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RECORD OF CHANGES IN THE OLIGOCENE-MIOCENE SEDIMENTS
OF THE MENILITE-KROSNO SERIES OF THE SKOLE UNIT BASED
ON CALCAREOUS NANNOPLANKTON STUDIES - BIOSTRATIGRAPHY
AND PALAEOGEOGRAPHICAL IMPLICATIONS (POLISH OUTER CARPATHIANS)

ZAPIS ZMIAN W OLIGOCENSKO-MIOCENSKICH UTWORACH SERII MENILITOWO-KROSNIENSKIEJ
JEDNOSTKI SKOLSKIEJ NA PODSTAWIE NANOPLANKTONU WAPIENNEGO
- BIOSTRATYGRAFIA | UWARUNKOWANIA PALEOGEOGRAFICZNE
(POLSKIE KARPATY ZEWNETRZNE)
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Abstract. The biostratigraphic investigation included the Menilite—Krosno Series of the Skole Unit overlying the Globigerina Marls.
Seven calcareous nannoplankton zones (sensu Martini, 1971) were distinguished in these sediments: NP23, NP24, NP25, NN1, NN2,
NN3? and NN4. Based on the species diversity of the assemblage, their abundances and preservation, as well as palaeoenvironmental
and palaeoclimatic conditions that controlled the basin during deposition of the Menilite and Krosno Beds have been identified. The
Skole region was located at the periphery of the Paratethys basin during Late Oligocene—Early Miocene times. Based on the calcareous
nannoplankton assemblage, the phase of isolation of the Paratethys (NP23) from the Mediterranean was documented. The restoration of
normal marine conditions (NP24-NP25), sea-level fluctuations (sea-level fall?) at the Oligocene—Miocene boundary (uppermost part of
the NP25-NN1), a phase of relative sea-level rise (NN2, NN3?, NN4) and the end of flysch sedimentation in the Skole Unit in the NN4
Calcareous Nannoplankton Zone were also identified.
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Abstrakt: Badaniami biostratygraficznymi objgto utwory serii menilitowo-kro$nienskiej jednostki skolskiej potozone w profilu po-
wyzej poziomu margli globigerynowych. W obrgbie utwordw tej serii wyrdzniono siedem poziomdéw nanoplanktonowych sensu Martini
(1971): NP23, NP24, NP25, NN1, NN2, NN3? i NN4. Na podstawie sktadu zespotu nanoplanktonu wapiennego, jego zroéznicowania
gatunkowego, liczebnosci i stanu zachowania podjgto probeg okreslenia warunkéw paleosrodowiskowych i paleoklimatycznych w czasie
osadzania warstw menilitowych 1 kro$nienskich jednostki skolskiej. Sa one $ci$le zwiazane z warunkami, jakie panowaty w pdznym
oligocenie—wczesnym miocenie w basenach Paratetydy i z polozeniem rejonu skolskiego na peryferiach tego basenu. Udokumentowano
etap odizolowania basenu Paratetydy (NP23) od innych jego rejonow, etap warunkow normalno-morskich, a wigc odzyskania polaczen
z otwartym morzem (NP24-NP25), wahania poziomu morza na pograniczu péznego oligocenu i wczesnego miocenu (najwyzsza czgs¢
NP25-NN1), etap wzglednego podniesienia poziomu morza, transgresji (NN2, NN3?, NN4) i konca sedymentacji fliszowej w basenie
skolskim w poziomie NN4.

Stowa kluczowe: nanoplankton wapienny, biostratygrafia, paleosrodowisko, jednostka skolska, polskie Karpaty zewngtrzne.
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INTRODUCTION

Calcareous nannoplankton is the most diversified and
most widely distributed group of marine phytoplankton. Due
to a simple preparation technique of smear slides for micro-
scopic studies and the small amount of the material needed,
the study of calcareous nannoflora is widely used in micro-
palaecontological analysis. Based on the species diversity,
abundance and preservation of the forms, we can determine
the nature of the assemblage and the conditions that preva-
iled in the basin at the time of deposition. The development
and distribution of these microorganisms is controlled by
many factors (Gazdzicka, 1994; Melinte, 2004; Erba, 2006;
Chira, Malacu, 2008). The most important are: availability
and intensity of the light (photosynthesis), temperature of the
surface water, salinity, supply of nutrients needed to build
and grow the cells (nitrogen, phosphorus), oxidation of the
surface water and fluctuation of the sea level. Sometimes,

small changes in only one or several factors have a strong
impact on the assemblage composition and species diversity,
causing radiation or disappearance of certain species or fa-
milies. It seems that modern coccolithophorales are charac-
terized by a greater tolerance and greater adaptability than
earlier species, although the group is not as common as in
the Upper Cretaceous, Eocene or Miocene. Studies carried
out in the Polish Carpathians have shown usefulness of the
calcareous nannoplankton for both biostratigraphical and pa-
lacoecological research. Due to their small size, coccolitho-
phorales are easily susceptible to redeposition (redeposited
species often are more common than autochthonous ones).
The area of the Skole Unit was chosen because of the availa-
bility of sections ranging from the Globigerina Marls (Upper
Eocene—Lower Oligocene), which was taken as the bench-
mark, to the youngest Menilite—Krosno Series.

MATERIAL AND METHODS

The studies included the Upper Oligocene—Lower Mio-
cene sediments of the Menilite—Krosno Series of the Skole
Unit that represents the outermost part of the Polish Outer
Carpathians. The investigations were based on calcareous
nannoplankton studies initiated in 2004. Samples were taken
from nine sections: Podwaluczka, Krgpak, Tyrawa Solna,
Stankowa, Monasterzec, Stankowa Wschod, Ropienka, Ro-
pienka Centrum and Wankowa (Fig. 1). Smear slides were
prepared according to the method described by Baldi-Beke
(1984). For light microscope examination, a fine water su-
spension of the rock is spread out on a glass slide. A drop
of the suspension is spread out on the microscope slide after
stirring and short period of settling. After drying, the micro-
scope slide is covered with Canada balsam and a cover glass.
The slides were studied with a Nikon Eclipse E400Pol light
microscope at 1000x magnification. The photos in this paper
come from archival reports and publications and from the
collection of the author.

Fig. 1. Location of the investigated section of the Menilite—
Krosno Series in the Skole Unit
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LITHOSTRATIGRAPHY OF THE MENILITE-KROSNO SERIES IN THE SKOLE UNIT

The Menilite Beds are subdivided into the lower and up-
per Menilite shales separated locally by a Krosno-type layer
called the Lopianka Beds. The Menilite Beds are characteri-
zed by dark colour, leafy cleavage, brown scratch, high bi-
tumen content and the presence of numerous disarticulated
fish remains. In the outermost part of the Skole Unit the Me-
nilite Beds very shallow facies occur, with the shallow-water

Kliwa Sandstones (Jarmolowicz-Szulc, Jankowski, 2011)
which are thick and laterally restricted. In the lower part of
the Menilite Beds, chert horizon with the Dynéw Marlsto-
ne and the Tylawa Limestone is distinguished (Jucha, 1969;
Kotlarczyk, 1988; Haczewski, 1989). The Tylawa, Jasto and
Zagorz coccolithic Limestones (Koszarski, Zytko, 1961; Ha-
czewski, 1989; Garecka, 2008) are considered isochronous
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levels of regional coverage (from the foreland of the eastern
Alps through the Carpathians and the Pannonian Basin to
Azerbaijan — Ciurej, Haczewski, 2011). These horizons con-
stitute a record of extremely intense events of carbon bound
in the form of carbonate and organic matter. They were re-
cognized based on fossils (fish, fecal pellets of zooplankton,
coccospheres, coccoliths, foraminifers) and sedimentologi-
cal features. In the Late Oligocene and/or Early Miocene,
the Menilite facies overlapped with the Krosno facies. In the
Skole Unit, the Krosno Beds are divided into the Lower Kro-

sno Beds and Upper Krosno Beds (Zgiet, 1961). The boun-
dary between them is the Niebylec Shale Member. The Lo-
wer Krosno Beds, which thin out to the north, are composed
of thick-bedded muscovite sandstones. The overlying Nie-
bylec Shale Member is represented by grey shales interbed-
ded with brown shales, thin-bedded sandstones and tuffites.
Above shales occurs a complex composed of medium- and
thin-bedded sandstones interlayered with dark-grey marly
shales, which dominated in the upper portion of the inner
part of the Skole Unit.

