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LIGHT OF GEOCHEMICAL-PETROCHEMICAL STUDY 

(Figs. 3) 

A b s t r a c t : In t h e p a p e r West C a r p a t h i a n grani to ids a r e briefly cha­
racter ized from the point of v iew of their geological occurrence, age 
re la t ions and m e t a m o r p h o s i s . Character i s t ic s of m a i n p e t r o g r a p h i c a l and 
geochemical features, m a c r o c h e m i c a l composit ion, t r a c e e l e m e n t s be­
haviour, inc luding REE and of some isotopic rat ios is given. S o m e resu l t s 
of model l ing a m a c r o c h e m i c a l composit ion (by m e a n s of m i x i n g p r o g r a m 
G E N M I X ) , as well as t r a c e e lements are presented on an e x a m p l e 
of t h e Malé K a r p a t y Mts. On t h e basis of these results , t h e a u t h o r s p r e ­
sent a v iew on dif ferentiat ion of grani to id m a g m a by Rayleigh crystal 
f ract ionat ion of m i n e r a l a s s e m b l a g e : bio + pig -4- Qz + K-feldspar + 
+ accessory m i n e r a l s from p a r e n t a l m a g m a of tona l i te-granodior i te 
composit ion. 

P e 3 io M e: B cTaTbe KOpoTico xapaKiepiusoBaiibi rpaHUTOii^H 3aiia/uibix Kap-
nar ,c TOIKH 3peHiisi HX reo.ioriiiecKoro nposiB.iemiír, OTHOUICHH'I B03pacTa 
ii MCTaMopcpH3Ma. /laeTCsi xapaKTepiiCTHKa OCHOBHBIX neľporpacpHiecKHX H 
rcoxiiMHqecKH.x np«3naK0B, MaKpoxHMmrecKoro cocľaea, noBciCHiia a-icMcu-
TOB-npnMece"i, BKJiioqaH peiu<03eMe.ibHbie sjieMenTbi, ii HeKOTOpbix 1130-
TOnnwx OTHOutemiii. Ha npiiMepe Ma.ibix KapnaT npiiBO/iíiTCH HeKOTopwc 
pe3yjibTaTbi MoaejiiipoBanHH MaKpo.xHMmiecKoro CQCTaBa (řípu IIOMOIHH CMC-
uiiiBaiomeii nporpaMMw G E N M I X ) , a raioKe sjieMeHTOB-npHMecert. Ha 
ocHOBe 3TIIX pe3yjibTaT0B aBTOpbi npeÄCTaBJííiiOT Mi-iemie o ÄH(p(pepeHmiannn 
rpaiíHTOHÄHoi'i Marinu (|)pai<niiOHHoii KpncTa,n.'iH3amieH Pajicn MiiHepajibno'i 
accoiiHauHii: ÓHOTHT + 11.1arnoK.1a3 + KBapu + Ka.'iiicBbiii no.ienoň ninar 
-f- aivucccopiibie Mimepa.'ibi H3 IICXO.IIÍOÍ'I MarMbi TOnajiHT-rpanonnopiiTOBoro 
CQCTaBa. 

