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Preface

Welcome to Krakdw! On bebalf of the Organzing committees of the MIKRO-2011 and Annnal TMS Foram-
Nannofossil group meetings, we wish to welcome everyone to the historical capital of Poland. We hope that this
event will serve to bring the Grgybowski Foundation and the Micropalaeontological S ociety closer together by
Jostering the sharing of ideas and collaboration in the subject of Micropalaeontology.

The Field of Micropalacontology has a long tradition in Krakdw— as early as 1905 Jozef Gryybowski
tanght a conrse called “Mikropaleontologia” at the Jagiellonian University. As far as we are aware, this conrse
commenced only 1o years after the word “Micropaleontology” first appeared in the title of a research article.
Grzybowski trained a number of students at the Jagiellonian who continued researdh in the freld, notabl
Frandisgek Bieda who established the subject at the AGH University of Science & Technology, and Maria
Dylaganka, who was probably the first woman scientist who graduated with a Ph.D. in the subject.

In Krakdw, research & training in the subject of Micropaleontology is currently undertaken at several
universities and institutions: The Jagiellonian Unaersity, the AGH University of S cience & Technology, The
Pedagogical University, the Academy of Sciences, and the Polish Geological Institute. All these efforts are
logistically supported by the Grybowski Foundation Library, which is located at the Geology Museun: of the
Jagiellonian University. The Grzybowski Library is open to the public, and is well worth a visit.

With all the various scientific and sodial activities planned during this year's meeting, we are certain that
there will be lots of gpportunities to network and to share ideas. The Field Excoursion to the Silesian and Magura
units in the Myslenice — Sucha Beskidika — Zawoja areas will provide such an occasion. We are also looking

Sforward to viewing the deep-water sediments that contain the flysch-type aggintinated foraminifera first described by
Grzybowski and his students. Other activities are also planned as “satellite” events: On Friday after the
MIKRO/ TMS meeting the “International Committee on Forammiferal Classification” will hold its annual
discussion meeting, Short conrses will be tanght by Drs. Qvind Hammer and Eric Anthonissen will also take
Pplace during the meeting. Aside from the Micropaleontological events, we recommend visiting the Main Square, the
old Jewish district of Kazamier, and of course no visit to Krakdw is complete without a visit to the Wawel Castle.

We take this opportunity to thank the organizors of the meeting: the Board members of the Grzybowski
Foundation and the Micropalacontological Society; as well as onr sponsors. Many people worked together to make
this meeting possible, and this was in many ways a very pleasant task. All the members of the Organizing
Committee rallied their creative energy to make this meeting possible. We want to thank Celka Microslides for
sponsoring refreshments, the AGH Unipersity of Science & Technology for lketting us use their facilities; the
Jagiellonian University Geology Museum for providing access to the Museun and the Grybowski Foundation
Library, and to our Secretaries who took care of registration and collected the abstradts for this volume. Many
people too numerons to mention here (you know who your are...) helped with different aspects of the meeting— we
wish to say a big collective “Thanks!” Let the meeting begin! We wish you a pleasant stay!

On bebalf of the Grzybowski Foundation,

Organizing Committee:
Anna Waskowska, Marta Bak and Mike Kaminski
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Jozef Grzybowski: the Scientist, Man, and the beginning of the Polish School
of Applied Micropalaeontology

M. Adam GASINS KI

Department of Palacozoology, Institute of Geological Sciences, Jagiellonian University, Oleandry 2a, 30-063
Krakow, Poland; email: adam.gasinski@uj.edu.pl

Jozef Grzybowski (1869-1922) was bormn in Krakow, where he studied at the Faculty of Law of the
Jagiellonian University. One year before he was awarded his degree in Law, he undertook a job as a
demonstrator and later, as an assistant at one of the oldest geological Faculties in Europe, established in
1886 when Prof. Wiadystaw Szajnocha became the first chair of the Department of Geology at the
Jagiellonian University.

Independently of obtaining his Masters diploma in Law, J6zef Grzybowski also studied geology under
the supervision of Prof. Szajnocha, and in 1894 had been awarded his second degree — an M.Sc. in
Geology. During the same year, he published his first scientific article ,,The Microfauna of the Carpathian
Sandstones from the environs of Dukla”. Later on, his Ph.D. Thesis was dedicated to microfauna of the
Carpathians — “Foraminifera of the Red Clays from Wadowice” and he achieved his Ph.D. degree in 1896
(his main advisor was W. Szajnocha, and the examiner was Prof. Kreutz). It was the first Ph.D. degree
awarded in the micropaleontology of foraminiferids, and 13 years earlier than Joseph Cushman’s Ph.D
degree at Harvard University (in 1909). Grzybowski’s role as a micropalaecontologist in compiling the
famous historical Geological Atlas of Galicia was highly appreciated. During these years, together with
W. Szajnocha, J. Grzybowski attended the Geological Congress in Russia (1897) and in 1898 he visited
Munich and studied under Prof. Karl Zittel. Later on, he commenced his work in Peru, and summarised
the results of his studies in monograph ,,Die Tertiarablagerungen des nordlischen Peru”. On the basis of
this mono graph in 1900 J. Grzybowski was awarded his Habilitation degree (more or less equivalent of a
D.Sc.) and became Associate Professor and in 1919 the Polish Head of State Jozef Pilsudski nominated
Grzybowski to the post of Full Professor.

Jozef Grzybowski became an assistant at the Department of Geology, he started his teaching in
micropaleontology. It was the first dedicated course of micropalaecontology in the World (started in 1895).
Since Grzybowski’s cooperation with Dr Henryk Walter-first director of the oil industry in Borystaw, his
main topic had focused on foraminiferids from wells drilled for the oil industry. His paper ,,Microscopical
investigations of borehole muds of oil Fields. I. The Potok — Krosno Belt” (1897) introduced for the first
time the application of agglutinated foraminiferids as correlation tools for flysch-type sediments. It should
be underlined that such deposits are almost barren of other fossils, therefore, agglutinated deep-water
foraminiferids were used for the first time as biostratigraphic markers. Especially, the deep-water
sediments of the Polish Flysch Carpathians contain only very rare macrofauna and no calcareous
microfossils due to their depositional environment below the CCD. Unfortunately, his papers were
published only in Polish language in local periodicals (mainly as results summaries in the Bulletin of the
Polish Academy of Knowledge in Krakow) and therefore were not distributed or known among the

In: Bak, M., Kaminski, M.A. & Waskowska, A. (eds), 201 1. Integrating Microfossil Records from the Oceans and
Epicontinental Seas. Grzybowski Foundation Special Publication, 17,pp. 1-2.
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international community o f micropaleontolo gists/stratigraphers.

His main achievement related to the practical aspects of micropalaentology of foraminiferids. Working
as an expert for the oil industry in Boryslaw (which was the most important hydrocarbon productivity
region of Galicia at that time in the Carpathians), with assistance and cooperation of Dr Henryk Walter
(Councellor for Mining Affairs) he collected very unique collection of foraminiferids, typical for the
deposits of the deep water turbiditic sequences of the Alpine type of sediments. It should also be
mentioned that Grzybowski in his papers established the palacobathymetric affiliation of the certain
species of agglutinated foraminiferids. His conclusions have had great importance and influence on future
interpretation of palacoenvironments of deposition of the deep-water turbiditic sequences.

Jozef Grzybowski’s ole in biostratigraphy of the deep-water, turbiditic sequences of the Alpine type
basins was definitely pioneering. Later, when his work became known internationally, and especially
since the Fourth International Workshop on Agglutianted Foraminifera in Krakow, 1993, his name has
been included in the professional geological literature and his methods were adopted and used in the
biostratigraphical studies, especially in the DSDP/ODP Project. Grzybowski’s pupils (F. Bieda, M.
Dylazanka, S. Geroch, and also their students) continued his pioneering work on flysch-type agglutinated
foraminiferids of ,,Polish school of applied micropalacontology”. The scientific, educational and citizen’s
contributions of Jozef Grzybowski was highly appreciated not only amongst fellow specialists, but also
by the Jagiellonian University and the Krakow community.

In memory of his role in micropalaeontology and to continue his studies, in 1992 Mike Kaminski and
M. Adam Gasinski established The Grzybowski Foundation. This international scientific foundation
promotes education, research and further advancement in the field of Micropalaeontology.

REFERENCES
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Evolution of the Outer Carpathian Basins

Jan GOLONKA

Faculty of Geology, Geophysics and Environmental Protection, AGH University of Science and Technology,
Mickiewicza 30, 30-059 Krakow, Poland; email: jan_golonka@yahoo.com

ABSTRACT
The Outer Carpathians are built up of a stack of nappes and thrust-sheets showing different

lithostratigraphy and tectonic structures. From the south to north these are: the Magura Nappe, Fore-
Magura Group of nappes, the Dukla, Silesian, Subsilesian, and Skole nappes. The following
geodynamic evolution stages can be distinguished in the Outer Carpathians: I — synrift and postrift,
Middle Jurassic — Early Cretaceous; formation of passive margin and basin with attenuated crust, Ila —
early collisional, Late Cretaceous—Paleocene; development of subduction zones and partial closing of
the oceanic basin, development of the flysch basin, IIb — late collisional, Eocene; development of an
accretionary prism closing of the oceanic basin, further development of the flysch basin, III —
orogenic, Oligocene — Early Miocene; formation of nappes and foredeep, IV — postcollisional,
Neogene.

Key words: paleogeography, plate tectonics, lithostratigraphy, Carpathians, Mesozoic, Cenozoic

INTRODUCTION

The Polish Outer Carpathians form the northern part of the Carpathians (Figs 1-2). The Carpathian
overthrust forms the northem boundary, while the southern runs along the Poland-Slovakia state border.
The Outer Carpathians are built up of a stack of nappes and thrust-sheets showing varied lithostratigraphy
and tectonic structures (Ksiazkiewicz, 1977; Slaczka et al., 2006; Golonka et al., 2011). The Outer
Carpathians nappes are thrust over each other and over the North European Platform and its Miocene-
Paleocene cover (Fig. 3).

During the late Oligocene and Miocene orogenesis, several nappes corresponding to the
lithostratigraphic units were formed with prevalent northern direction of thmsting (Figs 2, 3). In the
Western Carpathians from the south to north these are: the Magura Nappe, the Fore-Magura Group of
nappes, the Dukla, Silesian, Subsilesian, and Skole nappes (Ksiazkiewicz, 1977; Slaczka et al., 2006;
Golonka et al., 2011).

The systematic arrangement of the lithostratigraphic units according to their occurrence within the
original basins and other sedimentary areas are given in Tables 1-4). The following geodynamic evolution
stages can be distinguished in the Outer Carpathians: I — synrift and postrift, formation of a passive
margin and basin with attenuated crust, Illa — early collisional, development of subduction zones and
partial closing of the oceanic basin, development of the flysch basin, IIb — late collisional, development of
an accretionary prism and closing of the oceanic basin, further development of the flysch basin,

In: Bak, M., Kaminski, M.A. & Waskowska, A. (eds), 201 1. Integrating Microfossil Records from the Oceans and
Epicontinental Seas. Grzybowski Foundation Special Publication, 17, pp. 3—14.
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III — orogenic, perhaps terrane — continental collision with the accompanying convergence of two large
continents, IV — postcollisional. These stages correspond with the global sequence stratigraphy, two to
five supersequences encompassing one stage (Golonka & Kiessling, 2002 ; Golonka et al., 2008 a).

METHODS

The assessment of the evolution of the Outer Carpathian basins was based on paleogeographic mapping,
evaluation of existing published and archive data, plate tectonic analysis, and correlation of lithostratigraphic
units with the global sequence stratigraphy scheme. The time interval maps were constructed according to the
following four steps: (1) Construction of base maps using a plate tectonic model. These maps depict plate
boundaries (sutures), passive margins, transforms, ridges, plate positions at specific times and the outlines of
present-day coastlines. (2) Review of existing global and regional paleogeographic maps. (3) Posting of
generalized facies and paleoenvironment database information on base maps. (4) Interpretation and final
assembly of computer map files.

The plate tectonic model used (PLATES and PALEOMAP software) incorporates the relative motions
between approximately 300 global and about 20 Circum—Carpathian plates and terranes (Golonka et al,
2006). Information from several general and regional paleogeographic papers was assessed and utilized.
The calculated paleolatitudes and paleolongitudes were used to generate computer maps in the
Microstation design format using the equal area Molweide projection.

The arrangement of the lithostratigraphic units is related to their paleogeographic position within the
original basins. It is partially based on previously published papers (Cieszkowski et al., 2006, 2007,
Golonka et al., 2008a; Waskowska et al.,2009).

Stage I— synrift and postrift (Middle Jurassic—Early Cretaceous)

The sedimentation of the Outer Carpathian allochthonous rocks started during the Jurassic (Slaczka et al.,
2006). The oldest time interval comprises the Jurassic and Early Cretaceous (Table I). The rocks
representing this time interval belong to Lower Zuni I, lower Zuni I, Lower Zuni III, Upper Zuni I and
Upper Zuni II from the sequence stratigraphy point of view (Golonka & Kiessling, 2002; Golonka et al.,
2008a). The Alpine Tethys (Fig. 4), which constitutes important paleogeographic elements of the future
Outer Carpathians, developed as an oceanic basin during the Jurassic as a result of the break-up of Pangea
(Golonka et al., 2000, 2006, 2008b). The Magura Basin constitutes the northwestern part of Alpine
Tethys separated by the Czorsztyn Ridge from the Pieniny Klippen Belt Basin (Fig. 4). To the north and
northeast it is limited by the North European Platform and the Silesian Ridge (Golonka ef al., 2008b). The
ridge separated the Magura Basin and the Protosilesian Basin (Fig. 4), and is known only from exotic
rocks and olistoliths occurring within the various allochthonous units of the Outer Carpathians. Shallow-
water marine sedimentation prevailed on the Silesian Ridge during the late Jurassic and earliest
Cretaceous. The southern part of the North European Platform, adjacent to the Alpine Tethys is known as
the Peritethys. Uplifted and basinal zones were distinguished within the platform. The Baska-Inwatd
Ridge and Pavlov Carbonate Platform belong to the uplifted elements, while the Bachowice and Mikulov
basins represent the basinal zones (Golonka et al., 2008b). The carbonate material was transported from
the uplifted zones of North European Platform and Silesian Ridge toward the basins.

The sedimentary rocks of the Magura Basin include the Sokolica, Czajakowa , Czorsztyn, Pieniny, and
Kapu$nica formations. These formations are represented by radiolarites and pelagic and deep-water
limestones (Birkenmajer, 1977).

The Proto-Silesian Basin developed within the North European Platform as a rift and/or back-arc basin
during late Jurassic times. Its basement is represented by the attenuated crust of the North European plate
with perhaps incipient oceanic fragments. The upper Jurassic—lower Cretaceous rocks
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Grybow, Mg — Magura, Mn — Manin, Si — Silesian basin, SK — Skole, SC — Silesian ridge (cordillera), SS — Sub-
Silesian ridge, Tc — Tarcau, Z1 — Ztatna
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formed in this basin, belong recently to various tectonic units in Poland, the Czech Republic, the Ukraine,
and Romania. In Poland they belong mainly to the Silesian, Subsilesian, and Skole nappes (Table 1). The
basin deposition was controlled by synrift subsidence and later (Barremian—Albian) by post-rift thermal
subsidence, which culminated with the Albian expansion of deep-water facies (Slaczka et al., 2006). The
sedimentary rocks of the Silesian and Subsilesian zones include the Vendiyne, Cieszyn, Hradiste
(subdivided into the Cisownica and Piechowka Members), Verovice and Lhoty Formations (Golonka et
al., 2008a). The Spas Formation with Belwin and KuZmina members represents the Skole zone
(Waskowska et al.,2009).

Table 1. Jurassic-Lower Cretaceous lithostratigraphy of the Outer Carpathian basins in Poland

PROTOSILESIAN BASIN (SEVERIN-MOLDAVIDIC) MAGURA BASIN

SKOLE ZONE | SILESIAN AND SUBSILESIAN ZONES

| = KuzminaMb.|
Albian E Lhoty Fm.
. n L % Kapusnica Fm.
w | Aptian | 8 . Verovice Fm. o
3 ] E 74
S| Barremian L Piechowka Mb. =
O Belwin Mb. o %
% Hauterivian % w o
bl 1 S Gisownica Mb = Pieniny Lst. Fm.
O Valanginian ? I '
Berriasian | Cieszyn Limestone Fm.
Tithonian Vendryne Fm.
2 Kimmeridgian
a1 1 Czorsztyn Lst. Fm.
@ Oxfordian 5 .
3 ' ! Czajakowa Rad.Fm.
| Callovian | Sokolica Rad. Fm.

Bathonian

Stage Ila — early collisional (Cretaceous—Paleocene)

The Cretaceous-Paleocene collisional stage is characterized by the formation of subduction zones along
the active margin, the partial closing of the oceanic basin and the development of main flysch basins. The
rocks representing this time interval belong to the Upper Zuni III and Upper Zuni IV from the sequence
stratigraphy point of view (Golonka & Kiessling, 2002; Cieszkowski et al., 2006). Compression
embraced the Inner Carpathians and subduction consumed the major part of the Pieniny Klippen Belt
Basin (Fig. 5). The accretionary prism had overridden the Czorsztyn Ridge. The subduction zone moved
from the southern margin of the Pieniny Klippen Belt Ocean to the northern margin of the Czorsztyn
Ridge (Golonka et al., 2000, 2006). The development of the new accretionary prism in the Magura Basin
was related to the origin of the trench connected with this subduction zone. The submarine slumps and
olistoliths along the southern margin of the Magura Basin were related to the uplift of this margin
(Cieszkowski et al., 2009). New ridges were uplifted as an effect of the orogenic process. These ridges
distinctly separated several subbasins, namely the Magura, Dukla-Foremagura, Silesian, and Skole (Figs
5-6). An enormous amount of clastic material was transported by various turbidity currents from uplifted
areas, filling the Outer Carpathian basins. Each basin had specific types of clastic deposits, and
sedimentation commenced at different times (Slqczka & Kaminski, 1998; Golonka ef al., 2006, Slaczka et
al.,2006).
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The sedimentary rocks of the Magura Basin (Birkenmajer, 1977; Oszczypko, 1991; Oszczypko et al.,
2005; Cieszkowski et al, 2005, 2006) includes the Malinowa, Cebula, Szczawina, Jarmuta, Ropianka,
Jaworzynka and Labowa formations (Table 2). The Foremagura Basin was formed during this time. It
includes the Dukla, Foremagura, and Grybow zones. The Lupkow, Cisna, Majdan, and Jaworzynka
formations belong to this basin. The Silesian Basin included the Silesian zone with the Lhoty,

Table 2. Upper Cretaceous—Paleocene lithostratigraphy of the Outer Carpathian basins in Poland
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Bamasiowka, Godula, and Istebna formations, the Cigzkowice sandstones and variegated shales. The
Zegocina marls, Weglowka marls, Variegated Shale, Frydek marls, Gorzen and Szydtowiecc sandstones
belong to the Subsilesian zone. The Ropianka Formation and Variegated Shales represent the deposits of
the Skole Zone (Bak et al., 2001; Cieszkowski et al., 2006; Slaczka et al., 2006).

