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A b s t r a c t :  O n  t h e  b a s i s  of eva luat ion  of R E E ,  U ,  T h  a n d  K contents  in t h e  mica  
schists  f r o m  t h e  K o h ú t  crystal l ine c o m p l e x  of  t h e  W e s t e r n  C a r p a t h i a n s  i t  h a s  b e e n  
concluded t h a t  c lay  s e d i m e n t s  w e r e  the i r  protol i te .  T h e i r  s o u r c e  a r e a  w a s  t h e  
Continental  U p p e r  Crus t .  A l b i t e  g n e i s s e s  occurr ing  in t h e  associat ion w i t h  m i c a  
schists  d i f f e r  in l o w e r  representa t ion  of c lay  f rac t ion  a n d  h i g h e r  q u a r t z  content  i n  
t h e  protol i te .  

P e 3 K > M e :  Oi;eHK0ň coflepjKaHHH p. 3. 3.,  U ,  T h  H K B cjuojtHHbix cnamtax 
KoryTCKoro KpjicTajijiHHecKoro KOMnneKca BenopHKyMa 3anaAHbix KapnaT 6biJi 

CnejiaH BblBOfl, HTO HX npOTOJIHTOM 6bIJIH TJIHHHCTbie OCaHKH. H x  HCTOHHHKOM 
ôbijia BepxHsra KOHTHHeHTajibHaa Kopa. AjibônTOBbie rHeňcbi, Bcrpe q a IOIUHCCSI 
B aCC01(HaitHH C CJIIOnHHblMH CJiaHUaMH, OTJIHHaiOTCa HH3UIHM COflepjKaHHeM 

rnHHHCToii (JjpaKijHH H BbicniHM conepxaHHeM KBapija B npoTOJiHTe. 

Introduction 

F l a k y  g a r n e t - m u s c o v i t e  o r  g a r n e t - m u s c o v i t e - c h l o r i t e  m i c a  schists r e p r e s e n t  a t y p i c a l  

l i t h o f a c i e s  o f  t h e  V e p o r i c u m  c r y s t a l l i n e  c o m p l e x .  T h e i r  s p a t i a l  d i s t r i b u t i o n  w a s  c a r t o g r a p h i -

c a l l y  d e t e r m i n e d  f o r  t h e  f i r s t  t i m e  i n  t h e  m a p s  o n  a 1 : 2 0 0  0 0 0  scale i n  t h e  s ixt ies.  T h e y  o c c u r  

m a i n l y  i n  t h e  r e g i o n  s p r e a d i n g  f r o m  M u r á ň  t o  H n ú š ť a  i n  a c o n t i n u o u s  b a n d  o f  2 5  k m  i n  l e n g t h  

a n d  o f  3 — 6  k m  i n  w i d t h  i n  t h e  p r e s e n t  e r o s i o n  l e v e l .  

T h e  bas ic  character ist ics  o f  m i c a  schists w e r e  p u b l i s h e d  b y  Z o u b e k  ( 1 9 3 6 ) .  H e  t e r m e d  

t h e m  " T i s o v e c  g a r n e t  m i c a  schists"  ( t h e  t e r m  i s  a c c o r d i n g  t o  t h e  t o w n  T i s o v e c ) .  T h e s e  r o c k s  

w e r e  n a m e d  as " m i c a  schists o f  t h e  B r e z i n a  t y p e "  b y  K 1  i n e c e t  a l .  ( 1 9 6 2 ) .  T h i s  n a m e  i s  u s e d  

a l t e r n a t i v e l y  w i t h  Z o u b e k '  s t e r m  ( I .e.)  t i l l  t h e  p r e s e n t .  

Z o u b e k '  s c o n c e p t  ( I.e.)  o f  a u n i f o r m  c h a r a c t e r  o f  t h e  p r e - U p p e r  C a r b o n i f e r o u s  T a t r i c u m  

a n d  V e p o r i c u m  r o c k  c o m p l e x e s  accepted t i l l  t h e  s e v e n t i e s  t o o k  i n t o  a c c o u n t  c l a y e y - p s a m m i t i c  

s e d i m e n t s  w i t h  i n t e r c a l a t i o n s  o f  r o c k s  o f  d i f f e r e n t  t y p e  as t h e  o r i g i n a l  p r e m e t a m o r p h i c  t y p e s .  

I n  h i s  v e r t i c a l  s c h e m e  o f  d i v i s i o n  o f  t h e  V e p o r i c u m  c r y s t a l l i n e  r o c k  c o m p l e x e s ,  K l i n e c  

( 1 9 6 6 )  p l a c e d  t h e  m i c a  schists u n d e r  d iscuss ion  t o  t h e  n e w l y  d e f i n e d  H r o n  c o m p l e x  o c c u p y i n g  

t h e  l o w e r m o s t  p o s i t i o n  i n  a c o m p l e x  o f  t h e  V e p o r i c u m  r o c k  sequences.  L a t e l y ,  B e z á k  

( 1 9 8 8 )  h a s  d i s t i n g u i s h e d  s e v e r a l  m a i n  sequences i n  t h e  b r o a d e r  a r e a  o f  t h e  s t u d i e d  c o m p l e x  

o u t c r o p :  a )  t h e  K r á l o v a  h o ľ a  ( g r a n i t i z e d )  c o m p l e x ,  b )  t h e  O s t r á  c o m p l e x ,  c )  t h e  K l e n o v e c  

c o m p l e x ,  d )  t h e  S i n e c  c o m p l e x ,  e )  t h e  L o v i n o b a ň a  c o m p l e x ,  f )  t h e  R i m a v i c a  c o m p l e x .  

