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PALINSPASTIC RECONSTRUCTION
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2 figs.)
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przed tektogenezq meogenskaq
(2 fig.)

"Abstract: The Carpathian arc has a heterogeneous structure formed during
Cretaceous and Paleogene tectogenetic phases. Before the Neogene tectogenesis,
flysch sediments were deposited in the Outer Flysch Belt and in the Pieniny
Klippen Belt. The palinspastic reconstruction of these flysch basins based upon
facies analysis and sedimentological data leads to the conclusion that the outward
displacement of the Western and the Eastern Inner Carpathian Blocks during
the Neogene tectogenesis was differential. This differential movement caused the
deformation of the Szolnok Flysch Belt extending in the basement of the Great
Pannonian Basin. A clockwise rotational component in the displacement of the
Inner West Carpathians and resulting sinistral strike-slip shearing is probably
responsible for the peculiarities of the tectonic structure of the Pieniny Klippen
Belt.

INTRODUCTORY REMARKS

Numerous papers proposing various plate tectonic models for the
Carpathian arc were published recently (Dewey and Bird 1970, Smith
1971, Dewey et al. 1973, Radulescu and Sandulescu 1973, Bleahu et al.
1973, Szadeczky Kardoss 1973, 1975, 1976, Boccaletti et al. 1973, Hertz
and Savu 1974, Grubi¢ 1974, Ney 1975, 1976, Birkenmajer 1976, Sikora
1976, Ksigzkiewicz 1977). Some of the proposed models are burdened
by assumptions based on misinformation or inprecise use of termino-
logy, as indicated by Hertz and Savu (1974) and Ksigzkiewicz (1977).

Nearly all these papers consider the problem of crustal shortening
in the Carpathian arc and discuss the paleogeographic zonation, but no
palinspastic reconstructions were presented. However the problem of
spatial relations of various. parts of the Carpathian arc is of great
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importance for critical evaluation of the proposed geodymamic models.
The task of palinspastic reconstructions in the Carpathian arc is com-
plicated. Specific estimates of crustal shortening were published only
for some parts of the Carpathians, i.e. for the Polish part of the Outer
Flysch Belt (Ksigzkiewicz 1962) and for the Pieniny Klippen Belt
(Scheibner 1963). °

The Carpathian arc was formed during several tectogenetic phases
of the Alpine orogeny. The present paper proposes a palinspastic re-
construction of the paleogeography of the Carpathians during Paleogene
time, that is after the Cretaceous tectogenetic phases which deformed
the inner regions of the Carpathians — and before the Neogene tecto-
genetic phases which deformed the outer regions of the Carpathians.
The reconstruction is based largely on detailed sedimentological and
facial studies of flysch deposits. These studies are developed in an
unequal degree in the various parts of the Carpathians, thus leading
to major generalizations in some areas. Two points of major importance
are incorporatedin the presented palinspastic reconstruction. First, the
eastern extremity of the Pieniny Klippen Belt was found to pass south
of the western extremity of th Inner East Carpathians (Patrulius et
al. 1960, Sandulescu 1975b). Secondly, the opinion that the main de-
formation of the Pieniny Klippen Belt is post-Paleogene is receiving
an ever growing support as geological evidence is accumulating (Ksigz-
kiewicz 1972, Lesko and Samuel 1968, Marschalko et al. 1976). The con-
sequences of these findings for the evolution of the Carpathian arc are
discussed in some detail.

STRUCTURAL DIVISION OF THE CARPATHIAN ARC

Although the Carpathians are forming a geometrically nearly perfect
arc, their structure is markedly non-uniform (Fig. 1). The following
major structural units are distinguished in the Carpathian arc and its
interior:

— the Foreland,

— the Foredeep, with an inner zone folded and thrust over the outer
zone,

— the Outer Flysch Belt,

— the Inner East Carpathians,

— the Pieniny Klippen Belt,

— the Inner West Carpathians,

— the Apuseni Mts,

— the Southern Carpathians,

— the Neogene basins superposed on various older structural units.

The following brief description of these units is based on recent
structural syntheses by Andrusov (1965, 1968), Ksigzkiewicz (1972), San-
dulescu (1975b) and Mahel (1974).
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The Foreland

The western extremity of the Carpathian Foreland is formed by
the Bohemian Massif, and farther east extend several structural units
representing pre-Cambrian and epi-Variscan platforms. The Carpathians
are thrust outward on their Foreland. Drilling exploration brings accu-
mulating evidence of prolongation of various Foreland units under the
outer zone of the fold belt. Recent summaries of this problem for the
Polish part of the Carpathians were published by Slaczka (1976a) and
Wdowiarz (1976).

The Foredeep

The Foredeep forms a continuous zone along the whole Carpathian
arc, and is filled with sediments of Miocene-Pleistocene age, lying
on Proterozoic, Paleozoic and Mesozoic rocks of the Foreland. The upper
age limit of the sedimentary f{fill of the Foredeep is progressively
younger towards the East and South, ranging to the end of Early Ba-
denian in the western sector of the Foredeep, to the end of Badenian
in the central sector, and to Pliocene and Pleistocene in the eastern
and southern sectors.

The sedimentary fill of the Foredeep Basin consists of predominantly
detrital rocks ranging in grain size from coarse conglomerates to marly
clays, with two saliferous horizons. Its thickness ranges from 600 m
in the western sector, to c. 4000 m in the northern part of the eastern
sector, ‘and c. 10 000 m at the south-eastern bend of the Carpathian arc.

The autochtonous sedimentary fill of the Foredeep is downfaulted
and overriden by the inner zone of the Foredeep, deformed in the Neo-
gene tectogenesis, and by the Outer Flysch Belt.

