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Paleoalpine geodynamics of the Western Carpathians

(16 Fig. in the text)

IMRICH VARGA

TTaneoanbnuitCKas reoAMHAMMKA 3amagHbIx Kapnar

. IManeorekTOHNKy Kapmar MOXXHO aHaNM3MPOBATH C JBYX ACHEKTOB. ACHEKT
BEIICCTBCHHOTO COCTaBa II03BOJIAET HA OCHOBAHUU INETPOXUMMUM ¥ (DALMAIBHOTO
aHanM3a BYJICHUTh BYJIKAHMYECKME ¥ OCAZOYHBIE CBUTHI B BEPOSATHYIO IAJEO-
TEKTOHMYECKY10 OOCTaHOBKY. KMHEMAaTHMUECKMil acIeKT OCHOBAH HA TEKTOHMYEC-
KUX ¥ MeTamopduueckux (baumax MOpPOJ M HA IHMAJI€OMATHETUYECKUX pesynbTa-
Tax, MO3BOJIAIOIMX OOSACHUTH B3aMMHBIE BIMSHMS JIATOCHEPUUECKUX CErMEHTOB.
DTU ACHEKTHI MCIONB30BANNCH Ui PEKOHCTPYKIMM BECHMA CIOKHBIX B3AUMHEDBIX
JBVDKEHMI OT/IEJbHBIX CErMEHTOB KOJUIM3MOHHOTO OPOrEHHOrO Iosca Kapmar.

ITaneoTekToHMKa Kapnar B mHane030€ M3BECTHA JMIIP M3 BEL[ECTBEHHON
TOYKM 3peHMA. XOTd OHA M .CO3Jana XapaKTepHble JuTOMAIMM, OLMHOYHBIE
AQHHBIC HE IO3BOJAOT COBMECTUTH 3T JMTOMALMM B KUHEMATUUYECKMIT ILIAH.
JlaHHble CBUJIETENBCTBYIOT O CIaboit CTaGMIM3aNUM KOPHl B IIPEJacTYPCKOM Tie-
puoze. ITocineBecrdanbCkas KOPOBAs DPEBOMIONMS CO37aja MOUIHY0 KOHTHHEH-
TaJbHYI0 KOPY OSNMPETUMHCKON MIaTdOpMbl B MecCTax EBPasMilCKOM KOHTHHEH-
TaNbHON OKPAMHBI, AJBIIMIICKME COOBITUS HE3ABUCUMBI OT IePLUHCKUX. Kapmarsr
B DaHHEAIBIMICKOE BPEMs NPUHAJJIEKAIN, KPOME HEKOTOPBIX TIIEPEJIBUHYTHIX
CAMHNL] COBPEMCHHO BKIIIOUCHHBIX B KapHATCKYl0 MOCTPOMKY, SMMIEPIVHCKOIL
mrardopme. I1aneoTeKTOHNKY B TEUEHMHM TpUaca OIPEJENSIN ABVKEHUSI B OKea-
HIUUECKMX Obmactsax Terupsl. KOHTMHEHTaNbHAS KOPAa B Kapmarax pojeprKanach
A0 HIDKHE 10PBl. KonTnnenrampHoe pudTo0o6pasoBanyue B paHHEil 10p€ mnocre-
TICHHO PACKPBLIO I10AC OKEAHMYECKON KODPBI M IIPHMBENO K YHAIEHHMIO OINpEje-
JIEHHBIX KOHTMHEHTAJBHBIX CErMEHTOB B OKECaHnueckyto obmnacte Termc. Haumunas
CPej{HEe 10POiT YCTAHOBMJIACh AKTMBHAS KOHTMHEHTATIbHAS OKpamMHa pas3BUBaAlO-
Ifascsa B OCTPOBHY:0 ayry. Koumsus OTENEHHBIX KOHTMHEHTAJBHBIX CErMEHTOB
C 3TOM OCTPOBHOM AYroi1 ONpejesuia [aJIC0ANBINIICKY10 reoauHamMuky Kapmar.
Kaprnatbl HaXOAMIMCh B MECTaxX BCTPEYM JI€BOCTOPOHHBIX CABUTOB 3aIajHoro
CpeiM3eMHOMOPbSL ¢ TNPABOCTOPOHHMMM cBuramu OB Espomnsl. B ciejcreun
¢amoe CHUJIbHOE PpaspyLleHMe MPEeJIKOIM3MOHHOTO COCTOSIHMSL Haxopurcsas B Kap-
narax.

TTanuHCIAaCTMYECKUE CXEMY HAUMHAS HIDKHEI 10pOM JI0 HUKHETO IajJieoreHa
(MonC) M306pakaioT OTHENBHBIE OCOOECHHOCTI I1aJIC0ANBIIUIICKOTO  PA3BUATHA.
B 3aKIOYCHMM TPUBENEHBI BHIBOJBI I TEKTOHUYECKOM ucropun Kapnar m s
TEKTOHMYECKOM MHTEPINPETALMMA HEKOTOPHIX € VHMIL.

Paleoalpine geodynamics of the West Carpathians
Paleotectonics of the Carpathians may be analysed from two aspects. The
aspect of the material content places volcanic and sedimentary lithologies

into their most probable paleotectonic environment on the base of petro-
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chemistry or facial development. A kinematic aspect, based on tectonic and
metamorphic rock facies and on paleomagnetic measurements, is needed
to delimite mutual mobile interactions of lithospheric plate segments. These
two aspects were used to delimite very complicated motions of individual
segments of the collisional orogenic belt of the Carpathians.

The Carpahian paleotectonics during the Paleozoic is until known only
from the material aspect. Although pronounced lithofacii produced, scarce
data do not allow place them into a kinematic frame. Data point to slight
crustal stabilisation before the Asturian events. The Post-Westfalian crustal
revolution produced thick continental crust of the Epihercynian platform
on the Eurasian continental margin. Alpine events are idependent from Her-
cynian ones. The Carpathians belonged in the Early-Alpine epoch, exept of
some overthrusted units, to the Epihercynian platform. Paleotectonics in the
Triassic was governed by motions in the Tethyan oceanic realm. In Car-
pathians, continental crust of the Epihedcynian platform survived till to
the Lower Jurassic. As from the Early Jurassic, an oceanic distension
started first from contiental rifting and it has been accomplished by splitting
and remove of considerable parts of the Epihercynian platform into the
Tethyan oceanic realm. As early as the Middle Jurassic, an active conti-
nental margin evolving into island arc was established. Collision of detached
continental segments with this island arc governed the Paleoalpine geody-
namics of the Carpathians. The Carpathians were located in places, where
sinistral Paleoalpine movements of the Western Mediterranean met with
dextral movements in SE Europe. As a consequence, most intense destruc-
tion of pre-collisional stage occured in the Carpathians.

Palinspastic schemes from the Early Jurassic to the Lower Paleogene
(Montian) represent individual pecularities of the Paleoalpine development.
Finally, consequences for West Carpathian tectonic history and tectonic
interpretation of some units are briefly evalued.

In the last decade, geological development of the Alpine-Mediterranean re-
gion has been modelled in several tens of papers assuming plate-tectonic prin-
ciples (D. P. McKenzie 1970, A G Smith 1971, K. J: Hed 1971a, 1976,
J. F. Dewey et al. 1973, M. Boccaletti et al. 1971, 1974a, 1974b,
H. Laubscher 1971a, 1971b, 1973, 1975, M. Boccaletti 1974a, 1974b,
1975, E. Szadeczky-Kardoss 1975, 1976, G. V. Digl i Piaz 1976,
D. Roeder 1976, H . Bégel 1975, V. J. Dietrich 1976, M. Ksigzkie-
wicz 1977, a o.). Numerous part of these models includes the area of Car-
pathians as well (C. Roman 1971, L. Stegena 1972, M. Boccaletti et al
1973, 1974b, M. Mahel 1974a, 1977a, M. Bleahu 1974, N. Herz — H. Sa-
vul974, F. Horvath et al. 1974, F. Horvath 1975, R. Ney 1975, 1976,
L. Stegena et al. 1975, V. N. Utrobin — L. V. Lineckaya 1975,
G. N. Dolenko — L. G. Danilovich 1975, L. G. Danilovich 1976,
a'o.).

