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Ľ U B I C A  V I L I N O V I Č O V Á *  

PETROGENESIS OF GNEISSES A N D  GRANITOIDS FROM THE 
STRÁŽOVSKÉ VRCHY MTS. 

(16 Figs., 7 Tabs., 1 App.) 

A b s t r a c t :  G r a n i t o i d  r o c k s  (tonal ites,  granod ior i tes ,  grani tes )  o f  t h e  Strážovské  
v r c h y  Mts. crystal l ine  c o m p l e x  a r e  t h e  m e m b e r s  o f  a c o m m o n  d i f f e r e n t i a t i o n  series.  
T h e y  a r e  p e r a l u m i n o u s  a n d  a c c o r d i n g  t o  t h e i r  c o m p o s i t i o n  t h e y  b e l o n g  t o  t h e  
S-type  o f  gran i to ids .  B iot i tes  f r o m  g r a n i t o i d s  a n d  g n e i s s e s  c o r r e s p o n d  t o  
F e 2 + - b i o t i t e s .  T h e  c o n t e n t  o f  T i  i n  b io t i tes  o f  g r a n o d i o r i t e s  d e c r e a s e s  f r o m  tona l i tes  
t o  granites.  A v a r i a t i o n  o f  T i  c o n t e n t  h a s  b e e n  d e t e r m i n e d  i n  gneisses,  d e p e n d i n g  
o n  t h e  p r e s e n c e  o f  i n d e x  m i n e r a l .  M u s c o v i t e  i s  d e v e l o p e d  i n  t h e  s t u d i e d  r o c k s  as  
a p r i m a r y  p h a s e .  G a r n e t s  o f  t h e  g r a n i t o i d s  b e l o n g  t o  a lmandines-spessart i tes .  I n  
Malá  M a g u r a  Mts. garnets  b e c o m e  r icher  i n  t h e  S p s - c o m p o n e n t  f r o m  tona l i tes  t o  
granites,  i n  Suchý,  o n  t h e  o t h e r  h a n d ,  t h e  c o n t e n t  o f  S p s - c o m p o n e n t  d e c r e a s e s  w i t h  
d i f f e r e n t i a t i o n .  D i f f e r e n c e s  i n  t h e  t y p e  o f  z o n i n g  i n  g a r n e t s  f r o m  gne i sses  a r e  
r e l a t e d  t o  t h e  p r e s e n c e  o f  s tauro l i te  ( m a r k e d  p r o g r e s s i v e  z o n i n g )  o r  s i l l imanite .  
T h e  o c c u r r e n c e  o f  s tauro l i te  a n d  s i l l imani te  i n  gne i sses  o f  S u c h ý  a n d  M a l á  M a g u r a  
Mts. ind icates  t w o  m e t a m o r p h i c  p h a s e s  i n  t h e  d e v e l o p m e n t  o f  crysta l l ine  
c o m p l e x e s  t h e  o f  b o t h  mass i f s .  T h e  f i r s t  m e t a m o r p h i c  p h a s e  h a d  r e g i o n a l  character,  
it c a u s e d  t h e  f o r m a t i o n  o f  t h e  a s s e m b l a g e  w i t h  staurol i te.  It  t o o k  p l a c e  i n  t h e  
c o n d i t i o n s  o f  greenschis t  f a c i e s  at T = 4 6 0 — 5 9 0  ° C  a n d  P = 2 0 0 - 4 0 0  M P a .  T h e  
s e c o n d  metamorphic  p h a s e  c a n  b e  cons idered a contact  metamorphism o n  regional  
scale,  w h e r e  a considerable  amount  of  h e a t  w a s  derived f r o m  t h e  granitoid 
intrusion. It t o o k  p lace  in t h e  condit ions  of  T = 6 5 0 — 7 0 0  ° C a n d P = 3 6 5 - 4 7 0  M P a  
in Suchý  Mts. a n d  T = 6 0 0 — 7 1 0  ° C  and  P = 4 5 0 — 4 7 0  M P a  i n  Malá  M a g u r a  Mts. 

P e 3 K > M e :  r p a H H T O H f l H t i e  n o p o f l b i  (TOHajiHTbi,  r p a H O f l n o p n T b i ,  r p a H H T b i )  

KpiicTajiJiHHHKyMa Grpa>KOBCKHX  r o p  HBJIHÍOTCH HJieHaMH o n H o r o  psina n n c j j t f i e -

p e H i i n a u H H .  OHM n e p a j i i 0 M H H 0 3 H b i e  H n o  c o c T a B y  OHH n p u H a j y i o K a T  K C - r a n y  

rpaHHTOHflOB. BHOTHTBI rpaHHTOHflOB  H THeňcOB  COOTBeTCTyiOT Fe-ÔHOTHTaM. 

Coflep>KaHne T i  B ÔHOTHTax rpaHHTOHflOB  noHHJKaeTca  c TOHanHTOB n o  rpaHHTOB. 

B rHeňcax  ô b i j i o  o n p e n e j i e H O KOJieôaHHe  c o f l e p j K a H H a  T i  B 3aBHCHMOCTH  OT 

npHcyTCTBHH p y K O B O n a m e r o  M H H e p a n a .  MycKOBHT p a 3 B H T  B H 3 y n a e M b i x  n o p o n a x  

K a K  nepBHMHaa  c£>a3a. T p a H a T b i  rpaHHTOHflOB - a j i b M a H f l H H - c n e c c a p r a T b i .  B M a -

a o ň  M a r y p e  r p a H a T b i  c TOHajiHTOB n o  rpaHHTOB craHOBHTca  S o j i e e  S o r a T b i M H  

S p s - K 0 M n 0 H e H T 0 M ,  H B r o p a x  C y x H  H a o ô o p o T  coAep>KaHHe Sps-KOMnoHeHTa 

c ant | ) t } )epeHiiHai iHeH noHH»caeTCH. Pa3HHUbi  B m n e  3OHajibH0CTO r p a H a T O B  H3 

r H e ň c o B  3aBHCHT OT n p a c y T C T B H a CTaBpojíHTa (nporpeccHBHaa 30HajibH0CTb)  HJIH 

CHJiJiHMaHHTa. RIPHCYTCBHE CTaBpojíHTa H CHjijiHMaHHTa B rHeňcax  R. C y x H  H M a j i a  

M a r y p a  y K a 3 b i B a e T H a  n s e  MeTaMopcjíHHecKHe c j)a3bi  pa3BHTH5i KpHCTajiJiHHHKyMa 

MaccHBOB. riepBaa MeTaMopcfiHMecKaa tfia3a HMejia perHOHajibHbiň xapaKTep 
n O H a  B b i 3 B a j i a 06pa30BaHHe acconnanHH c CTaBpojíHTOM.  O H A  n p o H 3 o i n j i a  

B ycjioBHax 3eneH0CjiaHi;eB0H cjiauiiH n p n  T = 4 6 0 - 5 9 0  ° C  H P = 2 0 0 - 4 0 0  M P a .  