The belt of folded Miocene rocks thrust over the autochtonous fill
of the Foredeep is present in front of the nappes of the Outer Flysh
Belt in the Eastern Carpatians. In the innermost part of this zone the
Borislav—Pokuty nappe consists of Lower Miocene rocks overlying the
Cretaceous-Paleogene flysch. In the western Carpathians the zone of
folded Miocene rocks at the front of the Outer Flysch Belt is discon-
tinuous and poorly developed. Late folding -affected the Pliocene sedi-
ments in the south-eastern part of the Foredeep.

The Outer Flysch Belt

The Outer Flysch Belt forms a continuous zone extending along the
whole Carpathian arc. The age of the Flysch sequence ranges from
Late Tithonian to Late Oligocene (Earliest Miocene). Both longitudinal
and transverse facial diversity is conspicuous especially during Late
Cretaceous and Eocene. The major part of the flysch sequence consists
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of detrital rocks whose material was supplied from marginal and intra-
basinal tectonic lands (cordilleras) intermittently uplifted and eroded.

The folded flysch rocks form several décollement nappes thrust out-
wards, with minor backward thrusts present at the inner margin of the
Outer Flysch Belt. The tectonic deformations operated in two phases,
the first one Early Miocene (pre-Badenian), the second one post-Early
Badenian. The latter phase migrated in time from the western to the
eastern part of the Outer Flysch Belt, where progressively younger
Miocene rocks are folded at the front of the Flysch Belt. The whole
Flysch Belt was pushed outward en bloc during these movements, as in-
dicated by the presence of undeformed Late Badenian sediments over-
lying the Flysch mappes.

The Inner East Carpathians

The Inner East Carpathians (Dacides orientales of Sandulescu,
1975 b), are contiguous to the inner margin of the Outer Flysch Belt.
They consist of several nappes thrust eastward, composed of continen-
tal-volcanogenic Permian — marine Triassic-Jurassic-Early Cretacecous
sedimentary cover, and crystalline pre-Alpine basement present in some
of the nappes. The eastern zone of the Inner East Carpathians consists
of nappes with Late Jurassic-Early Cretaceous flysch, partly resting
upon and intercalating with Jurassic basic effusive rocks. The outer-
most nappe of this zone (the Ceahlau nappe) was emplaced during Late
Senonian tectogenetic phase, while all other nappes of the Inner East
Carpathians were emplaced during the mid-Cretaceous, pre-Cenoma-
nian phase. The post-tectonic cover of Cenomanian-Oligocene age begins
with conglomerates followed by red marls, limestones (Late Cretaceous)
and Paleogene Flysch.

The -Pienitny Klippen Belt

The Pieniny Klippen Belt, flanking from the south the western part
of the Outer Flysch Belt, is forming a very narrow and elongated unit
(width locally inferior to 1 km, maximum c. 20 km, length c. 600 km),
with an extremely complex tectonic structure. No crystalline basement
rocks are involved in the structure of the Pieniny Klippen Belt. The
marine sedimentary sequence comprises Jurassic, Cretaceous and Paleo-
gene rocks. Triassic rocks are present only locally.

The structure of the Pieniny Klippen Belt is very irregular, but in
some areas it is possible to distinguish two major nappes. The main
tectogenetic phase is post-Paleogene, while earlier mid-Cretaceous
and late Cretaceous phases produced local tectonic deformations. The
extent of these earlier deformations is a matter of debate.
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The Inner West Carpathians

The Inner West Carpathians consist of a pile of nappes thrust north-
ward, and composed of a sedimentary cover comprising continental-vol-
canogenic Permian — marine Triassic-J urassic-Cretaceous up to Ceno-
manian inclusive (marine Carboniferous is present in the southern
nappes), and a crystalline basement existing in some of the nappes. The
crystalline basement consists of pre-Cambrian and Early Paleozoic pa-
rametamorphic rocks and Variscan granitoids. Small granitoid plutons
of Late Cretaceous age and coeval epizonal metamorphism are present
in the southern part of the Inner West Carpathians (Varéek 1973).

The tectogenesis is pre-Senonian. The post-tectogenetic cover con-
sists of Senonian and Paleogene rocks, the latter developed mostly in
nummulitic limestone and £flysch facies.

The Apuseni Mts.

The Apuseni Mts. consist of two structural units, forming the north-
ern and the southern part of this zone. The Northern Apuseni comprise
the Bihor Massif composed of a pre-Alpine crystalline basement and
a sedimentary cover including continental volcanogenic Permian -— mari-
ne Triassic-Jurassic-Cretaceous (up to Lower Turonian), with epizodic
continental sedimentation in Early Jurassic and Early Cretaceous. The
Bihor Massif is overriden by a pile of nappes thrust northward, consisting
of pre-Alpine crystalline basement and continental-volcanogenic Upper
Carboniferous-Permian and marine Triassic-Jurassic-Lower Cretaceous se-
dimentary cover. The deformation is pre-Senonian. The post tectogenetic
cover begins with the Lower Senonian. _

The Southern Apuseni (Metaliferi Mts.) are composed of Jurassic
ophiolites and a Tithonian-Lower Cretaceous sedimentary cover. The
tectogenesis is polyphase with mid-Cretaceous and Late Cretaceous de-
formations. The post-tectogenetic cover of Late Cretaceous age is deve-
loped partly in flysch facies.

The Southern Carpathians

The Southern Carpathians consist of nappes thrust southward on
the autochtonous Danubian domain. The sequence of continental-volcano-
genic Permian and marine Triassic-Jurassic-LLower Cretaceous (with
a major lacune in Late Triassic and continental Lower Jurassic), and
slices of crystalline and sedimentary pre-Alpine basement are forming
the nappes emplaced during the Late Senonian tectogenetic phase:
Earlier deformations attributed to: mid-Cretaceous tectogenetic phase
are also present. '
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The Neogene Basins

Three major basins downfaulted and filled by Neogene and Quater-
nary sediments and volcanic rocks are superposed on various structural
units of the Carpathians. These are, listed from the west to the east:
the Vienna basin, the Pannonian Basin and the Transylvanian Basin.