T h e g e o c h e m i c a l - . p e t r o l o g i c a l i n v e s t i g a t i o n of L a t e P a l e o z o i c g r a n i t o i d m a s s i f 
of t h e W e s t C a r p a t h i a n s t a k i n g p l a c e a l r e a d y f o r s e v e r a l y e a r s a t t h e G e o l o g i c a l 
I n s t i t u t e of t h e S l o v a k A c a d e m y of S c i e n c e s a n d D e p a r t m e n t of G e o c h e m i s t r y 
a n d M i n e r a l o g y of t h e F a c u l t y of N a t u r a l S c i e n c e s a t t h e C o m e n i u s U n i v e r s i t y 
i n B r a t i s l a v a h a s b r o u g h t a s e r i e s of n e w r e s u l t s . T h e o b j e c t i v e of o u r c o n t r i ­
b u t i o n is t o s u m m a r i z e t h e o b t a i n e d r e s u l t s , t o t r y for a n i n t e r p r e t a t i o n a n d 
to p o i n t t o s o m e p r o b l e m s . T h e p r o b l e m s of i n t e r p r e t a t i o n a r e m a i n l y c a u s e d 
by t h e i n s u f f i c i e n t n u m b e r of i s o t o p i c d a t a a n d d a t a of R E E c o n t e n t s i n al l 
v a r i e t i e s of g r a n i t o i d s , b u t a r e m a i n l y l y i n g i n o o m p l i c a t e d n e s s of t h e p r o p e r 
g e o l o g i c a l o c c u r r e n c e of W e s t C a r p a t h i a n g r a n i t o i d s . T h e m o s t l y b a d u n c o v e r i n g 
of t h e t e r r a i n a n d c o m p l i c a t e d t e c t o n i c s i t u a t i o n r e n d e r c l e a r i n g u p of i n t r u s i v e 
m e c h a n i z m s a n d l i n k i n g s , c o n t a c t e f fects o n t h e s u r r o u n d i n g s , s e v e r a l - p h a s e s 
c h a r a c t e r of i n t r u s i o n or c o n t i n g e n t z o n a l i t y of t h e m a s s i f s d i f f icu l t . T h e a l l o -
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chtonity of whole mountain massifs of crystalline rocks supposed by some aut­
hors, caused by the Alpine orogeny also farces to be careful in connection of the 
massifs into comagmatic groups, differentiation orders or larger batholiths. 

Variscan magmatic activity was manifested in the West Carpathians by in­
trusion of several, not large, particular granitoid plutons, often subsequently se­
parated tectonically. At present these form with their metamorphic mantle the 
cores of the so called core mountains. The schistose crystalline rocks were 
metamorphosed regionally to lower grades already before the intrusion, but the 
main metamorphic effects are connected with granitoid plutonism of the Va­
riscan orogeny. In some plutons (Malé Karpaty Mts., Kohút and Sinec bodies 
of the Veporides) the resulting contact metamorphism caused by granitoid 
intrusion is also proved. The age of regional meatmorphism of gneissose-amphi-
bolite crystalline rocks is considered as Early Paleozoic (C a m b e 1, 1962). In 
the most investigated area of the West Carpathians (Malé Karpaty Mts.) this 
age is confirmed by Rb/Sr dating with whole rock isochrone: 387 + 38 mil. 
years, initial ratio 0.7100 (B a g d a s a r j a n et al., 1983) and in the whole 
region of the West Carpathians it is also confirmed by model ages obtained 
by K/Ar mtehod (C a m b e 1 et al., 1980; C a m b e 1-V e s e 1 s k ý, 1981). 
Dating of contact-metamorphic biotite from metapelites by the mineral iso­
chrone: biotite — whole rocks showed the age of contact metamorphism, which 
in the frame of error is identical with Rb.'Sr age of granitoid intrusion (347 ± 4 
mil. y., B a g d a s a r j a n et al., 1982). 

In the gneissose-amphibolite crystalline complex of the Malé Karpaty Mts. 
metamorphic zones were characterized and distinguished on the basis of mi­
neral associations (Br o s k a — J a n á k , 1984; K o r i k o v s k i j et al., 1984). 
The highest - temperature regional periplutonic zone is the staurolite-chlorite 
zone with temperatures of 490—508 °C according to the garnet-biotite thermo­
meter. The immediate contact effect of the intrusion was manifested by forma­
tion of the superimposed highest - temperature staurolite-sillimanite zone with 
temperature 550-560 °C ( K o r i k o v s k i j et al., 1. c.) to 593 °C (C a m b e 1 et 
al., 1981 a; P e r č u k et al., 1983). Depth of intrusion probably corresponded to 
350 MPa. The Modra granodiorite massif of the Malé Karpaty Mts., on the 
contrary, ascended to a higher level corresponding to pressure 150 MPa (Ko­
r i k o v s k i j et al., 1984). 

The presence of contact metamorphism accompanied with formation of anda-
lusite-bearing hornfelse spotted schist has been already stated by C a m b e 1 
(1954). 

Another granitoid pluton in the region of the Veporides (Sinec body) with a 
contact-metamorphic aureole also forms a hornfelse mineral association biotite-
-cordierite corresponding to pressure less than 100 MPa (K a m e n i c k ý, 1977). 
On the contrary, further granitoid bodies (Vysoké Tatry Mts.) have a meta­
morphic mantle with high-pressure association disthene-sillimanite-staurolite 
( K a h a n , 1968), or are surrounded by migmatite zones (Nízke Tatry Mts.). 

