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A b s t r a c t :  T h e  authors present i n  the  paper  n e w  results of  isotopic datings of  
Sihla tonalites of the  V e p o r  Pluton i n  Western Carpathians. U-Pb dating o n  zircons 
f r o m  2 samples gave  a concordant age of magmatic  zircons  — 3 0 3  ± 2 m.y., 
corresponding t o  the age of crystallization of the melt. A t  the same time. Rb-Sr 
model age of biotites from the same samples is 8 8 - 9 8  m.y. and K-Ar age 
236 -278  m.y. T h e  paradoxic relation of Rb-Sr and K-Ar ages of micas can b e  
explained by the suggestion that Alpine radiologic rejuvenation (94  m.y.) was of 
hydrothermal character (with migration of radiogenic Sr and Rb)  at a temperature 
bellow 3 0 0  °C. In this case the loss of radiogenic A r  from micas would have been,  
minimal, as a result of which biotites could preserve higher values of K-Ar age 
nearer t o  the age of melt crystallization than t o  the age of Alpine rejuvenation. 

P e 3 jo M e : IIpoBefleHO H30TonHoe flarapoBaHHe TOHajíHTOB Cnr j ia  BenopcKoro 
imyTOHa B 3anaflHbix KapnaTax. U-Pb MeTOflOM n o  i;npKOHaM H3 2 n p o 6  
nonyneHO KOHKopAaHTHoe 3Ha*ieHne B03pacra MarMaranecKHX IIMPKOHOB 

303 ± 2 MjiH. jieT, HTO cooTBeTCTByeT BpeMeHH KpHCTajuiH3aitHH pacruiaBa. B TO 
»ce BpeMfl Rb-Sr MOAejibHbiň B03pacT ÔHOTHTOB H3 Tex x e  n p o 6  OKa3ajica paBHbiM 
8 8 - 9 8  MjiH. jieT, a K - A r  - 2 3 6 - 2 7 8  MJIH. JieT. IlapanoKcajibHoe cooTHOiiieHHe 
Rb-Sr  H K - A r  B03pacT0B CJIIOA OS-bacHseTca TeM, npeAnojio:>KeHHeM HTO 

ajibnHHCKoe paAHOJiorHHecKoe oMOjioxeHHe (— 9 4  MJIH. jieT) HMejio rHApoTep-
MajibHbiň xapaKTep (c MHrpaijHeň paflHoreHHoro Sr H R b )  npH TeMnepaType HH>Ke 
3 0 0  °C. B 3TOM cjiynae noTepsí paAHoreHHoro A r  cjiioAaMH SyneT MHHHMajibHO, 
BCjieACTBHe n e r o  ÔHoranbi coxpaHHioT ApeBHee K - A r  3HaneHHe B03pacTa, ôo j i ee  
6jin3Koe Ko BpeMeHH KpHCTajuiH3at(HH pacnjiaBa, neM KO BpeMeHH ajibnHňcKoro 
OMOJIOJKeHHa. 

History of geochronologic study of the Vepor Pluton 

T h e r e  are several isotopic datings avai lable f o r  the V e p o r  P l u t o n  — a p a r t  o f  w h i c h  are  t h e  

S ih la  tonal i tes — ob ta ined  b y  var ious methods  o n  a l l  o f  i t s  var iet ies:  Sih la,  V e p o r  a n d  I p e ľ  

granitoid types ( K r i s t ,  1981),  as w e l l  as f o r  the H r o n č o k  granites. 
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K - A r  d a t i n g  o n  b iot i tes  f r o m  t h e  V e p o r  P l u t o n  gives a w i d e  range o f  ages — f r o m  110 t o  

2 4 0  m . y .  ( B a g d a s a r y a n  et.  a l . ,  1 9 7 7 ,  C a m b e l  e t  al.,  1 9 7 9 ) .  B i o t i t e s  a n d  potassium 

feldspars f r o m  t h e  H r o n č o k  granites g a v e  t h e  age 96—214 m . y .  ( K a n t o r ,  1959;  B a g d a s a ­

r y a n  e t  a l . ,  1 9 7 7 ;  C a m b e l  e t a l . ,  1 9 7 9 ) .  T h u s ,  K - A r  da t ings  d o  n o t  g i ve  a n y  age ea r l i e r  t h a n  

Tr iass ic .  

