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Abstract: The paper deals with several problems of the West Car-
pathian paleogeographical reconstructions, appearing in the course of
application of modern knowledge and in correlations with the neighbou-
ring areas of the Alpine-Carpathian orogen. A successful reconstruction
of the original sedimentary area in each stage of evolution depends on
a successful elimination of the effects of younger space deformations
(both distensive and compressive). The recognition and a more exact
quantitative definition of some time stages of pre-Alpine and Alpine
deformation phases still presents a number of problems. Thus, the effort
concentration of specialists from different branches of science appears
to be necessary for solving a whole series ol problems and for forming
a realistic paleogeographic picture of our region in the individual stages
of evolution.

Peswae: Padora obeyamiaer NeKoTOpule 3ATDYRICHNS 114Je0reor papiueckoii
peKONCTPYKII Tepuropiil 3anainex Kapnar, noasiasouwnsca npu npusenennm
COBPEMEHILIN 3NN 1 NPH KOPPEIRIHI ¢ COCRAHUMI ODJACTAMI AJAbINICKO-
KaAPHATCKOrO oporeia. Yenex pPekoRCTPYKU HCXOMHOr0 0ca1ounoro dacceia
1A KaAL00 CTam ero PassiTis 3aBHCHT OT YCUEWHON SJAnMUnain Bansami
MALAWNY  edopyattidl npocTpateTsa  (PACTSAKHTCABIBIX 11 KOMOPECCHBHBLIX) .
Ho oranuenne n Gogee Touloe KBANTHTATHBIOE BLIPEKENHE HEKOTOPHX BpeMel-
HBIX STANOB adbiuiicknx 1 poansiouiicknx aedopvainit 8 3anaansix Kapnartax
J0Ka elle 10BoabLHo npoddaeMaTianoe. g pazpeienns neaoro psia noiosHsy
BONPOCOB 1 8 COAANNA Peasbioil KapTHiel nageoreorpaduueckoil curyaunn
Hameit TeppuTopIl B OTACABHBIX NEPHOLAN CJACAYET COCPeLOTOUNTL Heedelo-
BATELUKOE CTPEMJEHIE CHeHaaCTOB 11 HEeCKOAbRUX JAHCILIIIIIL

Development of methodology

The methods of paleogeographic reconstruction and their probability to
approach the actual situation of a given area in a given period always depended
on the stratigraphic knowledge of rock sequences. their tectonic arrangement,
character, style and degree of deformation and on the geological scrutiny of
the entire area. Development of the West Carpathian palinspastic reconstruc-
tions provides a good example of such a process. The concept of the original
arrangement and the extent of the sedimentary area has always formed an
integral part of the tectonic hypothesis. D. Andrusov, 1959, estimated the
width of the West Carpathian area in Mesozoic to be 360 km but later (1968).
300—600 km. Similarly, M. Mahel (1978, 1979, 1980) supposed this space
to have been 450—500 km wide. Alpine authors (A. Tollmann, 1978 et al.)
Belt, argued that this zone in the Upper Jurassic was more than 350 km wide.
at least. M. Misik. 1978. analyzing the development of the Carpathian Klippen
Belt, argued that this zone in the Upper Jurassic was more than 350 km wide.
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M. Krs and Z. Roth, 1979, deduced from paleomagnetic data that the
whole West Carpathian area had been 1200—1300 km wide prior to Mid-Albian
deformation. This hypothesis conforms to the supposition of a gradual, east-
ward widening of the Tethyan Ocean, formulated on the basis of numerous
studies on several of its segments.

Application of the palinspastic method

The arrangement of paleogeographic reconstruction is the aim of synthesis
of lithological, stratigraphic and tectonic studies of each formation and an
important transitional grade within the paleotectonic development investigation
of each orogen. During this development, older stages were gradually recovered
by younger ones while a lot of information were successively decreasing in
fossil record. Therefore methods of palinspastic reconstruction mutually differ
in several aspects for the Paleo-Alpine and Neo-Alpine etaps. These problems
concerning reconstruction of paleo-space of the original sedimentary basins and
in the Alpine folded area were a cause of many controversies and mistakes.
Several authors still apply the observed facts onto palinspastically incompensa-
ted maps. Trying to avoid this wrong way. many investigators (H. Stille.
1953; D. Andrusov, 1959, 1968; E. Scheibner; 1963: A. Tollmann.
1966: R. Triimpy, 1969; M. Mahel, 1969 a-b etc) still in past tried to
estimate the space reduction by analyses ol tectenic deformation ol orogenic
structures. Despite of this fact. these authors always realized the incomplexity
ol their reconstructions, caused by in-encountering of subduction of large areas.
the arguments on their extent (and position) were often missing. Postulating plate
tectonic principles (A. G. Smith, 1971:J. F. Deweyetal, 1973; R. Trim-
py. 1975; H. Laubscher — D. Bernoulli, 1977; J. E. T. Channell
et al., 1978 ete.) indicated that enrolling sedimentary units, preserved even after
last stage of space reduction, is unsufficient for a reliable reconstruction: it is
also necessary to reconstruct the ancient magmatic and folded arcs. trenches
and basins, to compensate rotation of blocks and microcontinents and to deter-
mine the original width of subducted folded zones along with parts of obducted.
overthrust and subsequently eroded units. The true paleogeographic recon-
struction can be obtained only by a synthesis of paleomagnetic. lithofacial, bio-
facial, biogeographical, structural and other criteria.

The mutual position of Eurasian and African cratons and its changes since the
end of Paleozoic was determined on the basis of paleomagnetic data relatively
soon and suflficiently. However. the problems with determination of number.
dimensions, position and pertinence of microcontinents in the Mediterranean
area are more dilficult. J. F. Dewey et al, 1973;: A. Bosellini — K. J.
Hst, 1973; H. P, Laubscher, 1975;: V. J. Dietrich, 1976: D. Roeder.
1976, 1977, 1980: K. J. Hsd et al, 1977; A. Tollmann, 1978; K. C. Con-
die, 1979 and the other, discerned several microcontinents (Iberian. Adriatic
or Apulian, Carnic or Kreios, Rhodopean, Moesian, Pannonian, Pontic, Tau-
ric...) and microplates (Paleotethyan, Alboran. Mesogean etc.). On the other
hand, L. E. Ricou — J. Marcoux, 1980 tried to reconstruct the Mesozoic
Tethys like a simple ocean without intervening microcontinents. However. their
model was nol in agreement with all the observed facts, being variance of
a classical hypothesis on North African origin of Austro-Alpine, Carpathian and



PALEOGEOGRAPHY OF THE WEST CARPATHIANS 483

Apuseni nappes, Southern Alpine and Dinaric units (cf. J. E.T. Channell —
F. Horvath, 1976: F. Horvath etal., 1979 etc.).

The paleogeographical and paleotectonic developments with accompanying
palinspastic changes were relatively well investigated in the West Mediterranean
sector of Tethys (M. Boccaletti, 1975 etc.). Less, but still rather well-known,
is the situation in the East Mediterranean (V. Jacobshagen et al., 1971:
X. LePichon — R, Blanchet, 1978; C. A. M. Sengdr et al, 1980:
P. Bernier — J. J. Fleury, 1980: D. Nance., 1981 etc.). Majority of
mistakes concerns especially the Carpathian-Balcanian segment of the Europian
Alpides and its relation to the Crimean-Caucasian orogenic branch: numerous
authors (M. Sandulescu, 1972; J. F. Dewey et al, 1973; M. Bocca-
letti et al., 1974 a-b: E. Szaddecky-Kardoss, 1976: D. Roeder.
1976: K. Birkenmajer, 1976; K. J. Hsu et al, 1977; A. Tollmann,
1978). I. Varga, 1978; R. Unrug, 1979: F. Horvath et al, 1979:
S. Vrana, 1980; B. Lesko — L. Varga, 1980; J. Jaros, 1980 etc.
came often to controversial opinions and conclusions.

The problems with reconstruction of this segment of Alpine orogen are joined
with its complicated geological history. the dissection by transversal fault sys-
tems (roughly parallel systems with the border of adjacent East European plate),
unusually great crustal heterogeneity, and its complicated deformation (M. M a-
hel. 1969, 1973, 1978. 1980; E. Boncevwv, 1975; K. J. Hsili et al, 1977:
G. Wein, 1978: J. Karagjuleva et al, 1980 etc.). Moreover, many new
data on the differentiation of original sedimentary areas, tectonic pertinence
and structure of rock complexes (M. Mahel, 1978, 1979 a-b-c: M. Misik
et al., 1980 etc.), on the allochthonity of crystalline massifs, considered before
as “autochthonous” (A. Klinec, 1966: M. Mahel, 1978, 1980 etc.) and on
the extensive space-shortening by deformations and convergence to collisional
subduction of lithospheric blocks and also on the considerable rotation of indi-
vidual segments of this orogen (M. Krs, 1979; M. Krs et al, 1979; M. Krs
— Z. Roth, 1979; M. L. BaZenov et al, 1980 ete.), obtained recently, lead
to the production of new palinspastic schemes. in many aspects different from
the pre-existing ones (M. Mahel. 1979, 1980). Although several authors re-
cently presuming three even four Mesozoic oceans (Magura, Pieniny. Lubenik.
Meliata) in the original West Carpathian space, an opinion is stated that the
Central West Carpathian Mts. were a shelf area of the Variscan consolidated
crustal block during the Permian and the Triassic, northward limited by the
rifted basin of Klippen Belt (M. Misik et al, 1977, 1980) and southward
by the oceanic realm of the Paleozoic-Triassic Paleotethys. The southern West
Carpathian units. only insignificantly affected by Variscan folding and meta-
morphism (Gemeric, Biikkic, c¢f. M. Mahel, 1978, 1979, 1980) probably belon-
ged to an intraoceanic shelf fragment of Paleotethys, not to the southern Pienni-
nic border (as supposed I. Varga, 1978; B. Leiko — I. Varga, 1980).
A broad back-arc basin with slight volcanism and accelerated subsidence evolved
during the Permian and the Triassic in the Hronic and Silicic (M. Mahel,
1974, 1978, 1979). This development ceased after the Paleotethyan closure during
the Early Kimmerian phase, when opening of a new oceanic basin began in
southern Penninic and its equivalents (Pennine-Vahic-Siret Ocean). Both, the
parallel Zliechov- and Magura (= North Pennine?) troughs originated by tension
and by subcrustal erosion in the Jurassic rifting phase at first, later on they
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were incorporated into arising back-arc basins of the Penninic Ocean (M. M a-
hel, 1979). Like the Paleozoic-Triassic Paleotethyan margins, the Penninic
Ocean margins could also originally have a pair of opposite subduction zones,
swallowing the oceanic crust from both sides (north-vergent zone northward,
south-vergent one below the Austro-Alpine and Central Carpathian units on
the south ¢f. E. Rod, 1977; D. Roeder, 1977), prior to the Upper Cretaceous-
Eocene collision ol Eurasia and Kreios plates,