In spite of voluminous literature. some basic presumptions of these models
were ambiguously accepted. Disregarding confusions in nomenclature adopted,
considerable controverses exist on meaning, extent and polarity of older inter-
plate tectonics or that of the Alpine period. Existence and pattern of subduc-
tions during the Cainozoic in the Alpine-Mediterranean belt are not unitarily
accepted, role and importance of marginal basins remain unclair, motives of
delimitation, fragmentation, displacements and rotations of microplates or
their palinspastics have been questioned. Doubts arised against the importance
of transform faulting and several other basic problems remained unsolved.
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It is vot surprising therefore, that some of mentioned models provoked strong
opjceiiens amongst geologists.

Obvicusly, these objections against certain designs arised partly due to their
considerchie inconsistence with local or regional geology. However, main con-
fusion caused their disregard to processes evoked by plate kinematics. Recent
contradictions are mirrored in heavy terminological disorder, therefore it

appears useful outline terminological principles used in this paper.
Lithospheric subduction represents mutual geokinetic and ther-

modynamic interaction of two lithospheric plates, reaching minimal length of

1000—=Z000 km and breadth of 300—500 km. For the West Carpathians, it may

be applied only to processes caused by motions of two large lithospheric
plates (Africa and Eurasia) in a broad mobile belt between them (Tethys),
in the whole. Among others, this type of subductions led to:

— generation of extensive mélange belts on converging oceanic and conti-
nental plate margins, delimiting ancient and active continental margins in
paleotectonic sense,

— origin of paired metamorphic belts (A. Miyashiro 1973),

— palingenesis and diapirism of calcalcaline magmatites on active conti-
nental margin or in volcanic are,

— evolution of secondary, suboceanic and oceanic marginal basins behind
island arc (developing from “ensialic” to “ensimatic” stage),

— Initiation of metallogenesis in orogenic belts and zonal arrangement of
extensive metallogenetic belts.

The first four events may be assumed as to be in chronological order.

A peculiar instance of lithospheric subduction (in case if oceanic lithosphere
lacks or has been previously consumed) represents the continental collision of
lithospheric plates, from which another set of processes may be deduced that
have been originally named as subductions (A. Amstutz 1955). However,
it concerns different events from previous ones, the crustal subductions.

Crustal subduction (R. Trimpy 1975b) represents mutual super-
position of crustal segments. It may have been moving force in nappe gene-
ration, caused superimposed thickening or thinning of isofacial metamorphic
Zones (they became doubled or hiated), led to changes of geothermic gradients
in alpinotype folded areas and by its action, the generation of thermal domes
and/or depressions of limited extent may be explained. Participating crustal
Segments attain 5—25 km thickness, several 100 km length and 50, rarely
100 km breadth. Up to present, nappe generation theories of Alps and Car-
pathians rely mainly on the notion of crustal subduction.

Crustal subducticas as moving force, provide plausible explanation for
following events:

— origin of gravity and seismic conductivity anomalies in the continental
crust (gravity gradient and seismic wave velocity inversion),

— linear arrangement of geophysical anomalies in the continental crust
(magnetic, gravimetric and magnetotelluric anomalies),

— destruction and disassembly of products of plate interactions originated
during older geotectonic cycles, incorporating them into edifices of collisional
orogenic belts,

— redistribution of metallogenetic regions and districts, as well as their
Mmutual contrastaneous arrangement.
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There is-some uncerfainty on limits between both types of subductions, as
these limits have been established, geologlcally and geophysically, very
roughly

Two aspects of evolution

~ Using lithospheric plate-tectonic principles, paleotectonics of the Alpine-Car-
pathian system may be analysed from two aspects.

The aspect of material content judges from sedimentary, vol-
canic and plutonic lithofacies on the paleotectonic position. Being principal for
palinspastic restorations, its employ in sedimentary record analysis enabled to
reconstruct Mesozoic paleogeography of the Mediterranean domain in rough
lines (A. Hallam 1971, R. Trimpy 1971, 1973, 1975a, K. A. W. Crook
1974, D. Bernoulli — H. Laubscher 1972, D.-Bernoulli — H. C,
Jenkyns 1974, M. B. Cita — S. I. Premoli 1974, A. Bossellini —
E L Winterer 1975, J.R. Curray 1975, M. Epting etal. 1976, F. C. We-
sel 1976, R. Hesse — A. Butt 1976, R. Marschalko 1975 a o.). Im-
portant conclusions may be deduced from dependences between petrochemistry
of volcanites and their tectonic setting (H. Kuno 1966, 1968, A. Sugimura
1967, N. Hubbard 1969, A. Rittmann 1971, P. Jakes — J. R. White
1972, A. E, Ringwood 1974, B. D. Marsh — I. S. E. Carmichael
1974, C. Lefévre et al. 1974, W. S. Fyfe — A, R. McBirney 1975,
W. K. Dickinson 1975, A. Miyashiro 1975a, 1975b, M. Besson —
M, Fonteilles 1975, T. H. Pearce et al. 1975, R. Heikinian —
G. Thompson 1976, J. A. Pearce 1976, R. N. Anderson et al. 1976,
B. G. Sokratov 1976 a o.), as well as from paleotectonic position of pluto-
nites (J. Gilluly 1971, A. Simonen 1972, P. J. Willie et al. 1976 a o0.).
But no given material content can be solely considered to reflect neither the
complexity of dynamics of lithospheric plate motions nor that of their restricted
fragments.

Induced dynamics of plate fragments may be reconstructed only on a ki-
nematic aspect, using paleomagnetic data and both tectonic and meta-
morphic facies of rock assemblages. To deduce a dynamic model of evolution,
it is very important take into consideration serpentinites, blueschist assem-
blages, mélanges, belts of evaporite diapirs and magmatic associations. posi-
tioned along paired metamorphic belts.

To restore West Carpathian tectonic history, best conditions yield their.
innermost units, mainly the Gemerides, where almost continuously, products
of development during the last 500 m. y. are preserved. Gemerides are
striking in variety of sedimentary and volcanic lithofacies originated in older
geotectonic cycles. Their history enables assume in qualitative manner crustal
evolution, since only this innermost structural belt of Carpathians yields such’
tectonic, metamorphic and magmatic products on the surface, which witness
to pecularities of a mobile crustal history (blueschist assemblages, Paleoalpine
granites).

Petrochemistry of volcanogenous lithofacii is presented on diagrams modified
from H. de Roche’s (1968) ones (Fig, 1). Despite the lack of petrogenetically
important analyses (rare-earth content, isotopic data), these diagrams point
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Fig. 1. H. de La Roche’s diagram.
Values are in atomic amounts. Areas of
main eruptive associations: 1 — tholeiitic,
2 — sodalcalic associations of continental
rifts, 3 — calcalcaline.assotiations of island
arcs and active continental margins, 4 —
potash-alcaline associations behind island
-arcs (Mediterranean character), 5 —
boundary of anatectic, intracrustal mag-
matism and of sedimentary rocks, 6 —
differentiation trends of typical eruptive
associations

Obr. 1. H de La Rocheov diagram.
Hodnoty st v atémovych mnozstvach.
Polia ¢hlavn¥ch asocidcii eruptiv: 1 —
tholeiiticka, 2 — Na-alkalickd asociacia
or kontinentalnych riftov, 3 — Ca-alkalicka
a<oc1ama ostrovnych obluhov a aktivnych kontinentalnych okraJov 4 — K-alkalické
asocidcie v tyle orogénnych pasiem a ostrovnych oblikov (mediteranne), 5 — hranica
anatektickych kérovych magiem a pola sedimentarnych hornin, 6 — diferencia¢né
trendy typickych eruptivnych asociacii.

to main differentiation trend in volcanic rock associations and so allow to
consider their probable paleotectonic position.

