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The Badenian/Sarmatian bound ary in the Cen tral Paratethys has been tra di tion ally iden ti fied by the fau nal turn over re cord -
ing an im por tant en vi ron men tal change pos si bly con trolled by the change from ma rine to brack ish con di tions. The strata be -
low the Badenian/Sarmatian bound ary in the north ern Carpathian Foredeep are in cluded into the Pecten beds, and those
above it into the Syndesmya beds. Foraminiferal study of the Babczyn 2 bore hole which is one of the cru cial sec tions in the
north ern Carpathian Foredeep, well-known for the depositional age of rhy o lite tuff within the Pecten beds dated by Œliwiñski
et al. (2012) at 13.06 ±0.11 Ma, in di cated that in fact the bound ary oc curs within the Syndesmya beds. This con clu sion is
based upon the rapid change from a stenohaline foraminiferal fauna to a euryhaline one, and the ap pear ance of the spe cies
Anomalinoides dividens, the taxon re garded as the marker for the Sarmatian. In the Babczyn 2 and Cieszanów 1 (lo cated
~2.5 km basinward of Babczyn 2) bore holes, Anomalinoides dividens ap pears 3.1–3.8 m above the re place ment of
stenohaline by euryhaline foraminifers. The cal car e ous nannoplankton study shows that the up per Badenian and the lower
Sarmatian strata in the stud ied sec tions rep re sent the NN6, un di vided NN6-NN7, and NN7 zones.
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INTRODUCTION

The de po si tion of evaporites re lated to the Badenian Sa lin -
ity Cri sis in the Cen tral Paratethys that started at 13.81
±0.08 Ma (de Leeuw et al., 2010), was ter mi nated when the
Cen tral Paratethys re turned to open-ma rine con di tions at
13.36 Ma (Si mon et al., 2019) due to reconnection of the ba sin
with the Med i ter ra nean and East ern Paratethys, pri mar ily by
tec tonic mod i fi ca tion of the in ter con nect ing gate ways (de
Leeuw et al., 2018). In the Carpathian Foredeep and Fore land
Ba sin – the larg est Cen tral Paratethyan ba sin – the ma rine
shelf-slope fa cies have been re placed, dur ing the late
Serravalian and Tortonian, by shell-rich lit to ral and delta-front
de pos its and then by delta-top chan nel and floodplain fa cies
that con tin ued un til the end of Messinian in the East Carpathian
fore land (de Leeuw et al., 2020).

In the north ern Carpathian Foredeep ba sin the strata above
the Badenian evaporites are in cluded into two re gional stages:

Badenian (up per part) and Sarmatian (e.g., Oszczypko et al.,
2006; Kováè et al., 2017, with ref er ences therein). The bound -
ary be tween those stages has been tra di tion ally iden ti fied by
the fau nal turn over known as the Badenian–Sarmatian Ex tinc -
tion Event in the Cen tral Paratethys (Harzhauser and Piller,
2007) re cord ing an im por tant en vi ron men tal change pos si bly
con trolled by the change in sea wa ter chem is try (in tra di tional
ap proach – from ma rine to brack ish con di tions; Œliwiñski et al.,
2012, with ref er ences therein). A biostratigraphic zonation
within the Badenian and Sarmatian of the north ern Carpathian
Foredeep was es tab lished based on the foraminifers
(£uczkowska, 1963, 1964, 1971; Odrzywolska-Bieñkowa,
1975; Czepiec, 1996; Garecka and Olszewska, 2011). In this
re gion the taxon Anomalinoides dividens £uczkowska de fin ing
the base of the Sarmatian, was first rec og nized and then con -
sid ered as in di cat ing the be gin ning of the Sarmatian in other
Paratethyan bas ins (Filipescu, 2004; Tóth et al., 2010). The
Sarmatian has been dated based on en demic as sem blages
(Filipescu et al., 2020).

The strata be low the Badenian/Sarmatian bound ary in the
north ern Carpathian Foredeep are in cluded into the Pecten
beds, and those above it into the Syndesmya beds (Fig. 1; Ney,
1969). The lithological tran si tion be tween the beds is con tin u -
ous al though a hid den strati graphi cal gap may ex ist (Krach,
1967, 1981) that, as sug gested by Œliwiñski et al. (2012), is cor -
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re lated with de pos its that con tain sev eral foraminiferal zones
de scribed by Kirchner (1956a, b) in more cen tre-ba sin lo ca -
tions. Thus the Pecten beds are stratigraphically con densed
and thinned in re la tion to the foredeep in te rior. Œliwiñski et al.
(2012) dated a rhy o lite tuff within the Pecten beds in the
Babczyn 2 core in SE Po land (Fig. 1) that con strains its
depositional age to 13.06 ±0.11 Ma. A youn ger age (12.65 Ma)
was de ter mined for the sup posed fau nal turn over of the
Badenian–Sarmatian Ex tinc tion Event that was trig gered by a
sud den change to brack ish-ma rine con di tions in the Cen tral
Paratethys (Si mon et al., 2019). Œliwiñski et al. (2012) con -
cluded the that Badenian–Sarmatian Ex tinc tion Event is doc u -
mented in the Babczyn 2 core by the dis ap pear ance of
pectinids co in ci dent with the top most sur face of the Pecten
beds which grade up ward into the Syndesmya beds that in turn
lack typ i cal fos sils in dic a tive of nor mal ma rine con di tions. How -
ever, they did not have the op por tu nity to sam ple the Babczyn 2 
core for biostratigraphic anal y sis. The aim of this pa per is to fill
this im por tant gap through the study of two biostratigraphically
im por tant microfossil groups: foraminifers and cal car e ous
nannoplankton.

As in di cated by Filipescu et al. (2020), be cause of di rect and 
in di rect age in di ca tions, good res o lu tion, and the rel a tively easy
iden ti fi ca tion of re worked spec i mens, foraminifers seem to be
the most re li able group for the biostratigraphic dat ing of the in -
ter val stud ied. Con se quently, the Badenian/Sarmatian bound -
ary in the Cen tral Paratethys is clearly ex pressed by
foraminiferal eco/bio-zones (Dumitriu et al., 2017: fig. 8, 2020).
The use of cal car e ous nannoplankton has some lim i ta tions as
late Badenian – Sarmatian stages com prise two nannozones
NN6 and NN7, but they are com monly com bined into one un di -
vided NN6-NN7 Zone (e.g., Andreyeva-Grigorovich et al.,
1997). Ac cord ing to Palcu et al. (2015) the in ter val iden ti fied as
the Badenian/Sarmatian bound ary tran si tion is char ac ter ized
by the rel a tive abun dance of C. pelagicus, which de creases sig -
nif i cantly at the bound ary, an in crease in abun dance of
Reticulofenestra pseudoumbilicus, and a dis tinct drop in
H. carteri (but see dis cus sion in Silye and Filipescu, 2016).
GaŸdzicka (2015) con cluded that the ap pear ance of
Rhabdosphaera poculi Bóna and Kernerne and Rhabdo -
sphaera procera Mar tini in di cates the Sarmatian.

2 Danuta Peryt et al. / Geo log i cal Quar terly, 2021, 65: 18

Fig. 1. Lo ca tion and strati graphi cal back ground

A – area of the Pol ish Carpathian Foredeep Ba sin (CF), quad ran gle shows the area shown in B; B – dis tri bu tion of Badenian sul phate 
de pos its (af ter Kasprzyk, 2005 and Bukowski, 2011) and the lo ca tion of Babczyn 2 and Cieszanów 1 bore holes; C – stra tig ra phy

 of Badenian–Sarmatian de pos its in the north ern Pol ish Carpathian Foredeep (mod i fied figure 3 of Œliwiñski et al., 2012)
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In ad di tion to study of the Babczyn 2 core (N50°14’07.08’’,
E23°12’35.79’’), we re port the re sults of our ex am i na tion of an -
other core, Cieszanów 1 (N50°14’01.33’’, E23°10’53.26’’), lo -
cated ~2.5 km west (= basinward) of the Babczyn 2 bore hole
(Fig. 1). The two bore holes oc cur in the zone ly ing be tween the
more cen tral part of the Carpathian Foredeep that was the sub -
ject of sev eral micropalaeontological stud ies (e.g., Odrzy -
wolska- Bieñkowa, 1975; Czepiec, 1996, 1997; Czepiec and
Kotarba, 1998; Garecka and Jugowiec, 1999; Olszewska,
1999; Garecka and Olszewska, 2011; Oszczypko-Clowes et
al., 2012; Lelek et al., 2016), and the more mar ginal zone of the
Mid dle Mio cene ba sin in Roztocze (e.g., £uczkowska, 1972;
Odrzywolska-Bieñkowa, 1972a; Bielecka, 1974; Szczechura,
1982, 2000; Peryt, 1987) where the Badenian evaporites – the
prime strati graphi cal marker bed in the Carpathian Foredeep
ba sin – are lack ing.

GEOLOGICAL SETTING

The Carpathian Foredeep ba sin is one of the Cen tral
Paratethyan bas ins. It de vel oped in front of the Carpathians in
the Early Mio cene and is sub di vided in Po land into in ner and
outer parts (Ney et al., 1974). Ma rine Mid dle Mio cene
(Badenian and Sarmatian) de pos its, which range in thick ness
from a few hun dred metres in the north ern-mar ginal part up to
3,000 m in the south east ern part of the Pol ish part of
Carpathian Foredeep, form the bulk of the Foredeep ba sin fill
(Ney et al., 1974).

