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Abstract: The Pieniny Klippen Belt in Poland marks the Central Carpathian-North European plate suture zone.
The strictly tectonic present-day confines of the Pieniny Klippen Belt are characterized as (sub)vertical faults and
shear zones. A strong reduction in the space of the original sedimentary basins took place. The strike-slip-bound-
ed tectonic blocks, thrust units, toe-thrusts and olistostromes are mixed together, resulting in the present-day
meélange character where individual tectonic units are difficult to distinguish.

The sedimentary rocks of the Pieniny Klippen Belt were deposited in the paleogeographic realm known as the
Alpine Tethys that was divided into two basins separated by the Czorsztyn Ridge. The accretionary prism formed
in front of the advancing Alcapa (Central Carpathians) terrane had overridden the Czorsztyn Ridge during the
Late Cretaceous-Paleocene. The destruction of the Czorsztyn Ridge supplied huge amounts of coarse-clastic ma-
terial, including olistoliths, into the Magura Basin during the Late Cretaceous-Paleocene.

The rotation of the Alcapa caused the strike-slip motions which led to the deformation of the previously creat-
ed nappes and development of the flower structure. Two parallel faults delineate the southern and northern limits
of the Pieniny Klippen Belt.

The stops in Sromowce (Macelowa and Sobczanski Gorge area) allow the observation of the southern mar-
ginal zone of the Pieniny Klippen Belt, the overturned position of the rotated counterclockwise deformed rock
as well as the diapiric uplift of the Pieniny rocks in a transpressional strike-slip regime. The Zawiasy (Kroscien-
ko area) stop is located in the northern marginal zone (Hulina Unit) of the Pieniny Klippen Belt along the major
dextral strike-slip Dunajec Fault.

Keywords: Central Carpathians, Pieniny Klippen Belt, North European Platform, Magura Nappe, tectonics,
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INTRODUCTION

The Pieniny Klippen Belt (PKB) is situated at the
boundary of the Central and Outer (Flysch) Car-
pathians (Figs. 1, 2). The term Pieniny Klippen
Belt was first used by Neumayr (1871). The geo-
graphic part of this name indicates the moun-
tain range in Poland and Slovakia where numer-
ous klippes (klippen) build scenic rocks around
the Dunajec River gorge, a prime geotouristic at-
traction since the 19" century (Golonka & Kro-
bicki 2007). The “Klippen” are relatively ero-
sion-resistant blocks surrounded by and rising

above the less competent rocks, mainly turbid-
itic sandstones and mudstones (flysch), shales
and marls. These blocks were traditionally con-
sidered as tectonic slivers while recently the role
of olistoliths in formation of klippen belts is
strongly emphasized (e.g. Nemcok 1980, Ciesz-
kowski et al. 2009, Golonka et al. 2015, 2017).
The present day confines of the Pieniny Klippen
Belt are strictly tectonic. They are often charac-
terized as (sub)vertical faults and shear zones,
along which a strong reduction in the space
of the original sedimentary basins has taken
place.
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Fig. 1. Geological map of the Carpathians and adjacent areas with the location of the investigated areas (Fig. 2) (from Kovdc et
al. 1998, Golonka et al. 2011, modified)
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Fig. 2. Sketch map of the Pieniny Klippen Belt in Poland with the location of stop points (from Golonka et al. 2015, 2018, modified)
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The Klippen Belt is obliquely cut by NE-SW
trending strike-slip faults. Their strike-slip kine-
matics is indicated by the presence of flower struc-
tures on the contact zone of the Magura Unit and
the Klippen Belt, and by the asymmetry of the
Central Carpathian Paleogene Basin (Golonka
et al. 2005, Wierzbowski et al. 2006).

The tectonic character of the Polish section of
the PKB is mixed. Both strike-slip and thrust com-
ponents occur there (e.g. Ksigzkiewicz 1977, Go-
lonka & Raczkowski 1984a, 1984b, Birkenmajer
1986, Ratschbacher et al. 1993, Jurewicz 1994, 1997,
Nemcok & Nemcok 1994). In general, the subver-
tically arranged Jurassic-Lower Cretaceous basinal
facies rocks display a diapir-like nature genetically
related to major displacements along the strike-slip
zonebetween the Central Carpathian and North Eu-
ropean plates. The PKB tectonic components of dif-
ferent age and characteristics, including strike-slip-
bounded tectonic blocks, thrust units, toe-thrusts
and olistostromes mixed together, result in the pres-
ent-day mélange characteristics of the PKB, where
individual tectonic units are difficult to distinguish
(Golonka et al. 2005, Wierzbowski et al. 2006).

