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By com par i son with the Lower Cre ta ceous of cen tral and SE Po land, that of NW Po land (the Pom er a nian, Szczecin, and
Mogilno-£ódŸ troughs) has scarce biostratigraphic data. But, de spite the lack of Lower Cre ta ceous ex po sure in the NW Pol -
ish Low lands, bore hole data, in clud ing bore hole-cores and geo phys i cal logs, al low anal y sis of com plete suc ces sions. We re -
fine the strati graphic units us ing par al lel stud ies of ammonites, micro fauna and cal car e ous nannoplankton col lected from the 
same in ter vals, and by cor re lat ing age-de fined in ter vals with geo phys i cal logs. Ostracod zones F to A are doc u mented by the 
pres ence of ostracod as sem blages rep re sent ing the in ter val be tween the Up per Tithonian (ostracod zone F) and the lower
part of the Up per Berriasian (ostracod zones E to A). The frag men tary and poorly pre served ammonites al lowed only for dis -
tin guish ing the up per most Mid dle and Up per Berriasian (Ryazanian), while the in for mal sub di vi sions from the cen tral part of
the ba sin could not be iden ti fied un equiv o cally. Nannoplankton rec og nized in the suc ces sion ana lysed was very rare due to
shal low ma rine fa cies of the strata. Only one nannoplankton zone was rec og nized in the lower part of the suc ces sion stud ied: 
the CC2 Stradneria crenulata Zone (up per most Mid dle and Up per Berriasian and low er most Valanginian). An ad di tional
study only on nannoplankton en abled rec og ni tion of cer tain bo real taxa typ i cal of the BC2 zone of the Up per most Riazanian.
Valaginian ammonites oc cur in core ma te rial lo cated closer to the cen tral part of the trough. Some plank tonic foraminiferal
spe cies in di cate the Lower Aptian. Some Up per Cre ta ceous nannoplankton zones were also rec og nized: the CC9 Eiffellithus 
turriseiffeli (Up per most Albian to Lower Cenomanian) and UC0, UC1-2 and UC3 zones which cor re spond to the Up per
Albian and Lower as well as Mid dle Cenomanian. The se quence strati graphic in ter pre ta tion was based on geo phys i cal logs
with the ap pli ca tion of gamma-ray, neu tron-gamma, spon ta ne ous po ten tial and re sis tiv ity log ging, as well as cal i per log ging.
These stud ies al lowed rec og ni tion and cor re la tion of sed i men tary se quences within the part of the sed i men tary ba sin ana -
lysed, char ac ter ized by a sim i lar cy clic pat tern of geo log i cal phe nom ena de scribed us ing depositional se quences as in the
cen tral and SE part of the Pol ish Ba sin. Third-or der depositional se quences with max i mum flood ing sur faces were dis tin -
guished. Ef fec tive cor re la tion of depositional cy cles with biostratigraphy and with the global sea level curve was dem on -
strated for sev eral bound aries, con firm ing the ap pli ca bil ity of this method for the Pol ish part of the the Cen tral-Eu ro pean
Ba sin. Other bound aries rec og nized that are not cor re lat able and shifted rel a tive to Haq’s curve may re flect autogenous fac -
tors (e.g., lo cal tec ton ics) over lap ping with the global changes con trolled by allogenic pro cesses.

Key words: Lower Cre ta ceous, ammonite, foraminifera, ostracod and nannoplankton biostratigraphy, depositional sys tems,
se quence stra tig ra phy, rel a tive sealevel changes, NW Po land.

INTRODUCTION

This pa per con tin ues re search per formed by the same
team in cen tral and SE Po land (GaŸdzicka et al., 2003, 2006;
Dziadzio et al., 2004).

The Lower Cre ta ceous sed i men tary suc ces sion in the Pol -
ish Low lands have so far been stud ied with re gard to stra tig ra -
phy (e.g., Raczyñska, 1967, 1979b; Marek, 1968, 1969; Marek

