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MICHAL MAHEL*
DEVELOPMENT MODEL OF THE WEST CARPATHIANS

(Fig. 1—2)

Abstract: A whole series of new information and changes in
valuation of manifestations of sedimentation. magmatism, metamorphism
and folding based on principles of global teclonics, permits to present the
model of development of the West Carpathians starting from the Her-
cynian plan.,

Peawwme: Fan wosbix sumawmuit u M3MeHEHNH B OUCHKe NPOABJAEHHI] OCAnKO-
HAKOIJIEHH, MATMATHIMA, MeTaMOppHiMa ¥ CKAAA4ATOOOpA3OBAHMA ONHPAIOLUIHXCH
Ha NpHHLMIAax raofansHoil TEKTOHHEH, MO3BOAAET HaM NpeicTasuTh MOIEdb paspi-
i 3anankeix Kapnar HaumHas ¢ repuMHCKOTO CTPYKTYPHOrO [JjaHa.

In the last years a whole series of knowledge. important for gelting more
precise views of development ol the West Carpathians. has been obtained. To
such ones incontestably belong:

— Proving ol the Early Paleozoic age ol some groups of the Carpathian
crystalline as the Pezinok-Pernek group (B. Cambel — O. Corna 1974);
Hron group (A, Klinece — O. Miko — E. Planderova 1974); Kokava
group, Hladomorna dolina group in the Vepor. micaschist-phyllite complexes of
the crystalline in the northern part ol the Povazsky [novee Mis. (O. Corna —
L. Kamenicky 1976).

— Proving of the Ierevnian age of a considerable part ol granitoids in the
West Carpathians (J, Kantor 18957, J. Burchart 19700 A, Bojko 1975),
with o wide range ol time ol granilization processes (Irom the Upper Devonian
to the Permian) with preceding evidence of .thermal events® and unequal
manilestation ¢l granitization in the individual zones of the West Carpathians
(nearer M. Mahel — in press).

— Unequality of intensity and time manilestations of the Hercynian [lolding
in the individual regions-zones of the West Carpathians: lesser affecting ol the
Gemeride Paleozoie by this folding and Iercynian granitization (M. Mahel
1975).

— Distribution of the Permian in several grabens (A. Vozarova — J. Vo-
zarv 1975) and their linking to zones less alfected by Hercynian granitization
(M. Mahel 1976a).

— Partial dependence of the type of the Triassic on the degree of Hercynian
consolidation (M. Mahel 1975, 1976) and proving of the Triassic south of the
Roznava laull-line in the Meliata group and Blikk Mts, (IL Kozur — R. Mock
1973) and their ranging to the ophiolites association (M. Mahel 1975); the
~southern™ type ol the Triassic in the substratum of the Klippen Belt (M. M i-
sik 1976):.

— Finds ol numerous manilfestations of basic magmatism in the Neocomian
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of the Zliechov unit and in the Lower Albian sequence of the KriZna nappe and
envelope units (M. Mahel et al 1967, 1976a);

— Finds of glaucophanites in Cretaceous conglomerates of the Klippen Belt
(L. Kamenicky 1975) and more frequent fragments of basic and ultrabasic
rocks and chromites in the Lower and Middle Cretaceous sequences in the
Klippen Belt (M. Misik 1976):

— Assignment of Cretaceous conglomerates in the Klippen Belt (starting from
the Albian) as wildflysch facies (R. Marschalko 1973);

— Proving of pre-flysch sedimentation prior to onset of the flysch s. s. in the
Albian-Cenomanian sequence of the Krizna nappe and envelope units, in the
Manin nappe and in the Central Carpathian flysch (R, Marschalko 1975.
M. Mahel 1972);

— Proving of sudden facial changes, also lateral. between deep-water (Zlie-
chov type) and shallow-water (Vysoka type) Jurassic facies of the KriZzna unit
(M. Mahel et al 1967);

— Assignment of the granitoid masses in the Kraklov zone as tectonic outliers
of the northern promontories of the Kralova hola nappe (A. Klinec 1972.
1976) and so stressing of the type of the crystalline in the Kraklov zone and
the southern parts of the Lubietovd zone without larger granitoid bodies.