Although pronounced Ithofacii have been preserved, the Prealpine development
of the area is known only fragmentarily from the material record. Extent
and kinetics of movements remain unknown for the whole Prealpine epoch.
Despite doubts on usefullness to aply actualistic concepts for the Prealpine de-
velopment (A. E. Engel — D. L. Kelm 1972, W. Krebs — H. Wachen-
dorf 1973, J. C. Briden 1973); newer data allowed fairly convincing inter-
pretations of the Hercynian orogenesis by plate-tectonics (J. P. N. Badham —
C. Halls 1975, G. B. Vai — G. Elter., 1974, V. Lorenz — I. A. Nic-
;hols 1976 a o.).

Tectonic background of paleovolcamtes : B8

During the Early Paleozoic, a huge volcano -sedimentary complex developed
in the Gémerides containing acid and basic volcanites, the Gelnica group.
Stratigraphy and-correlations to-surrounding units remain problematic. Flyschoid
sedimentation points to - geosynclingl, probably suboceanic and deep-marine
-environment. Such environmental pattern is reflected by synchrénous basic
volcanites manifesting tholeiitic to keratophyric differentiation trend of oceanic
basalts (Fig. 2). Neverhtheless, overwhelming -paleovolcanites of the unit
(porphyroids), although being organic part of the Gelnica group, are’ allogenous”
Porphyrmds are neither typical for deep-marine and flysch environment nor

“initial”; their pronounced calcalcaline differentiation trend: (Fig. 3) points to
condltlons of‘an island arc or of active continental margin (Andean type) still after
considerable mixing with synchronous sediments. Predominant 1g‘n1mbr1te cha-
racter and petrochemlstry may signalise, synchronous or previous, rapid sub-
duction of volumeous water-rich sediments.- Probably, this porphyroid is an equi-
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Fig. 2. Basic volcanites in the Gemeride Early Paleozoic (the Rakovec development).
Obr. 2. Bazika starsieho paleozoika gemerid (rakovecky vyvoj)

Fig. 3. Porphyroide of the Gemerides Early Paleozoic (the Gelnica development).
Maxing with sedimentogenous material is remarkable

Obr. 3. Porfyroidy starSieho paleozoika gemerid (gelnicky vyvoj). Pozoruhodné je
mieSanie so sedimentogénnym materialom (tufity).

valent of similar ignimbrite deposits on extensive Paleoeuropean continental
margin in the Late Ordovician (J. F. Dewey 1971, H. Fliigel — H. P.
Schonlaub 1972, S. Borsi et al. 1975). Frequent sedimentogenous struc-
tures testify, though partial, redeposition in turbidites (graded bedding, lami-
nation). Best explanation for synchronous accumulation of both volcanic series
together with flyschoid strata in a single basin, yields the concept of secon-
dary, suboceanic basin environment, where ultramafic rocks (localities VySny
Klatov, Ploské and Brezni¢ka) may signalise accretional growth in mature
stages extending probably into the Lower Carboniferous.

The Upper Carboniferous of the Gemerides bears similar problems caused
partly by unaccurate stratigraphy. Poorly differentiated tholeiitic volcanism of
that period in the Northern Gemerides (premature sodalcaline differentiation
tendency — Fig. 4) may be attributed to initial ritting on slightly consolidated
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. Differentiation span of these volcanites does not attain the pattern of
Iy similar Lower Paleozoic ones. Presumed slightly consolidadet substratum
1 *'Pak, but Alpine epizonal metamorphism, contrasts with present position
~e Gemeride Paleozoic inbetween crystalline of Northern Carpathians and
1y Paleozoic units of the Pannonian basin, consisting of fairly huge pro-
poctions of Variscan high-metamorphic and plutonic rock series. Accordingly,
th.s position resulted from younger displacements. The Upper Carboniferous
seguence of Gemerides holds another discrepancy between prevailing sediment
type, representing comparable lithologies to Early Paleozoic ones (exept of rare

conglomerates) and the lack of sialic, intracrustal volcanism appearing only -

after the Asturian phase (I. Varga 1971). Contrary to surrounding West
Carpathian units, the general similarity of basic volcanites in the Gemeride
Paleozoic points to weak orogenic stabilisation before Upper Carboniferous
events (T. Buday et al. 1960, P. Grecula 1973, M.-Mahel 1974b).
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Fig. 4. Basic magmatites in the North Gemerides Carboniferous.
Obr. 4. Bazické horniny v karbone severnych gemerid
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Fig. 5. Permian volcanites of West Carpathians. a — tholeiites from the Cho¢
nappe, b — intracrustal quartz porphyries from the North Gemeride area.

Obr. 5. Vulkanity permu Zapadnych Karpat. a — tholeiity choéského prikrovu, b —
korové kremité porfyry severnych gemerid.
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Signs of a fundamental change in Gemeride and entire West Carpathian
lithofacies appeared after post-Westphalian crustal revolution (Leonian, Astu-
rian phases). Signified by rapid appearance of intracrustal, autochtonous and
acid calcalcaline volcanites of narrow differentiation span, considerable conti-
nental accretion may be supposed (Fig. 5). Tholeiitic, -feebly differentiated
melaphyres accompanying mature continental molasse of the Choé¢ sedimen-
tation area (J.- V.ozdar 1977) fairly fit with such -geotectonic background.
Likely, both volcanic series were ‘bound {0 deep-reaching continental rifts
on post-Westphalian stabilized crust. Permian paleovolcanites bear testimony
"to this crustal stabilisation '‘and hence they hardly have had any geodynamlc
connection to subsequent, Alpine tectonomagmatic processes.

Recent data proved Upper Triassic age of considerable portions of the Me-
liata series (H. Kozur — R. Mock 1973). This argues against formerly
presumed persistency of oceanic lithologies from the Early Paleozoic intg
Lower Triassic time. On the other hand, in lithofacies that yielded Upper
Permian to Lowed Triassic Palynomorpha from the area (Z. Ilavska 1963),
neither volcanites nor volcanogenous admixture in sedimentary rocks occur.
Similarly, nonvolcanic Permian development in the Biikk Mts.,, Hungary
(K. Balogh 1964, S. Antal 1975) may be interpreted as originated on stable
continental margin. Hence, in areas undisturbed by older Variscan tectono-
metamorphic events, the Asturian _phase represented important break in
their paleotectonic development.

If based on volcanic manifestations, scarce data exist to restore West Car-
pathian paleotectonics during the Mesozoic. Therefore we have to rely upon
volcanites of surrounding units. Middle Anisian and Lower Ladinian volcanites
of the Biikk Mts. as well as similar Mesozoic diabases from the Jaklovce (NE Ge-
merides) vicinity manifest spilitic to keratophyric differentiation of tholeiites
(Fig. 6 and 7). Probably, they may be related to the early distension of the
Tethyan realm, naturally in a fairly different disposition from recent one.

+00  AlyNa/

Fig. 6. Mesozoic volcanites of the Biikk Mts., Hungary. a — Lower Ladinian cycle,
b — Middle Anisian cycle.

Obr. 6. Mezozoické vulkanity Bukovych hLor. a — spodnoladinsky, b — strednoamsky
cyklus.
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Fig. 7. Mesozoic volcanites of Gemerides. a — Jaklovce vicinity, b — Slovak karst

area. :
Obr. 7. Mezozoické vulkanity v gemeriddch. a — Jaklovce, b — Slovensky Kkras.
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Fig. 8. Potash-alcaline volcanic series in the Carpathian Mesozoic. a — Upper
Ladinian — Carnian cycle of the Biikk Mts., Hungary, b — volcanites of the West
Carpathian Drienok nappe. -

Obr. 8. K-alkalické vulkanické série v mezozoiku, a — vrchnoladinsko-karnsky
cyklus v Bukovych -vrechoch, b — vulkanity v prikrove Drienka Zapadnych Karpat.

Common appearance of tectonically inserted slices of ultrabasites among Mesozoic
basites of Gemerides (D. Hovorka — J. Zlocha 1974) is a proof for their
allochtony.

