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Abstract: The Pieniny Klippen Belt (PKB) is a suture zone, which separates the Central Carpathians
from the Outer Carpathians. The PKB successions are built up of the Lower/Middle Jurassic to Upper
Cretaceous, dominantly pelagic and flysch deposits. The traditional multi-stage tectonic model of the
PKB assumes that during the Palaeocene, retro-thrusting followed by subsidence and deposition of the
“Magura Autochthonous Palaeogene” took place. Recently, we have studied the structural relationship
of these deposits in the PKB, and we came to the conclusion that they belong to two formations with
different tectonic positions. The Kremna Formation (?Oligocene — Lower Burdigalian) belongs to the
Magura succession and appears in a tectonic window, beneath the Grajcarek thrust-sheet and the
Czorsztyn (Sub-Pieniny) Nappe, while position of the Ztatne Beds, which occur inside the Pieniny
Nappe, is not clear. In the Slovak part the calcareous flysch sediments of the Jarmuta-Pro¢ Formation
described earlier as a “klippen mantle” form the youngest sedimentary member of the lowermost tec-
tonic unit of the PKB, named here as the Fakl'ovka Unit. These youngest deposits are involved in tec-
tonics of the PKB and document that final folding and thrusting of the PKB took place in the late Early
Miocene (after Eggenburgian), corresponding to folding and thrusting of the Magura Nappe.

Key words: tectonic evolution, Pieniny Klippen Belt, Magura Nappe, Western Carpathians, Poland and
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1. Introduction

The Pieniny Klippen Belt (PKB) is up to 600 km
long, but only a few km wide zone that follows the
boundary between the External (Outer) Western
Carpathian Flysch Belt (Tertiary accretionary
wedge) and the Central (Inner) Western Carpathi-
ans composed of Cretaceous basement/cover nappe
units (Austroalpine system) and its overstepping
Cenozoic sedimentary and volcanic cover (Fig.
1A, for the general overview see e.g. Froitzheim et
al., 2008). The PKB is a zone with intricate tec-
tonic structure, known as the “klippen style” —
block-in-matrix arrangement of stiff Jurassic to
Lower Cretaceous limestones, traditionally called
“klippen”, embedded in soft Upper Cretaceous and
Palaecogene marlstones, shales and sandstones,
known as the “klippen mantle”. Mixture of units
with originally distant palaeogeographic prove-
nances (partly “exotic”) reveals an extraordinary
internal shortening within this narrow zone. Pre-

dominantly brittle deformation of PKB rocks oc-
curred in several phases from the latest Cretaceous
up to Middle Miocene times. The PKB is therefore
often considered as a suture, in spite of the lack of
ophiolites in the surface structure of the PKB and
adjacent zones.

Lithology and stratigraphy of the klippen succes-
sions, i.e. Jurassic and Early Cretaceous sediments,
is generally well known (e.g. Birkenmajer, 1977
and references therein) and will not be concerned
in this paper. On contrary, the soft rocks of the
“klippen mantle”, i.e. Late Cretaceous to Palaeo-
gene pelagic and flysch deposits are comparatively
less known due to poor outcropping and intense
deformation, which obliterated to a high degree
their original mutual relations. The same applies
for the interrelationships of the PKB to the Magura
Nappe (Carpathian Flysch Belt) adjoining from the
north and to the Central Carpathian (Podhale)
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Palaeogene Basin (CCPB) bounding the southern
PKB margin. Thus although having been studied in
a great detail over 150 years, many important as-
pects of the PKB structure and its relationships to
neighbouring units remain poorly constrained. This
paper is focussed on the so-called Pieniny sector of
the PKB and adjacent innermost part of the Ma-
gura Nappe, in the eastern part of the Pieniny Mts
nearby the Polish-Slovakian state boundary. Based
on some new results of detailed sedimentological,
biostratigraphical and structural studies, the pre-
sented paper aims mainly at the description of lo-
cal tectonic structure and correlation of some prob-
lematic rock units between Poland and Slovakia.
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azkiewicz, 1977 and references therein), the gen-
eral structure and evolution of the PKB and adja-
cent zones was established. The generalized view
recognizes two main nappe units differing in their
Jurassic—Cretaceous lithostratigraphic successions:
the ridge-type Czorsztyn and the basinal Pieniny
ones, which are interrelated by several “transi-
tional” successions (e.g. Czertezik, Niedzica-
Pruské, Kysuca-Branisko). Views on time of the
nappe formation were changing during time, but
the most widely accepted opinion considers the
Late Cretaceous age of the PKB nappe structure
(e.g. Birkenmajer, 1986).
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Fig. 1. A — Position of the studied area in the Alpine-Carpathian and Pannonian realm; B — Geological sketch-map of

the eastern part of the Pieniny Mts. The Polish Mate Pieniny Mts based on Birkenmajer 1979 (simplified and

changed).