T h e r e  a re  s o m e  U - P b  da t ings  o n  z i r cons  f r o m  t h e  r o c k s  o f  t h e  V e p o r  P l u t o n .  T h e y  a l l  

p r o v e d  t o  b e  d i sco rdan t  a n d  acco rd ing  t o  t h e  r a t i o  2 0 6 P b / 2 3 8 U  t h e  ages a r e a s  f o l l o w s :  S ih la  

t y p e  - 3 8 0  m . y . ,  V e p o r  t y p e  - 3 2 0  m . y . ,  H r o n č o k  t y p e  - 2 6 0  m . y .  ( S e m e n e n k o  — C a m b e l  

e t .  a l . ,  1 9 7 7 ;  C a m b e l  — S h c h e r b a k  e t a l . ,  1977).  R e g a r d i n g  t h e  discordant character o f  

these v a l u e s  as w e l l  as t h e  a p p l i e d  m a c r o m e t h o d  t h e  use o f  w h i c h  has a l r e a d y  b e e n  abandoned,  

i t  is necessary t o  v i e w  these results w i t h  caut ion.  

G r a n i t o i d s  o f  t h e  V e p o r  P l u t o n  h a v e  also b e e n  d a t e d  b y  t h e  R b - S r  isochrone m e t h o d .  T h e  

f o l l o w i n g  isochrones h a v e  b e e n  o b t a i n e d :  S i h l a  tonal i tes  - 3 8 7  ± 2 7  m . y . ,  V e p o r  a n d  I p e ľ  

t y p e  granites - 2 8 4  ± 2 2  m . y .  ( B a g d a s a r y a n  e t  a l . ,  1 9 8 6 ) .  T h e s e  d a t a  a l l o w  t o  m a k e  

a conc lus ion  o n  t h e  he te rogene i t y  o f  t h e  V e p o r  P l u t o n  f o r m a t i o n :  t h e  i n t r u s i o n  o f  t h e  S ih la  

tona l i t es  t o o k  p lace  i n  t h e  L o w e r  D e v o n i a n  a n d  V e p o r  a n d  I p e ľ  granites i n t r u d e d  a t  t h e  

b o u n d a r y  o f  t h e  U p p e r  C a r b o n i f e r o u s  a n d  P e r m i a n .  

C o n t r o v e r s i a l  character o f  these d a t a  indicates t h a t  t h e r e  is so f a r  n o  c lear  age scheme f o r  

t h e  f o r m a t i o n  o f  t h e  V e p o r  granitoids.  H o w e v e r ,  i t  i s  ind isputable  t h a t  af ter  t h e i r  

crysta l l i zat ion  t h e  rocks  o f  t h e  V e p o r  P l u t o n  w e r e  t o  a lesser e x t e n t  affected b y  

a p o s t - V a r i s c a n  r e j u v e n a t i o n  e v e n t  r e l a t e d  t o  t h e  A l p i n e  cycle. 

I n  r e l a t i o n  t o  these p r o b l e m s  w e  a t t e m p t e d  a n  isotopic  s tudy  w i t h  t h e  a i m  o f  d e t e r m i n i n g  t h e  

age o f  t h e  S i h l a  tonal i tes  — supposedly t h e  e a r l i e r  phase o f  t h e  V e p o r  P l u t o n .  

Description of samples 

T w o  samples h a v e  b e e n  col lected f o r  t h e  isotopic  studies, f r o m  r e l a t i v e l y  f r e s h  as w e l l  as 

f r o m  b l a s t o m y l o n i t i z e d  t o n a l i t e  var iet ies,  2 0  k g  i n  w e i g h t .  

Sample  S I - 1  ( f r o m  t h e  c e n t r a l  p a r t  o f  t h e  massif) ,  i s  t o n a l i t e  w i t h  preserved m a g m a t i c  

t e x t u r e .  T h e  s a m p l e  w a s  t a k e n  f r o m  a r o c k  o u t c r o p  n e a r  t h e  m a i n  r o a d ,  o n  t h e  pass b e t w e e n  

t h e  v i l lages Č i e r n y  B a l o g  a n d  S ih la,  a p p r o x .  1 0 0  m f r o m  t h e  m e m o r i a l  ( F i g .  1) .  

T h e  t o n a l i t e  has h y p i d i o m o r p h i c - g r a n u l a r  t e x t u r e  a n d  u n c l e a r  p o r p h y r i c  structure d u e  t o  

plagioclase phenocrysts.  P r i m a r y  paragenesis: B t T i  + P I  + Q t z ,  accesories A l l  + Sph.*  L a r g e  

sphene crystals are  somet imes resorbed b y  m a g m a t i c  plagioclase i n d i c a t i n g  thus magmat ic  

o r i g i n  o f  at  least a p a r t  o f  sphenes. T o n a l i t e  w a s  affected b y  i n t e n s i v e  secondary a l terat ions 

p r e d o m i n a n t l y  o f  autometasomat ic  character,  t h e  n e w l y  f o r m e d  paragenesis b e i n g  B t < x i  + M s  

