Geotourism 1-2 (44-45) 2016: 2744

http://dx.doi.org/10.7494/geotour.2016.44-45.27

Geotouristic values of the Gorce National Park

and its surroundings (The Outer Carpathians, Poland)
Geoturystyczne walory Gorczanskiego Parku Narodowego 1 jego otoczenia
(Karpaty Zewnetrzne, Polska)

Mateusz Szczech', Marek Cieszkowski'!, Rafal Chodyn', Jan Loch?
Jagiellonian University, Institute of Geological Sciences,
ul. Oleandry 2a,
30-063 Krakow;
e-mails: mateusz.szczech@uj.edu.pl, marek.cieszkowski@uj.edu.pl, rafal.chodyn@uj.edu.pl
’Gorce National Park,
Poreba Wielka 590, 34-735 Niedzwiedz,
e-mail: jan.loch@gorce.pn.pl

e
1___'_'_,.#". T m‘i..—\.-"" - Fafusmiers
Poland ) -y a
lJl:._E-l\.r\-.l - e
B g
)“;"\{ _—
P

Abstract: The Gorce Mountains are a picturesque range in the
Polish sector of the Outer Carpathians. They are built with tur-
biditic deposits, representing sedimentary successions of the
Krynica and Bystrica Subunits of the Magura Nappe, Late Creta-
ceous-Paleogene in age. In the Gorce Mts. the majority of litho-
stratigraphic divisions representing discussed subunits are very
well exposed in numerous outcrops. The deposits of the Magura
Nappe are folded, locally thrust, and cut by the strike-slip and
oblique fault system. This nappe in the Gorce Mts. covers tec-
tonically units of the Foremagura Group of Nappes, which crop
out in two tectonic windows. From Rabka-Zdroj and Szczawa
mineral waters are well known. Morphology of the Gorces Mts.
is varied. A lot of rock tors occur there, as well as landslides,
often extensive. Good localizations, varied geology, great land
relief and rich live nature, as well as the highlander culture and
monuments make the Gorce Mts. an area of high geotouristic
potential.

Key words: Outer West Carpathians, Magura Nappe, Gorce Mts.,
geology, geomorphology, geotourism

Tresé: Goree sq malowniczym pasmem w polskiej czesci Zachod-
nich Karpat Zewnetrznych. Sq one zbudowane z turbidytowych,
poznokredowo-paleogenskich utworow reprezentujgcych osado-
we sukcesje krynickiej i bystrzyckiej podjednostki ptaszczowiny
magurskiej. W Gorcach wigkszos¢ wydzielen litostratygraficznych
reprezentujgcych wspomniane podjednostki jest bardzo dobrze
eksponowana w licznych odstonigciach. Utwory plaszczowiny
magurskiej sq sfaldowane, lokalnie ztuskowane i pocigte syste-
mem poprzecznych i ukosnych uskokow. Plaszczowina magurska
w Gorcach przykrywa tektonicznie jednostki przedmagurskiej gru-
py plaszczowin, ktore odstaniajq sie w dwu tektonicznych oknach.
W Rabce-Zdroju i w Szczawie wykorzystywane sq wody mineralne.
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Rzezba Gorcow jest zroznicowana. Wystepujq tu liczne skatki oraz
osuwiska, czesto rozlegle. Dogodna lokalizacja, interesujqca bu-
dowa geologiczna, wspaniata rzezba tego pasma, bogata fauna
i fora oraz dziedzictwo kulturalne miejscowej ludnosci wptywajq
na duzy potencjat geoturystyczny Gorcow.

Stowa kluczowe: Zachodnie Karpaty Zewnetrzne, plaszczowina
magurska, Gorce, budowa geologiczna, geomorfologia, geotu-
rystyka

Introduction

The Gorce Mountains are one of the most beautiful and
picturesque mountain ranges in the south of Poland, locat-
ed about 60 km to the south of Cracow. The mountains are
a part of the Beskidy Mountains range. The Gorces border
Beskid Wyspowy Mts. from the north, while from the south,
they slope gently towards the Orawa-Nowy Targ Basin, from
where the majestic Tatra Mountains and Spisz-Gubatowka
range can be seen (Fig. 1). The Gorce Mts. are bordered by
the Dunajec valley from the east, separating them from the
Beskid Sadecki, which creates a scenic ancedent type gorge
(Zuchiewicz, 1978, 2010). From the West, the mountains
border Orawa-Jordanow Foothills (Balon et al. 1995). The
Gorce Mountains’ height difference measured by Zuchie-
wicz (1995) on square polygons reaching 1 km? is 100 m at
the margins, up to 350 m in the center of the massif. Charac-
teristic for this range is the fact that there are the para-radial
arrangement mountain ranges and valleys, radiating from
the highest peak, the Turbacz Mt. (1310 m a.s.l.). Their var-
ied and interesting geological structure makes the range
picturesque and has a great influence on plentiful forms in
morphology, i.e.: numerous rocks and rock outcrops (e.g.
Fig. 2), waterfalls, landslides and, what is more, the caves
(e.g. Cieszkowski 2004, 2005, 2006a; Cieszkowski et al.
2015a, b). As such, the Gorces Mts. are attractive for geo-
tourists.

The Gorce Mts. consist of the unique variety of flysch
deposits. These enriched the natural world protected by the
Gorce National Park (GNP) (launched in 1981); which was
created for protecting precious natural habitats, especially
the untamed Carpathian Forest.
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Fig. 1. Winter view of the Tatra Mts. and Orawa-Nowy Targ Basin, filling with fog visible from the southern slopes of the Gorce Mts.,
photo J. Loch * Zimowy widok z potudniowych stokéw Gorcow na Tatry i zasnutg mgtami Kotling Orawsko-Nowotarska, fot. J. Loch

Fig. 2. Cliff tors located on the northern slope of Kudton Mt., photo M. Szczgch * Baszta skalna znajdujaca si¢ na pdétnocnych stokach
Kudtonia, fot. M. Szczech
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The geological attractions of the Gorce National Park and
its surroundings are receiving a great deal of attention for their
geological structure, which is presented in many science pub-
lications dealing with this type of study (e.g. Ksigzkiewicz,
1958; Chrzastowski, 1971; Watycha, 1966, 1975, 1976, Siko-
ra, Zytko, 1968; Burtan et al., 1976, 1978, 1992a, b, c; Bur-
tan, Lydka, 1978; Paul, 1978, 1980; Cieszkowski et al., 1987,
1989; Zuchiewicz, Oszczypko, 1992; Oszczypko et al., 1991,
1999; Cieszkowski, 2006a, b, c; Cieszkowski et al., 1998,
1999a, 2015a, b), and in the geological (Unrug, 1969; Slaczka,
Kaminski, 1998), as well as touristic (Cieszkowski, 2004)
guidebooks. Moreover, the geotouristic attractions of the
Gorce Mts. can be also found in some other publications
(Cieszkowski, 2005, 2006b; Barmuta, 2011; Kucharska et al.,
2013; Cieszkowski et al., 2015a, b).

Geological structure

The Gorce Mountains are located in a Polish sector of the
West Outer Carpathians (Fig. 3), called also the Flysch Car-
pathians, because they mainly consist of flysch deposits (i.a.
Ksigzkiewicz, 1972, 1977; Cieszkowski et al., 1985; Ciesz-
kowski, 2003; Oszczypko, 2004;; Slqczka et al., 2006). Flysch
sediments were deposited during the late stages of the Jurassic
up to the Early Miocene in some sedimentary basins, which
are the part of the north Tethys. Basins were separated by the
elevated structures which constitute geanticline ridges, often
emerging above sea level. During the Miocene folding, the de-
posits, filling already mentioned basins, were folded, uprooted
from their primary base, and removed in the form of nappes
overthrust one on top of another. The developed nappes formed
the current orogen of the Outer Carpthians, which were shifted
towards the north and tectonically covered the Miocene depos-
its filling the Carpathian Foredeep. This occurred transgresive
on the consolidated basement of the North-European Platform.