2. Previous research

The Polish and adjacent Slovak part of the Pieniny
Mts represent the classical area of the PKB geol-
ogy and tectonics. After the milestone works by
Neumayr, Uhlig, Limanowski, Horwitz, Andrusov,
Ksiazkiewicz, Birkenmajer and Matéjka (see Ksi-

In the Male Pieniny Mts, the Magura Nappe and
PKB are separated by the narrow, strongly de-
formed Peri-PKB Zone (s.l), known in Poland as
the Grajcarek Unit (Birkenmajer, 1977; 1979;
1986) or Hulina Zone (Sikora, 1974). This unit is
composed of the Jurassic, Cretaceous and Palaeo-
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cene, pelagic and flysch deposits belonging to the
Magura succession. According to this concept, the
Laramian Grajcarek Unit was thrust back over the
PKB, and finally overstepped by the Late Palaeo-
cene to Early Eocene “Autochtonous Magura
Palaeogene” (AMP) deposits as a lateral extension
of the Magura Basin (see also Birkenmajer and
Oszczypko, 1989).

The idea of retro-arc thrusting of the Grajcarek
Unit over PKB was questioned by Golonka and
Raczkowski (1981) and Jurewicz (1997). Accord-
ing to these authors, the Grajcarek Unit appears in
tectonic windows within the PKB. According to
Jurewicz (1997, 2005), the terminal phase of nappe
thrust-folding was followed by gravitational slid-
ing of the Czorsztyn (Subpieniny) Nappe. This
nappe was detached from the basement, defrag-
mented into slices and thrust onto on the southern
slope of the Magura Basin, forming numerous olis-
toliths and olistrostomes (e.g. the Homole-Biata
Woda block).

This concept has been recently supported by Ci-
eszkowski et al. (2009).

It was Jan Nemcok late in the last century (e.g.
Nemcok et al., 1990), who performed new detailed
geological mapping and investigations in the Slo-
vak part of the area and brought many new ideas
that partially contradicted the views of older au-
thors. In particular, he characterized the Jarmuta-
Pro¢ Formation (Maastrichtian — Early Eocene) as
a dominating complex of the “klippen mantle”,
uniting the various “series”, “facies” and “devel-
opments” of the Peri-klippen Palaeogene, which
were distinguished by older authors (e.g. the
Kremna, Ujak, Kyjov, Lackovce, Inovce series
etc.). He also stressed the role of “Illyrian” folding
before the Late Eocene, which was responsible for
creating of the main structures of the PKB. The
post-lllyrian sediments (Ombron Group — Nemcok
et al., 1990, see also LeSko and Samuel, 1968 an
references therein) partly seal the deformed sub-
stratum and reveal unified sedimentary conditions
within the CCPB, PKB and Magura Basin, in spite
they were deformed again during the Miocene.
Certain aspects of these Nemcok’s concepts are
accepted also in the present work. On the other
hand, we do not follow some other Nemcok’s
opinions, especially his hypothesis about the
megaolistostromatic nature of the whole PKB
(Nemcok, 1980). He did not differentiate between
various PKB klippen successions and partial nappe
units, considered all klippen and even parts of the

“klippen mantle” (Late Cretaceous marlstones) as
olistoliths and, consequently, questioned the exis-
tence of partial PKB nappes differing in lithostrati-
graphy and position. However, we fully agree that
a large part of the klippen (but not all!) are sedi-
mentary slide blocks in the Jarmuta-Pro¢ Forma-
tion and not tectonic lenses or boudins, as consid-
ered by all other authors.

The last important work dealing with the Palaeo-
gene sediments of the “klippen mantle” in relation
to the neighbouring sediments of the Magura Unit
was recently published by Oszczypko et al. (2005).
These authors established the lowermost Miocene
age of the newly-defined Kremna Formation and
assign it to the Magura Nappe (Krynica Zone), to-
gether with the underlying Eocene — Oligocene
Magura Formation. The Kremna-type sediments
(Kremna facies or development) were previously
considered to be Eocene in age and regarded as
constituents of the “Klippen Palacogene”, i.e. part
of the transgressive klippen mantle (e.g. Matéjka et
al., 1963).

