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ABSTRACT: 

OSZCZYPKO-CLOWES, M. & OSZCZYPKO, N. 2004. The position and age of the youngest deposits in the Mszana Dolna 

and Szczawa tectonic windows (Magura Nappe, Western Carpathians, Poland). Acta Geologica Polonica, 54 (3), 339-

367. Warszawa. 

The Mszana Dolna and Szczawa tectonic windows are composed of deposits belonging to the Fore-Magura Group 

of units. The central and most uplifted part of these windows are dominated by relatively flat laying deposits belong

ing to the Krosno Formation (Oligocene) of the Dukla Unit. The western, eastern and southern marginal parts of 

the Mszana Dolna tectonic window are occupied by strongly tectonized, Cretaceous-Oligocene deposits assigned to 

the Gryb6w Unit. The Szczawa tectonic window is entirely built up of Oligocene deposits of the Gryb6w Unit. The 

youngest deposits of the Mszana Dolna tectonic window are correlated with zone NP24 (Dukla Unit) and NP23-

NP25 (Gryb6w Unit). In the Szczawa tectonic window (Gryb6w Unit), the NP22-NP24 Zone was determined in the 

Gryb6w Beds, whereas the Cergowa Beds belong to zone NP24. 

Such age determination corresponds well with that of the southern part of the Silesian and Dukla units. The deposits 

of the Dukla and Gryb6w units are tectonically covered by the Cretaceous-Eocene deposits of the Magura Nappe. 

During the latest Oligocene a thrusting of the Magura Nappe onto the Fore-Magura sedimentary basin began (Gryb6w 

and Dukla). This process was probably initiated under the submarine condition. The last of the over thrusting stages took 

place probably during the Middle Miocene, and resulted in the development of the Mszana-Dolna duplex structure. 

Keywords: Tectonic windows, Oligocene, Dukla, Grybow and Magura units, Western 
Carpathians. 

INTRODUCTION 

In the Polish sector of the Magura Nappe eleven 
tectonic windows have been recognized (Text-fig. 1, see 
also KSIf\ZKIEWICZ 1977). The majority of these win
dows are situated between the Krakow meridian on the 
west, and the Polish/Slovak frontier in the east (Text-fig. 
1). To the west of this area SIKORA & ZYTKO (1959) dis
covered a small tectonic window in Sopotnia Mala, 
whereas in Eastern Slovakia the Smilno tectonic win
dow is known since 1880s (UHLIG 1888, NEMCOK & al. 
2000). These windows belong to the Fore-Magura 
Group of units, and occupy the intermediate position 

between the Silesian and the Magura nappes. In the tec
tonic windows occur the Obidowa Unit, which is regard
ed as the western prolongation of the Dukla Unit 
(CIESZKOWSKI & al. 1985) and the Gryb6w Unit 
(SWIDZINSKI 1963), known also as the Klyczany
Pisarzowa Unit (KOZIKOWSKI 1953, 1956a, b) These 
units are composed predominantly of the Late Eocene
Oligocene, sometimes of the Late Cretaceous
Palaeocene deposits. There is a common understanding 
(see KsI1\ZKIEWICZ 1962, BIEDA & al. 1963, GEROCH & 
al. 1967, KORAB & DURKOVIC 1978), that the Fore
Magura Group of units displays transitional litho-facies, 
which linked the Silesian and Magura basins. According 
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to these opinions the Upper Cretaceous-Middle Eocene 
deposits of the Fore-Magura Group of units reveal a 
similarity to the Magura Nappe facies, whereas the Late 
Eocene-Oligocene deposits have similar lithological 
features to those from the Silesian Unit. There is a com
mon opinion that the Gryb6w succession was deposited 
between the Magura and Dukla-Silesian sedimentary 
areas (see BIEDA & al. 1963, KSIAZKIEWICZ 1977, 
OLSZEWSKA 1981). 

The Late Eocene-Oligocene facies relationships 
between the Silesian, Fore-Magura group of units and 
Magura units suggest proximity between the Silesian 
and Magura basins. This opinion concurs with that on 
the Late Cretaceous to Eocene, where the interaction 
between these basins was controlled by vertical move
ments of the Silesian Ridge, which separated the west
ern part of the Magura basin from the Silesian basin 
(KSI;1ZKIEWICZ 1956). This concept was recently ques
tioned by NEMCOK & al. (2000), who regard the 
Magura basin a western prolongation of the Silesian 
basin, explaining the present-day position of the 
Magura Nappe to be a result of the Middle Miocene, 
eastward escape of the Alcapa terrain together with the 
Pieniny Klippen Belt and the Magura Nappe against 
the Fore-Magura/Silesian group of units. The Magura 
Nappe is flatly overthrust onto the Fore-Magura Group 
of units and partly onto the Silesian units (western seg
ment). The results of deep boreholes and the tectonic 
windows provide us with an idea about the minimal 
amplitude of the Magura Nappe overthrust, which is at 
least 35 km on the Krak6w-Zakopane geo-traverse 
(SIKORA 1980). The age of the youngest deposits 
beneath the Magura Nappe sole thrust determine the 
time when the overthrusting of this unit begun. Taking 
into account the occurrence of the Oligocene Krosno 
Formation in the tectonic windows, the Late Oligocene 
onset of the Magura Nappe overthrust should be 
accepted. The discovery of folded Late Oligocene
Early Miocene deposits in the Magura Nappe 
(OSZCZYPKO & al. 1999a, OSZCZYPKO-CWWES 2001, 
OSZCZYPKO & OSZCZYPKO-CLOWES 2002) necessitates 
the revision of the traditional model of the tectonic 
evolution of the Western Carpathians (KSIAZKIEWICZ 
1977, BIRKENMAJER 1986, OSZCZYPKO 1992, GOLONKA 
& al. 2000). 

The aim of this study was to recognize the age and tec
tonic position of the youngest deposits of the Mszana 
Dolna and Szczawa tectonic windows, and their relation to 
the Magura Nappe. 

MSZANA DOLNA TECTONIC WINDOW 
(MDW) 

A characteristic feature of the middle part of the 
Magura Nappe in the Polish Outer Carpathians is the 
presence of the Mszana Dolna tectonic window 
(MDW). The area of the MDW (Text-fig. 2) and its sur
roundings were the subject of basic geological investiga
tions (see BURTAN & al. 1976, 1978; MASTELLA 1988). 
According to BURTAN & al. (1976, 1978) the MDW is 
composed of the North and South For-Magura units, 
whereas MASTELLA (1988) referes to them as the 
Mszana Dolna and Gryb6w units, respectively. It seems 
that the central and most uplifted part of this window is 
dominated by the Oligocene Krosno Formation of the 
Dukla (Obidowa-Slopnice) Unit (ZYTKO & al. 1989), 
whereas the narrow, marginal part of the window is 
occupied by the Cretaceous-Oligocene deposits of the 
Gryb6w Unit (Text-fig. 2). POLTOWICZ (1985) referred 
all of the Oligocene deposits of the MDW to the 
Gryb6w Unit. 

Recently, the southern margin of the MDW has 
been the subject of geological investigations of a sec
ond author and his students (see OSZCZYPKO & al. 
1999b). 

The southern periphery of the MDW is one of the 
best-exposed areas in the Polish Outer Carpathians. 
Consequently, its lithostratigraphy and architecture of 
the flysch deposits are relatively well known. The for
mal and informal lithostratigraphic units are used in 
parallel for the description of these deposits (see 
BIRKENMAJER & OSZCZYPKO 1989, OSZCZYPKO 1991, 
OSZCZYPKO & al. 1999b). 

Magura Nappe 

The southern margin of the MDW is composed of 
the Cretaceous-Palaeogene deposits of the Magura 
Unit, which belong to the so-called "south peri-window" 
zone (BURT AN & al. 1976, 1978). According to the most 
recent geological study, this zone belongs to the Poryba
Koninki and Konina-Lubomierz thrust sheets, which 
can be correlated with the Raca and Bystrica subunits, 
respectively (Text-figs 2-3, see also MASTELLA 1988, 
OSZCZYPKO & al. 1999b). The more internal tectonic 
elements: Tobo16w-Turbaczyk thrust sheet of the 
Bystrica and Krynica Subunits do not directly join with 
MDW. 

Fig. 2. Geological sketch-map of the middle part of the Polish Carpathians (after OSZCZYPKO & al. 1999b, supplemented); 1 - Podhale Flysch, 2 - Pieniny 

Klippen Belt; Magura Nappe: 3 - Krynica Subnnit, 4 - Tobol6w-Tmbaczyk thrust sheet, 5 - Bystrica Subunit, 6 - Raca Subnnit, 7 - Siary Snbnnit, 8 -

Gryb6w Unit, 9 - Dukla Unit, Silesian & Sub-Silesian units, 10 - Miocene onto the Carpathians, 11 - Miocene andesites, 12 - faults, 13 - sampled area, 

14 - isobathe of Magma Nappe overthrust, 15 - boreholes, 16 - geological cross-section 
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Fig. 1. Tectonic map of the Northern Carpathians [compiled by OSZCZYPKO-QOWES 2001); 1 - crystalline core of the Thtra Mts., 2 - High Tatra and sub-Tatra 

units, 3 - Podhale flysch, 4 - Pieniny Klippen Belt, 5 - Magura Nappe, 5a - Malcov Formation, 6 - Gryb6w Unit, 7 - Dukla Unit, 8 - Fore-Magura Unit, 

9 - Silesian Unit, 10 - Sub-Silesian Unit, 11 - Skole U nit, 12 - Lower Miocene, 13 - Miocene deposits upon the Carpathians, 14 - Stebnik (Sambir) Unit, 

15 - Zglobice U nit, 16 - Miocene of the Carpathian Foredeep, 17 - andesite, 18 - studied area; Su - Siary, Ru - Raea, Bu- Bystrica, and Ku - Krynica subunits 
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Hulina Formation 

This formation is known from the basal portion 

of the Magura Nappe (Poryba-Koniki thrust sheet, 

Text-figs 4-5). The deposits of the formation are repre

sented by green, spotty shales and are exposed only on 

the slumped bank of the Koninki stream (Text-fig. 3, 
see also BURTAN & al. 1978, BIRKENMAJER & 

OSZCZYPKO 1989). The thickness of these deposits, 

reduced tectonically, does not exceeds 5 m . The Hulina 

Formation is dated for the ? Albian-Cenomanian 

(MALATA 2001). 

D 
D 

26-27/00/N 
'-' .. +~.--- 28-29/00/N 

Fig. 3. Geological map of the southern part of Mszana Dolna tectonic window (after BURTAN & al. 1976, OSZCZYPKO & al. 1999b, changed and supplemented), 

Dukla Unit; Krosno Beds (Oligocene): 1 - thick-bedded sandstones, 2 - sandstone-shaley facies, 3 - shaley facies; Gryb6w Unit: 4 - Gryb6w Unit, undi

vided, 5 - Menilite Beds (Oligocene); Magura Nappe: 6 - Albian-Cenomanian deposits, 7 - Cenomanian-Palaeocene udivided; Eocene: 8 - Labowa 

Formation, 9 - Zarzecze Formation, a - variegated shales, 10 - Beloveza Formation, 11 - Bystrica and Zeleznikowa formations, 12 - Magura Formation, 

13 - Krynica Subunit (Palaeocene-Eocene), 14 - Gryb6w overthrust, 15 - Magura overthrust, 16 - Bystrica overthrust, 17 - Bystrica Subunit internal overthrusls, 

18 - Krynica overthrust, 19 - faults, 20 - borehole, 21 - cross-section 
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Malinowa Shale Formation 

The Hulina Formation is overalaid by variegated, 
mainly red shales of the Malinowa Formation, which usu
ally form the base of the Magura Nappe sequence 
(BIRKENMAIER & OszczYPKQ 1989; MALATA & Osz
CZYPKO 1990). In the Poryba G6rna-Koninki-Lubomierz 
area the thickness of this formation is at least 30 m (Text
figs 4-7). In the Koninki section the Malinowa Formation 
is of the Turonian-Santonian age (MALATA 2001). 

