = 7.4‰, Vellmer and Wedepohl 1994, 
metaluminous A/CNK = 0.9±0.1). They belong to granitoids 
of monzonitic suite (Fig. 2). These biotites are similar to the 
Mg-biotite of the CBP and the Tisia Terrane but with a 
slightly higher Fe- and lower Mg-content. 

 b. Fe-Al-biotite (FeO*/MgO = 2.14–5.42; mg# = 25–48, 
average mg# = 38±6, Al2O3 = 18.1±1wt%, phlogopite = 32 
mol%, siderophyllite = 10 mol%.) occurs in the main part of 
the plutonic complex (Weinsberg, Mauthausen, Schrems, 
Eisgarn, Karlstift, Plochwald, Fig. 1). Oxidization is rather 
high (Fe3+ = 0.40 per formula). The main rock-type is 
peraluminous (A/CNK = 1.2±0.1) or transitional between 
peraluminous and calc-alkaline (Mauthausen-type) plutonic 
rock series, and belong to the granodioritic suite. They are 
mostly S-type (δ18O = 10.1‰, Vellmer et al., op. cit. Table 5, 
Fig.3C, 4C, 5C) granite. In quartz monzonite at Sarleinsbach 

Fig. 4. Plots of MgO–FeO*(Fe2O3+FeO)–Al2O3 (Nockolds, 
1947) and FeO+MnO–Fe2O3+TiO2–MgO (Engel and Engel, 
1960) of biotite composition of some Central European 
Variscan granitoids (legend is the same as Fig. 3.). 
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biotite has high Fe (FeO*/MgO  = 
3.19, mg# = 36, phlogopite = 32 
mol%,), Ti (TiO2  = 5.42 wt%) and low 
Al-content (Al2O3 = 14.2 wt%, 
siderophyllite = 1 mol%) with an 
intermediate oxidization state (Fe3+ = 
0.33 per formula). The host rock has a 
Fe-potassic calc-alkaline character 
according to the biotite composition. 
 
D) Western Carpathian Plutonic 
Complex (WCP) 
1. Inner-zone of WCP (Tribeč, Žiar, 
Nízke Tatry, Vysoke Tatry, Veporic 
unit, Fig. 1) 
 The biotites are mostly Mg-Fe-
bearing (FeO*/MgO = 2.06; mg# = 
47±8, phlogopite = 42 mol%) with low 
Al-content (Al2O3 = 15.44±1.94 wt%, 
siderophyllite = 3 mol%) and highly 
oxidized (Fe3+/Fe3++Fe2+ = 0.25, Fe3+ = 
0.64 per formula). The coexisting 
mineral is mainly amphibole. The main 
rock-types are tonalite and granodiorite 
and more than 80% of biotite crystallized 
from a calc-alkaline magma source.  
 
2. Outer-zone of WCP (Malé Karpaty, 
Povážský Inovec, Strážovské vrchy, Malá 
Fatra, Velká Fatra, Branisko, Fig. 1) 
 Biotites are mostly Fe-Al biotites 
(FeO*/MgO = 3.0; mg# = 38±5, 
phlogopite = 33 mol%) with high Al-
content (Al2O3 = 16.48±2.17 wt%, 
siderophyllite = 7 mol%) with slightly 
lower oxidation ratio (Fe3+/Fe3++Fe2+ = 
0.23). Most of the biotite occurs alone 
but in some cases biotite together with 
muscovite can be also found. The main 
rock-type is granodiorite. Most of 
biotite crystallized from a 
peraluminous magma (Table 6, 7, Fig 
3D, 4D, 5D).  
 The rocks of both zones are 
enriched in Na belong to the tonalitic 
(trondhjemitic) suite (Fig. 2) with 
slight peraluminous character (A/CNK 
= 1.1±0.2). They are I/S type 
granitoids. 
 
E) Pelsonian Terrane (PT, Velence Mts.) 
 Three rock-types can be 
distinguished: 1. biotite granite (main 
intrusion) 2. microgranite dykes 3. 
pegmatite pods.  
Fe-biotite (FeO* = 30wt%, mg# = 
26±5, phlogopite = 26 mol%) rich in 
annite molecule (annite = 63 mol%, 
siderophyllite = 3 mol%, Fig. 3E) is 
common in the biotite granite. 
According to FeO*/MgO ratio they 

have alkaline characters except biotite 
in microgranite with peraluminous 
character (siderophyllite = 14 mol%, 
Table 8, Fig. 3E, 4E, 5E). Most of the 
biotites are highly oxidized 
(Fe3+/Fe3++Fe2+ = 0.27) which could be 
partly of secondary origin. The granite 
is a S-type (δ18O = 10.77‰ Buda op. 
cit.) with a peraluminous character 
(A/CNK = 1.1±0.1). They belong to 
the granodioritic-suite (Fig. 2) together 
with granitoids occurring along the 

Velence-Balaton tectonic lineament 
(Ságvár, Buzsák, Fig. 1).  
 