3. Methods

During the last few years, new geological mapping
of the contact zone between the Magura Nappe and
PKB in the Szczawnica and Jaworki area (Male
Pieniny Mts) has been performed by the first au-
thor. More or less simultaneously, the authors
equally studied relationships between the Magura
Nappe, Grajcarek thrust-sheet and the Mesozoic
nappes of the PKB (see Oszczypko and Jurewicz
2009). At the same time, we sampled “Autoch-
tonous Magura Palacogene” flysch (AMP) inside
PKB for the petrographic and biostratigraphic pur-
poses (see Oszczypko and Oszczypko-Clowes
submitted).

At the same time, new geological mapping in the
scale 1:10,000, along with the structural research,
has been performed in the eastern Slovakian part
of the Pieniny Klippen Belt by the third author.
Geographically, the research treated here covers
the eastern part of the Pieniny Mts, which are built
by units of the PKB and adjacent parts of the Ma-
gura Nappe and CCPB. Along with mapping, field-
based structural investigations were focused on re-
lationships of minor and major structures, struc-
tural relations of klippen to klippen mantle, and
spatial/temporal distribution of deformation phe-
nomena. Studied minor structures include bedding-
parallel foliation, occasional cleavage and minute
folds, and especially shear zones — ductile-brittle in
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incompetent-shales and marls and brittle (faults,
slickensides) in competent limestones and sand-
stones. Results of the structural investigation will
not be treated in detail here, since they are pre-
pared to be published in a special paper.

4. Results

The geological structure of the Mate Pieniny Mts
significantly differs from the Pieniny Mts to the
west. This is manifested by dissimilarities between
the two areas shown in the geological map (Fig.
1B). To the east of the Dunajec River the PKB
clearly narrows, while the Peri-Klippen Zone ex-
pands. At the same time, the structure of the PKB
is changed from the fold-and-thrust belt into block
structure. Next to the east, the big blocks of the
Mesozoic rocks disappear and their place is occu-
pied by single small klippen (e.g. the Fakl'ovka
Unit between Litmanova and Jarabina villages).
Concurrently, the area of AMP significantly ex-
tends east of Szczawnica town.

4.1. Lithology, age and tectonic position of
“AMP” in the Male Pieniny Mts

In the Mate Pieniny Mts, the AMP occurs in three,
more or less separated belts (Fig. 1B). The first
one, 4 km long and up to 1 km wide appears carto-
graphically inside the Czorsztyn (Subpieniny)
Nappe, and runs from Slovak-Polish boundary,
narrowing towards the west (Fig. 1B), and disap-
pears south of the Homole Block. This area is oc-
cupied by thick-bedded, fine to coarse grained
sandstones, with sporadic intercalations of fine
conglomerates. The sandstones are similar to the
Magura type, muscovitic sandstones, while infre-
guent fine conglomerates, rich in carbonate clasts,
show similarity to the Jarmuta type sandstones.
The shale intercalations are very rare. Recently
these deposits were sampled, south of the Homole
block, as well as in the upper flow of the Sztolnia
Stream. These samples contain calcareous nanno-
plankton belonging to Early Miocene NN2 Zone
(Oszczypko and Oszczypko-Clowes, submitted).
For these very recent age determinations, the
Kremna sediments have not yet been cartographi-
cally distinguished from the Palaeogene sediments
of the Faklovka Unit — the latter most probably
overly them tectonically. This is the reason why
the map in figure 1 and sections A — C in figure 2
do not show a contact between these two units.

The second belt of the AMP is located west of the
Homole-Biata Woda block, surrounded by the Gra-
jcarek thrust sheet. This area is dominated by

thick-to very thick-bedded sandstones of the Ma-
gura type without any intercalations of shales,
which prevented micropaleontological tests. Tak-
ing into account the lithological development of
these beds, we can regard them as an equivalent of
the Piwniczna or Poprad Members of the Magura
Formation, but Kremna Formation also cannot be
excluded (Fig. 1B).