BTOpyíO MeTaMOpcj)HHeCKyiO Cj)a3y MO>KHO CMHTaTb KOHTaKTOBbIM MeTaMopcj)H3-

* R N D r .  Ľ .  V i l i n o v i č o v á ,  CSc., G e o l o g i c a l  Inst i tute  o f  t h e  S l o v a k  A c a d e m y  o f  Sciences,  
D ú b r a v s k á  cesta  9,  8 1 4  7 3  Brat is lava.  
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MOM B perHOHajiFjHOM MacuiTa6e, rne  3HaHHTejibHoe KOJIHHCCTBO Tenna npoHcxo-
AHJio H3 rpaHHTOHflHOH HHTpy3HM. 3Ta 4>a3a npoH3oiujia B ycjiOBHax 
T = 6 5 0 - 7 0 0  °C H P = 3 6 5 - 4 7 0  MPa B R. CyxM, H T = 6 0 0 - 7 1 0 ° C  
H P = 4 5 0 ^ - 7 0  MPa B r. Majia Marypa. 

Introduction 

The Western Carpathian crystalline has a unique character. The so called core mountains 
consisting of granitoid massifs surrounded by metamorphosed rocks crop out from beneath 
Mesozoic and Cenozoic sediments. Not all Western Carpathian core mountains attract equal 
attention of geologists. Crystalline of the Strážovské vrchy Mts. is one of the areas awaiting 
concrete and accurate study of their historical evolution and forming processes. 

The submitted work is associated with earlier results dating from the 1960s which suggest 
mutual relationship between gneisses and granitoid rocks of this crystalline. The work has 
therefore been aimed at obtaining sufficient information on the character of these rock types 
and employing it by their mutual comparison which may result in a more complete picture of 
their relationships. 

Geology of the area 

The Strážovské vrchy crystalline consists of two massifs - Suchý and Malá Magura Mts. 
(Fig. 1). The massifs extend on the area of about 180 km 2  and have the shape of triangles 
elongated in a NNE-SSW direction. 

Both these massifs are made up of an inhomogeneous complex of crystalline schists, 
migmatites (not dealt with in this work) and granitoids. They constitute complex 
megaanticlinoria, with their crests forming central ridges composed mainly of granitoids. Both 
massifs are characterized by parallel rock belts of different petrographic types of several dm to 
several m in thickness. From the regional point of view, the belts trend N-S in southern parts of 
the massifs, bend to a-NE-SW direction in their central parts and further they trend E-W 
( K a h a n ,  1979). The principal Hercynian structures have also N-S trend ( K l i n e c ,  1958). 
H r o u d a et al. (1983) assume that the both massifs were emplaced side by side by shear 
movements along a fault which separates one from another. The rocks do not bear signs of 
intensive deformation processes. Mylonites and phyllonites occur only scarcely on the 
periphery of the massifs ( H r o u d a  et al., I.e.). 

The whole crystalline forms compact units. Its southern and eastern boundaries with 
Mesozoic and Tertiary units are tectonic, whereas northern and northwestern ones are 
stratigraphic ( K a h a n ,  1985). The oldest crystalline rocks are gneisses of garnet-amphibo-
lite facies, now regionally and contact-metamorphosed ( Z o u b e k ,  1936; I v a n o v ,  1957; 
K l i n e c ,  1985). No exact data on their age, however, are available so far, the only exception 
being a find of organic kerogen in graphitic gneiss in the western part of Suchý suggesting its 
Early Paleozoic age ( Č o r n á  — K a m e n i c k ý ,  1976). The only concrete age data have 
been obtained by K r á ľ et al. (1987) who give Rb-Sr isochrone age of a granitoid intrusion at 
393  ± 6 m.y. 

A characteristic feature of the  studied crystalline is a close mutual relationship between 
granitoids and gneisses. N o  changes have been observed at their contacts, although gneisses 
frequently form separate blocks or extensive layers amidst granitoids. 
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Gneisses 

Gneisses in the Suchý Mts. occur in marginal parts of the crystalline. The principal gneiss 
mass in the f o r m  of a NE-SW belt along the massif 's western part makes u p  almost a half of its 

Otz 

PI Ms.Bt 

Fig. 2. Biotite-plagioclase gneisses i n  W i n k l e r ' s  (1979)  classification diagram. 

Explanations: O p e n  squares  — Malá  Magura, so l id  squares — Suchý. 

A 

Plagioclase 
• • 

.Almandine 

F C Diopside 

Fig. 3. Mineral  assemblages  o b s e r v e d  i n  t h e  s tud ied  gneisses c o m p a r e d  t o  a lmandine-amphibo l i te  fac ies  
assemblage  in  W i n k l e r ' s  (1979)  A C F  diagram. 

F o r  explanations see  Fig.  2. 



PETROGENESIS OF GNEISSES AND GRANITOIDS 3 3 9  

T a b l e  1 
Assemblages  present i n  Suchý a n d  Malá Magura gneisses a n d  characteristics of  their mineral  phases 

S U C H Ý  M A L Á  M A G U R A  

Assemblages Qtz+Pl + Bt ± G r t  
Q t z + P l + B t + M s + G r t ± S i l  
Q t z + P l + B t + M s ± G r t ± S t ± S i l  

Q t z + P l + B t + M s  
Q t z + P l + B t + M s + G r t ± S i l  
Q t z + P l + B t + M s + G r t + K f s  

Plagioclases 
hypidiomorphic, 
allotriomorphic, unzoned, 
exceptionally twinned 

3 4 — 5 0  vol.  % 
A n i 8 _ 2 2  

in gneisses with staurolite 
are part of  groundmass 

2 9 — 1 6  vol. % 
An2o—34, in gneiss with 
K-feldspar An, 4  

Ouaiiz 
allotriomorphic, 
sometimes undulatory 

2 2 — 3 9  vol. % 2 3 — 4 5  vol.  % 

Biotite 
preferentially oriented along 
schistosity 

9 — 2 6  vol. % 
with M s + A c c  inclusions, forms  
aggregates wi th  sillimanite, 
slightly chloritized 

