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The Tylawa Limestones — a regional marker horizon in the Lower Oligocene
of the Paratethys: diagnostic characteristics from the type area
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Three units of laminated coccolith limestone are used as regional chronohorizons in the Oligocene of the Outer Carpathians. Two of them
—the Tylawa Limestones and the Jasto Limestone — display a similar type of lamination and their discrimination is in some cases prob-
lematic. We provide a detailed mesoscopic and microscopic lithological description of the Tylawa Limestones from the type locality at
Tylawa and from Rudawka Rymanowska — the best exposure in the Polish Carpathians. The finely laminated limestone layers are up to
5.5 cm thick and are dispersed through a section more than 100 m thick. They are grouped in clusters. They differ from the younger Jasto
Limestone in: (1) an absence of foraminifers, (2) a mass occurrence of Reticulofenestra ornata Miiller, (3) the presence of voids after
pennate diatoms, (4) dark laminae which are more pronounced than in the Jasto Limestone.
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INTRODUCTION

The Oligocene—-Lower Miocene deposits of the Outer
Carpathians are up to ca. 2 km thick and make up as much as a
half of the entire Upper Jurassic through Lower Miocene suc-
cession of the Outer Carpathian fold-and-thrust belt. These
synorogenic deposits were laid down in a basin whose commu-
nication with the open ocean became restricted in the Early
Oligocene (Oszczypko, 2004). The Oligocene sequence con-
sists of a variety of diachronous and laterally variable facies,
from organic-rich black shales to coarse-grained gravity-driven
mass-flow deposits. The sequence is poor in stratigraphically
useful fossils and the presence of many endemic forms pre-
cludes precise biostratigraphic correlation with the coeval
strata of the open ocean. This is why thin intercalations of pe-
lagic coccolith limestone, concentrated in distinct isochronous
horizons, have been extensively used as regional stratigraphic
markers between various tectonic units and facies since the
middle of the 20th century (see Jucha, 1957; Jucha and
Kotlarczyk, 1958; Slaczka, 1959a, b; Koszarski and Zytko,
1961; Jucha, 1969; Haczewski, 1984, 1989; Melinte, 2005;
Kotlarczyk et al., 2006). Three of these horizons (Tylawa, Jasto

and Zagorz horizons) have been recognized and mapped along
nearly the whole length of the Carpathians, while a few others
have been distinguished and named locally.

The limestones occur as millimetric to decimetric layers of
coccolith limestone. In most sections they are split by clastic
deposits that are usually much thicker than the limestone
themselves. Correlation of laminae in the Jasto Limestone has
shown that the clastic rocks represent event deposits, and the
laminated limestone represents the bulk of the geological time
during which the limestone unit was laid down (Haczewski,
1989). The laminae in the Jasto Limestone and Zago6rz Lime-
stone have been correlated across the major tectonic units and
facies zones of the Outer Carpathians over distances up to
550 km. Because of this the limestone horizons have been ac-
cepted as chronohorizons (sensu Racki and Narkiewicz,
2006). Some general mesoscopic characteristics help distin-
guish the limestones from the three major horizons. These
characteristics include: type of lamination, abundance of fish
remains, and presence of planktonic foraminifers. There are,
however, many localities where identification of “Jasto-like”
limestones is uncertain (e.g., Kordb and Kotlarczyk, 1977).
This is because of: (1) heavy alteration of limestone by silici-
fication, dolomitization, weathering, or tectonic fracturing,
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(2) substantial clastic admixture in the limestone that obscures
the identity of laminae, (3) the limestone layers being too thin
to study their lamination or faunal content, and (4) the pres-
ence of limestone layers not belonging to the previously de-
fined horizons. The correlation of laminae in the Jasto and
Zago6rz limestones helps to overcome difficulty (1) in many
cases, even when limestone fragments are found loose
(Haczewski, 1984, 1989). Clastic admixture may resultin un-
even thickening and loss of definition of individual laminae,
making them useless for correlation.

