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A B S T R A C T 

Carboniferous to Permian basins reflected compression régime of the 

Variscan orogeny during the continent-continent collision in final stages. 

The fragments of thèse microplates are preserved in the Alpine Western 

Carpathians basement (CWCZ, N G Z vers. IWCZ). O n the basis of sedi

mentary séquence analysis two zones of continental collision differing in time 

were established: (1) internai with termination of collision during Bretonian 

(pre-Sudetian) events, resulting in the syn-collision Tournaisian-Visean 

flysch; (2) external with termination of collision during pre-Asturian events, 

compris ing the Bashkirian, and in the innermost part of the Western 

Carpathians (Bùkk Mountains in the northern part of Hungary) partly even 

the Early Moscovian flysch séquences. 
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R E S U M E 

L'intervalle Carbonifère supérieur à Permien inférieur dans les Carpates occiden

tales : marge septentrionale de la Téthys. Les bassins d'âge carbonifère à per

mien reflètent un régime de compression appartenant à l'orogenèse varisque, 

lors de la collision continent-continent dans les stages finaux. Les fragments 

de ces microplaques sont préservés dans le socle des Carpates alpines occiden

tales (CWCZ, N G Z vers. IWCZ) . D'après l'analyse des séquences sédimen-

taires, deux zones de collision continentale peuvent être établies : (1) interne 

avec la fin de la collision pendant la phase Bretonne (pré-Sudète), entraînant 

le dépôt du flysch tournaisien-viséen inférieur syn-collision ; (2) externe, avec 

la fin de la collision pendan t la phase pré-Astur ienne, comprenan t le 

Bashkirien et, dans la partie la plus interne des Carpates occidentales 

(Montagne du Bùkk dans le nord de la Hongrie), le dépôt de flysch d'âge 

moscovien inférieur. 
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I N T R O D U C T I O N 

T h e k i n e m a t i c é v o l u t i o n o f t h e W e s t 

Carpa th ians orogenic S y s t e m was created du r ing 

b o t h Variscan a n d A l p i n e t imes . F r a g m e n t s of 

newly formed Epi-Variscan crust were incorpora-

ted in the Paleo-Alpine West Ca rpa th i an uni t s as 

evidenced by repeat ing subduct ion/col l i s ion and 

t ransform fault processes. T h e Epi-Variscan crust 

gradually amalgamated d u e to crustal th icken ing 

d u r i n g E a r l y t o L a t e C a r b o n i f e r o u s co l l i s ion 

events , as t h e co l l i d ing mic rop l a t e s of Afr ican 

a f f i n i t y m o v e d s o u t h w a r d s . T h e E a r l y 

Carboni ferous flysch t roughs or iginated in intra-

s u t u r a l e m b a y m e n t c o n t i n u i n g i n t h e L a t e 

C a r b o n i f e r o u s p e r i p h e r a l bas in o n t h e u n d e r -

th rus t i ng plate of the Aftican p r o m o n t o r y . T h e 

p o s t - c o l l i s i o n a l P e r m i a n é v o l u t i o n o f t h e 

Wes te rn Ca rpa th i an realm c o n t i n u e d by forma

t i o n of t r a n s t e n s i o n / t r a n s p r e s s i o n a n d r i f t ing-

related sed imenta ry basins. 

Like m o s t of the o the r collisional fold belts, the 

W e s t e r n C a r p a t h i a n s h a v e b e e n t r a d i t i o n a l l y 

d i v i d e d i n t o e x t e r n a l a n d i n t e r n a i s t r u c t u r a l 

zones . T h e m a i n différence be tween d i s t i ngu i -

shed s t ruc tura l zones is in t he âge of t he m a i n 

Alp ine events a n d in the intensi ty of their defor-

mat iona l a n d m e t a m o r p h i c effects. Thèse are: (1) 

in ternai zone , t he H P / L T Late Jurassic s u b d u c 

t i on event a n d E a r l y / M i d d l e C r e t a c e o u s coll i 

s ion , fol lowed by n a p p e s tack ing ; (2) ex te rna l 

zone, the Late Cre taceous/Ear ly Paleocene to the 

O l igocene /Ea r ly M i o c è n e s u b d u c t i o n / a c c r e t i o n 

a n d collision events . T h e fragments of the Late 

Paleozoic sed imenta ry basins fdling are preserved 

on ly inside of the internai zone, as a par t of p r in 

cipal crustal-scale superun i t s (from N to S: the 

T a t r i c u m , V e p o r i c u m a n d G e m e r i c u m ) , a n d 

several cover nappe Systems (Fatric, H r o n i c and 

Silic) as well as of the Bôrka a n d Turha n a p p e sli-

vers (Fig. 1). 

Rel ies o f t h e La te C a r b o n i f e r o u s s e d i m e n t a r y 

séquences are proved by lithofacial a n d biofacial 

data in a relative wide range of sedimentary envi-

r o n m e n t s , from shal low-water mar ine to paralic 

a n d c o n t i n e n t a l . T h e Ear ly Pe rmian s éd imen t s 

confirm only cont inental env i ronment as a whole. 

G E O L O G I C A L F R A M E W O R K 

Différent types of Variscan basement were over-

s t e p p e d b y t h e L a t e C a r b o n i f e r o u s / E a r l y 

Permian sed imenta ry séquences. W i t h respect to 

the m e t a m o r p h i c overpr int , i n d e p e n d e n t of the 

âge o f m e t a m o r p h i s m , t h e A l p i n e - W e s t e r n 

C a r p a t h i a n b a s e m e n t m a y be s u b d i v i d e d i n t o 

three zones (Fig. 1): 

1. T h e C e n t r a l Wes t e rn C a r p a t h i a n crystal l ine 

zone ( C W C Z ) w h i c h compr i s e s m a i n l y m e t a 

m o r p h i c rocks a n d huge masses of pre-Mesozoic 

g ran i to ids . Pièces of pre-Variscan m e t a m o r p h i c 

crust were mos t p robab ly included in this zone. 

Several pre-Alpine terranes were identified wi th in 

large p o r t i o n o f t he C W C - A l p i n e n a p p e un i t s 

(Tatra T., w i th in Tatr ic , N o r t h e r n Vepor ic a n d 

Z e m p l i n i c U n i t s ; K o h i i t T. , w i t h i n S o u t h e r n 

V e p o r i c U n i t ; H y p o t h . I p o l t i c a T . , w i t h i n 

H r o n i c U n i t ; Vozarova & Vozàr 1 9 9 3 , 1 9 9 6 ) . 

N e a r l y ail u n d e r w e n t Var iscan m e t a m o r p h i s m 

d u r i n g Ear ly C a r b o n i f e r o u s p o s t - d a t i n g s o m e -

t imes such of S i l u r i a n / D e v o n i a n or also o lde r 

m e t a m o r p h i c e v e n t s . M a g m a t i c a c t i v i t y is 

c o n c e n t r a t e d i n t o t w o s t ages ( R b - S r ; U - P b : 

approx. 3 6 0 - 3 4 0 M a a n d 3 2 0 - 3 0 0 Ma ; C a m b e l 

& Krâl 1989 ; C a m b e l et al. 1990) . 

Rare pos t -orogenic A-magmat i t es cor respond to 

Permian âge (Rb/Sr: 2 8 0 - 2 5 0 M a ; C a m b e l et al. 

1989) . Geochemica l data indicate the opéra t ion 

of subduc t ion System a n d then collisional-type of 

o rogeny (Hovorka & Petrik 1992; Kohi i t 1992; 

Petri'k et al. 1994 , 1995) . Granul i tes a n d lept iny-

t e - a m p h i b o l i t e complexes w i t h pièces of m e t a -

u l t r a m a f i c r o c k s a n d r é g r e s s i v e o v e r p r i n t e d 

eclogites are in tégra l pa r t o f t he C W C Z base

m e n t (Hovorka & Mères 1989 , 1990; Vozarova 

1993) . 

2 . T h e N o r t h e r n G e m e r i c z o n e ( N G Z ) w i t h 

relies of the Namur i an -Vi sean flysch a n d thrus t 

wedges of pre-Carboni ferous oceanic crust . T h i s 

z o n e r e p r e s e n t s t h e Var i scan co l l i s ion s u t u r e , 

a m a l g a m a t i n g two majo r Variscan mic rop la t e s 
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FIG. 1 — Teclonic sketch of the Slovak part of the western Carpathian (see legend Fig. 8). 
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(Vozarova & Vozâr 1987 , 1988 ; N e u b a u e r 1988 ; 

N e u b a u e r &c Vozarova 1 9 9 0 ) . To th i s d o m a i n 

two since u n d a t e d Variscan terranes (Klârov a n d 

R a k o v e c T. ; Voza rova & Vozâr 1 9 9 3 , 1 9 9 6 ) , 

wh ich differ each of o the r in t e c t o n o - m e t a m o r -

ph ic deve lopmen t a n d p robab ly also in the âge of 

p r o t o l i t h . T h e i r g r a d u a i a m a l g a m a t i o n w a s 

taking place in the Early Carboni fe rous because, 

as t h e U p p e r m o s t V i s e a n / S e r p u k h o v i a n is in 

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

(magnesi te hor i zon w i th in the O c h t i n â G r o u p ) 

a n d after s t rat igraphie hia tus in the N a m u r i a n B-

C , w e r e u n c o n f o r m a b l y o v e r l a p p e d b y t h e 

Moscovian mar ine molasse. T h i s unconfo rmab ly 

l y i n g m a r i n e m o l a s s e p a r r l y c o v e r e d also t h e 

Early Carboni ferous flysch séquence (eastern par t 

of N G Z ) , to fix u p the Late Variscan th rus t sheet 

s t ructure . 

