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S H A H W A L I FARYAD* 

G L A U C O P H A N I Z E D A M P H I B O L I T E S A N D G N E I S S E S N E A R R U D N l K 
( S L O V E N S K É R U D O H O R I E M T S . ) 

(Figs. 10, Tabs. 2) 

A b s t r a c t : A m i d l o w - m e t a m o r p h i c rocks of Mesozoic in the 
R u d n i k region, a m p h i b o l i t e a n d g a r n e t - a m p h i b o l e gneiss bodies 
occur h a v i n g tectonic contact to t h e s u r r o u n d i n g rocks, r e p r e ­
s e n t e d most ly by myloni t ized s e r p e n t i n i t e zones. By t h e i r m e t a -
m o r p h i c assemblage in a m p h i b o l i t e facies and c o m m o n occurences 
wi th se rpent in i te s they resemble m e t a m o r p h i t e s of a m p h i b o l i t e 
facies occur ing t h e Rakovec G r o u p (Lower Paleozoic of G e m e r i -
cum). These rocks a r e s l ightly g laucophanized a n d s o m e t i m e s also 
mylonit ized. T h e intens i ty of t h e i r m y l o n i t z a t i o n is lower t h a n in 
g l a u c o p h a n e schists of H a č a v a region. 

P e 3 K) M e : Cpe;ni mi3KOMeTaMopcpimecKiix nopofl ivie3030>i oSjiacrii 
c. PyflHHK BCTpenaiOTCH Tejia aMCpnSojinTOB M rpaHaT-aMcbnôojniTOBbix 
THCHCOB HMeiOIHHX C BMeiliaiOIUHMII MX nOpOflaMII TeKTOHHMeCKMH KOH-
raKT npe^CTaBJieHiiri npe>KAe Bcero MHJiOHHTH30BaHHbiMii 30HaMii cep-
neiITMHMTOB. MX MMHepajIbHOH aCCOUMaHIICfi BO CpaUMJl aMCpn60^HT0'3 
n OSIUMMH MecTOHaxo>KfleHH5iMM co cepneHTMHMTaivni OHM HanoMimaioT 
Ha MeTaiviopncpHTbi aivicpiiôojiiiTOBOŕi cbamm BCTpenaiomnec>i B paKO-
BenKOii rpynne (HIDKHHIÍ najieo30ň reiviepuKyivia). 3TM nopoaw cjiaôo 
niayKOCpaHM30BaHbI M MHOr^a TO>Ke MM^0HHTH30BaHbI. MHTeHCHBHOCTb 
npouecca MiwoHiiTH3aunn B STIIX nopo^ax HH>Ke neivi B rjiayKOcbano-
Bbix cnannax oôjiac™ c. XanaBa. 

A s a r e s u l t of d e t a i l e d g e o l o g i c a l a n d p e t r o g r a p h i c a l s t u d i e s , a n u m b e r of 
a m p h i b o l i t e a n d g n e i s s o c c u r r e n c e s h a v e b e e n d i s c o v e r e d i n t h e S p i š s k o - g e m e r -
s k é r u d o h o r i e M t s . r e g i o n ; t h i s p r o v e d v a l u a b l e for t h e e x p l a n a t i o n of m e t a -
m o r p h i c e v o l u t i o n of t h i s r e g i o n ( R o z l o ž n í k , 1965; D i a n i š k a — G r e -
c u l a , 1979; H o v o r k a e t a l . , 1979; B a j a n í k — H o v o r k a, 1981). T h e 
c o i n c i d e n c e of a m p h i b o l i t e a n d g n e i s s o c c u r r e n c e s a m i d l o w - m e t a m o r p h i c L o ­
w e r P a l e o z o i c e x c l u s i v e l y w i t h R a k o v e c G r o u p ( R a k o v e c N a p p e a c c o r d i n g t o 
t h e c l a s s i f i c a t i o n of G r e c u 1 a, 1982, o r K l á t o v N a p p e i n t h e s e n s e of H o ­
v o r k a e t al., 1984) m a k e s a t t h e s a m e t i m e t h e i r c l a s s i f i c a t i o n w i t h i n t h e 
g e n e r a l g e o l o g i c a l s t r u c t u r e of t h i s r e g i o n m o r e d i f f icul t . As a r e s u l t , s e v e r a l 
o p i n i o n s o n t h e g e n e s i s of t h e s e r o c k s h a v e b e e n e x p r e s s e d . A s u m m a r y of t h e 
o p i n i o n s c a n b e f o u n d i n t h e w o r k s of H o v o r k a e t a l . (1984) a n d F a r y a d 
(1986). 