BIOSTRATIGRAPHY OF THE MENILITE-KROSNO SERIES IN THE SKOLE UNIT

The Globigerina Marls contain the most abundant and di-
versified calcareous nannoplankton. According to Olszewska
and Malata (2006), nearly 95% of the assemblage is compo-
sed of planktonic foraminifers. In the Wankowa region, these
deposits are assumed to Lower Oligocene (NP22 Calcareous
Nannoplankton Zone). The assemblage consists of: Cyclicar-
golithus floridanus (Roth et Hay) Bukry, Dictyococcites bi-
sectus (Hay, Mohler et Wade) Bukry et Percival (Pl. I, Figs.
1, 2), H. bramlettei Miiller, Transversopontis obliquipons
(Deflandre) Hay, Mohler et Wade (P1. 1., Fig. 3), Lanternithus
minutus Stradner (Pl. I, Figs. 4, 5), Helicosphaera compacta
Bramlette et Wilcoxon (Pl. I, Figs. 6, 7), sporadically: Isth-
molithus recurvus Deflandre (PL. 1, Figs. 8, 9), Ericsonia for-
mosa (Kamptner) Haq (PL I, Figs. 10, 11), Reticulofenestra
umbilica (Levin) Martini et Ritzkowski (P1. I, Figs. 12, 13),
Cribrocentrum reticulatum (Gartner et Smith) Perch-Nielsen
(PL. 1, Figs. 14, 15) and Clausicoccus subdistichus (Roth at
Hay) Prins (PL I, Figs. 16, 17). Discoaster barbadiensis Tan
and D. saipanensis Bramlette et Riedel are absent. The last
evolutionary occurrence of these species took place at the
Eocene/Oligocene boundary and/or in the earliest Oligocene.
In the investigated samples, the first rare specimens of Reti-
culofenestra lockeri Miiller and R. ornata Miiller are obse-
rved, too. The samples from the Chert Beds (Lower Oligoce-
ne), contain only highly destroyed calcareous nannoplankton
specimens (undistinguishable fragments). Nearly 90% of the
specimens observed in the optical microscope were excluded
from the identification procedure. The overlying lower part
of the Lower Menilite Beds represents the NP23 Calcareous
Nannoplankton Zone (middle Rupelian). The most common
species in the samples are Transversopontis fibula Gheta (Pl
I, Figs. 18, 19) and R. ornata Miller (PL. 1, Fig. 20). In the
samples collected near the Kliwa Sandstones and in the inter-
calation between them, common Pontosphaeracea, mainly
Pontosphaera latelliptica (Béldi-Beke) Perch-Nielsen and P,
multipora (Kamptner) Roth, were found. Below the Jasto la-
minite horizon, the assemblage consists mostly of: D. bisec-
tus (Hay, Mohler et Wade) Bukry et Percival and D. scripp-
sae Bukry et Percival (the distinction between these two spe-
cies is not always possible). The species of Pontosphaera
occur sporadically. The interval corresponding to the more
shaly Menilite Beds contains a more diversified assemblage
with Coccolithus pelagicus (Wallich) Schiller, Cy. floridanus

(Roth et Hay) Bukry (some forms are very small) and D. bi-
sectus (Hay, Mohler et Wade) Bukry et Percival. An increase
in the frequency of Helicosphaera species (Helicosphaera
euphratis Haq (PL. 11. Figs. 1, 2), H. intermedia Martini (P1. 11,
Figs. 3, 4), Helicosphaera sp.) and P, latelliptica (Baldi-Be-
ke) Perch-Nielsen (P1. II Figs. 5, 6) is observed. Directly abo-
ve the Jasto laminite horizon, Cy. floridanus (Roth et Hay)
Bukry (PL 1I, Figs. 7, 8) appears very common. The section
of the Menilite Beds, the Jasto Limestone and the deposits
between them are assigned to the NP24 Calcareous Nanno-
plankton Zone (late Rupelian—Chattian). The samples from
the shaly intercalation between the limestones contain abun-
dant Cy. floridanus (Roth et Hay) Bukry species. Less com-
mon species are: Cyclicargolithus abisectus (Miller) Wise
(P1. 11, Figs. 9, 10) and C. pelagicus (Wallich) Schiller (PL. II,
Figs. 11, 12), P multipora (Kamptner) Roth, D. bisectus
(Hay, Mohler et Wade) Bukry et Percival and Zygrhablithus
bijugatus Deflandre (PL. II, Figs. 13, 14). The samples from
the limestone contain a non-diagnostic assemblage. These
represent recrystallized material in which only single speci-
mens of Cy. floridanus (Roth et Hay) Bukry, R. ornata Mil-
ler, Cyclicargolithus sp. and Cy. floridanus-abisectus are
identified. It is not always possible to distinguish Cy. florida-
nus and Cy. abisectus. The main reason is their state of prese-
rvation. According to Van Simaeys et al. (2004), Cy. abisec-
tus is represented by very small forms (7—8 um) in the lower
part of its range. In poorly preserved material, it can be con-
fused with Cy. floridanus. In well-preserved material, the
optical pattern of these species is different. A very similar
calcareous nannoplankton assemblage was found above the
Jasto Limestone. The very good state of preservation of the
Cyclicargolithus species and the increase in the number of
redeposited forms (Eocene and Eocene—Oligocene) were ob-
served. An equivalent assemblage occurs directly above the
Zago6rz Limestone horizon in the Mrzyglod region on the ri-
ght bank of the San River. Above the Jasto and Zagérz lime-
stones, an increase in the number of Helicosphaera species
(H. euphratis Haq, H. intermedia Martini) is observed in li-
ght-coloured shaly layers. The calcareous nannoplankton as-
semblage of the Lopianka Beds is abundant but the species
are poorly preserved. Placoliths (Coccolithus and Reticulofe-
nestra species) are dominant. Among common (mainly) H.
intermedia Martini and (sporadically) H. euphratis Haq, the
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Early Miocene Helicosphaera scissura Miller and H. kampt-
neri Hay et Mohler occur (Koszarski et al., 1995; Melinte,
1995, 2005; Slezak et al., 1995a, b; Melinte in: Rusu ef al.,
1996; Garecka, 1997, 2005, 2008; Marunteanu, 1999;Holco-
va, 2001). Based on the presence of these species, the sedi-
ments are assumed to belong to the NN1 Calcareous Nanno-
plankton Zone (upper Egerian = lowermost Aquitanian).
Pontosphaera multipora (Kamptner) Roth, P latelliptica
(Baldi-Beke) Perch-Nielsen and their fragments also occur
quite frequently. In the bottom part of the Upper Menilite
Beds, the calcareous nannoplankton assemblage contains
common species of Helicosphaera sp., H. euphratis Haq, P.
multipora (Kamptner) Roth (P1. II, Figs. 15, 16) and C. pela-
gicus (Wallich) Schiller. In the upper part of these beds, the
following Early Miocene helicoliths appear in the assembla-
ge: H. scissura Miller (PL. 11, Figs. 17, 18), H. kamptneri Hay
et Mohler (PL 11, Figs. 19, 20; P1. I11, Figs. 1, 2), Helicospha-
era truempyi Biolzi et Perch-Nielsen and Helicosphaera me-
diterranea Mller (Pl. 111, Figs. 3, 4) (Gheta, 1981; Miiller,
1981; Finger et al., 1990; Melinte, 1995, 2005; Slezak,
1995a, b; Garecka, 1997, 2005, 2008; Melinte, in: Rusu et
al., 1996; Marunteanu, 1999; Holcova, 2001). Among cribri-
liths, P. multipora (Kamptner) Roth is always present. C. pe-
lagicus (Wallich) Schiller is the dominant species whilst Cy.
Sforidanus (Roth et Hay) Bukry is much rarer. Dictyococcites
bisectus (Hay, Mohler et Wade) Bukry et Percival and Z. bi-
jugatus Deflandre are absent. The last occurrence of these
two species marks the boundary of the NP25/NN1 calcareous
nannoplankton zones. The common occurrence of small reti-
culofenestrids is observed. The above described assemblage
with Helicosphaeraceae suggests the NN1 Calcareous Nan-
noplankton Zone (upper Egerian = lowermost Aquitanian)
(Garecka, 2008). In the Lower Krosno Beds, the most com-
mon species are: Helicosphaera ampliaperta Bramlette et
Wilcoxon, H. scissura Miller (PL. 111, Figs. 5, 6), H. kamptne-
ri Hay et Mohler (locally more numerous than the two pre-
viously mentioned forms), fragments of P. multipora (Kampt-
ner) Roth and Braarudosphaera bigelowii (Gran et Braarud)
Deflandre. However, the assemblage is dominated by rede-