T h e m u t u a l c o n t a c t o f t h e p r e - C a r b o n i f e r o u s 

c rys ta l l ine c o m p l e x e s is t e c t o n i c , fo l lowed by 

lenses of ant igori t ic serpent ini tes . 

H i g h - g r a d e crystal l ine c o m p l e x ( the Klâ tov T.) 

consists of main ly amphibol i tes , less gneisses and 

m e t a - u l t r a m a f i c rocks . M e t a - u l t r a m a f i c rocks 

a n d m e t a b a s a l t w e r e c o n s i d e r e d as a p a r t o f 

incomplè te ophiol i te suite (Hovorka et al. 1984; 

Spisiak et al. 1985) . F indings of régressive over-

p r in ted eclogiric rocks m a k e possible to assume a 

polyphasé m e t a m o r p h i c P - T pa th wi th previous 

high-pressure condi t ions . T h i s is the ma in reason 

for récent c o m p a r i n g of this complex wi th lower-

c r u s t a l l e p t i n i t e - a m p h i b o l i t e c o m p l e x e s 

(Hovorka et al. 1992) . 

Low-grade crystalline complex (the Rakovec T.) 

is composed p r e d o m i n a n t l y of tholeii t ic me taba -

salts a n d metabasal t ic volcanoclastics, associated 

wi th less a m o u n t s of sandy-pel i t ic me tased imen t s 

a n d small bodies of gabrodior i tes as well as me ta -

keratophyres . T h e m a g m a t i c rocks show geoche-

m i c a l c h a r a c t e r i s t i c s n e a r t o E - M O R B / O I T 

b a s a l t s ( I van 1 9 9 4 ) a n d p a r t l y t o i s l a n d a r c 

basalts. Several reasons speak in favour of a back-

a r c / s u p r a - s u b d u c t i o n zone se t t ing of this crust 

(Vozârovâ 1993) . 

3. T h e I n n e r W e s t e r n C a r p a t h i a n c rys t a l l i ne 

z o n e ( I W C Z ) w h i c h is s u b d i v i d e d i n t o t w o 

s u b z o n e s : t h e S o u t h e r n G e m e r i c z o n e ( S G Z ) , 

the Turha -Szendrô -Bùkk zone (TSBZ) . 

D o m i n a n t par t of the Sou the rn Gemer i c zone is 

c o m p o s e d of t he Ear ly Paleozoic v o l c a n o g e n i c 

flysch fo rmat ion a n d its Permian-Triassic cover 

( the Gelnica T.; Vozârovâ & Vozâr 1 9 9 3 , 1996) . 

A huge mass of volcanogenic flysch comprises a 

d i s t inc t fea ture o f t u r b i d i t y c u r r e n t a n d o t h e r 

mass-gravity flow séd imenta t ion (Ivanicka et al. 
1989) . Besides of a quan t i ty of redeposi ted acid 

to in te rmédia re volcanoclasric mater ia l , der ived 

from synsed imenta ry con t inen ta l m a g m a t i c arc, 

also d é t r i t u s f rom t h e s u b d u c t i o n c o m p l e x or 

fragmenr of oceanic crust are insufficienrly pré

sent. Régional m e t a m o r p h i s m of the S G Z base

m e n t d id no t exceed the low-pressure greenschist 

faciès (Sassi &C Vozârovâ 1987 , 1992) . T h e âge 

was proved palynologically wi th in the wide and 

the m o s t p robably n o t précise range of the Late 

C a m b r i a n t o E a r l y D e v o n i a n ( S n o p k o v â & 

S n o p k o 1 9 7 9 ) . Ear ly Pa leozoic âges ( 4 9 7 - 3 9 1 

Ma) are also proved by U - P b da t ing from zircons 

in metavolcanics (Cambel et al. 1977; Scerbak et 

al. 1988) . T h e Precambr ian âge of rhe conr inen-

tal source area was established from det t i ta l zir-

c o n s in m e t a s e d i m e n t s ( U - P b ; 6 0 0 - 9 0 0 M a ; 

C a m b e l et al. 1977) . T h e S G Z Early Paleozoic 

flysch séquence (rhe Geln ica G r o u p ) was inter-

prered as a relie of fore-arc filling related ro active 

con t inen ta l marg in (Vozârovâ 1993) . 

W i t h i n t he T u r h a - S z e n d r ô - B ù k k zone the p re -

C a r b o n i f e r o u s complexes are on ly f r agmenta ry 

preserved. T h e y are represen ted m a i n l y by the 

s h a l l o w - w a t e r to bas ina l s é q u e n c e s o f pass ive 

con t inen ta l m a r g i n of t he n o r t h e r n G o n d w a n a 

p r o m o n r o r y (for p r é c i s e d e s c r i p t i o n : Kovâcs 

1989; Fiilôp 1994 a n d others) . 

T h e Bashkirian ol is tos t roma flysch complexes are 

t he mos r typical fearure of this subzone . T h e y 

were descr ibed w i t h i n the T u r n a i c U n i t in the 

I n n e r Wes te rn C a r p a t h i a n s (Vozârovâ & Vozâr 

1 9 9 2 ) as w e l l as in r h e S z e n d r ô a n d B i i k k 

M o u n t a i n s (Kovâcs 1988 , 1992) . T h e slight or 

n o Variscan m e t a m o t p h i s m is rypical for T S B Z 

P a l e o z o i c c o m p l e x e s . O n l y e x c l u s i o n a r e 

séquences of the Bashkirian flysch in the Western 

C a r p a t h i a n Turna i c U n i t , the Variscan régional 

m e t a m o r p h i s m of wh ich reached the low-pressu

re greenschist faciès (Mazzoli & Vozârovâ 1989) . 
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FIG. 2. — The Westphalian of the northern Gemeric Unit (see legend Fig. 8). 

U P P E R C A R B O N I F E R O U S 

M a r i n e d e v e l o p m e n t 

T h e Westphal ian séquences are preserved wi th in 

the paleo-Alpine N o r t h Gemer i c U n i t (Fig. 2) as 

tec tonica l ly r e d u c e d f r agmen t s . T h e i r t e c ton i c 

setting, related to cont inenta l collision, s tar ted in 

the Westphal ian A by delta-fan, coarse- grained, 

very of ten b o u l d e r c o n g l o m é r â t e s , c o n t a i n i n g 

d é t r i t u s d e r i v e d f r o m u n d e r l y i n g p r e - L a t e 

Ca rbon i f e rous rocks complexes . D u e to s t rong 

A l p i n e r e w o r k i n g t h e d i r e c t c o n t a c t o f t hè se 

b a s e m e n t t o c k s a n d b a s a i p a r t o f t h e 

Westphal ian del ta ic-marine overstep séquences is 

preserved only in some places. Basai cong lomé

râtes of the R u d n a n y Forma t ion unconformab ly 

overlap the gne i s s - amph ibo l i t e c o m p l e x of t he 

Klâ tov T e r r a n e in t he v ic in i ty of t he D o b s i n â 

t o w n , m e t a s e d i m e n t s a n d m e t a b a s a l t s o f t h e 

R a k o v e c T e r r a n e i n t h e w i d e r a r e a o f t h e 

R u d n a n y vil lage, a n d the Ear ly C a r b o n i f e r o u s 

flysch séquence of Crmel ' Fo rma t ion in the area 

b e t w e e n M a r g e c a n y a n d K o s i c k â Belâ ( m o r e 

détails referring to Variscan a n d Alp ine his tory of 

the N o r t h G e m e r i c Terrane in Vozarova & Vozâr 

1 9 9 3 , 1 9 9 6 ; Vozarova 1 9 9 6 ) . Black shales a n d 

micaceous grey sands tone intercalat ions are nor

m a l m e m b e r o f t h e f i n i n g u p w a r d R u d n a n y 

Format ion . T h e floristic finds was de t e rmined by 

N ë m e j c ( 1 9 4 7 ) : Cordaites palmaeformis 

G o e p p e r t , Asterophyllites cf. grandis, Asterotheca 

miltonii Ar t i s , Neuropteris schutzei P o t o n i é , TV. 

gigantea abbreviata S tockmans . 

After ini t ial r ap id s é d i m e n t a t i o n the l i t toral to 

sha l low-ner i t ic l imes tones were associated w i t h 

fine-grained clastic metased iments . T h i s detr i t ic-

carbonate lithofacies corresponds to basai par t of 

t h e Z l a t n i k F o r m a t i o n , f r o m w h i c h t h e 

Westphal ian B-C âge is indicated by rich tr i lobi-

te fauna: Griffithides dolosinensis Illés, Griffithides 

rozloszniki Rakusz , 1932 ; Cummingella sp . aff. 

balladoolensis Reed, 1942; Palladin sp. aff. eich-
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waldi Fischer, 1825 {in Rakusz 1932; Boucek & 

Pfibyl 1960) . Basing o n flora findings N ë m e j c 

( 1 9 4 7 , 1 9 5 3 ) r a n g e d t h i s s é q u e n c e t o t h e 

Wes tpha l i an A - B : Paripteris gigantea, Stylocala-

mites suckovii, Neuropteris heterophylla, Neuro

pteris gigantea S t b g , Neuropteris flexuosa 

Brongiar t , Calamités ci.cisti Brongiar t . T h e c o n o -

d o n t Idiognatoides sinuatus Har r i s -Hol l ingswor th 

p r o v e d W e s t p h a l i a n A âge ( K o z u r & M o c k 

1977) . 

U p p e r par t of the Zlatnfk Fo rma t ion comprises 

f i n e - g r a i n e d c las t ic m e t a s e d i m e n t s a s soc i a t ed 

wi th fine basaltic volcanoclastics a n d scarce effu

sions of h igh -K tholeii t ic basalts. It reflects dee-

p e n i n g o f t h e M o s c o v i a n s e d i m e n t a r y b a s i n . 

Poor mic ro f lo ra l a s semblages p r o v e d t h e Late 

Carboni ferous âge, b u t no accurate division. 

