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The Up per Campanian–Lower Maastrichtian in ter val of the Mid dle Vistula River val ley sec tion re cords the fol low ing ben thic
foraminiferal bioevents in as cend ing strati graphi cal or der: LO of Globorotalites michelinianus, FO and LO of Globorotalites
emdyensis (= G. hiltermanni), FO of Bolivina incrassata, FO of Bolivinoides miliaris, FO of Angulogavelinella gracilis (= A.
bettenstaedti), LO of Gavelinella monterelensis, FO of Osangularia navarroana, FO of Bolivina decurrens and FO of
Neoflabellina reticulata. These events are re corded in very sim i lar strati graphic po si tions in the Lägerdorf-Kronsmoor suc -
ces sion (north ern Ger many) and in the suc ces sion of east ern Eng land and, at least some of them, in east ern Eu rope. Ac -
cord ingly they can serve as im por tant mark ers for strati graphic cor re la tion across Eu rope. The FOs of the plank tonic
spe cies, Rugoglobigerina milamensis, R. hexacamerata and R. pennyi, in the up per most part of the “Inoceramus”
redbirdensis Zone, are very close to the Campanian/Maastrichtian bound ary as de fined by inoceramid bi valves
(Walaszczyk, 2004) and we pro pose these plank tonic foraminiferal bioevents as a good proxy for this bound ary in tem per ate
re gions.

Key words: Campanian/Maastrichtian bound ary, foraminifera, bioevents, strati graphic cor re la tion, Mid dle Vistula River val -
ley sec tion.

INTRODUCTION

Foraminifera, es pe cially plank tonic forms, are one of the
stratigraphically most im por tant fos sils in the Up per Cre ta ceous 
and are ex ten sively used in in ter re gional cor re la tion due to their 
wide spread dis tri bu tion and high rate of evo lu tion (e.g., Bolli,
1966; Robaszynski and Caron, 1995; Hardenbol et al., 1998).
How ever, their use ful ness is lim ited in many re gions, mostly in
high lat i tudes and in ar eas of shal low-shelf sed i men ta tion (Bé,
1977; Premoli Silva and Sliter, 1999). The dis tri bu tion of plank -
tonic foraminifera in Cre ta ceous seas and oceans was, sim i larly 
to to day, strongly in flu enced by sea depth, tem per a ture, food
sup ply and lat i tude. The di ver sity of mod ern plank tonic
foraminifera de creases from the trop ics to wards high lat i tudes
by the pro gres sive loss of warm-wa ter and mor pho log i cally
com plex spe cies. As a re sult, high-lat i tude as sem blages are
dom i nated by the most tol er ant cos mo pol i tan forms with sim ple
morphologies (Bé, 1977; Hemleben et al., 1989; Premoli Silva
and Sliter, 1999). Too shal low sea can also limit the ex tent of
plank tonic foraminifera. The ver ti cal range of plank tonic
foraminifera, re lated to their on tog eny, de pends on wa ter depth

and each spe cies has its own bathymetric re stric tions (Bé,
1977; Bailey and Hart, 1979; Caron and Home wood, 1983;
Hemleben et al., 1989; Premoli Silva and Sliter, 1999).

Dur ing the Late Cre ta ceous, the area stud ied was a part of
the Eu ro pean epicontinental sea and be longed to the Tran si -
tional Foraminiferal Prov ince (Po¿aryska and Peryt, 1979). This 
palaeogeographic lo ca tion of the area and Late Cre ta ceous
eustatic changes de ter mined the di ver sity and tax o nomic com -
po si tion of its plank tonic foraminiferal as sem blages (Walasz -
czyk and Peryt, 1992; Dubicka and Peryt, 2012a). In gen eral,
these as sem blages are tax o nom i cally less di verse and con tain
fewer stratigraphically im por tant forms than low-lat i tude as sem -
blages, e.g. Tethyan. Un for tu nately, the stan dard plank tonic
foraminiferal zonations (Hardenbol et al., 1998) are mainly
based on low-lat i tude spe cies of the fam ily Globotruncanidae.
Ac cord ingly, these zonations are ap pli ca ble in Eu ro pean
epicontinental bas ins only in some in ter vals, e.g. in the
Cenomanian, and are less use ful in oth ers, e.g. in the
Campanian and Maastrichtian. As a re sult, some lo cal
zonations were es tab lished (e.g., Peryt, 1980; Dubicka and
Peryt, 2012a).

The ben thic foraminifera, which are of ten re garded as less
use ful in stra tig ra phy, can be very help ful, and of ten even more
so than plank tonic foraminifera, in the biostratigraphy of the Eu -
ro pean epicontinental Up per Cre ta ceous. In gen eral, dur ing the 
Late Cre ta ceous ben thic foraminiferal as sem blages were al -
most uni form through out the Eu ro pean epicontinental ba sin
and evolved and di ver si fied com par a tively quickly. Ac cord ingly,
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they serve as a good tool for stra tig ra phy and re gional/in ter re -
gional cor re la tions across Eu rope (e.g., Hiltermann, 1952;
Hofker, 1952; Akimets, 1961; Koch, 1977; Rozumeiko, 1978;
Hart et al., 1989; Odin, 1996; Bailey et al., 2009; Wilkinson,
2011; Dubicka and Peryt, 2014).

This work con sti tutes a part and con tin u a tion of the
long-term and multi-dis ci plin ary study on the stra tig ra phy of the
Campanian–Maastrichtian tran si tion of the Mid dle Vistula River 
sec tion (see de tails in Walaszczyk, 2012). We de scribe plank -
tonic as well as ben thic foraminiferal bioevents which seem to
have supraregional ap pli ca tions and com pare them with the
same events of other re gions with well-es tab lished
macrofaunal biostratigraphy.

GEOLOGICAL SETTING

The Up per Campanian–low er most Maastrichtian sed i -
ments ex am ined in this study are rep re sented by a set of nat u -
ral and ar ti fi cial ex po sures scat tered along the Mid dle Vistula
River val ley in cen tral Po land. The study area be longs struc tur -
ally to the Bor der Synclinorium (Kutek and G³azek, 1972;
Po¿aryski, 1997; Œwidrowska, 2007; Voigt et al., 2008), i.e. to
the Koœcierzyna–Pu³awy Synclinorium of the most re cent struc -
tural scheme (¯elaŸniewicz et al., 2011). The in ter val stud ied is
ex posed be tween the vil lages of Dorotka, Dziurków and K³udzie 
on the west ern bank of the river, and be tween the vil lages of
£opoczno and Kamieñ, on its east ern bank (Fig. 1 and Ta ble 1). 
The up per Campanian–low er most Maastrichtian suc ces sion is
ca. 130 m thick and com prises mainly opoka (= si li ceous lime -
stone) (Walaszczyk, 2004). Walaszczyk (2004) dis tin guished
five lo cal lithostratigraphic units: Dorotka, Piotrawin and
Dziurków opoka (the in ter vals with white, highly fossiliferous
opoka) and the Solec and Wola Paw³owska opoka (the in ter vals 
with marly, brown ish-grey, less fossiliferous opoka).

The stud ied in ter val rep re sents Po¿aryski’s (1938) lo cal
zones from n to v and cor re sponds to Kongiel’s (1962)
Campanian a, b and g zones and an un named in ter val be tween
the Campanian g Zone and the Maastrichtian a Zone. The fol -
low ing cephalopod zones in as cend ing or der were dis tin -
guished in this in ter val by B³aszkiewicz (1966): Bostrychoceras
polyplocum, Cirroceras donezianum, Nostoceras vistulae,
Belemnella lanceolata lanceolata and Belemnella occidentalis.
B³aszkiewicz (1980) re placed the Nostoceras vistulae Zone
with the Nostoceras pozaryskii (= N. hyatti) Zone. Walaszczyk
(2004) in the same in ter val dis tin guished eight inoceramid bi -
valve zones in as cend ing or der: Cataceramus subcompressus, 
“Inoceramus” tenuilineatus, Sphaeroceramus pertenuiformis,
“Inoceramus” altus, “Inoceramus” inkermanensis, Trocho -
ceramus costaecus, “Inoceramus” redbirdensis, and
Endocostea typica. Po¿aryski (1938) placed the Campan -
ian/Maastrichtian (C/M) bound ary be tween his units r and s.
Kongiel (1962) shifted its po si tion to the mid of unit t, and sub se -
quently both Po¿aryski (1966) and B³aszkiewicz (1966, 1980)
ac cepted this re vised po si tion of the C/M bound ary (Fig. 2).