N e v e r t h e l e s s ,  g a r n e t  m i c a  schists r e p r e s e n t  a d o m i n a n t  r o c k  t y p e  o f  t h e  O s t r á  c o m p l e x .  T h e y  

a l t e r n a t e  w i t h  a m p h i b o l i t e ,  g r a p h i t i c  m e t a q u a r t z i t e  a n d  m e t a c a r b o n a t e  b o d i e s .  

* R N D r .  Š.  M é r e s,  D e p a r t m e n t  of  Geochemis t ry ,  Faculty  of  N a t u r a l  Sciences,  C o m e n i u s  Univers i ty ,  
M l y n s k á  dol ina,  8 4 2  1 5  Bra t i s lava .  

* *  Prof .  R N D r .  D .  H o v o r k a ,  DrSc.,  Geological  Insti tute of  C o m e n i u s  Univers i ty ,  M l y n s k á  dolina,  
8 4 2  1 5  Brat i s lava .  
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Strat igraphic pert inence o f  t h e  m i c a  schist c o m p l e x  u n d e r  discussion is deal t  w i t h  

d isuni ted ly  i n  t h e  W e s t e r n  C a r p a t h i a n  l i terature.  S o m e  o f  t h e  authors  consider t h e m  as t h e  

H e r c y n i a n - m e t a m o r p h o s e d  L o w e r  P a l e o z o i c  sediments ( K l i n e c  — P l a n d e r o v á ,  1 9 7 9 ;  

B e z á k  — P l a n d e r o v á ,  1 9 8 1 ) ,  t h e  o t h e r  ones consider  t h e m  as t h e  U p p e r  P r o t e r o z o i c  

sediments m e t a m o r p h o s e d  i n  2 o r  3 m e t a m o r p h i c  cycles. Since t h e  strat igraphic pert inence o f  

t h e  s tudied m i c a  schists does n o t  represent  a k e y  p r o b l e m  o f  t h i s  paper,  w e  s h a l l  n o t  b e  deal ing 

w i t h  i t  f u r t h e r  o n .  
P r o b l e m s  o f  t h e  m i c a  schists f r o m  t h e  K o h ú t  crystal l ine c o m p l e x  h a v e  b e e n  deal t  w i t h  l a t e l y  

i n  t h e  papers o f  B e z á k  ( 1 9 8 9 )  a n d  H o v o r k a  — M é r e s  ( i n  press) w h e r e  s o m e  aspects o f  

m e t a m o r p h i c  d e v e l o p m e n t  a n d  l i t h o l o g y  o f  t h e  m i c a  schist c o m p l e x  a r e  s u m m a r i z e d .  

D i s c r e p a n c y  o r  d i l l e m a  o f  t h e  present  i n f o r m a t i o n  o n  t h e  m i c a  schists f r o m  t h e  K o h ú t  

crystal l ine c o m p l e x  results f r o m :  

a )  l a c k  o f  d a t a  o n  p r e - m e t a m o r p h i c  p r o t o l i t e  character;  

b )  d i s u n i t e d l y  c o m p r e h e n d e d  age o f  t h i s  c o m p l e x  e v e n  i n  spite o f  ex ist ing p a l y n o l o g i c a l  

d a t a  f r o m  t h e  rocks  w i t h  b i t u m i n o u s  a d m i x t u r e  f o r m i n g  intercalat ions i n  t h e  m i c a  schist 

c o m p l e x ;  

c )  d i s u n i t e d l y  c o m p r e h e n d e d  s e d i m e n t a r y - m e t a m o r p h i c  d e v e l o p m e n t  o f  t h e  r o c k  set 

u n d e r  study,  w h e r e b y  t h e r e  a r e  concepts o f  presence o f  t h e  progressive a n d  regressive stages 

o f  o n e  m e t a m o r p h i c  e v e n t  a n d ,  a t  t h e  same t i m e ,  concepts o f  p a r t i c i p a t i o n  o f  severa l  

m e t a m o r p h i c  events i n  f o r m a t i o n  o f  resul tant  m i n e r a l  association; 

d )  h i t h e r t o  undist inguished a n d  u n d e t e r m i n e d  metamorphic-recrysta l l i zat ion  effects o f  t h e  

V a r i s c a n  a n d  A l p i n e  m e t a m o r p h i c  cycles; 

e )  d i s u n i t e d l y  c o m p r e h e n d e d  re lat ions  o f  t h e  m i c a  schist c o m p l e x  t o  t h e  s u r r o u n d i n g  r o c k  

sequences. 

Characteristics of the mica schists 

M a i n  r o c k  t y p e  o f  t h e  studied m i c a  schist c o m p l e x  is represented b y  f l a k y  garnet-muscovite 

m i c a  schists ( F i g .  1).  T h e y  a r e  character ized b y  dist inct  m e t a m o r p h i c  f o l i a t i o n ,  w h e r e b y  

f o l i a t i o n  planes a r e  o v e r f o l d e d  i n  deta i l .  G a r n e t s  h a v e  u s u a l l y  a porphyroblast ic  d e v e l o p m e n t  

( u p  t o  1 c m ,  m o s t  o f t e n  3 —5 m m ) .  D o m i n a n t  m i n e r a l  phase is  r ep resen ted  b y  muscov i tes .  