Another magmatic differentiation and consequently also another paleotec-
tonic background manifest products of the Upper Ladinian — Lower Carnian
volcanic cycle in the Biikk Mts., Hungary (K. Balogh 1964) as well as paleovol-
canites of the Drienok nappe in the West Carpathians (M. Slavkay 1964).
Common shoshonitic differentiation trend of boths (Fig. 8) may point to the
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generation in a volcanic arc. Deformations or other orogenetic manifestations
remain until hidden, if only flysch sedimentation of the Lunz beds should be
attributed to the same phase (Laba phase ?). Essentially calcalcaline volcanites
of the cycle, differentiated to extreme potassic varienties signalise the impor-
tance of this phase in the development of West Carpathian and surrounding
units. Otherwise, prevailing shallow-marine environment of West Carpathian
Triassic carbonates (M. Mis§ik 1966, 1970, 1972) on Asturian stabilised crys-
talline to epimetamorpic basement and on continental to epicontinental Permian
fits the whole area, during Triassic, to the Epihercynian platform.

Insufficient proofs support so far crustal state and paleotectonic relations
of central West Carpathian units during the Jurassic and Lower Cretaceous. Pro-
bably, fragmentation of the Eurasian continental lithosphere, initiated in the
Middle Triassic, further extended during the Lower Jurassic. Sedimentary
record to this process yield Jurassic developments of alternating deep and
shallow marine facies, but any greater volume nor pronounced oceanic vol-
canites accompanied the deep-marine sedimentation. Consequently, testimony to
synchronous oceanic distension is missing in central West Carpathian units.
On the contrary, limburgite — augitite eruptives of the Carpathian Jurassic
(Fig. 9) have been produced by linear, embryonal rifting on continental crust.
Analogous sodalcaline and probably rift-backed petrochemistry manifest Liassic
volcanites (bostonite) interbedded within coal-bearing Gresten facies of paralic
sediments in the Mecsek—Kiskéros belt (Gy. Wein 1969), Getic nappe and
in the internal Danubien of Southern Carpathians (Brasov — Dimbrovicioara,
Svinita; M. Sandulescu 1975). Comparable with ophiolites of the Alpine
Penninic trough, an advanced stage of continental fragmentation achieving
oceanic crustal state signify but mature ophiolite sequences of the Middle to
Upper Jurassic in the NE Hungarian lowland flysch belt. in the Ceahliu — Ka-
menny Potok and Severin nappes, in the Vardar zone and in the inner ophiolite

/ Al5K i
+150 7

Fig. 9. Jurassic and Lower Cretaceous volcanites generated by continental rifting.

a — bostonite of the Mecsek — Kisk6érés range, b — limburgite and augitite occu-
rences in the West Carpathians, ¢ — teschenite of the Western Beskydy Mts.
Obr. 9. -Riftové wulkanity v jure a spodnej kriede. a — bostonity v pasme

Mecsek—Kiskoéros, b — limburgity a augitity jury a spodnej kriedy Zapadnych
Karpat, ¢ — tésinity Beskyd.
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nelt of the Dinarides. Appearance of an early flysch of Lower Cretaceous and
artly already of Upper Jurassic age is for the most part of these regions quite
striking.

Volcanic associations, originated on continental rifts are less abundant during
the Lower Cretaceous. Related differentiation trends manifest paleovolcanites
of the Mecsek and Villany Mts. in Hungary or in the Silesian nappe of the West
Carpathians (Western Beskydy Mts.).

Ophiolite-producing volcanism continued during the Lower Cretaceous only
i lesser part of Paleoalpine units, as it is in the Bucovinian nappe of Eastern
Carpathians, in innermost slices of the Ceahliu — Kamenny Potok unit, in the
Muntii Metalliferi (Fenes — Bedeleu unit) and in the eastern part of the
Trascau unit (M. Sdndulescu 1975). Other indices occur also in the Lower
Cretaceous flysch sequence of the NE Hungarian lowland basement (K. Sze-
peshdazy 1973). Restricted frequency of ophiolites bears evidence that both
oceanic crust and related magmatic activity had to have gradually decreasing
extent. In mentioned units, onset of flysch (locally even wildflysch) sedimen-
tation prevailed during the Barremian and Aptian (M. Sdndulescu 1975).

The Lower Cretaceous period yielded latest ophiolites in the Carpathians.
Contrary, somewhere already in the Cenomanian, but mainly as early as the
Senonian, magmatites manifesting distinct calcalcaline differentiation trends
appeared (Gemerides, source area of exotics in the Pieniny klippen belt flysch,
East Carpathians, Getic nappe, Timok, Sredna Gora, Vardar zone). Petro-
chemistry of these magmatites points to conditions of a typical volcanic
(island) arc during the Senonian and subsequent stages. On the other hand,
although similarly calcalcaline, differentiation trends of somewhat younger
Carpathian volcanites in the Paleogene, Upper Eocene and Lower Oligocene
from Transdanubia, Matra Mts., Apuseni and Banat approach to the pattern
of volcanites originating in the course of Neogene period in this region. Hence,
they signalise already onset of a different paleotectonic situation, analogous to
the tectonic background of neovolcanites (mantle diapir on the backside of the
orogenic front) without any relevant lithospheric subduction.

Summarising previous analysis, two distinctly different Upper Paleozoic to
Triassic developments may be outlined in the West Carpathians, fairly com-
parable with related developments of broader surroundings:

— Epihercynian platform development on Hercynian and older crystalline
basement. Its Permian molasse frequently contains intracrustal and acid, less
frequently even infracrustal tholeiitic volcanites. During the Triassic, this
domain has been characterised by shallow-marine, thick or thin, platform
carbonate development containing only sporadic volcanogenous intercalations
(tuffite) in the Ladinian. Influences of important paleogeographic changes
during the Triassic — Jurassic boundary have been locally forecasted as early
as the Carnian (Lunz beds). Considerable southern part of the carbonate plat-
form belongs to the Tethyan bioprovince, only its northern portions containing
frequent terrigenous intercalations on partly exposed pre-Triassic basement
(Vindelic elevation) belong to the German bioprovince of the Triassic
(A. Hallam 1973, A. Bossellini — K. J. Hsi 1973, H. Kozur 1975
a o0.).

— Development of stable continental margin of the Epihercynian plat-
form (pre-Hercynian crystalline and unmetamorphosed Paleozoic). Ocean-deri-
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ved influences manifested in related volcanic activity as early as the lower
part of the Middle Triassic (O. Monod et al: 1974, F. Baroz et al. 1974).
Pronounced oceanic tholeiites originated during the Anisian and Lower Ladi-
nian, whereas acid, locally even shoshonitic calcalcaline volcanites ‘appeared
in the Upper Ladinian and Carnian. Calcalcaline volcanites have been accom-
panied by detritic sediments and ‘may have point to conditions of an active con=
tinental margin or that of an island arc. Carbonates of the domain belong
te the southern-Tethyan bioprovince of the Triassic.

In the course of the Jurassic and Lower Cretaceous, independent and paléotec-
tonically differént developments originated on previous basements. Differen-
tiation of the Epihercynian platform initiated already during the Lower
Jurassic and it led to considerable differences in lithology and thicknesses of
Jurassic to Lower Cretaceous developments (clastic, carbonate and marly —
cherty facies; D. Bernoulli — H. C. Jenkyns 1974). Initial segmentation
of the Epihercynian platform has been reflected at first in generation of conti-
nental rift-bound embryonal volcanites in the Lower Jurassic and only rarely
in younger units. (limburgite, “augitite and bostonite). Gradually, considerable
part of the former platform has been splited away from the Eurasian conti-
nental lithospheric plate, what has been reflected by huge ophiolite develop-
ments. Prepondary part of Mesozoic units, recently incorporated into the Car-
pathian edifice (Tatrides, Zemplin Inselberg, Mecsek, Apuseni, Bihor a 0.)
together with joined units -of the Alps, represent these separated, removed
and during Middle to Upper Jurassic fairly distant remnants of the Epihercy-
nian platform.