17—31 vol. % 
with M s + A c c  inclusions, forms  
aggregates wi th  sillimanite, 
less chloritized 

Muscovite 
primary in biotite + inter-
grown with Bt, secondary as 
sericite 

0 .1—9 vol. % 
secondary also as pseudomorphs  
after staurolite 

0 . 2 — 1  vol.  % 

K-feldspar - 0.9 vol. % 
coarse-perthitic porphyroblasts 

Accessories 
Garnets 
indiomorphic, hypidiomorphic  
Monazite 
Zircon 
Apatite 
Titanite 
Tourmaline 
Fe-Ti oxides 
Graphitic matter 

0.2—2.4 vol. % (except garnet) 
0 — 1 . 4  vol. % 

zoned  and unzoned  
+ 
+ 
+ 
+ 
+ 

0.3—2.2 vol. % 
+ 

0.1—1.5 vol. % (except garnet) 
0—0.8  vol.  % 

zoned, f i n e  
+ 
+ 
+ 
+ 

0.2—1.8 vol.  % 

extent. In the southern part, gneisses are  sporadically accompanied b y  migmatites. In the Malá 
Magura Mts., gneisses form discontinuous belts. A more continuous belt is in the SW part 
separating the both massifs along a fault. 

The studied gneiss complexes are very  monotonous, dominated b y  biotite-plagioclase types 
of tonalite composition (Fig. 2). Gneisses with graphitic matter, only in the western part of 
Suchý, and migmatitized gneisses occur less freguently. The biotite-plagioclase gneisses are of 
dark brown to gray-black colour. Their structure is variable. There are fine-grained types, 
relatively massive, of plane-parallel structure (mainly in the Malá Magura Mts.), banded (with 
alternating biotite and quartz-plagioclase bands 1 to 4 mm thick) and eyed types (eyes u p  to 
1 cm, composed of plagioclase and quartz which have been found in the N W  Suchý). The 
gneiss textures are granoblastic to granoporphyroblastic, granolepidoblastic and eyed. 
Mineral assemblages observed in gneisses are consistent with their position in an 
ACF-diagram in Fig. 3.  Microscopic study has revealed signs of retrograde effects  in some 
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samples. The samples contain chloritized/muscovitized staurolite/garnet, accompanied by 
sericitized to muscovitized plagioclases ( D y d a, 1988). 

Tab. 1 briefly shows mineral assemblages in gneisses of the both massifs and characterizes 
their mineral phases. It clearly suggests that gneisses of the both investigated massifs differ 
mainly in the presence of staurolite, graphitic matter as well as tourmaline and absence of 
K-feldspar. 

K o r i k o v s k y  et al. (1987) have distinguished two metamorphic zones in the Suchý 
crystalline, staurolite-andalusite-biotite and sillimanite-biotite-muscovite. Andalusite, how­
ever, has so far  been identified in the  studied samples neither by us, nor by authors 
investigating the Strážovské vrchy crystalline. 

Crystalline of the both massifs is dominated by granitoid rocks. Individual granitoid types 
are not confined only to definite areas but often alternate with gneisses. In the Suchý Mts., 
most area is occupied by granodiorites and tonalites (Fig. 4). The granodiorites are biotitic, 
biotite-muscovitic and leucocratic, sometimes with sillimanite. The tonalites are represented 
by biotitic types, in places also with sillimanite. Rocks of granite composition in the Suchý Mts. 
are usually coarse-grained, pegmatitic, with marked presence of garnet, less frequently 
fine-grained and aplitic. The Malá Magura Mts. is dominated by tonalites and granites. The 
tonalites (and/or leucotonalites) are biotitic. Unlike granites of the Suchý Mts., those of the 
Malá Magura Mts. are medium-grained, containing also muscovite and garnet. The Malá 
Magura granodiorites are largely leucocratic, muscovitic. In contrast to the Suchý 
granodiorites, they are devoid of sillimanite ( V i l i n o v i č o v á ,  1988). A s  a product of 
postmagmatic processes, sillimanite indicates that rocks of the Suchý Mts. were more 
intensively altered than those of the Malá Magura Mts., the former having been subject to 

Granitoid rocks 

Q 0 

A P P 

Fig. 4 .  Granites  (circle), granodiorites  (triangle) a n d  tonalites (co lumn)  o f  Strážovské vrchy  crystalline i n  
S t r e c k e i s e n ' s ( 1 9 7 6 )  classification diagram. 

a — Malá Magura, b — Suchý. 
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stronger sericitization and saussaritization of plagioclases. In addition to these basic 
granodiorite types, also small occurrences of biotite-amphibolite quartz diorites have to be 
noted ( K a h a n ,  1979). Both crystalline cores sporadically contain lamprophyres and quartz 
porphyries. The whole crystalline is interlaced with abundant pegmatite and aplite veins of 
various thickness, whose composition corresponds to that of syenogranites-monzogranites. 
Tab. 2. summarizes properties of principal granitoid types of the both massifs, modal 
composition of individual mineral phases as well as form ot their occurrence. 

Applied techniques 

The investigated set totalling 69 rock samples comprises 24 granitoid and 7 gneiss samples 
from the Malá Magura Mts. as well as 25 granitoid and 13 gneiss samples from the Suchý Mts. 
The samples, whose location is shown in Fig. 5, are represented by unweathered rocks. 

All  whole-rock analyses (see Appendix) have been carried out by X-ray-fluorescence at the 
Geological Institute of the Slovak Academy of Sciences. FeO content has been determined at 
the Geological Institute of Comenius University, whereas P 2 O s  contents have been 
determined by classical assays introduced by W a l z e l ( i n  C a m b e l  — W a l z e l ,  1982). 
Trace element contents in the rocks (see Appendix) have been spectrochemically analysed by 
M e d v e d ( C a m b e l  — M e d v e ď ,  1981). 

Composition of minerals from 17 unaltered samples has been studied by an electron 
microanalyser J X A  — 5 A  JEOL at the Slovak Technical College, Bratislava. Minerals of the 
following samples have been analysed: V-21, 22, 50 (granites); V - l ,  18, 35, 40 
(granodiorites); V-5, 9, 13, 41, SR-5 (tonalites) and V-15, 19, 25, 39, 42  (gneisses). 

To designate individual minerals K r e t z '  s (1983) abbreviations are used. 

Minerals of the studied rocks 

F e l d s p a r s  

The overall comparison of the chemical composition of plagioclases from the Strážovské 
vrchy granitoids suggests that plagioclases in Suchý granitoids contain on average less 
Ab-component and more Or as well as An-components than plagioclases of the Malá Magura 
granitoids. Chemical composition of observed plagioclase phenocrysts is homogeneous. In 
plagioclases of the Suchý tonalites CaO contents are variable and basicity varies in the range 
A-ni4-i9 or An 2 6 _ 3 1 .  