T h e y  h a v e  he te rogeneous  charac ter  o c c u r r i n g  i n  f o r m  o f  l a rge  (2—5 m m )  f l akes  a n d  i n  f o r m  o f  

l ep idob las t i c  aggregates o f  m i n u t e  f l akes  o f  ser ic i te  d e v e l o p m e n t .  A l b i t e  d i s t r i b u t i o n  is  

m a r k e d l y  u n e v e n  i n  t h i s  t y p e  o f  m i c a  schists. Q u a r t z  i s  concen t ra ted  m o s t l y  t o  t h e  f l a t  

e l o n g a t e d  layers  o r  t o  m o n o m i n e r a l  len t ic les  o f  d m — m  size. Charac te r i s t i c  s t r uc tu ra l  f e a t u r e  

o f  t h e  m i c a  schists is  t h e i r  l a m i n a r  f a b r i c  w i t h  a l t e r n a t i n g  l a m i n a e  w i t h  p r e v a i l i n g  muscov i tes  

a n d  l a m i n a e  f o r m e d  b y  a l b i t e  a n d  q u a r t z .  T h e  m i c a  schists a re  i n tens i ve l y  o v e r f o l d e d ,  w h e r e b y  

a m p l i t u d e  o f  t h e  f o l d s  i s  e x t r e m e l y  v a r i a b l e  ( m m — m  size).  
I n  a d d i t i o n  t o  t h e  desc r ibed  m a i n  ( a n d ,  a t  t h e  same t i m e ,  m a r k e d l y  d o m i n a n t )  t y p e  o f  t h e  

m i c a  schists w i t h  t y p o m o r p h i c  m u s c o v i t e  (ser ic i te ) ,  t h e  types  w i t h  va r i ab le ,  b u t  m i n o r  b i o t i t e  

r ep resen ta t i on  a r e  p resen t  i n  t h e  m i c a  schist c o m p l e x .  C h l o r i t e ,  l o ca l l y  s t au ro l i t e  a n d  k y a n i t e  

a re  p resen t  i n  t h e  m i c a  schists ( H o v o r k a  — M é r e s ,  i n  press). 

Petrographica l ly  d i f f e r e n t  t y p e  i n  t h e  m i c a  schist c o m p l e x  is represented b y  f ine-grained,  

m o s t l y  plane-schistose metasediments.  I n  contrast  t o  t h e  a b o v e  types,  a l b i t e  ( t h o u g h  its 

d i s t r i b u t i o n  i n  t h e  r o c k  is u n e v e n )  a n d  b i o t i t e  are  essential ly  represented i n  t h e i r  m i n e r a l  

composi t ion.  T h e  rocks u n d e r  discussion h a v e  p r e d o m i n a n t l y  a character o f  f ine-grained 

a lb i te  gneisses ( F i g .  2 ) .  B e z á k  ( 1 9 8 8 )  p laced t h e m  as a p r i n c i p a l  r o c k  l i t h o t y p e  t o  t h e  

K l e n o v e c  c o m p l e x  d e f i n e d  b y  h i m .  
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Fig. 1. Muscovite mica schist from the Ostrá complex folded in detail. Sample SY-17, magn. 48  x, X pol. 

Fig. 2. Albite poikiloblast in quartz-muscovite matrix of albite gneiss from the Ostrá complex. Sample 
SY-2, magn. 48 x, X pol. 
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Geochemistry of the mica schists 

G e o c h e m i c a l  character izat ion is based o n  R E E ,  T h ,  U a n d  K d e t e r m i n e d  i n  5 samples o f  

garnet-muscovi te  m i c a  schists f r o m  t h e  O s t r á  c o m p l e x  (analyses N o s .  5 ,  7 ,  9 ,  15, 16)  a n d  i n  

3 samples o f  a l b i t e  gneisses f r o m  t h i s  c o m p l e x  (analyses N o s .  2 ,  3 , 1 3 ) .  T h e  a n a l y z e d  samples 

represent  t h e  r o c k  types chosen f r o m  a larger  set o f  samples af ter  d e t a i l e d  microscopic study.  

T h e  s t u d i e d  e lements  w e r e  d e t e r m i n e d  b y  I N A A  m e t h o d  (Stráž p o d  R a l s k e m ) .  T h e  results 

are  l is ted i n  T a b .  1.  

Gneisses a n d  m i c a  schists a r e  t h e  m o s t  w i d e s p r e a d  types o f  metasediments i n  t h e  p r e - U p p e r  

C a r b o n i f e r o u s  complexes o f  t h e  C e n t r a l  W e s t e r n  Carpath ians.  I n  scient i f ic  discussions, 

genesis a n d  m e t a m o r p h i c  h i s t o r y  o f  gneisses a n d  m i c a  schists are  associated i n  a d i f ferent  

degree, w h e r e b y  t h e  m i c a  schists are  o f t e n  considered as d iaphtor i tes  o f  gneisses o r  as 

p r o t o l i t e  o f  u n i f o r m  character recrystal l ized u n d e r  l o w e r  P T  condi t ions.  F o r  th is  reason, 

c h e m i c a l  c o m p o s i t i o n  o f  t h e  m i c a  schists i s  c o m p a r e d  w i t h  t h e  a v a i l a b l e  d a t a  o n  chemical  

c o m p o s i t i o n  o f  t h e  gneisses f r o m  t h e  Suchý,  M a l á  M a g u r a  a n d  M a l á  F a t r a  M t s .  i n  geochemical  

character izat ion  a n d  s o l v i n g  o f  t h e  p r o t o l i t e  t y p e  ( H o v o r k a  — M é r e  s, i n  press). T h e  l a t t e r  

are  regarded as representat ive  types f o r  t h e  gneisses f r o m  t h e  c e n t r a l  z o n e  o f  t h e  W e s t e r n  