Te rmina t ion of the Moscovian per ipheral basin is 

reflecred by the paral ic séquence of t he H â m o r 

F o r m a t i o n . It is cha rac t e r i zed by: (1) d i s r inc t 

c y c l i c a l , c o a r s e n i n g - u p w a r d s h a l l y - s a n d y -

conglomera t ic sédiments ; (2) absence of synsedi-

m e n t a r y volcanism; (3) local occur rence of r ib-

b e d coa l s e a m . T h e m i c r o f l o r a l a s s e m b l a g e s 

proved the Wes tpha l i an D âge: Reticulatisporites 

irregularis K o s a n k e , Thymospora thiessenii 

(Kosanke ) W i l s o n et V e n k a t a c h a l a , Apiculati-

sporites raistrickii ( D y b . - J a c h . ) , Angulisporites 

splendidus Bharadw., Illinites elegans Kos. (Ilavskâ 

1 9 6 2 u n p u b l i s h e d r e p o r t ; P l a n d e r o v â 1 9 7 9 

unpub l i shed repor t ) . 

T h e m e t a m o r p h i c g r a d e i n t h e M o s c o v i a n 

séquences d id n o t exceed P - T c o n d i t i o n of the 

b o u n d a r y be tween anchizone a n d lower l imit of 

the greenschist faciès. 

CONTINENTAL DEVELOPMENT 

W e s t p h a l i a n - S t e p h a n i a n c o n t i n e n t a l séquences 

are preserved w i t h i n t he several A lp ine Cen t r a l 

C a r p a t h i a n n a p p e u n i t s , s u c h as v e r y s t r o n g 

r e d u c e d relies w i t h i n t he Z e m p l i n i c , S o u t h e r n 

Gemer i c and H r o n i c Uni t s . Di rec t con tac t bet

ween Wespha l ian con t inen ta l overstep séquence 

and its i m m é d i a t e basemen t is expressed only in 

the Zempl in i c Uni t . 

ZEMPLINIC UNIT 

T h e c r y s t a l l i n e r o c k s o f t h e Z e m p l i n i c U n i t 

(Fig. 3) , together w i t h their Late Paleozoic a n d 

M e s o z o i c e n v e l o p e , m a k e u p a t e c t o n i c h o r s t 

s tr iking N W - S E , uplifted from the basement of 

T e r t i a r y f ï l l ing o f t h e Eas t S l o v a k i a n ( T r a n s -

carparhian) basin. Accord ing to the character of 

crystalline rocks a n d ma in ly Mesozoic develop

m e n t it m a y be correlated wi th the o ther uni ts of 

t h e T a t r o - V e p o r i c d o m a i n ( V o z â r o v â 1 9 8 9 ; 

Faryad 1 9 9 5 ; Bysta Susp. Terr., in Vozârovâ & 

V o z â r 1 9 9 6 ) . T h e Z e m p l i n i c W e s t p h a l i a n -

S t e p h a n i a n s é q u e n c e c o n s i s t s o f f o u r p a r t i a l 

l i thos t ra t ig raph ic un i t s (Cerhov, Luhyha , T rha , 

Kasov F o r m a t i o n s ; in B o u c e k & Pf ibyl 1 9 5 9 ; 

Grecula & Egyùd 1982 ; Vozârovâ 1986) . T h e i r 

s t ra t igraphie range was established according to 

mac ro - a n d microfloral findings (Nëmejc 1947 , 

1953 ; Nëmejc & O b r h e l 1958 ; Planderovâ et al. 

1981) . 

Polymict ic conglomérâ tes , w i t h g ra in - suppor ted 

s t r u c t u r e a n d re la r ive ly w e l l - r o u n d e d p e b b l e 

marerial are d o m i n a n t lithofacies of the Cerhov 

Forma t ion . T h e y are in terpre ted most ly as brai-

ded-river deposirs. T h e l i thostra t igraphic profile 

consis ts of repeared smal l fining-upward sedi 

m e n t a r y cycles wi th prévalent cong lomera t i c or 

s andy-cong lomera r i c c o m p o n e n t s . M i n o r black 

shale a n d s i l r s tone in t e r ca l a r ions o c c u r in t he 

u p p e r p a r t o f t h e s é q u e n c e . T h e d a t i n g , 

Westphal ian D-S tephan ian A, is based on d o m i 

nan t microflora: Triquitrites sp., Microleticulati-

sporites sulcatus ( W i l s . et Kr . ) , Tripartites sp . , 

Cyrratriradites trizonarius D y b . Jach. 

T h e g r a d u a l l y e v o l v i n g L u h y h a F o r m a r i o n 

c o n s i s t s o f f ine g r a i n e d l a c u s t r i n e s é d i m e n t s 

s a n d s t o n e s , m u d s t o n e s a n d sha les o f g rey t o 

black colour , i n t e r r u p t e d by episodic events of 

dis tal- fan s t reams . T h e S rephan i an A âge was 

p r o v e d m a i n l y by mac ro f lo ra : Calamités cistii 

Brongn. , Pecopteris ci. miltonii Art is , Alethopteris 

sp., Asterophyllites trichomatosus Stur. Microfloral 

assemblages are indicat ive of the S tephan ian A-B 

r a n g e . D o m i n a n t spo res are : Torispora securis 

Balme; Lycospora granulata Kosanke , Punctati-

sporites punctatus ( K o s a n k e , 1 9 2 0 ) e m e n d . 

A l p e r n , Densosporites gracilis S m i t h et B u t t e r -

wor th , a n d striate pol len of the genus Vittatina 

are less fréquent. 

C y c l o t h e m s w i t h t h in coal seams represent the 

Tfha Fo rma t ion . T h e Early S tephan ian âge was 

inferred o n the basis of p lan t findings: Pecopteris 
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FIG. 3. — The Westphalian and Stephanian of the Zemplinic Unit (see legend Fig. 8). 

cyathea S c h l o t h e i m , Cordaites borassifolius 
Sternberg, Sphenophyllum emarginatum Brongn. , 
Asterotheca arborescens Brongn. , Aiethopteris bohe
mica Franke, Calamités cistii Brongn. , Stigmaria 

ficoides (Sternb.) Brongn. , Annularia pseudostella
ta P o t o n i e , Lepidophloios laricinus S t e r n b . , 
Lepidostrobophyllum majus B r o n g n , Pecopteri-
dium cf. costeii Zeiller. T h e Trna Fo rma t ion can 
be divided in to two large cycles (several h u n d r e d s 
of m thick) . T h e lower cycle conta ins seven l im-
n i c - f l u v i a l c y c l o t h e m s w i t h c o a l s e a m s o f 
var iable th ickness (from several c m u p to 160 
cm) . Generally, the sédiments are rich in clastic 
mica, p lan t débris, fragments of tree t runks a n d 
barks . D i s t i nc t cyclicity of fining-upward type, 
wi th sets of layers of black shales wi th th in coal 
seams a n d occas iona l ly d a r k clayey lenses a n d 
nodules of l imestones, indicate limnic-fluvial and 
swamp env i ronmen t s . T h e second large cycle is 
characterized by alluvial s t ream-channe l lithofa-
cies , w i t h d o m i n a n t s a n d s t o n e m e m b e r s a n d 
absence of the coal -bear ing associat ion. Several 

levels of rhyoli te-dacite, calc-alkaline volcanoclas-
tics are typical for this par t of séquence. 
T h i c k layers o f r h y o l i t e - d a c i t e vo lcanoc las t i c s 
( i n c l u d i n g i g n i m b r i t e s ) a n d a l luv ia l , s t r e a m -
channe l a n d f lood pla in s é d i m e n t s w i t h d o m i 
nan t sandstones are p r e d o m i n a t i n g lithologies of 
the Kasov F o r m a t i o n . Based o n the microfloral 
assemblages, the Kasov F o r m a t i o n was assigned 
to t he S tephanian B-C . T h e following microflora 
assemblages were identified: Thymospora perver
rucosa (Alp.) Wi ls . et Ven., Columinisporites ovalis 
Peppers, Latensina triletus Alpern , Vittatina ovalis 
Klaus, Spinosporites sp., Disaccites striatiti div. sp., 
Cordaitina sp. , Vestispora fenestrata (Kos.) Wi ls . 
etVen., Cyclogranisporites pergranulus Alp. 

HRONIC U N I T 
T h e H r o n i c U n i t (Fig. 4) has been deflned as a 
rootless megast ructura l Alp ine un i t consist ing of 
t w o p a r t i a l n a p p e s : S t u r e c a n d C h o c n a p p e s 
(accord, to Andrusov et al. 1973) . D u e to their 
internai s t ructure a n d m u t u a l relations as well as 
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FIG. 4. — The Stephanian of the Hronic Unit (see legend Fig. 8). 

facial characteristics the partial nappes have been 

dis t inguished as main ly Triassic complexes. Bo th 

H r o n i c nappe uni ts conta in Late Paleozoic volca-

no-sed imen ta ry format ions , preserved variably as 

a conséquence of tec tonic réduc t ion d u r i n g the 

nappe thrus t ing . Remains of thèse séquences are 

k n o w n in m a n y m o u n t a i n ranges in rhe Western 

C a r p a t h i a n s , w h e r e b y their t ec ton ic pos i t ion is 

always equa l , b e t w e e n t he Vepor i c /Fa t r i c U n i t 

a n d N o r t h e r n G e m e r i c U n i t r e s p . h i g h e r 

Mesozoic nappe uni ts . 