The uplift of the core mountains of the West Carpathians to present-day horst 
structures is the result of the Alpine orogeny. This was confirmed by dating 
by the method of uranium fission tracks by K r á l (1977) and B u r c h a r t -
K r á ľ (1982). Dating of uplifts has shown that earliest - in the Upper Creta­
ceous - the Vepor pluton began to rise (FT age of apatites: 54—84 mil. y.). From 
the Tatride mountains the Nízke Tatry Mts. massif was rising first (Eocene, 
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45 mil. y.), later in t h e Miocene (10—20 mil. y.) t h e o ther core mounta ins were 
uplifted. These processes also strongly influenced the model ages established by 
K/Ar method. 

The modal ( S t r e c k e i s e n , 1976) and also chemical classification of gra­
nitoid rocks ( S t r e c k e i s e n—L e M a i t r e, 1979) wi th application of meso-
norm provide identical resul ts : the predominat ing rock types of the Tatr ides 
and Veporides are biotite granodiorites to tonalites (trondhjemites) sporadically 
containing amphibole and biotite to two-mica monzogranites. These two rock 
types in from of medium-gra ined or porphyric varieties are represented in 
various proport ions practically in all massifs. 

The West Carpathian granitoids from the view-tpoint of macrochemical com­
position form a suite l imited in composition: t h e extent of SiO^ content is 60—78 
weight % . The average values for tonal i te are 66.3 % , biotite grani te — grano-
diorite 71.3 % , leucocratic grani te — granodiori te 73.9 % (C a m b e 1—W a 1 z e 1, 
1982). The variat ions of t h e individual oxides are characterist ic. With increasing 
S i 0 2 content only K2O rises, Na^O keeps at an approximately equal level and 
other oxides decrease. The N a o O / ^ O ratio is typically greater t h a n 1 (C a m b e 1 
— V i l i n o v i č o v á , 1981). A considerable part of granitoids is peraluminous. 
These chemical features are expressed in prevalence of granodiori tes over gra­
nites a n d in frequent occurrence of two-mica varieties. 

As oomagmatism of granitoids in t h e individual massifs is indubitable, we 
tr ied to quantify this relation by t h e generalized petrological mixing model 
( L e M a i t r e , 1979) and interact ive p r o g r a m GENMIX (L e M a i t r e, 1981). 
The p r o g r a m calculates the proport ions of individual minerals in the crystalliz­
ing association as well as the fraction of res idual melt by solving an equation, 
for ins tance: 

magma 1 = m a g m a 2 + plagioclase + biotite + K-felclspar + quartz, 

where the entering data are chemical analyses of granodiori te (magma 1), its mi­
nerals and monzogranite (magma 2). T h e example of one solution for granitoids 
of the Malé Karpaty Mts. is in Fig. 1. 

As to trace elements, our granitoids may be characterized as follows. T h e trace 
elements correlate wi th SiCK as expected: t h e contents of Sr, Ba, Sc, Co, Cr, Ni 
and Zr decrease with t h e degree of differentiation (i. e. elements behave com­
patibly), Rb, B, Be and part ly also Pb contents increase with differentiation 
(the elements behave incompatibly). For granitoids of t h e Tatr ides and Vepo­
rides t h e extent of rubidium concentrations of 50—160 ppm, rarely higher, is 
typical. The granites of t h e Gemerides -differ in distimcly higher contents : Rb = 
200—500 ppm ( C a m b e l et al., 1983). S r attains m a x i m u m in tonali tes of t h e 
Modra massif of t h e Malé K a r p a t y (500-1000 ppm) and Tríbeč Mts. (700-800 
ppm). With differentiation it sinks t o 200 p p m a n d in aplites also below 100 
ppm. Bar ium sinks from t h e m a x i m u m values of 1400 ppm even below 200 
ppm in apli te types ( C a m b e l - M e d v e ď , 1981). 