Stage IIb — late collisional (Eocene)

The Inner Carpathians (Alcapa) terrane continued its northward or NE movement during the Eocene,
leading to the development of the accretionary prism of the Outer Carpathians (Golonka et al., 2000,
2006) (Fig. 7). Numerous olistostromes were formed during this time (Cieszkowski et al., 2009). The
rocks representing this time interval belong to the Lower Tejas I and Lower Tejas II from the sequence
stratigraphy point of view (Golonka & Kiessling, 2002; Cieszkowski et al., 2006).

The development of the accretionary prism caused distinctive differences between the sedimentary
zones. The Siary, Raca, Bystrzyca, and Krynica zones acquired their distinguished sedimentological
features within the Magura Basin. Sedimentation of thick bedded, coarse-grained turbidites (the Magura
Formation) formed several submarine fans. In more distal parts, medium- and thin- bedded sandstones
and shales developed, passing farther towards the north into variegated shales. These lithofacies migrated
in time across the Magura Basin towards the north. The Eocene time interval (Table 3) includes the
Labowa, Beloveza, Lacko, Magura, and Beskid Makowski formations within the Magura Basin
(Oszczypko, 1991; Oszczypko et al., 2005 ; Cieszkowski et al., 2005, 2006).
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In more external basins (Dukla, Silesian, Skole and Subsilesian sedimentary area green and gray
shales with thin- and medium-bedded sandstones with intercalations ofred shales prevailed during

S R
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Sea level e i SS_ i

F+++4++ 4+
[ EEEERERS
LR R R R R E R RN

Figure 6. Palinspastic cross-section showing the Outer Carpathian basins during Paleocene (after Waskowska ez al.,
2009; Golonka et al., 2011). Abbreviations: FC — Fore-Magura Ridge, Fm — Fore-Magura Basin, Mg — Magura
Basin, Si— Silesian Basin, SK — Skole Basin, SC — Silesian Ridge, SS — Sub-Silesian Ridge, SR — Subsilesian
sedimentary area

European Platform
0 200
J

km
' SS SK

Sl
Outer Carpathian basins
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Figure 7. Pakogeography of the Outer Carpathian basins during Eocene (after Golonka ef al., 2006). Explanations
as in Fig. 4. Abbreviations: Du — Dukla, FC — Fore-Magura ridge (cordillera), Fm — Fore-Magura basin, ICP — Inner
Carpathian Paleogene, Mg — Magura, Si— Silesian basin, SK — Skole, SC — Silesian ridge (cordillera), SS — Sub-
Silesian ridge

Early Eocene. The sedimentation of thick-bedded turbidites continued during the Early Eocene, in
Silesian Basin only. Small turbiditic fans developed only locally. This type of sedimentation gave way
during the late Eocene to green shales and yellowish Globigerina marls marking a period of unification of
sedimentation (Golonka et al., 2006; Slaczka et al., 2006).

The Foremagura Basin is represented by Variegated Shales, Hieroglyphic Beds, as well as by the
Luzna limestones and Grdjec sandstones. The Silesian Basin includes the Hieroglyphic Formation,
Variegated Shales, Przysietnica sandstones, and Globigerina Marls. The Skole-Skyba Basin contained the
Hieroglyphic Formation, Variegated Shales and Globigerina Marls (Tab. 3).

Within the more outer parts of the Carpathians realm, from the Dukla to Skole basins evidence of
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migration of the depocenter appeared at the Eocene/Oligocene boundary (Golonka et al., 2006; Slaczka et
al., 2006) as an effect of compressional movements. As a consequence of these movements, the bottom of
the basins started to deform and initial anticlines locally developed, slumps and coarse grained sediments
were locally deposited, and volcanic activity increased. A deep-marine connection with Tethys Sea was
closed and euxinic conditions developed (Slqczka, 1969; Slaczka & Kaminski, 1998).

Stage III — orogenic (Oligocene—Early Miocene)

The Oligocene sequences commenced with dark brown bituminous shales and cherts with locally
developed sandstone submarine fans or a system of fans up to several kilometers long. The upper
boundary of the bituminous shales is progressively younger towards the north, and shales pass gradually
upwards into a sequence of micaceous, calcareous sandstones and grey marls that thin

Table 3. Eocene lithostratigraphy of the Outer Carpathian basins in Poland
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upward. The lower part of the sequence is generally represented by a complex of thick-bedded sandstones
that pass upwards into a series of medium- to thin-bedded sandstones and grey marls that terminated
sedimentation of the whole flysch sequence in the Outer Carpathians, and can be considered as post-
flysch deposits. The boundaries between these lithofacies are diachronous across the basins, older in the
south and younger in the north. Also the cessation of deposition is diachronous across the Carpathians due
to migration of tectonic activity and formation of trailing imbricate folds and/or accretionary prisms
generally from the south to the north. With the final phase of tectonic movement, in front of advancing
nappes and/or accretional wedges (prisms), huge (up to kilometers in size) slumps (olistostromes)
developed with material derived from approaching nappes (Golonka et al., 2006; Slaczka, 1969;
Cieszkowski et al., 2009). During the overthrusting movements, the marginal part of the advancing
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nappes was uplifted, whereas in the inner part sedimentation persisted in the remnant basin (Golonka et
al., 2006, Slaczka et al., 2006, Cieszkowski et al., 2009 ).

The rocks representing this time interval belong to the Lower Tejas III and Upper Tejas I from the
sequence stratigraphy point of view (Golonka & Kiessling, 2002, Cieszkowski ef al., 2006). Two basins
were present during these times: the Magura and Krosno. The Magura Basin included the Magura, Beskid
Makowski, and Malcov formations (Tab. IV). The Menilite and Krosno formations prevailed within the
Krosno Basin. In addition, the Cergova and Kliwa sandstones were present (Oszczypko, 1991; Oszczypko
etal., 2005; Cieszkowski et al., 2005, 2006; Slaczka et al., 2006).

Stage IV-postcollisional (Neogene)

Tectonic movements caused the final folding, and the Carpathian nappes became uprooted from the
basement. The allochtonous were trust over the North European platform for a distance of 50 km to more
than 100 km. Overthrusting movements migrated along the Carpathians from the west towards the east. In
front of the advancing Carpathians nappes the inner part of the platform, in the eastern part

Table 4. Oligocene-Lower Miocene lithostratigraphy of the Outer Carpathian basins in Poland
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also with the marginal part of the flysch basin started to downwarp and a tectonic depression formed
during the Early Miocene. Thick molasse deposits filled up this depression. At the end of the Burdigalian
that basin became overthrusted by the Carpathians, and a new, more external basin, developed. Clastic
and fine-grained sedimentation of the Carpathian and foreland provenance prevailed with a break during
the late Langhian to early Serravalian, when the younger evaporate basin developed. Locally
olistostromes were deposited with material derived from the Carpathians and the inner margin of the
molasse basin. During Langhian and Serravallian, part of the northern Carpathians collapsed and the sea
invaded the already eroded Carpathians. The foreland basin and its depocenter migrated outwardly and
eastward, contemporary with the advancing Carpathian nappes. As a result, the Neogene deposits show



Integrating Microfossil Records from the Oceans and Epicontinental Seas 13

diachrony in the foreland area. In the west sedimentation terminated already in the Langhian and in the
east lasted until the Pliocene. These events mark the postcollisional stage in the Outer Carpathian
(Golonka et al., 2006; Oszczypko et al., 2006; Slaczka et al., 2006). The rocks representing this time
interval belong to the Upper Tejas I and Upper Tejas IV (Golonka & Kiessling, 2002).

CONCLUSIONS

o The first stage of the Outer Carpathian Basin evolution is related to the disassembly of Supercontinent
Pangea during Jurassic to Early Cretacaeous times. It is expressed by the opening of the Alpine Tethys
linked with the opening of the Atlantic Ocean.

e The opening of the Protosilesian Basin followed the opening of the Alpine Tethys.

e The Inner Carpathian Alcapa movement toward the North European plate led to the development of
the accretionary wedge and partial closing of the Outer Carpathian basins.

e The collisional stages were marked by the development of'thick flysch sequences with olistostromes.

e The formation of the West Carpathian thrusts was completed by the Miocene. The thrust front was still
propagating eastwards in the Eastern Carpathians, marking the postcollisional stage in the Outer
Carpathians.
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ABSTRACT

The Mikuszowice Cherts are thick-bedded, fine-grained turbidities consisting of detrital material
mixed with biogenic particles which are predominantly siliceous spicules of lithistids. These deposits
formed in the Silesian basin (Outer Carpathians) during the middle to late Cenomanian. It is possible
that sponge spicules are the relic of mud-mounds formed by sponges and accompanied by other
benthic organisms like crinoids, calcareous benthic foraminifers, and encrusting coralline algae. Iron-
fixing bacteria occurring within the microfossil communities are the remnants of microbial activity,
important for mud-mound formation. Sponge communities were situated on the middle to outer shelf
in the marginal part of the North European Platform. Disintegrated material from the mounds was
redeposited into the deep basin, as confirmed by the occurrence of hemipelagic, non-calcareous clays
within the Mikuszowice Cherts, including radiolarians and deep-water agglutinated foraminifers.

The delivery of siliceous and calcareous bioclasts from a shallower part of the basin, was controlled by
two groups of factors: (1) environmental parameters such as nutrient availability, water temperature,
and salinity, which enabled the growth of benthic and planktonic communities, and (2) a
hydrodynamic regime activating the transport of bio genic particles onto the basin floor.

Key words: Spiculite, sponges, turbidite, Outer Carpathians, Cenomanian

INTRODUCTION
The Cenomanian was a period of accumulation of spicule-bearing deposits in the Outer Carpathian basin
of the Western Tethyan domain, that extended along the southern edge of the North European Platform.
Locally, spicules from sponge buildups were redeposited into deep-water environments due to
gravitational flows. These spicules could be one of the main components of turbidites in such regions,
forming the gaize and chert layers. The middle—upper Cenomanian deposits in the Silesian and

Subsilesian nappes of the Outer Carpathians, named the Mikuszowice Chert (MCh), is an example of

such a facies. The siliceous sponge spicules with calcareous benthic foraminifers, radiolarians, and
siliciclastic material created a series of fine-grained turbidities intercalated with deep-water, hemipelagic,
non-calcareous clays.

In: Bak, M., Kaminski, M.A. & Waskowska, A. (eds), 2011. Integrating Microfossil Records from the Oceans and
Epicontinental Seas. Grzybowski F oundation Special Publication, 17, pp. 15-25.
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In this paper, we present the analysis of microfossils from the MCh in the context of their
palaeonvironmental interpretation of the Silesian Basin during the middle—late Cenomanian.
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Figure A: Tectonic-facies units:
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Figure B: Lithostratigraphic units:
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Figure 1. A — Location of the studied section on the sketch tectono-facies map of the Outer Carpathians. B —
Detailed geological map of the studied area including the Bamasiowka-Jasienica quarry (map after Burtan, 1964,
and Burtan and Szymakowska, 1964; simp lified)

GEOLOGICAL SETTING AND LITHOSTRATIGRAPHY

The spicule-rich facies (Mikuszowice Cherts) lies in the central part of the Silesian Nappe of the Polish
Outer Carpathians, within the Lanckorona — Zegocina tectonic zone (Fig. 1), built of Cretaceous deposits
(Ksiazkiewicz, 1962; Ksigzkiewicz & Liszkowa, 1978). The MCh belong to the uppermost part of the
Lgota Beds (middle-upper Cenomanian, Bak et al, 2005), and are overlain by the Barnasidwka
Radiolarian Shale Formation (upper Cenomanian—Lower Turonian; Bak et al, 2001; Fig. 2). The
characteristic feature of these sediments are bluish cherts occurring within the middle and upper parts of
medium- to thick-bedded, fine-grained turbidites (Fig. 3). Most of the turbidite layers are parallel-
laminated and have a gaize character. The cherts represent laminated spongiolites including numerous
radiolarian skeletons.

The MCh do not create a continuous level in the Western Carpathians (Koszarski et al., 1962). It
occurs mostly in the northwestern part of the Silesian Nappe. Their average thickness varies between 20
and 30 m.

The presented data of the MCh came from a quarry on the Barnasiowka Ridge within the Pogorze
Wielickie Foothills; ca 25 km south of Krakow. This area is located on the SW slope of one of tributaries
of the Bysina stream, at an altitude of ca. 520 m (Fig. 1B). The section represents here the upper divisions
of the Lgota Beds, including the MCh and their contact with the overlying Barnasiowka Radiolarian Shale
Formation (Fig. 2).
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CONIACIAN

TURONIAN VARIEGATED SHALES

BARNASIOWKA RADIOLARIAN SHALE FORMATION

non-calcareous shales and sandy turbidites (GB)

green and black shales with
Bonarelli-equivallent horizon

CENOMANIAN
GAIZE siliciclastic and bioclastic (upper part) turbidites
BEDS

with non-calcareous, hemipelagic shales

LGOTA BEDS (MC - sponge spicule-dominated turbidites)

ALBIAN

Figure 2. Generalised stratigraphy of the Albian-Coniacian of the Silesian Nappe; on the basis of Koszarski and
Slaczka (1973), modified by Bak etal. (2001)

METHODS

Samples for micropalaeontological analyses were collected from eight medium- to thick-bedded layers
including bluish cherts and a limestone layer within the MCh and from five layers of sandstones of the
underlying Middle Lgota Beds (Fig. 3). Microfossils (spicules, radiolarians, and foraminifers) were
extracted from every type of deposits as siliciclastics and carbonates.

Fine-grained turbidites were analysed millimeter by millimeter to identify the microfacies and
lithology. SEM photographs of the microfauna and photographs of microfacies were made using the
scanning microscope HITACHI S-4700 and a Nikon SMZ1500 stereoscopic microscope with a digital
camera.

Microfaunal slides with Radiolaria and Foraminifera are housed in the Institute of Geological
Sciences, Jagiellonian University (collection Nr LG-1), and in the Institute of Geography, Pedagogical
University (collection Nr 11SI) respectively.

LITHOLOGY

The Mikuszowice Cherts are composed of turbidites, which are siliciclastic sediments such as
greywackes, mudstones, siltstones, limestones, and also calcarenites to calcisiltites, usually silicified. The
distinguishing feature is the high content of spicules of siliceous sponges (Fig. 4A, B). Other biogenic
particles include planktonic and benthic foraminifers (Fig. 4C), radiolarians (Fig. 4D), and sporadic
fragmented echinoid spines. Tube-like trace fossils occur on the tops of some layers. Flute casts locally
occur on the soles of thick beds.

Occurrence and petrography of cherts

Cherts occur in the lower and middle parts of thick-bedded, sand-sized deposits represented the Ta—Td
intervals of Bouma’s turbidite sequence. Locally, they make up nearly the whole thickness of a bed (Fig.
3). The chert layers are 2 to 20 cm thick, with the longer dimension parallel to the bedding. Horizontal
contacts are sharp. Relicts of the host rock are common. The cherts are parallel-laminated, similarly as the
host-sediment.

The morphology of the chert layer is controlled by primary sedimentary structures and porosity of the
turbidite. The cherts are mostly present within greywackes, gaizes, and spiculites, sporadically in
calcarenites and calcisiltites. Most of the silica is in the form of cryptocrystalline quartz, microquartz,
megaquartz, length-fast chalcedony, and rare microspheres. Microquartz usually replaced carbonate
sediment, bioclasts, and is the first cement generation to fill primary intraparticle porosity. Megaquartz
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Figure 3. Stratigraphic log of the Mikuszowice Cherts and the Middle Lgota Beds at the Bamasiowka-Jasienica
section, with position of the studied samples, occurrences of microfossils and photographs of'the mostcharacteristic

chert beds
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Figure 4. A — Thin section (crossolarized light) of gaize (silicitized), formed macroscopically laminae of bluish
chert. Bar-5. Scale bar 500 um. B — Photomicrograph (plane polarized light) of spiculite, with minor terrigenous
grains. Bar-1. Scale bar 500 um. C — Photomicrograph (plane polarized light) of silicified biomicrite with
foraminifers. Bar-10. Scale bar 500 um. D — Thin section of limestone layer (p lane polarized light), macroscopically
pelitic, and non structural. Middle part is radiolarian wackstone with sponge spicule, micro-laminated. Calcite casts
of radiolarians and another fossil debris are oriented parallel to the bedding. Bar-34. Scale bar 1 mm

is characterized by mosaics of crystals up to 300 micrometers in diameter. It always occurs as a late
cement, after the microquartz and LF-chalcedony generations, as primary and secondary filling of
radiolarian and foraminiferal chambers. It is also present as a secondary generation of pseudomorphs after
rhombohedral calcite-like crystals. The fibrous variety of quartz is less common.

Length-fast chalcedony is present locally as a cement phase, mostly botryoidal, which infilled axial
canals of sponge spicules, radiolarian and foraminiferal chambers. Sometimes it replaces the walls of
sponge spicules and forms pseudomorphs after rhombohedral calcite crystals.

The chert also contains spherical structures that are usually rare and dispersed, associated with spicule-
bearing rocks (greywacke, geize, spiculite). These microspheres have a regular size, with a diameter of
3040 um. Their interior consists of two parts, a central part of microcrystalline quartz, 20-30 um in
diameter, and a cortex, 10-20 um thick, composed also of microcrystalline quartz but fibrous, radially
arranged. Similar microspheres were described by Gimenez-Montsant et al. (1999) from chert related
with shallow-water platform carbonates that contains sponge spicules. Thin sections of microspheres
display internal structure similar to cross-sections of non-calcitized siliceous sponge spicules, suggesting
their bio genic origin.
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MICROFOSSILS

Microfossils in the MCh occur in green, hemipelagic shales, sand fraction deposits, limestone, and cherts.
Shales are enriched in deep-water agglutinated foraminifera and radiolarians. The sand fraction includes
mainly sponge spicules, less common are radiolarians, planktonic and calcareous benthic foraminifera,
inoceramid prisms, echinoderm oscilles, and fragments of coralline red algae. Cherts display a similar
composition of microfossils, however, they differ from the sand fraction deposits in the much better
preservation of siliceous microfossils.