T h e g l a u c o p h a n i z e d a m p h i b o l i t e s a n d g n e i s s e s d e s c r i b e d in t h i s p a p e r o c c u r 
i n t h e r o c k s of M e l i a t a G r o u p , w h i c h is a p a r t of I n n e r W e s t C a r p a t h i a n s . 
T h e p o s i t i o n of M e l i a t a G r o u p is g e n e r a l l y p r o b l e m a t i c . A n u m b e r of g l a u c o ­
p h a n e s c h i s t o c c u r r e n c e s i n t h i s g r o u p ( K a m e n i c k ý , 1957; R e i c h w a l -
d e r, 1973) c lass i f ied a c c o r d i n g t o t h e i r a g e t o g e t h e r w i t h c r y s t a l l i n e l i m e ­
s t o n e s a s M i d d l e to U p p e r T r i a s s i c ( G a l l — M e 11 o, 1983) p o i n t t o l o w - t e m -

* S. W. F a r y a d , Geological Survey, nat . ent., Geological region, G a r b a n o v a 1, 
040 11 Košice. 



748 FARYAD 

p e r a t u r e and high-pressure character of metamorphism. The marks of glauco-
phanizat ion in the studied amphibolites and gneisses lead to the problem of the 
origin of g laucophane schists in this group, discussed as well in the following 
on the example of g laucophane schists near Hačava. 

Geological environment of glaucophanized amphibolites and gneisses 

The studied rocks occur south of the sett lement Rudnik (Fig. 1). They form 
a 200X80 m isolated isle j u t t i n g out of Neogene and Q u a r t e r n a r y sediments. 

Fig. 1. A — Schematized geological map of Gemericum; B — Geological map of the 
studied region. 

Explanations: 1 — Lower Paleozoic of Gemericum. dashed. Rakovec Group (Rakovec 
Nappe); 2 — amphibolites and gneisses of Rakovec Group: 3 — glaucophanized 
gneisses and amphibolites; 4 — Permian and Carboniferous together; 5 — Mesozoic 
in general; 6 — glaucophane schists; 7 — Neogene of Košice Basin; 8 — aluvium: 
9 — studied territory; 10 — denotation of boreholes. 
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On existing geological maps these rocks have been denominated as Mesozoic 
serpentinites ( P r í s t a š in B a j a n i k et al.. 1984) or they have been assumed 
to be diabases of Meliata Group (B a c s o, 1980). 

Glaucophanized amphibolites and gneisses have been reached by two bore­
holes (Fig. 2). They have tectonic contact wi th the surrounding rocks, repre­
sented by 2—7 m thick mylonite zones, mostly mylonitized serpentinites. The 
amphibolite and gneiss bodies, together with mylonitized serpentinite par t s 
have contacts with two metamorphical ly different rock types. In t h e first case 
they are fine-grained crystalline limestones (borehole RA-7 79). These occured 
in some other boreholes too. In the second case they are sediments with a very 
low grade of m e t a m o r p h i c al terat ion (borehole RA-6/79). According to Z. 
B a c s o. all mentioned rock types a re par ts of Meliata Group. The s t ructure 
of the region is tectonically complicated. It is difficult to construct a regular 
lithological succession of sediments in the studied region, in spite of a sufficient­
ly dense net of boreholes. 
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Fig. 2. Bore profiles (B a c s ó. 1980, ad­
justed). 

Fig. 3. Classification diagram of calcium 
amphiboles (L e a k e, 1978). 

Explanations: 1 — amphibolites; 2 — gar-
net-plagioclase gnenisses; 3 — serpentini-
nites; 4 — crystalline limestones; 5 — car­
bonate schists (fine-grained crystalline 
limestones); 6 — green schists; 7 _ brec­
cias to graywackes; 8 — Neogene of Koši­
ce formation; 9 — alluvium; 10 — mylo­
nitized zones; 11 — location and denota-
nion of thin section. 

Explanations: The limited field marks 
hornblendes from garnet-amphibole 
gneisses from Rudňany region (data 
from the work H o v o r k a — S r j i š i a k , 
1981). 
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Petrography 

Except samples collected from surface by the authors, archival thin-section 
material from boreholes has been used as well for the petrographical study. 
The petrographic characterization deals above all with amphibolite facies me-
tamorphites; we shall mention the character of surrounding rocks only briefly. 