The Badenian red-al gal lime stones and quartz arenites of
the Piñczów For ma tion orig i nated in shelf and near-shore en vi -
ron ments and mudstones and clays in more basinal lo ca tions
(e.g., Dziadzio et al., 2006). These are over lain by Badenian
evaporites of the Krzy¿anowice and Wieliczka for ma tions
(Alexandrowicz et al., 1982) de pos ited dur ing the Badenian Sa -
lin ity Cri sis (Peryt, 2006, with ref er ences therein). In SE Po land, 
the sul phate de pos its of the Krzy¿anowice For ma tion con sist of
a se quence of lithofacies grouped into 18 lithostratigraphic units 
(from ‘a’ to ‘r’; Kasprzyk, 1993) or seven lithosomes (from ‘A’ to
‘G’; Kubica, 1992; B¹bel, 2005). In SE Po land, in the Lubaczów
area (Fig. 2), the pri mary gyp sum is partly or com pletely re -
placed by anhydrite and sec ond ary gyp sum (Kasprzyk, 1995).
In the Cieszanów 1 bore hole, units ‘a’–‘o’ have a to tal thick ness
of 44.8 m (Kasprzyk, 1995), and in the Babczyn 2 bore hole the
gyp sum se quence (32 m thick, depth 409–441 m) con sists of
units ‘a’–‘l’ and ‘m’–‘o’ (Peryt and Kasprzyk, 1992). Unit ‘o’ con -
tains an in ter ca la tion (2.3 m thick) of marly clays (depth:
413–415.3 m) rich in plant re mains and car bon ate lithoclasts
(Paw³owska and Kubica, 1960) as well as crushed mol lusc
(Modiolus?) shell frag ments (Œliwiñski et al., 2012), and ma rine
palynomorphs (dinoflagellate cysts) and foraminiferal as sem -
blages in di cat ing brack ish to nor mal ma rine sa lin ity at in ner
shelf depths (Peryt et al., 2020).

The Badenian evaporites are over lain by a sandy-silty se -
ries of the Machów For ma tion. Its up per Badenian part is re -
ferred to as the Pecten beds and the en tire Sarmatian part is
dis tin guished as the Krakowiec clays. In the lower part of the
Krakowiec clays the Syndesmya beds oc cur (Jasionowski and
Peryt, 2004, and Czapowski, 2004, with ref er ences therein;
Fig. 1).

The Pecten beds are sub di vided into two units (see
Œliwiñski et al., 2012, for de tailed sum mary of the ear lier re -
search). The up per unit has a greater basinward ex tent,
whereas the lower unit is com monly ab sent, es pe cially to ward
the ba sin cen tre (Kowalewski, 1966). Basinwards, the Pecten
beds grade into the su pra-evaporite Spirialis clays (Œliwiñski et

al., 2012, with ref er ences therein). The se quence of the lower
and up per units of the Pecten beds has been in ter preted ei ther
as in dic a tive of deep en ing (e.g., Kowalewski, 1957; Krach,
1962) or shallowing (Sulimski, 1956). Two of the re gional ben -
thic foraminiferal zones: the lower Neobulimina longa Zone and
the up per Cibicides crassiseptatus (Hanzawaia crassiseptata)
Zone oc cur in the Pecten beds (Odrzywolska-Bieñkowa, 1975); 
the lat ter of these is con sid ered to be syn chro nous with the
Velapertina (= Praeorbulina) indigena (£uczkowska) plank tonic 
foraminiferal zone (Cicha et al., 1998).

The Syndesmya beds in turn con tain no pectinids and en -
com pass the low er most Sarmatian foraminiferal zones iden ti -
fied in the Carpathian Foredeep – the Anomalinoides dividens
Zone and the Cycloforina karreri ovata Zone (Odrzy -
wolska-Bieñkowa, 1975). The lithological tran si tion be tween
the Pecten beds and Syndesmya beds is con tin u ous (Œliwiñski
et al., 2012). Œliwiñski et al. (2012) con firmed the lo ca tion of the
Badenian/Sarmatian bound ary be tween the Pecten beds and
Syndesmya beds in the Babczyn 2 bore hole as pro posed by
Paw³owska and Kubica (1960) at the high est oc cur rence of well
pre served and iden ti fi able pectinid shells, 6.0 m above the tuff
found in the mid dle por tion of the Pecten beds, 3.4 m above the
gyp sum. How ever, al though some au thors have sug gested that 
the ap pear ance of Anomalinoides dividens £uczkowska co in -
cides with the bound ary be tween the Pecten beds and
Syndesmya beds (i.e., be tween the Badenian and Sarmatian),
oth ers place the Badenian/Sarmatian bound ary higher in the
sec tion, within the Syndesmya beds (e.g., Czapowski, 1994;
see dis cus sion in Œliwiñski et al., 2012).

MATERIAL AND METHODS

We sam pled the up per Badenian strata oc cur ring above the 
Badenian evaporites and then the 32 and 18 m thick se quence
of lower Sarmatian de pos its in the Babczyn 2 and Cieszanów 1
cores, re spec tively, which are lo cated above the Badenian/ 
Sarmatian bound ary. The bound ary was placed by Paw³owska
and Kubica (1960, 1961) at a depth of 401.4 m and 368.5 m, re -
spec tively: in the Babczyn 2 bore hole it co in cides with the
bound ary be tween the rocks as signed by them to the Pecten
beds and Syndesmya beds, and in the Cieszanów 1 bore hole it
was placed at the base of marly clays over ly ing the 35 cm thick
unit of cal car e ous marls con tain ing 0.5–1.0 cm thick sand stone
in ter ca la tions which in turn are un der lain by clayey marls with
com mon shell frag ment and whole Pecten and other bi valve
shells. These marls are in ter ca lated with 1–15 cm thick tuffites
and rare sand stones (up to 20 cm thick) and marly lime stone
(20 cm).

A to tal of 88 sam ples from the Babczyn 2 and Cieszanów 1
bore hole sec tions have been stud ied for foraminifers: 51 sam -
ples from the 40 m thick in ter val in the Babczyn 2 bore hole and
37 sam ples from the 36 m thick in ter val in the Cieszanów 1
bore hole sec tions. The sam pling dis tance in the Babczyn 2
sec tion was ~1 m in the Pecten beds (sam ples 8–21), 0.5 m in
the low er most part of the Krakowiec clays (sam ples 22–29) and 
~1 m in the higher part of the stud ied in ter val of Krakowiec
clays” (sam ples 32–59). Sim i larly, in the Cieszanów 1 bore hole
sec tion the sam pling dis tance was ~1 m in the sam pled in ter val
ex cept for the 8 m thick in ter val around the bound ary be tween
the Pecten beds and Krakowiec clays (sam ples 25–42) where it 
was 0.5 m (or less).

The same sam ples have been used for the nannoplankton
study al though their num ber, for the nannoplankton study, was
re duced as usu ally, ev ery sec ond sam ple stud ied for
foraminifers was ex am ined. In to tal, 51 sam ples have been
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used for the nannoplankton study (27 sam ples from Babczyn 2
and 24 sam ples from Cieszanów 1).

Washed res i dues for foraminiferal study were ob tained from 
the rocks by disaggregation us ing Na2SO4. The foraminiferal
spec i mens from the >63 µm size frac tion were picked for the
biostratigraphic anal y ses. Pres ence-ab sence ob ser va tions for
the Babczyn 2 and Cieszanów 1 bore hole sec tions are shown in 
Fig ures 2 and 3. The most com mon spe cies are il lus trated in
Fig ure 4. Foraminiferal biozones fol low £uczkowska (1964) and 
have been re vised in this study. The fig ured spec i mens are de -
pos ited in the In sti tute of Paleobiology, Pol ish Acad emy of Sci -
ences, Warszawa (ZPAL F. 75).

The smear slides for nannoplankton stud ies were pre pared
ac cord ing to the method de scribed by Báldi-Beke (1984). A fine
wa ter sus pen sion of the rock, af ter stir ring and short pe riod of
set tling, was spread out on a mi cro scopic glass slide. Af ter dry -
ing, the mi cro scope slide was cov ered with Can ada bal sam and 
a cover glass. The slides were in spected us ing a Nikon Eclipse
LV100Pol at 1000x mag ni fi ca tion. Pho tos were taken un der the
light mi cro scope us ing a Nikon DS-Fi1 cam era. The oc cur rence 
of cal car e ous nannoplankton taxa in par tic u lar sam ples is
shown in Fig ures 5 and 6, and the taxa are shown in Fig ures 7
and 8.

RESULTS

FORAMINIFERS

The stud ied suc ces sions con tain well-pre served plank tonic, 
cal car e ous ben thic, and ag glu ti nated foraminifers. More than
75 spe cies rep re sent ing the fol low ing gen era: Articulina,
Cycloforina, Pseudotriloculina, Pyrgo, Quinqueloculina,
Sigmoilinita, Triloculina, Varidentella, Elphidium, Haynesina,
Porosononion, Anomalinoides, Heterolepa, Hanzawaia, Loba -
tula, Cibicidoides, Elphidiella, Melonis, Nonion, Pullenia,
Bolivina, Bulimina, Uvigerina, Angulogerina, Sphaeroidina,
Favulina, Fissurina, Lagena, Lenticulina, Nodosaria, Globige -
rina, Velapertina, Trilobatus, Ammobaculites, Ammodiscus,
Martinottiella, Siphotextularia, Textularia, Spirorutilus, Pavoniti -
na, Pseudogaudryina, Rhabdammina, and Nothia were re -
corded in the stud ied in ter vals of the Babczyn 2 and Cieszanów
1 bore holes (Ap pen dix 1*; Figs. 3 and 4).

BABCZYN 2
(FIG. 2)

In the lower part of the stud ied suc ces sion (depth
404.3–409.1 m), foraminiferal as sem blages are char ac ter ized
by an abun dance of plank tonic and cal car e ous ben thic
foraminifers; ag glu ti nated ones are ab sent. The most abun dant
plank tonic spe cies is Globigerina bulloides. Among the cal car e -
ous ben thic foraminifers elon gated forms of Uvigerinidae
(Uvigerina bellicostata, U. brunnensis, U. semiornata and
Angulogerina angulosa) and subcylindrical Buliminidae
(Bulimina elongata, B. insignis, B. aculeata, B. subulata) are
dom i nant. Hanzawaia boueana, Lobatula lobatula, Bolivina
plicatella, Bulimina elongata, Neobulimina longa, Pullenia
bulloides, Sphaeroidina bulloides, Melonis pompilioides, and
Cibicidoides ungerianus oc cur rarely in this part of the sec tion.

The fol low ing, 4.9 m thick rock in ter val (399.4–404.3 m) is
char ac ter ized by abun dant, highly di ver si fied foraminiferal as -
sem blages. Plank tonic foraminifers are rep re sented by

Globigerina bulloides, Velapertina indigena, and Trilobatus
trilobus. Ag glu ti nated ben thic foraminifers, ab sent in the un der -
ly ing in ter val, are an im por tant com po nent of this as sem blage.
The most com mon spe cies are Siphotextularia concava,
S. inopinata, Spirorutilus carinatus, Martinottiella communis,
and Pseudogaudryina karreriana. In ad di tion to ag glu ti nated
forms, ben thic foraminiferal as sem blages in this in ter val pos -
sess ad di tional cal car e ous spe cies. Spe cies which char ac ter -
ize this part of the suc ces sion are: Hanzawaia crassiseptata,
Valvulineria complanata, Cibicidoides ungerianus. Very com -
mon are Melonis pompilioides, Sphaeroidina bulloides,
Hanzawaia boueana and Lobatula lobatula. In the up per part
Pullenia bulloides, Heterolepa dutemplei and Hansenisca sol -
danii are im por tant con tri bu tors to the as sem blages. This abun -
dant, highly di ver si fied foraminiferal as sem blage sud denly dis -
ap pears at a depth of 399.4 m (sam ple 28).