posited and long-ranging Coccolithaceae and Prinsiaceae
(generally damaged). The deposits have been related to the
NN2 Calcareous Nannoplankton Zone (upper Egerian—
Eggenburgian = Aquitanian—lower Burdigalian). The most
diversified and abundant assemblage (related also to the NN2
and NN3?) was found in the samples from the Niebylec Sha-
le Member. Apart from the species which are characteristic
for the NN1 and NN2, Middle Miocene Helicosphaera wal-
bersdorfensis Miller (P1. 111, Figs. 7, 8) and Helicosphaera
cf. sellii Bukry et Bramlette are observed (Slezak et al.,
1995a, b; Garecka, Olszewska, 1997). Calcareous dinoflagel-
lates (Thoracosphaera fossata Jafar) and abundant small re-
ticulofenestrids occur too.

In the bottom part of the sandy-shaly series of the Upper
Krosno Beds (above the Niebylec Shale Member), a very
poor calcareous nannoplankton assemblage was found. C.
pelagicus (Wallich) Schiller (PL. III, Figs. 9, 10), Cy. flo-
ridanus (Roth et Hay) Bukry (Pl. III, Figs. 11, 12) and B.
bigelowii (Gran et Braarud) Deflandre are dominant while
the Early Miocene helicoliths occur sporadically. Only in the
upper part of the series, an increase in the number of Helico-
sphaera species and almost mass occurrence of C. pelagicus
(Wallich) Schiller were observed. The youngest Upper Kro-
sno Beds (shaly series) in the innermost part of the Skole
Unit (north-eastern wing of the Stonne Mountains syncline)
have been included into the NN4 Calcareous Nannoplankton
Zone (upper Burdigalian = Karpatian). The species diagno-
stic for the NN4 Zone, Sphenolithus heteromorphus Deflan-
dre (PL. III, Figs. 13—18) is present (Steininger et al., 1976;
Miiller, 1978; Miiller, 1986; Fornaciari, Rio, 1996; Andrey-
eva-Grigorovich, Halasova, 2000; Garecka, Malata, 2001;
Svabenické et al., 2003; Martini, Piller et al., 2007; Spez-
zaferri et al., 2009). In addition to the diagnostic species,
the assemblage also contains: H. ampliaperta Bramlette et
Wilcoxon (PL. 111, Figs. 19, 20; Pl. 1V, Figs. 1-4), Helico-
sphaera californiana Bukry, H. kamptneri Hay et Mohler,
Reticulofenestra pseudoumbilica Gartner (PI. 1V, Figs. 5-8),
C. pelagicus (Wallich) Schiller and Cy. floridanus (Roth et

Hay) Bukry.

PALAEOENVIRONMENTAL REMARKS

Distinct palacogeographical and palacoclimatic changes
took place in the Early Oligocene in Europe. Climatic co-
oling, formation of ice caps in Antarctica and related general
sea-level drop (Haq ef al., 1987, 1988), the birth of Parate-
thys on the northern periphery of the Tethys (Baldi, 1980;
Rusu, 1988; Rogl, 1998; Harzhauser and Piller, 2007; Piller
et al.,2007), and the rising Alpine chain resulted in a greater
provincialism among the marine species and created condi-
tions for the development of endemic species (Melinte, 2005;
Melinte-Dobrinescu and Brustur, 2008). Those changes can
be detected also in the Polish Carpathians (the Carpathian
basin was part of the Central Paratethys) — relative sea-level
fall (to about 200 metres; Olszewska, 1984), tectonic uplift
of the Carpathians and significant decrease of sedimentation

