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PETROLOGY OF THE ClERNA HORA MTS. GRANITOID ROCKS 

(Figs. 13, Tabs. 4) 

A b s t r a c t : T h e basic geochemical-petrological c h a r a c t e r i z a t i o n 
of granitoid rocks of t h e Čierna h o r a Mts. is given on the basis 
of 32 original chemical a n d 15 spect rochemica l 'analyses. In spite 
of s t rong t e c t o n o m e t a m o r p h i c r e w o r k i n g of t h e granitoids the m a i n 
cause of composit ional var ia t ion m a y be identified as f ract ional 
crystal l ization. A n o t h e r process c o n c u r r e n t wi th fract ionation, as­
s imilat ion of wall-rock, cannot be excluded on the basis of t race 
e lement model l ing using D e P a o 1 o's (1981) equat ions. 

T h e presence of epigenetical association (galena, chalcopyri te, 
pyri te, cassiterite, barite) is inferred from the a n o m a l o u s concen­
t ra t ions of ore e lements (Cu, P,b, Ag, Sn, Ni, Cr, Ba). The coinci­
dence of t race e lement anomal ie s w i t h locations of Alpine t h r u s t 
faults and n o r m a l faults intersect ions suggests the Alpine age of 
the inferred ore minera l iza t ion. 

P c 3 io M e: B eraTbe npMBOflMTca OCHOBHHH reoxiíMHKO-neTpojiori-iHec-
i<aíi xapaKTepucTMKa rpaHMTOWflHux nopofl Hcpnoŕi ropw na ocHOBe 
32 OpMrMHajIbHblX XHMMHeCKHX M 15 CneKTpOXMMHHeCKMX aHaJIM30B. 
HccMOTpfl Ha cMJibHoe TeKTOHOMeraMopcpHMecKoe npeo6pa30BaHne rpa-
HHTOHflOB, rnaBHyio npMMMHy BapHauHM cocTaBa MO>KHO onpeflejiMTb 
Kax cbpaKirnoHHyio KpncTaJiJiw3auHio. Cnejiyioii\mi npouecc coBna^aio-
lUHii c cppaKUMOHi-ipoBaHMeivi — accHMMjwuHio BiviernaioinMx nopofl 
HeJIb3ÍI MCKJIKľ-IMTb H3 OCHOBe MOflCJIKpOBaHMfl pyiJHMX OJieiVieHTOB npM-
MCHÍISI ypaBHeHHH J J e l l a o j i a ( D e P a o l o , 1981). 

AHOMajibHwc KOHiienTpau.i'iM pyflHMx oneivieHTOB (Cu, P b , Ag. Sn, 
Ni, Cr, Ba) OSMCHÍHOTCA HajiHMweM anwreHeTHMecKon accou.iian;jiM (ra-
jicHMT, xajibKOroipMT, niipMT, KaccMTepMT, 6apwr). CoBna^eHMe aHOMa-
JIMM pCflKHX OJieMCHTOB C nepeCC4eHM5IMM aJIbílMMCKMX B3ÔP0C0B M Hop-
Majibi-ibix cSpocoB Haivic-iacT aJibnuriCKMii B03pacT npefljiaraeivioŕi pyfl-
HOM MMHepaJIH3ai(MM. 

T h e Č i e r n a h o r a M t s . , t h e m o s t e a s t e r n m o r p h o s t r u c t u r a l u n i t of t h e W e s t 
C a r p a t h i a n i n t e r n i d e s c o n t a i n i n g a s t a n d a r d v e r t i c a l succes ion, i.e. c r y s t a l l i n e 
c o m p l e x , P a l a e o z o i c a n d M e s o z o i c c o v e r f o r m a t i o n s w h i c h a r e t o p p e d b y t h e G e -
m e r i c u m n a p p e o u t l i e r s , h a s b e e n u n t i l t h e l a s t d e c a d e r e g a r d e d as a p a r t of 
t h e W e s t C a r p a t h i a n c o r e m o u n t a i n r a n g e . T h e s y s t e m a t i c r e s e a r c h of t h e r e ­
g ion c a r r i e d o u t in t h e m e a n t i m e h a s b r o u g h t a s e r i e s of i m p o r t a n t r e s u l t s c o n ­
n e c t i n g t h e s t r u c t u r e , t e c t o n o m e t a m o r p h i c d e v e l o p m e n t , m a g m i a t i s m a n d w i d e r 
l i t h o s t r u c t u r a l r e l a t i o n s of t h e c r y s t a l l i n e b a s e m e n t of t h e a r e a . S o m e of t h e m 
h a v e b e e n s h o r t l y d i s c u s s e d in s e v e r a l p a p e r s . A c o m p r e h e n s i v e e v a l u a t i o n of 
t h e n a t u r e a n d g e n e t i c a s p e c t s of t h e f u n d a m e n t a l r o o k g r o u p s of t h e c r y s t a l ­
l ine b a s e m e n t of t h e r e g i o n h a s n o t b e e n d o n e yet]. T h e a i m of t h i s c o n t r i b u ­
t ion is t o fill t h e e x i s t i n g g a p i n g r a n i t o i d p e t r o l o g y of t h i s t h e m o s t e a s t e r n 
sec t ion of t h e V e p o r i c c r y s t a l l i n e c o m p l e x . 

*Doc. RNDr. S. J a c k o. C S c , D e p a r t m e n t of Geology and Mineralogy Facul ty of 
Mining. Technical Universi ty, P a r k K o m e n s k é h o 15, 043 84 Košice. 

** RNDr. I. P e t ř í k , C S c , Geological I n s t i t u t e of the C e n t r e of Geoscience 
Research, Slovak A c a d e m y of Sciences, D ú b r a v s k á 9, 814 73 Brat i s lava. 
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Geological and structural relations of the Čierna hora Mls. granitoid rocks 

Granitoid rocks occupy a significant terr i tory of t h e Čierna hora crystalline 
complex which presently forms an Upper Cretaceous a/ntiformal s tructure of 
NW-SE direction (Figs. 1, 3). In the western and central part of the region 
granitoids are restricted t o the both limbs of the antiform while four smaller 
crystalline segments in the south eastern continuation of the anti form are ne­
arly exclusively built of granitoids (Fig. 1). The crystalline basement as a whole 
is strongly affected by the Alpine metamorphism. 

Fig. 1. Schematic structure — geological map of the Čierna hora Mts. 
Explanations: 1 — Neogene molasse sediments: 2 — Intracarpathian Paleogene sedi­
ments; 3 — Uppercretaceous hornblende-pyroxene diorite; 4 — Mesozoic cover for­
mations; 5 — Upper Paleozoic (mainly Permian) cover formations; 6—12 crystalline 
basement of the Čierna hora Mts., 6—7 the Miklušovce complex; 6 — stromatite ne­
bulíte and ophtalmite migmatites; 7 — aplite granites; 8 — diaphtoritic paragneisses, 
amphibolites and phyllonites of the Lodina complex; 9—12 The complex of Bujanová; 
9 — gneisses, amphibolites and migmatites; 10 — biotite granodiorites; 11 — autometa-
morphic granites; 12 — melagranodiorites and tonalites; 13 — gneisses, amphibolites, 
migmatites and granitoids of the Branisko Mts.; 14 — Carboniferous and Permian of 
the Gemeric unit; 15 — geological boundaries; 16 — the Gemeric nappe sole thrust: 
17 — regionally significant thrust fault zones: 18 — local thrust faults: 19 — normal 
faults; 20 — location of analysed samples; 21 — cross-section lines. 
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This basic information collected by earlier workers mainly by F u s á n — Z á ­
r u b a — H r o m a d a (1954), F u s á n (1958) and L. K a m e n i c k ý (1956) have 
lately been supplemented by closer relations of granitoids to principal deve­
lopment stages of t h e region. On t h e basis of s tructural and petrographic crite-
i ia it was, e.g. possible to demonstrate t h a t the emplacement of granitoids is 
bound to a late k inematic stage of t h e Variscan metamorphisni of the area, 
J a c k o (1975; 1978; 1985b). 

Structural ly granitoids penetrate into axial p lane foliation of the Variscan 
regionally synmetamorphic fold fabric, cf. Figs. 2. 3. On the other hand the 
periplutonic mineral assemblage in surrounding metamorphi tes — linked to gra­
nitoid bodies, mimetically growths in t h e mentioned axial plane foliation and 
simultaneously replaces the previous, regionally synkinematic one. These data 
and a common presence of granitoid f ragments in Permian sediments of the 
area correspond with a prel iminary K/Ar dat ing: 309 mil.y. ( K a n t o r , per­
sonal information) of the most widespread granitoid variety of t h e region — 
the biotite gra nodi o rite. 

Within Čierna hora granitoid rocks the following four basic groups have been 
distinguished (J a c k o, 1975): contaminated granodiorites and tonalites, biotite 
granodiorites, granites, aplite and pegmati te granites. In the sense of l itho-
stratigraphioal division of t h e Čierna hora crystalline complex ( J a c k o . 1985a) 
more important aplite granite bodies a r e nearly exclusively developed in t h e 
Miklušovce complex i.e i.n the northeastern l i thostratigraphical uni t of t h e 
crystalline complex, Figs. 1. 3, where they form subordinate intrafolial bodies 
within migmatites. For correctness w e only should like to add thei r very com­
mon diffuse transit ions to country rocks, a lot of restites in these lensoidal 
bodies of some 10 m to several 100 m thickness and a development of 10 m 
to 100 m wide aureolas of ophthalmit ic migmatiites round the bodies. 

In the central l i thostrat igraphical uni t of t h e basement i.e. in the Lodina 
complex no surface indications of granitoid plutonism have been found up 
to now. 

The distinguished granitoid groups (except oi larger aplite granite bodies) 
form a substantial volume of the last l i thostratigraphical unit of the Čierna 
hora basement called the Complex of Bujanová, Figs. 1, 2. Some of t h e men­
tioned l i thostructural relations between metamorphi tes and granitoids which 
are typically developed in this unit are schematically expressed in Fig. 2. The 
same relations between granitoid varietes a s well as diffuse transit ions of all 
crystalline rocks of the unit are obviously modified by t h e products of the 
Alpine dislocation metarnorphisim. Fig. 2. 

In spite of this gradational t r e n d of periplutonic metamorphism of crystal­
line schists represented by the scale of fine-grained biotite gneisses t h r o u g h 
feldspathized gneisses, ophthalmite migmatites, pearl gneisses and granite 
gneisses to melagranodiorites is quite well preserved. Moreover, a very close 
spatial and compositional relations a m o n g some metamorphites, e.g. amphibo-
lites, their xenoliths in biotite' granodiorites and t h e final product of the pro­
cess: the biotite-hornblende tonalites as well as s tructural data indicate t h e 
substantial hybridization role at marginal zones of an original granodiorite 
intrusion. 