The third belt of AMP is located along the Polish-
Slovakian state boundary, west of the Durbaszka
Mt. From the north this area is bounded by a nar-
row belt (100-200 m) of Mesozoic limestones and
marls similar to the Branisko (Kysuce) succession
of the Pieniny Nappe. On the Slovak side this type
of AMF passes into the calcareous sandstones of
the Jarmuta-Pro¢ Formation (Palaeocene — Middle
Eocene; see Neméok 1992). For unclear reasons, in
the map of Janocko ed. (2000) these rocks are
shown as the Upper Cretaceous flysch sediments
of the Klape Unit. The small exposures of medium
to thick-bedded calcareous sandstones, with infre-
guent claystone intercalations are visible in the up-
per flows of the Krupianka and Sztolnia streams
(Fig. 1B). Taking into account lithology and tec-
tonic position of the AMP in this area, we decided
to establish these strata as the Ztatne Beds
(Golonka and Raczkowski, 1981).

The possible relationship between the AMP
(Kremna Formation) and PKB nappes, Grajcarek
thrust-sheet and the Magura Nappe is presented in
the cross-sections (Fig. 2). The cross-sections A, B
and C suggest that major part of the AMP, belong-
ing to the Lower Miocene Kremna Formation, ap-
pears in tectonic windows beneath the Grajcarek
thrust sheets and PKB nappes.

In the eastern part of the Mate Pieniny Mts, the
Kremna Formation has been recognized both at the
front of the PKB, as well as in tectonic window in-
side the PKB. The Kremna Formation is over-
lapped by two tectonic outliers of the Czorsztyn
(Sub-Pieniny) Nappe and Grajcarek thrust-sheet.
Towards the south the Kremna Fm. is overthrust
by the Mesozoic rocks of Czertezik succession of
the Czorsztyn (Sub-Pieniny) Nappe. Towards the
west (Fig. 2B, C) position of the Brysztan outlier is
occupied by the Homole-Biata Woda Block, com-
posed of both the Czorsztyn and Niedzica succes-
sions of the Czorsztyn (Subpieniny) Nappe. This
nappe is underlain by the south Grajcarek thrust-
sheet up to 100 m thick, composed of the
Szlachtowa and Malinowa formations. Both tec-
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tonic units of the Homole-Biatla Woda Block are 4.2. Structure of the Slovak part of the Pien-

thrust over the northern Grajcarek thrust sheet. iny Mts

The tectonic position of the Ztatne Beds (Fig. 1B)  Based on the recent geological mapping and struc-
of the Durbaszka Mt. and along the Polish/ Slova-  tural investigation, the following major tectonic
kian boundary Is not clear. On the Slovak_lan side units have been distinguished (in a zonal arrange-
of PKB, an equivalent of the Ztatne Beds is repre- ~ ment from bottom and north to top and south): 1.

sented by the Jarmuta-Pro¢ Formation.

the Magura Unit (Krynica subunit) of the Outer

Carpathian Flysch Belt; 2. Oravic units of the
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PKB; 3. CCPB (Podhale-Podtatra Group). Further
east, out of the area described here, the Magura vs.
PKB tectonic contact is partly sealed by the Upper
Eocene — Oligocene sediments of the Udol Succes-
sion (Ujak facies of older authors, Ombron Group
of Nemcok et al., 1990), which is composed of
variegated shales, Globigerina marls, menilite
shales and calcareous flysch of the Malcov Forma-
tion (see Oszczypko et al., 2005 for details). These
formations exhibit close facies relationships to the
southward adjacent, coeval sediments of the Pod-
hale-Podtatra Group.

The Magura Unit, adjacent to the PKB (Krynica
Zone or subunit, Cergov Unit of older Slovak au-
thors), is dominated by the Magura-type sand-
stones. These are usually thick-bedded, medium-
to coarse-grained, siliciclastic, which seemingly do
not contain material typical for the PKB forma-
tions. From bottom to top, the Magura Formation
is subdivided into three members (Oszczypko et
al., 2005): Piwniczna Sandstone (Lower — Middle
Eocene), Mniszek Shale (Middle Eocene) and Po-
prad Sandstone (Upper Eocene — Oligocene),
which is conformably overlain by the Early Mio-
cene Kremna Formation (NN1-NN2) in a synform
close to the northern boundary of the PKB (Fig.
1B). The Poprad sandstones contain conglomerate
bodies bearing exotic material dominated by crys-
talline basement rocks, which considerably differ
from exotics found in the Upper Cretaceous —
Palaecogene conglomerates of the PKB (Misik et
al., 1991; Oszczypko et al., 2006). Therefore dif-
ferent sources have been reconstructed for the coe-
val clastic sediments of the Magura and Klippen
Belt basins. On the other hand, some authors indi-
cated a gradual transition from carbonate-bearing
Palaeogene sandstones of the PKB to siliciclastic
deposits of the Magura Unit across their boundary
(e.g. Stranik, 1965).