rate (Zytko, 1977). As coccolithophorales are very sensitive
to palacoenvironmental changes due to the above listed
changes, the species diversity was decreased. The Oligoce-
ne, especially Early Oligocene, was the time of the lowest
speciation in the Paleogene: from 120 species in the Eocene
to 40 in the Oligocene (Haq, 1973; Aubry, 1992). The chan-
ges are reflected by the cooler Globigerina assemblage of the
Globigerina Marls (Olszewska, 1984). The cooling trend is
observed in calcareous nannoplankton assemblages. Disco-
aster species (D. barbadiensis Tan, D. saipanensis Bramlette
et Riedel), Ericsonia formosa (Kamptner) Haq, typically of
warm water, became extinct. Cold-water Lanternithus minu-
tus Stradner and Isthmolithus recurvus Deflandre occurred
instead. At the NP22/NP23 boundary and in the lower part of
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the NP23 Calcareous Nannoplankton Zones, a stepwise di-
sappearance of warm-, temperate- and cold-water species is
observed; more species became extinct than appeared, as al-
ready noticed by Oszczypko-Clowes (2001) from the Magu-
ra Unit. It seems, therefore, that the climate changes which
led to the change of the nature of the environment (from oli-
gotrophic in the Eocene to eutrophic in the Early Oligocene)
was the cause of elimination of many species non-adapted to
new conditions in the basin (Aubry, 1992; Oszczypko-
Clowes, 2001; Melinte, 2005). Fluctuations of the calcium
carbonate compensation depth also caused the elimination of
species (of simple construction) less resistant to dissolution
processes: among others Braarudosphaera, Transversopon-
tis, Pontosphaera-species and holococcoliths. At that time
(even earlier in the NP21? — NP22 calcareous nannoplankton
zones, JuraSova, 1974; Nagymarosy, Baldi-Beke, 1988;
Smolenska, Dudziak, 1989; Nagymarosy, Voronina, 1992;
Garecka, 2008), the first rare occurrences of cold-water spe-
cies typical of the NP23 were noted: Reticulofenestra lockeri
Miller and R. ornata Miller (JuraSova, 1974; Nagymarosy,
Baldi-Beke, 1984; Smolenska, Dudziak, 1989; Nagymarosy,
Voronina, 1992; Melinte, 1995; Garecka, 2005, 2008). Abo-
ve the Globigerina Marls in the Skole Unit (and in the whole
Carpathian arc — Baldi, 1998), dark bituminous shales of the
Menilite Beds with abundant fish fauna (Jerzmanska, Kotlar-
czyk, 1988, 1991) appeared. Sedimentation of these deposits
(which continued to the Early Miocene — Garecka, 2008) is
associated with the period of isolation of the Paratethys from
the Tethys (Baldi, 1980; Nagymarosy, 1991; Rusu et al.,
1996; Rogl, 1999) at the end of the NP22 and in NP23 calca-
reous nannoplankton zones. Foraminifers indicate the outer
shelf —upper bathyal depths (Olszewska, 1984). The calcare-
ous nannoplankton assemblage is composed of temperate-
and temperate to cold-water species, which are successively
replaced by the endemic species (Melinte-Dobrinescu, Bru-
stur, 2008) such as: Transversopontis fibula Gheta and R.
ornata Miiller. The Dynow Marls (Hornstone Beds) contain
R. ornata Muller (P1. 1V, Figs. 9, 10) and Reticulofenestra
tokodensis Baldi-Beke (P1. IV, Figs. 11, 12) in the assembla-
ge. The occurrence of these species shows extreme environ-
mental conditions (decrease in salinity and high nutrient con-
tent, Krhovsky et al., 1992). The blooms of R. ornata Miiller
is described in many papers from the Paratethys region and
is considered as an important event useful for stratigraphic
correlation of the Oligocene sediments in the Central and
Eastern Paratethys (Krhovsky, 1985; Krhovsky et al., 1992;
Melinte, 2005; Svabenicka et al., 2007). At the same time,
the bloom of the monospecific assemblage with R. ornata
Miller of the Tylawa Limestone in the Skole Unit took place
(Miiller, 1970; Krhovsky, 1981; Haczewski, 1989; Melinte,
2005; Melinte-Dobrinescu, Brustur, 2008). The long-term
and extreme blooms of calcareous nannoplankton arise as
a result of low salinity in the surface water (related to the
inflow of fresh water into the basin) and high nutrient supply
(Nagymarosy, Voronina, 1992; Melinte, 2005; Melinte-Do-
brinescu, Brustur, 2008). According to Haczewski (1989),
the extremely intensive blooms indicate a low content of bio-

genic ingredients in the photic zone, while the extremely
high density of blooms maintained for months requires con-
stant ingredients. Especially in dark varieties of the Menilite
Beds, R. ornata coexists with the other species with similar
ecological preferences: Transversopontis fibula Gheta and
Reticulofenestra lockeri Miller (P1. 1V, Figs. 13, 14), which
confirms a suggestion of shallow water depths, decreased sa-
linity and high nutrient supply. R. lockeri species adapted
probably to the changed salinity, because its optimal living
conditions are in a normal marine environment. The shallow,
nearly near-shore environment is indicated by the presence
of Pontosphaeraeae: Pontosphaera latelliptica and P. multi-
pora, which occur almost in mass (abundant) in the Lower
Menilite Beds (especially in the dark-type shales). They re-
quire stable environmental conditions and only slight fluctu-
ations in salinity (increased rather than decreased) (Baldi-
Beke, 1984; Melinte, 2005). Only under such conditions, the
species can reproduce. An almost monospecific assemblages
in the Lower Menilite Beds is formed by Dictyococcites bi-
sectus and Dictyococcites scrippsae. According to Melinte
(2005), the large number of these species is characteristic of
near-shore facies and with the increase of nutrient form blo-
oms. This association indicates a small depth (shallow-water
environment) for the deposition of the Menilite Beds, normal
salinity rather than decreased in the lower part, and a cooler
to temperate climate. At the turn of NP23/NP24 and in the
NP24 Calcareous Nannoplankton Zone, the palacogeogra-
phical situation changed in Europe. The connection between
the Paratethys and Mediterranean regions became renewed
and normal marine conditions returned in the Paratethys
(Melinte, 2005). Forms characteristic of normal salinity ma-
rine environments appeared: Cy. floridanus (Roth et Hay)
Bukry, C. pelagicus (Wallich) Schiller, P. multipora (Kampt-
ner) Roth, D. bisectus (Hay, Mohler et Wade) Bukry et Per-
cival, Z. bijugatus Deflandre and Sphenolithus moriformis
(Bronnimann et Stradner) Bramlette et Wilcoxon (Pl. 1V,
Figs. 15, 16) (Nagymarosy, Voronina, 1992). Species typical
of pelagic environments, Discoaster and Sphenolithus, occur
rarely. At that time, two horizons of the coccolith limestones
originated: Jasto Limestone (PL. IV, Figs. 17, 18; PL. V,
Figs. 1-3) and Zagdrz Limestone (PL. V, Figs. 4, 5) (Koszar-
ski, Zytko, 1961; Haczewski, 1989). The species composi-
tion of these two horizons shows that the conditions of their
formation were similar. In contrast to the Tylawa horizon,
which is composed of endemic species, the Jasto nad Zagorz
coccolithic limestones record the bloom of cosmopolitan
Cyclicargolithus species: Cy. floridanus (P1. VI, Figs. 1-4),
Cy. abisectus (Pl. VI, Figs. 5-12) (Cy. floridanus prevailed
over Cy. abisectus) and Cy. floridanus-abisectus. The assem-
blage also contains D. bisectus, Z. bijugatus, S. moriformis
and Pontosphaera sp. This record is observed in the whole
Paratethys (Melinte, 1995, 2005; Rusu ef al., 1996; Svabe-
nicka et al., 2007; Garecka, 2008; Melinte-Dobrinescu, Bru-
stur, 2008). In Romania an increase in the number of Disco-
aster and Sphenolithus species was noted (bloom) between
these two horizons. On the one hand, it indicates a warming,
on the other — a relative sea-level rise (the global Late Oligo-
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cene Warming — Zachos ef al., 2001). In the same interval in
the Menilite—Krosno Series of the Skole Unit, asteroliths and
sphenoliths are very rare. The genus Discoaster is represen-
ted only by rare specimens of Discoaster deflandrei Bramlet-
te et Riedel (PL. VI, Figs. 13, 14). Among sphenoliths, there
is a long-ranging and rather cosmopolitan than warm-water
species of S. moriformis (P1. V1, Fig. 15). At that time, placo-
liths (Coccolithus, Cyclicargolithus, Dictyococcites), cribri-
liths (Pontosphaera) and helicoliths (Helicosphaera) occur-
red most commonly. In the Late Oligocene (NP25 Calcare-
ous Nannoplankton Zone), an increase in the number of the
Helicosphaera (H. euphratis, H. intermedia, H. recta —
Pl. VI, Figs. 16-18) and Pontosphaera species (P. multipora
—PL. VI, Fig. 19 and P, latelliptica — P1. VI, Fig. 20) is obse-
rved. It confirms a warm climate, shallower depths, stable
marine conditions and slight salinity fluctuations. A similar
calcareous nannoplankton association was described from
the Romanian Carpathians (Melinte, 2005). Modern Helico-
sphaeraceae are associated with upwelling areas, avoid bore-
al regions and are considered eurythermal species. They are
abundant in the warm water, but do not avoid cold water, too.
In the warm water, the abundance of the species is greater
(Chira, 2004). The latest Oligocene and Early Miocene is the
period of subsequent changes in the Carpathian calcareous
nannoplankton assemblages. Apart from a few exceptions
from the Skole Unit, there is no biostratigraphical record of
the Late Oligocene—Early Miocene interval. In the Upper
Menilite Beds, Lopianka Beds and Lower Krosno Beds, this
interval is defined based on the first occurrences of H. scissu-
ra Miller, H. mediterranea Miller, H. kamptneri Hay et
Mohler (Melinte, 1985; Perch-Nielsen, 1985; Slezak et al.,
1995a, b; Melinte, in: Rusu et al., 1996; Garecka, 1997,
2008; Marunteanu, 1999). P. multipora (Kamptner) Roth, C.
pelagicus (Wallich) Schiller and small reticulofenestrids are
common to abundant, whereas Cy. floridanus (Roth et Hay)
Bukry is rare. It suggests a high content of nutrients in the