Kanina Beds 

The Campanian-Palaeocene turbiditic deposits, over
lying the Malinowa Formation, followed by the Early 
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Eocene variegated shales of the Labowa Formation, are 
traditionally referred to as the "Inoceramian Beds", 
though the name Ropianka Beds has also been used. On 
the southern margin of the MDW, these deposits may fur
ther be subdivided lithostratigraphically (OSZCZYPKO 
1992, OSZCZYPKO & al. 1999b; see also BURTAN & al. 

1976, 1978). In the Olsz6wka-Lubomierz area these 
deposits are 100-250 m thick and can be subdivided into 
three members. 

The lower member (=Kanina Beds) (see Burtan 
1976, 1978; OSZCZYPKO 1992, OSZCZYPKO & al. 1999b) 
is composed of thin- to medium-bedded, very fine to 
fine-grained calcareous sandstones, displaying Bouma's 

Tbc' Tc+ COllY turbidite intervals. The basal portion of the 
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Fig. 4. Geological cross-section through the southern margin of the Mszana Dolua tectonic window, along the Pon;ba Gorna stream; 1 - spotty shales, 
2 - variegatcd shales, 3 - spherosideritcs, 4 - marls,S - turbidite limestones, 6 - calcareous shally flysch facies, 7 - black marly sheles, 8 - thin to medium

bedded turbidites, 9 - thick-bedded sandstones, 10 - submarine slumps, 11 - chaotic deposits, 12 - Magura overthrust, 13 - Grybow thrust, 14 - fault, 

15 - sample, 16 -lithostratigraphic units: 1 - Hulina Formation, 2 - Malinowa Shale Formation and Haluszowa Formation, 3 - Kanina Beds, 4 - Szczawina Ss., 
5 - Ropianka Beds, 6 - Labowa Shale Formation, 7 - Belovcza Formation, 8 - Bystrica Formation, 9 - Zeleznikowa Formation, 10 - Maszkowice 
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Fig. 5. Geological cross-scction through the southern margin of the Mszana Dolna tcctonic window, along the Koninka stream (For explanation see Text-fig. 4) 
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member is composed of a few metres of green-grey non
calcareous shales (Text-fig. 7). The middle part of the 
sequence is dominated by dark-grey mudstone/siltstone 
couplets and very fine, thin-bedded muscovite sand
stones. The upper part of this sequence is composed of 
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thin- to medium-bedded sandstones, intercalated by 
dark grey silt/shelly couplets, green/yellowish if weath
ered. The yellowish siltstones are often calcareous and 
strongly bioturbated (Helminthoid a facies see 
CrESZKOWSKI & al. 1989). In the Poryba G6rna section 
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Fig. 7. Lithostratigraphic logs of Cretaceous-Palaeocene of the Koninki-Poryba Gorna thrust sheet (Raca Subunit); 1 - spotty shies, 2 - red shales, 3 - green 

shales, 4 - grey shales, 5 - turbidite limestones, 6 - slurry structure, 7 - palaeotrasport direction 
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the Kanina Beds, with a few thin intercalations of red 
shales, resemble the Haluszowa Formation (see 
BIRKENMAJER & OSZCZYPKO 1989) from the Zasadne 
section (MALATA & OSZCZYPKO 1990). The lower mem
ber contains intercalations of turbidite limestones 
(CIESZKOWSKI & al. 1989). In the Poryba G6rna section 
(PKTS) frequent intercalations of turbidite limestones 
have been observed in the upper part of the Beds (ca 12-
15 cm thick). The thickness of the lower member varies 
from around 10 m in Poryba-Koninki to around 50 m in 
the Konina-Lubomierz thrust-sheets (Text-figs 7-8, see 
also OSZCZYPKO & al. 1999b). It reveals a coarsening
and thickening-upward sequence, and contains heavy 
zircone-tourmaline-rutile minerals, sometimes with 
chromite spinels (Lubomierz section, see SALATA 2003) 
displaying palaeotransport from the SE. The age of the 
lower member, based on foraminiferal studies, is early
middle Campanian (B1\K & OSZCZYPKO 2000, MALATA 
2001). 

The middle member ( = Szczawina Sandstones): The 
Kanina Beds are followed by thick-bedded sandstones 
and granule conglomerates, commonly known as the 
Szczawina Sandstones. In the Poryba G6rna section 
these sandstones, up to 20 m thick, reveal important 
sedimentological differences between the Koninki and 
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Poryba G6rna sections (Text-fig. 7). In the Koninki sec
tion the beds are represented by 5-8 m thick, fining and 
thinning upward sequences. The lower part of the 
sequence (3-4 m thick) is composed of thick-bedded 
sandstones (0.50-1.5 m), very coarse to medium
grained, sometimes amalgamated with Tab intervals. In 
this section the thick-bedded sandstones (partly glau
conitic) reveal some similarities to the thick-bedded 
sandstones of the J aworzynka Beds in the Gryb6w Unit, 
and display palaeotransport from the NW and from the 
SE. In the Poryba G6rna section (Text-fig. 7) the 
Szczawina Sandstones are dominated by thick and very 
thick-bedded (0.4-2.5 m), medium- to very coarse
grained sandstones with weak carbonate cement. The 
basal part of the beds is composed of light-coloured 
quartz-glauconitic, coarse-grained sandstones. At the 
top of the beds occur grey, calcareous sandstones and 
mudstones, rich in flakes of muscovite and coalified 
plants. The muscovite sandstones display palaeotrans
port from the SE. 

In all of the studied sections of the Konina
Lubomierz thrust sheets the thickness of the Szczawina 
Sandstones reached 100 (125) metres (Text-fig. 8). 
These sections are dominated by thick-bedded mus
covitic sandstones, which display palaeotransport from 
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Fig, 8, Lithostratigraphic section of the Konina-Lubomierz thrust sheet (Bystrica Subunit of Magura Nappe), after OSZCZYPKO & ai, (1999b); 1 - red shales, 

2 - turbidite limestones, 3 - turbidite marls, 4 - hornstones, 5 - thin-to medium-bedded turbidites, 6 - thick-bedded turbidites, 7 - thick bedded sandstones 

and conglomerates, 8 - palaeotransport direction, 9 -litostratigraphic units: 2 - Malinowa Shale Thrmation and Haluszowa Formation, 3 - Kanina Beds, 4 -

Szczawina Sandstones, 5 - Ropianka Beds, 6 - Labowa Shale Formation, 7 - Beloveza Formation, 8 - Bystrica Formation, 9 - Zeleznikowa Formation, 

10 - Maszkowice Member of the Magura Formation 
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the Sand SE and contain heavy zircone-tourmaline
rutile minerals (SALATA 2003). The Szczawina 
Sandstones are of the ?Maastrichtian-Palaeocene age 
(see OSZCZYPKO 1992, MALATA & al. 1996, MALATA 
2001). 

The upper member: The uppermost member of the 
"Inoceramian Beds" belongs to the Ropianka Beds 
(Palaeocene) and is composed of fining- and an thin
ning-upward sequence of thin-bedded turbidites with a 
few thin intercalations of variegated shales. Their thick
ness varies between 50 and 80 metrcs (Tcxt-fig. 8). Thc 
flute casts reveal palaeotransport from the SE, and con
tain the heavy zircone-tourmaline-rutile minerals 
(SALATA 2003). 

According to BURTAN & al. (1976, 1978) the north
ern slopes of the Gorce Range are composed of the 
Eocene deposits of the Bystrica Subunit (Szumi,!ca
Fr,!czkowa-Lubomierz thrust sheet). However, the 
results of OSZCZYPKO & al. (1999b) documented the 
presence of two sequences, approximately of the same 
age: Konina-Lubomierz (N) and Tobol6w-Turbaczyk 
(S). In this paper only the Konina-Lubomierz sequence 
will be discussed. 

Labowa Shale FO/mation 

Deposits belonging to the Labowa Shale Formation 
of the Palaeocene-Lower Eocene age (see OSZCZYPKO 
1991, OSZCZYPKO & al. 1999b) occur in a narrow belt 
between Olsz6wka and Lubomierz (Text-fig. 3). The 
lowermost portion of the formation is represented by a 
few metres of red shales passing upwards into very fine
bedded turbidites. Very fine-grained, green, carbonate
free sandstones (Te) pass upwards into green shales, and 
finally to a few cm of red shales, mainly soft and free of 
carbonate. In the Poryba G6rna section the lowermost 
part of this formation contains one or two layers of 
thick-bedded sandstones (up to 2 m) and intercalations 
of grey marls. The thickest sandstone bed reveals 
palaeotransport from ESE. The thickness of the forma
tion attains up to 50 m. 

Beloveza Formation 

This formation is dominated by thin- to medium

bedded turbidites (Te+eonv. and Ted)' The vari-coloured 
shales distinctly prevail over sandstones. The yellowish 
and brown shales are usually calcareous, while the green 
ones are, as a rule, carbonate-free. The accompanying 
medium-bedded Tbe sandstones (20-40 cm) appear less 
frequently. The thickness of the Early-Middle Eocene 
Beloveza Formation (OSZCZYPKO & al. 1999b) reaches 
50 to 120 m (Text-fig. 8). 

Bystrica Formation 

This Middle Eocene formation (OSZCZYPKO 1991, 
OSZCZYPKO & al. 1999b) is well seen in morphology, 
forming W-E trending round-off hills. It is composed of 
thick-bedded sandstones with intercalations of L,!cko 
marls. The sandstones, 80-200 cm thick, are massive, 
medium to coarse-grained, glauconite/muscovite with 
cement free of carbonate. The flute-casts reveal palaeo
transport from the SW The sandstone layers pass into 
massive marls, sometimes silicified, brown or blue-to
grey and whitish, when weathered. The thickness of the 
individual beds of the L,!cko marls ranges from 2 to 5 m. 
In the Koninki section (Text-figs 3, 8) the marls contain 
1-20 cm intercalations of black hornstones. The thick
ness of the formation is up to 150 m (Text-fig. 8). 

Zeleinikowa FO/mation 

The equivalents of the Middle Eocene Zeleznikowa 
Formation (see OSZCZYPKO 1991, OSZCZYPKO & al. 

1999b) have been found in a few stream sections east of 
the Koninki stream. As a rule, these deposits occur 
between the Bystrica Formation and the Maszkowice 
Member of the Magura Formation. They are composed 
of the thin- to medium-bedded turbidites of the 
Beloveza lithofacies with numerous intercalations of 
L,!cko marls. The thickness of the formation is up to 
50 metres (Text-fig. 8). 

Magura Formation - Maszkowice Member 

The Middle Eocene Maszkowice Member' (see 
OSZCZYPKO 1991, OSZCZYPKO & al. 1999b) is exposed 
exclusively in the Lubomierz and Konina sections (Text
figs 2-3, 8). This member is represented by thick and medi
um-bedded muscovite sandstones with infrequent interca
lations of L,!cko marls. The sandstones are 0.4-2.0 m thick, 
medium- to coarse-grained, muscovite with illite-carbon
ate cement. They are massive, sometimes amalgamated 
and often contain muddy intraclasts and coalified flakes in 
the upper portion of the member. The intercalations of the 
JAcko marls range from 0.8 to 2.0 m in thickness. The 
marls are greyish and whitish if weathered. In the Konina 
section thick-bedded sandstones and marls are followed by 
a 60-100 m sequence of thin- to medium-bedded sand
stone/marly turbidites. The tectonically reduced thickness 
of the Maszkowice Member is up to 200 m. The flute casts 
reveal palaeotransport from the SE (Text-fig. 8). 