+ C h i  + E p  + Ser + A b  + A b  + L e u c .  P r i m a r y - m a g m a t i c ,  a p p a r e n t l y  T i - r i c h  b iot i tes  ( B t T i ) ,  

pract ical ly  preserv ing  t h e i r  f l a k y  f o r m ,  a r e  t o t a l l y  subst i tuted b y  secondary l o w e r - T i  b i o t i t e  

( 1 . 7  — 1.8 % T i O z )  ( B ^ )  w i t h  a b u n d a n t  s m a l l  leucoxene inclusions.  B i o t i t e  a n d  plagioclase are  

also subst i tuted b y  l a r g e - f l a k e d  muscov i te.  Plagioclases are  replaced b y  albites ( 2 — 5 %  A n )  

w i t h  i n g r o w t h s  o f  sericite a n d  epidote.  L a r g e  e p i d o t e  grains c a n  b e  f o u n d  as w e l l ,  sometimes 

i n t e r g r o w n  w i t h  chlor i te.  

S a m p l e  H R - 2  ( f r o m  t h e  north-eastern  e n d  o f  t h e  massif),  is b l a s t o m y l o n i t i z e d  t o n a l i t e  w i t h  

secondary schistosity, b u t  preserved massive structure.  T h e  sample w a s  col lected o n  a r o c k  

* Mineral symbols: A b  — albite, All — allanite, A n  — anorthite, Bt — biotite, Chi — chlorite, Ep 
— epidote, Leuc — leucoxene, Ms — muscovite, PI — plagioclase, Qtz — quartz, Sph — sphene. 
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Závadka n.Hronom 

HR-2 
• Brezno 

o SI-1 

+ + 

Fig. 1. Geological situation map of sampling. 
Legend: 1 - granitoids of Vepor Pluton; 2 - metamorphic rocks of Hron complex; 3 - overthrust plane. 

T a b l e  1 
Chemical composition (wt. % )  of tonalite samples 

Sl-1 HR-2 

SiO, 
T i 0 2  

64.72 62.15 SiO, 
T i 0 2  

0.92 0.96 

A I 2 O 3  
15.70 16.45 

Fe2C>3 2.09 1.68 

FeO 2.OS 1.54 

MnO 0.069 0.066 

MgO 2.02 2.29 

CaO 3.24 3.86 

N a 2 0  4.13 4.34 

K 2 6  2.61 2.39 

H2CT 0.10 0.08 

H 2 O +  1.66 3.43 

BaO 0.17 0.24 

SrO 0.09 0.12 
p2o5 

co2 

0.36 0.40 p2o5 

co2 
0.12 0.20 

LiiÓ 0.0059 0.0056 

R b , 0  0.0060 0.0052 

C s 2 0  0.00015 0.00014 

100.09 100.20 

Analysts: O. G. U n a n o v a, G. E. K a 1 e n c h u k. The analyses have been carried out in the Central 
chemical laboratory of IGEM. Acad. Sci. of the USSR. 
Note: The analyses show that the compositions of the rocks are very similar and they can be classified 
with the group of tonalite (SI-1) — quartz diorite (HR-2). 
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o u t c r o p  o n  t h e  right side o f  t h e  H r o n e c  r i v e r  v a l l e y ,  s o u t h  o f  t h e  v i l l a g e  Z á v a d k a  n a d  H r o n o m ,  

3 0 0  m f r o m  a q u a r r y ,  o n  t h e  l i n e  o f  t h e  P o h o ř e l á  f a u l t  ( F i g .  1) .  

H y p i d i o m o r p h i c - g r a n u l a r  t e x t u r e  o f  t h e  t o n a l i t e  is t r a n s f o r m e d  i n t o  secondary schistosity 

d u e  t o  segregations o f  secondary b i o t i t e ,  sericite a n d  chlor i te.  P r i m a r y  paragenesis: B t x i  + P I  

+ Q t z ,  accessories — S p h  w i t h  apat i te  a d m i x t u r e .  P r i m a r y - m a g m a t i c  b iot i tes  ( B t , )  are  l i k e  i n  

t h e  s a m p l e  S I - 1  p s e u d o m o r p h i c a l l y  subst i tuted b y  l o w - t i t a n i u m  b i o t i t e  B t  ( 1 . 6 — 1 . 8 %  T i O z )  

w i t h  leucoxene inclusions.  Plagioclase is a l b i t i z e d  ( <  9 %  A n )  w i t h  inclusions o f  E p  a n d  Ser.  

T h e  schistose aggregate contains s m a l l  f l a k e s  o f  secondary l ight-coloured b i o t i t e  ( B t 2 ) ,  

sericite, c h l o r i t e  a n d  epidote.  
T h u s ,  i n  b o t h  samples, w i t h  preserved ( S I - 1 )  o r  d is turbed ( H R - 2 )  m a g m a t i c  t e x t u r e ,  

m a g m a t i c  b iot i tes  d o  n o t  preserve t h e i r  p r i m a r y  c o m p o s i t i o n  a n d  t h e y  are  subst i tuted b y  

m e d i u m - o r  l o w - t e m p e r a t u r e  minerals.  