Sponge spicules

Loose spicules have been obtained by dissolving rocks in a weak hydrochloric or hydrofluoric solution
(Plate 1). They are present in samples from the uppermost part of the middle Lgota Beds and the whole
section of the MCh. The number of spicules exceeds 12 thousand individuals per gram of rock sample.
Spicules are present only in redeposited sediments representing Bouma’s Ta—Td sequences, except for the
uppermost interval of pelagic sediments, in which spicules are absent.

Lithistid spicules prevail in the assemblages. The most common are desmas, especially dicranoclones.
Less common are prodichotriaenes and phyllotriaenes. Various oxeas and microxeas are also very
common. Hexactinellid spicules are very rare. These are loose hexactines and hexasters.

Spicules in thin sections of different lithologies represent three types of preservation: (1) recrystalized,
(2) replaced by blocky calcite, and (3) replaced by isopachous, bladed calcite. Spicules recrystalized from
primordial amorphous opal-A into more stabile silica phase are present predominantly in spiculite and
gaize. In most of the cross-sections, the spicule interior consists of two parts: a central part (remnants of
central canal) infilled by microcrystalline quartz, and an internal part, composed of microcrystalline,
fibrous, radially-arranged quartz.

Spicules replaced by blocky calcite are the prevailing type of preservation of spicules in the
greywackes. They consist of 20-30 percent of spicules in the gaize layers; they are rare in the spiculites
and absent in the limestone layers. Different cross-sections show that calcite very faithfully replaced the
whole spicule. The central canal of spicules is usually present, and infilled by the same type of sediment
or cement as surrounding the spicule. These calcitized spicules possess micro-borings filled in by micrite
or bacterial coatings. In silicified rocks, they are partly dissolved due to changing in pH conditions during
diagenesis. The same type of replacement may suggest that this process took place very early, before the
spicules were delivered into the turbidite beds. It would suggest that early dissolution of silica, previously
forming the spicules, took place during initial decay and early burial of the sponges. The surrounding
carbonate mud may be the source of calcite which shortly thereafter precipitated, reducing porosity after
spicules.

Former descriptions of sponge spicules from the cherts of the Lgota Beds came from the Beskid Slaski
Mountains (Lipnik, Straconka, Brennica; Romer, 1870; Szajnocha, 1884; Sujkowski, 1933,
Alexandrowicz, 1973). The described sponge assemblages were dominated by forms of the order
Tetractinellida, with accompanying forms from the orders Lithistida and Monactinellida, and sporadic
spicules of the order Hexactinellida. Sujkowski (1933) noted also silicified spicules of the order
Calcispongia.

Radiolaria
The radiolarians are generally poorly and moderately preserved. Only 15 percent of skeletons may be
identified; the best preserved radiolarians come from the cherts. Most of the radiolarian skeletons,
especially from the shales have been recrystalized, replaced by pyrite or Fe-oxides, resulting in the
destruction of external and internal wall structures.

Radiolarian assemblages are moderately diverse in the middle and upper division of the Lgota Beds.
Nassellarians dominate there quantitatively, comprising 50—80 percent of the total assemblage.
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Plate 1. Selected Demosponge spicules obtained from spiculite and gaize of the Mikuszowice Cherts. A — Style,
smooth type. B — Style, spiny type. C — Massive prodichotriacne. D — Massive dichotriaene. E — Prodichotriaene. F
— Criccothabd. G — Phyllotriaene. H-J — Dermal discoid spicules resamble modified phyllotriaenes. K — Oxyaster.
L-O - Dermal phyllotriaenes, different shapes. Scale bars — 100 pm

Most frequent are representatives of the family Williriedellidae, which prefer eutrophic water conditions
(e.g., Holocryptocanium barbui Dumitrica and Cryptamphorella conara (Foreman)). Generally, skeletons
of the family Williriedellidae consist of 98 percent of the whole radiolarian assemblages in the studied
series. Other nassellarians belong to families such as: Amphipyndacidae, Archaeodictyomitridae,
Eucyrtidae, Stichcyrtidae and Syringocapsidae, of which the total number of specimens does not exceed
10 percent of the whole assemblage.

Spumellaria are less frequent than Nassellaria, consisting 20 to 50 percent of the total number of
radiolarian specimens. Species belonging to two families: the Actinommidae and Hagiastridae prevail.
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The number of radiolarians skeletons varies along the studied succession, depending on the type and
derivation of the host-sediment. In the whole section, green hemipelagic shales include a low number of
radiolarians. Only 20 specimens in 100 g of the rock-sample occur within the deposits around the
boundary between the middle Lgota Beds and the MCh. Dark-grey and black shales are devoid of
radiolarians. On the contrary, radiolarian skeletons, however, as destroyed redeposited particles, are
numerous in the sand fraction deposits within both studied divisions of the Lgota Beds. The most
abundant radiolarian skeletons have been observed in the beds of the Ta—Td intervals of the upper
division. Their number even exceeds 10,000 individuals per 100 g of rock sample. However, there are
significant fluctuations in their number within this type of sediment, with an increasing trend that occurs
upward in the section.

Foraminifera

The study of planktonic and benthic foraminifera was made on the basis of observations in thin sections
of the rocks and from their residue in fraction >64 microns. The foraminifers have been determined from
green and olive non-calcareous shales, some of them came from the chert layers. The taxonomic list of
foraminifers from the middle Lgota Beds and the MCh was published by Bak et al. (2005).

Non-calcareous shales from the MCh contain mostly deep-water agglutinated foraminifera (DWAF),
dominated by opportunistic forms of Recurvoides sp., Thalmannammina neocomiensis Geroch and
Trochammina sp. Some shales, especially in the upper part of the MCh, include also numerous infaunal
forms such as Gerochammina spp. These DWAF assemblages are typical of sediments from the
Cretaceous flysch basins of the Western Tethys and the North Atlantic (e.g., Kuhnt & Kaminski, 1990;
Kuhnt et al., 1992; Bak, 2004 ).

Sandstones, cherts, and limestone layers of the MCh are characterized by different assemblages. More
than ten species of planktonic and calcareous benthic foraminifera have been identified in residuum from
the dissolved cherts. Small hedbergellids (mainly Hedbergella delrioensis) associated with
Globigerinelloides ultramicra, Hetereohelix moremani and Guembelitria cenomana are the most frequent
along the planktonic foraminifera (10-50 specimens per 1 cm’ Bak ef al, 2005). Calcarcous benthic
foraminifera are represented mostly by gavelinellids and the genus Gyroidinoides, with rare specimens
belonging to Cibicides, Praebulimina, Quinqueloculina and Dentalina. They are less frequent than
planktonic forms, ranging from a few to 30 specimens in 1 cm®(Bak et al., 2005).

The DWAF are sporadic in the chert layers. Most probably they represent redeposited specimens,
which are typical of hemipelagic assemblages, including tube-shaped forms (Rhabdammina sp.,
Hyperammina sp., Bathysiphon sp. and Hippo crepina sp.), and occasionally “flysch-type” forms.

An interesting fact is that large, “keeled” planktonic foraminifera (praeglobotruncanids and
rotaliporids) are extremely rare in redeposited, foraminiferal assemblages. Consequently, taking into
account the taxonomic composition of the benthic calcareous foraminifera in these sediments, when it is
compared with the “complete” assemblages of the same age from the platform environments (cf., Gawor-
Biedowa, 1972; Hart, 1980; Leckie, 1987; Hradecka, 1993), it seems that the depth of the sea floor from
which the biocomponents have been redeposited was rather shallow, probably between some tens and
hundreds of metres.

Iron-fixing bacteria

Iron is present and occurs as amorphous iron oxides or hydroxides in skeletal fossil fragments, primary
pore space and as encrustations on skeletal walls and some intraclast surfaces. Some benthic foraminifera
in thin section views of biomicrites, appear to have their original test replaced by iron oxides. On some
specimens it is visible that the replacement started with the micro-boring process toward the inside the
test wall. In the others, foraminiferal tests are completely replaced and covered inside by Fe-oxides. Fe
oxides formed the densest layers in test cavities, which make the remnants of the wall appear much
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thicker than the original. Thin filaments attached to these iron coatings externally resemble iron-fixing
bacteria of the Sphaerotilus — Leptothrix group. In some places, iron oxides are present in elongate
structures, approximately less than 10 micrometer in width, and vary in length. These structures resemble
Leptothrix discophora which are of similar size and form. Further evidence of iron-fixing bacteria are the
circular forms, which may represent cross-section of bacterial sheaths, and fuzzy brown disk-like forms
resembling bacterial holdfasts, surrounded usually by defibre, prolix brown flocs and aggregates. Pyrite
microcrystals were associated with bacterial coccus filaments and holdfasts. The presence of the bacterial
felts is not restricted only to the foraminiferal tests. They encrust echinoderm fragments and spicules of
demosponges, primary siliceous, now replaced by calcite. They are present also inside the pores between
grains, or partly encrust their surface. Further porosity reduction is by blocky or isopachous bladed calcite
cement. The endobiotic forms were developed before cementation by calcite. These delicate structures
might be preserved due to early cementation. During the early stages of calcification, micrite crystals
aggregated to form plate-like clusters around the biofilm components (Perry, 1999).

PALAEOENVIRONMENTAL INTERPRETATION

The petrography of Ta—Td intervals in the thick beds of the MCh is related more or less to facies
distribution in the shallower part of the basin, while the hemipelagites reflect exclusively deep-water
pelagic sedimentation. In spite of turbiditic mixing and diagenetic changes, different proportions of
sponge spicules, calcareous benthic foraminifers, planktonic foraminifers, radiolarians, glauconite grains,
and carbonates is related to facies migration during transgressive-regressive cycles.

The spicule-bearing turbidites possess several types of sedimentary structures, developed on the soles
of thick beds, indicating the north—west direction from which the spiculitic material was derived. The
source of this material might have been situated on the southern ridge of the North European Platform.

The presence of sponge-rich communites within the shallower part of the basin was related to
ecological factors such as sedimentation rate, bathymetry, water energy, temperature, the quantity and
quality of food, and water chemistry. The lithistid dominance is the most striking feature in the frequency
of sponges in the MCh. Relatively diverse lithistid sponge faunas are also known from the Early
Cretaceous platform facies of Poland, Spain, southern France, England, and southern Germany (Reid,
1962; Wiedenmayer, 1980; Kaufmann et al, 2000). The main controlling factor in the lithistid vs
hexactinellid sponge distribution was the predominant type of food available, as noted in geological
records and present-day communities (e.g., Pisera, 1997; Krautter, 1997; Duarte et al., 2001). It is
possible that sponge spicules replaced by blocky calcite are the relic of mud-mounds formed by sponges,
accompanied by other benthic organisms like crinoids, calcareous foraminifers, and encrusting coralline
algae, which are also present in the spicule-bearing beds (Fig. 3). In modern counterparts (Reitner, 1993),
hard automicrites, which are important in the formation of mud-mounds precipitates within organic films
or mats, largely produced by microbial activity. The remnants of such biofilms in our material might be
the presence of iron-fixing bacteria developed mostly on carbonate grains. Pyrite microcrystals are also
present in association with iron-fixing bacteria, near their sheaths and remnants of bacterial biofilms in
the studied deposits. These might be a result of phases of oxygen depletion in mud-mounds, which
appears also occasionally in modern counterparts, preventing the growth of macro-organisms.

The sponge spicules are diagenetically transformed into calcite. According to Reitner et al. (1995),
many of the Upper Jurassic build-ups represent siliceous sponge—microbial crust mud-mounds. The
majority of them (without corals — like in case of'the MCh) grew in mid to upper outer ramp settings.

The occurrence of radiolarians in redeposited material signify that their source was located in the
deeper part of the basin. The same concerned beds with abundant planktic foraminifers. The presence of
glauconite grains, though sporadical, marks the formation of condensed facies before or simultaneously
with the formation of the turbidite sequence.
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The presence of radiolarians marks high productivity and thus high nutrient concentrations. The co-
occurrence of radiolarian and siliceous sponges would suggest that sponges communities were situated on
the middle to outer shelf, which was influenced by upwelling, also making nutrients available for the
growth of sponges.
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The BeloveZza Formation of the Raca Unit, Magura Nappe, in the Beskid
Wysoki Mts (Polish Flysch Carpathians) north of Babia Gora Mountain —
monospecific assemblages with Praesphaerammina subgaleata (Vasicek)

Jan GOLONKA & Anna WASKOWSKA

Faculty of Geology, Geophysics and Environmental Protection, AGH University of Science and Technology,
Mickiewicza 30, 30-059 Krakow, Poland; email: jan_golonka@yahoo.com; waskowsk@agh.edupl

ABSTRACT

Taxonomically poorly diversified deep water assemblages are found in the Middle/Upper and
Upper Eocene deposits of the Magura Nappe. The prevalence of relatively large-size
Praesphaerammina subgaleata (Vasicek) is typical here. Other than the principal taxon, the other
foraminiferal components of assemblage are dwarfed and represent mainly infaunal species.
Haplophragmoides parvulus Blaicher occurs among the typical Magura Basin species. The
appearance of monospecific assemblages with Praesphaerammina subgaleata (VasSicek) resulted
from poorly oxygenated environments with increased input of organic matter to the bottom of the
Magura Basin. These conditions are connected with an uninterrupted supply of very fine-grained
clastic material, carried by higher-energy turbidity currents during the sedimentation of the
Beloveza Formation. The increased delivery of mud and silt to the sea floor during low-energy
periods causes restriction of epifauna, especially in deep water basins.

Key words: Carpathians, Magura Nappe, Beloveza Formation, Eocene, Praesphaerammina subgaleata
(Vasicek) assemblages

INTRODUCTION

Thin-bedded flysch of the Beloveza Formation was deposited during the Eocene within the central part of
the Magura Basin. These deposits occur now in the Rac¢a Unit of the Magura Nappe, the larger Outer
Carpathian unit. The Eocene thin-bedded flysch was subject of numerous studies beginning in the XIX
century (Waskowska & Golonka, 2010). Paul (1869) encountered them in the Beloveza village near
Bardejov in Slovakia and named them the Beloveza Beds (Schichten). He included variegated shales and
thin-bedded flysch into the Beloveza Beds. Uhlig (1888) separated the thin bedded flysch of the Beloveza
Beds from variegated shales. This division was accepted by Swidzinski (1947) and geologists from his
school (e.g., Wectawik, 1969). On the other hand, Ksiazkiewicz (1948) used the term Hieroglyphic Beds
for these thin-bedded Eocene flysch deposits. This approach was applied by geologists from the Polish
Geological Institute for very similar deposits in the Beskid Wysoki area (Golonka, 1981; Ksiazkiewicz,
1966; Sikora & Zytko, 1959). Later, Oszczypko (1991) formalized the name Beloveza Formation. His

In: Bak, M., Kaminski, M.A. & Waskowska, A. (eds), 201 1. Integrating Microfossil Records from the Oceans and
Epicontinental Seas. Grzybowski Foundation Special Publication, 17, pp. 27-35.
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reference section is located in Zbludza Stream and Zeleznikowski stream in the Nowy Sacz area. The
Beloveza Beds (Formation) from Paul's (1869)

type locality display striking resemblance to the typical Hieroglyphic Beds from the Raca Unit, Magura
Nappe in the Beskid Wysoki Mountains north of Babia Géra Mountain. Their lithology, strati-graphic
position, and location within the Magura Basin are similar (Waskowska & Golonka, 2010).

METHODS

We have recently made an attempt to provide a systematic arrangement of the lithostratigraphic units
according to their occurrence within the original basins and other sedimentary areas (Golonka &
Waskowska-Oliwa, 2007, Waskowska & Golonka, 2010). This attempt was also accompanied by
unification of these units in the whole area of West Carpathians flysch in Poland, the Czech Republic, and
Slovakia (Golonka et al., 2008). In this approach the name Beloveza Formation was applied to thin-
bedded flysch with both the Bystrica and Raca units of the Magura Nappe. We also studied the
foraminifera of the Beloveza Formation in Ra¢a Unit of the Magura Nappe in Beskid Wysoki Mountains
(Polish Flysch Carpathians) north of Babia Géra Mountain.

Samples for micropaleontological research were taken from the topmost part of the Beloveza
Foramation of the Raca Zone in the Magura Nape in the Mosomy Zawoja section. The samples were
prepared by using standard micropaleontological methods. Approximately 500g samples of dry shaly or
marly materials were put into a maceration process in the water solution of Glauber’s Salt. Disintegrated
samples were washed through a set of sieves (63—100 um screen) and dried. Specimens of foraminifera
were picked from the residue and then taxonomically identified.

GEOLOGICAL SETTING

The BeloveZza Formation in the Beskid Wysoki Mo untains

The Outer Carpathians are built up of a stack of nappes and thrust sheets consisting mainly of up to six
kilometers of Jurassic to Lower Miocene thick continuous flysch sequences. These nappes are thrust over
the southern part of the North European Plate. The Magura Nappe forms the innermost and largest nappe,
representing the Late Oligocene to Early Miocene accretionary wedge (Fig. 1). It is thrust over the various
unit of the Fore-Magura group of nappes and of the Silesian Nappe. Its substratum has also been found in
several deep wells in Poland and Slovakia. In the investigated area this substratum was encountered in
Zawoja 1 and Sucha Beskidzka IG-1, boreholes in Poland and Oravska Polhora 1, borehole in Slovakia.
To the south, the Magura Nappe contacts with the Pieniny Klippen Belt that separates it from the Inner
Carpathians (Golonka et al., 2005).

On the basis of facies differentiation expressed mainly within Paleogene deposits, the Magura Nappe has
been subdivided into four facies-tectonic subunits: the Oravska Magura-Krynica, Bystrica (Nowy Sacz),
Raca, and Siary subunits (Golonka et a!/., 2005). The Raca and Siary subunits occur north of Babia Gora,
the Raca subunit in the Zawoja area. The oldest rocks in this area belong to the Upper Cretaceous—
Paleocene Ropianka Formation (Golonka, 1981; Golonka et al, 2005; Golonka & Waskowska-Oliwa,
2007; Ksiazkiewicz, 1966, 1971a, b). This formation is represented by thin-bedded turbidites with
sporadic intercalations of thick-bedded sandstones. It is covered by the 20-50 m thick L.abowa Shale
Formation of variegated shales, Early to middle Eocene in age. The variegated shales pass upwards into
thin-bedded turbidites of the middle Eocene Beloveza Formation represented mainly by thin to medium-
bedded turbidites with packages of thick-bedded sandstones (Fig. 1). These sandstones belong to the
Pasierbiec and Osielec members. The Beloveza Formation is covered by an upper Eocene—Oligocene
complex of thick-bedded sandstones with intercalations of thin to medium- bedded turbidites. This
complex represents the Magura Formation. The formation thickness reaches 2000 meters in the well-
exposed area of Pilsko Mountain west of the Babia Gora area. The youngest unit of the Magura Nappe is
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the upper Oligocene Malcov Formation (is not known from the Raca subunit in the Babia Gora area). It
was encountered within the Bystrica subunit in Polhoranka valley southwest of Babia Gora Mt.