The mentioned platform was subducted below the Inner Car-
pathians terrain. In the nappes, mainly deep-sea deposits can
be found, while the mentioned above ridges and their slopes
have been collapsed in the subduction processes.

The Magura Nappe is the southern structure, and it is the
greatest nappe on the Polish sector of the Outer Carpathi-
ans (Fig. 3). It contacts tectonically with the most souther-
ly structure of the Outer Carpathians, the Pieniny Klippen
Belt on the south, while on the north, it is overthrust on the
Dukla Nappe and on the tectonic units of the Fore-Magu-
ra Zone and together with them, on the Silesian Nappe. The
Magura Nappe is divided into four facies-tectonic subunits.
The Gorce Mts. are located within the two most southern
subunits. One of these is the Krynica Subunit, which builds
the southern part of the Gorce Mts., with the highest peaks:
Turbacz (1310 m a.s.l.), Obidowiec (1106), Mostownica
(1251), Gore (1228), Kudton (1274), Kiczora (1282), Jawo-
rzyna Kamienicka (1288), Luban (1225). The second one
is the Bystrica Subunit, which builds the northern parts of
the range. At the northern foothills of the Gorce Mts., below
the Magura Nappe, in the tectonic windows, the units of the
Fore-Magura Zone emerged on the surface. They are repre-
sented by the Dukla Nappe and Grybow Nappe.

Stratigraphy

The facies of sedimentary series of the Magura Nappe are
laterally varied. The facies change within Paleogene deposits
overlapped from the south to the north as well as some tec-
tonic features, which divided four facies-tectonic subunits in
the Magura Nappe (e.g. Koszarski et al., 1974; Cieszkowski
et al., 1985). The Krynica and Bystrica Subunits occurring in
the Gorce Mts. on the Gorce National Park area and its sur-
roundings flysch deposits represent the age interval from the
uppermost Early Cretaceous to the Oligocene.
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Fig. 3. Geological sketch of the Polish sector of the Carpathians with location of studied area (Cieszkowski 2006a, modified) ¢ Szkic geo-
logiczny polskiej czgsci Karpat z lokalizacjg badanego terenu (Cieszkowski 2006a, zmodyfikowany).



Geotouristic values of the Gorce National Park and its surroundings (The Outer Carpathians, Poland)