K-feldspars of the Strážovské vrchy granitoids are of perthitic character averaging 
O r 9 0 A b 9  9 A n 0  j in tonalites, O r ^ A b ^ A n j  in granodiorites and O r g 7 A b 1 2 5 A n 0 5  in granites. 
Structural states of K-feldspars (orthoclases in tonalites to microclines in granites) observed 
by X-ray-diffraction studies reflect slow cooling of the both massifs. Two-feldspar 
thermometres suggest temperatures T =  460—593 °C at pressure P =  400—500 MPa ( V i l -
i n o v i č o v á, 1989). 

Average composition of plagioclases in gneisses corresponds to Or 1 Ab 7 5 An 2 4 .  The lowest 
basicity A n 1 5  was observed in plagioclases associated with K-feldspar. Alkali feldspar has 
been identified only in one case, in the NW Malá Magura. Its K-phase contained Or 8 8 Ab,  ]An, 
and its bulk composition was O r 7 g A b 2 2 A n 0  2 .  Plagioclase basicity in some of the Malá Magura 
gneisses attains A n 3 4 .  All  analyses of feldspars have been published by V i l i n o v i č o v á  
(1989). 
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M i c a s  

Biotite is developed in the studied granitoid rocks and gneisses as  a primary phase. Its 
chemistry (Tab. 3)  depends mainly on the rock composition and mineral assemblage. A s  
shown in Fig. 6., the studied biotites are regularly enriched in iron (Fe/Fe + Mg ratio varies 
from 0.59 to 0.68 in granitoids and from 0.45 to 0.62 in gneisses) and A1 contents vary only 

annite siderophyllite 

J!f& Qui] Q u e  

• 
• 

phlogopite 2-8 M eastonite 

At atoms / 22 oxygens 

Fig. 6.  Composition of biotites f r o m  t h e  Strážovské vrchy granitoids and  gneisses in A n d e r s o n ' s  
( 1 9 8 0 )  diagram. 

For explanations s e e  Figs. 2 and  4 .  

ihlogopite 

,Mg-biotites I-biotites 

• • 

siderophyllite siderophyllite 

aCTi 9 0  7 B  M 3 0  ™ F e W  3 0  10 Fe,*Mn* 

Fig.  7 .  Compos i t ion  of analysed biot i tes  f r o m  grani to ids  ( a )  a n d  gneisses (b )  in  F o s t e r ' s  ( 1 9 6 0 )  
d iagram.  

F o r  explanat ions  s e e  Figs. 2 a n d  4 .  
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within a narrow range (3.0—3.6 A1 atoms to 2 2  oxygen atoms). According t o  F o s t e r  
(1960), the chemistry corresponds to Fe 2 +-biotites (Fig. 7).  High A1  content in biotites 
depends on high A1 content in the rock ( A 1 2 0 3  = 12.85 — 19.18 wt.  % ) .  

Chemistry of biotites may b e  significantly influenced also b y  coexisting plagioclases 
( A n d e r s o n ,  1980). This is also proved b y  the occurrence of Al-rich biotites coexisting with 
plagioclases of basicity A n u _ 2 0  in granites and granodiorites, and low-Al biotites coexisting 
with plagioclases of basicity A n 2 1 _ 4 3  in tonalites of the both massifs. 

Ti content in biotites drops f rom tonalites through granodiorites to granites, which probably 
results f rom decreasing temperature during the process of magmatic crystallization. 
R o b e r t ( 1 9 7 5  in A n d e r s o n ,  1980) and G u i d o 11 i et al. (1977) state that solubility of 
Ti in biotites decreases with decreasing temperature. 

Biotite of gneisses contains more M g  and less Ti in comparison with granitoid rocks. Ti 
content in biotites f rom gneisses depends on the presence of index mineral. Biotites associated 
with staurolite contain 1.24 wt.  % T i 0 2  and those associated with sillimanite contain 
2.4—3.06 wt. % TiO z .  Biotites in gneisses with staurolite are enriched also in Mg. W e  have 
observed no enrichment in Fe or M g  in biotites directly contacting garnets. 

T i  

3 0  

20 40 80 60 Na 

Fig. 8. Composition of analysed muscovites f r o m  granitoids and gneisses in Ti-Mg-Na diagram ( M i l l e r  
e t  al., 1981) .  

For explanations s e e  Figs. 2 and 4 .  
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Primary muscovites can b e  distinguished not only b y  microscopic textural studies, but also 
because of their different chemistry — they contain more Ti, Na, A1  and less M g  and Si (Tab. 
4). Analyses show that muscovites f rom granites of the both massifs contain less Ti than those 
from granodiorites, tonalites and gneisses (Fig. 8). This is due to the fact that among 
muscovites of granite samples (V-22, V-50)  selected f o r  analyses, secondary muscovites 
prevail over primary ones. The highest Ti content in muscovites corresponds t o  the highest Ti  
content in coexisting biotites. 

G a r n e t s  and t h e r m o m e t r y  

Garnets, as a minor component, have been observed in all granitoid types of the both 
investigated massifs. Garnets f rom tonalites, granodiorites and granites are represented 
exclusively b y  almandine-spessartite along with a variable content of pyrope and grossularite. 
The most interesting difference between garnets of the both massifs is that in the Malá 
Magura, garnet becomes richer in spessartite component f r o m  tonalite to granites, whereas in 
the Suchý Mts., spessartite content decreases with advancing differentiation. Magmatic 
garnets will b e  dealt with in more detail in a paper which is currently being prepared. 

A l l  garnets from gneisses are characterized b y  high Fe and A1  contents. Selected studied 
garnets are usually zoned (Tab. 5). Distinct zoning characterizes garnets associated with 
staurolite from the western part of Suchý whose Ca and Mn contents decrease f rom the core to 
the rim, whereas Fe and M g  contents increase (Fig. 9a). Mg/Mg + Fe ratio (0.06—0.01) 
decreases towards the grain centre. This is in agreement with the trend of prograde 
metamorphism noted b y  many authors ( T i l l e y ,  1926;  A t h e r t o n ,  1968;  C r a w f o r d ,  
1977; K l e i n s c h m i d t ,  1984). H o  1 l i s t e r  (1969) regards such "bell-shaped" Mn profiles 
as characteristic of growth of zoning without internal diffusion. The form of the MnO and CaO 
curves suggest a simple segregation process involving garnet and the matrix (other coexisting 
phases). Such zoning is preserved also in some indistinctly zoned garnets, also associated with 
sillimanite. In the Suchý massif, slightly zoned and unzoned garnets accompanied b y  
sillimanite have been found (Fig. 9b).  Indistinct zonal pattern of Suchý garnets is accompanied 
by Mg/Mg + Fe ratio (0.05—0.08) increasing f rom the rim to the core of garnet grain. 