This idea is also supported by common biotitization of hornblende at mar-
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ginal zones of amphibolite xenoliths a n d in the biotite-hornblende melatonali-
tes and tonalites. More mobilized irregular patches of these rocks sometimes 
of dioritic composition are typical by a substantially higher habitual degree 
of hornblende and plagioclase and also by sphene exsolutions in the vicinity 
of biotite-hornblende acumulations. On t h e other hand a periplutonic p a n g e ­
nesis of fine-grained biotite gneisses and feldspathized gneisses evidently repla­
ces some indicative minerals, namely staurolite and garnet, of the previous 
regionally synkinematic metamorphic stage of the Variscan metamorphism. 

Fig. 2. Cross-section through a part of the Complex of Bujanová. 
Explanations: 1 — 5 Mesozoic cover formations of the Čierna hora Mts.,1 — crinoidal 
limestones (Dogger?); 2 — laminated dark greyish limestones intercalated with marls 
(Liassic); 3 — benched light greyish dolomites (Upper Triassic); 5 — quartzites (Lower 
Triassic); 6 — dymamometamorphosed sandstones and schists (Permian): 7—13 
— the Complex of Bujanová; 7 — granites; 8 — biotite granodiorites: 
9 — biotite melagranodiorites; 1.9 — ophtalmite migmatites; 11 — biotite gneisses: 
12 — medium to coarse grained amphibolites; 13 — very coarse grained amphibolites; 
14 — phyllites, paleobasalts; their volcanoclastics and greywacke intercalations of 
the Gemericum unit; 15 — tectonites; 16 — tectonite vs. kataclastic granitoide boun­
daries; 17 — thrust faults; 18 — normal faults. 

According to field criteria and suecesive relations of mineral parageneses of 
biotite granodiori tes and grani tes at mutual contact zones the latter variety 
is relatively younger t h a n t h e previous one. Such a sequence results also from 
a development of polymigmatite aureoles at the contacts of granites with mig­
matites of the periplutonic metamorphic stage. Whilst t h e neosome of the lat­
ter is obviously of pegmatoid composition (consisting mainly of plagioclases. 
quartz and only of subordinate K-feldspar volume) relatively younger neosome 
of the polymigmatites, spatially connected with granites consists exclusively of 
K-feldspar phenoblasts. 

Within the Complex of Bujanová aplite granites and pegmatites tend to form 
irregular lensoide accumulations especially in granites or their dykes of cm-dm 
thickness cut through all granitoids and migmati tes of the unit. 

Besides earlier ra ther occasional petrological information (e.g. S a l á t , 1954: 
R a d z o, 1958; J. K a m e n i c k ý , 1977) some i m p o r t a n t petrological data on 
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the Čierna hora granitoids have lastly been collected in the results of the inte­
grated study of selected samples of West Carpathian granitoids (the ZK sam­
ples) coordinated by the Geological Inst i tute of the Slovak Academy of Scien­
ces. Basic information concerning the modal and chemical composition of the 
Čierna hora ZK samples are included in the papers of M a c e k et al. (1982) 
and C a m b e l — W a l z e l (1982) respectively. Following these data and our 
earlier correlation of the Cienna hora crystalline complex with l i thostructural 
units of the Veporicum (L. K a m e n i c k ý , 1958; M á š k a — Z o u b e k , 1960; 
F u s á n , 1961; J. K a m e n i c k ý , 1968; L. K a m e n i c k ý , 1973; J a c k o 
1975, 1978), L. K a m e n i c k ý (1982) settled the Čierna hora granitoids with 
a common t h e Veporic pluton. Such relations as we suppose are in accord with 
presented results. 

sm cm m im srn E^6 im s . s Lm cm 
Fig. 3. Cross-section through the Lodina and the Miklušovce complexes. 

Explanations: 1 — Intracarpathian Pialeogene sediments; 2 — Lower Triassic quartzites 
of the Mesozoic cover formation; 3 — dynamometamorphosed clastic sediments of the 
Permian cover: 4—6 — the Miklušovce complex, 4 — aplite granites; 5 — ophtalmite-
-nebulite migmatites; 6 — stromatite-nebulite migmatites; 7—9 — the Lodina complex; 
7 — diaphtoritised quartz-feldsphatitic gneisses; 8 — diaphtoritised biotite gneisses: 9 — 
diaphtoritised amphibolites; 10 — the Alpine tectonites; 11 — thrust faults and normal 
faults. 

Petrography 

As it was stated above four maim groups of granitdid rocks have been dis­
tinguished within the Čierna hora basement. They are namely : contaminated 
granodiorites and tonalites, biotite granodiorites, granites, aplites and pegma­
tites. While granitoids of the first three groups are extensively developed in 
the Complex of Bujanová, individual aplite grani te bodies are typical for the 
Miklušovce complex, Figs. 1, 2, 3.* 

* Reviewer L. K a m e n i c k ý noted to the petrological-geological part of the 
paper that, in his opinion, granitoids dealt with in the paper do not form a uniform 
genetic formation. Group of aplite granites do not belong to differentation sequence 
and, thus, generalizing opinion on differentiation by fractional crystallization as the 
only process need not have an universal validity. It is confirmed by hybrid and 
assimilation granitoids and by autometamorphic or metasomatic processes known 
in the Čierna hora Mts. 
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T a b l e 1 

Representa t ive major e lement analyses of Čierna H o r a grani toid rocks (in wt. %) 

apl i te grani tes , leucogranites 

3 

71.12 
0.27 

17.95 
0.26 
0.00 
0.00 
1.30 
2.06 
6.43 
0.12 
0.64 
0.06 

100.59 

4 

75.98 
0.10 

13.05 
1.02 
0.00 
0.02 
0.54 
4.38 
3.28 
0.24 
0.92 
0.05 

93.88 

5 

75.92 
0.09 

13.39 
0.39 
0.53 
0.01 
0.37 
3.83 
3.56 
0.14 
0.63 
0.68 

99.74 

6 

76.43 
0.14 

14.80 
0.69 
0.78 
0.00 
0.25 
2.64 
2.95 
0.06 
0.25 
0.45 

99.77 

granites 

7 8 9 10 14 15 

SiO, 
TiO, 
AliÔ-i 
F e . O , 
Feb 
M n O 
MgO 
CaO 
N a , 0 
K.,0 
p,o, 
H , 0 + 

H.O-

Total 

63.00 
0.88 

15.68 
1.47 
4.72 
0.11 
3.61 
3.28 
3.28 
1.45 
0.14 
2.58 
0.33 

100.53 

74.16 
0.10 

13.55 
0.43 
0.93 
0.01 
0.26 
0.37 
2.79 
5.00 
0.16 
1.34 
0.31 

99.41 

70.89 
0.29 

13.64 
1.00 
2.50 
0.07 
0.80 
1.38 
3.80 
2.55 
0.08 
1.33 
0.07 

98.40 

69.68 
0.27 

16.22 
0.65 
1.82 
0.05 
0.99 
0.56 
3.68 
3.98 
0.22 
1.55 
0.06 

99.73 

70.10 
0.20 

13.40 
3.03 
2.30 
0.04 
0.58 
1.44 
3.50 
4.00 
0.18 
1.70 
0.00 

100.47 

68.25 
0.29 

17.55 
0.98 
1.40 
0.05 
0.81 
1.05 
3.69 
3.34 
0.20 
1.63 
0.25 

99.49 

Al l t h e g r a n i t o i d g r o u p s e x c e p t of t h e f i r s t o n e s h o w r a t h e r s l i g h t v a r i a ­
t i o n s i n p r i m a r y s t r u c t u r e s a n d c o m p o s i t i o n , cf. T a b s . 1, 2. P r i n c i p a l f e a t u ­
res of m u c h m o r e e x p r e s s e d p e t r o g r a p h i c a l v a r i a b i l i t y wjithin a g r o u p : t h e r e ­
s u l t of p o s t m a g m a t i c a n d p o l y s t a g e t e c t o n o m e t a m o r p h i c d e v e l o p m e n t of t h e 
r e g i o n as a w h o l e , a r e s h o r t l y d i s c u s s e d a t t h e e n d of t h i s c h a p t e r . 

C o n t a m i n a t e d g r a n o d i o r i t e s a n d t o n a l i t e s 

P e t r o g r a p h i c a l var iet ies of this g roup form a cons iderab le p a r t of t h e Tahanovce. 
the Sokol a n d t h e Sopotnica massifs. W i t h i n t h e B u j a n o v á massif (Fig. 1) they 
are e i ther developed in grani to ids —• m e t a m o r p h i t e contact zones or in t h e top p a r t s 
of bioti te g r a n o d i o r i t e bodies. An obvious presence of m e t a m o r p h i c m a n t l e rest i tes 
of cm to d m size is pro jected into a cons iderab le compos i t ional heterogenei ty of the 
rocks (Tabs. 1, 2). These causal re la t ions follow r a t h e r d i rec t iona l t h a n t h e opposi te 

1 2 

SiO. 
TiO-> 
AL.O-, 
Fe.O-i 
FeO 
MnO 
CaO 
N a , 0 
K , 0 
p 2 o 3 H , 0 + 

H 2 0 " 

Total 

70.55 
0.03 

16.33 
0.08 
0.65 
0.00 
0.70 
4.30 
5.78 
0.05 
1.05 
0.00 

99.57 

73.95 
0.09 

15.23 
0.39 
0.26 
0.03 
0.49 
5.17 
3.02 
0.19 
0.82 
0.05 

100.00 
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SiO, 
TiO, 
Al.Ó'1 
F e , 0 , 
Feb 
M n O 
MgO 
CaO 
N a , 0 
K.,Ô 
P..O5 
H , 0 
H.O-

granites 

16 

71.66 
0.21 

14.14 
0.44 
1.78 
0.03 
0.53 
0.96 
3.75 
3.93 
0.08 
1.64 
0.27 

17 

68.02 
0.30 

16.02 
1.99 
1.44 
0.02 
0.39 
1.68 
4.10 
4.42 
0.06 
1.55 
0.06 

18 

70.11 
0.22 

14.66 
1.83 
2.66 
0.04 
0.53 
0.70 
3.50 
4.56 
0.11 
1.34 
0.05 

49 

69.03 
0.40 

14.30 
1.76 
3.23 
0.04 
1.03 
1.93 
1.96 
4.28 
0.14 
1.85 
0.20 

1st cont inuat ion of Tab. 1 

granodior i tes 

21 

63.34 
0.89 

14.88 
2.40 
4.31 
0.07 
2.12 
3.36 
3.50 
2.54 
0.40 
2.01 
tr. 