The Tylawa Limestones seem to be involved in most of the
doubtful cases. Even if fine, regular lamination, abundance of
fish and the lack of planktonic foraminifers are valid distinctive
characteristics in classical good exposures of typical Tylawa
Limestones, the lack of fish remains or foraminifers may reflect
a fortuitously barren fragment of elsewhere fossiliferous rock
at localities where only thin limestone layers, or small loose
fragments of weathered limestone are present.

We provide here a detailed description of the structure of
the Tylawa Limestones as seen mesoscopically as well as in
optical and electron microscope images, with the aim of pro-
viding better criteria for their identification. We use material
from the original locality at Tylawa and from the best exposure
at Rudawka Rymanowska.

CONCEPT OF THE TYLAWA LIMESTONES

Thin layers of coccolith limestone in the Carpathian Flysch
have been first noticed and reported by Uhlig (1882) near Jasto
in a sandstone-and-shale turbidite sequence of the Krosno
Beds. He soon found similar limestones around Bochnia within
dark bituminous shales of Menilite type (Uhlig, 1884). He re-
ferred to them as “...those characteristic, fish-bearing calcare-
ous shales from Jasto”. This is the first use of the coccolith
limestones in the Carpathian Oligocene as a regional marker
between various facies.

The Uhlig’s term “Kalkschiefer von Jasto”, after translation
to Polish and leaving out the “Kalk” part, has turned into “tupki
jasielskie” (Jasto Shales) and was used for whitish-weathering
platy limestones found at various localities. The finding that the
limestones are extensive regional chronohorizons, among the
facies units earlier considered as time-units, became a major
break-through in the stratigraphy of the Outer Carpathians
(Shakyn, 1958; Jucha and Kotlarczyk, 1958; Koszarski and
Zytko, 1959). Three separate horizons of “Jasto Shales” were
traced over large areas. Jucha (1957) compiled information on
the spatial and stratigraphic distribution of the limestones and
noticed that strata resembling the “Jasto shales” occur also in
the lower part of the Oligocene sequence in the inner part of the
Silesian Unit (at Rudawka Rymanowska). Slaczka (1959a, b)
found these limestones in the outer part of the Dukla Unit and
described them as finely laminated limestones similar to the
Jasto Shales. He also noticed that the Jasto Shales proper, situ-
ated higher in the stratigraphic sequence, are rich in
globigerinids. In his monograph on the Dukla Unit, Slaczka
(1971) confirmed the persistent stratigraphic position of the
“Tylawa Shales” in the frontal part of the Dukla Nappe.

Studies on the abundant fish fauna in the Tylawa Lime-
stones revealed that this, in the narrow stratigraphic interval
encompassing the Tylawa Limestones, is clearly distinct from
fish assemblages below and above (Jerzmanska and
Kotlarczyk, 1968, 1981; Kotlarczyk et al., 2006).

Jucha (1969) introduced the name “lupki tylawskie”
(Tylawa Shales) for the oldest horizon, after the classical local-
ity in the Dukla Unit. Many mapping geologists (including A.
Slaczka, pers. comm. to GH, 1998) suggested that the Tylawa
Shales occur as several separate limestone horizons,
stratigraphically close to one another. The fine, distinct lamina-
tion in the Tylawa Limestones has not been convincingly corre-
lated over distances greater than ca. 20 km and the Tylawa
Limestones seem to represent recurrent episodes of coccolith
limestone deposition. That is why Haczewski (1989, pp.
442-443), presenting a typology and nomenclatural scheme for
the three major chronohorizons of coccolith limestone, named
the Tylawa Limestones in plural, in contrast with singular
names for the Jasto Limestone and Zagorz Limestone. The
Tylawa Limestones in their type area occur as millimetric to
centimetric layers of coccolith limestone with a total thickness
up to ca. 50 cm and are often grouped in clusters of closely
spaced layers, all enclosed in a sequence of host sediments up
to ca. 100 m thick.