C h e m i c a l  c o m p o s i t i o n  o f  b o t h  samples i s  l is ted i n  T a b .  1. 

Morphology of zircons and results of their U-Pb dating 

A c c e s s o r y  z i rcons i n  t h e  samples S I - 1  a n d  H R - 2  p r o v e d  t o  b e  ident ical .  T h e y  are  

represented b y  i d i o m o r p h i c  pr ismat ic  grains w i t h  a n  e l o n g a t i o n  o f  3 — 4 ,  l i g h t - p i n k  i n  c o l o u r .  

T h e  freshest z i rcons w e r e  i n  t h e  s a m p l e  H R - 2 ,  t h e y  are  t ransparent,  w i t h o u t  inclusions. 

Z i r c o n s  i n  t h e  s a m p l e  S I - 1  c o n t a i n  n u m e r o u s  p y r i t e  inclusions,  m a n y  grains a r e  semitranspa-

rent .  I n  t h e  large f r a c t i o n  o f  z i r c o n  ( >  + 1 0 0  ix) s o m e  grains h a v e  a d a r k  center.  

T h e  a p p l i c a t i o n  o f  P u p i n ' s  ( 1 9 8 0 )  m o r p h o m e t r i c  classif ication p r o d u c e d  v e r y  s i m i l a r  

typograms,  t h e  g r a v i t y  centers f o r  z i rcons S I - 1  h a v i n g  t h e  parameters  i t = 4 4 3 ,  I . A .  = 3 0 8 ,  

a n d  f o r  z i rcons H R - 2  I . T  = 4 4 4 ,  I .  A .  = 2 9 3 .  T h i s  i s  a p r o o f  o f  t h e i r  t y p o l o g i e  i d e n t i t y .  T h e  

largest n u m b e r  o f  z i rcons i n  b o t h  samples belongs t o  t h e  types S 1 2 ,  less f r e q u e n t l y  S n  a n d  S 7 .  

T h u s ,  t h e  p r e d o m i n a n t  mass o f  z i rcons w a s  separated a t  r e l a t i v e l y  h i g h  temparatures,  a n d  w i t h  

t h e  e v o l u t i o n  o f  m e l t s  a t  decreasing t e m p e r a t u r e  t h e i r  q u a n t i t a t i v e  content  r a p i d l y  decreased. 

T h e  i d e n t i t y  o f  t h e  e v o l u t i o n  o f  z i rcons d e t e r m i n e d  o n  t h e  basis o f  typograms indicates also 

c o m m o n  e v o l u t i o n  o f  tonal i tes  represented b y  b o t h  samples ( F i g .  2 ) .  

I s o t o p i c  composi t ions o f  z i rcons f r o m  tonal i tes  as w e l l  as t h e  results o f  t h e i r  age 

d e t e r m i n a t i o n  a r e  presented i n  T a b .  2 .  

T h e  contents o f  u r a n i u m  i n  t h e  z i rcons a r e  r e l a t i v e l y  l o w  - 5 0 0  — 6 0 0  p p m .  Z i r c o n s  f r o m  t h e  

sample S I - 1  c o n t a i n  a r e l a t i v e l y  h i g h  a d m i x t u r e  o f  c o m m o n  lead,  a p p a r e n t l y  d u e  t o  su lphide 

inclusions.  Calcu lat ions  s h o w  t h a t  th is  l e a d  has a n o m a l o u s  composi t ion.  

A c c o r d i n g  t o  isotope rat ios  w e  o b t a i n e d  f r o m  t h e  m o r p h o l o g i c a l l y  " i d e a l "  z i r c o n  o f  t h e  

sample H R - 2  absolute ly  concordant  age v a l u e s  - 3 0 3  ± 2 m . y .  S i m i l a r  t o  these va lues a re  ages 

o b t a i n e d  o n  t h e  basis o f  t h e  i so tope  r a t i o  2 0 6 P b / 2 3 8 U  a n d  f o r  v a r i o u s  z i r c o n  f rac t i ons  f r o m  t h e  

sample  S I - 1  ( 3 0 5 ,  2 9 5 ,  3 1 5  m . y . ) .  T h e  h ighes t  v a l u e  o f  age  — 3 1 5  m . y .  — has b e e n  o b t a i n e d  

f r o m  t h e  largest z i r c o n  f r a c t i o n  ( +  1 0 0  (t) w h e r e  a n  a d m i x t u r e  o f  o l d e r  radiogenic  l e a d  

c o m p o n e n t  has b e e n  determined.  