environment (Chira, 2004). Common occurrence of small
reticulofenestrids suggests, according to Ozdinova (2008),
a relative sea-level rise. According to Melinte (2005), in the
Romanian Carpathians, this interval is associated with high
radiation of the species — seven new species appear.

In the calcareous nannoplankton assemblages of the Lo-
wer Krosno Beds, Menilite Beds and Lopianka Beds, the
considerable proportion of redeposited (and long-ranging)
taxa is observed. The autochthonous ones — very important
for this time interval — occur sporadically.

The Niebylec Shale Member is a record of a relatively
quiet phase of sedimentation in the Skole Unit and of the
restoration of a warmer climate in the Early Miocene. The
assemblage consists of common Helicosphaeraceae and, ac-
cording to Slqzak (Slqzak et al., 1995a, b), Sphenolithaceae
(Sphenolithus belemnos Bramlette et Wilcoxon, S. calyculus
Bukry, S. conicus Bukry). Sphenolithus species suggest, ac-
cording to Melinte (2005), warm, well-oxygenated surface
water and rather open-marine environments. The calcareous
nannoplankton assemblage, which contains, in addition to the
warm-water species, also intermediate (temperate- and cold-
-water) species, indicates a transgressive phase. Collision
between Africa and Europe in the late Early Miocene caused
separation of the Tethys from the Paratethys. The Eastern
Paratethys was closed into the inland lake, whereas the We-
stern Paratethys was periodically isolated from the Mediter-
ranean Sea (Steininger and Rogl, 1985). Sedimentation of
the Krosno Beds in the Skole Unit continued uninterruptedly
until the NN4 Calcareous Nannoplankton Zone (Burdiga-
lian = Ottnangian) (Slqzak et al., 1995a, b; Garecka, Malata,
2001). In addition to Helicosphaera ampliaperta Bramlette
et Wilcoxon, the assemblage also contains Sphenolithus he-
teromorphus Deflandre which is a diagnostic species for the
NN4 Zone. At the end of the Ottnangian, the flysch basin
was folded, uplifted and included into the Outer Carpathian
accretionary prism (Oszczypko, 1998, 1999).

CONCLUSIONS

The changes that occurred in the Oligocene and Early
Miocene in the Skole Unit are reflected in calcareous nan-
noplankton assemblages. Their distribution, growth, species
diversity and abundance are closely related to the condition
that prevailed in the basin, controlled by its location on the
periphery of the Paratethys, depth, chemistry and tempera-
ture of the surface water. Already from the Early Oligocene,
the character of the calcareous nannoplankton assemblage
changed. The warm-water (tropical, subtropical) species
that evolved in oligotrophic conditions were replaced by
forms characteristic of cold and intermediate regions. The
assemblage of the Menilite Beds is characterized by the pre-
sence of endemic species that are typical of shallow water,
reduced salinity and high nutrient supply in the lower part
of the Menilite Beds, and the normal salinity (presence of

Pontosphaera and Helicosphaera species) with only small
fluctuations in the upper part. The high content of nutrients
in the environment led to the blooming of certain calcareous
nannoplankton species. The coccolithic limestone horizons
(Tylawa, Jasto and Zago6rz) are the record of these blooms.
Restoration of typical marine conditions in the late Rupelian
(sea-level rise) resulted in mixing of forms and the return of
species that are characteristic of pelagic environments. This
phase continued, with a small fluctuation at the Oligoce-
ne—Miocene boundary, to the Karpatian (Burdigalian). The
Krosno Beds are characterized by a different fossil inven-
tory — redeposited species are dominant in the assemblage
and often they are better preserved than autochthonous ones.
It indicates unstable conditions during the sedimentation of
these deposits.
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STRESZCZENIE

Nanoplankton wapienny stanowi najbardziej zréznico-
wang 1 rozprzestrzeniona grupg morskiego fitoplanktonu,
ktéra okazala si¢ szczegodlnie przydatna w biostratygrafii
i analizach paleosrodowskowych (w tym paleoklimatycz-
nych). Analizujac sktad zespolu, jego zréznicowanie, li-
czebno$¢ i stan zachowania, mozna okresli¢ zarowno jego
charakter, jak i charakter warunkow $rodowiskowych, ja-
kie panowaty w tym czasie w zbiorniku (basenie). Rozwoj
i rozprzestrzenienie tych organizmoéw jest uwarunkowane
wieloma czynnikami, z ktorych najwazniejsze to: dostep-
no$¢ i natgzenie §wiatta (fotosynteza), temperatura wod po-
wierzchniowych, zasolenie, dostgpno$¢ sktadnikow odzyw-
czych, natlenienie wod, zmiany poziomu morza. Czasami
niewielkie zmiany jednego lub kilku czynnikow maja duzy
wplyw na sktad zespotu, jego zréznicowanie lub powoduja
wymieranie albo radiacj¢ form. Problemem, na jaki natra-
fia si¢ w czasie badan, jest obecno$¢ form redeponowanych
(niewielkie rozmiary Coccolithaceae sprawiaja, ze sa tatwo
przenoszone) i podatno$¢ na wtorne zmiany (mineralizacja,
rozpuszczanie). Prowadzone badania obejmowaty obszar
jednostki skolskiej polskich Karpat zewnetrznych ze wzgle-
du na dostepnosc¢ profili, poczawszy od poziomu podmeni-
litowych margli globigerynowych az po najmtodsze osady
serii menilitowo-kro$nienskiej. Wykonane analizy nie po-
twierdzity ustalen Slezaka (Slezak i in., 1995b) o przyna-
leznosci najmlodszych osadéw jednostki skolskiej do po-
ziomu nanoplanktonowego NN5 (baden). Badania obejmo-
waly utwory pdznego oligocenu—wczesnego miocenu serii
menilitowo-kro$nienskiej jednostki skolskiej — najbardziej
zewngtrznej czgsci basenu Karpat zewngtrznych na terenie