GrybOw Unit 

The Gryb6w Unit of the MDW occurs as an ero
sional outliers at the top of the elevated part of the 
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Dukla Unit as well as a narrow thrust sheet edged 
between the Dukla and Magura units along the south
ern margin of the tectonic window. The tectonically 
reduced succession of the Gryb6w Unit of the MDW is 
composed of the Lower Cretaceous to Oligocene 
deposits. According to BURTAN & al. (1976, 1978, 
1992a) the Gryb6w unit is composed of the following 
strata: Lgota Beds (Albian-Cenomanian), Inoceramian 
(Cisna) Beds (Senonian), Jaworzynka Beds (Senonian
Palaeocene), black shales with siderites (Palaeocene), 
variegated and green shales (Eocene), dark shales and 
glauconitic sandstones ("black Eocene", see BURT AN & 

al. 1992a); Luzna-Koniak6w limestones (Eocene), 
Menilite shales with thick-bedded sandstones at the top 
(Oligocene), and Krosno Beds-shales (Oligocene), 
known also as Cergowa Beds (BURTAN & al. 1992a). 
Majority of these divisions are known only from the syn
clinal erosional outlier near Podobin (Text-fig. 3), 
though their ages were assumed based only on lithologi-
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cal analogies. On the geological map (BURT AN & al. 

1976) the majority of the geological boundaries display 
a tectonic character. According to BURTAN & al. (1992a) 
the total thickness of the Gryb6w Unit reached around 
1500 m. In the studied sections (Poryba Wielka, 
Koninki, Domagalowy streams, Konina and 
Lubomierz) the total thickness of the Gryb6w Unit is a 
few times smaller. This concurs with MAsTELLA (1988) 
in so far that, in these areas, we could only determine 
two lithostratigraphic units. 

Jaworzynka Beds 

In the Koninki, Poryba G6rna and Lubomierz sec
tions (Text-figs 3, 9) the basal part of the Gryb6w Unit 
is composed of the J aworzynka Beds, represented by 30-
50 m thick packets of fine conglomerates and thick-bed
ded, biotite-feldspar sandstones, with intercalations of 
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Fig. 9. Litostratigraphic logs of the Gryb6w Unit in the Mszana Dolna tectonic window; 1- thick-bedded, feldspare-glauconite sandstones, 2 - thick-bedded, 

muscovite sandstones, 3 - marly claystones and mudstones with intercalations of very thin- bedded sandstones, 4 - dark-gray laminated marly mudstones and 

black shales with intercalation of vcry thin-bedded sandstones,S - dark-gray massivc marls, 6 - laminated marls, 7 - dark-grey non-calcareous mudstones, 

8 - black and brown Menilite type shales, 9 - siderites, 10 - sub-marine slump, 11 - paleocurrent dirrection, 12 - samples localites 
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dark, non-calcareous mudstones and siltstones. In the 
Koninki section these Beds contain Palaeocene 
foraminifers (E. MALATA, personal information, 2002). 
The sandstones reveal palaeotransport from the NW, 
and contain heavy zircone-tourmaline-rutile minerals 
(SALATA 2003). Higher up in the sections occur strongly 
deformed dark shales and micaceous mudstones (Text
fig. lOA) with intercalations of thin- to thick-bedded, 

muscovite sandstones and sporadic intercalations of 
siderites. This part of the sequence probably can be cor
related with "Palaeocene shales and sandstones with 
siderites" (see BURTAN & al. 1992a). 

The second thrust-sheet of the Koninki section is 
composed probably exclusively of the Palaeocene 
deposits. The lower part of the thrust-sheet is repre
sented by imbricated folds composed of thick-bedded, 

Fig. 10. A - Black shales with intercalations of thin-bedded, very fine-grained sandstones (1C turbidite) of the lower part of the Gryb6w Beds (Oligocene). Grybow 

Unit - Poryba G6ma stream (see lext-fig. 4); B - Strongly tectonized dark grey marly shales with intercalations of thin-bedded, calcareous sandstones of the upper 

part of Gryb6w Beds (Oligocene). Gryb6w Unit-Koninki stream (see 'lext-fig. 5); C - Dark calcareous mudstones with intercalations of thin-bedded, calcareous 

sandstones of the upper part of the Gryb6w Beds (Oligocene). Poryba G6ma stream (see Text-fig. 4); D - Very fine, thin-bedded calcareous sandstones of the 

the Cergowa Beds (Late Oligocene). Gryb6w Unit, Mszanka stream at Lubomierz ('lext-fig. 6). 
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coarse-grained sandstones and rich in muscovite flakes. 
The sandstones are intercalated with black, non-cal
careous shales with a siderite layer. The sandstones are 
followed by black, poorly calcareous shales with spo
radic intercalations of very thin-bedded sandstones and 
siltstones. According to BURTAN & al. (1976, 1978) 
these shales belong to shaley facies of the Krosno Beds 
(Oligocene). Unfortunately, numerous samples taken 

by authors for nannofossil investigations from these 
Beds were sterile (Text-figs 5, 9). Since Palaeocene 
foraminifers were determined two hundred metres 
higher up in the section (E. MALATA personal inf., 
2002) in the same beds beneath the Poryba-Koninki TS 
of the Magura Nappe (Text-figs 5, 9). In our opinion 
"Shaley facies of the Krosno" belong to the Jaworzynka 
Beds of the Gryb6w succession. 

Fig. 11. A - Dark grey, marly shales of the uppermost part of the Krosno Beds (Oligocene) of the Dukla Unit. Konina stream (Text-fig. 3); B - Left bank 

of the Koninki stream (150 m below the Gryb6w thrust) - shally facies of the Krosno Beds (Oligocene) of the Dukla Unit (Text-fig. 3); C - Base of the 

Magura thrust-breccia of the? Kanina Beds (Campanian). Koninki stream (Text-fig. 4); D - Chaotic deposits (Upper Cretaceous) in the basal part of 

the Magura Nappe (Por~ba Beds-tectonic melange, see BURTAN & LYDKA 1978, BURTAN & al. 1978). Por~ba stream around 15 m above the Magura 

thrust (Text-fig. 4) 
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Gryb6w Beds 

In the Koninki section the 1 aworzynka Beds are 
bounded tectonically by a repetition of dark and grey, 
laminated, marly mudstones, intercalated by thin- and 
medium- bedded, fine-grained, calcareous sandstones 
and thin-bedded siderites of the Gryb6w Beds (Text-fig. 
lOB). In the Poryba G6rna section the lower portion of 
the Gryb6w Beds are developed as black, non calcareous 
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Fig. 12. Lithostratigraphic log of Dukla Unit in Mszana Dolna tectonic 

window (based on BURTAN & al. 1978, supplemented); 1 - thick-bedded, 

feldspare-glauconite sandstones, 2 - thick-bedded, muscovite sand

stones, 3 - grey, marly claystones and mudstones with intercalations of 

very thin- bedded sandstones, 4 - dark-grey non calcareous mudstones, 

5 - variegated shales, 6 - black shales, 7 - hornstones, 8 - siderites, 

9 - paleocurrent direction, 10 - location of samples 

shales with intercalations of thinl-bedded sandstones 
with a SW dipping block of massive, muscovite sand
stone of the Cergowa type. Higher up in the section, the 
upper portion of the Gryb6w Beds are represented by 
black shales and marly mudstones with intercalations of 
thin-bedded sandstones and thick-bedded dark, calcare
ous mudstones (Text-fig. 10C) with siderite nodules 
(Text-figs 4-5, 9). In the Lubomierz section deposits of 
the laworzynka Beds type are tectonically bounded by a 
50 m thick succession of dark grey, calcareous, mus
covite mudstones with intercalations of very thin-bedded 
sandstones. Subordinately, thick-bedded sandstones are 
also observed (Text-fig. 6). These are massive, mus
covite-glauconitic sandstones, up to 2 m thick and are 
very coarse to coarse. The uppermost part of the section 
is dominated by dark-grey marls with intercalations of 
very fine, thin-bedded, parallel laminated, muscovite 
sandstones (Text-fig. lOD). These deposits resemble the 
Cergowa Beds from the Szczawa section. 

Dukla (Obidowa - Siopnice) Unit 

The oldest Cretaceous-Palaeocene and Eocene 
deposits of the Dukla Unit are known exclusively from 
the boreholes (Text-figs 3, 12-13): Poryba W-1, Poryba 
W-IG1 (BuRTAN & al. 1978) and NiedZwiedz-1 
(POI:.TOWICZ 1985). According to BURTAN & al. (1992a, 
b) these deposits are represented by: the Senonian
Palaeocene laworzynka Beds ("Inoceramian" Beds in 
the biotite facies), variegated shales (Palaeocene
Middle Eocene), Hieroglyphic Beds (Middle/Upper 
Eocene), "Black Upper Eocene" and Menilite 
(Gryb6w) Beds with hornstone intercalations 
(Oligocene). 

KrosnoBeds 

The Oligocene Krosno Beds are well known from 
the surface exposures (Text-fig. 3). These deposits gen
erally dip towards the SE. The lower part of this forma
tion is composed of grey, fine- to medium-grained, 
medium- to thick-bedded (up to 1. 5 m), calcareous 
sandstones of the Cergowa type with intercalations of 
dark-grey, marly shales and subordinate siderites (8-12 
cm thick). The medium-bedded sandstones display 
mainly Tbe Bouma intervals and palaeotransport from 
WSW (exposures are observable in the cliff, on the left 
bank of the Mszanka stream in the northern part of the 
village of NiedZwiedz). The most frequent lithofacies of 
the Krosno Beds are represented by thin- to medium
bedded turbidites. The upper portion of the Krosno 
Beds, at least 450 m thick, belongs to dark-grey marly 
mudstones with sporadic intercalations of thin- to medi-
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urn-bedded, muscovite, calcareous sandstones (Text-fig. 
llA, B). The base of the Krosno Beds was reached at 
depths between 1355 and 1591 m in the NiedZwiedz 1 
and Poryba Wielka IG-1 boreholes, respectively (Text
figs 2, 13). The total thickness of these Beds in MDW is 
at least 2000 m. The base of the Dukla Unit was pierced 
in the NiedZwiedz 1 borehole at 2790 m, which termi
nated at a depth of 4478.3 m in the Upper Cretaceous
Palaeocene flysch deposits, which probably belonged to 
the Silesian Unit (Text-fig. 13). 

Structure of the southern margin of the Mszana Dolna 
tectonic window 

The studied area is located in the middle part of the 
Magura Nappe on the southern margin of the MDW 
and about 15 krn south of the front of the nappe (Text
fig. 2). The Magura Nappe is very flatly overthrust onto 
the Oligocene Krosno Beds of MDW (see BURTAN & al. 
1978, MASTELLA 1988). 

MAGURA NAPPE 

KRYN I CA S UBUNIT 
SW 

The relationships between the Dukla, Gryb6w and 
Magura units can be observed along the southern mar
gin of the MDW. The best contact exposures are locat
ed in the Poryba G6rna, Koninki and Lubomierz sec
tions (Text-figs 4-6). In these sections (100-300 m in 
length) one or two thrust-sheets of the Gryb6w Unit 
are edged between the Dukla and Magura units. The 
Gryb6w Unit is separated by the two moderately 
inclined or sub-horizontal, south deepening thrust sur
faces. 

In the Koninki stream the uppermost part of the 
Dukla sequence is composed of the Krosno Beds shaly 
facies. Towards the south the beds reveal an increasing 
degree of tectonic deformation (Text-fig. 11B) of meso
scopic, thrust-fault propagating folds to a few meter 
thick breccia zone of shales with sandstone lamps. In 
this section the Gryb6w Unit is built up of two thrust
sheets composed of the Jaworzynka Beds (Palaeocene) 
and the Gryb6w Beds (Oligocene, see Text-fig. llB). 
The contact of the Gryb6w and Magura units is marked 
by a zone of strongly brecciated rocks (Text-fig. 11 C). 
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·Fig. 13. Geological cross-section Obidowa IG 1 - Niediwiedz 1 boreholes (based on Polish Geological Survey maps (BURfAN & al. 1976, C!EsZKOWSKI 1985, 

POLTOWICZ 1985); Dukla Unit: 1 - Upper Cretaceous-Palaeocene, 2 - sub-menilite Eocene, 3 - Menilite Beds (Oligocene); Krosno Beds (Oligocene): 

4 - thick-bedded sandstones and sandstone-shaley facies, 5 - shaley facies; Gryb6w Unit: 6 - Gryb6w Unit undivided, 7 - Jaworzynka Beds, 8 - Black Eocene; 

Magura Nappe: 9 - Albian-Cenomanian deposits and Malinowa Shale Formation (Turonian Santonian), 10 - Campanian-Palaeocene (Kanina, Szczawina and 

Ropianka Beds); 11- Szczawnica Formation (Palaeocene-Lower Eocene), Eocene: 12 - Labowa Formation, 13 - Zarzecze Formation, a - variegated shales, 

14 - Beloveza Formation, 15 - Bystrica and Zeleznikowa formations, 16 - Magura Formation, 17 - Dukla overthrust, 18 - Gryb6w overthrust, 19 - Magura 

overthrust, 20 - faults, 21 - boreholes 
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In the lower course (Text-figs 3-4) of the Poryba 
G6rna stream section, the basal portion of the Gryb6w 
Unit begins with blocks of the Jaworzynka Beds 
(Palaeocene), passing upwards into the Gryb6w Beds, 
which display numerous NWN-SES to N-S trending, 
meso scopic, sub-vertical thrust-fault propagating folds. 
The southerly deepening Dukla and Gryb6w units have 
been found beneath the Magura Nappe, in the Obidowa 
IG-1 borehole (Text-fig. 13, see also CrEszKOWSKl1985). 