Af ter the rat i fi ca tion of the Campanian/Maastrichtian stage
bound ary at Tercis les Bains (Odin, 2001), the for mer low est
Maastrichtian bel em nite zone in the Bo real Prov ince, i.e. the
Belemnella lanceolata Zone, falls within the up per most
Campanian (Christensen et al., 2000; Niebuhr et al., 2011;
Keutgen et al., 2012; Machalski, 2012; Remin, 2012). Ac cord -
ing to Walaszczyk (2004), the C/M bound ary (as de fined in the
stratotype sec tion at Tercis) in the Mid dle Vistula River val ley
falls in the K³udzie sec tions in the up per part of the “Inoceramus
redbirdensis” Zone, which cor re sponds to the base of the
Belemnella occidentalis Zone dis tin guished by B³aszkiewicz

(1980), i.e. at the top of Po¿aryski’s (1938) unit v. Remin (2012)
put the Campanian/Maastrichtian bound ary at the base of the
Belemnella obtusa–B. vistulensis zone.

Based on cal car e ous nannofossils, GaŸdzicka (1978) in -
cluded the Up per Campanian–low er most Maastrichtian strata
of the Mid dle Vistula River sec tion into the Tetralithus (=
Ceratolithoides) ac ule us Zone, while Peryt (1980) sub di vided
this in ter val into two plank tonic foraminiferal zones:
Globigerinelloides multispinus and Rugoglobigerina pennyi
(lower part).

Bur nett et al. (1992) as signed strata from the Piotrawin
Quarry rep re sented by the Nostoceras pozaryskii (= N. hyatti)
Zone of B³aszkiewicz (1980) or the “Inoceramus” altus and
“Inoceramus” inkermanensis inoceramid zones of Walaszczyk
(2004) to nannofossil Subzone 22C. Peryt (2000) rec og nized in
this pro file the fol low ing zones: the miliaris/navarroana Par tial
Range Zone (up per part), the navarroana/cristata Par tial Range 
Zone, the peterssoni/hiltermanni Con cur rent Range Zone and
the decurrens In ter val Zone (lower part), i.e. ben thic
foraminiferal zones es tab lished by Schönfeld (1990) in the up -
per Campanian of the Lägerdorf sec tion in north ern Ger many.
Dubicka and Peryt (2012a) in cluded the in ter val com pris ing the
Piotrawin, Raj N, K³udzie and Dziurków sec tions, i.e. the “I.”
altus, “I.” inkermanensis, T. costaecus, “I.” redbirdensis and
Endocostea typica inoceramid zones, in their foraminiferal
zones I to IV.

MATERIAL AND METHODS

Ninety-seven sam ples from the up per Campanian–low er -
most Maastrichtian of 17 nat u ral and ar ti fi cial out crops from the
Mid dle Vistula River sec tion were in ves ti gated. Washed res i -
dues for foraminiferal study were ob tained from the rocks by
disaggregation us ing Na2SO4 and siev ing into >63 mm size frac -
tion. The clas si fi ca tion scheme used fol lows Caron (1985),
Loeblich and Tappan (1987) and Pawlowski et al. (2013).

Since the pres ent pa per con cerns the biostratigraphy we fo -
cussed on the most stratigraphically im por tant foraminifera. We 
tracked mainly the ranges of plank tonic foraminifera be long ing
to the gen era Globotruncana and Rugoglobigerina, and those
of the ben thic gen era Globorotalites, Gavelinella, Angulo -
gavelinella, Bolivina, Bolivinoides and Neoflabellina. Rep re sen -
ta tives of these gen era which have their first (FO) or last oc cur -
rences (LO) in the stud ied in ter val are dis cussed and their ver ti -
cal ranges are com pared to their strati graphi cal ranges across
Eu rope. The ma te rial was stud ied in de tail and doc u mented us -
ing a Philips XL20 SEM (Figs. 3 and 4). The mor pho log i cal fea -
tures cru cial for di ag no sis of the foraminifera stud ied are pre -
sented in the chap ter “Tax on omy and com ments”.

FORAMINIFERAL SUCCESSION 

PLANKTONIC FORAMINIFERA

In the suc ces sion stud ied, plank tonic taxa com pose from a
few per cent to al most 60% of the foraminiferal as sem blages (cf. 
Peryt, 1980, 2000; Dubicka and Peryt, 2012a). More than 30
spe cies of plank tonic foraminifera are re corded (cf. Peryt,
1980). Their ranges, par tic u larly their first and last oc cur rences,
were strongly in flu enced by palaeoenvironmental changes. It is
there fore im pos si ble to ap ply the stan dard plank tonic
foraminiferal zonation for sub di vi sion of this suc ces sion. Peryt
(1980) in cluded the stud ied in ter val in the Globigerinelloides
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Fig. 1A – geo log i cal sketch map of the Up per Campanian through the Lower Maastrichtian in the
Mid dle Vistula (Wis³a) River val ley sec tion, cen tral Po land (af ter Walaszczyk, 2004); B – geo log i cal
pre-Ce no zoic sketch map of Po land (af ter Po¿aryski, 1974; Dadlez et al., 2002; Narkiewicz and
Dadlez, 2008; ¯elaŸniewicz et al., 2011; sim pli fied)
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Fig. 2. History of stratigraphical studies of the Upper Campanian through the Lower Maastrichtian in the Middle Vistula River
valley section, central Poland



multispinus and the Rugoglobigerina pennyi zones of the lo cal
plank tonic foraminiferal zonation. In the lower part of the in ter val
stud ied (Cataceramus subcompressus, “Inoceramus”
tenuilineatus and lower part of the Sphaeroceramus
pertenuiformis inoceramid zones), the plank tonic foraminiferal
as sem blages show high di ver sity with com mon deep-wa ter
plank tonic foraminifera: Contusotruncana fornicata, C.
plummerae (Fig. 3Aa–Ab), C. patelliformis, Globotruncana
ventricosa (Fig. 3Ba–Bb), G. rugosa (Fig. 3Ca–Cb), G. cf.

aegyptiaca, G.mariae, G. bulloides, G. linneiana.
Archaeoglobigerina blowi, A. cretacea and Pseudotextularia
nuttalli (Fig. 3Ha–Hb) are also pres ent in this in ter val. In the
“Inoceramus” altus Zone, globotruncanids dis ap pear al most
com pletely. The in ter val com pris ing the “Inoceramus” altus, “I.” 
inkernanensis, Trochoceramus costaecus and “I.” redbirdensis
inoceramid zones is char ac ter ized by low di ver sity plank tonic
foraminiferal as sem blages dom i nated by Heterohelix and
Globigerinelloides. This tax o nomic im pov er ish ment prob a bly
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Name Ex po sure Lo ca tion Ex posed strata Inoceramid bi valve and cephalopod
biostratigraphy 

Dziurków small ac tive
quarry

east ern side of the vil lage of
Dziurków opoka (12 m) Endocostea typica Zone; up per Belemnella 

occidentalis Zone; Belemnella obtusa Zone

K³udzie North small nat u ral
out crop

west ern bank of the Vistula,
about 30 m north of the

K³udzie ferry stop

opoka (9 m) with
the marl layer

about 6 m above
the Vistula level

“Inoceramus” redbirdensis Zone; up per
Belemnella lanceolata and lower B.

occidentalis zones; up per Belemnella
inflata and lower B. vistulensis zones

K³udzie South small nat u ral
out crop

west ern bank of the Vistula,
about 100 m south of the

K³udzie ferry stop

opoka (18 m) with
marl layer in the

mid dle part 

“Inoceramus” redbirdensis and low er most
E. typica Zone; up per Belemnella

lanceolata and lower B. occidentalis zones; 
up per  Belemnella inflata and B. vistulensis 

zones 

Solec small nat u ral
out crop

west ern part of the town of
Solec

marly opoka 

(14 m)

up per Trochoceramus costaecus and lower 
”I.” redbirdensis zones; Belemnella

lanceolata Zone; Belemnella inflata Zone

Raj North small quarry
south ern bank of the

Krêpianka River, a small 
trib u tary of the Vistula river

marly opoka (9 m)
up per Trochoceramus costaecus and lower 

”I.” redbirdensis Zone; Belemnella
lanceolata Zone; lower B. inflata Zone 

Kamieñ small nat u ral
out crop

ex po sure in the road 
es carp ment opoka

base of the Trochoceramus costaecus
Zone; base of the Belemnella lanceolata

Zone

Piotrawin

large aban -
doned quarry
with three ex -

ploi ta tion lev els 

east ern bank of the Vistula,
about 500 m south of the

Piotrawin vil lage 

opoka (approx.
30 m)

