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IGOR PETŘÍK* 

BIOTITES FROM GRANITOID ROCKS OF THE WEST CARPATHIANS AND 
THEIR PETROGENETIC IMPORTANCE 

(Figs. 1-7) 

A b s t r a c t : T h e i n d i v i d u a l m o u n t a i n r a n g e s o i t h e e a s t C a r p a t h i ­
a n s a r e s u b d i v i d e d o n t h e b a s i s of d i f f e r e n t F e / F e + M g ratio> i n b io-
t i t e . M a i n a t t e n t i o n i s p a i d t o t w o , f r o m t h i s s t a n d p o i n t e x t r e m e 
m o u n t a i n ! r a n g e s , t h e M a l é K a r p a t y a n d T r í b e č m t s . O n t h e b a s i s of 
c o m p a r i s o n of c h e m i c a l a n a l y s e s of b i o t i t e , m o d a l a n a l y s e s a n d 
s u c c e s s i v e r e l a t i o n s i n r o c k s w i t h e x i s t i n g e x p e r i m e n t a l d a t a , t h e 
a t t e m p t t o d e r i v e t e m p e r a t u r e of b i o t i t e c r y s t a l l i z a t i o n a n d to 
v a l u a t e t h e s t u d i e d r o c k s f r o m t h e s t a n d p o i n t of w a t e r c o n t e n t 
w a s c a r r i e d out . 

P e 3 io M e : OT^ejitHLie ropHbie MaccHBBi 3anariHBrx KapnaT no^pasjíeJieí-iH 
Ha ocHOBaHHH pa3Horo OTHonieHHH Fe/Fe + Mg B SucmiTe. HeyM c 3TOH 
T O I K H 3peHHS KpaHHHM ropHBiM MaccHBaM, MajiBiM KapnaTaM n Tpn6etiy 
ynejieHO rjiaBnoe BHi-iMamie. H a ocHOBaHHH cpaBHeniiH xHMimecKiix aHa-
JIH30B ÔHOTHTa, MoaajiBHLix aHaJin30B i-i nocjie,ayioniíix OTHOinei-iiiii B nopozic 
c cyn;ecTByion}HMJi SKcnepiiMeHTajiBHLiMH ÄaHHBiMii. c^ejiatia noiiBiTKa BLI-
BecTH TeMnepaTypy KpHCTajijiii3ai(Hii 6noTHTa H oueHHTB H3yiaeMBie nopoaM 
C TO^KH 3peHHÍI COTiep/KaHHfl BOÄBI. 

In postklnematic granitoids of the West Carpathians biotite forms an essen­
tial component. In this article 32 original chemical analyses of biotite practi­
cally from all core mountains are mentioned. As the Malé Karpaty and Tribeč 
mts., with regard to Fe/Fe + Mg ratio in biotite, display extreme values, main 
attention is paid to them. Fundamental information about chemical composi­
tion of West Carpathian biotites was presented by J. Ď u r k o v i č o v á (1966, 
1967). Her study shows that biotite from more acid rocks is richer in iron 
than biotite from more basic types, the varieties with most iron come from 
Hrončok granite and Gemeride granites. J. Ď u r k o v i č o v á (1967) expressed 
the assumption that it is connected with their Neoid age. On the whole biotites 
are characteristic in having relatively monotonous composition. 

In this work, mainly dealing with postkinematic granitoids, besides the 
original analyses, three analyses of biotite from tonalite of Tribeč (52 B, 
53 B, 54 B] are used from the work by J. Ď u r k o v i č o v á. 

Analytical methods 

Biotite concentrate was obtained from crushed rock (about 10 kg) by sepa­
ration: flotation, magnetically and in heavy liquids. The achieved purity was 
95 to 99 %. The concentrate was analysed by classical chemical analysis by 
Ing. E. W a 1 z e 1 from the Geological Institute of the Slovak Academy of 
Sciences. The chemical analysis obtained. this way represents average com­
position of biotite grains within one sample. Chemical analyses and structural 
formulas are mentioned in Tab. 1. The studied biotites come from samples 
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"ZK" determined for complex mineralogical-geochemical investigation. In 
this wotk only localities of biotites from the Malé Karpaty and Tríbeč mts. 
a re mentioned, location of other samples is given in the work by J. M a c e k 
et.al. [1979). 

Chemical composition of studied biotites 

The rat ion of the two main cations Fe/Mg in the octahedral layer of biotite 
is the fundamental character is t ic of this mineral. Composition of the studied 
biotites is shown in Fig. 1 in the tr iangle: Mg—Fe 2 + Mn—Al v l + F e 3 + T i , accor­
ding to M. F o s t e r [I960]. As visible from the position of the individual 
samples, iron biotites slightly predominate. The terminal members-phlogopites 
and lepidomelanes are missing. Regional dependence is shown quite distinctly. 
Mg—rich biotites are from the mountain ranges of Tribeč, part of the Nízke 
Tatry, Malá Fatra and Králova hoľa zone of the Veporldes. Fe—rich biotites 
come from the Malé Karpaty, Považský Inovec, Kohút zone, Velká Fatra and 
part of the Nízke Tatry. Subdivision of the individual massifs according to 
increasing iron content is shown in histograms of Fig. 2. In the histograms 
also all analyses of J. Ď u r k o v i č o v á (1967) are used. 

Biotites from two mountain ranges, the Malé Karpaty and Tribeč, form 
in Fig. 1 relatively closed and from each other most distant fields. As the 
ratio F e / F e + Mg is of genetic importance, it is possible at least to a certain 
extent to extrapolate the conclusions made on the basis of these two mountain 
ranges on granitoids of the whole West Carpathian crystall ine. 

