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A b s t r a c t :  The metamorphic rocks of phyliite, schist to pa-
ragneiss type occurring in  the SE part of Veporicum represent the 
content of the Hladomorná Valley, Ostrá and  Klenovec complexes. 
The intensity of progressive (Variscan) metamorphism in  the above-
mentioned complexes reached the conditions of garnet subfacies 
of the  greenschist facies, increasing slightly i n  SE-NW direction 
u p  to the staurolite- chloritoid subfacies. The application of F e r ­
r y ' s  and S p e a r ' s  biotite-garnet geothermometer confirmed the 
results of the study of mineral parageneses; temperatures determi­
ned in various samples varied between 431—451 °C. Prograde zoning 
in the whole profile is typical of the majority of garnets; on the 
other hand, the typical features of retrograde alteration zones are 
retrogressive zoning and the presence of grossularite margins as a 
result of retrograde exchange isochemical reactions in the mineral 
couple garnet-plagioclase in the course of which the Ca-content 
in garnets increased and in plagioclases it decreased. 

P e 3 w M e B  K) B MacTM BenopMKyMa BcrpevaiOTCfl MeTaMopcjjMiecKMe 
nopoflbí m n a  CJJHJUIHTOB, cjiamjeB M naparHeňcoB KOTOpwe HBJMIOTCH 
nacTeň KOMiiJieKCOB rjia^oMopHoň AOJIMHM, Ocrpoň M KneHOBeijKO-
ro. MHTeHCMBHOCTh nporpeccMBHOro (Bapwci(HMCKoro) MeTaMop<J)M3Ma 
3THX KOMiiJieKCOB flocTHrjia ycJioBHM rpaHaTOBOM cy6<J>aijMM dpav,im 3e-
jieHbix cjiamjes, c HeSoJibimiM noBbiiiieHMeM B HanpaBJiemiM IOB-C3 
flo CTaBpojiMT-xjiopHTOMflHoii cy6(})aĽ(MM. npMMeHeHMe reoTepMOMeTpa 

e p p h n C n m p a n o f l T B c p f l M j i o  p e 3 y j i b T a T H  H3yHeHMa M M n e p a J i t -
Hbix napareHe3MC0B: TeMnepaTypa onpefleJieHHaa /(JIH OT^ejibiibix 06-
pa3iiOB KOJieôaJiacb Me5K«y 431—451 °C. fljiji 6oJibiiiero nncjia rpa-
HaTOB  TMIHUIHOH flBJIHeTCH npOrpeCCMBHM 30HaJIbH0CTb BflOJIb Bcero 
npocjjMjijj, M B 30Hax peTporpaflHbix M3MeHeHMM perpecHBHaa 30Hajib-
HocTb M rpoccyjiapoBaa OToponKa KaK pe3yjibTaT oSMeHHbix peTpo-
r p a f l H b i x  M30xHMMMecKMx peaKi jMM B M M H e p a j i b H o ň  n a p e  r p a H a T - n j i a -
rwoKJias, B TEIEHMH KOTOPWX COFLEPACAHNE Ca B RPAHATAX B03PACTAJIO 
M B njiarnoKjia3ax NOHM>KAJIOCH. 

T h e  s t u d i e d  terr i tory  is  a p a r t  of t h e  K o h ú t  Z o n e  of V e p o r i c u m ,  i ts  geo lo ­
gical setting, tectonic and metamorphic evolution being i n  their complexity 
o n e  of t h e  greatest problems in  t h e  geology of Western Carpathian crystalline 
complexes. 
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A decisive turn i n  t h e  history of studies of t h e  geological structure of V e -
poricum w a s  brought about b y  t h e  determination of nappe  position of granitoids 
ly ing o n  t h e  metamorphic complex ( K l i n e c ,  1966). S o m e  of t h e  authors 
(M á š k a — Z o u b e k ,  1960; K a m e n i c k ý ,  1977; L. K a m e n i c k ý  — 
J. K a m e n i c k ý ,  1983) suggested  that  P r e c a m b r i a n  reg iona l  m e t a m o r p h i s m  
a f f e c t e d  these  rocks, w h i l e  i n  t h e  o p i n i o n  of  a m a j o r i t y  o f  w o r k e r s  o n l y  t h e  
m a n i f e s t a t i o n s  of Var iscan  a n d  A l p i n e  m e t a m o r p h i c  cycles h a v e  b e e n  p r o v e d .  
A c c o r d i n g  to  V r á n a  (1964) t h e  f i r s t  cyc le  of  reg iona l  m e t a m o r p h i s m  (Va­
riscan, Assyntic?) reached t h e  conditions of "quartz-albite-epidote-biotite" 
and "quartz-epidote-almandine" subfacies of t h e  greenschist facies (biotite 
and garnet zone). V r á n a  (1966, 1980) w a s  t h e  f i r s t  o n e  to  descr ibe  t h e  
n e w - f o r m e d  m e t a m o r p h i c  a s s e m b l a g e  w i t h  a lmandine-grossular i te  garnets  i n  
gran i to ids  a f f e c t e d  b y  A l p i n e  m e t a m o r p h i s m  w h i c h  l e d  h i m  to  t h e  a s s u m p t i o n  
t h a t  t h e  A l p i n e  cyc le  took  p l a c e  i n  t h e  condit ions  of b iot i te  a n d  garnet  zone. 
H e  suggested  t h e  s a m e  m e t a m o r p h i c  g r a d e  also f o r  t h e  z o n e  of  tectonic c o n ­
tact w i t h  Gemericum w h e r e  h e  found  kyani te  and chloritoid in  AliC^-rich rocks 
( V r á n a ,  1964). 

Except  reg iona l  m e t a m o r p h i s m  t h e  s t u d i e d  terrane  w a s  a f f e c t e d  also b y  t h e  
contact e f f e c t s  of  t h e  R i m a v i c a  Gran i te  ( K a m e n i c k ý ,  1977). T h e r e  a r e  t w o  
op in ions  o n  t h e  a g e  of t h e  a b o v e  m e n t i o n e d  i n t r u s i o n :  - i t  is  a V a r i s c a n  g r a n i t e  
( K a m e n i c k ý ,  1977; C a m b e l  e t  al., 1988), - t h e  g r a n i t e  is  of A l p i n e  
(Cretaceous) a g e  ( K a n t o r ,  1960; V a r  g a, 1963; V o z á r o v á  — V o z á r ,  
1979, 1982). B e z á k  (1982) suggested  t h e  existence of  a so-called " R i m a v i c a  
C o m p l e x  of  gran i to ids"  f o r m e d  b y  var iet ies  of Var i scan  as w e l l  as  A l p i n e  age. 

Geological  m a p p i n g  i n  t h e  sevent ies  l e d  t o  t h e  d i s t ingu i sh ing  ( B e z á k ,  1982) 
of  t h e  K l e n o v e c  C o m p l e x  a n d  Sinec C o m p l e x  (Fig. 1). T h e  K l e n o v e c  Complex) 
i s  represented  b y  b iot i te  "a lb i t ic"  gneisses  w i t h  l a y e r s  of g r a p h i t i c  schists 
a n d  l i g h t  gneisses.  Palynolog ica l ly  i t  w a s  c lass i f ied  w i t h  L o w e r  Paleozoic. 
T h e  Sinec  C o m p l e x  consists of  t w o  parts  — t h e  basement w i t h  a prevalence 
of chlorite-muscovite schists w i t h  layers of chlorite schists, amphibolites, 
graphitic schists and  metacarbonates, and  the  overlying part containing m e t a -
conglomerates, or metaarkoses, and  metaquartzites. 

The  studied region (Fig. 1) i s  formed further b y  schists of t h e  Hron Complex 
( K l i n e c ,  1966) w i t h  amphibolite and  metaquartzite intercalations. Meta­
morphism reached i n  this  complex t h e  conditions of garnet zone. T h e  thermal 
c l imax i n  these  rocks determined b y  S h e n g e 1 i y a et al. (1978) o n  t h e  
basis of graphite thermometer w a s  at 400—450 °C. B e z á k  (1988) d i s t ingu ished  
t h e  schists occurr ing  a r o u n d  Hnúšťa as  a p a r t  of a separate  c o m p l e x  w h i c h  
h e  cal led Ostrá Complex.  N W  of t h i s  c o m p l e x  l ies  t h e  K r á ľ o v o h o ľ s k ý  C o m p l e x  
represented  b y  a l a r g e  b o d y  of h y b r i d  gran i tes  a n d  m i g m a t i t e s ;  t h i s  c o m p l e x  
b e l o n g s  neverthe less  a l r e a d y  to  t h e  K r á l o v o h o l s k á  Zone. 

P h y l l i t e s  of  t h e  H l a d o m o r n á  V a l l e y  Format ion,  L o w e r  Paleozoic i n  age, 
occur i n  t h e  SE p a r t  of  t h e  s t u d i e d  terr i tory  ( K l i n e c  et  al., 1982). P 1 a n -
d e r o v á  — V o z á r o v á  (1978) d e t e r m i n e d  pa lyno log ica l ly  t h e  presence  
of t h e  U p p e r  Carbon i ferous  i n  t h e s e  rocks. Later  K l i n e c  a n d  P l a n d e r o -
v á (1981) c o n f i r m e d  i n  t h e  rocks  f r o m  t h e  dr i l lho le  K V - 3  (Rochovce) t h e  p r e ­
sence  of palynomorphs indicating Lower Paleozoic a g e  and t h e y  suggested 
that  t h e  formation i s  stratigraphically heterogenous. V o z á r o v á  — V o z á r  
(1982) d i s t i n g u i s h e d  i n  t h e  basa l  p a r t  of t h e  s o u t h e r n  V e p o r i c u m  m a n t l e  t h e  
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R e v ú c a  G r o u p  consist ing  of t h e  U p p e r  Carbon i ferous  S latv ina  F o r m a t i o n  a n d  
t h e  P e r m i a n  R i m a v a  Format ion.  T h e y  c lass i f ied  a substant ia l  p a r t  of t h e  
Hladomorná  V a l l e y  F o r m a t i o n  - i n  a b e l t  f r o m  L u b e n í k  t o  Poltár  - w i t h  t h e  
S l a t v i n a  Format ion.  T h e  rocks of  t h e  R e v ú c a  G r o u p  a r e  according  to  t h e i r  
o p i n i o n  contact-metamorphosed  b y  t h e  L o w e r  Cretaceous R i m a v i c a  Granitoid.  
T h e  i n n e r  p a r t  of t h e  contact aureo le  i s  characterized b y  a lmandine-b iot i te  
i sograde  a n d  t h e  outer  p a r t  b y  chlorite  i sograde  ( V o z á r o v á  — V o z á r ,  
1988). J. K a m e n i c k ý  (1977) descr ibed  cordier i te  occurr ing i n m e d i a t e l y  
n e x t  to  t h e  contact, i n  association w i t h  garnet  a n d  i n  p laces  s i l l imanite.  H e  
e s t i m a t e d  t h e  t e m p e r a t u r e  o n  contact a t  500 °C. 