“I” altus and “I” inkermanensis zones;
Nostoceras pozaryskii (= N. hyatti) Zone

Raj small aban -
doned quarry

100 m south of the vil lage of
Raj opoka (7 m) up per “I” inkermanensis and  Nostoceras

pozaryskii (= N. hyatti) zones

Sadkowice North small aban -
doned quarry

west ern bank of the Vistula
river, in the north ern part of

the vil lage 
opoka (7 m) mid dle “I” inkermanensis Zone;  up per

Nostoceras pozaryskii (= N. hyatti) Zone

Sadkowice
Quarry

small aban -
doned quarry

about 100 m west of the
main cross-road in the vil -

lage
opoka (10 m) lower “I” inkermanensis Zone; up per

Nostoceras pozaryskii (= N. hyatti) Zone

Paw³owice North small nat u ral
out crop

west ern bank of the Vistula
river, about 1 km north of the 

main cross-road in the 
vil lage

opoka (6 m) up per “I” altus Zone; lower Nostoceras
pozaryskii (= N. hyatti) Zone

Paw³owice 
Cem e tery

small nat u ral
out crop

ex po sure at the north ern end 
of the vil lage cem e tery opoka (5 m) lower “I” altus Zone; lower Nostoceras

pozaryskii (= N. hyatti) Zone

£opoczno small nat u ral
out crop

ex po sure in the east ern bank 
of the Vistula river opoka (5 m)

up per Sphaeroceramus pertenuiformis
Zone; up per Didymoceras donezianum

Zone

Wola Paw³owska small op er at ing
quarry

ex po sure in the north ern
bank of the Kamienna river,

a trib u tary of the Vistula,
about 850 m south of the 

vil lage bridge

marly opoka (7 m)
lower Sphaeroceramus pertenuiformis
Zone; up per Didymoceras donezianum

Zone

Ciszyca Górna small nat u ral
out crop

ex po sure in the west ern
bank of the Vistula river opoka (6 m) up per “I” tenuilineatus Zone; lower

Didymoceras donezianum Zone

Kolonia Ciszyca small nat u ral
out crop

ex po sure in the west ern
bank of the Vistula river, 

be side the Leœne
Cha³upy-Tar³ów road

opoka (5 m) lower “I” tenuilineatus Zone; lower
Didymoceras donezianum Zone

Dorotka small aban -
doned quarry

ex po sure in the west ern
bank of the Vistula river, 50
m north of the main road in

the vil lage

opoka (7 m) Cataceramus subcompressus Zone;
Bostrychoceras polyplocum Zone

Inoceramid bi valve and cephalopod biostratigraphy af ter Walaszczyk (2004), B³aszkiewicz (1980) and Remin (2012)

T a  b l e  1

Char ac ter is tics of the sec tions stud ied in the Mid dle Vistula River val ley
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Fig. 3. Selection of significant benthic and planktonic foraminifera from the studied interval

Aa–Ab – Contusotruncana plummerae (Gandolfi), Ciszyca Górna, sam ple 1; Ba–Bb – Globotruncana ventricosa (White), Ciszyca Górna, sam -
ple 4; Ca–Cb – Globotruncana rugosa (Ma rie), Wola Paw³owska, sam ple 1; Da–Db – Rugoglobigerina hexacamerata Brönnimann, K³udzie N,
sam ple 3; Ea–Eb – Rugoglobigerina rugosa (Plummer), K³udzie N, sam ple 3; Fa–Fb – Rugoglobigerina milamensis Smith and Pessagno,
K³udzie N, sam ple 3; Ga–Gb – Rugoglobigerina pennyi Brönnimann, K³udzie N, sam ple 3; Ha–Hb – Pseudotextularia nuttalli (Voorwijk),
Ciszyca Górna, sam ple 4; I, J – Bolivina decurrens (Ehrenberg): I – Raj N, sam ple 2, J – Sadkowice, sam ple 1; K–M – Bolivina incrassata
Reuss: K – K³udzie, sam ple 3, L – Raj, sam ple 5, M – Raj, sam ple 2; N – Neoflabellina praereticulata Hiltermann, Piotrawin, sam ple 5; O –
Neoflabellina reticulata (Reuss), K³udzie, sam ple 3; P – Bolivinoides miliaris Hiltermann et Koch, Dorotka, sam ple 1; Q, R – Bolivinoides sp. –
tran si tional form from Bolivinoides miliaris Hiltermann et Koch to B. draco (Marsson), K³udzie N, sam ple 3; scale bars – 200 µm
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Fig. 4. Selection of significant benthic foraminifera from the studied interval

Aa–Ac, Ca–Cc – Globorotalites emdyensis Vasilenko, Ciszyca Górna, sam ple 1; Da–Dc – Globorotalites michelinianus (d’Orbigny), Wola
Paw³owska, sam ple 3; Ba–Bb, F – Osangularia navarroana (Cushman), Piotrawin, sam ple 4; Ea–Ec – Angulogavelinella gracilis (Marsson),
K³udzie N, sam ple 14; Ga–Gc – Gavelinella clementiana (d’Orbigny), Dorotka, sam ple 1; Ha–Hc – Gavelinella monterelensis (Ma rie),
Dorotka, sam ple 1; scale bars – 200 µm



re flects the lat est Campanian–ear li est Maastrichtian eustatic
sea level fall (Dubicka and Peryt, 2012a). In the up per most
Campanian Rugoglobigerina rugosa ap pears. The low est oc -
cur rence of the spe cies is noted in the Raj North sec tion, i.e. in
the lower part of the Belemnella lanceolata lanceolata Zone
sensu B³aszkiewicz (1980) and at the base of the Belemnella
inflata Zone (Remin, 2012). At ap prox i mately this level, i.e. just
be low the tra di tional B. lanceolata Zone, the FO of
Rugogolobigerina was re ported from Nor folk, Eng land (Hart et
al., 1989; Hart and Œwiecicki, 2003). An abun dant and tax o -
nom i cally more di verse oc cur rence of Rugoglobigerina be gins
at the bound ary marl at K³udzie, i.e. within the “Inoceramus”
redbirdensis inoceramid Zone. Rugoglobigerina is rep re sented
there by the fol low ing spe cies: R. pennyi, R. milamensis, R.
hexacamerata and R. rugosa. The pre dom i nance of
Rugoglobigerina in plank tonic foraminiferal as sem blages is
com monly noted in the Lower Maastrichtian of Po land, Ukraine
(Dubicka and Peryt, 2012a) and Rus sia (Saratov Re gion –
Olferev et al., 2007, and north west ern Rostov Re gion –
Benyamovskiy et al., 2012). In the Zumaia sec tion in north ern
Spain (Pérez-Rodríguez et al., 2012) R. rugosa, R. hexaca -
merata and R. pennyi oc cur be low the Campanian/Maastrich -
tian bound ary i.e. within the Rugoglobigerina rotundata Zone,
be low the base of the Pachydiscus neubergicus ammonite
Zone. Ac cord ingly, the ap pear ance of Rugoglobigerina in the
Vistula River sec tion is an only lo cal event and can be ap plied in 
only tem per ate re gions.

Rugoglobigerina scotti was de scribed from the Campan -
ian/Maastrichtian bound ary in the Tercis les Bains sec tion (Arz
and Molina, 2001). Odin et al. (2001) con sid ered this spe cies to
be Rugoglobigerina cf. scotti (a tran si tional form) which can not
be use ful for iden ti fy ing the Campanian/Maastrichtian bound -
ary. At Zumaia “true” Rugoglobigerina scotti has its low est oc -
cur rence in the mid dle part of the Abathomphalus mayaroensis
Zone in the up per most Maastrichtian (Pérez-Rodríguez et al.,
2012).