DISCRIMINANT FUNCTION ANALYSES 
OF MAJOR CHEMICAL COMPONENTS 
OF BIOTITES 
 In the studied occurrences four 
chemically different groups of biotite 
have been distinguished (α = 0.5) 
based on six major chemical 
components (Si, Ti, Al, Fe, Mn, Mg) 
using discriminant fuction analyses 

Fig. 5. Plots of MgO–FeO*–Al2O3 (Abdel-Rahman, 1994, Rossi and Chevremont, 
1987) and Al2O3–FeO* (Abdel-Rahman, 1994) of biotite composition from some Central 
European Variscan granitoids (FeO*= FeO+Fe2O3, legend is the same as Fig. 3.). 
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with SPSS 10.0 for Windows package. The discriminant 
funtions are as follows: 
F1 = 0.410SiO2-0.81TiO2-0.290Al2O3 + 0.929FeO* + 
0.384MnO-0.607MgO,  
F2 = 0.582SiO2-0.124TiO2-0.856Al2O3-0.290FeO*-
0.085MnO + 0.539MgO,  
F3 =  0.485SiO2-0.583TiO2 + 0.356Al2O3 + 0.440FeO* + 
0.220MnO-0.076MgO (Fig. 6). 
 According to the chemical composition of biotites the 
localities were grouped into four genetically different groups 
indicating similar plate tectonic environments within one 
group. According to the localities the discriminant functions 
are as follows:  
F1 = -0.347SiO2-0.171TiO2-0.179Al2O3 + 0.856FeO* + 
0.495MnO-0.578MgO, 
F2 = 0.812SiO2-0.201TiO2-0.527Al2O3-0.334 FeO* + 
0.057MnO + 0.480MgO,  
F3 = -0.279SiO2-0.430TiO2-0.210Al2O3-0.164FeO*-
0.346MnO + 0.647MgO (Fig. 7). 
 I. Mg-biotite (FeO*/MgO = 1.31, phlogopite = 52 mol%, 
siderophyllite = 3 mol%) occurs with amphibole, sometimes 
with pyroxene, as coexisting minerals. Biotites contain high 
Mg (Table 9, Fig. 6 and 8), Si and low Al, Fe, Mn with low 
oxidation ratio. The host rocks are syenite, quartz syenite 
(durbachite), monzonite, quartz monzonite and monzogranite 
deriving from a typical metaluminous, K-Mg rich calc-
alkaline monzonitic suite magma. They occur in the southern 
part of the Central Bohemian Plutonic Complex (Fig. 7, 8), 
in the eastern part of South Bohemian Plutonic Complex and 
in the Tisia Terrane (90% of Mecsek Mts, Danube-Tisza 
Interfluves, and East of river Tisza) forming large bodies; the 
highest Mg-content biotites occur with amphibole+ 
pyroxene±chromite and form small bodies or enclaves in 
the large microcline megacryst-bearing quartz monzonitic 
or granitic complexes. 
 II.. Fe-Al biotite (FeO*/MgO = 2.8, phlogopite = 32 mol%, 
siderophyllite = 10 mol%) occurs alone or with muscovite 
containing high Al and Fe and low Mg and Si (Fig. 6, 8). The 
high Al2O3 content is the significant difference from the 
previous group. They occur mostly in the main part of the South 
Bohemian Plutonic Complex, the Western Carpathian Plutonic 
Complex mostly in the outer-zone (Fig. 7) and few small 
occurrences in the Tisia Terrane (microgranite from the Mecsek 
Mts, Danube-Tisza Interfluves: Cegléd, the East of river Tisza: 
Battonya, Pitvaros) and the Pelsonian Terrane (microgranite in 
the Velence Mts.). 
 III. Fe-Mg biotite (FeO*/MgO = 2.5, phlogopite = 42 
mol%, siderophyllite = 7 mol%, Fig. 6, 8.) transitional 
between the first and second groups (Mg- and Fe-Al biotite, 

Fig. 6. Function territorial map of chemically different 
biotites occurring in the Variscan granitoids of Central 
Europe (Variables: SiO2, TiO2, Al2O3, FeO*, MnO, MgO). 

Fig. 7. Function territorial map of different localities of 
biotites occurring in the Variscan granitoids of Central 
Europe (Variables: SiO2, TiO2, Al2O3, FeO*, MnO, MgO). 