C a r p a t h i a n s  a n d  hence t h e y  a r e  d e n o t e d  b y  G .  N e x t  c o m p a r a t i v e  r o c k  t y p e  is represented b y  

t h e  M u r á ň  gneisses ( M G )  occurr ing  i n  associat ion w i t h  m i c a  schists a n d  a lb i te  gneisses, h a v i n g  

i d e n t i c a l  o r  v e r y  close characterist ic features ( m e t a m o r p h i c  d e v e l o p m e n t ,  m i n e r a l  associa­

t i ons ,  age?;  H o v o r k a  — M é r e  s, i n  press). A n a l y t i c a l  d a t a  a r e  t a k e n  o v e r  f r o m  H o v o r k a  

et a l .  ( 1 9 8 7 ) .  

200 

La Sm Eu Tb Y b  

Fig. 3. REE distribution in garnet--muscovite mica schists (1) and albite gneisses (2) from the Ostrá 
complex. 

Curves of normalized contents are parallel to PAAS (dashed) — normalized after T a y l o r  — M c L e n ­
n a n  (1985). 
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Fig. 4. Average REE,  Th, U and K contents in garnet-muscovite mica schists (1) and albite gneisses (3) 
from the Ostrá complex, in gneisses from the central zone of the Western Carpathians (2) and Muráň 

orthogneisses (4) normalized to PAAS. 
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Fig. 5. Diagram of La, K, 2 R E E  and U :  Th relations. 
Explanation: U C  — Upper Crust, T C  — Total Crust, PAAS — post-Archean Australian shales (UC, T C  
and PAAS after T a y l o r  — M c L e n n a n ,  1985). Other symbols as in Fig. 4. 
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F u r t h e r  c o m p a r a t i v e  a n a l y t i c a l  d a t a  are  used i n  t h e  p a p e r :  average v a l u e s  o f  t h e  s tudied 

elements i n  p o s t - A r c h e a n  A u s t r a l i a n  shales ( P A A S ) ,  average c o m p o s i t i o n  o f  t h e  U p p e r  C r u s t  

( U C )  a n d  average c o m p o s i t i o n  o f  t h e  T o t a l  C r u s t  ( T C )  according t o  t h e  data  o f  

T a y l o r - M c L e n n a n  ( 1 9 8 5 ) .  

R E E  contents i n  t h e  m i c a  schists are  t y p i c a l  b y  h i g h  R E E  s u m  w h i c h  is i n  s o m e  cases e v e n  b y  

100 % h i g h e r  t h a n  i n  a l b i t e  gneisses a n d  gneisses f r o m  t h e  centra l  z o n e  o f  t h e  W e s t e r n  

Carpathians.  

C o u r s e  o f  t h e  curves o f  n o r m a l i z e d  R E E  contents i n  m i c a  schists a n d  a l b i t e  gneisses is 

p a r a l l e l  t o  t h e  course o f  P A A S  ( F i g .  3 ) ;  t h e  o n l y  di f ference is i n  R E E  sum.  A l l  m i c a  schist a n d  

a lb i te  gneiss samples h a v e  a n e g a t i v e  E u  a n o m a l y  w h o s e  E u / E u +  v a l u e s  v a r y  f r o m  0 . 5 4  t o  

0.70.  Q u i t e  h i g h  L a N / Y b N  va lues  i n  m a j o r i t y  o f  t h e  samples r e f e r  t o  t h e i r  r e l a t i v e  e n r i c h m e n t  

w i t h  L R E E .  F r o m  t h e  curves o f  n o r m a l i z e d  average R E E ,  T h ,  U a n d  K contents i n  t h e  studied 

r o c k  types a n d  i n  c o m p a r e d  types ( G ,  M G )  t o  P A A S  i t  f o l l o w s  t h a t  besides U ,  m i c a  schists are  

largely  enr iched w i t h  a l l  o t h e r  e lements  i n  contrast  t o  U C  a n d  P A A S .  Besides t h e  l o w e r  T h  

values,  a lb i te  gneisses h a v e  v e r y  close v a l u e s  t o  those o f  P A A S  as f a r  as a l l  o t h e r  e lements a r e  

concerned ( F i g .  4 ) .  
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Fig. 6 .  Diagram of 2 R E E ,  Th/K, E u / E u + ,  La/Th, L a N / Y b N  and  La/K: Th/U relations. 
For  symbols  s e e  Fig. 5.  Dashed f ie ld  — area  of projections of garnet-muscovite mica schists and  albite 
gneisses analyses f r o m  t h e  Ost rá  complex. 
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U contents i n  t h e  m i c a  schists a n d  a l b i t e  gneisses h a v e  r e l a t i v e l y  s m a l l  range ( T a b .  1,  F i g .  5 ) .  

T h  contents i n  t h e  a l b i t e  gneisses v a r y  w i t h i n  a n a r r o w  i n t e r v a l  t o o  w h e n  c o m p a r e d  w i t h  t h e  

m i c a  schists w h e r e  t h e y  v a r y  f r o m  14 t o  2 2  p p m .  I n  contrast  t o  t h e  o t h e r  c o m p a r e d  r o c k  types,  

T h / U  r a t i o  increase refers t o  a r e l a t i v e  e n r i c h m e n t  w i t h  T h  i n  t h e  m i c a  schists ( T a b .  1, F i g .  5) .  