T h e r e is no évidence nei ther for the under ly ing 

pre -S tephanian sédiments n o t for rhe immedia re 

crysralline basement . Tectonic slices of grani to id 

b l a s tomylon i t e s f o u n d in t he basai p a r t o f t he 

S tu rec n a p p e m i g h t be pa r t l y ind ica t ive o f its 

compos i t ion (Andrusov 1936; Vozârovâ & Vozâr 

1979) . D a t a ob ta ined t h r o u g h petrofacial analy-

sis of clastic s é d i m e n t s p roved an affinity to a 

m a g m a t i c a r c s o u r c e a r ea ( r h e h y p o r h e t i c a l 

Ipoltica Terr., Vozârovâ & Vozâr 1993) . 

T h e Srephanian, N i z n â Boca Format ion , is gene-

rally a régressive clasric séquence wi th a dist inct 

t endency of coarsening upward . N u m e r o u s small 

repea t ing fining-upward sed imenra ry cycles are 

rhe mos t typical feature. A b u n d a n t g raded-bed-

ded sands tones wi th m i n o r m u d s t o n e intercala-

d o n s , as well as layers rich in p lan t détr i tus indi -

c a t e a f l u v i a l - l a c u s t r i n e d e l t a a s s o c i a t i o n . 

Séquences of fine-grained sandstones , m u d s t o n e s 

a n d shales of grey to black colour cor respond to 

lacustr ine lithofacies. Syngenet ic , most ly subae-

rial daci te volcanism is represented by a b u n d a n r 

r e d e p o s i t e d v o l c a n o g e n i c marer ia l m i x e d wi rh 

non-volcanic dét r i tus , less by th in layers of daci-

tic tuffs a n d exceptionally wi th small lava flows 

of dacite. 

M a c r o f l o r a f r o m t h e u p p e r m o s t p a r t o f t h e 

N i z n â Boca Forma t ion indicates its Westphal ian-

S t e p h a n i a n âge. Sitâr (in Sitâr & Vozâr 1973) 

described well-preserved relies of Asterotheca mil

tonii A r t i s , Asterotheca arborescens B r o n g n . , 

Cordaites palmaeformis G o e p p . a n d Callipteri

dium gigas G u r b . T h e similar flora was de te rmi -

ned by Nëmejc (in Mahe l ' 1954) from strongly 

tectonically reduced remains of the eas te rnmost 

N i z n â Boca F o r m a t i o n occur rences : Calamités 

sp., Lepidostrobophyllum majus, Stigmaria ficoides 

(S te rnb . ) B r o n g n . , Astherotheca miltonii Ar t i s , 

Palmatopteris furcata Potonié . Basing on pa lyno-

logical analysis Planderovâ (1979) d is t inguished 

two microflora assemblages: (1) rhe S tephan ian 

A - B , Torispora securis Ba lm. , Lycospora pusilla 

(Ibr.) S o m . , Verrucosisporites pergranulus (Alp.) 
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S m i t h . , Crassispora kosankei ( P o t . K r e m p . ) 

Bharadw. , Laevigatosporites vulgaris (Ibr.) A lp . 

D o u b . , Thymospora pseudothiessenii (Kos.) Alp . 

D o u b . , (2) the S t e p h a n i a n C , Laevigatosporites 

div . s p . , Cyclogranisporites densus B h a r a d w . , 

Lycospora pusilla ( Ibr .) S o m . , Foveolatisporites 

junior Ros . , Planisporites kosankei (Knox) Pot . 

Kr., Cadiospora magna Kos., Allatisporites verru-

cosus Alp. , A. hexalatus Alp. , Potonieisporites div. 

sp. and Disaccites striatiti. 

SOUTHERN VEPORIC UNIT 

T h e Sou the rn Veporic basemen t is a compos i t e 

and very s t rong Alpine reworked segment of the 

Variscan crust . D o m i n a n t par t of this basement 

consists of several types of low- to m e d i u m - g r a d e 

m e t a m o r p h i c complexes. T h e occurrences of Al-

Fe rich metased iments (Korikovskij et al. 1989; 

K o v â c i k 1 9 9 1 ; M è r e s & H o v o r k a 1 9 9 1 ) a n d 

o r t h o g n e i s s e s o f m a g m a t i c a r c p r o v e n a n c e 

(Hovorka et al. 1987) are spécial type. Besides of 

thèse rock complexes relies of migmat i t ized and 

strongly d iaphtor ized h igh-grade crystalline com

plexes were d i s t i ngu i shed (PProterozoic in âge; 

Bezâk 1991) . T h e Carboniferous cover is repre

s e n t e d by u p w a r d - c o a r s e n i n g s é q u e n c e of t he 

S tephanian sédiments ( the Slatvinâ F o r m a t i o n ) . 

T h e i r direct contac t w i t h the basement is ha rd to 

prove, d u e to ei ther Alp ine th rus t ing or contact -

t he rmie effects of younger grani to ids (Vozarova 

& Vozâr 1982; Vozarova 1990) . 

Wel l -p rese rved cyclical s t r u c t u r e as a m u l t i p l y 

vertical a l t e rna t ion of gray me ta sands tones a n d 

d a r k - g r a y / b l a c k me tape l i t e s a n d the i r régional 

u n i f i c a t i o n in t w o l a r g e c o a r s e n i n g u p w a r d 

régressive cycles indicate m u t u a l p rograd ing from 

deltaic to fluvial e n v i r o n m e n t . T h i s p rog rad ing 

t rend is, o n the cont rary to the rapid change of 

séd iment colour from black or dark-gray to light-

gray/ l ight-green, due to changes in sed imenta ry 

e n v i r o n m e n t as well as c l imat ic c o n d i t i o n s . In 

r eaches o f s t i l lwa te r t h e r e t e n d e d to d e v e l o p 

a n o x i e c o n d i t i o n s , r e s u l t i n g in f o r m a t i o n of 

black shales. A b u n d a n t carbonized p lan t détr i tus , 

relies of t i ssue f r a g m e n t s , spores of te r res t r ia l 

p l an t s are ind ica t ive of t he p r o x i m i t y of p l a n t 

covered con t inen t . 

C o n s p i c u o u s stratif ication a n d cyclicity, tabular 

a n d relatively u n i f o r m s a n d s t o n e s t rata are the 

m a i n s e d i m e n t a r y fea tures . M o s t o t h e r s were 

des t royed by the A l p i n e régional t e c t o n o m e t a -

m o r p h i s m a n d by conséquen t thermal relaxation 

(Vozarova 1990) . 

O n the basis of a b u n d a n t pol len of the gênera 

Potonieisporites B h a r d w . , 1 9 5 7 , Lllinites K o s , 

1950, Striatosaccites jizba, a n d Florinites S.W. et 

B., 1944 a n d the species Thymospora thiessenii 

(Kos.) Wi ls . et Venk. T h e séd iments are classed 

wi th the S tephanian C (Planderova & Vozarova 

1978) . 

EARLY P E R M I A N 

Generally, the Early Permian séquences are repre

s e n t e d by c o n t i n e n t a l , m a i n l y c o a r s e - g r a i n e d 

sed imentary format ions , the origin of wh ich was 

first of ail r e la ted t o t r ansp re s s iona l a n d t h e n 

extensional tec tonic régime. Intégral pa r t of thèse 

format ions are volcanites a n d their volcanoclas-

tics, a m o n g t h e m the calc-alkaline rhyoli te-dacite 

less andési te a n d con t inen ta l tholei i t ic andesi te-

basalts are the mos t extensive. 

T h e Early Permian sédiments prove most ly very 

low structural a n d minera i matur i ty . T h e y show 

provenances from the uplifted a n d tectonic reju-

venated crystalline basement or uneven eu t mag

mat ic arc. T h e prévalent séd iments depos i ted in 

alluvial or f luvio- lacustr ine a n d ephemera l lake 

env i ronmen t , as well as semiar id to arid cl imatic 

c o n d i t i o n s c a u s e d t h e a b s e n c e o f h o r i z o n s 

c o n t a i n i n g f auna a n d flora. B ios t r a t i g r aph ica l 

da ta are s u p p o r t e d by microf lor i s t ic invest iga

t ions , based o n relative p o o r pol len a n d sporo -

m o r p h spec t rum. 

CENTRAL WESTERN CARPATHIANS CRYSTALLINE 

ZONE 

W i t h i n the Cent ra l Carpa th ians crystalline zone 

the superpos i t ion of the Early Permian deposits 

is the following: 

- u n c o n f o r m a b l y lying o n the crystal l ine base

men t ; 

- g r a d u a i p r o g r a d i n g f r o m t h e u n d e r l y i n g 

S tephan ian séd iments wi th the sharp change of 

s é d i m e n t co lou r d u e to rap id c l imat ic a l te rna-

t ions. 