Amphibolite-facies metamorphites 

G l a u c o p h a n i z e d g a r n e t - a m p h i b o l e g n e i s s e s 

This rock type occurs on the surface and a substantial part of the islet in 
Quarternary sediments is formed by these rocks. They are fine- to medium-
-grained compact rocks of dark grey to grey colour, with a bluish shade, and 
not very pronounced schistose structure. The following minerals take part in 
the mineral composition: amphibole (hornblende + glaucophane. 40—60 %). 
plagioclase (20—30 " D) and quartz (10—20%), to a lesser extent garnet and 
accessories (apatite, zircon, epidote, chlorite, white mica ± biotite and ore mi­
nerals). The texture of these rocks is slightly oriented, nematoblastic. 

Brown hornblende forms tabular to columnar shapes and sometimes it also 
encloses poikiloblastically garnet and plagioclase. The grain-size varies between 
0.5—2.5 mm. Hornblende is often glaucophanized, even pseudomorphosed by 
glaucophane. The pseudomorphism of hornblende by glaucophane has topotac-
tic character; it begins on grain rims and mostly it follows the direction of 
cleavage fissures. Glaucophane forms nomaxial grains with the c-axis of horn­
blende. In this alteration the original hornblende form is usually preserved. 
Its pleochroism changes to blue and numerous powder-like grains of ore mi­
nerals and titanite are formed in it. Relict hornblende islets are not clouded by 
ore pigment. 

Glaucophanization is accompanied by ore-mineral exsolution. Idioblasts to 
hypidioblasts of glaucophane occur sporadically in veinlets with albite. Glau­
cophane has here bright blue pleochroism in (a) direction and violet pleochroism 
in (y) direction and it is not accompanied by ore mineral exsolution. This glau­
cophane type is in rare cases developed also on the rims of glaucophanized 
hornblendes but in this case it does not form individual crystals. 

Garnet is a frequent mineral of these rocks. It forms irregular, rarely 
idioblastic grains. The grain-size varies between 0.5—2 mm. Garnets are usual­
ly cracked and chloritized along the cracks and rims. Infrequently garnet forms 
inclusions in glaucophanized hornblende. Its idioblastic form is here often pre­
served. 

At least two plagioclase generations can be distinguished in these rocks. Older 
plagioclase forms irregular, more or less parallelly oriented grains, usually 
intensively sericitized, saussuritized and clouded. This plagioclase sometimes 
forms inclusions in hornblende. Second plagioclase type (albite) is represented 
by veinlets and in contrast to the previous type it is transparent and albitical-
ly lamelled. 

Similarly as in the case of plagioclase. two generations of quartz can be 
distinguished. First generation forms elongated to lenticular grains and cumu-
loblasts in the direction of rock schistosity. It flows slightly around plagioclase 
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as well as brown hornblende and occasionally it encloses them. All quartz 
grains have undulous extinction. The younger quartz generation forms inde­
pendent veinlets. We have not succeeded in determining their succession relation­
ship to the albite veinlets. 

White mica is in the studied rocks present only in accessory quantities. It 
occurs most frequently in the form of sericite in plagioclase. White-mica idiob-
last inclusions up to 0.1 mm in size in glaucophanized hornblendes are spo­
radical. In both cases mica has random orientation of its flakes. 

Except zircon and apatite which form inclusions in hornblende and plagio­
clase, other accessories like epidote. chlorite, titanite etc. are secondary mine­
rals in these rocks and they are irregularly dispersed in them. 

We have not found wholly preserved biotite in the studied rocks. Only in one 
sample, in which there is a relatively lower content of glaucophanized horn­
blende and higher content of garnet, there are biotite relics. It is thus possible 
to assume that biotite occurrences are connected only with parts poor in horn­
blende and rich in plagioclase and quartz. Only in the middle of a chlorite 
crystal there are relics of greenish-brown biotite. Ti-minerals (leucoxene and 
titanite) concentrate along cleavage fissures of chlorite. Original crystal forms 
are preserved during the alteration of biotite to chlorite; they flow often around 
garnet and plagioclase. Sporadical flakes of already chloritized biotite occur 
along the rims of hornblende grains. These were probably formed by the re­
placement of hornblende. 

A m p h i b o l i t e s 

Amphibolites have been found in the boreholes RA-6/79 (V-3) and RA-7/79 
(V-7). They occur on the surface only to a lesser extent. 