The fundamental t rend appearing in chemical composition of biotite, descri­
bed by many authors (S. R. N o c k o 1 d s, 1947; E. W. H e i n r i c h , 1946; F. 
C. W. D o d g e — V. C. S m i t h — R. E. M a y s , 1969) lies in increasing iron 
content to the detr iment of magnesium in biotites from more differentiated, 
acid rocks. More basic rocks, on the contrary, contain biotite with higher 
magnesium content. Such a t rend is also evident from chemical composition 
of biotites from granitoids of the West Carpathians. The composition of biotite 
therefore is not only a simple reflex of chemical composition of magma but 
depends on temperature and oxygen fugacity in the course of cooling of 
magma so that Mg—richer biotites are more stable at higher temperature 
and higher oxygen fugacity (D. R. W o n e s — H. P. E u g s t e r, 1965). 

Petrogenetic interpretations 

The temperature and succession of crystall ization of magma is influenced 
mainly by total pressure, content (or fugacity) of water or other volatile 
components and oxygen fugacity. For melts of granit ic and tonalit ic compo­
sition with various content of water a lot of experimental data exist. In order 
to obtain an idea about the succession of crystall ization of the Malé Karpaty 
granodiorite and Tribeč tonalite, we recorded the selected samples into Ab — 
Or — An — Q — H.O, system, Fig. 3. The composition of melt existing at 
isobaric coteclic surface of quartz + plagioclase 4- liquidus + vapour at 
5 kilobars of total pressure and excess water is according to the works by 
H. G. F. W i n k l e r (1976), H. G. F. W i n k 1 e r et al. (1975, 1977). The modal 
composition of samples (ZK— 1, 50, 51, 54), which was prefered to more often 
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T a b 1 e 1 
Chemical analyses and structural formulae + of biotites from granitoid rocks of ths 

West Carpathians 

Si02 

T102 

M203 
Fe 2 0 3 
FeO 
MnO 
CaO 
MgO 
K20 
N.B20 
H2Ó 
H20 + 
P205 
Total 
Si 
A1 IV 

Fe3+ 
Z 
AlVI 
Fe3 + 
F e 2 + 
Mg 
Mn 
T.i 
Y 
Oa 
Na 
K 
X 
Fe/Fe + Mg 

ZK-1 

35.31 
1,89 

17.66 
7.06 

12.29 
0.24 
4.14 

11.44 
4.11 
0.34 
•0.24 
4.44 
0.02 

99.ia 
2,62 
1.38 
0.00 
4.00 
0.16 
€.39 
0.76 
1.26 
0.02 
0.11 
2.69 
0.40 
0.05 
0.39 
0.84 
0.67 

ZK-2 

33.90 
2.47 

17.25 
2.79 

16.96 
0.20 
1.38 
9.43 
6.96 
0.15 
0.23 
3.27 
0.03 

95.02 
2.67 
1.33 
0.00 
4.00 
0.26 
0.16 
1.11 
1.10 
0.01 
0.15 
3.81 
0.14 
0.02 
0.70 
0.86 
0.71 

ZK-3 

34.22 
2.70 

17.88 
2.12 

17.99 
0.15 
0.46 
9.14 
8.88 
0.18 
0.14 
2.56 
0.O2 

96.44 
2.66 
1.34 
0.00 
4.00 
0.29 
0.12 
1.17 
1.06 
0.01 
0.16 
2.81 
0.05 
0.03 
0.88 
0.96 
0.72 

ZK-10 

35.23 
2.41 

15.55 
6.32 

14.75 
0.37 
0.82 

11.05 
9.20 
0.13 
0.06 
1.70 
0.00 

97.59 
2.68 
1.32 
0.00 
4.00 
0.07 
0.36 
0.94 
1.25 
0,02 
0.14 
2.77 
0.08 
0.02 
0,89 
0.99 
0.70 

ZKJ-11 

34.63 
3.52 

13.80 
6.22 

18.01 
O.08 
0.74 
9.41 
8.20 
1.64 
0.47 
3.09 
0.14 

99.95 
2.67 
1.25 
0.08 
4.O0 
0.00 
0.28 
1.16 
1.08 
0.01 
0.2O 
2.73 
0.07 
0.24 
0,80 
1.12 
0.75 

ZK-12 

34.42 
3.34 

16.24 
5.72 

15.26 
0.07 
0.74 

11.91 
6.70 
1.21 
0.58 
3.67 
0.16 

100.02 
2.59 
1.41 
0.00 
4.00 
0.04 
0.32 
0.96 
1.34 
0.00 
0.19 
2.85 
0.07 
0.18 
0.64 
0.89 
0.68 

ZK-15 

34.97 
2.59 

18.28 
5.44 

19.13 
0.21 
0.34 
6.83 
7.12 
1.15 
0.42 
3.29 
0.17 

99.94 
2.66 
1.34 
0.00 
4.00 
0.30 
0.31 
1.22 
0.77 
0.01 
0.15 
2.76 
0.03 
0.17 
0.69 
0.89 
0.81 

used normative composition because of the presence of muscovite is adopted 
from the work by J. M a c e k et al. (1979) and the information about basicity 
of plagioclases from the work by J. M a c e k [1975). 