During the Neoalpine development of the West Carpathian area the Paleoge-
ne sedimentation was concentrated in flysch troughs on mobile substrate along
the North European margin, with partially oceanized bottom (cf. A. Toll-
mann, 1978). The alpine-type deformation of the underground and foreland
of the Austrian and Laramian nappes caused new space-reduction of the orogen.
elastically deforming the platform margin (D. Roeder, 1980). Rejuvening
fault activity along with the effect of an active mantle diapirism (L. Stegena
et al., 1975: J. G. Sclater et al, 1980) rendered space for new frontal. intra-
montaneous and back orogen sedimentary basins. Contemporary basins with
the Neogene filling represent mere relics of the origin extensive sedimentary
areas, The reconstruction of their original extent and also relations requires
to take into consideration not only stratigraphic. sedimentological and biofacial
criteria, but also geodynamics of their origin and development. These basins
evolved contemporary with the breakage of the West Carpathian orogen into
blocks which have been unevenly overthrust northward; this process caused
the vaulting of the West Carpathian arc (Z. Roth, 1980: M. L. BaZenov
el al., 1980). According to M. Kovac¢ (1980). the West Carpathian NW segment
has been pushed to 40 km: the NE one even 80—100 km onto the foreland
during Neogene. The reconstruction of the foredeep must also encounter consi-
derable areas, hidden under the flysch nappes or even incorporated into nappe
units (R. Ney et al, 1974). The exactness of palinspastic reconstruction of
this area is underlined by the indications ol sedimentary compressive (nappe)
movements. The reconstructions of the Paleogene-Lower Miocene flysch basins
(Zdanice. Skole units) or of the Lower Miocene marine connections through
this (later significantly elevated and eroded) zones are joined with other prob-
lems. The interpretations of the Eggenburgian connection of Eastern Slovakia
basin with the Carpathian fore-deep, e. g., differ significantly (T. Buday
et al, 1967; D. Durica, 1976; J. Gadparik, 1978; R. Rudinec, 1978
ete). owing to the lack of primary data. The correlation of intra-Carpathian
basins is complicated by different mobility of the individual Insubric System
blocks (M. Krs — Z. Roth, 1979): although the movement of the East
Alpine segments ceased in the Lower Miocene, the orogeny of the Eastern and
Southern Carpathians continued up to the end of the Miocene. That is why
the present arrangement of Miocene sediments differs from the original paleo-
veographic situation,

Inequabilities in time and effects ol individual “phases™ of the Alpine oro-
geny prove that they represented only local accelerations or vectoral changes
ol compression, evoked by global Tactors (A, Tollmann, 1966, 1978; M. M a-
hel, 1971 1980). Many ol them (especially during the Middle and Upper Cre-
Laceous and Miocene — Pliocene) had a local significance and they are probably
local cvidenees of more important long-timed movements with a global impor-
Lance.
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Paleobiogeography and “paleobioprovincional” division

The investigation of organism distributions and their dependences is a useful
aid for understanding of connections and barriers in marine basins at a given
time interval. The use of this method is necessary especially at paleogeographic
reconstructions of complicated deformed alpine-type orogenic areas.

As usually, the Mesozoic world use to be divided on the warm Tethyan bio-
province separating the Boreal and Paleoaustral (in the Triassic called Maorian)
ones. The fauna of the German subprovince. which has diversified on Eurasian
epicontinental shallows. inundated by the Middle Triassic transgression, from
the Tethyan faunas spread along the Iberian and North African coasts up to
the Middle East (N. M. Farsan. 1979). The distribution of the Triassic brachio-
pods (A. S. Dagys, 1974) confirms the division of the Tethyan province onto
the Alpine-Carpathian and Indian-Himamalayan subprovinces (F. Neum a-
ver, 1872; c¢f. K. Pozaryska — W. Brochwicz-Lewinski, 1973).
The question of provincionality of the Triassic faunas has been recently elabo-
rated by the conodontologists, again. H. Kozur (1980) distinguished seven
provinces of the Triassic conodontophorids. However, the frequent discrepancies
in the definition of individual provinces, in classification of individual faunas
and in delimitation of time and space boundaries and facial and bathymetric
velations (J. Trammer, 1975; K. Budurov. 1975: S. Kovacs, 1980:
0. Jendrejakova et al. 1982 etc) indicate that the paleobiogeographic
and paleoecological study of the Triassic conodontophorids is still in its be-
ginning.

The diversification of the European Jurassic brachiopod faunas into the
“Mediterranean” and “North European” types (D. V. Ager, 1963;: A. Viérds,
1977, 1980) indicates an effect of the Jurassic spreading which probably sepa-
rated the fragments of the European (Kreios) and the African (Apulia) shelves
already in the Liassic, in such a degree that a specific fauna. different from
the faunas of nearshore shallows could diversify on them. The bioprovincional
study also enclear the connections between the Danish-Polish aulacogene, the
Dobrogea, Crimea and Caucasus and the Alpine-Carpathian areas. The Anisian
sea-way between the Tethys and Silesian nearshore part of the North European
Triassic basin. localized by this method. represents a typical example of this
approach. The brachiopods, conodontophorids. molluscs and diploporid algae
penetrated evidently through the mouth of the Danish-Polish aulacogene but
in no case through the north — western part of the Miocene Carpathian Fore-
deep (“the Moravian Gate”, ¢f. H. Senkowiczowa inL. Malinowska,
1979: or P. A. Ziegler, 1980) where there are no traces of the Triassic subsi-
dence. The mouth of the Danish-Polish aulacogene has been closed since the
Ladinian to the Lower Cretaceous (I. Gajewska — T. Marcinkiewicz
1978; P. A, Ziegler, 1980). Despite of this fact, in the Jurassic this area
still connected the Submediterranean basins of Western Europe with the Dobro-
gea, Crimea and Caucasus (I. Simionescu, 1910: J. Kopik, 1979). Since
the Valanginian to the Hauterivian the Boreal ammonites migrated through the
mouth of the Polish trough into the periferal West Carpathian zones (Z. V a-
Sicek. 1979). On the other hand. several Tethyan species contemporaneously
penetrated through Poland into the North Germanic basin (W. PozZaryski
— W. Brochwicz-Lewinski. 1979; E. Michael 1974). Although
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the Tethyan-Boreal connection was many times interrupted (A. Raczynska.
1979) and reestablished again (Albian-Cenomanian, W. PozZaryski — W.
Brochwicz-Lewinski, 1979: E. Michael, 1974 or in the Coniacian-
Senonian, J. Salaj — V. Gasparikova, 1979), the connection between
the Submediterranean and Dobrogea-Crimea-Caucasian-Kopet Dagh Belt endu-
rated (F. A. Middlemiss, 1979; T. Neagu — A. Barbulescu., 1979
ete.). These facts indicate that the Danian-Polish aulacogene was connected with
the Dobrogean and Crimea more durable than with the Carpathian area. Thus.
the supposed temporary barrier had to occur between it and the Tethys more
southward than A. Raczynska (1979) or P. A. Ziegler (1980) presuppo-
sed (cf. W. Pozaryski — K. Zytko, 1979, 1980). The original course of
these structures was probably covered during the deformation of the Car-
pathian arc and its overthrusts onto the cratonic foreland (D. Roeder, 1976.
1977 etc.).

During the Neogene the West Carpathian sector of the Central Paratethys
belonged to the Trans-European bioprovince. The composition of its endemic
fauna was influenced during the individual stages by immigrants coming among
the neighbouring bioprovinces (Boreal, Atlantic, West and East Mediterranean
and Indopacific ones). The changes in bioprovincial composition of the faunas
reflected principal changes in paleography (J. Sened, 1966): the movements
on the Zagros subduction and configuration changes of the barrier zones in
Central Iran during the Upper Oligocene and the Lower Miocene caused the
migration of the Indopacific faunal elements into Caucasian area (L. Neve s-
kaya etal, 1979) to the Central Paratethys (J. Senes§, 1966; F. Steinin-
ger et al, 1979). The occurrence of the Boreal species in the Lower Miocene
East Paratethyan faunal associations indicates a short-termed connection bet-
ween Northern Europe along the Teissere-Tornguist line (D. P. Khrushchov
et al., 1979). The Badenian interruption of the Indopacific elements immigration
into the Paratethys was probably coused by westward movement of the Anato-
lian and Moesian blocks (N. Gékcen, 1979: M. Boccaletti et al, 1979).
Similarly, by the paleobioprovincional analysis of fauna structures can be indi-
cated the Upper Badenian up-lifting of the Dinarides (J. Senes., 1966: F.
Steininger et al, 1979: M. Kovae¢, 1980 ete.) or the Pliocene up-lifting
of the Caucasus (M. Boecaletti etal. 1979).

Paleo-Alpine development of the West Tethyan closure
a)The Early Triassic situation

According to H. Brause (1979) and the other authors, Paleo-Europe
consists of the suboceanic Rhenohercynic and sialic Saxothuringic. the latter
being derived from the Paleozoic Gondwanian shell (F. Patocéka, 1980).
After the Variscan orogenic collision of these two plates, the north-southern
convergence of Laurasia and Gondwana turned into the east west. The troughs
ol the Atlantie-Tethyan graben systems progressively splitting the subtriangular
Paleo-European craton (P. A. Ziegler, 1980) became a new tectonic category
in its development: they connected the Alpine orogenic cycle with the develop-
ment of Atlantic (M. Mahel, 1974; H. Brause — G. Beutler, 1977).
The beginning of the Triassic sedimentation was alflected by global regression
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(according to G. R. Stevens, 1980 caused by south pole glaciation) which was
immediately followed by eustatic rise of sea level. This rise was accompanied
by activization of troughs, both on the Paleo-European craton (in Viking-Horn-
and Polish-troughs) and on the Tethyan shelves. The activization of troughs
indicated a regional extension of the Earth crust (P. A. Ziegler. 1980). The
significant Baikalian-Caledonian-Variscan consolidation belt, rimming the East
European plate (Fennosarmatian block by H. Stille, 1953) had a character
of more than 5000 km long and to 300 km wide depression belt (V. I. Slavin
— V. E. Khain, 1980; V. I. Slavin — N. Safdari, 1980 etc) from
south and west. The origin of these troughs was connected with co-action of ho-
rizontal movements (W. PozZzaryski — W. Brochwitz-Lewinski,
1980). The Danish-Polish trough, as one among the most important structures
in this zone was established along the Teissere-Tornquist (= Greenland-Pontus
ete., ef. J. Znosko, 1979) line, delimited by it on the eastern side (J. Kutek,
1980: W. Pozaryski — W. Brochwicz-Lewinski., 1979). In the
underlie of the present Eastern Carpathians (W. Pozaryski — K. Zytko,
1979. 1980) the trough continued far southward.

b) The Middle Triassic changes in sedimentary regimes

The Anisian “Montenegrian phase” caused the first important break in sedi-
mentary regime on rapidly stabilizing carbonate platforms of the Tethyan
shelves, Its effects were observed in the Dinarides (B. Berc¢e, 1963), in the
Alps (conglomerates, breccias, sedimentary gaps introduced by A. Tollmann,
1966). and in the Western Carpathians (M. Misik, 1968: J. Michalik,
1979). P. A. Ziegler, 1980, ascribed to this phase also the cause of trans-
gression of the Muschelkalk Sea into NW Europe and of the next extent of
carbonate platforms facies into the shelf regions with terrigene-clastic sedimen-
tation. Wide Variscan consolidated shelf began to diversify during this period
onto taphrogeosynclinal troughs, ridges and bars (T. Bechstdadt et al., 1976;
G. Kauffmann, 1976 etc.)

The Ladinian-Lower Carnian “Labinian” phase the most outstanding in East
and SE Asia reached even greater extent and intensity. In Europe it affected
particularly the Caucasus, Crimea, Dinarides and Southern Alps. accompanied
by expressive subsidence. volcanism and differentiation of tectonic structures
and bottom morphology (M. Epting et al, 1976). T. Bechstiddt et al.,
1978, interpreted this mobility as an effect of early “aborted rifting” of the
Tethyan shelf. However, M. Marinelli et al, 1980, considered the South
Alpine area to be a subcrustal eroded Triassic back-arc basin in a proximity of
the north-western Paleotethyan active margin (of the Pacific type). similarly
to the situation, supposed in the Caucasus area by S. A. Adamiya — L D.
Shavishvili (1979) and by S. A, Adamiya etal (1977 a-b).