The next, 3.8 m thick rock in ter val (395.6–399.4 m), yielded
a very poor foraminiferal as sem blage, tax o nom i cally com -
pletely dif fer ent from the older one, com posed by small-sized
Elphidium (E. angulatum), Porosononion martkobi, Nonion
tumidulus) and hauerinids (Cycloforina predkarpatica, Vari -
dentella reussi).

The fol low ing, 2.1 m thick rock in ter val (393.5–395.6 m) is
char ac ter ized by an al most monospecific as sem blage of
Anomalinoides dividens. Rare spec i mens of spe cies char ac ter -
is tic for the as sem blage from the un der ly ing in ter val were also
re corded.

The next, 12.9 m thick rock in ter val (380.6–393.5 m) yielded 
poor foraminiferal as sem blages com posed of a few hauerinid
spe cies: Cycloforina predkarpatica, Varidentella reussi, and C.
karreri ovata. Rare re worked up per most Badenian foraminifers
oc cur, mainly in the lower part of this inerval.

The over ly ing, 10.2 m thick rock in ter val (370.4–380.6 m) is
char ac ter ized by low di ver sity, sparse foraminiferal as sem -
blages com posed mainly by hauerinids. The most com mon ge -
nus is Varidentella (V. sarmatica, V. latelacunata); Articulina
problema is also pres ent there. Rare oc cur rences of Elphidium
angulatum, Porosononion martkobi, and Nonion tumidulus are
re corded mainly in the lower part of this in ter val. At a depth of
374.5–376.5 m Bolivina sarmatica is a sig nif i cant com po nent of 
the as sem blages.

The up per most, 2.0 m thick rock in ter val, (368.4–370.4 m)
yielded low di ver sity foraminiferal as sem blages dom i nated by
Porosononion martkobi, Nonion tumidulus and elphidiids
(E. hauerinum, E. angulatum). Psudotriloculina consobrina and
Cycloforina predkarpatica are also pres ent.

CIESZANÓW 1
(FIG. 3)

The basal in ter val of the stud ied suc ces sion, 2.65 m thick
(depth 383.25–385.9 m), is char ac ter ized by an abun dant oc -
cur rence of tiny, small-sized elphidiids like Elphidium
angulatum, E. advenum, Elphidiella artifex, and nonionids –
Haynesina depressula, Nonion sp. They are ac com pa nied by
Am mo nia sp., Pseudotriloculina consobrina, Quinqueloculina
akneriana, Cycloforina gracilis, Bolivina plicatella, Fissurina
marginata, Rosalina sp., and Favulina hexagona.

The fol low ing, 7.65 m thick rock in ter val (375.6–383.45 m)
is char ac ter ized by higher di ver sity ben thic foraminiferal as -
sem blages. Sev eral new spe cies ap pear: abun dant Bulimina
elongata ac com pa nied by less com mon Lobatula lobatula,
Elphidium macellum, Sigmoilinita tenuis, Bolivina plicatella,

Danuta Peryt et al. / Geo log i cal Quar terly, 2021, 65: 18 5

* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/gq.1584
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Fig. 4. Foraminifers from the Babczyn 2 (A, E, F, I–K, M, N, P–T) and Cieszanów 1 (B–D, G, H, L, O) bore holes

A – Neobulimina longa Venglinskyi, sam ple 17; B – Bulimina subulata Cushman & Parker, sam ple 19; C – Uvigerina bellicostata
£uczkowska, sam ple 19; D – Uvigerina semiornata d’Orbigny, sam ple 19; E – Articulina problema Bogdanowicz, sam ple 48; F –
Siphotextularia inopinata £uczkowska, sam ple 28; G – Rhabdammina sp., sam ple 31; H – Hanzawaia boueana (d’Orbigny), sam ple 19; I –
Elphidium angulatum (Egger), sam ple 29; J – Spirorutilus carinatus (d’Orbigny), sam ple 17; K – Martinottiella communis (d’Orbigny), sam ple
28; L – Hanzawaia crassiseptata (£uczkowska), sam ple 32; M – Elphidium advenum limbatum (Chap man), sam ple 33; N – Elphidium
hauerinum (d’Orbigny), sam ple 57; O –Cycloforina predkarpatica (Serova), sam ple 15; P – Quinqueloculina akneriana d’Orbigny, sam ple 32; 
Q – Varidentella reussi (Bogdanowicz), sam ple 47; R – Anomalinoides dividens £uczkowska, sam ple 35; S – Porosononion martkobi
(Bogdanowicz), sam ple 31; T – Varidentella sarmatica (Karrer), sam ple 49; scale bars – 100 µm



Astrononion perfossum, and Heterolepa dutemplei. In the low -
er most part of this in ter val rare spec i mens of the plank tonic
spe cies Globigerina bulloides are re corded.

The next, 6.75 m thick in ter val (368.85–375.6 m), yields a
high di ver sity foraminiferal as sem blage com posed of both
plank tonic and ben thic foraminifers. Plank tonic forms dom i nate
in the as sem blages in this in ter val. The most abun dant is
Globigerina bulloides; and Velapertina indigena and Trilobatus
trilobus are com mon.

Ben thic foraminiferal as sem blages are very dif fer ent from
the ones re corded in the un der ly ing part of the sec tion. They are 
com posed of me dium to large-sized cal car e ous and ag glu ti -
nated spe cies. The tiny, small-sized elphidiids and nonionids al -
most dis ap pear. Sev eral spe cies not re corded in the lower part
of the sec tion are very com mon in this rock in ter val: Melonis
pompilioides, Sphaeroidina bulloides, Hanzawaia boueana,
H. crassiseptata, Hansenisca soldanii, Heterolepa dutemplei,
Bulimina spp. and Uvigerina spp. Of the ag glu ti nated forms the
most com mon are Spirorutilus carinatus, Siphotextularia
inopinata and S. concava.

Then, this highly di ver si fied foraminiferal as sem blage dis -
ap pears and in the 3.1 m thick over ly ing strata (the depth in ter -
val 365.75–368.85 m) is re placed by a com pletely new as sem -
blage. Hauerinids (Cycloforina predkarpatica, Triloculina sp.,
Quinqueloculina sp.), Porosonion martkobi and Elphidium
angulatum are the main com po nents of the as sem blage. At a
depth of 366.8 m (sam ple no. 37) re worked foraminifers are re -
corded.

The 1.55 m thick in ter val that fol lows (364.7–365.75 m) is
char ac ter ized by an al most monospecific foraminiferal as sem -
blage of Anomalinoides dividens. Only rare hauerinids
(Triloculina, Quinqueloculina, Cycloforina) and Elphidium are
mi nor com po nents.

The next in ter val (350.0–364.7 m) is char ac ter ized by com -
mon Varidentella sarmatica, Triloculina spp., non-keeled
elphidiids, and rare Elphidium fichtelianum and E. crispum.

CALCAREOUS NANNOPLANKTON

Cal car e ous nannofossil as sem blages in the ana lysed sam -
ples are mod er ately to poorly pre served. Twenty-nine spe cies
rep re sent ing the fol low ing gen era: Braarudosphaera,
Calcidiscus, Calciosolenia, Coccolithus, Coronocyclus, Cycli -
cargo lithus, Discoaster, Hayella, Helicosphaera, Holodisco -
lithus, Pontosphaera, Reticulofenestra, Sphenolithus and
Umbilicosphaera were re corded in the stud ied in ter vals of the
Babczyn 2 and Cieszanów 1 bore holes (Ap pen dix 1; Figs. 5
and 6). The most abun dant taxa are Coccolithus pelagicus and
Reticulofenestra pseudoumbilicus. Helicosphaera carteri and
H. spp. (small forms) oc cur more rarely than the two
above-men tioned spe cies. Re worked Me so zoic (mainly Up per
Cre ta ceous) and Paleogene (mainly Eocene) taxa are pres ent
through out the stud ied sec tions. Di ag nos tic for Mid dle Mio cene
nannofossil stra tig ra phy Sphenolithus and Discoaster spe cies
oc cur only spo rad i cally (as in di vid u als) in some sam ples
(mainly Sphenolithus). Coccospheres are spo rad i cally pres ent
in the in ves ti gated sam ples pos si bly be cause many of them
have been disaggregated.

Be sides the cal car e ous nannoplankton ascidian spicules,
cal car e ous dinoflagellata, frustules of di a toms and Bolboforma
spp. were found. As cid ians (sea squirts) are ben thic tuni cates
(Young, 1998; Varol, 2006; £ukowiak et al., 2016). The spicules 
they pro duce oc cur in nannoplankton prep a ra tions, es pe cially
from shal low ma rine en vi ron ments. They have been re corded
from Ju ras sic to Re cent and oc cur also in Mid dle Mio cene sed i -
ments. They oc cur in al most all the sam ples. Bolboforma spe -

cies (Protophyta group) are de scribed from the Mid dle Mio cene
sed i ments of the Carpathian Foredeep (Odrzywolska-
 Bieñkowa, 1976; Szczechura, 1997, 2000; Paruch-Kulczycka,
2003). These ma rine microfossils pro duced calcitic
monocrystalline sphe roi dal tests with or with out in ner cysts and
with var i ous types of or na men ta tion. Due to the pres er va tion
state of ob served frag ments it was im pos si ble to re late them to
the spe cific spe cies and/or Bolboforma zones. Thoracosphaera
spe cies are a com mon con stit u ent of the ma rine nannoplankton 
(Inouye and Pienaar, 1983). They are placed in cal car e ous
nannoplankton be cause of their size. These are dis so lu tion re -
sis tant forms which oc cur abun dantly in ma rine sur face
(oligotrophic and eutrophic) wa ters (Karwath et al., 2000;
Gussone et al., 2010). An in creas ing abun dance of these forms
in di cates, ac cord ing to Agnini et al. (2007), stressed en vi ron -
men tal con di tions in the photic zone.