The sedimentary rocks of the PKB were de-
posited in the paleogeographic realm known as

the Alpine Tethys and divided into two basins
separated by the Czorsztyn Ridge (Birkenmajer
1977, 1986, Golonka & Krobicki 2004, Golonka
et al. 2015, 2017). The formation of the Czorsztyn
Ridge took place during the spreading phase in
Bajocian times. Golonka & Krobicki (2004) pos-
tulated the name of the Ztatne Basin for the south-
eastern basin within the Alpine Tethys. Accord-
ing to Golonka et al. (2017), the Jurassic-Lower
Cretaceous rocks deposited on the south-east-
ern slopes of the Czorsztyn Ridge represent the
Czorsztyn, Niedzica, Czertezik, Branisko and
Pieniny klippen successions (sensu Birkenmajer
1977, 1986, with modification by Wierzbowski et
al. 2006). They constitute the so-called Pieniny
Subbasin, which includes slope facies as well as
rocks deposited on the Czorsztyn Ridge. The po-
sition of rocks deposited within the south-eastern
part of the Alpine Tethys is more problematic,
because of the multiplication of Slovak succes-
sions, such as Klape, Kostelec, Manin, Fodor-
ka, Orava, Strezenice, Drietoma/Bo$aca, Nizna,
Stupné, Chotu¢, Hostina, Dubravka, Michalova
Hora (Golonka et al. 2017). The Magura Basin
represented the northwestern part of the Alpine
Tethys (Fig. 3).
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Fig. 3. Paleoenvironment and paleolithofacies with main paleogeographic element of the West Carpathians and adjacent areas
during the Albian (from Golonka et al. 2017, modified). Plate position 112 Ma
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The Jurassic-Lower Cretaceous rocks of the PKB
are represented by several successions of mainly
deep and shallower-water limestones. The Pieniny
and Branisko (Kysuca) successions have been lo-
cated within the deeper slope of the Pieniny Sub-
basin. The cherty limestones (Maiolica-type) of the
Pieniny Limestone Formation constitute the most
important facies within these successions (Fig. 4).
They compose the main part of the Pieniny Moun-
tains. Transitional sequences between the deep-
er slope and ridge units are known as the Niedzi-
ca and Czertezik successions (Pruské and Podbiel

successions in Slovakia), located to the southeast
of the Czorsztyn Ridge. Shallower pelagic facies
were deposited on this ridge. The Pieniny Lime-
stone Formation rocks were also deposited within
the Magura Basin. Generally, the Pieniny Subbasin
and Czorsztyn Ridge sedimentary history was tri-
partite (i-iii). It started with the sedimentation of
(i) oxygen-reduced dark/black terrigenous deposits
of Early to early Middle Jurassic age of the Grest-
en-type and Fleckenkalk/Fleckenmergel facies of
Skrzypny Shale, Krempach Marl, Harcyground
Shale and Podzamcze Limestone formations (Fig. 4).
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Fig. 4. Stratigraphic table of the Jurassic rocks of the Czorsztyn, Niedzica (Pruské), Czertezik, Branisko (Kysuca) and Pieniny
successions of the Klippen Belt in Poland and bordering part of Slovakia (from Wierzbowski et al. 2006, simplified)
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Its continuation resulted in (ii) Middle Juras-
sic-earliest Cretaceous crinoidal (Smolegowa and
Flaki Limestone formations), nodular limestone
of the ammonitico rosso-type belonging to Czor-
sztyn and Niedzica Limestone formations or cherty
of the Maiolica (Biancone)-type limestones of the
Pieniny Limestone Formation and radiolarites of
Czajakowa and Sokolica Radiolarite formations
that were eventually replaced by (iii) Late Creta-
ceous pelagic marls of the Jaworki Formation (Sca-
glia Rossa = Couches Rouge = Capas Rojas) facies
and/or flysch/flyschoidal series (Fig. 5) (i.a. Birken-
majer 1986, 1988, Misik 1994, Aubrecht et al. 1997,
Bak 2000, Golonka & Krobicki 2004).