The amplitude of the Magura Nappe overthrust is at least 50 km. The thrust developed mainly within
the ductile Upper Cretaceous variegated shales (Golonka et al., 2005; Slaczka et al., 2006). The northern
limit of the nappe has an ersional character. The tectonic windows exposing the nappe substratum are
located outside the investigated area in Sopotnia Mata westward and Mszana Dolna eastward, among
others. The Silesian Nappe is elevated between Zawoja and Sucha Beskidzka, forming an out-of-sequence
thrust, it does not, however, reach the surface (Golonka ez al., 2009, 2011; Pietsch et al, 2007).

Figure 2. Outcrops in Mosomy valley (Zawoja): 1 — Mosorny waterfall — contact zone of Beloveza Formation with
Magura Formation; 2—4 — outcrops of Beloveza Formation in the Mosorny valley

The tectonic boundary within between the Bystrica and Raca subunits has the distinctive character of a
thrust, especially in the area southwest of Babia Gora Mountain (Golonka, 1981; Golonka et al., 2009).
The boundary between the Raca and Siary subunits, located between Zawoja and Sucha Beskiskidzka is
not so well defined (Cieszkowski et al., 2006, Ksiazkiewicz, 1977). Several anticlines occur within the
Raca subunit north of Babia Gora. These anticlines are overturned and usually thrust northward, forming
the imbricated structure of the Magura Nappe. The Upper Cretaceous—Paleocene Ropianka Formation is
exposed in the large Grzechynia anticline north of Zawoja. The synclinal zones are wider than the
associated anticlines. They are built of sandstones of the Magura Formation. The regionally persistent
joint sets cut the folds. They are geometrically and genetically related to the folds. The normal and strike-
slip faults cross-cutting the fold structure of the Magura Nappe seem to have initiated on earlier joint
surfaces. The sequential development of the tectonic structures reflects successive stages of thrusting of
the Outer Carpathian nappe pile onto its foredeep, accompanied by a gradual dextral rotation of regional
tectonic compression trajectories during Neogene times (Aleksandrowski, 1989; Golonka ez al., 2005).
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The Beloveza Formation in the Mosorny waterfall (Zawoja) lo cality

The Mosorny (alternative name Mozomy) waterfall outcrop belongs to the best outcrops of the Beloveza
Formation and sandstones of the Magura Formation within the Polish Outer Flysch Carpathians (Fig. 2).
It is also a spectacular geotouristic object, because the profile includes a beautiful, six-meter high
waterfall (Alexandrowicz & Poprawa, 2000). The waterfall is localized 500 m above the Zawoja-
Mosorny hamlet, on the touristic trail Zawoja — Mosorny Gron-Polica. The object’s coordinates are:
latitude 49°37°49”N and longitude 19°33.54”E. A short path leads from the main trail route downhill to
the Mosomy stream and the waterfall. This waterfall is carved exactly on the contact (Fig. 2) between the
thin-bedded flysch of the Beloveza Formation and thick-bedded sandstones of the Magura Formation
(Ksiazkiewicz, 1966, 1971a, b). These rocks belong to the Raca subunit of the Magura Nappe. The
Beloveza Formation is exposed in the Polica anticline, which is thrust northward over the Magura
Formation of the Zawoja syncline (Fig. 1C) The Polica anticline runs from Koszarawa village through the
Klekociny pass, Widty and Mosorne hamlets of Zawoja village on the northem slopes of the Polica
Mountain (Ksiazkiewicz, 1966, 19714, b). It is cut by several transverse faults (Fig. 1). The L. abowa Shale
Formation is exposed in the core of the Polica anticline in its western part. The older rocks of the eastern
part belong to the Beloveza Formation. Southward the sandstones of the Magura Formation belonging to
the Polica syncline normally overlay the Beloveza Formation. The sandstones built the Mosomy Gron
and Polica mountains. The reverse morphological structure is typical for the Beskid Wysoki Mts. The
anticlines build the valley and passes, while the youngest rocks of the syncline form the highest
mountains in this region.

The Mosomy waterfall outcrops provide an excellent object to study the lithological characteristic of
the typical Carpathian flysch. The thin-bedded sometimes medium-bedded sandstones are interbeded by
grey and green-grey clayey shales and mudstones (Fig. 2). The sandstones are hard, cemented by siliceus-
carbonate matrix gray in colour. They disintegrate into small blocks. The numerous hieroglyphs occur on
their bottom planes. The flute casts indicate transportation of clastic material generally from the east
(Ksiazkiewicz, 1966, 1971a, b). The Ceratophycus, Scolicia, and Cylindrites represent, among the others,
the trace fossils.

The assemblages of Praesphaerammina subgaleata (VaSicek) Acme

The topmost part of the Beloveza Formation in the Zawoja Mosorny waterfall profile contains poorly
diversified microfaunal assemblages (Plate 1). The occurrence of Praesphaerammina subgaleata
(Vasicek) is typical within the mainly agglutinated foraminifera. The characteristic abundance of this
taxon was noted in the investigated samples with numbers reaching typically several hundred per sample,
and proportions reaching 70-100% of the foraminiferal assemblage. This is the example of monospecific
type of assemblages. Praesphaerammina subgaleata (Vasicek) was observed in middle Eocene to upper
Miocene deposits (Kaminski & Gradstein, 2005). This species is typical especially for the Carpathian
Middle and Upper Eocene assemblages (e.g., Bieda et al., 1967; Geroch et al., 1967; Geroch, 1960;
Jednorowska, 1966, 1968, 1969; Ksiazkiewicz, 1958, 1971, 1974; Malata, 1981; Golonka & WJjcik,
1978; Olszewska, 1996, 1997). In addition to the Carpathian region, it was noticed from offshore
Louisiana (fide: Kaminski & Gradstein, 2005). The first occurrence of Praesphaerammina subgaleata
(Vasicek) corresponds in the Polish Outer Carpathians with latest middle Eocene (Bubik, 2008;
Olszewska et al., 2006) and it is placed within the Ammodiscus latus biozone (sensu Olszewska, 1997).
Haplophragmoides parvulus Blaicher (a marker for the middle and Late Eocene) as well as
Haplophragmoides walteri (Grzybowski), Haplophragmoides kirki Wickenden, Haplophragmoides
scitulus (Brady), Recurvoides div. sp., Paratochamminoides div. sp., Pseudonodosinella elongata
(Grzybowski), Cribrostomoides subglobosus (Cushman), Glomospira glomerata (Grzybowski), and
numerous branched tubular forms belong to the accompanying species within assemblages of Zawoja
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Plate 1. Foraminifera from the Beloveza Formation in the Zawoja—Mosorny section. 1, 2 — Bathysiphon sp., 3 —
Ammodiscus sp., 47 — Praesphaerammina subgaleata (Vasicek), 8 — Hap lophragmoides walteri (Grzybowski), 9 —
Paratrochamminoides dubius (Grzybowski) 11, 12 — Chilostomella sp. Scale bars — 100um

Mosorny Beloveza top profile. Pyritized specimens of Chilostomella chilostomelloides VaSicek
(described from Magura deposits) are included in some assemblages.

Similar monospecific assemblages with Praesphaerammina subgaleata (Vasicek) were noticed in
samples collected from higher part of Beloveza Formation (Hieroglyphic beds) in the Raca zone in other
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areas (Bieda et al, 1967; Blaicher, 1961; Golonka & Wojcik, 1978; Ksiazkiewicz, 1971; 1974;
Jednorowska, 1966; 1968; 1969; Jednorowska & Wectawik, 1964, 1969; Malata, 1981, Wectawik, 1969).
Type specimens of this species collected by Vasi¢ek (1947) came from the Zlin Formation of the Raca
Subunit in the Czech Republic, also the older synonym of Praesphaerammina subgaleata (Vasicek)
described by Rzehak (1886) during the first micropaleontological research in Magura Nappe as
Trochammina placentula was described from this formation (Bubik, 2008). Part of the Zlin Formation
constitutes the equivalent of Beloveza Formation. Assemblages with numerous Praesphaerammina
subgaleata (Vasicek) are also known from the lithological equivalents of the Beloveza Formation within
Magura Nappe (Blaicher, 1958; Geroch et al., 1967; Jednorowska, 1966; 1968; 1969; Malata, 1981;
Olszewska & Malata, 2006; Sikora, 1970; Wectawik, 1969). They were also observed locally in
Hieroglyphic beds of Silesian Nappe (Geroch, 1960; Jurkiewicz, 1967).

The stratigraphical position of assemblages with the Praesphaerammina subgaleata (Vasicek) Acme
corresponds to the Eocene nannofosil Zone NP15 (Bubik, 2008), it is also observed in assemblages of late
Eocene age where planktonic foraminifera constrain the age (Jednorowska, 1969). Assemblages with
numerous Reficulophragmium amp lectens (Grzybowski) (Jednorowska, 1968; Jednorowska & Wectawik,
1964) or assemblages with single Ammodiscus latus (Grzybowski) and numerous Reophax pilulifer Brady
(Jednorowska, 1966) are listed from underlying strata in profiles.

Monospecific assemblages with Praesphaerammina subgaleata (VaSicek) are characterized by
relatively large and properly developed specimens of the index taxon, with dwarfish specimens
representing the rest of the assemblage. Infaunal forms predominate, and epifauna are rare. Poorly
oxygenated environments with increased input of organic matter are favorable for the development of
such type of community (Bubik, 2008; Olszewska & Malata, 2006). These conditions are connected with
an uninterrupted supply of very fine-grained clastic material carried by higher-energy turbidity currents
during the sedimentation of the Beloveza beds. The increased delivery of mud and silt to the basin floor
during low-energy periods causes restriction o f epifaunal development, especially in deep water basins.

CONCLUSIONS

e The Zawoja Mosrny section belongs to the best localities to study the Eocene sedimantation and
biostratigraphy of the Magura Basin in the Outer Carpathian.

e The deep water micropaleontological assemblages occur in the Middle/Upper and Upper Eocene
deposits of Beloveza Formation of the Magura Nappe.

e Monospecific assemblages with Praesphaerammina subgaleata (Vasicek) occur in the topmost
interval of the BeloveZa Formation.

e The appearance of monospecific assemblages with Praesphaerammina subgaleata (Vasicek) resulted
from poorly oxygenated environments with an increased input of organic matter to the bottom part of
Magura Basin.

e Haplophragmmoides parvulus Blaicher occurs among the typical Magura Basin species.
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ABSTRACT

The Haplophragmmoides parvulus Blaicher (1961) type locality is situated in Harbutowice village
(Kijowka Hamlet, Harbutowka valley). The lower part of the Zembrzyce Shale Member of the
Beskid Makowski Formation profile in this locality is now protected as documentary site. Unique
foraminiferal assemblages (rich in calcareous foraminifera and others organic components
redeposited from the shallower part of basin by turbidity currents) occurring within the lower part
of the Zembrzyce Shale Formation (Siary Zone, Magura Nappe), were described by Blaicher

(1961) from this locality. The typical Zembrzyce Shale Formation assemblage usually contains a
taxonomically poor foraminiferal assemblage of the middle Eocene age, representing the
Ammodiscus latus biozone. Among the cosmopolitan agglutinated forms, Haplophragmmoides
parvulus Blaicher is common and locally numerous. The taxon is an important marker for the
middle and upper Eocene biostratigraphy of the Magura Nappe.

Key words: Hap lophragmmoides parvulus, type locality, biostratigraphy, Eocene, Magura Nappe

INTRODUCTION

Cieszkowski et al. (2006) proposed formal lithostratigraphic names for the Siary Zone, Magura Nappe in
the Makowski Beskid Mountains southwest of Krakow. These authors distinguished the Beskid
Makowski Formation with the upper Eocene Zembrzyce Shale Member, Watkowa Sandstone Member
and Budzéw Shale Member. The Beskid Makowski Mountains stretch from the Zywiec area to the west
of the Krzyworzeka valley to the east (Kondracki, 2009). The name is derived from Makow Podhalanski,
a small town located in the center of this region. The name Beskid Sredni is also known in the geological
literature (Ksiazkiewicz, 1958). The name Zembrzyce Shale Member is derived from Zembrzyce town in
the Skawa River valley. It was known in the older literature as the Sub-Magura Beds (Ksiazkiewicz,
1958; 1966a, b; 1974a, b). Ksiazkiewicz (1974a) used the terminology Sub-Magura Beds giving at the
same time in a footnote the alternative name Zembrzyce Shale, containing the geographic segment
according to modern lithostratigraphic nomenclature. The type locality is in the Zembrzyce area,
however, recently the best outcrops of this member were found in the Harbutowice area in the marginal
part of the Magura Nappe.

In: Bak, M., Kaminski, M.A. & Waskowska, A. (eds), 201 1. Integrating Microfossil Records from the Oceans and
Epicontinental Seas. Grzybowski Foundation Special Publication, 17, pp. 37-44.
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Figure 1. The geological setting of the Zembrzyce Shale Member in Harbutowice area. A — West Polish Carpathians
tectonic-sketch map with localization Harbutowice profile; B — The geological map of the Harbutowice area (after
Ksigzkiewicz, 1966a, modified); C — Synthetic profile of the Siary Subunit, Magura Nappe in the Harbutowice area;
D — The geological crosssection of the Harbutowice area (modified after Ksigzkiewicz, 1966a)

METHODS

The evaluation of the Hap lophragmoides parvulus Blaicher type locality was based on the field mapping,
and micropaleontological observations. The original mapping (Ksiazkiewicz, 1951a, b; 1953; 1966a, b;
Golonka et al, 1981; Wojcik & Raczkowski, 1994) were supplimented by recent field observation and
updating of mapped formations using modern lithostratigraphic units (Cieszkowski et al., 20006).
Seventeen samples were collected for micropaleontological analysis. All these samples were located
within the Zembrzyce Shale Member of Beskid Makowski Formation (sensu Cieszkowski et al., 2006,
Golonka & Waskowska, 2007) of the Babica Mountain area, from Harbutowice section come from eight
samples (Fig. 1).
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The samples (500 g of dry shales or marls) were prepared by using standard micropalaecontological
techniques in order to obtain microfossils. Repeated boiling and drying using Glauber’s Salt disintegrated
the samples which were then washed through a set of sieves (63—-100 um screen) and dried. Micro fossil
specimens were picked from the dry residue and were taxonomically identified and documented using
light- and SEM photography.

GEOLOGICAL SETTING

The Zembrzyce Shale Member in the marginal part of the Magura Nappe

The profile of the Siary Zone in the Harbutowice area includes Paleocene and Eocene deposits (Burtan,
1993; Burtan & Szymakowska, 1964; Ksiazkiewicz, 1951a, b, 1953; 1966a, b; Wojcik & Raczkowski,
1994). The older rocks in this area are represented by Paleocene — Eocene variegated shales of the
Labowa Shale Formation with packages of Lower Eocene, thick-bedded, coarse-grained, conglomeratic
sandstones of the Skawce Sandsone Member (Fig. 1). Locally, sandstones prevail over the variegated
shales and the Skawce Sandsone Member is in direct contact with the Silesian Nappe. The Labowa Shale
Formation is covered by the Piasierbiec Sandstone Member of the Beloveza Formation in the eastern part
of the Harbutowice area. The Beskid Makowski Formation covers the Labowa Shale Formation in the
western part of the area. Three members of the Beskid Makowski Formation are exposed in the marginal
part of the Siary Zone: the upper Eocene Zembrzyce Shale Member in the northem part, the Watkowa
Sandstone Member in the central part, and the Budzow Shale Member in the southern part of the area
(Fig. 1). The next tectonic unit with the Watkowa Sandstone Member is thrust over the youngest,
Oligocene Budzow Shale Member in the southernmost part of the area (Ksiazkiewicz, 1966a). The thick-
bedded sandstones of the Watkowa Sandstone Member form hills in the marginal part of the Magura
Nappe. The Zembrzyce Shale and Budzoéw Shale members crop out in the valleys and passes.

The Zembrzyce Shale Member in the Harbutowka valley

Several well-exposed outcrops of the Beskid Makowski Formation, Siary Zone occur within the
Harbutowice village area, located around 30 km southwest of Krakow (Miskiewicz et al., 2010; Stadnik
et al., 2011; Waskowska er al., 2010). A continuous profile of this formation can be observed in
numerous streams running on the northern slopes of the Babica Range. This profile belongs to the
northem wing of the Budzéw-Zagéma Anticline (Wojcik & Raczkowski, 1994). The deposits of the
Zembrzyce Shale Member are exposed in the upper part of Harbutowice village in the streambed of
Harbutdéwka Stream as well as along the road parallel to this stream (Fig. 1). The outcrops are located
near the narrow local road marked in Harbutowice by the sign “Cisy Raciborskiego”. This sign indicates a
local tourist attraction and nature protection monument — nearly 700-year old yews described in the 19th
century by the Polish botanist Marian Raciborski (1863-1917).

The typical Zembrzyce shales are represented mainly by massive, medium to thick-bedded marly
shales and mudstones with intercalations of marls, clayey shales and glauconitic sandstones. These shales
are grey, green-gray, yellow-gray and beige in color. The sandstones are mainly fine- and medium-
grained, sometimes coarse-grained, thin to medium and thick-bedded. The sandstone-marly shale
sequences prevail in the outcrops along the Harbutowka stream (Fig. 2). Sometimes marly shales pass
into clayey shale. The sequence sandstone-marly shale-clayey shale represents the full turbiditic cycle.
The thin-bedded flysch packages are also locally present in the outcrops. The sandstones in these
packages contain numerous hieroglyphs. The flutcasts indicate transportation ofthe clastic
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Figure 2. Outcrops of the Zembrzyce Shale Member in Harbutowka valley

material generally from the northeast (Ksigzkiewicz, 1966a). Thin layers of creamy bentonites occur
sporadically within marly-muddy complexes. These bentonites provide evidence of Eocene volcanic
activity.