Garnet-containing assemblages of gneisses and schists 

Garnet is one  of t h e  principal rock-forming minerals  i n  all rock types  of 
t h e  Kohút  Crysta l l ine  C o m p l e x  i n  t h e  Hnúšťa r e g i o n :  i n  t h e  m i c a  schists of  
t h e  Ostrá Complex,  i n  paragneisses  a n d  schists of t h e  K l e n o v e c  C o m p l e x  
a n d  i n  p h y l l i t e s  a n d  schists of  t h e  Hladomorná  V a l l e y  Complex.  T h e  associa­
t ions  of garnets are  rather monotonous:  t h e y  are biotite-chlorite-muscovite-
-garnet,  muscovite-garnet and  muscovite-chlorite-garnet schists and  paragneisses 
w i t h  quartz and variable content of acid plagioclases, ilmenite, frequently  
also w i t h  graphite. A characteristic feature of all garnet-mica schists of t h e  
Kohút  Z o n e  i s  t h e  constant presence  o f  zoisite o r  low- i ron  clinozoisite. T h i s  
a l l o w s  t o  c lass i fy  t h e m  w i t h  t h e  g r o u p  of  rocks  saturated  s i m u l t a n e o u s l y  
w i t h  ca lc ium a n d  a l u m i n i u m .  T h e  increased content  of  Ca i n  garnet-mica  
schists a n d  carbonaceous p h y l l i t e s  (pr imari ly  pe l i t i c  s e d i m e n t s  o r  clays) i s  
ra ther  u n u s u a l l .  T h e  w h o l e  a l u m i n a  s u r p l u s  i n  t h e s e  rocks  i s  b o u n d  to  ca lc ium 
i n  t h e  f o r m  of clinozoisite, w h i c h  exp la ins  t h e  a lmost  tota l  absence  of  s u c h  
a lumina-r ich  m i n e r a l s  l i k e  chloritoid, staurol i te  o r  a l u m i n i u m  sil icates i n  t h e  
metapel i tes.  O n  t h e  o t h e r  h a n d ,  Ca-surplus  i n  garnet-mica schists l eads  so ­
met imes  t o  t h e  appearance not  only  of clinozoisite but also of calcite. Such  
rocks occur i n  t h e  Hladomorná V a l l e y  Complex.  

Garnet  f o r m s  porhyrob las t ic  g r a i n s  0.2—3 m m  i n  size i n  quartz-mica ground-
mass. Its grains h a v e  round contours, w i t h  not very  marked, but sometimes 
wel l -d iscemible  dodecahedral shapes. 

Garnet-bearing rocks are  intercalated b y  biotite-chlorite-muscovite, musco-
vite,  chlorite-muscovite schists. T h e  Ostrá C o m p l e x  contains  a cons iderab le  
a m o u n t  of  hornb lende-ep idote  a n d  hornblende-chlor i te-epidote  o r t h o a m p h i -
bol i tes  w i t h  m e t a p o r p h y r i c  textures,  as  w e l l  as h o r n b l e n d e - e p i d o t e±carbona-
te-biotite paraamphibolites of tuffogenic-sedimentary origin. 

T h e  critical paragenesis of t h e  progressive s tage  of metamorphism i s  i n  
all theree  complexes (Fig. 1) garnet+biot i te+chlor i te - l -muscovi te+quartz ,  
al l  of t h e  minerals  being i n  complete equilibrium. Their compositions, as  w e  
intend to  s h o w  later, vary  i n  v e r y  narrow ranges, indicating a uniform, 
single-stage character of metamorphism i n  t h e  complexes of Ostrá, K l e n o v e c  
a n d  Hladomorná  V a l l e y  i n  t h e  Hnúšťa region.  

T h e  garnet-mica schist a r e  intercalated b y  biotite-chlorite-muscovite,  b io t i te-
- m u s c o v i t e  a n d  chlor i te-muscovite  schists. Thus,  t h e  f o l l o w i n g  parageneses  a r e  
s t a b i l e  i n  t h e  rocks of  t h e  K o h ú t  crysta l l ine  complexes  i n  t h e  Hnúšťa r e g i o n :  
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^^KLENOVEC \ 

Fig. 1. A scheme of the distribution of rock complexes i n  the midd le  part of the  
Kohút  Complex (B e z á k, 1982). 

Legend: 1 — Královoholský Complex (hybride granitoids, migmatites); 2 — Rima­
vica Complex (leucocrate granitoids); 3 — Klenovec Complex (biotite albite gneisses); 
4 — Ostrá Complex (garnet schists, amphibolites); 5 — Rimava Formation (schists, 
metaarkoses); 6 — Sinec Complex (schists, magnezites, metaconglomerates); 7 — 
Hladomorná Valley Complex (phyllites, gneisses); 8 — Dobšiná Group (phyllites — 
Gemericum); 9 — tectonic lines (a — faults, b — overfaults, overthrusts). Mineral 
associations of the studied samples: A - Gr -j- Chi + Mu + Bi; B - Gr + Bi + Mu; 
C - Bi + Chi + Mu; D - Chl + Mu (no Bi). 

mica schists, phyllites and paragneisses 

Bi + Gr + Chl + Mu + Clz ± PI + Q ± Grph + Ilm* 

Gr + Mu + Chl ± Clz + PI + Q ± Grph + Ilm 
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Bi -(- Chi -f- M u  + Clz + PI -f- Q i t  Grph + Ilm 

M u  + Chi ± Clz ± P1 + Q ± G r p h  + I l m  

Bi  + G r  + C c  + C h i  + Clz + P1  + Q ± G r p h  + I lm  

amphibolites 

H r b  + E p  ± Chi  + C c  + P I  + Q + S p h  

H r b  + Bi  + E p  ± C h i  + C c  + P I  + Q + S p h  

S e c o n d a r y  r e t r o g r a d e  processes  h a v e  b e e n  f i x e d  i n  s o m e  rock  var ie t ies .  T h e y  
a r e  t h e  fo l lowing  processes :  p a r t i a l  subs t i tu t ion  of b io t i t e  ( ra re ly  of ga rne t )  
b y  seconda ry  f i n e - f l a k e d  ch lor i te  w i t h  sagen i t e  inclusions;  subs t i tu t ion  of 
oligoclase b y  a lb i t e  w i t h  inclusions  of clinozoisite a n d  ser ic i te ;  si l icif ication 
a l o n g  layers .  

I n  s u c h  r e t rog rade -a l t e r ed  rocks  g a r n e t s  a r e  f r e q u e n t l y  s u r r o u n d e d  b y  
a s e c o n d a r y  m a r g i n  w h i c h  c a n  b e  f r e q u e n t l y  opt ical ly  we l l  d i s t inguished  
(Fig. 2). T h e  t r e n d  of composi t ion changes  i n  t h e  m a r g i n s  of g a r n e t  i s  c o n t r a r y  
t o  t h a t  obse rved  i n  t h e  p r o g r a d e  s tage.  

Fig. 2. Re t rog rade  m a r g i n  of Ca- r i ch  ga rne t  a r o u n d  a lmandine-pyrope-spessar t i te  
ga rne t .  S a m p l e  Dp-1/8, en larg .  120. Mica  schis t  of t h e  Hladomorná  V a l l e y  Complex. 

* Symbols of minerals: A b  - albite, A l s  - aluminium silicate, A n  - anorthite, Bi - bio­
t i te,  Cc  - calcite,  Ch i  - chlori te ,  Chid - chlori toid,  Clz - clinozoisite, G r  - garne t ,  
Gros  - grossulari te ,  G r p h  - graphi te ,  H r b  - hornblende ,  I l m  - i lmenite ,  K y  - kyani te ,  
M u  - muscovi te ,  P I  - plagioclase, P r  - pyrope,  Q - quar tz ,  Spes  — spessart i te ,  S p h  -
sphene,  S t  - s taurol i te .  
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Prograde-zoned garnets 

T h e  prevailing majority of garnets f r o m  schists and  paragneisses of t h e  
Hron, Klenovec and Hladomorná V a l l e y  complexes  a r e  prograde-zoned.  
A s  s h o w n  b y  deta i led  m i c r o p r o b e  p r o f i l i n g  o f  t h e s e  garnets,  carried out  o n  
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Fig. 3. Change of the contents of spessartite, pyrope, grossularite and the value of 
Fe/Fe + Mg in  garnets with progressive (1) and retrograde (2) zoning according to 

data from Tabs. 1—4 (1 — centre, 2 — rim of garnet grains). 