Fig. 4. Geological map of the investigated area (after Cieszkowski et al. 2015, modified): 1-4 Krynica Subunit: 1 — Malcow Formation , Oli-
gocene; 2a — Magura Fm., Poprad Sandstone Member, thick-bedded sandstones, Late Eocene-Oligocene; 2b — Magura Fm., Kowaniec Mb.,
thick-bedded sandstones inercalated by thin-bedded sandstones, shales and Lacko-like marls, Middle Eocene; 2¢c — Magura Fm., Piwniczna
Sandstone Mb., thick-bedded sandstone and conglomerate interbedded by thin-bedded sandstone and shales Beloveza-like facies; b — thin-
bedded sandstone and shales Beloveza-like facies, Early and Middle Eocene; 3 — Zarzecze Fm., thin- and medium-bedded sandstone and
shales Beloveza-like facies; 3a — Early Eocene, Zarzecze Fm., Krynica Sandstone Mb., thick-bedded sandstones and conglomerates, Early Eo-
cene; 4 — Szczawnica Fm., thin- and medium-bedded sandstones and shales, Cretaceous-Paleocene; 4a — Szczawnica Fm., thick-bedded sand-
stones and conglomerates, Cretaceous-Paleocene. 5-16 Bystrica Subunit: 5 — Malcov Fm. thin- and medium-bedded sandstones and marly
shales, Late Eocene-Oligocene; 6a — Magura Fm., Poprad Mb., thick-bedded sandstones, Late Eocene; 6b — Magura Fm., Trusiéwka Mb.,
thick-bedded sandstones intercalated by thin-bedded sandstones and shales and Lacko-like marls, Late Eocene; 6¢c — Magura Fm., Mniszek
Mb., thin-bedded sandstones and shales BeloveZza-like facies; pe — variegated shales in different members; 6d — Middle and Late Eocene,
Magura Fm., Maszkowice Mb., thick-bedded sandstones with intercalations of £acko marls, Middle and Late Eocene; 7 — Zeleznikowa Fm.
and Bystrica Fm., thick-bedded Lacko marls and sandstones in Zeleznikowa Fm. with thin-bedded sandstones and shales, Middle and Late
Eocene; 8 — Beloveza Fm., thin- and medium-bedded sandstones and marly shales, Early Eocene; 9 — Labowa Shale Fm., variegated shales,
Early Eocene; 10 — Ropianka Fm. thin- and medium bedded sandstones and shales, Maastrichtian-Paleocene; 11 — Szczawina Fm., thick-
bedded sandstones, Campanian-Maastrichtian; 12 — Biate Fm., thin- and medium-bedded sandstones, marls and limestones, Maastrichtian;
13 — Malinowa Shale Fm., variegated shales, Cognac; 14 — Thick-bedded Cretaceous sandstones; 15 — Porgba Gorna Fm., chaotic flysch de-
posits, Late Cretaceous; 16 — Janien Fm., green spotted shales, Albian-Cenomanian. 17-21 Foremagura Group of Nappes: 17 — Krosno Beds,
sandstones and shales Oligocene; 18 — Cergowa Beds, shales, sandstones and thick-bedded marls, Oligocene; 19 — Grybow Beds, shales, marls
and sandstones, Oligocene; 20 — Rdzawka Beds, thin-bedded silicified sandstones and shales, Eocene? - Oligocene; 21 — Jaworzynka Beds,
shales and sandstones, Late Cretaceous-Paleocene (olistholits?) ¢« White dashed line — borders of Gorce National Park *« Mapa geologiczna
badanego terenu (za Cieszkowski et al. 2015, zmodyfikowana): 1-4 podjednostka krynicka: 1 — formacja malcowska, oligocen; 2a — formacja
magurska, ogniwo piaskowcow z Popradu, grubolawicowe piaskowce, pdzny eocen-oligocen; 2b — formacja magurska, ogniwo z Kowanca,
grubotawicowe piaskowce przetawicone piaskowcami, tupkami i marglami typu fackiego, srodkowy eocen; 2¢ — formacja magurska, ogniwo
piaskowcow z Piwnicznej, grubotawicowe piaskowce i zlepience przetawicone cienkotawicowymi paskowcami i tupkami typu beloweskiego;
b — cienkotawicowe paskowce i tupki typu beloweskiego, wczesny i srodkowy eocen; 3 — formacja z Zarzecza, cienko- i Sredniotawicowe
piaskowece 1 tupki, facja typu beloweskiego, weczesny eocen; 3a — formacja z Zarzecza, ogniwo piaskowcdw krynickich, grubotawicowe pia-
skowce i zlepience, wezesny eocen; 4 — formacja szczawnicka, cienko- i Sredniotawicowe piaskowce i tupki, kreda-paleocen; 4a — formacja
szczawnicka, grubotawicowe piaskowce i zlepience, kreda-paleocen. 5—16 podjednostka bystrzycka: 5 — formacja malcowska, cienko- i $red-
niolawicowe piaskowce i tupki margliste, pézny eocen-oligocen; 6a — formacja magurska, ogniwo piaskowcéw z Popradu, grubotawicowe
piaskowce, pozny eocen; 6b — formacja magurska, ogniwo z Trusiowki, grubotawicowe piaskowce przetawicone cienkotawicowymi piaskow-
cami, lupkami i marglami typu tackiego, pdzny eocen; 6¢ — formacja magurska, ogniwo z Mniszka, cienkotawicowe piaskowce i tupki typu
beloweskiego; pe — tupki pstre w réznych jednostkach; 6d — formacja magurska, ogniwo z Maszkowic, grubotawicowe piaskowce z tawica-
mi margli fackich, srodkowy i poézny eocen; 7 — formacja zeleznikowska i formacja bystrzycka, grubolawicowe margle fackie i piaskowce
w formacji zeleznikowskiej z cienkotawicowymi piaskowcami i tupkami, srodkowy i poézny eocen; 8 — formacja beloweska, cienko- i $red-
niolawicowe piaskowce i tupki margliste, wczesny eocen; 9 — formacja lupkow z Labowej, tupki pstre, wezesny eocen; 10 — formacja ropia-
niecka, cienko- i Sredniotawicowe piaskowce 1 tupki, mastrycht-paleocen; 11 — formacja ze Szczawiny, grubotawicowe piaskowce, kampan-
-mastrycht; 12 — formacja z Bialego, cienko- i $redniotawicowe piaskowce, margle i wapienie, mastrycht; 13 — formacja tupkéw z Malino-
wej, lupki pstre, koniak; 14 — kredowe grubotawicowe piaskowce; 15 — formacja z Porgby Gornej, chaotyczne utwory fliszowe, pozna kreda;
16 — formacja z Jasienia, zielone tupki plamiste, alb-cenoman. 17-21 jednostki grupy przedmagurskiej: 17 — warstwy kro$nienskie, piaskow-
ce 1 lupki, oligocen; 18 — warstwy cergowskie, tupki, piaskowce i grubotawicowe margle, oligocen; 19 — warstwy grybowskie, tupki, margle
i piaskowce, oligocen; 20 — warstwy z Rdzawki, cienkotawicowe skrzemionkowane piaskowce i tupki, eocen?-oligocen; 21 — warstwy z Ja-
worzynki, tupki i piaskowce, pdzna kreda-paleocen (olistolit?). Biata przerywana linia — granica Gorczanskiego Parku Narodowego
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The geological structure of the Magura Nappe in the western
part of Gorce Mts., especially lithostratigraphic sections and
their divisions, as well as tectonics were described by Burtan,
Paul and Watycha (Watycha, 1963, 1966; Burtan et al., 1976,
1978; Paul, 1978, 1980). The lithostratigraphic divisions of
the Krynica and Bystrica Subunits of the Magura Nappe were
formalized by Oszczypko and partly by cooperating authors
(Birkenmajer, Oszczypko, 1989; Oszczypko, 1991; Oszczyp-
ko etal., 2005). Some additions to the accepted formal division
were offered by Cieszkowski (Cieszkowski, Olszewska, 1986;
Cieszkowski, 2006a, b; Uchman, Cieszkowski, 2008a, b).
A list of the actual geology of the Magura Nappe in the Gorce
National Park and its surroundings area has developed on the
base of detailed field studies and mapping (Figs 4, 5).
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Fig. 6. Outcrops of deposits representing the Krynica Subunit: A — medium-bedded flysch of the Szczawnica Fm.; B — forming tors thick-
bedded sandstones of the Szczawnica Fm.; C — thin-bedded flysch of the Zarzecze Fm.; D — thick-bedded sandstones of the Krynica
Sandstone Mb. of the Zarzecze Fm. with cave entrance; E — thick-bedded sandstones of the Poprad Sandstone Mb. of the Magura Fm.;
F — thin- and medium-bedded sandstone-shale flysch of the Kowaniec Mb. of the Magura Fm.; G — thick layer of shale of the of the Kow-
aniec Mb. of the Magura Fm.; H — thick-bedded sandstones of the Kowaniec Mb. of the Magura Fm.; I — thin- and medium shale — sand-
stone of the Beloveza-like flysch within Piwniczna Sandstone Mb.; J — coarse-grained sandstone and fine conglomerates of the Piwnic-
zna Sandstone Mb.; K — forming rock wall thick-bedded sandstone of the Kowaniec Mb. of the Magura Fm. in Lopuszna stream valley;
photo M. Szczech ¢ Odstonigcia utworéow reprezentujacych podjednostke krynicka: A — Sredniotawicowy flisz formacji szczawnickiej;
B — skatka uformowana w grubotawicowych piaskowcach formacji szczawnickiej; C — cienkotawicowy flisz formacji z Zarzecza; D — gru-
botawicowe piaskowce ogniwa piaskowcow krynickich formacji z Zarzecza z wejsciem do jaskini; E — grubotawicowe piaskowce ogniwa
piaskowcow z Popradu formacji magurskiej; F — cienko- i sredniotawicowy piaskowcowo-tupkowy flisz ogniwa z Kowanca formacji ma-
gurskiej; G — gruba tawica tupkowa w ogniwie z Kowanca formacji magurskiej; H — grubotawicowe ogniwo z Kowanca formacji magur-
skiej; I — cienko- i $redniotawicowy flisz piaskowcowo-tupkowy typu beloweskiego w ogniwie piaskowcow z Piwnicznej; J — gruboziar-
niste piaskowce i zlepiefice ogniwa piaskowcow z Piwnicznej; K — $ciana skalna zbudowana z piaskowcow ogniwa z Kowanca formacji
magurskiej w dolinie potoku Lopuszna; fot. M. Szczech
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The thick-bedded sandstones complex was considered
by Sikora, and Zytko (1968) as an equivalent of the Szcza-
wina Sandstone, whereas Oszczypko (1991) described sim-
ilar deposits in Sadecki Beskid as sandstones and conglom-
erates from Zyczanéw. The deposits of this formation in
the west part of Gorce Mts. occur in the range from Stare
Wierchy and Obidowiec, through Mostownica to Ochotni-
ca Goérna.

The Zarzecze Formation (Fig. 6C) represents the early
Eocene. There are deposits of thin-bedded, rhythmic flysch,
which are reminiscent of the deposits of the Beloveza Forma-
tion (see below) from the Bystrica Subunit. In the Zarzecze
Formation, the thick-bedded sandstones and conglomerates
were divided as the Krynica Sandstone Member (Fig. 6D).
In the petrographic composition, there is a big amount of
quartz and lithoclasts of micaceous shists, phyllites, green-
stones, gneisses and marbles, granitoids, granite-gneiss,
quartzites, lydites, silicified mudstones, clayey shales, lime-
stones and dolomites as well.

The Magura Formation in the western part of the Gorce
Mts. is of upper Eocene-Oligocene age. It is dominated by
thick-bedded sandstones, which represent the lithotype
of the Magura Sandstone distinguished by Paul (1868) in
Oravska Magura Mts. in Slovakia. The thickness of the
sandstone layers is 0.5-2 m, and of the composed layers,
amalgamated, is up to 8 m. The fresh sandstones are grey-
ish-blue, calcareous, but the weathered ones are grey-yel-
low, medium- and coarse-grained, conglomeratic in places.
In the petrographic composition of the Magura Sandstone
lithotype, it is clear that quartz dominates, but there are also
feldspars, muscovite, lithoclast of granitoids, gneisis, mi-
caceous shists, volcanites, quartzites and carbonate rock,
limestones and Triassic dolomites. The distinctive in mac-
roscopic feature of the described sandstones is the presence
of the red quartzites and volcanites, as well as pink quartz
and feldspar.