Between Olsz6wka and Lubomierz the frontal part 
of the Magura Nappe consists of three thrust-sheets 

which contain characteristic sequences of deposits 
(OSZCZYPKO & ai. 1999b). From the north to the 
south these are: Poryba Wielka-Koninki (Albian
Palaeocene), Konina -Lubomierz (Turonian-Middle 
Eocene) and Tobol6w-Turbaczyk (Lower-Middle! 
?Upper Eocene) thrust-sheets (Text-figs 3, 11). The 
lower, Poryba Wielka-Koninki thrust-sheet belongs 
probably to the Raca Subunit. The basal portion of 
the Poryba Wielka-Koninki thrust-sheet reveals a 
complex of chaotic type "melange" deformation 
(Text-figs 4-5) , described by BURTAN & LYDKA (1978, 

Fig. 14. A - The chaotic deposits of the Poryba Beds with two-type of boundaries; fluidal-and shear fracture plane boundaries. Poryba G6rna stream-around 

20 m above the Magura thrust (Text-fig. 4) ; B - The upper "stratified" part of the Poryba Beds. Poryba G6rna stream - around 40 m above the Magura 

thrust (Text-fig. 4); C - Recumbed fold of the upper part of the Malinowa Formation (Turonian-Santonian) of the Poryba-Koninki thrust-sheet. Poryba 

G6rna stream (Text-fig. 4); D - The right bank of the Mszanka stream at Lubomierz. The Kanina Beds (Campanian) of the Konina-Lubomierz thrust sheet 
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see also BURTAN & al. 1978) as the Poryba Wielka 
Beds ("wild flysch"). 

In the Poryba Wielka section the Magura Nappe 
(Poryba-Koninki thrust-sheet) begins with a SW dip
ping (inclination is around 30°) sole trust, composed of 
a 3 m thick packet of medium-bedded sandstones and 
grey-greenish shales. This stratified unit is covered by a 
40-50 m thick complex of chaotic deposits (Text-fig. 
llD; Text-fig. 14A), known as the Poryba Wielka Beds 
of the Turonian-Senonian age (see BURTAN & al. 1978). 
These deposits contain fragments of blue-greyish, medi
um-grained non-calcareous sandstones of various size 
(from 1 cm to 1.5 m boulders) and shape, which are dis
persed in a green-greyish and dark-greyish, non-calcare
ous, clay-claystone matrix. Among sandstone fragments, 
small lumps of drag-folds have been observed. The 
sandstone fragments show primary fractures, often with 
calcite mineralization. The sandstone blocks and shales 
sometimes reveal the remnants of primary stratification 
(Text-fig. 14B). The chaotic deposits occur in layers 
ranging from a few em up to 0.5 m thick, with two types 
of boundaries; fluidal- and shear fracture plane bound
aries. The shear plane-type boundaries are accompa
nied by calcite veins. Both types of boundaries are gen
tly dipping and are almost parallel to each other 
towards the NE and SW in the basal and top part of the 
chaotic body, respectively. These sub-horizontal planes 
are cut occasionally by W-E trending sub-vertical, south 
dipping inverse faults with calcite mineralization. The 
lower, strongly chaotic part is covered by the upper, less 
chaotic part with a more frequent, primary type of strati
fication. Towards the top of this unit, random-dispersed 
sandstone fragments are progressively replaced by 
boudin-like fragments. 

The Poryba Wielka Beds are tectonically followed 
upward by the 50 m thick unit, characterized by an 
occurrence at outcrop scale, NWN-SES trending 
recumbed and imbricated folds (Text-fig. 14C) of the 
Malinowa Formation (Turonian-Santonian) and Kanina 
Beds (Campanian). This unit passes into the steep, 
south-west dipping, thin-bedded flysch of the Kanina 
Beds and thick-bedded Szczawina Sandstones 
(Maastrichtian-Palaeocene). The sandstones reveal a 
brittle-typed deformation, with numerous small-scale 
W-E and WNW-ESE trendings, and S-SWS dipping 
inverse faults. The Szczawina sandstones are fo~lowed 
by strongly tectonized Ropianka Beds (Palaeocene) 
with a degree of deformation the same as that from the 
Poryba Beds. The Ropianka Beds are overthrust by the 
Malinowa Shale Formation (Turonian-Santonian) and 
compose a basal portion of the Bystrica Subunit 
sequence. 

The front of the Bystrica Subunit is built up of the 
next Konina-Lubomierz thrust sheet, which is 1.5-2 km 

wide and forms a moderately south-dipping homo cline 
(Text-figs 2-6; Text-fig. 14D). Along this thrust, numer
ous mesoscopic WNW-ESE and NW-SE trending folds 
have been observed. At the boundary between the com
plexes with different competence, inverse faults, paral
lel to the frontal thrust, have been documented 
(OSZCZYPKO & al. 1999b). These caused a reduction in 
the thickness of the Labowa and Beloveza formations. 
The Tobo16w-Turbaczyk thrust sheet of the Bystrica 
Subunit is characterized by the strongly deformed 
Zarzecze Formation and south-dipping Magura 
Formation. The Tobo16w-Turbaczyk thrust sheet is over
thrust by the Krynica Subunit, composed of Palaeocene
Eocene deposits of the Szczawnica, Zarzecze and 
Magura formations (see OSZCZYPKO & al. 1999b). All of 
these Magura Nappe subunits have been pierced in the 
Obidowa IG-1 borehole, which is located 15 km SW 
from the margin of the Mszana Dolna tectonic window 
(Text-fig. 13). 

SZCZAWA TECTONIC WINDOW 

The Mszana Dolna and Szczawa tectonic windows 
belong to the same, most highly elevated zone in the 
Magura Nappe (Text-fig. 2). The Szczawa tectonic win
dow is situated 15 km SE of the Mszana Dolna, within 
the NW-SE trending elevation that is bounded by a 
NW-SW transversal fault (Text-fig. 15). The triangular
shaped, tectonic window (ca. 1.1 sq km) is composed of 
the Oligocene deposits of the Gryb6w Unit. The 
Gryb6w Unit dips below the Upper Cretaceous
Palaeocene deposits of the Magura Nappe (CHRZp,ST
KOWSKI 1971; PAUL 1980, CrESZKOWSKI & al. 1987, 1989; 
OSZCZYPKO & al. 1991). The Magura thrust surface dips 
steeply towards the south but flatly to the west, not 
exceeding 7° (Text-figs 15-17, see also OSZCZYPKO & al. 
1991). In the SZCZAWA IV borehole, on the western 
periphery of the window, the Gryb6w Unit was pierced 
at a depth of 97 m in the Kamienica valley. 

Magura Nappe 

The Szczawa tectonic window is located inside the 
Bystrica Subunit. On account of this, the stratigraphy of 
the Bystrica Subunit in the Szczawa and Mszana Dolna 
areas is generally the same. For this reason, the 
Turonian-Palaeocene deposits will be described just 
briefly. 

In the studied area, the oldest deposits of the 
Bystrica Subunit of the Magura Nappe belong to the 
upper part of the Malinowa Shale Formation (see 
OSZCZYPKO & al. 1991). The lowest part of the forma
tion is known from the Zasadne section, located 3-4 
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km SE of Szczawa. In this section the age of the for
mation was determined as Late Turonian-Santonian 
(MALATA & OSZCZYPKO 1990, CIESZKOWSKI & al. 
1999). This formation is composed of red, non-cal
careous shales, which are overlain by graded calcare
ous marls with red intercalations (Haluszowa 
Formation, see MALATA & OSZCZYPKO 1990) or by 
thin- to medium-bedded flysch deposits of the Kanina 
Beds (Campanian) with intercalations of turbiditic 
limestones (CIESZKOWSKI & al. 1989). The Haluszowa 
Formation contains tourmaline/zircone/apatite/garnet 
spectrum of heavy minerals (CIESZKOWSKI & al. 1999). 
The Haluszowa/Kanina Beds, up to 100 m thick, dis
play palaeotransport from the SE and are overlain by 
thick-bedded, Szczawina Sandstones (Maastrichtian
Palaeocene). The beds are composed of 0.5-4.0 m 
thick beds, of coarse- to medium-grained, muscovitic 
sandstones, intercalated by thin mudstone shales 
(Text-fig. 18A). In the Zasadne section the Szczawina 
Sandstones are 30 m thick, and display palaeotrans-

port from the SE. The heavy minerals are represented 
by garnet/apatite/zircon/tourmaline and rutile 
(CIESZKOWSKI & al. 1999). The Szczawina Sandstones, 
up to 200 m thick are overlain by Ropianka Beds 
(Palaeocene). These Beds are composed of thin- to 
medium-bedded calcareous, 100-150 m thick. Higher 
up in the section occurs a 40-50 m thick series of the 
Palaeocene-Early Eocene variegated shales of the 
Labowa Formation. The beds are overlain by very 
thin-bedded turbidites, 200-400 m thick, of the 
Beloveza Formation of the Early-Middle Eocene age 
and Bystrica Beds (Middle Eocene). The youngest 
portion of the Bystrica Subunit is represented by a 
coarsening and thickening upward turbidite sequence 
with 1-6 m thick intercalations of the Lqcko marls 
(OSZCZYPKO & al. 1991). The beds belong to the 
Bystrica Formation (Middle Eocene) and to the 
Maszkowice Member (Middle Eocene) of the Magura 
Formation. These lithostratigraphic units are 150-200 
and 350-400 m thick, respectively. 
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nated marls, 5 - grey thick-bedded marls, 6 - black non-calcareous sheles, 7 - thin-to medium-bedded turbidites, 8 - thick-bedded sandstones, 9 - Magura 

overthrust, 10 - fault, 11 - samples, 12 - borehole, 13 -lithostratigraphic units: 1 - Malinowa Shale furmation and Haluszowa Formation, 2 - Kanina Beds, 

3 - Szczawina Sandstones, 4 - Ropianka Beds, 5 - Gtyb6w Beds - black non-calcareous shales, 6 - black marly shales and marls, 7 - Cergowa Beds 
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Fig. 17. Geological cross-section along the Kamienica stream in Szczawa. For explanation see Text-fig. 16 
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Gryb6wUnit 

Similarly to the Poryba G6rna-Koninki sections, the 
succession of the Gryb6w Beds in the Szczawa tectonic 
window can be subdivided into two members. The basal 
part of these Beds is exposed in the lower flow of the 

Gtybieniec stream (Text-figs 15-16), and developed as 
black, sometimes brown, massive, non-calcareous shales, 
with a few 1-2 cm thick intercalations of black hornstones 
with a FeS2 mineralization. Very thin (1-2 cm) layers of 
hornstones are exposed in the small road-cut on the right 
slope of the stream. These shales contain sporadic interca
lations of fine-grained, glauconitic, thin- to medium-bed
ded quartzite sandstones (Text-fig. 18 B). The lower mem-

Fig. 18. A - Right bank of the GI~bieniec stream in the Szczawa. The basal part of the Magura Nappe composed of medium to thick-bedded turbidites 

of the Szczawina Sandstones (Maastrichtian - Campanian); B - Rock Beds of the GI~bieniec stream in the Szczawa. The lower part of Gryb6w Beds 

(Oligocene) - black non-calcareous shales, with thin-bedded quartzitic sandstones; C - The basal portion of the upper part of the Gryb6w Beds in the 

Kamienica stream in Szczawa. Thick-bedded sandstones passing upwards into thick-layer of dark calcareous mudstones; D - The upper most part of 

the Gryb6w Beds (Oligocene) in the Kamienica stream section at the Szczawa. Dar-grey laminated marls with intercalation of thin-bedded sandstone 
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ber of the Gryb6w Beds, at least 60 m thick, passes upward 
into a sequence of dark mudstones, with siderite lenses 
and intercalations of thick-bedded, dark-grey marls. 