22 

63.00 
0.99 

15.94 
2.76 
4.45 
0.09 
2.36 
2.88 
2.54 
2.30 
0.26 
2.03 
0.18 

Total 98.92 100.05 100.31 100.15 99.82 99.78 

SiO, 
TiO, 
A1,Ó, 
Fe,0 : , 
Feb 
M n O 
MgO 
CaO 
N a , 0 
K,Ó 
p , o 5 
H , 0 + 

H , 0 " 

24 

65.35 
0.63 

16.23 
1.94 
3.45 
0.08 
1.37 
2.30 
2.76 
3.12 
0.04 
2.37 
0.14 

granodior i tes 

25 

57.02 
1.20 

21.27 
1.48 
4.02 
0.02 
1.76 
5.15 
4.00 
2.36 
0.70 
1.10 
0.10 

26 

70.47 
0.11 

15.07 
1.20 
1.79 
0.03 
0.81 
2.78 
4.82 
1.40 
0.07 
0.96 
0.00 

27 

64.24 
0.30 

20.62 
0.78 
1.43 
0.01 
0.24 
4.80 
4.16 
2.40 
0.12 
1.10 
0.10 

28 

66.15 
0.43 

17.24 
0.67 
2.93 
0.05 
1.38 
2.77 
4.73 
1.73 
0.37 
1.08 
0.15 

Total 99.78 100.19 99.51 100.30 99.55 

c o n t i n u a t i o n o£ rest i te zones, w h a t — in the last case, could be one of the reasons 
of field observed "d ry" grani to ids — m e t a m o r p h i t e contacts . 

A common content of biot i te -f- qua r t z + ga rne t nests and s t r ips of m m — dm 
size m a k e from obviously m e d i u m gra ined and hyp id iomorph ic g ranu la r g r a n ci­
ci i o r i t e r a the r a he t e rophanous rock of va r iab le s t ruc tu re and composit ion. Wit­
hin a r epresen ta t ive granodior i t e m ine ra l assemblage plagioclases prevai l over bio-
tile, quar tz , and K-t 'eldspars. Muscovite , apat i te , zircon, sphene, a l lani te , rut i le , an 
ore minera l s are present in accessory amoun t s . A h igher epiclote content (up to s u b ­
s tant ia l amount) is often typical . 

Usual ly subhedra l plagioclases form slightly serici t ised 0.X m m grains of 30— 
—40" „ An content or 2.0—4,0 m m phenocrysts . The la t te r are often zonal and filled 
with biotite, quar tz and or zircon and apat i te . The i r i nne r zones contain 30—36% 
An, outer ones 26—27% A n - Subhed ra l s l ightly sericit ised K-fe ldspar of 0.5—1.5 m m 
size together wi th muscovi te and qua r t z belong to the youngest p r i m a r y rock com­
ponents . 

Apa t i t e and a l lan i te obviously associate wi th elongated or i r regu la r nests of chlo-
ritised bioti te. The former (together wi th zircon and rutile) also f requent ly p a r t i ­
cipates in inclusion associat ions of biot i te . Al lani te , clearly pleochroic one, is usual ly 
overgrown by incomple te epidote r ims. 
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2nd cont inuat ion of Tab. 1 

SiO-i 
TiO, 
A1,Ô, 
F e , 0 , 
F e b 
M n O 
MgO 
CaO 
N a , 0 
K,0 
p,o 5 H , 0 + 

HoO" 

Total 

granodior i tes 

2!) 

60.87 
1.67 

15.83 
2.93 
4.14 
0.12 
3.04 
3.03 
3.01 
2.53 
0.88 
1.43 
0.23 

99.71 

30 

63.40 
0.78 

16.22 
2.16 
2.86 
0.07 
1.96 
2.97 
4.45 
2.33 
0.19 
1.66 
0.21 

99.26 

c o n t a m i r 

42 

59.47 
1.00 

20.85 
2.90 
1.72 
0.03 
1.76 
5.04 
4.00 
1.72 
0.24 
1.38 
0.12 

100.23 

ated granod 

43 

58.86 
0.90 

20.06 
2.12 
3.00 
0.04 
1.76 
4.48 
4.20 
2.30 
0.48 
1.92 
0.10 

100.22 

orites & 

44 

51.38 
1.60 

19.08 
3.42 
5.46 
0.10 
5.68 
7.60 
2,80 
0.44 
0.30 
1.92 
0.12 

99.90 

tonal i tes 

45 

46.20 
1.30 

23.20 
3.80 
6.60 
0.03 
3.68 

10.08 
2.08 
0.56 
0.06 
2.28 
0.10 

99.97 

c o n t a m i n a t e d granodior i tes a n d tonal i tes 

SiO, 
TiO., 
A1.,0, 
F e . O . 
F e b 
M n O 
MgO 
CaO 
N a , 0 
K.O 
p,o 5 H , 0 + 

H a O " 

Total 

23 

64.22 
0.60 

20.25 
1.00 
2.58 
0.02 
1.44 
3.02 
3.80 
1.84 
tr . 

1.30 
0.14 

100.21 

50 

65.73 
0.66 

15.70 
1.26 
4.67 
0.08 
1.93 
1.89 
3.01 
3.09 
0.26 
1.45 
0.13 

99.86 

51 

61.90 
0.91 

16.70 
2.69 
5.39 
0.07 
1.94 
2.36 
2.06 
3.06 
0.03 
2.46 
0.16 

99.73 

T o n a l i t e s — p r e s e n t m a i n l y in t h e Sopotnica and t h e Sokol massifs, differ 
from granodior i tes e i t h e r composit ional ly by a h igher biotite, plagioclase and sphene 
content a n d re lat ive ly lower K-feldspar and q u a r t z a m o u n t s (Tab. 2) or by a gra­
n u l a r i t y degree — the i r s u b s t a n t i a l m i n e r a l s v a r y f rom 1.5—5.3 m m in size. 

In g r a n i t e contact aureoles t h e both discussed var iet ies a r e locally enr iched wi th 
plagioclase and K-feldspar. Such zones a r e of q u a r t z — m o n z o d i o r i t i c com­
position. Se ldomly mobi l i sed coarse-gra ined h o r n b l e n d i t e s h a v e m e l a m o n z o -
d i o r i t i c composi t ion (c£. Tab . 2. s ample 45). 

B i o t i t e g r a n o d i o r i t e s 

This, the most w idesp read p lu toni te type of the Complex of Bujanová . is typical 
by s h a r p contacts to m e t a m o r p h i t e s bu t the t rans i t iona l ones to o ther grani toids . 
Its ma in and satel l i te bodies usua l ly follow genera l (prevai l ingly direct ional) ele­
ment s of the Var i scan s t r u c t u r e of t he basement . 

Usual ly grey-greenish hyp id iomorph ic g ranu la r biot i te granodior i tes have ca. 1.5 
to 3.5 m m size of m a i n rock-forming minera ls except of some feldspars wh ich reach 
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T a b l e 2 

Modal composit ions of m a i n rock types of Cievna H o r a granitoid rocks (in vol. " 0) 

Sample 

Qtz 
Pig 
K-fs 
Bio 
Mus 
Epi 
Ores 
Acc-

Sample 

Qtz 
Pig 
K-is 
Bio 
Mus 
Eoi 
Hb 
Ores 
Acc-

3 

32.0 
29.0 
38.0 
— 
— 
— 
— 
1.0 

30 

22.9 
48.6 
10.3 
14.9 
— 
1.7 
— 
0.3 
1.6 

4 

45.8 
32.4 
15.0 

2.7' 
3.5 
— 
().!! 
0.9 

36 

29.0 
44.(1 
20.0 

6.5 
— 
— 
— 
— 
0.5 

7 

48.4 
30.6 
15.3 

3.3 
1.5 
— 
0.2 
0.3 

52 

31.5 
41.8 

ii.fi 
15.5 
— 
0.!! 
— 
1.0 
1.6 

ii 

52.9 
18.8 
18.0 

5.6 
3.8 
— 
0.6 
0.9 

42 

10.4 
48.5 
12.0 
17.6 

0.4 
7.7 
— 
2.0 
3.4 

14 

34.9 
27.6 
27.6 

5.6 
4.0 
— 
— 
0.3 

43 

22.9 
37.2 

6.8 
16.7 

0.4 
13.4 
— 
0.5 
2.9 

17 

32.7 
27.3 
31.4 

4.4 
2.0 
2.1 
— 
0.3 

45 

0.1 
35.0 

6.2 
1.2 
— 
9.6 

39.5 
2.1 
8.4 

18 

31.5 
26.8 
34.2 

4.4 
2.1 
0.3 
— 
0.7 

50 

32.5 
19.0 
29.7 
12.4 

4.8 
— 
— 
0.5 
1.6 

21 

22.7 
48.1 
10.3 
11.8 

1.7 
3.7 
0.4 
1.7 

53 

28.6 
33.1 

5.2 
29.8 

2.0 
— 
— 
0.7 
1.3 

22 

24.4 
37.9 
14.6 
10.7 

1.2 
9.0 
0.Í! 
2.3 

54 

23.3 
52.4 

3.5 
17.6 
— 
1.4 
-
1.0 
1.8 

Notes: ' B a u e r i t e ; - Indis t inguished sum of accessories ( including ores, excluding epi-
dote). S a m p l e 8 contains garnet (0.1%), s a m p l e 30 conta ins t i tan i te (0.4%), s a m p l e 
43 contains a l lanite (1.2%), a p a t i t e (0.5%) and t i tan i te (0.7" 0 ) . s a m p l e 45 conta ins 
apat i te ( 5 % ) , t i tan i te (1.3 % ) . 

up to 4.0—5.1mm. Obviously s u b h e d r a l plagioclases (An 30—33 %) a r e commonly 
filled wi th biotite, a p a t i t e + q u a r t z a n d w i t h super imposed assemblage, m a i n l y se-
ricite, epidote-zoisi te or by a complete saussur i t ic assemblage. At t h e i r contacts 
with K-feldspars m y r m e k i t e s a r e formed. Slightly pert i t i sed and sericit ized K-feld-
spar is usual ly filled wi th muscovite, drop-l ike quartz, only r a r e l y wi th biotite. 

A m o d e r a t e chlorit ized biotite, s l ightly cataclast ic q u a r t z a n d muscovi te fulfill spa­
ces a m o n g feldspars. Muscovites and q u a r t z s o m e t i m e s form symplect i t ic i n t e r -
growths . Accessory zircon, ruti l , b u t m a i n l y a p a t i t e a r e c o m m o n l y enclosed in bio­
tite. Rare, obviously deeply b r o w n and s u b h e d r a l a l lani te, f requent ly filled wi th 
quartz, a p a t i t e and skeleta l t i t a n o m a g n e t i t e is often o v e r g r o w n by epidote corona. 

G r a n i t e s 

Into this p lutoni te group w e inc lude a w i d e r grani toid scale showing t r a n s i t i o n a l 
contacts wi th t h e both prev ious grani to id groups. A c o m m o n f e a t u r e of all var iet ies 
of this group is a m o d a l p r e v a l e n c e of K-feldspars over plagioclases, a presence 
of at least two K-feldspar generat ions, a subs tant ia l ly h igher q u a r t z content t h a n 
in t h e previous groups and an accessory to m o d e r a t e a m o u n t of both micas. All 
variet ies of the group belong to t h e g r a n i t e group of the S t r e c k e i s e n's (1973) 
classification. 