The so-called documentary site (see Alexandrowicz & Poprawa, 2000) was registered in the Kijowka
Hamlet, Harbutowka valley (area 0.5 ha). The level of protection of the documentary site is very similar
to that of an SSSI (Site of Special Scientific Interest). The documentary sites represent the preservation
form of abiotic natural objects in Poland. The fragment of the Zembrzyce Member profile is under
protection because it is important for Carpathian micropaleontological research. The shales within the
documentation site contain unusually rich assemblages of foraminifera with numerous calcareous species
(Blaicher, 1961). It is the first such documentary site approved within the Polish Outer Carpathians.

Foraminiferal assemblages from the Zembrzyce Shale Member in the Harbutowice area
The low diversity assemblages, poor in specimens and dominated by agglutinated foraminifera, are
typical for the Zembrzyce Shale Member. They represent the autochthonous fauna occupying the



Integrating Microfossil Records from the Oceans and Epicontinental Seas 41

Plate 1. Haplophragmoides parvulus Blaicher. 1-7 — Specimens from Eocene deposits in Harbutowka valley; 8-10.
Specimens documented by Blaicher (1961). Scale bar = 100um

Magura Basin bottom. The radiolarians, fish teeth and sponges spicules represent the additional
components. Assemblages with higher diversity, containing planktonic and benthonic calcareous forms
are rare (e.g., Blaicher, 1961; Jednorowska, 1966, 1968, 1969). These calcareous forms are mainly
redeposited from a shallower environment by turbidity currents.

Typical foraminiferal assemblages of the Zembrzyce Shale Member are dominated by cosmopolitan
forms. Branched fragments of agglutinated tubes are very numerous; Paratrochamminoides div. sp. is
also common. Among the characteristic species with biostratigraphical value, Haplophragmoides
parvulus Blaicher, Haplophragmoides nauticus Kender, Kaminski & Jones, and Praesphaerammina
subgaleata Vasicek are represented. Other important age-diagnostic forms Ammodiscus latus Grzybowski
as well as Reticulophragmium amplectens (Grzybowski) are rare. Paratrochamminoides div. sp.
(relatively high diversity within genus), Ammodiscus cretaceus (Reuss), Ammodiscus peruvianus Berry,
Cribrostomoides subglobosus (Cushman), Thalmannammina subturbinata (Grzybowski), Glomospira
div. sp. (Glomospira glomerata (Grzybowski) and Glomospira cf. irregularis (Jones & Parker) with
locally most numerous), Arthrodendron grandis (Grzybowski), Haplophragmoides div. sp. (locally
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numerous Haplophragmoides walteri (Grzybowski)), Haplophragmoides scitulus (Brady), Reophax
pilulifer Brady, Pseudonodosinella elongata (Grzybowski), Psammosphaera irregularis (Grzybowski)
belong to the common foraminifera. Eponides umbonatus (Reuss) is the most common among calcareous
benthic forms. Usually pyritized Chilostomella is also common.

Haplophragmoides parvulus Blaicher, 1961 in the type locality profile

Fifty years ago, Jadwiga Blaicher (1961) published in the Bulletin of the Geological Institute a paper
documenting the unique and taxonomically diversified foraminiferal assemblages of the Eocene deposits
of the Magura Nappe. The material for her micropaleontological investigations was collected in
Harbutowice-Kijowka Hamlet and Wieprzec localities in the Siary Zone. In the Harbutowice locality, the
lowermost part of the Zembrzyce Shale Member was sampled and now is selected as the documentary
site.

Blaicher (1961) determined 74 species of calcareous foraminifera (benthic as well as planktonic
forms) and 17 species of agglutinated forms. The larger foraminifera, bryozoa, fish teeth, ostracoda and
fragments of echinodermata were documented as accompanying components. The assemblage was
characterized by a mixture of autochthonous and allochthonous fauna, delivered from shallower parts of
the basin. The late Eocene age was estimated by Blaicher (1961) mainly on the basis of planktonic
foraminifera, and was correlated with the calcareous benthos as well as larger foraminifera ranges (Bieda,
1966).

Blaicher (1961) separated the subspecies Haplophragmoides walteri (Grzybowski) var. parvulus n.
var. from the group of agglutinated foraminifera established as Haplophragmoides walteri (Grzybowski).
The occurrence range was estimated as middle and late Eocene.

The test of Haplophragmoides parvulus Blaicher is flat, small, 0.5 mm and less in size, planispiral,
involute, with an acute periphery, oval in outline, 4 or 4.5 chambers, sporadically 5 are located in the last
whorl. Chambers are triangular in shape, their size increase rapidly. The wall is very finely agglutinated
with a smooth surface. The aperture occurs at the base of the last chamber (Plate 1).

Haplophragmoides parvulus Blaicher (emend. Olszewska, 1996) is observed in flysch sediments of
the Magura Nappe, within all facies zones (Olszewska, 1996; Olszewska, 1997; Malata, 1981; Olszewska
& Malata, 2006). It belongs to the significant Eocene markers used in biostratigraphy, being typical for
the upermost middle Eocene and upper Eocene. It occurs in rich, taxonomically diversified assemblages,
and is also present within poor assemblages of agglutinated foraminifera. Its abundance is worth
mentioning, in the first description report 35 specimens were analyzed, usually the number oscillates
about several per sample. The number is, however, locally even higher, reaching over 100 specimens
(over 30% of all foraminifera — samples from the Zawoja locality, Ra¢a Unit). Poorly diversified
assemblages with Hap lophragmoides parvulus Blaicher were noticed frequently in sediments with higher
calcium carbonate content and lower sedimentation rates (Olszewska & Malata, 2006).

CONCLUSIONS

e The Zembrzyce Shale Member of Beskid Makowski Formation profile in the Harbutowice village
provides an important locality for studies of the lithology, sedimentation and biostratigraphy of the
Outer Carpathian Paleogene flysch.

e The studied micropaleontological autochthonous assemblage usually contains not quite numerous,
poorly diversified foraminifera of the middle Eocene age, representing the Ammodiscus latus biozone.

e Haplophragmmoides parvulus Blaicher represents an important marker for the Middle and Upper
Eocene biostratigraphy of the Outer Carpathians Magura Nappe.



Integrating Microfossil Records from the Oceans and Epicontinental Seas 43

ACKNOWLEDGEMENTS

The authors are greatly indebted to Mike Kaminski (KFUPM) & Elzbieta Machaniec (ING UJ), for their comments.
This research has been financially supported by the AGH University of Science and Technology in Krakéw grant
no. 11.11.140.447.

REFERENCES

Alexandrowicz, Z. & Poprawa, D. (eds), 2000. Ochrona geordznorodnosci w polskich Karpatach. Geodiversity
conservation of the Polish Carpathians. Panstwowy Instytut Geologiczny, 142 pp. [In Polish with English
summary].

Bieda, F. 1966. Duze otwomice z eocenu serii magurskiej okolic Babiej Gory. Przewodnik XXXIX Zjazdu Polskiego
Towarzystwa Geologicznego — Babia Gora, Panstwowy Instytut Geologiczny, pp. 59-70 [In Polish].

Blaicher, J. 1961. Poziom wapiennej mikrofauny w goérnym eocenie serii magurskiej. Biuletyn Instytutu
Geologicznego, 166, 5-59 [In Polish with English summary].

Burtan, J. 1993. Budowa geologiczna Ziemi Myslenickiej. In: German, K. (Ed.), Monografia Ziemi Myslenickiej.
Universitas, pp. 11-36, [In Polish].

Burtan, J. & Szymakowska, F. 1964. Szczegotowa Mapa Geologiczna Polski, Wydanie tymczasowe, Region Karpat i
Przedgorza, 1:50 000, arkusz Osielec. Instytut Geologiczny.

Cieszkowski, M., Golonka, J., Waskowska-Oliwa, A. & Chrustek, M. 2006. Geological structure of the Sucha
Beskidzka region — Swinna Porgba (Polish Flysch Carpathians). Kwartalnik Geologia AGH, 32, 155-202 [In
Polish with English summary].

Jednorowska, A. 1966. Zespoly malych otwornic w warstwach jednostki magurskiej rejonu Babiej Gory i ich
znaczenie stratygraficzne. Przewodnik XXXIX Zjazdu Polskiego Towarzystwa Geologicznego, Babia Gora.
Wydawnictwa Geologiczne, pp. 71-90 [In Polish].

Jednorowska, A. 1968. Zespoly otwornicowe w zewngtrznych strefach jednostki magurskiej Karpat i ich znaczenie
stratygraficzne. Prace Geologiczne Polskiej Akademii Nauk Oddzial Krakow, Komisja Nauk Geologicznych, 50,
1-89, [In Polish with Russian and French summary ].

Jednorowska, A. 1969. Some assemblages of planktonic foraminifera from the Eocene of the Magura Series (Polish
Flysch Carpathians). Rocznik Polskiego Towarzystwa Geologicznego, 39, 277-294.

Kondracki, J. 2009. Geografia regionalna Polski. Wydawnictwo Naukowe PWN Warszawa, 441 pp. [In Polish].

Ksigzkiewicz, M. 1951a. Ogélna Mapa Geologiczna Polski, arkusz Wadowice, 1:50 000. Panstwowy Instytut
Geologiczny, Warszawa.

Ksigzkiewicz, M. 1951b. Objasnienie arkusza Wadowice. Ogolna Mapa Geologiczna Polski, 1:50 000. Panstwowy
Instytut Geologiczny, Warszawa, 272 pp. [In Polish].

Ksigzkiewicz, M. 1953. Szczegotowa Mapa Geologiczna Polski, Wydanie tymczasowe, Region Karpati Przedgorza,
arkusz Wadowice, 1 : 50 000. Panstwowy Instytut Geologiczny, Warszawa.

Ksiazkiewicz, M. 1958. Stratygrafia serii magurskiej w Beskidzie Srednim. Biuletyn Instytutu Geologicznego, 135,
43-96 [In Polish English with summary].

Ksigzkiewicz, M. 1966a. Geologia regionu babiogdrskiego. Przewodnik XXXIX Zjazdu Polskiego Towarzystwa
Geologicznego — Babia Gora, Wydawnictwa Geologiczne, pp. 5-58 [In Polish].

Ksigzkiewicz, M. 1966b. Przyczynki do geologii Karpat Wadowickich. Cz. 1. Rocznik Polskiego Towarzystwa
Geologicznego, 36, 395-406. [In Polish with English summary].

Ksiazkiewicz, M. 1974a. Szczegotowa Mapa Geologiczna Polski, 1:50 000, arkusz Sucha Beskidzka. Wydawnictwa
Geologiczne, Warszawa.

Ksiazkiewicz, M. 1974b. Objasnienia do Szczegolowej Mapy Geologicznej Polski, 1:50 000, arkusz Sucha
Beskidzka. Wydawnictwa Geologiczne, pp. 1-83 [In Polish].

Malata, E. 1981. Stratygrafia jednostki magurskiej w zachodniej czeSci Beskidu Wysokiego na podstawie
mikrofauny. Biuletyn Instytutu Geologicznego, 331, 103—116 [In Polish with English summary].

Miskiewicz, K., Stadnik, R., Waskowska, A. & Cieszkowski M. 2010. Geoochrona w rezerwatach przyrody
(przyklady z rejonu Myslenic). In: Rajchel J. (Ed.), Jubileusz Katedry Geologii Ogéinej, Ochrony Srodowiska i
Geoturystyki Akademii Goriczo—Hutniczej 1920-2010, Wydawnictwa AGH, Krakéw, pp. 99-106 [In Polish
with English abstract].

Olszewska, B. 1996. Rzad Foraminiferida Eichwald, 1830. /n: Limanowska L. & Piwocki M. (eds), Budowa
geologiczna Polski. Atlas skamieniatosci przewodnich i charakterystycznych. Kenozoik. Trzeciorzed. Paleogen.
T3. Cz. 3a, pp. 45-215 [In Polish].

Olszewska, B. 1997. Foraminiferal biostratigraphy of the Polish Outer Carpathians, A record of basin geohistory.
Annales Socetatis Geologorum Poloniae, 67, 325-337.



44 M. Bgk, M.A. Kaminski & A. Wa skowska (eds)

Olszewska, B. & Malta, E. 2006. Analiza paleosrodowiskowa i paleobatymetryczna zespotow mikroskamieniatosci
polskich Karpat zewngtiznych. In: Oszczypko N. et al. (eds), Palaeotectionic evolution of the Outer Caipathian
and Pieniny Klippen Belt basins. Instytut Nauk Geologicznych Uniwersytet Jagiellonski, pp. 61-84 [In Polish
with English abstract].

Stadnik, R., Waskowska, A. & Miskiewicz, K. 2011 (In press). Walory geologiczne rezerwatu przyrody Las
Goscibia (Beskid Makowski, Karpaty fliszowe). Chronmy Przyrode Ojczystq [In Polish with English abstarct].
Waskowska, A., Stadnik, R. & Miskiewicz, K. 2010. Las Goscibia kraing kaskad i wodospadow. Geoturystyka, 22

[In Polish with English abstract].

Wojcik, A. & Raczkowski, W. 1994. Objasnienia do Szczegotowej Mapy Geologicznej Polski, 1: 50 000, arkusz

Osielec. Panstwowy Instytut Geolo giczny, pp. 1-63 [in Polish].




Integrating Microfossil Records from the Oceans and Epicontinental Seas 45

The Zurawnica Sandstone and Skawce Sandstone members of the Labowa
Formation in the northern zone of the Magura Basin

Marek CIESZKOWSKI' & Anna WASKOWSKA®

! Jagiellonian University, Institute of Geological Sciences, Oleandry 2a, 30-063 Krakow, Poland;

marek.cies zkowski@uj.edu.pl,

2 AGH University of Science and Technology, Faculty of Geology, Geophysics and Environmental Protection, Al.
Mickiewicza 30, 30-059 Krakow, Poland; waskowsk@agh.edupl

ABSTRACT
Two thick sandy complexes of the Zurawnica Sandstone Member (Paleocene) and Skawce Sandstone

Member (Eocene) separated by variegated shales of the the Labowa Shale Formation occur within in
Sucha Beskidzka area in Siary Zone, Magura Nappe. Mainly the cosmopolitan forms with coarse-
grained agglutinated tests are present in poor taxonomically diversified foraminiferal assemblages and
representing autohtonic fauna of high-energy environments in the Magura Basin. These assemblages
belong to recolonizators, occupying the bottom sediments after high-energy turbiditic flows. The
development of foraminifera communities was limited by the dynamic delivery of clastic material.
Taxomically more diversified assemblages show on longer periods with quiet sedimentation,
connected with reduced clastic delivery. Large foraminifera as well as other calcareous organic
components were also delivered by turbidic currents from the shallower parts of the basin. The
Zurawnica Sandstone Member was deposited during Paleocene time, the Skawce Sandstone Member —
during Early Eocene.

Key words: deep water foraminifera, chanel deposits, Outer Carpathians, Magura Nappe

INTRODUCTION

The Skawce Sandstone Member of the Labowa Shale Formation was described as a new formal
lithostratigrahic unit of the Magura Series by Cieszkowski and Waskowska-Oliwa (2001). Previously,
these thick-bedded coarse sandstones occurring in the northern zone of the Magura Nappe have been not
correctly termed the “Ciezkowice sandstones” (e.g., Bieda, 1966, 1968; Cieszkowski, et al., 1999;
Golonka ef al. 1981; Jednorowska, 1966; Ksiazkiewicz, 1966, 1974a, b; Nowak, 1921 ; Oszczypko, 1992).
The name “Cigzkowice sandstones” introduced by Walter and Dunikowski (1882) was first use for thick-
bedded Paleogene sandstones of the Silesian Nappe, occurring at the Cigzkowice town. Grzybowski
(1921) made very complete description of these beds from the type locality at Cigzkowice being
considered their type section. In recent times, these sandstones have been described by Leszczynski
(1981), who presented their detailed sedimentological study. Swidzinski (1948) following Grzybowski
(1921), proposed, that the name “Cigzkowice sandstones” should be used only for coarse, thick-bedded

In: Bak, M., Kaminski, M.A. & Waskowska, A. (eds), 2011. Integrating Microfossil Records from the Oceans and
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Eocene sandstones from the Silesian Nappe. From the point of view of formal stratigraphy this name
should not be used in the Magura Nappe as proposed by Ksiazkiewicz (1974) because the source areas of
detritic material supplied to the Magura and Silesian Basin during Late Paleocene and Early Eocene were
different and represent completely different lithosomes.

Ksiazkiewicz (1948, 1962, 1966, 1974a, b) described in details the ,,Cigzkowice sandstones” from the
western part of the Magura Nappe, presenting in the Sucha Beskidzka area, that two sandstone levels
occur. Cieszkowski and Waskowska-Oliwa (2001) and Cieszkowski et al., 2006 formalized these
sandstones to the Zurawnica Sandstone Member and the Skawce Sandstone Member within the Labowa
Shale Formation (Oszczypko, 1991) developed as variegated shale. They reserved name “Skawce
Sandstone Member” for the upper complex of the of thick bedded sandstones within the variegated shales
of the Labowa Shale Formation, and proposed to name the lower “Zurawnica Sandstone Member”. The
reference section for the Zurawnica Sandstone Member shoud be outcrops on the Zurawnica hill located
between villages of Tarnawa Gorna and Stryszawa.

METHODS

The studies of sandy complexes represented by the Skawce Sandstone and Zurawnica Sandstone
members concentrated on lithostratigraphic, facial and paleogeographic analysis including also
micropaleontological investigations. 25 samples for foraminiferal research were collected from muddy
deposits within both members (localities: Skawce quarry, Skawce village, Zurawnica Mt., Stryszawka,
Sucha Beskidzka sections) (Fig. 1). The material of samples (amount of 500 g of dry shales) was prepared
to foraminiferal analysis by using standard micropalacontological techniques (maceration in Glaubert’s
salt solution and sieved in 63 pm screen). All foraminiferal specimens were picked from residue for
biostratigraphical purpose. Most samples were barren, only few of them contain foraminifera, exclusively
agglutinated.

LITHOLOGY

The Zurawnica Sandstone Member (ZSM) (thickness — up to 200m) and Skawce Sandstone Member
(SSM) (thickness up to 150m) (Fig. 1, 2) are predominantly represented by thick- and very thick- bedded
(up to 2,5 m) sandstone turbidites with subordinate interbeddings of thin- to medium-bedded sandstone
turbidites (Fig. 3). They are occasionally separated by green or red shales. The ZSM and SSM correspond
to facies A2.2-5, B23, B24, C2.1, and C2.2 after Pickering et al. (1986). Thick-bedded sandstones are
coarse- and very coarse-grained, often conglomeratic (Fig. 4). Fine-grained conglomerates are in some
cases quite frequent. Coarser conglomerates are sporadic. The sandstones are badly sorted, coarser
material is often concentrated at lower parts of the layers. Thick-bedded sandstones are massive and o ften
amalgamated (Fig. 3). Occasional parallel or cross lamination represented by Bouma Tbc or Tbcd
divisions are noticed in upper parts of the layers. Partly, these occur inverse gradation of coarse sandy or
pebbly grains including shale clasts, concentrated at top of the layers. Soles of the sandstone layers are
sharp, planar, with rare sole marks indicating paleotransport of detritic material from N, NW, and WNW.