— Proving of the allochthonous position of the Velky Bok subunit (A. K1i-
nec 1976);

— Deduction of the root zone of the Krizna nappe, its through Zliechov type
— in the zone of the North Veporide crystalline with a small portion of grani-
toids, lesser Hercynian stabilization and assumed lesser thickness of the con-
tinental crust during formation of the West Carpathian geosyncline (M. Mahel
1976);

— Proving of two paleotectonically different types of the Tatride envelope
groups (M. Mahel et al. 1967). ranged as the Tatra and Tatra types (M. M a-
hel 1973) and faults. which increased dissection of the Tatrides in the course
of development of the West Carpathian geosyncline:

— Valuation of folding as a longer dated process and of angular discordances
not as the only but as the most distinct manifestation of folding (M. Mahel
1976, R. Marschalko 1976) and thus a more complex approach to valuation
of folding;

— Closer knowledge of the tvpe of the Mesozoic in the substratum of nappes
of the outer group of the Flysch Belt (M. E1ia§ 1976);

In the last years we meel in our literature several deductions, concerning
development of the West Carpathian geosyncline, directed by principles of global
tectonics. They are shown in:

— the endeavour to judge the type of crust on the basis of tectofacial types of
sediments and of the presence of magmatites (M. Mahel 1974, 1976: D. Vass
1976. V. Koneé¢ny —J. Lexa 1976):

— in a more dynamic view of the changes of paleogeographic and paleotectonic
conditions in the course of development of the West Carpathians (M. Mahel
1974: R. Marschalko 1976: D. Vass 1976):

—in a more dynamic view of formation of structures and in the endeavour
after compiling of a geodynamic model of the West Carpathians (Z. Roth
1964: P. Grecula 1973: P. Grecula — Z. Roth 1976):

—in the tendency to distinguish elements of greater global importance from
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specific ones, characteristic only of the West Carpathians or of some of their
areas or sections only (M. Mahel 1974).

A whole series of new knowledge and changes in valuation of manifestations
of sedimentation, magmatism, metamorphism and folding and an analysis based
upon analogies of development of the Alpides and upon principles of new
global tectonics permit us to present a devolopment model of the West Car-
pathians, already starting with the Hercynian structural plan (fig. 1, 2).

1. Assignment of a large part of the crystalline in the Veporides, partly also
in the Tatrides, to the Paleozoic and ascribing of nappe character to the
prevailingly granitoid-built Kralova Hola zone in the Veporides, stressing of
the importance of the Hercynian folding metamorphism and granitization lead
us to the conclusion of more distinet Hercynian dissection of the . Slovak block*
(in the sense of M. Maska — V. Zoubek 1960) into longitudinal zones.

The central part of the ,Slovak block® understood earlier as a homogeneous
pre-Mesozoic meganticline — as the Tatroveporic (with a uniform type of the
crystalline and granitoids divided into two units, the Tatrides and Veporides
by the Alpine folding only), was obviously already dissected into three areas
by the Hercynian folding: Talric, North Veporic and South Veporic.

a) In the Tatric are in places also thicker Early Paleozoic masses, mainly at
its northern margin. Granitoid bodies are piercing prevailingly older, mainly
pre-Paleozoic complexes. In the marginal parts (Malé Karpaty, Povazsky Inovec
Mts. — their upper parts) they penetrate into Paleozoic sequences, more abun-
dant in these areas.

b) The North Veporic or Veporic s. s. (the crystalline built up mainly of the
Hron group — predominantly of Early Paleozoic age) we comprehend as
crystalline zone situated south of the Certovica fault line (i. e. the Alpine
Kraklova zone and the southern part of the Lubietova zone) as far as the boun-
dary of rooting of the Kralova hola granitoid nappe.

¢) As the South Veporic we comprehend the more southern zones of the
Veporide crystalline, i. e. the Kralova hola and Kohtt zones as far as the
Lubenik faull line. In this zone beside the Paleozoic also thick pre-Paleozoic
masses are cropping out (e. g. the Muran gneissose granites): of zonal distribution
are here several types of granitoids. The pre-Paleozoic gneisses are, however,
deformed by the Hercynian and mainly Alpine folding (their present zonal
distribution is young. Alpine). bound to three southerly rooted nappes. partly
recumbent folds (A, Klinec 1976).