In contrast to glaucophanized gneisses they form only smaller fragments, 
often weathered. They are dark blue in colour and macroscopically fine-grai­
ned. The mineral composition of amphibolites consists of hornblende and pla­
gioclase, to a lesser extent of epidote, chlorite and accessory apatite, titanite, 
quartz, actinolite and in the sample (V-7) also galucophane. The rock texture 
is slightly oriented, granonematoblastic. Brown to greenish-brown hornblende 
forms tabular grains chloritized along cleavage fissures and rims. In one samp­
le, (V-7), very faint glaucophanization signs are present. Similarly as in glau­
cophanized gneisses, pseudomorphs of glaucophane after hornblende are 
present here as well, with simultaneous forming of powder aggregate, probably 
of titanite. Except for these preudomorphism, glaucophane forms here also in­
dividual crystals in veinlets with albite. In the sample (V-3). in place of glauco­
phane after hornblende pseudomorphs. deep-green amphibole with bluish 
shade was formed as an accessory. Most probably it is sodium-calcium am­
phibole. 

Plagioclase grains (first generation) are intensively saussuritized and clouded. 
They often form inclusions in hornblende. Younger plagioclase — albite (se­
cond generation) — is present as well. Albite veinlets occur along various di­
rections and they are sometimes accompanied by actinolite needles. 
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C h 1 o r i t e - e p i d o t e s c h i s t s 

They were probably formed as a result of mylonitization of amphibolites. 
This rock type corresponds to the upper part of amphibolite body in the bore­
hole RA-7/79 (V-5 and V-6). They are rocks consisting mostly of chlorite, epi-
dote, plagioclase, accessory apatite, quartz, titanite and other ore minerals. 
Plagioclase is similarly saussuritized as in amphibolites, but fresh plagioclases 
here dominate, forming veinlets and clusters in the rock. 

Chlorite often forms aggregates with tabular form (size up to 1 mm) with 
dispersed fine grains of titanite, sporadically also carbonate. Similar tabular 
forms in amphibolites correspond to glaucophanes or bluish-green amphibole 
(not determined more precisely) and they were formed by pseudomorphism 
after hornblende. The rock is generally interveined by albite. chlorite, albite + 
+ calcite, calcite + haematite veinlets. 

G a r n e t - p 1 a g i o c 1 a s e g n e i s s e s 

This rock type occurs in the borehole RA-6/79 (6—23 m) (V-l). The rock is 
formed by plagioclase, chlorite, garnet and ore minerals. Plagioclase is absolu­
tely predominant in this rock. It forms either saussuritized grains in the rock 
or fresh grains in veinlets and nests. Garnet is strongly chloritized to pseudo-
morphosed by chlorite, only sporadically it is preserved as a .relic in chloritized 
formations. The original contents of garnet in the rock can be estimated as 
5 % of rock volume. The rock is penetrated by albite veinlets and no forms 
after pseudomorphosed amphibole or other dark mineral can be found. 

Rock types in the surrounding of glaucophanized amphibolites and gneisses 

On the basis of borings (B a c s o, 1980) and our petrographical studies, the 
following rock types have been distinguished in the studied region: limesto­
nes, clay schists, black schists, violet schists, breccias to graywackes. green 
schists, serpentinites, crystalline limestones and rocks of gabbroid character. 
Individual rock types do not form regular stratigraphical strata succession in 
the boreholes. Rocks observed in one borehole are frequently lacking in the 
neighbouring one. 

Breccias to graywackes (V-6). but other sedimentary rock types too. display 
a very low alteration grade. Fine sericite flakes, chlorite (after clastic biotite 
decomposition) and ore pigment are formed in these rocks. In green schists, 
the newly formed mineral assemblage consists of chlorite, albite. carbonate, 
quartz and ore mineral. Original dark minerals have here not been preserved. 

Crystalline limestones (V-8-10) are interesting by the fact that except calcite 
(grain size 0.1 mm) they contain xenoblasts to poikiloblasts of plagioclase. This 
rock type, but with a more coarse-grained character and perfect recrystalliza-
tion. has been described also in the proximity of glaucophane schists in the 
area of Hačava ( R e i c h w a l d e r . 1973). 
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Chemical composition of minerals 

Analyses of minerals have been carried out on the automatized microanaly-
ser ARL-SEMQ in the Central Geological Inst i tute, Prague, using a p r o g r a m m e 
modified by Ing. K o t e r b a and Ing. R y b k a . We have analysed several mi­
nerals from glaucophanized gneisses. For t h e purpose of comparison we have 
also analysed some minerals of glaucophanites from the Hačava region, which 
were petrographical ly already evaluated by J. K a m e n i c k ý (1957) a n d 
R e i c h w a l d e r (1973). 