The West Carpathian Silicic is rather similar to the Austroalpine and South
Alpine developments by the Triassic carbonate platform facies with (sole) volea-
noclastics. Less subsidence of this complicately broken Alpine-Carpathian shelf
reflects its different geotectonic regime (M. Mahel, 1969, 1979, 1980). Despite
of this, the Triassic Silicic subsidence rate is the highest within the all Western
Carpathians. The increased subsidence rate indicates (A. Tollmann, 1978)
zones with crustal transformation. The extensive Ladinian-Carnian collaps of
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the Southern and Northern Alpine and Southern West Carpathian basins has
been connected with the origin of back-are basins during the north-vergent
subduction of disappearing Paleotethyan oceanic crust. The flysch-like Wengen-
and Lunz-basins were produced in this way (M. Mahel. 1980). Huge masses
of the Ladinian-Carnian Biikk ophiolites (Z. Balla et al., 1980) seem to con-
[irm the supposition of the presence of the Upper Paleozoic-Triassic Ocean in
the southernmost West Carpathian zones.

¢) The Early Kimmerian orogeny

Gondwana continents, associated in the proximity of south pole began to move
northward at the end of the Triassic (G. R. Stevens., 1980). These events
conform to the “Lower” and “Meso-Kimmerian phase” of H. Stille (1924)
in the Tethyan realm. This period of deformations was evident apparently in
Eastern Asia. degree ol deformation decreasing westward (A. Tollmann,.
1966). The intensity of voleanism, significant especially along the Turan and
Tarim blocks and in the Fore-Caucasus (V. I. Slavin-— V. E. Khain. 1980:
V. I Slavin — N. Saflfdari. 1980) decreased in the same direction. The
convergence of Kimmeria (Rhodopes, Pontides, NW and Central Iran. Afgha-
nian Mid-Mountain, Central Tibet and China) with the southern Eurasian fore-
land caused the closing of the Paleotethys and deformation of adjacent zones
(C. AL M. Sengdor et al, 1980). F. Hirsch (1976). C. Montenat —
D. Vachard (1980) and M. Kiasten (1980) confirmed the Triassic Jurassic
reorganization ol paleogeographical conditions in the Kimmerian continent. se-
parated from the Gondwana shelf. A wide flysch troughs belt accompanied the
Lower Kimmerian orogen northward: from Fore-Caucasus and Crimea (S. L.
Byzova, 1980). Kotel and Tulcea-zones of Balkan (P. Goc¢ev. 1976) to the
circum Rhodopean belt (M. Mahel, 1969, 1973. 1978: V. Jacobshagen
et al., 1978).

The West Tethyan area had a different development. The vaulting of the
whole area indicated by shallowing. regression and spreading of terrigeneous
and evaporite facies (A. Bosellini — K. J. Hsi. 1973;: H. Laubsher
— D. Bernoulli. 1977; J. Michalik, 1978. 1980: R. Borrouilh —
D.S. Gorsline, 1979 ete)) was ten million years later followed by a collap-
sing (“Rhaetic transgression”™, P. A, Ziegler. 1980 ete). In this area. the
Lower Kimmerian orogeny is indicated either by sediment deformation and
breccia intercalations (A, Tollmann., 1966) or by transgressive character of
the Liassic sequences (M. Mahel., 1963). The transgression of the Tethys
westward into the Protoatlantic rifts along Northern Marocco has been acom-

—_— >

Fig, 1. A paleogeographical sketeh of the weslern Telhys during Triassic Jurassic
boundary (BEarly Kimmerian phase).
Exrplanations: 1 — dry-land lacies and source areas, 2 — Keuper [acies, 3 — rifts
and troughs, 4 — non-voleanie extensional basins, 5 — carbonatle platforms, 6 —
bacl-are basins with voleanie activity, 7 — oceanic bottom, 8 — Recent coast-line
(for orientation), 9 — main lault-lines, 10 — plate movement direction. 11 — deformed
ZONES.



489

PALEOGEOGRAPHY OF THE WEST CARPATHIANS

—L_L -+ !
= - 2NIUOIH
N H..xﬁ:n&”_uw.IMGr_w_‘..mm m @ o
== 3u0l =,

ooy n A IR

i_N_EEm ______
E=f=R=RW 8




490 MICHALIK — KOVAC

panied by a collapse of continental borders and by extrusions of olivinic and
quartz tholeiites (W. Manspeisen etal. 1978).

In several West Carpathian zones (Tatric, Hronie, Silicic) the Triassic Ju-
rassic border is accompanied by significant discontinuity. Moreover, the sepa-
ration of occurrences of the Triassic sediments from the Jurassic Cretaceous
sequences (stressed by M. Misik et al, 1977, 1980; H. Kozur., 1980: M.
Mahel, 1981) could indicate the closing of the Triassic sedimentary basins
in the Klippen Belt by the Lower Kimmerian space reduction in the same way
like in the Great Caucasus (G. A. Chikhradze, 1979).

d) The Jurassic development of the Western Tethys

Sea-spreading of the Tethyan oceanic bottom (J. Dercourt, 1970; J. F.
Dewey etal, 1973 etc.) occurred differently in its various segments. The de-
velopment of the eastern one, delimited by the Vardar zone on the west., has
been connected with the Himalayan-Indian-Iranian block system movements
and with the opening of the Indian Ocean (H. Laubscher — D. Ber-
noulli, 1977). The main subduction belts dipped under the coastal continents
ol the disappearing Paleotethys (K. C. Condie, 1979). An extensive carbonate
platform disappeared during the north-vergent Lower Kimmerian subduction
in the area of the Great Caucasus. The renewed crustal extension produced
a new Jurassic strongly subsiding back-arc basin with partially oceanized bottom
(5. A, Adamiya. 1977; G. A. Chikhradze, 1979). Thick terrigeneous
and flyschoidal sequence (to 10 000 m thick) subsided in this basin, followed by
3500 m thick complex of ultrabasics. basics and acid erruptives which represen-
ted a new progressive shortening of the basin. The subduction culminated by
the Bathian Meso-Kimmerian orogeny, accompanied by granitoid intrusions.

A flysch trough in an extensive carbonate platform system originated also
on the periphery of the Serbian-Macedonian Massif and Rhodope block (M. M a-
hel. 1973). The compression. accompanied by metamorphism and by the origin
ol granite batholiths occurred during the Middle Jurassic (V. Jacobshagen
et al., 1978). The subduction zone on the northern border of the Kimmeria
(Fig. 2) had southern vergence, the movement of the Kimmerian blocks to the
N-NE proved in Iran (M. Alavi, 1980) and in Afghanistan (K. Krumsiek,
1978). The progressively expanding Mesogea Ocean evolved from the rift system
on the south of this microcontinental belt (H. Lapierre — G. Rocci.
1976 F. Baroz etal.1976:J. F. Parrot, 1977).

The north-western branch of the Mesogea splitted obliquely several older
structures (A. Agyriadis, 1975; P. Scandone, 1975: K. J. Hsi et al..
1977): it penetrated through the Vardar zone. Munti Metaliferi and Eastern
Carpathians (the Siret Ocean of N, Norman — H. Savu. 1974) and southern
Penninic of the Western Carpathians and Alps (M. Mahel, 1974, 1978, 1981
H. P. Laubscher, 1975; V. J. Dietrich, 1976: D. Roeder. 1976:
S. Prey. 1978: A, Tollmann, 1978 etc). According to several authors
(M. Mahel, 1974; D. Roeder, 1976; W. Frisch, 1981) this south Penni-
nic Ocean developed by transformation ol the Mid-Atlantic one: it attained
nearly 1000 km width until the Middle Cretaceous. The expanding Penninic
Ocean (— Vahicum by M. Mahel, 1981) separated an extensive block of the
Lower Mesozoie carbonate shelf (“Carnic plate” by J. F. Dewey et al., 1973,
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alias “Austroalpine-South-Alpine-Adriatic microcontinent™ by V. J. Dietrich,
1976, or. more precisely defined “Kreios microcontinent” by A. Tollmann,
1978).

Several authors (J. Decourt, 1970: J.E.T. Channell —F. Horvath,
1976: F. Horvath et al, 1979; L. E. Ricou — J. Marcoux. 1980 etc)
consider this intraoceanic carbonate platform as a part of the North-African
shell. However, the palynospectrum of its sediments does not contain any
African elements till the Albian-Cenomanian collision (A. Isler — N. Pan-
tic¢. 1980). The Kreios microcontinent, according to A. Tollmann, 1978
8000 km long and 1500 km wide, was a characteristic paleogeographical element
of the western Tethys. The Kimmerian continent in eastern part of the Tethys
was seemingly equivalent of the Kreios: however, not only its origin but also
its tectonic history were different (it was derived from the Gondwanian shelf,
cf. C.A. M. Sengdr etal, 1980).

The Jurassic relative lateral movement of the African craton to Laurasia
(J.F. Dewey et al, 1973) produced a Californian type of the subduction in
the western Mediterranean and gradual separation of the Alboran microconti-
nent and the Iberia (R. Borrouilh — D. S. Gorsline, 1979). Crustal
distension in the Penninic. NW of Europe and adjacent part of opening Atlantic
caused a relative shift of the Paleoeuropean lithospherical segment. The London-
Brabant Massif and the Bohemian-Rhine block arose to the north-west along
transversal fault systems. loosing the space for expanding south Penninic Ocean
(J. Klominsky — J. H . Bernard. 1974: D. Roeder. 1976: P. A.
Ziegler, 1980).

Deep pelagic conditions prevailed in the Tethys at the end of the Middle
Jurassic. The subsidence during the “CCD-crisis (L. E. Ricou — J. Mar-
coux. 1980) was accompanied by frequent sedimentary gaps and breccias.
Submarine slumpings occurred in this horizen of the Krizna Nappe in the
Western Carpathians (M. Misik. 1964: K. Borza et al. 1980 etc.). followed
by wvariously thick silicite sequence. Moreover, M. Misik. 1979, described
a break of the Bajocian-Bathonian sequence in the Czorsztyn cordillera (Klippen
Belt) and L. Kamenicky et al, (1974) found the Jurassic acid magmatite
pebbles derived from the Pienide cordillera.

e) The Late Kimmerian movements

Continuing subduction of the Paleotethyan oceanic crust at the end of the
Jurassic caused the direct collision of Kimmeria with periferal blocks of Laura-
sia (Skythian-Turanian-Afghanian-Tadjikiaones. c¢f. K. Krumsiek, 1976)
accompanied by the foding in collisional zones: in Iran (M. Alavi. 1980). in
Crimea (S. L. Byzova, 1980), in northern Dobrogea and Balkan (M. Mahel,.
1973. 1978; P. M. Gocev, 1976. in internal Helenides and the Vardar zone
(X. LePichon — R. Blanchet. 1978;: V. Jacobshagen et al., 1978).
The deformation of the Hellenides has been according to several authors (K. J.
Hs il et al. 1977: D. Roeder, 1980) caused by collision of the eastern Apu-
lian margin with prograding foreland of the principal Tethyan area. One among
the fundamental paleogeographic megatransverses. delimiting the Alpine-Car-
pathian segment of the Tethys run through the Vardar zone (P. M. Goéev,
1976: L. E. Ricou—J. Marcoux, 1980). The majority of the flysch troughs
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in the Alpine-Carpathian area arisen during the Upper Jurassic-Lower Creta-
ceous termal subsidence (M. Mahel, 1973, 1974, 1978: P. Y. Chenet, 1979).
Turbidite flows and olisthostromes transported the Austroalpine Hallstatt and
Dachstein-Limestone fragments from the originating folded and overthrust strue-
tures far to the north (S. Prey, 1978). The regional discontinuities and breccias.
associated with EW dislocations and north-verging folds are also known in
other fore-Alpine and Alpine areas (A. Tollmann, 1966).