South of the Lubenik and Margecany fault lines extends the Gemeride
Paleozoic — a zone little affected by Hercynian [olding and granitization. This
concerns also the Paleozoic situated south of the Rozinava fault line in the belt
Slovak karst — Bikk.

2. Unequableness of the Hercynian consolidation of crust in the West Car-
pathian block was reflected in the types of the Late Paleozoic.

a) In the Tatrides the markedly discordant and transgressive Carboniferous
and Permian do not form a more continuous zone and their share in the
structure is small. The thicker Permian complexes in the Tribe¢ Mts. and
together with the Carboniferous in the Povazsky Inovec Mts., in both mountain
ranges north of the more or less uniform old Hradok—Skycov fault system
striking WNW-ESE. Transversal tectonics obviously played an important role
in the Tatride zone as early as the Late Paleozoic (M. Mahel et al. 1967).
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b) A more continuous longitudinal Permian strip accompanies the Lubietova
zone of the crystalline. It obviously formed in the longitudinal graben at the
boundary of the Tatric and Veporic s. s. zones — with a small portion of
Hercynian granitization — obviously with a thinner crust type. In its central
part the Permian with a portion of basic rocks is folded in the crystalline,
more distinctly metamorphosed (near Helpa, A, Klinec — J. Vozar 1971);
a considerable part of the Permian of this graben is in allochthonous position
on the base of the Krizna nappe (lower member of the Velky Bok subunit, the
Permian near Staré Hory).

¢) The South Veporic has a thicker Permian with quartz porphyries, in the
Cierna hora Mts. also with porphyrites. al the southern margin north of the
Lubenik and Margecany fault lines. Part of it is possibly also the Late Paleozoic
of the Zemplin ,island” (J. Vozar — A. Vozarova 1975).

Characteristic of the Gemeride zone is the tripartite Permian with thick
quartz porphyries, distributed in the North Gemeride synclinorium. Between
this Permian and the South Veporide one was lying the Cho¢ Permian with
thick melaphyres, bound to a graben with deep-reaching faults. The Cho¢ as
well as North Gemeride Permian are accompanied by the Carboniferous in the
underlier, the former possibly without a more distinct discordance; (J. Vozar
1973 supposes a transition) the North Gemeride with conspicuous discordance
and hiatus. Obviously the area including the southern parts of the Veporide
crystalline and the northern parts of the Gemeride Paleozoic was represented
by a complicated graben in the central part with deep-seated faults in the
Permian. In the marginal partial grabens acid volcanism was evident, in the
central graben basic-melaphyre volcanism.

d) The southern areas of the Gemeric-south of the Roziava fault have the La-
te Paleozoic slightly affected by manifestations of the Hercynian folding a par-
ticular development with a portion of marine facies (Roziava—Zeleznik group,
lower members of the Meliata group). linked to the Biikk or Dinaride type.

On composition of the crystalline situated north of the Slovak ,block” or on
the crystalline in the substratum of the Klippen Belt and inner zones of the
Magura nappe Flysch Be!t we have data from the pebble material in Cretaceous
conglomerates only. Already earlier a considerable portion of melaphyres, also
quartz porphyries was considered (V. Zoubek 1931) and this tempted to
seek for analogues of the more southern zones here (M. Maska—V. Zoubek
1961) with deep-seated faults. Several of the magmatic rocks from the pebble
material. considered as Permian on the basis of radiometric data (communication
by J. Kantor), display an Alpine age. The extension of this Upper Paleozoic
graben as well as the type of the underlying Paleozoic or crystalline