Similar laminated limestones have been found at a similar
stratigraphic position in other areas of the Silesian Unit, in the
Subsilesian and Skole units, and referred to the Tylawa Lime-
stones horizon (Koszarski and Zytko, 1959; Jucha, 1969;
Kotlarczyk, 1977, 1988; Kotlarczyk et al., 2006). The Tylawa
Limestones occur in the lower part of the Menilite Beds in
nannoplankton zone NP 23 of Martini (1971) (see Krhovsky,
1981). The distinctive fish assemblage was used to define
biozone IPM2 in the ichthyofaunal succession (Jerzmariska and
Kotlarczyk, 1968, 1981; Kotlarczyk et al., 2006). Equivalents
of the Tylawa Limestones have been recognized in the Alpine
foreland basin in Austria (Miller and Blaschke, 1971; Schulz et
al., 2005), in the Outer Carpathians from the Czech Republic,
through Poland, Slovakia and Ukraine to Romania
(Kotlarczyk, 1961; Koréb and Kotlarczyk, 1977; Haczewski,
1989; Krhovsky et al., 1992; Melinte, 2005; Melinte-
Dobrinescu and Brustur, 2008). Their recognition was based on
the presence of laminated limestones in the lower part of the
Oligocene succession, and was supported by data from fish,
nannoplankton or both (see references above). Nannoplankton
is usually preferred to fish as a means of rapid biostratigra-
phical diagnosis, but disintegration of the Tylawa Limestones
for nannoplankton analysis usually results in samples described
as barren of coccolithophores (see Ciurej, 2009).

Possible analogues of the Tylawa Limestones have been
described from the successions in other parts of Paratethys
Basin, east of the Carpathian area, mainly in the Caucasian re-
gion (Nagymarosy and Voronina, 1992; Muzylev et al.,
1992). Published descriptions seem to suggest that the num-
ber and thickness of the laminated limestone layers increase to
the south and south-east. The lithological descriptions pro-
vided in this paper may be used to evaluate the similarity of
these deposits to the Tylawa Limestones. Besides the
lithological similarities, the nature of the fish assemblage typi-
cal of the IPM2 zone of Kotlarczyk et al. (2006) should be
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considered a required diagnostic feature of any possible
equivalents of the Tylawa Limestones.

METHODS

Sections with the Tylawa Limestones have been logged in
the field at a scale of 1:10. Oriented (top-and-bottom) samples
were taken from the complete thickness of the Tylawa Lime-
stones and from the directly adjacent host strata of each lime-
stone layer. The limestone samples were cut perpendicular to
stratification and photographed in uniform lighting conditions.
The photographs were digitally assembled into a continuous
sequence of the laminated limestones from each locality, repro-
duced at the same scale.

Mesoscopic lithological description of the limestones was
made millimetre by millimetre from the bottom to the top of
each section on the cut and polished surfaces of the limestone
layers. Microscopic examination was made on standard uncov-
ered petrographic thin sections cut perpendicular to lamination
and diagonally, at an angle of 50° to lamination in order to
better separate various levels within the laminae. The thin sec-
tions were studied with an Olympus SZX9 (transmitted light)
polarizing microscope with a digital camera (Olympus
U-TVO.5XC-2) steered by a computer using Analysis software
and using a scanning electron microscope (SEM), using vari-
ous modes of observation: charge contrast imaging (CCI) and
back-scattered electrons (BSE). More technical details are
given in Ciurej (2010). The SEM-CCI method allows study of
anatomical details of calcareous nannofossils in strongly ce-
mented samples that were regarded as barren of nannoplankton
after standard separation treatment for calcareous nannofossils
(Ciurej, 2009).