The Western Carpathian area has been only locally affected by the Upper
Kimmerian movements, the Klippen Belt being the most distinctively influenced
(M. Misik, 1979, described here the Rogoznik breccia, condensed horizons and
neptunic dykes). Similar but less distinctive effects are known in several next
West Carpathian areas, too (M. Mahel. 1963, 1971).

[)) The Austrian movements

At the end of the Lower Cretaceous the African craton changed its relative
vergence ol movement and began to converge with the Paleoceropean foreland
(J. F. Dewey et al., 1973). The first effects of progressively increasing com-
pressions in the Tethyan space appeared already during the Lower Cretaceous.
The Valanginian-Heuterivian clastics of Rossfeldschichten in the Alpine Ty-
rolic (P. Faupl — A. Tollmann, 1978), conglomerates and olisthostromes
in the Barremian-Aptian wildflysch of the East Carpathian Persani and Bucegi
Mts. (J. Jarosg, 1963), the Barremian-Aptian detric chrome-spinels in the
West Carpathian Klippen Belt (M. Misik et al., 1980) or in the Austro-Alpine
(H. P, Laubscher, 1975 etc) indicate a phase of relief diversification and
overthrusting of the litospheric blocks northward. The tectonic activity of this
period culminated in the Albian when hundreds kilometers of oceanic crust
disappeared by lateral shift. convergence and rotation during the subduction
(D. Roeder, 1976). Several events including separation of the Apuseni block
from the Central Carpathians (M. Mahel. 1978). beginning from the Penninic
subduction under Austroalpine units (W. Frisch. 1976) splitting of the Iberia
and Northern America (K. C. Condie, 1979) and onset of spreading in the
Biscaya-rift which caused rotation of the Iberia (P. A. Ziegler. 1980) occur-
red before or just in the Lower Albian. In difference with extensive trends in
NW Europe, the compression occurred in the Danish-Polish trough which fi-
nished the graben-stage ol its development (W, PozZzaryski — W, Broch-
wicz-Levinski., 1979). The eustatic rise of sea-level which had origin
in the Aptian, culminated during the Cenomanian-Turonian by regional trans-
gression (P A, Ziegler, 1980). The Aptian-Albian paleogeographical changes
and differentiation of the bottom morphology in the Alpine-Carpathian Tethyan
segment resulted in reorganization of the ocean current regime which caused

Fig, 2. A paleogeographical sketeh of the European Tethys during Jurassic Creta-
ceous boundary (Late Kimmerian phase).

Faplanations: 1 — dry-land lacies and source area, 2 — epicontinental seas, 3 — rifts

and troughs, 4 — non-voleanie extensional basins, 5 — carbonate platforms, 6 —

back-are basins wilh voleanie aclivily, 7 — voung oceanic bottom, 8 — ancient oceanic

crust, 9 — Recenl coast-line, 10 — plate movement direction, 11 — deformed zones.
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a substitution of carbonates by siliceous-terrigene sedimentation. J. N. Sen j-
kovskij (1978, 1979) explained this change as an effect of extensive upwel-
ling, which changed the character of sediments and biotas on the shelf and
adjacent epicontinental basins (Fig. 3). This hypothesis agrees well with the
observations of T. Neagu — A. Barbulescu (1979) in the Dobrogean Se-
nonian sequences,

The Austrian movements caused in the Central West Carpathians an impor-
tant shortening ol the space and origin of the nappe structure (D. Andrusov,
1959; M. Mahel etal, 1967; M. Mahel, 1971, 1974 etc.).

g) The Late Cretaceous development (Laramian movements)

The morphology and history of development of the Paleoeuropean Cenoma-
nian-Turonian sedimentary besins indicate an important role of the NW-SE
fault tectonics, connected with gradual opening of the Northern Atlantic. The
rejuvenation of tectonic movements at the end of Cretaceous caused a revolu-
tion in the development of these basins: the inversions of the Mesozoic grabens
distinctively appeared 1000 km apart from the Alpine deformation front (P. A.
Ziegler, 1980).

These deformations caused a new extensive shortening of the Tethyan sedi-
mentary realm. According to J. F. Parrot (1977), the western segment of
the Mesogea (southern Meso-Tethyan branch) completely closed in the Middle
Maastrichtian. The Laramian orogenic phase affected the Alpine (A. Toll-
mann. 1966) and West Carpathian area (particularly the Klippen Belt cf.
D. Andrusov, 1966: M. Mahel, 1971). Wildflvsch turbidites. olisthostro-
mes and megabreceias oceur frequently in these areas (M. Mahel et al.
1967; F. Thiedig. 1975: M. Misik et al. 1977 etc.). An evident deepening
ol the flysch zone and onset of typical facies of the “Magura-flysch” are also
considered as eflects of the Laramian orogeny (M. Mahel. 1973).

Meso- and Neo- Alpine development of the Mediterranean Tethys
a) The Early Cenozoic situation

The Cenozoic development of the Tethys was influenced by spreading of the
Atlantic and Indian oceans (J. F.Dewey et al., 1973). separating of the Ara-
bian Peninsula from Africa and separating of India from the Seychelian Isles, as
well as by the collision of these Gondwanian fragments with Asia. Spreading
of the Atlantic between Southern Africa and Patagonia, as well as between
Greenland and Scandinavia caused a vectoral change in convergence of the
Alrican and Eurasian craton (W. Frisch, 1981). This process which originated
after the Upper Cretaceous orogeny, controlled the Neoalpine development of

—— >

Fig. 3. A paleogeographical sketch of the European Tethys during Mid-Cretaceous
evenls (Austrian phase).

Erplanations:; | — dry-land [acies and source areas, 2 — epicontinental seas, 3 —
vilts and troughs, 4 — non-volecanic extentional basins, 5 — carbonate platforms,
i — baclk-are basins with volecanism, T — oceanic boltom, 8 — ancienl oceanic crust,

) — Recent coast-line, 10 — plate movement direction, 11 — deformed zones.
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all the Mediterranean. Its first phase produced the externides, the later one gave
origin to the extensive frontal and back sedimentary basins in the forming
orogenic systems. The orogeny has been accompanied by partial microplate
movemenls, displacement along the transform faults. breaking and incorpora-
tion of foreland blocks into the orogenic structures. North-vergent subduction
zone ecast of the Vardar migrated to the African margin, It was rimmed
by magmaltic are (Rhodopes, Pontids, Lower Caucasus, Iranides etc.), cf. S. A.
Adamiya et al, 1977; M. Boeccaletti., 1979; K. J. Hsi et al.,, 1977,
and by an extensional back-arc basin (the Black Sea and the Caspian Sea
being its relics). Another south-verging subduction, migrating towards the north-
European continent, prevailed in the westernmore part of the Mediterranean
(D. Roeder, 1980; M. Boccaletti — G. Guiazzon, 1974 etec). The
sediments ol Srednogorje and the neighbouring Balcanides were deformed and
partially covered by the Rhodope plate moving northward (K. J. Hsi et al.,
1977). The delormations aflected also the Pyrenees, Pennines, Dinarides. Alps
and Carpathians.

The disintegration of more or less uniform Alpine-Carpathian-Apuseni block
system began in the Upper Cretaceous. An important role in the Cenozoic indi-
vidualization of the orogenic areas played width of the space between the front
of the orogen and European cratonic margin. The overthrusting of the Austro-
alpine units onto the Rhenodanubian [lysch (D. Roeder, 1980) and deforma-
tion of the White Carpathian-Krynica and Bystrica flysch in the Western Car-
pathians (Z. Roth, 1980) occurred in the Upper Eocene when the Alpine-
Carpathian frontal system has been still continuous (reaching the Vienna-Mis-
kole line). While the West Alpine [ront has been strongly reduced by overthrus-
ting the Rhenodanubic over the Helvetic in the Lower Oligocene (D. Roeder.
1980). the contemporaneous deposits of the frontal East Alpine molasse consist
of the material from the Bohemian Massif. The rejuvenation of movements in the
Eastern Alps is proved by an increasing share of the Alpine material in the
Middle Oligocene conglomerate horizons. Thick Upper Eocene — Oligocene
molasse sedimented also in the Balcanides and Rhodopes. The significant Oli-
gocene sequence lies unconformably on the deformed Eocene underground in
the Western Apennines (M. Boccaletti et al, 1970).

b) The Late Cenozoic situation

The Oligocene deformation of the extensive Tethyan areas caused a disintegra-
tion of the formerly continuous oceanic realm into isolated marine basins with
development of different organic communities which evolved into the Atlantic.
Mediterranean and Indopacilic bioprovinces (A. Hallam. 1981). These bio-
provinces were separated by barriers like the orogenic zone between Kabylie.

Fig. 4. A paleogeopraphical skeleh of the European Tethys during Oligocene Miocene
boundary (Savian phase).

Lreplanations: 1 — dry-land lacies and source areas, 2 — epicontinental seas, 3 —
rifts and troughs, 4 — molassa, 5 — [lysch basins, 6 — oceanic bottom, 7 — Recent
coast-line, # — subduction zones, 9 — plale movement direction, 10 — deformed

Lones.
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Er-Rif, Maghrebides and Betic cordillera (M. Durand — Delga in M. Le-
moine, 1978), or the Zagros orogen, originated by a collision of the Arabian
and Iranian plates. The Paleogene limestone-clastic sequences of the Lower
Himalaya were deformed in the first. the Oligocene phase of the India and
Asia collision,

Several late orogenic collapse structures penetrated through the European
craton in the Middle and Upper Oligocene (Rhine-Bresse and Eger graben.
Vienna and Panonian basins, c¢f. A, Tollmann, 1978; P. A. Ziegler, 1980).
connecting the Alpine foredeep and the North Sea basin. The isostatic uplift of
extensive platform blocks during the tectonic inactivity lead to the relief inver-
sion known after the Danish -Polish trough (Senonian to Paleogene, P. A. Zie g-
ler, 1980) or after the margin parts of the Bohemian Massif in the Carpathian
foreland (Oligocene to Ottnangian, Z. Roth, 1980).

The deformations of the Alpine-Carpathian orogenic front were long-timed
and multi-phased. They were active synsedimentary in foreland of the over-
thrust units which partly became source areas, partially underground of the
frontal basins of the orogen. The eastern part of the Magura unit also developed
this way (L. Koszarski in M. Mahel, 1974): it overthrust over the
Grzybow units, later were deformed along with it and both were overthrust
northward over the deformed and eroded Dukla folds-unit and Silesic unit.
The margin of the Magura unit also covers the Lower Badenian sediments.
transgreding over the Silesic unit. The Godula-nappe of the Moravsko-slezskeé
Beskydy Mts. sinistrally rotated on 40° during the Oligocene overthrusting
(M. Krs et al, 1977). This fact enables to follow the original connection of
the West Carpathian flysch basins and the Alpine flvsch foreland (Z. Roth,
1980), neglected in R. Urung's (1980) reconstruction. The rotation of the
Szolnok-Szeged-Baia Mare flysch trough (Z. Karagjuleva et al. 1980)
and the start of the westward Moesian plate movements occurred in the same
time.

