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Abstract: The present authors investigated the Paleogene deposits of the internal zone of the Magura Basin known
as the Krynica Subunit or Krynica zone in Poland. These deposits crop out in the peri-Pieniny zone, in the area
between Szczawnica and Kroscienko. The oldest flysch deposits belong to the Paleocene — Lower Eocene Szcza-
wnica Formation. This formation is covered by thin-bedded turbidites of the Eocene Zarzecze Formation locally
with intercalations of the thick-bedded sandstones of the Krynica Member and Lacko-type marls. The youngest
rocks in this area belong to the Eocene-Oligocene Magura Formation. The Zarzecze Formation occupies a large
part of the Krynica zone of the Magura Nappe border structure. Some deposits previously distinguished as the
Szczawnica Formation were transferred to the Zarzecze Formation. The foraminiferal assemblages confirm the
Eocene age of these deposits.
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INTRODUCTION

The present authors investigated recently the Eo-
cene deposits within the Bystrica and Raca zones
of the Magura Nappe in Poland and Slovakia. This
research resulted in redefinition of the lithostrati-
graphic units, especially the Beloveza Formation
(Golonka & Waskowska 2012). In this study were
adopted a similar approach to re-examine the in-
ternal zone of the Magura Basin known as Krynica
Subunit (zone) in Poland or Oravska Magura Sub-
unit (Nappe) in Slovakia (e.g., Kova¢ & Plasienka
2002, Slqczka et al. 2006, and references therein).
Another classic lithostratigraphic unit, the Ma-
gura Formation was established in this zone by
Paul (1868, see also Slaczka et al. 2006). The fly-
sch deposits below this formation were named by

Uhlig (1890) as the “Boundary Flysch”. The names
Hieroglyphic Beds, Szczawnica Beds, Submagura
Beds, Beloveza Beds, Inoceramian Beds, and Rop-
ianka Beds have been used by different authors in
the area (Birkenmajer 1957, Bogacz & Wectawik
1962, Watycha 1963, Oszczypko 1979, see also
summary by Chrustek et al. 2005). Birkenmajer
& Oszczypko (1989) provided a formal lithostrati-
graphic scheme of the Krynica Subunit. They de-
scribed the Eocene Zarzecze Formation below the
Magura Formation. However, only the Szczawnica
Formation was distinguished on the map of the
area between Kroscienko and Szczawnica (Birken-
majer & Oszczypko 1989). Chrustek et al. (2005)
mapped the Eocene Zarzecze Formation on the
southern slope of Dzwonkéwka Mountain. The
present authors supplement their work by detailed
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biostratigraphic investigation and cartographic
survey of this area especially of the flysch deposits
in Scigocki stream on the adjacent banks of the
Dunajec River.

OUTLINE OF GEOLOGY

The Magura Nappe is the largest tectonic unit of
the Western Carpathians (Fig. 1) and is linked with
the Rheno-Danubian flysch of the Eastern Alps.
During the overthrust movements, the Magura
Nappe was completely uprooted from its substra-
tum along the ductile Upper Cretaceous rocks. On
the base of facial differentiation of the Paleogene
deposits the Magura Nappe has been subdivided
into four facies-tectonic subunits: the Krynica,
Bystrica, Rac¢a and Siary (e.g., Koszarski et al. 1974,
Cieszkowski et al. 1985, Oszczypko 1992, Slaczka
et al. 2006, and citation therein).

The rocks of the Magura Nappe were deposited
within the Magura Basin, which originated during
Jurassic time. Parts of these deposits were incor-
porated into the Pieniny Klippen Belt tectonic

structure. The remaining parts belong to the Ma-
gura Nappe, which is separated from the Pieniny
Klippen Belt in Poland and adjacent part of Slo-
vakia by a steeply-dipping southward strike-slip
boundary (Slaczka et al. 2006). The Krynica Sub-
unit is located between the Pieniny Klippen Belt
and the Bystrica Subunit. This subunit includes
uppermost Cretaceous-Oligocene flysch rocks in
the area adjacent to the Pieniny Klippen Belt in
Poland known as the peri-Pieniny klippen zone
(Watycha 1963, Golonka & Sikora 1981). The old-
er, Jurassic-Cretaceous deposits, are known only
from the olistoliths within the flysch (e.g., Ciesz-
kowski et al. 2009, Golonka et al. 2010, 2015, and
citation therein).