T h u s ,  t h e  age o f  z i rcons i n  tonal i tes  o f  t h e  samples S I - 1  a n d  H R - 2  is 3 0 3  ± 2 m . y .  T h e  

m a g m a t i c  f o r m  o f  t h e  z i rcons ,  t h e  absence o f  a n y  r e g e n a r a t i o n  r i m s  i n  t h e m  is a n  ev idence  t h a t  

t h e  o b t a i n e d  age co r responds  t o  t h e  t i m e  o f  m a g m a t i c  c rys ta l l i za t i on  o f  t h e  tona l i tes .  

Secondary  processes i n  t h e  tona l i t es  d i d  n o t  h a v e  a n y  e f f ec t  o n  m a g m a t i c  z i rcons.  
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Fig. 2 A - Distribution of zircons in tonalites of the samples SI-1 and HR-2. 
The typograms are representing the contents of zircons in %,  triangles denote the mean values ot zircon 
types and subtypes. 
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Data on isotopic Rb-Sr and K-Ar dating of biotites 

F o r  R b - S r  a n d  K - A r  age determinat ion  o f  micas f r o m  t h e  tonalites, re lat ive ly  large f lakes o f  

b iot i te  w e r e  separated f r o m  t h e  f ract ion > 0 . 1 6  m m .  Petrographic a n d  microprobe data h a v e  

s h o w n  that  th is  f ract ion contains pr imary-magmat ic  biotites preserving t h e  contours a n d  size 

o f  grains, b u t  tota l ly  recrystal l ized a n d  substituted b y  l o w e r - t i t a n i u m  medium-temperature 

b iot i te  w i t h  inclusions o f  leucoxene grains. I n d i v i d u a l  small,  n e w l y - f o r m e d  secondary biotites 

w i t h  a size o f  less t h a n  0 . 1  m m  w e r e  n o t  included i n  th is  fract ion. 
T h e  results o f  K - A r  analysis are presented i n  T a b .  3. 

T a b l e  3 

Date on K - A r  dating of biotites (Bt]) 

Contents 

Sample No. K % 
Radiogenic A r  A g e  

Sample No. K % 
ng/g A r 4 0  rad. % + 1.6 a 
± a Ar 4"  com. 

+ 1.6 a 

SI-1 7 . 7 9 ± 0 . 0 7  1 3 7 ± 2 . 5  78;  8 6  2 3 6 ± 8  

H R - 2  7 . 6 7 ± 0 . 0 7  1 5 6 ± 2 . 5  86;  8 7  2 7 2 ± 8  

Note: t he  calculation of age  has  b e e n  d o n e  with t h e  constants r ecommended  b y  t h e  Internat ional  
Subcomission f o r  Geochronology,  i.e. 
Ak = 0 . 5 8 1 x l ( T 1 0  y e a r 1 ;  = 4 . 9 6 2 x l ( T 1 0  year" 1 ;  4 0 K = 0 . 0 1 1 6 7  (at .  % ) .  

T h e  resul ts o f  R b - S r  analysis o f  b io t i tes  are  presented i n  T a b .  4 .  

T h e  m o d e l  age has b e e n  ca lcu la ted w i t h  t h e  r a t i o  o f  8 7Sr/ 8 6Sr = 0 .707  ± 2 ,  w h i c h  
corresponds t o  t h e  v a l u e  o f  s t r o n t i u m  r a t i o  f o r  tonalites o f  t h e  Sih la  t y p e  i n  t h e  V e p o r  P l u t o n  
( B  a g d a s a r y  a n  e t  al.,  1986).  

T a b l e  4 

Date on Rb-Sr analysis of biotite systems (Bt!)  

Sample No. 
Contents 8 7Rb/' s"Sr(at.) 

± 2  a 

8 7Sr/K"Sr(at.) 
±2 a 

A g e  
m.y. 

±2 o 
Sample No. 

8 7 Rb(ppm) 8 6 Sr(ppm) 

8 7Rb/' s"Sr(at.) 
± 2  a 

8 7Sr/K"Sr(at.) 
±2 a 

A g e  
m.y. 