DETAILS OF THE TYLAWA SECTION

The Tylawa locality is generally accepted (Jucha, 1969;
Slaczka, 1973a, 1977) as the type locality of the Tylawa Lime-
stones. The exposure lies in the eastern part of the Polish
Carpathians, on the right bank of the Jasiotka River, ca. 1 km
east of the international road E371 between Svidnik (Slovakia)
and Dukla (Fig. 1). The lower part of the Menilite Beds of the
Dukla Unit, exposed there, includes, from bottom to top: the
Mszanka Sandstones, the Sub-Cergowa Marls (equivalent to
the Dynéw Marls) and the Cergowa Beds. The Cergowa Beds
are bipartite in this section, with the lower division of the thick-
and thin-bedded Cergowa Sandstones overlain by the Cergowa
Shales — marly, grey to brownish shales rhythmically alternat-

v

Fig. 1. Location of study area

A - simplified geological map of the Outer Carpathians with the location
of the study area: C. F. — Carpathian Foredeep, I. C. — Inner Carpathians,
P. B. — Pannonian Basin, PKB - Pieniny Klippen Belt, T. B. -
Transylvanian Basin, V. B. - Vienna Basin; B — simplified geological map
of the Polish part of the Outer Carpathians (after Ksigzkiewicz, 1972) with
location of the sections studied; C — detailed location of Tylawa section; D
— detailed location of the Rudawka Rymanowska section
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ing with thin- and medium-bedded grey micaceous calcareous
sandstones. The facies of the Cergowa Shales laterally replaces
the Menilite-type dark, organic-rich siliceous shales. The
Tylawa Limestones are interlayered within the Cergowa Shales
(Jucha, 1969; Slaczka, 1973a).

Detailed examination of the 115.3 m thick section has re-
vealed a total of 18 cm of the Tylawa Limestones in 12 layers.
The thin limestone layers are grouped in three clusters (Figs. 2
and 3). The two higher clusters, separated from one another by
ca. 40 m, are most likely those described by Jucha (1969) and
Slaczka (1973a). Geographical coordinates (in WGS 84) of the
exposure of the highest cluster were determined using a
hand-held GPS receiver as: N49°28°18.3” and E21°43°21.3”.
The third cluster of limestone layers, not described earlier, is
exposed 65 m below the middle cluster at: N49°28°17.1” and
E21°43°28.62”. All limestone layers display characteristic
submillimetric to millimetric lamination consisting of alterna-
tions of light and dark laminae, though at some levels the
mesoscopic visibility of laminae is obscured on weathered sur-
faces. The sequences of laminae differ slightly between and
within the clusters in the thicknesses and proportions of the
light and dark components.

The lowest cluster consists of two layers of laminated lime-
stone (Figs. 2 and 3). The lower layer (6 mm thick) is poorly
discernible against the encompassing black mudstone
(TYL 2/07; Fig. 3). It consists of a bundle of thin laminae with a
predominant dark component. The other layer lies 10 cm
higher and displays distinct lamination (TYL 3/07; Fig. 3).
Laminae of marly claystone are present among the bundles of
limestone lamina couplets. This layer is underlain, with a sharp
boundary, by non-laminated limestone and passes gradually
upwards into pelletal marly claystone.

The middle cluster consists of two layers of laminated
limestone within a succession dominated by shales and
mudstones (Figs. 2 and 3). The lower layer consists of three
bundles of limestone lamina couplets separated by grey marly
mudstone. Lamination in the limestones within this layer is
poorly visible (TYL 5A/07; Fig. 3). The higher layer also com-
prises three bundles of easily discernible limestone lamina cou-
plets separated by grey marly mudstone (TYL 5/07; Fig. 3).
This layer is underlain by grey claystone and overlain by
dark-grey mudstone.

The highest cluster consists of eight thin layers of lami-
nated limestone alternating with non-laminated limestones,
mudstones, shales and sandstone (Figs. 2 and 3). Lamination in
the two lowest limestone layers of this cluster (TYL 7/07 and
TYL 8/07; Fig. 3) is poorly discernible mesoscopically and has
a darker hue than the higher layers.