M a p a b l e g r a n i t e bodies a r e developed only at t h e s o u t h e r n slopes of t h e Bujanová 
massif. Thei r p la ty to lensoidal bodies, e m p l a c e d e i ther b e t w e e n m e t a m o r p h i t e s and 
grani toids or be tween p lutoni tes of t h e both prev ious groups indicate their succesive 
position in t h e Var i scan p l u t o n i s m of t h e region. 

http://ii.fi
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Representative granites are medium to coarse-grained locally evidently porphy-
ritic light green-greyish rocks with feldspars and quartz as the only substantial 
components. Micas, zircon, apatite, as well as, the Alpine syn- to postkinematic as­
semblage (sericite, epidote-zoisite, chlorite, albite, sutural quartz, leucoxene and 
Fe-oxides) are present only in accessory amounts. 

Usually subhedral plagioclases form either 1.0 to 2.5 mm grains or 3.0—5.0 mm 
tabular phenocrysts. The both have 28—33% An content and they are tilled with 
biotite, muscovite, quartz exceptionally also by zircon. In more intensively deformed 
zones plagioclases are overgrown by thin but very expressive albite rims (An 
4—6%). 

Sub- to anhedral K-feldspar I of 0.X to 1.2 mm size filled with drop-like quartz 
and chloritised biotite is commonly enclosed in tabular plagioclases and replaced 
by albite from the margin. K-feldspar II is developed either as sub-to euhedral slight­
ly pertitised phenocrysts of 4.0—7.0 mm (max. up to 1.4 cm) size or as typically 
microclinised grains of the same habit and granularity (sometimes also of 0.X mm 
size), or as antiperthitic domains in plagioclases growing in their 010 and 001 
cleavage planes. It is partially replaced only by quartz. Its phenocrysts enclose all 
the other rock components sometimes also their aggregates (e.g. quartz, plagioclases, 
biotite and apatite) with well-preserved primary relations among them. 

Muscovite and apatite are bound to biotite nest-like aggregates. Biotite is either 
partly chloritised or baueritised and enveloped or replaced by muscovite. The last 
one also grows in plagioclase claevages (Figs. 4, 5), stressing its two generation de­
velopment. 

A p l i t e a n d p e g m a t i t e g r a n i t e s 

In spite of very close spatial relations of the both types the pegmatite variety is 
developed only in subordinate amounts. Except of the Miklušovce complex aplites 
and pegmatites are more widespread in the terminal segments (the Tahanovce and 
Bujanová ones) of the Complex of Bujanová. They are present in granitoids as well 
as in surrounding metamorphites forming either sill and dyke bodies of cm—dm 
(exceptionally also of meters) thickness or strip accumulations of analogous size. 
The last forms are especially typical for the terminal parts of granite, indicating 
(together with a similar type and mode of the components) very close successive 
relations of the both granitoid groups. 

In obviously panallotriomorphic-granular aplites of ca. 0.5 to 1.5 mm (max 3.0 
to 4.5 mm for only some feldspars) grain-size, feldspars and quartz are commonly 
present in principally same modal relations. Muscovite, biotite, zircon, apatite, ore 
minerals and the superimposed assemblage (sericite. chlorite, epidote, leucoxene and 
+ sagenite) are present in accessory amounts. Plagioclases have 16—20 " n of An con­
tent. Quartz and muscovite sometimes exhibit mutual intergrowths. Biotite is usu­
ally baueritised. Feldspars are slightly sericitised. 

Besides of dykes, rather scarce pegmatites also form "cores" of lensoidal aplite 
nests in granites. They principally differ from aplites by a higher mica (especially 
muscovite) content as well as by the same quartz and sometimes also by microcline 
amounts. 

Granitoid tectonites 

Southern slopes of the Bujanová massif belong to classical areas of the West 
Carpathian granitoid tectonites. It is useful to point out that the above descri­
bed penological features of all distinguished granitoid varieties in this area 
are only preserved in 10—100 m lensoidal blocks ' 'floating" fin a teetonite mat ­
rix (Fig. 3). Results of our s t ructura l and petrographic research have shown 
that the tectonites a re products of the polystage — Alpine tectonometa-
morphic development of the region. The rock varieties of all the granitoid 
groups have been principally altered in a similar way. For this reason an 
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r "ras., i : 
Fig. 4. Photomicrograph of secondary muscO'Vite growing in plagioclase cleavages. 
Biotite-muscovite granite 14 (ČH170 11). The scale bar represents 1 mm. Nicols X. 

Fig. 5. Photomicrograph of secondary muscovite growing in plagioclase cleavages, 
the same sample as in Fig. 4. The scale bar represents 0.5 mm. Nicols X. 
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overview of products of regionally t h e mast expressive deformation-recrystal-
lization processes, successively bound to the development of the Margecany 
u p t h r u s t zone s tructures we shall demonstrate at the example of the most 
widespread biotite granodiori te group. 

B l a s t o k a k i r i t i c g r a n o d i o r i t e s 

Blastokakirites form a substantial volume of the mentioned lensoidal granitoid 
block. Tectonometamorphic alterations in these tectonites have not radically chan­
ged granitoid structures and mineral habit. Commonly undulose quartz, feldspars 
and/or accessories are usually splitted and only exclusively flattened or granulated. 
Micas exhibit kink folding and plagioclase lamellae are bounded in some places. 
Low thermal alterations of rock components are much more extensive. They include 
the selective sericitisation and saussuritisation of plagioclases, formation of margi­
nal albite rims round feldspars, perthjte and chess-board albite development in 
K-feldspars, blastesis of O.X mm albite-oligoclase (An 7—13 %) grains at the feld­
spar destroyed margins and chloritisation of biotite. Feldspar's joints are healed 
with calcite, epidote-zoisite and quartz. 

B l a s t o c a t a c l a s t i c g r a n o d i o r i t e s 

This, the most widespread tectonite variety of the region, is typical by a sigmoidal 
distortion and preferred orientation of the rock components as well as by an absence 
of a rock foliation. Although all the substantial rock-forming minerals are macro-
scopically expressed, quartz and feldspars are converted into a lensoidal granulate 
with sutural recrystallization of the former and extensive sericitisation and or saus­
suritisation of feldspars. Epidote-zoisite nests are locally transposed into preferred 
orientation of the tectonite. Buckled and rupturally deformed micas are usually ac­
cumulated into lensoidal nests. Extensive biotite chloritisation is often accompanied 
by leucoxene and ore minerals admixtures. 

B l a s t o m v l o n i t i c g r a n o d i o r i t e s 

These quite common tectonites macroscopically reminding porphyroids differ 
from the previous type by a complete absence of primary structures, by desintegra-
tion of rock components into porphyroclasts and matrix, by absence of feldspar por-
phyroclasts and an unaltered biotite, and by the development of platy foliation pla­
nes which are continuously covered by chlorite and sericite. 

Granulated and lensoidally flattened quartz porphyroclasts have ca. 2.0 to 3.0 mm, 
max. 6.0 to 8.0 mm in size. Segmented grains are mended by sutural quartz or by 
quartz-calcite aggregate. Irregularly granulated feldspar detritus is squeezed out 
into dynamofluidal strips. Matrix of 0.0X to O.X mm granularity is differentiated 
into diffuse quartz — chlorite sericite strips with dimensional orientation of the last 
two minerals. 

G r a n i t o i d e p h y l l o n i t e s 

Development of these tectonites is restricted into tectonically activated granitoide 
— metamorphite or. more frequently, granitoide — cover units contacts where they 
form lensoidal bodies of dm, max. up to 1.7 m thickness. They exhibit expressive 
laminated or listric foliation continuously covered by sericite and or chlorite film. 
Porphyroclasts of phyllonites reach up to 35 % of rock volume and are nearly exclu­
sively formed by quartz of ca. 2.0 mm size. Relics of feldspars, muscovite and apatite 
are present in accessory amount having O.X mm in size. A typical feature of phyllo-
nitic tectonites is high degree of metamorphic differentiation of the matrix into pre­
vailingly sericite or chlorite strips with subordinate amount of quartz and calcite. 
Albite-olieoclase (An 8—12 n'n). leucoxenp and ores are present as accessories. The 
matrix, dynamofluidally embedding porphyroclasts. is of 0.0X to O.X mm granularity. 
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Petrochemical characterization of the Čierna hora granitoid rocks 

The petrochemistry of Čierna hora granitoids is characterized by 32 origi­
nal chemical analyses performed at the Depar tment of Geology and Minera­
logy,, Technical University Košice and in the Geological Inst i tute of D. Štúr by 
analysts R a d z o , G r e g o r o v á . L e t k o v á (Tab. 1). The analyses are 
supplemented by 16 published analyses from various sources in Figures. 

Main chemical features are i l lustrated in H a r k e r variat ion diagrams, Fig. 6. 
Major elements shov/ the characteristic behaviour described also in other West 
Carpathian mounta in ranges (C a m b e 1 et a l , 1985): with increasing S i 0 2 

content all other oxides contents decrease with exception of K 2 0 and N a 2 0 
which increases or remains about constant, respectively. The behaviour is ty­
pical for granitoid rocks and reflects the accumulation of less Ab-rich plagio-
clases and biotite in more basic granitoids (tonalites, granodiorites), and more 
Ab-rich plagioclases, K-feldspars and quartz in silica-rich differentiates. The 
described trends are recognizable in Fig. 6, scattering of points is. however, 
considerable especially in FeO a n d K 2 0 contents. The complicated and long-ter­
med post-magmatic history of granitoids involving sub-solidus and dynamo-
metamorphic processes contributes, undoubtedly, to this dispersion. Feldspars 
are particularly sensitive to blastocataclasis being replaced by sericite in more 
acid rock types, or by sericite + epidote + t i tanite in more bas|ic types. The 
petrographically grouped varieties (see section Pet rography) : aplites and peg­
matites, granites, biotite granodiorites. and contaminated granodiorites form 
a common variation trend with exception of contaminated (hybrid) granito­
ids Ns. 42.43 and hornblende-bearing types 44—46 which differ from t h e t rend 
formed by granitoids or are compositionally separated. It is the situation similar 
to that in the Malé Karpaty Mts. (V i 1 i n o v i č, 1981; C a m b e 1 et al. 1982). 

The relation between granitoid and diorite rocks does not suggest a direct 
genetical connection, on the contrary, the absence of hornblende in granitoid 
rock types may indicate a different source and P-T-X conditions of granite 
parental magma. The relation of granitoid and hornblende-bearing basic rocks 
is i l lustrated in AFM diagram, Fig. 7. 