T a b l e  1 

Results of detailed prof i l ing of garnets w i t h  progressive type of zoning f r o m  paragneisses and schists (component 
sitions, %)  
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67.8 
9.3 
2 .1  

20.8 

97.0 

66.4 
11.1 

1.7 
20.8 

97.4 
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10.8 
1.4 

20.5 

97.9 

68.6 
7.4 
2.7 

21.3 

96.2 

10 

72.8 
4.8 
2.4 

20.0 

75.9 
1.7 
3.8 

18.3 

96.8 95.2 

right edge 

right edge 

11 12 

13 

69.4 
6.9 
3.4 

20.3 

95.3 

13 

79.3 
0.7 
3.9 

16.5 

95.3 91.1 

14 

74.8 
2.4 
4.5 

18.3 

15 

78.3 
2.1 
4.5 

15.1 

94.3 94.6 

14 

16 

81.4 
0.3 
5.5 

12.8 

93.6 

77.9 
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13.5 
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Continuation of Tab. 1 

D-22 
Diameter of grain  1600 fx, probe step ~100 h D-22 

left  edge centre r ight edge  

No. of point 
on prof i le  1 2 3 4 5 6 7 8 9 10 11 12 13 14 

A i m  
Spes 
Pr 
Gros 

76.5 

7.2 
16.3 

74.9 

6.6 
18.5 

71.6 
0.7 
6.9 

20.8 

69.7 
5.2 
4.1 

21.0 

73.1 
2.4 
5.6 

18.9 

74.0 
1.4 
4.1 

20.5 

67.7 
5.8 
3.8 

22.7 

69.0 
4.9 
4.9 

21.2 

71.9 
3.8 
4.4 

19.9 

68.4 
6.5 
4.1 

21.0 

66.5 
5.2 
5.2 

23.1 

76.2 
1.0 
7.6 

14.5 

75.6 

7.9 
16.5 

76.9 

7.1 
16.0 

Fe + Mg 0 /  

Fe ' / 0  91.3 91.9 91.2 94.3 92.8 94.7 94.7 93.4 94.2 94.3 92.8 90.9 90.5 91.5 

HS-30 - -
l e f t  edge 

Diameter of grain 300 fx, probe step ~25 p 
i centre , r ight edge j 

— 

No. of point 
on profile 1 2 3 4 5 6 7 8 9 10 11 

1 
12 

Aim 
Spes 
Pr 
Gros 

62.8 
3.9 
7.0 

26.3 

54.6 
11.3 
6.1 

28.0 

53.8 
13.7 

6.5 
27.0 

52.4 
15.7 
4.9 

26.9 

52.1 
17.5 
4.4 

26.0 

49.2 
18.7 
5.0 

27.1 

50.5 
18.9 
4.1 

26.5 

49.9 
20.2 

4.9 
25.0 

50.0 
19.3 
4.5 

26.2 

53.6 
16.0 
4.8 

25.6 

56.5 
12.0 
4.8 

26.7 

62.2 
4.5 
7.6 

25.6 

1 

Fe + Mg  0 ,  
„ • 10 F e  

89.9 
i 

90.0 90.7 91.5 92.1 90.7 92.4 91.1 91.8 91.8 92.2 89.1 

Paragenesis: CH-9 — Gr + Bi + Chi + Mu + Clz + Ilm + Q; clinozoisite grains occur in the form of inclusions in garnet but 
they are absent in the mesostasis of the schist. 
D-16 — Gr + Mu + Bi + Chi + Clz + Tour + Ilm + Q; clinozoisite inclusions are only in garnet, but not in the mesostasis. 
D-22 — Gr + Bi + Mu + Chi + Clz + Ilm + PI + Q; (retrograde saussuritization of plagioclase). HS-30 — Gr + Bi + Mu + 
+ Chi + Clz + PI + I lm-f-Q;  relics of metapsammite texture. 
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T a b l e  2 

Representative compositions of garnets w i t h  progressive zoning a n d  of associated minerals  (wt. % )  f r o m  paragneisses a n d  
mica-schists 

Sample No. HS-6 CH-8 HS-54 
Mineral Gr I Chi 

left e d g e  
6 

Part of grain  centre centre r i m  right edge centre 
Analysis  No. 

SÍO2 
TiO 
AliOi 
FeO 
MnO 
MgO 
CaO 
N a 2 0  
K 2 O 

3O.42 
0.18 

21.60 
24.14 

7.66 
0.78 
8.27 

39.20 38.84 28.64 36.68 
0.15 

19.92 
24.09 
12.51 
0.68 
5.86 

38.69 27.29 
0.12 

24.36 
26.49 

0.28 
14.29 
0.08 

36.68 
0.12 

19.68 
31.41 

2.90 
1.47 
6.47 

25.07 
0.12 

22.64 
27.94 

0.25 
12.53 

37.73 38.57 
21.57 19.99 21.19 21.21 

27.21 
5.91 
0.95 
7.32 

21.87 
36.07 

0.28 
3,32 
1.79 

25.93 
25.69 
0.14 

13.60 
0.08 

28.99 17.49 21.63 32.56 

10.41 15.67 

Total 101.05 100.67 97.33 99.89 101.77 88.57 100.33 101.90 92.95 

Fe + Mg 
Components 
of garnet: 
A i m  
Spes 
Pr 
Gros 
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Paragenests: HS-6 Gr + Bi -j- Chl  + Zs + Grph + I l m  + PI + Q; (slight retrograde substitution Gr-+ Chi, PI ->Ser); 
garnets HS-54 — Gr + Chl + Mu + Clz + I lm + Tour + Q; clinozoisite inclusions only i n  

o <1 
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Fe, 

2.4 
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2.2 

21 
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Mn o.i 

Ca 

Mg 

0 4  

0 3  

0.2 
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0 4  

0 3  
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0.1 L 

- F e / F e + M g , %  

Fig. 4. Characteristic types of zoning in garnets, mica-schists and paragneisses. 
Explanations: 1 — progressive (Sample CH-9) and 2 — retrograde (Sample D-17)„ 
according to  data from Tabs. 1 and 3. 
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t h e  apparatus  CAMSCAN-4 D V  w i t h  t h e  LINK spectrometer  at  t h e  Moscow 
L n i v e r s i t y ,  t h e  contents of  Mn a n d  Ca (spessartite a n d  grossularite)  decrease 
a n d  t h e  contents  of F e  a n d  Mg (a lmand ine  a n d  pyrope)  increase f r o m  centre  
to r im.  a n d  at  t h e  s a m e  t i m e  t h e  rat io Fe/Fe + Mg decrease d u e  to  t h e  increase  
of Mg-content (Tab. 1, Fig.  3, 1). However ,  t h e  f e r r u g i n i t y  of central  as 
w e l l  as per iphera l  parts  of garnets  r e m a i n s  v e r y  h i g h  —• i n  samples f rom 
t h e  complexes  of Ostrá, K l e n o v e c  a n d  Hladomorná  V a l l e y  i t  n e v e r  f a l l s  
b e l l o w  86 0 o (Tabs. 1 a n d  2). 

A s  a r u l e  t h e  changes  of  garnet  composi t ion  f r o m  centre  t o  r i m s  a r e  re la t i ve ly  
g r a d u a l  (Sample  CH-9 a n d  D-22 — Fig. 4, 1), bu t  sometimes w e  can observe 
a perhaps more  rapid, e v e n  abrupt increase of Mg-content and thus  a decrease 
of t h e  va lue  of Fe /Fe  + M g  (Sample D-16, Tab. 1). T h e  change of the  content 
of M n  i s  a lways  smoother, and manganese  frequently disappears altogether 
i n  t h e  marginal  zone  (CH-9. D-16 and D-22). 

A n  increased content of Ca (16—28% of grossularite) i n  t h e  central part 
of garnet or along t h e  w h o l e  prof i le  (Sample HS-30) i s  characteristic of all 
garnets.  

The  increased admixture of grossularite i s  usually d u e  t o  t h e  increased cal­
c ium content of t h e  rocks themselves,  s ince zoisite or  clinozoisite i s  present 
i n  all studied samples. However,  w i t h  increased temperature Ca w a s  redis­
tributed f r o m  garnet t o  plagioclase as  a result of which  oligoclases are  formed 
i n  place of early low-temperature albites. This leads to t h e  depletion of 
garnets i n  Ca - a typical feature  of prograde zoning i n  garnets of l o w  and 
medium metamorphic grades (A 1 b e e, 1965; B r o w n ,  1969* C r a w f o r d  
1971). 

Fig. 5. Relations of ferruginity of coexis­
ting garnets and chlorites in proportion to 
the contents of Mn and Ca in garnet. 

C a + M n  

F e / F e + M g , %  

Prograde-zoned garnets are  coexisting (Tab. 2) w i t h  biotites which  h a v e  
moderate  TÍO9 contents  a s  w e l l  as  w i t h  chlorites w i t h  a f e r r u g i n i t y  of 
44 55 ,0. T h e  d i s t r ibut ion  o f  F e  a n d  Mg i n  t h e  p a i r  gamet-chlor i te,  as  i t  i s  
u s u a l l y  characteristic f o r  rocks  of  t h e  g a r n e t  s u b f a c i e s  ( A l b e e ,  1965; K o r i -
k o v s k y  et  al., 1973), i s  control led  b y  t h e  contents  of Ca a n d '  Mn i n  g a r n e t :  
t h e  h i g h e r  t h e  contents, t h e  m o r e  m a g n e s i a n  i s  t h e  coexist ing chlorite  (Fig. 5). 

Facial conditions of progressive metamorphism 

T h e  s tab i l i ty  of t h e  paragenes is  G r  + C h i  + M u  + Q ± Bi  o n  the  w h o l e  
studied territory (see Fig. 1), t h e  narrow variations of mineral  compositions 
i n  it  — these  features are determinative f o r  t h e  classification of all three  
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complexes  of t h e  K o h ú t  Z o n e  i n  t h e  Hnúšťa reg ion  w i t h  e i ther  garnet,  or  
staurol ite-chloritoid s u b f a c i e s  ( K o r i k o v s k y ,  1979). T h e  garnets  i n  h i g h -
-temperature  condit ions  - i n  staurolite-chlorite o r  staurol ite-kyanite-biot ite  
sub fac ies  - a r e  h igher-magnes ian,  prograde-zoned  crystals  c h a n g e  i n t o  m o r e  
h o m o g e n e o u s  ones  a n d  t h e  paragenes is  G r  + C h i  + M u  + Q decomposes  a n d  
i t  i s  subst i tuted  b y  t h e  association St + B i  + K y ( A n d l ) .  T h i s  paragenes is  h a s  
n o t  b e e n  o b s e r v e d  i n  t h e  s t u d i e d  section of  t h e  K o h ú t  Z o n e  a n d  t h u s  m e t a -
m o r p h i c  t e m p e r a t u r e  d i d  n o t  reach  m e d i u m  stages of t h e  staurol i te  f a d e s .  