Table 9. Average major components of biotites grouped based on the compositions and localities by statistical discriminant function analyses 
 I. group II. group III. group IV. group 

 Mg-biotite 
(n=109) 

Localities 
(n=116) 

Fe-Al biotite 
(n=39) 

Localities 
(n=39) 

Fe-Mg biotite 
(n=37) 

Localities 
(n=29) 

Fe-Mn biotite 
(n=18) 

Localities 
(n=19) 

SiO2 37.7±0.8 37.5±0.9 35.2±1.5 34.8±1.3 35.1±0.9 35.7±1.3 35.8±0.7 35.8±0.8
TiO2  2.7±0.8 2.9±0.9  2.9±0.4 3.2±0.9 3.6±1.0 2.8±0.5  1.8±1.6 1.9±1.5
Al2O3 14.8±0.9 14.8±1.1 17.9±1.4 16.9±2.1 14.5±1.2 15.4±1.9 12.9±0.7 13.2±1.3
FeO* 17.1±2.3 17.5±2.7 21.9±2.1 22.9±1.9 22.8±2.5 20.9±2.7 30.0±1.7 29.6±2.0
MnO  0.24±0.08  0.25±0.09 0.35±0.2 0.32±0.14 0.32±0.15 0.30±0.13 0.6±0.1 0.6±0.2
MgO 13.1±2.0 12.7±2.4   7.9±1.9 7.9±1.4 9.3±2.1 10.4±2.3  6.2±0.6 5.9±1.3
K2O   9.3±0.6 9.2±0.6   8.6±0.7 8.5±0.6  8.4±0.9 8.5±1.0 8.6±0.6 8.5±0.6

I. group. CBP (southern part), SBP (eastern part), TT; II. group. SBP (main part), WCP (outer part); III. group. WCP (inner part); IV. group. PT (Velence Mts.). 
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Table 9, Fig. 6). Most biotite in the 
inner part of WCP (Fig. 7), North of 
Mecsek Mts. (Szalatnak) and 
Sarleinsbach in SBP can be classified 
into this group. The two later ones are 
enriched in Fe (annite = 56 mol%) too. 
 IV. Fe-Mn biotite enriched in annite 
molecule (FeO*/MgO = 4.8, annite = 
63 mol%,), contains high Fe, Mn 
(Table 9, Fig. 6, 8) and with low Mg, 
Al. They occur only in the Pelsonian 
Terrane in the Velence Mts. 
 
Correlation of major chemical 
components of biotite 
 The Mg-biotite has high Si whereas 
the Fe-Al-biotite has lower Si contents. 
Substitution of Mg by Fe in the 
octahedral site is obvious (rMg-Fe = -
0.89). The negative correlation of K 
with Fe3+

 and H2O is probably due to 
the secondary chloritization. 
 Phlogopite component rich biotites 
(Mg2+ = 3.17-2.63 per formula) contain 
rather low Al in the tetrahedral (2.35) 
as well as in the octahedral sites (0.27). 
Siderophyllite molecule rich Fe-Al-
biotite is rich in Al in the tetrahedral 
(2.68) as well as in the octahedral sites 
(0.48). The annite molecules rich Fe-
Mn biotite enriched in Si (5.73) and the 
tetrahedral site contains low contents 
of Al (2.27) and Fe (3.98) prevails in 
the octahedral site. 
 The Mg, Si rich and Al poor biotite 
crystallized mostly from I-type, calk-
alkaline magma where the role of the 
Al was limited.  The Fe, Al-rich, Si-
poor biotite crystallized from 
peraluminous melts originating mostly 
from the partially melted Al-rich 
continental crust (S-type granitoids). 
These biotites contain larger amounts 
of Al and low Si in the tetrahedral site 
and the residual melt is relatively 
enriched in Si.  
 Fe-biotite crystallized at low 
temperature from Si-rich residual magma 
resulting in a Si-enrichment in biotite. 
 