The oldest flysch deposits recognized in the
Krynica Subunit in the Krodcienko-Szczawnica
(see Alexandrowicz et al. 1966, 1982, Cieszkows-
ki & Oszczypko 1985) area belong to the Paleo-
cene-Lower Eocene Szczawnica Formation. The

older, Cenomanian-Senonian rocks are not ex-
posed in this area, they have been found in the
Obidowa IG-1 well (e.g. Cieszkowski 1985). This
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formation is built of thin- and medium-bedded
flysch with intercalations of thick and very hard
sandstones locally forming the Lower Eocene
Zyczanéw Member. The Szczawnica Formation is
covered by thin-bedded turbidites of the Eocene
Zarzecze Formation locally with intercalations
of the Lacko-type marls (Chrustek et al. 2005).
The Krynica Member consisting of thick-bedded
sandstones occurs locally within the Zarzecze
Formation. The Zarzecze Formation is covered
by the Eocene-Oligocene Magura Formation. The
thick-bedded sandstones of the Piwniczna Sand-
stone Member, the lower part of the Magura For-
mation, occur in the investigated area (Kulka et al.
1987, 1991, Chrustek et al. 2005).

The Beskid Sadecki Mountains display an in-
verse geomorphology. Synclines build the moun-
tain tops. The large syncline with the Piwniczna
Sandstone Member forms the Dzwonkdéwka-Ra-
dziejowa mountain range south of Kro$cienko and
Szczawnica. The anticlines with the Szczawnica
Formation form the slopes and the valleys. The
relatively soft flysch complexes of the Szczawnica
and Zarzecze formations are often strongly folded
and disharmonic, sometimes the strata are over-
turned (Chrustek et al. 2005).

The large anticline with the Szczawnica For-
mation occurs between Dzwonkéwka and the
Dunajec River in the Scigocki stream area. An-
desite intrusions are located in this area (Kulka
et al. 1987, 1991, Birkenmajer & Oszczypko 1989,
Chrustek et al. 2005). The Scigocki anticline is cut
westward by the Zawiasy dextral fault, bordering
the Pieniny Klippen Belt. The tectonic character
of the Polish-Slovak section of the Pieniny Klip-
pen Belt is mixed. Both strike slip and thrust com-
ponents occur here (e.g., Golonka & Raczkowski
1984, Jurewicz 2005). In general the subvertically
arranged Jurassic-Lower Cretaceous basinal fa-
cies display tectonics of a diapiric character that
originated in the strike-slip zone between the
two plates.

MATERIAL AND METHODS

The present authors conducted detailed fieldwork
supplemented by remote sensing techniques (geo-
logical interpretation of aerial photographs, satel-
lite images, radar images, condensed contour maps

and DEM - Digital Elevation Models) as well as
stratigraphic studies, sedimentologic studies, and
analysis of local tectonics. Detailed field mapping
enabled the identification of the best localities for
micropalaeontological sampling. Micropaleon-
tological studies were focused on foraminiferal
biostratigraphy. For this purpose the material was
collected from Paleogene deposits of the Magura
Nappe, Krynica Subunit in the peri-Pieniny zone.
Sampled sections were located in the upper part of
the Scigocki stream valley as well as in the bank
of the Dunajec River, slightly below the St. Kinga
Chapel (Fig. 2). Nine mudstone and marly samples
were taken from mudstone-shale-marl complexes
occurring within flysch deposits.

The examined sediments were prepared by
using standard micropalaeontological methods.
Samples of 0.5 kg dry mudstones or marls were
put into a maceration process in water solution of
Glaubert’s Salt (Na,SO,). Disintegrated samples
were washed through a set of sieves (68 um screen)
and dried. Microfossils were picked from the re-
ceived residue. The foraminifera are the dominant
microfossils present, and fish teeth, piritized ra-
diolarian infillings and echinoderm spines were
present as accessory components.

