
Geo log i cal Quar terly, 2018, 62 (2): 257–286
 DOI: http://dx.doi.org/10.7306/gq.1406

Foraminiferal biostratigraphy of the Mid dle and Up per Ju ras sic 
of the Pol ish Low lands: the state of the art

Jolanta SMOLEÑ1 and Jolanta IWAÑCZUK1, *

1 Pol ish Geo log i cal In sti tute – Na tional Re search In sti tute, Rakowiecka 4, 00-975 Warszawa, Po land

Smoleñ, J., Iwañczuk, J., 2018. Foraminiferal biostratigraphy of the Mid dle and Up per Ju ras sic of the Pol ish Low lands: the
state of the art. Geo log i cal Quar terly, 62 (2): 257–286, doi: 10.7306/gq.1406

The foraminifera-based biostratigraphy of the Mid dle and Up per Ju ras sic of the Pol ish Low lands was re-eval u ated.
Biostratigraphic charts pro vid ing ranges of the most im por tant foraminiferal taxa char ac ter is tic of in di vid ual Ju ras sic stages
are pre sented in re la tion to the cur rently used ammonite-based stan dard strati graphic di vi sions. The study con tains the new
re search on the foraminifera fauna and in cludes ear lier re sults avail able in pub lished and ar chi val re ports. In the Oxfordian
and Lower Kimmeridgian de pos its, var i ous foraminiferal as sem blages were dis tin guished with ref er ence to the lithofacies in
the in di vid ual parts of the Pol ish Ba sin and vary ing in flu ences of the palaeo geo graphi cal prov inces. Ad di tion ally, the
foraminiferal zones in the Oxfordian and Lower Kimmeridgian de pos its of south east ern Po land are dis tin guished based on
de tail study of foraminifers.
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INTRODUCTION

Mid dle and Up per Ju ras sic foraminifers from the Pol ish
Low lands have been stud ied for years. First data were ob tained
from nat u ral out crops in the Kraków–Wieluñ Up land (e.g.,
Wiœniowski, 1890; Pazdro, 1954, 1958; Bielecka, 1956). Then,
bore hole data be came avail able from the re main ing area of the
Pol ish Low lands. Bielecka and Po¿aryski (1954) es tab lished
the first strati graphic zonation for the Up per Ju ras sic of cen tral
Po land, based on microfossils. Up per Ju ras sic foraminiferal
stra tig ra phy from the Chrzanów area was pub lished by Bielecka 
(1960a). Sub se quently, the base for es tab lish ing the
foraminiferal biostratigraphy was the pres ence of nu mer ous
foraminiferal as sem blages and their vari abil ity in the ver ti cal
pro files.

Syn thetic con tri bu tions on the Ju ras sic of the Pol ish Low -
lands on the ba sis of foraminiferal stra tig ra phy were pub lished
by Malinowska (1980, 1988) and Marek and Pajchlowa (1997).
In those pa pers, as well as in many ear lier micropalaeonto -
logical works, the strati graphic po si tion and the ranges of the
most im por tant foraminiferal taxa was pre sented against the
back ground of var i ous re gional biostratigraphic di vi sions, which 
in many cases de vi ate from the Eu ro pean stan dard zonations.

The aim of the pa per is  to pres ent  stratigraphically im por -
tant foraminiferal taxa oc cur ring in the Mid dle and Up per Ju ras -
sic of the Pol ish Low lands, with ref er ences to the stan dard
ammonite di vi sions. In con trast to pre vi ously used di vi sions, the 
stan dard stages and substages ap plied in this pub li ca tion and
de tailed cor re la tion of the po si tions of biostratigraphic and
chronostratigraphic bound aries al low us ing the foraminiferal
data for broader, in ter re gional cor re la tions.

MATERIAL AND METHODS

All spec i mens de scribed come from the ar chi val col lec tions
of the PGI-NRI Geo log i cal Mu seum: W. Bielecka, 1954; 1960;
1981; W. Bielecka and O. Styk, 1980; 1981; J. Smoleñ, 1998;
2000; 2011; 2012; 2015; J. Kopik from the Borucice1/C bore -
hole, 1956, and col lec tions of J. Smoleñ from the bore holes:
Ciechocinek IG-2, 2007; Brzeœæ Kujawski IG-1, IG-2, IG-3,
2008; Jamno IG-1, IG-2, IG-3, 2008; Grudzi¹dz IG-1, 2011;
Dar¿lubie IG-1, 2011; 1/1a, IG-3, IG-4; 2012; Gorzów 
Wielkopolski IG-1, 2014; Kêtrzyn IG-1, IG2, 2014; Narol PIG-1,
PIG-2, 2015 and Polik IG-1, 2016 (Fig. 1). One thou sand spec i -
mens have been se lected from the twenty-one col lec tions ana -
lysed. Best-pre served 243 spec i mens have been pho to -
graphed. SEM im ages have been per formed in the Mi cro-Area
Anal y sis Lab o ra tory.

Strati graphi cal range charts of foraminiferal taxa have
been pre pared with ref er ences to new data (e.g., Smoleñ,
2000, 2011a, 2012a; Wierzbowski et al., 2015). Ar chi val and
un pub lished micropalaeontological re ports have been ana -
lysed as well. The foraminifera spe cies list can be found in Ap -
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pen dix 1*. The ammonite zonation ap plied have been based
on Kopik (1998), G³owniak (2002, 2006a), Matyja and
Wierzbowski (2000), Dembicz et al. (2006) and Wierzbowski
et al. (2015, 2016). 

MIDDLE JURASSIC

Dur ing the Mid dle Ju ras sic the area of Pol ish Low lands was
cov ered by an epicontinental sea (e.g., Marek and Pajchlowa,
1997). In the Aalenian, a nar row ba sin ex tended from the
north-west to south-east in the pres ent-day ter ri tory of Po land.
The later transgressive im pulses were the re sult of con nec tions
with the Tethys Ocean. The strong ma rine trans gres sion cov -
ered al most the en tire Pol ish Low lands at the end of the
Bathonian and to wards the end of the Callovian. Mid dle Ju ras -
sic de pos its de vel oped as a se quence con sist ing of sand stones 
and clayey rocks, with car bon ate-clastic fa cies dom i nant in the
Up per Callovian. Mid dle Ju ras sic de pos its of ex tra-Carpathian
Po land con tain di verse and multi-spe cies foraminiferal as sem -
blages that were sub ject to many micropalaeontological and
biostratigraphic stud ies. These stud ies re sulted in the iden ti fi -
ca tion of the char ac ter is tic foraminifera spe cies and as sem -
blages of the in di vid ual Mid dle Ju ras sic chronostratigraphic
units. Com pos ite charts of the ranges of im por tant foraminifera
spe cies, cor re lated with the ammonite stra tig ra phy, are pre -
sented by Bielecka et al. (1980), Dayczak-Calikowska and
Marcinkiewicz (1997), and Kopik and Marcinkiewicz (1997). In
these pub li ca tions, like in many other pub lished and ar chi val
works, a sub di vi sion into ammonite zones (pro vid ing re gional
ammonite zones based on lo cal ranges of ammonites) was
used for the Mid dle Ju ras sic de pos its of the Pol ish Low lands
(Dayczak-Calikowska and Kopik, 1973), based on the scheme

by Ró¿ycki (1953). The Submediterranean stan dard zonal
scheme (with mi nor mod i fi ca tion) was ap plied first by Kopik
(1998: ta ble 3) who cor re lated it with lo cal biostratigraphic
schemes used pre vi ously in Po land. He cor re lated the Lower
Kuiavian and large part of the Mid dle Kuiavian with the Up per
Bajocian stan dard substage, and the up per most part of the Mid -
dle Kuiavian (Schloenbachii Zone) and the Up per Kuiavian with
the Bathonian stan dard stage (Fig. 2).

AALENIAN

The Lower Aalenian is rep re sented in the Pol ish Low lands
by sandy-muddy de pos its (e.g., Dayczak-Calikowska, 1997;
Feldman-Olszewska, 1997). Ma rine fa cies of cen tral Po land
con tain scarce ag glu ti nated foraminifers. The Up per Aalenian is 
better doc u mented by foraminifera fauna by Bielecka and Styk
(1981a) and Kopik (1956). In clay-muddy de pos its, start ing
from the Murchisonae Zone, foraminiferal as sem blages are
rep re sented by abun dant ag glu ti nated foraminifera and few
foraminifer spec i mens with cal car e ous tests, which ap pear for
the first time in the Aalenian de pos its of the Pol ish Low lands.
The statigraphically im por tant Up per Aalenian spe cies in clude
the fol low ing taxa: Reinholdella dreheri (Bartenstein) (Fig. 3C1,
C2), Verneuilinoides liasina (Terquem et Berthelin) (Fig. 3B),
Ammodiscus glumaceus Gerke et Sossipatrova (Fig. 3A),
Astacolus varians rectus Franke, A. reticulatus (Schwager)
(Fig. 3E) Trochamminiodes pro teus (Karrer) (Fig. 3D),
Lagenammina difflugiformis (Brady) (Fig. 3H) and Recurvoides
trochamminiforme Höglund (Fig. 3G), Trochammina
canningensis Tappan (Fig. 3I, J) and Haplophragmopides
complanatus Mjatliuk (Fig. 3L) which are rarely found from
Discites to Humpresianum zones (Fig. 4).
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Fig. 1. Locations of boreholes that provided material used for this study
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Fig. 2. Correlation of the zonal schemes 
(after Kopik, 1998, modified by Matyja and Wierzbowski, 2000)
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Fig. 3. Foraminifers from the Aalenian–Lower Bajocian (A–H) and Upper Bajocian (I–W2) deposits of the Polish Lowlands

A – Ammodiscus glumaceus (col lec tion of Smoleñ from the Brzeœæ Kujawski IG-1, IG-2 and IG-3 bore holes, 2008); B – Verneuilinoides
liasina (col lec tion of Kopik, 1956); C1 – Reinholdella dreheri, dor sal side (col lec tion of Kopik, 1956); C2 – Reinholdella dreheri, ven tral side
(col lec tion of Kopik, 1956); D – Trochamminoides pro teus (col lec tion of Smoleñ from the Brzeœæ Kujawski IG-1, IG-2 and IG-3 bore holes,
2008); E – Astacolus reticulatus (col lec tion of Kopik, 1956); F – Ammodiscus orbis (col lec tion of Smoleñ from the Brzeœæ Kujawski IG-1, IG-2
and IG-3 bore holes, 2008); G – Recurvoides trochamminiforme (col lec tion of Kopik, 1956); H – Lagenammina difflugiformis (col lec tion of
Kopik, 1956); I, J – Trochammina canningensis (col lec tion of Kopik, 1956); K – Recurvoides trochamminiforme (col lec tion of Kopik, 1956); L
– Haplophragmoides complanatus (col lec tion of Smoleñ, 2011); M1 – Epistomina nuda, ven tral side (col lec tion of Smoleñ, 2011); M2 –
Epistomina nuda, dor sal side (col lec tion of Smoleñ, 2011); N – Ammopalmula infrajurensis (col lec tion of Kopik, 1956); O – Ammopalmula
infrajurensis (col lec tion of Smoleñ from the Wojszyce IG-1/1a, IG-3 and IG-4 bore holes, 2012); P – Epistomina costifera (col lec tion of
Smoleñ from the Brzeœæ Kujawski IG-1, IG-2 and IG-3 bore holes, 2008); Q, R – Ophthalmidium carinatum terquemi (col lec tion of Smoleñ,
2011); S, T – Ophthalmidium carinatum agglutinans (col lec tion of Smoleñ, 2011); U – Lenticulina (Astacolus) interrumpa (col lec tion of
Bielecka and Styk, 1980); W1 – Garantella ornata, ven tral side (col lec tion of Bielecka and Styk, 1980); W2 – Garantella ornata, dor sal side
(col lec tion of Bielecka and Styk, 1980); scale bars – 100 µm
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Fig. 4. Stratigraphic range charts of foraminifera species from the Aalenian and Bathonian deposits of the Polish Lowlands, 
ammonite zonation as used by Kopik (1998), Matyja and Wierzbowski (2000), Barski et al. (2004) and Dembicz et al. (2006)



BAJOCIAN

Lower Bajocian shal low-ma rine de pos its, rep re sented
mainly by sand stones, mudstones and rare claystones, con tain
poor foraminiferal as sem blages. In cen tral Po land, there are
few taxa, gen er ally the same as those found in the Up per
Aalenian (see Fig. 4). De tailed in ves ti ga tions of the Lower
Bajocian sandy de pos its (the Koœcieliskie Beds), con ducted be -
tween Czêstochowa and Zawiercie, re vealed also scarce
micro fauna (Kopik, 1998). Their lower part (the Koœcieliskie
sand stones) con tains sin gle ag glu ti nated foraminifers. Larger
foraminiferal as sem blages have been found in the up per most
Lower Bajocian – Humphriesianum Zone, Blagdeni Subzone;
Kopik, 1998).

