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ZDENĚK R O T H + 

TECTONIC RELATIONS BETWEEN THE INNER WEST CARPATHIANS 
AND EAST CARPATHIANS ACCORDING TO LATEST INVESTIGA­

TIONS IN THE UKRAINIAN CARPATHIANS 

(Fig. 1) 

A b s t r a c t : At the front of the zone of the Upper Cretaceous nappes 
of t h e E a s t e r n Alps, West and East C a r p a t h i a n s a zone of older A p t i a n — 
Albian (Austrian) n a p p e s of the vanished (ultra) Pieninic Cordil ler and 
M a r m a r o š zone (with crystal l ine rocks of the I n n e r - C a r p a t h i a n Pa leo-
zoids) w a s extending. T h e axis of the North P e n n i n i c + K y s u c a — P i e n i n y 
-\- R a c h o v o — C e a h l ä u geosyncline w a s r u n n i n g in its n o r t h e r n fore-land. 
To the f u n d a m e n t a l differences between the s t r u c t u r e of the West and 
East C a r p a t h i a n s the intense P r i a b o n i a n — L o w e r Oligocene (Pyreneic) 
deformations in the West C a r p a t h i a n s belong, called forth by dext ra l 
twis t ing of t h e Ter t ia ry A p u s e n i — T r a n s y l v a n i a n par t ia l block (Fig. 1). 

P c 3 lo M e: B nepe.iHeií Liacrn BOHM nepxiicMvionbix iiOKpoBOB BOCTOMHHX 
A.ibn, 3aiia;uibix n Bocro'iHbix KapnaT npocTiipa.iacb 30na CTapmiix anr-
-a.ibócKiix (aBCTpm'icKiix) riOKpoBOB yiiKuineii (yjibTpa) nbeHHHcKoii Kop-
ÄH.TbeQbl H MapMapOmi'KOH 30HbI (C KpHCTajyiHHHKVMOM BHyTpiIKapIiaTCKIIX na-
.neo30Hii). Ocb ceBeponeHHHHCKoii -f- KHcynKO-nbeniniCKofi -j- paxoBCKO-nerjiaB-
CKOÍi reoĽHiiK.iHHa.'iH npoxo.an.ia B ee ceflcpnoM cpopjiaH;ie. K OCHOBHUM OT.III-
1HHM B CTpOCHHH 3ana.'lHbI\ II BoCTOiIUblX KapnaT 0TH0C51TCS1 HHTeHCHBHblC 
npHaGoiiCKO-iii^Kiieo.'iiiroiiviiOBbie (niipeneiicKiic) ÄerpopMariHH B 3anaÄHbix 
KapnaTax Bbi3Baiii>i /U'KCTpa.ibHbiM nOBepnyTiieM TpeTiimioro anyceHCKO-
-TpaHCii.fibBaiiCKOro 'lacniMi-ioro n.ioKa (pne. 1). 

T h e U k r a i n i a n s e c t i o n of t h e E a s t C a r p a t h i a n s is a k e y r e g i o n of t h e C a r ­
p a t h i a n r e g i o n a l t e c t o n i c s . I n it e n d s t h e M a g u r a g r o u p of n a p p e s as o n e of 
speci f ic l a r g e W e s t C a r p a t h i a n t e c t o n i c u n i t s a n d b e g i n s o m e specif ic m o r e 
i n n e r E a s t C a r p a t h i a n e l e m e n t s ( M a r m a r o š g r o u p of n a p p e s , R a c h o v — C e a h l ä u 
n a p p e ) . 