M u t u a l  T h  a n d  K r e l a t i o n  i n  t h e  a l b i t e  gneisses a n d  m i c a  schists is character ized b y  a pos i t ive  

corre lat ion.  T h e  s i m i l a r  case is i n  T h  a n d  L a  ( F i g .  5 ) .  F r o m  t h e  r e l a t i o n  o f  T h  t o  R E E  s u m  i t  

f o l l o w s  t h a t  pro ject ions  o f  t h e  m i c a  schists are  concentrated i n  t w o  areas ( F i g .  5 ) .  T h e  f i rst  o n e  

is t y p i c a l  b y  h i g h  T h  contents a n d  R E E  s u m  a n d  t h e  second o n e  is t y p i c a l  b y  r e l a t i v e l y  l o w e r  

R E E  s u m  v a l u e s  a t  q u i t e  h i g h  T h  contents. I n  c o m p a r i s o n  w i t h  t h e  m i c a  schists, t h e  a lb i te  

gneisses h a v e  l o w e r  T h  contents a n d  R E E  sum.  
M o s t  o f  t h e  s tudied geochemical  parameters  ( T a b .  1, F i g .  4 )  o f  t h e  m i c a  schists is 

c o m p a r a b l e  w i t h  U C  a n d  P A A S  w h e n  n o r m a l i z a t i o n  t o  P A A S  has b e e n  done.  I n  m a j o r i t y  o f  

cases, t h e  a l b i t e  gneisses occupy a p o s i t i o n  b e t w e e n  t h e  pro ject ions  o f  M S  a n d  G ( F i g .  4 ) ,  

e x c l u d i n g  E u / E u + ,  L a N / Y b N ,  L a / K ,  L a / T h  a n d  T h / K  w h i c h  are  s i m i l a r  i n  t h e  m i c a  schists a n d  

a lb i te  gneisses d isp lay ing  a s m a l l e r  i n t e r v a l  t h a n  i n  t h e  o t h e r  c o m p a r e d  r o c k  types ( F i g .  6 ) .  

Discussion 

R E E  h a v e  a specif ic i m p o r t a n c e  i n  s o l v i n g  t h e  p r o t o l i t e  t y p e  o f  m e t a m o r p h i c  rocks.  R E E  

are  genera l ly  regarded as intact  t o  c h e m i c a l  changes d u r i n g  diagenesis a n d  m e t a m o r p h i s m  

( C h a u n d h u r i  - C u l l e r s ,  1 9 7 9 ;  M u e c k e  e t a l . ,  1 9 7 9 ;  J a k e š ,  1984).  Changes i n  R E E  

d i s t r i b u t i o n  h a v e  b e e n  p r o v e d  i n  s o m e  specific cases, p a r t i c u l a r l y  a t  v e r y  h i g h  r o c k / w a t e r  

r a t i o ,  b u t  t h e y  are  n o t  caused b y  a constant a n d  systematic factor.  R E E  m o v e m e n t  ( leaching)  

w a s  established, f o r  e x a m p l e ,  i n  p a l a g o n i t i z a t i o n  o f  basalt ic glass ( S t a u d i g e l  — H a r t ,  

1 9 8 3 ) ,  as w e l l  as i n  sp i l i t i za t i on  ( F l o y d ,  1 9 7 7 ;  H e l l m a n  - H e n d e r s o n ,  1 9 7 7 ) .  O n  t h e  

o t h e r  h a n d ,  expe r imen t s  w i t h  t h o l e i i t i c  glass u n d e r  t h e  h y d r o t h e r m a l  cond i t i ons  h a v e  r e f e r r e d  

t o  t h e  f a c t  t h a t  R E E  a re  i m m o b i l e  e v e n  i n  t h e  case w h e n  t h e  basal t  is  t o t a l l y  a l t e red  t o  t h e  c lay  
( H a j a s h ,  1 9 8 4 ) .  

I d e n t i c a l  o r  c o m p a r a b l e  geochemica l  character is t ics r esu l t i ng  f r o m  R E E  i n  shales f r o m  t h e  

va r i ous  reg ions  o f  t h e  w o r l d  ( N A S C -  H a s  k i n  e t a l . ,  1 9 6 6 ;  E S -  H a s k i n - H a s k i n ,  1 9 6 6 ;  

P A A S  - T a y l o r  — M c L e n n a n ,  1 9 8 5 )  a n d  i n  recent  clastic river sediments ( M a r t i n  