Most of the foraminifera spe cies, which con tinue from the
Aalenian in the Pol ish Low lands, have their last oc cur rences at
the end of the Lower Bajocian. This is as so ci ated with a re gres -
sive event that started and con tin ued dur ing the early Late
Bajocian (Dayczak-Calikowska, 1980). The low er most Up per
Bajocian (Subfurcatum Zone) of cen tral Po land, rep re sented by 
muddy-sandy fa cies, con tains few foraminifera spe cies. These
in clude pre dom i nantly ag glu ti nated and in fre quent cal car e ous
foraminifera, e.g.: Ophthalmidium carinatum agglutinans
Pazdro, Epistomina nuda Terquem and E. costifera Terquem
(Fig. 4; Bielecka and Styk, 1981a). Sub se quent stud ies con -
ducted in south-cen tral Po land be tween Czêstochowa and
Zawiercie did not con firm the pres ence of Subfurcatum Zone
de pos its (Kopik, 1998).

De pos its of the Up per Bajocian Garantiana Zone re cord an
on set of ma rine trans gres sion and the sed i men tary ba sin ex pan -
sion. Through out the Late Bajocian, the clay-muddy fa cies dom i -
nate a vast area of cen tral Po land. A com plex of claystones,
mudstones and sand stones with siderites, re ferred to as the
Czêstochowa ore-bear ing clays, was de pos ited in the Czêsto -
chowa–Zawiercie re gion (e.g., Leonowicz, 2013a, b, 2015). The
Up per Bajocian de pos its con tain large foraminiferal as sem -
blages, abun dant in terms of the num ber of both spe cies and
spec i mens, de scribed in pa pers by Pazdro (1954, 1958, 1969a),
Bielecka and Styk (1969a, b, 1981a), Kopik (1956, 1969) and
Smoleñ (2008a, 2011a, 2012b, 2014a). In cen tral Po land, the
foraminifera fauna ap pears again in the Garantiana Zone, in
which cal car e ous foraminifera be come def i nitely pre dom i nant.
The larg est foraminiferal as sem blages are known from the
Parkinsoni Zone (equiv a lent of the Acris and Parkinsoni zones
sensu Kopik, 1998). In the Czêsto chowa–Zawiercie re gion
(south-cen tral Po land), the first foraminifera ap pear later in the
Parkinsoni Zone and the larg est foraminiferal as sem blages oc -
cur in the up per part of this zone (in the Acris and Parkinsoni
zones sensu Kopik, 1998; Fig. 4).

The study of  Kopik (1998) has also shown that some taxa
such as Reinholdella crebra Pazdro and Palaeomiliolina
czestochowiensis (Pazdro) (Fig. 4) known in cen tral Po land
only from the Bathonian on wards have their first oc cur rences in
the up per most Bajocian (Parkinsoni Zone sensu Kopik,1998) in 
the Czêstochowa re gion.

The anal y sis of stud ies car ried out so far shows that di ag nos -
tic spe cies in the Up per Bajocian de pos its in clude: Epistomina
nuda Terquem (Fig. 3M1, M2), E. costifera Terquem (Fig. 3P),
E. regularis Terquem (Fig. 5A1, A2), Ammopalmula infrajurensis
(Terquem) (Fig. 3N, O, Garantella ornata (Hofker) (Fig. 3W1,
W2), Ophthalmidium carinatum terquemi Pazdro (Fig. 3Q, R),
O. carinatum agglutinans Pazdro (Fig. 3S, T), Lenticulina
(Astacolus) interrumpa Blank (Fig. 3U), L. (A.) volubilis Dain
(Fig. 5C), L. (A.) kujaviana Kopik (Fig. 5F), L. (A.) argonauta
(Kopik), L. (A.) polymorpha arachne Kopik (Fig. 5I, J),
L. (Planularia) polymorpha (Terquem) (Fig. 5H), L. daphne

Bielecka et Styk (Fig. 5E), Ichtyolaria nympha Kopik (Fig. 5G),
L. mamillaris (Terquem) (Fig. 5B) and Planularia ex gr. eugenii
(Terquem) (Fig. 5D). Most of the foraminifera spe cies, which
have their first oc cur rences in the Up per Bajocian, range through
the Lower Bathonian, or some through the Mid dle or even Up per
Bathonian.

BATHONIAN

Over most of the Pol ish Low lands, the Bathonian suc ces -
sion con sists of clastic de pos its rep re sented by muddy-sandy
and muddy-clayey fa cies with si der it ic co quina lay ers, pass ing
into sand stone fa cies. Such sed i men ta tion type per sisted un til
the end of the Bathonian in much of the Pol ish Low lands, mainly 
in cen tral and north west ern Po land. In south-cen tral Po land
(the re gion be tween Czêstochowa and Zawiercie), clayey,
muddy and sandy de pos its with siderites were ac cu mu lated, re -
ferred to as the Czêstochowa ore-bear ing clay for ma tion (Gedl
and Kaim, 2012). The fi nal stage of the de po si tion of these
clays started in the Late Bathonian Retrocostarum Zone
(Heterocostatus Subzone of the Orbis Zone sensu Kopik, 1998; 
Fig. 2). This zone con tains also rare mudstones which are re -
placed by oolitic lime stones (called the Czêstochowa oolite). In
many ar eas of the Kraków–Czêstochowa Up land, the up per -
most Up per Bathonian (Dis cus Zone) re fers to an ero sional hi a -
tus (Kopik, 1998).

Like those of the Up per Bajocian, the Bathonian
foraminifera form multi-spe cies microfaunal as so ci a tions. They
have been well in ves ti gated and de scribed from many bore -
holes, mainly in cen tral and NW Po land (Bielecka and Styk,
1969a, b, 1981b; Kopik, 1969; Smoleñ, 2007, 2008b, 2011b, c,
2012b, 2014a, b). The old est con tri bu tions on Bathonian
foraminifera con cerned ore-bear ing clays from the Kra -
ków– Wie luñ Up land (Pazdro, 1954, 1959, 1960, 1967, 1969a,
b; Ma³ecki, 1971; Garbowska et al., 1978). In the area be tween
Czêstochowa and Zawiercie, Kopik (1998) dis tin guished
foraminiferal as sem blages char ac ter is tic of the in di vid ual Ba -
thon ian substages.

Based on cor re la tion with stan dard ammonite zones (af ter
Maryja and Wierzbowski, 2000, 2003), the larg est foraminiferal
as sem blages have been doc u mented in strata con tain ing con -
tin u ous concretionary sid er ite ho ri zons. Large and tax o nom i -
cally di verse foraminiferal as sem blages are found in the Lower
Bathonian de pos its of the Convergens and Macrescens
subzones of the Zig zag Zone (Smoleñ, 2011a). In the Mid dle
Bathonian, such as so ci a tions are pres ent mainly in the Subcon -
tractus and Morissi zones (Smoleñ, 2004, 2006, 2012a).

Anal y sis of the above-men tioned pre vi ous stud ies has
shown that the Lower Bathonian de pos its con tain most of the
spe cies that are found in the up per most Up per Bajocian. The
fol low ing spe cies ter mi nate their strati graphic ranges in the
Lower Bathonian (Tenuiplicatus Zone; Fig. 4): Ammopalmula
infrajurensis (Terquem), Garantella ornata (Hofker), Lenticulina 
(A.) interrumpa Blank, L. daphne Bielecka and Styk, Epistomina 
costifera Terquem and Ichtyolaria nympha Kopik. There is also
the up per limit of the con tin u ous range of Ophthalmudium
carinatum terquemi Pazdro, and an in crease in the quan ti ta tive
con tri bu tion of O. carinatum agglutinans Pazdro, Epistomina
regularis Terquem, E. nuda Terquem, Palaeo miliolina
czestochowiensis (Pazdro), Planularia ex gr. eugenii
(Terquem) and Lenticulina (A.) volubilis Dain. The new spe cies, 
that have their first oc cur rences in the Lower Bathonian (Fig. 4),
in clude Paulina paula Pazdro, Triplasia tricarinata (Ma³ecki)
(Fig. 5T), Verneuilinoides favus (Bartenstein) (Fig. 5S),
Epistomina coronata Terquem (Fig. 5Y), Geinitzinita nodosaria
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Fig. 5. Foraminifers from the Upper Bajocian (A1–J) and Lower and Middle Bathonian (K1–Y) deposits of the Polish Lowlands

A1 – Epistomina regularis, dor sal side (col lec tion of Smoleñ, 2012); A2 – Epistomina regularis, ven tral side (col lec tion of Smoleñ, 2012); B –
Lenticulina mamillaris (col lec tion of Smoleñ, 2011); C – Lenticulina (Astacolus) volubilis (col lec tion of Smoleñ, 2012); D – Planularia ex. gr.
eugenii (col lec tion of Smoleñ, 2012); E – Lenticulina daphne (col lec tion of Bielecka and Styk, 1980); F – Lenticulina (Astacolus) kujaviana
(col lec tion of Bielecka and Styk, 1980); G – Ichtyolaria nympha (col lec tion of Smoleñ, 2011); H – Lenticulina (Planularia) polymorpha (col lec -
tion of Bielecka and Styk, 1981); I, J – Lenticulina (Astacolus) polymorpha arachne (col lec tion of Smoleñ from the Polik IG-1 bore hole, 2016); 
K1 – Reinholdella crebra, ven tral side (col lec tion of Smoleñ from the Gorzów Wielkopolski IG-1 bore hole, 2014); K2 – Reinholdella crebra,
dor sal side (col lec tion of Smoleñ from the Gorzów Wielkopolski IG-1 bore hole, 2014); L, M – Spirillina radiata (col lec tion of Smoleñ, 2012); N
–– Paalzowella pazdroe (col lec tion of Smoleñ, 201); O – Lenticulina (Astacolus) argonauta (col lec tion of Smoleñ, 2011); P, Q –
Palaeomiliolina czestochowiensis (col lec tion of Smoleñ, 2012); R – Palaeomiliolina rawiensis (col lec tion of Smoleñ from the Jamno IG-1,
IG-2 and IG-3 bore holes, 2008); S – Verneuilinoides favus (col lec tion of Kopik, 1956); T – Triplasia tricarinata (colletion of Bielecka and Styk,
1980); U, W – Geinitzinita nodosaria (col lec tion of Smoleñ, 2012); X – Lenticulina helios (col lec tion of Smoleñ, 2012); Y – Epistomina
coronata (col lec tion of Smoleñ from the Brzeœæ Kujawski IG-1, IG-2 and IG-3 bore holes, 2008); scale bars – 100 µm



(Terquem) (Fig. 5U, W), Palaeomiliolina rawiensis (Pazdro)
(Fig. 5R), and Lenticulina helios (Terquem) (Fig. 5X). As ev i -
denced from the stud ies by Kopik (1998), the Lower Bathonian
de pos its from the area be tween Czêstochowa and Zawiercie
re veal the first oc cur rences of spe cies such as Globuligerina
bathoniana (Pazdro), Trocholina conica (Schlumberger) and
Verneuilinoides witkowiensis Bielecka et Styk, known in the rest 
of the Pol ish Low lands from the Mid dle Bathonian on wards.