BENTHIC FORAMINIFERA

Based on the study of stratigraphically rel e vant ben thic
foraminiferal taxa we rec og nized thir teen foraminiferal
bioevents. These events are dis cussed be low in as cend ing
strati graphic or der.

The LO of Gavelinella clementiana is re corded in the
Dorotka out crop, i.e. in the Cataceramus subcompressus
inoceramid Zone and the Bostrychoceras polyplocum
ammonite Zone. The LO of the spe cies in Kronsmoor in NW
Ger many was re corded much higher, i.e. in the navarroana/cri -
stata Zone, in the lower Micraster grimmensis/Cardiaster
granulosus Zone (Schönfeld, 1990). In east ern Eng land G.
clementiana dis ap pears within the in ter val of the co-oc cur rence 
of Globorotalites hiltermanni (= G. emdyensis) and Bolivina
incrassata (Hart et al., 1989), which is prob a bly later than in the
Mid dle Vistula River sec tion. In the Tercis sec tion, the high est
oc cur rence of G. clementiana is re corded just above the
Campanian/Maastrichtian bound ary (Odin and Lamurelle,
2001), this be ing much higher than in all of the above-men -
tioned re gions. Thus the LO of G. clementiana is clearly
diachronous in epicontinental Cre ta ceous of Eu rope, which
was also rec og nized by Watkins and Veltkamp (1994). It seems 
that G. clementiana was very sen si tive to en vi ron men tal
changes, which pre cludes its use in supraregional cor re la tions.
In the Dorotka sec tion, we also no ticed the oc cur rence of
Globorotalites emdyensis (= G. hiltermanni). Since this spe cies
has not been re corded in the stratigraphically lower Inoceramus 

azerbaydjanensis–Inoceramus vorhelmensis inoceramid Zone
of the Pol ish Low land (Dubicka, 2015), its first ap pear ance
seems to be in the Cataceramus subcompressus inoceramid
Zone and the Bostrychoceras polyplocum ammonite Zone. This 
po si tion cor re sponds to the FO of Globorotalites emdyensis (=
G. hiltermanni) re corded in the Lägerdorf-Kronsmoor suc ces -
sion, i.e. in the mid dle part of the Bostrychoceras polyplocum
Zone.

In the lower part of the “Inoceramus” tenuilineatus and
Didymoceras donezianum zones in the Ciszyca Kolonia sec tion 
Bolivina incrassata and Bolivinoides miliaris have been re -
corded. Their ac tual FOs are prob a bly stratigraphically lower
than that, as we found these taxa in K. Po¿aryska’s ar chive
sam ple named “Dorotka North”, lo cated in the north ern part of
the vil lage of Dorotka. Sim i larly, in the Lägerdorf-Kronsmoor
suc ces sion the FOs of these two taxa are placed very close to
each other within a few metres, just be low and above the F100
ho ri zon and slightly above the FO of Globorotalites hiltermanni
(Schönfeld, 1990). They are placed in the Bostrychoceras
polyplocum Zone sensu Schulz et al. (1984). In east ern Eng -
land, as well as in the south ern North Sea Ba sin, the low est re -
cords of all these spe cies are also stratigraphically very close to
each other, in the up per part of the tra di tional Belemnitella
mucronata Zone (Hart et al., 1989; Hart and Swiecicki, 2003).
Ac cord ingly, the FOs of Globorotalites emdyensis (= G.
hiltermanni), Bolivina incrassata and Bolivinoides miliaris ap -
pear to be stratigraphically rel e vant for cor re la tion across Eu -
rope.

The LO of Globorotalites michelinianus is re corded in the
Ciszyca Górna suc ces sion, i.e. in the Didymoceras
donezianum ammonite Zone and in the “Inoceramus”
tenuilineatus inoceramid Zone (Fig. 5). Hart et al. (1989) noted
the LO of G. michelinianus in east ern Eng land in the up per part
of the tra di tional Belemnitella mucronata Zone within the lower
part of the ranges of G. emdyensis (= G. hiltermanni) and
Bolivinoides miliaris, as ob served in the sec tion stud ied. Thus,
this foraminiferal event oc curs in a sim i lar strati graphi cal po si -
tion in both cen tral and west ern parts of Eu rope.

The FO of Osangularia navarroana is re corded in the up per
part of the Wola Paw³owska sec tion, in the Sphaeroceramus
pertenuiformis inoceramid Zone. At Kronsmoor, this spe cies
ap pears at 226.10 m, de fin ing the base of the
navarroana/cristata Zone. It oc curs in the up per most part of the
Belemnitella langei Zone and just be low the FO of
Angulogavelinella gracilis. There fore, the first ap pear ances of
O. navarroana in the Mid dle Vistula River sec tion and in
Kronsmoor seem to oc cur in a sim i lar strati graphi cal po si tion.

The tem po rary dis ap pear ance of Gavelinella monterelensis
was re corded in the low est part of the Paw³owice Cem e tery sec -
tion. A mor pho log i cal equiv a lent of G. monterelensis were also
ob served in a Mid dle Maastrichtian in ter val of the Mid dle Vistula 
River sec tion (Dubicka and Peryt, 2012b), as well as in the
Vijlen Mem ber in Bel gium (Robaszynski et al., 1985). The dis -
ap pear ance of G. monterelensis (= Brotzenella monterelensis)
were re corded in an ap prox i mately sim i lar po si tion in the
Vishnevoe sec tion, Saratov Re gion, Rus sia (Olferev et al.,
2007). The event is lo cated there in the Nalitovo For ma tion,
above the FOs of Belemnitella langei langei, B. langei najdini
and Belemnella licharewi, and be low the FO of Belemnella
lanceolata. Ad di tion ally, it is placed slightly be low the LO of
Globorotalites emdyensis (= G. hiltermanni), as in the Mid dle
Vistula River sec tion.

In the low est part of the Paw³owice Cem e tery sec tion the
first re cord of a “true” Angulogavelinella gracilis is ob served.
Early forms of A. gracilis which oc cur through out the £opoczno
sec tion (Sphaeroceramus pertenuiformis inoceramid Zone) are 

Foraminiferal bioevents in the Upper Campanian to lowest Maastrichtian of the Middle Vistula River section, Poland 821



822 Danuta Peryt and Zofia Dubicka

Fig. 5. Geological columns, stratigraphy and correlations of the sections studied



char ac ter ized by a test with a flat trochospiral side. In the Wola
Paw³owska sec tion there is an ab sence of all morphotypes of A. 
gracilis. Ac cord ing to these foraminiferal data, the Wola
Paw³owska suc ces sion should be shifted slightly lower than as
in di cated by Walaszczyk (2004), i.e. these two suc ces sions
prob a bly do not cor re late. The in ter val with the co-oc cur rence
of G. monterelensis, “true” A. gracilis and Neoflabellina
praereticulata is rep re sented in the Mid dle Vistula River sec tion
only in the low est part of the Paw³owice Cem e tery suc ces sion.
It is better ex posed in the Miechów Synclinorium in south ern
Po land. A pre cise strati graphi cal po si tion of the low est re cord of 
A. gracilis (= A. bettenstaedti) was de ter mined by Schönfeld
(1990) at Kronsmoor, north west ern Ger many where the spe -
cies first ap pears at 231.30 m in the lower part of the
navarroana/cristata Zone, close to the lower bound ary of the
Belemnitella langei Zone and the Micraster
grimmensis/Cardiaster granulosus Zone, and just be low the LO 
of G. hiltermanni and the FO of Bolivina decurrens. There fore,
the FOs of A. gracilis in the Mid dle Vistula River sec tion and in
the Kronsmoor suc ces sion seem to be equiv a lent.

The FO of Neoflabellina praereticulata re corded in the Mid -
dle Vistula River sec tion in the £opoczno sec tion,
Sphaeroceramus pertenuiformis inoceramid Zone, prob a bly
does not rep re sent its ac tual FO. In gen eral, N. praereticulata is 
a rare spe cies in the Mid dle Vistula River sec tion and does not
have a con tin u ous range. More over, in west ern Eu rope, this
taxon was no ticed stratigraphically slightly lower, close to the
base of the Belemnitella langei Zone (Koch, 1977; Hart et al.,
1989; Schönfeld, 1990).