Regard less  of t h e  presence  of t h e  association G r  + C h i  + M u  + Q, t h e  
re lat ion  of  t h e  composit ions  of  t h e  externa l  m a r g i n s  i n  prograde-zoned  garnets  
a n d  of  t h e  coexist ing biot i tes  a n d  chlorites ind icates  a n o t  v e r y  m a r k e d  t h e r m a l  
g r a d i e n t  i n  t h e  s t u d i e d  territory,  t h e  t e m p e r a t u r e  increas ing  f r o m  south-
-east t o  north-west.  T h i s  i s  ind icated  b y  t w o  facts.  

T h e  f i r s t  o n e  i s  t h a t  t h e  l i m i t s  of m a g n e s i u m  content  i n  garnets  of  t h e  
paragenes is  G r  + C h i  + B i  + M u  + Q atta in  t h e i r  h i g h e s t  v a l u e s  i n  north-east  
of t h e  s t u d i e d  terr i tory.  Thus,  i n  S a m p l e  HS-54 (Tab. 2) f r o m  a s i te  3 k m  
NNE of K l e n o v e c  t h e  f e r r u g i n i t y  of g a r n e t  i s  8 6 %  (pyrope  content  1 3 % )  
a n d  a t  t h e  s a m e  t i m e ,  o n  t h e  rest of  t h e  terr i tory  t h e  f e r r u g i n i t y  i s  n e a r e r  
to  90 % .  G a r n e t  f e r r u g i n i t y  of  86 % ,  as  o b s e r v e d  i n  m a n y  reg ions  (A  1 b e e, 
1972; F o x ,  1971; S c h r e y e r -  C h i n n e r ,  1966; B a 11 a t z i s, 1979; 
K o r i k o v s k y ,  1979), i s  characteristic of  rocks  of  t h e  staurolite-chloritoid 
subfacies .  N o r t h  of  K l e n o v e c  w a s  t h e  m e t a m o r p h i c  g r a d e  p e r h a p s  e v e n  
h igher,  s ince  chlor i te  d i sappears  f r o m  t h e  paragenes is  G r  + B i  + M u  + Q 
(see Fig .  1). 

T h e  second direct  e v i d e n c e  of t h e  p e r t i n e n c e  of t h e  nor th-western  p a r t  of  
t h e  terr i tory  t o  t h e  staurolite-chloritoid z o n e  i s  t h e  d i scovery  of staurol ite-
-chloritoid-chlorite-garnet schists i n  t h e  K l e n o v e c  r e g i o n  b y  K r i s t ;  t h e  
e q u i l i b r i a  i n  t h e s e  rocks  h a v e  b e e n  d iscussed i n  a special  w o r k  ( K o r i k o v ­
s k y —  K r i s t — B o r o n i k h i n ,  1989). 

T h e  f e r r u g i n i t y  o f  o u t e r  m a r g i n s  i n  prograde-zoned  garnets  f r o m  t h e  rocks  
of  t h e  eastern a n d  south-eastern p a r t  of  t h e  terr i tory  (Hnúšťa r e g i o n  a n d  t h e  
l e f t  b a n k  of t h e  r i v e r  Rimav ica)  does  n o t  f a l l  b e l l o w  8 7 % ,  u s u a l l y  it  i s  
b e t w e e n  8 9 — 9 0 %  (Tabs. 1—5). S i m i l a r  composit ions  of  garnets  a n d  micas  i n  
t h e  p a i r  garnet-chlor i te  a r e  characteristic of  t h e  u p p e r  stage of t h e  g a r n e t  
sub fac ies  ( A l b e e ,  1965; B r o w n ,  1969; C r a w f o r d ,  1966; K o r i k o v ­
s k y  et al., 1973). T h e  relatively low-temperature character of metamorphism 
of t h e  rocks f r o m  t h e  three  complexes of t h e  Koh ú t  Z o n e  - n o t  o n l y  i n  t h e  
Hnúšťa reg ion  b u t  also t o  t h e  north-east, i n  t h e  r e g i o n  o f  Rochovce  ( K o r i ­
k o v s k y — J a n á k — B o r o n i k h i n ,  1986)) - i s  c o n f i r m e d  b y  data  o b ­
tained b y  biotite-garnet geothermometry. 

For t h e  determination of crystallization temperatures o f  schists and para-
gneisses f r o m  t h e  Hnúšťa r e g i o n  w e  u s e d  t h e  composit ions  of b io t i te  a n d  g a r n e t  
f r o m  t h e  s a m p l e s  HS-6 (Tab. 2), D-17 (Tab. 3) a n d  DP-1/8. A n a l y s e s  of 
m i n e r a l s  f r o m  t h e  garnet-chlorite-biotite schist DP-1/8 collected i n  t h e  Hla­
d o m o r n á  V a l l e y  Complex,  1.5 k m  east of  Mútnik,  h a v e  b e e n  presented  i n  
another  p a p e r ;  h e r e  w e  sha l l  o n l y  demonstrate  t h a t  t h e  f e r r u g i n i t y  of b iot i te  
f r o m  t h i s  rock  is  4 9 . 9 %  a n d  t h e  f e r r u g i n i t y  o f  t h e  outer  m a r g i n  i n  t h e  
coexist ing g a r n e t  91.6 % .  

F o r  t h e  rocks  of t h e  Hladomorná  V a l l e y  Format ion,  north-east  of  Hnúšťa, 



GARNETS IN MICA SCHISTS AND GNEISSES 111 

n e a r  Rochovce, w e  used biotite-garnet pa i r s  f r o m  t h e  samples  D-28 (Tab 4) 
and t h e  earl ier  analysed B-10 ( K o r i k o v s k y  et al., 1986). 

Experience h a s  s h o w n  t h a t  t h e  m o s t  accurate geothermometer  f o r  rocks  of 
t h e  g a r n e t  and staurolite-chloritoid subfac ies  i s  t h e  biotite-garnet geothermo ­
m e t e r  of F e r r y  a n d  S p e a r  (1978). Accord ing  t o  t h i s  g e o t h e r m o m e t e r  t h e  
crysta l l izat ion t e m p e r a t u r e  of t h e  s a m p l e  HS-6  is 431 °C, of t h e  s a m p l e  DP-1 /8  
440 °C, t h e  s a m p l e  D-17 548 °C. t h e  s a m p l e  D-28 451 °C a n d  of t h e  s a m p l e  
B-10 442 °C. 

T h e  on ly  ev iden t ly  increased e s t i m a t e  a m o n g  t h e s e  d e t e r m i n a t i o n s  is t h a t  
f o r  t h e  s a m p l e  D-17. T h e  o t h e r  4 v a l u e s  f a l l  i n t o  t h e  r a n g e  of 431—451  °C, 
co r respond ing  o n  t h e  pe t rogene t i c  g r i d  t o  t h e  s tab i l i ty  f i e ld  of g a r n e t  a n d  
s taurol i te-chlor i to id  subfac ies  ( K o r i k o v s k y ,  1979). 

T h e  A K F M  d i a g r a m  (Fig. 6) d isplays  t h e  m i n e r a l  assemblages  of ga rne t -mica  
schis ts  of t h e  s taurol i te -chlor i to id  subfac ies  i n  t h e  K o h ú t  Zone in the  region 

Hnúšťa. succeeded in determining t h e  mineral  compositions in t w o  
rock t y p e s  of the  staurolite-chloritoid subfac ies  (Fig. 6): in common garnet-
-biotite-chlorite-muscovite schists and paragneisses  of t h e  Ostrá  and Klenovec 
complexes, and in high-alumina staurolite-garnet-chloritoid schists f o r m i n g  
intercalations among paragneisses  of t h e  Klenovec Formation ( K o r i k o v ­
s k y  e t  al., 1989). Looking o n  t h e  d i a g r a m  i t  i s  a p p a r e n t  t h a t  s t ab i l e  a s s e m -
blages  i n  t h e  m o s t  c o m m o n  m o d e r a t e - a l u m i n o u s  rocks  w i t h  composi t ions  ly ing  
be l low t h e  connode  G r — C h i  a r e  Gr + Chi + Bi + Mu + Q and Bi + Chi 
+ Mu + Q. Staurol i te  and chloritoid a r e  i n  th i s  subfac ies  s tab i le  only  in 
super-aluminous rocks  t h e  compositions of w h i c h  should l ie  on t h e  d iagram 
a b o v e  t h e  connode Gr + Chi. 

A l s ( K y ? )  

Chi 

(Fe,Mn)0 .(MgO) 

Fig. 6. Mineral parageneses of schists and 
paragneisses of staurolite-chloritoid sub­

facies on the  diagram AKFM. 

I n  r o c k s  of t h e  g a r n e t  subfac ies  (eas tern  a n d  n o r t h - e a s t e r n  p a r t  of t h e  
K o h ú t  Zone) f r o m  t h e  Ostrá,  Klenovec and Hladomorná V a l l e y  complexes 
it w a s  poss ible  to s t u d y  only t h e  equil ibr ia  in garnet-mica schists, i.e. m o ­
d e r a t e l y  a l u m i n o u s  rocks .  S u p e r - a l u m i n o u s  rocks  d o  n o t  occur  here .  
H o w e v e r ,  if t h e y  w o u l d  b e  p r e s e n t  in  o n e  of t h e  complexes ,  chlori toid,  
ch lor i te  a n d  a l u m i n i u m  sil icate (kyan i t e  o r  andalus i te ) ,  analogical ly  w i t h  o t h e r  
reg ions  (A 1 b e e, 1965; K o r i k o v s k y  — B o r o n i k h i  n ,  1976), w o u l d  
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b e  s tab i le  i n  t h e s e  rocks. Poss ib le  associations of s u c h  rocks i n  t h e  garnet  
sub fac ies  w o u l d  l i e  o n  t h e  d i a g r a m  a b o v e  t h e  connode  G r  + C h i  (Fig. 6). 