The Albian-Upper Cretaceous rocks of the
Alpine Tethys are represented by flysch deposits
and pelagic marls (Fig. 5). The flysch sedimenta-
tion continued through the Paleogene and even
Neogene times. The flysch sequences contain nu-
merous exotics. Large exotic blocks constitute
olistoliths (Golonka et al. 2014, 2017). The exot-
ics from the Zlatne Basin represent mainly Cen-
tral Carpathian material, while the exotics from

the Magura Basin contain a lot of material de-
rived from the Pieniny Subbasin and Czorsztyn
Ridge successions. The rocks of the marginal part
of the Magura Basin incorporated into the Pieni-
ny Klippen Belt structure are known as the Huli-
na (also referred as Grajcarek or Saris) Unit (see
Sikora 1962, Golonka & Sikora 1981, Birkenma-
jer1986, 1988, Golonka & Krobicki 2004, Pien-
kowski et al. 2008, Plasienka 2012, Oszczypko et
al. 2015, Birkenmajer & Gedl 2017). This unit is
often thrust over the Krynica Sub-Unit of the Ma-
gura Nappe.

During Late Cretaceous-Paleocene times, an
accretionary prism formed in front of the advanc-
ing Alcapa (Central Carpathians) terrane which
had overridden the Czorsztyn Ridge. The destruc-
tion of the Czorsztyn Ridge supplied huge amounts
of coarse-clastic material, including olistoliths, into
the Magura Basin (Golonka et al. 2015, 2017). These
olistoliths have recently been located within the fly-
sch deposits of the Hulina Unit. The Alcapa terrane
continued its northward movement during Paleo-
gene-Early Miocene times (Golonka et al. 2006a).
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Fig. 5. General stratigraphic table of the Cretaceous rocks of the Pieniny Klippen Belt and adjacent part of the Outer Carpathi-
an Magura Nappe in Poland and bordering part of Slovakia (compiled from Andrusov 1965, Sikora 1971, Birkenmajer 1977,
Golonka & Sikora 1981, Potfaj 1997, Golonka et al. 2006b, 2015, Oszczypko & Oszczypko-Clowes 2010, Golonka & Waskowska

2014, Oszczypko et al. 2015)

Geology, Geophysics and Environment, 2018, 44 (1): 111-125



116

Golonka J., Krobicki M., Waskowska A.

This movement led to further development of the
accretionary prism and the formation of flysch
nappes. The Inner Carpathian plates and uproot-
ed Outer Carpathian flysch units were thrust over
the North European Platform. The rotation of the
Alcapa plate (Marton et al. 1999, 2004, 2013, Cson-
tos & Voros 2004, Golonka 2005) caused the strike-
slip motions along the Central Carpathian-North
European Platform boundary. This led to the de-
formation of the previously created nappes in the
Pieniny Klippen Belt. A flower structure developed
forming two parallel faults that delineate the south-
ern and northern limit of the PKB. Similar phe-
nomena were observed in the eastern part of the
PKB in Slovakia where, according to Hrusecky et al.
(2006), the boundary zone was reactivated several
times during the Paleogene-Neogene as transpres-
sional and/or transtensional (see also Ratschbach-
er et al. 1993, Nemcok & Nemcok 1994), forming
the vertical flower structure of the PKB. According
to Marko et al. (2017), the western segment of the
PKB displays faults formed in a strike-slip regime
during the early stages of its Neo-Alpine tectonic
evolution.

The last important event in the PKB was Mid-
dle Miocene (Sarmatian) volcanism, represented
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by calc-alkaline andesite dykes and sills which
cut the mainly Paleogene flysch rocks of the Out-
er Carpathians (Magura Nappe). They are linked
with the so-called Pieniny Andesitic Line (PAL)
(Birkenmajer 1986, 1988, Birkenmajer & Pécskay
1999, Jurewicz & Nejbert 2005, Nejbert et al. 2012,
Anczkiewicz & Anczkiewicz 2016).

The complex characteristics of the PKB have
caused a multitude of still unsolved problems,
questions and controversies (see Plasienka 2012,
Golonka et al. 2017, Jurewicz 2018). The authors of
this guide share a general view on the geology of
the PKB, while expressing differences concerning
the nomenclature of the tectonic units, among the
others. For example, Golonka et al. (2017) stated
“we do not see any advantages in producing new
names such as Saris. This causes only more confu-
sion for the reader not familiar with the peculiar-
ities of correlation across the state borders” and
“we should avoid the situation from the past, when
the same formations, basins or tectonic units ob-
tained different names in different countries”. The
authors of this paper hope that all possible ques-
tions and unresolved problems can be discussed
during the field session whose successive stops are
presented below.
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STOP 5