The contact of the Magura Unit with the PKB is
always tectonic, formed by steeply NE dipping re-
verse fault (backthrust) segmented by N-S trending
strike-slips with dextral offset (Figs 1B, 2D, E)).
Bedding of the Magura sediments is steeply to
moderately N-dipping at this contact. This situa-
tion indicates oblique dextral backthrusting of the
Magura Unit, which occurred late in the tectonic
evolution of the area, most probably during the
Early — Middle Miocene. This event affected also
the PKB units and their overstepping cover (Udol
Succession), as well as the southern boundary fault
of the PKB and adjacent sediments of the CCPB

(Sambron-Kamenica antiform; Plasienka et al.,
1998).

The lowermost structural unit of the PKB mostly
occurs along the northern boundary of the PKB, in
places also more southerly in windows or half-
windows. This unit includes Upper Jurassic radio-
larites and Lower Cretaceous spotted cherty lime-
stones, variegated, but mostly grey to black, often
calcite-free shales and silicites overlain by “black
flysch” (mid-Cretaceous?), Upper Cretaceous
variegated, mostly red shales and marls with thin
turbiditic beds of fine-grained, siliciclastic sand-
stones, and then hundreds of metres thick calcare-
ous sandstones and conglomerates/breccias (Jar-
muta-Pro¢ Formation). Huge slide blocks and mass
flows (olistostromes) occur as stratiform bodies or
incised channel fillings in the uppermost parts of
this succession (e.g. Litmanova, Milpos — part of
the Gregorianka Breccia in the sense of Nemcok et
al., 1989). Sandstones and conglomerates obvi-
ously contain material derived mainly from the
Czorsztyn and/or Niedzica and Czertezik succes-
sions (Pieniny-Kysuca/Branisko might be also pre-
sent). Their inferred age is Palaeocene — Early Eo-
cene. The lithostratigraphic content of this unit
roughly corresponds to the Birkenmajer’s Gra-
jcarek Unit (see above), our view on its tectonic
position is considerably different, however. Paleo-
geographically, the unit under question should be
placed at the southern margin of the Magura Basin,
but structurally it forms the lowermost, not the up-
permost thrust unit of the PKB, as reconstructed by
Birkenmajer (e.g. 1986). Therefore the term Gra-
jcarek Unit is not used in Slovakia. Instead, a pro-
visional term Faklovka Unit is proposed here.
Moreover, according to the newest results pre-
sented here from the Polish Mate Pieniny Mts (see
above), the Grajcarek Unit appears to override the
Kremna Formation of the Magura Nappe and,
vice-versa, is overridden by the typical PKB
Czorsztyn and/or Niedzica nappes (see also
Jurewicz, 1997).

In addition to clastic material in sandstones and
olistostromes, huge olistoliths of typical PKB
rocks occur within the Jarmuta-Pro¢ Formation
(Figs 1B, 2D, E). These were considered as Kklip-
pen, i.e. tectonic lenses until now. The overriding
Czorsztyn-type units form imbricated thrust sheets,
their fronts passing gradually into mass-flows in-
serted within and above the Jarmuta-Pro¢ flysch,
hence indicating close sedimentary and tectonic re-
lationships of the Fakl'ovka Unit and the overlying
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Subpieniny nappe.