The Vienna Basin is superposed on the Outer Flysch Belt, the Pie-
niny Klippen Belt and the Inner West Carpathians. The basement of
the Transylvanian Basin is incompletely known because of the large
thickness of the sedimentary fill (Sandulescu 1975 a).

The basement of the Pannonian Basin is fairly thoroughly investi-
gated (Balogh and Korossy 1968 1974), and this area provides import-
ant data for the palinspastic reconstruction of the Carpathians.

The basement of the Pannonian Basin is composed of Pre-Cambrian
and Lower Paleozoic crystalline rocks, covered by Upper Paleozoic and
Mesozoic marine sedimentary rocks. Marine sedimentation persisted
since the Carboniferous through the Permian with minor breaks in
continuity and lasted into Mesozoic time. Basic -submarine volcanic
rocks of Triassic and Early Cretaceous age reach locally great thick-
ness. The area was subject to pre-Senonian folding, but in contrast
with other structural units no nappes were formed.

The Senonian is post-tectogenetic in the major part of the area,
with predominant marl and limestone facies, while an elongated bhasin
filled with flysch sediments was formed in Late Cretaceous in the
Debrecen—Szolnok—Szeged area. The flysch sequence known from sub-
surface data comprise the Senonian, Eocene and Oligocene. This Szol-
nok Flysch is intensely folded in post-Paleogene (and possibly also Late
Senonian) tectogenetic phase.

Neogene faulting strongly affected the area, producing horsts in
which Mesozoic and Paleozoic rocks ‘are exposed, forming the Biikk,
Bakony—Vertes, Mecsek and Villany ranges.

Some relations of the Inner Carpathian Units

The Northern Apuseni Mts. show facial and structural affinities with
the Inner West Carpathians during Late Paleozoic and Mesozoic times
until the pre-Senonian tectogenetic phase (Sandulescu 1975 b), although
the proposed correlations are debatable. The Szolnok Flysch Basin, since
its formation in Senonian time, formed the zone separating the struc-
tural units situated to the west (Inner West Carpathians and the west-
ern part of the basement of the Pannonian Basin, including the Biikk,
Mecsek and Villany zones), and to the east of it (Apuseni Mts., basement
of Transylvanian Basin, Inner East Carpathians, Southern Carpathians).
The regions situated on the two sides of the Szolnok Flysch Basin be-
haved differently during the Neogene tectogenetic phases, and for that
reason they are termed here the Inner West Carpathian Block and the
Inner East Carpathian Block.
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Fig. 1. Principal structural units of the Carpathians, After M. Ksigzkiewicz 1972,
Sandulescu 1975b, Balogh and Korossy 1968. Foreland and foredeep: 1 — Fore-
land; 2 — Foredeep: Neogene and Quaternaty not folded. Post tectogenetic cover:
3 — Neogene and Quaternary in intramontane basins, not folded. (Basement of
sedimentary fill shown in parts of the Little Pannonian Basin and the Great Pan-
nonian Basin); 4 — Paleogene flysch, weakly folded (Central Carpathian Flysch
around the Tatra Mts., Maramures Flysch north of the Transilvanian Basin); 5 —
Paleogene in epicontinental marine facies. Structural units formed in Neogene
tectogenesis: 6 — folded Pliocene; 7 — folded Miocene, partly overlying Creta-
ceous — Paleogene Flysch; 8 — Outer Flysch Belt; 9 — Szolnok Flysch Belt
(folded Senonian — Paleogene flysch in the basement of the Great Pannonian
Basin); 10 — PRieniny Klippen Belt. Structural Units formed in Late Senonian
tectogenesis: 11 — The Ceahlau nappe of the Inner East Carpathian Flysch;
12 — South Carpathians. Structural units formed in pre-Senonian tectogenesis:

13 — Apuseni Mts.; 14 — Inner West Carpathians. Structural units formed in

pre-Cenomanian tectogenesis: 15 — Inner East Carpathians., Basement of the Little

Pannonian Basin and Great Pannonian Basin: 16 — Upper Permian and Meso-

zoic, weakly folded, a — cropping out, b — under Neogene  sedimentary cover;

17 — metamorphic rocks. Volcanic belts: 18 — Neogene and Quaternary; 19 —

Late Cretaceous and Paleogene; 20 — major overthrusts; 21 — approximate
boundaries