From Fig. 3 and Tab. 2 results that the samples from two-mica granodiori te 
of the Malé Karpaty mts. are in close proximity of the cotectic surface of 
plagioclase + quartz + liquidus + vapour between isotherms 685—700°C. 
The succession of crystall ization is as follows: plagioclase — quartz — K-
feldspar. The position of tonalite is shifted more to the area poorer in Or 
between isotherms 680—740°C, in the field of plagioclase. The succession of 
crystallization is: plagioclase—quartz. The such derived succession agrees also 
in the case of two minca granodiori te and biotic tonali te very well with 
optical observation of thin sections, according to which the succession for 
two-mica graniodiori tes is: biotite, muscovite — plagioclase — quartz — K-i 
feldspar and for tonali te: biotite, plagioclase—quartz. The placing of biotite 
in this succession is very important in order to obtain the total picture about 
the temperature of crystallization, fugacity of H20 and fugacite of 0 2 of the 
magma. The influence of the content of water on phase and temperature 
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Continuation oj Table 1 

j 

S i 0 2 
T i 0 2 
AI2O3 
iFe 2 0 3 
FeO 
MnO 
CaO 
MgO 
K 2 0 
NaaO 
H 2 0 
H2O + 
P2O5 
Total 
Si 
AllV 
F e 3 + 
Z 
Aivi 
Fe3 + 
F e 2 + 
Mg 
Mn 
Ti 
Y 
Oa 
Na 
K 
X 
Fe/Fe + Mg 

ZK-19 

37.87 
3,02 

15.84 
8.12 

14.82 
0.11 
1.08 
6.91 
7.83 
1.19 
0.52 
2.60 
0.14 

100.15 
2.82 
1.18 
0.00 
4.00 
0.21 
0.45 
0.92 
0.77 
0.01 
0.17 
2.53 
0.10 
0.17 
0.74 
1.01 
0.80 

ZK-20 

34.86 
3.17 

16.15 
4.34 

16.40 
0.29 
0.84 
9.45 
7.84 
0.40 
0.13 
2.72 
0.04 

96.63 
2.69 
1.31 
0.00 
4.00 
0.16 
0.25 
1.06 
1.09 
0.02 
0.18 
2.76 
0.08 
0.06 
0.77 
0.91 
0.72 

ZK-21 

30.67 
2.45 

17.54 
6.51 

18.69 
0.40 
1.12 
9.63 
5.78 
0.13 
0.06 
4.12 
0.00 

97.10 
2.43 
1.57 
0.00 
4.00 
0.06 
0.39 
1.24 
1.14 
0.03 
0.15 
3.00 
0.12 
0.02 
0.58 
0.72 
0.76 

ZK-24 | 

33.80 
3.78 

16.57 
8.80 

12.52 
0.52 
1.75 
8.45 
8.70 
0.14 
0.06 
1.72 
0.00 

96.81 
2.58 
1.42 
0.00 
4.00 
0.07 
0.51 
0.80 
0.96 
0.03 
0.22 
2.59 
0.17 
0.02 
0.85 
1.04 
0.75 

ZK-25 

35.29 
3.41 

15.01 
4.60 

15.48 
0.32 
0.77 

10.74 
9.66 
0.12 
0.12 
1.96 
0.04 

97.52 
2.70 
1.30 
0.00 
4.00 
0.05 
0.28 
0.99 
1.22 
0.02 
0.20 
2.74 
0.08 
0.02 
0.94 
1.04 
0.69 

ZK-26 

34.47 
2.40 

15.64 
8.34 

18.23 
0.50 
1.97 
6.02 
8.30 
0.16 
0.22 
1.68 
0.07 

98.00 
2.67 
1.33 
0.00 
4.00 
0.09 
0.49 
1.18 
0.69 
0.03 
0.14 
2.62 
0.20 
0.02 
0.82 
1.04 
0.84 

ZK-28 

36.87 
2.35 

15.89 
4.13 

13.67 
0.17 
0.53 

11.46 
9.90 
0.18 
0.15 
2.34 
0.04 

97.68 
2.78 
1.22 
0.00 
4.00 
0.19 
0.23 
0.86 
1.29 
0.01 
0.13 
2.72 
0.05 
0.03 
0.95 
1.03 
0.65 

relat ions is so essential that its estimation belongs to the most important 
character is t ics of natura l systems. 

The melting experiments of H. G. F. W i n k l e r et. al. [1975, 1977) are 
carried out with presence of excess water, where P t = PH2o- Actually the pre­
vailing majority of experiment determinat ions of liquid-solid equilibria was 
carried out in the presence of a free vapour phase and many times such 
conditions are supposed also for natural, mainly anatect ic systems. The 
works of several authors (W. C. L u t h, 1969; G. C. B r o w n — W. S. F y f e, 
1970; A. J. P i w i n s k i j — P. J. W y 1 i e, 1970; J. K. R o b e r t s o n — P. J. 
W y 11 i e, 1971], however, relatively unambiguously demonstrate that natural 
granitic systems are in the major part of their history water-undersaturated. 
The content of water according to various authors does not exceed 2 to 5 %. 
Only under certain circumstances — by gradual crystall ization and by rising 
of magma the content of water increases so much that in apical and marginal 
parts of magma chambers conditions of water-saturated magma can originate. 