In the “Inoceramus altus” inoceramid Zone is the FO of
Bolivinoides sp., which posseses two par al lel me dian rows of
tu ber cles. This is prob a bly a tran si tional form be tween
Bolivinoides miliaris and B. draco. Bolivinoides draco, which is
char ac ter ized by two very dis tinc tive, well-de vel oped, par al lel
me dian ribs de rived from the fu sion of the in ner or na men tal
lobes, has been re corded in this site in the lower Up per
Maastrichtian, in the Hoploscaphites constrictus lvivenis Zone
(Dubicka and Peryt, 2016), above the in ter val re ported in this
pa per. In the up per part of the Piotrawin sec tion, i.e. in the
“Inoceramus” inkermanensis inoceramid Zone, two im por tant
foraminiferal events are ob served: the FO of Bolivina decurrens
and LO of Globorotalites emdyensis (= G. hiltermanni). Both
these taxa also oc cur through out the Sadkowice and
Sadkowice North suc ces sions. The FO of Bolivina decurrens
and LO of G. hiltermanni were de scribed at Kronsmoor
(Schönfeld, 1990) in the peterssoni/hiltermanni Zone i. e. in the
up per most part of the Micraster grimmensis/Cardiaster
granulosus Zone. In Kronsmoor the FO of B. decurrens is noted 
just be low the LO of G. emdyensis (= G. hiltermanni), sim i larly
as in the Piotrawin sec tion. In east ern Eng land, the LO of G.
hiltermanni is placed very close to the bound ary of the tra di -
tional Belemnitella mucronata and Belemnella lanceolata
zones, thus in a sim i lar strati graphi cal po si tion to the
Kronsmoor and Piotrawin sec tions. Sum ma riz ing, the FO of B.
decurrens and LO of G. emdyensis (= G. hiltermanni) seem to
be stratigraphically im por tant events be tween cen tral and west -
ern Eu rope. The LO of G. emdyensis (= G. hiltermanni) slightly
be low the B. lanceolata Zone was also noted in the Saratov Re -
gion, Rus sia (Olferev et al., 2007).

The next im por tant ben thic foraminiferal bioevent in the
suc ces sion stud ied is the FO of Neoflabellina reticulata. This
event was re garded as an im por tant foraminiferal proxy for the
base of the Maastrichtian in Eu ro pean bas ins (Odin, 1996). In
the Mid dle Vistula River sec tion, N. reticulata first ap pears at
the base of the K³udzie sec tion, which is lo cated within
B³aszkiewicz’s (1980) Belemnella lanceolata Zone, and

Remin’s (2012) Belemnella inflata Zone, i.e., within very high
Up per Campanian. A very sim i lar or slightly lower strati graphi -
cal po si tion of the event was re corded through out Eu rope. In
east ern Eng land, the FO of N. reticulata was placed at the in -
ferred base of the tra di tional Belemnella lanceolata Zone (Hart
et al., 1989). Re cent re search has shown that the FO of N.
reticulata is lo cated be neath a marl seam (Sidestrand Marl), a
short dis tance  be low the en try of a Belemnella as sem blage be -
long ing to Remin’s inflata Zone (see Mortimore et al, 2001, fig.
4.32; Wood pers.comm., 2015). In the Kronsmoor sec tion, it ap -
pears at the 254.90 m level (Schönfeld, 1990), close to level mb
605, which ac cord ing to Remin’s bel em nite zonal scheme
(Remin in Niebuhr et al., 2011) is also lo cated within the high est
Up per Campanian Belemnella inflata Zone. Fig ure 7 of Niebuhr
et al. (2011), shows er ro ne ously the FO of N. reticulata at F600.
In east ern Eu rope, the FO of N. reticulata in the Belemnella
lanceolata Zone was also re corded in the Vishnevoe sec tion
(Saratov Re gion – Olferev et al., 2007). The event there fore
seems to be an im por tant marker for strati graphi cal cor re la tion
across Eu rope.

In con clu sion, it is very likely that, ex cept for the LO of
Gavelinella clementiana and FO of Neoflabellina praereticulata, 
all of the other dis cussed ben thic foraminiferal events are
isochronous be tween west ern and cen tral Eu ro pean bas ins.
Thus they can serve as use ful chronostratigraphic mark ers
across Eu rope.

TAXONOMIC COMMENTS

Only the oc cur rences within the Mid dle Vistula River sec tion 
are given in the de scrip tions which fol low.

Superfamily Globotruncanacea Brotzen, 1942
Fam ily Rugoglobigerinidae Subbotina, 1959
Ge nus Rugoglobigerina Brönnimann, 1952

Rugoglobigerina hexacamerata Brönnimann, 1952
(Fig. 3Da–Db)

Rugoglobigerina reicheli hexacamerata – Brönnimann, 1952:
23–25, pl. 2, figs. 10–12, fig. 8a–m.
Rugoglobigerina hexacamerata Brönnimann – Pessagno,
1967: 364–365, pl. 74, fig. 4, pl. 91, figs. 5–7.
Rugoglobigerina hexacamerata Brönnimann – Peryt, 1980:
84–85, pl. 22, figs. 6, 7.
Rugoglobigerina hexacamerata Brönnimann – Robaszynski et
al., 1984: 282, pl. 49, fig. 8.
Rugoglobigerina hexacamerata Brönnimann – Gawor-Bie -
dowa, 1992: 90–91, pl. 17, figs. 10–12.

D e s c r i p t i o n. –  Test with very low to flat trochospire;
equa to rial pe riph ery cir cu lar, lobate; ax ial pe riph ery rounded;
the last whorl con sists of 6 cham bers in creas ing very slowly in
size as added, ul ti mate cham ber very of ten smaller than pen ul -
ti mate one; wall cov ered by me ridi on ally ar ranged rugosities ex -
cept ter mi nal 2 or 3 cham bers which are com monly smooth;
spi ral su tures de pressed, ra dial; um bil i cal su tures ra dial to
slightly curved; um bi li cus small, deep; pri mary ap er ture um bil i -
cal.

R e  m a r k s. – It dif fers from R. pennyi in hav ing a flat spi -
ral side, six cham bers in creas ing very slowly in size in the last
whorl and a very low height/di am e ter ra tio.

O c c u r r e n c e. – First ap pears in the K³udzie sec tion in
the “Inoceramus” redbirdensis inoceramid Zone and ranges to
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the top of the ana lysed part of the Mid dle Vistula River suc ces -
sion.

Rugoglobigerina milamensis Smith and Pessagno, 1973
(Fig. 3Fa–Fb)

Rugoglobigerina milamensis – Smith and Pessagno, 1973:  56,
pl. 24, figs. 4–7.
Rugoglobigerina milamensis Smith and Pessagno – Peryt,
1980: 86, pl. 22, figs. 1, 5, 9.
Rugoglobigerina milamensis Smith and Pessagno –
Robaszynski et al., 1984: 284, pl. 50, fig. 3.
Rugoglobigerina milamensis Smith and Pessagno –
Gawor-Biedowa, 1992: 91–92, pl. 17, figs. 13–15.
Rugoglobigerina milamensis Smith and Pessagno – Peryt and
Dubicka, 2009, figs. 4, 7a–c, 9a–c.

D e s c r i p t i o n. – Test mod er ately trochospiral; equa to -
rial pe riph ery subcircular, lobate; cham bers spher i cal to
subspherical, slightly elon gated ax i ally in ap er tural view; 5 to 6
cham bers in the last whorl in creas ing slowly in size; wall heavily
or na mented with rugosities and costellae but or na men ta tion
not clearly de vel oped in a me rid i o nal pat tern; pri mary ap er ture
um bil i cal.

R e  m a r k s. – R. milamensis dif fers from R. pennyi in
hav ing a very highly con vex spi ral side.

O c c u r r e n c e. – First ap pears in the K³udzie sec tion in
the “Inoceramus” redbirdensis inoceramid Zone and ranges to
the top of the ana lysed part of the Mid dle Vistula River suc ces -
sion.

