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Abstract: Planktonic and benthic Foraminifera have been studied from the youngest deposits of the Krosno beds
in the inner part of the Silesian Nappe (Outer Carpathians) in the Bieszczady Mountains. The studied part of the
Krosno beds consists of Egerian (upper Oligocene–lower Miocene) flysch sediments, deposited within the Outer
Carpathian Basin, a part of the Central Paratethys. Two interval zones: Tenuitella munda Zone and Globigeri-

nelloides primordius Zone have been distinguished basing on the succession of planktonic Foraminifera. Additio-
nally, Paragloborotalia inaequiconica Interval Subzone has been defined within the first one. Occurrence of
calcareous nannoplankton, dinocyst assemblages and isochronous horizons of coccolith limestones (the Jas³o
Limestone and Zagórz Limestone) enabled correlation of the planktonic foraminiferal zones with chronostrati-
graphy. The boundary between the two distinguished zones corresponds to the base of NN1 nannoplankton Zone
(defined by the occurrence of Helicosphaera scissura) equivalent to the Oligocene/Miocene boundary. The base of
the P. inaequiconica Subzone corresponds to the position of the Zagórz Limestone, refferred to NP 24 Zone (early
Egerian).

The benthic foraminiferal assemblages are dominated by bathyal, calcareous, hyaline, smooth-walled taxa,
indicative of anoxic environment. The benthic assemblages remained relatively stable throughout the late Oligo-
cene and were more diversified during the earliest Miocene, most probably in response to the oxygenation of
bottom waters, due to the opening of new connections between the Central Paratethys and the Mediterranean
region.

Key words: Foraminifera, biostratigraphy, Egerian, Outer Carpathians, Central Paratethys, Bieszczady Moun-
tains.
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INTRODUCTION

Plate tectonic processes at the end of the Eocene were
the reason for the vanishing of the Western Tethys. The con-
tinuing collision of the European and African plates re-
sulted, among others, in the birth of the Paratethys Sea, in
front of the northwards advancing orogenic belts (Dercourt
et al., 1993). The Paratethys Sea had restricted connections
with the surrounding deep basins, mainly the Mediterranean
Sea (cf. palaeogeography by Rögl, 1998b), which led to the
evolution of largely endemic faunas and floras (cf. Jones &
Simmons, 1996), assigned to the Paratethys bioprovince.
This renders stratigraphic correlation between the estab-
lished standard Mediterranean and the Paratethyan stages
difficult (cf. Andreyeva-Grigorovich & Gruzman, 1994;
Rögl, 1998a; Garecka & Olszewska, 1998).

In the Polish part of the Carpathians, a restricted basin
(a part of the Central Paratethys Sea) with deposition of
organic-rich Menilitic Shales was formed at the beginning
of the Oligocene. During the early late Oligocene, this syno-

rogenic basin became filled with a thick series of micaceous
calcareous sandstones and grey marlstones, known as the
Krosno beds. These facies are diachronous across the Outer
Carpathian subbasins, including the older Fore-Magura,
Dukla, Silesian-Subsilesian, and Skole-Tarcau subbasins.

The present paper presents the significance of plank-
tonic Foraminifera in stratigraphy of the uppermost part the
Krosno beds in the Silesian-Subsilesian subbasin. These
sediments, which are youngest in this unit, have been stud-
ied within the eastern, internal part of the Silesian Nappe in
the Bieszczady Mountains, near the Polish/Ukrainian
boundary.

These results are a continuation of the author’s earlier
research (B¹k, 1999), undertaken in the area built up of the
thickest succession of flysch sediments, overlying the iso-
chronous coccolith limestone bands. These isochronous ho-
rizons are used here as markers for estimation of the stra-
tigraphical ranges of planktonic Foraminifera.



The biostratigraphical data on the youngest sediments
in this region are very scarce (Morgiel, 1972, 1973; B¹k et

al., 1998; B¹k, 1999). Most of thedata about the stratigraphy
of the Krosno-Menilite series come from more external
parts of the Outer Carpathians (e.g., Olszewska, 1982a,
1984a, 1985, 1998; Kotlarczyk & Kaczmarska, 1987;
Koszarski et al., 1995; Œlêzak et al., 1995; Garecka &
Olszewska, 1998).

GEOLOGICAL SETTING

The Silesian Nappe, one of the largest tectonic units of
the Outer Carpathians, belongs to the middle group of nap-
pes (the so-called Menilite-Krosno group). This nappe con-
sists of a succession of the Upper Jurassic through Miocene
flysch deposits. The southeastern part of the Silesian Nappe
in the Bieszczady Mountains is built up of at least a 3.5 km-
thick sequence of flysch deposits, represented by the
Krosno beds. These sediments include a series of Oligocene
thick-bedded sandstones (more than 1.5 km thick; the so
called Otryt Sandstones – used as a base for the division of
the Silesian Nappe in two parts: the inner, one called Biesz-
czady zone or Otryt-Bitla zone (with the Otryt Sandstones)
and the outer, one called Lesko-Turka zone (without them;
¯ytko, 1968, 1999) (Fig. 1A). The Bieszczady zone extends
westward to the Os³awa and Hoczewka Rivers (in Poland)
and eastward to the upper drainge basin of the Terebla River
(in Ukraine) over a distance of about 150 km (¯ytko, 1999).

Its southern limit is the overthrust of the Dukla Nappe; the
northern limit is defined by the outermost thrust sheets with
the Otryt Sandstones. The Bieszczady zone extends for 15
to 20 km in a transversal section, including several folds and
thrust sheets.

The study area lies within the DŸwiniacz Górny Syn-
cline (Haczewski, 1972; Haczewski et al., submitted to

print, A–D), which is the outermost fold within the Biesz-
czady zone of the Silesian Nappe (Fig. 1). This syncline
contains a thick series of the Krosno beds, dominated by
carbonate-rich, polymictic sandstones and grey marlstones.
In the Polish part of the Bieszczady Mts, the Krosno beds
have been subdivided into three informal lithostratigraphic
units (Fig. 2), named as the lower, middle and upper divi-
sions (¯ytko, 1968). The lower division of the Krosno beds
(up to 700 m thick) consists of medium- and thin-bedded
sandstones and marlstones. The characteristic feature of the
middle division (up to 1,300 m thick) is the presence of in-
tercalations of thick-bedded, polymictic sandstones – the
Otryt Sandstones. The upper division (up to 1,200 m thick),
whose uppermost part was examined during these studies,
consists mostly of non-fissile marlstones with convolute-
and cross-laminated, thin-bedded sandstones. Thick-
bedded, medium-grained, structureless sandstones, locally
including clasts of laminated mudstone and medium-bedded
ferroan dolomites are rare. Black, marly and non-calcareous
shales with 2–3 cm thick concretions (whirl-balls) occur
subordinately in a series of 1–2 m thick intercalations. The
highest part of the upper division in the DŸwiniacz Górny
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Syncline includes lenticular packages of thick-bedded,
medium-grained, massive and parallel-laminated sand-
stones (up to 30 m thick).

The middle part of the upper division of the Krosno
beds includes two horizons with coccolith limestone bands
– the Jas³o and the Zagórz limestones. The Jas³o Limestone
is present in two limbs of the DŸwiniacz Górny Syncline
(Fig. 1). It is situated 370 m above the lower boundary of the
upper division in the southwestern limb and 750 m in the
northeastern limb of the syncline. The Zagórz Limestone
occurs ca. 120 m above the Jas³o Limestone in the same
area. The Jas³o and Zagórz limestones are widely used as
isochronous regional markers within the Oligocene deposits
of the Outer Carpathians (e.g., Jucha, 1958, 1969; Koszarski
& ¯ytko, 1959, 1961; Jucha & Kotlarczyk, 1961; Ha-
czewski, 1984, 1989).