The difference in phase and thermal relations between „dry" and „wet" 
melts (of intermediate composition) is clearly i l lustrated in Fig. 4 according 
to J. K. R o b e r t s o n — P. J. W y l l i e (1971). The curve of solid in Fig. 4 
A has a negative slope and with rising temperature sinks to 650°C whereas 
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Continuation of Tab. 1 

\ 

Si02 

T1O2 
AI2O3 
F e 2 0 3 
FeO 
MnO 
CaO 
MgO 
K2O 
Na->0 
H20 
H2O + 
P2O5 
Total 
Si 
A1IV 

Fe3 + 
Z 
A1VI 

Fe3 + 
Fe2 + 
Mg 
Mm 
T.i 
Y 
Ca 
Na 
K 
X 
Fe/Fe + Mg 

ZK-29 

35.38 
2.31 

17.49 
3.06 

16.87 
0.25 
0,68 
8.68 
9.12 
0.14 
0.40 
2.38 
0.02 

97.78 
2.73 
1.27 
0.00 
4.00 
0.32 
0.18 
1.09 
1.00 
0.02 
0.13 
2.73 
0.07 
0.02 
0.90 
0.99 
0.73 

ZK-30 

33,06 
3.50 

16.26 
7.54 

14.22 
0.43 
2.20 
8.75 
6.93 
0.50 
0.06 
2.34 
0.00 

95.79 
2.57 
1.43 
0.00 
4.00 
0.05 
0.44 
0.92 
1.01 
0.03 
0.20 
2.66 
0.22 
0.08 
0.69 
0.98 
0.75 

ZK-38 

31.56 
3.54 

16.90 
3,60 

17.96 
0.20 
1.70 

10.58 
4.65 
0.22 
0.38 
4.73 
0.02 

96.04 
2.50 
1.50 
0.00 
4.00 
0.08 
0.21 
1.19 
1.25 
0.01 
0.21 
2.96 
0.18 
0.03 
0.47 
0.68 
0.71 

ZK-40 

33,14 
3,52 

17,77 
1,28 

18,59 
0,15 
0.95 
8,95 
7.92 
0.21 
0.30 
2.97 
0.04 

95.79 
2.61 
1.39 
0.00 
4.00 
0.25 
0.08 
1.22 
1.05 
0.01 
0.21 
2.82 
0.10 
0.03 
0.79 
0.92 
0.72 

ZK-42 

37.39 
2.40 

16.96 
11.47 
10.68 

0.43 
0.67 
7.36 
7.80 
0.22 
0.16 
2.58 
0.00 

98.12 
2.79 
1.21 
O.00 
4.00 
0.28 
0.64 
Q.67 
0.82 
0.03 
0.13 
2.56 
0.07 
0.03 
0.74 
0.84 
0.79 

ZK-46 

32.33 
3.49 

14.97 
9.50 

15.67 
1.64 
0.41 
9.85 
6.12 
0.2a 
0.30 
3.65 
0.04 

98.25 
2.51 
1.37 
0.12 
4.00 
0.00 
0.44 
1.02 
1.14 
0.03 
0.20 
2.83 
0.17 
0.04 
0.61 
0.81 
Q.76 

ZK-47 

3-0.06 
3.40 

15.94 
10.48 
12.56 

0.40 
3,35 
9.79 
4.43 
0.50 
0.18 
3.98 
0.00 

95.07 
2.39 
1.49 
0.12 
4,00 
0.00 
0.51 
0.83 
1.16 
0.03 
0.20 
2.73 
0.35 
0.08 
0.45 
0.S7 
0.74 

the curve of liquidus, represented partly by clinopyroxene (cpx) and part ly 
by hornoblende (hb), exceeds 1000°C. In the dry system, Fig. 4 B, the solid 
has positive slope from 950—1000°C. 

The presence of hydrous minerals, biotite, muscovite and amphibole exclu­
des the possibility of anhydrous conditions for two-mica granodiorite, also 
biotitic tonali te, even when it does not proof the presence of free water 
phase. 

From the viewpoint of water content or water vapour in crystallizing magma 
it is important to mention some pecularit ies of the Bratislava massif of the 
Malé Karpaty. It is mainly the fact that the SW part of the massif is very 
rich is pegmati tes. Their amount is greater than in the other core mountains. 
The western part of the massif does not contain so much pegmati tes, is, ho­
wever, more acid on the whole. B. C a m b e l — J. V a l a c h (1956] admit 
the following conception: whereas in the highest part of the domed body 
acid and supercrit ical agent [mainly water) made possible the origin of 
many pegmatites, in somewhat more basic rock, in relatively deeper position 
they remained in dissipation state and gave rise to rock of acid character 
with less pegmati tes. The deeper relief more uncovered by erosion, of the 
western part of the massif is testified by lacking gneiss remnants , which 
are abundant in the eastern part . 
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T a b l e . 1 (cont.) 

SiOv 
T102 
AI2O3 
F e 2 0 3 

FeO 
MnO 
Č a o 
MgO 
K 2 0 
Na->0 
H 8 0 — 

H2O + 
: P 2 0 5 

Total 
Si 
AllV 
Fe3 + 
Z 
Aivi 
F&3 + 
F e 2 + 
Mg 
Mn 
Ti 
Y 
Ca 
Na 
K 
X 
Fe/Fe + Mg 

ZK-48 

35.77 
3.49 

16.55 
6.91 

16.49 
0.48 
0.89 
6.98 
8.30 
0.31 
0.18 
1.28 
0.12 

97.75 
2.71 
1.29 
0.00 
4.00 
0.19 
0.39 
1.04 
0.79 
0.03 
0.20 
2.64 * 
0.09 
0.05 
0.80 
0.94 
0.80 

2K-50 

36.02 
2.16 

18.76 
8.71 

13.30 
0.54 
0.86 
6.42 
8.60 
0.25 
0.10 
2.26 
0.00 

97.98 
2.71 
1.29 
0.00 
4.00 
0.37 
0.49 
0.84 
0.72 
0.03 
0.12 
2.58 
0.08 
0.04 
0.82 
0.95 
0.81 