A n e s s e n t i a l q u e s t i o n , i m p o r t a n t for t h e g e o l o g y of t h e C z e c h o s l o v a k , P o l i s h 
a n d R o u m a n i a n C a r p a t h i a n s , a r e m u t u a l r e l a t i o n s b e t w e e n t h e t e c t o n i c u n i t s 
of t h e E a s t C a r p a t h i a n s a n d W e s t C a r p a t h i a n s a t t h e U k r a i n i a n t e r r i t o r y . T h e 
q u e s t i o n s of t h e s e r e l a t i o n s w e r e s y s t e m a t i c a l l y c l e a r e d u p in p r e p a r a t i o n of t h e 
T e c t o n i c m a p of C B G A (M a h eľ et a l . , 1973). H o w e v e r , b y far, a l l is n o t 
c l e a r (see for e x a m p l e t h e a n a l y s i s of K r u g l o v a n d S m i r n o v, 1980) a n d 
i n c r e a s i n g r e g i o n a l k n o w l e d g e a n d n e w g l o b a l t e c t o n i c o p i n i o n s t h r o w a n e w 
l i g h t o n r e l a t i o n s b e t w e e n t h e W e s t a n d E a s t C a r p a t h i a n s . A s t o t h e U k r a i n i a n 
C a r p a t h i a n s , b e s i d e s o l d e r c o m p r e h e n s i v e w o r k s , I set o u t f r o m t h e m a t e r i a l s 
of t h e C B G A C o n g r e s s p u b l i s h e d i n K i e v (1980), w h e r e t h e f u n d a m e n t a l 
q u e s t i o n s of t h e geo log ica l s t r u c t u r e s of t h e U k r a i n i a n C a r p a t h i a n s a r e d i s c u s s e d 
b y S o v i e t spec ia l i s t s . T h e y a n a l y s e a lso t h e c a u s e s of d i f f icul t ies a n d i n s e c u ­
r i t i e s (K r u g 1 o v — S m i r n o v, 1980; V j a 1 o v, 1980). I t c a n b e said, t h a t t h e 
o p i n i o n s of C z e c h o s l o v a k , P o l i s h , S o w i e t a n d R u m a n i a n g e o l o g i s t s a r e m u t u a l l y 
a p p r o a c h i n g . 

+ Doc. RNDr. Z. R o t h , D r S c , Centra l Geological Ins t i tute , M a l o s t r a n s k é nám. 19. 
121 00 P r a h a . 
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Connection of tectonic Polish, Ukrainian and Roumanian Carpathian zones 

Also in the Ukrainian Carpathians is reckoned with domination of the nappe 
structure. In the first place there are no doubts of it at the outer margin of the 
Carpathians (Škole—Tarcáu nappe) and in the inner zones of the Ukrainian 
Carpathians (Marmaroš, Rachovo—Ceahläu, Porkulec—Šuchov. Dukla and Čer­
ná hora—Audia zones). Kruglov and Smirnov (1. c.) write about the Krosno 
zone, however as about "a large autochthonous depression", lying in SE con­
tinuation of the Silesian and Škole—Tarcäu nappes, to the rear part of which it 
belongs. The autochthonity of the Krosno zone (i. e. the autochthonity of the 
rear p a r t of t h e Škole—Tarcäu nappe), is however, not proved by Kruglov and 
Smirnov. The narrowed Krosno zone continues according to Soviet investiga­
tions ( R o b i n s o n in K r u g l o v — S m i r n o v , 1980) un-interrupted into 
Roumania before the front of the Černá hora—Audia nappe. 

Connection of the tectonic zones of the Czechoslovak, Ukrainian and Roumanian 
Carpathians 

K r u g l o v and S m i r n o v (1980) consider not only the Marmaroš zone 
(i. e. the Marmaroš m a s s i f + z o n e of the Marmaroš klippes), but also t h e Ra­
chovo—Ceahläu nappe, on which the Marmaroš zone ( = Marmaroš group of 
nappes) is thrust from SW, similarly as the fore-land of this nappe, i. e. the 
zone Porkulec-Suohovo and Hoverla subzone in the Černá hora—Audia nappe 
(which at surface to SE appears of Jasina) as an area already folded in the 
Aptian—Albian ( A u s t r i a n phase). 

As far as younger nappe movements in the inner part of the Ukrainian Car­
pathians (M a r t y n o v, 1980) are concerned the L a m a r i d e frontal boundary 
of the Rachovo—Ceahläu nappe separates the system of older nappes (Austr ian— 
Lamaride) from the more nor thern Neogene (Savian. Styrian to Moldavian) 
nappe structures. The Laramide overthrusting of the Rachovo—Ceahläu nappe 
is proved by D u m i t r e s c u and S ä n d u l e s c u (1974). 

When we compare according to intense Cretaceous (Austrian) to Paleocene 
(Laramide) movements tectonic units of the Czechoslovak and Ukrainian Car­
pathians, we observe pre-Albian (Austrian) intense movements as oldest in the 
hypothetic Pieniny (according to T o 11 m a n n, 1975 Ultrapieninic) Cordiller of 
the Pieniny Klippen-Belt of the West Carpathians and easternmost Alps. These 
movements are distinctly older than the Turonian (Subhercynian) thrust ing of 
nappes of the Inner West Carpathians and Eastern Alps (M i š í k, 1980). In the 
Pieniny Klippen Belt zone indeed even manifestations of the Subhercynian 
folding as well as of younger (including Late Styrian movements from the end 
of Miocene) are not missing. It can be stated, that the essential nappe structure 
of the Marmaroš zone of the Ukrainian and Roumanian Carpathians is of equal 
(i. e. Austrian) age as the origin and structure of the hypothetic Pieniny Cor­
diller of the easternmost Alps and West Carpathians. 