Mid dle Bathonian de pos its of the Pol ish Low lands also con -
tain multi-spe cies foraminiferal as sem blages. Many spe cies
con tinue from the pre vi ous zones; how ever, there is a change
in the quan ti ta tive pro por tions be tween the in di vid ual taxa. Con -
tin ual strati graphic ranges are char ac ter is tic of the fol low ing
spe cies (Fig. 4): Palaeomiliolina czestochowiensis (Pazdro)
(Fig. 5P, Q), P. rawiensis (Pazdro), Ophthalmidium carinatum
agglutinans Pazdro, Epistomina nuda Terquem, E. regularis
Terquem, Reinholdella crebra Pazdro (Fig. 5K1, K2),
Lenticulina helios (Terquem), and Globuligerina bathoniana
(Pazdro) (Fig. 6B). Other nu mer ously oc cur ring taxa are
Lenticulina (A.) volubilis Dain, L. mamillaris (Terquem),
Trocholina conica (Schlumberger) (Fig. 6A1, A2), Paalzowella
pazdroe Bielecka et Styk (Fig. 5N), Lenticulina (Astacolus)
argonauta Kopik (Fig. 5O), Citharina clathrata (Terquem)
(Fig. 6E) and Spirillina radiata Terquem (Fig. 5L, M). The new
spe cies that ap pear in the Mid dle Bathonian in clude Nodosaria
plicatilis Wiœniowski (Fig. 6F), Garantella sera Pazdro,
G. arantella aff. stellata Kaptarenko and Epistomina bireticulata 
(Pazdro). Many spe cies, which also oc cur in the pre vi ous
zones, ter mi nate their strati graphic ranges (Fig. 4). Be sides
these char ac ter is tic spe cies, the Mid dle Bathonian de pos its
con tain spe cies with long age ranges. The most com mon of
such taxa are: Reophax fusiformis (Wil liam son) (Fig. 6M),
Citharina macilenta (Terquem) (Fig. 6N), C. oolithica
(Schwager) (Fig. 6O), Dentalina gumbeli Hantken (Fig. 6P),
Lagena globosa (Montagu) (Fig. 6L), Haplophragmoides canui
Cushman (Fig. 6K) and Ammodiscus orbis Laliker (Fig. 6J).

The Up per Bathonian foraminiferal as sem blages show
lower tax o nom i cal di ver sity, though the spec i mens are nu mer -
ous. Ba si cally, there are no spe cies typ i cal ex clu sively for this
substage ex cept for one new spe cies of Ammovertella plicata
(Terquem) (Figs. 4 and 6H1, H2) which is known only from the
Up per Bathonian in Po land. The Up per Bathonian de pos its
again con tain nu mer ous spec i mens of the spe cies Palaeo -
miliolina czestochowiensis (Pazdro), Ophthalmidium carinatum
agglutinans Pazdro, Epistomina nuda Terquem, E. regularis
Terquem, Trocholina conica (Schlumberger), Paalzowella
pazdroe Bielecka and Styk, Lenticulina mamillaris (Terquem)
and L. helios (Terquem), Paulina paula (Pazdro) (Fig. 6D),
Verneuilinoides witkowiensis Bielecka and Styk (Fig. 6C) and
Ammovertella plicata (Terquem) (Figs. 4 and 6H1, H2). Most
foraminiferal spe cies, which were also pres ent in the older
strata, be came ex tinct at the end of the Bathonian. In
south-cen tral Po land (Czêstochowa–Zawiercie re gion), most
foraminiferal spe cies have their last oc cur rences at the end of
clay-muddy sed i men ta tion of the Czêstochowa ore-bear ing
clays (Kopik, 1998). In north-west ern Po land, where the
clay-muddy sed i men ta tion per sisted for the lon gest time,
foraminifera are fairly nu mer ous in the up per most Bathonian, in
the Dis cus Zone. In this re gion, a few new Callovian spe cies
have their first oc cur rences at the end of the Dis cus Zone
(Bielecka and Styk, 1981b). These are Epistomina mosquensis
Uhlig, E. parastelligera (Hofker) and Geinitzinita franconica
franconica (Gümbel).

CALLOVIAN

The Callovian/Oxfordian bound ary, be tween the Lamberti
and Mariae zones (Fig. 2), has been doc u mented based on
ammonites in the Kcynia IG-4 bore hole (cen tral Po land; Matyja
and Wierzbowski, 1998) and in the Ogrodzieniec Quarry
(south-cen tral Po land; Barski et al., 2004; Dembicz et al.,
2006). It is also in di cated by micropalaeontological in ves ti ga -
tions car ried out in NE Po land (Smoleñ, 2000). As re gards
foraminifera, the biostratigraphic bound ary be tween the
Lamberti and Ma rie zones is re flected by a global change in the
foraminiferal as sem blages (Grigelis, 1982, 1985; Mesezhnikov
et al.,1989).

In the Pol ish Low lands, the be gin ning of the Callovian cor re -
sponds to a short ma rine re gres sion. In cen tral and north west -
ern Po land, sand stones, dolomitic mudstones and sandy
dolomites were de pos ited in a shal low sea (Dayczak-Cali -
kowska,1977, 1997). In south-cen tral Po land, ac cu mu la tion of
lime stones and marls with ooids and cal car e ous-sandy de pos -
its dom i nated (Feldman-Olszewska, 1997). In the Herveyi
Zone, foraminifers are ex tremely rare and biostratigraphically
in sig nif i cant. These are the spe cies that are known from
Bathonian de pos its (see Figs. 4 and 7). In the Herveyi Zone, the 
first ap pear ance in Po land of the spe cies Textularia jurassica
(Gümbel) (Fig. 6S) was no ticed (Bielecka and Styk, 1981b). De -
vel op ment of foraminiferal as sem blages started in the
Calloviense Zone, at the time of the on set of a ma rine trans -
gres sion. New foraminifera spe cies ap peared, such as:
Dentalina brueckmanni Mjatliuk (Fig. 6U), Lenticulina
pseudocrassa Mjatliuk (Fig. 6Aa), L. catascopium (Mitjanina)
(Fig. 6W, X), L. okrojanzi Mjatliuk (Fig. 8A), L. lithuanica
(Brückamann) (Fig. 8L, M), L. tumida (Mjatliuk) (Fig. 8B, C),
Pseudolamarckina rjasanensis (Uhlig) (Fig. 8G1, G2),
Vaginulinopsis rokitae Bielecka et Styk (Fig. 6Q), Astacolus
protractus (Bornemann) (Fig. 6T) and A. limnatus (Schwager)
(Fig. 6Y, Z), which are ac com pa nied by those known from the
older de pos its (Fig. 7). Large foraminiferal as sem blages,
mainly of the Mid dle and Up per Callovian, have been de scribed
from clastic de pos its rep re sented by muddy-clayey and
muddy-marly fa cies in NW (Bielecka, 1965; Bielecka and Styk,
1981b) and NE Po land (Smoleñ, 2000, 2011b, c, 2014b).

In the Mid dle Callovian, the next spe cies have their first oc -
cur rences (see Fig. 7): Lenticulina ruesti (Wiœniowski) (Fig. 8H), 
L. polonica (Wiœniowski) (Fig. 8N), L. ovato acuminata
(Wiœniowski) (Fig. 8T), L. quenstedti (Gümbel) (Fig. 8Aa),
Planularia tricostata (Mitjanina) (Fig. 8F), Planularia tricarinella
(Reuss) (Fig. 8E), Geinitzinita crassata Gerke (Fig. 8O, P),
Ichtyolaria supracalloviensis (Wiœniowski) (Fig. 8I, J),
Epistomina elschankaensis Mjatliuk, Planularia colligata
(Brückmann) (Fig. 8D), Citharinella moelleri (Uhlig) (Fig. 8Q),
C. nikitini (Uhlig) (Fig. 8R), Astacolus erucaeformis
(Wiœniowski) (Fig. 8U, W), and Dorothia osowiensis Bielecka et
Styk (Fig. 8K). In the whole Mid dle Callovian, there are also nu -
mer ous spec i mens of Epistomina mosquensis Uhlig (Fig. 6G),
Geinitzinita franconica franconica (Gümbel) (Fig. 6R),
E. parastelligera (Hofker) (Fig. 6I1, I2), Nodosaria mutabilis
(Fig. 8S), Astacolus folium (Wiœniowski) (Fig. 9G) and Pseudo -
lamarckina rjasanensis (Uhlig) (Fig. 7).

The Up per Callovian foraminiferal as sem blages are very
large with re spect to the num ber of both spe cies and in di vid u -
als. They con tain al most all spe cies known from the pre vi ous
zones. A few new spe cies di ag nos tic for the Up per Callovian
ap pear in the Athleta Zone. These are Marginulinopsis
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Fig. 6. Foraminifers from the Bathonian deposits (A1–P) and Callovian deposits (Q–Aa) of the Polish Lowlands

A1 – Trocholina conica, ven tral side (col lec tion of Smoleñ from the Jamno IG-1, IG-2 and IG-3 bore holes, 2008); A2 – Trocholina conica, dor -
sal side (col lec tion of Smoleñ from the Jamno IG-1, IG-2 and IG-3 bore holes, 2008); B – Globuligerina bathoniana (col lec tion of Smoleñ,
2012); C – Verneuilinoides witkowiensis (col lec tion of Bielecka and Styk, 1981); D – Paulina paula (col lec tion of Bielecka and Styk, 1981); E
– Citharina clathrata (col lec tion of Bielecka 1960); F – Nodosaria plicatilis ( col lec tion of Smoleñ, 2012); G – Epistomina mosquensis (col lec -
tion of Smoleñ, 2000); H1 – Ammovertella plicata, ven tral side (col lec tion of Bielecka and Styk, 1980); H2 – Ammovertella plicata, dor sal side
(col lec tion of Bielecka and Styk, 1980); I1 – Epistomina parastelligera, dor sal side (col lec tion of Smoleñ, 2015); I2 – Epistomina
parastelligera, ven tral side (col lec tion of Smoleñ, 2015); J – Ammodiscus orbis (col lec tion of Smoleñ, 2011); K – Haplophragmoides canui
(col lec tion of Bielecka and Styk, 1980); L – Lagena globosa (col lec tion of Smoleñ, 2011); M – Reophax fusiformis (col lec tion of Smoleñ from
the Gorzów Wielkopolski IG-1 bore hole, 2014); N – Citharina macilenta (col lec tion of Smoleñ from the Gorzów Wielkopolski IG-1 bore hole,
2014); O – Citharina oolithica (col lec tion of Smoleñ, 2011); P – Dentalina gumbeli (col lec tion of Smoleñ from the Gorzów Wielkopolski IG-1
bore hole, 2014); Q – Vaginulinopsis rokitae (col lec tion of Bielecka and Styk, 1981); R – Geinitzinita franconica franconica (col lec tion of
Bielecka and Styk, 1981); S – Textularia jurassica (col lec tion of Smoleñ, 1998); T – Astacolus protractus (col lec tion of Smoleñ from the
Jamno IG1, IG2 and IG3 bore holes, 2008); U – Dentalina brueckmanni (col lec tion of Smoleñ, 2000); W, X – Lenticulina catascopium (col lec -
tion of Smoleñ, 2000); Y, Z – Astacolus limnatus (col lec tion of Smoleñ, 2000); Aa – Lenticulina pseudocrassa (col lec tion of Smoleñ, 2000);
scale bars – 100 µm



266 Jolanta Smoleñ and Jolanta Iwañczuk

Fig. 7. Stratigraphic range charts of foraminifera species from the Callovian deposits
of the Polish Lowlands, ammonite zonation as used by Kopik (1998, modfied), Barski

et al. (2004) and Dembicz et al. (2006)
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Fig. 8. Foraminifers from the Callovian deposits of the Polish Lowlands