The deposits of the upper member of the Gryb6w 
Beds are very well exposed in the Kamienica river 
(Text-figs 15, 17). The basal part of the member con
tains intercalations of dark grey, calcareous shales and 
dark, laminated mudstones with intercalations of very 
thin-bedded siltstones and very fine-grained sandstones 

(Tbed, Ted turbidites). Higher up in the section occurs a 
75 cm layer of fine- to medium-grained, quartzite sand
stones with Tabe+eonv intervals (Text-fig. 18C). These 
sandstones pass upwards into dark-brown laminated 
marls, intercalated by fine-grained, thin-bedded sand
stones with cross-ripple lamination (Text-fig. 18D). 
Higher up in the section occur thick-bedded (up to 2. 5 
m) brown and dark, massive or fine-laminated maris, 
yellowish or rusted if weathered. These turbidite marls 

Fig. 19. A - The uppermost part of the Gryb6w Beds in the Kamienica stream section at the Szczawa. Dark grey laminated marls with intercalations of very 

thin-to thin-bedded sandstones; B - Boundary between the upper part of the Gryb6w Beds (Oligocene) and thick-bedded sandstone of the Cergowa Beds 

(Oligocene); C - The left bank of the Kamienica stream in the Szczawa. Thick-bedded sandstones at the base of the Cergowa Beds (Oligocene); D - Lower 

portion of the Cergowa Beds (Oligocene) at the Kamienica stream section in the Szczawa. Marly shales with intercalations of medium-bedded sandstones 
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---- 6[J.m 

Fig. 20. LM microphotographs of calcareous nannofossils from the Oligocene deposits of the Mszana Dolna and Szczawa tectonic widows. 1 -
Braa/udosphaera bigelowii sample 48/97/N, 2 - Braa/udosphaera bigelowii sample 61/02/N, 3 - Coccolithus pelagiClIS sample 43/00/N, 4 - Cyclicargolithus abi
sectus sample 31/97/N, 5 - Cyclicargolith[lS abisectus sample 61/02/N, 6 - Cyclicargolithus abisectus sample 66/02/N, 7 - Cyclicargolithus floridanus sample 
39/97/N, 8 - Dictyococcites bisectus sample 70/00/N, 9 - Dictyococcites bisectus sample 2/0l/N, 10 - Dictyococcites bisectus sample 70/02/N, 11 - Discoaster 
tanii sample 71/00/N, 12 - Discoaster deflandrei sample 70/02/N, 13 - Helicosphaera compacta sample 33/97/N, 14 - Isthmohlithus recUll'US sample 71/00iN, 
15 - Neococcolithes dubius sample 71/00/N, 16 - POi1tosphaera plana sample 47/97/N, 17 - Reticulofenestra lockelii sample 31/97/N, 18 - Reticulofenestra lock
erii sample 47/97/N, 19 - Reticulofenestra umbilica sample 71/00/N, 20 - Reticulofenestra umbilica sample 71/00/N, 21 - Sphenolithus conic[lS sample 70/02/N, 
22 - Sphenolithus conicus sample 70/02/N, 23 - Sphenolithus conicus sample 70/02/N, 24 - Sphenolithus dissimilis sample 70/00/N, 25 - Sphenolithus dissim
ilis sample 31/97/N, 26 - Sphenolithus dissimilis sample 30/00/N, 27 - SphelJolithus dissimilis sample 30/00/N, 28 - Sphenolithus /1101ifol117is sample 70/00/N, 

29 - Zygdwblithus bijugatlls sample 13/01/N, 30 - Zygrhablithus bijugatus sample 33/97/N 
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are intercalated with thin layers of black, marly shales 
and thin-bedded, cross-ripple, laminated sandstones. 
The thick-bedded, coarse-grained massive sandstones 
have been observed sporadically. The sandstones dis
play palaeotransport from the NE (70°). These types of 
deposits are about 50 m thick and are followed by cou
plets, up to 2 m thick of dark-grey, softy-laminated 
marls and marly shales with sporadic intercalations of 
very fine-grained, thin-bedded sandstones (Text-fig. 
19A-B). 

Cergowa Beds 

In the middle part of the section (Text-figs 15, 17; 
19B-C) occur two layers of very thick-bedded, coarse
grained, channelled, conglomeratic sandstones. These 
sandstones reveal palaeotransport from the NE (70°). The 
sandstones are overlain by laminated marls with thin bed
ded sandstones (Text-fig. 19D). The uppermost part ofthe 
section (above the bridge) is composed of dark-grey 
coloured (yellowish if weathered), massive, hard marls 
with sporadic intercalations of thick-bedded, Cergowa
type sandstones. The beds are up to 200 m thick. 

CALCAREOUS NANNOFOSSIL 

Sample preparation 

All samples were prepared using the standard smear 
slide technique for light microscope (LM) observations. 
The investigation was carried out under LM - Nikon 
-Eclipse E 600 POL, at a magnification of 1000 x using 
parallel and crossed nicols. Several of the specimens 
photographed in LM are illustrated in Text-fig. 20. 

Results 

The majority of the examined samples yielded a very 
poor and badly preserved nannofossil material. Some 
specimens could not be identified because of strong 
etching and mechanical damage of the placoliths, espe
cially of their central areas. The abundance of particu
lar taxa is usually low. The scarcity of the species most 
important stratigaphically makes age determinations 
very difficult. However, some of the samples were rich 
enough, enabling zonal assignment. 

Gryb6w Beds 

In the GrybOw Beds nannofossils are poorly pre
served and represented by low diversity assemblages 

with a low number of specimens. Non-calcareous or 
slightly calcareous shales and marls are barren of nan
nofossils (Tables 1-2). Relatively rich assemblages are 
noted exclusively in samples from the Szczawa section. 

Rich assemblage was found in sample 71/00IN (Text
fig. 21, Table 1). In other samples most of these species are 
missing. The important feature of this sample is the 
appearance of rare Reticulofenestra ornata. Higher up in 
the Szczawa section first appears Cyclicargolithus abisec
tus. Additionally, a rich association was found in sample 
31/97IN (Text-fig. 21, Table 1). 

Cergowa Beds 

Again a relatively rich assemblage comes from the 
samples of the Szczawa section. A low diversity assem
blage with a poorly preserved nannofossil association 
was found in samples from the Lubomierz section (Text
fig. 21, Table 1). The most important species found in 
both sections is Cyclicargolithus abisectus, accompanied 
by Cyclicargolithus flondanus, Dictyococcites bisectus, 
Reticulofenestra lockeni, Reticulofenestra dictyoda and 
Reticulofenestra ornata. Additionally some of the sam
ples from the Szczawa section contained Helicosphaera 
euphratis, Helicosphaera compacta, Pontosphaera multi
pora, Pontosphaera plana, Sphenolithus dissimilis and 
Sphenolithus monformis. The straigrpahically youngest 
species, Sphenolithus conicus, was found in the upper
most part of the Cergowa Beds in the Lubomierz sec
tion. 

Krosno Beds of the Dukla Unit 

Nannofossils of these units are poorly preserved and 
are represented by low diversity assemblages with a low 
number of specimens (Table 3). The nannofossil associ
ation from sample 58/02IN does not contain any zonal 
marker. The other samples are characterised by the co
occurence of Coccolithus eopelagicus, Coccolithus pelag

icus, Cyclicargolithus abisectus, Cyclicargolithus flon
danus, Dictyococcites bisectus, Sphenolithus monformis, 
Zygrhablithus bijugatus. Additionally samples 30/00IN 
and 33/00IN contain rare specimens of Sphenolithus dis
similis. 

Biostratigraphical interpretation 

For the purpose of biostratigraphic analysis the standard 
zonation of MARTINI (1971) was used. 

The nannofossil association described form the 
Gryb6w Beds enabled the recognition of zones NP22, 
NP23 and NP24. The zone NP22 is documented by a con
tinuous range of Reticulofenestra umbilica (LEVIN) follow-



SZCZAWA 0 L I G 0 C E N E 

Lithostratigraphy Gryb6w Beds Cergowa Beds Gryb6w Beds 

Calcareous nannofossil zones I\P I\P I\P I\P I\P I\P I\P I\P I\P I\P I\P I\P I\P NP NP NP NP NP NP NP NP 

Martini (1971) 23 23 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 22 

sample Nos. 281 291 301 311 321 331 34-37 381 391 401 411 421 431 441 45-46 471 481 491 501 511 521 531 541 551 501 511 52-53 64-67 681 691 701 711 721 

971N 971N 971N 971N 971N 971N 971N 971N 971N 971N 971N 971N 971N 971N 971N 971N 971N 971N 971N 971N 971N 971N 971N 971N ODIN ODIN ODIN ODIN ODIN ODIN ODIN ODIN ODIN 

sample abundance L L M L L M M M L M M M M M M M L M L M M 

nannofossil preservation M M M P P M M M L M M M M M M M M M M M M 

Braarudosphaera bigelowii x x x x x x 
Coccolith us eopelagicus x x x x x x x x x x x x x x x x x x x 
Coccolith us pelagicus x x x x x x x x x x x x x x x x x x x x X 

Coronocyclus nitescens x 
Cyclicargolithus abisectus x x x x x x x x x x x x x x x x x 

. Cyclicargolithus ftoridanus x x x x x x x x x x x x x x x x x x x x x 
Cyclicargolithus luminis x 
Dictyococcites bisectus x x x x x x x x x x x x x x x x x x x x x 
Discoaster tanii R x 
Discoaster tanii nodifer x 
Ericsonia fenestrata R 

Ericsonia formosa 

Helicosphaera euphratis x 
Helicosphaera compacta x x X x 
Isthmohlithus recurvus R R R X 

Lanternithus minutus x X R R R R R R R X 

Neococcolithes dubius x 
Pontosphaera multipora x x 
Pontosphaera plana x x x x 
Reticulofenestra daviessi 

Reticulofenestra dictyoda x x x x x x 
Reticulofenestra lockerii x x x x x x x 
Reticulofenestra min uta x x x x 
Reticulofenestra ornata x x X x x x x x 
Reticulofenestra umbilica R R R X 

Sphenolithus dissimilis x x x x 
Sphenolithus moriformis x x x x x x x x x x x x x x x 
Sphenolithus pseudoradians 

Sphenolithus radians R R X 

Zygrhablithus bijugatus x x x x x x x x x x x x x 
- , 

Table 1. Calcareous nannofossil distribution in Szczawnica section; R = rare (9-1 specimen/20 fields of view); VR = very rare « 1 specimen/20 fields of view); r = reworked specimen; Estimates of the abundance of nanno

fossils in samples: H = high (> 15 specimens/1 field of view); M = moderate (15-5 specimens/1 field of view); L = low (5-1 specimen/1 field of view); VL = very low « 1 specimen/1 field of view). Iteservation of nannofossils: 

M = moderate (overgrowth; etching or mechanical damage is apparent but majority of of specimens are easily identifiable); P = poor (etching and mechanical damage is intensive making identification of 

some specimens difficult); VP = very poor (some specimens cannot be identified) . 
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ing the disappearance of Ericsonia formosa (KAMPTNER). 
The disappearance of R. umbilica and the presence of 
Reticulofenestra omata MULLER may suggest the presence 
of zone NP23 (see MULLER, 1970, NAGYMAROSY & 

VORONINA 1992). The FO of Cyclicargolithus abisectus is 
usually found close to the FO of Sphenolithus ciperoensis, 

a marker for the base of zone NP24, and consequently 
may be used as a proxy of this boundary (MARTINI & 
MULLER 1986). Also found was Sphenolithus dissimilis 
BUKRY & PERCIVAL, first appearing in zone NP24 (see 
PERCH-NIELSEN 1985). 