T h e  above-mentioned distinct zoning of garnets has not been observed in gneisses with 
sillimanite or only with biotite collected in the Suchý and Malá Magura Mts. alike. Garnets 
f rom these samples are characterized b y  variable chemical zoning (Fig. 9b, c). Another  
characteristic feature is that their Fe and M g  contents decrease f rom the core towards the rim, 
whereas Mn content increases. Mg/Mg + Fe ratio increases towards the core and its highest 
values occur in garnets f rom the Malá Magura Mts. (up t o  0.14). Zonal pattern of garnets f rom 
the Malá Magura gneisses is characterized b y  Mg content first increasing f rom the centre 
towards the margin and then abruptly falling (Fig. 9c). 

Analyses of garnets and biotite have been employed to calculate temperatures of 
metamorphic processes b y  means of changes in Fe-Mg distribution in garnet-biotite pairs. 
Calibrations of F e r r y  — S p e a r ( l  978) ,  H o d g e s  — S p e a r  (1982),  G a n g u l y  — S a x e n a  
(1984) and P e r c h u k  e t  al. (1984)  have b e e n  used in this work .  Pressure f o r  
Q t z + P l + B t + M s + G r t + S i l  assemblage has  b e e n  calculated according t o  P e r c h u k  e t  al. 
(I . e . ) .  

Within each sample, average temperatures  have  b e e n  calculated f r o m  several garnet-biotite 
pairs. Tab .  6 summarizes t h e  calculated temperatures  suggesting tha t  individaul ther -
mometres  have yielded similar data .  T h e  highest differences in a single sample d o  no t  exceed 
30  °C with t h e  exception of t h e  sample V-25 .  A p a r t  f r o m  t h e  observed various types of garnet  
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V-25 

Fig. 9a.  Progressive zoning of garnets  associated 
with staurolite in Suchý gneiss.  

R — rim, I — intermediate zone, C — core. 

MnO MnO 

MnO 
MnO 

MnO 

• MgO MgO M g O ^ ^ —  

M g O ^ ^ ^  

• CaO . CaO 
CaO_ . _ _ _ _ _  • r a n  . CaO 

R I C R i C R I C R I C R I C 

Fig. 9 b .  Unzoned and  slightly zoned garnets  of Suchý gneisses.  
R — rim, I — intermediate zone, C — core. 
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3 0  

FeO / 

• MnO 
MnO \ 
/ v  MgO / \ 

M g O / / / / ^ S s \  

C a O  CaO 

Fig. 9c. Zoning of garnets  f r o m  Malá Magura  
gneisses. 

R — rim, I — intermediate zone, C - core. 

T a b l e  6 
Temperatures  and pressures  calculated f o r  the  studied gneisses of the  Strážovské vrchy Mts. 

Spec. Mineral F & S  G & S H & S  P Pressure 
(°C) (°C) (°C) (°C) ( M P a )  

V - 2 5  G r t  co re  4 8 8  5(14 5 1 8  5 6 9  4 0 0 *  

> G r t  r im 4 3 4  4 5 9  4 6 2  5 2 5  2 6 0 *  
X V - 3 9  G r t  core  6 8 5  6 9 4  6 9 2  6 8 3  4 7 0  
u 
D G r t  rim 6 8 2  6 9 4  6 9 1  6 8 3  4 6 0  
CO V - 4 2  G r t  core  6 9 9  6 9 0  7 0 9  6 7 8  4 7 0  

G r t  r im 6 5 0  6 5 6  6 5 7  6 5 7  4 2 0  

< V - 1 5  G r t  core  6 6 1  6 3 6  671  6 5 3  4 4 5  
DĹ Grt rim 6 0 0  6 0 6  6 1 0  6 3 3  3 6 5  
D 
O V - 1 9  Grt core 6 9 3  7 1 1  7 0 3  6 9 0  4 7 0  
< Grt rim 6 7 8  6 9 6  6 8 8  6 8 1  4 5 5  
s V - 4 7  Grt core 6 2 8  6 1 6  6 4 0  6 5 1  4 4 0  
s Grt core 6 4 1  6 1 4  6 5 5  6 5 0  4 5 0  

Remark: F & S  F e r r y  — S p e a r  ( 1 9 7 8 ) ;  H & S  H o d g e s - S p e a r  ( 1 9 8 2 ) ;  G & S G a n -
g u l y - S a x e n a  ( 1 9 8 4 ) ;  P P e r c h u k e t  al. ( 1 9 8 4 ) .  
• P r e s s u r e  calculated according t o  G h e n t e t  al.  ( 1 9 7 9 )  a n d  t a k e n  f r o m  D y d a (1990) .  

zoning, t h e  calculated tempera ture  values in each sample indicate decreasing tempera ture  
f r o m  t h e  core t o  t he  rims. Changes in  tempera ture  have  also b e e n  tested by  pressures ranging 
f r o m  300  t o  500  MPa ,  bu t  t h e  t empera ture  never  changed by  m o r e  t h a n  10 °C, thus suggesting 
that  pressure did no t  substantially control F e  and  M g  distribution. 
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Variations in garnet zoning ( M é r e s et al., 1986; M é r e s  — H o v o r k a ,  1989), mainly 
in garnets from gneisses without staurolite, are likely to have been caused by retrograde 
exchanges in response to cooling in the regressive stage following metamorphic peak, by 
which an important role was played by local temperature conditions. This is suggested also by 
small differences in temperature between the core and rims. Homogeneous garnets indicate 
a more complex mechanism (V-39 near the contact with granitoids) by which during prograde 
growth, diffusion rates within single garnet grains were able to eliminate their earlier growth 
zoning. 

Results obtained by thermometres indicate that the temperature increased from the 
western part of the Suchý Mts. (T = 4 7 0 - 5 6 0  °C in sample V-25) towards the east 
(T = 660—700 °C in samples V-39, 42). Metamorphic temperature in the Malá Magura area 
corresponds to 620—680 °C. 