b

Fig. 2. Table presenting geotectonic evolution of the West Carpathians. Explanations:
1 — Granitoid penetrations a) diapiric ascendances, 2 — Aspidic flyschoid and flysch
prealpine formations, 3 — Quartz porphyries a) spillite-diabases, melaphyres, 4 —
Ultrabasic bodies a) of basic intrusives, b of alcalic basic und ultrabasic, 5 — Ande-
sites and rhyolites: a) basalls. 6 — Sandstones, quartzites a) Carpathian keuper, T —
Shallow-marine detritic sediments a) with prevailing pellites, 8 — Shelf limestones;
a) dolomites, 9 — Carbonates of intrageosynclinal a) ridges, b) basins; troughs,
10 — Trough facies, prevailingly marles; a) pelagic limestones, 11 — Thick radio-
larites, 12 — Flysch: a) coarse flvsch, 13 — Shelf and trough sediments with prevailing
pellites: a) sandstones, 14 — Molasses. 15 — Occurrences of high-temperature and
high-pressure metamorphism a) subduction zones: of high-pressure and low-tempe-
rature metamorphism, 16 — Overthrusts, 17 — Upthrusts; folds.
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(mostly downsucked later, partly parhaps overlapped by overthrusting of the
“Slovak block” and younger formations of the Klippen Belt and Magura
nappe) — are unknown to us. If we set out from the analogy with the Eastern
Alps but also with the Marmaro$ massif, a crystalline less affected by Hercy-
nian granitization with a considerable portion of Paleozoic pre-Middle Carboni-
ferous groups with bodies of Alpine granites should be supposed.

3. The extensive Lower Triassic transgression affected the pre-Carpathians
largely dissected with a conspicuously different type of the substratum in the
individual zones.

South of the Veporic the region was less stabilized by the Hercynian folding
and granitization with thinner continental crust. A thinner crust may be also
supposed in the grabens in the northern Veporic and at the boundary between
the ,.Slovak block® and Bohemian massif. The differences in the crust type
formed the basis of dissection of Triassic paleogeography and variety in deve-
lopments in the sedimentary sequences.

a) In the south, south of the RoZziava lineament, the Triassic is represented
by two formations. The type close to the ophiolite type but also a shallow-
marine type with deeper sea facies (Reifling limestones. Schreyeralm limestones,
Hallstatt limestones, Zlambach beds).

b) Characteristic of the Gemerides proper and the graben south of the
Veporides is the Austroalpine tyvpe with prevailing shallow-water facies bult also
with structural-facial dissection — there are also zones with deeper ..channel*
facies as the Reifling limestones and the flysch-like type ef the Lunz member
(Biely Vah type).

¢) In the Veporide zones and Tatrides the Triassic is of epiplatform type with
a typical Carpathian Keuper. Its gradual linking to the north to the platform
type is supposed.

d) Finds of abundant pebbles of deeper-water limestones of southern
type (Reifling limestones, Schreyeralm limestones, Wetterstein limestones,
Dachstein limestones) already in the Albian conglomerates. originated before
overthrusting of nappes and of pebbles of limestones even of more southern
types than those found in the Cho¢ or Strazov nappe (e. g. Hallstatt limestones,
M. Misik 1976) make us suppose the existence of zones with deeper facies
already in the Triassic. situated between the Carpathian type of the Triassic
of the Tatrides and the adjacent North European platform or Bohemian massif.

The view of the West Carpathians as a continental plate throughout the
Triassic cannot be accepted just as the view of the epiplatform type of the
Triassic in the whole region of the West Carpathians or Inner Carpathians.
Already in the Triassic we distinguish several paleotectonic types:

a) dissected. possibly suboceanic or subcontinental with ophiolites — south of
the Roznava fault — Dinaride type:

b) type of dissected oceanic ridge with limestone facies. partly deeper-water
ones — Austroalpine;

c) partly type of continental ridge — Carpathian tyvpe;

d) Kysuca — Pieniny marginal graben.

4. In the Liassic an essential rebuilding of the paleotectonic plan took place
also in the West Carpathians. In the North Veporic or Veporic s. s. was
distinctly evident the deepwater Zliechov trough with pelagic sedimentation
from the Sinemurian to the Albian. An analogous narrow trough represented
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the Kysuca — Pieniny zone. We suppose that it was separated by the narrow
Czorsztyn ridge from the more extensive .North* Tethys — the eastern con-
tinuation of the Pieninic trough with oceanic or suboceanic crust. This
assumption is in the first place based on the analogy of development of the Alps
(V. Dietrich 1976, R. Hesse — A, Butt 1976) and the East Carpathians
(D. Radulescu — M. Sandulescu 1973).