Foraminiferal assemblages

Microplaeontological samples taken from shales within thick-bedded sandstones of SSM and ZSM (Fig.
1) are lack of microfossils (15 samples) or contain poor foraminiferal record (10 samples), including low-
diversified assemblages with cosmopolitan species, adopted to the high-energy environments. The forms
with coarse-grained agglutinated tests and relatively big size like Bathysiphon (numerous), Hyperamina
elongata Brady, Paratrochamminoides (numerous and diversifited): P. subcoronatus (Grzybowski), P.
mitratus (Grzybowski), Conglophragmium irregularis (White), Praesphaerammina gerochi Hanzlikova,
Placentammina placenta (Grzybowski), Subreophax pseudoscalaris (Samuel), Psammosphaera
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irregularis (Grzybowski), Reophax pilulifer Brady, Recurvoides div. sp., and Trochamminoides
grzybowskii Kaminski & Geroch are present there. Such unified composition of assemblages is typical of
discussed deposits.

Dynamic delivery of coarse-grained clastic material to the sedimentary basin restricted development of
the bottom foraminiferal microfauna. These poor assemblages represent the recolonizators, which
occupied bottom sediments after turbidite deposition. More numerous and diversified assemblages
showing longer periods with quiet sedimentation are there rare.

ODQQ‘_:O_, . R 2
=2°%| fine-grained conglomerate - siltstone

= _ —— -
- *| conglomeratic sandstone  |—— parallel lamination

.....-..-' Coarse-grained sandstone < ripple-cross lamination

+"-7+".| medium-grained sandstone |[<<*s| cross lamination

fine-grained sandstone “tess| INverse gradation

Figure 3. Sedimentary logs of the Skawce Member

The stratigraphic position of SSM and ZSM was firstly estimated indirectly on the base of their
position in the litostratigraphic sections. The Paleocene age of ZSM was directly confirmed by occurrence
of Rzehakina fissistomata (Grzybowski), Rzehakina epigona (Rzehak), Hormosina velascoensis
(Cushman), Caudammina ovula (Grzybowski), and Annectina grzybowskii (Jurkiewicz) (Ksiazkiewicz,
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1974 b; Fig. 5). Such taxonomical composition is typical for Rzehakina fissistomata Zone (zone sensu
Olszewska, 1997). The study (type locality — Zurawnica Mt., Kozie Skaly) suggest that the ZSM
corresponds to the Upper Paleocene. This is suggested by an occurrence within mentioned above
assemblage the Haplophragmoides cf. mjatliukae Maslakova (which is more frequent in middle and upper
part of Rzehakina fissistomata zone) and Annectina cf. biedai Gradstein & Kaminski (in Carpathian with
first occurrence in Late Paleocene).

The SSM includes single specimens of Saccamminoides carpathicus Geroch (index taxa for Early
Eocene interval biozone) and Reticulophragmium amplectens (Grzybowski) (Fig. 5). In the Outer
Carpathians these species are characteristic of the uppermost part of the Early Eocene (e.g., Morgiel &
Olszewska, 1981; Geroch & Nowak, 1984; Olszewska, 1996, 1997; Waskowska, 2011). Moreover the
large foraminifera as Nummulites p lanulatus Lamarck, Nummulites exilis Douville, Nummulites

Figure 4. Outcrops of Skawce Sandstone Member in Tarnawa Dolna quarry: 1 — General view. 2, 3 — Thick- and
medium-bedded sandstone. 4 — Zogphycos. 5 — Calcareous clasts in the conglomerates

globulosus Leymerie and Discocyclina douvillei (Schlumberger) occur in the sandstone layers SSM
(Bieda, 1959; Ksiazkiewicz, 1974b). Large foraminifera are here allochtonic fauna, and they were
delivered from shallow parts of the Magura Basin. Sandstones and conglomerates of SSM occur also
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Figure 5. Litho- and biostratigraphy of the £.abowa Shale Formation in the Sucha Beskidzka area

calcareous fossils with remnants of bryozoans and algae with Lithothamnium pieces and rhodoids
completed ex situ.

The sandstones of the SSM and ZSM represent deep-water coarse-grained thick-bedded turbidite
sedimentation. Their deposition took place in the northern part of the Magura Basin.

Sandstones of SSM include also trace fossils described from these sediments Scolicia, Granularia and
Taphrhelminthopsis (Ksiazkiewicz, 1974b). The authors observed other trace fossils like Thalassinoides,
Ophiomorpha and Zoophycos was also found.

CONCLUSIONS

Two thick-bedded sandy complexes belonging to the Zurawnica and Skawce Sandstone members of
Labowa Shale Formation create the Paleocene-Early Eocene part of the Magura Nappe (the Siary Zone)
in the Sucha Beskidzka area. Foraminiferal assemblages from these sediments represent the

Rzehakina fissistomata Zone (Zurawnica Sandstone Member) and Saccamminoides carpathicus Zone
(Skawce Sandstone Member). The poor deep water agglutinated foraminiferal assemblages occurring
mainly cosmopolitan forms coarse-grained are characteristic for these deposits, which are interpreted as
channel sediments. They represent typical assemblages adapted to the higher-energy environments, which
existed on the bottom of the Magura Basin during longer brakes of dynamic delivery of clastic material
transported by turbidity currents.
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ABSTRACT

Sedimentation of the variegated shales of the Labowa Shale Formation in the Siary Zone of the
Magura Basin commenced during the late Paleocene and lasted up to the middle Eocene. Quiet
sedimentation of shales, mostly from a free fall suspension regime below the CCD, was favorable
for the development of agglutinated foraminiferal communities. The Paleocene shales contain
characteristic rich assemblages of the Rzehakina fissistomata Zone, followed by poor Recurvoides
and Glomospira assemblages of the latest Paleocene and earliest Eocene connected with the LPTM
crisis interval. These are followed by post-crisis Karrerulina assemblages, as well as assemblages
of the Saccamminoides carpathicus Zone (Early Eocene) and the Reticulophragmium amplectens
Zone (middle Eocene). Numerous very thin bentonite layers in the upper variegated shales
subdivision of the Labowa Shale Formation are found. The foraminiferal assemblages from these
bentonite intercalations show low taxonomic diversity with numerous juvenile forms and increased
numbers of Glomospira charoides (Jones & Parker).

Key words: Magura Basin, Labowa Shale Formation, hemipelagic sedimentation, Late Paleocene-middle
Eocene, agglutinated foraminifera

INTRODUCTION

The Labowa Shale Formation is found within the middle and northern facies-tectonic zones of the
Magura Nappe (Bystrica, Raca and Siary zones) in the Northern Outer Carpathians in Poland, Slovakia,
and the Czech Republic (Fig. 1). The name “Labowa beds” was firstly used by Wectawik (1986) with
reference to the Paleocene—Eocene variegated shales of the Magura Series — the sedimentary succession
of the Magura Nappe. This division was previously described as the “variegated Eocene” (e.g.,
Kozikowski, 1953) or “variegated shales” (Ksiazkiewicz, 1948, 1951, 1953, 1958, 1962, 1966a, b, 1974a,
b; Bieda etal., 1967; Sikora & Zytko, 1959; Unrug, 1968, Wectawik, 1969; Sikora, 1970; Oszczypko, 1973;
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Burtan, 1973a, b; Golonka & Wojcik, 1976, 1978; Cieszkowski, 1992a, b and Kender ef al., 2005). In the
Czech and Slovak republics the “variegated shales” have been included into the Beloveza Formation
(Beloveza beds) as the lower part of this division (e.g., Pesl, 1963; Andrusov, 1965; Lesko, & Samuel,
1968; Roth, 1967; Elia$ et al., 1990, Pivko, 2002).

The Labowa Shale Formation was named by Oszczypko (1991) in his paper presenting the new formal
stratigraphy of the Paleogene sedimentary succession of the Bystrica Subunit (Zone) of the Magura
Nappe. This lithostatigraphic division of the Magura Series consists of the Paleocene — Eocene variegated
shales underlain by the Upper Cretaceous—Paleocene flysch deposits of the Ropianka Formation
(Inoceramian beds) or Jaworzynka Formation (biotite facies of the Inoceramian beds), and overlain by the
Lower and middle Eocene thin-bedded flysch of the Beloveza Formation. The author has chosen the type
section of the discussed formation in Labowa village in the Beskid Sadecki mountain range. There along
the Uhrynski Creek one of the best exposures of the Paleogene variegated shales of the Magura Nappe is
located. The profile at Zeleznikowski Stream in Zeleznikowa village in the Beskid Sadecki has been
proposed as the reference section. Others were chosen at Zbludza Stream flowing southward from the
Beskid Wyspowy and Zasadne Stream flowing northeastward from the Gorce mountain range, both
flowing into the Kamenica Gorczanska River in Kamienica village. Though Oszczypko (1991) focused on
the sedimentary succesion of the Bystrica Subunit, in his paper he stated that the Labowa Formation is
widespread in the whole ofthe Magura Nappe with the only exception being the Krynica Subunit (Zone).
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Figure 1. The geological setting of the Tarnawa Dolna quamry profile. A — Localization on the West Polish
Carpathians tectonic-sketch map. B — The geological map of the Sucha Beskidzka area (modified after
Ksigzkiewicz, 1974a)
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Figure 2. Lithostratigraphic log of the Siary Zone (Magura Nappe) in the Sucha Beskidzka area

Following Oszczypko (1991), the name “Labowa Shale Formation” has been used in later publications
(e.g., Oszczypko, 1992a, b; Oszczypko et al., 1999, 2005 ; Cieszkowski et al., 1999; Waskowska-Oliwa &
Malata, 1999; Waskowska-Oliwa, 2000; Cieszkowski & Waskowska-Oliwa, 2001). Cieszkowski &
Waskowska-Oliwa (2001) first used the formal name of the discussed lithostratigraphic division to
describe the variegated shales from the Siary Subunnit of the Magura Nappe in the Sucha Beskidzka area.
They proposed to consider outcrops of the L.abowa Shale Formation exposed in Sucha Beskidzka along
the Stryszawka Creek as a further type section. Cieszkowski & Waskowska-Oliwa (2001) concentrated
especially on two of the thick-bedded sandstone levels interbedding the variegated shales and proposed to
divide them as a new formal division with the rank of lithostratigraphic members of the Labowa Shale
Formation. The lower level was named the Zurawnica Sandstone Member, and the upper the Skawce
Sandstone Member (cf. also: Cieszkowski et al., 2006, Cieszkowski & Waskowska, this volume).

Lithological development of the Labowa Shale Formation.

In its type area, the Labowa Shale Formation is represented by clayey, red and cherry-red, noncalcareous,
massive shales with intercalations of gray-bluish shales, with very thin-bedded silt-mud couplets,
occasionally with very thin sandstone turbidites showing Bouma’s Tcd subdivisions (Oszczypko, 1991).
In the Sucha Beskidzka area a very similar development of shale complexes of this formation have been
noticed, but here thick-bedded sandstone members occur (Fig. 2). In the lower part of the formation,
below the Zurawnica Sandstone Member red clayey massive shales dominate. In the middle part between
the discussed members and in the upper part above the Skawce Sandstone Member red shales are
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Figure 3. Outcrops of the Labowa Shale Member — upper part in the Stryszawka section. 1 — General view. 2 —
variegated (red, green and gray) shales with sandy intercalations. 3 — Cherry shales with very thin-bedded
sandstones. 4 — Zone with bentonite intercalation

intercalated with a different frequency with thin layers of green shales and occasionally by thin- or very
thin thin-bedded green quartz-glauconitic sandstones representing the turbidite Tcd subdivisions. Within
the Labowa Shale Formation occasional very thin intercalations of benthonites as well as manganiferous
mineralizations have been recorded. In the surroundings of Sucha Beskidzka, this formation is underlain
by the Ropianka Formation and overlain by the Beloveza Formation, but often directly by the Zembrzyce
Shale Member (Submagura Shales) of the Makow Formation (Cieszkowski & Waskowska-Oliwa, 2001;
Cieszkowski et al.,2006).

Sedimentation of the variegated shales of the Labowa Shale Formation took place below the CCD, in
quiet, hemipelagic conditions comparable to those of an abyssal plane. Occasional activity of low-density
turbidite currents took place. Only in the northemn part of the Magura Basin in the Siary Zone, an
increasing flux of high-density turbidity currents formed two levels of thick-bedded sandstones-the
Zurawnica and Skawce sandstone members-that formed a channel-lobe sedimentary system (Cieszkowski
& Waskowska, this volume).

The upper variegated shales of L.abowa Formation

Recently, outcrops of the L.abowa Formation in Sucha Beskidzka formed in the bed and banks of the
Stryszawka River (Fig. 3). They are located in the central part of the Sucha Beskidzka, north of the
railway station and in the eastern part between the hamlets Kotlinki and Ghuszki. The second are
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especially well exposed. During last several years, lowering of the erosional base of the river caused
removal of aluvial gravels filling the river bed and the deposits of the Magura Series were exposed.
Below the bridge in Gluszki at a distance of 0,5 km downriver it is possible to observe variegated shales
of the upper part of the Labowa Formation, folded and cut by a sequence of meso-scale faults. Red clayey
massive shales pass up the section into red intercalated by green. Within the massive red shales lamina 1—
5 mm thick of bentonites and manganese mineralisations occur. Manganese oxides occur in shales
especially in places with intense tectonic fracture density. Traces of malachite have also been noticed.
Occasional intercalations of thin- or very thin thin-bedded green quartz-glauconitic sandstones
representing turbidite Tcd subdivisions are more frequent in the upper part of the section. In uppermost
part of the formation, couplets of several thin-bedded sandstone layers intercalated by gray-green shales
developed as a Hieroglyphic bed-like facies are observed.

Upsection, the L.abowa Shale Formation passes into the Beloveza Formation, middle-late Eocene in
age, represented by light gray, thin- and medium-bedded, fine grained calcareous sandstones with parallel
and cross laminated Bouma (Tbcd and Tcd) sequences, intercalated by gray-bluish marly shales. Thin or
medium bedded intercalations of soft, light-gray marls and occasional thin layers of calciturbidites also
occur. In one place thick-bedded sandstones of the Skawce Sandstone Member arrive from below the red
shales. The contact between the red shales and the sandstones is not normal, but tectonic. The sandstones
formed a kind of horst delimited by a few faults.

METHODS

The Labowa Shale Formation has been studied in detail by the authors during the field investigation
carried out in the Sucha Beskidzka area in the last several years. The area was mapped and the sampling
for different analyses including also foraminifera. The material for biostratigraphical analysis (in number
of 30 samples) was taken from variegated shales from Skawce, Sucha Beskidzka PKP, Grygle, Zurawnica
and Bladzonka sections. Usually a few samples were picked from each locality in different parts of the
outcropping section of the Labowa Shale Formation, documenting the lower, middle and upper levels of
the variegated shales. Additionally, the upper shales were sampled in more detail, especially the part of
the sections containing bentonite intercalations in the Stryszawka section (10 samples from section is
described above). The mudstones or muddy siltstone samples (about 0,5 kg) were prepared using standard
micropaleontological methods (maceration in Glauber’s salt solution, sieving over a 63 um sieve, picking
foraminiferal specimens from residue).

RESULTS
Foraminifera of the Labowa Shale Formation from Sucha Beskidzka area
The Paleocene—Eocene time interval in the Magura Basin is associated with the sedimentation of
variegated shales of the Labowa Shale Formation (Oszczypko, 1991). The origin of this type of
sedimentation is first seen in the Siary Zone, in northern marginal part of the Magura Basin. Later this
sedimentation steeply covered other parts of the basin floor. The quiet sedimentation, mostly from free-
fall suspension, was favorable for development of foraminiferal communities. Therefore, the Labowa
Shale Formation is known as a micropaleontologically well-documented lithostratigraphic subdivision
(e.g., Bieda et al, 1967; Geroch et al., 1967; Jednorowska, 1966, 1968; Kender et al., 2005;
Ksiazkiewicz, 1974b; Jurkiewicz, 1967; Malata, 1981; Malata et al., 1996). Usually well-preserved,
abundant specimens and taxonomically diversified assemblages are known from this deposits.
Foraminiferal assemblages contain mainly agglutinated foraminifera, typical for deep water environments
below the CCD (Cieszkowski & Waskowska-Oliwa, 2001; Malata, 2000; Olszewska & Malata, 2006;
Waskowska-Oliwa, 2000), recognized as an autochtonous micro fauna.

Deposits of the Late Paleocene-middle Eocene time interval include a complete foraminiferal record.
In the lower variegated shale subdivision below the Zurawnica Sandstone Member, this is registered by
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Paleocene assemblages with Rzehakina fissistomata (Grzybowski) and Annectina grzybowskii
(Jurkiewicz). Assemblages of the middle variegated shale division are diverse and in stratigraphic order
contain assemblages with numerous Recurvoides, followed by Glomospira and Karrerulina, and finally
assemblages with Saccamminoides carpathicus Geroch. Such a succession of assemblages is connected
with uppermost Paleocene to Early Eocene time interval. The Late Paleocene Thermal Maximum (LPTM)
had a distinct affect on the composition of the deep water foraminiferal communities (Kennett & Stott,
1991; Miller et al., 1987, Pak & Miller, 1992; Thomas, 1998; Thomas & Shackleton, 1996; Tjalsma &
Lohman, 1983; Galeotti et al, 2004). Foraminiferal communities reacted to changes in the deep-water
environment caused by the mass extinction of benthic foraminifera. As a consequence, 16 species
disappeared in the Magura Basin (Olszewska & Malata, 2006), and post LP TM-crisis assemblages are
undifferentiated and dominated by Glomospira charoides (Jones & Parker). This oportunistic assemblage
gives way to a more varied assemblage with numerous Karrerulina conversa (Grzybowski) and
Karrerulina coniformis (Grzybowski) indicating more favorable life conditions (Bak, 2004). The
assemblages with numerous Reticulophragmium amplectens (Grzybowski) and Reophax pilulifer Brady
are characteristic for the sub division of variegated shales placed in section above the Skawce Sandstone
Member and indicate the middle Eocene age of shaly sedimentation. Westward in the Myslenice area, a
single Ammodiscus latus Grzybowski was found in this upper division of variegated shales.