1. H o r n b l e n d e 

In two analysed samples of glaucophanized garnet-amphibole gneisses, three 
analyses correspond to magnesian hornblendes (Fig. 3). One analysis has rela­
tively higher Na contents which is characterist ic for edenitic hornblende. 
Another analysis has Si contents corresponding to actinolitic hornblende. Both 
analyses are from a single sample (Fg-70/85) and we do not exclude t h e possi­
bility that such an increase of Na and Si contents is secondary, since glauco-
phanization is here more intensive t h a n in the sample Fg-158/85 (Fig. 4). 

Tschermakrte 

ftjrgasite 

Q Edenite 

Tremolite 
ActinotHe 

Na»K 

Fig. 4. A1 I V: Na + K diagram for calcium amphiboles. 
Explanations: Dashed field marks hornblendes of amphibolites from Klátov region. 
The rest as in Fig. 3. 

2. G l a u c o p h a n e 

In the classification diagram (M i y a s h i r o, 1957), t h e analysed glaucopha-
nes from glaucophanized gneisses and amphibolites concentrate on the border 
between Fe-glaucophane and glaucophane (Fig. 5). In contrast to the samples 
from Rudnik region, glaucophanes from glaucophanites near Hačava concen-
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tra te in the field of Fe-glaucophane. There remains the problem of estimation 
or calculation of Fe : i + a n d Fe 2 4 contents from analyses carried out by a micro-
analyser. E.g., g laucophanes from glaucophanites of Hačava region analysed by 
the classical method ( H o w i e — W a l s h , 1982) correspond to crossite and the 
determined Fe : f + contents in t h e m vary between 0.9—0.8 % . Glaucophanes from 
this locality, analysed by microanalyser, as a l ready mentioned, correspond to 
Fe-glaucophanes. We have calculated their m a x i m u m F e 3 + contents (0.52) with 
the help of the method suggested by P a p i k e et al. (1974). 

FG ( N o . K) A - 0.5 R 
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A A A 

• •••* • 
K 
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1 • 
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3 « 

G 0,3 0,7 MR 

F e 3 * / < R , 3 < . A l I V ) 

Fig. 5. Classification diagram of alkali amphiboles (M i y a s h i r o, 1957) for Na-
-amphiboles. 

Explanations: Na-amphiboles from 1 — glaucophanized gneisses and amphibolites: 
2 — glaucophanites from Hačava region; 3 — glaucophanites from Hačava region 
(data from the work H o w i e - W a l s h , 1982; see text). 

Glaucophanes from amphibolites and gneisses of Rudnik region differ from 
glaucophanes from glaucophane schists near Hačava by an increased amount 
of actinolite component Ca/(Ca + Na) = X C a . In t h e first case X C a is less t h a n 
0.9. but in two analyses as low as 0.11. In the second case is this quant i ty usual­
ly lower t h a n 0.05. It is necessary to add t h a t in g laucophane from glaucophane 
schists of Tavsanli region (north Turkey) w h e r e other high-pressure minerals 
a re present as well, t h e actinolite component contents are under 0.1 ( O k a y . 
1980). 

3. G a r n e t 

In glaucophanized garnet-amphibole gneisses, garnet is rich in a lmandine 
component. Weak progressive zoning is development from the core to the r im of 
grains (Figs. 6. 7). 

Garnet from glaucophanites near Hačava analysed for t h e purpose of a 
possible reconstruction of the glaucophanization process has a very different 
chemistry from the previous one. It is rich in t h e almandine-spessart i te com­
ponent and has a pronounced progressive zoning (Figs. 8 and 9). Thus we can 
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see that these garnets are by far not connected only with a single type of m e -
tamorphism. 

4. W h i t e m i c a 

As already mentioned, white mica is fine-flaked in the glaucophanized 
gneisses. We have analysed three mica flakes forming clusters beside glauco-
phane. The contents of muscovite component vary between 60—80 % , t h e con­
tent of fengite component is 15—40°,o. F r o m petrographical characteristics it 
is not possible to tell whether white mica was formed in these rocks s imulta­
neously with glaucophanization or it is still younger. 
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Fig. 6. Composition of garnet from glau-
cophane schists and amphibolites. 