DETAILS OF THE RUDAWKA
RYMANOWSKA SECTION

The section with the Tylawa Limestones at Rudawka
Rymanowska is situated in the Iwonicz Zdr6j anticline in the
southern (inner) zone of the Silesian Unit in the eastern part of
the Polish Outer Carpathians, ca. 25 km SE from Krosno, in the

LIMESTONES
Tylawa Limestones
in Figures 2 and 4

Tylawa Limestones
e in Figures 3 and 5

non laminated, micrite
107.4, ¥ B
107 7 " TV 11/07 x non laminated, marly
L
- CLAYSTONES
N

s marly

paead pelletal, marly

mottled non-calcareous
s

SHALES
e groric]
| Sap s
. marly
— non-calcareous
MUDSTONES

pelletal, marly

! :u pelletal, marly and sandy

mottled, marly

e

= = = - non-calcareous

SANDSTONES
; " very fine grained

B

- TYL 8/07 ) fine and medium grained

Tl
L, chert
o intercalation of sandstones,

= TYL 7/07 mudstones, shales

=1
200/85  attitude of beds
Lamination:

parallel

I wavy
sk convolute
\ ripple

area observed in optical
microscope

area observed in SEM
studied samples

665"

i

66.4 lack of data

66. E
I |
F (e
6.2 mmm ey
6.1 e
e —
[ PRy
o ]
65.Q m—y—
65. E
e ——r—r=
65. — i
el L £e
es.E-—._,—u- = L
65.5) —rmw—a— (D % |_
o0 - D 2, (7))
e _ 2 o]
mm Ty 507 (O A -l
65.2) 1
z a O
65,1 ———=—. L ? e 280135
o - TYL5AO7 | PR R =
—_—— D F U)
L m——e TYL 3/07
P 9 1 :::! - g
|
s = Tyl 2/07 O
-

Fig. 2. Lithological column of the Tylawa Limestones at Tylawa
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Wistok River bed (Fig. 1). The Tylawa Limestones are exposed
there twice, displaced by a longitudinal fault, in exposures sep-
arated by ca. 750 m, in a gently dipping sequence of the
Menilite Beds. The number and quality of the exposures at
Rudawka Rymanowska vary through time as a result of floods
and human intervention (see Slaczka, 1973b; Haczewski,
1989; Slaczka and Kaminski, 1998; Biekowska, 2004; Ciurej,
2009). The limestones in both groups of exposures occur
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ca. 20 m above the top of the Cergowa Sandstones, in a succes-
sion of dark, non-calcareous organic-rich shale with cherts and
limestones of Dynow Marl-type. Haczewski (1989) correlated
laminae in the Tylawa Limestones on both sides of the fault and
demonstrated that at least some layers of the dark shale are dis-
continuous laterally and that centimetric sequences of lami-
nated limestones disappear over a distance of only 750 m.
Bienkowska (2004) studied the fish fauna from three locations
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Fig. 6. Thin sections of Tylawa Limestones from Tylawa

A, B — lower cluster (TYL 3/07); C, D — middle cluster (TYL 5/07); E, F, G — upper cluster (TYL 9A/07). Thick light laminae composed of
coccolithophores (Fig. 7) are separated by thinner dark laminae, composed of detrital material (Fig. 8). All laminae are laterally continuous and have
undulose boundaries. Distinct pelletal structures composed of coccolithophores are present in all light laminae. Their size, shapes, and distribution vary
within individual laminae. Optical microscope: 1N —plane polarized lightl, XN — crossed polars. X,Y, Z — position of light laminae and pellets enlarged in
Figure 7




842 Agnieszka Ciurej and Grzegorz Haczewski

On weathered surfaces the limestones are characteristically
whitish to light-grey. The Dynéw Marl-type limestone layers
are from a few millimetres to a few tens of centimetres thick.
Their boundaries with the encompassing deposits are sharp and
distinct. The section studied includes also black and
dark-brown cherts up to 20 cm thick and grey, black, less fre-
quently green and grey-green marly and carbonate-free
claystones and mudstones.