Rugoglobigerina pennyi Brönnimann, 1952
(Fig. 3Ga–Gb)

Rugoglobigerina rugosa pennyi – Brönnimann, 1952: 34, pl. 4,
figs. 1–3, figs 14a–c, d–f, g–i.
Rugoglobigerina pennyi Brönnimann – Smith and Pessagno,
1973: 57, pl. 24, figs. 1–3.
Rugoglobigerina pennyi Brönnimann – Peryt, 1980: 86–87,
pl. 12, fig. 6, pl. 22, figs. 10, 11.
Rugoglobigerina pennyi Brönnimann – Robaszynski et al.,
1984: 285, pl. 50, fig. 1.
Rugoglobigerina pennyi Brönnimann – Peryt and Dubicka,
2009, fig. 4: 11a–c.

D e s c r i p t i o n. – Test low trochospiral, equa to rial pe -
riph ery lobate; 5 to 6 spher i cal cham bers in the fi nal whorl in -
creas ing gently in size; wall cov ered by me ridi on ally ar ranged
rugosities; su tures de pressed, ra dial; pri mary ap er ture um bil i -
cal.

O c c u r r e n c e. – First ap pears in the K³udzie sec tion in
the “Inoceramus” redbirdensis inoceramid Zone and ranges to
the top of the ana lysed part of the Mid dle Vistula River suc ces -
sion.

Rugoglobigerina rugosa (Plummer, 1926)
(Fig. 3Ea–Eb)

Globigerina rugosa n.sp. – Plummer, 1926: 38, pl. 2, fig. 10a–d
(fide Ellis et Messina, Cat. of Foram.).

Rugoglobigerina rugosa (Plummer) – Smith and Pessagno,
1973: 58–60, pl. 25, figs. 1–4.
Rugoglobigerina rugosa (Plummer) – Peryt, 1980: 87, pl. 22,
figs. 2, 3, 4, 8.
Rugoglobigerina rugosa (Plummer) – Hart et al., 1981: 218, pl.
7.23, figs. 7–9.
Rugoglobigerina rugosa (Plummer) – Robaszynski et al., 1984:
288, pl. 49, figs. 4a–c, 6a–c.
Rugoglobigerina rugosa (Plummer) – Gawor-Biedowa, 1992:
92, pl. 17, figs. 8, 9.

D e s c r i p t i o n. – Test trochospiral, biconvex, spi ral side 
mod er ately con vex; equa to rial pe riph ery lobate, ax ial pe riph ery
broadly rounded; 4 to 5 glob u lar cham bers in the fi nal whorl, in -
creas ing sharply in size as added; wall cov ered by meridionaIly
ar ranged rugosities; um bi li cus large, deep; pri mary ap er ture
um bil i cal.

O c c u r r e n c e. – First ap pears in the Raj North and
Solec sec tions in the Trochoceramus costaecus inoceramid
Zone and ranges to the top of the ana lysed suc ces sion of the
Mid dle Vistula River sec tion.

Superfamily Nodosariacea Ehrenberg, 1838
Fam ily Vaginulinidae Reuss, 1860

Ge nus Neoflabellina Bartenstein, 1948
Neoflabellina praereticulata Hiltermann, 1952

(Fig. 3N)

Neoflabellina praereticulata n. sp. – Hiltermann, 1952: 53,
text-fig. 3.37.
Neoflabellina praereticulata Hiltermann – Po¿aryska, 1954:
260–261, fig. 16.
Neoflabellina praereticulata Hiltermann – Hiltermann and Koch, 
1962: 308, pl. 50, fig. 12.
Neoflabellina praereticulata Hiltermann – Koch, 1977: 57–58,
pl. 14, figs. 11, 12.
Neoflabellina praereticulata Hiltermann – Hart et al., 1981: 212,
pl. 7.20, fig. 2.
Neoflabellina praereticulata Hiltermann – Robaszynski et al.,
1985, pl. 5, fig. 2.
Neoflabellina reticulata (Reuss) – Gawor-Biedowa, 1992:
58–59, pl. 8, fig. 11.
Neoflabellina reticulata (Reuss) – Peryt, 2000, pl. 1, fig. 13.

D e s c r i p t i o n. – Test large, pal mate to deltoid in out -
line with par al lel and flat sides; early cham bers in a planispiral
coil, rap idly be com ing uniserial with clearly marked lon gi tu di nal
sym me try; su tures raised and dis tinct; nu mer ous short ridges
be tween su tures; ap er ture ter mi nal, ra di ate, on the neck.

R e  m a r k s. – N. praereticulata dif fers from N. reticulata in 
lack ing con nec tions be tween su tures and ridges oc cur ring in
the test sur face re sult ing in lack of checked or na men ta tion.

O c c u r r e n c e. – First ap pears at £opoczno in the
Sphaeroceramus pertenuiformis inoceramid Zone and ranges
to the top of the ana lysed suc ces sion of the Mid dle Vistula River 
sec tion.

Neoflabellina reticulata (Reuss, 1851)
(Fig. 3O)

Flabellina reiculata n. sp. – Reuss, 1851: 30, pl. 1, figs. 22a–c
(fide Ellis et Messina, Cat. of Foram.).
Neoflabellina reticulata (Reuss) – Po¿aryska, 1954: 259, fig. 14.
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Neoflabellina reticulata (Reuss) – Hiltermann and Koch, 1962:
309, pl. 50, figs. 13, 14.
Neoflabellina reticulata (Reuss) – Koch, 1977: 58, pl. 14, figs.
9, 10.
Neoflabellina reticulata (Reuss) – Hart et al., 1981: 212, pl.
7.20, fig. 3.
Neoflabellina reticulata (Reuss) – Robaszynski et al., 1985,
pl. 5, fig. 3.
Neoflabellina reticulata (Reuss) – Peryt, 1988, pl. 11.
Neoflabellina reticulata (Reuss) – Schönfeld, 1990: 74–75,
pl. 2, fig. 12.
Neoflabellina reticulata (Reuss) – Dubicka and Peryt, 2011,
fig. 5W.

D e s c r i p t i o n. – Test large, pal mate to deltoid in out -
line with par al lel and flat sides; early cham bers in a planispiral
coil, rap idly be com ing uniserial with clearly marked lon gi tu di nal
sym me try; dis tinct and raised su tures and nu mer ous short
ridges ex tend ing be tween su tures and ap prox i mately per pen -
dic u lar to them, form char ac ter is tic re tic u late or na men ta tion;
ap er ture ter mi nal, ra di ate, on the neck.

R e  m a r k s. – N. reticulata dif fers from N. praereticulata in 
pos sess ing short ridges con nected with the su tures, re sult ing in 
re tic u late or na men ta tion.

O c c u r r e n c e. – First ap pears at the base of the
K³udzie sec tion in the Belemnella inflata Zone and ranges to the 
top of the ana lysed part of the suc ces sion.

Superfamily Bolivinacea Glaessner, 1937
Fam ily Bolivinidae Loeblich and Tappan, 1964

Ge nus Bolivina d’Orbigny, 1839
Bolivina decurrens (Ehrenberg, 1854)

(Fig. 3I, J)

Grammostomum? decurrens – Ehrenberg: 22, pl. 30, fig. 17 
(fide Ellis et Messina, Cat. of Foram.).
Bolivina decurrens (Ehrenberg) – Hiltermann and Koch, 1962:
313, pl. 51, figs. 18, 19.
Bolivina decurrens (Ehrenberg) – Hofker, 1966: 39, pl. 5,
fig. 40; p. 59, pl. 10, figs. 76, 102; p. 73, pl. 12, fig. 26.
Bolivina decurrens (Ehrenberg) – Koch, 1977: 59, pl. 14,
figs. 7, 8.

Bolivina decurrens (Ehrenberg) – Peryt, 1988, pl. 2, fig. 14.
Bolivina decurrens (Ehrenberg) – Gawor-Biedowa, 1992:
94–95, pl. 17, figs. 3, 4.
Coryphostoma decurrens (Ehrenberg) – Peryt, 2000, pl. 1,
figs. 6, 7.
Bolivina decurrens (Ehrenberg) – Dubicka and Peryt, 2012a,
fig. 4A–C.

D e s c r i p t i o n. – Test biserial, free, elon gate and com -
pressed; out line view of the text dis tinctly in dented; mar gins
acute and spinose. The ap er ture sub-ter mi nal, elon gated el lip ti -
cal slit.

O c c u r r e n c e. – First ap pears in the mid dle part of the
Piotrawin sec tion in the “Inoceramus” inkermanensis
inoceramid Zone and ranges to the top of the ana lysed part of
the suc ces sion.