A – Lenticulina okrojanzi (col lec tion of Smoleñ, 2000); B, C – Lenticulina tumida (col lec tion of Smoleñ, 2000); D – Planularia colligata (col lec -
tion of Smoleñ, 2000); E – Planularia tricarinella (col lec tion of Smoleñ, 2000); F – Planularia tricostata (col lec tion of Smoleñ, 2000); G1 –
Pseudolamarckina rjasanensis, ven tral side (col lec tion of Smoleñ, 2000); G2 – Pseudolamarckina rjasanensis, dor sal side (col lec tion of
Smoleñ, 2000); H – Lenticulina ruesti (col lec tion of Smoleñ, 2000); I, J – Ichtyolaria supracalloviensis (col lec tion of Smoleñ, 2000); K –
Dorothia osowiensis (col lec tion of Bielecka and Styk, 1981); L, M – Lenticulina lithuanica (col lec tion of Smoleñ, 2000); N – Lenticulina
polonica (col lec tion of Smoleñ, 2000); O, P – Geinitzinita crassata (col lec tion of Smoleñ, 2000); Q – Citharinella moelleri (col lec tion of
Bielecka and Styk, 1981); R – Citharinella nikitini (col lec tion of Bielecka and Styk, 1981); S – Nodosaria mutabilis (col lec tion of Smoleñ,
2000); T – Lenticulina ovato acuminata (col lec tion of Smoleñ, 2000); U, W – Astacolus erucaeformis (col lec tion of Smoleñ, 2000); X –
Saracenaria engelsensis (col lec tion of Smoleñ, 2000); Y – Lenticulina papillaecostata (col lec tion of Smoleñ, 2000); Z – Pachyphloides
glandulinoides (col lec tion of Smoleñ, 2000); Aa – Lenticulina quenstedti (col lec tion of Smoleñ, 2000); Bb1 – Epistomina planiconvexa, dor -
sal side (col lec tion of Smoleñ, 2000); Bb2 – Epistomina planiconvexa, ven tral side (col lec tion of Smoleñ, 2000); scale bars – 100 µm



batrakiensis (Mjatliuk), Saracenaria engelsensis Kosyreva
(Fig. 8X), Planularia paralella (Schwager) (Fig. 9F), Palmula
subparalella (Wiœniowski), Epistomina planiconvexa Bielecka
et Styk (Fig. 8Bb1, Bb2), Ophthalmidium carinatum
marginatum (Wiœniowski) (Fig. 9D, E), Palaeomiliolina
michalskii (Wiœniowski) (Fig. 9A, B), P. difficilis (Wiœniowski)
(Fig. 9C), Lenticulina papillaecostata Bielecka et Styk (Fig. 8Y),
L. laminaesuturata Bielecka et Styk and Pachyphloides
glandulinoides (Wiœniowski) (Figs. 7 and 8Z).

The Callovian foraminiferal as sem blages are char ac ter ized
by a con sid er able pro por tion of taxa de scribed form north east -
ern Eu ro pean re gions. Tax o nomic anal y sis of Up per Callovian
foraminiferal as sem blages from NE Po land has al lowed dis tin -
guish ing the foraminiferal Lenticulina tumida Zone (Grigelis,
1982) within the lim its of the ammonite zones of Duncani
(= Athleta) and Lamberti (Smoleñ, 2000). Such zone was pre vi -
ously es tab lished by Grigelis (1982, 1985) and Mesezhnikov et
al. (1989) within the range of the Athleta and Lamberti zones in
the Eu ro pean part of the East Eu ro pean Plat form.

In the re main ing part of the Pol ish Low lands, where the Up -
per Callovian is rep re sented by the nod u lar bed or by
organodetrital lime stones (east ern Po land), which are of ten
diagenetically changed, foraminifera microfossils are pre served 
rarely (Dayczak-Calikowska and Marcinkiewicz, 1997). In
south-cen tral Po land (Kraków–Wieluñ Up land), rel a tively large
Up per Callovian foraminiferal as sem blages have been found
lo cally only in marly and clayey de pos its in the south of the
Kraków–Wieluñ Up land (Wiœniowski, 1890; Bielecka, 1960a;
Olszewska and Wieczorek, 1988; Siewniak, 1962). In the north
of the up land, be tween Czêstochowa and Zawiercie, Kopik
(1998) has de ter mined only a few foraminiferal spe cies in the
lower Up per Callovian (Athleta Zone). At the end of the Mid dle
Ju ras sic, most foraminiferal spe cies have their last oc cur -
rences. The Oxfordian de pos its con tain only few Mid dle Ju ras -
sic spe cies.

UPPER JURASSIC

OXFORDIAN

A clear dif fer en ti a tion in palaeo geo graphi cal prov inces is
ob served in Eu rope dur ing the Oxfordian. In the Pol ish Low -
lands, an epicontinental ma rine ba sin ex isted at that time,
which was con nected to the Tethys Ocean and the north ern
seas (e.g., Marek and Pajchlowa, 1997; Fig. 10). Dif fer ent sed i -
men tary con di tions in the in di vid ual parts of the Pol ish Ba sin
and vary ing in flu ences from the palaeo geo graphi cal prov inces
greatly af fected the de vel op ment of ammonite fau nas. Fau nal
as sem blages show sig nif i cant dif fer ences be tween south ern,
east ern and cen tral Po land (with typ i cally dif fer ent types of
sponge megafacies car bon ates) and the re gions of north ern
Po land (with mudstone-claystone and mudstone-sand stone
de pos its of the £yna For ma tion; Fig. 11). The pres ence of
ammonites, char ac ter is tic of dif fer ent palaeo geo graphi cal prov -
inces, re sulted in the us age of dif fer ent strati graphic schemes in 
Po land. They were based on ei ther Bo real or Submedi -
terranean di vi sions.

Over the last few de cades, much work has been car ried out
on biostratigraphical cor re la tions of the Oxfordian and
Kimmeridgian be tween the in di vid ual prov inces. The re search
has re sulted in both the cor re la tion of ammonite zonation be -
tween the Subboreal, Bo real and Submediterranean biogeo -
gra phical prov inces, and the pro posal of uni fi ca tion of the
Oxfordian/Kimmeridgian bound ary for all palaeo geo graphi cal
prov inces. A sub stan tial change re fers to the po si tion of this

bound ary in the Submediterranean Prov ince. Ac cord ing to the
re cently pro posed scheme, the bound ary is placed be tween the 
Hypselum and Bimammatum zones. The lower bound ary of the
new substage cor re sponds to the lower bound ary of the
Subboreal ammonite zone of Baylei, and to the lower bound ary
of the Bo real zone of Bauhini (Wierzbowski and Matyja, 2014;
Wierzbowski et al., 2015, 2016). As a re sult of the re de fined
Oxfordian di vi sion in the Submediterranean Prov ince, the
Hypselum Subzone (pre vi ously a subzone of the Bimammatum 
Zone) has been el e vated to the rank of ‘zone’, and the
Bimammatum and Planula zones have been moved to the
Kimmeridgian (see Wierzbowski et al., 2016: p. 30, fig. 7). At the 
same time, the new pro posal of the lower bound ary of the uni -
fied Up per Oxfordian Substage in the Submediterranean Prov -
ince has been put up by G³owniak (2006a) who con sid ers this
bound ary as co eval with the base of the re de fined Bifurcatus
Zone (with the Wartae Subzone as the basal subzone of the
Bifurcatus Zone). Si mul ta neously, the so-de fined lower bound -
ary of the Bifurcatus Zone cor re sponds to the bound ary be -
tween the Mid dle and Up per Oxfordian substage (G³owniak
2006a). The aim of this change was to ob tain a close cor re la tion 
of the lower bound aries of the Up per Oxfordian Substage be -
tween the Bo real and the Submediterranean prov inces. The
lower bound ary of the Bo real Up per Oxfordian lies close to, but
some what be low the equiv a lent substage bound ary in the
Submediterranean Prov ince, fall ing in the up per most part of the 
Transversarium Zone (cf. Matyja and Wierzbowski, 1994;
G³owniak 2006a; Wierzbowski et al., 2015).

FORAMINIFERAL ASSEMBLAGES: CENTRAL, SOUTHERN 
AND EASTERN POLAND

In the south ern, east ern and cen tral parts of Po land, the
Oxfordian ba sin was an area of car bon ate sed i men ta tion
(sponge megafacies). The Early Oxfordian was dom i nated by
sed i men ta tion of the Spongy Lime stone For ma tion. In the Mid -
dle Oxfordian, the Coraliferous For ma tion de vel oped in some
ar eas of cen tral and east ern Po land. The Late Oxfordian was a
pe riod of the oolithic lime stone (Oolithic For ma tion) de vel op -
ment (see Niemczycka, 1997).

The first micropalaeontological re ports on the char ac ter is -
tics of foraminiferal as sem blages and their strati graphi cal sig nif -
i cance dealt with data from ex po sures and bore holes in the
Kraków–Wieluñ Up land (Bielecka, 1956, 1960a; Olszewska
and Wieczorek, 1988, Siewniak, 1962), as well as from bore -
holes drilled in cen tral (Bielecka, 1960b, 1961; Bielecka and
Styk, 1964, 1968) and east ern Po land (Bielecka, 1964). The
works and nu mer ous ar chived micropalaeontological
documentations of bore holes drilled in these parts of the Pol ish
Low lands re sulted in the com pi la tion of charts of the range of
the most im por tant foraminiferal spe cies, cor re lated with the re -
gional biostratigraphhic schemes and pre sented by Bielecka
(1980) and Styk (1997). In the above-men tioned pub li ca tions,
the age ranges of the Oxfordian foraminiferal spe cies were cor -
re lated with the ammonite biostratigraphy es tab lished by
Malinowska (1976, 1991a, b), which was based on ammonites
typ i cal of the Bo real and Sub-Bo real prov inces, and with ref er -
ence to the strati graphic di vi sions es tab lished for these prov -
inces. The re sults of the lat est re search on the dis tri bu tion of
ammonite fau nas in the sponge megafacies de pos its show un -
am big u ously the dom i nance of Submediterranean spe cies and
the va lid ity of the Submediterranean strati graphic scheme for
these ar eas (G³owniak, 2002, 2006a, b, 2012; Wierzbowski and 
Matyja, 2014; Wierzbowski et al., 2015, 2016).

Cor re la tion of the strati graphic ranges of foraminiferal spe -
cies in the sponge megafacies de pos its with the stan dard
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Fig. 9. Foraminifers from the Upper Callovian deposits (A–G) and Oxfordian Sponge Megafacies carbonates (H–Cc2) 
of the Polish Lowlands

A, B – Palaeomiliolina michalskii (col lec tion of Smoleñ, 2000); C – Palaeomiliolina difficilis (col lec tion of Smoleñ, 2000); D, E –
Ophthalmidium carinatum marginatum (col lec tion of Smoleñ, 2000); F – Planularia paralella (col lec tion of Smoleñ, 2000); G – Astacolus
folium (col lec tion of Smoleñ, 2000); H, I – Palmula subparalella (col lec tion of Bielecka, 1960); J – Marginulinopsis radiata (col lec tion of
Bielecka, 1960); K – Lingulina laevissima (col lec tion of Bielecka, 1960); L – Nodosaria raphanistriformis (col lec tion of Bielecka, 1960); M –
Textularia jurassica (col lec tion of Smoleñ, 1998); N – Saracenaria cornucopiae (col lec tion of Smolen, 1998); O – Falsopalmula
deslongchampsi ( (col lec tion of Smoleñ, 1998); P – Astacolus folium (col lec tion of Bielecka, 1960); Q – Miliammina olgae (col lec tion of
Smoleñ, 1998); R – Dentalina jurensis (col lec tion of Bielecka, 1960); S – Eoguttulina oolithica (col lec tion of Bielecka, 1960); T – Soccorhisa
ramosa (col lec tion of Smoleñ, 1998); U – Ramulina spandeli (col lec tion of Smoleñ, 2015); W – Lenticulina quenstedti (col lec tion of Smoleñ,
2015); X – Lenticulina calva (col lec tion of Bielecka, 1960); Y – Dorothia jurassica (col lec tion of Bielecka, 1960); Z1 – Spirillina tenuissima
(col lec tion of Smoleñ, 1998); Z2 – Spirillina tenuissima (col lec tion of Smoleñ, 1998); Aa – Globuligerina oxfordiana (col lec tion of Smoleñ,
1998); Bb – Spirillina polygyrata (col lec tion of Smoleñ, 1998); Cc1 – Spirillina andrea (col lec tion of Smoleñ, 1998); Cc2 – Spirillina andrea
(col lec tion of Smoleñ, 1998); scale bars – 100 µm
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Fig. 10. Palaeogeographic reconstruction showing facies distribution in the Middle to Late Oxfordian transition in Europe 
(after Matyja and Wierzbowski, 1995)