ZK-51 

34.89 
3.26 

17.92 
6.76 

15.92 
0.46 
1.94 
6.79 
7.52 
0.30 
0.O8 
2.36 
0.08 

98.28 
2.64 
1.36 
0.00 
4.0O 
0.24 
0.38 
1.01 
0.76 
0.03 
0.19 
2.61 
0.19 
0.04 
0.73 
0.96 
0.80 

ZK-53 

36.18 
3.12 

12.45 
4.88 

16.49 
0.51 
0.78 
7.06 
8.70 
0.4O 
0.06 
1.74 
0.19 

92.56 
2.92 
1.08 
0.00 
4.00 
0.11 
0.30 
1.11 
0.85 
0.03 
0.19 
2.59 
0.08 
0.06 
0.90 
1.04 
0.78 

ZK-56 

35.92 
2.68 

14.37 
5.50 

18.66 
0.15 
1.05 
8.69 
8.70 
0.19 
0.12 
2,02 
0.02 

98.07 
2.76 
1.24 
0.00 
4.00 
0.06 
0.32 
1.20 
0.99 
0.01 
0.15 
2.73 
0.11 
0.03 
0.85 
0.99 
0.77 

ZK-57 

35.94 
2.05 

17.88 
3.05 

15.40 
0.11 
0.88 
9.55 
9.24 
0.14 
0.28 
2.04 
0.03 

96.59 
2.74 
1.26 
0.00 
4.00 
0.34 
0.17 
0.98 
1.08 
0.01 
0.12 
2.70 
0.09 
0.02 
0.90 
1.01 
0.70 

ZK-60 

33.55 
3.16 

17.70 
7.55 

17.20 
0.51 
1.19 
6.42 
5.78 
0.25 
0.12 
4.20 
0.04 

97.67 
2.66 
1.34 
0.00 
4.00 
0.23 
0.44 
1.12 
0.74 
0.03 
0.18 
2.74 
0.03 
0.17 
0.69 
0.89 
0.81 

For the so characterized magma water saturated conditions are not exclu­
ded. The lower temperature of intruding magma is indicated also by its low 
metamorphic capacity (little thickness or even missing isomorphic zones 
of deep contact metamorphism, r a r e occurrence of migmatites, B. C a m b e l 
- J . V a l a c h , 1956]. 

From the viewpoint of water regime it is more difficult to characterize the 
tonalite magma of the Tribec mts. According to E. K r i s t (1960) this magma 
was characterized by little differentiation. Besides the general ly more basic 
character it is also attested by lacking aplitoid and pegmatitoid differen­
tiates. The contact effect of magma cannot be valuated because the crystal l ine 
schists in contact with granitoids in the present-day relief are missing. It 
appears, however, that for water saturated conditions are not sufficient pre­
conditions. From optical observation the succession of minerals is not comple­
tely unambiguous. The biotite and plagioclase were the first but their mutual 
relation is not clear. When we admit that biotite is at least partly of relict 
character (H. G. F. W i n k l e r — R. B r e i t b a r t , 1978), the question arises, 
to what an extent its composition can be influenced by chemical composition 
of surrounding melt because the high magnesiality of the Tribeč biotite is 
connected with more basic character of tonal i te magma. 
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Continuation of Tab. 1 

S i 0 2 

T i 0 2 

AI2O3 
F e a 0 3 
F e O 
M n O 
CaO 
MgO 
K 2 0 
N a ? 0 
H 2 0 
H2O + 
P2O5 
T o t a l 
Si 
AlIV 
F e 3 + 
Z 
AlVi 
Fe3 + 
F e 2 + 
Mg 
M,n 
Ti 
Y 
Ca 
N a 
K 
X 
F e / F e + M g + + 

ZK-82 

39.90 
2.06 

14.91 
7.84 

11.63 
0.19 
0.24 

12.02 
9.71 
0.16 
0.32 
1.02 
0L06 

100.06 
2.88 
1.12 
0.00 
4.00 
0.14 
0.43 
0.70 
1.29 
0.01 
0.11 
2.68 
0.02 
0.02 
0.89 
0.94 
0.66 

ZK-86 

39.62 
2.34 

15.29 
6.50 

15,08 
0.26 
0.48 
9.15 
9.08 
0.17 
0.26 
1.70 
0.05 

100.00 
2.90 
1.10 
0.00 
4.00 
0.22 
0.36 
0.92 
1.00 
0.02 
0.13 
2.65 
0.05 
0.02 
0.85 
0.92 
0.74 

ZK-92 

37.11 
2.47 

17.65 
9.82 

13.85 
0.02 
0.24 
8.29 
3.24 
0.12 
0.24 
6.90 
O.Of. 

100.03 
2.78 
1.22 
0.00 
4.00 
0.34 
0.55 
0.87 
0.93 
0.00 
0.14 
2.83 
0.02 
0.02 
0.31 
0.35 
0.73 

ZK-100 

37.52 
2.32 

16.79 
12.64 

8.74 
0.15 
0.32 
8.69 
8.46 
0.18 
0.44 
3.72 
0.06 

100.03 
2.77 
1.23 
0.00 
4.00 
0.24 
0.70 
0.54 
0.96 
0.01 
0.13 
2.58 
0.03 
0.03 
0.80 
0.85 
0.75 

B 

36.72 
2.47 

15.77 
5.25 

14.74 
0.32 
1.81 

11.02 
10.07 

0.12 
0.05 
1.26 
0.00 

99.60 
2.71 
1.29 
0.00 
4.00 
0.09 
0.29 
0.91 
1.21 
0.02 
0.14 
2.66 
0.17 
0.02 
0.95 
1.14 
0.68 