A regionally tectonic parallel between t h e hypothetic Pieniny Cordiller of the 
Eastern Alps and West Carpathians and likewise Austrian-folded Dacides of 
the East Carpathians ( S ä n d u l e s c u , 1975) is also confirmed by the extension 
of Laramide intensive tectonics, which according to M a r t y n o v (1980) and 
Rumanian geologists does not exceed to NE the front of the Rachovo—Ceahläu 
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nappe and in the West Carpathians it characterizes with its lithological ma­
nifestations the Pieniny Klippen-Belt east of its Zázriva sigmoid ( R o t h — L e š-
k o, 1974 and others). It can also be said, that the tectonic position of the 
Marmaroš zone of the Eastern Carpathians in the Aptian and Albian was 
coincident with the position of the hypothetic Pieniny Cordiller of the West 
Carpathians and Eastern Alps and the position of the Marmaroš zone + Rachovo 
—Ceahláu nappe in the Paleocene with the position of the form of the Pieniny 
Klippen Belt of that t ime in eastern Slovakia. [The present-day tectonic position 
of the Marmaroš and Rachovo—Ceahlau zones (i. e. its tectonic position after 
L a t e-S t y r i a n movements) can be compared to the position of the Magura 
group of nappes in Slovakia, its s t ructure has dominant features of Pyreneic 
age and is accompanied by zones of intense younger Miocene tectonics on the 
side of the foreland as well as on the side of the hinderland. Inside the arc 
of the Outer Carpathians it is the intense (dominant) Late Styrian tectonics 
of the Pieniny Klippen Belt, on the outer side the dominating Late-Styrian-Mol-
davian structure of the middle and outer marginal groups of the Outer-Carpa­
thian nappes]. 

Connection of tectonic zones inside the Carpathian arc 

The dominant Late Styrian structure of the Pieniny Klippen Belt continues 
from eastern Slovakia to SE. It extends from Svaljava S of the Marmaroš zone 
into the upper Tisa river basin in Rumania, where the Klippen Belt ends in 
a complicated arc bowing to E (S ä n d u 1 e s c u, 1975), and is linked with the 
Pyreneic-Late Styrian (T r u n k ó, 1969 ; B a l o g h — K ô r o s y, 1974; V j a 1 o v. 
1974) N and NW delimitation of the partial Tertiary Apuseni-Transylvanian 
block ( R o t h 1970 ; K r s—R o t h, 1979 ; R o t h, 1980) against the trough with 
the Szolnok flysch. This tectonic delimitation of the t rough is directed to SW, to 
Szeged. 

Simplified speaking, SE from the river Latorica the Austrian and Laramide 
structures (i. e. the Marmaroš Rachovo—Ceahlau zone) are getting gradually 
" 'unpacked" in direction to E from Miocene (Late Styrian) structures of the 
Pieniny Klippen Belt, which completely swallowed the more western Austrian 
and Laramide structure. In the upper Tisa river basin the young tectonics is 
definitively leaving the area of the Austrian structure of "Kl ippen" sequences. 
The Laramide and Austrian structures, which W of Svaljava are completely 
swallowed by the Late Styrian s tructure of the Pieniny Klippen Belt, have 
preserved independently till now E from Svaljava in the East Carpathians 
and are extending to SE into the crystalline-Mesozoic zone (Dacides) of the 
East Carpathians. 

We have mentioned that the W continuation of the Marmaroš group of nappes 
(zone) was the hypothetic Pieniny Cordiller. The width of the Austrian nappe 
structure of the Marmaroš group attains in the S part of the East Carpathians 
about 30 Km (M a h e ľ et al., 1973). The narrowing of the Pieniny Klippen Belt 
connected with swallowing of the Pieniny Cordiller is estimated by S i k o r a 
(1974) to 100 Km and by M i š í k (1980, including the reduction of width of the 
cordiller by the Austrian nappe structure) to 230 km. In narrowing gradually 
also Subhercynian, Laramide, Pyreneic. Savian and Styrian movements took 
part, in which the movement of the Tatraveporide block was dominating (and 
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their hinter-land) at the front with the Dacides to the N, to the present-day 
platform. The front of the Austrian (Aptian—Albian) nappe structure ("Da­
cides") was the front of the block. It was the outer margin of the Marmaroš 
zone + Pieniny Cordiller. 