The process resulted in independent Jurassic to Lower Cretaceous develop-
ments: :

— Mainly calcareous and marly, less psammitic and rarely psephitic (e. g.
the Silesian unit) ‘development of the Eurasian margin of the Epihercynian
platform. - Scarce volcanic manifestations, bound to linear feeding channels
and generated by continental rifting are known to occur in the Lower Cre-
taceous sequences (teschenite). As proved by paleogeographic restorations
(E. Hanzlikovéd — Z. Roth 1965), gradual annexion of this domain by
the advancing orogenic front of the Carpathians started already in the Albian.

— Shallow-marine, oolithic, organogenous or marly limestones, dolomites,
marls, bauxites, manganese ores and cherts (in the Austroalpine, Central Car-
pathians, Julian Alps, High Karst, Durmitor nappe and in the central Dinaric
zone) form an independent group of lithofacii. Locally, the Jurassic is cornple-
tely lacking and in place of it, the eroded Triassic or pre-Triassic substratum
outcropped. Jurassic sedimentation overpassed locally into the Lower Creta-
ceous. As proved by heavy mineral content in sediments (grenat, staurolite,
ilmenite a o.), Jurassic sedimentation of the area had to have although partial,
but distinct source area in crystalline terrains. Lithology, together with both
sedimentological and paleontological data (A. Hallam 1971, 1973, J. Fiil6p
1976) contradict to presumed deep-marine sedimentation of the red Jurassic
(ammonitico rosso) in this area. A drastic change occured but in the uppermost
Lower Cretaceous (Lower Albian), when heavy portions of chromite, leucoxene,
glaucophane, chloritoid, but also tourmaline appeared in fine marly aleurolites
or in shallow-marine organogenous limestones (M. Misik 1976, J. Filop
1976), testifying dramatic break in source area composition.”At the same time,
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distinet changes occured also in source area composition, that supplied black
{lysch to subflysch lithologies surrounding central Carpathian units (D. Gr i-
gsorescu — N. Anastasiu 1976). Chronological and probably also spatial
correlation with the onset of flysch sedimentation in ophiolite-bearing sequen-
ces of the Jurassic is quite important. In addition, chronological relation to the
“Manin phase” (D. Andrusov 1959) of the Pieniny Kklippen belt is very
conspicious as well. ‘ : .

— Independent from older basement and accompanied by deep-marine se-
diments, huge ophiolite assemblages developed during the Middle to Upper
Jurassic (in the Ligurian complex, Penninic realm, part of the Pieniny klippen
belt source area, Mures geosyncline, flysch belt in the NE Hungarian lowland
basement, ophiolites of central Dinarides and of the Vardar zone as well as their
continuation to the SE). Ophiolite-bearing lithologies overpassed into the Lower
Cretaceous only in more external units (Ceahlau — Kamenny Potok, Severin a o0.).
The extent of ophiolites during the Middle and Upper Jurassic points to the
existence of oceanic crust in a belt between the stable margin of the Eurasian
platform and splitted away segments of continental crust in the Tethyan realm.
At the same time, lesser amount of ophiolites in external Carpathian units
point to foundation of marginal basins where ophiolitic volcanism survived
until the Lower Cretaceous. Nevertheless, two developments should be outlined
according to the sedimentary suite of ophiolites; the first one in which fine
turbidites and cherts prevailed over carbonates, and the second, having large
portions of carbonates (frequently in form of olistoliths and olistostromes)
together with coarse turbidites. During the Lower Cretaceous, ophiolite vol-
canism. has been manifested in reduced extent, usually accompanied by
coarse flysch to wildflysch sequences. At that time, already imminent signs
of commencing collisional geodynamics initiated in the Tethyan realm.

Products of mobile interactions between lithospheric plates

A qualitative model, based on the petrochemistry of volcanites and on the sedi-
mentary record cannot explain entirely the history of mutual mobile interactions
between lithospheric plates and their fragments. Dynamics of the development
may be deduced only, if pronounced products of these interactions will be
assumed, such as coexisting high-pressure metamorphic belts and serpentinites,
mélanges, belts of evaporite diapirs and belts of calcalcaline magmatic asso-
ciations bound to zones of high heat-flow above subducted oceanic lithosphere.

In the course of Cretaceous orogenetic processes, blueschist-serpentinite
belts originated in the Alpine-Mediterranean area, usually accompanied by
mélange-type rock assemblages (K. J. Hsl 1971b, M. D. Dimitrijevié —
M. N. Dimitrijevic¢ 1973, 1976, Z. Durdanovi¢ 1974). Data from the
western Alpine segment point to Paleoalpine (Early Alpine or Eoalpine, ac-
cording to West European authors) age of oldest high-pressure associations,
i.e.70—100 m. y. (M. Frey et al. 1974, G. V. Dal Piaz 1976, J. Desmons
1977 a o.). Although radiometric determinations from SE Europe are lacking
so far, geological observations proved that Early Alpine blueschist assemblages
are here still older, of Upper Jurassic to Lower Cretaceous age (G. Boillot
in D. Fantinet et al. 1977). Since Alpine blueschist occurences are known
in the West Carpathians as well, an analysis of their age-relations is necessary.
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High pressure — low temperature metamorphic assemblages signalise colli-
sional plate margins of continental and oceanic lithosphere (M. C. Blake —
W.P.Irwin—R. G.Coleman 1969, R. G. Coleman 1971, W. G. Ernst
1973a, 1973b, 1975, A. Miyashiro 1972, 1973). In Alpides, such Paleoalpine
collisional margin may be traced along the northern Tethyan margin from
blueschist assemblages, accompanied usually by serpentinites: Betic Cordillera
(W.Kampschuur 1975, W. Kampschuur — H. E. Rondeel 1975) —
Corsica (D. Ohnenstetter et al. 1976) — Western and Eastern Alps
(extensive literature see W. G. Ernst 1973a, more recently J. Desmons
1977) — Rechnitzer Mts. (H. Heritsch 1965, E. M. Walitzki — J. Bor-
schutzky 1967) — Spissko-gemerské rudohorie Mts. (P. Rozlozsnik
1914; ¥, "Kamentclky 1957 P, Reichwal'der 19731 "Varsa 1973) —
Pieniny klippen belt source area (M. Mi§ik 1976); Fruska Gora Mts. (M. Ki§-
patic¢ 1887, Z. Durdanovié¢ 1971) — Vardar zone (F. Machatschki
1943, J. Pami¢ 1972) — NW Anatolia (E. Cogulu 1965, O. Kaya 1972) —
Little Caucasus (S. Adamia et al. 1977). A similar belt occurs also near
to the southern margin of the Mediterranean orogene, signalising souther
margin of recently scattered collisional products between the Eurasian and African
lithospheric plates: Rif (J. Kornprobst 1974) — Calabria (W. P. de Roe-
ver et al. 1967, G. Piccaretta — G. Zirpoli 1975) — Subpelagonian
zone (F. Derycke — I. Godfriaux 1976) — South Aegean islands
(E. Seidel — M. Okrusch 1976) — Western Taurus (L. E. Ricou et al.
1975) — Zagros Mts. (J. Braud — L. E. Ricou 1975).

Only in SE Europe and Asia minor, calcalcaline magmatites of the Paleo-
alpine period occur in a parallel belt to blueschist — serpentinite associations.
The belt of volcanites and plutonites manifesting characteristic differentiation
trends of island arc ones, may be traced by occurences in the Gemerides and
Veporides, in the source area of exotic pebbles derived into flysch sequences of
the Pieniny klippen belt, in East Carpathians, Southern Carpathians, Timok,
Sredna Gora zone, continuing in the Pontian — Transcaucasian range. Syn-
chronous, high-temperature metamorphism is until manifested but feebly in this
belt, probably due to slight denudation of its deeper levels.