and Raczyñska, 1973), anal y sis of depositional sys tems, and
cy clic sed i men ta tion (Leszczyñski, 1997). For mal biostrati gra -
phic zones cor re spond ing to the strati graphic schemes pres -
ently used in Eu rope have been dis tin guished for the Valan -
ginian of the Tomaszów Ba sin (Kutek et al., 1989; Dziadzio et
al., 2004) and the Mid dle and Up per Albian of the Annopol area
(Kutek and Marcinowski, 1996b). In for mal strati graphic units
de scribed as “Beds” have been dis tin guished for the up per most 
Mid dle and Up per Berriasian (Ryazanain), Valanginian,
Hauterivian (Marek, 1964, 1968, 1969, 1977, 1984 1997; Marek 
and Raczyñska, 1973, 1979; Raczyñska, 1979b; Marek and
Shulgina, 1996; Marek and Rajska, 1997). De ter mi na tion of
sed i men tary cyclicity with out a pre cise strati graphic frame work
and cor rect cor re la tion of sed i men tary se quences based on
geo phys i cal logs may, though, bring about se ri ous er rors. 
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Anal y sis of sed i men tary se quences and their cor re la tion in
cen tral and SE Po land has al lowed re con struc tion of trans -
gressive -re gres sive cy cles re lated to eustatic sea level chan -
ges and in di cated tec tonic ac tiv ity at the bound ary be tween the
East Eu ro pean Plat form and the Mid-Pol ish Trough (Gaździcka 
et al., 2003, 2006; Dziadzio et al., 2004). These stud ies en abled 
de ter mi na tion of the pre cise strati graphic po si tion of par tic u lar
Lower Cre ta ceous strati graphic units; cou pled with the anal y sis
and cor re la tion of bore hole logs, these data help im prove our
knowl edge of the geo log i cal evo lu tion of the Pol ish Ba sin. 

The lack of ex posed Lower Cre ta ceous de pos its in NW Po -
land ne ces si tated the use of cores and bore hole log data, which 
al lowed the anal y sis of com plete suc ces sions. How ever, for re -
li able re sults, geo phys i cal log ging needs to be cal i brated us ing
biostratigraphic data from cores. The pre cise de ter mi na tion of
strati graphic units is en hanced by the par al lel anal y sis of dif fer -
ent fos sil groups (ammonites, micro fauna, cal car e ous nanno -
plankton) col lected from the same in ter vals. This en abled the
pre cise cor re la tion and dis tinc tion of sed i men tary se quences
within the part of the sed i men tary ba sin ana lysed.

The clas sic area for Lower Cre ta ceous stra tig ra phy, en -
com pass ing the south ern part of the Jura Moun tains, se lected
Al pine units, and ad ja cent re gions of south ern France, be longs
to the Tethyan do main. An in de pend ent strati graphic scheme
ex ists for the Bo real do main, based on dif fer ent fau nal as sem -
blages (e.g., Kemper et al., 1981; Kutek et al., 1989; Ogg and
Hinnov, 2012; Reboulet et al., 2018). The palaeogeographic
po si tion of the Pol ish Ba sin be tween the Tethys Ocean and the
Bo real seas fa voured mix ing of the in flu ences from both do -
mains. This phe nom e non is re flected per fectly in the Lower
Cre ta ceous cephalopod, foraminifera, ostracod and cal car e ous 
nannoplankton as sem blages. The Pol ish Ba sin, due to its
mixed Med i ter ra nean-Bo real as pect, has con sid er able sig nif i -
cance for the cor re la tion of strati graphic schemes of the two
palaeogeographic do mains (Marcinowski and Wiedmann,
1985; Kutek et al., 1989; Kutek and Marcinowski, 1996a). 

Nannoplankton stra tig ra phy has not pre vi ously been ap -
plied to the Lower Cre ta ceous suc ces sion of NW Po land. In this 
pa per, the re sults of nannoplankton stud ies of sec tions in the
NW Po land are sourced from an un pub lished re port by
Gaździcka (2006). So far, many dif fer ent nannoplankton sche -
mes have been sug gested for the Lower Cre ta ceous, from dif -
fer ent re gions and with the ap pli ca tion of dif fer ent cri te ria (e.g.,
Roth, 1973; Thierstein, 1976; Sissingh, 1977; Tay lor, 1982;
Perch-Niel sen, 1985; Jakubowski, 1987; Mutterlose, 1991).
These pro pos als dif fer sig nif i cantly from each other, partly be -
cause of the geo graphic vari abil ity of the nannoplankton as -
sem blages, and partly by de vel op ments re gard ing the rec og -
nized strati graphic ranges of par tic u lar cal car e ous nanno plan -
kton taxa dur ing the past few de cades. The most sig nif i cant
stud ies re gard ing the Lower Cre ta ceous stra tig ra phy in the Pol -
ish Low lands and its cor re la tion with neigh bour ing ar eas are
those by Mutterlose (1991, 1992) for the Ger man Ba sin. The
most re cent sub di vi sion of the Lower Cre ta ceous in the Bo real
do main, based on ma te rial from the North Sea (Bown and
Young, 1999), is very valu able; it cor re lates nannoplankton
zones with orthostratigraphic ammonite zones both from the
Bo real and Tethyan do mains. 