In the Gorce Mts. in the Krynica Zone, the Magura For-
mation was divided into three members: the Piwniczna Sand-
stone Member (Fig. 6J), primarily described as Jaszcze or
Turbacz Beds, a compound of thick- and very thick-bedded
sandstones, and also fine conglomerates in some places with
the thin Beloveza Beds-like flysch (Fig. 61). Occurring high-
er, from the Middle-Eocene, the Kowaniec Member is a com-
pound of thick-bedded sandstone (Fig. 6H, K), with thick-
fissile shales or thin-bedded Hieroglyphic Beds-like flysch
(Fig. 6F) and occasional Lacko Marl layers or thick packages
of shales (Fig. 6G). The Poprad Sandstone Member is the
youngest. It consists of almost entirely thick-bedded sand-
stones. The deposits of the Magura Formation build the mas-
sif of Turbacz and the southern slopes of the Gorce Mts. The
profile of the formation is clearly observed in the deep in-
dented valley of the Lopuszna stream, but the Poprad Sand-
stone Member is emphasized in the quarry in Klikuszowa
(Cieszkowski et al., 1998; Fig. 6E). Because of the well —
exposed outcrops of the Kowaniec Member in the valleys
of Great Kowaniec and Small Kowaniec, the streams in the
northern area of Nowy Targ town are called Kowaniec. Its
locus typicus was located.
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Bystrica Zone

The Jasien Formation (Fig. 7A) deposits of Albian-
Cenomanian age starts the Bystrica Zone lithostratygraphic
section. It was primarily distinguished in the Magura Nappe
on the southern margin of the Mszana Dolna Tectonic Win-
dow, as the Lhoty Beds or the Hulina Formation. It is the old-
est formation of the Magura series, known from the surface
in the Polish sector of the Outer Carpathians. The deposits
of the Jasien Formation outcropped in Koninki are devel-
oped as green spotted shales (the spots represent bioturba-
tion) with occasional intercalations of silicified sandstones.
There manganoferrous concretions with rhodochrosite occur,
sometimes with well-preserved radiolarians inside (Burtan
et al., 1992b). In the deposits of the Jasien Formation, the
traces of the copper mineralization were found (Burtan et al.,
1976, 1992b).

The Malinowa Shale Formation (Fig. 7B), Turonian-
Santonian in age, variegated shales are found, as well as
cherry red, sometimes red and green noncalcareous with sin-
gle thin-bedded greenish layers of fine-grained, often silici-
fied mudstones. The shales are widespread along the northern
slopes of the Gorce Mts., at least in two lines of the out-
crops spread between Rabka and Olszéwka on the west, and
Zasadne, near Kamienica, on the east. In the higher parts of
the Malinowa Shale Formation, there is the Wiatrowki Sand-
stone Member, Coniacian-Santonian in age (Cieszkowski
et al., 1998), which is represented by characteristic celadon-
greenish colour. It is fractional graded, parallel laminated,
and consists of quartz and fine clasts of greenish shales, oc-
casionally feldspars and muscovite. These deposits were ex-
amined between the Zasadne and Lubomierz villages. The
position of the stratotype is located on the left-bank tributary
of the Kamienica stream, in Wiatrowki glade.

The Poreba Goérna Formation (Santonian), described
by Burtan (in: Burtan, Lydka, 1978; Burtan et al., 1976,
1978, 1992a, ¢) as layers from Porgba Gorna, is the olistos-
trome sequence. The submarine slump structures of the for-
mation were described by Ksigzkiewicz (1958) and Ciesz-
kowski et al. (1987). In Porgba Gorna, in the section of the
Porgbianka stream, in the higher parts of the submarine
slump sequence, the degree of the flysch deposit disorder in-
creases gradually in a way, that at the top they are complete-
ly disintegrated and disjunctive, creating isolated sandstone
fragments. The deposits of the Por¢ba Gérna Formation can
be observed in the outcrops spread along the southern margin
of the Mszana Dolna Tectonic Window and to the east of it,
in Lubomierz and Szczawa.

The Biale Formation (Fig. 7C), of Santonian-Campian
age, was described in the southern margin of the Mszana
Dolna Tectonic Window as the Kanina Beds. The formation
crops out from Kamienica on the east, to Olszowka on the
west, and it is represented by grey medium- or thin-bedded,
fine-grained, limy muscovitic sandstones and green or green-
grey clayey shales and yellowish, soft marly shales as well.
In the Biale Formation, there are intercalations of turbidit-
ic limestones and hard marls (cf. Cieszkowski, Olszewska,
1986, 1989), which are the distinctive lithological features
of the formation.



Geotouristic values of the Gorce National Park and its surroundings (The Outer Carpathians, Poland)

- -, e

.._FJJ"_,F: -l m




Geotouristic values of the Gorce National Park and its surroundings (The Outer Carpathians, Poland)

Fig. 7. Outcrops of deposits representing the Bystrica Subunit: A — green spotted shales with radiolarians — Jasien Fm. in Koninki; B — the
Malinowa Shale Fm. developed mainly of red shales in Koninki; C — thin- and medium-bedded flysch of the Biate Fm. in Mszanka River
valley in Lubomierz; D — thick-bedded sandstones of the Szczawina Fm. in Mszanka River valley in Lubomierz; E — the Ropianka Fm.
croped out in the right bank of Kamienicki Creek in Rzeki; F — variegated shales of the Farony Mb. of the Ropianka Fm. in a gorge in Rabka
(Zaryte); G — Glegbieniec Mb. of the Ropianka Fm consists of marly mudstones — Glgbieniec Stream in Szczawa; H — marly mudstones with
Nereites trace fossil from Glgbieniec Mb.; I — variegated shales of the Labowa Shale Fm. in Zasadne Stream valley; J — Beloveza Fm. in
Suchora Stream in Lubomierz; K — Bystrica Fm. consisting of the Lacko Marls lithotype in Suchora Stream in Lubomierz; L — Trusiow-
ka Mb. of the Magura Fm. in the Kamienicki Creek Valley, A, B — photo R. Chodyn; C, E-H — photo M. Cieszkowski; D, I-L — photo
M. Szczgch ¢ Odstonigcia utwordéw reprezentujacych podjednostke bystrzycka: A — zielone tupki plamiste z radiolariami — formacja z Ja-
sienia w Koninkach; B — formacje tupkéw z Malinowej, reprezentowane glownie przez czerwone tupki, Koninki; C — cienko- i $redniota-
wicowy flisz formacji z Bialego, dolina Mszanki — Lubomierz; D — grubotawicowe piaskowce formacji ze Szczawiny, dolina Mszanki —
Lubomierz; E — odstoni¢cie utworow formacji ropianieckiej w prawym brzegu Kamienickiego Potoku w Rzekach; F — tupki pstre ogniwa
z Faronow formacji ropianieckiej w wawozie w Rabce (Zarytem); G — ogniwo z Glgbienca formacji ropianieckiej zbudowanej z mutowcoOw
marglistych — potok Glgbieniec w Szczawie; H — mulowce margliste z ichnoskamieniato$cia Nereites w ogniwie z Glgbienca; I — tupki
pstre formacji tupkéw z Labowej — potok Zasadne; J — formacja beloweska w dolinie potoku Suchora w Lubomierzu; K — formacja by-
strzycka zbudowana z margli tackich — potok Suchora — Lubomierz; L — ogniwo z Trusiowki formacji magurskiej — Kamienicki Potok;
A, B —fot. R. Chodyn; C, E-H — fot. M. Cieszkowski; D, I-L — fot. M. Szczech