A représenta t ive of t he first type fo rma t ions is 
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FIG. 5. — The Autunian and Saxonian of the Zemplinic Unit (see legend Fig. 8). 

the séquence of the L'ubietovâ G r o u p compr i s ing 
the Brusno a n d Predajnâ Fo rma t ions (Vozârovâ 
1979) . 
Pr incipal features of t he Brusno F o r m a t i o n are 
t h e fo l lowing: d o m i n a n t a rkos ic s é d i m e n t s o f 
psami t ic /psephi t ic grade and évidence of synsedi-
m e n t a r y volcanism (rhe H a r n o b i s vo lcanogenic 
h o r i z o n ) . M o n o t o n o u s , m o s t l y l i gh t -g rey a n d 
greenish-grey coarse-gra ined séd imen t s ind ica te 
an e n v i r o n m e n t of low-sinuosi ty rivers. F réquen t 
w a s h o u t s , erosive c h a n n e l s a n d in fact p o o r l y 
preserved o v e r b a n k a n d crevasse s é d i m e n t s are 
évidences of qu ick a n d chaot ic changes of brai-
ded alluvia wi th prévalent autocyclic erosive p ro 
cesses. T h e provenance of détr i tus was proved to 
be unde r ly ing crystal l ine b a s e m e n t , ma in ly t he 
g r a n i t o i d a n d m i g m a t i t e r o c k c o m p l e x e s 
(Vozârovâ 1 9 7 9 ) . T h e H a r n o b i s v o l c a n o g e n i c 
hor izon consists most ly of daci te effusions asso-
ciated wi th d o m i n a n t pyroclastic tuffs, in par t of 
t h e m i g n i m b r i t e s a n d epic las t ic depos i t s . Less 
f réquent are andési tes a n d their volcanoclast ics. 
Accord ing to their chemical compos i t i on the vol-
canics c o r r e s p o n d t o calc-a lkal ine var ie ty w i t h 
affinity to subalkal ine m a g m a t i c t rend. T h e âge 

of the Brusno Fo rma t ion is n o t reliably biostrat i-
graphically da ted . 
T h e P teda jnâ F o r m a t i o n overlaps d i sconforma-
bly the Brusno Forma t ion . Hia tus is d o c u m e n t e d 
by a consp icuous change of the drainage System 
as wel l as of t h e s o u r c e area , t h e l a t t e r b e i n g 
reflected in dis t inct différences in compos i t ion of 
t h e d e t r i r u s ( m o s t l y m i c a s c h i s t , pa r agne i s se s , 
m i c r o g r a n i t e s a n d t h e H a r n o b i s v o l c a n i c s ) . 
Variegated polymic t clastic séd iments indicate an 
alluvial fan and p i e d m o n t flood plain sed imenta
ry e n v i r o n m e n t w i t h i so la ted distal e p h e m e r a l 
lakes. Two regionally developed megacycles, w i th 
t h i c k h o r i z o n o f c o n g l o m é r â t e s at t h e base of 
each of t h e m , are reflection of the synsedimenta-
ry tec tonic . T h e second is partially reduced d u e 
to pre-Triassic érosion. 

T h e Permian âge of the Predajnâ Fo rma t ion was 
a s s i g n e d a c c o r d i n g r o p o o r m i c r o f l o r a : 
Monosulcites minimus C o o k s o n , Gnetaceapol-
lenites sp . , Gymatiosphaera sp . , Karpatisporites 
minimus P l a n d . , Punctatisporites sp . , Reticula-
tisporites s p . , Florinites s p . ( P l a n d e r o v â et 
Vozârovâ 1982) . 
T h e g r a d e o f m e t a m o r p h i s m o f t h e N o r t h 
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FIG. 6. — The Autunian and Saxonian ot the Hronic Unit (see legend Fig. 8). 

V e p o r i c P e r m i a n d e p o s i t s d i d n o t exceed t h e 

b o u n d a r y between anchizone a n d the lower- tem-

perature par t of greenschist faciès. 

Représentatives of the second type of format ions 

are the Early Permian deposits in the Zempl in ic , 

Sou thern Veporic and H r o n i c Uni ts . 

A sharp t ransi t ion from a h u m i d to arid cl imate 

is cha rac t e r i s t i c for P e r m i a n s é d i m e n t s of t he 

Z e m p l i n i c U n i t (Fig. 5) . D u r i n g the P e r m i a n 

s e d i m e n t a r y d e v e l o p m e n t t h e s y n s e d i m e n t a r y 

t e c t o n i c s w a s less i n t e n s e c o m p a r e d t o t h e 

Wes tpha l i an -S tephan ian and , as a conséquence , 

the rates of s éd imen ta t ion a n d volcanic activity 

were reduced. Generally, the dépos i t ion procee-

ded in an alluvial e n v i r o n m e n t wi th the typical 

fea tures o f s e m i - a r i d a n d a r id r é g i o n s . M a n y 

co loured s e d i m e n t a r y complexes of t he Cejkov 

Forma t ion comprise proximal a n d distal alluvial 

faciès (po lymic t conglomérâ tes a n d sandstones) 

a l t e r n a t i n g w i t h d e p o s i t s o f f lood p l a in o r o f 

ephemeral arid lakes (muds tones a l ternat ing wi th 

shales a n d fine-grained sands tones a n d calcrete 

h o r i z o n s ) . C h a r a c t e r i s t i c , p o o r l y s o r t e d séd i 

men t s resemble fossil m u d s t o n e and debris-flow. 

A par t of this séquence includes several layers of 

r h y o l i t e tuffs . T h e E a r l y P e r m i a n âge o f t h e 

Cejkov Fo rma t ion is assigned for a b u n d a n c e of 

the species f rom the gênera Potonieisporites a n d 

Vittatina. T h e assemblages of s p o r o m o r p h s are: 

Potonieisporites radiosus S c h w a r z , P. novicus 

B h a r d w . , Nuskoisporites dulhuntyi Po t . K l a u s , 

Vittatina div. sp., Florinites div. sp. (Planderovâ 

et al. 1981) . T h e microflora from the upper par t 

o f t h e C e j k o v F o r m a t i o n p r o v e d t h e L a t e 

P e r m i a n : Lueckisporites virkkiae (Pot . K l a u s ) , 

Jugasporites delasaucei Klaus, Limitisporites rectus 

Lesch . , Lunatisporites div. sp . , Klausipollenites 

schaubergeri (Pot. Klaus) Lesch, Falcisporites zap-

fei (Pot. Klaus) Lesch. (Planderovâ et al. 1981) . 

A c o m p l e x of m o n o t o n o u s v io le t - red , vaguely 

s c h i s t o s e m u d s t o n e s r e p r e s e n t s t h e y o u n g e s t 

l i t h o s t r a t i g r a p h i c u n i t , t h e C e r n o c h o v 

Format ion . Relatively th in (max. 50 m) séquence 

of m o n o t o n o u s playa association is unconfo rma-

bly overlain by light-grey quar tzose conglomera-

t i c s a n d s t o n e s o f E a r l y T r i a s s i c âge . A l m o s t 

mass ive c l ays tones a n d m u d s t o n e s are r i ch in 

A 1 2 0 3 ( 2 0 - 2 1 % ) a n d ferrie i r on (7 % ) . P o o r 

microflora remains , Lueckisporites wirkkiae (Pot. 

K l a u s ) , Striatites richteri (Klaus ) J i zba , Juga

sporites lueckuides K l a u s , Limitisporites rectus 

Leschik, Klausipollenites schaubergeri (Pot. Klaus) 

I a n s o n i u s c o r r e s p o n d m o s t l i k e l y t o t h e 

T h u r i n g i a n . Sedimentologica l a n d paleoecologi-
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cal da ta indicate tha t a shor t in t ra -Permian hia

tus is possible. 

T h e Early Permian séquences of the H r o n i c U n i t 

(Fig. 6, the Ma luz inâ Format ion) aie developed 

gradually from the under ly ing S tephanian . T h e y 

compr i se a t h i c k succession of red beds w h i c h 

consist of a l te rnat ing conglomérâ tes , sands tones 

a n d shales. Lenses of dolomi tes , gypsum a n d cal-

c r e t e / c a l i c h e h o r i z o n s o c c u r loca l ly . F i n i n g -

upward cycles of the order of several meters , as 

well as three régional megacycles arranged above 

each other, are mos t typical. A n i m p o r t a n t phe -

n o m e n o n is the polyphasé synsed imenta ry ande-

site-basalt vo lcanism w i t h con t i nen t a l tholei i t ic 

m a g m a t i c t rend (Vozàr 1977 , 1983) . 

G e n e r a l l y t h e s é d i m e n t s o f t h e M a l u z i n â 

Forma t ion originated, in fluvial a n d fluvial-lacus-

t r ine env i ronmen t , at p e r m a n e n t l y semiar id/ar id 

c l i m a t e . Basai p a r t s o f t h e t h r e e m e g a c y c l e s 

c o n s i s t o f c h a n e l - l a g a n d p o i n t - b a r d e p o s i t s , 

associating laterally wi th flood plain and natural 

levée séquences. U p p e r par t of megacycles is cha-

racter ized by a playa, scarce i n l and sabcha a n d 

ephemera l lake associations. 

T h e m i c r o f l o r a p r o v e d t h e E a r l y a n d L a t e 

P e r m i a n âge of t h e M a l u z i n â F o r m a t i o n . T h e 

f o l l o w i n g a s s e m b l a g e s w e r e d e s c r i b e d b y 

P l a n d e r o v â ( 1 9 7 3 ; in P landerovâ . & Vozarova 

1 9 8 2 ) : (1 ) A u t u n i a n : Spinosporites exiguus 

U p t h a w - H e d l . , Thymospora div. sp . , Columini

sporites ovalis Peppers , Punctatisporites speciosus 

Kalib. , Cordaitina div. sp., Illinites unicus Kos. , 

Vittatina div. sp.; (2) Autun ian-Saxon ian : Laten

sina trileta Alp., Potonieisporites novicus Bharadw., 

P. radiosus Shwarz. , Jugasporites delassaucei Klaus, 

Vittatina ovalis K l a u s ; ( 3 ) T h u r i n g i a n : 

Calamospora nathorstii Klaus, Klausipollenites div. 

sp., Carpathisporites sittleri P land. , Lueckisporites 

parvus K l a u s , Vittatina angulistriata K l a u s , 

Monosulcites minimus C o o k s o n . 

T h e A u t u n i a n - S a x o n i a n microf lora assemblages 

cor respond approximate ly to the first and second 

megacyc le s . T h i s a s s u m p t i o n is s u p p o r t e d by 

2 0 6 p b / 2 3 8 I J a n d 207p D /235TJ d a t m g „ f 2 6 3 a n d 

2 7 4 M a f r o m u r a n i u m - b e a r i n g layers o f t h e 

u p p e r m o s t p a n of the second megacycle (Lepka 

in Rojkovic et al. 1992) . 