All specimens of foraminifera were selected
from each sample and were treated as an assem-
blage. Poorly-preserved agglutinated foraminifera
dominate in the assemblages. Calcareous fora-
minifera represent the marginal component of the
whole group or are absent, except poorly preserved
planktonic assemblage in sample no. 25/1/12
(Tab. 1). The assemblages of agglutinated foramin-
ifera have a deep-water character. The preservation
of the fauna is unsatisfactory, specimens are de-
formed, compressed, silicified with corroded sur-
faces. The number of specimens per sample varies
from a dozen or so to more than 1500 (Tab. 1).
Foraminifera were taxonomically identified to the
rank of species or genus. The specimens were an-
alyzed and partly graphically documented using
binocular microscope Nikon LV100POL (in the
Department of General Geology and Geotourism
WGGIOS AGH and Scanning Microscope FEI
QUANTA 200 FEG (Scanning Microscopy Lab-
oratory WGGiOS AGH). The foraminifera are
housed at AGH Krakéw (Micropress Europe) in
the author’s collection.
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Table 1
Taxonomical composition of foraminiferal samples (samples position in Figure 4)
Type sfalslslels]elz]e
of Sample number S|Q|2|Q|g|F| 52|
foraminifera NIRRT B-N I\ - = N - S I O I
Ammodiscus tenuissimus Grzybowski I I I
Ammodiscus peruvianus Berry I I I
é Ammodiscus planus Loeblich I
E Ammodiscus spp. I
S Ammosphaeroidina pseudopauciloculata (Mjatliuk) I I I \%
g Annectina biedai Gradstein et Kaminski I
; Annectina grzybowskii (Jurkiewicz) 1
E Arenoulimina dorbignyi (Reuss) I
é Arthrodendron sp. I I
5 Bathysiphon and Nothia div. sp. I|H|V |X|X|I|H z
3 Conglophragmium irregulais (White) I |1 I |1
Cribrostomoides sp. V|1 I I
Cystammina sp. I 1I
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Table 1 cont.

AGGLUTINATED FORAMINIFERA

Dolgenia sp.

Glomospira charoides (Jones et Parker)

II

Glomospira glomerata (Grzybowski)

Glomospira cf. diffundens Cushman et Renz

Glomospira gordialis (Jones et Parker)

II

1I

II

1I

Glomospira irregularis (Grzybowski)

Glomospira serpens (Grzybowski)

Haplophragmoides cf. kirki Wickenden

Haplophragmoides kirki Wickenden

Haplophragmoides horridus (Grzybowski)

Haplophragmoides walteri (Grzybowski)

Haplophragmoides mjatliukae (Maslakova)

Haplophragmoides porrectus Maslakova

Haplophragmoides cf. porrectus Maslakova

1I

Haplophragmoides sp.

Hormosina velascoensis (Cushman)

Hormosina trinitatensis Cushman et Renz

1I

Hormosinella carpenteri Brady

Hyperammina sp.

Karrerulina conversa (Grzybowski)

Iz

Karrerulina coniformis (Grzybowski)

Karreriella sp.

Paratrochamminoides acervulatus (Grzybowski)

Paratrochamminoides contortus (Grzybowski)

I?

Paratrochamminoides deflexiformis (Noth)

Paratrochamminoides heteromorphus (Grzybowski)

Paratrochamminoides mitratus (Grzybowski)

Paratrochamminoides and Trochamminoides div. sp.

II

Placentammina placenta (Grzybowski)

II

1T

11

Praesphaerammina gerochi Hanzlikova

Praesphaerammina subgaleata Vasicek

I?

Psammosiphonella cylindrica (Glaessner)

Pseudonodosinella elongata (Grzybowski)

Pseudonodosinella nodulosa (Brady)

Recurvoides div. sp.

Remesella varians (Glaessner)

Reophax duplex Grzybowski

Reophax pilulifer Brady

Reticulophragmium amplectens (Grzybowski)

Reticulophragmium amplectens (Grzybowski) — juvenile
form

1I
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Table 1 cont.

Type s[elslslslss]2]e
of Sample number 9|3 ez |d
foraminifera AR} RNIIR|IS|S
Spiroplectammina navarroana Cushman I
Spiroplectammina spectabilis (Grzybowski) I I
%j Subreophax splendidus (Grzybowski) I
% Subreophax scalaris (Grzybowski) I \%
§ Subrepohax pseudoscalaris Grzybowski I I I I
Q Trochammina sp. omy1|1
é Trochammina globigeriniformis (Jones et Parker) 1
2 Trochammina cf. umiatensis Tappan I
5 Trochamminoides grzybowskii Kaminski et Geroch I
§ Trochamminoides proteus (Karrer) I
Trochamminoides subcoronatus (Grzybowski) I
Trochamminoides variolarius (Grzybowski) I
Cibicidoides praemundulus Berggren et Miller I x | I
Cibicides sp. I I I | x
O Dentalina and Nodosaria spp. X
r_% é Fissurina sp. X
2 % Eponides umbonatus (Reuss) I
% % Lenticulina sp. X
g e Gavelinella sp. X
© Nuttallides truempyi (Nuttall) I
Nuttallides cf. florealis (White) X
Calcareous benthic foraminifera I
Acarinina bullbrooki (Bolli) I
Chiloguembelina crinita (Glaessner) X
< Morozovella crater (Hornibrook) X
é Morozovella aragonensis (Nuttall) X
E Morozovella spp. X
g Subbotina criociapertura Blow b'e
Q Subbotina eocaena (Guembel) x?
é Subbotina linaperta (Finaly) I I I X
% Subbotina cf. linaperta (Finaly) I I I
3 Subbotina patagonica (Todd and Kniker) X
Subbotina yeguaensis (Weinzierl and Applin) X
Subbotina spp. I I X