Bolivina incrassata Reuss, 1851
(Fig. 3K–M)

Bolivina incrassata n. sp. – Reuss, 1851: 45, pl. 4, fig. 13 (fide
Ellis et Messina, Cat. of Foram.).
Bolivina incrassata Reuss – Hiltermann and Koch, 1962: 312,
pl. 51, figs. 14, 15.
Bolivina incrassata Reuss – Hofker, 1966: 39, pl. 5, fig. 42, p.
59, pl. 10, figs, 90, 91.
Bolivina incrassata Reuss – Koch, 1977: 54, pl. 14, figs. 5, 6.
Bolivina incrassata Reuss – Robaszynski et al., 1985, pl. 5,
fig. 7.
Bolivina incrassata Reuss – Schönfeld, 1990: 76–77, pl. 2,
figs. 18, 19.
Bolivina incrassata Reuss – Gawor-Biedowa, 1992: 95–96,
pl. 19, figs. 1–3.
Coryphostoma incrassata (Reuss) – Peryt, 2000, pl. 1, figs. 1,
2, 11, 12.

D e s c r i p t i o n. – Test biserial, free, slightly com -
pressed with en tire out line and sub-rounded pe riph ery. Ap er -
ture an elon gated el lip ti cal slit ex tend ing from basal su ture to
ter mi nal po si tion of the fi nal cham ber.

R e  m a r k s. – Bolivina incrassata dif fers from B.
decurrens in lack ing in dented, acute and spinose mar gins.

O c c u r r e n c e. – First ap pears in the Dorotka N sec tion
in the up per part of the Bostrychoceras polyplocum ammonite
Zone and ranges to the top of the stud ied suc ces sion.

Ge nus Bolivinoides Cushman, 1927
Bolivinoides miliaris Hiltermann et Koch, 1950

(Fig. 3P)

Bolivinoides draco (Marsson) miliaris n. subsp. – Hiltermann
and Koch, 1950: 604–606, text-figs. 2–4, no. 26, 32–34, 39–41,
46–48; text-fig. 5, no. 39a–c.
Bolivinoides draco miliaris Hiltermann and Koch – Po¿aryska,
1954: 254, fig. 4.
Bolivinoides draco miliaris Hiltermann and Koch – Hiltermann
and Koch, 1962: 317, pl. 46, fig. 9.
Bolivinoides draco miliaris Hiltermann and Koch – Koch, 1977:
56–57, pl. 12, fig. 4.
Bolivinoides miliaris Hiltermann and Koch – Hart et al., 1981:
182, pl. 7.5, fig. 3.
Bolivinoides aus tra lis Edgell – Robaszynski et al., 1985, pl. 6,
fig. 5.
Bolivinoides miliaris Hiltermann and Koch – Gawor-Biedowa,
1992: 103–104, pl. 20, fig. 6.

D e s c r i p t i o n. – Test ro bust, kite-shaped in out line,
com pressed to an elon gated oval shape in cross sec tion, 5 to 6
or na men tal lobes. Early part of the test or na mented by nu mer -
ous short tu ber cles and nod ules.

R e  m a r k s. – In the up per part of the Sphaeroceramus
pertenuiformis inoceramid Zone ap pear forms which dif fer from
B. miliaris in pos sess ing two par al lel me dian rows of tu ber cles.
They are prob a bly tran si tional forms from B. miliaris to B. draco
(Fig. 3Q, R).
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O c c u r r e n c e. – First ap pears in the Dorotka N sec tion
in the up per part of the Bostrychoceras polyplocum ammonite
Zone and ranges to the top of the stud ied suc ces sion.

Superfamily Chilostomellacea Brady, 1881
Fam ily Globorotalitidae Loeblich and Tappan, 1964

Ge nus Globorotalites Brotzen, 1942
Globorotalites emdyensis Vasilenko, 1961

(Fig. 4Aa–Ac, Ca–Cc)

Globorotalites emdyensis n.sp. – Vasilenko, April 1961: 60–61,
pl. 10, figs. 3a, b, w, 4a, b, w.
Globorotalites hiltermanni n. sp. – Kaever, Sep tem ber 1961:
418–419, pl. 20, fig. 1a–c.
Globorotalites hiltermanni Kaever – Hart et al., 1981: 198,
pl. 7.13, figs. 10, 11.
Globorotalites hiltermanni Kaever – Schönfeld, 1990: 96–97,
pl. 5, figs. 1–3.
Globorotalites emdyensis Vasilenko – Gawor-Biedowa, 1992:
150–151, pl. 32, figs. 1–3.
Globorotalites hiltermanni Kaever – Peryt, 2000, pl. 2, figs. 7, 8,
10, 11.
Globorotalites hiltermanni Kaever – Dubicka and Peryt, 2012a,
fig. 4D12, E1E2.

D e s c r i p t i o n. – Test trochospiral, planoconvex to
biconvex, spi ral side slightly to mod er ately con vex; um bil i cal
side con vex, looks like a low cone with a wide base; pe riph ery
with poreless ca rina; 7 to 9 cham bers en larg ing grad u ally in the
last whorl; su tures oblique, limbate and el e vated on the spi ral
side; ra dial, curved and slightly de pressed on the um bil i cal side; 
sur face smooth; low and slitlike interiomarginal ap er ture with
dis tinct murus reflectus on the um bil i cal side.

R e  m a r k s. – It dif fers from G. michelinianus in hav ing a
biconvex test and limbate, raised su tures on the spi ral side. In
1961 Kaever and Vasilenko in de pend ently de scribed two new
spe cies of Globorotalites: Globorotalites hiltermanni from north -
ern Ger many and G. emdyensis from the Mangyshlak pen in -
sula, Kazakhstan. Gawor-Biedowa (1992) al ready sug gested
that the two spe cies were conspecific. How ever, be cause she
did not see the orig i nal pa per with the de scrip tion of G.
hiltermanni she was un able to form a judge ment re gard ing pri -
or ity. Af ter com par i son of the orig i nal fig ures of the holotypes,
the de scrip tions of the two spe cies and their vari abil ity, in view
of the fact that the two taxa have the same strati graphi cal range
we came to the con clu sion that they rep re sent one spe cies. Be -
cause the pa per by Vasilenko was pub lished in April 1961 while
the pa per by Kaever was pub lished in Sep tem ber 1961, the
name Globorotalites emdyensis has pri or ity.

O c c u r r e n c e. – First ap pears in the Dorotka sec tion in
the Cataceramus subcompressus inoceramid Zone and in the
Bostrychoceras polyplocum ammonite Zone and ranges to the
up per part of the “Inoceramus” inkermanensis Zone.

Globorotalites michelinianus (d’Orbigny, 1840)
(Fig. 4Da–Dc)

Rotalina micheliniana n. sp. – d’Orbigny, 1840: 31–32, pl. 3,
figs. 1–3 (fide Ellis et Messina, Cat. of Foram.).
Globorotalites michelinianus (d’Orbigny) – Hart et al., 1981:
200, pl. 7.14, figs. 1, 2.

Globorotalites michelinianus (d’Orbigny) – Gawor-Biedowa and 
Witwicka, 1984: 285–286, pl. 99, figs. 1, 2.

D e s c r i p t i o n. – Test con i cal; spi ral side flat to slightly
con cave, um bil i cal side strongly con vex; 5–7 cham bers in the
last whorl; sur face smooth; pe riph ery with poreless ca rina;
cham bers on the um bil i cal side en larg ing grad u ally in height;
the last (high est) cham ber form ing the peak of the cone; su tures 
curved and slightly de pressed on the spi ral side, ra dial and flat,
al most in vis i ble on the um bil i cal side; pseudoumbilicus small
and shal low; low and slitlike interiomarginal ap er ture on the um -
bil i cal side.

O c c u r r e n c e. – Noted from the bot tom of the stud ied
suc ces sion up to the mid dle part of the Didymoceras
donezianum ammonite Zone.