All granitic rocks are plotted in granitic tetrahedron, Fig. 8 and compared 
with phase boundaries iin t h e granitic system Qz-Ab-An-Or-H 2 0 at PH 2 O = 
= 500 MPa (according t o W i n k l e r et a l , 1977). The samples are distingu-
shed according to t h e volume of p r i m a r y crystallization in which they fall: so­
lid circles lie in the pr imary crystallization volume of plagioclase + L + V, 
open circles lie in the volume of quartz + L + V, dots are in the volume 
of K-feldspar + L + V. Half-filled circles are s i tuated on the cotectic surface 
quartz + plagioclase + L + V. Diorite varieties were n o t plotted. The meso-
norm calculation after M i e l k e — W i n k l e r (1979) was used to obtain nor­
mative granitic components. 

It can be seen from t h e Fig. 8 that t h e major part of samples is situated in 
the plagioclase volume and the lesser par t lies in the quartz volume. A single 
sample (1) lies in the orthoclase volume. This fact is a n expression of a typi­
cal feature of West Carpathian granitoids: t h e predominance of Na over K. 
The samples lying in t h e plagioclase volume are in petrographical sense to­
nalites and granodiorites whereas those in t h e quartz volume are granites. The 
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Fig. 6. 

great majority of samples is s ituated far from cotectic surfaces Pig + Qz + L + 
+ V and Or -r Qz + L + V, many tonalities being deeply in the plagioclase vo­
lume. It is obvious that such a distribution of samples is caused by a variation 
in the Pig Qz ratio in analysed samples, t h e accumulation of plagioclase in 
tonalites, causing a shift of projection points away from the cotectic surface 
towards the Ab — An join. 

The position of projection points remote from cotectic surface, i.e. lying in 
the area of higher temperatures is a main reason for the suggestion of restite 
origiin of biotite. accessory minerals, and a considerable part of plagioclases 
(e.g. W i n k 1 e r — B r e i t b a r t, 1978; 'W i n k 1 e r. 1983). We account the ob­
served distribution for in different way: the t rend of projection points appro­
ximately perpendicular t o the cotectic surface Pgl + Qz + L + V is a result 
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Fig. 7. AFM diagram of Čierna hora granitoid and dioritic rocks. Symbols as in Fig. 6. 



530 JACKO - PETŘÍK 

of pr imary accumulation of plagioclase ( + biotite. and a part of accessory mi­
nerals) due to fractional crystallization (Fig. 9). A petrographical consequence 
of this process is formation of tonali'te varieties. An important fact is, that, ori­
ginal melt must have had more acid composition t h a n the tonalites crystallized 
from it. Besides, it must have been situated on the cotectic surface Pig + Qz + 
-r L + V. i.e. it must have been in equil ibrium with quartz, as was proved 
by P r e s n a i l — B a t e r n a n (1973). The fact t h a t the parenta l magma was 
situated on cotectic surface makes it unnecessary to consider too high melting 
t e m p e r a t u r e s and, consequently, preserving higher proport ion of restite mine­
rals. Plagioclase ' ' surplus" can more easily be accounted for by the cumulative 
n a t u r e of Čierna hora tonalites. The Modra granodiorit.es and tonalites of the 
Malé Karpaty Mts. were interpreted in a similar way (V i 1 i n o v i č — P e t ř í k . 
1983). The parenta l magma may have originated by equil ibrium melting (batch 
melting) and it later differentiated both to more acid and to more basic composi­
tions. Similar conclusions follow from works of T i n d 1 e — P e a r c e (1980) 
and L e e — C h r i s t i a n s e n (1983). 

Ab Or 

Fig. 8. Granitoid rock compositions plotted in granitic tetrahedron Qz-Ab-An-Or. 
Cotectic lines according to W i n k l e r et at. (1979) at 500 MPa. 

Explanation: Solid circles, open circles and half-filled circles: rock compositions si­
tuated in the volume of primary crystallization of plagioclase, quartz, and on the 
cotectic surface Pig + Qz + L + V, respectively. A clot is a single sample in the 
orthoclase volume. 

Trace element contents 

Trace element contents of Čierna hora granitoids are represented by 15 spec-
troehemical analyses, Tab. 2. The analyses were performed in the Geological 

http://granodiorit.es
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Fig. 9. Photomicrograph of a plagioclase + biotite + accessories (sphene, apatite, epi-
dote, ores) accumulation: a cumulus-like texture. Sample 29 (CH150), biotite grano-

diorite-tonalite. The scale bar represent 1 mm. Nicols X. 

Institute of the Centre of Geosciences, Slovak Academy of Sciences by analysts 
J. M e d v e ď and II. B e 1 i č k o v á. Analytical methods and precision limits 
are given in C a m b e 1 — M e d v e ď (1981). 

Geoehemical variations of trace elements with increasing SiO^ content are 
shown in Fig. 10. Trace element concentrations result from magmatic, post-
magmatic, and. possibly, metamorphic processes. The pr imary differentiation 
process, fractional crystallization, oauses the characteristic decrease of compa­
tible elements concentrations (e.g. Ba, Sr, Zr, V. Co) and the increase of incom­
patible element concentrations (B, Sn?) with increasing degree of crystallization. 
The primary distribution of trace elements due to fractionation of plagioclase 
(Sr). biotite (Ba, V. Ni, Co) and accessory minerals (Zr. Sc. Y) are. however, 
often disturbed by secondary processes. Cu. Nii, Pb. Sn and Sc, Y or B are 
particularly sensitive. Fig. 10 shows a considerable scattering of the mentioned 
elements. Even Ba and Sr, commonly used in trace element modelling, are 
heavily disturbed. 

From analysed samples. Ns. 16, 24. 26 are conspicuous with their high contents 
of t h e characteristic group of elements: Cu. Ag, Pb. Sn, Ni. Cr. Sr. Ba and B. 
Other samples (8. 6. 49, 51, 45) have higher contents of Sc, Y. samples Ns. 16, 28 
the content of Zr. Concentration anomalies found in samples 16, 24, 26 are 
explained by the presence of ore association: galena (Pb, Ag?), chalcopyrite (Cu. 
Ag?). pyrite (Co, Ni). magnet i te (Cr. V), cassiterite (Sn). together with barite 
(Ba, Sr) and tourmaline (B). Another accessories: xenotime, zircone and/or mo-
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Fig. 11. Photomicrograph of granodiorite 24 (CH158) showing a large zircon grain 
(768X167 ,um). The sample has the highest Zr content. (780 ppm). The scale bar 

represents 0.5 mm. Nicols X. 

nažite, apatite, allanite may cause anomalous concentrations of Zr. Sc. and Y 
in samples Ns. 6. 8. 49. 51. 28 (Fig. 11). Vanadium and cobalt are less sensitive to 
ore mineral contents. These elements have distinct compatible behaviour and 
they form negative trends in variation diagrams. The fractionation of biotite 
and. possibly, magnet i te is the supposed cause of the behaviour. Boron is the 
only analysed element showing positive trend, even though with considerable 
scattering. Similar trends are assumed for Rb and Cs (not analysed in the 
present work). 

The causes of compositional variations 

The fractional crystallization was preferred in preceding par ts as a process 
responsible for compositional variations of Čierna Hora granitoid rocks. In our 
opinion, the process accounfts for the observed distribution of both major and 
minor elements in sequence tonalite -• granodiorite -» granite in the most sa­
tisfactory way. Fractional crystallization is widely used in interpreting of ge­
nesis and differentiation of granitic melts (T i n d 1 e — P e a r c e. 1981; M i ­
c h a e l . 1984: S u i t a n et al., 1986). and. on the basis of trace element model­
ling, it was suggested for granitoids of the Malé Karpaty Mts. (V i 1 i n o v i č — 
P e t ř í k . 1984; C a m b e 1 et al.. 1985). 

Besides fractional crystallization other processes could have undoubtedly wor-
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ked Anion-- t h e m the process of assimilation (contamination)' should be taken 
into c o S e r a t i o n (e.g." P i t c h e r _ B e r g e r, 1972). C o n t a m i n a t e d ^ h y b n d 
biotite granodiorites and tonahtes occur in marginal parts of the Buj ano 
complex The samples Ns. 4 4 - 4 8 represent this type. Relations among granitic 

ocTs (dots), contaminated granodiorites and tonalites, and their minerals are 
show in Fig 12 The samples Ns. 42. 43 are granitoids without hornblende, the 
samples 4 4 - 4 8 are basites containing hornblende as an essential component. 
T h 7 c h e m i c a l composition of basites which, in comparison with granitoids, are 
considerably scattered can be accounted for by varying proport ions of m a m 
m i n e r a l s " h o r n b l e n d e , p la g l oclase and epidote. On the contrary, the compo-
" t i o n a l variations of granitoids are controlled by plagioclase biotite and q u a r t . 
The samples 42. 43 are shifted away of granitoid t rend towards the higher 
ľontent o" CaO and to lower contents of MgO and S i O , t , - e d t h e 
increased content of epiclote, cf. Tab. 2 (for number ing see also Fig. 6). T h e e p i 
denization may be clue to chemical interaction between granitoids and Ca-Al-
F - n h fluids related with e a s t i n g basites. The process, however, is common 

•íso fcmore basic varieties of granitoids where it reaches almost regional cha­
p t e r B r i d e s the basites form only a small part of the metamorphic cover, 
a n d T u s thus Possible that at least a par t of Ca-Al-Fe rich fluids comes from the 

"anocuorites and tonalites. The high mobility of the fluids as evidenced by 
a b u n d a n t epidote veins m Alpine dislocations as well as m adjacent sediment, 
of Palaeozoic and lower Triassic age. 

Fio 19 Al O, and MgO vs SiO, variations for granitoid rocks compared with mineral 
S Ä í o £ Ä i S n a t e d (hybrid) rock samples_4S» ( b i o « t e £ plagioclase + quartz) 

and 45 (hornblende + epiclote + plagioclase). , í r v H t p c . q n l i d 
Frvlanations- Dots- granitoid rocks, open circles: hornblendes, crosses, biotites, solid 
S ľ e s Plagioclase!, squares: epidoles. Triangles connect coexisting minerals. 