The nannofossil zones recognised within the Cergowa 
Beds are NP24 and NP25. The presence of zone NP25 is 
documented by the FO of Sphenolithus conicus followed 
by a continuous range of Cyclicargolithus abisectus, 

Dictyococcites bisectus and Zygrhablithus bijugatus. The 
FO of S. conicus has been traditionally used to mark the 
base of zone NN1, although BIZON & MULLER (1979), 
BIOLZI & al. (1981) and MELINIE (1995) reported this 
species already from the upper part of zone NP25. 

The presence of C. abisectus and S. dissimilis wihin the 
Krosno Beds from the Dukla Unit, seems to indicate zone 
NP24 (see MARTINI & MOLLER 1986, PERCH-NIEL~EN 
1985) . 

. GRYBOW UNIT 0 L G 

sample localities PORE;BAG6RNA 

Lithostratigraphy Gryb6w Beds 

Calcareous nannofossil zones i'P i'P 
Martini 23 23 
sample Nos. 411 421 431 441 11 21 3·41 

ODIN OOIN OOIN ODIN 011N 011N 01/N 

sample abundance M 

nannofossil preservation 

Braarudosphaera bigelowii 
Coccolithus eopelagicus X 

Coccolithus pelagicus X 

Coronocyclus nitescens 
Cyclicargolithus abisectus 
CyclicarQolithus floridanus X X X 

Cyclicargolithus luminis 
Dictyococcites bisectus X X X 

Discoaster tanH 
Discoaster deflandreii 
Ericsonia fen est rata 
Ericsonia formosa 
Helicosphaera euphratis 
Helicosphaera compacta 
Isthmohlithus recurvus X 

Lanternithus minutus X X X 

Neococcolithes dubius 
Pontosphaera multipora 
Pontosphaera plana 
Reticulofenestra daviessi 
Reticulofenestra dictyoda 
Reticulofenestra lockerii X 

Reticulofenestra minuta 
Reticulofenestra ornata X X 

Reticulofenestra umbilica 
Sphenolithus dissimilis 
Sphenolithus moriformis 
Sphenolithus pseudoradians 
Sphenolithus radians 
Zygrhablithus bijugatus X X 

0 

1·31 
021N 

Palaeocology 

Because of extremely low diversity of most of the stud
ied samples, which might be due to dissolution, the eco
logical analysis is made only for the assemblages from the 
Szczawa tectonic window. 

The assemblages are characterized by the presence of 
both temperate (Dictyococcites bisectus, Cyclicargolithus 

Jloridanus, Coccolithus pelagicus, Coccolithus eopelagicus) 

and typically cold water taxa, such as Isthmolithus 

reCU/1JUS, Reticulofenestra callida, Reticulofenestra lockerii, 
Reticulofenestra omata (see WEI & WISE 1990, AUBRY 
1992, KRHOVSKY & al. 1992, OSZCZYPKO-CLOWES 2000). 
In the assemblages of zones NP22 and NP23 also noted 
are rare representatives of Helicosphaera, Sphenolithus 

and of Discoaster. These typically warm water indicators, 
occur, however, only sporadically. Therefore, it is possible 
to conclude that Oligocene assemblages from the Szczawa 
tectonic window were dominated by mid-latitudinal 
species. 

According to NAGYMAROSY & VORONINA (1992) 
Reticulofenestra ornata, Transversopntis fibula and 
Transversopntis latus are endemic species, characteristic 
for the brackish-water environments and limited to the 

C E N E ? OLIGOCENE 

KONINKI LUBOMIERZ 

Gryb6w Beds Cergowa Beds 

i'P i'P i'P i'P W 
23 23 24 24 25 

51·521 531 101 11-12/ 131 14·161 17-321 62·651 661 671 68·691 701 
OOIN OOIN 011N 01/N 011N 011N 011N 021N 021N 021N 021N 021N 

VL M 

M 

X X X 

X X X X 

X X X 

X X X X X 

X X X X X 

X 

X 

X X X X X 

X X 

X X X 

R 

X 

X 

X X 

R 

X X X X 

Table 2. Calcareous nannofossil distribution in Poryba G6rna, Koninki and Lubomierz sections (Gryb6w Unit) 
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Fig. 21. Lithostratigraphic log of the Grybow Unit in the Szczawa tectonic window; 1 - thick-bedded sandstones, 2 - dark marly shales, 3 - grey thick

bedded marls, 4 - black and grey laminated marls, 5 - spherosiderites, 6 - black shales, 7 - variegated shales, 8 - hornstones, 9 - ripple cross-lamination, 

10 - big convolution, 11 - palaeocurrent direction, 12 - samples 
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DUKLAUNIT 0 L I G 0 C E N E 

sample localities NIEDZWIEDZ PORI;BA WIELKA LUBOMIERZ 

Lithostratigraphy Krosno Beds Krosno Beds Krosno Beds 

Calcareous nannofossil zones NP NP NP NP NP NP ? NP NP 
Martini 24 24 24 24 24 24 24 24 
sample Nos. 261 271 281 291 301 311 321 331 341 351 361 371 381 391 401 581 591 601 611 

OOIN OOIN OOIN OOIN OOIN OOIN OOIN OOIN OOIN OOIN OOIN OOIN OOIN OOIN OOIN 02/N 02/N 02/N 02/N 

sample abundance M M M L L L L VL VL L 

nannofossil preservation M M M P P VP M VP VP P 

Braarudosphaera bigelowH x x x 
Coccolith us eopelagicus x x 
Coccolithus pelagicus x x x x x x 
Coronocyclus nitescens 
Cyclicargolithus abisectus x x x x x x x x 
Cyclicargolithus florid an us x x x x x x x x x x 
Cyclicargolithus luminis 
Dictyococcites bisectus x x x x x x x x x x 
Discoaster tanH 
Discoaster tanH nodifer 
Ericsonia fenestrata 
Ericsonia formosa 
Helicosphaera euphratis 
Helicosphaera compacta 

Isthmohlithus recurvus 
Lanternithus minutus 

Neococcolithes dubius 
Pontosphaera multipora 
Pontosphaera plana 
Reticulofenestra daviessi 
Reticulofenestra dictyoda x 
Reticulofenestra lockerii x 
Reticulofenestra minuta 
Reticulofenestra ornata x x x 
Reticulofenestra umbilica 
Sphenolithus dissimilis x x 
Sphenolithus moriformis x x 
Sphenolithus pseudoradians x x x 
Sphenolithus radians R 

Zygrhablithus bijugatus x x x x x x x 

Table 3. Calcareous nannofossil distribution in Niediwicdz Poryba G6rna. and Lubomierz sections (Dukla Unit) 

Paratethys region, and are limited to zone NP23 
(NAGYMAROSY & VORONINA 1992). In the studied sec
tions these forms do not form the monospecific associa
tion (although highly dominated by Reticulofenestra 
omata) like that known from the East Paratethys 
(NAGYMAROSY & VORONINA 1992). Moreover, T latus 
and T fibula were not found at all. The medium-abun
dant occurrence of R. omata, as well as the lack of T 
latus and T fibula, may suggest a drop of the salinity, but 
not radical as described by NAGYMAROSY & VORONINA 
(1992). 

Near the base of NP24 the open-marine, calcareous 
nannofossil assemblages have developed again. Zone 
NP24 is characterised by the presence of rich and diversi
fied assemblages dominated by Dictyococcites bisectus, 
Coccolithus eopelagicus, Coccolithus pelagicus, Cycli

cargolithus abisectus, Cyclicargolithus floridanus, Helico
sphaera compacta, Helicosphaera euphratis, Helicosphaera 

recta, Ponthosphaera multipora, Sphenolithus moriformis 
and Zygrhablithus bijugatus. 

THE YOUNGEST DEPOSITS OF THE STUDIED 
TECTONIC WINDOWS 

The Mszana Dolna tectonic window is composed of 
deposits belonging to the Fore-Magura Group of units. 
The western, eastern and southern marginal parts of this 
tectonic window are occupied by strongly tectonized 
Cretaceous-Oligocene deposits of the Gryb6w Unit. The 
Szczawa tectonic window is composed entirely of the 
Oligocene deposits belonging to the Gryb6w Unit. 

The characteristic feature of the Gryb6w Unit, is the 
presence of the Gryb6w shales distinguished by UHLIG 
(1888). These are black, marly, thickly spliting muddy 
shales, with intercalations of silicified ferrodolostones 
("spherosiderites"), with black hornstones at the top 
(SWIDZrNSKI 1947). These shales are known from all tec
tonic windows of the Magura Nappe. According to 
SWIDZINSKI (1963) there is a similarity between the 
Menilite Shales of the innermost portion of the Dukla 
Unit and the Gryb6w Beds of the Gryb6w Unit. In the 
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Ukrainian Carpathians, black calcareous shales, similar to 
the Gryb6w Beds were distinguished by VIALOV (fide 
KRUGLOV 1989) as the Dusina Marls. The Dusina Marls 
have been incorporated by KRUGLOV (1989) into the 
Porkulets Unit, which occupied a more internal position 
than the Dukla Unit. The same marls are also known 
from the upper part of the Marmarosh flysch succession 
as the Luh Beds (SMIRNOV 1973). 

The Gryb6w Beds of the Mszana Dolna and of the 
Szczawa tectonic windows display a specific development. 
Their lowermost part is dominated by black non-calcare
ous shales with intercalations of thin- to medium-bedded 
quartzite sandstones. These shales are very similar to older 
stratigraphically black deposits known as "black 
Palaeocene", "black Krosno shales"(see BURTAN & al. 
1978), or "black Eocene" (see BURTAN & al. 1992a), which 
occupied the intermediate position between the 
Jaworzynka and Gryb6w Beds (see Text-fig. 9B in the 
Koninki section). Only the upper part of the Gryb6w Beds 
(above the chert layer in Szczawa section, see Text-fig. 17), 
characterised by intercalations of black shaly marls and 
"spherosiderites", can directly be compared with the stra
totypic Gryb6w section (see SLf\CZKA & KAMINSKI 1998). 
The Grybow Beds of the Mszana Dolna tectonic window 
were assigned to zones NP23 and NP24, whereas in the 
Szczawa tectonic window (Glybieniec and Kamienica sec
tions), these Beds represent zones NP22, NP23 and NP 24. 
The upper part of the Gryb6w Unit is well exposed in the 
Szczawa tectonic window (Text-figs 15-19). The beds are 
composed of various kinds of marls and marly shales, 
intercalated with medium- to thick-bedded sandstones. 
Their position (above homstones) can be correlated with 
the Krosno Beds of the Ropa tectonic window (see 
SIKORA, 1970) and the Cergowa Beds of the Gryb6w win
dow (PAUL 1991, SLf\CZKA & KAMINSKI 1998). In the 
Szczawa tectonic window the Cergowa Beds were assigned 
to zone NP24. In the Mszana Dolna tectonic window the 
equivalents of the Cergowa Beds were found only in the 
Lubomierz section. The beds belong to zone NP25, which 
is the youngest, Late Oligocene deposit found in the stud
ied tectonic windows. 

The Cergowa Beds of the Szczawa tectonic window, 
containing marls and thick-bedded sandstones, display 
lithological and age similarity not only to the Oligocene 
Cergowa/Krosno Beds of the Gryb6w and Ropa tectonic 
windows, but also to the Oligocene Budz6w Beds of the 
Siary Subunit of the Magura Nappe (see OSZCZYPKO
CLOWES 2001). The Cergowa Beds of Szczawa window as 
well the Budz6w Beds of the Siary Subunit also display the 
same (from the NE) palaeotransport direction. This sug
gests that the Oligocene sequences of the Gryb6w and 
Siary units could be deposited in the northern part of the 
Magura Basin. 