The micropalaeontological studies have been carried
out on the samples collected in four sections of the DŸwini-
acz Górny Syncline: the DŸwiniacz Górny, Kiczera Dy-
diowska, and Czeresznia sections (Fig. 1). The sections are
situated between the Pszczeliny (to the northwest) and
Tarnawa Ni¿na (to the southeast) villages, along the San
River (state boundary between Poland and Ukraine) and its
tributaries. Another section, located on the San River at the
site of the now-extinct village of DŸwiniacz Górny (B¹k,
1999) was additionally used in stratigraphic analyses.

DŸwiniacz Górny section

The section lies within the southwestern limb of the
DŸwiniacz Górny Syncline, along the left tributary which
flows from the Jeleniowaty ridge (Figs 3A, 4). It comprises
420 m thick deposits of the upper division of the Krosno
beds. The section includes two isochronous horizons of coc-
colith limestones. The first one, the Jas³o Limestone hori-
zon, consists of one layer of laminated micritic limestone,
about 20 cm thick, and a few laminated limestone layers,
1–12 mm thick, dispersed in 170 cm of grey marlstones with
some thin-bedded, parallel-laminated mudstones. Tectonic
disturbances in the shales point to a possible tectonic reduc-
tion within the Jas³o horizon at this section.

The Zagórz Limestone horizon consists of a character-
istic, 4 cm thick non-laminated limestone layer and a few
1–5 mm thick, non-laminated limestone layers dispersed in
120 cm of grey and dark-grey marly shales and rare, thin-
bedded laminated mudstones.

The uppermost part of the section, from which the mi-
crofossil data are presented here, lies 170 m above the
Zagórz Limestone. However, a small change in the strike of
the layers (see Fig. 3A) may suggest a tectonic shortening of
this succession.

Kiczera Dydiowska sections

Two sections have been sampled within the north-
eastern limb of the DŸwiniacz Górny Syncline (Figs 3B, 5).
They are situated along the San River, on both sides of the
Kiczera Dydiowska Hill, between boundary posts 316 and
325. The first section lies west of the Kiczera Dydiowska
Hill and includes a 190 m-thick succession of the upper di-

vision of the Krosno beds, with the Jas³o and Zagórz lime-
stone horizons. These horizons were described by Ha-
czewski (1971). The second section is situated in the eastern
part of San River meander. The sediments of this section,
1050 m thick, belong to the uppermost part of the upper di-
vision of the Krosno beds. Two packages, several dozen
metres thick, of thick-bedded (up to 2 m), medium-grained
massive and parallel- to convolute-laminated sandstones
with intercalations of grey marlstones occur in the upper-

FORAMINIFERAL BIOSTRATIGRAPHY OF THE EGERIAN FLYSCH SEDIMENTS 73

7
0

0
m

L
o

w
e

r
d

iv
is

io
n

0
-3

0
0

m

U
p

p
e

r
d

iv
is

io
n

1
3

0
0

m

M
id

d
le

d
iv

is
io

n

Zagórz Limestone

Thick-bedded
sandstones

Jas³o Limestone

Series
with exotics

9
0

0
m

N
P

2
4

-
N

P
2

5
N

P
2

3
N

P
2

5
-

N
N

1
N

P
2

3
-

N
P

2
4

L
O

W
E

R
K

IS
C

E
L

IA
N

L
O

W
E

R
-U

P
P

E
R

K
IS

C
E

L
IA

N
E

G
E

R
IA

N

K
R

O
S

N
O

B
E

D
S

Non-fissile marlstones with convolute- and cross-
laminated sandstones

Medium- and thin-bedded sandstones and marlstones

Thick-bedded sandstones (Otryt Sandstones) with
medium- and thin-bedded sandstones
and marlstones

Fig. 2. Lithostratigraphical profile of the the Krosno beds in the
eastern part of the Bieszczady Mountains (Poland) with calcareous
nannoplankton zonation (after Haczewski et al., A, submitted to

print)



most part of the section. These packages are a characteristic
element in all sections of the upper division of the Krosno
beds in the Bieszczady Mountains.

Czeresznia section

The section is situated on the left bank of the San River
east of the Czeresznia Hill, between boundary posts 334 and
338 (Figs 3C, 6). It includes the youngest part of the upper
division of the Krosno beds, above the Zagórz Limestone.

The Zagórz Limestone is poorly exposed in this section,
in the 0.5 m high Holocene terrace. The horizon includes a
characteristic, 4 cm thick, non-laminated limestone layer
and a few 1–8 mm thick limestone layers, dispersed in ca.
1.5 m of thick, grey, marly shales and thin-bedded,
parallel-laminated mudstones. The upper division of the
Krosno beds is 690 m thick in the Czeresznia section, in-
cluding in its uppermost part a 110 m thick package of

thick-bedded (up to 2 m), medium-grained, massive and
parallel- to convolute-laminated sandstones, bearing inter-
calations of grey marlstones.

MATERIAL AND METHODS

Twenty-six samples taken from three sections were col-
lected for foraminiferal studies (Figs 4–6). The samples
from these sections were examined earlier for calcareous
nannoplankton (Garecka in Haczewski et al., B, D, submit-

ted to print) and for dinocysts (Gedl; in Haczewski et al., B,
submitted to print). These data are used here for comparison
of stratigraphical ranges of planktonic Foraminifera. The
calcareous nannoplankton, dinocyst and – partly – forami-
niferal assemblagess were studied in the course of mapping
for the Detailed Geological Map of Poland (DŸwiniacz
Górny Sheet; Haczewski et al., submitted to print, B, D).
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The samples for foraminiferal analyses, 500–750 g
each, were dried and disintegrated in solution of sodium
carbonate. The material was then washed through sieves
with mesh diametres 63 µm and 1.5 mm. The microfauna
were picked from the 0.063–1.5 mm fraction and mounted
on cardboard slides for microscopic examination. At least
300 foraminiferal tests were picked, except for the samples
where Foraminifera were extremely rare.

The microfaunal slides are housed in the Institute of
Geography, Cracow Pedagogical University (collection No
10Sl).

RESULTS

The foraminiferal assemblages listed below are referred
to a few parts of the studied sections, whose boundaries
make up the isochronous regional coccolith limestone hori-
zons – the Jas³o Limestone and the Zagórz Limestone
(Koszarski & ¯ytko, 1959, 1961; Jucha & Kotlarczyk,
1961; Haczewski, 1984, 1986, 1989).

Foraminiferal assemblage below the Jas³o Limestone

Generally, foraminiferal assemblages are very scarce in
the Oligocene flysch sediments of the Krosno beds below
the Jas³o Limestone. Several samples taken from the studied
sections were devoid of Foraminifera. One sample included
pyritized moulds of originally calcareous benthic Foramini-
fera, including Fursenkoina mustoni (Fig. 7L–P), Bulimina

tenera (Fig. 8G, J), Chilostomella ovoidea, Allomorphina

trigona (Fig. 9J), Virgulinella chalkophila (Fig. 8E, F),
Praeglobobulimina pyrula (Fig. 9E), and single planktonic
forms, such as Globigerina praebulloides. One sample
taken a dozen metres below the Jas³o Limestone (s. Dyd-8;
Table 2) includes a very rich and diversified assemblage of
both planktonic and benthic Foraminifera. The planktonic
forms consist of numerous globigerinids, such as Globi-

gerina praebulloides (Fig. 11M, R), G. ouachitaensis

(Fig.11J–L), G. officinalis (Fig. 12M, N) and G. postcreta-

cea, as well as numerous small tenuitellids, mainly Ten-

uitella munda (Fig. 12C–E) and T. liverovskae, and a few
specimens of Paragloborotalia opima nana (Fig. 11D) and
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Subbotina praeturritilina (Fig. 11A). Benthic Foraminifera,
also diversified, consist of well preserved, pyritized, origi-
nally calcareous, hyaline smooth-walled forms. They are
dominated by Virgulinella chalkophila, V. karagiensis, Chi-

lostomella ovoidea (Fig. 9P), Allomorphina trigona and
Nonionella liebusi, accompanied by Bolivina subtumida, B.