^ i T s i o v a k Carpathian literature the process is traditionally referred to as hybri-
dization. 
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For the samples representing t h e process of assimilation of wall rook by gra­
nitic magma a certain degree of approximation of one rock type composition 
by t h e other might be expected. In fact, however, assimilation is not a simple 
mixing process. After B o w e n , 1927 (ex M c B i r n e y , 1979) the process of 
assimilation is concurrent with fractional crystallization. The latent heat of crys­
tallization causes growth of t e m p e r a t u r e of m a g m a which promotes melting of 
wall rock, i.e. t h e assimilation ( M c B i r n e y , I.e.). After T a y l o r . 1980 the 
process of magmat ic assimilation is at least a 3-and-member problem: magma, 
wall rock and cumulates. Assimilation will not drastically influence magma com­
position (in terms of major elements) because its composition is controlled by 
phase relations of t h e same mineral assemblages as it would be in the case of 
spontaneous fractionation. Assimilation causes only slight perturbat ions in the 
normal liquid l ine of descent (B o w e n I.e. ex T a y l o r I.e.). 

ppm 
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M ^ „ 
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Fig. 13. Evolution of Ni and Cr contents in granitoid and contaminated (hybrid) rocks. 
Explanations: Rock symbols as in Fig. 6. Evolution lines of fractional crystallization 
(FC) an assimilation-fractional crystallization (AFC) were calculated using 
D e P a o l o ' s (1981) equations. FC: solid line — evolution of remaining liquid, dashed 
line — evolution of coexisting solids. The lines were terminated at 10 % of liquid 
remaining. AFC is characterized by dotted evolution curves at various assimilation 
rates (r = assimilation rate / crystallization rate). Initial magma composition: Ni 13 
ppm, Cr 15 ppm, wallrock composition (contaminant gneiss): Ni 30 ppm, Cr 52 ppm. 
Bulk distribution coefficients (D b l , l k) were calculated from assumed initial magma 
composition (Co) and most evolved rock compositions (CO using Rayleigh equation. 

D e P a o 1 o. 1981 derived equations describing trace element behaviour in the 
coupled process of assimilation and fractional crystallization (AFC). The equa­
tions show that effects of AFC differ significantly from those of simple end-
-member mixing. The model solution of AFC cm Cr and Ni concentrations in 
evolving Ijiquids is shown in Fig. 13. The elements were chosen on the basis 
of composition contrasts between granitoids ( < 25 p p m Ni. < 30 ppm Cr) and 
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supposed contaminant — wall rook gneisses ( > 50 ppm Cr, > 30ppm Ni). Model 
trends of AFC and simple fractional crystallization (FC) with various parame­
ters (see explanations to Fig. 13) show that crystallizing liquids a r e only slightly 
influenced by assimilation of gneisses unless unlikely high assimilation rates 
(assimilation four times higher than crystallization) a re supposed. Evan in this 
case the crystallizing/assimilating m a g m a reach concentrations not higher t h a n 
26 ppm Ni and 40 ppm Cr. With decreasing assimilation rate the evolving t rends 
of Ni and Cr approximate those of FC. Actually, Fig. 13 shows the dominant 
effect of FC. It follows t h a t on t h e basis of model distributions of Ni and Cr 
the assimilation process cannot be excluded as a concurrent process of fractional 
crystallization of granitoid magma. The positive corroboration would require the 
isotopic study of both granitic and wallrock metamorphic rocks. 

Some metallogenetic implications 

Owing to the constant above-average scheelite, cassiterite and gold contents 
in heavy mineral concentrates from the Miklušovoe complex (J a c k o et al., 
1984, 1985) where only aplitoid plutonites occur, as well as owing to the con­
clusion of V e s e l s k ý et al. (1983) concerning t h e connection of W-Au mine­
ralization with leucocratic differentiates in the Malé Karpaty Mts., we have 
tested potential pr imary tungsten enrichment of analysed granitoids from both 
the discussed and prognostic — metallogenetic aspects. 

According to the experimental results of S t e m p r o k — V o 1 cl a n, 1982 
specialized granitic melts can dissolve up to 9000 times more tungsten than there 
is granite average value (1.5 ppm). Above the granite l iquidus t e m p e r a t u r e it 
may result in exsolving of alkali tungstemates, ferberite and scheelite. The spe­
cialized melts are characterized by high S i 0 2 content ( > 73 %) and low total 
iron ( F e 2 0 3 + FeO < 1 %) and w a t e r ( H 2 0 + <"l.O %) contents. 

Only samples 2, 5 correspond consistently to t h e conditions, and with exception 
of total iron also Ns. 4 and 6. It is noteworthy that samples Ns. 4, 5, 6 are from 
aplitoid granite of the Miklušovce complex NE of the Bystrá Hill (Fig. 1), i.e. 
from the body which is the only one characterized by more extensive pegmatite 
development in the complex. F r o m t h e analysed aplitic granites from the 
western part of the complex (samples 7, 8) the lat ter corresponds to the criteria 
in terms of SiO, and CaO. From the Bujanová complex aplites (sample 2, the 
Ružín dam) and, except S i 0 2 , also sample 1 (southern margin) correspond to the 
criteria. Medium-grained granites have higher S i 0 2 , FeO, CaO contents. 

The above mentioned relations suggest the possibility of accumulation of some 
trace elements due to pr imary evolution, of Cienna hora granitoid magma. The 
genetic relations are, however, more complicated. 

Increased trace element contents may be connected with the regionally wide­
spread Alpine hydrothermal ore mineralization in t h e Branisko and Ciema hora 
Mts. Space distributions of anomalous samples and inferred mineral associations 
(chalcopyrite. galena, cassiterite, magneti te, pyrite, barite, tourmaline) coincide 
remarkably with the course and contents of actual quartz-siderite, quartz^sul-
phide. and quartz-tourmaline periods of Alpine hydrothermal mineralization of 
the region (J a c k o et al.. 1984. 1985). 

Namely, the Fe, Cu, Sn. W (Pb. Zn. Ag, Au) mineralization of the Rolová 
thrust fault zone, i.e. the tectonized contact of Lodina and Bujanová complexes 
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is concerned here in the immediate vicinity of which the epidot'ized samples 
Ns. 42, 43 were taken. The sample No. 42 with the highest silver content (3.5 ppm) 
is from the area of old burrowing works. Quartz-tourmaline veins and Fe, Cu. 
W, Hg. Ba mineralization occur in the more important Bujnisko thrust fault 
zone which directionally intersects the Bujanová complex being also the feeder 
of the Alpine hornblende-pyroxene dioritic body at the Spálený Hill. The 
above-average contents of Pb. Zn. Sb, Mo. Sr, Ni and Co occur also in s t ream 
sediments. 

It is characteristic that main part of trace element anomalies in analysed 
rocks (Ns. 2. 28. 28. 45. 49. 51) occurs in the area of crossing of thrus t fault 
zones with normal (mainly NE-SW) faults, i.e. in the area of the first order 
ore-localizing factor in the region of Branisko and Čierna hora Mts. (J a c k o 
et al. I.e.). The multi-elemental anomaly of the sample 16 (Tab. 3) suggests the 
SW continuation of the fault system. The similar anomaly of the sample 24 
conspicuously agrees with crossing of NW-SE and NNE-SSW disjunctive zones. 

The extraordinari ly rich polymetallic association evidenced by various me­
thods exceeds markedly the primary petrochemical potential of Čierna hora 
granitoid rocks as well as chalcographically found assemblages of hydrothermal 
mineralization in the area of the Čierna hora Mts. These assemblages cannot 
account for both regional and above-average accumulations of Sn. Mo. Cr. Ni. 
Cc and Hg. Ba1. Ag. Sb. Cu. Pb. Zn in t h e Branisko and Čierna hora Mts. Mo­
reover above-average occurence of cinnabar, kassiterite. barite. pyrite, haema­
tite and gold was found in the vicinity of fault zones of adjacent Palaeogene 
areas. 

For these and other reasons discussed in more detail in works of J a c k o et al. 
(1984, 1985). we consider the large anomaly of basic masses in the area Košice 
— Prešov — Gelnica — Sena — found by P I a n č á r et al. (1977) and to the 
NE of the Čierna hora Mts. confirmed by G n o j e k — F i l o (in press), for the 
main source of regionally widespread polymetallic association (Cu. Pb, Zn. Sn, 
W. Mo. Ag, Au. Ba, Sb. Hg). The surface manifestation of the anomaly is. in 
sence of discussed relations, the Alpine body of hornblende-pyroxene diorite at 
the Spálený Hill. Regarding to the presence of this association in Palaeogene of 
the Šarišská vrchovina Mts. and Bachurňa as well as its evident connections 
with the succesively youngest s tructures in the Branisko and Čierna hora Mts. 
The young Neogene mineral ization occurs here developed probably in the form 
of Cu. Pb, Zn sulphides and suilfosalts, scheelite, kassiterite1, barite and cinna­
bar. 

Conclusions 

The presented confrontation of compositional variabil i ty of Čierna hora gra­
nitoid rocks with l i lhostructural relations of the crystalline complex and with 
the results of complex metallogenetic research of the region confirms unam­
biguously the probability of polygenetic origin especially of trace element asso­
ciation in granitoids. In spite of strong tectonometamorphic reworking of 
granitoids geochemical evaluation showed the pr imary cause of differen­
tiation — fractional crystallization. The granitoid sequence: tonalites, gra-
nodiorites. aplites forms a common differentiation trend characterized by the 
decrease of compatible elements: Al, Mg. Fe. Ca, P, Cr. Ni. Co, V, and by the 
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T a b l e 4 

Microprobe analyses of main rock-forming and accessory minerals of Čierna hora 
granitoid and dioritic rocks 

Sample no. 

M i n e r a l 

SiO, 
TiO, 
A b O ; 
FeOtot 1 

M n O 
MgO 
CaO 
NaoO 
K , 0 

Pig 

61.47 
0.07 

23.59 
0.26 
0.00 
0.00 
2.82 

10.01 
1.95 

17 (CH1027) 

Bio 

35.22 
3.31 

16.90 
22.50 

0.06 
8.03 
0.06 
0.02 

10.09 

K-fs 

64.24 
0.00 

18.76 
0.01 
0.00 
0.00 
0.03 
0.30 

16.72 

Pig 

59.74 
0.00 

25.03 
0.08 
0.00 
0.00 
6.14 
8.20 
0.25 

43 (CH136) 

Bio 

33.67 
2.96 

16.30 
21.88 

0.15 
9.83 
0.00 
0.00 

10.28 

Epi 

36.51 
0.05 

22.73 
14.36-
0.11 
0.00 

23.60 
0.00 
0.00 

Total 100.16 96.18 100.06 99.44 

Structural formulae 

95.07 97.36 

o = Si 
A1 I V 

A1 V I 

F e 2 f 

Mn 
Mg 
Ti 
Ca 
Na 
K 

8 
2.748 
1.243 

— 
0.010 

— 
— 

0.002 
0.135 
0.867 
0.111 

22 
2.716 
1.284 
0.252 
1.451 
0.004 
0.923 
0.192 
0.005 
0.003 
0.992 

8 
2.977 
1.025 

— 
— 
— 
— 
— 

0.002 
0.027 
0.988 

8 
2.678 
1.322 

— 
0.003 

— 
— 
— 

0.295 
0.713 
0.015 

22 
2.637 
1.363 
0.141 
1.434 
0.010 
1.147 
0.174 

_ 
— 

1.061 

12.5 
2.946 

— 
2.163 
0.8733 

0.007 
— 

0.004 
2.042 

— 
— 

increase of incompatible elements Si. K. Sn (?) during differentiation process. 
The plagioclase accumulation in cumulate-rich tonalites causes that granitoids 
display the trend approximately perpendicular to the cotectic surface Pig + 
+ Qz + L + V in granit ic system. The fractionation changes original compo­
sition of parenta l magma which must have been situated on the cotectic surface, 
consequently making unnecessary to assume too high melting t e m p e r a t u r e . 