M i š í k (1980) attests that also the Pieniny Cordiller reached with its width 
and dissection of its terrestrial relief the present-day dimensions of the East Car­
path ian crystalline complex. Its polyphase narrowing (up to its total swallowing) 
brought in the West Carpathians in places also the Subhercynian nappes into 
the Klippen Belt already before the Late Styrian movements (Manin unit). 
In the East Carpathians, however, t h e zone of Aptian—Albian (Austrian) nappes 
preserved at surface till now and the Subhercynian units lagged behind, 
restricted to the Apuseni area (Fig. 1). 
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Fig. 1. Present-day Carpathian framework of the main structural effects of Outer 
Carpathian tectonic phases. 

Explanations: 1 — Late Styrian (to Moldavian) phase; 2 — Early Styrian phase 
(only in the W); 3 — Pyreneic phase; 4 — Laramide phase; 5 — Austrian phase; 
6 — main zones of Early Styrian sinistral shifting; 7 — axis of the Labe—Upper 
Moravian system of faults; A — Tertiary Apuseni—Transylvanian partial block; 
B — Tertiary Carpathian—Pannonian partial block. The relative movement of blocks 
in the competent tectonic phase is indicated by arrows. 

The cause of the later surficial suppression of the Western Dacides (Pieniny 
Cordiller) and persistence of the Eastern Dacides in the surficial s t ructure of 
the East Carpathians can be sought in different intensity of the Pyreneic and 
younger movements in the West and East Carpathians. After a shorter prepa-
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ration during the Pyreneic phase (to the end of the Eocene) in the frame 
of the Austrian—Subhercynian-consolidated basement the partial Apuseni— 
Transylvanian block was released and somewhat (dextrally) rotated 
in relation to it (see Fig. 1). This movement ( R o t h , 1970; K r s — R o t h , 
1979) resulted in folding of the flysch filling of the Szolnok trough ( B a l o g h — 
K ô r ô s s y. 1974; V j a 1 o v, 1974), but kept the E. Dacides. East Carpathians and 
South Carpathians away from Pyreneic rebuilding (Fig. 1). 

The Marmaroš crystalline massif is, according to Roumanian and Soviet in­
vestigations, inside affected by Austrian northvergent nappe tectonics. For this 
Cretaceous tectonics it belongs till now (so as also the Pieniny Cordiller belonged 
before its incorporation in the Late Tertiary Outer West Carpathians) to the 
Inner Carpathian block, the basement of which is the Paleozoic In agree­
ment with this fact the Marmaroš crystalline massif does not belong to the 
Bajkalides as the Moravian (Brunovistulicum, D u d e k , 1980), Polish (with the 
essential part), Ukrainian and Roumanian margin of the platform, but to 
the Paleozoic. Between the Marmaroš massif and platform fore-land of the 
Carpathians considerable Alpine approaching took place ( C h a i n et al.. 1980) 
The Carpathian relation of the pre-Alpine basement of the Pieniny Cordiller. 
which is an analogy to the Marmaroš massif, is also indicated by the presence 
of marine Triassic, which was missing in the sedimentation area of the Outer 
Carpathians (see M i š í k, 1980). 

Mutual relations of development between the Carpathian tectonic zones 

From the relation of crystalline rooks of the Pieniny Cordiller and crystal­
line rocks of the Marmaroš zone to the basement of the block of the Tatra-
veporides—Dacides and from their secondary essential approaching to the pre­
sent-day platform fore-land of the Carpathians is evident, that the outer 
Jurassic—Cretaceous Carpathian geosyncline was lying in the northern fore­
ground of the Pieniny Cordiller and Marmaroš zone. According to the mostly 
spread opinions this geosyncline originated inside the Afro—European Ep.iva-
riscan table — land Pangea by secondary sinking (with basification of crust. 
A u b o u i n et al. 1977) as a considerably wide quasioceanic region (B e j e r— 
S č u k i n , 1980; S v i r i d e n k o , 1980; C h a i n et al.. 1980; R o t h. 1980). In the 
West Carpathian section with this Outer Carpathian Jurassic Lower-Cretaceous 
geosyncline can approximately be idenfitied the hypothetic Kysuca—Pieniny 
through, about the deep-marine character of which in the Jurassic—Lower 
Cretaceous speak M a h e l ' (1980) and M i š i k (1980). M a h e ľ . nevertheless, 
considers as the main Jurassic—Lower-Cretaceous quasi-oceanic region the un­
proved (longitudinal) "wide oceanic Magura t rough", situated between the 
Czorsztyn and Silesian source areas. Neither the older, nor the later investiga­
tions, however, have provided from this paleographic region indisputable do­
cuments for abyssopelagic developments known from the Kysuca—Pieniny 
trough ( M a t ě j k a — R o t h . 1956; R o t h . 1961; B e g a n — S a l a j , 1978). The 
Czorsztyn—Magura region was ra ther an elevated one. where only the Seno-
nian transgreded on the basement. 