ex gr. bayerichi (Fig. 10A), B. cf. molassica (Fig. 10B), Bu-

limina coprolithoides, B. elongata, B. tenera (Fig. 8G, J),
Praeglobobulimina pupoides, Anomalinoides granosus,
Biapertobis alteconicus, Cibicidoides sp., and Stilostomella

cf. emaciata (Fig. 7F).
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Fig. 5. Lithostratigraphic log of the Kiczera Dydiowska sections with ranges of planktonic Foraminifera



Foraminiferal assemblage from the Jas³o Limestone

Microfauna from calcareous shales within the studied
Jas³o Limestone horizons consists of abundant planktonic
Foraminifera whose numbers vary from sample to sample.
For example, sample Dyd-10 includes only planktonic
forms (Table 2), and the other samples are enriched in ben-
thic forms with scarce planktonic ones (ss. Dzw. 33, 12, 13;
Table 1). Taxonomically, the planktonic Foraminifera are
similar to those in the underlying sediments (Table 3), with
single specimens of new taxa, such as Globigerina anguliof-

ficinalis (Fig. 11B), Tenuitella brevispira (Fig. 10K), T.

evoluta, T. liverovskae (Fig. 10C, D), and Tenuitellinata an-

gustiumbilicata. The benthic assemblage is less diversified
and less numerous in comparison to the underlying deposits,
though there occur other forms, not found in the older de-
posits, belonging to Praeglobobulimina bathyalis (Fig. 9B,
D) and P. pyrula (Fig. 9E).

Foraminiferal assemblage from the Zagórz Limestone

Significantly less numerous and less diversified Fora-
minifera have been recovered from the shales around the
main, 4 cm thick, non-laminated coccolith limestone layer
of the Zagórz Limestone (Tables 1–3). Only single speci-
mens of Tenuitella munda, T. evoluta and Tenuitellinata an-

gustiumbilicata have been found there. In the neighbouring
San section at DŸwiniacz Górny (B¹k, 1999), the shales in-
clude also Paragloborotalia inaequiconica and Paraglo-

borotalia opima nana. Benthic Foraminifera are poorly di-
versified in this horizon, including numerous Virgulinella

chalkophila and V. karagiensis (Fig. 8D), and a few speci-
mens of Chilostomella ovoidea, Nonionella liebusi, Prae-

globobulimina sp., Stilostomella sp., and Bathysiphon sp.

Foraminiferal asssemblage above the Zagórz

Limestone

Planktonic Foraminifera are scarce and poorly diversi-
fied in the highest part of the studied sections above the
Zagórz Limestone (Tables 1–3). The most frequent species
is Globigerina praebulloides (Fig. 11N–P), accompanied (a
few specimens per sample) by Subbotina ex. gr. tapuriensis,
Tenuitella evoluta, T. munda (Fig. 12F, L), T. liverovskae

(Fig. 10C), Paragloborotalia inaequiconica, and Catapsy-

drax sp. (Fig. 12P). The planktonic assemblage differs from
that in the coccolith limestones in the occurrence of Para-

globorotalia inaequiconica. This species appears in the
Zagórz Limestone and occasionally occurs higher up in the
sections. The assemblage of benthic Foraminifera practi-
cally does not change. The most numerous are Virgulinella

chalkophila (Fig. 8E), Chilostomela ovoidea, Fursenkoina

mustoni (Fig. 7M, N, P), accompanied by Nonionella lie-

busi (Fig. 7H, I), Virgulinella karagiensis, Stilostomella cf.
emaciata (Fig. 7E), Laevidentalina communis (Fig. 7D),
and tubular agglutinated forms, such as Rhabdammina sp.
(Fig. 7A), Bathysiphon sp. (Fig. 7C), and Reophax sp. (Fig.
7B).

Foraminiferal assemblage from the youngest deposits

Three samples (Dzw-10, 20, 21), taken from deposits at
the top of the preserved sequence in the DŸwiniacz Górny

Syncline (SW limb) contain a more diversified and numer-
ous foraminiferal assemblage (Table 1). Planktonic Fora-
minifera and some benthic forms are only partly pyritized.
Planktonic foraminiferal assemblage includes a single
specimen, important for stratigraphy, of Globigerinoides

primordius (Fig. 12A, B), accompanied by Paragloboro-

talia inaequiconica (Fig. 10F–H), Tenuitella evoluta (Fig.
10E), T. munda, Globigerina praebulloides, G. postcreta-

cea, G. officinalis, G. anguliofficinalis, Subbotina connecta

(Fig. 10N), and S. praeturritilina.
Benthic Foraminifera are also more diversified. Some

taxa – ?Cyclophorina sp. (Fig. 7K) and Gyroidinoides ma-

milatus (Fig. 7J) – appeared here for the first time.

OTHER MICROFOSSILS

Radiolarians, diatoms and bolboforms

Pyritized radiolarian specimens are a subordinate com-
ponent in the microfossil assemblages (Tables 1, 2). Their
content varies from sample to sample in a wide range, up to
a dozen percent of the whole microfaunal assemblage,
though their number is very difficult to calculate, because of
their poor preservation. Silica was replaced by framboidal
pyrite (Fig. 13C). Consequently, a lot of spherical micro-
nodules, overgrown by large pyrite crystals resemble radio-
larian moulds.

Pyritized large diatoms are a significant component in
most samples (Tables 1, 2). Most of them are gonioid dia-
toms, angular in outline, represented by triangular speci-
mens of Triceratium sp. (Fig. 13I) and elliptical frustules of
Odontella? sp. (Fig. 13E, F). There are also discoid diatoms
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Table 1

Occurrence of microfauna in samples from the DŸwiniacz Górny and Czeresznia sections;
Z – Zagórz Limestone

Dzw
-16

Dzw
-15

Dzw
-33

Dzw
-12

Dzw
-13

Dzw
-29 Dzw

-25
Dzw
-24

Dzw
-23

Dzw
-10

Dzw
-20

Dzw
-21

Cz-3 Cz-5

Jas³o Limestone Z

Bathysiphon sp. 1

Rhabdammina sp. 30 1

Repmanina charoides (Jones & Parker) 1

Reophax sp. 1

Stilostomella cf. emaciata (Reuss) 1

Stilostomella sp. 1

Dentalina sp. 1 1

Laevidentalina communis (d'Orbigny) 1 1

?Cycloforina sp. 1

Catapsydrax sp. 1

Globigerinoides primordius Blow & Banner 1

Globigerina cf. anguliofficinalis Blow 1 1

Globigerina postcretacea Myatlyuk 1

Globigerina praebulloides Blow 2 1 5 1 1 149 3 17 22 5

Globigerina officinalis Subbotina 1

Subbotina connecta (Jenkins) 1

Subbotina praeturritilina (Blow & Banner) 1

Subbotina ex. gr. tapuriensis (Blow & Banner) 1

Tenuitella evoluta (Subbotina) 1 1 8 3

Tenuitella liverovskae (Bykova) 1

Tenuitella munda (Jenkins) 2 15 1 4 3 20

Tenuitella sp. 2 2 3 17 4

Tenuitellinata angustiumbilicata (Bolli) 1 1 2 2

Paragloborotalia inaequiconica (Subbotina) 5 6 3

Paragloborotalia sp. 1

Anomalinoides sp. 1

Gyroidinoides mamillatus (Andreae) 1

Bolivina ex. gr. bayerichi Reuss 1

Bolivina molassica Hofmann 3 1 1 1

Bolivina subtumida Hofmann 3

Bulimina tenera Reuss 3 4 10 1 1 2 5

Praeglobobulimina bathyalis (Reiser) 3 5 1

Praeglobobulimina pupoides (d'Orbigny) 4 2

Praeglobobulimina pyrula (d'Orbigny) 3 1 5 1 1 5

Praeglobobulimina sp. 4 1 3 4

Fursenkoina mustoni (Andreae) 9 2 27 1 7 22

Fursenkoina sp. 2 4 10 4 3

Virgulinella chalkophila (Hagn) 1 9 1 85 50 8 3 28 2 1

Virgulinella karagiensis Mikhailova 14 22 9 13 7

Virgulinella sp. 26 3 21 70 6

Nonionella liebusi Hagn 1 1 7 3 9

Chilostomella ovoidea Reuss 2 10 1 2 12 3 7

Chilostomella sp. 1 2 1

Allomorphina trigona Reuss 1 5



(Fig. 13H) and specimens with long linear-elliptical valves
(Pyxilia? sp.). The diatoms are abundant in the lower part of
the studied sections, mainly close to the coccolith limestone
horizons, and they are less frequent in the uppermost part of
the studied succession.