53 B 

36.60 
2.05 

15.80 
5.68 

11.80 
0.22 
1.65 

14.19 
9.20 
0.16 
0.29 
1.86 
0.00 

99.50 
2.68 
1.32 
0.00 
4.00 
0.05 
0.31 
0.72 
1.55 
0.01 
0.11 
2.75 
0.16 
0.02 
0.86 
1.04 
0.60 

54 B 

34.25 
3.80 

13.25 
7.18 

15.09 
0.20 
0.93 

12.07 
9.30 
0.16 
0.26 
3.03 
0.00 

99.52 
2.62 
1.19 
0.19 
4.00 
0.00 
0.22 
0.96 
1.38 
0.01 
0.22 
2.79 
0.09 
0.02 
0.91 
1.02 
0.69 

+ Structural formulae were calculated on the basis of 44 cationic and anionic valen­
cies per unit cell. To write the half-cell formula, the values for the cations per unit 
cell are halved. 

+ + Fe/Fe + Mg rations were calculated on the basis of FeO,Fe203 Mg O oxides. 
Analyses 53 B, 54 B, 55 B are from J. Ď u r k o v i č o v á (1967]. 

The dependence of crystall ization succession and the width of crystallizat­
ion interval on the water content in the melt were shown clearly by the 
melt ing experiments of J. A. W h i t n e y (1975], W. L. H u a n g — P. J. 
W y l l i e [1973] or S. M a a l a e — P. J. W y l l i e (1975). In Fig. 5 is the 
crystall ization interval of biotitic granite (modal composition: pi—28,4 %, 
af—39,1 %, qz—26 %, bi—5,2 % ) , as function of the water content at pressure 
2 kbar, according to S. M a a 1 0 e — P. J. W y 11 i e (1975). The picture shows 

•how the crystallization interval expands from the water saturated to water 
undersaturated area. The liquidus represented by plagioclase attains almost 
1200°C under anhydrous conditions. From phase relations an important fact 
results : the upper limit of biotite stability changes with the change of the 
water content at constant fugacity of oxygen and constant total pressure 
very little only — from 340r'C in water saturated conditions to 875°C when 
traces of water are present only. The phase boundary of biotite thus sharply 
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Intersects the phase boundaries of anhydrous minerals and the position of 
biotite in crystall ization succession is essentially influenced by the water 
content in magma. Similar relat ions are also valid for further hydrous mi­
neral—muscovi te (W. L. H u a n g — P. J. W y 11 i e, 1973], In the case of 
granite MG—1 S. M a a l 0 e — P. J. W y l l i e (1975) it was derived from the 
petrographical ly confirmed crystall ization succession: plagioclase—microcli-
ne—quartz—biot i te that the content of water in crystallizing magma was 
less than 1,2 %. 

In the case of the two-mica Bratislava granodiorite a different situation 
arises. Petrographic observation has shown the succession: biotite — quartz 
— plagioclase — alkalic feldspar. Anhydrous minerals — quartz and feldspars 
thus crystallized at lower temperature than biotite and the total scheme rather 
corresponds to water saturated conditions in the right part of Fig. 5. In the 
case of granite MG—1 such conditions were attained at water content greater 
than 6,5 %. 

The data about stability of the system biotite — K—feldspar magnet i te 
ID. R. W o n e s — H. P. E u g s t e r, 1965), which is common for Malé Kar-

Malé Karpaiy Mts. 
Tríbeč Mts. 
Považský Inovec Mts. 
Malá Fatra Mts. 
Veľká Fatra Mts. 
High Tatra 
Low Tatra 
Slovenské Rudohorie Mts. 
Čierna Hora Mts. 

Fig. 1. Relations between octaheral cations of biotltes from West Carpathian granitoid 
rocks. Comuo'Sition fields according to M. F o s t e r (1960). 
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paty as well as Tríbeč granitoids, can provide fundamental information about 
T, f02, fH2o conditions for both magmas. D. R. W o n e s [1972] proposed a mo­
del of ideal solution for biotites in the chain phlogopite-annite. For equilibri-
ous system of biotite—K-feldspar—magnetite is valid the equation log fn2o = 
7409/T + 4,25 + 1/2 log fo, + 3 log x — log aKAis3os — log aFe3o4<

L< where 
T is temperature in CK, x is molar fraction F e 2 + in octahedral layer of biotite, 
" a " is activity of K-feldspar and magneti te. 

From the ternary system F e 2 + — F e 3 + — Mg according to D. R. W o n e s 
— H. P. E u g s t e r [1965], Fig. 6 an approximate estimation of oxygen fuga-
city in comparison with F e 2 0 3 — F e 3 0 4 buffer and Ni—NiO is possible. The 
fugacity of oxygen for biotites of the Malé Karpaty and Tríbeč is higher 
than Ni—NiO buffer. The conditions of F e 2 0 3 — F e 3 0 4 buffer for some of the 
samples (leucocratic granite from the Tríbeč ZK—42) appear very high and 
a secondary oxidation of F e 2 + from octahedral layer is not excluded. The 
absence of primary haemat i te in granodiorite, also tonalite confirms it. 

3-
2 
1 

3 
2 
1 

o o o o o o o o o 
c n o i O i N j ^ c D C o o D 

s ] J Ul ID CO •<! - ' Ul ID 

Fig. 2. Histograms of F&t/Fet + Mg ratios of biotite. The. Individual montain ranges 
are ordered according to increasing Fet/Fet + Mg ratio. A — Tribeč', B — Nízke Tatry, 
C — Malá Fatra, D — Slovenské Rudohorie, E — Čierna Hoľa, F — Veľká Fatra, 

G — Vysoké Tatry, H — Považský Inovee, I — Malé Karpaty. 
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Fig. 3. Projection of isobaric cotectic li­
nes and isotherms on t h r e e cotectic sur-
laces of Qz—Ab—Or—An—H2O system 
at pressure PH2O = 5 kb, according to 
H. G. F. W i n k l e r et al. (1977). Shown 
are compositions of five studied samples 
from the Malé Karpaty and Tríbeč, other 

data see Tab. 2. 