Foraminiferal record of the Labowa Shale Formation (upper subdivision) in Stryszawka creek-
reference section

The uppermost variegated shale subdivision of the L.abowa Formation is well exposed in the banks of
Stryszwka creek in Stryszawa village. The foraminiferal assemblages from this locality are typical for the
Reticulophragmium amplectens biozone (zones after Olszewska, 1997) and contain only agglutinated
cosmopolitan deep-water forms. The index taxon is numerous and occurs to gether with Ammodiscus div.
sp., Ammolagena clavata (Jones & Parker), Bathysiphon spp., Glomospira div. sp., Karrerulina conversa
(Grzybowski), Recurvoides div. sp. and Thalmannammina subturbinata (Grzybowski), Reophax pilulifer
Brady, and numerous Pseudonodosinella elongata (Grzybowski), Paratrochamminoides div. sp. (P.
subcoronatus (Grzybowski)-common), Rhabdammina, Haplophragmoides walteri (Grzybowski),
Placentammina placenta (Grzybowski), Haplophragmoides kirki Wickenden, Cribrostomoides
subglobosus (Cushman), Subreophax pseudoscalaris (Samuel), Karrerulina coniformis (Grzybowski),
and Eggerella propinqua (Brady). As additional components radiolaria and single fish teeth were found
there. Rich and diversified assemblages developed in Magura Basin during slow deposition. The
sedimentation rate is estimated to be on the order of 15-220m/mln years (Oszczypko & Oszczypko-
Clowes, 2006).

In the Labowa Shale Formation (upper shale subdivision) numerous epifaunal species Ammolagena
clavata (Jones & Parker) attached to foraminiferal tests were found. Specimens of Ammolagena clavata
are observed with foraminifera belonging to epifaunal Rhabdammina, Ammodicus, and
Paratochamminoides, as well as it is attaching to some infaunal tests e.g., Reticulophragmium, Reophax,
Recurvoides and Karrerulina. Probably Ammolagena clavata settled on infaunal tests (dead foraminifera)
exposed on the surface of sediment (Kaminski ez al, 2009), during conditions of minimal delivery of
sedimentary material depositing on the basin floor.

The low sedimentation rate was favourable for the deposition of bentonites, and intercalations of thin
bentonite layers are observed within the variegated shales of the Labowa Formation. These are connected
with volcanic activity that produced volcanic ash falling to the sea floor in Eocene times. The upper
variegated shales sub division contains the most numerous bentonite layers. Deposition of bentonite in the
deep water of basin is reflected by very low supply of clastic material, consequently pyroclastics were not
diluted by terrigenous material. Reduced foraminiferal assemblages were
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Plate 1. Foraminifera from the Labowa Shale Formation (upper subdivision) in the Stryszawka section. 1 —
Ammodiscus cretaceus (Reuss). 2 — Glomospira gordialis (Jones & Parker). 3 — Glomospira glomerata
(Grzybowski). 4 — Glomospira charoides (Jones & Parker). 5 — Reophax duplex Grybowski. 6 — Reophax pilulifer
Brady. 7 — Pseudonodosinella elongata (Grzybowski). 8 — Pamatrochamminoides heteromorphus (Grzybowski). 9 —
Reficulophragmium amplectens (Grzybowski). 10 — Karrerulina coniformis (Grzybowski). 11 — Karrerulina
conversa (Grzybowski). Scale bar— 100um

observed in samples taken from benthonite layers. Usually dwarfed foraminifera with low taxonomic
diversity and numerous juvenile forms (especially many specimens of Reticulophragmium amplectens
(Grzybowski)), with an increased number of Glomospira charoides (Jones & Parker) were observed. This
type of assemblage is known as a crisis assemblage, reflecting local short-term environmental changes,
and were observed in Lower Eocene bentonites of the Subsilesian Sedimentary Zone in the Outer
Carpathians (Waskowska, 2011).
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In mudstone intercalations, a low diversity assemblage (represented by a few species only) is
observed, with dominant Reficulophragmium amplectens (Grzybowski) and Reophax pilulifer Brady,
occasionally rich Karrerulina conversa (Grzybowski). Generally the infaunal group dominates. Typical
for this assemblage is the occurrence rather large-size specimens with coarse-grained tests and a lack of
fragile foraminifera. This community reflects variable sedimentary conditions during the L.abowa Shale
deposition and represents episodes with an increased supply of clastic material to the floor of the Magura
Basin during the middle Eocene. Then, the barren samples with no microfauna correspond with intervals
when the sea floor was not recolonized after a catastrophic higher energy turbidic flow. In the uppermost
part of the Labowa Formation the thin-bedded sandstone intercalations occur more frequently
(Waskowska-Oliwa, 2000).

CONCLUSIONS

In the Sucha Beskidzka area, the Labowa Shale Formation is interbedded by two relatively thick sandy
complexes. They subdivide the section of variegated shales to three levels: lower, middle and upper. The
sedimentation of the Labowa Shale Formation lasted from the late Paleocene (Rzehakina fissistomata
zone — uppermost part) up to the middle Eocene (Reticulophragmium amplectens zone). The results of the
global LPTM event are recorded in the middle variegated shales, though the sequence of Recurvoides,
Glomospira, Karrerulina associations and assemblages are characteristic for Saccamminoides carpathicus
zone. Low sedimentation rate during the deposition of the £.abowa Formation is reflected in sedimentary
features of the sediments, especially in bentonites. It is likewise reflected in the very rich and
taxonomically diversified foraminiferal assemblages and particularly numerous specimens of
Ammolagena clavata Jones & Parker attached to the infaunal tests of other foraminifera. Detail sampling
shows that environmental conditions during the Labowa Shale Formation sedimentation were variable.
Foraminiferal communities existing on the floor of the Magura Basin were subjected to numerous crises.
Each episode (e.g., connected with the deposition of dilute pyroclastic material or a smalll amount of
sandy material) modified the taxonomical structure of the assemblages.
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First results from a planktic foraminiferal reconstruction of paleomonsoon events in the
Northeastern Arabian Sea during the last 25 kyr

Samereh ABDOLALIPOUR, Hartmut SCHULZ, Elena WOLFF and Michal KUCERA

University of Tiibingen, Germany, email: samereh.abdolalipour@studentuni-tuebingen

The Asian monsoon circulation consists of the Indian and East Asian subsystems. The Indian subsystem
is characterized by strong seasonally reversing winds from the ocean to land (SW-monsoon) and vice
versa (NE-monsoon). In order to reconstruct the paleoclimatic history of the monsoons, planktic
foraminiferal have been studied in sedimentary archives of the northern Arabian Sea. The monsoonal
winds cause seasonal upwelling in this region and the intensity of this upwelling has shown rapid
response to monsoon changes in the past. The present investigation is based on samples from SO 90-
93KL located on the top of the northern Murray Ridge, the core recovered in 7.5 m the last 25 kyr,
allowing the study of the response of the Monsoon system on centennial time scale. Here, we present the
first results from foraminiferal census counts in different size fractions as monsoon proxies to trace
paleomonsoon intensity changes as well as surface water productivity, caused by changes in the intensity
of summer monsoon-induced upwelling or winter deep mixing. The present results show distinct peaks in
pteropod corresponding preservation during the cold Heinrich events 1 and 2. Moreover, the relative
abundance of Globigerina bulloides as a summer monsoon indicator shows a strong increase at about
2000 years ago. Also the high relative abundance of Globigerina falconensis observed during the last 2
kyr, at 12 kyr (Younger Dryas) and at 21 kyr suggests increased winter deep mixing linked to the winter
monsoon during these intervals.

A new Cretaceous planktic foraminifera from the Jorband section, North Iran, with spines
and double keel

Samereh ABDOLALIPOUR '* and Behrouz DARVISHZAD 2

" Faculty of Geology, Tehran University, Tehran, Iran *Present address: University of Tiibingen, Germany;,
2 Faculty of Geology, Shahid Beheshti University, Tehran, Iran, email: samereh.abdolalipoun@student.uni-
tuebingen

In northern flanks of Alborz Mountains, on the southern side of Caspian Sea, the upper part of late
Cretaceous strata are mostly formed from milky to light grey marl and marly limestone. These
successions are characterized by calcareous foraminiferal assemblages dominated by the family
Globotruncanidae. The paleoenvironment of the studied area shows that the sedimentation took place in a
deep open marine basin during the Campanian-Maastrichtian. In order to develop a biostratigraphic
scheme and to reconstruct the environmental history, 91 samples were studied in both thin sections and
washed coarse fractions (in sieve fraction >63 pm). In total 111 species of planktic and bentic
foraminifera are recognized including a remarkable new form of planktic foraminifera with spine-like
elongations of chambers and a double keel. The most distinct feature of this taxon is the existence of
spine-like chamber elongations on each chamber with two spaced keels, separated by an imperforate
pustulose, wide carinal band. This taxon thus combines the diagnostic features of both Globotruncana and
Radotruncana. The species described here from outcrops of the Central Alborz Mountains was widely
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distributed in the late Campanian (Radotruncana calcarata Zone) warm water and survived in the cooler
conditions that prevailed during the Maastrichtian (Racemiguembelina fructicosa Zone).

Tying the regional neritic biostratigraphy of the North Sea to the oceanic record: an
improved microfossil zonation for the Neogene of the Nordic seas

Erik ANTHONISSEN

5353 Fannin St, Apt 1506 Houston, TX, 77004, USA, email: orbulina@gmail.com

The main foundation for biostratigraphic age interpretations of North Sea foraminiferal zonations has
been via extra-basinal correlation to high-resolution ocean drilling sites, in particular to the northeastern
Atlantic sites (King, 1989, Gradstein & Backstrom, 1996). Since the publication of these zonations a
significant amount of new ocean drilling data has become available, pointing to the need for a critical
update to the existing biochronology. A total of thirty-three ocean drilling sites (DSDP and ODP) together
with outcrop and industrial well data were used to construct a regional biostratigraphic framework for the
Nordic seas. This study incorporates a holistic philosophy to calibrating bioevents, applying an
ecostratigraphic approach to link the neritic microfossil record with that of the deep ocean. The result is
an improved multi-group microfossil biozonation for the Neogene of the Nordic seas set within the
context of the global oxygen isotope record and regional stratigraphic hiatuses.

References

Gradstein, F.M. & Backstrom, S.A. 1996. Cainozoic biostratigraphy and paleobathymetry, northern North Sea and
Haltenbanken. Norsk Geologisk Tidsskrift, 76, 3—32.

King, C. 1989. Cenozoic of the North Sea. In: Jenkins, D. G., Murray, J.W. (eds), Stratigraphical atlas of fossil
Foraminifera. Ellis Harwood, Chichester, 418—489.

Time Scale Creator Workshop: How to quickly create stratigraphic charts, explore Earth
history and even build your own datapacks

Erik ANTHONISSEN

5353 Fannin St, Apt 1506 Houston, TX, 77004, USA, email: orbulina@gmail.com

Time Scale Creator, a free JAVA package, enables you to explore and create charts of any portion of the
geologic time scale from an extensive suite of global and regional events in Earth History.

The internal database suite encompasses over 20,000 biologic, geomagnetic, sea-level, stable isotope, and
other events. All ages are currently standardized to Geologic Time Scale 2004, and to the Concise
Geologic Time Scale compilation of the International Commission on Stratigraphy and its
Subcommission on Stratigraphic Information.

Participants should try to bring their own laptop computers to the workshop as there will be limited extra
equipment. Participants are welcome to collaborate on the exercises and so share available computers. For
further details see www.tscreator.com.
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Quantifying changes in the Agulhas leakage fauna back to the last glacial: does the present
resemble the past?

Kristina L. ARTHUR and Frank J.C. PEETERS

Section Marine Biogeology, Faculty Earth and Life Sciences, VU University Amsterdam, De Boelelaan 1085, 1081
HYV Amsterdam, The Netherlands, email: kristina.arthur@falw.vu.nl

Indian—Atlantic transport of heat and salt South of Africa is considered an important part of the
thermohaline circulation. This inter-ocean exchange, commonly referred to as Agulhas Leakage, takes
place in the form of eddies which pinch off the Agulhas Current during retroflection. Based on modermn
plankton tow observations, a characteristic tropical-subtropical Indian Ocean planktic foraminiferal fauna
has been identified and used to reconstruct the history of Agulhas Leakage over geological timescales in
the Cape Basin (Peeters et al., 2004; Martinez-Méndez et al., 2010). In these reconstructions it is assumed
the Agulhas Leakage Fauna (ALF) did not change over geological time. To test this assumption, i.e. the
Agulhas Leakage Fauna did not change over Glacial Interglacial time scales, we have analysed the fossil
fauna from a sediment core located upstream beneath the Agulhas Current and within the Indian Ocean.
Defining variation in the past Agulhas Fauna will aid in the interpretation of palaeo-oceanographic studies
for the region. On the poster we will show the results of our efforts in better constraining the past Agulhas
Fauna in the upstream ‘source region’. We will discuss whether or not the ‘modern analog’ approach in
reconstructing past changes in the Leakage can be considered correct.
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Biostratigraphy and paleoecology of Lower Cretaceous bathyal deposits in the Papuan
Basin, Papua New Guinea

Sven BALMER

Institut fiir Geowissenschafien Universitit Tiibingen, Sigwartstr. 10, 72072 Tiibingen, Germany

The island of New Guinea lies on the northern margin of the Australian continental plate. Therefore the
sedimentary basins of PNG reflect the changes of the depositional settings of this continental margin.
During the Early Cretaceous, a thick sequence, of hemipelagic marine sediments were deposited over the
northern passive margin of the Australian plate. Due to the accretion of several island arcs and the
orogenesis, which started in the Middle Oligocene, those sediments are today exposed in the New Guinea
Mobile Belt. The Lower Cretaceous Chim Formation, a succession of dark grey mudstone/siltstone with
calcite nodules and occasional volcanoclasitics, crops out in the Wahgi Valley at the northem flank of the
Kubor Anticline. The Cretaceous succession of the New Guinea Mobile Belt was first dated to an Aptian
to Turonian age. The first detailed account of mid-Cretaceous Foraminifera was presented by Haig
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(1981); before that, only brief mention had been made of foraminifera in the Wahgi Valley. All the age
determinations are based on isolated samples and, as a consequence, neither the stratigraphic continuity
nor the paleoenvironmental development during the deposition of the Chim Formation, are fully
understood. By analyzing the foraminifera content of 34 samples from the Chim Formation collected over
3 transects, we show that the whole 3,5 km Thickness of the formation in our study area is of Albian age.
This is shown by the presence of several planktonic and benthic index foraminifera (e.g., Ticinella
raynaudi, Ticinella madecassiana, Berthelina cenomanica), whose occurrence range is restricted to the
late Albian. Previously conducted studies suggested an Albian/Cenomanian boundary extended through
the sample area, which we now can refute. Furthermore multivariate statistical analyses of the
foraminiferal counts and sediment properties revealed the presence of a major cycle, reflected by the
recurrent succession three bio- and lithofacies.

Two of the biofacies mirror the lithological properties of the formation. The third faunal zonation appears
within the one zone resembling the massive part of the formation, so that a common environmental cause
can be assumed. An interpretation of the foraminifera fauna and the sediment properties suggests a
transition from a more open marine environment towards a more restricted basin environment,
culminating in an extreme environment with a low foraminifera diversity and elevated values of total
organic carbon, which we, preliminary, correlate to the Oceanic Anoxic Event 1d.
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Palynostratigraphic investigation from the Upper Cretaceous Iharkit vertebrate fossil site
(Csehbanya Formation, Bakony Mts., Hungary) — problems with regional correlation

Viktoria BARANYI

Department of Palaeontology, Eotvés Lorand University, Budapest, Hungary, email: baranyi.viktoria@gmail.com

The primary aim of this study was to give the most precise age determination of the dinosaur bone
bearing layers of the fluviatile sediments of the Csehbanya Formation The bone bed layers yielded a well
preserved, diverse angiosperm dominated vegetation with the predominance of the Normapolles complex.
According to previously used palynostratigraphic scales (Goczan & Siegl-Farkas, 1990) the bone bed type
layers were deposited during the Oculopollis zaklinskaiae — Tetrcolporopollenites globosus Dominance
zone, in the Upper Santonian according to the correlation of the palynozones with CC16 Lucianorhabdus
cayeuxii Tethyan nannozone (Siegl-Farkas & Wagreich, 1996). These palynostratigraphic scales
consisted of dominance and assemblage zones based on the co-occurrence of several Normapolles pollen
and a few other taxa (e.g., T. globosus or Trilobosporites). The correlation of these results with other
playnostratigraphic scales was somewhat problematic because of the differences between the ranges of
Normapolles species in Europe and because of the inconsistency in the systematics of few Normapolles
genera, especially the Oculopollis group. The age determining Oculopollis zaklinskaie species is
mentioned only by restricted number of authors. Tetracolporopollenites globosus occurs only in
Hungarian and Austrian sediments. O. zaklinskaie is dominant in Santonian strata but with significant
differences in substage level even between similar Gosau type areas (e.g., Gosau Basin, Austria and
present studied area). In Hungarian strata the dominance of this species was typical for the Upper
Santonian, controversially it occurred in significant amount in the Lower Santonian strata of the Gosau
Basin (Hradecka et al., 1999) and in Northern Bulgaria (Pavlishina, 1999). This inconsistency can be
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explained several ways: for instance some forms have longer time range what makes impossible their use
as index fossil. Another explanation could be that at the studied areas the paleoenvironmental changes
were not synchronic, and the Normapolles bearing plants were able to migrate between the localities
according to their ecological niche. Another possible explanation is the archipelago effect. This effect can
also cause distinct vegetation accompanied by a distinct palynoflora in the hypothesised archipelago area
of the Tethyan Realm.

The questions of the regional palynostratigraphy made the Upper Santonian age of the bone bed layers
doubtful. The age might be somewhat older according to the occurrence of the species O. zaklinskaie in
the lower Santonian as well. The previously used palynostratigraphic scale by Goczan & Siegl-Farkas
(1990) enables correlation only on a local level.