The Mediterranean area considerably differentiated in the Miocene. While
a neritic-reefal sedimentation continued in the southern part of the Dinarian
externides, the Hellenides were divided by elevated ridges ont) the pelagic
lonian, Beiotian and Pindos basins: moreover, the west — Hellenian flysch se-
dimentaticn in Peloponesus and Creta indurated to the Egerian. All the Dina-
ride-Hellenide system has been deformed during the Badenian when the Dal-
matian nappes and SW-vergent folds originated. Uplift of this area caused
the separation of the Central Paratethys and the Mediterranean subprovince
(R. Blanchet in M. Lemoine, 1978;: G. Kowalczyk et al, 1979:
F.o Steininger et al., 1979: J. Debelmas, 1980). A shallow Oligocene-
Miocene Sea inudated the SW od Anatolia. Antalaya and Rhodos (N, Gokeen.
1979). Important paleogeographic changes occurred in the western Mediterra-
nean. The Lower and Middle Miocene rotation of Corsosardinia to the SE
opened the Algeria-Provencal basin (J. Debelmas, 1980). New folding of
the Apennine orogen in the same time caused its rotational overthrust over
the Apulian microcontinent into its present position (M. Boccaletti et al.,
1970).

An aclivization of transformal and transversal [aultls is an expressive feature
of the Miocene-Pliocene teclonogenesis (E. S. Boncev, 1971, 1980; M. M a-
hel, 1969; M. Mahel et al, 1974;: G. Wein, 1977: J. Karagjuleva
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et al., 1980). This faults had an important role in the arching of the Carpathian-
Balkan sigmoide (particularly the Darno-. Balaton-, Mecsek-, Dealu Mare-,
Petrosani- and other lines). The Moesian microplate has been during the Savian
phase pushed westward along the Timok-Pinot-Bunovo-line which separates the
Southern Carpathians, Balcanides, Kraistide and Srednogorie. Tensional volca-
nic products of the mantle diapir extruded along the fault, separating the Car-
pathian, Pannonian and Transylvanian blocks (M. Krs — Z. Roth, 1979:
L. Stegena et al, 1975; J. G. Sclater et al., 1980). This diapir. delimited
by the Alps on the west, by the Carpathians on the north and east, and by the
Dinarides on the south, influenced the Neogene development of the Pannonian
basin. The forming of the Alpine-Carpathian front continued contemporary.
While the reduction of the East Alpine frontal units reached the maximum
in the Egerian (S. Prey, 1978). the finalization of the West Carpathian space
reduction. connected with their displacement into the present situation occurred
in the Karpatian (M. Kovac¢, 1980; Z. Roth, 1980). A space reduction of
the Polish Flysch Carpathians took place between the Upper Oligocene and Sar-
matian (M. Mahel et al, 1974). The Eastern and Southern Carpathian over-
thrust on their foreland since the Upper Miocene till the present time (Vrancea
zone, C. Roman, 1970).

Conclusions

The aim of the presented paper is in a classification of the opinions on the po-
sition of the West Carpathian area in the Mediterranean Mesozoic and Cenozoic
palispastic schemes. At the same time, we should like to stress several impor-
tant questions which are summarized in these items:

1. Problems concerning the original arrangement of the present tectonic
units depending on tectonic, geophysical and deep drilling research. Their im-
portance is prominent in strong deformed and reduced zones like the Klippen
Belt, Vahic etc.. predominantly.

2. Reconstructions of the original width of individual sedimentary basins
are connected with the assessment of a deformation grade, subduction or other
space deformations. The opinions concerning these problems are very unclear.

3. Reconstructions of the original orientation, mutual relations and connec-
tions of sedimentary basins depend on a successful paleomagnetic and structural
analysis. Recently. their application brought a lot of interesting, often sur-
prising results.

4. Location of the source areas, barriers, “cordilleras”, sea connections,
transport direction and sea currents belong to the sedimentological problems
range. Their study brought new dimensions in apparently stabilized opinions
about the Klippen Belt and flysch basins.

5. Investigation of the paleogeographical relations can cover apparently hidden
and complicated coherence between remote areas. The success of such a study
depends on the knowledge of paleontological material and spatial temporal
distribution of species, on the complex evaluation by all the presented groups
and on the investigation of localities. This method can solve problems of the
Mesozoic world division, of relations and pertinence ol the individual Medi-
terranean, Submediterranean, Subboreal and Boreal basins. Similarly, it enclear
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the problems of temporal sea-ways and barriers between the bioprovinces and
local basins.

6. Interpretations ol the “carried” basins. synchronous with the tectonogene-
sis and of the basins, established along the active synsedimentary faults. repre-
sent a special but not any rare problem. The extent of such basins changed during
sedimentation with its relation to the adjacent areas. The interpretation of
these basins (and all basins active during the accelerated tectogenesis or “folding
phase”) requires an extraordinary dynamic approach, taking into consideration
all eategories: time — space — movement. This is the only way to bring closer
a real palinspastic paleogeographical conception of the situation in the indi-
vidual stages of the Carpathian orogenic development.

Translated by L. Lehotska
REFERENCES

ADAMIJA, S, A, 1977: Tektonika i tektoni¢eskaja istorija Abchazii. Trudy Geol,
Inst. AN GSSR, nov. ser. 54, (Thilisi), pp. 5—68.

ADAMIJA, S, A. — LORDKIPANIDZE, M. D. — ZACHARIADZE, G. S., 1977: Evolu-
tion of an active continental margin as exemplified by the alpine history of the
Caucasus. Tectonophysies (Amsterdam), 40, pp. 183—199.

ADAMIJA, S. A. — SAVISVILI, 1. D., 1979: Model tektonicesko] evoljucii zemnoj
kory Kavkaza i1 sopredelnyeh terrvitorij (doalpskij etap). Geotektonika (Moskva),
1, pp. TT—84.

AGER, D, V., 1963: Principles of Paleoecology., An Introduction to the study of How
and Where Animals and Plants lived in the Past. New York, Me Graw-Hill Book
Comp. Inc., 371 pp.

ALAVI, M., 1980: Tectonostratigraphic evolution of the Zagrosides — Iran. Geology
(Boulder), 8, pp. 144—149,

ANDRUSOV, D., 1959: Geoldgia ceskoslovenskych Karpat. 1I. Vyvd. SAV, Bratislava.
375 pp.

ANDRUSOV, D., 1968: Grundriss der Tektonik der nordlichen Karpaten., Bratislava.
Verlag der Slowak Akad. Wiss. 188 pp.

ANTUNES, M, T, 1979: Hispanotherium fauna in Iberian Middle Miocene, its impor-
tance and paleogeographical meaning. T Intern. Congr. Mediterr. Neogene, Athens
1979, Ann. géol. Payvs Hellén. (Athénes), 1, pp. 19—35.

ARGYRIADIS, A, 1975: Mesogée permienne. chaine Hercynienne et cassure téthy-
sienne. Bull, Soc. géol. France (Paris), 17, 7, pp. 536—67.

AUBOUIN, J., 1980: Geology ol Europe: a synthesis. Episodes (Ottawa), 1, 1, pp. 3—8.

BALLA, Z. — BAKSA, C. — FOLDESSY, J. — HAVAS, L. — SZABO, 1., 1980: The
tectonic selting of the ophiolites in the Bilikk Mountains., Geol. Zbmn. — Geol.
carpath. (Bratislava), 31, 4. pp. 465—493.

BAROZ, F. — DESMET, A. — LAPIERRE. H.. 1976: Les traits dominants de la géolo-
gie de Chypre. Bull, Soc. géol. France (Paris), 7, 18, 2, pp. 419—427.

BAZENOV, M. L. — BEGAN, A, — BIRKENMAJER, K. — BURTMAN, V. S., 1980:
Paleomagnelic evidence of the tectonie origin of the curvature of the West Car-
pathian are. Bull, Acad, nol, Sci, Ser. Sci. Terre (Warszawa), 28, 4, pp. 281—290.

BECHSTADT, Th., — BRANDNER, R, — MOSTLER, H., 1976: Das Friihstadium der
alpinen Geosynklinalentwicklung im westlichen Drauzug. Geol, Rdsch. (Stuttgart),
65, pp. BIH—648.

BECHSTADT, Th. — BRANDNER, R. — MOSTLER, H. — SCHMIDT, K., 1978: Abor-
ted rifting in the Triassic of the Eastern and Southern Alps. Neu. Jb. Geol. Paliont.
Abh, (Stuttgarty, 156, 2, pp. 157—174,

BERCE, B, 1963 Die mitlelliriadische (vorladinische) Orogenese in Slowenien. Neu,
Jbhy Geoll Paliiont. Mh. (Stultgart), 1963, pp. 141—151.

BERNIER, P, — FLEURY, J. J., 1980: La plate-lorme carbonatee de Gavrovo-Tri-
politza (Greee): Evolution des conditions de sedimentation au cours du Mésozoique.
Cieol. Maditerrancéenne (Marseille), 7. 3, pp. 274—259.



PALEOGEOGRAPHY OF THE WEST CARPATHIANS 301

BIRKENMAJER, K., 1976: The Carpathian orogeny and plate tectonics. Prace Inst.
geol. Pol. Akad. Nauk (Warszawa), A, 2, 101, pp. 43—53.

BOCCALETTI, M. — GUAZZONE, G., 1970: La migrazione tertiara dei baccini toscani
a la rotazione dell Apennine settentrionale in una zona di torsione per deriva con-
tinentale. Mem. Soc. geol. ital. (Pisa), 9, pp. 177—1095.

BOCCALETTI, M. — ELTER, P. — GUAZZONE, G., 1971: Plate tectonics models of
the Western Alps and northern Apennines. Nature (London), 334, pp. 108—111.

BOCCALETTI, M. — MANETTI, P. — PECCERILLO, A., 1974: Balkanids as an instan-
ce of back-arce thrust belt. Geol. Soe. Amer. Bull. (Boulder), 85, pp. 1077—1084.

BOCCALETTI, M. — MANETTI, P. — PECCERILLO, A., 1974: Hypothesis on the
plate tectonic evolution of the Carpatho-Balcan Ares. Earth planet. Sci. Lett.
(Amsterdam), 23, pp. 193—198.

BOCCALETTI, M., 1975: Plate Tectonics Model for the Evolution of the Western Me-
diterranean. Geol. Balcanica (Sofia), 5, 2, pp. 19—28.

BOCCALETTI, M. et al., 1979: Mesogea and Mesoparatethys: theirs development at the
Tethyan continental margins and their influence on the latter evolution of the
Mediterranean and Paratethys. Ann Géol. Pays hellén. Hors. Sér. (Athéns), 1. pp.
139—148.

BONCEV, E. S., 1971: Problems of the Bulgarian geotectonics. Technica (Sofia) 204 pp.

BONCEV, E.. 1975: The Balkanide Sinusoid. Geol. Balcanica (Sofia), 5, 3, pp. 17—32.

BONCEV. E.. 1480: The Moesian platform and its role in the Phanerozoic evolution
of the Balkan peninsula. Vesnik, Geologija (Beograd), A 37, pp. 49—58.

BORROUILH, R. — GORSLINE, D. S., 1979: Pre-Triassic fit and alpine tectonics
continental block in the western Mediterranean. Geol. Soc. Amer. Bull. (Boulder).
1. 90, pp. 107T4—1083.

BORZA, K. — GASPARIKOVA, V. — MICHALIK, J. — VASICEK, Z., 1980: Upper
Jurassic-Lower Cretaceous sequence of the Krizna-nappe (Fatric) in the Strazovce
section, Strazovské vrehy Mts. (Western Carpathians). Geol. Zborn. — Geol. carpath.
(Bratislava), 31, 4, pp. 541—562.