I n  th i s  p lace  w e  cannot  a v o i d  to  m a k e  a n o t e  of t h e  f a c t  t h a t  o n  t h e  eastern 
f l a n k  of  t h e  K o h ú t  Zone, i n  t h e  R i m a v a  F o r m a t i o n  i n c l u d i n g  except  t h e  Hla­
d o m o r n á  V a l l e y  C o m p l e x  also t h e  R e v ú c a  G r o u p  ( V o z á r o v á  — V o z á r .  
1982), t h e r e  i s  a n  e longated  hor i zon  of chloritoid, garnet-chloritoid  a n d  k y a n i t e -
-chloritoid schists w h i c h  h a v e  b e e n  s t u d i e d  i n  deta i l  b y  V r á n a  (1964)^ 
Metamorph ic  g r a d e  of these  rocks  - j u d g i n g  f r o m  t h e  stabi l i ty  of k y a n i t e  a n d  
garnet  - corresponds to  t h e  garnet  subfacies.  Such  coincidence of  m e t a m o r ­
phic  grade of t h e  schists f rom t h e  Hladomorná V a l l e y  F o r m a t i o n  a n d  a l u m i ­
nous  rocks of t h e  Rimava Formation can b e  hardly accidental. This shows 
that t h e  geological uniformity of t h e  Hladomorná V a l l e y  F o r m a t i o n  a n d  t h e  
R i m a v a  F o r m a t i o n  d e t e r m i n e d  b y  V o z á r  ( V o z á r o v á  — V o z á r ,  1982) 
c o n f i r m s  t h e  u n i f o r m i t y  of t h e i r  m e t a m o r p h i s m .  T h u s  w e  can  a s s u m e  that  
rocks  of  t h e  Hron, K l e n o v e c  a n d  Hladomorná  V a l l e y  complexes,  together  w i t h  
chloritoid  schists of t h e  K l e n o v e c  reg ion  w e r e  s i m u l t a n e o u s l y  progress ive ly  
m e t a m o r p h o s e d  i n  o n e  cycle  of zona l  m e t a m o r p h i s m  a f f e c t i n g  t h e  rocks  
of  t h e  K o h ú t  Zone. 

It i s  cons iderab ly  m o r e  d i f f i c u l t  t o  es t imate  t h e  d e p t h  of progress ive  
m e t a m o r p h i s m  t h a n  i ts  t e m p e r a t u r e  s ince  t h e r e  is  n o  accurate geobarometer  
f o r  garnet-mica schists n o t  conta in ing  a l u m i n i u m  silicates. 

However ,  a q u a l i t a t i v e  es t imate  i s  possible.  T h e  h i g h  m a g n e s i u m  content  
of  g a r n e t  i n  t h e  paragenes is  G r  + C h i  + M u  + B i  + Q (13 % of p y r o p e  i n  
t h e  s a m p l e  HS-54, Tab.  2), t h e  cons iderable  a d m i x t u r e  of  grossular i te  i n  p y -
r o p e - a l m a n d i n e  garnets  f r o m  m i c a  schists (16—18%,  Tabs.  1—2) a r e  charac­
teristic, according to  a comparison w i t h  other regions, only of complexes 
w i t h  kyanite-si l l imanite t y p e  of metamorphism, corresponding t o  t h e  pressure 
of 4 kbar (A 1 b e e, 1962, 1972; K o r i k o v s k y  — F e d o r o v s k y ,  1980). 

T h e  stability of kyani te  and not  of andalusite i n  chloritoid schists of t h e  
Rimava  Formation confirms this  conclusion. 

T h e  a g e  of progressive metamorphism can b e  estimated o n  t h e  basis of 
t h e  age  of magmat ic  zircon from t h e  synmetamorphic Rimavica Granites 
w h i c h  are cutting o n  t h e  studied territory through t h e  schists of t h e  Hlado­
m o r n á  V a l l e y  Format ion.  Pr ismat ic  m a g m a t i c  h o m o g e n e o u s  z ircon i n  w h i c h  
scannig  h a s  s h o w n  n e i t h e r  o l d  cores n o r  outer, y o n g e r  regenerat ion  r i m s  g i v e s  
a concordant  a g e  of  350 + 5 m.y .  ( B i b i k o v a  et al., 1988). T h e  isotopic 
composi t ion  o f  t h e  zircons d i d  n o t  p r e s e r v e  a n y  s igns  of  t h e i r  t h e r m a l  
recrystal l izat ion i n  t h e  A l p i n e  cycle. T h e r e f o r e  w e  conc lude  t h a t  z o n a l  m e t a ­
morphism of garnet and staurolite-chloritoid subfacies is in  all complexes of 
the Koh ú t  Zone of t h e  s a m e  a g e  correspond ing  to  t h e  L o w e r  Carboni ferous .  

Retrograde-zoned garnets 

I n  contrast t o  progress ive  m e t a m o r p h i s m ,  re t rograde  processes — chloriti-
zation, sericitization, albit ization, si l icif ication, f o r m a t i o n  of re trograde  r i m s  o n  
garnets  — a f f e c t e d  t h e  s t u d i e d  rocks  u n e v e n l y .  T h e y  w e r e  m o s t  i n t e n s i v e  
i n  t h e  exocontacts of t h e  R i m a v i c a  Granites, or  a long  f a u l t s  a n d  zones  o f  
secondary  schistosity w h i c h  w e r e  t h e  conductors of  l o w - t e m p e r a t u r e  f l u i d s .  
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W h e n  d e t e r m i n i n g  t h e  a g e  of t h e s e  processes it  is  necessary  to t a k e  i n t o  con­
sideration that retrograde sericitization (muscovitization) and albitization of 
schists near granites i s  according t o  i t s  mineral  manifestations and chemical 
trends (acid leaching) identical w i t h  autometasomatic processes i n  t h e  Rima­
v ica  Granites.  Th i s  cou ld  b e  a n  ind icat ion  of genet ic  correspondence  of  b o t h  
processes. T h e  s imi lar i ty  of re t rograde  m e t a m o r p h i s m  o f  schists a n d  auto-
m e t a s o m a t i s m  i n  grani tes  is  e v e n  m o r e  m a r k e d  i n  t h e  v i e w  of  t h e  f a c t  that  
m e t a m o r p h i c  garnets  as  w e l l  as  m a g m a t i c  garnets  i n  t h e  R i m a v i c a  Grani tes  
w e r e  a f f e c t e d  b y  t h e  s a m e  t y p e  of re trograde  recrystal l izat ion  — t h e  formation 
of outer rims enriched considerably i n  grossularite ( G r e g  u s ,  1982; K o r i -
k o v s k y  — D u p e j  — Z i n o v i e v a ,  1989). 

T h e  first one  to  determine grossularization of pyrope-almandine garnets i n  
metamorphic rocks of Veporides w a s  G r e g u š (1982). T h e  scann ing  carr ied  o u t  
b y  t h e  cited a u t h o r  m a d e  i t  poss ib le  to  e x p l a i n  t h e  f a c t  t h a t  grossularite-
-enr iched parts  f o r m  t h e  o u t e r  r i m s  of garnets  o r  t h e y  p e n e t r a t e  i n t o  t h e  
crystals  i n  t h e  f o r m  of ve in le t- l ike  segregations.  G r e g u š re lated  t h e s e  
p h e n o m e n a  to  t h e  r e t r o g r a d e  s tage  of  t h e  V a r i s c a n  m e t a m o r p h i c  cycle  p o i n t i n g  
o u t  a t  t h e  s a m e  t i m e  t h e  m o r e  i n t e n s i v e  m a n i f e s t a t i o n s  o f  t h e s e  processes o n  
t h e  p e r i p h e r y  of m i g m a t i t i c  grani t izat ion  zones. 

O u r  data  c o n f i r m  t h e  f u n d a m e n t a l  conclusions of G r e g u š a n d  t h e y  a l l o w  
to  d e t e r m i n e  n e w  detai ls  of t h e  process. 

Tab.  3 l ists data  o n  t h e  p r o f i l i n g  i n  garnet  f r o m  retrograde-altered garnet-
-mica paragneisses  (Sample  D-17). T h e  s t u d y  s h o w e d  t h a t  t h e  central  p a r t  of  
t h e  g a r n e t  p r e s e r v e d  e lements  of  p r o g r a d e  z o n i n g  — i.e. a certain increase 
of Mg contents towards t h e  edges, a decrease of M n  contents and of t h e  ratio 
Fe /Fe  + Mg (Tab. 3 and Fig. 4, 2). However,  i n  t h e  30—80 microns w i d e  
outermost zone  there  i s  a sharp change i n  t h e  composition of t h e  garnet and  i t s  
zoning. It shows i n  t h e  abrupt increase of grossularite contents (from 4—4.5 
i n  t h e  centre of t h e  grain to 1 1 — 2 4 %  i n  t h e  margin), as  we l l  as  i n  t h e  con­
siderable decrease of M g  content and  increase of t h e  va lue  F e / F e  + Mg. 

Simultaneously there w a s  strong saussuritization of primary oligoclase which  
w a s  replaced b y  albite No.  2—5 w i t h  sericite inclusions. Thus, t h e  connection 
of these  processes — deanorthization of plagioclase and grossularization — 
is evident. 

A t  the  s a m e  t ime,  it  i s  interesting that  there  i s  n o  retrograde increase of M n  
content i n  t h e  marginal  zone  and its  quantity continues to  decrease gradually, 
similarly as  in  t h e  central, prograde part of t h e  garnet. 