I: 1-4 specimens per sample; II: 5-9; V: 10-19; X: 20-49; W: 50-99; Z: 100-199; H: 200-499; F: >500; x — presence.
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LITHOSTRATIGRAPHY The formation name was derived from the
town of Szczawnica (Birkenmajer & Oszczypko
1989). The best outcrop of this formation is locat-
The Paleocene-Lower Eocene Szczawnica Forma-  ed, however, in Lakcica near Kro$cienko on the
tion forms the oldest lithostratigraphic unit in the  right bank of the Dunajec River (Chrustek et al.

Szczawnica Formation

investigated area (Figs 2-4). 2005).
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Fig. 3. Cross-section of the Scigocki anticline (cross-line location in Figure 2)

The rocks in this outcrop are almost identical
with the Ropianka Formation in the Bystrica and
Raca units of the Magura Nappe. The Ropianka
Formation was not, however, formally described
from the Magura Nappe, therefore we use the for-
mal name Szczawnica Formation. The Szczawni-
ca Formation crops out in the central part of the
Scigocki valley, above the old mill in the core of the
anticline (Fig. 2). It is represented by thin layers of
gray sandstones, mudstones and claystones (Fig. 5).
Thick conglomerates and sandstones of the Ma-
gura type occur also in this area, however, the
separate thick-bedded Zyczanéw Member cannot
be distinguished here. Part of the Szczawnica For-
mation consist of an olistostrome (Golonka et al.
2015). The matrix is not very well exposed. The
olistolith consisting of Jurassic-Lower Cretaceous
rocks crops out in the central part of the anticline

UPPER
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M=I=T=1=T=-1-1={ tacko-type
. 2 marls

LOWER

_ KrKﬂnéca

PALEOGENE

PALEOCENE |
N4 VOINMYZOZS | W4 3Z03Z4VZ

Fig. 4. Lithostratigraphical log of the Krynica zone in the Kro-
(Fig. 2). Scienko - Szczawnica area
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Fig. 5. The Paleogene deposits in the Scigocki valley: A) flysch of the Szczawnica Formation; B) thick-bedded sandstones (1) and
gray shales (2) within the Szczawnica Formation; C) andesitic dykes; D) olistolithic limestone block (outlined in white) within
the Szczawnica Formation; E), F) flysch of the Zarzecze Formation
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The half-meter thick green radiolarites are cov-
ered by 2.5 m thick Maiolica-type cherty limestone
with numerous Nannoconus div. sp. (main build-
er), radiolarites, and rare dinocysts Stomiosphaere
wanneri Borza (Golonka & Sikora 1981) (Fig. 5).
This rock resembles limestones of the Pieniny
Limestone Formation known from the Pieniny
Mountains (Birkenmajer 1977). It was probably
deposited on the northern slope of the Czorsztyn
Ridge.

Zarzecze Formation (Fig. 6)

The Szczawnica Formation is covered by the Eo-
cene Zarzecze Formation, which is similar to the
Beloveza Formation from Bystrica and Raca units of
the Magura Nappe (Golonka & Waskowska 2012).

The 300-meters thick Zarzecze Formation is ex-
posed on the southern and northern limbs of the
anticline in the lower and upper part of the Scigo-
cki valley as well as on the right bank of the Du-
najec River near the St Kinga Chapel (Figs 2-4).
The outcrop of this formation near the old mill in
the Scigocki valley was well known as a classic site
of the Carpathian flysch. It was visited by earth
scientist and geology students. Recently it is not
so well exposed, and the access to the outcrop is
somewhat difficult. The Zarzecze Formation in
the old mill outcrop consist of thin- and medi-
um-bedded fine-grained, grey mainly calcareous
sandstones, alternating with shales (siltstones and
mudstones) (Fig. 5). The Krynica Member, which
consists of thick-bedded sandstones occurs within

Fig. 6. The Zarzecze Formation in the Dunajec River banks: A) submarine slump within the Zarzecze Formation; B) the Lgcko-
type marls within the Zarzecze Formation; C), D) submarine slump - details