Noteworthy, most western occurences of Cretaceous calcalcaline magmatites
are as far as the Gemerides and the Pieniny klippen belt. If based on radio-
metric K/Ar ages, then more westernly, in the Austroalpine crystalline (High
Tauern Mts.), only a contemporaneous thermal event occured, being documented
by frequent K/Ar ages of white mica and by moderately younger, both K/Ar
and Rb/Sr ages of biotite (74—92 m. y.; Turonian — Campanian). These ages
have been interpreted as already cooling ones, caused by uprise, denudation
(before and during the Gossau sedimentation) and by upthrusting of the Austro-
alpine on the Penninic foreland. Noteworthy, the Upper Cretaceous thermal
event was preceeded by a thermal metamorphic high, evidenced by Neocomian
Rb/Sr ages of white mica in the old crystalline (“Schneebergkristallisation™)
between 110—130 m. y., but it influenced only areas around the Tauern window
(M. Satir 1976). The lack or scarcity of Paleoalpine calcalcaline magmatites
in the Eastern Alps and elsewhere to the W from Carpathians caused difficulties
in attempts to interpret the Austroalpine overthrust in terms of a lithospheric
subduction (G. V. Dal Piaz 1976 a o.).

The East Alpine thermal high during the Neocomian had to have influenced
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broader areas and, probably, similarly overprinted also West Carpathian units.
Conspicuously, in the Roumanian East Carpathians a similar distribution of radio-
metric ages to ones in the Eastalpine crystalline has been ascertained (R. D i-
mitrescu 1976). Therefore, maximum of the Paleoalpine thermal event to
have took place earlier, as it is supposed so far for the West Carpathians and
must have resulted in crystalisation of micas between 110—120 m. y. (Bar-
remian — Aptian). The event probably signalised last crystallisation of melts
in the island arc and introduced collisional geodynamics of continental Tethyan
segments. Initiation of crustal subductions may be placed in this period.

Contrary to other Carpathian units, previous arguments point to different paleo-
fectonic position and geodynamic role of units containing Paleoalpine calcalcali-
ne magmatites. Beyond facial differences of pre-Alpine lithologies, they have
had different geodynamic development during the Paleoalpine period, including
the Lower Cretaceous. Accordingly, these units differ from overthrusted Austro-
alpine and related West Carpathian crustal segments or even from the Dinarides.
Recent arrangement of tectonic units containing Paleoalpine granites (Vepo-
rides and Gemerides) in central Carpathians is therefore due to subsequent,
yet mainly Neoalpine movements.

Parallel belts of volcanoplutonic associations and high-pressure assemblages
signalise outwards plunge directions of the Paleoalpine lithospheric subduction,
towards the external margin of the Neoalpine and recent Carpathian arrange-
ment, underneath the Epihercynian platform of Eurasia. Initial stage of this
lithospheric subduction is undeterminable so far in the Carpathians (contrary
to crustal subductions initiated in the Barrenian and Aptian). Calcalcaline
magmatism generating in volcanic arc has been ascertained to occur already
in Lower Jurassic sequences of the Pontian — Transcaucasian range (S. Ada-
mia et al. 1977). Plutonites and volcanites of similar character appeared in
the Upper Jurassic — Lower Cretaceous of the Vardar zone (G. Deleon 1969,
1969, S. Karamata in M. Mahel et al 1974). There, locally, synchronous
rhyolites occur as well (D. Fantinet et al. 1977). Considerable amounts of
volcanites and plutonites originated during the Upper Cretaceous in the
eastern part of the Balkan peninsula (Timok, Sredna Gora). These may be
interpreted as late products of terminating lithospheric subduction from the
Lower Cretaceous, in time, when already collisional geodynamics commenced.
Their peculiar geochemistry (higher basicity, trachytic differentiates) seem
1o witness such position, too.

Disregarding until insufficiently known older eruptives from exotic pebbles
of the Pieniny klippen belt and rarely from other units (Gemerides, Malé
Karpaty Mts.), an Upper Cretaceous magmatic activity in the West Carpathian
has been until evidenced only by K/Ar age of biotite in the Gemeride granife
and in the Veporide crystalline (J. Kantor 1960). Together with older ages of
eruptives from SE Europe, previous data point to gradually younger age of
calcalcaline magmatites from SE to NW in the northern branch of Alpides.
It is remarkable that calcalcaline magmatites disappear, almost completely, to
the West from the Carpathian area.

To resolve the original arrangement of recently dissipated belt of high-pressure
assemblages and that of the parallel magmatic associations, we have to
withdraw superimposed rotations and nappe overthrusts, limited by sinistral
and dextral wrench tectonics in the Alpine belt. Superimposed, unbalanced
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assemblages in blueschists (W. P. de Roever — H. J. Nijhuis 1964,
W. G. Ernst 19733, J. Desmons 1977 a 0.) as well as their position in
Mesoalpine nappes (R. Triim Py 1975) point to secondary displacement,
This displacement occured during younger -crustal movements and under different
P—T conditions (W. Ernst 1. ¢). It was the cause why the high-pressure
metamorphism has been named as “transported metamorphism” (G. V. Dal
Piaz et al. 1972) or as to represent “fossil, fragmented isograds” (P. Bearth
1974). Hence; the high-pressure cristallisation (supported by radiometric ages)
cannot be connected with nappe generation neither in Alps nor elsewhere.
Subsequent nappe overthrusts of high-pressure metamorphic assemblages may
be plausibly explained by superimposed crustal subductions. Vectors of su-
perimposed movements have . been preserved in paleomagnetic orientations
of rocks.

Several rotations have been ascertained by paleomagnetic investigations
in the Alpine-Mediterranean belt so far:

Counterclockwise rotations occured in following areas: Iberia by 30—35°
(R. van der Voo 1967, P. G. van Dongen 1967) — Corsica by 35°
(V. Alvarez 1972) — Northern Appennines by 50° (J. E. Channel —
D. H.Tarling 1975, W. Lowrie — W. Alvarez 1974) — Southern Alps
by 50° (J. D. A. Zijdervelt et al 1970) — Northern Alps by 60° (H. Soffel
1975) — Eastern Alps by 50°! (K. A. de Jong 1966, H. Forster et al.
1975).

Clockwise rotations in SE Europe have been only partly proved by paleo-
magnetic investigations: Sicily by 60° (A. Schult 1976) — Mecsek Mts. by
90°(P. Madrton — E, Szalay — Marton 1970) — Cho¢ nappe by 45—65°
(M. Krs 1966, P. Muika — J. Vozar 1978) — Rodnei by 35° (I. Kal-
mar —D. O.Ionescu 1975) — Argolis by 108° (R. Pucher et al. 1974).

Distribution of rotations having different sense on opposite sides of a boun-
dary that runs from Sicily as far as the border of Alps and Carpathians, points
to post-Cretaceous virgation and disintegration of originally -continuous belt
of high-pressure assemblages (supposed in another sense already by E. Hadzi
et al. 1976). Exeptional significance of this boundary for deductions of Cre-
taceous and younger kinematics relies upon the disappearance of Paleoalpine
calcalcaline magmatites roughly to the W from its course. According to previous
plate-tectonic interpretations, polarity of Paleoalpine subductions in the
northern branch of Alpides would have had to change roughly on this boun-
dary (H. Laubscher 1971a, E. Hadzi et al. 1976). Such presumption,
however, does not explain the distribution of mentioned rock assemblages.

A very important event in dynamics of the outlined complex process was the
generation of Paleoalpine back-arc basins (marginal basins), probably along
prepondary part of the Eurasian active continental margin, behind the sub-
duction zone. Development of marginal basins may be traced in sedimentary
and volcanic record from the very early stages of the lithospheric subduction (as
early in the Lower Jurassic), but marginal basins have been initiated probably
already by early segmentation of the Triassic continental lithosphere. Caused

! Recent measurements of'H. J. Mauritsch — W. Frisch from the Northern
Calcareous Alps suggest a clockwise rotation of some units, probably together with
West Carpathian ones.
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probably by secondary mantle diapirism over the subducted oceanic lithosphere,
the sialic layer gradually thinned out in marginal basins behind the active
plate margin. The process is witnessed by peculiar volcanosedimentary de-
velopments of the Middle and Upper Jurassic, locally even that of the Lower
Cretaceous, but persisted into the upper stages of Lower Cretaceous only
locally.