BOSELLINI, A. — HSU, K. J., 1973: Mediterranean plate tectonics Triassic paleo-
geography. Nature (London), 244, pp. 144—146.
BRAUSE, H. — BEUTLER, G., 1977: Beitrag zum mesozoischen Bewegungsmodell

Mitteleuropas. 7. geol. Wiss. (Berlin). 5, 10, pp. 1183—1192,

BRAUSE, H., 1979: Mobilistische Aspekte zur Zonengliederung des Mitteleuropéischen
variszischen Tektonogens. Z. Geol. Wiss. (Berlin), 7. 9, pp. 1113—1127.

BUDAY, T. et al., 1967: Regionalni geologie CSSR II. Zapadni Karpaty 2. Academia
Praha, 651 pp.

BYZOVA, S L., 1980: Nekotoryje voprosy tektoniky Gornogo Kryma. Vest., Mosk.
Univ. Sér. Geol. (Moskva), 4, 6, pp. 15—25.

BYZOVA, S. L., 1981: Suécestvovaloli podnatie mesto Gornogo Kryma v rannem
melu? Bjull. Mosk. Obs¢. Ispyt. Prir., Otd. geol. (Moskva), 56, 1, pp. 41—51.

CHANNELL, J. E. T. — HORVATH, F., 1976: The African/Adriatic promontory as
a palaeogeographical premise for Alpine orogene and plate movements in the
Carpatho-Balkan region. Tectonophysics (Amsterdam), 35, pp. 71—101.

CHANNELL, J. E. T. — LOWRIE, W. — MEDIZZA, F. — ALVAREZ, W., 1978: Pa-
leomagnetism and tectonics in Umbria, Italy. Earth planet. Sci. Lett. (Amsterdam),
38, pp. 199—210,

CICHRADZE, G. A., 1979: Litologia nizne i srednejurskich otlozenij JuZnogo sklona
Bolsogo Kavikaza. Trudy AN GSSR, nov. ser. (Thbilisi), 62, pp. 5—191,

CONDIE, K. C., 1979: Plate tectonics and crustal evolution. Pergamon press, Inc.
New York — Oxford — Sydney — Braunschweig — Paris. 228 pp.

DAGYS, A. S.. 1974 Triasovyje brachiopody. Morlologija, sistema, filogenija, strati-
graficeskoje znacenie i biogeogralija. Novosibirsk. Izd. Nauka., Sib. otd.. 332 pp.

DEBELMAS. 1., 1980: Alpine Europe. Episodes (Ottawa), 1, pp. 28—32.

DERCOURT., J.. 1970: L’expansion océanique lossile, ses implications géotectoniques.
Bull. Soe. géol. France (Paris), 12, 7, pp. 261—317.

DEWEY, J. F. — PITMAN, W. C. — RYAN, W. B. F. — BONNIN, J., 1973: Plate
tectonics and the evolution of the Alpine svstem. Geol. Soc. Amer. Bull. (Boulder),
B84, pp. 3137—3180,

DIETRICH. V. J., 1976: Alpidische Gebirgsbildung in den Ostalpen: ein plattentekto-
nisches Modell (Kurzlfassung). Geol. Rdsch. (Stuttgart), 65, 2, pp. 361—374.



502 MICHALIK — KOVAC

DURICA, D., 1976: Geologia Potiskej niziny s ohladom na vyskyl a perspektivu zivic.
Veda, Bratislava — Praha, pp. 1—26.

EPTING, M. — UNLAND, W. — SCHMIDT, K. — CHRISTODOULIDES, A.. 1976:
Middle Triassic sediments ol selected regions in the Southern Alps (Italy) and their
significance for paleogeographic and paleostructural evolution. Neu Jb., Geol. Pa-
ldont. Abh. (Stuttgart), 151, 1, pp. 1—30.

FARSAN, N. M., 1979: Neuere Erkenntnisse tliber die Verbreitung der germanischen
Trias-Fauna im Miltleren Osten, Neu Jb. Geol. Mineral Mh. (Stuttgart), 2, pp. 120

—128.
FAUPL, P. — TOLLMANN, S., 1978: Die Rossfeldschichten: Ein Beispiel fiir Sedimen-
tation im Bereich einer tektonisch aktiven Tiefseerinne aus der kalkalpinen Unter-

kreide. Geol. Rdsch. (Stuttgart), 64, 1, pp. 93—120.

FRISCH, W., 1976: Ein Modell zur alpinischen Evolution und Orogenese des Tauern-
fensters. Geol. Rdsch. (Stuttgart), 65, 2, pp. 375—394.

FRISCH, W., 1981: Plate motions in the Alpine region and their correlation to the
opening of the Atlantic ocean. Geol. Rdsch. (Stuttgart), 70, 2, pp. 402—411.

GAJEWSKA, I. — MARCINKIEWICZ, T., 1978: Stratyvgrafia kajpru w Polsce. Prace
Inst. geol. (Warszawa), 87, 84, 28 pp.

GASPARIK, J., 1978: Some paleogeographical problems of the West Carpathian Neoge-
ne (in Slovak). Geol. Inst. D. Star, Bratislava 1978, pp. 89—95.

GOCEV, P. M., 1976: L’evolution geotectonique du mégabloc bulgare pendant le
Trias el le Jurassique. Bull., Soc. geol. France (Paris), 7 18, 2, pp. 209—216.

GOCKEN, N., 1979: Stratigraphy and paleogeography of the Neogene sequences of
the Denizli Mugla region (SW Anatolia). 7" Intern. Congr. Medit. Neogene, Athens
1979. Ann. géol. Pays héllen. (Athénes), 111, pp. 467—474.

GRECULA, P. — ROTH, Z.: 1978: Kinematicky model Zapadnych Karpat v soubor-
ném rezu. Sborn. geol. véd, Geologie (Praha), 32, pp. 49—74.

HALLAM, A. 1981: Biogeographic relations between the northern and southern con-
tinents during the Mesozoic and Cenozoic. Geol. Rdsch. (Stuttgart), 70, 2, pp. 583
—395.

HANZLIKOVA, E. — ROTH, Z., 1965: Attempt on paleogeographic reconstruction of
Outer West Carpathian sedimentation area. Geol. Prace. Zpravy (Bratislava). 36,
pp. a—i30.

HERZ, N. — SAVU, H., 1974: Plate tectonics history of Romania. Geol. Soc. Amer.
Bull., (Boulder), 85, p. 1429—1440.

HIRSCH, F., 1976: Sur l'origine des particularismes de la faune du Trias et du
Jurassique de la Plate-forme Africano-Arabe. Bull. Soc. géol. France (Paris). 7.
18, 2, pp. 543—552.

HORVATH, F. — VOROS, A. — ONUOHA, K. M., 1979: Plate-tectonics of the western
Carpatho-Pannonian region: a working hypothesis. Acta geol. Acad. Sci hung. (Bu-
dapest), 1977, 21, 4, pp. 207—221.

HSU, K. J. — NACHEV, 1. K. — VUCHEV, V. T., 1977: Geologic evolution of Bulgaria
in light of plate tectonics. Tectonophysics (Amsterdam), 40, pp. 245—256.

ISLER, A. — PANTIC, N., 1980: ,Schistes-lustrés® — Ablagerungen der Tethvs. Eclo-
gae geol. Helv, (Basel), 73, 3, pp. 799—822,

JACOBSHAGEN, V. — DURR, S. — KOPP, K. O. — KOWALCZYK, G., 1978: Struc-
ture and geodynamic evolution of the Aegean region. In: Closs, H. — Roeder, D, —
Schmidt, K.: Alps, Apennines, Hellenides. Geodynamic investigation along geotraver-
ses by an international group of geoscientists. Inter-union Comm. on geodvnamics.
Sei. Rep. 38, Verlag E. Schweizerbart, Stuttgart, pp. 537—>564.

JAROS, J., 1966: Olistolity ohvbu karpatského oblouku v Rumunsku. Cas. Mineral.
Geol, (Praha), 11, 2, pp. 205—208,

JAROS, J., 1980: Tectonie styles, ophiolites and paleoalpine subduction: implications
forr palinspastic reconstructions ol the West Carpathians. Geol. Zborn., — Geol.
carpath. (Bratlislava), 31, 4, pp. 441—449,

KAMENICKY, ., — KATLOVSKY, V. — MARSCHALKO, R, — MEDVED, J., 1974:
Prispevok k charakleristike kyslyeh magmatitov exotickyeh hornin bradlového
pasma a inyveh teklonickyeh jednotiek Zapadnych Karpal., Mineralia slov. (Bratisla-
va), 6, 4, pp. 311—308.

KARAGIULEVA, J. — KOSTADINOV, V. — BONCEV, E., 1980: The Carpato-Balkan



PALEOGEOGRAPHY OF THE WEST CARPATHIANS 503

sigmoid in the context of shearing transite wrench-fault lines. Geol. Balkanite
(Sofia), 10, 1. pp. 3—14.

KAUFMANN, G., 1976: Die palidogeographische Entwicklung des ostlichen Mittel-
griechenland zwischen Jungpaldozoikum und Trias. Bull. Soc. géol. France (Paris),
7. 18, 2, pp. 1—308.

KHRUSKOV, D. P. — PETRICHENKO, O. L., 1979: Evaporite formations of Central
Paratethys and the conditions of their sedimentation. Ann. geéol. Pays hellen.
(Athéns), II, pp. 5395—612.

KLINEC, A. 1966: K problémom stavby a wvzniku veporského krystalinika. Shorn.
geol. vied Zapadné Karpaty (Bratislava), ZK 6, pp. T—27.

KLOMINSKY, J. — BERNARD, J. H., 1974: Segmentation of the Bohemian Massif in

the light of Variscan magmatism and metallogeny. Véstn. UUG (Praha), 49, 3, pp. 149
—157.

KOPIK, J.. 1979: Callovian of the Czestochowa Jura (South-western Poland). Prace
Inst. geol. (Warszawa), 93, 69, 28 pp.

KOVAC, M., 1981: Geodynamical development — criterium for the subdivision of
the West Carpathian Neogene sedimentation areas. Geol. Zborn. — Geol. carpath.
(Bratislava), 32, 1, pp. 135—142.

KOVACS, S., 1980: A triasz hallstatti meészkofacies dsfoldrajzi jelentosége az észak-alpi
faciesrégioban (Kritikai korreferatum). Foldt. Kozl. (Budapest), 11, 3—4, pp. 360
—381.

KOWALCZYK, G. — WINTER, K. P, 1979: Neotectonic and structural develop-
ment of the southern Peloponesus., Ann. géol. Pavs hellen. (Athéns), II, pp. 637—
G46.

KOZUR, H., 1980: Revision der Conodontenzonierung der Mittel- und Obertrias des
tethyalen Faunenreichs. Geol. paldont, Mitt. Ibk. (Innsbruck), 10, 3—4, pp. 79—172.

KRS, M., 1979: Implication of statistical evaluation of Eurasian and African Phane-
rozoic palaeomagnetic data. Geodynamic investigation of Czechoslovakia, Final
Report. Veda (Bratislava), pp. 9—18.

KRS, M. — MUSKA, P, — ORLICKY, O. — PAGAC, P., 1979: Palacomagnetic investi-
gation in West Carpathians. In: Geodynamic investigations in Czechoslovakia. Final
Report. Veda (Bratislava), pp. 207—214.

KRS, M. — ROTH, Z., 1979: The Insubric-Carpathian Tertiary block system: its origin
and disintegration. Geol. Zborn. — Geol. carpath. (Bratislava), 30, 1, pp. 3—I17.