Single specimens of Bolboforma rotunda Daniels &
Spiegler (Fig. 13A, B) have been recorded from the young-
est sediments of the Krosno beds. This species is one of the
two taxa described from the Egerian and Eggenburgian
sediments of the Central Paratethys (cf., Spiegler & Rögl,
1992).

Calcareous nannoplankton and dinocysts

The samples from the studied sections were examined
earlier for calcareous nannoplankton content (Garecka; in
Haczewski et al., B, D, submitted to print) and for dinocyst
content (Gedl; in Haczewski et al., B, submitted to print).
Preliminary stratigraphic results of these studied have been
summarised by B¹k et al. (1998).

The Jas³o Limestone contains calcareous nannoplank-
ton assemblage dominated by Cyclicargolithus floridanus

(Roth et Hay; in Hay et al.) Bukry (Garecka; in Haczewski
et al., B, D, submitted to print). Rare forms of Coccolithus

pelagicus (Wallich) Schiller and Cyclicargolithus abisectus

(Müller) Wise are also present. The latter taxon is important
for the age assignment of the Jas³o Limestone horizon. The
FAD of C. abisectus is noted in the NP24 Zone sensu Mar-
tini (Bystrická, 1979; Báldi-Beke, 1984; Perch-Nielsen,
1985; Martini & Müller, 1986). Marlstones in the Jas³o
Limestone contain also numerous dinocysts characteristic
of the Oligocene, including abundant Homotryblium plecti-

lum Drugg & Loeblich Jr (Gedl; in Haczewski et al., B, sub-

mitted to print).
Calcareous nannoplanton in the marlstones of the

Zagórz Limestone horizon include poorly preserved and re-
crystallized forms with numerous Cyclicargolithus florida-

nus, C. abisectus, and forms transitional between C. abisec-

tus and C. floridanus (Garecka; in Haczewski et al., D, sub-

mitted to print). An occurrence of C. abisectus suggests also
the NP24 Zone for the Zagórz Limestone horizon, similarly
to the Jas³o Limestone.

The youngest sediments found at the top of the DŸwini-
acz Górny section contain calcareous nannoplankton, in-
cluding the species Helicosphaera scissura Müller, charac-
teristic of the Miocene (Garecka; in Haczewski et al., B, D,
submitted to print; B¹k et al., 1998). The occurrence of this
species in the oldest part of the Miocene (NN1 Zone) was
noted in other localities in the Polish part of the Paratethys
(Koszarski et al., 1995; Œlêzak et al., 1995).

Dinocysts from the youngest part of the studied sedi-
ments represent abundant and diversified assemblage in-
cluding forms known from the Oligocene (Gedl; in Ha-
czewski et al., B, submitted to print). On the other hand,
there are no forms of subfamily Wetzelielloideae, typical of
the Oligocene (cf. ranges of Wetzelielloideae by Ionescu &
Popescu, 1995), thus suggesting an age of these sediments
younger than the Oligocene.

STRATIGRAPHIC IMPLICATIONS

In the Paratethys (especially in the Central Paratethys),
the lower Oligocene deposits are distinguished as the Kisce-
lian stage, equivalent to the Mediterranean Rupelian and
lower part of Chattian stages. It is correlated with standard
planktonic foraminiferal zones P18 through P21 (without
the upper part of the latter, close to the LAD of Paraglo-

borotalia opima opima, within the NP24 nannoplankton
Zone) (Báldi, 1979). The upper Oligocene and lower Mio-
cene have been distinguished as the Egerian stage, correla-
tive with the Mediterranean Chattian (without its lower part)
and Aquitanian stages. The Egerian corresponds to the up-
per part of P21b through the lower part of M2 planktonic fo-
raminiferal zones, and to the uppermost part of NP24
through NN2 (without its upper part) calcareous nanno-
plankton zones (for discussion – see Rögl, 1998a). How-
ever, it should be stressed out that the Kiscellian/Egerian
boundary is being variously placed within the pelagic and
flysch deposits of the Paratethys. For example, it was placed
in the middle part of NP24 Zone in the �danice and
Pouzdrany units (Krhovský, 1998) and in the middle part of
P21 Zone in the Polish Outer Carpathians (Olszewska,
1998), which roughly corresponds to the middle part of the
NP24 Zone.
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Table 1 continued

Occurrence of microfauna in samples from the DŸwiniacz Górny and Czeresznia sections;
Z – Zagórz Limestone

Dzw
-16

Dzw
-15

Dzw
-33

Dzw
-12

Dzw
-13

Dzw
-29 Dzw

-25
Dzw
-24

Dzw
-23

Dzw
-10

Dzw
-20

Dzw
-21

Cz-3 Cz-5

Jas³o Limestone Z

Diatomae – Triceratium sp. 3 10 9 1 1

Diatomae – discoid morphotype 3 124 226 5 1 22 4 31 2

Diatomae – ?Odontella sp. 43 12 4 21 20 5 1 2 1

Diatomae – ?Pyxilia sp. 25

Bolboforma rotunda Daniels & Spiegler 1 4

spherical moulds of ?Radiolaria 180 5 230 12 1 1 2 1 1

echinoid spines 1 4 1 3
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Table 2

Occurrence of microfauna in samples from the Kiczera Dydiowska sections;
J – Jas³o Limestone; Z – Zagórz Limestone

Dyd-8
Dyd-10 Dyd-12

Dyd-13 Dyd-7 Dyd-6 Dyd-4 Dyd-5 Dyd-2 Dyd-1
J Z

Bathysiphon sp. 1

Rhabdammina sp. 47 440 1 124

Reophax sp. 1

Repmanina charoides (Jones & Parker) 1

Lagena cf. striata (d'Orbigny) 1

Stilostomella cf. emaciata (Reuss) 1

Stilostomella sp. 1

Nodosaria sp. 1

Globigerina anguliofficinalis Blow 6

Globigerina officinalis Subbotina 2

Globigerina ouachitaensis Howe & Wallace 1 13 1

Globigerina postcretacea Myatlyuk 1 3

Globigerina praebulloides Blow 103 190 1

Paragloborotalia nana (Bolli) 1 11

Subbotina praeturritilina (Blow & Banner) 1

Tenuitella brevispira (Subbotina) 2

Tenuitella evoluta (Subbotina) 1 1

Tenuitella liverovskae (Bykova) 1 1

Tenuitella munda (Jenkins) 10 72 1 2

Tenuitella sp. 40 90 1 6

Tenuitellinata angustiumbilicata (Bolli) 8 1

Bolivina subtumida Hofmann 1

Bulimina coprolithoides Andreae 2

Bulimina elongata d'Orbigny 2

Bulimina tenera Reuss 2

Praeglobobulimina bathyalis (Reiser) 1

Praeglobobulimina pupoides (d'Orbigny) 3 1

Praeglobobulimina pyrula (d'Orbigny)