Due to the lack of relevant petrogenetic data, the question, if thinning-out
of the sialic crust during the Upper Jurassic, provable along the whole Alpide
belt led into generation of secondary (accretional) oceanic crust also in the
Carpathian area, as supposed by K. J. Hsii — S. O. S chlanger (1971) and
M. Boccaletti et al. (1974a) for the Paleogene or by S. Adamia et al
(1977) for the Paleoalpine epoch, or but “ensimatic” stage of originaly ensialitic
basins has been formed (D. Ohnenstetter — M. Ohnenstetter
1976), may be not answered so far.

Paleogeographic restorations of oceanic and suboceanic basins, set out solely
from the presence of ophiolites, impede geometric difficulties. These derive
from until supposed single Penninic — Ligurian oceanic basin (although dissec-
ted by elevations; e. g. Brianconnais a. 0.) without any volcanic arc (G. Elter
et al. 1966, M. Boccaletti et al. 1971, R. Trimpy 1976), whereas two
distinct ophiolite belts occur in the SE Europe (Vardar zone — NW—N Anatolia
and the central Dinarian ophiolite belt — Subpelagonian zone — Lycian
nappes — Zagros Mts.). Geometric restorations remained unconvincing so far
in attempts to prove that the southern belt represented an oceanic basin
(A.G. Smith — N. H. Woodcock 1976, J. Debelmas, D. 1. Jones —
M. C. Blake and J. Auboin in D. Fantinet et al 1977) during the
whole Jurassic and only relics of a marginal basin occur in the Vardar zone
(M. D. Dimitrijevié — M. N. Dimitrijevié 1976), where differences
reflect such paleotectonic position. Moreover, magmatites explicable by sup-
posed subduction of the oceanic lithosphere seem to occur outwards from both
ophiolite belts. It was also supposed, that both belts derived from a single
oceanic basin (J. H. Brunn et al. 1976, P. Vergely 1976). Due to complete
effacement of original disposition by younger tectogenesis, these questions,
probably, should be not answered solely on a geometric approach.

Suggested restoration of Paleoalpine geodynamics in the West
Carpathian area

It is known long ago, that the Carpathians acquired the pattern of a con-
tinuous range not only in geographical but also in geological sense in the
Cainozoic (D. Andrusov 1938). Therefore, reconstructions of their pre-Ter-
tiary disposition are to be set out from a picture, where superimposed com-
pression of the flysch belt will be removed. Similar attempt applied by
Z.Roth (1963) and E. Hanzlikova — Z. Roth (1965) allowed to recon-
struct paleogeography of subsequent stages from the Upper Malmian to Miocene
in outer West Carpathians. In recent years, structural correlations between
West and East Carpathians (D. Andrusov 1968, I. Bincila — I. Mari-
nescu 1969, M. MaheTl et al. 1974, M. S&ndulescu 1975) proved roughly
comparable intensity of tectonic deformations in the whole length of the flysch
arc.
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Fig. 10. Geometric approach to the reconstruction of the original breadth of the
Carpathian flysch arc. Rotational movements became evident in the SE portions
of the arc. Dashed double line: added minimal breadth of outer and inner Car-
pathian flysch belts.

Obr. 10. Geometricky pristup k rekongtrukeii povodnej Sirky flySovych pdasiem
Karpat. Zretelne sa ¢értaju rotaéné pohyby vnutornych Karpat v juhovychodnej ¢asti
obluka. Ciarkovane: spoc¢itana minimalna Sirka vonkajSieho a vnutorného flysového
pasma Karpat.

Hence, together with source area reconstructions and with data on sediment
accumulation dynamics (R. Marschalkoin D. Andrusov — O. Samuel
1973, K. Borza et al. 1973, R. Marschalko 1975 a. o.), such approach
allows to broaden palinspastic reconstructions based on original breadth
of the flysch belt upon the whole outer Carpathian arc (Fig. 10). In first
approximation, the present breadth of the flysch Carpathians (the belt limited
by outer margin of the Pieniny klippen belt and/or Dacides and by the plat-
form foreland) is directly proportionate to the breadth of their sedimentation
area, before the Laramian folding. Similar approach may be applied to unfold
ophiolite-bearing flysch sequences inside of the Carpathians (in the basement of
the NE Hungarian lowland, Mures trogh), affected by Laramian and younger
deformations (V. Tanovici et al. 1976, K. Sze peshazy 1976).

To deduce palinspastics of Carpathians during the Mesozoic according to
previous, even geometrically simple construction, two conditions must be
fulfilled.

The first condition is that units of central Carpathians and that of the
Pannonian basin basement could not have acted as driving force of folding
in the outer Carpathians, synchronously. Space is limited by the arc of outer
Carpathians, to influence folding dynamics by central Carpathian segments.
Although this condition is not the sole possibility, the foreland was hardly
active, since there neither any symptoms of considerable displacements per-
pendicular to the orogenic front nor proofs of far-reaching active subduction
of the foreland underneath the folded Carpathians occur. Displacements of the
foreland, as supposed driving force of folding, contrast with paleomagnetic
data from stable Europe (A. Hicken et al. 1972) as well as with movements
of the Eurasian plate deduced from spreading rates in the North Atlantic

402



(W.C.Pitman — M. Talwani 1972). The foreland rather played the role
of a passive, though relatively subducted barrier. Sedimentological, facial and
tectonic pattern of outer Carpathians, together with paleomagnetic data from
pre-Tertiary units of the Alpine — Carpathian belt proved progressive move-
ments of the orogenic front towards the passive foreland.

The second condition is that units of central Carpathians arrived at their
recent mutual pesition successively. Several, originally more or less continuous
facial zones may be delimited that originated on comparable paleotectonic
background. Individualised remnants of such facial zones arrived at recent
mutually complicated position but during younger orogenic phases. Ascertained
slips and rotations document mutual displacements which concentrated along
discontinuity belts of central Carpathians (P. Grecula — L. Varga 1978)
and resulted in juxtapposition of contrastaneous litho- and/or biofacial units
(H. Laubscher 1971a, B. Géczy 1973, V. N. Utrobin — L. V. Li-
neckaya 1975, R. Triimpy 1976, V. Ianovici et al. 1976 a. 0.):

Dynamics of Paleoalpine movements of central Carpathian units and adjacent
zones is outlined on palinspastic schemes for 185 (Sinemurian), 148 (Kim-
meridgien), 114 (Lower Aptian), 80 (Santonian) and 63 million years (Montian)
on Fig. 11—15. Geochronological scale is according to G. D. Afanasyev —
S. L. Zykov (1975), in the Cretaceous according to J. E. van Hinte (1976).
Relative movemets between African and Eurasian plates fit the chronology
of the Mid-Atlantic opening (W. C. Pitman — M. Talwani 1972, J. F,
Dewey et al. 1973) and reflect more recent kinematic solutions of magnetic
anomalies in the Atlantic as well (X. Le Pichon et al. 1977). Distribution
and movements of partial units in the Alpine — Mediterranean belt correspond
to previous arguments, but mainly in the Carpathian area, the picture differs
considerably from previous palinspastic restorations. Schemes represent more
detailed Carpathian units, more distant ones have been sketched only to
suggest supposed relations. Due to insufficient quantitative data, mutual scale
of presented units is only approximative.

The palinspastics during the upper part of the Lower Jarassic (Sinemurian) is
presented on Fig. 11. Probably separated from eroded and denuded central
Hercynian belt by a chain of shallow-marine basins, the Tethyan carbonate
platform of the Triassic covered the southern periphery of Hercynids. Peculiar
development of the period represented the Gresten beds, covering mostly the
central Hercynide zone. Northernly from the Gresten development (divided by
elevation ?), epicontinental Lower Jurassic facies of the Eurasian stable conti-
nental margin developed.