KRUMSIEK, K., 1976: Zur Bewegung der Iranisch — Afganischen Platte (Paldomag-
netische Ergebnisse. Geol. Rdsch. (Stuttgart), 63, 3, pp. 909—929.

KURSTEN, M., 1980: Zur geodynamischen Entwicklung des Iran, ein Beispiel intra-
kratonischer struktureller Vorginge. Geol. Rdsch. (Stuttgart), 69, 1, pp. 22—40.
KUTEK, J., 1980: Cechy szczegélne polskiej czeséi Basenu Srodkowoeuropiejskiego.

Przegl. geol. (Warszawa), 28, 3, pp. 139—142.

LAPIERRE, H. — ROCCI, G., 1976: Le volcanisme du sud-ouest de Chypre et le
probléme de l'ouverture des régions Téthysiennes au Trias. Bull. Soc. géol. France
(Paris), 7, 18, 2, 428 pp.

LAUBSCHER, H. P, 1975: Plate boundaries and microplates in Alpine history. Amer.
J. Sci. (New Haven), 275, pp. B65—876.

LAUBSCHER, H. P. — BERNOULLI, D., 1977: Mediterranean and Tethys. In: The
ocean basins and margins (Nairn, A. E. M. — Kanes, W. H. — Stehli, F. G. (eds),
Plenum Publishing Corporation, vol. 4 A, pp. 1—28.

LEMOINE, M., 1978: Geological atlas of Alpine Europe and adjoining Alpine areas.
Elsevier Sci. Publ. Co. (Amsterdam). 584 vp.

LePICHON, X. — BLANCHET, R., 1978: Where are the passive margins of the
western Tethys Ocean? Geology (Boulder), 6, pp. 597—600.

LESKO, B. — VARGA, I, 1980: Alpine elements in the West Carpathian structure
and their significance. Mineralia slov. (Bratislava), 12, 2, pp. 97—130.

MAHEL, M., 1963: Folding phases and formations of the West Carpathian Mesozoic.
Geol. Prace, Zpravy (Bratislava), 28, pp. 23—38.

MAHEL, .M, 1969: Faults and their role in the Mesozoic of the Inner Carpathians.
Geol. Zborn. — Geol. carpath. (Bratislava), 20, 1, pp. 11—30.

MAHEL, M., 1969: Tectonic map of the Carpatho-Balcanic and adjacent regions.
Geol. Zborn. — Geol. carpath. (Bratislava), 20, 1, pp. 31—37.



504 MICHALIK — KOVAC

MAHEL, M., 1971: Vrasnivé procesy-fazy. Geol. Prace, Spravy (Bratislava). 57. pp.
277T—305.

MAHEL, M., 18973 Flys, jeho geotektonicky a Struktarno-tektonicky vyvznam v alpi-
dach. Geol. Priace, Spravy (Bratislava), 60, pp. 11—23.

MAHEL, M., 1973: Some characteristics of the development and structure of the
individual alpide segments. Geol. Zborn. — Geol. carpath. (Bratislava). 24, 1, pp. 5
—21.

MAHEL, M., 1974: Alpidy, hlavne Zapadné Karpaty z hladiska globalnej tektoniky.
Mineralia slov, (Bratislava), 6, 2, pp, 97—102.

MAHEL, M., 1974: Some remarks on the European Alpides from the point of view

ol some aspects of new global tectonics. Geol. Zborn. — Geol. ecarpath. (Bratislava).
25, 1, pp. 105—112.
MAHEL, M. et al, 1974: Teclonics ol Carpathian — Balkan region. Geol. Inst.

D. Stur, Bratislava, 455 pp.

MAHEL, M., 1978: Development trend of the Alpine geosyncline and particularities
ol the Balkans, Geol, Bale, (Sofia), 8, pp. 3—19.

MAHEL, M., 1978: Manin tectonic unit, relation of the Klippen Belt and Central
West Carpathians. Geol. Zborn. — Geol. carpath. (Bratislava), 29, 2, pp. 197—214.

MAHEL, M., 1978: Model vyvoja Zapadnych Karpat. Mineralia slov. (Bratislava), 10,
1, pp. 1—16.

MAHEL, M., 1979: Bebravska séria a jej postavenie v choéskom prikrove. Mineralia
slov, (Bratislava), 11, 1, pp. 1—20,

MAHEL, M., 1979: Cho¢ and Strazov nappes, new division and structure. Geol. Zborn.
— Geol. carpath. (Bratislava), 30, 1, pp. 19—43.

MAHEL, M., 1979: Fatransky, nie Siprunsky, novy pohlad na tektonické ¢lenenie
a stavbu tatrid. Mineralia slov. (Bratislava), 11, 3, pp. 263—277.

MAHEL, M., 1979: Palinspastic picture of the West Carpathians in the basic evolu-
tionary stages. In: Geodynamics investigations in Czechoslovakia. Final Report.
Bratislava, Slovak Academy ol Sciences, pp. 179—186,

MAHEL, M., 1980: Heterogenily ol crust and further [undamental factors of parti-
cularity of development and structure of the West Carpathians. Geol. Zborn, —
Genol. carpath. (Bratislava), 31, 4, pp. 307—406.

MAHEL, M., 1980: Pribradlové pasmo, charakteristika a vyznam. Mineralia slov,
(Bratislava), 12, 3, pp. 193—207.

MAHEIL, M., 1980: S0 granitoidné masivy Malyveh Karpat prikrovmi? Mineralia slov,
(Bratislava), 12, 2, pp. 185—187.

MAHEL, M., 1981: Penninikum v Zapadnych Karpatoch z pohladu globalnej tekto-
niky. Mineralia slov. (Bratislava), 13, 4, pp. 289—306.

MANSPEISEN, W. — PUFFER, J. H. — COUSMINER, H., 1978: Separation of Mo-
roceo and eastern North America: A Triassic-Liassic stratigraphical record. Bull.
Geol, Soc. Amer., (New York), 10024, 6, 20 pp.

MAREK, S., 1969: Zarys stratyvgraflii kredy dolnej Kujaw. Kwart. geol. (Warszawa).
13, 1, pp. 139—153,

MARINELLI, M. — VIEL, G. — FARABEGOLI, E., 1980: Il Permo-trias delle Alpi
Meridionali: Evoluzione tardo-Ercinica di un bacino marginale di retroarco sialico.
L'industria mineralia (Bologna), 6, pp. 1—14.

MENCIK, E., 1979: Predprikrovové projevy vrasneni v diléim godulském prikrovu
slezské  jednotky v Moravskoslezskych Beskydech, Sborn. pred. Usti. ast. geol.
(Praha), pp. 47—50.

MICHAEL, E., 1974: Zur Paliodkologie und Faunenfihrung im westlichen Bereich
des norddeutschen Unlerkreide-Meeres. Geol, Jb., (Hannover), A 19, 68, 9 pp.
MICHALIK, J., 1978: To the paleogeographic, paleotectonic and paleoclimatic deve-
lopment of the West Carpathian area in the uppermost Triassic. Paleogeograficky
vyvo) Zapadnyeh Karpal. Mater. konl. symp. a semin. GUDS (Bratislava), pp. 189

—211.

MICHALIK, J.. 1979 Podmorske zosavanie v oblasti hronika (choésky prikrov) Zi-
padnyeh Karpiat na hranici anisu a ladinu. Mineralia slov. (Bratislava), 11, 4,
pp. 299—304,

MICHALIK, J.. 1980 A paleoenvironmental and paleoecological analysis of the West
Carpathian part ol the Novthern Tethyvan nearshore region in the latest Triassic
time. Rive ital, Paleont, (Milano), 85, 3—4, pp. 1047—1064.




PALEOGEOGRAPHY OF THE WEST CARPATHIANS 205

MIDDLEMISS, F. A., 1979: Boreal and Tethyan brachiopods in the European Early
and Middle Cretaceous. Aspekte der Kreide Europas. IUGS Series (Stuttzart), A 6,
pp. 351—361.

MISIK, M., 1964: Lithofazielles Studium des Lias der Grossen Fafra und des west
Teils der Niederen Tatra. Sbor. geol. vied Zapadné Karpaly (Bratislava), rad ZK
1, pp. 9—54.

MISIK, M., 1968: Traces of submarine slumping and evidence of hypersaline envi-
ronment in the Middle Triassic of the West Carpathian Core Mountains. Geol.
Zborn., — Geol. carpath. (Bratislava). 19, 1, pp. 205—224,

MISIK, M. — MOCK, R. — SYKORA, M., 1977: Die Trias der Klippenzone der Kar-
paten. Geol. Zborn. — Geol. carpath. (Bratislava), 28, 1, pp. 27—70.

MISIK, M., 1978: Niektoré paleogeografické problémy bradlového pasma. In: Vozar,
J. et al. (eds): Paleogeograficky vyvoj Zapadnych Karpat. Bratislava GUDS, pp.
147—159.

MISIK, M., 1979: Sedimentologické a mikrofacialne studium jury bradla vrsateckeho
hradu (neptunické dajky, biohermny vyvoj oxfordu. Zap. Karpaty. Geol. (Bra-
tislava), 5, pp. 7T—>56.

MISIK, M. — JABLONSKY, J. — FEJDI, P. — SYKORA, M., 1980: Chromian and
ferrian spinels from Cretaceous sediments of the West Carpathians. Mineralia slov.
(Bratislava), 12, 3, pp. 209—228.

MONTENAT, CH. — VACHARD, D., 1980: Le Triass des Montagnes Centrales et aut-
res réegions d° Afghanistan. Eclogae geol. Helv. (Besel), 73, 3, pp. 697—725.

NANCE, .D, 1981; Tectonic history of a segment of the Pelagonian zone, northeastern
Greece. Canad. J. Earth Sci. (Ottawa), 18, 7, pp. 1111—1126.

NEAGU, T. — BARBULESCU, A., 1979: The paleoecologic and paleobiogeographic
values of the Cretaceous Brachiopoda from Dobrudja. Rev. roum. Géol. Géophys.
Geogr. Sér. Géol. (Bucuresti), 23, 1, pp. 69—75.

NEVESKAJA, L. — BAGDASARYAN, N. K. — GONTCHAROVA, I. 1979: On pro-
bable connections of Miocene basins of eastern Paratethys with adjacent marine
basins based upon assemblages of bivalve molluses. Ann. géol. Pays hellén. (Athéns)
II, p. 889—898.

NEY, R. — BURZEWSKI, W. — BACHLEDA, T. — GORECKI, W. — JAKOBCZAK,
K. — SLUPCZYNSKI, K., 1974: Zarys paleogeografii i rozwoju litologiczno facjal-
nego utworow miocenu zapadliska przedkarpackiego. Prace geol. (Krakov), 82, p. 1
—64.

NIKOLAJEV, V. G., 1979: Strojenie neogen-antropogenogo ¢echla pannonskogo bas-
sejna. Bjul. Mosk. Obs¢. Ispyt. Prir. Otd. geol. (Moskva), 54, 6, pp. 45—55.

PARROT, J. F., 1977: Ophiolites du Nord-Ouest Syrien et évolution de la croute
oceanique tethysienne au cours du Mesozoique. Tectonophysics (Amsterdam), 41,
pp. 251—268.

PATOCI?A. F., 1980: Evropské variscidy v teorii tektoniky litosférickych desek. Vést-
nik UUG (Praha), 55, 6, pp. 367—374.

POZARYSKA, K. — BROCHWICZ-LEWINSKI, W., 1975: The nature and origin of
Mesozoic and early Cenozoic marine faunal provinces. Some reflection. Mitt, Geol.-
Paldont. Inst. Univ. Hamburg. (Hamburg), 44, pp. 207—216.