- M e y  b e c k ,  1 9 7 9 )  r e f e r  t o  t h e  fact t h a t  t h e  t y p i c a l  shales ref lect  chemical  c o m p o s i t i o n  o f  

u n c o v e r e d  p a r t  o f  t h e  c o n t i n e n t a l  crust. I n  m a j o r i t y  o f  cases, t h e  curves o f  n o r m a l i z e d  R E E  

contents i n  c lay  sediments a n d  sandstones are  p a r a l l e l  t o  P A A S .  Sandstones d i f f e r  f r o m  t h e  

shales i n  l o w e r  R E E  s u m  ( N a n c e - T a y 1 o r ,  1 9 7 6 ;  H a s k i n e t  al.,  1 9 6 8 ) .  F r o m  t h e  results 

o f  t h e  s t u d y  i t  f o l l o w s  t h a t  m a j o r  R E E  mass i n  clastic sediments is b o u n d  t o  c lay  f r a c t i o n  a n d  

f r a c t i o n  b e l o w  2 ̂ m  ( C u l l e r s  e t  al.,  1 9 7 9 ;  C h a u n d h u r i -  C u l l e r s ,  1979).  I n  coarser, 

sandy f ract ion,  t h e r e  is genera l ly  l o w e r  R E E  s u m  a n d  l o w e r  L a N / Y b N  r a t i o  resul t ing  f r o m  

h e a v y  m i n e r a l s  representat ion.  E u  a n o m a l y  has a same character i n  t h e  b o t h  fractions. R E E  

curves i n  t h e  f i n e - g r a i n e d  sediments are,  i n  general ,  p a r a l l e l  t o  t h e  U C  curve,  b u t  R E E  s u m  is 

usual ly  h i g h e r  i n  t h e m  ( T a y l o r -  M c L e n n a n ,  1981).  

I n  a d d i t i o n  t o  c lay  a n d  grain-size fract ions,  t h e  R E E  s u m  is m a r k e d l y  in f luenced b y  

q u a n t i t a t i v e  representat ion  o f  q u a r t z .  I t s  increase i s  accompanied w i t h  R E E  s u m  decrease, 

w h e r e b y  t h e  n o r m a l i z e d  p a t t e r n  is p a r a l l e l  t o  t h e  P A A S  one.  

T h e  signif icant  p a r a m e t e r  i n  R E E  d i s t r i b u t i o n  study  i s  E u  a n o m a l y .  T h e  fact t h a t  a l l  

p o s t - A r c h e a n  sedimentary  rocks h a v e  a negat ive  E u  a n o m a l y  ( T a y l o r - M c L e n n a n ,  

1 9 8 5 )  i s  i m p o r t a n t  f o r  t h e  genetic conclusions. T h e  o n l y  t y p e  o f  t h e  sedimentary  rocks w h e r e  



GEOCHEMISTRY OF MICA SCHISTS 4 2 3  

E u  m i n i m u m  has n o t  b e e n  established is represented b y  s o m e  volcanogenic-sedimentary  

rocks f o r m e d  i n  is land arcs t o  the  d e t r i m e n t  o f  andesites, i n h e r i t i n g  t h e i r  geochemical  features 

( N a n c e  — T a y  l o r ,  1 9 7 7 ) .  T h e  o n l y  log ica l  r e a s o n  o f  E u  m i n i m u m  presence i n  t h e  

sedimentary  rocks  a n d ,  accordingly,  i n  t h e  U p p e r  C r u s t  seems t o  b e  i ts  f o r m a t i o n  d u r i n g  

chemical  f r a c t i o n a t i o n  i n  t h e  c o n t i n e n t a l  crust t h r o u g h o u t  f o r m a t i o n  o f  K - g r a n i t e s  w h i c h  are  

t y p i c a l  b y  h i g h  negat ive  E u  a n o m a l y  ( T a y l o r - M c L e n n a n ,  1 9 8 5 ) .  

F r o m  geochemical  character izat ion o f  t h e  m i c a  schists a n d  a l b i t e  gneisses f r o m  t h e  O s t r á  

c o m p l e x  i t  f o l l o w s  t h a t  t h e  vast  m a j o r i t y  o f  geochemical  d a t a  i s  i d e n t i c a l  o r  comparable  w i t h  

these data  i n  t h e  shales. P r o j e c t i o n  points  o f  t h e  a n a l y z e d  m i c a  schist samples are  p r o j e c t e d  t o  

t h e  close s u r r o u n d i n g  o f  t h e  P A A S  p r o j e c t i o n  (Figs.  5 ,  6 ) .  I n  m a j o r i t y  o f  cases, t h e  a lb i te  

gneisses occupy a p o s i t i o n  b e t w e e n  t h e  m i c a  schists a n d  G ,  t h e y  are  u s u a l l y  s i tuated i n  a close 

p r o x i m i t y  o f  t h e  U p p e r  C r u s t  average c o m p o s i t i o n  p r o j e c t i o n  ( U C ) .  D i f f e r e n c e s  b e t w e e n  t h e  

a lb i te  gneisses a n d  m i c a  schists are  m a i n l y  i n  h i g h e r  R E E  s u m  a n d  T h  contents i n  t h e  m i c a  

schists and,  at  s m a l l  changes o f  U contents, also i n  h i g h e r  T h / U  r a t i o  a n d  its greater  d ispersion 

i n  t h e  m i c a  schists. O w i n g  t o  t h e  fact  t h a t  K ,  U a n d  T h  a r e  considered as m o b i l e  o n l y  u n d e r  t h e  

h i g h  grade m e t a m o r p h i c  condit ions ( L a m b e r t - H e i d e r ,  1 9 6 8 ;  H e i e r ,  1 9 7 3 ) ,  t h e i r  

contents i n  m i c a  schists a r e  c o m p a r a b l e  w i t h  t h e  contents i n  p r o t o l i t e .  C o n s e q u e n t l y ,  p r o t o l i t e  

o f  t h e  m i c a  schists w a s  r e l a t i v e l y  e n r i c h e d  w i t h  T h  i n  contrast  t o  U i n  p r o t o l i t e  o f  t h e  a l b i t e  