Hercynian and older crystalline occured in the basement of the carbonate
platform in its NW part whereas unmetamorphosed to epimetamorphoséd
Paleozoic built its majority. The southern part of the carbonate platform probably
extended during the Triassic over oceanic (suboceanic ?) Tethyan crust. Gene-
ration of this oceanic crust is hardly to explain by plate geometry, since related
spreading (supposed in Tethyan realm e. g. by H. Lapierre — G. Rocci
1976) has been not evidenced so far by pronounced differences of Permian
to Triassic paleopoles for the African and Eurasian plate (A. Hicken et al
1972). Relevant products of plate interactions are lacking either, to assimilate
considerable displacements on supposed continental margins of that period
between both lithospheric plates. For the generation of oceanic crust by “oceani-
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Fig. 11. Palinspastic scheme of the Sinemurian. Dashed line inside of the carbonate platform: supposed northern margin

of weakly or unmetamorphosed Paleozoic in the southern branch of Hercynids. 1 — extent of oceanic Tethyan crust
during the Triassic, 2 — extent of the Gresten development, 3 — outcropping old crystalline.
Obr. 11. Palinspasticka. schéma sinemuru. Ciarkované hranice vnutri karbonatovej platformy: predpokladana severna
hranica slabometamorfovaného a% nemetamorfovaného paleozoika v juznom kridle variscid. 1 — hranice triasovej
oceanickej kéry Tethydy. 2 — rozsirenie grestenskej facie, 3 — vychody starého krystalinika.
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zation” (in a marginal basin of “ensimatic” stage), geodynamic conditions were
lacking as well. Available data point to but minimal movements, probably
caused by rifting in SW—NE direction (N—S according to Triassic paleo-
meridians) and by perpendicular distension. From such geometry, existence
of a transform fault along the Triassic Tethyan axis may result (R. S. Dietz —
J. C. Hold en 1970). Shoshonitic volcanites of the Upper Triassic as generated
in a volcanic arc, would be explained by these movements as well, what is
possible, though until not proved by further data. Tentatively, flysch sedi-
mentation of Lunz beds would be attributed to the same process.

Locally, the Gresten development of the Lower Jurassic has been accompanied
in its axial portions by volcanic activity, producing sodalcaline basic volcanites
(bostonite). Segmentation of the carbonate platform and its general subsidence
during the Lower Jurassic resulted in wide-spreaded pelagic sedimentation
of marls, cherty limestones and cherts. In some areas (Bakony Mts., Stubberg
beds of the Tennengebirge, Eastern Alps), somewhat younger oxidic man-
ganeous concentrations (Toarcian) filled up karstic surface and reflected ele-
vational movements preceeding the Lower Doggerian transgression. Common
appearance of metamorphogenous cor acid magmatogenous heavy mineral de-
tritus in either pelagic or shallow-marine sediments is remarkable.

First distension of the Mid-Atlantic started as early as the Lower Jurassic
and moved Africa to ESE, relative to Eurasia (R. L. Larson — W. C. Pit-
man 1972, W. C. Pitman — M. Talwani 1972, J. F. Dewey et al
1973 a. o.) with initial velocity of 2.5 cm/year. The motion separated con-
siderable part of the carbonate platform together with subjacent Eurasian
margin from the remaining Eurasian plate and “opened” a belt of newly
formed oceanic crust between both plates still before the Kimmeridgien stage
(148 m. y.; Fig. 12). Relics of the Jurassic oceanic crust are preserved in Ligurian,
Pennic (Piemont), Mures and NE Hungarian lowland basement ophiolitic com-
plexes, continuing into related branches of SE Europe. Its remnants in the West
Carpathian area represent frequent symptoms of oceanic magmatites occuring
in source area of the Albian peri-klippen flysch. Ophiolites furnished cha-
racteristic heavy minerals (I. KriZzani 1977) into the flysch sequence already
from secondary (obducted?) position, as early as the Albian. Additive, though
minimal rotation of detached platform segment is necessary to explain geo-
metry of subsequent Eocretaceous orogenic events in the southern part of the

Balkan peninsula (P. Vergely 1976, V. Jacobshagen et al 1976).

* Maximal distension of accretional oceanic lithosphere occured in the Corsi-
ca — Ligurian realm, where the active spreading was concordant with the motion
of Africa. To the contrary, action of forces was oblique in SE Europe and
differences have been documented by petrogenetic deviations of ultrabasites
and accompanying cumulates between both areas (D;.0Ohnenstetter —
M. Ohnenstetter 1976). Different force mechanism resulted in sinistral
wrench tectonics (coullissage) of the western and central Mediterranean con-
nected to Grand Banks transformation in the Atlantic (P. Elter — P. Per-
tusati 1973, J. Debelmas 1975, R. Trimpy 1976). From this period,
sinistral wrench tectonics of Paleoalpine movements became leading dynamic
element of the western part of Alpides, including the Carpathians. To the contrary,
dextral wrench tectonics of SE Europe, signalised already early paleomagnetic
and palinspastic studies (J. de Boer 1965, K. A. de Jong 1966, P. L aub-
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scher 1971a), however, attempts to explain their influences remained
unsuccesful. Evidently, dextral movements prevailed but during the Cretaceous,
when they reflected commencing anticlockwise rotation of the African plate.
Similarly to sinistral movements, even the dextral ones have been compensated
in extensive areas of previously generated oceanic crust to the W and SE
from the present Carpathian are.

Sketched spatial relations witness to accretional growth of oceanic crust
| between 1.8 cm/year in the Ligurides and 1.5 cm/year in SE Europe. Such
’ velocity between the Sinemurian and Kimmeridgien (comp. Fig. 11 and 12) was

sufficient to move off considerably (400—600 km) successively colliding Tethyan
! continental segments. The newly formed oceanic lithosphere and its crustal slab
have had, been relatively thinner, since thicknesses trend to increase only
| beyond the 30 m. y. isochron even in recent oceans (A. Tréhu et al. 1976).

Caused by motion of Africa, an accretional prism of the Eurasian plate has
been formed, probably still in the Upper Jurassic and surely during the Ju-
rassic — Cretaceous turn. Along the subduction zone of the active continental
margin, the newly formed oceanic crust has been consumed. Gradually younger
high-pressure assemblages and calcalcaline magmatites in a parallel belt

~ from SE to NE, point to subduction mechanism extending from the Little

Caucasian ophiolite suture as far as to the recent Carpathian arc already
before the Albian. Further to the WNW (Penninic realm, Ligurian complex,
Nevado—Filabrides of the Betic Cordillera) any calcalcaline magmatites, only
high-pressure metamorphic assemblages have been formed. Plausible explana-
tion for such distribution yields the decreasing amount of subducted oceanic
lithosphere that resulted from different geodynamics beyond the border limiting
sinistral movements. Accordingly, such geodynamics seems to explain successive
younger age of relevant calcalcaline magmatites on the active Eurasian margin,
too.

As indicated above, collisional geodynamics in the northern branch of Alpides
has been established already in the late Neocomian (collision of continental
segments carried by Tethyan oceanic lithosphere with the island arc or active
margin). Palinspastic scheme for the Lower Aptian (Fig. 13) records two
peculiar developments of that period: Urgonian organogenous limestones of the
emerged collisional edge and flysch to wildflysch sequences deposited in
longitudinal troughs on the rear side of destroyed island arc and in joined
parts of marginal basins. Probably still before the Barremian, the whole
oceanic lithosphere in front of the island arc has been consumed, as far as to
individualizing Paleoalpine units of the Carpathians.

In collisional geodynamic situation, Paleoalpine nappes proceeded rapidly
at righ angles to the belt of collision. At places, advancing forehead of indi-
vidualized carbonate platform arrived to the NE margin of the continental
block detached from Eurasia during the Jurassic and reached upon the island
arc in its Pieniny segment. Ophiolites vanished along the collisional belt
in SE Europe, but from secondary (“obducted”) positions, they started to
influence flysch