Geology, Geophysics and Environment, 2014, 40 (4): 359-376
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the Zarzecze Formation below the old mill in the
lower of the Scigocki valley in the southern limb of
the anticline. It was not observed in the upper part
of the Scigocki valley in the northern limb of the
anticline. The limited occurrence of this member
indicates that it was deposited locally within chan-
nels filled with coarser material. The channels be-
longed to a fan with dominant thin-bedded tur-
bidites. The thickness of the sandstone package is
around 100 m. Thick-bedded fine-, medium- and
coarse-grained sandstones are intercalated with
shales, mudstones, and thin-bedded turbidites.
Conglomerates were not observed in the Scigocki
stream area. The intercalation of the Lacko-type
marls is found in the tributary of the Scigocki
stream in the northern limb of the anticline and
in the left bank of the Dunajec River in the south-
ern limb of the anticline (Chrustek et al. 2005)
(Fig. 6). These intercalations were assigned by
Birkenmajer & Oszczypko (1989) to the Szcza-
wnica Formation in locality near the Zawiasy to
the south of Kroscienko on the left bank of the
Dunajec River beneath of the St. Kinga Chapel.
Oszczypko & Oszczypko-Clowes (2010) reassigned
them into the Eocene Zarzecze Formation. The
submarine slump deposits are exposed within the
Zarzecze Formation in this locality. These depos-
its consist of fragmented and plastically deformed
sandstones layers, between which the small clasts
of mudstones and marls occur.

Magura Formation

The thick-bedded sandstones of the Magura For-
mation cover conformably the Zarzecze Forma-
tion. The name Magura Formation was derived
from the Oravska Magura Mountain Range in
Slovakia. It was introduced by Paul (1868) and
formally described by Birkenmajer & Oszczypko
(1989). It is characterized by thick-bedded pre-
dominantly fine- and medium-grained muscovite
sandstones. The Magura Formation is represented
in the investigated area by the Piwniczna Sand-
stone Member occurring in the northern limb
of the anticline in the upper part of the Scigocki
stream and in the slopes of the Dzwonkdéw-
ka Mountain, which belong to the Radziejowa
Mountain Range of the Beskid Sadecki Mountains
(Figs 2, 3). The name Piwniczna sandstones was
introduced by Ostrowicka (1966; see also Golon-
ka & Raczkowski 1984) and formally defined by

Birkenmajer & Oszczypko (1989). The Piwniczna
Sandstone Member reaches 2000 m in thickness
in the Dzwonkéwka Mountain area. It is covered
by the red shales of the Mniszek Shale Member
in the Radziejowa Mountain Range (Ostrowicka
1966, Golonka & Raczkowski 1984, Birkenmajer
& Oszczypko 1989, Oszczypko & Oszczypko-
-Clowes 2010).

BIOSTRATIGRAPHY

Two micropaleontological samples were collected
in the upper part of the Scigocki valley, in the cen-
tral part of anticline, from gray marly mudstone
intercalations between thick-bedded sandstones
(Fig. 2). Sample no 22/1/12 was taken below the
southern outcrop of andesite and have not provid-
ed satisfactory biostratigraphical results (Tab. 1).
Only a few tubular Bathysiphon forms were pres-
ent. The next sample, no 23/2/12, was collected
from deposits cropping out about 50 m north of
the Scigocki olistolith and it enable recognition of a
more numerous and taxonomically varied assem-
blage of cosmopolitan agglutinated foraminifera;
the species Haplophragmoides mjatliukae Masla-
kova was recognized among the others (Tab. 1).
This species is known from the Outer Carpathian
Paleocene (Waskowska-Oliwa 2005, 2008, Ciesz-
kowski et al. 2007, Bubik 2008) and is one of two
indicatory taxa for the Paleocene foraminiferal
biozone Rzehakina fissistomata in the standard
zonation of the Outer Carpathians (Olszewska
1997). The presence of Haplophragmoides mjat-
liukae Maslakova provides the basis for assign-
ing a Paleocene age to theese deposits. Moreover
Remesella varians (Glaessner), Annectina grzy-
bowskii (Jurkiewicz) and Hormosina velascoen-
sis (Cushman) co-occur (Tab. 1, Figs 7, 8). These
species are common in Carpathian assemblages
from the Maastrichtian to the Paleocene (e.g., Jur-
kiewicz 1967, Jednorowska 1975, Geroch & Nowak
1984, Olszewska et al. 1996, Bak 2004, Kaminski
& Gradstein 2005, Waskowska-Oliwa 2005, Ciesz-
kowski et al. 2007, and citations therein).