In the shales, the occurrence of the very characteristic there are fine organic hieroglyphs. The sandstones are inter-
trace fossils, ichnogenus Nereites (Helminthoides), is ob- layered with thin-bedded clayey, grey and green shales with
served. Their occurrence and the presence of ichnogenus numerous ichnofossils. The most frequent are Planolites and
Helmithoides converge the Biale Formation into some fa- Chondrites; less frequent Nereites (Helminthoides) and Phy-
cies varieties of so-called Helminthoid Flysch, also called cosipho, rarely Spiroraphe. In the lower part of the Ropianka
Zementmergelserie, from the Rheno-Danubian Flysch of the Formation, several meters thick, the Farony Shale Member
Eastern Alps (cf. i.a. Cieszkowski et al., 1999a). The strato- (Fig. 7F) build of variegated shales can be observed (Uch-
type section of the described formation is located in Biale — man, Cieszkowski, 2008a, b). Its type section is located in
a hamlet of Szczawa village. Farony, a hamlet of Szczawa village. It is noticed that be-

The Szczawina Sandstone Formation (Fig. 7D), Senonian- tween Rabka and Kamienica, the shales have a local correla-
-Maastrichtian in age, occurred in the south-east margin of tional factor. Nowadays, this takes shape of the picturesque
Mszana Dolna Tectonic Window is spread to the east through  gorge in Rabka Zaryte. In the higher parts of the Ropianka
Lubomierz and Szczawa to Zasadne and Kamienica. In this Formation, the amount of marly shales significantly increas-
formation, there are thick-bedded sandstones often amalga- es. They are divided here as the Glebieniec Member (Uch-
mated, medium- and fine-grained, rarely coarse-grained and man, Cieszkowski, 2008b; Fig. 7G), which locus typicus is
conglomeratic, sometimes with conglomerate intercalations. located in Szczawa, in a valley of the Glebieniec Stream. In
The sandstones are usually massive, and the uppermost parts the marls and marly shales, there are a lot of trace fossils, ich-
of the layers bear parallel and cross lamination. In the thinner nogenus Planolites, Chondrites, Phycosiphon and prevalent
layers, clear sorting and gradation of the grains can be ob-  Nereites (Helminthoides) (Fig. 7H). The flysch sequence of
served. In their composition, quartz dominates, less feldspars, the Glebieniec Mb. is similar to some facies varieties of Hel-
muscovite, biotite and lithoclasts, in which the grains of meta- minthoid Flysch from the Eastern Alps in its development.
morphic, siliceous and carbonate rocks can be noticed. The Labowa Shale Formation (Fig. 7I), the Early Eo-

In Grybléowka — ahamlet of Szczawa — at the base of the cene, mainly consists of variegated, cherry-red claystones or
formation specimens of ammonites, a species of Saghalinites mudstones, with occasional intercalations of green shales.
wrighti Birkelund have been found (Haczewski, Szyma- In the shales, there are intercalations of green thin-bedded
kowska 1984), which date the sandstones age as Maastrich-  fine-grain sandstones. In some sections, there more thin-bed-
tian. Some crumbled shells of the Late Cretaceous mussels ded shales and sandstones of Beloveza type occur so that the
of the /noceramus species, were found in places. The thick- +Labowa Shale Formation passes gradually into the overlaid
bedded sandstones of the formation in the northern part of the Beloveza Formation. In the Labowa Shale Formation, there
Gorce Mts. and the adjacent part of Beskid Wyspowy play can be noticed in the Gorce Mts. the occurrence of benton-
a ridge-forming role. Moreover, they build the rock steps and  ized tuffites and manganoferrous concretions, with birnesite
waterfalls on the rivers i.a. Mszanka, Kamienica, Koninki (Cieszkowski, Wieser, 1979).
and Glebieniec. The Beloveza Formation (Fig. 7J) in the Gorce Mts. rep-

The Ropianka Formation (Fig. 7E), Maastrichtian-Pale-  resents the Early Eocene. Primarily, they were called the Hi-
ocene age, was described as Inoceramian Beds. It is repre- eroglyphic or the Beloveza Beds. It consists of gray blue,
sented by the medium- and thin-bedded sandstone-shale fine-grained, fine-bedded, calcareous sandstones intercalated
flysch. The sandstones are steel grey, grey-brown, after with gray, bluish and green shales. On the basal surfaces of
weathering, fine-grained, muscovitic, fractional, with par- the sandstones varied and distinctive trace fossils occur. Ich-
allel, cross and convolute lamination. In their composition nofossils can be noted in the shales, as well. The characteris-
the dominant ingredients are quartz and muscovite. There is tic feature of this formation is the diversity and great amount
also the plant detritus. On the basal surfaces of the layers, of ichnofossils.
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The Bystrica Formation (Fig. 7K) of Middle Eocene age,
also called the L.acko Beds, is one of the most distinctive de-
posit of the Bystrica Subunit. It is mainly composed of thick-
bedded turbidites, at lower parts build of sandstones; in high-
er, of massive, marly mudstones and marls called the Lacko
Marls. The sandstones in the lower part of the section of for-
mation are glauconitic, similar to the Osielec Sandstones sen-
su Ksigzkiewicz (1966), while the mudstones are dark grey,
sometimes with dark cherts at the top of layers. In the higher
part, the sandstones resemble the Magura Sandstones, and
the marly mudstones and marls are grey. The thickness of the
sandstones rarely goes beyond 1 m, but the marls are 1-5 m
thick or even occasionally can reach up to 10 m (Oszczyp-
ko, 1991; Chodyn, Szczgch, 2014). In the higher part of the
Bystrica Formation, on the west part of the Gorce Mts. some
olistostrome deposits occur (Cieszkowski et al., 2009). The
Bystrica Formation deposits gradually pass into thick-bed-
ded sandstones of the Magura Formation.

The Magura Formation, Middle Eocene-Oligocene in
age, begins from the Middle Eocene thick-bedded and me-
dium- or coarse-grained sandstones, with a lithotype of the
Magura Sandstones sensu Paul (1868), which belong to
the Maszkowice Sandstone Member. Above, there is the
Mniszek Shale Member, which is called in old literature as
the Jazowsko Shale Member and what is more, it is repre-
sented by the thin-bedded flysch of Beloveza type, with level
variegated shales. In the section, the youngest complex has
800-1000 m from the Late Eocene, and it comprises thick-
bedded Magura sandstones equivalent to the Poprad Sand-
stones Member of the Krynica Subunit. In addition, it is
similarly developed in terms of lithology. Between the thin-
bedded flysch of the Mniszek Mb and thick-bedded sand-
stones of the Magura Fm, a passage sequence was noticed,
which is called the Trusiowka Mb. (Fig. 7L). There, within
thick-bedded sandstones, intercalation thin- and medium-
bedded flysch and occasional tick layers of the Lacko Marls
or dark grey shales occur.

Tectonics

The Magura Nappe is the greatest tectonic unit in the Pol-
ish Outer-Carpathians (Ksigzkiewicz, 1972; Oszczypko,
1992; Oszczypko, Oszczypko-Clowes, 2006). Some moun-
tain ranges are built of Magura Nappe deposits, that is: the
highest range of the Beskidy Mts., which is Beskid Zywiecki,
Beskid Makowski, Gorce, Beskid Wyspowy, Beskid Sadecki
and Beskid Niski, as well. The Magura Nappe borders tecton-
ically with the Pieniny Klippen Belt in the south. In the north,
it is thrust over the Dukla Nappe and the units of the so-called
Fore-Magura Zone (Oszczypko, 1992). Based on facies di-
versity of the Paleogene deposits and tectonic features, there
were distinguished four subunits within the Magura Nappe
(i.a. Koszarski et al., 1974). Usually, they contact each other
along the overthrusts or the inverse faults of high amplitude.