The Jurassic—Lower Cretaceous complexes of this northern trough represent
the lower structural stage of the Magura unit. The Magura unit in the West
Carpathians represents the continuation of the Flysch Belt in the Eastern Alps
(Z. Roth 1964) and the Pieninic genetically linked with them (with ophiolites)
and in the east it is linked through its Raca-Bysirica part to the Rachovo-
Ceahlau unit (with ophiolites) and to the accompanying ophliolite group of the
Black Flysch situated as its inner side (at the northern margin and in the
substratum of the overthrust Marbaro$ massif). The cause of the absence of
ophiolites in the near-surface structure of the Magura unit is the position of
its lower Jurassic — Lower Cretaceous members in the substratum of thick
masses of younger members, characteristic of the Carpathian segment of the
inner zone of the Flysch Belt. In slices at the contact of the Magura unit with
the Klippen Bell in places, however, these members close to the types in the
Eastern Alps and East Carpathians, appear. Such ones are mainly the Posidonia
beds (M. Elias 1976) and the members of the so called Hulin group in Poland
at the northern margin (W. Sikora 1976) of the Klippen Belt (Posidonia
beds, radiolarites — Malm. Biancone limestones — Tithonian — Lower Neo-
comian, Black Flysch — Lower — Middle Cretaceous). At our territory as such
ones should be considered the slices with deeper-water Jurassic and Lower
Cretaceous members, situated north of the klippes of the Czorsztyn unit e. g.
in the profile of Vrsatec.

Also the new knowledge on the type of pebbles in the Cretaceous conglo-
merates of the Klippen Bell in its western segments and in the Paleogene Proc¢
conglomerates in eastern Slovakia (mainly the mentioned types of the Triassic
- M. Misik 1976) close to the facies in the Transylvanian nappes stimulates
to consider continuation of the Marmarod massif. mainly of the accompanying
Mesozoic with abundant petrographically variegated voleanics and possibly also
of the ..Black® Flysch into the outer zones of West Carpathians.

The Jurassic sea on the adjacent Bohemian massil represented by the sediments
(in the substratlum of the outer Flysch Bell nappes in Moravia — M. Eliasg
1976) formed a shelf with carbonate facies at the margin. pelitic facies in vicinity
of the ..Northern Ocean®. As visible. the Zliechov trough and the trough of the
~Northern Ocean” are linked to grabens already founded in the Permian.

The Tatride zone obviously represented in the Jurassic and Lower Cretaceous
a dissected ridge essentially with two types of sediments — shallow water —
Tatra type and deeper, euxinic type — Fatra type (M. Mahel 1967. 1974).
The Kysuca—Pieniny and Zliechov troughs separated from the dissected Tatride
ridge the zones of shallower-water sediments. in the first case the Klape—
Kostelee zone, in the second case the Vysoka and Manin zones.

The southern zones of the Inner Carpathians have the Jurassic and Lower
Cretaceous only sporadically represented. mostly by neritic sediments — they
obviously were a part of a wide ridge. in some periods deeper submerged or
more dissected (Tithonian—Neocomian),
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In the stage of the Jurassic — Lower Cretaceous we distinguish the following
geotectonic types in the West Carpathians:

a) southern elevated ridge with furrows (e. g. south of the Roznava fault
line and with other deep-seated faults with possible protrusions of ultrabasics —
Darnoé fault line);

b) Zliechov trough with subcontinental crust;

¢) Tatride ridge with depressions;

d) Kysuca — Pieninic separated by narrow ridges from the

e) Magura oceanic trough;

f) Northern shelf linked to the platform of the Bohemian massif.

As is to be seen, the southern oceanic trough of the Tethys is not reaching the
West Carpathians from the Dinarides.

A more distinct pelagic character is mainly evident in the Malm, higher
contrastness with troughs and ridges in the Tithonian. Just in that period also
oceanization — perhaps thinning of crust in the marginal part of the northern
platform — formation of the structural — facial Silesian zone were evident.