BABCZYN 2
(FIG. 5)

In sam ple 8 the cal car e ous nannoplankton as sem blage
con sists of Reticulofenestra pseudoumbilicus, Coccolithus
pelagicus, Helicosphaera carteri, Holodiscolithus macroporus,
and com mon frag ments of pyritized Bolboforma forms. Spe cies
such as: Braarudosphaera bigelowii, Cyclicargolithus florida -
nus, Pontosphaera multipora, Sphenolithus abies, Umbilico -
sphaera jafari, U. rotula and cal car e ous dinoflagellata oc cur
rarely. Re worked sin gle Cre ta ceous and Paleogene forms were 
iden ti fied.

The in ter val be tween sam ples 9 and 17 (402.7–408.0 m) is
char ac ter ized by the oc cur rence of Calcidiscus macintyrei,
C. leptoporus, C. pataecus, Sphenolithus abies and Umbilico -
sphaera rotula spe cies. Helicosphaera walbersdorfensis,
Holodiscolithus macroporus, Helicosphaera carteri, Spheno -
lithus moriformis and Thoracosphaera oc cur very rarely. Re -
worked Cre ta ceous and Paleogene forms, frag ments of
Bolboforma spp. and foraminifera tests were also found. In the
in ter val of 406.5–402.7 m (sam ples 11 and 17) Reticulofenestra 
pseudoumbilicus pre vails in terms of spec i mens over Cocco -
lithus pelagicus and other spe cies. Other com mon spe cies in
sam ple 17 in clude Calcidiscus macintyrtei and Spheno lithus
abies.

A very im pov er ished cal car e ous nannoplankton as sem -
blage with Reticulofenestra pseudoumbilicus, Coccolithus pela -
gicus, Bolboforma spp., sin gle other forms and de stroyed frag -
ments of undistinguishable forms/el e ments was ob served in
sam ple 19 (depth of 402.9 m). In sam ple 21 (depth of 401.9 m)
Reticulosphaera pseudoumbilicus is a dom i nant com po nent of
the as sem blage. Coccolithus pelagicus, Cyclicargo lithus
floridanus, Helicosphaera carteri, Holodiscolithus macroporus,
Sphenolithus moriformis, and Umbilicosphaera rotula are found 
as in di vid ual spec i mens. In sam ples 23, 25, and 27 (depth of
399.8–400.8 m) the most com mon forms are Reticulofenestra
pseudoumbilicus, C. pelagicus, Helico sphae ra carteri and, in
sam ple 23 only, S. moriformis. In sam ple 27 the oc cur rence of
small Helicosphaera forms, H. walbersdorfensis, H. carteri,
Holodiscolithus macroporus and Rhabdosphaera sp.,
Calciosolenia murrayi, coccospheres of Coccolithus pelagicus,
and small forms of Braarudosphaera bigelowii was re corded.
The other spe cies (Ap pen dix 1) from this in ter val oc cur very
rarely. In sam ples 25 and 27 H. carteri oc cur more of ten than in
sam ples from the lower part of the sec tion. In sam ple 29 (depth
of 398.8 m) the nearly mass oc cur rence of C. pelagicus mainly
small sized, and re worked Paleogene and Cre ta ceous forms
were ob served. Small, me dium and large coccoliths of
Coccolithus pelagicus were ob served in sam ple 29. Small
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R. psudoumbilicus forms oc cur very rarely. The oc cur rence of
re worked forms is char ac ter is tic for sam ple 31 (depth of
397.5 m) which con tains com mon pyritized Bolboforma spp.
and very rare Syracosphaera sp., Braarudosphaera bigelowii
and small-sized Reticulofenestra. The com mon oc cur rence of
B. bigelowii (and coccospheres of this spe cies) and
Rhabdosphaera sp. is noted in sam ple 33 (depth of 395.5 m),
and C. pelagicus and Sphenolithus abies are rare. In the next
in ter val (389.5–393.5 m; sam ples 35, 37, 39) R. pseudo -
umbilius and C. pelagicus are the main com po nent of the as -
sem blage and in sam ples 35 and 37 Reticulofenestra pseudo -
umbilcus pre vails sig nif i cantly over C. pelagicus. In sam ple 37
com mon oc cur rence of small Helicosphaera forms (probabby
these are badly pre served H. walbersdorfensis) and sin gle
Calcidiscus pataecus oc cur as well as fre quent re worked Cre -
ta ceous forms. The next in ter val 384.0–387.0 m (sam ples 41,
43) is char ac ter ized by the high fre quency of Coccolithus
pelagicus and re worked Paleogene forms. In sam ple 45 (depth
of 352.5 m) B. bigelowii and R. pseudoumbilicus are the main
com po nent of the as sem blage, and in the in ter val of
377.0–380.5 m (sam ples 47 and 49) cal car e ous nannoplankton 
as sem blage con sists mainy of R. pseudoumbilicus and
C. pelagicus (R. pseudoumbilicus pre vail ing in sam ple 49) and
sin gle in di vid u als of Calcidiscus leptoporus were ob served. In
sam ples 51, 53, 55, 57, 59 (in ter val of 368.0–375.0 m) Cd.
leptoporus oc curs in each sam ple with rare to com mon fre -
quency. Ex cept for sam ples 51 and 59, in which C. pelagicus is
com mon, in the other sam ples from this in ter val R. pseudo -
umbilicus and C. pelagicus oc cur rarely or these are only trace
amounts. In sam ple 51 well-pre served, fre quent B. bigelowii
forms were ob served. Discoaster kugleri was iden ti fied at a
depth of 371.0 m (sam ple 57). At a depth of 368.0 m (sam ple
59) be sides C. pelagicus and Cd. leptoporus the com mon oc -
cur rence of cal car e ous dinoflagellata Thoracosphaera spe cies
was noted.

CIESZANÓW 1
(FIG. 6)

The depth in ter val of 378.0–385.9 m (sam ples 3 to 15) is
char ac ter ized by the com mon oc cur rence of Cre ta ceous forms
and com mon frag ments of coccoliths (me chan i cally dis in te -
grated). In sam ple 3, Reticulofenestra pseudoumbilicus oc curs
abun dantly, and in the other sam ples of this in ter val it is rare or
com mon. Coccolithus pelagicus, Sphenolithus moriformis,
Sph. abies, Umbilicosphaera rotula, and Cyclicargo lithus
floridanus (very rare) oc cur also in the as sem blage.

In the in ter val of 375.5–378.0 m (sam ples 15–19)
Helicosphaera carteri oc cur com monly.

The in ter val com pris ing sam ples 17 to 35 (depth of
367.8–377.8 m) is char ac ter ized by the oc cur rence of Cocco -
lithus pelagicus, Reticulofenestra pseudoumbilicus, Braarudo -
sphaera bigelowii, and H. carteri. Other spe cies such as Cycli -
cargo lithus floridanus, Syracosphaera spp., Umbilicosphaera
rotula, and Thoracosphaera spp. oc cur very rarely. As in the un -
der ly ing in ter val, taxa re worked from Cre ta ceous (mainly) and
Paleogene and frag ments of coccoliths oc cur fre quently. In
sam ples 27 and 29 frag ments of Bolboforma spp. and di a tom
frustules were noted. The cal car e ous nannoplankton as sem -
blage in sam ples 31 and 33 is char ac ter ized by higher spe cies
di ver sity al though the abun dance is still small (ex cept of some
spe cies).

In the next in ter val (depth of 359.2–367.8 m; sam ples
35–47) R. pseudoumbilicus oc curs in the all in ves ti gated sam -
ples with fre quency from very rare to abun dant. C. pelagicus
oc curs rarely or even these are only traces. Spe cies such as

B. bigelowii, H. carteri, Calcidiscus sp., small-sized Helico -
sphaera sp., H. macroporus, small-sized Reticulofene stra,
Rhabdosphaera spp. forms are dis trib uted with low fre quency
(as sin gle in di vid u als mainly) and ir reg u larly. In sam ple 37
Calcidiscus pataecus ap pears in the pro file. Re worked Cre ta -
ceous and Paleogene spe cies, coccospheres of un de tect able
spe cies, Thoracosphaera sp., and ascidian spicules also oc cur.

The sam ples 49 to 55 from the last in ter val (350.0–358.0 m) 
are very im pov er ished.

The main com po nent of the as sem blage at a depth of
358.0 m is C. pelagicus. In sam ples 53 and 55 R. pseudo -
umbilicus dom i nates. Other spe cies such as B. bigelowii, Cd.
leptoporus oc cur rarely or very rarely and not in the all sam ples
from this in ter val.

INTERPRETATION

FORAMINIFERS

Anal y sis of the dis tri bu tion of foraminifers in both stud ied
bore hole sec tions en abled us to dis tin guish the fol low ing zones: 
Neobulimina longa As sem blage Zone, Hanzawaia crassi -
septata As sem blage Zone, Elphidium angulatum Par tial Range 
Zone, Anomalinoides dividens In ter val Zone, Cycloforina
karreri ovata Par tial Range Zone, Varidentella sarmatica In ter -
val Zone and Elphidium hauerinum Abun dance Zone. Ex cept
for the Elphidium angulatum Par tial Range Zone, pro posed in
this study, all oth ers were pre vi ously es tab lished by
£uczkowska (1964) as as sem blage zones. How ever, this type
of biozone in many cases does give not pre cise in for ma tion
about the lo ca tion of zonal bound aries.

Neobulimina longa As sem blage Zone – the body of
strata con tain ing Neobulimina longa, Bulimina elongata, and
Lobatula lobatula. Com mon com po nents of foraminiferal as -
sem blages are Bulimina subulata, Bolivina plicatella, Uvigerina
brunnensis, Elphidium angulatum, Haynesina depressula,
Sigmoilinita tenuis, Astrononion perfossum and the plank tonic
Globigerina bulloides. Ag glu ti nated ben thic forms as well as
Hanzawaia crassiseptata are lack ing. This zone is rec og nized
in the Babczyn 2 bore hole in the lower part of the suc ces sion, at
404.3–409.1 m depth, be tween the top of the Krzy¿anowice
For ma tion de pos its and the base of the Hanzawaia
crassiseptata Zone; in the Cieszanów 1 bore hole the zone is
doc u mented at 374.55–383.25 m depth.