A ' I I 
solidus 

A f t 

Qz + 1 

Bit \ 

P1 + 

Hb^ 

V 

1 1 / 

1 1 

Af 

Bi 

1 Qz ipi Hb 

\Y \ 1 \ L*v -1 / V \ A 
W\ / \ \ C p x 

B - I— 1 i 1 1 

Af 

Oz 

Af t Q z t P i t Cpx 

s o l i d u s 

1 , . 1 1 II 

PI 

• 

J 
• _ 

-

:,in 1000 tiOO 1000 

Temperature *C 

Fig. 4. Phase relat ionships of molt of granodiorit ic composition with excess water 
(A) and dry m e l t ( B ) in projection pressure temperature, according to. J. K. R o b e r t ­
s o n _ p | W y l l i e (1971]. A b b r e v i a t i o n s : Af — alkalic feldspar, Qz — 
quartz, HI — biolite, PI - - plagiocla.se, Hb — hornblende, Cpx — clinopyropcene, L — 

liquid, V — va[)our. 

file:////Cpx
http://plagiocla.se
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T a b l e 2 

225 

Sample Qz !Ab 'Or An 

Malé Karpaty Mts. 

ZK—50 

ZK—51 
ZK —54 

37.0 

36.0 
39.8 

40.8 

44.6 
35.8 

15.9 

10.0 
17.0 

6.2 

9.3 
7.4 

ZK —1 

ZK—42 

41.0 

39.1 

38.6 

29.8 26.8 

20.4 

4.2 

Remarks 

in qz space; 2.8 % An below cotectic sur­
face: plag + qz 
on surface: plag + qz 
in qz space; 3.6 % An below cotect ic sur­
face: plag + qz 

in pliag space; 6.4 % An over cotectic sur­
face: plag + qz 
in qz space; 5.8 % An below cotectic sur­
face: plag + qz 

1200 

1100 

1000 

v 900 

20 22 

Weight per cent hUO in syste 

Fig. 5. Crystallization interval of biotitic g ran i te as function of wate r content at 
pressure 2 kb, according to S. M a a l o e — P. J. W y l l i e [1975). The heavy line is 
the upper boundary of biotite stability. In the vapour-absent region it sharply intersects 

the phase boundaries of quartz and feldspare. Abbreviations see Fig. 4. 
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nn thP . .nnl i - fn,o v s T Fig. 7 the curves of biotites stability of the Malé 
K a r p a S an TrlbeC are calculated according to equation ( ! ] . N i - N i O buffer 
a c c o r d L to J. S. H u e b n e r -- M. S a t o (1970) was used as the lower 
boundary of fugacity 0,. As molar fraction (x) for biotite of two-mica Bra-
Íľsíava g r a n o S i t e w a s h e d the value x = 0,39, i.e. average from five analy-

s (ZK-48 Z K - 5 0 , Z K - 5 1 , Z K - 5 3 , Z K - 6 0 ] and for biotite from Tnbec 
tonaiite the value x = 0,30, i.e. average from four s a m p l e s t " - ^ 5 2 B ' 5

g
3

B g
B ' 

54 Bl Table 1 According to D. R. W a 1 d b a u m - J. B. T h o m p s o n (19baj 
he activity from definity solid solution of alkalic feldspars is not l d e a l at 

temperatures between 600-800 C, in composition: mola r * * £ ° \ ™ * * \ 
= 0,25-0,75 the activity of KAISi308 is approximately 0,6. The activity ot 
magnet i te was supposed as unit one. 

t Molé Karpaty Mts. 

O Tríbeč Mts 

r pD-'+ -TTP3+ Mi/ contents of biotites in the Malé Karpaty and 
; ' U RelMZX^r!XB^liA^SiV«Ail«L of biotites buffered by hae-

ľckóľ- iľkel, oxde, fayalite-magnetite.quartz, according tolU 
E UK s t e r 1965] Samples 52 B, 53 B, 54 B are from ]. DurKovi-

Cava (1967]. 

Tribec mis. 
mntlte-magnetlte, 
W o n o s — II. I 
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Both curves of stability in Fig. 7 intersect with the curve „granite mini­
mum" of 0. F. T u t t l e — N. L. B o w e n (1958). For Malé Karpaty biotite 
the estimation of the minimum temperature of crystall ization is 74CPC at 
ÍH2o = 7 7 ° bars, for Tríbeč biotite is the minimum temperature 775°C at 
fH20 = 590 bars. Regarding to the used buffer Ni—NiO the estimated values 
of water fugacity can be also considered as minimum. 

When we also take into consideration the assumption that the Malé Karpaty 
magma, at least in the upper part of the magmatic chamber, attained conditions 
of water saturation, the actual temperature of crystall ization of biotite must 
have been higher, because biotite, if crystallized first, formed the first solid 
phase, (however, with the exception of some accessory and ore minerals) , 
consequently liquidus and not solidus, compare Fig. 4A. The real liquidus 
could be possibly by 100 — 200°C higher as the experiments of S. M a a 1 0 e — 
P. J. W y l l i e (1975), Fig. 5 or A. J. P i w i n s k i (1968) i l lustrate. As the 
lower boundary of the crystall ization interval, consequently as solidus tem­
perature we may suppose the value of 650°C, i.e. minimum melting tempera­
ture (0 . F. T u t t l e — N. L. B o w e n, 1958; W. C. L u t h et al., 1964). 