Fig. 11. Sketch of the distribution of lithostratigraphic units of the Lower Oxfordian (A) 
and Upper Oxfordian–Lower Kimmeridgian (B), after Niemczycka (1997, modified)



ammonite di vi sions is cur rently hin dered due to the lack of si -
mul ta neous re search on ammonite and foraminiferal fau nas in
typ i cal sponge megafacies sec tions. Such a cor re la tion has so
far been pos si ble in the Kcynia IG-4 bore hole (Fig. 12), where
de tailed re vi sion of the ammonite fauna, pre vi ously stud ied by
Dembowska (1964) and later by Malinowska (1966, 1981,
1991a), has been made (Matyja and Wierzbowski, 1998). As
proved by the lat ter au thors, ammonites di ag nos tic for the
Submediterranean Prov ince ac count for >60% of all ex am ined
spec i mens in the Kcynia IG-4 bore hole. This en ables dis tin -
guish ing of the Submediterranean ammonite zones. It must be
stressed that the Kcynia IG-4 bore hole (Fig. 1) is lo cated in the
north west ern part of cen tral Po land within an area of
silty-clayey-marly fa cies of the £yna For ma tion ad joined to the
south by car bon ates of the sponge megafacies. Tax o nomic
anal y sis of foraminifers, which were de scribed by Bielecka and
Styk (1964) in the Kcynia IG-4 bore hole, shows that all
foraminifers from this bore hole were also re ported from the car -
bon ate de pos its of the sponge megafacies in many works (e.g.,
Bielecka, 1960a; Siewniak, 1962; Bielecka and Styk, 1968;
Smoleñ, 1998, 2012c, 2015; Olszewska, 2014). This fact al lows 
a cor re la tion of strati graphic ranges of the foraminiferal spe cies
found in the Kcynia IG-4 bore hole with the ammonite zones of
the Submediterranean Prov ince (Fig. 12).

With re spect to the con clu sions of the Kcynia IG-4 bore hole
stud ies and anal y sis of pre vi ous micropalaeontological re ports
(men tioned above), a chart of the strati graphic ranges of the
most im por tant foraminiferal spe cies, char ac ter is tic of car bon -
ate de pos its of the sponge megafacies in the Pol ish Low lands,
has been com piled (Fig. 13). How ever, pre cise de ter mi na tion of 
the age ranges of the im por tant foraminiferal spe cies re quires
fur ther cor re la tions based on the lat est data on the Oxfordian
stan dard strati graphic di vi sions.

Over much of the area of south ern, cen tral and east ern Po -
land, the Lower Oxfordian sed i men tary se ries starts with con -
densed de pos its of the so-called nod u lar bed yield ing an
ammonite fauna of the up per most Callovian (Lamberti Zone)
and the low er most Oxfordian (Mariae Zone). These de pos its
con tain both Callovian and Lower Oxfordian foraminiferal as -
sem blages which un for tu nately can not be used for pre cise
strati graphic cor re la tions.

In the south ern part of the Kraków–Wieluñ Up land, near
Chrzanów (Bielecka, 1960a) and Olkusz (Siewniak, 1962),
where clay-marly de pos its lo cally oc cur, microfaunal as sem -
blages con tain not only Up per Callovian taxa but also typ i cal
Oxfordian foraminiferal spe cies, in clud ing Spirillina tenuissima
Gümbel (Fig. 9Z1, Z2), Textularia jurassica (Gümbel) (Fig. 9M), 
Lingulina laevissima (Terquem) (Fig. 9K), Marginulinopsis
radiata (Terquem) (Fig. 9J), Nodosaria raphanistriformis
(Gümbel) (Fig. 9L), Dentalina jurensis (Gümbel) (Fig. 9R),
Saracenaria cornucopiae (Schwager) (Fig. 9N), Lenticulina
calva (Wiœniowski) (Fig. 9X), L. rotulata (Lamarck) and
Ramulina spandeli Paalzow. Above the nod u lar bed in south -
ern, cen tral and east ern Po land, the Oxfordian sec tion is rep re -
sented by var i ous types of lime stones and marls of the
so-called sponge megacies char ac ter is tic of the north ern shelf
of the Tethys Ocean.

A num ber of new spe cies ap pear in the up per Lower
Oxfordian (up per part of the Cordatum Zone; Fig. 13), which
reached their acme in the Mid dle Oxfordian – a time of “Med i ter -
ra nean Spread” (G³owniak, 2006b). The Mid dle Oxfordian de -
pos its of the Plicatilis and Transversarium zones re veal the
pres ence of large foraminiferal as sem blages in terms of the
num ber of both spe cies and in di vid u als. The spe cies di ver sity
within the as sem blages is man i fested only by changes in the
num ber of in di vid u als of par tic u lar taxa within the as sem blage,
de pend ing on the li thol ogy.The larg est as sem blages are found
in the fa cies of marly lime stones and marls. A de crease in the

num ber of foraminifers was noted in biohermal fa cies and var i -
ous types of bed ded lime stones of interbiohermal zones in
south-cen tral Po land in the Kraków–Wieluñ Up land (Bielecka,
1960a; Smoleñ 1998; Olszewska, 2014) and in cen tral Po land
in the Wojszyce and Brzeœæ Kujawski bore holes (Smoleñ,
2008b, 2012c). The char ac ter is tic spe cies, rep re sent ing the
time in ter val from the lat est Early Oxfordian (up per part of the
Cordatum Zone) to the lat est Mid dle Oxfordian (Transver -
sarium Zone), com prise the fol low ing taxa (Fig. 13): Spirillina
polygyrata Gümbel (Fig. 9Bb), S. tenuissima Gümbel,
S. andrea Bielecka (Fig. 9Cc1, Cc2), Ophthalmidium carinatum 
marginatum (Wiœniowski), Paalzowella feifeli seiboldi Lutze
(Fig. 14L), P. turbinella (Gümbel) (Fig. 14M1, M2) and
Globuligerina oxfordiana Grigelis (Fig. 9Aa), which oc cur lo cally 
as large ac cu mu la tions. The above-listed spe cies are com -
monly ac com pa nied by Miliammina olgae Bielecka (Fig. 9Q),
Planularia polypora (Gümbel) (Fig. 14A, B), P. beierana
(Gümbel) (Fig. 14F), Citharina flabellata (Gümbel) (Fig. 14C,
D), C. lepida (Schwager) (Fig. 14E), Falsopalmula des -
longchampsi (Terquem) (Fig. 9O), Saracenaria cornucopiae
(Schwager), Soccorhisa ramosa (Brady) (Fig. 9T),
Nubeculinella infraoolithica (Terquem) (Fig. 14O), Ramulina
spandeli Paalzow (Fig. 9U), Lenticulina ruesti (Wiœniowski),
L. calva (Wiœniowski), L. quenstedti (Gümbel) (Fig. 9W) and
L. rotulata (Lamarck), Astacolus folium (Wiœniowski) (Fig. 9P),
Eoguttulina oolithica (Terquem) (Fig. 9S), Guttulina jurassica
(Gümbel) (Fig. 14K) and Dorothia jurassica (Mitjanina)
(Fig. 9Y). The re main ing spe cies pres ent in de pos its of the
above-men tioned time in ter val oc cur in small quan ti ties (see
Fig. 13). At the end of the Mid dle Oxfordian, some spe cies have 
their last oc cur rences, in clud ing Miliammina olgae Bielecka,
Marginulinopsis radiata (Terquem), Textularia jurassica
(Gümbel), Lenticulina ruesti (Wiœniowski) and Palmula
subparalella (Wiœniowski) (Bielecka, 1960a). The Up per
Oxfordian micro fauna is very poor in both spe cies and in di vid u -
als. The foraminiferal as sem blages are sim i lar to those found in 
older de pos its as re gards their spe cies com po si tion, but less
abun dant with re spect to the quan tity of in di vid u als. Most of the
taxa have their up per lim its of strati graphic ranges. The typ i cal
spe cies for the Up per Oxfordian de pos its are: Paalzowella
feifeli elevata Lutze (Fig. 14N), Patellinella cristinae Bielecka
(Fig. 14I, J), Trocholina nodulosa Seibold et Seibold, Discorbis
speciosus Dain (Fig. 14H) and D. subspeciosus Bogdanonvich
et Makarjeva (Fig. 14G1, G2). Rel a tively abun dant are Spirillina 
polygyrata Gümbel, S. tenuissima Gümbel, Paalzowella feifeli
seiboldi Lutze and P. turbinella (Gümbel), and some
lenticulinids. These as sem blages are rep re sen ta tive of the
Spongy Lime stone For ma tion of south-cen tral and cen tral Po -
land (e.g., Bielecka, 1960a; Smoleñ, 2008b, 2012c).

In SE Po land, where the shal low-ma rine coral fa cies de vel -
oped dur ing the Bifurcatus Zone, the foraminiferal as sem blages
are highly de pleted. In the up per most Oxfordian Hypselum Zone, 
a fur ther de crease in the num ber of both spe cies and in di vid u als
is ob served in the foraminiferal as sem blages (Bielecka, 1960a).
They con tain sin gle spec i mens of taxa known from the older
Oxfordian de pos its, which were tol er ant to vary ing ma rine en vi -
ron men tal con di tions: Spirillina tenuissima Gümbel, S. polygyra -
ta Gümbel, Paalzowella turbinella (Gümbel), P. feifeli elevata
Lutze, P. feifeli seiboldi Lutze, Patellinella cristinae Bielecka,
Discorbis speciosus Dain, D. subspeciosus Bogdanonvich et
Makarjeva, Lingulina laevissima (Terquem), A. folium
(Wiœniowski), Dentalina jurensis (Gümbel), Eoguttulina oolilithica
(Terquem), Planularia beierana (Gümbel) and oth ers. The con -
sid er able de ple tion in foraminiferal abun dance was re lated to the 
fa cies de vel op ment. Par tic u larly poor as sem blages are found in
com pact lime stones with a high con tent of cal cium car bon ate
and in reefal-spongy lime stones of Coraliferous For ma tion of
cen tral Po land (e.g., in the Wojszyce and Brzeœc Kujawski bore -
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holes – Smoleñ, 2008b, 2012c). In the east ern re gions of the Pol -
ish Low lands, where the oolithic and organodetritic lime stones of
the Oolithic For ma tion pre dom i nate, foraminiferal micro fauna is
ob served spo rad i cally.

FORAMINIFERAL ASSEMBLAGES: 
NORTHERN AND NORTHEASTERN POLAND

In the north ern and north east ern part of the Pol ish Low -
lands, Oxfordian de pos its are rep re sented by terrigenous for -
ma tions. In most ar eas of N and NE Po land, they are com posed 
of silty-clayey-marly fa cies (£yna For ma tion). In the north west -

ern part, this for ma tion com prises only the Lower Oxfordian,
and is fol lowed in the up per Oxfordian by the sandy-chlorite
Chociwel For ma tion that was re placed at the end of the
Oxfordian by the oolitic Brda For ma tion (Fig. 11).