Next, five samples were taken south of the
Scigocki olistolith (Fig. 2) from gray-greenish mud-
stones intercalated by medium- and thin-bedded
(rarely thick-bedded) sandstones. Juvenile speci-
mens of Reticulophragmium amplectens (Grzybow-
ski) are present in all assemblages (Tab. 1, Fig. 8).
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Fig. 7. Foraminifera from the studied section: A) Bathysiphon sp., sample (s.) 91/1/07; B) Bathysiphon sp., s. 93/3/07; C) Bathysi-
phon sp., s. 92/2/07; D) Pseudonodosinella nodulosa (Grzybowski), s. 91/1/07; E) Subreophax pseudoscalaris (Grzybowski),
s. 92/2/07; F) Hormosina trinitatensis Cushman et Renz, s. 93/3/07; G) Reophax duplex Grzybowski, s. 95/5/07; H) Placentam-
mina placenta (Grzybowski), s. 91/1/07; I) Placentammina placenta (Grzybowski) with incorporated tourmaline, s. 95/5/07;
J) Ammodiscus sp./Dolgenia sp., s. 95/4/07; K) Ammodiscus tenuissimus Grzybowski, s. 91/1/07; L) Glomospira sp./Dolgenia
sp., 5. 95/5/07; M), N), O) Glomospira charoides (Jones et Parker), s. 94/4/07; P) Dolgenia sp., s. 92/2/07; R) Glomospira glome-
rata (Grzybowski), s. 95/5/07. Scale bar = 100 um
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Fig. 8. Foraminifera from the studied section: A) Annectina grzybowskii (Jurkiewicz), s. 23/2/12; B) Paratrochamminoides
acervulatus (Grzybowski), s. 23/2/12; C) Trochamminoides subcoronatus (Grzybowski), s. 23/2/12; D) Trochamminoides
variolarius (Grzybowski), s. 23/2/12; E) Trochamminoides sp., s. 26/2/12; F) Karrerulina conversa (Grzybowski), s. 23/2/12;
G) Spiroplectammina navarroana Cushman, s. 94/4/07; H), I) and J) Reticulophragmium amplectens (Grzybowski), s. 94/4/07;
K) Haplophragmoides sp., s. 91/1/07; L) Haplophragmoides porrectus Maslakova, s. 91/1/07; M) Haplophragmoides horridus
(Grzybowski), s. 94/4/07; N) Haplophragmoides mjatliukae (Maslakova), s. 23/2/12. Scale bar = 100 ym

https://journals.agh.edu.pl/geol



Paleogene of the Magura Nappe adjacent to the Pieniny Klippen Belt between Szczawnica and Kroscienko

371

Reticulophragmium amplectens (Grzybowski) is
common in the Carpathian Eocene and is an index
form for the Lutetian foraminiferal biozone (Ge-
roch & Nowak 1984, Olszewska 1997). Its first oc-
currence is known from the late Ypresian, within
the Saccamminoides carpathicus zone (e.g., Jurk-
iewicz 1967, Morgiel & Szymakowska 1978, Mor-
giel & Olszewska 1981, Geroch & Nowak 1984,
Bak et al. 1997, Olszewska 1997, Kaminski &
Gradstein 2005, Cieszkowski et al. 2006, Waskow-
ska 2011b, and citations therin). Cibicidoides prae-
mundulus Berggren et Miller and Pseudonodosi-
nella elongata (Grzybowski) indicate an Eocene
age of the deposits (Bolli et al. 1994, Olszewska
1996, Holbourn et al. 2013). Praesphaerammina
gerochi Hanzlikova, which is present in studied
assemblages (in sample 91/1/07 quite numerous)
(Tab. 1) is often found in Paleocene strata (Jurk-
iewicz 1967, Olszewska et al. 1996, Kaminski &
Filipescu 2000). Its last occurrence is recorded
from the Early Eocene (Bak 2004, Kaminski &
Gradstein 2005, Bubik 2006) and in this time in-
terval it can co-occur with Reticulophragmium
amplectens (Grzybowski). The two species were
recognized within an assemblage with poorly pre-
served planktonic foraminifera — long ranging Eo-
cene species Subbotina linaperta (Finlay) and Aca-
rinina bullbrooki (Bolli) (Tab. 1), which have a total
stratigraphic range from late Ypresian to Lutetian
(Krasheninnikov & Pflaumann 1977, Toumarkine
& Lutembacher 1985, Pearson et al. 2006, BouDa-
gher-Fadel 2012). The presence of Acarinina bull-
brooki (Bolli) also confirms estimated Ypresian to
Lutetian age of the studied deposits.