The period of higher contrastness but also rebuilding of the paleotectonic plan
in the West Carpathians was the end of the Lower Cretaceous — Albian, with
onset of pelitic sedimentation in extensive areas, also in these parts of the
Tatrides, which displayed a neritic type of sediments in the Jurassic and Lower
Cretaceous. To the end of that period with more distinct manifestations of
flysch sedimentation. however. intraformational conglomerates with exotic
material and basic rocks. appear. The Albian is obviously a period of increasing
dynamies of crust with onset of folding, mainly in more southern zones.

The younger members than the Lower Cretaceous are neither known in the
Cho¢ unit nor in the more southern units of the West Carpathians. The West
Carpathian units more southerly from the KriZzna unit are distinctly different
not only from the northern West Carpathian units with abundant flysch but
also from the Mecsek and Villany Mts. and from the southern end of the
Hungarian Central Mountains (Bakony) with epiplatform type of the Middle
Cretaceous with distinet multiple alternation of transgression and regression
(J. Fiilép 1968) in the absence of these Middle Cretaceous members.

In paleotectonic division of the West Carpathians may be distinguished in the
Middle Cretaceous:

a) southern areas of intense folding, formation of nappes. shortening of
basement;

b) areas of the North Veporides and Tatrides (first with preflysch, later with
flysch sedimentation) affected by more intense folding to the end of the Middle
Cretaceous to the beginning of the Upper Cretaceous;

¢) Klippen Belt with variegated flysch sedimentation and higher dynamics
with abundant conglomerates of wildflysch facies. Perhaps it forms the marginal
zone, in which commencing subduction of the adjacent Magura oceanic trough
is reflected:

d) areas of intense flysch sedimentation — of ,mature® flysch stage with
abundant coarse flysch.

5. The paleotectonic picture of the Middle Cretaceous persisted in the Upper
Cretaceous of the Flysch and Klippen belts where olisthostromes and olistholiths
appear as an evidence of shortening of zones and perhaps also of subduction.

In the Inner Carpathians, however, sedimentation of flysch terminates, mostly
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in the Cenomanian, without transition into molasse, with gradual migration of
folding to the north formation of the structural plan took place. Characteristic
of the Inner Carpathians is the small porticn of Upper Cretaceous sediments,
with the exception of the peri-Klippen area. The remnants of marine and
Lagoonal sediments indicate the course of transversally distributed zone (M. M i-
§1ik). Interesting is its direction, more ore less parallel with the direction of the
Szolnok trough. This should be stressed because in the last years more often
views of an originally homogenous microcontinent of the Inner Carpathians —
Apuseni with incorporation of the Mecsek and Villany Mts., even as a part of
their northern zones, appear. Obviously in considerations on dismembering
of the homogenous microplate and displacement of its fragments along trans-
current flows, their moving away from one another could have taken place
before the Albian only (M. Bleahu 1976, P. Horvath — L. Stegena —
B. Geczy 1974). The differences in the Upper, also in the Middle Cretaceous
are avident.

In our Tectonic map of the Carpathians, Balkans, Dinarides (M. Mahel
1973) we ranged the Villany Mts. as a type of geanticline, a ridge one and the
Mecsek Mts. among the tvpes close to the Jurassic — Lower Cretaceous troughs.
But the tectofacies already (not speaking about their sets — tectonogroups), are
in the Villany Mts. so different from the Tatrides but also from the Bihor and
in the Mecsek Mts. from the Krizna nappe that it was necessary to plot them
as particular geotectonic types. Characteristic of them is a distinet change of
sedimentary conditions in the Bathonian (in the Villany Mts. transgression, in
the Mecsek Mts. deep-water sedimentation) and to the end of the Tithonian
(termination of sedimentation in the Villany Mts. and shallowing in the Mecsek
Mts. — G. Wein 1969). This particularity is also stressed by a particular type
of Mesozoic magmatites (thicker in the Mecsek Mts.) of alkalic basalt-diabases
and alkalic diabases. The presence of the tectofacies of thick Gresten beds
(known in the Mecsek Mts., in the Villany Mts. sporadically), as well as the
wide stratigraphic break in the range Upper Triassic — Bathonian in the Villany
Mts. resembles development of the South Carpathians (Geticum). In some facial
features: Pliensbachian limestones with Celto-Swabian fauna, Bathonian limo-
nitic limestones, Middle and Upper Callovian glauconitic limestones, bauxites,
limestones with Characeae and Urgonian limestones the Villany and Mecsek
Mts. reseble also the Apuseni (M. Bleachu 1976). It is necessary to stress
however, that some of these facies are common in the Alpides, other
are close to those of the Apuseni but not of the West Carpathians. The Villany
and Mecsek Mts, in spite of particularities of development in the Jurassic and
mainly in the Lower and Middle Cretaceous (without Cenomanian flysch but
with alkalic basic volcanics) in spite of their . northern® type of the Triassic, we
consider as a spur of the Serbo-Macedonian massif or of the NW part of the
South Carpathians, separated as an independent fragment in the Jurassic with
formation of the Mures trough with oceanic crust. Little affected by the Paleo-
alpine folding is a consequence of the pressure shadow of this fragment lying
in the position of a median mass between troughs.