Similar t y p e  of retrograde zoning, as  s h o w n  b y  t h e  results of profi l ing i n  
other garnet grains f r o m  gneisses and schists, i s  typical of t h e  Koh ú t  crystal l ine  
complex.  

Corresponding  d a t a  h a v e  b e e n  o b t a i n e d  f r o m  retrograde-altered garnets  
occurr ing  i n  t h e  g r o u p  of e x t r a o r d i n a r y  calcite-bearing garnet-mica  schists 
of t h e  H l a d o m o r n á  V a l l e y  C o m p l e x  (Tab. 4). T h e s e  rocks  h a v e  b e e n  selected 
w i t h  t h e  p u r p o s e  of d e t e r m i n i n g  t h e  u p p e r  l i m i t  of  grossular i te  content  i n  
p y r o p e - a l m a n d i n e  garnets  of t h e  p r o g r a d e  a n d  re trograde  stage. T h e  content  
of grossular i te  i n  garnets  f r o m  calcite-bearing schists (Sample  D-28 a n d  V-65) 
increases b y  2—8 °/o - f r o m  22—23 % i n  t h e  centre t o  24—31 % i n  t h e  marginal  
zone (which, as it  turned out, almost does no t  d i f fer  f rom t h e  content of gros­
sularite i n  garnets f rom common clinozoisite-bearing schists — compare w i t h  



T a b l e  3 

Composition of garnet w i t h  retrograde zoning  and associated minerals  (wt. %)  f r o m  garnet-mica gneisses (sample D-17) 

Sample No. D-17 to 

Mineral (transverse profi le)  Bi  PI a 
0 

Part of grain le f t  edge  centre right e d g e  0 Cfl 
Analys is  No. 1 2 3 4 5 6 7 8 9 10 11 * 

S i 0 2  36.57 66.61 66.99 1 
T i 0 2  

1.01 0 
AI2O3 19.85 20.37 19.71 c 
FeO 32.72 35.16 35.52 35.59 35.03 34.80 29.14 30.17 21.67 M 
MnO 1.75 1.83 1.87 2.28 2.39 2.20 1.63 1.16 0.14 
MgO 2.34 2.79 2.60 2.53 2.79 2.85 1.91 1.72 7.41 1 
CaO 3.90 1.45 1.54 1.46 1.42 1.46 8.59 8.28 0.08 1.30 0.56 CO 
N A 2 0  0.13 12.68 12.63 0 

K 2 O  9.56 0.10 0.10 W 
0 K 2 O  

Total 1 
96.42 101.06 99.99 IS 

K 

F C  .% 88.6 87.8 88.4 88.7 87.6 87.3 89.6 90.9 62.1 
l-H 

2 

Fe + Mg'  1 0  
1 

Components 
5.4 % A n  2.4 % A n  

N 
of garnet: 5.4 % A n  2.4 % A n  2 
A i m  74.9 80.2 80.8 80.4 79.2 79.2 64.4 67.0 O 
Spes 4.1 4.3 4.2 5.2 5.5 5.1 3.7 2.6 <J 

Pr 9.5 11.2 10.5 10.2 11.2 11.5 7.5 6.7 M 
Gros 11.5 4.3 4.5 4.2 4.1 4.2 24.4 23.7 <J 

> 

Paragenesis: D-17 — Gr + Bi + Mu + Tour + PI + Q; (retrograde substitution Gr  -»Chl, PI—->Ab+Ser. 
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T a b l e  4 

Composition of garnets w i t h  retrograde zoning and associated minerals  (wt. %)  f rom calcite-bearing garnet-mica gneisses 

Sample D-28 V-65m 
Mineral Gr Chl G r  Chl Bi PI Cal Gr Chl PI Cal 
Part of grain centre at outer edge  centre edge at outer edge 
Analys is  No. 1 2 3 4 5 6 7 8 9 10 11 12 

S i 0 2  38.05 26.44 37.63 27.59 38.29 67.80 39.40 38.84 26.82 65.92 
TiO> — 0.07 0.15 0.07 1.52 0.08 0.08 0.07 
AI2O3  20.88 23.61 20.68 23.83 20.02 20.01 20.64 20.54 21.24 22.89 
FeO 27.43 24.85 27.64 23.02 17.98 26.89 25.66 28.26 5.48 
MnO 3.80 0.26 3.27 0.17 0.10 0.27 3.59 3.11 0.18 0.65 
MgO 1.87 13.61 1.69 15.04 9.23 0.43 1.91 1.56 12.35 3.33 
CaO 7.60 0.13 8.53 0.08 0.14 1.00 57.37 7.81 11.16 0.38 2.91 46.11 
N a 2 0  0.13 0.27 0.38 11.43 0.12 9.58 
K 2 O  — — 9.26 0.04 0.01 0.06 

Total 99.63 98.04 99.59 99.01 96.91 100.28 1 100.32 100.95 89.43 101.36 

Fe  0, 89.2 50.6 90.2 46.2 52.2 88.8 90.2 56.2 
Fe + Mg'  

90.2 56.2 

Components 
of garnet: 
Aim 61.9 61.6 4 % An 61.2 55.9 14 % An 
Spes 8.7 7.4 

4 % An 
8.3 6.9 

14 % An 

Pr 7.5 6.7 7.7 6.0 
Gros 21.9 24.3 22.8 31.2 

Q 
> 
id 
2! 
H 
t-9 
W 

O 
> 
M 
O 
S 
M 
H 
M 
> 
2 
O 
Q 

M l-H 
M 
CO 

Parageneses: D-28 — Gr + Bi + Chl + Mu + Cal + PI + Q; retrograde substitution pi—>Ser. V-65m — Gr + Bi ± Chl + Cal ± 
+ Clz + Mgt + PI + Q; retrograde substitution Bi—>Ser7 PI—>Ser. 

o i  



T a b l e  5 

Important constants of analysed minerals a n d  their parageneses i n  garnet-mica schists and  gneisses of Kohút  crystalline 
complexes (according to data f r o m  Tab. 1—4) 

Sample No. 
part of 

garnet grain 

Gr  Chi  Bi PI 
Sample No. 

part of 
garnet grain A i m  ' Spes P r  

I 
Gros  1 Fe „ ! 

Fe + Mg'  , u  
— I e —  
Fe + Mg 

Fe 
Fe + Mg'  0 An, % 

Paragenesis 

1 2 3 4 5 6 7 8 9 10 

HS-6 
centre 
rim 

55.0 
67.2 

17.7 
5.8 

3.2 
7.8 

I. Rocks containing prograde-zoned garnets 

24.1 94.6 
19.2 89.6 43.6 48.5 

Gr + Bi + Chi + Zs + 
+ Grph + Ilm + PI + 
+ Q 

CH-8 
centre 
left edge 
right edge 

53.0 
72.4 
68.9 

27.9 
6.0 
6.4 

2.6 
10.4 
5.7 

16.5 
11.2 
19.0 

95.2 
87.4 
92.3 

51.0 
55.5 

Gr + Chi + Mu + 
+ Clz + Ilm + Q 

HS-54 
centre 
rim 

61.5 
80.9 

13.5 
0.6 

3.8 
13.3 

21.2 
5.2 

94.1 
85.9 51.4 

Gr + Chi + Mu + 
+ Clz + Ilm + Tour + 
+ Q 

CH-9 
centre 
left edge 
right edge 

61.2 
82.3 
81.4 

10.0 

0.3 

1.8 
7.6 
5.5 

27.0 
10.1 
12.8 

97.1 
91.5 
93.6 i 

Gr + Bi + Chi + Mu + 
+ Clz + Ilm + Q 

D-16 
centre 

j left edge 
right edge 

67.4 
73.8 
80.3 

10.8 1.4 
9.0 

10.0 

20.5 
17.2 
9.7 

97.9 
89.0 
88.8 

Gr + Bi + Chi + Mu + 
+ Clz + Tour + Ilm + 
+ Q 

i D-22 
centre 
left edge 
right edge 

67.7 
76.5 
76.9 

5.8 3.8 
7.2 
7.! 

22.7 
16.3 
16.0 

94.7 
91.3 
91.5 

í 

! 

Gr + Bi + Chi  + Mu + 
+ Clz + I lm + PI + Q 

* 
O 
2 
S 
o < 
u> 
* 

d 
C 
•d 
H í-c 

w 
o 
w 
o 
g 
í* 

2 
o 
< 
H 
< 
> 



Continuation of Tab. 5 

1 | 

HS-30 
centre 
le f t  edge 
r ight  edge 

50.5 
62.8 
62.2 

18.9 
3.9 
4.5 

4.1 
7.0 
7.6 

26.5 
26.3 
25.6 

92.4 
89.9 
89.1 

Gr + Bi + Chi + Mu + 
-f- Clz I lm -}- PI -}- Q 

II. Rocks containing retrograde or prograde-retrograde zoned garnets 

A.  Calcite-bearing garnet-mica schists 

D-28 
centre 
r i m  

61.9 
61.6 

8.7 
7.4 

7.5 
6.7 

21.9 
24.3 

89.2 
90.2 

50.6 
46.2 52.2 4 

Gr + Bi + Chi + Mu + 
+ Cal + PI + Q 

V-65m 
centre 
r i m  

61.2 
55.9 

8.3 
6.9 

7.7 
6.0 

22.8 
31.2 

88.8 
90.2 56.2 14 

Gr + Bi + Chi + Cal + 
+ Clz + Mgr + PI + Q 

B. Garnet-bearing schists 

D-17 
centre 
le f t  edge 
r ight  edge 

79.2 
74.9 
67.0 

5.5 
4.1 
2.6 

11.2 
9.5 
6.7 

4.1 
11.5 
23.7 

87.6 
88.6 
90.9 62.1 

Gr + Bi + Mu + 
+ Tour + PI + Q 

Dp-1/8 
centre 
r i m  

70.4 
60.5 

16.3 
6.4 

10.0 
5.4 

3.3 
27.7 

87.6 
91.8 47.4 49.9 

Gr + Bi + Chi + Mu + 
+ Clz + Ilm + PI + Q 

VL-3/9.5m 
centre 
l e f t  edge 
r ight  edge 

73.0 
66.2 
68.7 

8.6 
3.5 
1.8 

10.9 
6.2 
6.2 

7.5 
24.1 
23.3 

87.0 
91.5 
91.7 

44.5 
57.4 1.4 

Gr + Bi + Chi + Mu + 
+ Clz + PI + Q 
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Tab.  1). I n  t h e  r e t r o g r a d e  r i m  t h e  content  of Mg decreases a n d  t h e  v a l u e  
Fe/IFe + Mg increases. However ,  i n  these  s a m p l e s  t h e  content of Mn i n  
t h e  re trograde  r i m s  does  n o t  increase, as it  i s  usual ,  b u t  i t  decreases. 