In the Gorce Mts., there are two most southern subunits
of the Magura Nappe: the Krynica and Bystrica Subunits
(Fig. 4). The Krynica Subunit contacts directly with Pieniny
Klippen Belt from the south, while in the north, it is overthrust
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on the Bystrica Subunit. The overthrust of the Krynica Sub-
units goes alongside the northern slopes of Obidowiec, Tur-
bacz, Mostowinica, Kudton and towards Gorc. The flysch
deposits of the Magura Nappe in both described subunits are
folded to a series of synclines and anticlines. Some individu-
al feature of the fold tectonic style occurs in Cretaceous and
Paleocene deposits (Oszczypko et al., 1991; Cieszkowski
et al., 1992). The fragment of the Krynica Subunit, build-
ing the northern part of the Gorce Mts. was distinguished by
Watycha (1963) and called the Turbacz Skiba (skiba in Pol-
ish geological nomenclature is a large thrust sheet with inner
complex structure). In both subunits, inner smaller thrust-
sheets can be observed (Burtan et al., 1976, 1978, 1992b;
Oszczypko et al., 1999). Moreover, they are cut by vertical
and diagonal faults of varied extension and amplitude. In
the southern part of the Gorce Mts., in the Krynica Subunit,
the layers are back-turned to south. This refers to the flow-
er-structure formed near the collision zone of the Inner Car-
pathians and the Outer Carpathians. At the northern margin
of the Gorce Mts., units of the Fore-Magura Zone occur in
the Maszana Dolna and Szczawa Tectonic Windows (Fig. 4).
In the Maszana Dolna Tectonic Window, crops out the Dukla
Nappe (the Mszana Dolna unit) and Grybéw Nappe depos-
its (Ksigzkiewicz, 1972; Burtan et al., 1976, 1978, 1992d;
Mastella 1988). In the Szczawa Tectonic Window, the depos-
its of the Grybow Unit occur (Oszczypko-Clowes, Oszczyp-
ko, 2004; Uchman, Cieszkowski, 2008a). In the Miocene,
the deposits filling the Magura Basin were folded, uprooted,
removed from their primary base and overthrust northward
on the outer units (Oszczypko, 1992; Oszczypko, Oszczyp-
ko-Clowes, 2006). What is more, the Gorce Mts. are still
neo-tectonically active and constantly uplifted. This was
documented in Zuchniewicz’s research (1995, 2010). The
deep structure of the Magura Nappe was investigated in deep
boreholes of Obidowa IG-1 (4501 m deep) and Chabowka 1
(5001 m), located in the western parts of Gorce Mts. (Ciesz-
kowski, Sikora, 1975; Cieszkowski 2006c¢).

Mineral and thermal water

The most precious inanimate natural resources in the Gorce
Mts. are the mineral water springs. Rabka and Szczawa are
the places which are well known for the occurrence of mineral
water. In Rabka-Zdroj, salty chloridium-sodium mineral wa-
ter can be found and also iodine water (Rajchel, 2009). They
are used for medical purposes in local health resorts. In the
health park resort, there is a graduation tower, which has been
working for several years. What is more, in Szczawa (Fig. 8E)
there can be found acidulous water which is carbonated-chlo-
ridium-sodium-calcium (Chrzastowski, 1971). Some springs
of sulphurous water were investigated in Szczawa and on the
southern slopes of the Gorce Mts. in Nowy Targ and in Waks-
mund. The sulphurous water springs are related with hydro-
gen sulphide exhalations. Thermal water was also found in
wells on the Gorce Mts. area (Chowaniec ef al., 2001). Ther-
mal water from the Porgba Wielka borehole reaches 42°C on
the surface outflow. In Rabka-Zdr¢j, in the Rabka IG-2 bore-
hole the water is 28°C on the surface outflow (Rajchel, 2009).
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Geomorphological forms