Solution of differentiation of t h e concrete g rani te suite by mixing model by 
means of GENMIX program is a suitable starting-fpoint for interpretat ion of 
behaviour of t race elements. Modelling of Rb, Sr and Ba t r e n d s wi th using of 
the distribution coefficients and mineral proport ions obtained wi th mixing has 
confirmed unambiguously t h a t Rayleigh fractional crystallization of plagioclase, 
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biotite, quar tz and K-íeldspar is able to explain the observed distribution of 
Rb, Sr and Ba. An example of Sr and Ba distribution together wi th curves of 
fractional crystall ication is in Fig. 2. In this case t h e decrease in Ba contents 
is explicable by fractional crystallization of biotite, later also K-feldspar, the 
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e 

Fig. 1. Crystallization of granodiori-
te magma of the Bratislava massif 
of the Malé Karpaty, as modelled by 
GENMIX program (L e M a i t r e, 
1981). From the parental magma (F 
= 1) biotite, plagioclase, quartz and 
K-feldspar crystallize in the first sta­
ge in the calculated proportions with 
formation of monzogranite melt (F 
= 0.66), which provides syenogranite 
(F = 0.094) in the second stage by 
crystallization of the same minerals 
in changed proportions (V i 1 i n o-

v i č — P e t r í k, in press). 

decrease in Sr contents is caused by fractionation of plagioclase and K-feldspar. 
Modelling has also confirmed t h e conclusions of M c C a r t h y—H a s t y (1976), 
t h a t equi l ibr ium crystall ization of t h e ment ioned minerals does not explain 
the actual dis tr ibution of t race e lement in rocks. It has also t u r n e d out t h a t is 
probable, the cumulus minera l being plagioclase. This is also testified by high 
Sr contents (up to 1000 ppm) and t h e presence of modera te positive Eu-ano-
malies in whole rock REE distr ibution pat terns . 

The most dist inct feature of REE dis tr ibut ion in t h e fundamental types of 
granitoids (biotite granodiori te t o tonalites) are steep REE pat terns with distinct 
prevalence of LREE over H R E E practically wi thout Eu-anomaly (Fig. 3). With 
increasing acidity of rooks negative Eu-anomaly is forming a n d in t h e last diffe­
rentiates is a distinct decrease mainly of LREE. We consider such a t r e n d as the 
result of fractional crystallization of accessory al lanite (LREE), zircon (HREE), 
or monazite, apat i te a n d t i tani te together wi th plagioclase and later with K-feld­
spar (cf. e. g. F o u r c a d e — A l l é g r e , 1981). 

Amphibole-biotite diorites to gabbroids which are present in granitoid massifs 
in form of enclaves several tens of metres large a re not falling into t h e above-
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-mentioned t rend of differentiation. According to present opinions these diorite 
rooks can be a product of anatectic effects of granitoid magma on metabasites 
— amphibolites, which together with gneisses a re part of the metamorphic 
mant le as well as xenoliths in granitoids. It cannot be, however excluded — and 
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Fig. 2. Sr—Ba relationship for granitoids of the Bratislava massif of the Malé Kar­
paty Mts. with calculated curves of fractional crystallization. 
Explanations: Solid lines follow the direction of evolution of liquid compositions, 
dashed lines follow the evolution of compositions of coexisting solids. Initial compo­
sition of magma Co = 250 ppm Sr, 890 ppm Ba. CL = concentration of elements 
in evolving liquid at the given value of F. The states and values of F are taken over 
from Fig. 1. D is the bulk distribution coefficient of fractionating mineral assemblage 
calculated assuming distribution coefficients recommended by M c C a r t h y — G r o ­

v e s (1979). Analyst: J. M e d v e ď . 

the trace elements, mainly the high content of REE and missing Eu-anomaly 
testify to this fact — t h a t part of these diorite rocks is a product of basic-in­
termediate magmatism, which may be in certain relation with granitoid plu-
tonism. 

The West Carpathian granitoids m a y be so designated as restricted in compo­
sition. In this connection it is problematic to range t h e m to some of t h e petro-
genetic series: extrapolat ion of P e a c o c k ' s index indicates the i r competence 
ra ther to calcic t h a n calc-alkaline series. Among t h e West C a r p a t h i a n Variscan 
granitoids meta luminous as well as pera luminous types with various per cent 
representat ion in the individual massifs are present. As, however, amphibolic 
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m e m b e r s are missing, t h e model of formation of pera luminous m a g m a s by frac­
tional crystall ization of amphibole presented by C a w t h o r n—B r o w n (1976) 
cannot be applied. In deeper par ts of t h e massifs, however the presence of am­
phibolic varieties cannot be excluded. Pera luminous character is mostly ma-

VT Vysoké Tatry Mts. 