Geochemical characteristics of granitoids and gneisses 

Petrographic and geochemical features suggest that tonalites, granodiorites and granites of 
the Strážovské vrchy Mts. are members of a differentiation sequence. The sequence, however, 
has only a narrow composition range because it is devoid of intermediate and basic rocks (Fig. 
10). The Strážovské vrchy granitoids have therefore an apparent character of the calc-alkaline 
series. 

F 

A 

Fig. 10.  Trend  of Strážovské vrchy granitoid rocks  in A F M  diagram. 
For explanations s e e  Fig. 4 .  
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Silica content within the whole set of granitoids ranges from 61  to 77  wt. % .  Interesting, 
high silica contents (73—77 wt. % )  occur in some of the Suchý granitoids which, at the same 
time, have also high K 2 0  contents (over 3 %). H a r k e r ' s  variation diagrams indicate that in 
the both investigated massifs there are equal negative correlations between major elements 
and T i 0 2 ,  A 1 2 0 3 ,  F e 2 0 3 ,  FeO, MgO and CaO, whereas the correlation between K 2 0  and S i 0 2  
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is positive (Fig. 11). Correlation between high N a 2 0  content and those of K 2 0  (Fig. 12) as 
well as  M g O  is negative. Distinct wide range of K 2 0  contents in Suchý granodiorites resulted 
from intensive alteration processes. 

A s  A l 2 0 3 / C a 0  + N a 2 0  + K 2 0  molar ratio exceeds 1 (Fig. 13), the studied granitoids are 
peraluminous. W e  cannot unambiguously state that they are S-type granitoids because their 
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Fig. 11 .  H a r k e r ' s  variation diagrams f o r  granitoid rocks  and  gneisses of t h e  Strážovské vrchy Mts.  
For explanations s e e  Figs. 2 and 4 .  
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1 

Fig. 12. K 2 0 - N a 2 0  correlation (in w t .  % )  in the  studied granitoids. 
For explanations s e e  Fig. 4 .  
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Fig. 13.  S i 0 2  — A / C N K  relat ionships  i n  grani to ids  a n d  gneisses of t h e  St rážovské  vrchy Mts.  
For explanations s e e  Figs. 2 and  4 .  
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T a b l e  7 
Rare  earth contents ( p p m )  i n  selected samples of granitoids a n d  gneiss V - 1 9  

Sample La Ce Sm Eu T b  Y b  Lu 

V - 7  39.2 75.1 3.86 1.13 < 1  < 1  0.53 
V-9  23.8 51.7  2.94 1.03 < 1  < 1  < 0 . 2  
BGPS-2 70.6 147 7 .78  2.15 < 1  < 1  < 0 . 2  
SR-4 37.5 65.8  3.89 1.17 < 1  < 1  < 0 . 2  

5 SR-5 42.1  67.7 4 .40  1.13 < 1  1.38 < 0 . 2  
(2 SR-7 22.6  71.7 3.97 1.28 < 1  < 1  0.25 

V - l  19.1 54.1 4 .77  1.43 < 1  3.83 0 .59  
i C V - 4  9.77 70.4 1.43 1.38 < 1  2.65 0 .36  
p ' g  V-51  34.3 66 .9  2.53 1.18 < 1  1.84 0.2 

O ^ BGS-7 30.3 52.7 3.31 0.93 < 1  < 1  0.23 

V - 2  < 1  6.85 < 1  0.63  < 1  4.35 0.64 
V - l l  3.02 7.87 < 1  < 0 . 1  < 1  1.12 0.2 

& V-50  9.41 21.9 1.57 0.72 < 1  < 1  0.24 
5 SR-6 2 .18  3.46 < 1  0.43 < 1  < 1  0.2 

O V - 1 9  25.7 50.7 4 .09  1.0 < 1  3.61 0.74 

Remark: determined  b y  instrumental neutron activation analysis i n  state company  Geoindustria, 
Černošice. 

N a z O  content is high and  8 7 Sr/ 8 6 Sr initial ratio is low (0.706, K r á  l e t  al., 1987). T h e  source of 
ideal S-type granitoids allegedly probably consists of a mixture of graywackes and shales. 

Similar distributions of trace elements in granitoid rocks of the both massifs do  not allow to 
speak of their mutual differences. Most trace elements show no distinct systematic variations 
associated with silica content and therefore distribution of Ba, Be,  B, Sn, Cu, Ni, Co, Y ,  (Cr) 
was  not substantially affected b y  the differentiation process. There exists a moderate positive 
correlation between R b ,  Pb and SiO z .  These elements are  incompatible. Correlation between 
silica and Sr, Z r  is highly negative, whereas that between silica and V ,  Sc is moderately 
negative. In the process of differentiation f rom tonalites t o  granites, these elements behaved 
compatibly. 

A s  shown in Fig. 14, stronger mutual geochemical relationships in granitoids occur between 
Sr, R b  and B a. Fig. 14 shows that tonalites constitute a fairly compact field of these elements, 
whereas granites and granodiorites have considerable range of Sr and B a  contents. Ba/Sr ratio 
in tonalites is close to 2, but  it increases substantially towards granites (Ba/Sr equals approx. to 
7). Limited number of R b  assays shows that contents of this element are very low and vary 
within a narrow range. 

Contents of rare  earths (Tab. 7 )  La, Ce, Sm, Eu, Tb,  Y b  and L u  analysed in 15 selected 
samples of all investigated types provide a piece of preliminary information. R E E  analyses 
(Fig. 15) clearly suggest a common evolution of granitoid rocks in the both massifs. Tonalites 
are markedly enriched in light REE,  whereas heavy R E E  contents in tonalites, granodiorites 
and granites are  essentially equal. The increased contents of light R E E  in tonalites are related 
to the presence of accessory minerals such as  allanite, monazite and titanite which 
substantially control R E E  distribution in rocks ( M i l l e r  — M i t t l e f e h l d t ,  1982). 



P E T R O G E N E S I S  O F  GNEISSES A N D  G R A N I T O I D S  3 6 3  

1000 

TONALITE 

10 

L a  Ce Sm Eu Tb Y b  Lu 

GRANODIORITE 100 

Y b  Lu Sm Eu L a  Ce 

100 GRANITE 

• - G N E I S S  

o 10 

La Ce Sm Eu Tb Yb Lu 

Fig. 15 .  Dis t r ibu t ion  of r a r e  e a r t h s  in  St rážovské  vrchy granitoid rocks.  
Solid lines — Malá Magura,  dashed lines - Suchý. Normalized according t o  E v e n s e n e t  al. (1978) .  
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Predominance of light REE over heavy ones in tonalites is indicated also by high CeN/YbN  

ratio ranging from 12.6 to 37. 8. Decreasing value of this ratio from tonalites towards granites 
allows to characterize differentiation trend of the both massifs in which light REE were more 
compatible than heavy ones. In granodiorites and granites (except 1 sample) there is a positive 
Eu anomaly, in tonalites such anomaly does not exist. 