Praeglobobulimina sp. 2

Fursenkoina mustoni (Andreae) 2 1

Virgulinella chalkophila (Hagn) 9 36

Virgulinella karagiensis Mikhailova 2 2

Virgulinella sp. 21 20 1

Nonionella liebusi Hagn 4 3

Chilostomella ovoidea Reuss 12 5 14 1

Anomalinoides granosus (Hantken) 2

Cibicidoides sp. 2

Biapertorbis alteconicus Pokorny 2

Allomorphina trigona Reuss 6

Diatomae – Triceratium sp. 1 1 1

Diatomae – discoid morphotype 5 44 4 4 4 4

Diatomae – ?Odontella sp. 12 4 6 1 4 1 1

Diatomae – ?Pyxilia sp. 1 1

Bolboforma rotunda Daniels & Spiegler 1

spherical pyritized moulds of ?Radiolaria 2 140 2 1

echinoid spines 3 50 1 18
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Fig. 7. Benthic Foraminifera in the upper division of the Krosno beds (Silesian Nappe, Polish Outer Carpathians): A – Rhabdammina

sp., sample Dyd-1; B – Reophax sp., sample Dyd-1; C – Bathysiphon sp., Dyd-1; D – Laevidentalina communis (d’Orbigny), sample
Czer-3; E, F – Stilostomella cf. emaciata (Reuss), E – sample Dyd-7; F – sample Dzw-13; G – Dentalina sp., sample Dzw-21; H, I – Non-

ionella liebusi Hagn, sample Dyd-13; J – Gyroidinoides mamilatus (Andreae), sample Dzw-20. K – Cycloforina sp., sample Dzw-20. L–P

– Fursenkoina mustoni (Andreae), L – sample Dzw-21, M, N, P – sample Dzw-13; O – sample Dzw-10. Scale bar – 100 µm
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Fig. 8. Benthic Foraminifera in the upper division of the Krosno beds (Silesian Nappe, Polish Outer Carpathians): A–D – Virgulinella

karagiensis Mikhailova, A–C – sample Dzw-33; D – sample Dzw-29; E, F – Virgulinella chalkophila (Hagn), E – sample Dyd-13, F –
sample Dzw-33; G–M – Bulimina tenera Reuss, G, J – sample Dzw-15, H, I, K–M – sample Dzw-13. Scale bar – 100 µm
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Fig. 9. Benthic Foraminifera in the upper division of the Krosno beds (Silesian Nappe, Polish Outer Carpathians): A–D – Praeglobobu-

limina bathyalis (Reiser), A – sample Dyd-13, B–D – sample Dzw-33; E – Praeglobobulimina pyrula (d’Orbigny), sample Dzw-33; F–I –
Praeglobobulimina pupoides (d’Orbigny), sample Dzw-20; J – Allomorphina trigona Reuss, sample Dzw-15; K–P – Chilostomella ovoi-

dea Reuss, K–O – sample Dzw-33, P – sample Dyd-8. Scale bar – 100 µm
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Fig. 10. Benthic and planktonic Foraminifera in the upper division of the Krosno beds (Silesian Series, Polish Outer Carpathians): A –
Bolivina ex gr. bayerichi Reuss, sample Dzw-13; B – Bolivina cf. molassica Hofmann, sample Dzw-13; C, D – Tenuitella liverovskae

(Bykova), C – sample Dyd-13; D – sample Dzw-33; E – Tenuitella evoluta (Subbotina), sample Dzw-20; F–H – Paragloborotalia inae-

quiconica (Subbotina), Dzw-20; I, J – Globigerina postcretacea Mjatliuk, Dyd-10; K – Tenuitella brevispira (Jenkins), sample Dyd-10; L

– Tenuitellinata angustiumbilicata (Bolli), sample Dyd-10; M – Subbotina ex gr. tapuriensis Blow & Banner, sample Dzw-24; N – Sub-

botina connecta (Jenkins), sample Dzw-20. Scale bar – 100 µm
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Fig. 11. Planktonic Foraminifera in the upper division of the Krosno beds (Silesian Nappe, Polish Outer Carpathians): A – Subbotina

praeturritilina (Blow & Banner), sample Dyd-8; B – Globigerina anguliofficinalis Blow, sample Dyd-10; C, D – Paragloborotalia opima

nana (Bolli), C – sample Dyd-10, D – Dyd-8; D–L – Globigerina ouachitaensis Howe & Wallace, D-I sample Dyd-10, J–L – sample
Dyd-8; M–R – Globigerina praebulloides Blow, M, R – sample Dyd-8, N–P – sample Dzw-24. Scale bar – 100 µm
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Fig. 12. Planktonic Foraminifera in the upper division of the Krosno beds (Silesian Nappe, Polish Outer Carpathians): A, B –
Globigerionoides primordius Blow & Banner, sample Dzw-20; C–L – Tenuitella munda (Jenkins): C–E – sample Dyd-8, F–L – sample
Dyd-10; M, N – Globigerina officinalis Subbotina, sample Dyd-8; O – Globigerina cf. angulisuturalis Bolli, sample Dzw-24; P –
Catapsydrax sp., sample Dzw-24. Scale bar – 100 µm



There are also some problems with defining the Oligo-
cene/Miocene boundary in the Paratethys. A proposal for
this boundary has been presented by Steininger (1994) – as
the boundary between chrons C6Cn2r and C6Cn2n, near the
FAD of Paragloborotalia kugleri (Bolli) and near the ex-
tinction of calcareous nannofossil Reticulofenestra bisecta

(base Zone NN1) (see also discussion by Rögl, 1996). Un-
fortunatelly, the usefulness of P. kugleri as a marker for this
boundary is limited by its palaeoecological restriction to the
tropical-subtropical belt. Because of such problems, there
are some attempts to propose other taxa within various
groups of microfossils as the markers of the Oligocene/Mio-
cene boundary in the Paratethys (e.g., Andreyeva-Grigoro-
vich & Gruzman, 1994; Ionescu & Popescu, 1995; Melinte,
1995; Akhmetiev & Zaporozhets, 1996).

Planktonic Foraminifera across the isochronous

coccolith limestones

Numerous planktonic Foraminifera were reported from
various localities of the Jas³o Limestone (Hanzliková &
Menèik, 1965; Olszewska, 1984b). Stratigraphic position of
this horizon was initially suggested as the base of the Rupe-
lian/Chatian transition (Olszewska, 1984b). Later, its posi-
tion was referred to the planktonic foraminiferal zone P21,
equivalent to the youngest part of the Egerian (Olszewska,
1998).

Calcareous nannoplankton data on the Jas³o Limestone
indicate its position within the NP24 Zone sensu Martini
(1971) (Krhovský, 1981; Jugowiec, 1996; Rusu et al., 1995,
1996), which was also confirmed in the studied sections
(Garecka; in Haczewski et al., B, D, submitted to print). It
means that the base of the studied sections may roughly cor-
respond to the base of the Egerian stage. The planktonic Fo-
raminifera from the Jas³o Limestone, described above, may
confirm this suggestion. The diversified assemblage does
not include Paragloborotalia opima opima, whose LAD is
near the Kiscellian/Egerian boundary (Báldi, 1979). This
species is not known from the Egerian deposits of the Aus-
trian and Polish sectors of the Central Paratethys
(Olszewska, 1984b; Rögl et al., 1998), and was noted from
the base of Egerian in the Ukrainian Carpathians only (Bo-
brinskaya et al., 1998).

The planktonic foraminiferal assemblages from both
the Jas³o Limestone and deposits underlying this horizon,
include numerous specimens of Tenuitella munda. This is
an index taxon of the acme zone established by Olszewska
(1997) for the upper Kiscellian and lowermost Egerian in
the Polish part of the Central Paratethys. According to this
author, the T. munda Zone spans P18–P21 standard zones,
and its top corresponds to the Jas³o Limestone (Olszewska,
1998). The data from the studied sections reveal high abun-
dance of this species also above the Zagórz Limestone (Ta-
ble 3); this species is present (as single specimens) even in
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Fig. 13. Microfossils in the upper division of the Krosno beds (Silesian Nappe, Polish Outer Carpathians): A, B – Bolboforma rotunda

Daniels & Spiegler, sample Dzw-20; C – pyrytized ?Radiolaria, sample Dyd-8; D – Triceratium sp., sample Dzw-29; E, F – ?Odontella sp.
E – sample Pr-1, F – sample Dzw-15; G – Diatomae indet gen sp., sample Dzw-29; H – Diatomae – discoid morphotype, sample Dzw-23; I

– Triceratium sp., sample Dzw-29; sample Dzw-20. Scale bar – 100 µm



the uppermost part of the succession, corresponding to the
Oligocene–Miocene transition.