Polski. Probki pochodzity z rejonow: Tyrawa Solna, Pod-
waluczka, Krepak, Stankowa, Stankowa Wschdd, Ropienka
Centrum, Wankowa, Monasterzec. Zmiany, jakie zachodzi-
ly w oligocenie i wczesnym miocenie w basenie skolskim,
znalazty odzwierciedlenie w zespotach nanoplanktonu wa-
piennego. Ich rozprzestrzenienie, rozwoj, zréznicowanie ga-
tunkowe i liczebnos¢ sa $cisle zwigzane z warunkami panu-
jacymi w samym basenie, uwarunkowane jego polozeniem,
glebokoscia, chemizmem woéd i temperatura. Poczawszy
od wczesnego oligocenu zmienia si¢ charakter catego ze-
spotu, formy cieptolubne, formy ewoluujace w warunkach
oligotroficznych zostaja wypierane przez gatunki charakte-
rystyczne dla stref chtodnych i umiarkowanie chlodnych.
Zespdt warstw menilitowych cechuje przewaga gatunkow
endemicznych charakterystycznych dla stref ptytkich o ob-
nizonym zasoleniu i podwyzszonej zawarto$ci nutrientow
W cze$ci nizszej i normalnym zasoleniu, jedynie z niewiel-
kimi wahnigciami (Pontosphaeraceae i Helicosphaeraceae),
w czesci wyzszej. Wysoka zawarto$¢ nutrientow w srodowi-
sku doprowadzita do zakwitu pewnych gatunkow. Zapisem
takich zakwitow sa korelacyjne poziomy kokkolitowe. Po-
wrot typowo morskich warunkéw w wyzszym rupelu spo-
wodowal wymieszanie gatunkéw i powrot gatunkéw cha-
rakterystycznych dla stref otwartego morza, ktory to etap
trwat z niewielkimi wahaniami na granicy oligocen/miocen
(sptycenie) az do ottnangu. Warstwy kro$nienskie cechuje
odmienny inwentarz nanoskamieniato$ci — dominuja ga-
tunki redeponowane, niejednokrotnie zachowane lepiej niz
nieliczne autochtoniczne, co wskazuje na niestabilne (dyna-
miczne) warunki w czasie sedymentacji tych utwordw.



PLATE I
Scale bar is 5 pm. CN — crossed nicols; NL — normal light
Skala: 5 um. CN — $wiatlo spolaryzowane; NL — $wiatto przechodzace
Fig. 1. Dictyococcites bisectus (Hay, Mohler et Wade) Bukry et Percival — CN; Globigerina Marls
Dictyococcites bisectus (Hay, Mohler et Wade) Bukry et Percival — CN; margle globigerynowe

Fig. 2. Dictyococcites bisectus (Hay, Mohler et Wade) Bukry et Percival — CN; Globigerina Marls
Dictyococcites bisectus (Hay, Mohler et Wade) Bukry et Percival — CN; margle globigerynowe

Fig. 3. Transversopontis obliquipons (Deflandre) Hay, Mohler et Wade — CN; Globigerina Marls
Transversopontis obliquipons (Deflandre) Hay, Mohler et Wade — CN; margle globigerynowe

Fig. 4. Lanternithus minutus Stradner, — CN; Globigerina Marls

Lanternithus minutus Stradner — CN; margle globigerynowe

Fig. 5. Lanternithus minutus Stradner — NL; Globigerina Marls

Lanternithus minutus Stradner — NL; margle globigerynowe

Fig. 6. Helicosphaera compacta Bramlette et Wilcoxon — CN; Globigerina Marls

Helicosphaera compacta Bramlette et Wilcoxon — CN; margle globigerynowe

Fig. 7. Helicosphaera compacta Bramlette et Wilcoxon — NL; Globigerina Marls

Helicosphaera compacta Bramlette et Wilcoxon — NL; margle globigerynowe

Fig. 8. Isthmolithus recurvus Deflandre — CN; Globigerina Marls

Isthmolithus recurvus Deflandre — CN; margle globigerynowe

Fig. 9. Isthmolithus recurvus Deflandre — NL; Globigerina Marls

Isthmolithus recurvus Deflandre — NL; margle globigerynowe

Fig. 10.  Ericsonia formosa (Kamptner) Haq — CN; Globigerina Marls

Ericsonia formosa (Kamptner) Haq — CN; margle globigerynowe

Fig. 11.  Ericsonia formosa (Kamptner) Haq — NL; Globigerina Marls

Ericsonia formosa (Kamptner) Haq — NL; margle globigerynowe

Fig. 12.  Reticulofenestra umbilica (Levin) Martini et Ritzkowski — CN; Globigerina Marls
Reticulofenestra umbilica (Levin) Martini et Ritzkowski — CN; margle globigerynowe

Fig. 13.  Reticulofenestra umbilica (Levin) Martini et Ritzkowski — NL; Globigerina Marls
Reticulofenestra umbilica (Levin) Martini et Ritzkowski — NL; margle globigerynowe

Fig. 14.  Cribrocentrum reticulatum (Gartner et Smith) Perch-Nielsen — CN; Globigerina Marls

Cribrocentrum reticulatum (Gartner et Smith) Perch-Nielsen — CN; margle globigerynowe

Fig. 15.  Cribrocentrum reticulatum (Gartner et Smith) Perch-Nielsen — NL; Globigerina Marls

Cribrocentrum reticulatum (Gartner et Smith) Perch-Nielsen — NL; margle globigerynowe

Fig. 16.  Clausicoccus subdistichus (Roth et Hay) Prins — CN; Globigerina Marls
Clausicoccus subdistichus (Roth et Hay) Prins — CN; margle globigerynowe

Fig. 17.  Clausicoccus subdistichus (Roth et Hay) Prins — CN; Globigerina Marls
Clausicoccus subdistichus (Roth et Hay) Prins — CN; margle globigerynowe

Fig. 18.  Transversopontis fibula Gheta — CN; Lower Menilite Beds

Transversopontis fibula Gheta — CN; warstwy menilitowe dolne

Fig. 19.  Transversopontis fibula Gheta — NL; Lower Menilite Beds

Transversopontis fibula Gheta — NL; warstwy menilitowe dolne

Fig. 20.  Reticulofenestra ornata Miller — CN; Lower Menilite Beds

Reticulofenestra ornata Miller — CN; warstwy menilitowe dolne
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PLATE II

Fig. 1. Helicosphaera euphratis Haq — CN; Lower Menilite Beds

Helicosphaera euphratis Haq — CN; warstwy menilitowe dolne

Fig. 2. Helicosphaera euphratis Haq — NL; Lower Menilite Beds

Helicosphaera euphratis Haq — NL; warstwy menilitowe dolne

Fig. 3. Helicosphaera intermedia Martini — CN; Lower Menilite Beds

Helicosphaera intermedia Martini — CN; warstwy menilitowe dolne

Fig. 4. Helicosphaera intermedia Martini — NL; Lower Menilite Beds

Helicosphaera intermedia Martini — NL; warstwy menilitowe dolne

Fig. 5. Pontosphaera latelliptica (Béldi-Beke) Perch-Nielsen — CN; Lower Menilite Beds

Pontosphaera latelliptica (Béldi-Beke) Perch-Nielsen — CN; warstwy menilitowe dolne

Fig. 6. Pontosphaera latelliptica (Baldi-Beke) Perch-Nielsen — NL; Lower Menilite Beds