Fig. 1. Gl6wne jednostki strukturalne Karpat. Wedlug: Ksigzkiewicz 1972, Sandu-
lescu 1975b, Balogh i Korossy 1968. Przedgérze i row przedgérski: 1 — Przed-
gorze; 2 — roéw przedgorski: neogen i czwartorzed nie sfaldowany. Pokrywa post-
-tektoniczna: 3 — neogen i czwartorzed w zapadliskach $rédgérskich, nie sfa’do-
wany (podloze post-tektonicznego wypelnienia osadowego przedstawione dla Malej
i Wielkiej Niziny Wegierskiej); 4 — flisz paleogenski, stabo sfaldowany (flisz Pod-
hala i Zachodnich Karpat Wewnetrznych, flisz marmaroski); 5 — paleogen w facji
morskiej epikontynentalnej. Jednostki utworzone podczas tektogenezy neogenskiej:
6 — pliocen sfaldowany; 7 — miocen sfaldowany, czesSciowo lezacy na fliszu kre-
dowo-paleogenskim (w faldach pokucko-boryslawskich); 8 — flisz Karpat Ze-
wnetrznych; 9 — flisz Szolnok (sfaldowany flisz senonsko-paleogenski w podloziu
Wielkiej Niziny Wepgierskiej; 10 — Pieninski Pas Skatkowy. Jednostki utworzone
podczas tektogenezy poéino-senonskiej: 11 — plaszczowina Ceahlau fliszu Wschod-
nich Karpat Wewnetrznych; 12 — Karpaty poludniowe. Jednostki utworzone pod-
czas tektogenezy przed-senonskiej: 13 — Gory Apuseni; 14 — Zachodnie Karpaty
Wewnetrzne. Jednostki utworzone podczas tektogenezy przed-cenomanskiej: 15 —
Wschodnie Karpaty Wewnetrzne. Podloze Malej i Wielkiej Niziny Wegierskiej:
16 — gorny perm i mezozoik slabo sfaldowany, a — na powierzchni, b — pod
neogenska pokrywa osadowa; 17 — skaly metamorficzne. Skaly wulkaniczne:
18 — neogenskie i czwantorzedowe; 19 — poéZnokredowe i paleogenskie oraz bana-
tyty; 20 — nasuniecia rozgraniczajgce jednostki strukturalne; 21 — granice przy-
blizone
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Fig. 2. Palinspastic reconstruction of the Carpathians before the N‘éogene tecto-
genesis. The reconstruction is made with reference to the present position of the
foreland of the Carpathians for which the geographic coordirnates are given.
1 — South-western margin of the East-European platform; 2 — Northern and
Eastern boundary of the Outer Flysch Belt consisting of nappes thrust outwards;
3 — Northern and Eastern boundary of the belt of folded Neogene sediments
"in front of the Outer Flysch Belt; 4 — Southern and South-Western boundary
of the Foreland platform, indicated by the axis of the negative granimetric ano-
maly; 5 — Stnike-slip displacement and shearing; 6 — Direction of thrusting in
Neogene tectogenesis; 7 — Direction of thrusting and clockwise rotation in Neo-
gene tectogenesis; — 8 — Zones of insular shelfs associated with cordilleras with
shallow-water sedimentation during Cretaceous and Paleogene; 9 — Late Creta-
ceous and Paleogene kalk-alkaline volcanism and plutonism (andesites between
the Inner West Carpathians and the Bikk Mts.,, banatites in the Apuseni Mits.)

The sedimentary sequences of the basins are forming the individual nappes
of the Outer Flysch Belt. The positions of the basins are reconstructed from
data on the tectonic structure of the Outer Flysch Belt and the Pieniny Klippen
Belt. The positions of the cordilleras are reconstructed on the basis of facial and

sedimentological data.

Fig. 2. Rekonstrukeja palinspastyczna Karpat przed tektogeneza neogenska. Rekon-
strukcje opracowano w odniesieniu do obecnej pozycji przedgbérza Karpat. 1 —
poludniowo-zachodnia krawedZ platformy wschodnio-europejskiej; 2 — pélnocna
i wschodnia granica nasunietego fliszu Karpat Zewnetrznych; 3 — pélnocna
i wschodnia granica sfaldowanych osadéw neogenskich; 4 — poludniowa i po-
tudniowo-zachodnia granica platformowego przedgérza Karpat wyznaczona prze-
biegiem ujemnej anomalii grawimetrycznej; 5 — strefy przemieszczefi przesuw-
czych i $cinania; 6 — kierunek nasunie¢ podczas tektogenezy neogenskiej: 7 —
kierunek nasunieé i rotacji zgodnej z ruchem wskazéwek zegara podczas tekto-
genezy neogenskiej; 8 — strefy szelféw wyspowych wok6t kordylier — miejsce
ptytkowodnej sedymentacji weglanowej; 9 — po6inokredowy i paleogenski wulka-
nizm wapienno-alkaliczny (andezyty w podlozu Wielkiej Niziny Wegierskiej) oraz
banatyty w Gérach Apuseni.



—_9 —
THE PALINSPASTIC RECONSTRUCTION

Gemeral remarks

The palinspastic reconstruction presented in this paper shows the
inferred paleography of the basins deformed in the Neogene tecto-
genetic phases, and the presumed position of various Inner Carpathian
Units after the Cretaceous tectogenetic phases, during Paleogene time.

The zones for which the paleography of the sedimentary basins is
reconstructed in some detail are: the Outer Flysch Belt and the Pie-
niny Klippen Belt. The reconstruction is possible owing to the conti-
nuity of these two belts and the advanced state of basin analysis re-
search in these two zones of the Carpathians. Some geophysical data
and informations provided by deep bore-holes are also used.

The southern margin of the Foreland Platforms

The Precambrian, Paleozoic, Mesozoic and Tertiary rocks of the
Carpathian Foreland and Foredeep are step-faulted and downthrown to-
wards the Carpathians along the whole arc. Bore-holes reached these
platform deposits under the overriding Outer Flysch Belt at distances
up to c. 30 km south of the outer front of the flysch nappes in the area
south of Krakéw (Slgczka 1976a).

The southern margin of the Foreland Platforms is indicated pre-
sumably by the negative gralvi'metric anomaly extending along the
whole Carpathian arc. This anomaly runs along the axis of the Vienna
basin and along the northern boundary of the Pieniny Klippen Belt
up to the meridian of Krakow, then continues due east across the Outer
Flysch Belt, intersecting its external boundary south of Przemysl. Far-
ther east, the anomaly continues along the outer margin of the Outer
Flysch Belt, then re-enters the area of the Outer Flysch Belt, leaving it
again in the area of the Vrancea seismic zone, and bending along the
outer margin of the South Carpathians (Fig. 2).

In the sectors where the negative gravimetric anomaly runs in the
Foredeep area it marks the zone of the greatest thickness of the sedi-
mentary fill. Deep seismic sounding indicated that the Moho disconti-
nuity reaches the greatest depth of c. 50 km at, or near the line of
negative gravimetric anomaly. Along the Pieniny Klippen Belt the Moho
discontinuity rises stepwise to the depth of 30—35 km. This is a com-
mon feature of the Deep Seismic Sounding Profiles III/IV, V, and VI
(Sollogub et al. 1973, Szenas 1972).