Macelowa. Sromowce Wyzne (Katy) village,

1 km east of the Katy Dunajec rafting harbor
49°24'27.8"N; 20°22'35.9"E

Overturned position of the deformed, rotated coun-
terclockwise, Pieniny Succession rock in the south-
ern marginal zone of the Pieniny Klippen Belt

Strongly folded Jurassic-Cretaceous strata are
visible along the road from Sromowce Wyzne to

Sromowce Nizne, close to the Dunajec River, on
the southern slope of Mt. Macelowa (Figs. 2, 6, 7),
where the Pieniny Succession rocks lie in an over-
turned position. The oldest Oxfordian radiolar-
ites occupy the topmost part of Mt. Macelowa (on
its northern slope), gray cherty limestones of the
Maiolica facies (Pieniny Limestone Formation)
occupy the transitional position and in the lowest
(topographically) position are the Late Cretaceous
Globotruncana-bearing marls of the Scaglia Rossa-
-type (Birkenmajer 1977, Bak 1998, 2000).
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Fig. 7. Geological map of the vicinity of Sromowce (after Horwitz 1963, Birkenmajer & Jednorowska 1984, simplified) and geo-
logical cross-section: 1 — Quaternary; 2 - Sromowce Formation; 3 - Jaworki Formation, partly Kapusnica Formation; 4 - Pie-
niny Limestone Formation, partly also Czajakowa Radiolarite Formation; 5 - faults; 6 — state border; 7 — geological cross-sec-
tion (below); P - Pieniny Limestone Formation (grey cherty limestones); K - Kapusnica Formation (green spotty marls); B-Mc
- Jaworki Formation (Brynczkowa, Skalski and Macelowa Marl members — green, variegated and red marls respectively); Sr
- Sromowce Formation (Sr, - Osice Siltstone Member; Sr, - flysch)
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Fig. 8. Detailed stratigraphic table of the Cretaceous rocks of the Czorsztyn, Niedzica (Pruské), Czertezik, Branisko (Kysuca)
and Pieniny successions in the Pieniny Klippen Belt in Poland (from Birkenmajer & Jednorowska 1987, simplified)

Previously, this unit had been named the Ja-
worki Marl Formation (Birkenmajer 1977, 1979),
but after the discovery of several siliciclastic (fly-
sch-flyschoid/turbidite wedges in origin) inter-
calations within it (e.g. Sneznica Siltstone Mem-
ber, Grobka Member, Osice Siltstone Member; see
Birkenmajer & Jednorowska 1987). Birkenmajer
(1987) revised its name and replaced it with the
Jaworki Formation. Figure 8 depict the Birkenma-
jer & Jednorowska (1987) ideas about the Creta-
ceous lithostratigraphy of the Pieniny Mountains.
It is certainly controversial; note that the Grébka
Member was assigned to two different formations
and also that the position of the Trawne Mem-
ber is quite speculative, compare Figure 5 (Siko-
ra 1971, Golonka & Sikora 1981). Red marls and
marly limestones of pelagic deposits with gray-
ish intercalations of calcareous sandstones and
siltstones of distal turbiditic origin predominate
in this outcrop (Fig. 9). This is the youngest part

of the multicolored (green-variegated-red) glo-
botruncanid marls of the so-called Macelowa
Marl Member of the Jaworki Formation, with
good foraminiferal Upper Cretaceous biozona-
tion (Dicarinella concavata — D. asymmetrica for-
aminiferal zones of the Upper Coniacian-Santo-
nian) (Bak 1998, 2000). These deposits originated
during the final episode of the evolution of the
PKB, when the unification of sedimentary facies
took place within all the successions. Widespread
in the Late Cretaceous Tethyan Ocean, the Sca-
glia Rossa-type facies (= Couches Rouge = Capas
Rojas) represented by the Jaworki Formation in-
dicate wide connections between several branch-
es of this ocean. The paleomagnetic investigation
indicated the counterclockwise rotation of rocks
collected in this location (Mérton et al. 2013). This
rotation caused the strike-slip motions along the
Central Carpathian-North European Platform
boundary.

https://journals.agh.edu.pl/geol
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Fig. 9. General view of Mt. Macelowa from the Dunajec Riv-
er (raft) (A). Macelowa Member (Scaglia Rossa-type red Glo-
botruncana marls) of the Jaworki Formation in the lower part
of Mt. Macelowa (B). Upper Cretaceous grey mudstones of the
Snieznica Siltstone Member of the Jaworki Formation in the
lower part of Mt. Macelowa (C)