The development of the Gorce Mts. relief began during
the uplifting of the Carpathians in the Miocene, but the main
shape emerged in the Pliocene (Paul, Rylko, 1987; Ciesz-
kowski et al., 2015a). Two facts, that is: the absence of the
slopes below solifluction deposits mantled and the occur-
rence of structural landslide suggest that the discussed terrain
is young (Starkel, 1972). One of the most characteristic fea-
tures in the Gorce Mts. is the para-radial arraignment moun-
tain ranges with dome rounded shaped mountain peaks with
highs of 1100-1300 m a.s.l. (Starkel, 1972). This system is
also reflected in a radial arrangement network of watercours-
es, with a springs of streams at the center of the massif and
flowing to massif borders and inflowing to major rivers: from
the south and east, to the Dunajec River, from the west and
north-west, to Raba and Mszanka Rivers and from north-
east, to Kamienica River. The ridges are wide and wavy
undulated. Undulations have developed as a result of deep
valley heads situated on both ridges sides (Baumgart-Kotar-
ba, 1974). One of most spectacular is the Borek Pass (1009
m a.s.l.) between Mt. Mostownica (1251 m a.s.l.) and Mt.
Kudton (1276 m a.s.l.), (cf. Barmuta, 2011). It is interesting
that the difference in height between the bottom of nearby
flowing Kamienicki Creek and the passes is only several me-
ters (Fig. 8J). In the morphology of the Gorce Mts., the asym-
metry of slopes can be noticed. Northern slopes are steeper
than the southern ones. Baumgart-Kotarba (1974) points that
the difference lies in the varied heights of the erosive base
at the both sides of the Gorce Mts. The watercourse valleys
are deep-indented, with a clearly observed V-shaped section.
It is common, in the Flysch Carpathians area, to observe ge-
omorphological inversions. However, in the Gorce Mts. on
some distances, watercourse orientations are related to the
extension of fold axes. The Gorce Mts. stream valleys in the
upper parts have unleveled longitudinal sections and present
significant declines. Within the segments, with occurrence
of thick-bedded sandstones are waterfalls (Fig. 8A, B, C, D,
H, 1), rocky steps and plunge pools (Fig. 8A, B). These are
clearly visible in the spring sections which drain the Gorce
Mts. slopes in the range from Lepietnica Stream, through
the upper parts of Lopuszna (Fig. 8B) up to the Ochotni-
ca Streams. There, on the outcrop thick-bedded sandstones,
picturesque waterfalls occur and form the rapids, reach-
ing up to 9 meters. One of the most wonderful and high-
est waterfalls is thein the Urwiskéw Stream, whose springs
are located on the eastern slopes of the Mt. Gorc Troszacki
(Fig. 8H). Big waterfalls can be found in Szczawa, on the
Kamienica River. These are waterfall named Spad (Fig. 8D),
in hamlet Bukowka (nature monument) and the waterfall in
the center of the Szczawa village (Fig. 8A). What is more,
the waterfall in Nowy Targ — Kowaniec is close to Diuga
Polana. The landslides are the common character features
in the Gorce Mountains. In this area, there are rocky, rocky-
waste and waste landslides. Waste landslides form in the
shales deposits and thin-bedded sandstone-shale flysch.
However, the two mentioned landslides occur in the higher
parts of the slopes, which consist of thick-bedded, strongly
fractured sandstone underlaid by thin- and medium-bedded
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sandstone-shaly flysch or shales. One of the most interest-
ing features of its kind, is the rocky landslide located on
the western slope of Mt. Kiczora (1282 m a.s.l.; Fig. 9B),
where the thick-bedded Piwniczna Sandstone Memeber is
underlaid with sandstone-shaly flysch. In the landslide nich-
es, peat bogs (Fig. 8F), marshes and small ponds are found
(Fig. 8QG), as a result of the breaks in the groundwater lev-
el. Landslide genesis has created the biggest and the most
famous lake called Pucotowski Stawek in the Gorce Mts.,
and it is located on the southern slopes of Mt. Wysznia in
Lopuszna village. Recently some “ponds” have been formed
as the result of the activity of beavers, which build dams on
streams (Fig. 8C). Some of the most interesting relief forms
in the Gorce National Park and its surroundings are the
outcrops, which create often picturesque tors (Fig. 9A-H)
and other rocky forms of varied shapes and sizes. Alexand-
rowicz (1978, 1982) researched some of these structures in
her work concerning the Polish Outer Carpathians. They are
also found in Nyka’s (1974) and Baumgart-Kotarba’s (1974)
work. The author’s research based on detailed analysis and
high resolution digital elevation models showed that there
are much more rocky formations in the GPN than has been
described. The genesis of the rocks is connected with the
denudation, landslide and fluvial processes. Most of the
rocks are located in the upper part of the ridge slopes. Most-
ly, the rocks of denudation origin belong to this group. The
rocky forms occur also in the lower parts of the slopes. Their
origin is connected with mass movements. Fluvial process-
es have a great influence on the rocks forming in the beds of
the rivers and streams or in the channel zone. The rocks in
the Bystrica Subunit and in the Krynica Subunit constitute
thick-bedded sandstones of Magura Formation, Szczawina
Formation (Bystrica Subunit) and Szczawnica Formation
(Krynica Subunit). They occur individually or in groups. The
rocky forms in the Gorce Mts. are varied in shapes. General-
ly, they form rock towers and cliffs (Fig. 2, 9C, D). It is also
possible to notice rock walls (Fig. 6K). During the fieldwork,
it was observed that two objects in rock spire shapes were lo-
cated on Kudton slopes (Fig. 10, 9G). The biggest amount of
rock forms is investigated in the Kudton northern slopes in
GPN. They are built of deposits of Magura Formation, main-
ly Piwniczna Sandstone Member, of Krynica Subunit. They
are located on the slope curve zone, where the inclinations
increase up to 30—45 degrees. In this place, there are the
most magnificent Gorce Mts. rock objects: Biate Skaty rock
group (Fig. 9A, D, G) beneath the Mt. Gorc Troszacki, and
the most popular rock, which is the spire called Kudtonski
Baca (Fig. 10). Bigger groups of rock forms are located in
the Obidowiec massif, and they are built of the Szczawnica
Formation (Fig. 6B). Moreover, they occur in the catchment
of the Lopuszna Stream, in which the outcrops are made of
the Magura Formation. In this picturesque valley, numerous
varied rock forms can be observed (Fig. 6K, 9C). There are
also interesting outcrops on the southern slopes of the Gorce
Mts., in the surroundings of Ochotnica village. Single ob-
jects can be noticed in the area of Mt. Gorc and Mt. Mostow-
nica, on the northern slopes of Mt. Jaworzyna Kamienicka,
and on the southern slopes of the Mt. Kudton, where the ma-
jority is of landslide origin.
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Fig. 8. Geomorphological features of: A — waterfall and plunge pool on Kamienica River formed of the Oligocene sandstones of the
Grybow Unit in Szczawa Tectonic Window — center of Szczawa village; B — waterfall and plunge pool on Lopuszna Stream formed of
the sandstones of the Magura Fm.; C — beaver lodges on the Kamienicki Creek close of the Borek Pass; D — waterfall named Spad (nature
monument) formed on thick-bedded sandstones of the Szczawina Fm. on Kamienica river in Bukowka, hamlet of Szczawa; E — mineral
water spring in Szczawa; F — marsh in a niche of the landslide on the eastern slope of Kudton Mt.; G — lake formed in a niche of the land-
slide in Biale, hamlet of Szczawa; H — a part of the highest Gorce Mts. waterfall formed on thick-bedded sandstones of the Magura Fm. on
Urwiskow Stream, tributary of Kamienica River; I — picturesque waterfall in Lopuszna Stream valley, formed on thick-bedded sandstones
of the Magura Fm.; J — Borek Pass (1009 m a.s.l.) between Mostownica Mt. (1251 m a.s.l.) and Kudton Mt. (1276 m a.s.1.). It is interesting,
that the difference in height between the bottom of nearby flowing Kamienicki Creek and the passes are only several meters; D, F — photo
M. Cieszkowski; A-C, E, G-J — photo M. Szczech ¢ Formy geomorfologiczne: A — wodospad i kociol eworsyjny w dolinie potoku Ka-
mienica zbudowany z oligocenskich piaskowcow jednostki grybowskiej w oknie tektonicznym szczawy — centrum wsi Szczawa; B — wo-
dospad i kociot eworsyjny w dolinie potoku Lopuszna zbudowany z piaskowcow formacji magurskiej; C — bobrza tama na Kamienickim
Potoku w poblizu przetgczy Borek; D — wodospad Spad uformowany na grubolawicowych piaskowcach formacji ze Szczawiny na Kamie-
nicy w Bukowce — przysiotek Szczawy; E — zroédto mineralne w Szczawie; F — zatorfienie w niszy osuwiskowej na wschodnich stokach
Kudtonia; G — jezioro uformowane w niszy osuwiskowej w Biatem — przysidtek Szczawy; H — czg$¢ najwyzszego gorczanskiego wodo-
spadu uformowanego w grubotawicowych piaskowcach formacji magurskiej w potoku Urwiskow, doptywie Kamienicy; I — malowniczy
wodospad w dolinie potoku Lopuszna, zatozonego na grubotawicowych piaskowcach formacji magurskiej; J — Przetecz Borek (1009 m
n.p.m.) pomiedzy Mostownica (1251 m n.p.m.) a Kudtoniem (1276 m n.p.m.) (jest to cieckawe miejsce, poniewaz roznica pomiedzy dnem
doliny Kamienickiego Potoku a przetecza wynosi zaledwie kilka metréow); D, F — fot. M. Cieszkowski; A—C, E, G—J — fot. M. Szczgch
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Fig. 9. The Gorce rock tors and caves: A — cliffs rock — Biate Skaty rock group, B — “Turnice” — large block of sandstones in the main scarp
of the landslide, C — tower rock tor in Lopuszna stream valley, D — cliffs rock — Biate Skaty rock group, E — rocky wall on the northern
slop of the Kudton Mt., F —rocks of landslide genesis with cave on the lower part of the southern slope of the Kudton Mt., G — needle rock
tor — Biale Skaty rock group, H — rocks of landslide genesis on the lower part of the southern slope of the Kudton Mt., I — tower rock tor
on the northern slope of Kudton, photo M. Szczgch * Gorczanskie skatki i jaskinie: A — baszta skalna — Biale Skaly; B — Turnice — duze
piaskowcowe blokowisko znajdujace si¢ w skarpie gtéwnej osuwiska; C — baszta skalna w dolinie potoku Lopuszna; D — baszta skalna
— Biate Skaty; E — §ciana skalna na poétnocnych stokach Kudtonia; F — skatki o genezie osuwiskowej z jaskiniag w dolnej cze$ci potudnio-
wych stokow Kudtonia; G —iglica skalne — Biate Skaty; H — skatki o genezie osuwiskowej w dolnej czgsci potudniowych stokow Kudtonia;
I — baszta skalna na potnocnych stokach Kudtonia, fot. M. Szczgch
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What is even more noteworthy, is the group of rocks with
a splendid rock tower 12 meters long and 6 meters high
(Fig. 9H), which is located below the blue touristic route
from Trusiowka meadow to Borek Pass, to the west from the
Stawieniec Stream. They belong to the groups that are, ac-
cording to Alexandrowicz (1970, 1978), detached from the
basement and developed in the processes of shifting the rock
masses, as a result of landslide processes. Also worthy of
note is the Skalny Gronik (Fig. 6D). It is a group of land-
slide origin creating the amphitheatre form in the main scarp,
closed by a “rock wall”. Below, there are huge rock blocks
and a group of rocks called Trunice (Fig. 9B), located in the
main scarp of the mentioned landslide on the Kiczora Mt.
western slopes. Beside the rock forms, ruble and running hills
in landslides, talus caves can be observed (Fig. 6D, 9F, H).
In the Gorce National Park there are about 50 caves of this
type. They are small and closed for tourists. The biggest cave
in Goree is Zbdjnicka Jama. It is 50 meters long and about
10 meters deep (Szczgch, Czarnota, 2015), and located in the
area of the peak of Jaworzyna Kamienicka (Margielewski,
Urban, 2000, 2002). The caves are precious objects and are
protected by the Natura 2000 program. In the caves, there is
the occurrence of many bat species, but they do not hibernate
there because of the bad conditions in winter (Szczgch, Czar-
nota, 2015).