The last two samples were collected in the
Dunajec River valley, slightly below the St. Kinga
Chapel (Fig. 2). Both samples were collected from
soft rocks within chaotic deposits. Sample 25/1/12
was collected from clasts of gray marly shales. The
foraminiferal assemblage is represented by poor-
ly preserved planktonic forms with an admixture
of calcareous benthos (Tab. 1). The plankton is
dominated by the Subbotina genus. Several forms
were identified e.g., Subbotina linaperta (Finaly),
Subbotina criociapertura Blow, Subbotina eocaena
(Guembel), Subbotina yeguaensis (Weinzierl and
Applin) (Fig. 9). The first occurrences of these
forms happened during late Ypresian times. Mo-
rozovella crater (Hornibrook) and Morozovella

aragonensis (Nuttall) are observed in the upper
Ypresian in this assemblage, indicative of the latest
Ypresian to earliest Lutetian (Jenkins 1993, Berg-
gren & Persson 2005, Pearson et al. 2006, BouDa-
gher-Fadel 2012). This occurrence determines the
latest Ypresian to earliest Lutetian age of the stud-
ied shaly clasts.

Sample 26/2/12 was taken from gray mudstones
incorporated as clasts into chaotic deposits. It con-
tains numerous benthic foraminifera assemblages
dominated by the cosmopolitan and long-ranging
genera Recurvoides, Paratrochamminoides-Trocham-
minoides, Glomospira and Karrerulina. Glomospira
and Karrerulina usually are present as minor com-
ponents of the Outer Carpathians assemblages. The
Early Eocene times provide a notable exception.
These taxa display an acme after Late Paleocene
times when deep-water conditions were affected by
the Thermal Maximum crisis (e.g., Jurkiewicz 1967,
Bubik 1994, 1995, Bak et al.1997, Waskowska 2000,
2011a, Bak 2004, Kaminski 2005, Oszczypko et al.
2005, Cieszkowski et al. 2011, and citation therein).
The Glomospira acme has biostratigraphical value
indicating an early Ypresian age in the Carpathians
(e.g., Morgiel & Olszewska 1978, Olszewska 1997,
Bak 2004, Cieszkowski et al. 2011, and citation
therein). The number of Glomospira is lower in up-
per Ypresian deposits (lower part of the Saccammi-
noides carpathicus biozone), but is still significant
while numerous Recurvoides, Paratrochamminoides
and Trochamminoides co-occur in this assemblage
(Jurkiewicz 1967, Bak et al. 1997, Bak 2004, Ciesz-
kowski et al. 2006, Waskowska 2011a). Particularly
a relatively high number of Karrerulina was present
during late Ypresian times (Bak 2004, Kaminski &
Gradstein 2005, Cieszkowski et al. 2011, Waskows-
ka-Cieszkowski 2014). Thus, the studied assemblage
is very similar to Ypresian cosmopolitan Carpath-
ian assemblages, suggest an Ypresian age for the
collected sample. Also the co-occurrence of Hor-
mosinella carpenter Brady (Holbourn et al. 2013,
Jones 1994) appearing in Late Paleocene together
with Cibicidoides praemundulus Berggren et Miller
appearing in Ypresian (Olszewska et al. 1996, Hol-
bourn et al. 2013) confirms an Eocene age of the
foraminifera assemblage. Taking into account bio-
stratigraphical data, the studied deposits cannot
be older than the incorporated clasts, thus they are
not older than late Ypresian - early Lutetian.

Geology, Geophysics and Environment, 2014, 40 (4): 359-376



372

Golonka J., Waskowska A.