Fam ily Osangulariidae Loeblich and Tappan, 1964
Ge nus Osangularia Brotzen, 1940

Osangularia navarroana (Cushman, 1938)
(Fig. 4Ba–Bb, F)

Pulvinulinella navarroana n. sp. – Cushman, 1938: 66, pl. 11,
figs. 5a–c.
Osangularia navarroana (Cushman) – Hart et al., 1981: 212, pl.
7.20, figs. 7, 8.
Osangularia cordieriana navarroana (Cushman) – Schönfeld,
1990: 98–99, pl. 4, figs. 17–19.
Osangularia navarroana (Cushman) – Gawor-Biedowa, 1992:
152, pl. 33, figs. 1–3.
Osangularia navarroana (Cushman) – Peryt, 2000, pl. 2, figs.
1–3.

D e s c r i p t i o n. – Test trochospiral, biconvex with more
con vex spi ral and much less con vex um bil i cal side; flush mar gin 
out line, pe riph ery cir cu lar and sharply ended; test sur face
smooth; ap er ture ar eal, elon gated slit lo cated on the flat cham -
ber sur face on the in vo lute side.

O c c u r r e n c e. – First ap pears in the up per part of the
Wola Paw³owska sec tion in the Sphaeroceramus
pertenuiformis inoceramid Zone and ranges to the top of the
stud ied suc ces sion.

Fam ily Gavelinellidae Hofker, 1956
Ge nus Angulogavelinella Hofker, 1957

Angulogavelinella gracilis (Marsson, 1878)
(Fig. 4Ea–Ec)

Discorbina gracilis n. sp. – Marsson, 1878: 166, pl. 4, fig. 34
(fide Ellis et Messina, Cat. of Foram.).
Pseudovalvulineria gracilis (Marsson) – Po¿aryska, 1954: 267,
fig. 26.
Angulogavelinella gracilis (Marsson) – Hofker, 1957: 366,
text-figs. 419, 420.
Angulogavelinella bettenstaedti Hofker – Schönfeld, 1990:
104–105, pl. 5, figs. 7–9.
Angulogavelinella gracilis (Marsson) – Gawor-Biedowa, 1992:
162–163, pl. 34, figs. 1–3.
Angulogavelinella gracilis (Marsson) – Peryt, 2000, pl. 2,
figs. 4–6.
Angulogavelinella gracilis (Marsson) – Dubicka and Peryt,
2012a, fig. 4G, H1–2.
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D e s c r i p t i o n. – Test low trochospiral, biconvex, with
al most flush mar gin out line. On the spi ral smooth side the last
whorl is de pressed and the cen tral part of the test is raised. On
the um bil i cal and in vo lute side of the test su tures are very
strongly raised, broad, prom i nent and curved back to the pe -
riph ery.

R e  m a r k s. – Early forms of A. gracilis oc cur ring in the
up per part of £opoczno suc ces sion pos sess a flat spi ral side of
the test.

O c c u r r e n c e. – First ap pears at the base of the
£opoczno sec tion in the Sphaeroceramus pertenuiformis
inoceramid Zone and ranges to the top of the stud ied suc ces -
sion. The spe cies is very rare in the “Inoceramus”
inkermanensis Zone.

Ge nus Gavelinella Brotzen, 1942
Gavelinella clementiana (d’Orbigny, 1840)

(Fig. 4Ga–Gc)

Rosalina clementiana – d’Orbigny, 1840: 37, pl. 3, figs. 23–25
(fide Ellis et Messina, Cat. of Foram.).
Stensioeina annae n. sp. – Po¿aryska, 1954: 265–267, figs. 24, 
25.
Stensioeina annae Po¿aryska – Witwicka, 1958: 207, pl. 13,
fig. 24a–c.
Stensioeina annae Po¿aryska – Bieda, 1958: 52, fig. 20a–c.
Gavelinella clementiana (d’Orbigny) – Hart et al., 1981: 194,
pl. 7.11, figs. 1–3.
Stensioeina clementiana (d’Orbigny) – Robaszynski et al.,
1985, pl. 4, fig. 2.
Gavelinella clementiana (d’Orbigny) – Schönfeld, 1990:
105–106, pl. 5, figs. 10–12.
Stensioeina clementiana (d’Orbigny) – Gawor-Biedowa, 1992:
158–159, pl. 39, figs. 4–6.

D e s c r i p t i o n. – Test low trochospiral, with flat or
slightly de pressed spi ral side and con vex um bil i cal side, mar gin 
bluntly rounded. Char ac ter is tic or na men ta tion (nu mer ous
ridges and tu ber cles) oc curs on both sides of the test or only on
um bil i cal side.

O c c u r r e n c e. – Noted in the Dorotka sction in the
Cataceramus subcompressus inoceramid Zone. It is widely
known in dis tinctly older strata, at least from the lower
Campanian.

Gavelinella monterelensis (Ma rie, 1941)
(Fig. 4Ha–Hc)

Anomalina monterelensis n. sp. – Ma rie, 1941: 243, pl. 37, fig.
432a–c.
Gavelinopsis monterelensis (Ma rie) – Hofker, 1966: 29, pl. 3,
fig. 60.
Gavelinella monterelensis (Ma rie) – Hart et al., 1981: 196,
pl. 7.12, figs. 1–3.
Gavelinella monterelensis (Ma rie) – Robaszynski et al., 1985,
pl. 5, fig. 5a–b.

Gavelinella monterelensis (Ma rie) – Gawor-Biedowa, 1992:
168–169, pl. 36, figs. 1, 2.
Gavelinella monterelensis (Ma rie) – Dubicka and Peryt, 2012a,
fig. 4F1–3.

D e s c r i p t i o n. – Test very low trochospiral, al most
planispiral, biconvex with al most flush mar gin out line. Pe riph ery 
cir cu lar with im per fo rate “keel-like” struc ture. Test biumbonate
with um bil i cal boss more dis tinct and raised than spi ral side
boss; nu mer ous cham bers (from 12 to 14 in the fi nal whorl).

O c c u r r e n c e. – Noted from the bot tom of the stud ied
suc ces sion up to basal part of the “Inoceramus” altus
inoceramid Zone.

SUMMARY

Plank tonic foraminifera of the Up per Campanian–Lower
Maastrichtian of the Mid dle Vistula River sec tion (com pris ing
eight inoceramid bi valve zones of Walaszczyk, 2004), are rep -
re sented by cos mo pol i tan taxa, with rather mod er ate
chronostratigraphic po ten tial. Plank tonic foraminifera taxa that
are im por tant biostratigraphical mark ers else where, par tic u larly
in the Tethyan Realm, do not oc cur, and thus di rect cor re la tion
with the stan dard plank tonic foraminiferal zonation and dis tant
re gions are im pos si ble/dif fi cult. How ever, we were able to rec -
og nize one sig nif i cant plank tonic foraminiferal bioevent, i.e. the
FO’s of Rugoglobigerina milamensis, R. hexacamerata and R.
pennyi, dated to the up per most “I.” redbirdensis inoceramid
Zone. This level, as de fined by inoceramids (Walaszczyk,
2004), is very close to the Campanian/Maastrichtian bound ary.
This event may be a good proxy for this stage bound ary in tem -
per ate re gions.

Ben thic foraminifera in the stud ied suc ces sion are gen er ally 
abun dant and well-pre served. In the course of this in ves ti ga tion
we iden ti fied the fol low ing twelve ben thic foraminiferal
bioevents in as cend ing strati graphi cal or der: 

FO of Globorotalites emdyensis (= G. hiltermanni)
LO of Gavelinella clementiana 
LO of Globorotalites michelinianus 
LO of Globorotalites emdyensis (= G. hiltermanni)
FO of Bolivina incrassata 
FO of Bolivinoides miliaris
FO of Neoflabellina praereticulata
FO of Angulogavelinella gracilis (= A. bettenstaedti) 
LO of Gavelinella monterelensis 
FO of Osangularia navarroana 
FO of Bolivina decurrens
FO of Neoflabellina reticulata 
Apart from the LO of G. clementiana and FO of N.

praereticulata, which seem to be more diachronous, all of the
other events are lo cated in very sim i lar strati graphi cal po si tions
in the Mid dle Vistula River sec tion, in north ern Ger many
(Lägerdorf-Kronsmoor), east ern Eng land and in some east ern
Eu ro pean sec tions. Ac cord ingly they can serve as im por tant
mark ers for strati graphi cal cor re la tions across Eu rope. 

Ac knowl edge ments. We are very grate ful to C. Wood,
I. Walaszczyk and L. Kopaevich for many help ful re marks that
mark edly im proved the manu script.
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