S é d i m e n t s of b o t h fo rma t ions c o n t a i n dé t r i tus 

d e r i v e d f r o m : (1) g r a n i t o i d s a n d h i g h - g r a d e 

m e t a m o r p h i c s ; (2) ? s y n s e d i m e n t a r y or a l i t t le 

older daci te volcanics; (3) andesi te /basal t synse

d i m e n t a r y vo lcan ics ; (4) l o w - g r a d e m e t a m o r 

p h i c s . G e n e r a l l y t h e g r a d e o f r é g i o n a l 

m e t a m o r p h i s m did n o t exceed P - T condi t ions of 

diagenesis/ anch izone boundary . 

T h e strongly Alp ine reworked metased iments of 

t he S o u t h e r n Vepor i c U n i t cons is t s o f coarse-

g ra ined me taa rkoses , m e t a - a r k o s i c wackes a n d 

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

d é t r i t u s . F i n e - g r a i n e d m e t a s e d i m e n t s are o n l y 

m i n o r c o m p o n e n t . T h e y p r o v i d e ve ry p o o r l y 

p r e s e r v e d s p o r e s p e c i e s o f t h e g e n u s Luec

kisporites, ranging thèse séquence wi th the Early 

Permian (Planderovâ & Vozârovâ 1982) . 

NORTHERN GEMERIC ZONE (FIG. 7) 

C o n t i n e n t a l P e r m i a n s é q u e n c e s o v e r l a p p e d 

slightly de formed relies of the Westphal ian peri-

pheral basin filling as well as ail pre-Westphal ian 

complexes of the N o r t h G e m e r i c Z o n e . Prévalent 

coarse-clastic s éd imen t s der ived f rom the colli

s i o n b e l t a r e a s s o c i a t e d w i t h b i m o d a l 

andesi te/basal t-rhyoli te volcanism. T h e develop

m e n t o f t h e P e r m i a n d e p o s i t i o n a l r e a l m was 

c o n n e c t e d w i t h p o s t - A s t u r i a n t r a n s p r e s s i o n / 

t ranstension stage, as a resuit in extensional régi

m e d u r i n g the Late Permian-Mesozoic t ime. 

F o l l o w i n g a re t h e c h a r a c t e r i s t i c f ea tu re s : (1) 

mul t i - co loured clastic séd iments wi th d o m i n a n t 

violet a n d violet-red; (2) graduai fining-upward; 

(3) cyclicity manifested wi th in the f ramework of 

small cycles as well as megacycles; (4) b i m o d a l 

calc-alkaline volcanism. 

T h e basai pa r t ( the Knola Fo rma t ion ) con ta ins 

m o s t l y p o o r l y s o r t e d p o l y m i c t c o n g l o m é r â t e s 

and breccias of extremely variable thickness, wi th 

pebble material reflecting the compos i t i on of the 

d i rec t under l ie r . T h e coarse -gra ined s é d i m e n t s 

o v e r l a p p e d d i f f é r e n t p a r t s o f b o t h p r e -

C a r b o n i f e r o u s crys ta l l ine complexes as well as 

irregurally e roded surface of the Westphal ian for

ma t ions . T h e y represent fossil mudf lows , part ly 

t e w o r k e d in s o m e p laces , re l ieved by al luvial , 

m a i n l y s t r e a m c h a n n e l d e p o s i t s . A g e o f thèse 

séd iments is no t de t e rmined , d u e to lack of fos-

sils' remains . 

Volcanics a n d volcanoclast ics of b i m o d a l m a g 

m a t i c assoc ia t ion are t h e m a i n features of t he 
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FIG. 7. — The Autunian and Saxonian of the North Gemeric Unit (see legend Fig. 8). 

Petrova H o r a Format ion . T h e polyphasé volcanic 

activity manifested régional and t ime relations to 

large sed imentary cycles. Sédiments are characte-

ristic by low degree of ma tu r i ty a n d mix ture of 

syngene t i c vo lcan ic a n d n o n - v o l c a n i c dé t r i t u s . 

A m o n g the mos t s t t iking fearures are rhe fining-

upward alluvial cycles, wi th channel lag, po in tba r 

and flood plain lakes faciès alrernat ing wi th playa 

lake subenv i ronmen t at the t o p m o s t par t of large 

cycles. 

T h e microflora found in the uppe r par t of the 

Petrova H o r a F o r m a t i o n p roved Saxon ian âge: 

Limitisporites moesensis (Grebel) Klaus, Vittatina 

d i v . s p . , Nuskoisporites dulhuntyi K l a u s 

(Planderovâ 1979 unpub l i shed reporr) . T h i s âge 

is s u p p o r r e d by i s o t o p i c analysis of s u l p h i d e s 

from vo lcanogen ic ho r i zons : 2 0 6 P b / 2 3 6 U = 2 6 3 

Ma; 2 ° 7 P b / 2 3 5 U = 274 M a (Novo tny & Rojkovic 

1981) . 

T h e Autun ian-Saxon ian terr igenous and terrige-

nous-volcanogenic séquences are overlapped by a 

relatively m a t u r e s andy-cong lome ta t e s ho r i zon , 

w i t h c o n t e n t s of pebb le mate r ia l der ived from 

direcr s t r a t ig raph ie under l i e r . T h i s c o u l d have 

been a conséquence of the break in sed imenra -

t ion aftet Saxonian, bu t biostrat igraphic évidence 

to suppor t this a s sumpt ion is missing. Alluvial, 

s t r e a m c h a n n e l d e p o s i t s p r o g r a d e g r a d u a l l y 

upward to the in land sebkha a n d near-shore seb-

kha/ lagoonal faciès, wirh anhydr i re -gypsum a n d 

sa i t b r e c c i a h o r i z o n s ( t h e N o v o v e s k â H u t a 

F o r m a t i o n ) . I so top ic analysis of s u l p h u r shows 

the resulrs close to da ta o n t h e Late P e r m i a n -

lower p a r t o f t h e Ear ly Triassic ( K a n t o r et al. 

1982) . T h e r e are graduai Transitions u p to t he 

Claraia clarai hor izon . 

T h e grade of m e r a m o r p h i s m of the Permian rock 

complexes d id n o t exceed the P - T cond i t i on of 

anchizone. 

INNER WESTERN CARPATHIANS CRYSTALLINE 

ZONE 

T h e Ear ly P e r m i a n s é d i m e n t s were d e v e l o p e d 

on ly wi th in the Sou the rn Gemer i c U n i t (Fig. 8) . 

Late Variscan, pos t -orogenic overstep séquences 

of t he S o u t h e r n G e m e r i c U n i t are rep resen ted 

only by the Permian to Early Triassic con t inen ta l 

a n d n e a t - s h o r e , l a g o o n a l - s a b c h a f o r m a t i o n s . 
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FIG. 8. — The Autunian and Saxonian of the South Gemeric Unit. 1 , delta-fan, shallow marine boulder conglomérâtes; 2 , marine 
conglomérâtes; 3 , marine sandstones; 4 , sandstones with admixture of volcanoclastic détritus; 5 , acid to intermediate volcanics; 
6 , andensite-basalt volcanics. 

T h e y u n c o n f o r m a b l y o v e r l a p p e d t h e i r E a r l y 

Pa leozo ic b a s e m e n r , rhe v o l c a n o - s e d i m e n t a r y 

flysch of the Gelnica G r o u p (defined together as 

t h e G e l n i c a T e r r . , V o z â r o v â & V o z â r 1 9 9 3 , 

1 9 9 6 ) . Genera l ly , t he Ear ly P e r m i a n v o l c a n o -

s e d i m e n t a r y c o m p l e x e s are c h a r a c t e r i z e d by a 

h igh con ten t of m a t u r e détr i tus , main ly in their 

basai parr. C o n s p i c u o u s upward fining is accom

p a n i e d b y re lar ive dec r ea se o f c o m p o s i t i o n a l 

ma tu r i ty and grain-size of séd iments . Sédiments 

represent the relies of s e d i m e n t a r y basin filling 

w h i c h o r i g i n a t e d in t r a n s p r e s s i o n / t r a n s t e n s i o n 

r ég ime , p r o g r a d e d t o t he ini t ia l s tage of pos t -

Variscan rifting. T h e whole séquence is subdivi-

d e d i n t o t w o l i t h o s t r a t i g r a p h i c u n i r s : r h e 

Rozhava a n d S t i t n i k Format ions . 

C h a r a c t e r i s t i c l i t h o t y p e o f t h e Roz"r iava 

F o r m a t i o n are the ol igomict , quar tzose cong lo

mérâtes , wi th indis t inct stratification. T h e whole 

séquence is subdiv ided vertically in to two large 

cycles, w i th conglomerare hor izons at the base of 

each a n d sandstone-shale m e m b e r berween their 

two . D o m i n a n t are s t r eam c h a n n e l a n d sheet -

flood deposi ts , wi th un imoda l t r anspor t S y s t e m . 