Hanzawaia crassiseptata As sem blage Zone – the body
of strata con tain ing Hanzawaia crassiseptata, Sphaeroidina
bulloides, and Hansenisca soldanii. Be side these spe cies, com -
mon com po nents of foraminiferal as sem blages of the zone in -
clude H. boueana, Bulimina spp., Uvigerina spp., Angulogerina
angulosa, Heterolepa dutemplei, Melonis pompilioides, the ag -
glu ti nated spe cies Siphotextularia inopinata, S. concava,
Spirorutilus carinatus and abun dant plank tonic spe cies
Globigerina bulloides and Velapertina indigena. The up per
bound ary of the zone co in cides with the sud den dis ap pear ance
of foraminiferal spe cies pre fer ring nor mal ma rine con di tions;
only a few spe cies of a rel a tively wide-range of tol er ance to en -
vi ron men tal changes sur vived, e.g. elphidiids and hauerinids.

The zone is un der lain by the Neobulimina longa As sem -
blage Zone and over lain by the Elphidium angulatum Par tial
Range Zone. It oc curs at a depth of 399.4–404.3 m in the
Babczyn 2 bore hole and a depth of 368.85–374.55 m in the
Cieszanów 1 bore hole, and its thick ness is 4.9 m and 5.7 m, ac -
cord ingly.

10 Danuta Peryt et al. / Geo log i cal Quar terly, 2021, 65: 18
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Fig. 7. Cal car e ous nannoplankton in the Babczyn 2 bore hole

A – Coccolithus pelagicus (Wallich) Schiller, sam ple 8; B – Helicosphaera carteri (Wallich) Kamptner (CN), sample8; C – Helicosphaera
carteri (Wallich) Kamptner (NL), sam ple 8; D – Reticulofenestra pseudoumbilicus Gart ner (CN), sam ple 8; E – Cyclicargolithus floridanus
(Roth et Hay) Bukry (CN), sam ple 29; F – Calcidiscus macintyrei (Bukry and Bramlette) Loeblich and Tappan (CN), sam ple 53; G –
Calcidiscus macintyrei (Bukry and Bramlette) Loeblich and Tappan (NL), sam ple 53; H – Reticulofenestra spp. – small forms (CN), sam ple
53; I – Sphenolithus abies Deflandre (CN), sam ple 8; J – Calciosolenia murrayi Gran (NL), sam ple 25; K – Discoaster kugleri Mar tini and
Bramlette (NL), sam ple 57; L – Braarudosphaera bigelowii (Gran and Braarud) Deflandre (NL), sam ple 25; M – Holodiscolithus macroporus
(Deflandre) Roth (NL), sam ple 8; N – Calcidiscus leptoporus ((Murray and Blackman) Loeblich and Tappan (CN), sam ple 53; O –
Helicosphaera walbersdorfensis Müller (CN), sam ple 59; P – Syracosphaera sp. (CN), sam ple 25; Q – Coronocyclus nitescens (Kamptner)
Bramlette and Wilcoxon) (NL), sam ple 53; R – Thoracosphaera sp. – frag ment (CN), sam ple 59; S – frag ment of Bolboforma sp., sam ple 8; T
– Diatomae sp.(?) (NL), sam ple 8; scale bar is 5 µm
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Fig. 8. Cal car e ous nannoplankton in the Cieszanów 1 bore hole

A – Helicosphaera intermedia Mar tini (CN), sam ple 7; B – Sphenolithus moriformis (Brönnimann and Stradner) Bramlette and Wilcoxon
(CN), sam ple 5; C – Calcidiscus premacintyrei Theodoridis, sam ple 29; D – Discoaster variabilis Mar tini et Bramlette (NL), sam ple 41; E –
Hayella challengeri (Müller) Theodoridis (CN), sam ple 41; F – Pontosphaera multipora (Kamptner) Roth (CN), sam ple 41; G –
Rhabdosphaera sicca (Stradner) Fuchs and Stradner (CN), sam ple 41; H – Helicosphaera carteri (Wallich) Kamptner [a], Helicosphaera
walbersdorfensis Müller [b], Reticulofenestra pseudoumbilicus Gart ner [c] (CN), sam ple 41; I – Helicosphaera stalis Theodoridis (CN), sam -
ple 31; J – Umbilicosphaera rotula (Kamptner) Varol (CN), sam ple 15; K – Calcidiscus macintyrei (Bukry and Bramlette) Loeblich and
Tappan (CN), sam ple 33; L – Calcidiscus macintyrei (Bukry and Bramlette) Loeblich and Tappan (NL), sample33; M – Braarudosphaera
bigelowii (Gran and Braarud) Deflandre (CN), sam ple 15; N – Umbilicosphaera jafarii Müller (CN), sam ple 47; O – Calcidiscus pataecus
(Gart ner) de Kaenel and Villa (CN), sam ple 53; P – Rhabdosphaera procera Mar tini (CN), sam ple 15; scale bar is 5 µm



Elphidium angulatum Par tial Range Zone – the body of
strata with Elphidium angulatum from the high est oc cur rence of
Hanzawaia crassiseptata to the low est oc cur rence of
Anomalinoides dividens.  The lower bound ary of the zone cor -
re sponds with the level of dis ap pear ance of al most all
foraminiferal spe cies from the Hanzawaia crassiseptata zone.
Com mon com po nents of depauperate foraminiferal as sem -
blages of the Elphidium angulatum PRZone, be side the zonal
marker, are Porosononion martkobi, Cycloforina predkarpatica,
and Quinqueloculina akneriana.

The zone is un der lain by the Hanzawaia crassiseptata As -
sem blage Zone and over lain by the Anomalinoides dividens In -
ter val Zone. It oc curs at a depth of 395.6–399.4 m in the
Babczyn 2 bore hole and a depth of 365.75–368.85 m in the
Cieszanów 1 bore hole, and its thick ness is 3.8 m and 3.1 m, re -
spec tively.

Anomalinoides dividens In ter val Zone – the body of
strata from the low est oc cur rence of Anomalinoides dividens to
the low est oc cur rence of Cycloforina karreri ovata.  £ucz -
kowska (1964) de fined this zone as an as sem blage zone with a
mass oc cur rence of A. dividens along with elphidiids and
hauerinids in its up per part. Ac cord ing to £uczkowska (1964,
1985) the as sem blage with Anomalinoides dividens and some
other Sarmatian spe cies ap peared abruptly above the level of
ex tinc tion of foraminifers from the Hanzawaia crassiseptata
Zone re flect ing shallowing and a de crease in sa lin ity. Ths study
doc u mented that the Anomalinoides dividens bioevent took
place some time af ter the ex tinc tion of Badenian foraminifers
be cause is sep a rated by in ter val with depauparate as sem -
blages com posed of a few spe cies of elphidiids and hauerinids
of the Elphidum angulatum PR Zone. This means that the base
of Anomalinoides dividens zone con sid ered as an in di ca tor of
the Badenian/Sarmatian bound ary is not co eval with the up per
bound ary of the Hanzawaia crassiseptata zone. Filipescu
(2004) and Krezsek and Filipescu (2005) in ter preted a wide
geo graph ical dis tri bu tion of Anomalinoides dividens event in
the Paratethyan area as re flect ing the trans gres sion ini ti ated
around the Badenian/Sarmatian bound ary and sug gested a
pseudo-plank tonic mode of life for Anomalinoides dividens
(Filipescu, 2004).

The zone is un der lain by the Elphidium angulatum Par tial
Range Zone and over lain by the Cycloforina karreri ovata In ter -
val Zone. It oc curs at a depth of 393.5–395.6 m in the Babczyn
2 bore hole and a depth of 364.20–365.75 m in the Cieszanów 1 
bore hole, and its thick ness is 2.1 m and 1.55 m, ac cord ingly.

Cycloforina karreri ovata In ter val Zone – the body of
strata from the low est oc cur rence of Cycloforina karreri ovata to 
the low est oc cur rence of Varidentella sarmatica, con tain ing
Cycloforina karreri ovata, Varidentella reussi, and Elphidium
echinum.

The zone is un der lain by the Anomalinoides dividens In ter -
val Zone and over lain by the Varidentella sarmatica In ter val
Zone. It oc curs at a depth of 380.6–393.5 m in the Babczyn 2
bore hole and a depth of 354.25–364.20 m in the Cieszanów 1
bore hole, and its thick ness is 12.9 m and 9.95 m, re spec tively.

Varidentella sarmatica In ter val Zone – the body of strata
be tween the low est oc cur rence of Varidentella sarmatica and a
con sis tent oc cur rence of Elphidium hauerinum.

The zone is un der lain by the Cycloforina karreri ovata In ter -
val Zone and over lain by the Elphidium hauerinum Abun dance
Zone in the Babczyn 2 bore hole (in the Cieszanów 1 bore hole
the top of the zone is the top of sec tion stud ied). It oc curs at a
depth of 370.4–380.6 m in the Babczyn 2 bore hole and a depth
of 350.0–354.25 m in the Cieszanów 1 bore hole, and its thick -
ness is 10.2 m and >4.25 m, ac cord ingly.

Elphidium hauerinum Abun dance Zone – the body of
strata with a com mon and con sis tent oc cur rence of Elphidium
hauerinum; the up per bound ary of the zone is de lim ited by the
top of the sec tion mea sured (depth 368.4 m), and the lower
bound ary, at a depth of 370.4 m, is the Varidentella sarmatica
In ter val Zone. The thick ness of the zone is >2 m.

CALCAREOUS NANNOPLANKTON

Based on our anal y ses of the up per Badenian–lower
Sarmatian strata in the Babczyn 2 and Cieszanów 1 bore holes
the fol low ing zones were dis tin guished: NN6 (Discoaster exilis
Zone), un di vided NN6-NN7 (Discoaster exilis–Discoaster
kugleri zones) and NN7 (Discoaster kugleri Zone).