Fig. 9. Foraminifera from the studied section: A), B) Ammosphaeroidina pseudopauciloculata (Mjatliuk), s. 91/1/07; C) Praes-
phaerammina subgaleata Vasicek, s. 92/2/07; D) Thalmannammina subturbinata (Grzybowski), s. 91/1/07; E) Recurvoides
walteri (Grzybowski), s. 95/5/07; F) Thalmannammina subturbinata (Grzybowski), s. 95/5/09; G) H) Subbotina patagoni-
ca (Todd and Kniker), s. 25/2/12; 1) Morozovella crater (Hornibrook), s. 25/2/12; ]) Subbotina linaperta (Finaly), s. 94/4/07;
K) Subbotina criociapertura Blow, s. 25/2/12; L) Fissurina sp., s. 25/2/12. Scale bar = 100 uym

DISCUSSION

The flysch deposits of the Krynica zone of the Ma-
gura Nappe build the peri-Pieniny zone. Interpreta-
tion of the geological structure of this area is some-
what problematic. On one hand complex tectonics,
on the other hand the fairly monotonous lithology
of the deposits and the lack of continuous outcrops
complicate the geology. The different flysch depos-
its belong to the various formations distinguished
within the Paleogene rocks of the Krynica zone. The
determination of these formations is obscured by
the rather wide spectrum of lithological variability.

A sequence of Paleocene-Eocene flysch is
exposed in the anticline distinguished in the
Scigocki stream section (Figs 2, 3). Deposits of
the Zarzecze Formation constitute the limbs of
this anticline. An Early Eocene (to Middle Eo-
cene?) age was established on the base of fora-
miniferal assemblages. These assemblages were
found within the shaly intervals of turbidites
from lower and middle part of formation, as well
as from the submarine slump present in its upper
part. The typical Zarzecze Formation is charac-
terized by thin- and medium-bedded flysch de-
posits containing thick-bedded sandstones and
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Lacko-type marls. The obtained data significant-
ly changes the geological map of the peri-Pieniny
zone between Szczawnica and Kroscienko, where
mainly the Szczawnica Formation was previous-
ly distinguished (Birkenmajer & Oszczypko 1989,
Chrustek et al. 2005). Deposits of this formation
are building only the central part of the Scigocki
anticline (Figs 2, 3). The Szczawnica Formation
contains olistolithic blocks of Mesozoic calcareous
and biosiliceous rocks. It is cut by andesitic dykes.

The boundary between the Krynica zone of
the Magura Nappe and the Pieniny Klippen Belt
in Poland was distinguished mainly on the basis
of tectonics (Golonka & Raczkowski 1981, Kulka et
al. 1987, Birkenmajer & Oszczypko 1989, Chrustek
et al. 2005). Deposits older than Late Cretaceous
do not crop out in the Krynica zone. All depos-
its are allochthonous in character. The Pieniny
Klippen Belt also includes Upper Cretaceous-Oli-
gocene rocks deposited within the Magura Basin.
The facies changes are difficult to distinguish
because of tectonic disturbance. The uppermost
Cretaceous-Paleocene deposits within the Magura
Basin are widespread both in the Magura Nappe,
were they known as the Szczawnica Formation
as well as in the Pieniny Klippen Belt, known as
the Jarmuta Formation. Both formations include
coarse-grained sandstones, conglomerates, and
olistostromes with Jurassic and Cretaceous calcar-
eous rocks. The amount of these deposits great-
ly increases in the Jarmuta Formation indicating
the more proximal character of the deposition.
The Szczawnica and Jarmuta formations are quite
closely related, representing proximal and distal
facies of slope and rise turbidites. The younger
deposits are cropping out mainly in the Krynica
zone. Their character changes vertically between
the Zarzecze and Magura formations.

CONCLUSIONS

The Magura Nappe in the peri-Pieniny zone be-
tween Kroscienko and Szczawnica contain a sig-
nificant amount of the Zarzecze Formation in the
area previously mapped as the Paleocene Szcza-
wnica Formation. The Zarzecze Formation depos-
its consisting mainly of thin- and medium-bedded
turbidites occur in the limbs of the Scigocki anti-
cline. Packets of thick-bedded sandstones form the
Krynica Member in the middle part of the Zarzecze

Formation. The carbonate deposits of Lacko-type
marls occur in the upper part of the formation.

The Ypresian - early Lutetian age of the Za-
rzecze Formation is established based on foramin-
iferal assemblages collected within the shaly parts
of turbidities. They assemblages contain Acarin-
ina bullbrooki (Bolli), Cibicidoides praemundulus
Berggren et Miller, Pseudonodosinella elongata
(Grzybowski), Praesphaerammina gerochi Han-
zlikové and Reticulophragmium amplectens (Grzy-
bowski). The assemblages from the submarine
slump in upper part of the Zarzecze Formation
suggest a similar age.

The Paleocene Szczawnica Formation forms
the core part of the Scigocki anticline. The block,
occurring within flysch deposits, consisting of
Jurassic and Cretaceous carbonate and siliceous
rocks, and has an olistolithic character. The olis-
toliths within the Jarmuta Formation occur in
a similar position.
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