Explanations: Full circles — core of gar­
net, crosses — rim of garnet. The numbers 
signify the contents of almandine compo­
nent (rounded off). Dashed field are gar­
nets from garnet-amphibole gneisses 
(Rudňany) and dotted from garnet-biotite 

gneisses (Klátov). 

Fig. 7. Zonning of garnet from glaucopha­
nized gneisses. 

5. P l a g i o c l a s e 

Older plagioclase is always substi tuted by another mineral . Several grains 
of second-generation plagioclase have been analysed. In all cases it was albite. 

Metamorphic mineral assemblages 

M i n e r a l a s s e m b l a g e o f a m p h i b o l i t e f a c i e s 

In the studied amphibolites and gneisses this assemblage is characterized 
especially by t h e forming of brown hornblende, plagioclase and garnet . Plagio-
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clase, as ment ioned above, is subsequently always substi tuted by other mine­
rals. We have based our est imation of amphiboli te facies metamorphic tempe­
r a t u r e on hornblende and garnet relics in these rooks. Slight regressive zoning 
is developed in garnet. Tempera tures obtained on t h e basis of phase equili­
br ium garnet-hornblende ( P e r c h u k . 1978) vary between 625 °C for the core 
and 595 °C for the r im of garnet. 
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Fig. 8. Composition of garnet 
glaucophane gneisses. 

from Fig. 9. Zoning of garnet from glaucopha-
nites of Hačava region. 

Explanations: Dashed arrows connect 
core and rim of garnet from blue schists 
of Tavsanli region (Turkev, O k a v. 
1980) 

Regressive zoning in garnet, signs of substitution of hornblende by biotite 
and above all t h e same saussurit ization to kaolinization character of plagio-
clase (in glaucophanized amphibolites and gneisses as well as in amphibolites 
and gneisses with no signs of glaucophanization) could be proofs of regressive 
a l terat ion of these rocks. Most probably it took place after t h e reaching of 
culmination point of amphibol i te facies metamorphism. 

M i n e r a l a s s e m b l a g e s o f g l a u c o p h a n e s c h i s t s 

The intensity of glaucophanization is in amphibolites and gneisses very va­
riable. The most affected rocks a re garnet-amphibole gneisses. The glaucopha­
nization itself has metasomatic character. During this alteration, topotactic 
subst i tut ion to pseudomorphism of hornblende took place and t h e s t ructure 
of amphiboli te facies metamorphi tes remains unaltered. The suggestion of 
Na-metasomatism is supported also by t h e occurrence of a l b i t e ± glaucophane 
veinlets in these rocks and new plagioclase in surrounding carbonates. 

We base our assesment of metamorphic conditions of g laucophane schist mi­
neral assemblage formation on some common petrographic signs in rocks of 
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Rudník and Hačava regions, which could be the proofs of a possible s imilarity 
of glaucophanization process in both localities. The development of g laucophane 
is in both cases mostly directionless and the rocks are massive. Original t e x t u r e 
and s t ructure characteristics are mostly preserved. Similarly as in Hačava re­
gion, recrystallized limestones with plagioclase xenoblasts to poikiloblasts occur 
sporadically also on the locality Rudník. In this case lower recrystallization 
grade of limestones is in accordance with the intensity of glaucophanization 
this locality. 

The cause of the formation of glaucophane schists is assumed to be the sub-
duction process ( E r n s t , 1971 and others) or overpressure of tectonic origin 
( C o l e m a n — L e e . 1962 and others). The presence of veinlets of blue a m p h i -
bole. jadeite and lawsonite in Franciscan formation in California as well as in 
other regions point to t h e possibility of effects of fluid pressure of tectonic 
origin (R o e v e r, 1972). M i s c h (1962, 1969) suggests syntectonic origin of 
these veinlets : i. e. crystallization dur ing the opening of fissure. The minera l s 
ususally crystallize from solution. 

18 
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0-~ 8 
Fig. 10. Maximal possible stability field ° 

of glaucophane (M a r e s c h, 1977). o. 4 

Explanations: 1 — decomposition of 
glaucophane, 2 — glaucophane without 200 400 600 800 
changes, 3 — ambiguous result (see text). T 1 *C ! 