The Outer Flysch Basin

The northern margin of the Outer Flysch Basin is placed in the
palinspastic reconstruction along the line of the negative gravimetric
anomaly, that is at the presumed boundary of the Foreland Platforms.
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The palinspastic reconstruction of the Outer Flysch Basin should
provide space for three types of paleogeographic units, namely:

— the sedimentary basins of the various flysch sequences forming the
individual nappes of the Outer Flysch Belt;

— the tectonic lands — cordilleras — active as source areas of detrital
material; .

— the belts of shallow water carbonate sediments, found in the flysch
sequences as olistoliths, pebbles in conglomerates, resedimented bioclas-
tic arenite material and carbonate matrix in sandstones. )

The amount of evidence available for these three types of paleogeo-
graphic units is unequal. Instead, their mutual relations are reasonably
well established. The Flysch sequences of the individual nappes are
generally different, and it is concluded that they were deposited in
individualized sedimentary basins. Nearly uniform conditions of sedimen-
tation existed only during the early and final stages of evolution of
the Outer Flysch Basin, in Early Cretaceous and Oligocene time. Stu-
dies of facies distribution, thickness of sediments and paleocurrent sy-
stems’ indicate the position of source areas of clastic material — the
cordilleras — at the margins of the Outer Flysch Basin and within it
where they separated the individual basins of the various flysch se-
quences. Presumably each cordillera had an insular shelf zone, and carbo-
nate sediments formed there were redeposited in deeper flysch basins
by turbidity currents and wvarious types of gravity sediment flows
(Ksigzkiewicz 1956, 1960, 1962, 1965, Dumitriu and Dumitriu 1968, Elias
1963, Slaczka 1976 b, Unrug and Wendorff 1976, Malik 1978).

The most realistic estimate can be made concerning the original
width of the sedimentary basins of the flysch sequences. The present
width of the pile of the flysch nappes forming the Outer Flysch Belt
ranges from c. 60 to ¢. 110 km. After pushing back the overthrusts and
stretching out the folds, the original width of the basins of the flysch
sequences is estimated on purely gecmetric ground as not less than
120—220 km (Swidzinski 1971). Yet, taking into consideration the facial
belts destroyed during tectonic deformations and subsequent erosion,
and known only from exotic blocks, e.g. the Bachowice facies (Ksigz-
kiewicz 1954), the width of the flysch basins is estimated as not less
than 300 km (Ksigzkiewicz 1962, Geroch et al. 1967).

The location of major cordilleras is evidenced in detail for the
western part of the Outer Flysch Belt (Ksigzkiewicz 1962, 1965). Five
major cordilleras are reconstructed there: "

— the northern marginal cordillera,

— the north-central cordillera,

— the Baska — Inwald cordillera,

— the Silesian Cordillera’

— the southern (marginal) Magura cordillera.
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The cordilleras were intermittently uplifted and supplied large
amounts of detrital material to the flysch basins. There are no data
permitting to estimate directly the dimensions of the cordilleras. The
volume of turbidite submarine fans recognized in the flysch sequences
provide some guidance for evaluation based upon the amount of detrital
material supplied by the individual cordilleras. Some time ago the
present writer (Unrug 1968) supposed that the cordilleras were extreme-
ly narrow (width in the range of 20 km). However an estimate of
width of a cordillera close to 50 km seems now to be more realistic.
The sum of width of the cordilleras in the western part of the Outer
Flysch Belt is estimated as c. 200 km.

The width of the belis of shallow water sediments can not beg esti-
mated directly. Petrographically these sediments are represented by
biogenic limestones (lithotamnium and nummulitic limestones), forami-
niferal marls, and calcareous algal detritus fainly ubiquitous (Ksigzkie-
wicz 1958, 1965, Elias 1963, Alexandrowicz et al. 1966, Bieda 1968, Unrug
1968, Slaczka 1971, Malik 1978). The carbonate matrix of flysch sand-
stones is also derived from shallow water carbonates (Unrug and Wen-
dorff 1976).

The cumulative width of the insular shelves fringing the cordilleras
in the western part of the Outer Flysch Basin is estimated as c¢. 60 km.

The total width of the western sector of the Outer Flysch Basin is
estimated therefore as 500—600 km. This value is considered as a mini-
mum. The same criteria can be applied to the eastern part of the Outer
Flysch Basin. The width of the Outer Flysch Belt is smaller there, and
the number of intrabasinal cordilleras was probably lower than in the
western part of the basin. The total width of the eastern sector of the
Outer Flysch Basin is estimated as c. 2560—300 km.

The Pieniny Klippen Basin

The reconstruction of the Pieniny Klippen Basin is based upon two
main premises:

— the continuation of the Pieniny Klippen Belt on the inner side of
the Inner East Carpathians in the Poiana Botlze1 area (Patrulius et al.
1960, Sandulescu 1975b);

— the Neogene age of the major tectogenetic phase in the Pieniny
Klippen Belt.

It should be recalled that according to some opinions mid-Cretaceous
and late-Cretaceous folding phases were supposed fo be of great impor-
tance in the structure of the Pieniny Klippen Belt (Andrusov 1965, 1968,
Birkenmajer 1960, 1963, 1970). However, stratigraphic research proved
the presence of a continuous Cretaceous sequence and of a continuous
Cretaceous-Paleogene passage (Birkenmajer 1953, Sokolowski 1954,
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Ksigzkiewicz 1956, 1958b, 1960—63, Ksigzkiewicz and Mitura 1964, Ale-
xandrowicz 1966, Alexandrowicz et al. 1962, Salaj and Samuel 1966, Le-
Sko and Samuel 1968, Sikora 1971). According to Ksigzkiewicz (1972) pre-
~Paleogene tectogenetic phases were marked chiefly by faulting and
some uplifts, but no large scale thrusts.

An important consequence follows from the above: while the inner
border of the eastern sector of the Outer Flysch Belt was contiguous
to the folded belt of the Inner East Carpathians, the Pieniny Klippen
Basin was situated between the western part of the Outer Flysch Ba-
sin and the folded belt of the Inner West Carpathians.