Besides the crystal fractionation the assimilation of wall-rock (metamorphic 
mantle) may have operated. The modelling of the coupled process of assimila­
tion-fractional crystallization (D e P a o 1 o, 1981) showed that, assimilation does 
not significantly influence concentrations of Cr and Ni in melt. It means that 
the assimilation process cannot be excluded on t h e basis of Ni and Cr contents 
even though the positive confirmation would required isotopic study. 

The complicated evolution of Čierna hora granitoid rocks is expressed by 
anomalous contents of characteristic element association: Pb. Cu. Ag. Sn. N,i. 
Cr. Ba.. Sr. B in three samples from the Bujanová complex. The presence of 
the mult ie lemental anomaly is accounted for by the inferred ore mineral asso­
ciation (galena, chalcopyrite, pyrite, cassiterite, barite. tourmaline). Owing to 
occurence of the anomalous samples in areas of crossing of Alpine thrus t fault 
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C o n t i n u a t i o n of Tab. 4 

Sample no. 43 

Mineral 

SiO, 
TiOi 
A1..Ó-, 
FeOtot' 
M n O 
MgO 
CaO 
Na..O 
K,0 

Sph 

31.11 
36.42 

1.63 
0.82-
0.02 
0.00 

28.99 
0.00 
0.01 

H b 

39.78 
1.53 

12.48 
20.73 

0.15 
8.38 

11.17 
1.56 
1.58 

Pig 
56.25 

0.05 
27.75 

0.16 
0.00 
0.03 
8.90 
6.72 
0.14 

45 (CH 29) 

Epi 

37.51 
0.10 

25.06 
10.80-

0.03 
0.02 

23.95 
0.00 
0.06 

Bio 

34.57 
3.57 

16.43 
21.14 

0.00 
10.08 

0.00 
0.02 

10.36 

I lm 

0.04 
51.38 

0.00 
46.23 

3.08 
0.00 
0.01 
0.00 
0.00 

Total 99.00 97.37 99.99 97.53 96.19 100.74 

S t r u c t u r a l formulae 

o = Si 
Al'v 
A1 V I 

F e 2 1 

Mn 
Mg 
T i 
Ca 
Na 
K 

5 
1.024 
0.063 

— 
0.02:1 

0.001 
— 

0.902 
1.023 

— 
— 

23 
6.167 
1.833 
0.447 
2.688 
0.020 
1.936 
0.178 
1.855 
0.469 
0.312 

8 
2.529 
1.470 

— 
0.006 

— 
0.002 
0.002 
0.429 
0.586 
0.008 

12.5 
2.978 

— 
2.346 
0.646 
0.002 
0.002 
0.006 
2.038 

— 
0.005 

22 
2.661 
1.339 
0.152 
1.361 

— 
1.157 
0.207 

— 
0.004 
1.018 

3 
0.001 

— 
— 

0.978 
0.066 

— 
0.977 

— 
— 
— 

Notes: l Total Fe as F e O ; - T o t a l Fe as Fe^O.,; 3 F e 3 + . T h e analyses w e r e p e r f o r m e d at 
the Slovak Technical College (JXA-5A microprobe, D. J a n č u 1 a analys t) . Rlaw d a t a 
w e r e corrected using t h e p r o c e d u r e of B e n e e—A 1 b e e (1968) and correct ion factors 
of A 1 b e e — R a y (1970). 
The kind ass is tance of D. J a n č u 1 a is great ly appreciated. 

z o n e s w i t h n o r m a l f a u l t s , a n d m u l t i e l e m e n t a l c h a r a c t e r of t h e a n o m a l i e s e x ­
c e e d i n g p r i m a r y g e o c h e m i c a l p o t e n t i a l of g r a n i t o i d m a g m a w e s u p p o s e t h e e p i -
geinetical o r i g i n of t h e o r e min.eral iza. t ion t e n t a t i v e l y a s s u m i n g t h e b a s i c m a s s e s 
( h o r n b l e n d e - p y r o x e n e d i o r i t e ) i n t h e S E r e g i o n of t h e Č i e r n a h o r a M t s . as t h e 
m a i n s o u r c e of o r e m i n e r a l i z a t i o n . 

L O C A L I Z A T I O N OF S A M P L E S 

A p l i t e g r a n i t e s a n d l e u c o g r a n i t e s : 
l . A p l i t e granite, Valachovo 400 m NE of elev. p. 616.2, Bujanová complex, sp. no. 

CH416. 
2. Aplite grani te , Ružín-Kunazov, 130 m NW of elev. p. 410.1, s p . n o . CH185. 
3. Aplite granite, Tahanovce, a q u a r r y on t h e south bank of the H o r n á d river, 

Bujanová complex, sp. no. CH2. 
4. Apli te grani te . Barónske, 500 m SW of elev.p. 693.5, Miklušovce complex, sp. no. 

CH165 Ba. 
5. Aplite granite, the s a m e locality as s a m p l e 4, sp. no. CH192 Ba. 

http://min.eraliza.tion
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6. Apli te grani te , Barónske, Miklušovce complex, CH6, Ba. 
7. Aplite grani te , Vyšná dolina, 400 m ESE of elev.p. 618, Miklušovce complex, sp.no. 

CH157. 
8. P e g m a t i t e , K l u k n a v a , P r e d n á dolina, 550 m ESE of elev.p. 618, Miklušovce com­

plex, sp. no. ČH158. 
9. P e g m a t i t e . K l u k n a v a . Dolinský potok, 500 m NW elev.p. 618. Miklušovce complex, 

sp. no. CH55B. 
10. Apl i te grani te , K l u k n a v a , Dolinský potok, 700 m NW of elev.p. 618, Miklušovce 
complex, sp. no. CH49A. 
G r a n i t e s : 
14. Biot i te-muscovi te grani te , Košické H á m r e , Dubina, road cut, 1350 m SW of the 
a d m i n i s t r a t i v e bui lding of t h e Ružín dam, Bujanová complex, s p . n o . CH170 11. 
15. Biot i te-muscovite granite, the s a m e loality as s a m p l e 14, sp. no. CH170a. 
16. Biot i te-muscovi te grani te , t h e s a m e localization as sample 14, sp. no. CH170c. 
17. Biot i te-Muscovi te granodior i te , Hoľa, 600 m N W of elev.p. 618.4, Bu janová com­
plex. s p . n o . CH1027. 
18. F i n e - to m e d i u m g r a i n e d biot i te-muscovi te granodior i te, Hoľa, 550 m NW of elev.p. 
618.4. Bu janová complex, sp. no. CH1025. 
49. M e d i u m grained granodior i te , Ružín, the q u a r r y for the dam, Bujanová com­
plex, CH2.72. 
G r a n o d i o r i t e s : 
21. M e d i u m - g r a i n e d biotite granodior i te, Hoľa, 65 m N of elev.p. 618.4, Bujanová 
complex, sp. no. CH250. 
22. M e d i u m - g r a i n e d biotite granodior i te , Terbecin, old ra i lway cut, 800 m NW of 
elev.p. 618.4, Bujanová complex, sp. no. CH64. 
24. F ine-gra ined two-mica granodior i te , Rolová, Terbecin, old quarry , 1300 m SW 
of elev.p. 676.8, Bu janová complex, sp. no. CH67. 
25. F i n e - g r a i n e d bioti te granodior i te , Bujanová, 300 m SW of elev.p. 756 m, Buja­
nová complex, s p . n o . CH501a. 
26. F ine-gra ined biotite granodior i te , Kunazov, 400 m from the dam body, Bujanová 
complex, sp. no. CH186. 
27. Coarse-gra ined m e t a s o m a t i c granodior i te , Ružín, 100 m NW of the dam wall, 
Bujanová complex, sp. no. CH28. 
28. Albite granodior i te , Ružín, the big q u a r r y for t h e d a m , Bujanová complex, sp. no. 
ČH158. 
29. M e d i u m - g r a i n e d bioti te g ranodior i te . Sopotnica, forrest road cut. 800 m NE of 
elev.p. 556, Bu janová complex, sp. no. CH150. 
30. M e d i u m - g r a i n e d bioti te granodior i te , the same locality as the s a m p l e 29, sp. no. 
CH150a. 
C o n t a m i n a t e d ( h y b r i d ) g r a n o d i o r i t e s a n d t o n a l i t e s : 
42. M e d i u m - g r a i n e d c o n t a m i n a t e d biotite granodior i te , Ružín-Stolda, 600 m ESE of 
elev.p. 756.3, Bu janová complex, s p . n o . CH161. 
43. M e d i u m - g r a i n e d c o n t a m i n a t e d bioti te granodior i te , Ružín. a cut for the d a m wal l . 
S b a n k of t h e H o r n á d river, Bujanová complex, sp. no. CH136. 
44. H o r n b l e n d e diorite, Bujanová, S slope, 450 m WSW of elev.p. 756.3. Bujanová 
complex, s p . n o . CH18 72. 
45. G r a n i t i z e d coarse-gra ined h o r n b l e n d i t e , Ružín, t h e q u a r r y for t h e clam. Bujanová 
complex, sp. no. CH29. 
23. O p h l h a l m i t i c m i g m a t i t e , Rolová-Rovné, Bu janová complex, sp. no. CH349. 
50. M e d i u m - g r a i n e d pearl-gneiss, Ružín, t h e q u a r r y for t h e d a m , B u j a n o v á complex, 
sp. no. C H - R T O . 
51. P o r p h y r o b l a s t i c two-mica grani te gneiss, t h e s a m e locality as s a m p l e 50, s p . n o . 
CH-3 72. 

T r a n s l a t e d by D. P e t ř í k o v á 

R E F E R E N C E S 

ALBEE, A. L. — RAY, L., 1970: Correct ion factors for e lectron probe microanalys i s 
of silicates, oxides, carbonates , phosphates , and sulfates. Anal . chem. (Washington), 
42. pp. 14.98-1414. 

http://sp.no
http://sp.no
http://sp.no
http://sp.no
http://sp.no
http://sp.no
http://sp.no


Č I E R N A H O R A M T S . G R A N I T O I D R O C K S 543 

BENCE, A. E. — ALBEE, A. L., 1968: Empirical correction factors lor the electron 
microanalysis of silicates and oxides. J. Geol. (Chicago), 76, pp. 382—403. 