The problem of the conditions of g laucophane formation has been in the 
last t ime the centre of a t tent ion of several exper imenta l works ( E r n s t , 1961, 
1963; L i y a m a , 1963; R o e v e r, 1967; C a r m a n , 1969,1974; M a r e s c h, 
1973, 1974, 1977 and others). The m a x i m a l stability field P H Q — T of n a t u r a l 

glaucophane has been studied by M a r e s c h (1977). This author established 
that at PTT r\ under 4 kbar, at t emperatures under 350 °C, g laucophane is not 

stable any m o r e (Fig. 10). The ambiguous result obtained from the new phase 
corresponding to less t h a n 3—4 " 0 of the total mat ter , at 300 °C and 6 kbar 
P ^ Q signifies the upper limit of low-pressure stability. According to some 

authors . (R o e v e r. 1972 and others), the low-temperature limit of g laucophane 
formation is at pressures of 4—5 kbar and more 200 °C. Na-metasomatism alo­
ne, without high P r i 0 • hardly leads to t h e formation of glaucophane. 

Except the presence of glaucophane and albite + glaucophane veinlets, a n o ­
ther sign analoguos for glaucophanites of Hačava region and blue schists ( O k a y . 
1980) is the presence of markedly zonal garnet (Fig. 9). Similar garnet 
types rich in spessartite component and very poor in pyrope component are 
frequent in the Franciscan complex ( E r n s t et al.. 1970) and in New Cale-
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donia ( B l a c k , 1973). The increase of a lmandine and pyrope contents from 
the core of garnet to its r im signifies an increase of t e m p e r a t u r e dur ing its 
crystallization. 

If we base our considerations on the results of the existing exper imental 
works on glaucophane stability and some analogies (the development of rock 
texture and its minera l composition) of the studied rocks with high-pressure 
rocks, then the most probable process of formation of g laucophane schists and 
crystalline l imestones is low-temperature, medium-pressure metamorphism. 
Most probable appear t o be t h e values of P t = PTT Q pressure (in t e m p e r a t u r e 

interval 200—350) 0.4 to 0.6 GPa (upper low-pressure limit of g laucophane 
stability). 

Mineral assemblage formed predominantly by dislocation metamorphism 

It is difficult to distinguish t h e products of this a l terat ion from the previous 
ones in the solid and massive amphibolites and gneisses. It is possible only to 
notice sericite flakes occurring sometimes in younger albite which forms veinlets 
and clusters in the rock. In mylonitized parts, sericite, chlorite and epidote are 
formed s imultaneously with cataclasis. Chloritization of glaucophane took here 
place as well. 

Discussion and interpretation of results 

1. The earliest metamorphic process is amphibolite-facies metamorphi sm which 
caused the formation of the studied amphibolites and gneisses. In its concluding 
phase, weak regressive al terat ion most probably took place as well. 

2. Crystalline limestones wi th plagioclase xenoblasts occurring next to amphi­
bolites and gneisse in the Rudnik region are not metamorphic equivalents of 
the amphibolites and gneisses, but they have higher recrystall ization grade 
than t h e surrounding l imestones and other sedimentary rock types. It is pro­
bable that the crystalline limestones were formed simultaneously wi th amphi-
bolite and gneiss glaucophanization. The relatedness of t h e formation of glau­
cophane schists and crystall ine limestones can be supported by t h e presence of 
crystalline l imestone intercalat ions in per ipheral par ts of g laucophane schists 
in t h e region of Šugovská Valley. 

3. The recent position of the rocks leads us to assume t h a t glaucophanized 
amphibolites and gneisses reached the envi ronment of l imestones and other 
sedimentary rocks by the means of tectonic displacement. Tectonic position 
of g laucophane schists and crystalline limestones to the surrounding rocks and 
signs of younger deformation elements in glaucophane schists themselves are 
well documented in the Hačava region ( R e i c h w a l d e r . 1973). 

The process of glaucophanization in Gemericum is considered to be of Alpine 
age as Mesozoic rocks are affected by this process. However, there remains the 
problem of the age determinat ion of amphiboli te fades . Before we should state 
our s tandpoint in this question, it is appropiate to ment ion a few similarities 
of the studied amphibolites and gneisses with amphibolites and gneisses from 
Klátov and R u d ň a n y regions, in spite of their independent position (the occu­
rrence of amphibolites and gneisses in Mesozoic rocks without the presence of 
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other rocks of Rakovec Group where these rocks are known to occur). The 
similarity of amphibolites and gneisses from Rudnik region with amphibolites 
and gneisses of Klátov and R u d ň a n y regions consists in : 

a) Lithological rock types. Similarly as in Klátov, R u d ň a n y and Dobšiná 
regions, amphibolites occur here next to gneisses, which have similar mineral 
and possibly also chemical composition. Serpentinites found in boreholes next 
to glaucophanized amphibolites and gneisses have not been yet petrographical ly 
and mineralogically evaluated. It is not known whether they correspond, ac­
cording to their minera l and chemical composition, to serpentinites from amphi-
bolite and gneiss complexes known to occur in the Rakovec Group, or to Me-
sozoic serpentinites from southern p a r t of Gemericum. 