The evolution of the Pieniny Klippen Basin is Late Cretaceous and
Paleogene time is dominated by deposition of flysch sediments accom-
panied by red marls and shales. Recent research proved the presence
of a continuous flysch sequence of Albian-Middle Eocene age (Ksigz-
kiewicz and Mitura 1964, LeSko and Samuel 1968, Andrusov and Samuel
1973, Marschalko 1973, Marschalko et al. 1976, Sikora 1971, Radwanski
1978). During Paleogene time the Pieniny Klippen Basin was divided
into two troughs separated by a tectonic land which supplied detrital
material to the both troughs. This tectonic land is termed ’Neopieninian
Cordillera” by Slovakian geologists (Marschalko et al. 1976). Reef lime-
stones of Cretaceous and Paleogene age doposited in a shallow water
zone fringing in the south the Neopieninian Cordillera form an impor-
tant constituent of the clastic 'material and olistoliths of the southern
flysch trough of the Pieniny Klippen Belt (Birkenmajer and Lefeld
1969, Borza 1966, Marschalko et al. 1976).

The palinspastic reconstruction of the Pieniny Klippen Basin should
accomodate therefore, similarly as in the case of the Outer Flysch Basin,
the width of the sedimentary basins of the flysch sequences, the width
of the Neopieninian cordillera and the width of the shallow water zones.
Estimates of the width of the sedimentary basins of the flysch se-
quences are highly uncertain because of the complicated tectonic struc-
ture. An estimated value of 60 km as the width of the basins was pub-
lished (Ksigzkiewicz 1972). Assuming the width of the Neopieninian
cordillera as 50 km, and the width of the shallow water zones on both
sides of the cordillera as 30 km, a total width of 140 km is obtained
for the whole Pieniny Klippen Basin, as a conservative estimate.

Paleogene flysch basins in the Inner Carpathians

Two sedimentary basins filled with flysch sediments of Paleogene
age were formed on the folded ranges of the Inner East Carpathiens
(the Maramures§ Flysch) and of the Inner West Carpathians (the Podha-
le Flysch of the Polish authors, called Central Carpathian Flysch in
Slovakia). A third flysch basin persisted since Senonian time on the
area of the future substratum of the Pannonian Basin,



The Maramures Flysch of Eocene-Oligocene age had its source
area of detrital material west of the sedimentary basin (Contescu et al.
1966). The West Central Carpathians Flysch of Middlé Eocene — Early
Oligocene age received the clastic material from the Sambron cordillera
which formed the northern margin of the folded Inner West Carpa-
thians, and from several local sources within the Inner West Carpathians
{Marschalko and Radomski 1960, Marschalko 1968). The flysch sediments,
exposed at the surface in these two basins are only slightly deformed.

The third flysch basin of the Szolnok Flysch of Senonian-Paleogene
age, known from subsurface data in the substratum of the Neogene
fill of the Pannonian Basin, is strongly deformed. This basin, elongated
North-East — South-West is 30—60 km wide (Balogh and Korossy 1968).
There are no data allowing to estimate the original width of the Szolnok
Flysch Basin. It was certainly larger than the present width of the
folded basin, and in the palinspastic reconstruction it has been assumed
as c. 80 km.

TherelationoftheOuter and the Inner Carpathians

The relation of the Outer zones of the Carpathians folded during
the Neogene, and of the Inner zones folded during Cretaceous time is
different in the eastern and the western part of the Carpathian arc.
The Inner East Carpathians were separated from the margin of the
Foreland Platforms by the Outer Flysch Basin, while the Inner West
Carpathians were separated from the margin of the Foreland Platforms
by the Outer Flysch Basin and the Pieniny Klippen Basin. Therefore,
the Inner West Carpathians were situated during Paleogene time at
a greater distance from the margin of the Foreland Platforms than the
Inner East Carpathians. During Neogene tectogenetic phases the two
Inner Carpathian Blocks were pushed outwards while the Outer Flysch
Belt and the Pieniny Klippen Belt were deformed into thrust sheets
and folded. The Szolnok Flysch Basin was deformed then by differen-
tial movement of the two blocks, and associated large-scale dextral
strike-slip displacement.

From the inferred position of the Inner West Carpathians during
Paleogene time it follows that a rotational component was included in
the movement of this block in relation to the Outer zone of the Car-
pathian arc. Paleomagnetic data indicate post-Permian clockwise rota-
tion of the Inner West Carpathians by 45° (Kotasek and Krs 1965). If
this rotation, or a part of it occurred during Neogene movements, it
would fit well in the presented palinspastic reconstruction.

The Inner West Carpathians are contacting with the Pieniny Klippen
Belt along a fault, and if a rotation of the Inner West Carpathians is
assumed, a sinistral strike-slip displacement along this fault is a geome-
tric consequence. Such a displacement and associated shearing could be
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responsible for a part of the structural complications of the Pieniny
Klippen Belt. Several authors indicated the jpossibility of interpreting
the tectonic structures of some parts of the Pieniny Klippen Belt as
mega-boudinage (Swidzinski 1961, Scheibner 1961). The idea of boudi-
nage structures in the Pieniny Klippen Belt was proposed first by
Lugeon (1903), who associated this style of deformation with northward
arching of the Pieniny Klippen Belt. However, the eastern part of the
Pieniny Klippen Belt is markedly rectilinear, and just there the boudi-
nage type of deformations is most distinctly devéloped, thus indicating
shearing along a strike-slip fault.