For the higher nappe unit of the PKB, we return to
the old Uhlig’s term Subpieniny Unit (Uhlig
1907). This view corresponds also to the division
of Ksigzkiewicz (1977), i.e. the Subpieniny Nappe
includes the dominating Czorsztyn Succession, as
well as Niedzica, Czertezik and similar “transi-
tional” successions derived from the Czorsztyn
ridge and its slopes. Lithology and stratigraphy of
these successions were described in numerous pa-
pers, readers are recommended e.g. to Birkenmajer
(1977, 1986 and others). However, in no case these
successions represent independent large-scale units
in the tectonic sense as some other authors pro-
posed. The Subpieniny Nappe is a more-or-less
continuous overthrust sheet with stable structural
position, but strongly imbricated or even disinte-
grated internally, which at least partly resulted also
from the morphological dissection of the original
sedimentary area and consequent wavy or up-
stepping nature of the detachment plane. Espe-
cially the frontal parts are very complicated with
numerous slices or lenses (klippen) embedded in
Upper Cretaceous marlstones (“diapirs” of Birk-
enmajer, 1979). Nappe fronts were even probably
gravitationally detached and form disintegrated
bodies above the Jarmuta-Pro¢ flysch (Figs 1B,
2D, E). These slide bodies are closely related to
olistoliths and olistostromes within the underlying
Jarmuta-Pro¢ Formation of the Faklovka Unit
(sometimes not distinguishable), which originated
from gravitationally liberated frontal parts of the
Subpieniny Nappe. Only the most internal (but
structurally lower) parts of the Subpieniny Nappe,
formed by the Czorsztyn Succession with thick
rigid crinoidal limestones, are more coherent, but
still imbricated. The youngest sediments of the
Czorsztyn Succession are Upper Senonian Jar-
muta-type calcareous sandstones overlain by olis-
tostrome breccias (Gregorianka Breccia at the type
locality near Jarabina—Nemcok et al., 1989). These
breccias only contain material from the overriding
Pieniny Nappe (Upper Jurassic radiolarites, Lower
Cretaceous biancone-type limestones).

The highermost tectonic unit of the PKB — the Pi-
eniny Nappe is clearly independent from the Sub-
pieniny Nappe, but includes several lithostrati-
graphic successions as well (Pieniny s.s., Kysuca-
Branisko, see e.g. Birkenmajer, 1977). The Pieniny
Unit is strongly folded and imbricated again, but
generally continuous and coherent. It overlies the
Subpieniny Unit, but in places directly the Fak-

lovka Unit (Figs 1B, 2D, E). Except a few places,
it forms the southernmost zone of the PKB.

5. Discussion and conclusions

New data on the age and position of the “AMP” al-
lows for the development of a new scenario of tec-
tonic evolution of the PKB (Fig. 3).

1) Late Cretaceous/Palaeocene: detachment of the
Pieniny Unit and its thrusting over the Czorsztyn
slope and ridge (Gregorianka Breccia).

2) Palaeocene — Early Eocene: detachment of the
Subpieniny Unit, its internal imbrication (partially
also with the overlying Pieniny Unit) and thrusting
over the foreland Jarmuta-Pro¢ Basin facing the
Magura Ocean, its frontal parts were disintegrated
into slide sheets, olistoliths (the largest one could
be just observed in the Mate Pieniny, famed as
Homole-Biata Woda block) and debris flows (Mil-
pos-type breccias of the Pro¢ Formation). This
gravitational sliding influenced also the back-
ground sediments and caused their folding and
forming the Grajcarek thrust-sheets.

3) Eocene: detachment of the Fakl'ovka Unit, out-
of-sequence thrusting in the Subpieniny and Pien-
iny Nappes, possibly also thrusting of the Fak-
lovka Unit along with the overlying Subpieniny
and Pieniny Units over the innermost Magura ele-
ments. Probably during the same time the Gra-
jearek thrust-sheets could be activated ones more.
These gravitational movements at the boundary of
PKB and Magura Basin prolonged to the Eo-
cene/?0ligocene (Fig. 4 B,C). Further shortening
and first manifestations of dextral transpression
took a place (steep shear zones affecting all PKB
units).

4) Eocene — Oligocene: Collapse of the thrust
stack, flat extensional shear zones in PKB units,
subsidence and subsequent deposition of the Udol
Succession.

5) Early Miocene (Burdigalian): The youngest
thrust of the PKB units onto the Magura Nappe
(after deposition of the Kremna Formation) con-
nected with folding and thrusting within the Outer
Carpathians (Intra-Burdigalian or Early Styrian
movements). Renewed thrusting along the
PKB/Magura boundary in the rear part of the de-
veloping accretionary wedge of the Carpathian
Flysch Belt, affecting also the Lower Miocene
Kremna Formation according to present study.

6) Late Burdigalian/ Middle Miocene: dextral tran-
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Fig. 3. Late Cretaceous — Late Miocene evolution of the Pieniny Klippen Belt and adjacent areas (based

on Jurewicz 2005, supplemented).

spression and shaping of the final “flower” struc-
ture of the PKB. The eastwards escape and coun-
terclockwise rotation of the ALCAPA caused in-
volvement of the PKB into strike-slip movements
and development of a flower structure, conse-
guently some parts of klippen units were retro-
thrust onto the CCPB (Fig. 4D; compare to Fig
3D). This event was apparently accompanied by
narrowing and development of the orogen-scale
curvature of the PKB.
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