Dur ing Oxfordian times, the ter ri tory of north ern Po land was
an area where the in flu ences of var i ous palaeo geo graphi cal
prov inces mixed: Submediterranean, Subboreal and Bo real, al -
low ing pe ri odic mi gra tion of ammonite fau nas. Due to the na -
ture of the de pos its and vari able in flu ences of the in di vid ual
palaeo geo graphi cal prov inces, the fa cies gen er ally con tain
foraminiferal as sem blages dif fer ent from those pres ent in the
spongy lime stone fa cies of cen tral, south ern and east ern Po -
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Fig. 12. Dis tri bu tion of foraminifera spe cies in the Kcynia IG-4 bore hole and the cor re la -
tion of the stan dard Submediterranean Oxfordian ammonite zonations as pro posed by
G³owniak (2002, 2006a), Wierzbowski and Matyja (2014) and Wierzbowski et al. (2015)
with the pre vi ous Oxfordian sub di vi sion as used by Matyja and Wierzbowski (1998)

 Grey blocks indicate the intervals of stratigraphic confidence
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Fig. 13. Strati graphic range charts of foraminifera spe cies from the Oxfordian de pos its of
the Pol ish Low lands (cen tral, south ern and east ern Po land); the Submediterranean stan -
dard ammonite zonation as used by G³owniak (2002, 2006a) and cor re la tion with the Bo real 
ammonite zonation as pro posed by Wierzbowski et al. (2014, 2015)
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Fig. 14. Foraminifers from the Oxfordian car bon ates (sponge megafacies) of the Pol ish Low lands (A–O), Oxfordian
silty-clayey-marly de pos its of the £yna For ma tion (Ophthalmidium sagittum–Epistomina volgensis Zone) of NE Po land (P1–Aa),
and Oxfordian–Lower Kimmeridgian silty-clayey-marly de pos its of the £yna For ma tion (Lenticulina russiensis–Epistomina uhligi
Zone) of NE Po land (X)

A – Planularia polypora (col lec tion of Bielecka, 1960); B – Planularia polypora (col lec tion of Smoleñ 1998); C – Citharina flabellata (col lec tion 
of Bielecka, 1960); D – Citharina flabellata (col lec tion of Bielecka, 1960); E – Citharina lepida (col lec tion of Bielecka, 1960); F – Planularia
beierana (col lec tion of Smolen 1998); G1 – Discorbis subspecisous (col lec tion of Bielecka 1980); G2 – Discorbis subspecious (col lec tion of
Bielecka 1980); H – Discorbis specisous (col lec tion of Bielecka 1980); I – Patelinella cristinae (col lec tion of Bielecka 1960); J – Patelinella
cristinae (col lec tion of Smoleñ 1998); K – Guttulina jurassica (col lec tion of Bielecka, 1960); L – Paalzowella feifeli seiboldi (col lec tion of
Smoleñ, 1998); M1 – Paalzowella turbinella (col lec tion of Smoleñ, 1998); M2 – Paalzowella turbinella (col lec tion of Smoleñ, 1998); N –
Paalzowella feifeli elevata (col lec tion of Bielecka, 1960); O – Nubeculinella infraoolithica (col lec tion of Smoleñ, 1998); P1 – Trocholina
transversarii (col lec tion of Smoleñ, 2015); P2 – Trocholina transversarii (col lec tion of Smoleñ, 2015); Q – Spirillina polygyrata (col lec tion of
Smoleñ, 2015); R – Spirillina tenuissima (col lec tion of Smoleñ, 2015); S, T – Nubeculinella infraoolithica (col lec tion of Smoleñ, 2015); U –
Ophthalmidium sagittum (col lec tion of Smoleñ, 2000); W – Ophthalmidium strumosum (col lec tion of Smoleñ, 2015); Y – Planularia beierana
(col lec tion of Smoleñ, 2015); Z – Lenticulina compressaeformis (col lec tion of Smoleñ, 2015); Aa – Lenticulina compressaeformis (col lec tion
of Smoleñ, 2015); X – Ophthalmidium stuifense (col lec tion of Smoleñ, 2015); scale bars – 100 µm



land. The first micropalaeontological data con cern ing the char -
ac ter is tics of foraminiferal as sem blages in the Oxfordian de -
pos its of north ern Po land and their strati graphi cal sig nif i cance
are in cluded in sev eral pub li ca tions (Bielecka and D¹browska,
1958; Bielecka, 1960b, 1973, 1974; Bielecka and Styk, 1966,
1968) and in nu mer ous ar chi val micropalaeontological stud ies
of par tic u lar bore holes drilled in this part of the Pol ish Low lands. 
The anal y sis of pre vi ous stud ies shows that the larg est
foraminiferal as sem blages are pres ent in the silty-clayey-marly
de pos its of the £yna For ma tion, ex cept for the Kcynia IG-4
bore hole, where the formaniferal as sem blages are the same as 
in spongy lime stones – see pre vi ous chap ter.

In the ar eas ex tend ing north of the spongy megafacies,
mixed foraminiferal as sem blages are found with the vast ma jor -
ity of spe cies be ing char ac ter is tic of the Subboreal Prov ince.
Such as sem blages have been best doc u mented in NE Po land
where there is a com plete Oxfordian sec tion rep re sented by
silty-clayey-sandy fa cies. Oxfordian de pos its of this re gion con -
tain nu mer ous foraminifers that were first de scribed by Bielecka 
and Styk (1966) and Bielecka (1973, 1974). In those stud ies,
the age ranges of the de scribed foraminiferal spe cies were cor -
re lated with the ammonite biostratigraphy ac cord ing to
Malinowska (1966), which, in many cases, dif fers from the stan -
dard di vi sions used cur rently.

In re cent times, de tailed stud ies of the Oxfordian ammonite
fauna and foraminiferal micro fauna have been car ried out in
sev eral well-cored bore holes (Pas³êk IG-1; Bartoszyce IG-1;
Go³dap IG-1; Jastarnia IG-1; Krynica Morska IG-1; Fig.1) in the
area of Peribaltic Syneclise (Smoleñ, 2000, 2008c; Smoleñ and 
Wierzbowski, 2012). A sum mary of these stud ies is pub lished in 
a pa per by Wierzbowski et al. (2015), which also pro vides a re -
vi sion of ear lier stud ies by Bielecka and Styk (1966) on the
foraminiferal micro fauna, as well as a re vi sion of the ammonite
stra tig ra phy pro posed by Malinowska (1966, 1987, 1991a). The 
nu mer ous and palaeogeographically di verse ammonite fauna
from the Peribaltic Syneclise has al lowed a cor re la tion of the
ammonite zonation be tween the Subboreal, Bo real and
Submediterranean prov inces, and stan dard iza tion of the
Oxfordian/Kimmeridgian bound ary across these prov inces
(Fig. 15). In the con text of the new strati graphic data and de -
tailed chronostratigraphic in ter pre ta tion of the ammonite fauna,
this study pro vides a chart il lus trat ing the age ranges of
stratigraphically im por tant Oxfordian foraminifera spe cies rep -
re sen ta tive of the £yna For ma tion in NE Po land (Fig. 15). It  also 
in cludes micropalaeontological data from other bore holes:
Kêtrzyn IG-1 (Smoleñ, 2014c), Grudzi¹dz IG-1 (Smoleñ,
2011d), Dar¿lubie IG-1 (Smoleñ, 2011c) and Malbork IG-1
(Smoleñ, 2012d). In terms of tax on omy, the Oxfordian
foraminiferal as sem blages in the £yna For ma tion of NE Po land
are most sim i lar to the as sem blages de scribed on the East Eu -
ro pean Plat form in Lith u a nia and in the Eu ro pean part of Rus sia 
(e.g., Grigelis, 1985; Ustinova, 2012). These are ophthal -
minids– epistominids- and epistominids–lenticuli nids-type as -
sem blages clas si fied as char ac ter iz ing the Sub-Bo real Prov -
ince (Basov, 1974; Azbel et al., 1991). The ver ti cal suc ces sion
of foraminiferal spe cies found in Oxfordian de pos its of the
Peribaltic Syneclise in Po land has been the ba sis for dis tin -
guish ing foraminiferal zones (Wierzbowski et al., 2015; Fig. 15). 
Such zones were al ready es tab lished ear lier in ar eas of the
East Eu ro pean Plat form, in Lith u a nia and the Eu ro pean part of
Rus sia (e.g., Grigelis,1982, 1985; Mesezhnikov et al., 1989;
Ustinova, 2012).

The Ophthalmidium sagittum–Epistomina volgensis
Zone (Grigielis, 1982) can be cor re lated with the Lower
Oxfordian (Mariae, Cordatum zones) and the low er most Mid dle
Oxfordian (mostly with the lower part of the ammonite
Densiplicatum Zone; Fig. 15). This foraminiferal zone is dom i -

nated by taxa which are wide spread in the east ern part of the
Peribaltic Syneclise, Lith u a nia and Rus sia, in di cat ing strong in -
flu ences of the Sub-Bo real Prov ince.

The taxa in clude the in dex spe cies for this zone: Epistomina 
volgensis Mjatliuk (Fig. 16A1, A2) and Ophthalmidium sagittum
(Bykowa) (Fig. 14U) whose range is lim ited to the Lower
Oxfordian and lower Mid dle Oxfordian. The other spe cies char -
ac ter is tic of the Ophthalmidium sagittum–Epistomina volgensis 
Zone are Epistomina intermedia Mjatliuk (Fig. 16C),
E. nemunensis Grigelis, E. stelligeraeformis Mjatliuk, E. gracilis
Dain (Fig. 16B1, B2), E. multialveolata (Grigelis) (Fig. 16D1,
D2), E. uhligi Mjatliuk (Fig.16E1, E2), E. parastelligera Hofker,
Lenticulina brueckmanni (Mjatliuk) (Fig. 16G) and Planularia
beierana (Gümbel) (Fig. 14Y). The Lower Oxfordian and low er -
most Mid dle Oxfordian con tain also some spe cies known from
the older de pos its, among oth ers Ichtyolaria supracalloviensis
(Wiœniowski) and Lenticulina tumida Mjatliuk. The up per part of
the Ophthalmidium sagittum–Epistomina volgensis Zone re -
veals the first oc cur rences of the fol low ing taxa: Lenticulina
compressaeformis (Paalzow) (Fig. 14Z, Aa), Ophthalmidium
strumosum (Gümbel) (Fig.14W), Globuligerina oxfordiana
Grigelis, Nubeculinella infraoolithica (Terquem) (Fig. 14S, T),
Spirillina tenuissima Gümbel (Fig. 14R), Spirillina polygyrata
Gümbel (Fig. 14Q) and Trocholina transversari (Paalzow)
(Fig. 14P1,P2). The above-listed taxa con tain widely spread
spe cies, also known from the Submediterranean ar eas.

The Ophthalmidium strumosum–Lenticulina brestica
Zone (Grigelis, 1982) can be cor re lated with a large part of the
Mid dle Oxfordian (from the up per part of the Densiplicatum
Zone to the Tenuiserratum Zone, and the Plicatilis and
Transversarium zones) and the lower part of the Up per
Oxfordian (the Glosense and Serratum zones, a part of the
Regulare Zone, as well as a large part of the Bifurcatus Zone;
Fig. 15).

De pos its of the Ophthalmidium strumosum–Lenticulina
brestica Zone con tain es pe cially nu mer ous spec i mens of spe -
cies Ophthalmidium strumosum (Gümbel). In terms of spe cies
di ver sity, the dom i nant fam ily is the Epistominidae, of which the
spe cies Epistomina volgensis Mjatliuk and E. stelligeraeformis
Mjatliuk also oc cur in the lower part of the zone (up per part of
the Densiplicatum Zone). Epistomina nemunensis Grigelis,
E. intermedia Mjatliuk, E. gracilis Dain, E. multialveolata
(Grigelis), E. parastelligera and E. perfidiosa Grigelis (Fig. 16F)
are nu mer ous through out the en tire zone. They are ac com pa -
nied by the spe cies E. uhligi Mjatliuk, Lenticulina brestica
(Mjatliuk) (Fig. 16K), L. hebetata (Schwager), L. brueckmanni
(Mjatliuk), L. sim plex (Kübler et Zwingli) (Fig. 16I), L. russiensis
(Mjatliuk) (Fig. 16L), L. belorussica (Mitjanina) (Fig. 16H),
L. tym pana Grigelis (Fig. 16J),Trocholina transversarii
(Paalzow), Pseudolamarckina suvalkensis Grigelis (Fig. 16O),
Paulina furssenkoi Grigelis (Fig. 16M1, M2), P. makarensis
Azbel (Fig. 16N1, N2) and oth ers spe cies.