±2 o 

SI-1 
HR-2 

104 
8 8  

1.23 
1.94 

8 3 . 6 + 1 0  
4 4 . 8 ±  5 

0 . 8 1 1 6 ± 2  
0 . 7 6 9 4 ± 7  

8 8 ± 4  
9 8 ± 7  

Interpretation of the results 

T h e  absolute ly concordant  age values o f  magmat i c  z i rcons i n  t h e  sample H R - 2  a n d  s im i la r  

age values o f  z i rcons f r o m  t h e  sample  S I - 1  p r o v e  t h a t  t h e  t i m e  o f  t h e i r  c rys ta l l iza t ion a n d  thus  

also t h e  t i m e  o f  c rys ta l l iza t ion o f  t h e  S ih la  tona l i tes  themselves was 3 0 3  ± 2 m .y . ,  w h i c h  

corresponds t o  t h e  U p p e r  Carbon i fe rous .  Secondary processes a f fec ted ne i the r  p r i m a r y  age, 

n o r  magmat ic  hab i t  o f  t h e  z i rcons.  Q u i t e  t o  t h e  con t ra ry ,  t h e  m o s t  i dea l  f o r m  was preserved b y  

z i rcons f r o m  m o r e  b las tomy lon i t i zed  a n d  a l te red  tonal i tes o f  t h e  sample  H R - 2 .  
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P a r a d o x i c a l  a n d  h i g h l y  i m p o r t a n t  f o r  o u r  interpretat ions p r o v e d  t o  b e  t h e  re lat ions o f  R b - S r  

a n d  K - A r  ages o f  micas. I t  w a s  discovered t h a t  K - A r  age o f  secondary biot i tes 

( — 2 4 0 — 2 7 0  m . y . )  is o l d e r  t h a n  t h e i r  m o d e l  R b - S r  age ( 8 8 — 9 8  m . y . ) .  H o w  c a n  th is  b e  

e x p l a i n e d  f r o m  t h e  isotope a n d  petro log ica l  p o i n t  o f  v i e w ?  

F i r s t ,  i t  is ind isputable  t h a t  R b - S r  system o f  b iot i tes  r e t a i n e d  t h e  r e a l  effects o f  t h e  A l p i n e  

e v e n t  w i t h  a n  age o f  a p p r o x .  9 3  ± 10  m . y .  T h i s  v a l u e  co r responds  t o  t h e  gene ra l  A l p i n e  

geoch rono log i c  m a x i m u m  d e t e r m i n e d  b y  B u r c h a r t - C a m b e l - K r á ľ  ( 1 9 8 7 )  o n  t h e  

basis o f  statist ical  analysis o f  K - A r  dat ings f o r  V e p o r i c u m  o f  t h e  W e s t e r n  Carpath ians.  
Second, t h e  p r e s e r v a t i o n  o f  rad iogenic  A r  ( f i x i n g  t h e  K - A r  age a t  — 2 4 0 - 2 7 0  m . y . )  i n  these 

secondary b iot i tes  c a n  b e  e x p l a i n e d  o n l y  i n  t h e  case i f  t h e  A l p i n e  effects w e r e  p r e d o m i n a n t l y  

n o t  t h e r m a l  b u t  h y d r o t h e r m a l  ( f l u i d ) ,  a n d  t h e y  t o o k  place at  temperatures  considerably l o w e r  

t h a n  3 0 0  ° C .  Espec ia l l y  i n  t h i s  case, d u e  t o  l o w  tempera tu res ,  A r  does  n o t  escape e n t i r e l y  b u t  

o n l y  p a r t l y ,  a n d  a t  t h e  same t i m e  w i t h  d i f f e r e n t  i n tens i t y  i n  d i f f e r e n t  p a r t s  o f  t h e  t o n a l i t e  

massi f ,  d e p e n d i n g  o n  t h e  t e m p e r a t u r e  a n d  d u r a t i o n  o f  t h e  A l p i n e  ef fects  i n  each  sect ion.  

H y d r o t h e r m a l  charac te r  o f  t h e  A l p i n e  ef fects  c o u l d  e x p l a i n  t h e  presence o f  anoma lous  l e a d  i n  

inc lus ions  o f  su lph ides  i n  z i rcons.  
F r o m  t h i s  v i e w p o i n t  K - A r  ages o f  b i o t i t e s  c a n  b e  i n t e r p r e t e d  i n  t w o  ways .  

1. I t  is  a resu l t  o f  a s ing le  v e r y  l o w - t e m p e r a t u r e  e v e n t  o f  t h e  A l p i n e  process w i t h  a n  age o f  

—93—94 m . y . ,  a n d  t h e n  t h e  v a l u e s  2 3 6  a n d  2 7 2  m . y .  d o  n o t  h a v e  a n y  r e a l  geological  m e a n i n g ,  

t h e y  ref lect  o n l y  t h e  grade o f  p a r t i a l  loss o f  rad iogenic  A r  i n  each sample.  I n  t h i s  case t h e  loss 

o f  a r g o n  a n d  t h e r m a l  r e j u v e n a t i o n  o f  t h e  c e n t r a l  p a r t  o f  t h e  S i h l a  M a s s i f  ( w h e r e  rocks preserve 

t h e i r  unaffected t e x t u r e  — sample SI-1)  w o u l d  b e  m o r e  i n t e n s i v e  t h a n  i n  b l a s t o m y l o n i t i z e d  

tonal i tes  n e a r  t h e  P o h o ř e l á  f a u l t .  
I n  th is  v a r i a n t  K - A r  ages o f  micas f r o m  tonal i tes  c a n  b e  o f  a n y  v a l u e  b e t w e e n  3 0 3  a n d  