Both conglomera t ic hor izons are connecred wi th 

rhyoli te-dacite subaerial volcanism. T h e i r chemi -

cal compos i t i on cor respond to calc-alkaline mag

m a t i c t y p e . T h e E a r l y P e r m i a n â g e o f t h e 

Rozhava F o r m a t i o n is a s sumed on the basis of 

microflora, wi th the p r é d o m i n a n t species of the 

gênera Potonieisporites, Striatodisaccites, Vittatina 

sp. a n d main ly the form Triquitrites additus Wils . 

et H o f m . , Potonieisporites novicus B h a r a d w . , 

Vittatina costabilis Wils (Planderovâ 1980) . 
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T h e gradually p rograded St i tn ik F o r m a t i o n is a 

m o n o t o n o u s c o m p l e x o f cyclically a l t e r n a t i n g 

sandstones , siltstones a n d shales. Lenses of carbo-

nat ic sands tones and do lomi t i c l imestones wi th 

in terca la t ions of shales occur on ly in its u p p e r 

par t . T h i n lenses of phospha t i c sands tones a n d 

sédiments wi th extremely high con ten t of albite 

(albitolites) are except ional . Séd imen t s con t a in 

relatively high a m o u n t of rhyoli te/daci te détr i tus 

( P s y n s e d i m e n t a r y o r r e d e p o s i t e d f r o m t h e 

Rozrïava Fo rma t ion ) . Sed imen ta ty e n v i r o n m e n t 

is in terpreted as alluvial-lacustrine a n d lacustrine, 

w i th high-alkal ine lakes in some places, progra

d ing in to near-shore, lagoonal-sabcha faciès. Age 

dé te rmina t ions are k n o w n only from the upper -

mos t par t . T h e Late Permian was proved o n the 

basis of cone slice and twig of Pseudovoltzia lie-

beana (Geini tz) Flor in , a n d leaves of the genus 

Sphenozamites, as well as remains of bivalve tests 

o f t h e g e n u s Carbonicola M c C o y , 1 8 5 5 (Su f 

1963) . Mic ro floral assemblages conf i rm the Late 

P e r m i a n - E a r l y T t i a s s i c â g e o f t h i s h o r i z o n 

(Planderovâ 1980) . 

General ly , séquences of t he S o u t h e r n G e m e r i c 

Permian are dis t inct ly d y n a m o m e t a m o r p h i c a l l y 

deformed, wi th grade of m e t a m o r p h i s m reaching 

P - T condi t ions of anchizone to low- tempera ture 

par t of greenschist faciès. 

W i t h i n t h e I n n e r W e s t e r n C a r p a t h i a n s ( t h e 

T u r n a i c U n i t ; T S B Z ) the c o n t i n e n t a l r ed-beds 

u n c o n f o r m a b l y over lying the Bashki r ian flysch 

are mos t p robably the Late Permian in âge (since 

biostrat igraphical unda t ed ) . 

D I S C U S S I O N 

T h e Carbon i fe rous -Permian sed imen ta ry basins 

of t he Wes t e rn C a r p a t h i a n s o r ig ina ted in t i m e 

a n d space as a conséquence of col l i s ion/subduc-

t ion events of Variscan orogeny. T h e topical dis

t r ibu t ion of thèse basins, as well as the lithofacial 

c h a r a c t e r o f t he i r f i l l ing, d o c u m e n t s o u t h e r n 

polari ty of the Vatiscan orogeny of the Western 

Carpa th ians , responsible for the oppos i te vergen-

cy in compar i son wi th tha t in the Alp ine b ranch . 

Basins or ig ina ted gradually as a conséquence of 

micropla te in teract ion. 

T h e beg inn ing of collisional events was connec

ted wi th the Bretonian movemen t s and develop

m e n t of the Early Carboni ferous flysch r e m n a n t 

basin séquences preserved w i t h i n the N o r t h e r n 

G e m e r i c Uni t . T h e pro longa t ion of collision car-

ried o n c los ing the Ear ly C a r b o n i f e r o u s flysch 

basin a n d caused hiatus d u r i n g N a m u r i a n B-C . 

T h e S u d e t i a n m o v e m e n t s g a v e r i s e t o t h e 

Bashk i r i an -Moscov ian m a r i n e per iphera l basin , 

w h o s e b a s a i s é q u e n c e s f i x e d t h e E a r l y 

C a r b o n i f e r o u s f l y s c h a n d b o t h t w o p r e -

C a r b o n i f e r o u s c o m p l e x e s ( f r a g m e n t s o f c r u s t 

w i t h ocean i c / sup raocean ic affinity). C los ing of 

this bas in was c o n n e c t e d w i t h A s t u r i a n events 

and is reflected in hia tus du r ing S tephanian . T h e 

N o r t h - G e m e r i c Ear ly a n d Late Pe rmian con t i 

n e n t a l r e d - b e d s s é q u e n c e s o r i g i n a t e d u n d e r 

t r a n s p r e s s i o n / t r a n s t e n s i o n a n d ex t ens ion pos t -

orogenic régime. 

D u e to thèse compres s ion events , the différent 

é v o l u t i o n bas ins were es tab l i shed o n fo rmer ly 

over thrus ted cont inenta l plate, whose fragments 

a re d i s m e m b e r e d w i t h i n t h e severa l C W C Z 

A l p i n e m e g a u n i t s . C o n t i n e n t a l s é d i m e n t a t i o n 

u n d e r h u m i d cl imatic condi t ions was characteris

t ic for t h i s p a r t o f t h e p l a t e d u r i n g t h e L a t e 

Carboni ferous . Thèse relies are preserved wi th in 

t h e A l p i n e Z e m p l i n i c , H r o n i c a n d S o u t h e r n 

Veporic Uni t s . Séquences from the last of t h e m 

are very s t r o n g A l p i n e r e w o r k e d . Genera l ly , a 

character is t ic feature for thèse d e v e l o p m e n t s is 

graduai p rograd ing in to the Permian a r id / semi-

a r i d r e d - b e d s f o r m a t i o n s . T h e s e d i m e n t a r y 

basins were established in pul l -apar t a n d exten-

sional tec tonic set t ing (most p robab ly in back-arc 

pos i t ion) . T h e latest stage of this process affected 

the format ions wh ich were incorpora ted in to the 

N o r t h e r n Vepor i c a n d Ta t r i c U n i t s (Saxon ian 

even T h u r i n g i a n ) . 

P a r t i c u l a r fea tu res have b e e n o b s e r v e d in t h e 

P e r m i a n f o r m a t i o n s o f t h e S o u t h e r n G e m e r i c 

uni t . The i r minerai extremely matu re détri tus, as 

c o m p a r e d w i t h o the r c o n t e m p o r a l séd iments of 

the Western Carpa th ians un i t allows to correlate 

t hem with other early-Alpine riftogenic tectofacies 

of the Alpine-Medi ter ranean domain . T h e y were 

m o s t p robab ly already c o n n e c t e d w i t h t he p re -

v i o u s B a s k h i r i a n f lysch z o n e s é d i m e n t a t i o n 

( T S B Z ) , c h a r a c t e r i s t i c fo r t h e S o u t h -

A l p i n e / D i n a r i c d e v e l o p m e n t . D i s c o v e r i n g the 
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B a s k h i r i a n f l y sch s é d i m e n t s ( t h e T u r i e c 
Format ion , Vozarova 1992) wi thin one of the top-
m o s t t e c t o n i c u n i t s o f t h e I n n e r W e s t e r n 
Carpathians (Turna Nappe) confirms this assump-
tion (Vozarova & Vozâr 1992; Vozarova 1996). 
F r o m t h e p o i n t o f v i e w o f c o m p a r i s o n o f 
Carboni fe rous-Permian séquences in the Alp ine-
C a r p a t h i a n a r c , t h e p o s i t i o n o f s y n o r o g e n i c 
flysch sédiments in space a n d t ime is an i m p o r 
t a n t c r i t e r ion ( E b n e r 1 9 9 1 ) . T h e T o u r n a i s i a n -
Visean (pre-Sudetic) flysch, wh ich is preserved in 
the N o r t h e r n Gemer i c Z o n e ( N G Z ) , reflects the 
stage of convergence. T h i s flysch t rough conta i -
ned shreds of oceanic crust (serpentinites) as well 
as dét r i tus from a collisional fold- thrust belt and 
from the re juvenated b a s e m e n t (source of low-
grade metased iments a n d metavolcani tes as well 
as g ran i to ides a n d gneisses) . Its m o s t p r o b a b l e 
paleotectonic pos i t ion was that of residual basin, 
arising wi th ob l ique collision. T h i s is testified by 
g radua i t r ans i t i on f rom flysch e n v i r o n m e n t to 
terrestr ial-carbonate, shal low-water séd iments of 
Serpukhovian âge. 

S y n o r o g e n i c , p r e - S u d e t i c flysch s é d i m e n t s are 
represented in the Eastern Alps, in the Stolzalpe 
N a p p e ( G u r k t a l t h r u s t S y s t e m ) i n c e n t r a l 
Ca r in th i a (Neubaue r & Herzog 1985) . T h e y are 
also covered by Late Carboni fe rous molasse sédi
m e n t s ( M u r a u area), wh ich is, however, o n the 
c o n t r a r y to t he N G Z , in c o n t i n e n t a l deve lop 
m e n t . Ear ly P e r m i a n s é d i m e n t s in b o t h u n i t s 
indicate con t inen ta l e n v i r o n m e n t s (Ebner et al. 
1 9 9 0 a ) . A n é q u i v a l e n t o f t h e L a t e V i s e a n -
S e r p u k h o v i a n s h a l l o w - m a r i n e h o r i z o n w i t h 
magnesi tes (upper par t of the O c h t i n a g roup in 
the N G Z ) is deve lopmen t in the Veitsch N a p p e 
of the G r a u w a c k e n z o n e (Neubaue r & Vozarova 
1 9 9 0 ) . E q u a l l y also l i tho log ica l cha tac te r i s t i c s 
and the pa l eoenv i ronmen t of the Carboni ferous 
f r o m N o e t s c h a r e c o m p a r a b l e w i t h m a r i n e 
molasse sédiments in the N G Z . 
In the Sou the rn a n d Eastern Ca rpa th i ans silici-
clastic a n d / o r siliciclastic-carbonate séquences of 
Early Carboni ferous were described (Nastaseanu 
1 9 8 7 ; N a s t a s e a n u & K r a u t n e r 1 9 9 0 ; K r a u t n e r 
1990) , w h i c h , however , are poor ly proved b io -
stratigraphically (Infrabucovinian N . , Bucovinian 
N . , Supraghe t i c N . , D a n u b i a n U n i t ) a n d from 
sedimentologica l p o i n t of view are of un typ ica l 

flysch deve lopment . A feature c o m m o n in b o t h 
c o m p a r e d areas is Var iscan m e t a m o r p h i s m o f 
Early Carbon i fe rous complexes . Well correlable 
séquences are, however, cont inenta l Late C a r b o 
niferous a n d Permian from the Cen t ra l Western 
Carpa th ians ( C W C Z ) a n d in the Ghe t i c U n i t in 
R o m a n i a descr ibed by Nas taseanu et al. (1973) 
a n d N a s t a s e a n u ( 1 9 7 8 ) . I n t h e A p u s e n i 
M o u n t a i n s (Biharia a n d C o d r u N a p p e System) 
c o n t i n e n t a l L a t e C a r b o n i f e r o u s a n d P e r m i a n 
sédiments wi th andesite-basaltic riftogenic volca
nism are k n o w n , similarly as in the H r o n i c U n i t 
in the C W C Z . 