Consequently, I propose to change the status of the
Tenuitella munda Zone from acme zone to interval zone.
Its lower boundary is defined by the FO of the index species
(not recorded here), and the upper boundary – by the FO of
the Early Miocene taxa (Globigerinoides primordius and G.

trilobus). Basing on the presented data, its upper boundary
is correlated with the Oligocene/Miocene boundary.

The other species appearing higher up in the succession
is Paragloborotalia inaequiconica, which has its FO in the
next higher isochronous horizon, the Zagórz Limestone (cf.,
B¹k, 1999). Olszewska (1997) proposed to distinguish an
acme zone of this taxon, which extends from the late Chat-
tian (FAD within the Jas³o Limestone) to the early Burdiga-
lian.

The data from the studied succession show that more
frequent occurrence of P. inaequiconica begins near the
Oligocene–Miocene transition and that in the underlying
deposits this species occurs only occasionally. Because of
its low frequency in the Oligocene part of the studied depos-
its, I propose to distinguish the P. inaequiconica interval

Subzone (within the Tenuitella munda Zone) (Fig. 14). Its
base is defined by the FO of this species, corresponding to
the isochronous horizon of the Zagórz Limestone, attributed
to the NP 24 calcareous nannoplankton Zone. The upper
boundary of this subzone is defined by the FOs of the Early
Miocene taxa.

Planktonic Foraminifera from the Oligocene–Miocene

transition

The uppermost part of the upper division of the Krosno
beds of the DŸwiniacz Górny Syncline contains a foramini-
feral assemblage that may be referred to at least the Oligo-
cene–Miocene transition or, most probably, to the lower-
most Miocene. This assemblage includes Globigerinoides

primordius, Paragloborotalia inaequiconica, Tenuitella

evoluta, T. munda and Subbotina connecta. The first species
in this assemblage may be used as a marker for the Oligo-
cene/Miocene boundary. Originally, G. primordius was de-
scribed from the tropical belt, from the Lower Miocene Glo-

borotalia kugleri Zone in Trinidad and from Sicily and East
Africa (Eames et al., 1962). Later studies, from both oce-
anic realms and high latitudes, confirmed its occurrence in
Lower Miocene (Aquitanian) foraminiferal assemblages
(e.g., from the type section of Aquitanian and Burdigalian in
France by Jenkins, 1966; or from the Ukrainian Carpathians
by Gruzman & Trofimovich, 1995). Single data from the
North Atlantic show that this species has its FO in the high-
est Oligocene (at the base of C6C Chron; close to the base of
NN1 Zone) (Miller et al., 1985; Miller & Katz, 1987).

I propose to distinguish the Globigerinoides primor-

dius interval zone, whose lower boundary is defined by the
FO of the index species (Fig. 14). All the other taxa men-
tioned above as occurring within this zone (P. inaequico-

nica, T. evoluta, T. munda and S. connecta), have been ear-
lier reported from the oldest Miocene assemblage in the Pol-
ish part of the Central Paratethys (Garecka & Olszewska,
1998).

An Early Miocene age of this zone is supported also by
the occurrence of Helicosphaera scissura, a calcareous nan-
noplankton species, one of the markers of the NN1 Zone
(Garecka; in Haczewski et al., B, D submitted to print; B¹k
et al., 1998). In the Romanian Flysch Carpathians and in the
Transylvanian Basin, this species has been used to distin-
guish the Oligocene/Miocene boundary, together with Heli-

cosphaera mediteranea, Spenolithus conicus and S. com-

pactus (Melinte, 1995; Rusu et al., 1995). In the Polish part
of the Central Paratethys, H. scissura appeared earlier than
H. mediterranea (Koszarski et al., 1995); both species are
noted together from the NN2 Zone (Olszewska & Garecka,
1998).

Additional confirmation for the age of this zone is pro-
vided by a dinocyst assemblage which does not include
forms from the subfamily Wetzelielloideae. The absence of

88 K. B¥K

Table 3

Occurrence of planktonic Foraminifera in the youngest deposits of the Krosno beds (DŸwiniacz Górny Syncline;
Silesian Nappe, Bieszczady Mountains) including data from the San section (B¹k, 1999)
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this subfamily above the Oligocene/Miocene boundary was
recorded in the Central Paratethys by Ionescu and Popescu
(1995).

PALAEOCOLOGICAL COMMENTS

Planktonic foraminiferal assemblages are dominated by
Globobigerina praebulloides and small (mostly 100–150
µm), microperforate foraminifers from genus Tenuitella

within the Tenuitella munda Zone (and P. inaequiconica

Subzone) (Table 3). These microperforate (0.5–0.8 µm)
taxa are known mainly from high latitudes (south and
north), where they constitute up to 90% of all planktonic Fo-
raminifera in the 150 µm size fractions in Oligocene and
Miocene samples (e.g., Li & Radford, 1991; Li et al., 1992).
These forms are cool-temperate indicators, as was docu-
mented by their abundance and isotope data from various
latitudes in the Oligocene–Miocene oceanic records (Spez-
zaferri, 1995). Such a composition of the planktonic Fora-
minifera assemblage is related to the position of the Central
Paratethys in temperate latitudes, its restricted connections
with the Mediterranean Sea and the Indian Ocean, and the
influence of cool waters from the North Sea Basin (cf.
palaeogeography by Rögl, 1998b).

The small changes in microfossil assemblages which
took place around the Oligocene–Miocene transition, were
caused probably by changes in palaeogeography. During the

earliest Miocene (NN1 to lower NN2 chrones), the configu-
ration of Central and Western Paratethys did not changed
significantly, compared to the Oligocene. However, the
connection with the North Sea Basin via the Rhine Graben
was closed and a broad connection between the Paratethys
seas and the Indian Ocean and the Mediterranean Sea did
exist (Rögl, 1998b).

SUMMARY

Stratigraphic distribution of the Egerian Foraminifera,
studied from the youngest sediments of the Krosno beds in
the Silesian Nappe in the Bieszczady Mountains, allows to
distinguish two zones: Tenuitella munda Zone and Globi-

gerinelloides primordius Zone and the Paragloborotalia in-

aequiconica Subzone. Tenuitella munda and P. inaequico-

nica were used earlier by Olszewska (1997) to define acme
zones. Unfortunately, their low frequency in deposits from
the internal part of the Silesian Nappe does not allow to rec-
ognize such zones. Consequently, I propose to change their
status and to distinguish them as interval zones and a sub-
zone. The boundary between the T. munda and G. primor-

dius zones is correlated with the base of the NN1 Zone. Be-
cause of the low stratigraphic resolution offered by the ex-
isting standard zonations in the marginal basins of the Pa-
ratethys, it is very carefully stated here that this boundary
corresponds to the Oligocene/Miocene boundary. The lower
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Fig. 14. Stratigraphic ranges of selected planktonic Foraminifera in the Central Paratethys; compilation for: 1 – Bavarian – Austrian Mo-
lasse Basin (Rögl et al., 1998); 2 – Southern Moravian Flysch Belt (Krhovský, 1998); 3 – Polish Carpathians (Olszewska, 1982b, 1997,
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stones and calcareous nannoplankton data. Central Paratethys stages followed after Rögl (1998a); calcareous nannoplankton zones after
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boundary of the T. munda Zone and the upper boundary of
the G. primordius Zone have not been recorded in the stud-
ied sections. The lower boundary of the P. inaequiconica

Subzone corresponds to the isochronous horizon of the
Zagórz Limestone (correlated with NP 24 Zone), and its up-
per boundary is the FO of G. primordius.