9 4  m . y .  T h i s  v i e w p o i n t  is ev idenced b y  t h e  considerable v a r i a b i l i t y  o f  K - A r  datings o f  micas 

f r o m  t h e  V e p o r  P l u t o n ,  g i v i n g  a n  i n t e r v a l  (see a b o v e  a n d  o u r  d a t a )  o f  110 t o  2 7 2  m . y .  
2 .  T h e  A l p i n e  cycle affected o n l y  s l ight ly  t h e  loss o f  A r  f r o m  micas a n d  t h e  ages 2 3 6  a n d  

2 7 2  m . y .  ref lect  e i t h e r  concrete P e r m i a n  t h e r m a l  events,  o r  t h e y  f i x  t h e  age o f  c o o l i n g  o f  

v a r i o u s  parts  o f  t h e  massi f  t o  3 0 0  ° C ,  i .e .  t h e  f i n a l  stage o f  p o s t m a g m a t i c  processes. N o  

ev idence  has b e e n  f o u n d  t o  s u p p o r t  t h i s  t h e o r y .  T h e  second  a l t e rna t i ve  is  n o t  v e r y  p r o b a b l e  

also i n  v i e w  o f  t h e  f a c t  t h a t  t h e  t i m e  o f  c rys ta l l i za t ion  o f  t h e  p l u t o n  w o u l d  h a v e  b e e n  3 1  t o  

6 7  m . y .  T h i s  con t rad i c t s  d a t a  f r o m  o t h e r  reg ions  i n d i c a t i n g  t h a t  t h e  t i m e  o f  so l i d i f i ca t i on  o f  

mesoabyssal  g r a n i t o i d  massifs usua l l y  does  n o t  exceed  5 - 1 0  m . y .  
W h a t  t ypes  o f  m i n e r a l  changes i n  tona l i t es  c a n  b e  connec ted  w i t h  t h e  A l p i n e  cyc le? T a k i n g  

i n t o  accoun t  i t s  assumed h y d r o t h e r m a l ,  l o w - t e m p e r a t u r e  cha ra te r ,  t h i s  stage c o u l d  i n c l u d e  t h e  

apearance o f  f i n e - f l a k e d  ser ic i te  i n  t h e  tona l i tes ,  poss ib ly  a lso a p a r t  o f  ch lo r i t e ,  a n d  

se r i c i t i za t i on  o f  p lagioclases.  A concen t ra ted  resu l t  o f  t h e  A l p i n e  e f f ec t  c a n  b e  cons ide red  also 

t h e  f o r m a t i o n  o f  ca rbona te ,  qua r t z - ca rbona te ,  qua r t z - ca l c i t e -pumpe l l y i t e - ch lo r i t e  ve in le ts ,  

f r e q u e n t l y  obse rved  i n  tona l i tes  a l o n g  f issures a n d  sl ickensides. C a r b o n - d i o x i d e  so lu t ions ,  as 

w e  k n o w ,  d isso lve v e r y  w e l l  n o t  o n l y  C a ,  b u t  a lso S r  a n d  P b .  C a  a n d  Sr  b e i n g  geochemica l l y  

c losely  re l a ted ,  t h e  l a t t e r  c o u l d  b e  t r a n s p o r t e d  b y  f l u i ds ,  a n d  exchange reac t ions  o f  S r  b e t w e n  

f l u i d s  a n d  micas c o u l d  have  l e d  t o  r e j u v e n a t i o n  o f  b io t i tes .  T h i s  is  t r u e  also f o r  P b :  i t s  supp ly  

l e d  t o  t h e  appearance o f  a n o m a l o u s  l e a d  i n  su lph ide  inc lus ions i n  z i rcons .  

T h e  poss ib le  m i n e r a l  changes i n  tona l i t es  i n  t h e  A l p i n e  cyc le  w e r e  h o w e v e r  genera l l y  

l o w - t e m p e r a t u r e  ones ,  o r  t h e  K - A r  r e j u v e n a t i o n  o f  b i o t i t es  w o u l d  have  reached  9 4  m . y .  

S l igh t  loss o f  A r  f r o m  au tome tasomat i ca l l y  rec rys ta l l i zed  b i o t i t es  ind ica tes  t h a t  secondary  

b io t i t es ,  r e l a t i ve l y  l a rge  muscov i tes ,  a g rea te r  p a r t  o f  ch lo r i tes ,  ep ido tes ,  a lb i te -c l inozo is i te -

-ser ic i te  p s e u d o m o r p h s  a f t e r  p lagioclases w e r e  f o r m e d  i n  t h e  stage o f  t o n a l i t e  so l i d i f i ca t i on .  