This study was supported by a grant TAMOP 4.2.1./B-09/KMR-2010-0003.
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On some aspects of the detailed dinocyst stratigraphy of the “black flysch” (Pieniny
Klippen Belt of Poland)

M. BARSKI, B.A. MATYJA and A. WIERZBOWSKI

Institute of Geology, University of Warsaw, Zwirki i Wigury 93, PL-02-089 Warszawa, Poland

The palynologically studied samples come from three sections from unnamed creeks at Czorsztyn Dam
Lake at Podubocze near Czorsztyn where the dark calcareous shales with the sandstones intercalations
crop out. These deposits have been studied by Birkenmajer (1957) who used the term “flysch Aalenian”
for all these strata (replaced later by the Szlachtowa Formation of Birkenmajer, 1977) and attributed them
to the upper Toarcian and/or lowermost Aalenian. Recently, the organic-walled dinoflagellate cysts from
this section have been studied by Gedl (2008) who recognized two dinoflagellate cyst assemblages: an
upper Toarcian assemblage and a lower Bajocian assemblage. The shales studied by us yielded abundant
dinoflagellate cysts including Dissiliodinium giganteum and D lichenoides commonly occurring in almost
all samples and indicative of the lower Bajocian. Other cysts recognized, either show a wider
stratigraphical range, or are evidently redeposited from older deposits (Rhaetogonyaulax rhaetica of
Triassic age, Wittnadinium minutum of Early Jurassic age, Parvocysta nasuta of Toarcian to earliest
Aalenian age). Some of the studied samples are markedly enriched in cysts of the genus Nanno ceratopsis,
such as N. gracilis - a species known from the upper Pliensbachian to Bathonian. All the samples
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demonstrating postulated enrichment have been examined with blue light excitation to estimate the
autofluorescence of organic particles. This method is used to various forms of the organic matter in many
aspects. For coal petrologists this method used is to assess the proportions of the primary liptinitic
macerals versus diagenetic macerals (Radke ef al., 1980), whereas spectral measurements of the organic
matter fluorescence provide a quantitative proxy of thermal maturation for standard comparisons (van
Gijzel, 1981). Fluorescence color is often understood as a function of maturity, but significant variation
can just also reflect the degree of synsedimentary or diagenetic oxidative alteration (Tyson, 1995).
Studied samples yield two kinds of Nannoceratopsis gracilis specimens that markedly differ in
fluorescence colors: the first demonstrating dark orange colors and second characterized by bright yellow
colors. The bright yellow colors are shown by the lower Bajocian marker species of Dissiliodinium
giganteum and D lichenoides and this probably reflects the state of preservation of the younger - less
diagenetically changed organic walled dinocysts.

The specimens of Nannoceratopsis with dark orange colors found in the same samples are possibly
redeposited similarly as mentioned above Triassic and Early Jurassic cysts.
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Response of coccolithophorid assemblages to rapid cooling events in the seasonal upwelling
zone off NW Africa during the past 70 kyrs

Karl-Heinz BAUMANN' and Helge MEGGERS>

IDepartmentofGeosciences, University of Bremen, PO Box 330440, D-28334 Bremen, Germany, baumann @uni-
bremen.de; > MARUM, Center for Marine Environmental Sciences, University of Bremen, PO Box 330440, D-

28334 Bremen, Germany, meggers@uni-bremen.de

It is well known that abrupt massive discharges of Laurentide-derived icebergs-the so-called Heinrich
Events (HEs)-influenced the northern Atlantic Ocean during the last glacial period. Similar events have
been observed worldwide and are thought to be a remote response to the HEs, the signal being transported
either through hydrological means and/or through atmospheric tele-connections. However, the origin of
these events is still a matter of debate.

Here we explore low-latitude Heinrich events equivalents (HEEs) in a gravity core recovered from the
tropical western African margin off Cap Verde. The 70-ka-long record of sediment core GeoB9601 -3
(14,27°N/ 17,59°W, 1920m water depth, 7.4m core length) is characterized by generally high terrigenous
sedimentation and shows abrupt increases of total dust during the mentioned events. The alkenone-
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derived SST record indicates the presence of cooler surface waters during the HHEs (except of HHE3), as
well as during the Last Glacial Maximum and the Younger Dryas. In addition, the coccolith assemblage
obviously appears to be influenced by these events — the total numbers of coccoliths drastically decreased
and the composition of the dominant species changed during these stadials. While Emiliania huxleyi
together with the deep-dwelling and oligotrophic Florisphaera profunda dominated throughout most of
the glacial, the %-abundances of F. profunda and the cool-adapted G. muellerae as well as increased
during the HHEs. The reduction in absolute numbers most probably results from the dilution by the
enormously high input of dust. The changes in the coccolith assemblage composition (together with
planktic foraminifera), however, indicate cooler and productive surface water mass conditions, implying
that seasonal upwelling may be strengthened during the HHEs.

In summary, our data indicate that abrupt and relatively short-term changes in the sea-surface conditions
occurred off northwest African during the last glacial. A cooling of the surface waters, accompanied by
shifts in the composition of the coccolith assemblages, can probably been linked with arid conditions on
the adjacent northwest African continent most probably induced by substantial coolings of the subpolar
North Atlantic.

Radiolarian response on environmental perturbation across 1.8 Ma interval including the
Cenomanian—Turonian Oceanic Anoxic Event

Marta BAK
Institute of Geological Sciences, Jagiellonian University, Oleandry 2a, 30-063 Krakow, Poland

The 184 radiolarian species from deep-water settings in the Umbria-Marche and the Outer Carpathian
basins of the Western Tethys were used for interpretation of environmental changes during the late
Cenomanian through the Early Turonian time interval. The selected species represented various feeding
preferences and ecological strategies. An increase of radiolarian total number in the sediments related to
the Bonarelli Level (BL) displays a positive correlation with an increase of phosphors (P) content, and
with a significant decrease in radiolarian diversity. However, most of radiolarian species avoided levels
with high phosphorus content, in contrast to some species as Holocryptocanium barbui and
Cryptamphorella conara, increased significantly in number of specimens there. On the contrary,
diversified radiolarian assemblages appeared at levels, directly preceded by a notable phosphorus
increase, marking a period when the water system was saturated in relation to nitrogen.

The radiolarian abundance in the sediments was strongly related to their preservation during sinking in
the water column and at the water/sediment interface, increasing significantly at levels, marked by high
pellet production. Thus, pelletization played an important role in the transport of radiolarian skeletons and
their further preservation, irrespective to conditions of their growth.

The Cenomanian—Turonian Oceanic Anoxic Event did not result in great radiolarian extinction and
turnovers. The radiolarian radiation preceded the OAE2 onset by over 330 kyr. The extinction, directly
connected with the OAE?2 started ca 240 kyr before the end of the organic-rich sedimentation, coinciding
with the onset of enhanced sedimentation of diatom frustules, recorded in the siliceous part of the
Bonarelli Level. Since this period, a step-wise radiolarian extinction continued through the Early
Turonian. Many of the radiolarian species previously considered as terminating during the Bonarelli
Interval (BI), in fact outlived up to “post-Bonarelli” times, having their last occurrence above the BI or
even in the Early Turonian. In the case of the radiolarian fauna, the Bonarelli period caused the
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disappearance of many Lazarus taxa, which returned in almost their initial state during 940 kyr after the
BIL

Microfossils and trace fossils in sediments after the OAE 2
in the Polish Outer Carpathians

Krzysztof BAK’, Marta BAK?, Alfred UCHMAN?, Francisco RODRIGUEZ-TOVAR’

! Institute of Geography, Pedagogical University, Podchorqzych St. 2, 30-084 Krakéw, Poland; * Institute of
Geological Sciences, Jagiellonian University, Oleandry 2a, 30063 Krakéw, Poland; ® Departamento de
Estratigrafia y Paleontologia, Facultad de Ciencias, Universidad de Granada, 18002 Granada, Spain

Facies succession together with foraminiferal, radiolarian, trace fossil and geochemical records in the
Outer Carpathian sections reflect changing oceanographic conditions across the Cenomanian—Turonian
boundary in the deep-water basins of the northem part of the Western Tethys. An organic-rich
sedimentation (equivallent of the Bonarelli Level), related to the OAE 2 was replaced by manganese-rich
sediments and oxidized red and green strongly siliceous and manganiferous shales. Stable isotope data of
organic carbon from four sections in the Outer Carpathians (Bak, 2007a, b) and their comparison to the
orbital time scale across the Cenomanian—Turonian boundary (proposed by Sageman et al., 2006), show
that the beginning of sedimentation of the oxydized facies in the Outer Carpathian region took place ca.
200 kyr before the C—T boundary.

The base of the oxydized sediments, directly overlying the Bonarelli Level is an Fe-Mn layer (a few cm
thick) including rhodochrosite nodules, followed by variegated, strongly siliceous, manganiferous shales
(0.5-0.7 m thick) and a second Fe-Mn interval with rthodochrosite nodules (up to 2 cm thick). These
sediments represents an interval of extremely low sedimentation rate and even hiatuses, documented
additionally by thin ferrous crusts within the variegated sediments (Bak, 2006, 2007a, b).

Common components among microfossils within the variegated siliceous manganiferous shales are
radiolarians, which are concentrated in 0.5-3 mm laminae, occurring in intervals 0.5-3 cm thick.
Radiolarians skeletons occur also within the Fe-Mn nodules. Radiolarian assemblage in the oxydized
sediments contains oligotrophic species. Numerous diatoms and coccospheres confirm that conditions in
photic zone of water-column were preferable for nitrogen-fixing community. Fecal pellets occur
commonly in all types of deposits. Benthic foraminifers are extremely rare except for a one green shale
layer with a few 1 mm thick red shale laminae (2—6 cm above the top of the Fe—~Mn horizon) including
small conical-shaped agglutinated forms. Single small (<0.2 mm) benthic agglutinated foraminifers have
been also found in another two red shale layers higher in the section, including gerochamminids,
Trochammina sp. and Uvigerinammina sp. Macroscopically all variegated shales are massive, without
any bioturbation structures. However, the clay minerals chaotic arrangement points to cryptobioturbation
of this sediment (Uchman ef al., 2008).

The authors suggest that the restriction of the benthic micro- and macrofossil population during the
interval after the OAE 2 was caused by limitation in nutrient supply due to changes in water-column
productivity in relation to the Bonarelli equivalent interval, and extremely low sedimentation rate.
Unfavorable characteristics of bottom water and type of substrate could also deteriorate microfossils and
trace fossil preservation.
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Micropaleontological and sedimentological features of the Early-Middle Miocene
transition in north-western Transylvanian Basin
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The Early/Middle Miocene boundary can be studied in the northwestern Transylvanian Basin, at the
transition between the Lower Miocene deep-sea turbidites (Tischler, 2005, Filipescu & Beldean, 2008,
Beldean et al., 2011) and coarse-grained fan delta sediments grouped together in the Hida Formation, and
the Middle Miocene hemipelagites and volcanic tuffs of the Dej Formation (Popescu, 1970). Previous
studies considered that the Early/Middle Miocene boundary should be traced by a conglomerate (Popescu,
1975).

Three sections (Paglisa, Dej, and Ciceu-Giurgesti) have been investigated in the northwestern
Transylvanian Basin in order to identify the Early-Middle Miocene transition based on foraminifera. At
Paglisa, the sediments are mainly represented by fan delta deposits with high sediment input
(intercalations of microconglomerates, clays and sandstones). Micropaleontological assemblages are
poorly represented, except for a few samples where planktonic Streptochilus pristinum and benthic
Bolivina and Bulimina are present. The lower part of the Dej section (Répa Dracului) starts with
sandstones and mudstones followed by coarse-grained debritic flows and by the Dej Tuff at the top.
Planktonic Streptochilus has been identified in the lower part of the section, followed by typical Badenian
assemblages with Praeorbulina and Orbulina. A similar situation was observed at Ciceu-Giurgesti, with
the Streptochilus-Bolivina assemblage followed by Praeorbulina and finally Orbulina zones.

According to the standard stratigraphic definition, in Paratethys the Lower/Middle Miocene boundary
must be traced at the beginning of the Badenian transgression, respectively at the first occurrence of the
foraminiferal genus Praeorbulina. Our recent observations in the Transylvanian Basin (see also Beldean
et al., 2010) showed that the early stage of the transgression should be assimilated to the Streptochilus-
Bolivina abundance Zone, followed by an important bloom of Praeorbulina during the main phase of the
transgression. The biostratigraphic data have been recently calibrated with radio-isotopic measurements
for the upper part of the sections (de Leeuw, 2011).

The work was performed under the project “Innovative Postdoctoral programs for Sustainable development in a



Integrating Microfossil Records from the Oceans and Epicontinental Seas 75

Knowledge based Society”, contract code: POSDRU/89/1.5/5/60189, co-financed from the European Social Fund
through the Sectoral Operational Program for Human Resources Development2007-2013.
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Morphogroup analysis on deep-sea agglutinated foraminifera from the northern part of the
Tarcau Nappe (Eastern Carpathians, Romania)
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Agglutinated foraminifera from several sections from the northern part of the Tarcdu Nappe (Eastern
Carpathians, Romania) were examined in order to obtain data on the paleoenvironmental settings. All
identified micropaleontological assemblages are dominated by agglutinated foraminifera, which are
sometimes associated with calcareous benthic and planktonic taxa. The agglutinated assemblage consists
mainly of “flysch-type” assemblages (Kaminski ez al., 1988). Based on test shape differentiation proposed
by Nagy (1992), Nagy et al. (1995) and Van der Akker et al. (2000), the foraminiferal agglutinated
species have been split into three morphogroups. The deposits from Straja have been placed into the
lower Eocene Glomospira spp. Assemblage Zone. At Palma, the index taxon Rzehakina fissistomata
(Grzybowski) has been identified and for this reason we placed these deposits in the Paleocene Rzehakina
fissistomata Zone (Olszewska, 1997). The presence of'these particular assemblages provides good reasons
for correlations to the similar Paleocene-Eocene assemblages from the Polish Carpathians.

The work was performed under the programs co-funded by The Sectorial Operational Programme Human
Resources  Development, Contract POSDRU/CPPI107/DMI1.5/5/76841 - “Modern Ph.D. studies:
internationalization and interdisciplinarity”
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Middle—Late Pleistocene calcareous nannofossils as preservation and primary productivity
proxies in the North West Pacific Ocean (Shatsky Rise)
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Calcareous nannoplankton is one of the major producers of pelagic carbonates in the recent oceans and
contributes significantly to the primary productivity influencing the global climate system. In fact being a
phytoplanktonic group, it is able to convert CO, into organic matter (biological pump) but, at the same
time, to promote the CaCO; bulk through the production of biogenic calcite (carbonate pump). To better
understand the complex interactions between phytoplankton and climate system, the relationship among
preservation of fossil assemblages, palacoproductivity and glacial-interglacial cycles is now intensively
studied. This work, based on a quantitative micropalacontological approach, aims to evaluate the
calcareous nannofossil preservation and the primary productivity in the North West Pacific Ocean during
the Middle—Late Pleistocene. The studied material was recovered from the site ODP198-1209B located at
2387 m depth at the southern margin of the Shatsky Rise, an oceanic plateau east to Japan. The
Pleistocene calcareous nannofossil content is here studied in detail for the first time. A total of 109
samples were collected from the top of the core to 11 mbsf (meter below sea floor) with a sampling rate
of ca 10 cm and analysed in their nannofossil content under a polarized light microscope at 1000X
magnification. The studied interval records the last 0.785 Ma, inferred from magneto-biostratigraphic
data, with an estimated time averaging of about 7 kyr. Additional Scanning Electron Microscope (SEM)
analyses were carried out on random samples in order to check the absolute abundance of some proxy
species (like Emiliania huxleyi and Florisphaera profunda) for preservation and primary productivity.
The nannofossil associations are abundant, well preserved and diversified. The nannofossil dissolution is
evaluated using several indices proposed in literature that take into account the ratio between dissolution-
resistant and more delicate taxa. These indices are: the dissolution curve of Calcidiscus leptoporus
(Matsuoka, 1990), the NDI index (Marino et al., 2009), the CEX index (Dittert et al., 1999) and the
CEX’index (Boeckel & Baumann, 2004). The Fragmentation Index (FI) from planktic foraminifera, is
also evaluated only for 4 meters of the record. The C. leptoporus dissolution curve, the NDI and the FI
suggest good preservation throughout the succession, confirming the qualitative observations made during
the counting and their usefulness for the dissolution evaluation. The C. leptoporus curve and the NDI
show a correlation value of 097 and both, in tum, correlate for a value of about -0.68 the FI. The
resulting CEX and CEX’, on the contrary, show low correlation values with the other indices maybe for
an underestimation of the small specimens of E. huxleyi to the light microscope, suggesting a probable
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major usefulness for SEM collected data-base. The primary productivity, evaluated trough the N’ (Lopez-
Otalvaro et al., 2008) and the PP (Beaufort et al., 1997) indices both based on the relative abundance of
F. profunda, records several fluctuations throughout the core also remaining rather high. The PP index, in
particular, appears to be fairly positive correlated with the absolute abundance curve of calcareous
nannofossils and negatively with the abundance curve of F. profunda, which proliferates during low
nutrient intervals. Calcareous nannofossils appear, therefore, to be a major component of the primary
producers. Comparing these data with the benthic oxygen isotope curve for the Middle-Late Pleistocene
and therefore to the glacial-interglacial cycles, it is possible to observe carbonate dissolution maxima
mainly during deglaciations, whereas the maximum efficiency of the biological pump and the nanno fossil
abundance maxima are recorded in the glacial phases. In conclusion, during the glacial phases the CO,
sink is driven mostly by the shallow biological pump, partly buffered by the CO, producing carbonate
pump. On the contrary, during deglaciations the main mechanism of CO; sink is the carbonate dissolution
in the deep waters. It must be noted, however, that the oceans’ capacity to absorb atmospheric CO, is
further complicated by other parameters such as temperature, water dynamics, deep ocean carbonate
chemistry, climate and so on.

M icrofossil and geochemical evidences in reconstructing Pleistocene paleoceanography of
the South West Pacific (MD 97-2114 Chatham Rise)

M. BORDIGA, C.LUPI', M. COBIANCHI', N. MANCIN', V. LUCIANI?
and M. SPROVIERI’
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The research aims to reconstruct, through a multidisciplinary approach based on micropaleontolo gical and
geochemical analyses, the main paleoceanographic and paleoclimate changes that have influenced the
surface- and deep-water circulation in the South West Pacific Ocean (Chatham Rise, eastern New
Zealand) during the last 1 Myr.

The oceans are the largest ecosystem on Earth and best record global changes in climate and atmospheric
composition. Changes in the mean state of regional and global surface- and deep-water circulation
regimes both contribute to and are diagnostic of different states in the evolution of Pleistocene. Past
surface- and deep-water ocean circulation patterns may be mostly reconstructed using measurements of
biological and chemical properties. However, the interpretation of data is complex or ambiguous in
several cases and a multi-proxy approach to improve the comprehension of past changes has become
imperative. Given the importance of calcareous plankton (calcareous nannofossils and foraminifers) as
biomineralizers and important players in the biologic organic pump, the quantification of their changes in
abundances and taxonomy is an excellent proxy of past surface water-masses, as they are extremely
sensitive to temperature, fertili