In the East Carpathian section as continuation of the Kysuca—Pieniny trough 
and as quasioceanic geosyncline, separating the present-day platform fore-land 
of the Carpathians, from the Carpathian region to the end of the Jurassic and 
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at the beginning of the Cretaceous, according to the mentioned criterion can be 
considered the Rachovo—Ceahläu sedimentation area. In accordance with T o 11-
m a n n (1975 et al.), who considers the Pieniny sedimentation area as E conti­
nuat ion of the North Penninic (Valaisian) geosyncline of the Alps, I consider 
as E continuation of the North Penninic geosyncline of the Alps the Kysuca— 
Pieniny + Rachovo—Ceahläu sedimentation area in the Carpathians. 

If the Marmaroš zone + Pieniny Cordiller was the frontal margin of the 
Tatraveporide + Dacide block, the margin, which began to form (according 
to extension of glaucophanite rock in the Pieniny Klippen Belt, M i š í k, 1980) 
by collision of the frontal margin with the N fore-land during the Barremian, 
after further movements only its sedimentary cover remained in the West 
Carpathian section of the front. The basement was disappearing at depth. In 
the East Carpathian section of the front, which essentially corresponds to the 
late (Pyreneic) more mobile Apuseni—Transylvanian Tert iary block (Fig. 1). 
a major par t of the Paleozoic, Austr ian Alpine type refolded crystalline 
complex ( = of the Dacides) occurs at surface till now. 

The lithological character of the clastic lower members of the outer units 
of the Magura flysch or crystalline rocks, Devonian and Carboniferous of their 
source area (Silesian "Cordiller") is one of the proofs of the generally recogniz­
ed inner-platform character of the more nor ther ly situated sedimentation area 
of the Cretaceous and Paleogene of the Silesian and Subsilesian nappe (S t i 11 e. 
1951, 1953 a. o.). The fundamental lithofacial features of the Cretaceous sequences 
of the Silesian nappe are in conformity not only with the features of the Creta­
ceous sequences of the Dukla, Porkulec—Šuchov nappes and Hoverla subzone 
in the Cerna hora—Audia nappe, but in the Lower Cretaceous also with features 
of the Cretaceous in the platform Lower-Saxonian basin in the Federal Republic 
of Germany ( R o t h , 1957; R o t h—H a n z 1 í k o v á, 1967; R o t h, 1975, 1980: 
B o i g k, 1981). To the mentioned fundamental characters according to K r u g -
l o v and S m i m o v (1980) black pelites in the Lower-Cretaceous, variegated 
pelites in the Albian—Turonian and in the Carpathian part the dark grey fine 
rhythmical Coniacian—Campanian flysch and sandy Campanian—Eocene flysch 
belong. Under platform conditions flyschoid and flysch developments of the 
Outer Carpathian sedimentation area originating gradually on a new collision 
margin of the platform are replaced by marly-limestone and marly-sandy se­
diments ( B o i g k , 1981; Z i e g 1 e r, 1982). Besides the fundamental Lower 
Cretaceous lithofacies belong to common features (inner-platform in that time) 
of the Lower Saxonian—Silesian—Porkulec sedimentat ion (=Beskyd t rough; 
R o t h , 1961, 1974, 1980) also penetrat ion of Tethyan macrofauna and miorofauna 
to the NW on the platform and of platform fauna to SE to the present-day Car­
pathians see for example R o t h , 1962; R o t h—H a n z 1 í k o v á, 1967 a. o.). The 
occurrences of Lower-Cretaceous basic magmati tes from the Brams localith in 
Lower Saxonian through the Beskyd teschenites to basic of the Porkulec (and 
neighbouring Rachovo) zones also belong to them ( C h a i n et al., 1980 a. c.: 
V o l o s i n , 1980; B o i g k , 1981). Also in the more southern Penninic—Pieniny 
—Rachovo = quasioceanic zone (i. e. from the Silesian "Cordiller" in the Lower) 
also Upper-Cretaceous) are present basic rocks (M i š í k. 1980 et al.). The 
occurrence of basics testifies to extension (and "basification") of the platform 
basement present in these zone still in that time (A u b o u i n et al., 1977). 