gneisses. T h / U  r a t i o  i s  u s u a l l y  regarded as a n  i m p o r t a n t  i n d i c a t o r  o f  t h e  sedimentary  

e n v i r o n m e n t  ( A d a m s  — W e a v e r ,  1 9 5 8 ) .  D u r i n g  sed imentogenes is ,  T h / U  r a t i o  var ies  

f r o m  0 . 0 2  t o  2 1  d u e  t o  speci f ic  b e h a v i o u r  o f  T h  a n d  U .  H i g h  T h / U  r a t i o  ( o v e r  7 )  is  

character is t ic  o f  c o n t i n e n t a l  sed iments  depos i t ed  i n  o x i d e  e n v i r o n m e n t .  I n  s o m e  samples o f  

t h e  s tud ied  m i c a  schists, va lues o f  t h i s  r a t i o  a re  c lose t o  t h e  a b o v e  v a l u e  ( T a b .  1 ) .  R e g a r d i n g  

the  close geochemica l  fea tures ,  L a  a n d  T h  s h o w  v e r y  h i g h  pos i t i ve  c o r r e l a t i o n  i n  f i n e - g r a i n e d  

sed iments  ( M c L e n n a n  e t  a l . ,  1 9 8 0 ) .  D i s t i n c t  pos i t i ve  c o r r e l a t i o n  b e t w e e n  L a  a n d  T h  i n  t h e  

m i c a  schists, a l b i t e  gneisses a n d  G g ives ev idence  f o r  sed imen ta r y  p r o t o l i t e  i n  t h e  c o m p a r e d  

m e t a m o r p h i c  r o c k s  (F i g .  5 ) .  D i f f e r e n c e  is, h o w e v e r ,  i n  charac ter  o f  t h e  sed imen ta ry  p r o t o l i t e .  

I m m a t u r e  (g raywacke )  c last ic sed iments  p r e v a i l  i n  p r o t o l i t e  o f  t h e  gneisses ( G )  ( H o v o r k a ,  

1 9 7 5 ;  H o v o r k a - M é r e s , i n  press) w h a t  is mani fested i n  t h e  case o f  L a  a n d  T h  b y  t h e i r  l o w  

values.  I t  is supported also b y  a r e l a t i v e l l y  l o w  R E E  s u m ,  as w e l l  as b y  l o w e r  K v a l u e s  i n  t h e  

W e s t e r n  C a r p a t h i a n  gneisses. 

O n  t h e  basis o f  geochemical  characteristics u s i n g  R E E ,  T h ,  U a n d  K ,  p r o t o l i t e  o f  t h e  m i c a  

schists h a d  a character o f  t y p i c a l  c lay  sediments.  H i g h  K ,  T h  a n d  L a  va lues,  t h e i r  m u t u a l  

p o s i t i v e  c o r r e l a t i o n  ( F i g .  5 )  a n d  r e l a t i v e l y  m o s t  constant  rat ios  ( F i g .  6 )  r e f e r  t o  preva lence o f  

f ine-gra ined f r a c t i o n  ( b e l o w  2 |xm) i n  p r o t o l i t e  o f  t h e  m i c a  schists i n  contrast  t o  p r o t o l i t e  o f  t h e  

a lb i te  gneisses. I n  s o m e  cases, R E E  s u m  m a y  b e  i n f l u e n c e d  also b y  q u a r t z  content  i n  t h e  

p r o t o l i t e .  E u / E u +  a n d  L a N / Y b N  v a l u e s  a r e  v e r y  i m p o r t a n t  f r o m  t h e  p o i n t  o f  v i e w  o f  t h e  

p r o t o l i t e  r o c k  t y p e  a n d  a character o f  t h e  source area. T h e s e  v a l u e s  are  c o m p a r a b l e  i n  t h e  m i c a  

schists a n d  a l b i t e  gneisses a n d  t h e y  are  comparable  w i t h  P A A S  a n d  U C  d a t a  as w e l l  ( T a b .  1, 

F i g .  6 ) .  E u / E u +  va lues  i n  t h e  m i c a  schists a n d  a l b i t e  gneisses r e f e r  t o  t h e  fact  t h a t  t h e  U p p e r  

C r u s t  w h e r e  acid m a g m a t i c  rocks  p r e v a i l e d  w a s  a source area o f  t h e i r  p r o t o l i t e .  A v e r a g e  

E u / E u +  v a l u e  i n  G supports a d i f f e r e n t  character o f  t h e i r  p r o t o l i t e  a n d  refers t o  prevalence o f  

i n t e r m e d i a t e  t o  ac id  rocks  o f  granodior i te- tonal i te  c o m p o s i t i o n  i n  t h e  source a r e a  represented 

b y  t h e  c o n t i n e n t a l  crust. S u c h  r e l a t i o n  m a y  b e  caused also b y  h i g h e r  c o n t e n t  o f  basic volcanics 

a n d  t h e i r  clastics i n  g r a y w a c k e  p r o t o l i t e  o f  t h e  gneisses ( H o v o r k a  — M é r e s ,  i n  press). 