In the Middle Cretaceous and at the beginning of the Upper Cretaceous the
paleoalpine structural plan with several nappes, with shortening of sedimen-
tation areas, formed in the Inner West Carpathians. It should be emphasized
here that:
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a) shortening affected the Inner Carpathians as one unit but unequally the
individual zones. Even in the Tatride crystalline more conspicuous shortening
proceeded mainly in the zones without larger granitoid bodies and with thicker
Paleozoic (e. g. smaller overthrusts in the northern part of the Povazsky Inovec
Mts. and in the Malé Karpaty).

b) In the North Veporide crystalline intense shortening is shown in a deep
sliced style with narrow SE dipping synclines and slices and directed schistosity.
The upper parts of this crystalline — piled up in the fronts of the Kralova
hola nappe display a near-surface style with recumbent folds and subparallel
schistosity. To the north these structures are linked to the Velky Bok subunit.

¢) The South Veporide crystalline displays intense shortening in the deep
sliced style in zones without granitoid massifs and with large deep nappes (at
least three) with a prevailingly granite core, anchored to the south. In the upper
level the deep nappes pass into recumbent folds (e. g. the Markuska fold,
V. Zoubek 1857).

d) In the Gemerides shortening is shown in the deep stvle with several slices
and in S-directed schistosity (P. Grecula 1973, 1974) and with overthrusting
in the northern part.

e) The type of shortening in the zone south of the Roznava fault line is little
known to us so far; the allochthonous character of masses of shallower-water
types of the sequences is. however, evident.

The tectonic lines as the Certovica, Tlubenik, Margecany, Roznava lines
represented in the first place boundaries of zones of different intensity, a differ-
ent type of shortening of the crystalline basement. It is difficult to judge to
what extent there are downsucking zones and to what an extent overthrusting
zones at deeper levels of crust. In this regard a great enigma remains the root
zone of the Cho¢ nappe, which from the structural viewpoint would be logical
to put into connection with the nappes of the South Veporides but the latter
have their envelope type of the Mesozoic (the Struzenik fype) and their type
of the Permian.

With formation of the structural plan also displacement of blocks took placé
in the West Carpathians (most distinct pushing out the Volovec block along
the Stitnik fault: M. Mahel 1967, 1975) and their rotation (northern block
of the Povazsky Inovec Mts). The divergence of paleoalpine structures known
from the Low Tatra (M. Mahel 1977) and Cierna hora Mts. (S. Jacko
1971); of older W—E direction and younger — in the first case NE—SW. in the
second case NW—SE — indicates that with the Paleoalpine folding also the
Carpathian are formed. The question. however, remains open so far. to what
an extent. The NE—SW directions (parallelly with the axis of the arc) are too
deeply anchored in the structure of the West Carpathians and it seems that
they are also linked to the platform. How old are these {ranscurrent faults. is
difficult to judge so far.