The benthic foraminiferal assemblages are relatively
persistent throughout the Oligocene, similarly to other tem-
perate zones in oceanic regions (cf. data from the North At-
lantic; Miller & Katz, 1987). They are dominated by ba-
thyal, calcareous, hyaline, smooth-walled taxa, known from
modern anoxic environments. The earliest Miocene assem-
blage displays higher diversity and a lower degree of pyriti-
zation, most probably related to the oxygenation of bottom
waters caused by the opening of new connections with the
Mediterranean Sea.
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Streszczenie

BIOSTRATYGRAFIA OTWORNICOWA

UTWORÓW EGERU P£ASZCZOWINY ŒL¥SKIEJ

KARPAT ZEWNÊTRZNYCH W POLSKIEJ CZÊŒCI

BIESZCZADÓW

Krzysztof B¹k

W pracy przedstawiono zespo³y otwornic egeru z najm³od-
szych utworów jednostki œl¹skiej w bieszczadzkiej czêœci Karpat
Zewnêtrznych. Otwornice planktoniczne by³y podstaw¹ do wy-
dzielenia poziomów biostratygraficznych, których granice zosta³y
porównane z danymi opartymi o wapienny nanoplankton (Ga-
recka; w: Haczewski et al., A, B, oddane do druku) i dinocysty
(Gedl; w: Haczewski et al., A, oddane do druku), a tak¿e odniesie-
niu ich do pozycji stratygraficznej dwóch chrohoryzontów – wa-
pienia jasielskiego i wapienia z Zagórza. Praca niniejsza jest kon-
tynuacj¹ badañ na tym obszarze (B¹k, 1999) i stanowi ich podsu-
mowanie.

P³aszczowina œl¹ska jest na obszarze Bieszczadów zbudo-
wana wy³¹cznie z warstw kroœnieñskich (Fig. 1, 2) o mi¹¿szoœci
ok. 3,5 km, w tym z ponad 1,3 km mi¹¿szoœci seri¹ zawieraj¹c¹
grubo³awicowe, grzbietotwórcze piaskowce otryckie. Ich obec-
noœæ w warstwach kroœnieñskich by³a podstaw¹ do wyró¿nienia
w tej czêœci jednostki œl¹skiej tzw. strefy bieszczadzkiej (lub strefy

Otryt – Bitla), której d³ugoœæ wynosi ok. 150 km, a szerokoœæ
15–20 km. W przekroju Bieszczadów strefa ta zbudowana jest
z kilku ³usek i fa³dów, wœród których synklina DŸwiniacza Gór-
nego zawiera bardzo mi¹¿sze i najm³odsze serie utworów fliszo-
wych. Dotychczasowe prace stratygraficzne na tym obszarze (Ha-
czewski et al., A, B oddane do druku) wskazywa³y na oligoceñski
wiek ca³ej serii warstw kroœnieñskich, w tym równie¿ warstw naj-
m³odszych.

W niniejszej pracy przedstawiono rezultaty opróbowania
najm³odszej serii warstw kroœnieñskich, tzw. warstw nadotryckich
(oddzia³ górny warstw kroœnieñskich), które wystêpuj¹ powy¿ej
serii z piaskowcami otryckimi. Warstwy nadotryckie (maks. mi¹¿-
szoœæ ok. 1050 m) tworzy seria silnie wapnistych, szarych i ciem-
noszarych ³upków marglistych, o charakterystycznej grubej (“my-
dlastej”) oddzielnoœci, prze³awicaj¹cych siê z wapnistymi, cienko-
³awicowymi, laminowanymi mu³owcami i piaskowcami. Lokalnie
wœród tej serii wystêpuj¹ grube ³awice piaskowców œrednioziar-
nistych, bezstrukturalnych oraz pojedyncze, czarne serie z wirow-
cami (o mi¹¿szoœci 1–2 m). W najwy¿szej czêœci warstw nadotryc-
kich wystêpuje jeden lub kilka soczewkowatych pakietów
piaskowców œrednioziarnistych, grubo³awicowych, z laminacj¹
równoleg³¹, przek¹tn¹ i konwolutn¹, o sumarycznej mi¹¿szoœci
ok. 30 m. W ni¿szej czêœci warstw nadotryckich wykartowano
ponadto 2 wa¿ne dla stratygrafii horyzonty wapieni kokolitowych,
tzw. wapieñ jasielski i wapieñ z Zagórza. W obrêbie badanych
utworów zosta³y one znalezione w obu skrzyd³ach synkliny DŸwi-
niacza Górnego. Wapienie te, znane z wielu miejsc w Karpatach
Zewnêtrznych s¹ poziomami korelacyjnymi (Jucha, 1958; 1969,
Koszarski & ¯ytko, 1959, 1961; Jucha & Kotlarczyk, 1961;
Haczewski, 1984, 1989), a w niniejszej pracy s¹ one wa¿nym ele-
mentem stratygrafii.

Analizy mikropaleontologiczne wykorzystano na próbach po-
branych z kilku profili w obrêbie wspomnianej synkliny, tj.: w pro-
filu DŸwiniacza Górnego (Fig. 3A, 4), w 2 profilach wokó³
Kiczery Dydiowskiej (Fig. 3B, 5) i w profilu Czereszni (Fig. 3C i
6). Ponadto wykorzystano dane z profilu Sanu w rejonie DŸwinia-
cza Górnego, bêd¹ce wczeœniej przedmiotem osobnej publikacji
(B¹k, 1999). Zespo³y otwornic opisano z kilku serii warstw nad-
otryckich, których granice stanowi¹ horyzonty wapieni kokoli-
towych oraz wydzielono dodatkowo najwy¿sz¹ czêœæ warstw na-
dotryckich, któr¹ charakteryzuje odmienny zespó³ taksonów.

Otwornice z serii poni¿ej wapienia jasielskiego zawieraj¹
nieliczny plankton otwornicowy, z charakterystyczn¹ form¹ Glo-

bigerina praebulloides. Liczniejsze s¹ spirytyzowane otwornice
bentoniczne, w tym Fursenkoina mustoni (Fig. 7L–P), Bulimina

tenera (Fig. 7G, J), Chilostomella ovoidea, Allomorphina trigona

(Fig. 8G–M), Virgulinella chalkophila (Fig. 8E, F), Praeglobobu-

limina pyrula (Fig. 9E). Tylko w jednej próbie (Dyd-8; Tab. 2) ze-
spó³ otwornicowy jest bardziej zró¿nicowany, zawieraj¹c m.in.
liczne otwornice planktoniczne nale¿¹ce do Globigerina praebul-

loides (Fig. 11M, R), G. ouachitaensis (Fig.11J–L), G. officinalis

(Fig. 12M, N), G. postcretacea, Tenuitella munda (Fig. 12C–E), T.

liverovskae, Paragloborotalia opima nana (Fig. 11D) i Subbotina

praeturritilina (Fig. 11A). Brak w zespole planktonu gatunku
Paragloborotalia opima opima mo¿e wskazywaæ, ¿e ta czêœæ serii
nale¿y do najstarszego egeru. Chocia¿ granica kiscelu i egeru jest
definiowna w opraciu o inne zespo³y fauny (Báldi, 1979) to w jej
pobli¿u ma miejsce ostatnie wyst¹pienie (LO) P. opima opima. Ma
to miejsce w obrêbie standardowego poziomu otwornicowego
P21b (Báldi, 1979; Rögl, 1998) i w obrêbie poziomu nanoplank-
tonu wapiennego NP24 (Báldi, 1979).