T h e  grossular izat ion of p e r i p h e r a l  parts  of  garnets  is  s imi lar ly  as  i n  m i c a  
schists accompanied  b y  a decrease of t h e  A n - c o n t e n t  of coexist ing  plagioclases 
to No. 4—14 (Tab. 4). 

It i s  i m p o s s i b l e  t o  es t imate  t h e  t e m p e r a t u r e  a n d  p r e s s u r e  of t h e  retrograde  
stage  o n  t h e  bas is  of g e o t h e r m o b a r o m e t r y  because  of  reactional,  d i sequ i l i ­
brium relations be tween  minerals. However,  t h e  very  h igh  content of grossu-
larite i n  t h e  outer margins  of pyrope-almandine garnets shows that  t h e  
pressure of t h e  retrograde s tage  w a s  not less than 4 kbar. 

A l l  data o n  garnets  w i t h  prograde and retrograde zoning and o n  t h e  com­
position of coexisting minerals are  listed i n  Tab. 5. 

Interpretation of the origin of grossularite-rich retrograde margins of garnets 

T h e  indications of retrograde recrystallization of garnets i n  t h e  metamorphic 
rocks of t h e  Koh ú t  crysta l l ine  c o m p l e x  a r e :  t h e  increase of t h e  v a l u e  Fe/Fe + Mg 
i n  t h e  o u t e r  m a r g i n ,  t h e  a b r u p t  increase  of  Ca content  w i t h  s imul taneous  
decrease of  M n  contents  (Fig. 2, 2). 

T h e  f i r s t  t r e n d  — decrease  of  M g  contents  a n d  increase  of  t h e  v a l u e  
Fe/Fe + M g  i n  t h e  m a r g i n  i s  t h e  m o s t  typ ica l  m a n i f e s t a t i o n  of retrograde  
processes a n d  i t  can  b e  e x p l a i n e d  b y  e x c h a n g e  reactions b e t w e e n  g a r n e t  a n d  
b iot i te  f l a k e s  f r o m  t h e  s u r r o u n d i n g  mesostasis  i n  t h e  course  of  t e m p e r a t u r e  
decrease. 

F a r  m o r e  interest ing  i s  t h e  second  t r e n d  — strong retrograde  increase of  
Ca contents  i n  t h e  p e r i p h e r a l  zone.  T h e  re lat ionship  o f  t h e  changes  i n  t h e  
compos i t ion  o f  coexisting garnets  a n d  plagioclases indicates  c lear ly  a red i s t r i ­
bution of Ca f r o m  plagioclase t o  garnet proportional to  t h e  decrease of t em­
perature  — a t r e n d  contrary  t o  t h e  o n e  i n  t h e  p r o g r a d e  stage  (see Fig.  2). 
It c a n  b e  o b s e r v e d  petrographica l ly  t h a t  re trograde  processes as  a w h o l e  
t a k e  p l a c e  o n  t h e  b a c k g r o u n d  of  a s u p p l y  of  o n l y  K (sericitization o f  b io t i te  
a n d  plagioclase) a n d  n o t  Na. 

T h e  r e t r o g r a d e  e x c h a n g e  react ion b e t w e e n  t w o  m i n e r a l s  of t h e  p r o g r e s s i v e  
stage  — oligoclase a n d  a lmandine-pyrope-spessart i te  g a r n e t  (the per iphera l  
z o n e  o f  w h i c h  i s  d u e  t o  p r o g r a d e  reactions s t rong ly  dep le ted  i n  Ca) can  b e  
expressed  t h e  f o l l o w i n g  w a y :  

G**Fe-Mg-Mn ^̂ 30 ^ *̂"ca-Fe-Mg-Mn 

T h e  react ion i s  i sochemical  as f a r  as Ca, A l ,  Mg, F e  a n d  Mn a r e  concerned.  
T h i s  c a n  b e  seen  v e r y  w e l l  o n  Fig.  7, 1:  t h e  c h a n g e  o f  t h e  p r o g r a d e  parage-
nes is  G r F e . M g . M n  + P l 3 0  in to  t h e  re t rograde  Gr C a . M n . M K . F e  + A b  does  n o t  alter  
t h e  b u l k  composi t ion  of  t h e  garnet-plagioclase pair,  o n l y  t h e  composi t ion  
of b o t h  m i n e r a l s  a n d  t h e i r  r e l a t i v e  q u a n t i t y  i n  t h e  rock a r e  changed.  

T h e  latter  can  b e  est imated  o n  t h e  d i a g r a m  7, 1 o n  t h e  bas is  o f  t h e  " r u l e  
of l ever" .  E.g., i f  t h e  re lat ionsh ip  o f  Gr F e . M a . M n /Pl 3 0  i n  a n y  garnet-plagioclase 
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A l  A l  

Ca Mg,Fe,Mn C a  Cc Mg,Fe,Mn 
2 

Fig. 7. Diagrams Al-Ca-(Mg, Fe, Mn) for  equilibria w i t h  garnets having varying 
calcium contents i n  schists and paragneisses of the  Kohút  Zone. 

Explanations: 1 — simultaneous change of the compositions of plagioclases and 
garnets (shown b y  arrows) i n  the course of the retrograde process,, 2 — mineral 
equilibria of calcite-bearing garnet-mica schists of the Kohút Zone i n  the samples 
D-28 and  V-65m, according to data f r o m  Tab. 4. The arrow shows the change of the 
content of grossularite molecule w i t h  PQQ2 increase. 

m i x t u r e  w i t h  t h e  composi t ion  I w e r e  3 : 4, t h e  rat io  of G r l 1  ° í G r o s s  / A b  w o u l d ,  ' Ca-Fe-Mg-Mn ' 
proport iona l ly  to  t h e  alb it izat ion o f  p lagioclase  a n d  grossular izat ion of garnet,  
atta in  t h e  v a l u e  4.5 : 3, i.e. t h e  a m o u n t  of g a r n e t  increases a n d  t h a t  of  p lag io ­
clase decreases. A t  t h e  same  t ime,  nucleation of n e w  garnets i s  no t  necessary: 
t h e y  can grow o n  t h e  exist ing garnet  of t h e  progressive stage. This practically 
means  that  t h e  s ize  of garnet grains should g r o w  proportionally t o  t h e  
growth of t h e  outer grossularite-rich retrograde margin. This trend can b e  
actually observed i n  t h e  retrograde-altered schists of t h e  Koh ú t  Zone. 

Fig.  2 s h o w s  t h a t  r e t r o g r a d e  Ca-rich r i m  can  increase  t h e  w i d t h  of  t h e  
p r i m a r y  g a r n e t  g r a i n  b y  1/10—1/5 of i ts  or ig ina l  d iameter,  w h i l e  garnet  
f r e q u e n t l y  acquires  t h e  f o r m  o f  a n e w  dodecahedron.  S i m i l a r  "grossularite"  
t y p e  of  retrograde  recrystal l izat ion of  garnets  w i t h  a n  increse  of  i t s  grain-size  
i s  re la t i ve ly  r a r e  s ince  t h e  u s u a l  t r e n d  i s  oppos i te :  t h e  a p p e a r a n c e  of re t rograde  
r i m s  w i t h  increas ing  contents of o n l y  M n  a n d  F e  i n  t h e  p e r i p h e r a l  z o n e  is  
accompanied  b y  resorbt ion  of  t h e  edges, b y  t h e  loss  of  dodecahedra l  f o r m s  
a n d  o f t e n  b y  a decrease of  grain-size. 

T h e  d iscussed m e c h a n i s m  of re trograde  recrystal l izat ion a l l o w s  t o  e x p l a i n  
also t h e  th ird,  v e r y  u n u s u a l  f e a t u r e  of garnets  f r o m  t h e  K o h ú t  Z o n e  — t h e  
decrease (and n o t  increase) of  Mn content  i n  t h e  r e t r o g r a d e  m a r g i n .  It i s  
w e l l  k n o w n  that  Mn does  n o t  occur i n  a n y  cons iderable  q u a n t i t y  i n  o ther  
coexist ing sil icates (biotite, chlorite, muscov i te )  a n d  t h u s  t h e  resorbt ion  of 
g a r n e t  i n  re trograde  s tage  l e a d s  t o  r e v e r s e d  d i f f u s i o n  of  M n  into  t h e  crystal  a n d  
f o l l o w i n g l y  t o  t h e  increase  of  M n  contents  i n  t h e  p e r i p h e r a l  react ion z o n e  
of garnet  (common var iant) .  
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If g a r n e t  increases i n  s ize  d u r i n g  t h e  re trograde  stage, t h e  or ig ina l  a m o u n t  
of M n  is red is tr ibuted  o n  a l a r g e  s u r f a c e  of  t h e  crystal  a n d  i ts  a b s o l u t e  content  
i n  t h e  o u t e r  z o n e  s h o u l d  decrease, as i t  i s  t h e  case i n  progress ive  g r o w t h  
z o n i n g  (the discussed var iant ) .  