The attempt to derive similar temperature limitation for the Tribeč tonalite 
is rendered more difficult by unclear relation of biotite and plagioclase in 
crystallization succession. It can be concluded from Fig. 7, however, that 
crystallization took place at higher temperature and lower H : 0 fugacity 
in comparison with the Malé Karpaty granodiorite, what to a certain extent 
supports the assumption of water undersaturated conditions for tonalite 
magma. 

The biotites from postkinematic granitoids of the West Carpathians can be 
characterized as relative monotonous according to the ratio Fe/Fe Mg, witli 
more ferrous varieties slightly predominating A higher portion of F e 3 + in the 
octahedral layer of biotite (f.g. in leucocratic granites of Tribeč j can be 

3000 

E 2000 
o 

CM 

I 

1000 

500 600 700 800 900 
Temperature -C 

Fig. 7. Stability curves of biotites trom the Malé Karpaty (1) and Tribeč rats. (2), 
calculated according to D. R. Wo n e s (1972). intersecting Ab—Or—Qz raininium 

melting curve O. F. Tuitle — N. L. B o w e n (1958) on diagram ÍH20 versus T. 
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c o n n e c t e d w i t h s e c o n d a r y c i r c u m s t a n c e s , e.g. s u b s e q u e n t p r o c e s s e s , r a t h e r 
t h a n w i t h i n c r e a s e d 0 2 f u g a c i t y in m a g m a . 

C o m p a r i s o n of t h e r e s u l t s of m e l t i n g e x p e r i m e n t s w i t h m i n e r a l s u c c e s s i o n 
of M a l é K a r p a t y a n d T r í b e č g r a n i t o i d s h a s s h o w n t h a t t h e p o s i t i o n of b i o t i t e 
in t h e s e s u c c e s s i o n c a n be a n i m p o r t a n t i n d i c a t o r i n v a l u a t i o n of t h e w a t e r 
r e g i m e [ e x p r e s s e d by t h e c o n t e n t or w a t e r f u g a c i t y ) of m a g m a . 

I n v a l u a t i o n of t h e o b t a i n e d d a t a a b o u t c r y s t a l l i z a t i o n t e m p e r a t u r e (740CC 
for t h e M a l é K a r p a t y b i o t i t e a n d 775°C for T r i b e č b i o t i t e ] it is n e c e s s a r y t o 
r e a l i z e t h a t m i n i m u m v a l u e s a r e c o n c e r n e d . S i m i l a r l y t h e i d e a of w a t e r sa­
t u r a t e d M a l é K a r p a t y m a g m a a n d , v ice v e r s a , w a t e r u n d e r s a t u r a t e T r i b e č 
m a g m a w i l l h a v e t o be c o n f r o n t e d w i t h t h e o t h e r Core m o u n t a i n s a n d p o s s i b l y 
r e v a l u a t e d . 

Translated by J. Pevný 
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Location of samples 

ZK— 1 Bjotitic tonali te, Tribeč, n o r t h e r n slope of the valley near foresters ' house 
house in t h e road cut. Area of the villagei Jánova Ves, 183 °/5 km- of V. Klíže, 
E of Topoľčany. 

ZK— 42 Biotitic granite, Tribeč, quarry at t h e N slope of the valley Uhrovská dolinna, 
133 °/km of V. Klíža, E of Topoľčany. 

ZK— 48 Fine-grained biofitic granodiorite, Rossler's quarry on the hill Briežky, Bra­
tislava, 86 °/l km of Kamzík (elev.p. 440 m ) , NE of Bratislava, Malé Karpaty 
mts. 

ZK— 50 Biotitic-muscO'Vite granodiorite, Malé Karpaty, granite quarry Železná stud­
nička, 16 °/l,8 km of Kamzík (elev. p. 440 m ) , NE of Bratislava. 

ZK— 51 Biotitic-muscovite granodiorite, Malé Karpaty, terminat ion of the valley below 
the castle, Jur — Neštych, 130 °/2,2 km of V. Javorník (elev.p.524 m) SW of 
Pezino'k. 

ZK— 53 Biofitic granite, Malé Karpaty, big quarry below the slope, road t o Králová 
Ves, Bratislava, 251 °/7 km of Kamzík (elev.p.440 m), NE of Bratislava. 

ZK— 54 Biotitic-muscovitB granodiorite, Malé Karpaty, quarry near t h e chapel, road 
Karlova Ves — Devín, 230 °/5 tan of Kamzík (elev.p.440 m ) , NE of Bratislava. 

ZK— 60 Biotitic-muscovite leucogranite1, Malé Karpaty, N slope oí elev.p.511, 4, Pře­
padlé valley, Borinka near Bratislava, 83 °/4,2 km o. Marianka, SE of Stupava. 
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ZK—100 Aplitoid leucograiiodiorite, Tribeč, road Topoľčianky— Skýcov 1,5 km S of 
Skýcov, 210 °/l,5 km of Skýcov. 

52 B Biotitic tonalite, Tribeč, massif of Velký Tribeč 
53 B Biotitic granodiorite, Tribeč, W of Skýcov 
54 B Biotitic tonalite, Tribeč, Zobnr — Jazierko 

The locations of the other .samples „ZK" were published in the work by J. M a c e k 
et al. 1079). The location of samples ,,B" is form the work by J. Ď i f r k o v i č o v á 
(1967). 