NT Nízke Tatry Mts. (Ďumbier type) 

MF Malá Fatra Mts. 

1 J 1 1 , i 1 1 r— 1 1 ' 
La Ce Nd 5m Eu Tb Yb Lu 

Fig. 3. REE distribution in fundamental rock types (biotite tonalites and granodiorites) 
of the West Carpathians. Normalized according to E v e n s e n et al. (1978). Analyst. 

P. K o t a s . 

nifested by t h e presence of muscovite + biotite + sil l imanite. in leuoocratic 
varieties and pegmati tes by the presence of muscovite + garnet + tourmal ine . 

Another of t h e problems occurring in t h e study of t h e West Carpathian gra­
nitoids, is t h e non-unambigous result of I/S classification of C h a p p e l 1— 
W h i t e (1974) or W h i t e - C h a p p e 11 (1983). The rocks as well as whole 
massifs posses often characterist ics of both types. The only unambiguous repre­
sentat ive of S-type grani te wi th explicitly crustal initial rat io (87Sr/8f iSr)o = 
0.7195 are Gemer ide granites, which are also the youngest intrusions of t h e 
Variscan cycle (K o v á c h et al., 1979). Other granitoids of the Tatr ides and 
Veporides have a m u c h lower init ial rat io (0.705 to 0.707) deducing from the 
results of the Vysoké Tat ry (B u r c h a r t, 1968) and Malé K a r p a t y Mts. (B a g-
d a s a r j a n et al., 1982). F r o m tonalites to almost the most acid varieties these 
granitoids a r e of sodium character, inclining to I-type with prevail ing mafic 
minera l biotite. Between NaoO a n d KL>0 is, however, negative correlation on t h e 
contrary to type Austra l ian granitoids. It is possible to ment ion from world lite-
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r a t u r e several examples of mixed I—S character of granitoids and therefore one 
can agree with s ta tement of P i t c h e r (1983), that granitoids of S.E. Australia, 
on which I/S classification was defined, are mineralogically and chemically 
quite exceptional. Without doubt a possitive step in t h e typology of granitoids 
was P i t c h e r ' s (1983) subdivision of I-type into t h e Cordil leran a n d Caledo­
nian. It tu rns out t h a t our Variscan granitoids of t h e Tatr ides and Veporides. 
namely biotite tonalites and g r anod io rit e s correspond in their character mostly 
to Caledonian I-type. The low magnetic susceptibility at t h e same t ime points 
to the i r competence to t h e i lmenite series of I s h i h a r a (1977; 1981). 

In solving of t h e genesis of West Carpathian granitoids it is set out from the 
conception of anatexis of t h e metasedimentary series a n d palingenic origin of 
granitoid magma (C a m b e 1. 1980). The source rock was probably of greywacke 
composition, anatexis set in at t h e boundary of t h e upper and lower crust (H o-
v o r k a, 1979). F u r t h e r studies based on interpretat ion of alkalies (C a m b e 1 
et al., 1981 b) and isotopic relations (C a m b e 1—P e t r í k, 1982) have, however, 
shown that the source mater ia l must have contained a considerable portion 
of basic, probably mant le material . This is mainly testified by relatively low 
initial ratios of Sr isotopes: 0.705—0.707. The way, in which the material with 
low Rb/Sr rat io was incorporated in granitoid magma, is sought in the mixed-
-hybrid character of the source mater ia l so far, most acceptable is the presump­
tion of anatexis of argillaceous-siliceous and greywacke metamorphi tes with 
layers of tholeiite rocks as products of submar ine volcanism of mant le origin. 

According to the latest results, several granitoid types of the core m o u n t a i n s 
have a higher initial isotope ratio (0.7150) too, e. g. granitoids of the Král ička 
type in the Nízke Tat ry Mts.,what evidences of lithological variabil i ty of the 
rocks from which the West Carpath ian granitoids have been formed. 

Translated by J. Pevný 
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