From wedging out of the Magura flysch to the E (it ends NE of Užhorod, 
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V j a 1 o v, 1980) it may inferred (that the innerplatform) Silesian source area 
("Cordiller"), situated between the Beskyd trough to t h e N and the Kysuca—Pie­
niny—Rachovo geosyncline in the S. did not continue to the E. According to 
inversion manifested in sediments of the group of the Krosno—Menil i te napp­
es near Val. Meziříčí the Silesian inner-platform source area can be connected 
to NW with the Labe—Upper Moravian system of faults inside the platform 
( R o t h . 1960, 1980 a. o.). A manifestation of inverse sinking in this (and 
contemporaneously also in the transversal, paired) system of faults is obviously 
also sedimentation of the Magura flysch and uplifting of the Silesian source 
area (as forming continental slope of the platform) ( R o t h , 1960. 1962. 1963). 
In the Labe—Upper Moravian system of faults, which is the tectonic framework 
of the Beskyd trough and its NW connection with the Lower Saxonian basin, 
these inversions were manifested at the boundary of the Cretaceous and Paleoge-
ne also in the region of the Bohemian massif and Lower Saxonian basin (mo­
vements of the Pompecký block, R o t h , 1957, 1961; Z i e g 1 e r, 1982 a. o.). The 
inverse relative upheaval of the Silesian "Cordil ler" against the Magura se­
dimentation area is of similar age, Laramide. 

It was mentioned, that E of Svaljava in the Ukrainian Carpathians the main 
source of the Magura flysch, the Silesian "Cordiller" was not manifested in the 
Cretaceous and Paleogene paleographioally. Overthrust ing of the Rachovo—Cea-
hläu nappe on t h e Porkulec—Šuchov zone is also Laramide (M a r t y n o v, 
1980), but its N vergency is opposite to the sense of relative uplifting of the 
Silesian source area against the Magura sedimentation area in the same time. 
Moreover, there is considerable lithofacial, biofacial and volcanological approa­
ching between the Porkulec—Šuchov E ending of the Beskyd trough and the 
section of the Penninic—Pieniny—Rachovo geosyncline in the Ukrainian Car­
pathians already in the Lower Cretaceous, when between them to the W the 
(denudation) Czorsztyn—Magura region was elevated ( R o t h , 1961; B e g a n — 
S a l a j . 1978). We conclude from the above mentioned that the inner-platform 
structure of NE delimitation of the Czorsztyn—Magura region and later Si­
lesian "Cordiller" continued nei ther in the Cretaceous nor in the Paleogene from 
the Svaljava area to E and there was free communication between the Beskyd 
trough and the Penninic—Pieniny—Rachovo geosyncline. The Penninic—Pieni­
ny—Rachovo geosyncline developed in the forefront of the Dacides as a newly 
formed Carpathian structure, bordering the platform, the Beskyd trough re­
mained an inner-platform structure. 

The Laramide nappe structure was limited to the East Carpathians. Its front 
was the front of the Rachovo—Ceahláu nappe and has remained (similarly as 
the Austrian nappes of the Dacides) preserved in the original state till now 
(by the influence of the Pyreneic relative " r e t r e a t " of the Tertiary Apuseni— 
Transylvanian block). W of the river Boržava it is (by Pyreneic movement, as 
a consequence of which also the Magura group of nappes formed?), covered by 
the Marmaroš zone at present and W of the Latorica it was swallowed by 
the Neogene (Late-Styrian) s tructure of the Pieniny Klippen Belt. The post-La-
ramide conglomerates can be traced in the Saris section of the Pieniny Klippen 
Belt ( S c h e i b n e r , 1967; S t r á n i k et a l , 1967). They are linked with the 
wide zone with erosion remnants of the variegated terrestr ial molasse of the up­
permost Cretaceous and Paleocene (accumulated from SE, M a r s c h a l k o , 1978; 
R o t h , 1981) in the Branisko, Low Tatra, Hron valley, in the Hungar ian moun-
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tains of Biikk—Upony. Gerecse. Vertés and Bakony (T r u n k ó. 1969: S e m e-
n o v i č et ak, 1981). The remnants testify to the Lamaride rising of an 
extensive block inside of the Tert iary Carpathian—Transylvanian block, the 
NW margin of which followed in Slovakia approximately the front of the 
Gemericum. The Carpathian and close platform NW forland of the rising block 
began to sink (including W Hungary and the platform Magura sedimentation 
area. Fig. 1). 