Ophthalmidium strumosum–Lenticulina brestica Zone is
dom i nated by micro fauna char ac ter is tic of the cool Subboreal
Prov ince (Grigelis, 1982, 1985; Mesezhnikov et al., 1989). The
de pos its, which show pre dom i nance of ammonites from the
Submediterranean Prov ince, man i fest an in creased pro por tion
of cos mo pol i tan foraminifera taxa that are also known from the
Submediterranean ar eas, such as Globuligerina oxfordiana
(Pazdro) (Fig. 16P), Nubeculinella infraoolithica (Terqem),
Orthella bulbifera (Paalzow) (Fig. 16Q), O. paalzowi Bykowa
(Fig. 16R), Paalzowella feifeli seiboldi Lutze (Fig. 16S),
Ramulina spandeli Paalzow (Fig. 17B), Labalina milioliniformis
(Paalzow) (Fig. 17D), Spirillina tenuissima Gümbel,
S. polygyrata Gümbel, Planularia tricarinella (Reuss)
(Fig. 17E), Textularia jurassica (Gümbel) (Fig. 17A), Miliam -
mina cf. olgae Bielecka, and oth ers.
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Fig. 15. Strati graphic range charts of foraminifera spe cies from the Oxfordian de pos its of
the Pol ish Low lands (N and NE Po land); the cor re la tion of the Bo real and Subboreal
ammonite zonations (as pro posed by Wierzbowski et al., 2014, 2015) with the
Submediterranean zonation (as used by G³owniak, 2002, 2006a)
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Fig. 16. Foraminifers of the Oxfordian silty-clayey-marly deposits of the £yna Formation of NE Poland 
(Ophthalmidium sagittum–Epistomina volgensis Zone; A1–E2, G, 

and Ophthalmidium strumosum–Lenticulina brestica Zone, F, H–S) of NE Poland

A1 – Epistomina volgensis (col lec tion of Smoleñ, 2015); A2 – Epistomina volgensis (col lec tion of Smoleñ, 2015); B1 – Epistomina gracilis
(col lec tion of Smoleñ, 2015); B2 – Epistomina gracilis (col lec tion of Smoleñ, 2015); C – Epistomina intermediata (col lec tion of Smoleñ,
2015); D1 – Epistomina multialveolata (col lec tion of Smoleñ, 2000); D2 – Epistomina multialveolata (col lec tion of Smoleñ, 2000); E1 –
Epistomina uhligi (col lec tion of Smoleñ, 2015); E2 – Epistomina uhligi (col lec tion of Smoleñ, 2015); F – Epistomina perfidiosa (col lec tion of
Smoleñ, 2015); G – Lenticulina brueckmanni (col lec tion of Smoleñ, 2015); H – Lenticulina belorussica (col lec tion of Smoleñ, 2015); I –
Lenticulina sim plex (col lec tion of Smoleñ, 2015); J – Lenticulina tym pana (col lec tion of Smoleñ, 2015); K – Lenticulina brestica (col lec tion of
Smoleñ, 2015); L – Lenticulina russiensis (col lec tion of Smoleñ, 2015); M1 – Paulina furssenkoi, dor sal side (col lec tion of Smoleñ, 2000); M2
– Paulina furssenkoi, ven tral side (col lec tion of Smoleñ, 2000); N1 – Paulina makarensis, dor sal side (col lec tion of Smoleñ, 2000); N2 –
Paulina makarensis, ven tral side (col lec tion of Smoleñ, 2000); O – Pseudolamarckina suvalkensis (col lec tion of Smoleñ, 2015); P –
Globuligerina oxfordiana (col lec tion of Smoleñ 1998); Q – Orthella bulbifera (col lec tion of Smoleñ, 2015); R – Orthella paalzowi (col lec tion of
Smoleñ, 2015); S – Paalzowella feifeli seiboldi (col lec tion of Smoleñ, 2015); scale bars – 100 µm
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Fig. 17. Foraminifers of the Oxfordian silty-clayey-marly de pos its of the £yna For ma tion (Ophthalmidium strumosum–Lenticulina
brestica Zone) of NE Po land (A, B), Oxfordian–Lower Kimmeridgian silty-clayey-marly de pos its of the £yna For ma tion (Lenticulina
russiensis–Epistomina uhligi Zone) of NE Po land (C–E), Lower Kimmeridgian car bon ate de pos its of the Pol ish Low lands (F–J,
L–P2, U–Z) and Lower Kimmeridgian marly de pos its of the £yna For ma tion (Epistomina praetatariensis–Lenticulina kuznetsovae
Zone) of NE Po land (K, Q1–T2, Aa, Bb)

A – Textularia jurassica (col lec tion of Smoleñ, 2015); B – Ramulina spandeli (col lec tion of Smoleñ, 2015); C – Ichtyolaria tundrica (col lec tion
of Smoleñ, 2015); D – Labalina milioliniformis (col lec tion of Smoleñ, 2015); E – Planularia tricarinella (col lec tion of Smoleñ, 2015); F, G –
Saracenaria cornucopiae (col lec tion of Bielecka, 1954); H – Ammobaculites infrajurensis (col lec tion of Bielecka and Styk, 1980); I –
Ammobaculites coprolithiformis (col lec tion of Bielecka and Styk, 1980); J – Quinqueloculina jurassica (col lec tion of Bielecka, 1954); K –
Paleogaudryina varsoviensis (col lec tion of Smoleñ, 2015); L – Eoguttulina inovroclaviensis (col lec tion of Smoleñ, 2015); M, N – Triplasia
althoffi jurassica (col lec tion of Bielecka and Styk, 1980); O – Alveosepta jaccardi (col lec tion of Bielecka and Styk, 1980); P1 –
Pseudolamarckina obliquicamerata, ven tral side (col lec tion of Bielecka and Styk, 1980); P2 – Pseudolamarckina obliquicamerata, dor sal
side (col lec tion of Bielecka and Styk, 1980); Q1 – Epistomina stellicostata, ven tral side (col lec tion of Smoleñ, 2015); Q2 – Epistomina
stellicostata, dor sal side (col lec tion of Smoleñ, 2015); R1 – Trocholina solecensis, ven tral side (col lec tion of Smoleñ, 2015); R2 – Trocholina
solecensis, dor sal side (col lec tion of Smoleñ, 2015); S – Spirillina infima (col lec tion of Smoleñ, 2015); T1 – Conorboides marginata, dor sal
side (col lec tion of Smoleñ, 2015); T2 – Conorboides marginata, ven tral side (col lec tion of Smoleñ, 2015); U – Haplophragmoides canui (col -
lec tion of Bielecka and Styk, 1980); W, X – Citharina zaglobensis (col lec tion of Smoleñ, 2015); Y, Z – Marginulinopsis buskensis (col lec tion
of Smoleñ, 2015); Aa – Marginulinopsis striatocostata (col lec tion of Smoleñ, 2015); Bb – Tristix suprajurassica (col lec tion of Smoleñ, 2015);
scale bars – 100 µm



In the north ern most area of the Peribaltic Syneclise, the
£yna For ma tion de pos its, pres ent in the cen tral syneclise, are
re placed in the Mid dle and low er most Up per Oxfordian by sand -
stones and sandy siltstones with iron oo lites of the Chociwel
For ma tion (doc u mented by ammonites and foraminifers in the
Jastarnia IG-1 bore hole, Wierzbowski at al., 2015). These de -
pos its yield large foraminiferal as sem blages of the
Ophthalmidium strumosum–Lenticulina brestica Zone.
Through out the whole ter ri tory of north east ern Po land, at the
end of the Ophthalmidium strumosum–Lenticulina brestica
Zone, the microfaunal as sem blages be come mark edly poorer
in terms of the num ber of taxa, and many of them are ab sent
from the Up per Oxfordian rocks.

The Lenticulina russiensis–Epistomina uhligi Zone
(Grigelis, 1982) cor re sponds to the up per most Oxfordian
(Rosenkrantzi Zone and pos si bly a part of the Regulare Zone,
as well as the Pseudocordata Zone and the Hypselum Zone
and pos si bly the up per most part of the Bifurcatus Zone), but it
cov ers also the basal part of the Lower Kimmeridgian (low er -
most part of the Bauhini Zone, the Baylei Zone and the
Bimmamatum Zone; Fig. 15). The foraminiferal as sem blages of 
this zone are im pov er ished in terms of both the num ber of spe -
cies and the quan tity of spec i mens. They are rep re sented by
taxa oc cur ring in the lower foraminiferal zones. The char ac ter is -
tic that al lows dis tin guish ing the zone is an in creased pro por tion 
of the spe cies Epistomina uhligi Mjatliuk, E. nemunensis
Grigelis and Lenticulina russienis (Mjatliuk) in its de pos its. Rel a -
tively nu mer ous are also the spe cies Labalina milioliniformis
(Paalzow) and Lenticulina sublenticularis (Schwager). The re -
main ing taxa dis tin guished in the Lenticulina russien -
sis–Epistomina uhligi Zone are pres ent in a small num ber of in -
di vid u als, in clud ing the spe cies Ichtyolaria tundrica (Fig. 17C),
Ophthalmidium stuifense (Paalzow) (Fig. 14X), Planularia
tricarinella (Reuss), Lenticulina ex. gr. quenstedti (Gümbel) and 
oth ers. In the Peribaltic Syneclise, the up per limit of the
Lenticulina russiensis–Epistomina uhligi Zone is marked by the
last oc cur rence of most of the Oxfordian foraminifera spe cies in
the Lower Kimmeridgian (Bauhini Zone; Fig. 15).

LOWER KIMMERIDGIAN

Ac cord ing to the pro posed strati graphic scheme (af ter
Wierzbowski et al., 2016), the Lower Kimmeridgian in cludes
sed i men tary se ries that were pre vi ously as signed to the Up per
Oxfordian, com pris ing most of the Bimammatum Zone (ex clud -
ing the Hypselum Zone) and the Planula Zone. The po si tion of
the Oxfordian/Kimmeridgian bound ary be tween the Hypselum
and Bimammatum zones has been proved based on ammonite
fauna in north east ern Po land and the Peribaltic Syneclise
(Wierzbowski et al., 2015), as well as in the Wieluñ Up land of
cen tral Po land (Wierzbowski et al., 2016). In the de pos its that
were pre vi ously as signed to the Up per Oxfordian, a spe cies
char ac ter is tic for the Lower Kimmeridgian ap pears (Bielecka
and Po¿aryski, 1954; Bielecka and Styk, 1964, 1966, 1968).
The ap pear ance of Kimmeridgian spe cies in the Planula Zone
was re ported in a pa per on the Wieluñ Up land (Garbowska,
1970) and in a microfaunal re port on the Holy Cross re gion
(Barwicz-Piskorz, 1995). Kimmeridgian foraminifera have also
been found in de pos its as signed to the Up per Oxfordian (based
on lithological and geo phys i cal data) in the re cently an a lyzed
deep bore holes of the Pol ish Low lands (Smoleñ and Bielecka,
2008; Smoleñ, 2011d, 2012c, 2014c, 2015). Ac cord ing to the
lat est micropalaeontological stud ies car ried out in the Peribaltic
Syneclise and based on cor re la tion with ammonite zones,
foraminiferal as sem blages typ i cal of the Lower Kimmeridgian
ap pear in the Subboreal Baylei Zone cor re lated in that area with 

the Submediterranean Bimammatum Zone and the Bo real
Bauhini Zone (Smoleñ, 2008c; Smoleñ and Wierzbowski, 2012, 
2015).

In the Lower Kimmeridgian, like in the Oxfordian, there is a
tax o nomic di ver sity within the foraminiferal as sem blages de -
pend ing on the fa cies type and in flu ences of the in di vid ual
palaeogeographic prov inces. There fore, this re port pro vides
two charts of age ranges of stratigraphically im por tant
foraminiferal spe cies rep re sen ta tive of car bon ate fa cies
(Fig. 18) and typ i cal of the £yna For ma tion in north east ern Po -
land (Fig. 19). The great est tax o nomic di ver sity of the forami -
niferal fauna is ob served be tween the area of north east ern Po -
land (Peribaltic Syneclise), where the Lower Kimmeridgian de -
pos its are rep re sented by muddy-clay ey-marly fa cies of the
£yna For ma tion, and the re main ing ar eas of the Pol ish Low -
lands dom i nated by var i ous types of car bon ates. In the Lower
Kimmeridgian, the epicontinental ma rine ba sin of the Pol ish
Low lands re mained un der the in flu ence of the Submediter -
ranean Prov ince. How ever, in NE Po land (Peribaltic Syneclise)
there is a strong in flu ence of the Subboreal Prov ince. This had
an im pact on the na ture of the micro fauna, which was marked
by the pres ence, in this part of the Pol ish Low lands, of mixed
foraminiferal as so ci a tions.