Pontosphaera latelliptica (Baldi-Beke) Perch-Nielsen — NL; warstwy menilitowe dolne

Fig. 7. Cyclicargolithus floridanus (Roth et Hay) Bukry — CN; Lower Menilite Beds
Cyclicargolithus floridanus (Roth et Hay) Bukry — CN; warstwy menilitowe dolne

Fig. 8. Cyclicargolithus floridanus (Roth et Hay) Bukry — NL; Lower Menilite Beds
Cyclicargolithus floridanus (Roth et Hay) Bukry — NL; warstwy menilitowe dolne

Fig. 9. Cyclicargolithus abisectus (Miller) Wise — CN; Lower Menilite Beds

Cyclicargolithus abisectus (Miller) Wise — CN; warstwy menilitowe dolne

Fig. 10.  Cyclicargolithus abisectus (Miller) Wise — NL; Lowe Menilite Beds

Cyclicargolithus abisectus (M{ller) Wise — NL; warstwy menilitowe dolne

Fig. 11.  Coccolithus pelagicus (Wallich) Schiller — CN; Lower Menilite Beds
Coccolithus pelagicus (Wallich) Schiller — CN; warstwy menilitowe dolne

Fig. 12.  Coccolithus pelagicus (Wallich) Schiller — NL; Lower Menilite Beds

Coccolithus pelagicus (Wallich) Schiller — NL; warstwy menilitowe dolne

Fig. 13.  Zygrhablithus bijugatus Deflandre — CN; Lower Menilite Beds
Zygrhablithus bijugatus Deflandre — CN; warstwy menilitowe dolne

Fig. 14.  Zygrhablithus bijugatus Deflandre — NL; Lower Menilite Beds
Zygrhablithus bijugatus Deflandre — NL; warstwy menilitowe dolne

Fig. 15.  Pontosphaera multipora (Kamptner) Haq — CN; Upper Menilite Beds

Pontosphaera multipora (Kamptner) Haq — CN; warstwy menilitowe gorne

Fig. 16.  Pontosphaera multipora (Kamptner) Haq — NL; Upper Menilite Beds

Pontosphaera multipora (Kamptner) Haq — NL; warstwy menilitowe gérne

Fig. 17.  Helicosphaera scissura Miller — CN; Upper Menilite Beds

Helicosphaera scissura Miller — CN; warstwy menilitowe gérne

Fig. 18.  Helicosphaera scissura Miller — NL; Upper Menilite Beds

Helicosphaera scissura Miller — NL; warstwy menilitowe gorne

Fig. 19.  Helicosphaera kamptneri Hay et Mohler — CN; Upper Menilite Beds

Helicosphaera kamptneri Hay et Mohler — CN; warstwy menilitowe gorne

Fig. 20.  Helicosphaera kamptneri Hay et Mohler — NL; Upper Menilite Beds

Helicosphaera kamptneri Hay et Mohler — NL; warstwy menilitowe gorne
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PLATE IIT

Helicosphaera kamptneri Hay et Mohler — CN; Upper Menilite Beds

Helicosphaera kamptneri Hay et Mohler — CN; warstwy menilitowe gorne

Helicosphaera kamptneri Hay et Mohler — NL; Upper Menilite Beds

Helicosphaera kamptneri Hay et Mohler — NL; warstwy menilitowe gorne

Helicosphaera mediterranea Miiller — CN; Upper Menilite Beds

Helicosphaera mediterranea Miiller — CN; warstwy menilitowe gorne

Helicosphaera mediterranea Miiller — NL; Upper Menilite Beds

Helicosphaera mediterranea Miiller — NL; warstwy menilitowe gorne

Helicosphaera scissura Miller — CN; Lower Krosno Beds

Helicosphaera scissura Miller — CN; warstwy krosnienskie dolne

Helicosphaera scissura Miller — NL; Lower Krosno Beds

Helicosphaera scissura Miller — NL; warstwy krosnienskie dolne

Helicosphaera walbersdorfensis Miiller — CN; Niebylec Shale Member
Helicosphaera walbersdorfensis Miller — CN; poziom tupkéw z Niebylca

Coccolithus pelagicus (Wallich) Schiller — CN; Upper Krosno Beds
Coccolithus pelagicus (Wallich) Schiller — CN; warstwy kro$nienskie gorne

Coccolithus pelagicus (Wallich) Schiller — NL; Upper Krosno Beds

Coccolithus pelagicus (Wallich) Schiller — NL; warstwy kros$nienskie gorne

Cyclicargolithus floridanus (Roth et Hay) Bukry — CN; Upper Krosno Beds
Cyclicargolithus floridanus (Roth et Hay) Bukry — CN; warstwy kro$nienskie gorne

Cyclicargolithus floridanus (Roth et Hay) Bukry — NL; Upper Krosno Beds
Cyclicargolithus floridanus (Roth et Hay) Bukry — NL; warstwy kro$nienskie gorne

Sphenolithus heteromorphus Deflandre — CNO°; Upper Krosno Beds
Sphenolithus heteromorphus Deflandre — CNO°; warstwy kro$nienskie gorne

Sphenolithus heteromorphus Deflandre — CN45°; Upper Krosno Beds

Sphenolithus heteromorphus Deflandre — CN45°; warstwy kro$nienskie gorne

Sphenolithus heteromorphus Deflandre — NL45°; Upper Krosno Beds

Sphenolithus heteromorphus Deflandre — NL45°; warstwy krosnienskie gorne

Sphenolithus heteromorphus Deflandre — CNO°; Upper Krosno Beds
Sphenolithus heteromorphus Deflandre — CNO°; warstwy kros$nienskie gorne

Sphenolithus heteromorphus Deflandre — CN45°; Upper Krosno Beds

Sphenolithus heteromorphus Deflandre — CN45°; warstwy kro$nienskie gorne

Sphenolithus heteromorphus Deflandre — NL45°; Upper Krosno Beds

Sphenolithus heteromorphus Deflandre — NL45°; warstwy krosnienskie gorne

Helicosphaera ampliaperta Bramlette et Wilcoxon — CN; Upper Krosno Beds

Helicosphaera ampliaperta Bramlette et Wilcoxon — CN; warstwy kro$nienskie gorne

Helicosphaera ampliaperta Bramlette et Wilcoxon — NL; Upper Krosno Beds

Helicosphaera ampliaperta Bramlette et Wilcoxon — NL; warstwy kro$nienskie gorne
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Helicosphaera ampliaperta Bramlette et Wilcoxon — CN; Upper Krosno Beds

Helicosphaera ampliaperta Bramlette et Wilcoxon — CN; warstwy kro$nienskie gorne

Helicosphaera ampliaperta Bramlette et Wilcoxon — NL; Upper Krosno Beds

Helicosphaera ampliaperta Bramlette et Wilcoxon — NL; warstwy kros$nienskie gorne