E u / E u +  a n d  L a N / Y b N  va lues  i n  t h e  a l b i t e  gneisses a n d  m i c a  schists r e f e r  t o  t h e  s a m e  p r o t o l i t e  

t y p e  a n d  t h e  same source area w h e r e  t h e  U p p e r  C r u s t  w a s  f o r m e d .  G e o c h e m i c a l  d iversi t ies 

b e t w e e n  t h e  m i c a  schists a n d  a l b i t e  gneisses ( h i g h e r  R E E  s u m ,  T h ,  K ,  T h / U  contents i n  t h e  

m i c a  schists) are  caused b y  h i g h e r  representat ion o f  f i n e - g r a i n e d  c lay  f r a c t i o n  ( b e l o w  2 u m )  i n  
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t h e  p r o t o l i t e  o f  t h e  m i c a  schists t h a n  i n  t h e  p r o t o l i t e  o f  t h e  a l b i t e  gneisses a n d  b y  h i g h e r  q u a r t z  

content  i n  t h e  p r o t o l i t e  o f  t h e  a l b i t e  gneisses. 

G e o c h e m i c a l  characteristics o f  t h e  M u r á ň  gneisses are  i n  t h e  m o s t  o f  cases m a r k e d l y  

d i f f e r e n t  f r o m  t h e  m i c a  schists, a l b i t e  gneisses a n d  gneisses f r o m  t h e  centra l  z o n e  o f  t h e  

W e s t e r n  Carpath ians.  T h e i r  p r o t o l i t e ,  ac id  magmat i tes  t o o k  p r o b a b l y  p a r t  i n  c o m p o s i t i o n  o f  

t h e  m i c a  schists a n d  a l b i t e  gneisses p r o t o l i t e ,  b u t  t o  such s m a l l  e x t e n t  t h a t  t h e y  d i d  n o t  affect 

essential ly  t h e i r  geochemical  characteristics. 

Conclusions 

T h e  f o l l o w i n g  geochemical  characteristics a r e  i m p o r t a n t  f o r  d e t e r m i n a t i o n  o f  p r o t o l i t e  o f  

t h e  garnet-muscovi te  m i c a  schists a n d  a l b i t e  gneisses f r o m  t h e  O s t r á  c o m p l e x  o f  t h e  K o h ú t  

crysta l l ine c o m p l e x  o n  t h e  basis o f  R E E ,  U ,  T h  a n d  K contents e v a l u a t i o n :  

— m i c a  schists h a v e  h i g h  R E E  s u m ,  i n  s o m e  cases e v e n  b y  1 0 0  % h i g h e r  t h a n  i n  t h e  a lb i te  

gneisses a n d  gneisses f r o m  t h e  c e n t r a l  z o n e ,  

— R E E  p a t t e r n  i n  t h e  m i c a  schists a n d  a l b i t e  gneisses p a r a l l e l  t o  P A A S ,  

— negat ive  E u  a n o m a l y  w h o s e  v a l u e  is comparable  w i t h  t h a t  i n  t h e  m i c a  schists a n d  a l b i t e  

gneisses, i t  is l o w e r  t h a n  i n  t h e  gneisses f r o m  t h e  centra l  z o n e ,  

— h i g h  L a N / Y b N  v a l u e  i n  t h e  m i c a  schists a n d  a l b i t e  gneisses w h e n  c o m p a r e d  w i t h  t h e  

gneisses f r o m  t h e  c e n t r a l  z o n e  r e a c h i n g  t h e  va lues t y p i c a l  o f  clay sediments,  

— h i g h e r  R E E ,  T h  a n d  K v a l u e s  i n  t h e  m i c a  schists a n d  a l b i t e  gneisses w h e n  c o m p a r e d  w i t h  

P A A S ,  

— h i g h e r  T h / U  r a t i o  i n  t h e  m i c a  schists w h e n  c o m p a r e d  w i t h  t h e  o t h e r  m e n t i o n e d  r o c k  

types,  
— p o s i t i v e  T h  a n d  K ,  T h  a n d  L a  correlat ions i n  t h e  a lb i te  gneisses a n d  m i c a  schists. 

T h e  establ ished geochemical  characteristics p r o v e  t h a t :  

a )  p r o t o l i t e  o f  t h e  m i c a  schists a n d  a l b i t e  gneisses w a s  represented b y  c lay  sediments 

(shales) w h o s e  source a r e a  w a s  t h e  C o n t i n e n t a l  U p p e r  C r u s t  w i t h  prevalence o f  a c i d  m a g m a t i c  

r o c k s ;  

b )  d i f ference i n  p r o t o l i t e  o f  t h e  m i c a  schists a n d  a lb i te  gneisses ref lected i n  geochemical  

characteristics is caused b y  h i g h e r  representat ion  o f  c lay  f r a c t i o n  a n d  l o w e r  q u a r t z  content  i n  

p r o t o l i t e  o f  t h e  m i c a  schists t h a n  i n  t h e  a l b i t e  gneisses; 

c )  d i v e r s i t y  o f  p r o t o l i t e  o f  t h e  gneisses f r o m  t h e  centra l  z o n e  o f  t h e  W e s t e r n  C a r p a t h i a n s  

f r o m  t h e  s tudied m i c a  schists a n d  a l b i t e  gneisses f r o m  t h e  O s t r á  c o m p l e x  l ies  n o t  o n l y  i n  

d i f f e r e n t  grade o f  m e t a m o r p h i c  recrysta l l izat ion,  b u t  also i n  character o f  t h e  p r o t o l i t e .  

P r o t o l i t e  o f  t h e  gneisses w a s  represented b y  clastic sediments o f  g r a y w a c k e  t y p e  w h e r e  

i n t e r m e d i a t e  t o  basic magmat i tes  w e r e  largely  represented. 

Translated by O. Mišániová 
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