Relative to the granitoid rocks, geochemical properties of gneisses of the both massifs have 
also been studied in order to obtain data on the character of the original source material. 

Overall chemistry of gneisses resembles average chemistry of tonalites (granodiorites). 
Results show that silica content varies from 60 to 72  wt. % .  In comparison with granitoids, 
gneisses are more oversaturated with aluminium (Fig. 13) and mesonormative calculation 
suggests that they contain also normative corundum (1.16 to 6.55). This fact corresponds to 
the presence of biotite, muscovite + garnet, ± sillimanite and absence of amphibole. Relative 
t o  granitoids, gneisses contain more TiO z ,  A1203 ,  F e 2 0 3 ,  FeO,  MgO, MnO, what is caused by 
higher biotite contents (in volume % )  in gneisses. Contents of alkalies are fairly high, ranging 
from 4.2 to  6.9 wt. %.  

Trace elements (mainly R E E )  are relatively immobile in the metamorphic process 
( M u e c k e  et al., 1977 in D u s e l - B  a e o n  — A l e i n i k o f  f ,  1985), which concerns all 
variation diagrams of Rb, Ba, Pb, Sr, Zr, Y relative to S i 0 2 .  No mutual correlations have been 
found between Ba-Rb, Sr-Rb, Sr-Ba and Y-Zr. Position points for gneisses of the both 
investigated massifs form common fields. 

Discussion and conclusion 

The obtained results suggest numerous interesting features of the Strážovské vrchy 
crystalline. First of all we can state that the granitoid massifs exposed on the surface do not 
exhibit a zonal pattern. Surface distribution of tonalites, granodiorites and granites is 
irregular. Biotite tonalites are abundant in the both massifs, but trondhjemites are also 
present. It is noteworthy that rocks of a typical granite composition are more abundant in the 
Malá Magura Mts. than in the Suchý Mts. 

All  types of Strážovské vrchy granitoids (including tonalites and granodiorites) are 
peraluminous, what is reflected also in their modal composition: in addition to biotite they 
contain also muscovite, garnet and finally sillimanite. This fact contradicts the assumption of 
H o v o r k a — F e j d i (1983) that biotite granodiorites of the Suchý and Malá Magura Mts. are 
of a metaluminous character. According to these authors, an intrusion of metaluminous 
granodiorites caused partial melting of Al-rich (clayey) metasediments thus giving rise to 
peraluminous, garnet-bearing granite melt. In contrast, on the basis of observed petrographic 
and geochemical features I assume that tonalites, granodiorites and granites of the Strážovské 
vrchy Mts. are members of a differentiation sequence of a fairly narrow composition range 
(without intermediate and basic members). 

Comparing Strážovské vrchy Mts. granitoids with genetic types of granitoids, whose 
characteristics have been outlined by C a m b e l  — V i l i n o v i č  (1987), we can see that they 
mostly resemble S-types. The composition and properties of the studied granitoids, however, 
do not correspond to the ideal S-type, because Suchý and Malá Magura granitoids, e. g., have 
a high Na zO content, negative K 2 0 / N a 2 0  correlation and low initial ratio  8 7Sr/8 6Sr = 0.706 
( K r á ľ  et al., 1987). This suggests that their magma did not originate by partial melting of 
metasedimentary rocks, graywackes and shales, as in the case of S-type granitoids 
( C h a p p e l l —  W h i t e ,  1974; W h i t e  — C h a p p e l l ,  1977, 1983) but from less mature 
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crustal material ( C a m b e l  — P e t ř í k ,  1982;  F l o o d  — S h a w ,  1977) as  is indicated by the 
position of samples in a R , R 2  diagram (Fig. 16). 

From geochemical point of view, some major  and trace elements in granitoids of the both 
massifs are compatible (e.g. Ti, AI, Fe, Mg, Ca, Sr, Zr, V) ,  while others i.e. K, R b ,  P b  behave in 
an incompatible way.  Intensive secondary alterations which affected mainly Suchý granitoids 
are responsible f o r  a great variability in K z O  contents as  well as  f o r  a high silica content in 
granodiorites. These secondary signs (sillimanite-muscovite aggregates) observed largely in 
Suchý granitoids did not result f rom high-temperature acid leaching in the sense of 
K o r i k o  v s k y  et al. (1987), because no  removal of Mg, Fe, Ca, Na and K f rom the rocks has 
been noted. This process would have t o  cause e.g. albitization of plagioclases, resorbtion of 
K-feldspars and baueritization of biotites. The secondary signs therefore resulted f rom 
circulation of hydrothermal solutions associated with granitoid emplacement. 

R b  contents are  very low and, as has been stated b y  K r á ľ et al. (1987), the magma source 
must have also been poor in R b ,  with a low Rb/Sr ratio. Most trace elements (Ba, Be,  B, Sn, 
Cu, Ni, Y ,  Cr) do  not show marked systematic variations related to silica contents. Their 

2 0 0 0 -

R 2  

1 0 0 0 - -

1000 3000 

R1 

Fig. 16.  Position of investigated granitoid rocks  in a multication R , R 2  diagram ( D e l a  R o c h e e t  al., 
1980).  

Fields 1—7 represent  tectonomagmatic settings def ined b y  P i t c h e r  ( 1 9 7 9 ,  1 9 8 2  in B a t c h e l o r -
— B o w d e n , 1985):  1 — products of mantle fractionation; 2 — precollision assemblages;  3 — postcolli-
sion assemblages;  4 — lateorogenic assemblages;  5 — anorogenic assemblages;  6 — syncollision 
assemblages;  7 — postorogenic assemblages.  For  fur ther  explanations s e e  Fig. 4 .  
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distribution was not significantly affected b y  the differentiation process, which was  already 
stated b y  I v a n o v  (1957). W e  may therefore assume that the differentiation took place 
through an equilibrium crystallization which, in contrast t o  fractional crystallization, does not 
substantially affect contents of trace elements. This is suggested also b y  frequent occurrences 
of plagioclases without zonal pattern, indistinct zoning of garnets and absence of cumulate 
textures in Strážovské vrchy granitoids. 