6. The Carpathian geosyncline in the Upper Cretaceous was situated north
-of the ..Carpathian block® with the exception of its marginal part. And just the
contact zone of the Carpathian Paleoalpides with the flysch geosyncline was
most active dynamically as the variety of facies, mainly of flysch facies, the
abundance and the wide time diapason of wildflysch testify. Obviously there
was a zone of several paleogeographical changes, evoked by shortening of the
marginal part of the flysch ocean. The particular tectonic style of the Klippen
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Belt (the mature klippen style) to the style of tectonic melange (D. Andrusov
1968) and the presence of olistholiths (8. S. Kruglov 1974) indicate a long-
dated process of formation. The resulting structure is a product of the later
neoalpine period of folding — when the compression zone formed, in places
up to the state of squeezing out of narrow ridges (Czorstyn and Klape ridges)
and trough (Kysuca — Pieninic) at the boundary of two blocks with a different
type of crust, of the continental block of the palecalpine Carpathians and the
block (possibly suboceanic or subcontinental) of the substratum of the Flysch
Belt, mainly its more inner zones.

The Peripienid lineament we comprehend as the inner boundary of this
substratum of the Magura trough. the Lednice line or as the outer boundary
of the contact with the Bohemian massif. the North European platform. At
these lines obviously also underthrusting of the outer zones or overthrusting
of the inner zones took place.

From the course of the deep-seated fault, perhaps the Peripienid lineament
in the SE corner of the Carpathians as far as the western foot-hill of the Malé
Karpaty Mts. (Z. Adam 1976) it may be concluded that in this Malé Karpaty
part overthrusting of the Carpathian block is greater on the Magura block. This
overthrusting is obviously in genetic connection with the right-sided pushing
out of the block of the Inner Carpathians to NW.

7. An important development period for the Inner West Carpathians is the
beginning of the Eocene, the period connected with formation of graben syncli-
norii filled up with the Central Carpathian flysch. The onset of thick flysch
is also here proceded by the pelitic character of sediments (R. Marschalko
1971). It means that in the northern parts of the Inner Carpathians (roughly
including the Tatrides), differentiation of crust took place with formation of
dissected grabens, perhaps with thinner crust and of cores with thicker crust
and with uplift of granitoid massifs. It is noteworthy that this type of the
Paleogene east of the Hornad fault is confined only to the near-klippen part,
to the southern fault in the valley of the Latorica river only — the Svalava
fault. East of this Svalava fault as far as the Klippen Belt a thick complex
(more than 1000 m) of the Upper Cretaceous Kricev beds is distributed, (dark-
coloured argillites, aleurites. sandstones. marls — in places variegated, marly
limestones) — already a sequence without features of flysch lype. The Paleogene
occurs also in the Marmaros area east of the Ganiéa — Solotvina fault (V. S vi-
ridenko 1976) resembling the Central-Carpathian Paleogene bul of wider
stratigraphic range and more closely linked with the promontories of the
Klippen Belt., the klippe of Poiana Boticei. This so called Transcarpathian
Flysch is more affected by folding, mainly by upthrusts: nearer in some
sections to the peri-klippen Paleogene. The different type of structure of the
block of Transcarpathia between both the mentioned faults stimulates to con-
sider interruption of the Inner Carpathian units between the Inner Carpathians
and the Apuseni. East of the Svalava fault possibly one may speak about
a northern prolongation of the Szolnok trough. This is also pointed out by
affecting of the mentioned Upper Cretaceous Kricev beds and the overlying
Paleogene (Bajlov beds) by post-Paleogene folding. perhaps the Savian folding
(V. Sviridenko 1976).

Not less interesting is that formation of Pannonian-tvpe Eocene and Oligocene
depressions is also connected with the older south of the RoZznava line with
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a southern type of the Triassic including ophiolites (South Slovakian — North
Hungarian basin in the Oligocene:; Eocene basin in the southern regions of the
Transdanubian belt).

The zone between the Certovica and Roziava fault lines, except for smaller
areas (the Breznianska kotlina depression) was without more distinct subsidence,
on the contrary, rather displayed uplifting in the Paleogene.

8. From the Lower Miocene transversal faulls played an important role in
formation of structures of the Inner Carpathians. Along them conspicuous zones
of downfaulting formed across the Carpathian structures: the Vienna basin,
bound to the contact zone with transversal displacement of blocks. An extensive
zone of downfaulting represents also the East Slovakian lowland — Transcar-
pathian basin (V. Sviridenko 1976), in the Middle Miocene the Central
Slovakian zone of downfaulting is distinct.
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