STOP 6

Sobczanski Gorge. Pieniny Mountains, 1 km north
of the parking lot in Sromowce Wyzne village
49°24'48.5"N; 20°24'54.6"E

Diapiric uplift of the Pieniny rocks

in a transpressional strike-slip regime

After passing Mt Macelowa, the Dunajec River
crosses the major vertical strike-slip fault separat-
ing the PKB from the rolling hills of the Central

Carpathians. These hills are composed of turbiditic
sandstones, mudstones and shales deposited with-
in the Spi$ depression of the Central Carpathian
Paleogene. This basin includes the Podhale, Liptov,
Orava and Spi$ depressions. Its sedimentary fill in-
cludes Paleogene deposits underlain by mostly cal-
careous Mesozoic rocks. After a retreat of the Late
Cretaceous sea, the subsequent transgression took
place in the Middle Eocene and, in its initial phase
resulted in the formation of conglomerates and
limestones. These deposits form the base member
of the Central Carpathian Paleogene. Subsequent-
ly, typical flysch deposits were formed. The great-
est thickness of these deposits ca. 3000 m, was
encountered in the Chochotéw PIG-1 borehole
(Golonka et al. 2005, Golonka & Krobicki 2007).

The Szaflary Beds occurring in the northern part
of the basin, bordering the PKB are generally con-
sidered as one of the oldest flysch members or units
(Chowaniec & Kepiniska 2003, Golonka et al. 2005).

The younger members are represented by the
shaly flysch rocks of the Zakopane Beds. The Slo-
vak equivalent of the Zakopane Beds is the Huty
Formation. The Chocholéw or Zuberec Forma-
tion, overlying the Zakopane Beds, represents typ-
ical flysch facies. The youngest Central Carpathian
Paleogene flysch rocks belong to Ostrysz or Biely
Potok Formation (Golonka et al. 2005, Golonka &
Krobicki 2007).

At Sromowce Nizne village, the Dunajec River
again enters the PKB. There, the magnificent lime-
stone walls of Trzy Korony Mountain (982 m a.s.l.),
the highest mountain group of the Pieniny Mts,
marks the beginning of the most beautiful part of
the Pieniny Mountains - the Dunajec River Gorge
(Birkenmajer etal. 2001, Golonka & Krobicki 2007).

The origin of this gorge is related to neotec-
tonic movements during the Neogene. Follow-
ing the Serravallian formation of the Outer Car-
pathian fold-and-thrust belt, the area at the
Central and Outer Carpathian boundary was
covered by at least 600-900 m of Neogene sand,
silt and clay (Chrustek & Golonka 2005, Golon-
ka et al. 2005). The Dunajec River valley reached
the mature stage during the latest Miocene-Plio-
cene time. This is indicated by the numerous me-
andering bends of the river. The vertical uplift
of the Pieniny Mountains followed the mean-
dering stage of the Dunajec (Birkenmajer 2006).

Geology, Geophysics and Environment, 2018, 44 (1): 111-125
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Fig. 10. Sobczatiski Gorge. The walls of the gorge expose the
Pieniny Limestone Formation (A). Strongly deformed rocks of
the Pieniny Limestone Formation in the Sobczanski Gorge (B)

Faulting and uplifting played a tremendous role
during the Neogene tectonic evolution of the PKB
in Poland. At least some of the faults were still ac-
tive during the Quaternary (Baumgart-Kotarba
1996, 2001, Zuchiewicz et al. 2002). The seismic
data of local earthquakes recorded in the Podha-
le-PKB region supplied the evidence that tectonic
faults in this area are still seismically active (Gu-
terch et al. 2005, Bialon et al. 2015). Recent verti-
cal movements in the area are estimated at up to +
0.5 mm per year (Vanko 1988, Vass 1998). During
the fault-related uplift of the Pieniny Mountains,
the Dunajec River cut into the competent Ju-
rassic-Early Cretaceous cherty limestones that
formed the magnificent cliffs of the gorge (Golon-
ka & Krobicki 2007).