An other is sue which still re quires res o lu tion is the palaeo -
nto logical doc u men ta tion of the Ju ras sic and Cre ta ceous boun -
d ary and its un equiv o cal de ter mi na tion in uncored in ter vals of
sed i men tary suc ces sions. In the Pol ish Low lands, the Ju ras -
sic/Cre ta ceous bound ary was, as in the en tire Bo real do main,
tra di tion ally placed be tween the Volgian Stage, de vel oped in
the Purbeck fa cies, and the Ryazanian Stage rep re sented by
ma rine suc ces sions (e.g., Marek and Raczyńska, 1973;

Dembo wska and Marek, 1976; Marek et al., 1989; Grabowski et 
al., 2021). In the Tethyan do main, it was placed be tween the
Tithonian and Berriasian. The base of the Berriasian is lo cated
in the Up per Volgian (Housa et al., 2007; Wimble don et al.,
2011; Bragin et al., 2013; Rogov, 2014; Wimble don, 2014,
2017; Schnabl et al., 2015; Zakharov and Rogov 2020; Grabo -
wski et al., 2021). There is thus need for a new strati graphic in -
ter pre ta tion of these stages in the suc ces sions from the NE Pol -
ish Low lands. More over, the sed i men tary fa cies across the Ju -
ras sic/Cre ta ceous bound ary in ter val in the area, de vel oped as
shal low-ma rine clastic and evaporite de pos its, does not al low
di rect ap pli ca tion of the Tethyan scheme based on ammonites.
There fore, micropalaeontological meth ods have par tic u lar bio -
stratigraphic sig nif i cance. 

This study de ter mines. as pre cisely as pos si ble, the strati -
graphic po si tion of par tic u lar Lower Cre ta ceous sed i men tary
suc ces sions in NW Po land, and cor re lates them at high-res o lu -
tion with data from geo phys i cal logs. 

GEOLOGICAL SETTING

The Early Cre ta ceous sed i men tary bas ins of the Pol ish
Low lands de vel oped along the mar gin of the East Eu ro pean
Plat form, and were ori ented NW–SE (Dadlez et al., 1998). Their 
de vel op ment was pre dom i nantly shaped by ex ten sion along
the Teisseyre-Tornquist Line, that formed a zone with in -
creased sub si dence, known as the Mid-Pol ish Trough (Fig. 1). 

Tec tonic ac tiv ity along the Mid-Pol ish Trough took place be -
tween the Perm ian and the end of the Cre ta ceous, with an
extensional re gime at least un til the Albian (Kutek, 2001). The
mo bil ity of the base ment rocks of the Mid-Pol ish Trough and of
the mar ginal zone of the East Eu ro pean Plat form sig nif i cantly
in flu enced sed i men ta tion in the Early Cre ta ceous bas ins. The
Kuyavian re gion showed the most in tense tec tonic ac tiv ity, re -
sult ing in zones with en hanced sub si dence and the si mul ta -
neous de vel op ment of salt struc tures. The thick ness of the
Lower Cre ta ceous in cen tral and SE Po land var ies from sev eral 
tens of metres to >500 m, with the high est val ues in the ax ial
(cen tral) part of the trough, suc ces sively di min ish ing to wards its
pe riph er ies. In NW Po land, the thick ness of the Lower Cre ta -
ceous var ies from sev eral tens of metres in the Pom er a nian
and Szczecin troughs to 650 m in the Kuyavian re gion (Marek,
1988; Leszczyński, 1998). Rec og ni tion of the pri mary thick ness 
and ex tent of the sed i men tary bas ins is ham pered by later ero -
sion, which took place at the end of the Early Cre ta ceous, be -
fore the Albian trans gres sion, and af ter the in ver sion of the
trough at the end of the Maastrichtian. 

In NW Po land, the Lower Cre ta ceous sed i men tary suc ces -
sion has a lim ited spa tial ex tent and is usu ally rel a tively thin
(Marek, 1988; Leszczyński, 1998). It gen er ally rep re sents shal -
low-ma rine set tings, from mar gin ally-ma rine marshy-la goonal,
to a shal low siliciclastic shelf (Leszczyński, 1997).