POZARYSKI, W. — BROCHWICZ-LEWINSKI, W., 1979: O aulakogenie srodkowopol-
skim. Kwart. geol. (Warszawa), 23, 2, pp. 271—289.

POZARYSKI, W. — ZYTKO, K., 1979: Aulakogen s$rodkowopolski a geosvnklina kar-
packa. Przegl. geol. (Warszawa), 27, 6, pp. 305—311.

POZARYSKI, W. — BROCHWICZ-LEWINSKI, W., 1980: Rola aulakogendow w tek-
tonice platform. Przegl. geol. (Warszawa), 28, 3, pp. 133—138.

PREY, S., 1978: Rekonstruktionsvergleich der alpidischen Entwicklung der Ostalpen.
Mitt. Osterr. geol. Gesell. (Wien), 1976, 69, pp. 1—25.

RACZYNSKA, A., 1979: Stratigrafia i rozwaéj litofacialny mlodszej kredy dolnej na
Nizu Polskim. Prace Pol. Inst. geol. (Warszawa), 89, 78, 27 pp.

RICOU, L. E. — MARCOUX, J., 1980: Organisation générale et role structural des
radiolarites et ophiolites le long du systéme alpino-mediterranéén. Bull, Soc. geol.
France (Paris), 7, 22, 1, pp. 1—14.

ROD, E., 1977: Northward subduction and the emplacement of the ophiolite belts of
the Central Alps: a working hypothesis. Eclogae geol. Helv. (Basel), 70, 1, pp. 237
—2432.



h06 MICHALIK — KOVAC

ROEDER, D., 1976: Die Alpen aus plattentektonisches Sicht, Z. Dtsch. geol. Gesell.
(Hannover), 127, pp. 87—103.

ROEDER, D., 1977: Continental convergence in the Alps. Tectonophysics (Amsterdam).
40, pp. 339—350.

ROEDER, D., 1980: Geodynamics of the Alpine-Mediterranean syvstem: a syvnthesis.
Ecl. geol. Helv, (Basel), 73, 2, pp. #53—377.

ROMAN, C., 1970: Seismicity in Romania-evidence for the sinking litosphere. Nature
(London), 228, 5277, 19, pp. 1176—1178.

ROTH, Z., 1979: The importance and dynamics of Tertiary tecltonics in central Europe.
Shor, prednadek Usti, Gst. geol. (Praha), pp. 43—47.

ROTH, Z., 1980: Western Carpathians-Tertiary structure of the Central Europe. Aca-
demia Praha. 128 pp.

RUDINEC, R., 1978: Paleogeographical, lithofacial and tectogenetic development of
the Neogene in Eastern Slovakia and its relation to voleanism and deep tectonics.
Geuol. Zborn, — Geol. carpath, (Bratislava), 29, 2, pp. 225—240.

SALAJ, J. — GASPARIKOVA, V., 1979: Microbiostratigraphy of the Upner Creta-
ceous of the West Carpathians based on Foraminifers and Nannofosils and the
question of relations and migrations of Boreal and Tethyan elements. Aspekle der
Kreide Europas. IUGS Series A (Stuttgart), 6, pp. 279—292,

SANDULESCU, M., 1972: Consideration et possibilités de corrélation de la structure
des Carpates Orientales et Oeccidentales. Dari Seama Sedintelor. Inst. geol, Rom,
(Bucuresti), 58, 5, pp. 125—150.

SCANDONE, P., 1975: Triassic seawayvs and the Jurassic Tethys in the central Medi-
terranean areas. Nature (London), 256, pp. 117—119.

SCHEIBNER, E., 1963: The possibility of paleogeographical reconstruction in the
Klippen Bell on the basis of analyvsis of tectonic building. Geol. shorn. (Bratislava).
14, 1, pp. 20—35.

SCLATER, J. G. — ROYDEN, L. — HORVATH, F. — BURCHFIELD, B. C. — SEM-
KEN., 5. — STEGENA, L., 1980: The formation of the intra- Carpathian basin as
determined [rom subsidence data. Earth planet Sci. Letter (Amsterdam), 51, pp.
139—162,

SENES, J., 1966: Miocene West Carpathian paleogeography related to remaining
Paratethys. Manuscripl, Geofond Bratislava, 229 pp.

SENGOR, C. A. M. — YILMAZ, Y. — KETIN, I, 1980: Remnants of a pre-Late
Jurassic ocean in northern Turkey: fragments of Permian — Triassic Paleo-Tethys?
Geol. Soc. Amer. Bull. (Boulder), 1, 91, pp. 599—609.

SENKOWICZOWA, H., 1979: Korelacja biostratygraficzna triasu Polski pozakarpackie]j
v innymi obszarami. In: Lidia Malinowska (ed.): Budova geologiczna Polski III:
Atlas skamienialoséi 2 A: Mezozoik, trias. Warszawa, vyvdawnictwa geologizne,
pp. 12—15.

SENKOVSKLI, J. N., 1978: Paleookeanografija karpatskogo melovogo apvellinga. Geol.
Z. (Moskva), 38, 6, pp. 54—63.

SENKOVSKILJ, J. N., 1979: Paleookeanografija alb-senomanskogo kremnenakoplenija.
Dokl. AN USSR, Geol. (Kijev), B 1979, 3, pp. 177—180.

SEYFERT, C. K. — SIRKIN, L. A, 1973: Earth History and Plate Tectonics: An Intro-
duetion to Historical Geology. New York. Harper and Row. 504 pp.

SIMIONESCU, 1., 1910: Studii geologice si paleontologice din Dobrogea II.: Lameli-
branchiatele, Gasteropodole, Brachiopodele si Echinodermele din paturile Jurasice
dela Harsova. Acad. Rom., Publ. Fond. V. Adamachi (Bucuresti), 25, 109 pp.

SLAVIN, V. I. — CHAIN., V. E. 1980: Rannekimerijskije geosiklinalnyje progiby
severa centralnoj casti Sredizemnomorskogo pojasa. Vest. Mosk, Univ. Ser., Geol.
(Moskwva), 4. 2, pp. 3—14.

SLAVIN, V. I. — SAFDARI, N., 1980: Rannekimmerijskije geosinklinalnyje progiby
v ojuznoj casti Turanskoj plity. Bjull, Mosk. Obs¢. Ispyvt., Prir. Otd. Geol. (Moskva),
55, 4, pp. d—48.

SMITH, A, G, 1971: Alpine deformation and the oceanic areas of the Tethys, Medi-
lerranean and Atlantic. Geol. Soc. Amer. Bull. (Boulder), 82, pp. 2039—2070.

STEGENA, .. — GECZY, B. — HORVATH, F., 1975: Late Cenozoic of the Pannonian
basin, Tectonophysics. (Amsterdam), 26, pp. T1—90,

STEININGER, F. . — ROGL, I, 1979: The Paratethyvs history: a contribution to-



PALEOGEOGRAPHY OF THE WEST CARPATHIANS 507

wards the Neogene geodvnamics of the Alpine orogene. T'' Int. Congr. Medit.
Neogene, Athens 1979. Ann. géol. Pays hellén. (Atheénes), III, pp. 1153—1165.

STEVENS, G. R.. 1980: Southwest Pacific faunal palaeobiogeography in Mesozoic
and Cenozoic times: a review. Palaeogeogr., Palaeoclimatol., Palaeoecol. (Amster-
dam), 31, pp. 155—196.

STILLE, H., 1953: Der geotektonische Werdegang der Karpaten. Geol. J. (Hannover).
8, pp. 1—230.

SWIDZINSKI, H., 1971: The extent of horizontal displacements in the Northern
Flvsch Carpathians. Rocz. Pol. Tow. geol. (Krakow), 41, 1, pp. 181—214.

SZADECKY-KARDOSS, E., 1976: Plattentektonik im pannonisch-karpatischen Raum.
Geol. Rdsch. (Stuttgart), 65, pp. 143—161.

THIEDIG, F., 1975: Submarine Brekzien als Folge von Felsstiirzen in der Turbidit-
Fazies der Oberkreide des Krappfeldes in Kirnten (Osterreich). Mitt. Geol.-Palidont.
Inst. Univ. Hamburg (Hamburg), 44, pp. 495—516.

TOLLMANN, A. 1966: Die alpidische Gebirgsbildung-Phasen in den Ostalpen und
Westkarpaten. Geotekt. Forsch. (Stuttgart), 21, 1—2, pp. 1—156.

TOLLMANN, A., 1978: Plattentektonische Fragen in den Ostalpen und der platten-
tektonische Mechanismus des Mediterranen Orogens. Mitt. Osterr. geol. Gesell.
(Wien), 1976, 69, pp. 291—351.

TOLLMANN, A, 1980: Grosstektonische Ergebnisse aus den Ostalpen im Sinne der
Plattentektonik. Mitt, Osterr. geol. Gesell. (Wien), 1980, pp. 37—44.

TRAMMER, J., 1975: Stratigraphy and facies development of the Muschelkalk in the
south-western Holy Cross Mts. Acta geol. pol. (Warszawa), 25, 2, pp. 179—216.

TRUMPY, R., 1969: Apercu général sur la géologie des Grisons. C. R. Somm. Soc. Geéol.
France (Paris), 8, pp. 330—394.

TRUMPY, R., 1975: Penninic-Austroalpine boundary in the Swiss Alps: a presumed
former continental margin and its problems. Amer. J. Sci. (New Haven), 275-A, pp.
209—238.

UNRUG, R., 1979: Palinspastic reconstruction of the Carpathian arc before the Neoge-
ne tectonogenesis. Rocz. Pol. Tow. geol. (Krakow), 49, 1—2, pp. 3—21.

UNRUG, R., 1980: Tectonic rotation of flysch nappes in the Polish Outer Carpathians.
Rocz. Pol. Tow. geol. (Krakow), 5, 1, pp. 27—39.

VARGA, I, 1978: Paleoalpine geodynamics of the Western Carpathians. Mineralia
slov. (Bratislava), 10, 5, pp. 385—441.

VASICEK, Z., 1979: Die Cephalopoden der schlesischen Unterkreide und ihre palio-
geographische Bedeutung. Aspekle der Kreide Europas., IUGS Series (Stuttgart).
A 6, pp. 232—334.

VOROS, A., 1977: Provinciality of the Mediterraneanen Lower Jurassic brachiopod
fauna: causes and plate-tectonic implication. Palaeogeogr., Palaeoclimatol., Pa-
laeoecol. (Amsterdam), 21, pp. 1—16.

VOROS, A.. 1980: Liasz és Dogger brachiopoda provincidk a Nyugati-Tethys ben.
(Lower and Middle Jurassic brachiopod provinces in the Western Tethys.) Foldt.
Kozl. (Budapest), 110, 3—4, pp. 395—416.

VRANA, S.. 1980: Newly-formed Alpine garnets in metagranitoids of the Veporides
in relation to the structure of the Central Zone of the West Carpathians. Cas. Mi-
neral. Geol. (Praha), 25, 1, pp. 41—54.

WEIN, G., 1977: A Karpat-medence Alpi tektonogenezise, Magy. all. foldt. Intéz. évi
Jelent. (Budapest), 1976, pp. 245—255.

ZIEGLER, P. A. 1980: Northwestern Europe: subsidence patterns of Post-Variscan
basins. Mem. du B. R. G. M. (Paris), 108, pp. 249—280.

ZNOSKO, J., 1979: Teissere-Tornquist tectonic zone: some interpretative implications
of recent geological and geophysical ivestigations. Acta geol. pol. (Warszawa), 29,
4, pp. 365—381.

Review by M. MAHEL
Manuscript received November 19, 1981