b) Character and grade of metamorphism. The similarity of character and 
grade of metamorphi sm is a p p a r e n t from the same tex ture and minera l de­
velopment and m u t u a l phase equil ibrium between t h e minerals . However, it is 
t rue that the original rock composition plays an i m p o r t a n t role in t h e forming 
of metamorphic minera l assemblages. In our case it is possible to compare t h e 
studied gneisses with garnet-amphibole gneisses of R u d ň a n y region, where si­
milar mineral assemblage can be distinguished (comp. H o v o r k a — S p i ­
š i a k , 1981). The composition of hornblendes from of both localities falls into 
the same fields (Figs. 3, 4). 

More recent petrological investigations (H o v o r k a et al.. 1984; S p i š i a k — 
H o v o r k a , 1985) show that amphibolites, gneisses and serpentinites (rocks of 
the Klátov Group) together wi th the rocks of the Dobšiná Group represent an 
individual nappe, t h e so-called Klátov Nappe. According to t h e above-mentioned 
authors, the rocks of Klátov Group represent t h e upper p a r t of oceanic crust 
metamorphosed either in the area of t ransform faults or in the process of their 
obduction. 

The presence of glaucophanized amphibolites and gneisses and fine-grained 
crystalline limestones in low-metamorphic sediments and the presence of my-
lonitized serpentinites in Meliata Group near Rudnik resemble tectonical me­
lange. 

With regard to t h e geological position of glaucophanized amphibolites and 
gneisses and their metamorphic, possibly also lithological (?) similarity with 
metamorphites of amphibolite f a d e s from Rakovec Group, it is possible to 
explain the origin of these rocks in two ways : 

a) Amphibolites and gneisses are together with serpentinites a p a r t of Me­
liata Group. If this is t rue, we m u s t however admit that rocks of Meliata Group 
were affected by amphibolite facies metamorphi sm even before the process 
of low-temperature, medium-pressure metamorphism. It is necessary to add 
that there are no signs of amphibolite facies in the glaucophanites of Hačava 
region. On the contrary, there are frequently present tex tures and s tructures 
pointing to their origination from basalts and their tuffs containing sometimes 
carbonate beds. 

b) The studied rocks come from the same complex as amphibolite, gneiss and 
serpentinite bodies occurring in per iphera l par ts of Lower Paleozoic (Rakovec 
Group). These rocks were together with rocks of Meliata Group affected by 
subsequent low-temperature and medium-pressure metamorphism. 

So far we cannot answer this question unambiguously, because there are 
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missing geochronological data about t h e studied rooks and our petrological in­
vestigations a r e only in the beginning stage. However, if we consider the 
existing observations, lithological and metamorphica l relatedness of these rocks 
with amphibolites and gneisses occurring in Rakovec Group is most probable. 

Conclusion 

Glaucophanized gneisses and amphibolites in Mesozoic rocks of Rudnik region 
appear to be, from the viewpoint of pe t rography and mineralogy, metamorphic 
and possibly also lithological (?) equivalents of amphiboli te facies m e t a m o r -
phites occurring along Rakovec Group. The calculated metamorphic temperatures 
of these rocks vary between 595—625 °C. According to t h e minera l assemblages 
in the amphibolites and gneisses, t h e most probable t e m p e r a t u r e s of formation 
of these rocks appear to be a little lower (570—600 °C). 

Except amphiboli te facies metamorphi sm and regressive alteration, it is pos­
sible to distinguish in the studied rocks the following succession of events : 

1. Low-temperature, medium-pressure metamorphi sm of amphibolites and 
gneisses from Mesozoic l imestones took place most probably at t e m p e r a t u r e s of 
200—350 °C and pressures P, = P H 2 0 = 0.4 — 0.6 GPa. The intensity of this 

a l terat ion was in the rocks of Rudnik region lower t h a n in Hačava region. 
2. Transpor ta t ion of glaucophanized rocks and crystalline limestones into 

their recent environment, their mylonit ization and forming of tectonic slices. 
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