In graphs showing Sr-Rb, Ba-Rb and Sr-Ba relationships (Fig. 14), however, samples 
follow some trends which are comparable, e.g., with trends of fractional crystallization of the 
Bratislava Massif ( C a m b e 1 — V i 1 i n o v i č, 1987). Light rare  earth elements also bear  signs 
of fractional crystallization (Fig. 15). 

A l l  petrographic types of Suchý and Malá Magura granitoids contain garnets of 
almandine-spessartite composition with varied contents of pyrope and grossularite. If slightly 
zoned, then MnO content increases f rom the core towards the rims of individual garnet grains 
and vice versa FeO and M g O  contents usually drop. The most remarkable difference between 
garnets of the both investigated massifs is that in the Malá Magura Mts. spessartite content in 
garnets increases f rom tonalites to granites, whereas in the Suchý Mts. it decreases with 
advancing differentiation. According to G r e e n ' s ( 1 9 7 6 , 1 9 7 7 )  experiments, composition of 
Malá Magura garnets can b e  explained b y  their crystallization during magma ascent. The 
magma may have started to ascend from a depth of 18 k m  > (garnet f rom tonalite contains 
some 8.5 mol. % Sps) and ended less than 12 k m  below the surface (Sps content in garnet 
f rom granite is approximately 2 2  mol. % ) .  Decreasing pressure due to the magma ascent is 
also reflected in reduced CaO contents within individual garnet grains as well as within the 
succession from tonalite to granite. Increasing MnO content stabilized garnet in the granitic 
melt at lower pressures. A reverse trend in chemistry of Suchý garnets may b e  probably 
explained b y  their later crystallization at shallower depths, when MnO content in the melt was  
already low. Garnets f rom investigated granitoids, however, differ  f r o m  those of surrounding 
gneisses in their magmatic character and textural features. 

Observed structural states of K-feldspars (orthoclases in tonalites t o  maximum microclines 
in granites) reflect conditions of slow cooling and magma enrichment in water, because the 
process of crystallization began f rom disordered orthoclase and later progressed through 
various ordering states to maximum microcline ( V i l i n o v i č o v á ,  1989). Temperatures 
determined b y  means of two-feldspar thermometer ( G h i o r s o ,  1984 in V i l i n o v i č o v á , l .  
c.) T = 460—593 °C at  assumed pressure P = 400—500 M P a  a re  clearly subsolidus reflect 
tempera tures  a t  which last interchange of constituents be tween  feldspars t o o k  place. 

Investigated biotite-plagioclase gneisses of t h e  Suchý and Malá Magura Mts. reflect 
conditions of almandine-amphibolite facies. According to W i n k 1 e r '  s (1979) classification, 
there continued metamorphic conditions up to the limits of the cyanite-almandine-muscovite 
or sillimanite-almandine-orthoclase subfacies, which is suggested b y  the presence of 
muscovite that was  only exceptionally converted to sillimanite. The presence of orthoclase so  
f a r  observed in a single sample f rom the NW Malá Magura Mts. proves a relatively high 
metamorphic grade ( B e r n o t a t  — B a m b a u e r ,  1982)  in this pa r t  of t h e  Strážovské vrchy 
Mts. 

In comparison with granitoid rocks, gneisses are more peraluminous, show increased Ti, Fe, 
Mg, Mn contents and mainly higher contents of trace elements Y ,  Ni, Cu, Cr, V ,  Sc, (Zr) and 
(Co). Despite existence of some structural types (massive-homogeneous, banded, eyed), 
geochemical properties of gneisses reflect immobility of trace elements in the metamorphic 
process. 
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Mineral assemblages observed in Suchý and Malá Magura gneisses allow to divide the 
studied territory into two metamorphic zones: staurolite-biotite and sillimanite-biotite. A s  
the territory is tectonically undisturbed, these two zones are  well preserved. They are 
separated from one another b y  a zone in which staurolite gradually gives way to sillimanite. 
This transient staurolite-sillimanite zone is marked b y  a dashed line in Fig. 5 and has already 
been noted b y  D y d a (1987). 

These metamorphic zones indicate two  metamorphic events in the development of the 
Suchý and Malá Magura crystalline. The first metamorphic event ( M l )  of regional character 
gave rise t o  the assemblage with staurolite and took place under the conditions of the 
greenschist facies at temperature T = 4 6 0 - 5 9 0  °C and  pressure P = 2 0 0 - 4 0 0  M P a .  I t  is 
likely t o  have  affected also t h e  Malá  Magura area, although staurolite has not yet  been 
identified there (nor in relics). The absence of M l  manifestations in the Malá Magura Mts. 
may b e  related t o  the fact that this area underwent deeper erosion and contains less mantle 
rocks ( K a h a n ,  1979;  D y d a ,  1990). Manifestations of M l  metamorphism are  preserved in 
the westernmost Suchý Mts., i.e. in the area most distant f rom plutonic rocks. 

The second metamorphic event (M2) may b e  considered as contact metamorphism on 
a regional scale or as  regional metamorphism in which a considerable amount of heat was  
derived f rom the granitoid intrusion. The second event M 2  is related to the granitoid intrusion 
and took place under the following conditions: T = 650—700  °C, P = 365—470 MPa in the 
Suchý Mts. and T = 6 0 0 - 7 1 0  °C, P = 4 5 0 - 4 7 0  M P a  in the  Malá  Magura Mts. The event 
caused breaks down of staurolite in the rocks containing garnet b y  the continual reaction into 
sillimanite in the presence of Mn and Ca in garnet: S t+Ms+Qtz-^Grt+Si l+Bt+H 2 0  
( D i c k e r s o n  - H o l d a w a y ,  1989). 

The reflections of M2 metamorphism event in this crystalline area have a more specific 
character in comparison with, e.g., contact metamorphism in the Malé Karpaty Mts. (southern 
part of the Western Carpathians) where contact effects  related to crystallization of the Modra 
granitoids gave rise t o  the contact hornfel aureole with andalusite and cordierite 
( K o r i k o v s k y  et al., 1985). In the Strážovské vrchy Mts., the granitoids most probably 
intruded regionally metamorphosed rocks (event M l )  at great depths (some 18 km) where 
gneisses were fairly well heated. That is the reason why such close mutual relationships 
between granitoid rocks were  established. T h e  granitoid intrusion also caused uplift and thus 
affected common process of cooling. The second metamorphic event (M2 of periplutonic 
character) is therefore related to the granitoid intrusion. This sequence of metamorphic 
processes has been already proved b y  geochronologic data in the Malé Karpaty Mts. 
( C a m b e l  - K r á ľ ,  1989) and probably took place also in other Western Carpathian core 
mountains. 
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