The lower part of the Babczyn 2 bore hole was as signed into
the up per part of the NN6 Zone based on the oc cur rence of
Caldiscus leptoporus, Cd. macintyrei, Helicosphaera carteri,
Reticulofenestra pseudoumbilicus, Sphenolithus abies, Umbili -
co sphaera rotula, Cd. pataecus and Holodiscolithus
macroporus. The lower bound ary of the NN6 Zone is de fined by 
Mar tini (1971) by the last oc cur rence of Sphenolithus
heteromorphus, and the up per one by the first oc cur rence of
Discoaster kugleri and/or the last oc cur rence of Cycli -
cargolithus floridanus. Ac cord ing to Mar tini (1971), the top part
of the NN6 zone is char ac ter ized by the low fre quency of Cy.
floridanus, whereas Reticulofenestra pseudoumbilicus in -
creases in num bers. In sam ples stud ied the fre quency of Cy.
floridanus is low (only sin gle forms were found in a slide, or it is
ab sent). It oc curs ir reg u larly – not in ev ery sam ple. The last oc -
cur rence of this long-rang ing spe cies var ies with lat i tude and
should be used care fully for long-dis tance cor re la tion. In mid-
and high lat i tudes, this spe cies con tin ued to the Late Mio cene.
There fore, it was dif fi cult or even imposible to dis tin guish be -
tween autochthonous and re de pos ited spec i mens. In the all in -
ves ti gated sam ples Reticulofenestra pseudoumbilicus pre vails
in abun dance over Cy. floridanus which ac cord ing to Galoviæ
(2019) could al ready in di cate a Sarmatian age. Typ i cal for the
NN6 Zone are big ger spec i mens of Reticulofenestra
pseudoumbilius (Fornaciari and Rio, 1996). Helicosphaera
walbersdorfensis, an other stratigraphically im por tant spe cies,
in the Cen tral Paratethys oc curs in the NN5-NN7 zones,
whereas in the East ern Paratethys till the NN9 Zone (Galoviæ
and Young, 2012). In the in ves ti gated part of the Babczyn 2
sec tion H. walbersdorfensis oc curs only in a one sam ple (sam -
ple 9). In the lower part of the Pecten beds Calcidiscus
pataecus was noted. Ac cord ing to Mãrunteanu (1999) the oc -
cur rence of this form sug gests the Late Badenian NN6c
Subzone. In the Ro ma nian part of the Paratethys the first oc cur -
rence of this spe cies is men tioned at the end of Badenian but its 
abun dant ap pear ance marks the be gin ning of the Sarmatian
(Galoviæ, 2017). In Aus tria the first oc cur rence of Cd. pataecus
rep re sents the early Sarmatian (Schütz et al., 2007). The oc cur -
rence of Holodiscolithus macroporus (fre quent in the low er most 
part of the sec tion Babczyn 2) sug gests an oligotrophic deeper
nearshore ma rine en vi ron ment (Galoviæ, 2017). The com po si -
tion of the iden ti fied as sem blage re sem bles the as sem blage
from the Pecten beds de scribed by GaŸdzicka (1994) from the
Tarnobrzeg area.

In the Cieszanów 1 bore hole its low er most stud ied part (in -
ter val 378.0–385.0 m; sam ples 5–15) rep re sent ing the lower
part of the Pecten beds, is char ac ter ized by the oc cur rence of
Sphenolithus abies, S. moriformis and rare Umbilicosphaera
rotula which sug gest more open ma rine en vi ron men tal con di -
tions. This in ter val could be as signed to the up per Badenian
NN6 Zone. The cal car e ous nannoplankton as sem blage of the
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Pecten beds from Cieszanów 1 bore hole is poorer in com par i -
son with the as sem blage form Babczyn 2 bore hole.

The part of the Babczyn 2 sec tion lo cated above the lower
part of the Pecten beds rep re sents the un di vided NN6-NN7
Zone. Ac cord ing to Cicha et al. (1998), the ex tent of the NN6
zone (up per Badenian–lower Sarmatian) does not al low to
mark the Badenian/Sarmatian bound ary based solely on the
cal car e ous nannoplankton, and the two zones (NN6 and NN7)
were com bined into one un di vided zone (NN6-NN7;
Andreyeva-Grigorovich and Savitskaya, 1996; Andreyeva-
 Grigorovich et al., 1997, 2003, 2008). Ac cord ing to Young
(1998), the NN6-NN7 in ter val is char ac ter ized by the low spe -
cies di ver sity and taxa which oc curred in the ear lier as sem -
blages are rare or dis ap pear. Reticulofenestra pseudo -
umbilicus, Coccolithus pelagicus, Calcidiscus leptopo rus,
Discoaster exilis, Helicosphaera carteri, Umbilicosphaera spe -
cies are char ac ter is tic for this in ter val. The use ful ness of the
first oc cur rence of Discoaster kugleri as a zonal marker is prob -
lem atic. In badly pre served ma te rial it is dif fi cult to dis tin guish
D. kugleri from other sim i lar, over grown, de stroyed discoasters.
Discoaster spe cies, in clud ing spe cies de scribed as D. kugleri,
are never nu mer ous in the Pol ish seg ment of Paratethys
(GaŸdzicka, 1994; Wójcik and Jugowiec, 1998; Andreyeva-
 Grigorovich et al., 2003; Garecka and Olszewska, 2011;
Garecka in: Studencka et al., 2017). The sin gle spec i men of
D. kugleri in the Pecten beds at Machów sug gests, ac cord ing to 
GaŸdzicka (1994), redeposition. Ac cord ing to Vass (1999) the
ex treme rar ity of D. kugleri re fers to con di tions un der which ma -
rine nannoflora could not thrive. The iden ti fi ca tion of disco -
asters is prob lem atic or even dif fi cult be cause of the ease with
which they are dam aged dur ing trans port and be cause of com -
mon cal cite over growth (Peryt and Peryt, 1994; Báldi, 2006).
Discoasters are typ i cal for warm open oce anic en vi ron ments of
low trop i cal and sub trop i cal ar eas. Among them are forms such
as Discoaster deflandrei, D. exilis and D. variabilis which are
more tol er ant and oc cur in cooler wa ters (Chira and
Mãrunteanu, 1999). The scarce oc cur rence of discoaster spe -
cies sug gests not only cooler wa ters but also coastal en vi ron -
ments (Oszczypko-Clowes et al., 2012). Their dis tri bu tion is
con di tioned by palaeo ge ogra phy. They are more com mon in
the Med i ter ra nean than in the more iso lated Paratethys. The
very rare oc cur rence of D. kugleri was men tioned by
Mãrunteanu (1999) from the lower part of Sipotel For ma tion of
the Subcarpathian In ner Zone (Ro ma nia), which con tains a
poor cal car e ous nannoplankton as sem blage of the NN7 Zone.
The nannoassemblage with D. kugeri, Discoaster deflandrei,
R. pseudoumbilicus, Triquetrorhabdulus rugosus, C. pelagicus, 
Cd. leptoporus, H. carteri was found in Ro ma nia (Dumitriu et al., 
2017, 2020). The CNM10 (Discoaster kugleri To tal Range
Zone) of Backman et al. (2012), which cor re sponds to the low -
er most part of Zone NN7 (Mar tini, 1971), is char ac ter ized by the 
oc cur rence of D. kugleri. The in ter val of com mon and con tin u -
ous pres ence of D. kugleri has been ob served in the trop i cal
Pa cific, mid-lat i tude north ern and trop i cal At lan tic, and in the
Med i ter ra nean (Raffi et al., 1995; Backman and Rafii, 1997).
Ac cord ing to Švábenicka (2002) epicontinental ma rine sed i -
ments con tain smaller sized and less nu mer ous spec i mens in
com par i son with sed i ments de pos ited un der oce anic con di -
tions. Mar tini (1977) also drew at ten tion to the small size of
some spe cies while study ing the Mid dle Mio cene sed i ments of
the Korytnica ba sin (Holy Cross Mts.). The high num ber of re de -
pos ited nannofossils, high num ber of dam aged el e ments of
coccoliths, scarce oc cur rence (or ab sence) of some spe cies
(i.e. Mio cene in dex spe cies), mainly poor pres er va tion sug gest
a sup ply of terrigenous ma te rial into the ba sin and an un sta ble
shal low-wa ter en vi ron ment (Garecka and Olszewska, 2011).

The stud ied in ter val in the Babczyn 2 bore hole which was as -
signed to the NN6-NN7 zones is char ac ter ized by a low di ver -
sity cal car e ous nannoplankton as sem blage, the ab sence of
D. kugleri, and very rare (sin gle oc cur rences in slides) of Cy.
floridanus. R. pseudoumbilicus and C. pelagicus are the im por -
tant and main com po nents of the nannoassociation. In the sam -
ples H. carteri, Calcidiscus leptoporus, Cd. macintyrei,
Sphenolithus spe cies, Syracosphaera sp., Rhabdosphaera
sp., and Umbilicosphaera sp. also oc cur. The high num ber of
re de pos ited nannofossils (Cre ta ceous and Paleogene), high
num ber of dam aged el e ments of coccoliths, scarce oc cur rence
(or ab sence) of some spe cies (i.e. Mio cene in dex spe cies) and
mainly poor pres er va tion char ac ter ize the sam ples from this in -
ter val. In ad di tion to cal car e ous nannoplankton frag ments of
pyritized Bolboforma sp., Thoracosphaera sp., coccospheres
of C. pelagicus, Reticulofenestra pseudoumbilicus, Braarudo -
sphaera bigelowii and undistinguishable forms and ascidian
spicules were iden ti fied. The spicules pro duced by as cid ians
can be found with cal car e ous nannoplankton spe cies in the
same sam ples (Young, 1998; Varol, 2006). Ac cord ing to
Galoviæ (2017) ascidian spicules (Perforocalcinella fusiformis)
oc cur in the Sarmatian shal low near-shore re gions of the Cro -
atian Ba sin. They pre ferred high nu tri ent ar eas and mixome -
sohaline con di tions dur ing the early Sarmatian (Galoviæ, 2014;
£ukowiak et al., 2016). In in ves ti gated sam ples ascidian
spicules are badly pre served and they can not be iden ti fied to
the spe cies level. These are mainy dam aged frag ments only.
Bolboforma sp. also oc cur in the Mid dle Mio cene as sem blage
of the Carpathian Foredeep (Odrzywolska-Bieñkowa, 1976;
Szczechura, 1997, 2000; Paruch-Kulczycka, 2003). These ma -
rine microfossils pro duced calcitic monocrystalline sphe roi dal
tests with or with out in ner cysts and with var i ous types of or na -
men ta tion. Due to the pres er va tion state of ob served frag ments 
it was im pos si ble to re late them to the pre vi ously-de scribed
spe cies or Bolboforma zones. Thoraco sphaera spe cies are the
com mon con stit u ent of the ma rine nannoplankton (Inouye and
Pienaar, 1983) and they are placed in cal car e ous nanno -
plankton be cause of their size. These are so lu tion re sis tant
forms which oc cur abun dantly in ma rine sur face oligo- and
eutrophic wa ters (Karwath et al., 2000; Gussone et al., 2010).
Their in creas ing abun dance in di cates, ac cord ing to Agnini et al. 
(2007), stressed en vi ron men tal con di tions in the photic zone. In 
the in ves ti gated sam ples the pres ence of thoracospheres is not 
re lated to the spe cific coccolith spe cies or en vi ron men tal con di -
tions.