The trip follows the tourist trail from Sromowce
Nizne to the Trzy Korony Mountain. The village
of Sromowce Nizne (Fig. 7) is located on the less
competent rocks of the Kapusnica, Jaworki and
Sromowce formations (Figs. 5, 8), while the Trzy Ko-
rony massif is built of the vertically or subvertically

dipping more competent rocks of the Pieniny Lime-
stone Formation, which makes a distinctive differ-
ence in morphology. The Sobczanski Gorge cuts
into the rocks of the Pieniny Limestone Forma-
tion, allowing the observation of tectonic deforma-
tion structures in the cherty limestones (Fig. 10).
These structures originated during a diapiric up-
lift of the Pieniny Succession rocks in a trans-
pressional strike-slip regime during the Neogene.

STOP 7

Zawiasy. Pieniny Mountains, 1 km south

of the market square in the town of Kro$cienko
49°25'33.3"N; 20°26'27.4"E

Northern marginal zone (Hulina Unit)

of the Pieniny Klippen Belt;

major dextral strike-slip of the Dunajec Fault

All of the rocks exposed in the Zawiasy Klippe (Figs.
2, 6, 11-13) represent the fragments of the Magu-
ra Basin fill defined by Golonka & Sikora (1981) as
the Hulina (also referred to as Grajcarek or Saris)
Unit, that were incorporated into the PKB. They
were deposited between the Czorsztyn Ridge and
a deeper part of the Magura Basin during the Mid-
dle Jurassic through to the Paleocene (Golonka et
al. 2006b). The bulk of the Klippe is formed of the
Biancone/Maiolica-type cherty limestones (Pieni-
ny Limestone Formation) - of latest Jurassic-Early
Cretaceous age. The Hedbergella microfacies with
Hedbergella sp., Praeglobotruncana sp. and Thal-
maninella ticenensis (Gandolfl) was found in the
uppermost part of the limestones (Golonka & Siko-
ra 1981). It suggests the Albian age of the young-
est part of the Pieniny Limestone Formation in the
slope succession of the Magura Basin. The rocks of
the Pieniny Limestone Formation are covered by
Upper Cretaceous marls of the Kapusnica and Ja-
worki formations. All of these rocks form part of
a large olistolith deposited within the flysch of the
Jarmuta Formation (Fig. 13D).

The boundary between the Krynica facies zone
of the Magura Nappe and the PKB in Poland was
distinguished mainly on tectonic premises (Golon-
ka & Raczkowski 1981a, 1981b, Kulka et al. 1985,
Birkenmajer & Oszczypko 1989, Chrustek et al.
2005, Oszczypko et al. 2006). Deposits older than
the Late Cretaceous do not crop out in the Krynica
Zone (Oszczypko & Oszczypko-Clowes 2010).
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Fig. 13. General view of the Zawiasy Klippe (A). Deformed
rocks of the Pieniny Limestone Formation in the Zawiasy ol-
istolith (B). Deformed rocks of the Jaworki Formation in the
Zawiasy olistolith (C). Flysch of the Jarmuta Formation in the
Zawiasy Klippe (D)

The PKB also includes Upper Cretaceous-Oli-
gocene rocks deposited within the Magura Basin.
The uppermost Cretaceous-Paleocene deposits
within the Magura Basin are widespread both in
the Magura Nappe, where they are known as the
Szczawnica Formation, whereas in the PKB they
are referred to as the Jarmuta Formation. The fa-
cies changes between these formations are often
difficult to distinguish because of tectonic distur-
bance. Both formations include coarse-grained
sandstones, conglomerates, and olistostromes
with Jurassic and Cretaceous calcareous rocks.
The amount of these deposits greatly increases in
the Jarmuta Formation, indicating the more prox-
imal character of the deposition. The Szczawnica
and Jarmuta formations are quite closely related,
representing proximal and distal facies of slope
and rise turbidites.

A major strike-slip, right lateral fault is locat-
ed along the Dunajec River stretch adjacent to the
stop. The mountains on the left side of the Dunajec
represent the Pieniny Mountains and, geologically,
the Hulina Unit. The mountains on the right side of
the Dunajec belong to the Beskid Sadecki range and
are built of flysch rocks of the Krynica facies unit of
the Magura Nappe (Figs. 11, 12). A small fragment
of this unit is exposed on the left bank of the Duna-
jec, north of the main Zawiasy outcrop. It is repre-
sented by Eocene Lacko type marls of the Zarzecze
Formation. The main tectonic boundary between
the PKB and Magura Nappe runs from west to east
along the slopes of the Pieniny Mountains, south
of the town of Kroscienko. This boundary follows
a major dextral strike-slip Dunajec Fault (Golonka
& Waskowska 2014).
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