The front of the P y r e n e i c s tructure followed in the Eastern Alps and 
Carpathians the outer periphery of the Magura group ( R o t h . 1980). Prepara­
tion of the Pyreneic movements was the Upper Lutetian upheaval of the wide 
"Orava ridge" ( M a r s c h a l k o , 1978) along the N margin of the partial Car­
p a t h i a n — P a n n o n i a n Tertiary block, which in the I n n e r — C a r p a t h i a n s and partly 
also in the Pieniny Klippen Belt (Kňaza, Hanušovce) resulted in sedimenta­
tion of the Súľov conglomerates between Žilina and H u m e n n é and at the inner 
periphery of the Magura flysch (in the same section) in synchronous psammi-
tic-psephitic developments (M a t ě j k a — R o t h, 1956; S t r a n í k , et al.. 1967 
a. o.). From the SE terminat ion of the Magura group the front of Pyreneic de­
formations continued first perhaps along the front and then in the interior of 
the Marmaroš zone, in the upper Tisa and Mures river basins where it was con­
nected with the rear boundary of Pyreneic deformations near Borsa (see M a h e l 
et al., 1973), which was the N and NW boundary of the partial Apuseni—Tran-
ssylvanian Tert iary block. This boundary is directed from Borsa to W and SW 
and borders between Baia Mare and Szeged the Szolnok flysch trough (Fig. 1). 
Not only conservation of the Austrian and Laramide nappe structures in the 
East Carpathians, but also extension of intensive Pyreneic deformations in 
Hungary and Transcarpathian Ukraine (T r u n k ó, 1969; B a l o g h — K či­
r o s s y, 1974; V j a 1 o v, 1974) can also be cleared up by the above mentioned 
" re t reat ing" rotation of the partial Apuseni—Transylvanian block during Py­
reneic and later (up to Late—Styrian) movements (see R o t h . 1970, 1980). 

Wider relations of development of the Carpathian region to its fore-land 

Formation of the Aptian—Albian (Austrian) folds and nappes of the Dacides 
(including the hypothetic Pieniny Cordiller) narrowed the sedimentation area 
of the Cretaceous in the East Carpathians, but the communication between 
the North Sea and Tethys in the Beskyd trough retained. The North-Pennin ic— 
Pieniny—Rachovo geosyncline in the West Carpathians was almost closed by 
collision, the mar ine communication retained in the t ime of the uppermost 
Cretaceous mainly in the Czorsztyn—Magura zone as preparat ion of Paleocene 
onset of bulky sedimentation of the Magura flysch. As the erosion remnants of 
Jurassic limestones in Bohemia and W Moravia testify, the latest Austrian 
movements (Aptian—Albian) interrupted temporari ly direct communication 
between the Lower-Saxonian basin near Hannover and the Beskyd trough 
(through the region of the present-day Bohemian massif) along the Labe-Upper 
Moravian system of tectonic faults. This direct communication was resto­
red in the Cenomanian. as indicated by biofacial and lithofacial similarities 
between the Bohemian Cretaceous tableband and marginal (Baška) facies of 
the Beskyd trough filling ( H a n z l í k o v á — R o t h . 1963; R o t h — H a n z l í ­
k o v á . 1967). The presence of the Austrian-folded Pieniny Cordiller between 



TECTONIC RELATIONS BETWEEN THE WEST AND EAST 407 
CARPATHIANS 

the present-day block of the Inner Carpathians (with Subhercynian nappes 
formed already in the Turonian) clears up also the apparent exceeding of the 
tectonic effect of the originating Alpides on the platform fore-land (pre-Ceno-
manian interruption of communication along the Labe-Upper Moravian system 
of faults in the region of the Bohemian massif). 