Two opinions pertaining to the problem discussed here were expressed
recently, on the basis of detailed studies of mesotectonic structures
along a small portion of the southern border of the Pieniny Klippen
Belt. Morawski (1972) postulated a sinistral strike-slip component of
the displacement along the fault separating the Pieniny Klippen Belt
and the Central Carpathian (Podhale) Flysch. Such a displacement fits
the clockwise rotation of the Inner West Carpathians. This opinion was
contradicted by Mastella (1975), who found both sinistral and dextral
strike-slip faults in the area. However, the area studied by both these
authors is small and their results can not be extrapolated over the
entire length of the Pieniny Klippen Belt.

CONCLUSIONS

The proposed palinspastic reconstruction based on paleogeographic
interpretation of data obtained by sedimentological basin analysis, pro-
vides a kinematic explanation for several structural peculiarities of the
Carpathian arc, first of all for the occurrence of the young folded Szol-
nok Flysch Belt well inside the Inner Carpathians, and for the structu-
ral character of the Pieniny Klippen Belt. Clockwise rotation accompa-
nied also northward translation of the Outer Flysch Belt, and this can
explain the greater distance of overthrusting of the Outer Flysch Belt
on the Foreland in the western part of the Carpathian arc.
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STRESZCZENIE

Tre$é: Rekonstrukcja palinspastyczna Karpat przed tektogeneza neogenska
oparta jest na wynikach badan facjalnych, sedymentologicznych i paleogeogra-
ficznych. Uwzgledniono w niej przebieg wschodniego kranca Pieninskiego Pasa
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Skatkowego po wewnetrznej stronie masywu marmaroskiego oraz wystepowanie
staldowanego fliszu Szolnok w podlozu Wielkiej Niziny Wegierskiej.

Podczas tektogenezy neogenskiej bloki Zachodnich Karpat Wewngtrznych
i Wschodnich Karpat Wewnetrznych zostaly przesuniete ku péinocnemu wschodowi
ruchem réznicowym, faldujac polozony pomiedzy nimi flisz Szolnok na prawym
uskoku pnrzesuwézym. Blok zachodni Karpat Wewnetrznych wykonal rotacje zgod-
ng z ruchem wskazéwek zegara co spowodowalo deformacje Pienifiskiego Pasa
Skalkowego na uskoku przesuwczym lewym. Takze zachodnia czes¢ Karpat Ze-
wnetrznych wykonala rotacje zgodng z ruchem wskazéwek zegara, czego wyni-
kiem jest nasuniecie fliszu na przedpole, o wigkszej amplitudzie niz w Karpatach
wschodnich.

Rekonstrukcja palinspastyczna Karpat w czasie paleogenu przedsta-
wia paleogeografie basenéw sedymentacyjnych Karpat Zewmetrznych
przed ich deformacjg w neogenskich fazach tektogenicznych, oraz przy-
puszczalne polozenie wewnetrznokarpackich jednostek ‘strukturalnych
zdeformowanych w kredowych fazach tektogenicznych. Do basendéw zde-
formowanych w neogenie naleig: basen Fliszu Karpat Zewnetrznych
ciggngcy sie wzdluz calego luku karpackiego (z przerwg na odcinku
Karpat Poludniowych) i basen Pieninskiego Pasa Skalkowego przylega-
jacy od strony wewnetrznej do zachodniego odcinka basenu Fliszu Kar-
pat Zewnetrinych. Rekonstrukcja paleogeografii i ocena szerokosci ba-
senow sedymentacyjnych przed deformacjg oparte sg na prowadzonych
od dwudziestu pieciu lat badaniach zmiennosci facjalnej i systeméw pa-
leotransportu materiatu klastycznego w seriach fliszowych Karpat.

Przyjeto, ze poludniowa granica pogrgzonego pod nasunietym tukiem
karpackim przedmurza wyznaczona jest przez ujemng anomalie grawi-
metryczng ciggnaca sie wzdluz catego tuku karpackiego (fig. 1, fig. 2).

Rekonstrukeja basenu sedymentacyjnego- Fliszu Karpat Zewnetrz-
nych uwzglednia przestrzen zajmowang przez:

— baseny sedymentacyjne poszczegdlnych serii litostratygraficznych
tworzgcych plaszczowiny fliszowe,

— kordyliery dostarczajgce materialu klastycznego do basendéw serii
fliszowyech,

— strefy plytkowodne gdzie powstawaly osady weglanowe, wystepujace
we fliszu w postaci olistolitéw, otoczakéw egzotycznych, resedymen-
towanego materialu bioklastycznego i skladnikéw weglanowej matrix
w piaskowcach fliszowych (fig. 2).

Obecna szerokos¢ pasa fliszu Karpat Zewnetrznych wynosi w jego
zachodniej cze$ci 60—110 km. Po cofnieciu nasunieé¢ i rozprostowaniu
faldéw ocenia sie pierwotng szerokos¢ basenéw sedymentacyjnych serii
fliszowych na 120—220 km na podstawach czysto geometrycznych. Bio-
rgc pod uwage zniszczenie pewnych stref facjalnych w wyniku proceséow
tektogenetycznych i erozyjnych mozna przyja¢, ze pierwotna szeroko$é
basenéw sedymentacyjnych byla wieksza i wynosila co najmniej 300 km.

Szerokos¢ kordylier nie moze byé¢ oceniona bezposrednio. Szacunko-
20
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wo przyjeto, ze szerokos¢ jednej kordyliery byla rzedu 50 km, a lgczna
szerokos$¢ kordylier wystepujacych w przekroju zachodniej czesci basenu
fliszu Karpat Zewnetrznych byla rzedu 200 km.

Szerokos¢ stref plytkowodnych tworzacych szelf wokol kordylier nie
moze by¢ oceniona bezposrednio. Szacunkowo przyjeto jg na 15 km,
a lgczng szerokos¢ stref plytkowodnych w zachodniej czesci basenu oce-
niono na 60 km.