The central, the most uplifted part of this window is 

dominated by relatively flat laying Oligocene deposits of 
the Krosno Formation of the Dukla Unit. The oldest 
deposits ofthe Dukla Unit (up to Upper Cretaceous) are 
known only from three deep boreholes drilled in Poryba 
Wielka I G-l and Niediwiedz-l. In the latter borehole the 
base of the Dukla Unit, and the top of the Silesian Unit 
were probably pierced at a depth of 4 km. The youngest 
deposits of the Dukla Unit belong to the shaly facies of 
the Krosno Formation, which were assigned to zone NP 
24, of the Rupelian age. This age correlates well with that 
of the Krosno Beds of the southern part of the Silesian 
(Bf\K & al. 2001), and Dukla units in the Bieszczady Mts. 
(OLSZEWSKA & SMAGOWICZ 1977), as well as with that of 
the Dukla Unit of the Klyczany-Pisarzowa tectonic win
dow (BuRT AN & al. 1992b, CIESZKOWSKI 1992a). 

CONCLUSIONS 

The Mszana Dolna tectonic window is composed of 
deposits belonging to the Fore-Magura Group of units. 
The central and most uplifted part of this window is dom
inated by relatively flat laying deposits of the Krosno 
Formation (Oligocene) of the Dukla Unit, whereas the 
western, eastern and southern marginal parts of MDW 
are occupied by strongly tectonized, Cretaceous
Oligocene deposits of the Gryb6w Unit. The Szczawa tec
tonic window is built up entirely of the Oligocene deposits 
of the Gryb6w Unit. The youngest deposits of the Mszana 
Dolna tectonic window belong to zones NP 24 and NP25 
of the Dukla and Gryb6w units, respectively. In the 
Szczawa Gryb6w Unit the youngest deposits (Cergowa 
Beds) belong to zone NP 24. 

The deposits of the Dukla and Gryb6w units are cov
ered tectonically by the Cretaceous-Eocene deposits of 
the Magura Nappe. The Magura Nappe thrust surface, 
uplifted to 600-700 m above sea level at the margins of the 
Mszana Dolna and Szczawa tectonic windows, deepens 
progressively outwards from the windows. Towards the 
east and west this surface dips beneath 1500 and 4000 m 
below see level, respectively. At the Pieniny Klipen Belt / 
Magura Nappe boundary, in the Nowy Targ area, this sur
face was pierced 3500 m below sea level. 

At the base of the Magura Nappe chaotic rocks were 
recognized. These deposits, from the Poryba G6rna sec
tion, were interpreted as sedimentary (submarine slump, 
K,If\ZKIEWTCZ 195R, see also CIESZKOWSKI & al. 1987, 
MASTELLA 1988) as well as tectonic (metamorphic tec
tonites or "wildflysch", see BURTAN & LYDKA 1978, 
BURTAN & al. 1978) terms. According to BURT AN & 
LYDKA (1978) and MASTELLA (1988) the temperature dur
ing overthrusting reached 300-350 0c. 

In our opinion the chaotic deposits reveal a direct 
relation to the Magura Nappe sole thrust. This is support-
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ed by observation of the degree of tectonic deformation, 
which drastically decreased outside of the Magura thrust, 
both in the Magura as well as the Gryb6w successions. 
During the latest Oligocene period the thrusting of the 
Magura Nappe onto the Fore-Magura (Dukla and 
Gryb6w) sedimentary area began to occur. This process 
was simultaneous with the formation of the Magura 
piggy-back basin (OSZCZYPKO & al. 1999a, OSZCZYPKO & 
OSZCZYPKO-CLOWES 2002, CIESZKOWSKI 1992b). The 
process of overthrusting was probably initiated under the 
submarine condition, when the front of the Magura 
Nappe reached the Dukla-Glyb6w sub-basin. As a result 
the Magura Nappe, at least 2.5-3 km thick, loaded and 
sealed under compacted dayey-sandy deposits from the 
Menilite-Krosno Formation of the Gryb6w succession. 
This caused the appearance of an over pressured zone 
along the contact between the Magura Nappe and the 
Gryb6w succession (see also MAsTELLA 1988), which was 
affected by fracturing and frictional sliding. 

The deep structure of MDW was recognized by deep 
boreholes (Text-fig. 13). It forms the culmination built up 
by the stack of three flat-deeping Silesian, Dukla units, 
whereas the Gryb6w Unit, with the reduced thickness, is 
edged between Magura Nappe and Dukla Unit. In sur
face exposures the Gryb6w Unit reveals thrust sheet 
structure. MDW developed during the Middle Miocene 
thrusting of the Magura Nappe against its foreland. This 
duplex like structure is composed of imbricated horses of 
the Gryb6w Unit, which developed between two thrust 
surfaces: the floor thrust surface formed along the frontal 
ramp of the Dukla Unit and the roof thrust surface relat
ed to the Magura Nappe. The same mechanism of the 
Magura Nappe thrusting was suggested by MASTELLA & 
RUBINKIEWICZ (1998) of the Swiqtkowa Wielka tectonic 
window. From latest Oligocene to late Badenian (9-10 
Myr; see OSZCZYPKO 1998) the front of the Magura 
Nappe progressed towards the north. The last episode of 
these movements resulted in the development of a sinis
tral, transpressional strike-slip-fault zone along the front 
of the Magura Nappe (for example Zegocina zone, see 
NEMCOK & al. 2000). 

Acnowledgments 

We would like to acknowledge helpful comments by Dr 

Lilian SVABENICKA (Prague) and Prof. Andrzej SLp,CZKA 

(Krak6w), the journal referees, that helped to improve an origi

nal version of the paper. The authors thank to Mrs E. MALATA for 

determination of foraminifers. We are also grateful to David 

CLOWES and Jan GOLONKA for their help in correcting the 

English text. This paper has been carried out with the financial 

support of the Polish State Science Foundation (KEN) Projects 

6P04D 05521(MOC) and 6P04D 04019(NO). 

REFERENCES 

AUBRY, M. P. 1992. Late Palaeogene calcareous nannoplankton 

evolution: A tale of climatic deterioration. In: D. R. 

PROTIlERO & W A. BERGGREN (Eds), Eocene-Oligocene cli

matic and biotic evolution, 272-309. Plinceton University 

Press; Princeton, New Jersey. 

BP,K, K & OSZCZYFKO, N. 2000. Late Albian and Cenomianian 

redeposited foraminifera from Late Cretaceous-Palaeocene 

deposits of the Raca Subunit (Magma Nappe, Polish 

Western Carpathians) and their paleogeographical signifi

cance. Geologica Cmpathica, 51 (6), 371-382. 

BP,K, K, RUBINKIEWICZ, J., GARECKA, M., MAcHANIEc, E. & 

DZIUBINSKA, B. 2001. Exotic-bearing layer in the Oligocene 

flysch of the Krosno Beds in the Fore-Dukla zone (Silesian 

Nappe, Outer Carpathians, Poland). Geologica Cmpathica, 

52 (3), 159-171. 

BlLOZI, M., MULLER, C. & PAL!V!IERI, G. 1981. Calcareous nanno

plankton. In: R. GELATI & F. STEININGER (Eds), In search of 

the Paleogene - Neogene boundary stratotype, part II. &vista 

Italiana di Paleontologia i Stratigrafia, 89 (4), 460-471. 

BIRKENMAJER, K 1986. Stages of structural evolution of the 

Pieniny Klippen Belt, Carpathians. Studia Geologica 

Polonica, 88, 7-32. 

BIRKENMAJER, K OSZCZYPKO, N. 1989. Cretaceous and 

Palaeogene lithostratigraphic units of the Magma Nappe, 

Krynica Subunit, Carpathians. Annales Societatis Geolo

go/Um Poloniae, 66,1-15. 

BIEDA, F., GEROCH, S., KOSZARSKI, L., KsJAZKIEWICZ, M. & 

ZYTKO, K 1963. Stratigraphie des Carpathes Externes 

Polonaises. Biuletyn Instytutu Geologicznego, 181, 5-174. 

BIZON, G. & MULLER, c. 1979. Remarks on the Oligocene/ 

Miocene boundary based on the results obtained from the 

Pacific and the Indian Ocean. Annales Geologiques des Pays 

Helleniques, 1, 101-111. 

BURT AN, J. & LYDKA K 1978. On metamorphic tectonites of the 

Magma Nappe in the Polish Flysch Carpathians. Bulletin of 

the Polish Academy of Sciences, Em1h Sciences, 26,95-101. 

BURTAN, l, PAUL, Z., WATYCHA, L. 1976. Szczeg610wa Mapa 

Geologicznej Polski, arknsz Mszana Dolna. Wydawnictwa 

Geologiczne; Warszawa. 

, - & - 1978. Objasnienia do Szczeg610wej Mapa 

Geologicznej Polski, arknsz Mszana Dolna, p. 70. Wydaw

nictwa Geologiczne; Warszawa, 

BURT AN, J., CIESZKOWSKI, M., MAsTELLA, L. & PAUL, Z. 1992a. 

Niediwiedi-Konina-Okno tektoniczne Mszany Dolnej. In: 

W ZUCHTRWICZ. & OSZCZYFKO, N. (Eds), przewodnik LXIII 

ZjazduPolskiego Towarzystwa Geologicznego (Koninki, 17-19 

wrzesnia 1992), pp. 76-88. Krak6w. 

BURT AN, l, CIESZKOWSKI, M., JAWOR, E. & SLp,CZKA, A. 1992b. 

D'lbrowa - Budowa okno tektonicznego Klyczan-Limanowej. 

In: W ZUCHIEWICZ. & OSZCZYFKO, N. (Eds), Przewodnik 

LXIII Zjazdu Polskiego Towarzystwa Geologicznego (Koninki, 

17-19 wrzeSnia 1992), pp. 171-179. Krak6w. 



366 M. OSZCZYPKO-CLOWES & N. OSZCZYPKO 

CHRZf\oSTKIEWICZ, 1. 1971. Wody mineralne Szczawy na tie 

budowy geologicznej. Komisja Zagospodarowania Ziem 

G6rskich PAN, 9, 99-136. 

CIESZKOWSKI, M. 1985. Obidowa, pp. 48-54. In: K. BIRKENlvIAJER 

(Ed.), Main geotraverse of the Polish Carpathians (Cracow

Zakopane). Guide to Excursion 2, 13 Congress Ca/patho

Balkan Geoligal Assotiation, (Cracow, Poland 1985). 

Krak6w. 

1992a. Strefa Machalczowej-nowa jednostka strefy przed

magurskiej w zachodnich Karpatach fliszowych i jej geolog

iczne znaczenie. Zeszyty Naukowe AGH, Geologia, 18, 1-2, 

125 p. 

1992b. Marine Miocene deposits near Nowy Targ, Magura 

Nappe, Flysch Carpathians (South Poland). Geologica 

Carpathica, 46 (6), 39-347. 

CIESZKOWSKI, M. SU,CZKA, A & WDOWIARZ, S. 1985. New data 

on structure of the Flysch Carpathians. Przeglqd Geologiczny, 

6,313-333. 

CIESZKOWSKI, M. OSZCZYFKO, N. & ZUCHIEWICZ, W 1987. Late 

Cretaceous submarine slump in the Inoceramian Beds of the 

Magura nappe in Sczawa (Polish West Carpathains). 

Annales Societatis Geologo/1.lm Poloniae, 57, 189-201. 

- , - & - 1989. Upper Cretaceous silicic1astic-carbonate tur

bidites at Szczawa., Magura Nappe, West Carpathians. Bulletin 

of the Polish Academy of Sciences, Ea/th Sciences, 37,231-245. 

CIESZKOWSKI, M., EGGER, H., OSZCZYFKO, N. & SCHNABEL, W 

1999. The Zasadne section of the Magura Nappe (Western 

Outer Carpathians, Poland) and its relation to the Rheno

danubian Flysch (Eastern Alps, Austria). Abhandlungen. 

Geologische Bundesanstalt, A 56, 1, 333-336. 