Fig. 10. The most famous tor in the Gorces, needle Kudtonski Baca,
built of Magura Sandstones (north slopes of Kudton Mt.), photo
M. Szczech < Najbardziej znana skaltka gorczanska, iglica skalna
Kudtonski Baca, zbudowana z piaskowcow magurskich (poéinocne
stoki Kudtonia), fot. M. Szczech
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Summary

The big amount and good condition of the outcrops expo-
sures of rocky basement and their great size make the Gore-
es an extremely precious massif in a scientific way, which
has been demonstrated in numerous research in this area
confirmed by many publications. Some parts of these sites
are unique in the Carpathians. For instance, the outcrops of
the upper Cretaceous period in the Jasien Formation, which
are exposed in only one place in Beskid Wyspowy in the
Potrzeczki hamlet (Burtan et al. 1976, 1978, Bak, Oszczyp-
ko 2000). Because of their good condition and the represent-
ative feature, some of the outcrops were qualified as strato-
type places for lithostratygraphic divisions: in Szczawa, the
Biate Formation, the Glgbieniec and Farony Member in the
Ropianka Formation, in Lubomierz, the Wiatrowki Sand-
stone Member, the Malinowa Formation and the Trusiow-
ka Member (Rzeki), in the Magura Formation. It is also an
ideal region to study the geological structure of the Magu-
ra Nappe and the processes of forming the middle-height
mountains morphology. It is valuable for science, academic
studies and in schools. The geological variety is reflected in
the interesting morphology, which is rich in many valuable
and magnificent regional forms: deep cut to rock basement
valleys, which form in some place small canyons, a lot of
landslides, ponds, peat bogs and marshes, charming and pic-
turesque rock formations and waterfalls, stream rocky bed
and plunge pools. In addition, some of the objects, for in-
stance, rock exposures, rock walls, spire rock, rock towers,
cliffs, or the caves are the habitats for unique plant groups,
and they are a shelter for many animal species (Szczech,
Czarnota, 2015). The bats and cave spiders take shelter in
the Gorce Mts. caves. The rock tors and some caves are used
as shelter by lynxes (Fig. 11A). In addition to some men-
tioned interesting mineralogical facts in the Gorce Mts. in
the Magura Nappe deposits, there are also traces of gold,
(Cieszkowski et al., 1999b), and in Fore Magura Zone de-
posits, Marmarosh “diamonds” occur — quartz crystals re-
fracting beautifully light (Cieszkowski, 2006b; Cieszkowski
et al., 2015a). Connecting the rich morphology with the ge-
ological structure allows one to develop a branch of tour-
ism, namely geotourism (Cieszkowski, 2005; Cieszkowski,
2006b; Barmuta, 2011; Cieszkowski et al., 2015b). Many
features such as the geological and natural richness full of
marvelous views (Fig. 12; e.g. a beautiful Tatra Mts. pano-
rama from the southern slopes of Gorce Mts.; Fig. 1), also
the massif morphology and the accessible valued geosites,
provide the opportunity to study the geology (Unrug, 1969;
Slaczka, Kaminski, 1998) and the processes which have
formed the current picturesque terrain of the Gorce Mts. The
Gorce Mts. and their surroundings are also a huge cultural
wealth associated with folklore of the Podhale and Zagorza-
nie highlanders. The folklore manifests itself in the high-
landers’ originally ornamented costumes (Fig. 13), folk mu-
sic and wooden constructions. Traveling around the Gorce
Mts. Villages, we can find wooden houses built of spruce or
fir logs, occasionally with rich decorations, of which many
elements, shapes and forms derive from the surrounding na-
ture’s patterns.
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Fig. 11. Lively nature and wooden monuments in the Gorce Mts.: A — very rare case of a lynx family — mother with four kittens in 2014
in a cave formed in sandstones of the Piwniczna Mb. in Biate Skaty rock group; B — roe on the mountain path; C — capercaille; D — dipper
dive in the water stream; E — cultural sheep grazing; F — shepherds’ shelter on the meadow; G — “Papiezowka” (the Pope’s hut) in Kami-
enicki Creek valley — here cardinal Karol Wojtyta, later Pope John Paul 11, spent several days in the summer of 1976; H — XV century
wooden church in Lopuszna; I — presbytery of the church in Lopuszna; J — XV century wooden church in Harklowa, A — phot. J. Loch;
B, G — photo M. Cieszkowski; C—F, H-J — photo M. Szczech ¢ Gorczanska przyroda oraz drewniana architektura: A — rodzina rysi — mat-
ka z czterema mlodymi, ktore w 2014 roku miaty legowisko w jaskini uformowanej w piaskowcach ogniwa z Piwnicznej w grupie Bia-
tych Skal; B — sarna na gorskiej drodze; C — ghuszec; D — pluszez; E — kulturowy wypas owiec; F — szatas pasterski na polanie Stawieniec;
G — “Papiezowka” w dolinie Kamienickiego Potoku, 1976 r. (Karol Wojtyta spedzit tutaj kilka dni); H — XV-wieczny drewniany ko$ciot
w Lopusznej; I — prezbiterium i ottarz glowny w kosciele w Lopusznej; J — XV-wieczny kosciol w Harklowej, A — fot. J. Loch; B, G — fot.
M. Cieszkowski; C—F, H-J — fot. M. Szczgch
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The most valuable objects are wooden Gothic churches
from the XV-XVI century in Lopuszna (Fig. 11 H, I), Hark-
lowa (Fig. 11 J), Grywald and Nowy Targ. On the mountain
meadows in the Gorce National Park, one can find shepherds’
shelters (Fig. 11 F, G). Today, within the GPN cultural sheep
grazing is organised, in order to preserve the tradition and
valuable habitats of nature (Fig. 11 E). It is a great chance to
explore for the unqualified tourists resting in the area and also
for the qualified geotourists searching for some unique ele-
ments of the inanimate and animate nature (Fig. 11A-D). The
important factor in the studies and analysis of the scientific

and educational features of Gorce Mts. is the Gorce National
Park, which protects the valuable geosites. In fact, accord-
ing to Cieszkowski (2006b), considering the protection of
the geosites, the park borders are rather randomly located.
The most valuable geosites outside the Park should be legal-
ly protected. Considering the specificity of the sites, in most
cases, this should be active protection to take care of the sci-
entific, esthetic and habitat features.

This study was financially supported by UJ ING grants no.
K/ZDS/001463 and DS/MND/WBiNoZ/ING/12/2015.

Fig. 12. Autumn landscape on a creek valley, with a rock wall built
of thick-bedded sandstones of the Piwniczna Sandstone Mb.; right
bank of Lopuszna Stream tributary, photo M. Szczech ¢ Jesienny
pejzaz doliny gorskiego potoku ze $ciang skalng zbudowang z gru-
botawicowych piaskowcow ogniwa z Piwnicznej w brzegu jednego
z doptywdw potoku Lopuszna, fot. M. Szczgch

Fig. 13. Wooden house in Szczawa village with traditional Zagorza-
nie highlanders ornaments, photo M. Szczech ¢ Tradycyjny drew-
niany dom zagodrzanski z lokalnymi ornamentami, znajdujacy si¢
w Szczawie, fot. M. Szczgch
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