W sumie szerokos¢ basenu sedymentacyjnego fliszu Karpat Zewnetrz-
nych oszacowano na 500—600 km w jego zachodniej czesci. Dla wschod-
niej czeSci basenu ilo$¢ danych, ktore mogly by¢ wykorzystane do re-
konstrukeji paleogeograficznej, jest mniejsza. Pas fliszowy jest tu wez-
szy niz w czeSci zachodniej, a liczba kordylier jak mozna wnioskowac,
byla mniejsza niz w cze¢sci zachodniej. Calkowityg szeroko$¢ wschodniej
czesci basenu fliszu Karpat Zewnetrznych oszacowano na 300 km.

Rekonstrukcja basenu Pieninskiego Pasa Skalkowego oparta jest na
wystepowaniu wschodniego zakonczenia tego pasa po wewnetrznej (po-
ludniowej) stronie masywu marmaroskiego, oraz na cigglosci sedymen-
tacyjnej fliszu Pieninskiego Pasa Skalkowego od albu do srodkowego
eocenu, z czego wynika, ze tektogeneza Pieninskiego Pasa Skalkowego
jest glownie neogenska. Przyjeto, ze szerokos¢ basenu paleogenskiego
fliszu Pieninskiego Pasa Skalkowego zrekonstruowana na zasadach po-
danych wyzej byta rzedu 150 km.

Podczas paleogenu istnialy réwniez trzy baseny fliszowe na obszarze
Karpat Wewnetrznych sfaldowanych w kredzie. Sg to: basen fliszu pod-
halanskiego nalozony na Zachodnie Karpaty Wewnetrzne, basen fliszu
marmaroskiego nalozony na poinocng czg$¢ Wschodnich Karpat We-
wnetrznych oraz basen fliszowy w podlozu Wielkiej Niziny Wegierskie]j
ciggngcy sie na linii Debreczyn—Szolnok—Szeged, nazywany tutaj fli-
szem Szolnok. Flisz marmaroski i flisz podhalanski wieku paleogenskie-
go sg stabo zdeformowane. Natomiast flisz Szblnok reprezentujacy in-
terwal stratygraficzny senon-paleogen jest intensywnie sfaldowany. Sze-
rokos¢ pasa wystepowania fliszu Szolnok, stwierdzona wierceniami wy-
nosi 30—60 km. Pierwotna szerokosé basenu tego fliszu byla z pew-
nos$cig wieksza, brak jednak danych dla jej bezposSredniej oceny. W re-
konstrukeji palinspastycznej przyjeto szacunkowo szerokosS¢ pierwotng
basenu fliszu Szolnok na 80 km jako warto$¢ minimalng.

Jak wynika z powyzszej analizy stosunek Karpat Wewnetrznych
sfaldowanych w kredzie, do Karpat Zewnetrznych sfaldowanych w neo-
genie jest rozny w zachodniej i we wschodniej czesci tuku karpackiego:
w czeSci wschodniej miedzy krawedzig platformowego przedgorza
a Karpatami Wewnetrznymi rozciggal sie tylko basen fliszu Karpat Ze-
wnetrznych, natomiast w czesci zachodniej miedzy krawedzig platfor-
mowego przedgérza a Karpatami Wewnetrznymi miescil sig basen fli-
szu Karpat Zewnetrznych (szerszy mniz w cze$ci wschodniej) i basen
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Pieninskiego Pasa Skalkowego. Amplituda ruchu mas wewnetrznokar-
packich wzgledem krawedzi platformy przedgérza podczas tektogenezy
neogenskiej byla zatem wigksza w zachodniej czesSci luku karpackiego
niz w jego czesci wschodniej. Blok Zachodnich Karpat Wewnegtrznych
przemieszczal sig¢ ruchem roznicowym wzgledem bloku Wschodnich
Karpat Wewnetrznych (obejmujgcego Masyw Marmaroski, Géry Apu-
seni, Karpaty Poludniowe i podloze basenu Transylwanskiego). W wy-
niku tego wzglednego przemieszczenia wymienionych dwoch blokéw
sfaldowany zostal flisz Szolnok potozony pomiedzy nimi.

Z reékonstrukcji palinspastycznej wymnika, ze blok Zachodnich Karpat
Wewnetrznych znajdowal sie przed tektogenezg neogenska na zachod
od swego obecnego polozenia, w odlegloSci stanowigcej sume skiladowej
wschodniej przemieszczenia bloku Wschodnich Karpat Wewnetrznych
i zmniejszenia szerokosci basenu fliszu Szolnok podczas ruchéw neogen-
skich. Przemieszczenie bloku Zachodnich Karpat Wewnetrznych wzgle-
dem polozonych na zewngtrz basendéw Pieninskiego Pasa Skalkowego
i fliszu Karpat Zewnetrznych mialo zatem silnie zaznaczong skladowg
przesuwczg lewg. W Zachodnich Karpatach Wewnetrznych stwierdzono
metodami paleomagnetycznymi po-permskag rotacje o 45° zgodng z ru-
chem wskazdéwek zegara. Rotacja ta, jeSli zwigzana byla przynajmniej
czeSciowo z ruchami neogenskiej tektogenezy, jest zgodna z postulo-
wanym tu lewym ruchem przesuwczym Zachodnich Karpat Wewnetrz-
nych wzgledem bardziej zewnetrznych jednostek.

Mozna przypuszczaé, ze naprezenia zwigzane z omawianym ruchem
przesuwczym rozladowywaly sie gléwnie w strefie Pieninskiego Pasa
Skalkowego. Powtarzane w literaturze od czaséw Uhliga opinie o mega-
budinazowym charakterze stylu tektonicznego niektérych czesci Pienin-
skiego Pasa Skaltkowego mozna by wiec wigzaé z przesuwczym charak-
terem uskoku ograniczajgcego od poludnia Pieninski Pas Skalkowy.
Szczegolowe badania mezostrukturalne wskazuja na istnienie sklado-
wych przesuwczych przemieszczenia na tym uskoku opinie na temat
zwrotu tych skladowych sg natomiast, w dotychczas opublikowanych
pracach, rozbiezne. '