T h i s  m e c h a n i s m  a l l o w s  t o  e x p l a i n  t h e  n o t  w h o l l y  c o m m o n  f e a t u r e s  of t h e  
composi t ion  of  re t rograde  m a r g i n s  i n  garnets  f r o m  garnet-mica schists of 
t h e  K o h ú t  crystal l ine  complexes.  

W h a t  i s  t h e  m a x i m a l  l i m i t  of grossular i te  so lub i l i ty  i n  p y r a l s p i t e  garnets  at 
t h e  P-T condit ions  of  t h e  r e t r o g r a d e  s tage  i n  t h e  K o h ú t  Zone? T h i s  quest ion  
is  in terest ing  w h e n  inspected  i n  t h e  v i e w  of  t h e  f a c t  t h a t  grossular i te  r i m s  
a r e  f o r m e d  n o t  o n l y  a r o u n d  garnets  f r o m  retrograde-metamorphosed  gneisses  
a n d  schists, b u t  also a r o u n d  m a g m a t i c  garnets  f r o m  autometasomat ica l ly  a l te ­
red Rimavica Granites. A t  t h e  s a m e  time, t h e  content of grossularite i n  t h e  
outer margin of garnets f r o m  calcite-clinozoisite mica  schists, w h e r e  t h e  
Ca-content of garnets should b e  maximal,  i s  31 % (Tab. 4). I n  analogous garnet 
types  f r o m  muscovitized and saussuritized Rimavica Granites it  attains 55 °'o 
( V r á n a ,  1980; K o r i k o v s k y  — D u p e j  — Z i n o v i e v a ,  1989). 

W h a t  i s  t h e  cause  of  s u c h  d i f f e r e n c e  i n  t h e  so lub i l i ty  of grossular i te  i n  
p y r o p e - a l m a n d i n e  garnets  at  a p p a r e n t l y  s imi lar  P-T p a r a m e t e r s  of t h e  process? 

Fig.  7, 2 s h o w s  t h e  a s s e m b l a g e  of m i n e r a l s  f r o m  t h e  s a m p l e  V-65m. A s  i n  
al l  parageneses  w i t h  calcite, t h e  composit ions  of a l l  m i n e r a l s  a r e  control led 
n o t  o n l y  b y  T a n d  P, b u t  also b y  part ia l  p ressure  of  CO2 i n  f l u i d s .  

F r o m  t h e  d i a g r a m  o n  Fig.  7, 2 i t  f o l l o w s  t h a t  t h e  coexist ing m i n e r a l s  a r e  
b o u n d  b y  a react ion of  t h e  t y p e  

T h e  h i g h e r  t h e  par t ia l  p r e s s u r e  of CO2 i n  re t rograde  m e t a m o r p h i s m ,  t h e  
l o w e r  i s  t h e  content  of  grossular i te  i n  g a r n e t  o f  t h e  paragenes is  G r  + Clz + Cc, 
a n d  t h e  m o r e  to  t h e  r i g h t  i s  s h i f t e d  t h e  compos i t ion  of  g a r n e t  i n  t h i s  association 
— t h i s  s h i f t  i s  ind icated  o n  Fig.  7, 2 b y  a n  a r r o w .  

I n  t h e  case of  a l o w  par t ia l  p ressure  of  CO2, l i k e  e.g. i n  p o s t m a g m a t i c  
f l u i d s  i n  granites,  t h e  l i m i t  of  grossular i te  so lub i l i ty  i n  p y r a l s p i t e  garnets  
i s  cons iderab ly  increased a n d  t h e  content  o f  grossular i te  i n  secondary  m a r g i n s  
a r o u n d  m a g m a t i c  garnets  can  reach  55 % .  

1.1 Progress ive  metamorphi l sm of t h e  Ostrá, K l e n o v e c  a n d  Hladomorná  
V a l l e y  complexes  i n  t h e  K o h ú t  Z o n e  w a s  a one-act process. Its i n t e n s i t y  
changes  i n  nor th-western  d irect ion f r o m  g a r n e t  to  staurolite-chloritoid zone.  

2. I n  t h e  m a j o r i t y  of  s a m p l e s  garnets  a r e  characterized b y  p r o g r a d e  z o n i n g  
i n  t h e  w h o l e  p r o f i l e  o f  grain,  w i t h  a decrease  of M n  a n d  Ca contents  a n d  
of  t h e  rat io  Fe/Fe + Mg a n d  increase  of  Mg contents  f r o m  centre  to  r ims.  

3. R e t r o g r a d e  z o n i n g  occurs i n  garnets  i n  t h e  zones  of re t rograde  alterations 
(sericitization, chloritization, saussurit ization),  w i t h  a r e v e r s e d  increase  of 
Ca contents  a n d  of  t h e  v a l u e  Fe/Fe + Mg a n d  decrease o f  Mg a n d  M n  contents  
t o w a r d s  t h e  r ims.  

£<„31 % Gross 
Ca-Fe-Mg-Mn 

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

Translated b y  K .  Janáková  

LOCALIZATION OF THE STUDIED SAMPLES 

D-16 — Road-cut of t h e  forrest  road f r o m  K v a k o v  Hil l  (862.8 m )  to  Po lom (approx. 
3 k m  NE of Hnúšfa)  800 m S f r o m  the  elev.  p o i n t  862.8 m .  Garnet  schist of t h e  
Ostrá Complex.  G r  + M u  + Bi  + Chi  + Clz + Tour  + I l m  + Q. 
D-22 W a l l  outcrop in  ̂the  cut of the  r a i l w a y  l ine  Tisovec-Hnúšťa, approx. 100 m 
E of the  cooperat ive  Hačava. Muscovite-chlorite garnet  gneiss  to schist-gneiss of t h e  
Ostrá Complex.  G r  + Chi  + Bi + Mu + Clz + I l m  + PI + Q. 
D-17 W a l l  outcrop approx.  800 m N of the  v i l l age  P o l o m  near  the  mounta in-r idge  
p a t h  f r o m  t h e  K v a k o v  Hil l  to  Polom. T w o - m i c a  garnet  gneiss  of t h e  Ostrá Complex.  
G r  + Bi  + Mu + Tour  + PI + Q. 
D-15 — Rocky  basement  of the  path  approx.  100 m S of t h e  e lev.  p o i n t  862.6 m 
( K v a k o v  Hill) 2 k m  N of t h e  v i l l age  Polom. Biotite-muscovite garnet  schist of t h e  
Ostrá Complex.  G r  + Bi + Mu + Chi  + Clz + PI + Q. 
D-28 — Road-cut of t h e  forrest  road to  the  r idge  of t h e  Ostrý Hi l l  across Hladomorná  
V a l l e y  approx.  5 k m  N of t h e  v i l l age  Chyžné.  T w o - m i c a  garnet  schist-gneiss. 
G r  + Bi  -j- Mu + Chi  + Cal + PI + Q. 
Dp 1/8 — Cut  of t h e  forrest  path  approx.  1.5 k m  E of t h e  deposit  Mútn ik  a n d  200 m 
W of the  e lev.  point  569.0. Garnet-chlorite-biotite schist  of t h e  Hladomorná  Va l ley  
Complex.  G r  + Bi + Chi  + Mu + Clz + I l m  + Pi. + Q. 
C-8 — Road-cut  of t h e  road  Klenovec-Kokava  n a d  Rimavicou,  approx.  500 m f r o m  
t h e  m e m o r i a l  i n  t h e  pass  Chorepa i n  t h e  direction to Kokava.  Chlorite-muscovite  
garnet  schist of t h e  Ostrá Complex.  G r  + Chi  + Mu + Clz + I l m  + Q. 
CH-9 Road-cut of t h e  road  Klenovec-Kokava,  approx.  600 m f r o m  t h e  m e m o r i a l  i n  
the  Chorepa pass i n  t h e  direct ion to  K o k a v a .  Chlorite-muscovite  garnet  schist of t h e  
Ostrá Complex.  G r  + Mu + Chi  + Bi  + Clz + I lm + Q. 
HS-6 — W a l l  outcrop o n  t h e  l e f t  s ide  of the  path  f r o m  t h e  Chorepa pass  to  Bodnárka  
(833.2 m )  approx.  100 m E of the  lone ly  house Petošovo (1.5 k m  SE of Klenovec) .  
Chlorite-biotite schist  of the  K lenovec  Complex.  G r  + Bi + Chi  + Zs + G r p h  + 
- f  I l m  + P i  + Q. 
HS-30 — W a l l  outcrop i n  the  road-cut of t h e  road  Kokava-Hriňová  approx.  1.5 k m  
E of Kokava.  Enclave  of muscovite-biot i te  paragneiss  i n  a c o m p l e x  of granitoids  a n d  
migmat i tes  (Krárovoholský Complex).  G r  + Bi + Mu + Chi  + Clz  + I l m  + PI + Q. 
HS-54 W a l l  outcrop 2 X 1 m i n  a road-cut of the  forrest  road  f r o m  K l e n o v e c  
to  Ostrá approx.  250 m S W  of t h e  e lev.  po int  897.1 m .  Chlorite-muscovite  garnet  
schist  of the  Ostrá Complex.  G r  + Mu + Chi  + Clz + I l m  + Tour  + Q. 
V-65 m s a m p l e  f r o m  t h e  borehole  carried out  b y  Ore Mines H n ú š f a  i n  a road-cut  
of t h e  road f r o m  Mútnik  to  Polom approx.  800 m N W  of t h e  v i l l a g e  Polom, i n  o v e r ­
lying beds of the  deposit Mútnik.  Garnet-biote-carbonate schist. G r  + Cal + Bi  + 
+ Clz + CI + Mgt + PI + Q. 
VL-3/9.5 m — S a m p l e  f r o m  the  borehole  carried out  b y  Ore Mines H n ú š f a  approx.  
400 m E of t h e  v i l l age  Polom. Garnet  muscovite-biot i te  schist. G r  + Bi 4- Mu 4-
+ PI + I l m  + Q. 
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