GEROCH, S., JEDNOROWSKA, A, KsJAZKIEWICZ, M. & LISZKOWA 

J. 1967. Stratigraphy based upon microfauna in the Western 

Polish Carpathians. Biuletyn Instytutu Geologicznego, 211 (2), 

185-282. 

GOLONKA, J., OSZCZYPKO, N. & SLf\oCZKA, A, 2000. Late 

Carboniferous-Neogene geodynamic evolution and paleo

geography of the Circum-Carpathian region and adjacent 

areas. Annales Societatis GeologO/um Poloniae, 70,107-136. 

KORAB, T & DURKOVIC, T 1978. Geology of Dukla Unit (East

Slovakian Flysch). Gologicky Ustav Dionyza Stura Publishers, 

194 pp. Bratislava. [In Slovak with English summa/Y 1 
KOZlOWSKI, H. 1953. Budowa geologiczna okolic Klyczan

Pisarzowej. Biuletyn Instytutu Geologicznego, 85, 1-81. 

1956a. Jednostka Ropy - Pisarzowej, nowa jednostka tekton

iczna polskich Karpat fliszowych. Biuletyn Instytutu 

Geologicznego, 110, 47-81. 

1956h. Zarys geologii okolic Rabki.Acta Geologica Polonica, 

6 (4), 381-402. 

KRHOVSKY, J., ADAMowA, J., HLADIKowA, J. & MASLOWSKA, 

H. 1992. Paleoenviromental changes across the Eocene/ 

Oligocene boundary in the Zdanice and Pouzdrany Units 

(Western Carpathians, Chechoslovakia): The long-term 

trend and orbitally forced changes in calcarous nannofos

sil assemblages. In: B. HAMRSMID & J. YOUNG, (Eds) , 

Nannoplankton research, 2, pp. 105-187. Fourth Confe

rence of International Association of Nannoplanctonists; 

Hodonin. 

KRUGLOV, S.S. 1989. Geodynamics of the Ukrainian 

Carpathians. Geologica Ca/pathica. 40,101-123. 

KsIf\oZKIEWICZ, M. 1956. Geology of the Northern Carpathians. 

Geologische Rundschau, 45, 396-411. 

1958. Osuwiska podmorskie we fliszu karpackim. Rocznik 

Polskiego Towa/zystwa Geologicznego, 28,123-150. 

1977. The tectonics of the Carpathians. In: W POZARYSKI 

(Ed.), Geology of Poland - Tectonics (v. IV), 476-669. 

Wydawnictwa Geologiczne; Warszawa. 

(Ed.) 1962. Geological Atlas of Poland. Stratigraphic and 

facial problems. Fasc. 13. Cretaceous and early Tertiary in 

Polish Carpathians. Geological Institute; Warsaw. 

MALATA, E. 2001. Interpretacja biostratygraficzna zespol6w 

malych otwornic w srodkowej cZysci plaszczowiny magur

skiej (polskie Karpaty zewnytrzne). Rozprawa doktorska w 

Instytucie Geologicznym Uniwersytetu Jagiellonskiego, 273 

pp.Krak6w. 

MALATA, E. & OSZCZYFKQ, N. 1990. Deep water agglutinated 

foraminiferal assemblages from Upper Creataceous red 

shales of the Magura Nappe, Polish Outer Carpathians. In: 

HEMLEBEN & al. (Eds), Paleooecology, biostratigraphy, pale

ooceanography, and taxonomy of agglutinated fora

minifera. NATO ASI Series, 507-524. Kluwer Academic 

Publishers. 

MALATA, T, MALATA, E. & OSZCZYFKO, N. 1996. Litho-and bios

tratigraphy of the Magura Nappe in the eastern part of 

Beskid Wyspowy Range (Polish Western Carpathians). 

Annales Societatis GeologO/um Poloniae, 66, 269-284. 

MARTINI, E. 1971. Standard Tertiary and Quaternary calcareous 

nannoplnakton zonationpls. 1-4. In: A FARINACCI (Ed.), 

Proceedings of II Planktonic Conference, Roma 1970, Edizioni 

Tecnoscienza, Roma, 2, 739-785 

MARTINI, E. & MULLER, c. 1986. Current Tertiary and 

Quaternary calcareous nannoplankton stratigraphy and cor

relations. Newsletter on Stratigraphy, 16 (2), 99-112. 

MASTELLA, L. 1988. Budowa i ewolucja strukturalna okna tek

tonicznego Mszany Dolnej, polskie Karpaty zewnytrzne. 

Annales Societatis Geologo/1.lm Poloniae, 58, 53-173. 

MAsTELLA, L. & RUBINKIEWICZ, J. 1998. Duplex structures with

in the Swiqtkowa Wielka tectonic window (Beskid Niski 

Mts., Western Carpathians, Poland): structural analysis and 

photointerpretation. Geological. Quarterly, 42 (2), 173-182. 

MELINTE, M. 1995. Changes in nannofossil assemblages during 

the Oligocene - Lower Miocene interval in the Eastern 

Carpathians and Transylvania. Abstracts 10th RCMNS, 

Bucharest 1995, Romanian Journal of Stratigraphy, 76, supp!., 

7,171-172. 

MULLER, C. 1970. Nannoplanktonen-Zonen der Unteren 

Meeresmolasse Bayerns. Geologica Bava/ica, 63, 107-118. 

NAGYMAROSY, A & VORONINA, A 1992. Calcareous nanno

plankton from the Lower Maykopian Beds (early Oligocene, 

.1 

j 

1 

l 
1 
1 



MSZANA DOLNA AND SZCZAWA TECTONIC WINDOWS OF THE WESTERN CARPATHIANS 367 

Union ofIndependent States). In: B. liAMRSMID & J. YOUNG 

(Eds), Nannoplankton research, 2, pp. 187-221. Fourth 

Conference of International Association of Nannoplanctonists; 

Hodonin. 

NEMCOK, M., NEMCOK, J., WOJTASZEK, M.,LuDHOVA, L., 

KLECKER, R. A, SERCOMBE, W. J., COWARD, M. P. & KEITH, 

J. FJR. 2000. Results of 2D balancing along 20° and 21°30' 

longitude and pseudo-3D in the Smilno tectonic window: 

implications for shortening mechanism of the West 

Carpathian accretionary wedge. Geologica Carpathica, 51 

(5), 281-300. 

OLSZbWSKA, B. 1981. 0 niektorych zespolach malych otwornic 

serii okiennej z Sopotni Malej, Mszany Dolnej, Szczawy i 

Klyczan. Biuletyn Instytutu Geologicznego, 331,141-163. 

OLSZEWSKA, B. & SMAGOWICZ, M. 1977. Porownanie podzialow 

biostratygraficznych gornej kredy i paleogenu jednostki 

dukielskiej na podstawie otwornic planktonicznych i 

nanoplanktonu wapiennego. p'zeglqd Geologiczny, 7, 359-363. 

OSZCZYFKO, N. 1991. Stratigraphy of the Palaeogene depoits of 

the Bystrica Subunit (Magura Nappe, Polish Outer 

Carpathians). Bulletin of the Polish Academy of Sciences, 

Earth Sciences, 39 (4), 415-431. 

1992. Late Cretaceous through Paleogene evolution of 

Magura Basin. Geologica Cmpathica, 43 (6),333-338. 

1998. The Western Carpathian Foredeep-development of 

the foreland basin in front of the accretionary wedge and its 

burial history (Poland). Geologica Carpathica, 49, I-IS. 

OSZCZYPKO, N. & OSZCZYFKO-CLOWES, M. 2002. Newly discov

ered Early Miocene depoits in the Nowy Sqcza area (Magura 

Nappe, Polish Outer Carpathians). Geological Quarterly, 46 

(2),117-133. 

OSZCZYPKO, N., CIESZKOWSKI, M. & ZUCHIEWICZ, W. 1991. 

Variable orientation of folds within Upper Cretaceous -

Palaeocene rocks near Szczawa, Bystrica Subunit, Magura 

nappe, West Carpathians. Bulletin of the Polish Academy of 

Sciences, Earth Sciences, 39, 67-84. 

OSZCZYFKO, N., ANDREYEVA-GRIGOROVICH, A, MALATA, E. & 

OSZCZYPKO-CLOWES, M. 1999a. The Lower Miocene 

deposits of the Raca Subunit near Nowy SqCZ (Magura 

Nappe, Polish Outer Carpathians). Geologica Carpathica, 50 

(6),419-433. 

OSZCZYFKO, N., MALATA, E. & OSZCZYPKO-CLOWES, M. 1999b. 

Revised position and age of the Eocene deposits on the 

northern slope of the Gorce Range (Bystrica Subunit, 

Magura Nappe, Polish Western Carpathians). Slovak 

Geological Magazine, 5 (4), 235-254 

OSZCZYPKO-CLOWES, M. 2000. Oligocene paleogeography and 

Manuscript submitted: 10th June 2003 
Revised version accepted: 20th January 2004 

nannofossil paleoecology of the Magura Nappe (West 

Carpathians). Slovak GeologicalMagazine, 6 (2-3), 175-177. 

2001. The nannofossil biostratigraphy of the youngest deposits 

of the Magura Nappe (east of the Skawa River, Polish Flysch 

Carpathians) and their palaeoenviromental conditios.Annales 

Societatis GeologO/um Poloniae, 71, 139-188. 

PAUL, Z. 1980. Szczegolowa Mapa Geologiczna Polski, arkusz 

Lqcko. Wydawanictwa Geologiczne; Warszawa. 

- 1991. Szczegolowa Mapa Geologiczna Polski, arkusz 

Grybow. PolskaAgencja Ekalogiczna SA.; Warszawa. 

PERCH-NIELSEN, K. 1985. Cenozoic calcareous nannofossils. In: 

H. BOLLI, J. S. SAUNDERS & K. PERCH-NIELSEN (Eds), 

Plankton Stratigraphy, 11, 427-554. Cambridge University 

Press; Cambridge. 

POLTOWICZ, S. 1985. Jednostka grybowska na poludnie od 

Limanowej.Annales Societatis Geologorum Poloniae, 55, 77-

104. 

SALATA, D. 2003. Charakterystyka mineralogiczno-geocherniczna 

frakcji ciyzkiej gornokredowo-paleocenskich piaskowcow 

plaszczowiny magurskiej. Rozprawa doktorska, Biblioteka 

INGUJ. 

SIKORA, W. 1970. Budowa geologiczna plaszczowiny magurskiej 

miydzy Szymbarkiem Ruskim a Nawojowq. Biuletyn Instytutu 

Geologicznego, 235, 5-121. 

1980. Geological coss-section Cracow-Zakopane, 1: 50 000. 

Wydawnictwa Geologiczne; Warszawa. 

SIKORA, W. & ZYTKO, K. 1959. Budowa Beskidu Wysokiego na 

poludnie od Zywca. Biuletyn Instytutu Geologicznego, 141, 

61-204. 

SMIRNOV, S. E. 1973. Palaeogene of Marmarosh and Pieniny 

zones of the Ukrainian Carpathians. Nedra; Moscow. [In 

Russian] 

SU,CZKA, A & KAMINSKI, M. 1998. Guidebook to excursion in 

the Polish Flysch Carpathians. Grzybowski Foundation 

Special publication, 6, 171 pp. Krakow. 

SWIDZINSKI, 1947. Stratigraphical index of the Northern Flysch 

Carpathians. Bulletin of Polish Geological Institute, 37, 128 pp. 

1963. Les couches de Grybow et leur importance pour la tec

tonique des Karpates. Resume des communications, pp. 191-

193. Congr. Geo!. Ass. Karp.-Balk. 6. Warszawa-Krakow. 

UHLIG, V. 1888. Ergebnisse geologischer Aufnahmen in den 

westgalizischen Karpathen, Teil 1. lahrbuch der Geol. 

Reichsanst., 38, 85-264. 

WEI, W. & WISE, JR. S. W. 1990. Biogeographic gradients of 

Middle Eocene-Oligocene calcareous nannoplankton in the 

South Atlantic Ocean. Palaeogeography, Palaeoclimatology, 

Palaeoecology, 79. 