The Lower Cre ta ceous lithofacies, in the SE part of the ba -
sin, are dom i nated by car bon ate de pos its, whereas siliciclastic
sed i men ta tion pre vailed in the cen tral and NW part of the area. 

Our re search was fo cused on se lected re gions of NW Po -
land (Fig. 1), en com pass ing the north ern part of the Mogilno
Trough, and the Szczecin and Pom er a nian troughs. The choice 
of study area re flects the lim ited out crop of Lower Cre ta ceous
strata and ac ces si bil ity of ar chi val geo log i cal data. Cores and
geo phys i cal logs were ana lysed from the fol low ing bore holes:
Strzelno IG 1, Chociwel IG 1, Oświno IG 1, Człuchów IG 1 and
Szczecin IG 1. Only geo phys i cal logs from the Choszczno IG 1
bore hole were ana lysed due to the lack of core ma te rial.
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Biostratigraphic anal y sis was sup ple mented by data from the
fol low ing bore holes: Szamotu³y geo 8, Gronowo 2, Cz³opa 3,
Szamotu³y geo 27, Toporzysko, Kukawy TK 13, Kcynia IG 2,
Chroœna and B¹dków 7/17 (Fig. 1). These anal y ses were cor re -
lated with ear lier stud ies in cen tral and SE Po land (Dziadzio et
al., 2004).

STRATIGRAPHY AND LITHOLOGY 

In the lower parts of the Lower Cre ta ceous suc ces sion (up -
per most Mid dle and Up per Berriasian/Ryazanian, Valanginian,
Hauterivian), the strati graphic sub di vi sion is based on
ammonites, and orthostratigraphic fauna for this in ter val (Marek 
and Raczyñska, 1973; Marcinowski and Wiedmann, 1985;
Marek et al., 1989; Kutek et al., 1989; Marek and Rajska, 1997;
Mitta and Ploch, 2012). The Lower Berriasian, de vel oped in
Purbeck-type fa cies and de void of ammonites, was sub di vided
into ostracod zones (Bielecka and Sztejn, 1966; Marek et al.,
1989). Micropalaeontological meth ods were ap plied to both the
lower and up per parts of the Lower Cre ta ceous suc ces sion, es -
pe cially in core data anal y sis (e.g., Moryc and Waœniowska,
1965; Sztejn, 1984, 1997). The pres ence of micro fauna in
some in di vid ual stages of the Lower Cre ta ceous have been re -
corded in sev eral older stud ies on the ge ol ogy of the north west -
ern part of the Pol ish Low lands (Dadlez and Dembowska, 1965; 
Dembowska, 1973a, b; Raczyñska, 1979a, 1987). Bielecka
and Styk (1973), Sztejn (1973, 1977) and Bielecka (1975), also

re ferred to the micro fauna of the Lower Cre ta ceous in de scrip -
tions of bore holes from this part of the Pol ish Low lands. The oc -
cur rence of foraminifera in the up per part of the Lower Cre ta -
ceous in NW Po land was de scribed by Sztejn (1984). The pres -
ently used lithostratigraphic sub di vi sion of the Lower Cre ta -
ceous in the Pol ish Low lands was de vel oped by Raczyñska
(1979b) and Marek and Raczyñska (1979). 

The Lower Cre ta ceous stra tig ra phy in the north west ern part 
of the Pol ish Low lands has been poorly doc u mented palaeonto -
logically, there fore its sub di vi sion was tra di tion ally based on
lithological cor re la tion with the cen tral part of the ba sin
(Raczyñska, 1967, 1971, 1973, 1987; Dembowska and Marek,
1976). With out the use of stratigraphically-cal i brated geo phys i -
cal logs, such in ter pre ta tion was prob lem atic. Be sides li thol ogy, 
the cor re la tion of cer tain sed i men tary se quences has been
based on micro fauna and in some cases also on ammonites.
The Lower Cre ta ceous in the NW part of the Pol ish Low lands
has been cor re lated with the cen tral part of the ba sin in the
Kuyavian area, where the strata are best doc u mented. 