DISCUSSION AND CONCLUSION 
 The investigated late- and post-
collision Variscan granitoids (340-280 
Ma) of Central Europe can be classified 
into four groups according to the their 
biotite compositions: Mg-biotite 
crystallized from calc-alkaline magma, 
Fe-Al-biotite crystallized from 
peraluminous magma, transitional Fe-
Mg-biotite originated from mixed 
sources between calk-alkaline and 

peraluminous magmas and Fe-Mn-
annite molecule-rich biotite crystallized 
at the late stage of differentiation path 
from alkaline enriched originally 
peraluminous magma. 
 Mg-biotite occurs in metaluminous 
Mg-K-rich monzonitic suite, I-type 
granitoids accompanied by lamprophyre 
derived durbachite-vaugnerite small 
bodies and enclaves (Buda et al., 2000, 
localities: southern part of CBP, eastern 
part of SBP and in TT). These rocks 

derived from at least two different melt 
sources. The basic mafic small bodies 
and enclaves contain phlogopitic biotite 
originating from subcontinental 
incompatible elements enriched upper 
mantle and the hosting granitoid, with a 
slightly higher amount of Fe, 
crystallized from a melt containing 
more crustal contribution. Phlogopitic 
biotite crystallized above 800oC under 
low oxygen fugacity (around Ni-NiO 
buffer) 

Fig. 8. Box-whiskers plots of major components of biotite grouped according to 
compositions and occurrences. 
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and biotite of the hosting granitoids crystallized slightly 
below 750oC at about 500 MPa (Buda, 1985) also at low fO2. 
These Mg-K-rich plutonic rocks contain significantly high 
amounts of mafic and opaque minerals e.g. biotite, amphibole, 
chromite, ilmenite, pyrite, chalcopyrite and pyrrhotite compared 
with Fe-rich biotite-bearing peraluminous granitoids. 
 Fe-Al-rich biotite occurring in S-type, granodioritic suite 
plutonic rocks crystallized from a melt originating from 
partially melted continental crust (localities: main part of the 
SBP, outer zone of the WCP and some small occurrences of 
the TT). 
 In the case of the transitional type Mg-Fe-biotite, 
occurring in the trondjemitic-suite, I/S -type granitoids, the 
role of the continental and oceanic crusts were variable, e.g. 
in the WCP the amount of continental crustal melt increased 
from inner part to the outer. According to Petrík (1980) the 
minimum crystallization temperature of biotite in the inner 
part was 775oC (Tribeč) and the outer one was 740 oC (Malé 
Karpaty). 
 The annite molecule-rich biotite crystallized at around 
680oC at 200 MPa (Buda, 1985), at the late stage of crystal 
differentiation in a hypabyssal, peraluminous, granodioritic -
suite, S-type pluton, in the Velence Mts. (PT). The P and T 
estimations are based on the stability curve of biotite using 
data of Wones and Eugster (1965), Huebner and Sato (1970) 
and Wones (1972). 
 These results correspond with Rutherford’s (1973) 
experiments according to his results Fe-Al biotites are more 
stable at high temperature than annite. 
 Decreasing temperature with increasing Fe-content of 
biotite results in a series from Mg-K rich to Fe-rich granitoids 
in Central Europe. Similar Variscan plutonic suite was 
described by Debon and Lemmet (1999) in the External 
Crystalline Massifs of the Alps. They have distinguished a 

high magnesian suite (330-340 Ma) and magnesian-ferriferous 
and ferriferous suites (295-305 Ma). Mg-rich plutons contain 
vaugnerite or durbachite enclaves rich in both compatible and 
incompatible elements (e.g., Mg and K) comparable with 
lamproitic or lamprophyric rocks.  
 Plutonic rocks of the K-Mg-rich monzonitic suite most 
probably formed a significant part of the Moldanubian zone 
in the Variscan Central Europe: southern part of the CBP, 
eastern part of the SBP, TT having similar protolith, melting 
and crystallization history. TT was disconnected later on 
from the Moldanubian zone (Buda, 1998). 
 The annite molecule-rich biotite-bearing granitoids of the 
Pelsonian Terrane have different protoliths, melting and 
crystallization conditions from the previous plutons and 
showing similar origin with granitoids occurring in the 
Southern Alps (Buda, op cit.). 
 The origin of so-called Fe-potassic calc-alkaline-type 
biotite with high Fe, Ti and low Al contents found at 
Sarleinsbach (Austria) or Szalatnak (Hungary) is obscure 
probably because they are also of hybrid origin from an older 
re-equilibrated mangeritic source and from a younger 
granitic melt (Klötzli et al., 2001). 
 Plutonic rocks without thermal contact like the TT, 
southern part of the CBP, eastern part of the SBP contain low 
oxidized biotite with ilmenite (Fig. 9) where the deep seated 
initial melt was probably water saturated. 
 Biotites occurring in intrusive granitoids are mostly 
highly oxidized, (WCP, Sierra Nevada, PT) containing 
magnetite as accessory minerals. The high temperature initial 
melt of intrusive granitoids results in magnetite 
crystallization (Dodge et al., 1969; Ishihara, 1977; Buda, 
1990) and at the late stage Fe-biotite crystallized from volatile-
rich melt. Biotite was oxidized due to the dissociation of water 
and migration of hydrogen from the system. 
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