In the Syndesmya beds of the Tarnobrzeg area GaŸdzicka
(1994) ob served an in crease in num bers of B. bigelowii and
Thoracosphaera spp. In the Babczyn 2 bore hole the spe cies
B. bigelowii is pres ent whereas Thoracosphaera spp. do not oc -
cur.

The in ter val of 368.5–377.0 m (sam ples 17–33) in the
Cieszanów 1 bore hole rep re sents the un di vided NN6-NN7
Zone. Reticulofenestra pseudoumbilica, Coccolithus pelagicus, 
Helicosphaera carteri and Braarudosphaera bigelowii are the
main com po nent of the as sem blage. The other forms, such as
Cyclicargolithus floridanus, Holodiscolithus macroporus, Pon -
to sphaera multipora, Umbilicosphaera rotula, Syracosphaera
sp., Sphenolithus moriformis, Sph. abies, Rhabdosphaera sp.
and Thoracosphaera spe cies oc cur very rarely or are ab sent.
Ascidian spicules and cal car e ous dinoflagellata oc cur in this in -
ter val. A huge amount of spe cies re worked from the Cre ta -
ceous and spo rad i cally Paleogene and frag ments of dam aged
coccolits were ob served. D. kugleri is ab sent. Cy. floridanus oc -
curs as sin gle spec i mens in only a few sam ples.

Based on the oc cur rence of Discoaster kugleri the up per -
most part of the Babczyn 2 sec tion was as signed into the NN7
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Zone. The as sem blage also con tains Calcidiscus leptoporus
and Coccolithus pelagicus. In the Cieszanów 1 bore hole the in -
ter val of 351.0–368.5 m can rep re sent the Sarmatian NN7
Zone. The as sem blage is more im pov er ished in com par i son to
the un der ly ing as sem blages. R. pseudoumbilicus and
C. pelagicus are the main com po nents, but there are sam ples
in which R. pseudoumbilicus dom i nates over C. pelagicus and
vice versa, and in ter vals in which these spe cies do not oc cur or
oc cur rarely (what oth er wise was ob served in the whole sec -
tion). Ac cord ing to Beau fort et al. (1990) fluc tu a tions in abun -
dance be tween these two spe cies could be ex plained by, or has 
re la tion ship with Milankovich pe ri o dici ties. H. carteri oc curs as
in di vid u als only and C. floridanus oc curs only as in di vid u als in
two sam ples in this in ter val. In the up per most part of this in ter -
val Cd. leptoporus ap pears. Ac cord ing to Palcu et al. (2015) a
shift in dom i nance of nannofossil as sem blages oc curs in the
Badenian/Sarmatian bound ary in ter val. In the Cieszanów 1
bore hole the de crease in abun dance of C. pelagicus is ob -
served in the in ter val of 351.0–368.5 m. R. pseudoumbilicus
oc curs more com monly ow ing to its op por tu nis tic be hav iour: as
a more tol er ant spe cies, dur ing times of en vi ron men tal stress it
is more suc cess ful than C. pelagicus.

DISCUSSION

Odrzywolska-Bieñkowa (1972b) in a short com mu ni ca tion
con cluded that in the Babczyn bore hole a 350 m thick com plex
of mudstones oc curs that rep re sents en tirely the Protelphidium
(= Porosononion) subgranosum zone. She re ported rare Synde -
smya sp. and Limnocardium sp. and com mon otolites, fish
scales and ver te brae in the Babczyn bore hole. She con cluded
that as Elphidium hauerinum is lack ing, the Sarmatian strata in
the Babczyn bore hole are youn ger than pre vi ously re corded in
other Pol ish ar eas. There are two Babczyn bore holes: 1 and 2,
and re gret ta bly, Odrzywolska-Bieñkowa (1972b) did not give its 
num ber, how ever, con sid er ing the bore hole tim ing and cor ing it
seems that the Babczyn 1 bore hole was stud ied by her. The
Babczyn 1 bore hole (N50°14’01.76’’, E23°12’38.75’’) was
stopped on 10th Oc to ber 1958 at a depth of 388.4 m, and it was
fully cored (Paw³owska and Kubica, 1958). Sub se quently, on
the 20th of De cem ber 1958, drill ing of the Babczyn 2 bore hole
be gan and its cor ing started at a depth of 350 m (Paw³owska
and Kubica, 1960). It can be as sumed that in the Babczyn 2
bore hole the uncored part of the sec tion rep re sents the
Porosononion subgranosum zone, and the bound ary with the
un der ly ing Elphidium hauerinum zone is lo cated some where be -
tween the depths of 350 and 368.4 m (the lat ter be ing the top of
the sam pled sec tion).

Œliwiñski et al. (2012) as sumed that the BSEE oc curred
within the tran si tional in ter val be tween the Pecten beds and
Syndesmya beds, but at the same time they stressed the need
for fur ther stud ies. Czapowski (1984: fig. 2) placed the
Badenian/Sarmatian bound ary within the Syndesmya beds in
the sec tion of the south ern mar gin of the Holy Cross Mts.
Czapowski (1984) con sid ered that the Pecten
beds-Syndesmya beds bound ary co in cides with the bound ary
be tween the Cibicides crassiseptatus (= Hanzawaia crassi -
septata) and Neobulimina longa zones. Czapowski (1994) later
con cluded that in the area south of Tarnobrzeg (north-cen tral
part of the Carpathian Foredeep) in the lower part of
Syndesmya beds foraminifers Hanzawaia crassiseptata
£uczkowska was fre quently found, which doc u ments its late
Badenian age, and higher in the sec tion abun dant Anoma -
linoides dividens £uczkowska as well as Quinqueloculina
sarmatica Karrer oc curred, the in dex foraminifers for the lower

Sarmatian (£uczkowska, 1964). In ad di tion, as pointed out by
Œliwiñski et al. (2012), pectinids were re cov ered from de pos its
in the lower por tion of the Syndesmya beds in the GwoŸdziec
P10 core ex am ined by Czapowski (1994: fig. 5), in di cat ing they 
should there fore be grouped to gether with the Pecten beds and
as signed a lat est Badenian age (cf. Kowalewski, 1966;
Osmólski, 1972; Rutkowski, 1976). How ever, the con cept of the 
po si tion of Badenian/Sarmatian bound ary within the Syn -
desmya beds (Czapowski and G¹siewicz, 1994) was then ap -
par ently not sup ported (Czapowski in: Piwocki et al., 1996). A
dif fer ent ap proach was pro posed by G¹siewicz et al. (2004)
who pro posed that chemostratigraphical bound ary be tween the 
Badenian and Sarmatian is placed >10 m above the biostrati -
graphical bound ary. This dif fer ence was in ter preted by them as
due to the in flu ence of eco log i cal con di tions elim i nat ing the
Badenian as sem blages ear lier than the dis tinc tive change in
geo chem i cal re cord oc curred.

£uczkowska (1985) con cluded that in the marly-clayey fa -
cies of the north ern Carpathian Foredeep the lithological
bound ary be tween the Badenian and Sarmatian, clearly vis i ble
in bore hole setions due to a dis tinct change in col our of the rock
which is grey-green in typ i cal Pecten beds of the up per
Badenian and light grey in the “Krakowiec clays” of the lower
Sarmatian, is in ac cor dance with the lithological one. Ac cord ing
to her (£uczkowska, 1985), the up per Badenian as sem blages
typ i cal of a nor mal sa line, ma rine en vi ron ment “abruptly dis ap -
pear at the end of the Kosovian, show ing no traces of re gres -
sion or grad ual de te ri o ra tion. Above them, at a dis tance of a few 
centi metres within the drill core, there ap pear equally abruptly
as sem blages char ac ter is tic of shal low-wa ter, near-shore con di -
tions of de creased sa lin ity, which in di cates a com plete change
of en vi ron men tal con di tions. The as sem blages con tain abun -
dant spe cies typ i cal of the Sarmatian, such as Anomalinoides
dividens, Varidentella sarmatica, Articulina sarmatica, A. pro -
blema, Elphidium reginum, E. hauerinum, E. listeri”.

The oc cur rence pat tern of foraminiferal taxa in the Babczyn
2 and Cieszanów 1 bore holes (Figs. 2 and 3) strongly sup ports
the ob ser va tions and con clu sions of £uczkowska (1985) about
the abrupt en vi ron men tal change at the Badenian/Sarmatian
bound ary (cf. Czepiec, 1996). How ever, our ob ser va tions do
not sup port that the lithological bound ary cor re sponds to the
biostratigraphical bound ary, at least when foraminifers are con -
cerned. As shown in Fig ures 2 and 3, there are two po ten tial op -
tions (which are dis cussed be low) to as sign the Badenian/
Sarmatian bound ary based on the foraminiferal as sem blages in 
both bore holes stud ied but nei ther of them fol lows the ear lier
des ig nated one. In any case, in the Babczyn 2 bore hole the
Badenian/Sarmatian bound ary oc curs within the Syndesmya
beds, and in the Cieszanów 1 bore hole it oc curs ei ther at the
base of the 35 cm thick unit of cal car e ous marls oc cur ring at a
depth 368.5–368.85 m above the Pecten beds or in the lower
part of the Krakowiec clays, at a depth of ~362.5 m.

A con sen sus ex ists that at the Badenian-Sarmatian a ma jor
change in the ben thic and plank tonic foraminiferal as sem -
blages oc curred (e.g., Hudáèková et al., 2019).