T h e s e  subs t i tu t ions  a re  t y p i c a l  o f  ac id ic  pos tmagmat i c  stage i n  g ran i t o i ds ,  a f f ec t i ng  n o t  o n l y  
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blastomylonit ized rocks, b u t  also rocks preserving t h e i r  magmatic structure. M i n e r a l  changes 
i n  the tonalites shal l  b e  discussed i n  a special paper.  

T h u s ,  the obtained data l e a d  us t o  t h e  conclusion t h a t  t h e  i n t r u s i o n  o f  Sih la  t y p e  tonal ites, 
and possibly o f  the w h o l e  V e p o r  P l u t o n ,  d i d  n o t  take place i n  the stage o f  peak V a r i s c a n  
granite f o r m a t i o n  i n  W e s t e r n  Carpathians ( - 3 5 0  m.y.),  b u t  i n  t h e  L a t e  V a r i s c a n  stage, 
together w i t h  the beginning o f  t h e  f o r m a t i o n  o f  the U p p e r  C a r b o n i f e r o u s - P e r m i a n  mant le  o f  
the crystall ine complex.  Because o f  this, Sih la  tonalites should, f r o m  the f o r m a t i o n a l  
v iewpoint ,  correspond t o  post-metamorphic orogenic granitoids - i n  r e l a t i o n  t o  t h e  V a r i s c a n  
regional  metamorphism. 

I t  is clear t h a t  Sih la  tonal ites are synchronal  i n  t h e  t i m e  o f  the i r  i n t r u s i o n  w i t h  t h e  T r í b e č  
tonalites. T h i s  is evidenced b y  U - P b  age determinat ion  o n  zircons f r o m  t h e  T r í b e č  tonal ites 
giv ing s imi lar  values o f  3 0 6  ± 10 m . y .  ( B r o s k a - B i b i k o v a e t  al . ,  1990) .  I t  is ind ica ted  

also b y  t h e  s im i la r i t y  o f  accessories, chemis t ry ,  o f  t h e  t ype  o f  pos t -magmat ic  processes a n d  

tectogenet ic processes i n  t h e  Sih la a n d  T r í b e č  tonalites ( P e t r i k - B r o s k a ,  1989;  P u t i š ,  

1981, 1987, 1989;  P u t i š  i n  K r i s t  e t  al., i n  press, a n d  data i n  t h e  presented paper).  

Conclusion 

A c c o r d i n g  t o  the data obtained b y  the authors, geological history o f  the Sihla tonal ites can 
be presented i n  t h e  f o l l o w i n g  w a y :  

1. I n t r u s i o n  a n d  crystal l izat ion o f  t h e  massif, as w e l l  as o f  the T r í b e č  tonalites, t o o k  place i n  
the U p p e r  Carboniferous,  303  ± 2 m . y .  ago. 

3 .  In tens ive  au tometasomat ism i n  t h e  stage o f  so l id i f i ca t ion  o f  t h e  massif caused t h e  
recrysta l l izat ion o f  t h e  tona l i tes  a n d  t h e  f o r m a t i o n  o f  m e d i u m -  a n d  l ow - tempe ra tu re  
associations i n  t h e m ,  i nc l ud ing  l o w - t i t a n i u m  b io t i t e ,  muscov i te ,  ep ido te ,  ch lo r i t e ,  a lb i te .  
These minera ls  w e r e  f o r m e d  i n  t h e  p e r i o d  be tween  3 0 3  a n d  2 4 0  m . y .  ago,  ind ica ted  b y  K - A r  
da t ing  o f  secondary b io t i tes.  

3 .  I n  t h e  cond i t ions  o f  A l p i n e  tec ton ic  cycle t h e  S ih la  tona l i tes  w e r e  a f fec ted  b y  

l ow- tempera tu re  ( <  3 0 0  ° C )  h y d r o t h e r m a l  processes w i t h  assumed m i g r a t i o n  o f  rad iogenic  Sr  

and  Pb ,  causing t h e  re j uvena t i on  o f  R b - S r  age o f  b io t i tes  a n d  en r i chmen t  o f  su lph ide 

inclusions i n  z i rcons b y  anomalous lead.  A t  t h e  same t i m e  b io t i tes  los t  a v e r y  sma l l  p o r t i o n  o f  

radiogenic argon,  re ta in ing  K - A r  dat ings close t o  t h e  t i m e  o f  conc lus ion o f  pos t -magmat ic  
processes i n  t h e  tonal i tes.  

Translated b y  K .  Janáková  
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