Zespó³ otwornicowy z wapienia jasielskiego jest bardzo
wzbogacony w plankton w stosunku do utworów ni¿ejleg³ych, jak
to zreszt¹ opisywano z innych stanowisk (Hanzliková & Menèik,
1965; Olszewska, 1984b). Taksonomicznie jest on podobny do ze-
spo³u opisywanego ze starszej czêœci warstw nadotryckich, a w ba-
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danych utworach zawiera dodatkowo takie formy jak Globigerina

anguliofficinalis (Fig. 11B), Tenuitella brevispira (Fig. 10K), T.

evoluta, T. liverovskae (Fig. 10C, D) i Tenuitellinata angustium-

bilicata. Wœród otwornic bentonicznych brak jest wyraŸnych
zmian; odnotowano natomiast wystêpowanie nowych taksonów,
Praeglobobulimina bathyalis (Fig. 9B, D) i P. pyrula (Fig. 9E).
Wapienny nanoplankton zdominowany przez Cyclicargolithus

floridanus wskazuje na poziom NP24 (Garecka; w: Haczewski et

al., A, B, oddane do druku), w oparciu o obecnoœæ Cyclicargo-

lithus abisectus. Z kolei zespó³ dinocyst zawiera bardzo liczne
formy z gatunku Homotryblium plectilum oraz inne, typowe dla
oligocenu, lub maj¹ce szerszy zasiêg stratygraficzny (Gedl; w:
Haczewski et al., A, B, oddane do druku).

Otwornice z wapienia z Zagórza s¹ znacznie mniej zró¿ni-
cowane ni¿ w ni¿ejleg³ym wapieniu jasielskim (Tab. 1–3). Znale-
ziono jedynie pojedyncze formy z gatunków: Tenuitella munda, T.

evoluta i Tenuitellinata angustiumbilicata, a w opisanym wczeœ-
niej profilu nad Sanem (B¹k, 1999), wystêpuj¹ ponadto Paraglo-

borotalia inaequiconica i Paragloborotalia opima nana. Bentos
otwornicowy jest równie¿ s³abo zró¿nicowany. Poza licznymi for-
mami z gatunku Virgulinella chalkophila i V. karagiensis (Fig.
8D) nielicznie wystêpuj¹ Chilostomella ovoidea, Nonionella lie-

busi, Praeglobobulimina sp., Stilostomella sp. i Bathysiphon sp.
Nanoplankton wapienny z ³upków w obrêbie wapienia z Zagórza
jest podobny jak w wapieniu jasielskim, wskazuj¹c równie¿ na
poziom NP24 (Garecka; w: Haczewski et al., A, B, oddane do
druku).

Zespó³ otwornicowy powy¿ej wapienia z Zagórza jest
bardzo ubogi (Tab. 1–3). Wœród planktonu dominuje Globigerina

praebulloides (Fig. 11N–P) a Subbotina ex gr. tapuriensis, Te-

nuitella evoluta, T. munda (Fig. 12F, L), T. liverovskae (Fig. 10C),
Paragloborotalia inaequiconica i Catapsydrax sp (Fig. 12P) wy-
stêpuj¹ pojedynczo. Udzia³ P. inaequiconica zwiêksza siê w górê
profilu. Zespó³ bentosu nie wykazuje zmian w stosunku do ze-
spo³ów starszych.

Zespó³ otwornicowy z najm³odszej czêœci warstw na-

dotryckich, znaleziony w SW skrzydle opróbowanej synkliny
zawiera Globigerinoides primordius (Fig. 12A, B), wskazuj¹cy na
sedymentacjê tej czêœci warstw nadotryckich w pobli¿u granicy
oligocenu i miocenu lub te¿ w najm³odszym miocenie (Miller et

al., 1985; Miller & Katz, 1987; Gruzman & Trofimovich, 1995;
Olszewska, 1997, 1998; Garecka & Olszewska, 1998). Wœród
planktonu otwornicowego wystêpuj¹ ponadto Paragloborotalia

inaequiconica (Fig. 10F–H), Tenuitella evoluta (Fig. 10E), T.

munda, Globigerina praebulloides, G. postcretacea, G. officinalis,
G. anguliofficinalis, Subbotina connecta (Fig. 10N) i S. praeturri-

tilina. Bentos otwornicowy jest podobny jak w utworach star-
szych, chocia¿ stwier- dzono te¿ nowe formy, nale¿¹ce do ?Cyclo-

phorina sp. (Fig. 7K) i Gyroidinoides mamilatus (Fig. 7J).
Wczesnomioceñski wiek tego zespo³u mo¿e potwierdzaæ ze-

spó³ wapiennego nanoplanktonu (Garecka; w: Haczewski et al., A,
B, oddane do druku), w którym wystêpuje Helicosphaera scissura,
gatunek opisywany z Centralnej Paratetydy od dolnej granicy
poziomu NN1 (Koszarski et al., 1995; Œlêzak et al., 1995; Melinte,
1995; Rusu et al., 1996). Zespó³ dinocyst (Gedl; w: Haczewski et

al., A, oddane do druku) równie¿ wykazuje pewne zmiany w sto-
sunku do oligoceñskiej czêœci, poprzez brak form nale¿¹cych do
podrodziny Wetzelielloideae, które zanikaj¹ w pobli¿u granicy oli-
gocenu i miocenu w utworach Paratetydy (Ionescu i Popescu,
1995). W tej czêœci warstw nadotryckich znaleziono równie¿ poje-
dyncze osobniki Bolboforma rotunda Daniels & Spiegler (Fig.
13A, B). Jest to jeden z dwóch gatunków wystêpuj¹cych w Cen-
tralnej Paratetydzie w utworach egeru i egenburgu (Spiegler &
Rögl, 1992).

Powy¿sza sukcesja otwornic planktonicznych stwierdzona
w profilu warstw nadotryckich stanowi podstawê lokalnej zonacji.

Gatunki w niej wykorzystane by³y wczeœniej u¿yte jako taksony
wskaŸnikowe dla poziomów rozkwitu, w zaproponowanej przez
Olszewsk¹ (1997, 1998) zonacji dla Karpat Zewnêtrznych.

W mojej opinii, ze wzglêdu na generalne ubóstwo fauny
otwornicowej w ca³ej serii warstw nadotryckich, nale¿y stosowaæ
poziomy biostratygraficzne oparte na ograniczonych zasiêgach ta-
ksonów indeksowych. St¹d te¿ proponujê, przynajmniej w lokal-
nej zonacji tej czêœci jednostki œl¹skiej wyró¿niæ dwa poziomy:
poziom ograniczonego zasiêgu Tenuitela munda (jego dolna gra-
nica to moment pierwszego pojawienia siê (FO) tego gatunku; nie
obserwowany w warstwach nadotryckich) i poziom ograniczonego
zasiêgu Globigerinoides primordius (jego dolna granica to FO
tego taksonu; jest to jednoczeœnie górna granica poziomu T.

munda). Dodatkowo, w obrêbie poziomu T. munda proponujê wy-
dzieliæ podpoziom ograniczonego zasiêgu Paragloborotalia inae-

quiconica (“pod” – ze wzglêdu na nieliczne wystêpowanie). Jego
dolna granica (FO tego gatunku) wystêpuje w obrêbie poziomu
wapienia z Zagórza, natomiast górna – odpowiada dolnej granicy
poziomu G. primordius.

Wapienny nanoplankton wskazuje, ¿e granica pomiêdzy po-
ziomami T. munda i G. primordius wystêpuje w sp¹gu NN1, czyli
w pobli¿u granicy (lub na granicy) oligocenu i miocenu. Ta ostro¿-
noœæ w definiowaniu granicy paleogenu i neogenu wynika z faktu,
¿e brak jest dotychczas danych paleomagnetycznych z tej czêœci
Paratetydy, które pozwoli³yby odnieœæ zonacje otwornicowe i na-
noplanktonowe do zaproponowanej przez IUGS (Steininger;
1994) definicji tej granicy (jest to granica pomiêdzy chronami
C6Cn2r i C6Cn2n). Brak jest te¿ jednoznaczych korelacji biostra-
tygraficznych rejonu Centralnej Paratetydy i obszarów prowincji
tropikalnej i subtropikalnej, gdzie zarówno mikrofauna, jaki i na-
noflora reprezentowane s¹ przez bardzo ró¿ne zespo³y, a takson
zaproponowany jako marker granicy oligocenu i miocenu, Para-

globorotalia kugleri (Rögl, 1996) nie jest w ogóle znajdowany
w utworach Centralnej Paratetydy.
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