CAMBEL, B. — MEDVEĎ, J., 1981: Contents of trace elements in granitoid rocks of 
the West Carpathians. Geol. Zbor. Geol. carpath. (Bratislava), 32, 1, pp. 3—28. 

CAMBEL, B. - PETŘÍK, 1. - VILINOVlC, V., 1985: Variscan granitoids of the West 
Carpathians in the light of geochemical-petrochemical study. Geol. Zbor. Geol. 
carpath. (Bratislava), 36, 2, pp. 209-217. 

CAMBEL, B. - VESELSKÝ, J. - VILINOVlC, V., 1982: Granitoids of the Malé Kar­
paty Mts.: Major element chemistry and its contribution to petrogenesis. Geol. Zbor. 
Geol. carpath. (Bratislava), 33, 6, pp. 679-696. 

CAMBEL, B. — WALZEL, E., 1982: Chemical analyses of granitoids of the West 
Carpathians. Geol. Zbor. Geol. carpath. (Bratislava), 33, 5, pp. 573—600. 

DePAOLO, D. J., 1981: Trace element and isotopic effects of combined wallrock assimi­
lation and fractional crystallization. Earth Planet. Sci. Lett. (Amsterdam), 53, pp. 
189-202. 

FUSÁN. O.. 1958: Náčrt geologických pomerov údolia Hornádu medzi Kysakom a Ko­
šicami. Geol. Práce, Zpr. (Bratislava), 12, pp. 34—42. 

FUSÁN, O., 1960: Príspevok k stratigraíii mezozoika Braniska a Čiernej hory. Geol. 
Práce, Zpr. (Bratislava), 18, pp. 31-35. 

FUSÁN, O. - ZÁRUBA, Q. - HROMADA, K., 1954: Geologický výskum údolia Hor­
nádu pre štúdiá vodných diel medzi Margecanmi a Kysakom. Geol. Práce — Geo-
technika (Bratislava), 7, pp. 1—53. 

GNOJEK, I. — FILO, M.: Branisko a S část Čiernej hory a přilehlý vnitrokarpatský 
paleogén v obraze letecké magnetometrie a gamaspektrometrie (in press). 

JACKO, S., 1975: Litologicko-štruktúrny vývoj južnej časti krystalinika bujanovského 
masívu. Manuscript (Bratislava), pp. 1—304. 

JACKO, S., 1978: Litologicko-štruktúrna charakteristika centrálnej časti pásma Čier­
nej Hory. Západ. Karpaty, Sér. Geol. (Bratislava), 3, pp. 59—80. 

JACKO, S., 1985: Litostratigrafické jednotky krystalinika Čiernej Hory. Geol. Práce, 
Zpr. (Bratislava), 82, pp. 127-133. 

JACKO, S. - ZACH ÁROV, M. - FULÍN, M., 1984: Struktúrne-metalogenetická štúdia 
Braniska a Čiernej Hory. Manuscript (Bratislava), pp. 1—294. 

JACKO, S. - ZACHAROV, M. - FULÍN, M. - ZÁBRANSKÝ, F., 1985: Zákonitosti 
vzniku a rozmiestnenia ložísk v pásme Čiernej hory a Sľubice. (In: R o z 1 o ž n í k, L. 
et al., 1983: Zákonitosti vzniku a lokalizácie niektorých typov ložísk v Západných 
Karpatoch. 1st vol.). Manuscript (Bratislava), pp. 98—163. 

KAMENICKÝ, J., 1968: In M a h e ľ, M. - B u d a y, T.: Regional geology of Czechoslo­
vakia, Praha, pp. 1—723. 

KAMENICKÝ, J., 1977: Geological-petrographical relations of granodiorites from 
Čierna Hora Mts. Acta geol. geogr. Univ. Comen. (Bratislava), 32, pp. 81—110. 

KAMENICKÝ, L., 1958: Správa ku prehľadnému geologickému mapovaniu za rok 
1957, b) Krystalinikum Čiernej Hory v okolí k. Sľubica. Manuscript (Bratislava), 
pp. 21-35. 

KAMENICKÝ. L, 1963: In: F u s á n. O.: Vysvetlivky k prehľadnej geologickej mape 
ČSSR 1 : 200 0.90, Vysoké Tatry. Geofond, Bratislava, pp. 1-215. 

KAMENICKÝ, L., 1973: Lithologische Studien und strukturelle Rekonstruktion des 
Kristallinikums der zentralen Westkarpaten. Geol. Zbor. Geol. carpath. (Bratislava), 
24, 2, pp. 281-302. 

KAMENICKÝ, L., 1982: Distribution of ZK samples in granitoid plutons and massifs 
of the West Carpathians. Geol. Zbor. Geol. carpath. (Bratislava), 33, 5, pp. 545-567. 

LEE, D. E. - CHRISTIANSEN, E. H.. 1983: The granite problem as exposed in the 
Southern Snake Range, Nevada. Contr. Mineral. Petrology (New York—Heidelberg— 
Berlin), 83, pp. 99-116. 

MACEK, J. - CAMBEL, B, - KAMENICKÝ, L. - PETŘÍK, I., 1982: Documentation 
and basic characteristic of granitoid rock samples of the West Carpathians. Geol. 
Zbor. Geol. carpath. (Bratislava), 33, 5, pp. 601-621. 

MASK A, M. - ZOUBEK. V.. I960: In B u d a y T. et al.: Tectonic development of 
Czechoslovakia, Praha, pp. 5—225. 

MICHAEL, P. J., 1984: Chemical differentiation of the Cordillera Paine granite 
(southern Chile) by in situ fractional crystallization. Contr. Mineral Petrology (New 
York-Heidelberg-Berlin), 87, pp. 179-195. 



544 J A C K O - P E T R I K 

MCCARTHY, T. S. - HASTY, R. A., 1976: Trace elements distribution patterns and 
their relationship to the crystallization of granitic melts. Geochim. Cosmochim. 
Acta (Oxford), 40, 11, pp. 1351-1358. 

MCCARTHY, T. S. - GROVES, D. I., 1979: The Blue Tier Batholith, Northeastern 
Tasmania: A cumulate-like product of fractional crystallization. Contr. Mineral. 
Petrology (New York-Heidelberg-Berlin), 71, pp. 193-209. 

McBIRNEÝ, A. R., 1979: The role of assimilation. In: The evolution of the igneous 
rocks. Fifties annivei-sary perspectives. Ed.: H. S. Y o d e r . Princeton Univ. Press, 
Princeton, 1979. (Russian translation), Mir, Moscow, 1983, pp. 301—331. 

MIELKE, P. — WINKLER, H. G. F., 1979: Eine bessere Berechnung der Mesonorm 
fur granitische Gesteine. Neu Jb. Mineral., Mh. (Stuttgart), 10, pp. 471—480. 

PITCHER, W. S. — BERGER, A. R., 1972: The geology of Donegal: A study of granite 
emplacement and unroofing. J. Wiley and sons (New York), 1972, 435 pp. 

PLANCÁR, J. - FILO, M. - ŠEFARÄ, J. - SNOPKO, L. - KLINEC, A., 1977: Geo­
fyzikálna a geologická interpretácia tiažových ia magnetických anomálií v Sloven­
skom Rudohorí. Záp. Karpaty, Sér. Geol. (Bratislava), 2, pp. 7—144. 

PRESNALL, D. C. - BATEMAN, P. C, 1973: Fusion relations in the system 
NaAlSi308 - KAlSi;;Os - CaAl2Si208 - Si0 2 - H 2 0 and generation of granitic 
magmas in the Sierra Nevada Batholith. Geol. Soc. Araer. Bull. (Washington), 84, 
pp. 3181-3202. 

RADZO, V., 1958: Nový nález molybdenitu v biotitickom granodiorite Čiernej Hory 
pri Ťahanovciach SZ od Košic. Geol. Práce, Zpr. (Bratislava), 12, pp. 43—58. 

STRECKEISEN, A., 1973: Classification and nomenclature of plutonic rocks. Recom­
mendation. Neu. Jb. Miner. Mh., (Stuttgart), 4, pp. 149-164. 

SULTAN, M. - BATIZA, R. - STURCHIO, N. C, 1986: The origin of small-scale 
geochemical and mineralogical variations in a granite intrusion. A crystallization 
and mixing model. Contr. Mineral. Petrology (New York—Heidelberg—Berlin), 93, 
pp. 513-523. 

SALÁT, J., 1953: Petrografia žúl Čiernej Hory medzi Margecanmi a Košicami. Ma­
nuscript (Košice), pp. 1—18. 

STEMPROK, M. - VOLDÁN, J., 1982: Solubility of tungstic oxide in granite melts. 
Vést. Ustř. Úst. geol. (Praha), 57, 6, pp. 329-340. 

TAYLOR, H. P., 1980: The effects of assimilation of country rocks by magmas on 
l sO/ l l iO and 87Sr/85Sr systematics in igneous rocks. Earth Planet. Sci Lett. (Amster­
dam), 47, pp. 234-254. 

TINDLE, A. G. - PEAR'CE, J. A., 1981: Petrogenetic modelling of in situ fractional 
crystallization in the zoned Loch Doon Pluton, Scotland. Contr. Mineral. Petrology 
(New York-Heidelberg-Berlin), 78, pp. 196-207. 

VESELSKÝ, J. - HOLICKÝ, I. - HRNCÁR, A. - RAJNOHA, J., 1983: Scheelit 
a jeho vzťah ku horninovým komplexom krystalinika Malých Karpát. In: Vplyv 
geologického prostredia na zrudnenie. Ed.: J. G u b a č. (Bratislava), pp. 223—228. 

VILINOVIC, V., 1981: Granitoids of the Malé Karpaty Mts.: Petrochemical classifi­
cation and crystallization path. Geol. Zbor. Geol. carpath. (Bratislava), 32, 4. pp. 
489-503. 

VILINOVIC, V. - PETŘÍK, I., 1984: Petrogenetické modelovanie diferenciácie gra-
nitoidných magiem: kumulátový charakter modranských granodioritov. Acta Mon­
tana (Praha), pp. 205-224. 

WINKLER, H. G. F., 1983: A survey of granitic rocks of the Damara orogen and 
considerations on their origin. In: Intracontinental fold belts. Eds.: H. M a r t i n — 
F. W. E d e r (Berlin—Heidelberg—New York), Springer Verlag, pp. 817—837. 

WINKLER. H. G. F. - DAS, B. K. - BR,EITBART, R., 1977: Further data of low 
temperature melts existing in the quartz plagioclase liquid vapour isobaric cotectic 
surface within the system Qz—Ab—Or—An—H^O. Neu Jb. Miner. Mh., (Stuttgart), 
pp. 241-247. 

WINKLER, H. G. F. - BREITBART, R., 1978: New aspects of granitic magmas. Neu 
Jb. Mineral. Mh., (Stuttgart), 10, pp. 463-480. 

Manuscript received 31 March, 1987. 