MICROSCOPIC CHARACTERISTICS
OF THE TYLAWA LIMESTONES

When examined in thin section using an optical micro-
scope, the Tylawa Limestones display very thin lamination
composed of alternating light and dark laminae (Fig. 6). The
light laminae, 20-300 um, exceptionally up to 600 um, in
thickness, have a structure described as micronodular lami-

Fig. 7. SEM-CCI images from thin sections, showing coccolithophore remains in light laminae in various states of preservation

A —massive accumulation of well-preserved coccospheres; B, C, D — various fragmented coccospheres and coccoliths. Note the minimal alteration by dis-
solution, overgrowth or compaction; signs of advanced diagenesis are seen only locally (lower right of D); E — association of various fragments of
coccoliths and intact coccospheres (upper right part) within laminae. Alteration by dissolution, overgrowth or compaction is seen only locally (lower and
middle part). Arrows in C and E mark boundaries of pellets. Positions of A, B, C shown in Figure 6A: X-C, Y —B,Z— A. D-sample TYL 8/07; E - sample

TYL 9B/07
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Fig. 8. SEM-BSE images from thin sections, showing components within dark laminae

A —association of various amounts of detrital material (clay minerals, quartz, feldspars), pyrite, carbonate grains and organic matter; note the difference in
size of detrital material; B — predominance of pyrite and finest detrital material (clay minerals, quartz, feldspars); Tm — detrital material (clay minerals,
quartz, feldspars); P — pyrite; W — carbonate grains; outlines — organic matter. A — sample TYL 8/07; B — sample TYL 9B/07

nated (Haczewski, 1989), with ovoidal pellets, averaging 50 x
150 um in size, arranged in horizontal laminae. The pellets are
interpreted as faecal pellets of zooplankton (see Haczewski,
1989; Ciurej, 2009). The laminae differ in pellet size, shape and
packing. These differences result in fluctuating thicknesses of
the laminae and in the nature of their boundaries — more or less
undulose, and more or less sharp.

Analysis by SEM, in CCI mode, revealed that coccolitho-
phore skeletons are the main component of the light laminae
(Fig. 7). Nearly all the coccolithophore skeletal material is
packed in pellets. The calcareous nannofossils are represented
by a low-diversity assemblage dominated by Reticulofenestra
ornata Muller (see Ciurej, 2009). Preservation of the cocco-
lithophore material is very good in most of the laminae studied.
There is little indication of dissolution or secondary over-
growth and of mechanical fragmentation by compaction. A
strikingly large part of the cocccolithophore material is pre-
served as intact coccospheres (Fig. 7A). The scarce matrix in
the light laminae consists of clay minerals, carbonate grains,
pyrite and organic matter and it is present within pellets as well
as between them.

The typical dark laminae are thinner than the light ones, be-
tween 3 and 30 um in most cases, exceptionally up to 100 um
(Fig. 6). About half of the dark laminae are thinner than 10 um.
Analysis of the laminae by SEM using BSE mode reveals that
they are composed of clay minerals (most likely kaolinite and
illite), quartz, feldspars, carbonate minerals (calcite, ankerite,
siderite, and dolomite), pyrite, phosphorus debris (fish debris)

and organic matter (Fig. 8). Ghosts of pennate diatoms are pres-
ent as deformed voids and indistinct imprints (see Ciurej, 2009).

CONCLUSIONS

Identification of the Tylawa Limestones on the grounds of
their mesoscopic lithology may be problematic because of vari-
ation in contrast and colour of laminae. Microscopic examina-
tion by optical microscope and SEM provides more lithological
and micropaleontological diagnostic criteria that may be sum-
marized as follows:

— absence of foraminifers,

— mass occurrences of Reticulofenestra ornata Muller,

— voids after pennate diatoms,

— dark laminae that are more distinct and individual in

nature than in the Jasto Limestone.
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