The diagonal course of the inner-platform Jurassic—Cretaceous Bes'kyd 
trough from NW to SE through the sedimentation area of the Tertiary of 
Neoalpine nappes of the Krosno—Menil i te group ( R o t h . 1975) is indirectly 
supported in the discussion also by K r u g 1 o v and S m i r n o v (1980). They 
point out that for delimitation of the fundamental tectonic units building up 
the Outer Carpathians (i. e. units originated mainly in the Miocene) also in the 
Ukrainian Carpathians (on the contrary to the Carpathians of Roumania, where 
the diagonal Beskyd nappe as independent structure, as mentioned above, 
already did not continue) we cannot use the detailled l i thostrat igraphy of the 
Cretaceous, because the Cretaceous lithofacial zones of the Krosno—Menil i te 
group were directed by the older s t ructural plan of the platform foreland, not 
by the plan of the present-day Carpathian structure. In classif ication of the 
fundamental (i. e. Tertiary) units of the Outer Carpathians, it is necessary to 
follow structural facial zones of the Tert iary sequences, also when these se­
quences are frequently of little extension. The platform structures of N W — S E 
direction are used by B e j e r and S č u k i n (1980 — "Subsilesian Cordiller"). 
also by C h a i n et al. (1980) in their reconstructions of the sedimentation area 
of the Outer Carpathians. An important role of the plat-form structure in forma­
tion of marginal units of the Outer Carpathians in Poland is confirmed by N e y 
(1968). It is one of the regularities of tectonics of the Czechoslovak, Polish and 
Ukrainian Carpathians (on the contrary to the Roumanian Carpathians), on 
which the geologists are coming to terms more and more distinctly. 

Conclusions 

1. The Aptian—Albian (Austrian) structure of the hypothetic (ultra) Pieniny 
cordiller of the easternmost Alps and West Carpathians was the W continuation 
of the equally old s tructure of the Marmaroš zone of the East Carpathians. The 
common Cretaceous s tructure of the West and East Carpathians locates the 
Austrian-folded Dacides to the front of the Tatraveporide core of the Inner 
Carpathians. 

2. The E continuation of the Jurassic—Lower Cretaceous North Penniniq 
(Valaisian) geosyncline of the Alps forms (according to Austrian tectonics of the 
Pieniny cordiller and Marmaroš zone and according to Paleozoide s t ructure 
of the West Carpathian and East Carpathian crystalline rocks) in the West 
Carpathians the Kysuca—Pieniny trough and in the East Carpathians the Ra-
chovo—Ceahläu trough. It was a quasioceanic, originally intraplatform geo­
syncline inside the Epivariscan Afro—European table-land. The width of this 
geosyncline attained about several hundreds of km on an average. The geo­
syncline was closed in the Barremian—Apt ian by collision of Dacides with the 
more nor thern Bajkalide region of the platform basement. 

3. The Austrian-, Subhercynian-, Laramide-Pyreneic- and Styrian- to Molda­
vian-folded areas of the Carpathians originated in fore-front of blocks of the 
continental crust, which as parts of the field of blocks, shifting to the N, were 
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variously grouped, split and mutual ly slightly rotated. The folded area in 
fore-front of the corresponding frontal block was formed by detached parts 
of the cover of the fore-land as nappes in all the mentioned cases. The Lara-
mide-folded area of the Carpathians had the superficial Rachovo-Cehläu 
n a p p e at the front and included that par t of the Inner Carpathians, which 
is s ituated SE perhaps from the M u r á ň (or Darňo?) — Balaton line. The Pyre-
neic-folded area of the Carpathians had the Magura group of nappes at the 
front and included the NW part of the Inner Carpathians to the SE as far as 
the fracture zone Baia Mare—Szeged. The Miocene folding affected (with 
unequal intensity) the whole present-day region of the Carpathians including 
the whole Carpathian—Transy lvanian Tertiary block. In the main phases of 
Tert iary development of the Carpathians the nappes originated at the N peri­
phery of the respective block shifting in the front of the block field. 

4. Survival of the little disturbed Aptian—Altaian (Austrian) and Lamaride 
nappe s tructure inside the crystalline-Mesozoic zone of the East Carpathians, 
equally as extension of the Pyreneic folding in the Carpathians, are a result 
of Eocene releasing and Pyreneic dextral rotation of the partial Apuseni—Tran­
sylvanian Tertiary block at the beginning of the N shifting of the whole Ter­
tiary Carpathian—Transy lvanian blook (Fig. 1). Releasing and rotation were 
possibly evoked by the movement of the Moesian "platform". 

5. Under the influence of independent movement of the Apuseni—Transyl­
vanian Tertiary blook (on the contrary to the East Carpathians) the Alpine-type 
Pyreneic West Carpathian tectonics of Pr iabonian—Lower Oligocene age was 
distinctly produced. An equivalent of the Outer West Carpathians as Late-Styrian 
megastructure are t h e whole. East Carpathians including the Tert iary Apuse­
ni—Transylvanian block. The s tructural boundary between the West and East 
Carpathians can be placed to the junction Satu Mare—Iasi on the basis of 
different reverberat ion of Pyreneic structures (see the map of M a h e ľ et al., 
1973). 

Translated by J. Pevný 
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