FORAMINIFERAL ASSEMBLAGES: CENTRAL, EASTERN 
AND PART OF NORTHERN POLAND

The Lower Kimmeridgian de pos its of cen tral, east ern and
part of north ern Po land are com posed of car bon ates rep re -
sented by var i ous types of lime stones: oolithic lime stone – Brda
For ma tion, marly lime stones – Cal car e ous–Marly–Co quina For -
ma tion, and marls – Pa³uki For ma tion (see Niemczycka, 1997).

Within these de pos its, a re gional di ver sity of foraminiferal
as sem blages is ob served. Larger as so ci a tions with re spect to
the num ber of both in di vid u als and taxa are found in marly fa -
cies. In con trast, the com pact lime stones and oolitic lime stones
show sig nif i cant de ple tion in foraminiferal abun dance. De pos its 
of the Bimammatum Zone (af ter Wierzbowski at al., 2016) have 
yielded scarce foraminifers. Foraminiferal as sem blages in
these de pos its do not con tain char ac ter is tic spe cies but
long-rang ing taxa known pre dom i nantly from Oxfordian de pos -
its. Larger foraminiferal as sem blages as so ci ated with car bon -
ate fa cies ap pear in the Planula Zone (Fig. 18). Apart from spe -
cies known from older de pos its, they con tain a num ber of new
taxa with strati graphic dis tri bu tions rang ing into the up per se ries 
of the Lower Kimmeridgian. In the Planula Zone, the char ac ter -
is tic spe cies in clude: Haplophragmoides canui Cushman
(Fig. 17U), Alveosepta jaccardi (Schrodt) (Fig. 17O),
Pseudolamarckina obliquicamerata Dulub (Fig. 17P1, P2),
Qinqueloculina jurassica Bielecka et Styk (Fig. 17J), Trocholina 
solecensis Bielecka et Po¿aryski, Paleogaudryina varsoviensis
(Bielecka et Po¿aryski), Saracenaria cornucopiae (Schwager)
(Fig. 17F, G), Spirillina infima (Strick land), Marginulinopsis
buskensis (Bielecka et Po¿aryski) (Fig. 17Y, Z), Tristix
suprajurassica (Paalzow) and Eoguttulina inovroclaviensis
(Bielecka et Po¿aryski). Marly fa cies of ten con tain ag glu ti nated
foraminifers of the ge nus Ammobaculites: A. infrajurensisis
(Terquem) (Fig. 17H), A. coprolithiformis (Terquem) (Fig. 17I)
and A. brausteini Cushman et Appland. Start ing from the
Platynota Zone, and then in the Hypselocyclum and Divisum
zones, foraminiferal as sem blages be come richer of both taxa
and in di vid u als. In the up per Lower Kimmeridgian car bon ates
of cen tral and east ern Po land (Cal car e ous–Marly–Co quina
For ma tion) and in de pos its of north west ern and partly north ern
area of the Pol ish Low lands (Brda For ma tion; see Niemczycka,
1997), the most fre quent taxa in clude Quinqueloculina
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Fig. 18. Strati graphic range charts of foraminifera spe cies from the Lower
Kimmeridgian de pos its of the Pol ish Low lands (cen tral, east ern and part of
north ern Po land), the Submediterranean stan dard ammonite zonation as used
by Wierzbowski et al. (2014)
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Fig. 19. Strati graphic range charts of foraminifera spe cies from the Lower
Kimmeridgian de pos its of the Pol ish Low lands (N and NE Po land), cor re la -
tion of the Bo real and Subboreal ammonite zonations with the
Submediterranean zonation as pro posed by Wierzbowski et al. (2014,
2015, 2016)



jurassica Bielecka et Styk, Trocholina solecensis Bielecka et
Po¿aryski, Paleogaudryina varsoviensis (Bielecka et Po¿a -
ryski), Spirillina infima (Strick land), Frondicularia lingulaeformis
Schwager, Marginulinopsis buskensis (Bielecka et Po¿aryski),
Tristix suprajurassica (Paalzow), Eoguttulina inovroclaviensis
(Bielecka et Po¿aryski) (Fig. 17L), E. stellicostata Bielecka et
Po¿aryski, Spirillina elongata Bielecka et Po¿aryski, Co -
norboides marginata Llyod, Marginulinopsis striatocostata
(Reuss) (Fig. 17Aa), Citharina zaglobensis (Bielecka et
Po¿aryski) (Fig. 17W, X), C. paralella (Bielecka et Po¿aryski)
(Fig. 20A) and Triplasia althoffi jurassica (Mjatliuk) (Fig. 17M,
N). Be sides these char ac ter is tic spe cies, the Lower
Kimmeridgian of cen tral, east ern, north west ern and partly
north ern Po land con tains cos mo pol i tan spe cies with long age
ranges. The most com mon taxa are Astacolus varians
(Bornemann), A. folium (Wiœniowski), Lenticulina brueckmanni
(Mjatliuk), L. subalata (Reuss), L. prima (d Orbigny), Planularia
tricarinella (Reuss), Eoguttulina oolithica (Terquem), and oth -
ers. At the end of the Lower Kimmeridgian (Divisum Zone), a
few new spe cies have their first oc cur rences, e.g. Lenticulina
vistulae (Bielecka et Po¿aryski) (Fig. 20L), L. infravolgaensis
(Fuessenko et Polenova) (Fig. 20M), Everticyclammina
virguliana (Koechlin) (Fig. 20G) and Tristix temirica (Dain)
(Fig. 20F).

FORAMINIFERAL ASSEMBLAGES: NORTHEASTERN POLAND
(PERIBALTIC SYNECLISE)

The Early Kimmeridgian of NE Po land (Peribaltic
Syneclise), like the Oxfordian, was a time of terrigenous-cal car -
e ous de po si tion of the £yna For ma tion (see Niemczycka,
1997). The de pos its con tain foraminiferal as sem blages dif fer -
ent from those in other ar eas of the Pol ish Low lands.

In the Peribaltic Syneclise, the Oxfordian Lenticulina
russiensis–Epistomina uhligi foraminiferal Zone (Grigelis,
1982) ter mi nates its strati graphic age in the low er most Lower
Kimmeridgian. Up per bound ary of this zone cor re lates with the
low er most part of the Bauhini Zone and the Baylei Zone
(Smoleñ and Wierzbowski 2012; Fig.19).

De pos its of the Lenticulina russiensis–Epistomina uhligi
Zone are over lain by a level with radio lar ians (“radiolarian ho ri -
zon”) and de pleted foraminiferal as sem blages. It con tains sin -
gle Kimmeridgian foraminifera spe cies, in clud ing Trocholina
solecensis Bielecka et Po¿aryski (Fig. 17R1, R2), Spirillina
infima (Strick land) (Fig. 17S), Conorboides marginata Lloyd
(Fig. 17T1, T2), Quinqueloculina jurassica Bielecka et Styk,
Tristix suprajurassica (Paalzow) (Fig. 17Bb), Planularia
multicostata Kuznetzova (Fig. 20C, D), Paleogaudryina
varsoviensis Bielecka et Po¿aryski (Fig. 17K), Epistomina
stellicostata Bielecka et Po¿aryski (Fig. 17Q1, Q2), E.
praetatariensis Umanskaja (Fig. 20N1, N2) and E. ventriosa
Espitalie et Sigal. Foraminiferal as sem blages of the up per
Lower Kimmeridgian are much richer in both spe cies and in di -
vid u als. Tax o nomic anal y sis of these as sem blages has al lowed 
dis tin guish ing the Epistomina praetatarensis–Lenticulina
kuznetsovae Zone (Grigelis, 1982; Fig. 19), es tab lished ear lier
in the re main ing ar eas of the Peribaltic Syneclise in the Eu ro -
pean part of Rus sia and in Lith u a nia (e.g., Grigelis, 1982, 1985;
Mesezhnikov et al., 1989; Ustinova, 2012). In view of the
ammonite stra tig ra phy re vi sion car ried out re cently for the
Peribaltic Syneclise in north east ern Po land (Wierzbowski et al., 

2015), the Epistomina praetatariensis–Lenticulina kuznetsovae 
zone cor re sponds to the Bauhini Zone (ex cept its basal part) to
the Kitchini Zone of the Lower Kimmeridgian. Be cause of the
pres ence of ammonite fau nas from var i ous palaeogeographic
prov inces in the Peribaltic Syneclise, the Bo real Bauchini Zone
is cor re lated here with the Sub-Bo real Baylei Zone and with the
Sub-Med i ter ra nean zones of Bimmamatum and Planula. The
Bo real Kitchini Zone cor re sponds to the Subboreal zones of
Cymodoce and Mutabilis and to the Submediterranean zones
of Platynota and Hypselocyclum (Fig. 19). The lower part of the
Epistomina praetatariensis–Lenticulina kuznetsovae foramini -
feral zone, which cor re sponds pos si bly to the radiolarian ho ri -
zon, has a poor as sem blage of foraminifers and is dif fi cult for
un equiv o cal in ter pre ta tion.

In the Epistomina praetatariensis–Lenticulina kuznetsovae
Zone, the most com mon spe cies (in clud ing those in dic a tive of
the zone) show a Bo real-At lan tic char ac ter, among oth ers:
Epistomina praetatariensis Umanskaja, E. ventriosa Espitalie et 
Sigal, E. cognita Jakovleva (Fig. 20O), Lenticulina kuznetsovae
Umanskaja (Fig. 20H, I), L. prussica Grigelis (Fig. 20J, K),
Mironovella foveata Kuznetsova et Umanskaja (Fig. 20P),
Planularia multicostata Kuznetzova, Atacolus gerassimovi
(Umanskaja), Planularia bartoszycaensis Bielecka et
Kuznetsova (Fig. 20E), Pseudolamarckina dainae Startseva
(Fig. 20R) and Citharinella goldapi (Bielecka et Kuznetzova)
(Fig. 20B). How ever, there are also other char ac ter is tic spe cies, 
e.g. Frondicularia lingulaeformis Schwager, Quinqueloculina
jurassica Bielecka et Styk, Tristix suprajurassica (Paalzow),
Planularia beierana (Terquem), Spirillina elongata Bielecka et
Po¿aryski, Conorboides marginata Llyod, Marginulinopsis
striatocostata (Reuss), Trocholina solecensis Bielecka et
Po¿aryski, Paleogaudryina varsoviensis Bielecka et Po¿aryski,
Epistomina stellicostata Bielecka et Po¿aryski, and oth ers hav -
ing south ern af fin i ties. The char ac ter of the fau nas de scribed
strongly sug gests that, dur ing Early Kimmeridgian time, the
Peribaltic Syneclise con sti tuted the main ma rine con nec tion be -
tween the Bo real and Submediterranean seas of Eu rope.

CONCLUSIONS

This ar ti cle pro vides a biostratigraphic ap proach to data on
the most im por tant foraminifera spe cies found in Mid dle and
Up per Ju ras sic (Oxfordian and Lower Kimmeridgian) de pos its
of ex tra-Carpathian Po land.

1. The pro posed scheme of ranges of in dex foraminifera
spe cies is pre sented in re la tion to the cur rently used stan dard
ammonite zonations.

2. Based on the de tail study of foraminifers in the Oxfordian
and Lower Kimmeridgian de pos its, the dif fer ent foraminiferal
as sem blages were dis tin guished with ref er ence to the
lithofacies in the in di vid ual parts of the Pol ish Ba sin and vary ing
in flu ences of the palaeo geo graphi cal prov inces (char ac ter is tic
of car bon ates of the so-called Sponge Megafacies, and of the
£yna For ma tion clastic de pos its).

3. Ad di tion ally, based on the ver ti cal suc ces sion of
foraminiferal spe cies found in Oxfordian and Lower
Kimmeridgian de pos its of the £yna For ma tion in NE Po land, the 
foraminiferal zones of Ophthalmidium sagittum Epistomina
volgensis, Ophthalmidium strumosum–Lenticulina brestica,
and Lenticulina russiensis–Epistomina uhligi and Epistomina
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praetatarensis–Lenticulina kuznetzovae are char ac ter ized fol -
low ing the orig i nal au thors’ de scrip tions.
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