Rel ies of La te D e v o n i a n - E a r l y C a r b o n i f e r o u s 
f lysch f o r m a t i o n s w e r e a lso d e s c r i b e d in t h e 
région of the Balkanides a n d in the Kraisht ides 
(Yanev & Spasov 1985 ; Tenchov 1990) . T h e y are 
covered by W e s t p h a l i a n a n d / o r even P e r m i a n 
cont inenta l deposits . 
T h e p re -As tu r i an flysch, w h i c h is preserved in 
the Inne r Wes te rn C a r p a t h i a n s ( I W C Z ) in t he 
Turnaic Uni t , has its con t inua t i on in the Szendtô 
a n d U p p o n y M o u n t a i n s i n n o r t h e a s t e r n 
H u n g a r y , whe re , it was descr ibed in détai ls by 
Kovâcs & Péro (1983) a n d Kovâcs (1987) . T h i s 
flysch has its équiva len ts in t he S o u t h e r n Alps 
and Karawanken (Ebner et al. 1991) . T h e flysch 
complexes are Variscan low-grade m e t a m o r p h o s -
ed ( M a z z o l i & V o z a r o v a 1 9 8 9 ; E b n e r et al. 
1 9 9 0 b ) . T h e pre-Astur ian flysch complexes are 
usually covered by shallow-water or even deltaic 
séd iments of Wes tpha l ian to S tephanian âge. A n 
except ion is the Turna ic Un i t ( I W C Z ) where the 
m â t i n e molasse is missing a n d the flysch is cove
red by P e r m i a n , c o n t i n e n t a l s é d i m e n t s (r i f to
genic stage of the Alpine cyclus). 
In the B u k k M o u n t a i n s the pre-Astur ian flysch 
r each ing even t he W e s t p h a l i a n is c o n t i n u o u s l y 
rep laced by s h a l l o w - m a r i n e s é d i m e n t s of La te 
W e s t p h a l i a n - S t e p h a n i a n âge (Kovâcs & P é r o 
1983) . T h e sédiments are no t Var i scan-metamor-
p h o s e d a n d o n l y in p l ace s a f f ec t ed by w e a k 
A l p i n e m e t a m o r p h i s m (Arkai 1 9 8 3 ) . P e r m i a n 
séd iments are lagoonal -nearshore mar ine , inter-
rup ted by a shor t -da ted Midd le Permian event of 
c o n t i n e n t a l s é d i m e n t a t i o n only. A n a n a l o g o u s 
d e v e l o p m e n t of t he Permian is also the C a r n i c 
A l p s a n d K a r a w a n k e n ( E b n e r et al. 1 9 9 0 ; 
Ramovs v et al. 1990) . 

636 GEODIVERSITAS • 1998 • 2 0 ( 4 ) 



Late Carboniferous to Early Permian of Western Catpathians 

In t h e T r a n s d a n u b i a n M i d - m o n t a i n s U n i t t he 

C a r b o n i f e r o u s is r e p r e s e n t e d by Vi sean l i m e -

s t o n e s ( F ô l d v a r i 1 9 5 2 ) a n d W e s t p h a l i a n -

Stephanian conglomérâtes (Mihaly 1980) . Thèse 

séquences as well as ail p re-Carboni ferous c o m 

plexes show S o u t h Alp ine -Dina r i c affinity. T h e 

Late C a r b o n i f e r o u s - P e r m i a n c o n t i n e n t a l sédi 

men t s unconfo rmab ly over lapped m é d i u m - and 

high-grade Variscan a n d pre-Variscan m e t a m o r -

ph ic rocks of Tisia Uni t in the southeastern par t 

of H u n g a r y (Mecsék a n d Vi l l any M o u n t a i n s , 

Kassai 1 9 7 6 ) . C o m p l e x e s o f t he Tis ia U n i t as 

wel l as i ts C a r b o n i f e r o u s - P e r m i a n e n v e l o p p e 

have no équivalent in the Western Carpa th ians . 

In the con tex t of s t ra t ig raphie âge of the sedi-

mentological ly well established flysch séquences 

a n d c l a s t i c / v o l c a n o c l a s t i c p i les w h i c h t a k e in 

synorogenic posi t ion, the following compar i son 

can be done : 

1 . Internai zone of Alpine Variscides belt wi th pre-

Sudetic flysch envi ronment : C W C Z joined wi th 

N G Z in t h e W e s t e r n C a r p a t h i a n s , e a s t e r n 

Grauwackenzone and Gurkta l thrus t System and 

C a r b o n i f e r o u s of N o e t s c h area in t h e E a s t e r n 

A l p s , n a p p e t h r u s t System o f B u c o v i n i a n a n d 

G h e t i c U n i t s i n t h e E a s t e r n a n d S o u t h e r n 

Carpathians in Romania , par t of Balkanides and 

K r a i s h t i d e s in Bu lga r i a . T h i s z o n e c o m p r i s e s 

m a i n l y m é d i u m - a n d h igh -g rade m e t a m o r p h i c 

basement wi th huge masses of pre-Mesozoic gra-

n i t o i d s , as a resui t of p r e d o m i n a n t l y Var i scan 

me tamorph i sm and magmat i sm. W i t h respect to 

thèse characteristics, this zone corresponds to the 

Medi terranean crystalline zone ( M C Z ) defined by 

N e u b a u e r & R a u m e r ( 1 9 9 3 ) . T h e p re -Sude t i c 

flysch zone covered by Visean-Serpukhovian mari

ne molasse, which is designated as the N G Z in the 

W e s t e r n C a r p a t h i a n s , has c o n t i n u a t i o n in t he 

h i g h E a s t e r n A l p s U n i t s ( N o e t s c h - V e i t s c h -

O c h t i n a zone accord ing to Flugel 1990 , N o r t h 

Gemeric-Veitsh zone after Neubauer & Vozarova 

1990) . It is in te rpre ted as an in t rasu tura l basin 

a m a l g a m a t i n g two ma jo r Variscan mic rop la t e s 

(Vozarova & Vozâr 1988; Neubauer & Vozârovâ 

1 9 9 0 ) o r as s o u t h e r n e x t e n s i o n o f t h e M C Z 

(Neubauer & Raumer 1993). 

2 . Ex te rna l zone of a lp ine Variscides bel t w i t h 

p r e - A s t u r i a n flysch e n v i r o n m e n t : I W C Z w i t h 

Turna ic Un i t , Szendrô M o u n t a i n s a n d U p p o n y 

M o u n t a i n s a n d B u k k M o u n t a i n s in H u n g a r y , 

s o u t h e r n Alps a n d K a raw an k en . T h e b a s e m e n t 

o f t h i s z o n e is e i t h e r unknown o r c o n s i t s o f 

d o m i n a n t l y shal low-water ca rbona tes i n c l u d i n g 

pelagic l imestones. A n except ion is the Sou the rn 

G e m e r i c U n i t ( I W C Z ) w i t h t h e l o n g - t i m i n g 

Ear ly Paleozoic Flysch séquence . T h i s external 

zone could be correlated wi th the Nor ic -Bosn ian 

a n d B e t i c - S e r b i a n z o n e s d i s t i n g u i s h e d b y 

N e u b a u e r & R a u m e r (1993) . 

C O N C L U S I O N 

T h e d i s t r i b u t i o n o f C a r b o n i f e r o u s - P e r m i a n 

basins in t ime a n d space as well as the lithofacial 

character of their fdling indicate a reverse polari-

ty (southern) in compar i son wi th the Alp ine o ro 

geny. T h e results of Variscan orogenic events was 

t h e u n e v e n l y Consolidated c o n t i n e n t a l c r u s t 

which , after a shor t per iod of stability (from the 

s o u t h to t he n o r t h in t h e Late P e r m i a n / E a r l y 

Triassic to Midd le /La te Triassic), was incorpora-

ted again in the new orogenic Alp ine cycle. 

O n t he basis o f filling relies of Ca rbon i f e rous -

Permian basins in the Weste rn Carpa th ians two 

zones of c o n t i n e n t a l coll ision differing in t i m e 

were identified: 

— the internai zone, w i th t e rmina t ion of collision 

d u r i n g B r e t o n i a n - S u d e t i a n events , r e su l t ing in 

s y n - c o l l i s i o n E a r l y C a r b o n i f e r o u s f lysch a n d 

m a r i n e Late Carbon i fe rous per i su tura l basin as 

well as cont inenta l , back-arc transpression basins; 

— the external zone, w i th t e rmina t ion of collision 

d u r i n g A s t u r i a n events ( I W C Z ) . T h i s z o n e is 

represented by the Baskhirian flysch a n d the Late 

Wes tpha l i an /S tephan ian mar ine perisutural basin 

(relies preserved only on the terr i tory of n o r t h e r n 

H u n g a r y ) a n d t h e p o s t - o r o g e n i c c o n t i n e n t a l 

P e r m i a n d e p o s i t s ( S o u t h e r n G e m e r i c a n d 

Turnaic uni ts on the terr i tory of Slovakia). 
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