Anomalinoides dividens is con sid ered as an in dex taxon for
the re gional biostratigraphy of the Paratethyan area, and the
Anomalinoides dividens Zone was in tro duced in or der to trace
the bound ary be tween Badenian and Sarmatian de pos its (e.g.,
£uczkowska, 1964, 1967; Czepiec, 1996; Filipescu, 2004;
Dumitriu et al., 2017). In the Babczyn 2 and Cieszanów 1 bore -
hole sec tions Anomalinoides dividens ap pears, how ever,
3.1–3.8 m above the rapid en vi ron men tal change ex pressed by
the re place ment of stenohaline by euryhaline foraminifers.
There fore, the Anomalinoides dividens zone is pre ceded by the
Elphidium angulatum Zone, which is the low er most Sarmatian
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biozone in the bore holes, and con se quently the Badenian/
Sarmatian is placed sev eral metres lower in the sec tion com -
pared to the op tion when it is as sumed to be iden ti cal with the
ap pear ance of Anomalinoides dividens (Figs. 2, 3 and 9). Con -
se quently, the Syndesmya beds in the Babczyn 2 bore hole rep -
re sent the up per part of the Hanzawaia crassiseptata Zone,
Elphidium angulatum and Anomalinoides dividens zones and
the lower part of the Cycloforina karreri ovata Zone.

Œliwiñski et al. (2012) as signed the bound ary be tween the
Pecten and Syndesmya beds at the high est oc cur rence of well
pre served and iden ti fi able pectinid shells, 6.0 m above the tuff
and main tained that the bound ary in ter val be tween these beds
marks the be gin ning of the de te ri o ra tion of nor mal ma rine con -
di tions within the ba sin. They fur ther sup posed that the dis ap -
pear ance of pectinids is more or less co in ci dent with the ap -
pear ance of the en demic Anomalinoides dividens £uczkowska
(Œliwiñski et al., 2012). Our data clearly in di cate that it was not
the case. Con se quently, the up dated ver sion of their Fig ure 2,
pre sent ing the re gional Paratethyan Badenian–Sarmatian stra -
tig ra phy and events in the north ern part of the Pol ish
Carpathian Foredeep ba sin, is shown in Fig ure 9.

Pre vi ous stud ies of cal car e ous nannoplankton of the
Pecten beds and the lower part of Krakowiec clays re sulted in
con tra dic tory in ter pre ta tions. GaŸdziecka (1994) con cluded
that the Pecten beds and the Syndesmya beds of the

Tarnobrzeg area, are youn ger than the NN7 Zone, and the re -
corded sin gle oc cur rence of Discoaster kugleri in the Pecten
beds which is di ag nos tic for the NN7 Zone was in ter preted by
her as due to redeposition. The oc cur rence of Discoaster
calcaris and the ab sence of D. kugleri in di cate the NN8 and
even NN9 Zones (GaŸdzicka, 1994). This in ter pre ta tion sug -
gested un equiv o cally that the Badenian/Sarmatian bound ary
should be put be low the Pecten beds. In turn, Jugowiec (in
Garecka and Jugowiec, 1999) as signed the Pecten beds and
the Krakowiec clays in the Kolbuszowa area (NW of Rzeszów)
to the NN5 Zone. In the Soko³ów–Smolarzyny area (north of
Rzeszów) the lower part of the Machów For ma tion was as -
signed to the NN6 Zone and the up per part to the NN7 Zone
(Oszczypko-Clowes in: Krzywiec et al., 2008; Oszczypko-
 Clowes et al., 2012). In the Sieniawa–Rudka area (be tween
Rzeszów and Lubaczów) these sed i ments were as signed to
the un di vided NN6-NN7 zones al though the com po si tion of the
cal car e ous nannoplankton as sem blage may in di cate the NN7
Zone (Lelek et al., 2016). Garecka and Olszewska (2011) con -
cluded that the Krakowiec beds in the Ksiê¿pol 10, 11, 12, and
Dzików 15 bore holes (NW of Lubaczów) are char ac ter ized by
cal car e ous nannoplankton as sem blages show ing com mon re -
worked taxa and the dam aged frag ments of coccoliths
(Garecka and Olszewska, 2011), and be long to the up per most
part of NN6 Zone and the NN7 Zone. The Krakowiec clays in
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Fig. 9. Strati graphic po si tion of the Babczyn 2 sec tion in ferred from the pres ent study and cor re la tion of en vi ron men tal his tory

In ter na tional chronostratigraphic cor re la tion and NN zones (Mar tini, 1971) af ter Hilgen et al. (2012), Cen tral Paratethys stra tig ra phy af ter
Sant et al. (2017), age and du ra tion of the BSC af ter de Leeuw et al. (2018); or ange bed within the Pecten beds is a rhy o lite tuff of

depositional age of 13.06 ±0.11 Ma (Œliwiñski et al., 2012)

https://gq.pgi.gov.pl/article/view/8323
https://gq.pgi.gov.pl/article/view/8323


the Przec³aw brickyard near Dêbica (west of Rzeszów) based
on the oc cur rence of D. kugleri were as signed into the NN7
Zone (the lower part) and the NN8 Zone based on the oc cur -
rence of Catinaster coalitus (the up per part) (Garecka in:
Studencka et al., 2017).

The oc cur rence of Discoaster kugleri in sam ple 57 of the
Babczyn 2 bore hole in di cates that this part of the sec tion rep re -
sents the NN7 Zone. The com mon oc cur rence of Calcidiscus
leptoporus is char ac ter is tic for NN7 Zone (Chira et al., 2000).
Ac cord ing to Bukry (1981), discoasters are the most so lu -
tion-re sis tant group but they are dam aged dur ing trans port. The 
ab sence or rare oc cur rence of them in the as sem blage re flects
not only the en vi ron men tal con di tions (tro phy) but also tem per -
a ture and a dis tance form the shore. The un der ly ing in ter val
(sam ples 23 till 55) rep re sents the un di vided NN6-NN7 zones.
The char ac ter of the as sem blage in this in ter val changes in
com par i son to the more nor mal ma rine as sem blage typ i cal of
the Pecten beds. The de crease of in di vid u als and spe cies di -
ver sity is prob a bly a re sult of fluc tu a tion in sa lin ity (the oc cur -
rence of Braarudosphaera bigelowii sug gests a drop in sa lin ity
– Báldi-Beke, 1984; Chira, 2000; Bartol et al., 2008), more
nearshore en vi ron ment (as sug gested by com mon oc cur rence
of re worked and dam aged coccoliths in di cat ing an in flux of
terrigenous ma te rial, the ab sence of more open ma rine spec i -
mens such as Discoaster, Sphenolithus, Calcidiscus and
Umbilicosphaera), and change in wa ter chem is try and/or tem -
per a ture. Discoaster kugleri is ab sent and Cyclicargolithus
floridanus oc curs very rare or even is ab sent in some sam ples.
Ac cord ing to Galoviæ (2019) Reticulofenestra pseudoumbilicus
pre vail ing in abun dance over Cyclicargolithus floridanus sug -
gests a Sarmatian age. The use ful ness of some other spe cies
(such as Cy. floridanus, Calcidiscus macintyrei, Coccolithus
miopelagicus, Cd. premacintyrei) as al ter na tive spe cies which
can mark the NN7 Zone is prob lem atic be cause of their un -
spec i fied first or last oc cur rences, diachronous oc cur rence, and 
re work ing.

In the Babczyn 2 bore hole, the Syndesmya beds are char -
ac ter ized by the in crease in abun dance of Braarudosphaera
bigelowii and very rare Helicosphaera, Calciosolenia murrayi,
Syracosphaera and Rhabdosphaera. This as sem blage sug -
gest shal low, near shore en vi ron ment. In sam ple 33 a fre quent
oc cur rence of B. bigelowii and coccospheres of this spe cies
were noted. These are mainly small pentaliths with sharp cor -
ners. Ac cord ing to Galoviæ (2014), the Sarmatian is char ac ter -
ized by monofloral de vel op ment of Reticulofenestra
pseudoumbilicus and ascidian spicules, and in the Babczyn 2
bore hole ascidian spicules ap pear in the in ter val which cor re -
sponds to the up per most part of the Syndesmya beds. The
Badenian/Sarmatian bound ary ac cord ing to cal car e ous
nannoplankton ob ser va tion can be placed above the
Syndesmya beds (above sam ple 33). Calcidsicus leptoporus
(and less com mon Cd. macintyrei) ap pear in the sam ples (of ten 
in the up per part of the sec tion), and oc ca sional Umbilico -

sphaera jafarii oc cur. Com mon B. bigelowii sug gests a fluc tu a -
tion in wa ter sa lin ity in this in ter val.

In the case of the Cieszanów 1 bore hole D. kugleri was not
re corded. The in ter val 378.0–368.5 m is char ac ter ized by the
oc cur rence of C. pelagicus, R. pseudoumbilicus, H. carteri and
less com mon B. bigelowii. In the over ly ing in ter val, H. carteri oc -
curs as in di vid u als only and Cy. floridanus does not oc cur (be -
sides sin gle oc cur rences in two sam ples). Very small
B. bigelowii spe cies, Cd. leptoporus and mainly large forms of
R. pseudoumbilicus dom i nat ing over C. pelagicus, which de -
crease in abun dance at the depths shal lower than 368.5 m,
may sug gest the NN7 Zone rather than the un di vided NN6-NN7 
zones.

CONCLUSIONS

The study of two biostratigraphically im por tant microfossil
groups: foraminifers and cal car e ous nannoplankton in two
bore hole sec tions lo cated in the mar ginal NE part of the Pol ish
Carpathian Ba sin in di cated that:

1. The up per Badenian strata rep re sent the Neobulimina
longa As sem blage Zone and Hanzawaia crassiseptata
As sem blage Zone pre vi ously dis tin guished in the Cen -
tral Paratethys. Those strata be long to the NN6 and un -
di vided NN6-NN7 cal car e ous nannoplankton zones.

2. In the Sarmatian strata the fol low ing foraminiferal zones
are dis tin guished: Elphidium angulatum Par tial Range
Zone, Anomalinoides dividens In ter val Zone,
Cycloforina karreri ovata In ter val Zone, Varidentella
sarmatica In ter val Zone and Elphidium hauerinum
Abun dance Zone. Some zones have been pre vi ously
de fined in the Pol ish Carpathian Foredeep al though
their bound aries were not pre cisely de fined un til now.
The Sarmatian strata stud ied be long to the un di vided
NN6-NN7 and NN7 zones.

3. The Badenian/Sarmatian bound ary re garded as co eval
with a ma jor change in the ben thic and plank tonic
foraminiferal as sem blages, oc curs within the Synde -
smya beds in the Babczyn 2 bore hole and slightly be low
the Krakowiec clays in the Cieszanów 1 bore hole.

4. The Anomalinoides dividens In ter val Zone starts, in the
sec tions stud ied, 3.1. to 3.8 m above the Badenian/
Sarmatian bound ary as de fined by the re place ment of
stenohaline by euryhaline foraminifers.
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