Helicosphaera ampliaperta Bramlette et Wilcoxon — CN; Upper Krosno Beds

Helicosphaera ampliaperta Bramlette et Wilcoxon — CN; warstwy kro$nienskie gorne

Helicosphaera ampliaperta Bramlette et Wilcoxon — NL; Upper Krosno Beds

Helicosphaera ampliaperta Bramlette et Wilcoxon — NL; warstwy kro$nienskie gorne

Reticulofenestra pseudoumbilica Gartner — CN; Upper Krosno Beds

Reticulofenestra pseudoumbilica Gartner — CN; warstwy kro$nienskie gorne

Reticulofenestra pseudoumbilica Gartner — NL; Upper Krosno Beds

Reticulofenestra pseudoumbilica Gartner — NL; warstwy krosnienskie gorne

Reticulofenestra pseudoumbilica Gartner — CN; Upper Krosno Beds

Reticulofenestra pseudoumbilica Gartner — CN; warstwy kro$nienskie gorne

Reticulofenestra pseudoumbilica Gartner — NL; Upper Krosno Beds

Reticulofenestra pseudoumbilica Gartner — NL; warstwy kros$nienskie gorne

Reticulofenestra ornata Miiller — CN; Dynow Marls

Reticulofenestra ornata Miiller — CN; margle dynowskie

Reticulofenestra ornata Miiller — NL; Dyn6éw Marls

Reticulofenestra ornata Miiller — NL; margle dynowskie

Reticulofenestra tokodensis Baldi-Beke — CN; Dynoéw Marls
Reticulofenestra tokodensis Baldi-Beke — CN; margle dynowskie

Reticulofenestra tokodensis Baldi-Beke — NL; Dynow Marls
Reticulofenestra tokodensis Béaldi-Beke — NL; margle dynowskie

Reticulofenestra lockeri Miller — CN; Lower Menilite Beds

Reticulofenestra lockeri Miller — CN; warstwy menilitowe dolne

Reticulofenestra lockeri Miller — NL; Lower Menilite Beds

Reticulofenestra lockeri Miiller — NL; warstwy menilitowe dolne

Sphenolithus moriformis (Brénnimann et Stradner) Bramlette et Wilcoxon — CN0°; Lower Menilite Beds

Sphenolithus moriformis (Brénnimann et Stradner) Bramlette et Wilcoxon — CN0°; warstwy menilitowe dolne

Sphenolithus moriformis (Bronnimann et Stradner) Bramlette et Wilcoxon — NLO°; Lower Menilite Beds

Sphenolithus moriformis (Bronnimann et Stradner) Bramlette et Wilcoxon — NLO°; warstwy menilitowe dolne

Jasto Limestone — CN
Wapien jasielski — CN

Jasto Limestone — NL

Wapien jasielski — NL
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Figs. 1, 2. Jasto Limestone — CN

Fig. 3.

Fig. 4.

Fig. 5.

Wapien jasielski — CN

Jasto Limestone — NL

Wapien jasielski — NL

Zag6rz Limestone — CN

Wapien z Zagérza — CN

Zag6rz Limestone — NL

Wapien z Zagorza — NL

PLATE V
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Fig. 1. Cyclicargolithus floridanus (Roth et Hay) Bukry — CN; Jasto Limestone
Cyclicargolithus floridanus (Roth et Hay) Bukry — CN; wapien jasielski

Fig. 2. Cyclicargolithus floridanus (Roth et Hay) Bukry — NL; Jasto Limestone
Cyclicargolithus floridanus (Roth et Hay) Bukry — NL; wapien jasielski

Fig. 3. Cyclicargolithus floridanus (Roth et Hay) Bukry — CN; Zagérz Limestone
Cyclicargolithus floridanus (Roth et Hay) Bukry — CN; wapien z Zagorza

Fig. 4. Cyclicargolithus floridanus (Roth et Hay) Bukry — NL; Zagorz Limestone
Cyclicargolithus floridanus (Roth et Hay) Bukry — NL; wapien z Zagorza

Fig. 5. Cyclicargolithus abisectus (Miiller) Wise — CN; Jasto Limestone
Cyclicargolithus abisectus (M{iller) Wise — CN; wapien jasielski

Fig. 6. Cyclicargolithus abisectus (Miller) Wise — NL; Jasto Limestone
Cyclicargolithus abisectus (Miiller) Wise — NL; wapien jasielski

Fig. 7. Cyclicargolithus abisectus (M{iller) Wise — CN; Jasto Limestone
Cyclicargolithus abisectus (Miller) Wise — CN; wapien jasielski

Fig. 8. Cyclicargolithus abisectus (Miller) Wise — NL; Jasto Limestone
Cyclicargolithus abisectus (Miller) Wise — NL; wapien jasielski

Fig. 9. Cyclicargolithus abisectus (Miller) Wise — CN; Jasto Limestone
Cyclicargolithus abisectus (Miller) Wise — CN; wapien jasielski

Fig. 10. Cyclicargolithus abisectus (Miller) Wise — NL; Jasto Limestone
Cyclicargolithus abisectus (Mller) Wise — NL; wapien jasielski

Fig. 11. Cyclicargolithus abisectus (Miiller) Wise — CN; Zagorz Limestone
Cyclicargolithus abisectus (M{iller) Wise — CN; wapien z Zagorza

Fig. 12. Cyclicargolithus abisectus (Miller) Wise — NL; Zag6érz Limestone
Cyclicargolithus abisectus (Miller) Wise — NL; wapien z Zagoérza

Figs. 13, 14. Discoaster deflandrei Bramlette et Riedel — NL; Upper Menilite Beds

Discoaster deflandrei Bramlette et Riedel — NL; warstwy menilitowe gorne

Fig. 15. Sphenolithus moriformis (Brénnimann et Stradner) Bramlette et Wilcoxon — CN0°; Upper Menilite Beds

Sphenolithus moriformis (Brénnimann et Stradner) Bramlette et Wilcoxon — CN0°; warstwy menilitowe gorne

Figs. 16, 17. Helicosphaera recta Haq — CN; Upper Menilite Beds

Helicosphaera recta Haq — CN; warstwy menilitowe gorne

Fig. 18. Helicosphaera recta Haq — NL; Upper Menilite Beds

Helicosphaera recta Haq — NL; warstwy menilitowe gérne

Fig. 19. Pontosphaera multipora (Kamptner) Haq — CN; Upper Menilite Beds

Pontosphaera multipora (Kamptner) Haq — CN; warstwy menilitowe gorne

Fig. 20. Pontosphaera latelliptica (Béldi-Beke) Perch-Nielsen — CN; Upper Menilite Beds

Pontosphaera latelliptica (Béldi-Beke) Perch-Nielsen — CN; warstwy menilitowe gorne



Biul. Panstw. Inst. Geol. 453 PLATE VI

Matgorzata Garecka — Record of changes in the Oligocene—Miocene sediments of the Menilite—Krosno Series of the Skole Unit based

on calcareous nannoplankton studies — biostratigraphy and palaeogeographical implications (Polish Outer Carpathians)







	RECORD OF CHANGES IN THE OLIGOCENE–MIOCENE SEDIMENTS OF THE MENILITE–KROSNO SERIES OF THE SKOLE UNIT BASED ON CALCAREOUS NANNOPLANKTON STUDIES – BIOSTRATIGRAPHY AND PALAEOGEOGRAPHICAL IMPLICATIONS (POLISH OUTER CARPATHIANS) –  Małgorzata Garecka
	INTRODUCTION

	MATERIAL AND METHODS
	LITHOSTRATIGRAPHY OF THE MENILITE–KROSNO SERIES IN THE SKOLE UNIT
	BIOSTRATIGRAPHY OF THE MENILITE–KROSNO SERIES IN THE SKOLE UNIT
	PALAEOENVIRONMENTAL REMARKS
	CONCLUSIONS
	REFERENCES
	STRESZCZENIE