Due to prob lems with their sub di vi sion in the NW part of the
Pol ish Low lands, the Berriasian (Ryazanian) to Lower Valan -
ginian in ter val in the study area was treated as one unit. A few
Berriasian ammonites rep re sent ing Berriasella, Surites, Euthy -
miceras and Himalayites were by anal ogy with the Kuyavian
area as signed to the “beds with Riasanites, Himalayites and
Picteticeras” and “beds with Surites, Euthymiceras and Neo -
cosmo ceras” (Marek and Rajska, 1997). Re vi sion of ammo -
nites of the ge nus Riasanites in di cates the pres ence of Riasa -
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Fig. 1A – lo ca tion of the bore holes stud ied with line of cross-sec tion, rel a tive
 to the main geo log i cal struc tures (the sup ple men tary bore holes 

are in smaller font); B – main tec tonic struc tures



nites swistowianus and Riasanites rjasanenis, i.e., in dex taxa of 
biohorizons ap plied in the Cen tral Rus sian Ba sin (Mitta and
Ploch, 2012), in the Kuyavian area and the NW part of the Pol -
ish Ba sin. There may also be the tzikwinianus Zone (Mitta and
Ploch, 2012), but fur ther study is needed to con firm this zone.

In the gen eral scheme for the epiplatform area of Po land,
the low er most Valanginian has so far been re ferred to as the
“beds with Platylenticeras, Neocomites and Karakaschiceras”
(Marek, 1997). An in for mal sand-dom i nated unit re ferred to as
the “Mid dle Valanginian” was dis tin guished above. This was
termed the “beds with Polyptychites” based mainly on their oc -
cur rence be tween the “beds with Platylenticeras” and “beds
with Dichotomites and Saynoceras” (Marek, 1997). Only de -
tailed stud ied out crop in Wąwał in Tomaszów Mazowiecki
(Kutek et al., 1989; Dziadzio et al., 2004) have al lowed rec og ni -
tion of the ammonite zones.

The Lower Valanginian of NE Pol ish Low lands has been
doc u mented by ammonites of the ge nus Platylenticeras. The
Platylenticeras spe cies in the Pol ish Ba sin mi grated from the
Ger man Ba sin (Dziadzio et al., 2004) with cor re spond ing sim i -
lar ity of tax on omy. Com par i son with ma te rial from cen tral Rus -
sia is needed. The microfaunal as sem blage is not di verse
enough for dif fer en ti at ing be tween the Berriasan (Ryazanian)
and Lower Valanginian, which are de vel oped mainly as silt -
stones and sand stones. 

The de pos its of in for mal unit, the  “Mid dle Valanginian”, are
com posed of sand stones, of ten with car bon ized plant de tri tus.
They rep re sent lac us trine, and lo cally marshy en vi ron ments.
Their strati graphic in ter pre ta tion was based on their sandy
char ac ter and their po si tion be tween Lower Valanginian strata
and de pos its as signed to the Up per Valanginian and Lower
Hauterivian (Raczyńska, 1967). 

No ammonites have been found in the Up per Valanginian
and Lower Hauterivian of NW Po land. The strati graphic po si -
tion of these beds is based on lithological cor re la tion and sim i -
lar i ties of foraminiferal and bi valve as sem blages, mainly with
the Kuyavian area. The strata in clude mainly siltstones and
claystones. Both substages have been treated jointly due to the 
dif fi cul ties in de ter min ing the bound ary be tween them, which
has been in ter preted con ven tion ally (Raczyńska, 1967). 

The microfossils found so far poorly doc u ment the Haute -
rivian substages (Mamczar, 1986; Sztejn, 1997), and so the
Up per Hauterivian substage has also been dis tin guished con -
ven tion ally. It is char ac ter ized by two lithological units: a lower
one com pris ing sand stones with siltstone interbeds and an up -
per one in clud ing sandy-glauconite, sandy-clay, and clay de -
pos its (Raczyńska, 1967). 

Scarce and biostratigraphically in sig nif i cant microfossils
(Mamczar, 1986; Sztejn, 1997), have been found in de pos its
as signed to the Barremian, Aptian, Lower and Mid dle Albian.
They con sist of quartz sands with glauconite and are over lain
by Up per Albian marls, which in their basal part are sandy-marly 
and con tain phos phatic con cre tions. Their strati graphic po si tion 
was de ter mined based on their lo ca tion be tween the Up per
Hauterivian and Up per Albian suc ces sions (Raczyńska, 1967).

The lithostratigraphic scheme for the Pol ish Low lands was
mod i fied by Marek (1997). The sub di vi sion in cludes both for mal 
units (for ma tions, mem bers), as well as in for mal units treated at 
for ma tion level. A for mal lithostratigraphic sub di vi sion for the
Lower Cre ta ceous has been in tro duced for cen tral and NW Po -
land (Kuyavian area), and an in for mal sub di vi sion for SE Po -
land. In the study area, dis tin guish ing both for mal and in for mal
units is dif fi cult. In fre quent fos sils rarely al low for cor re la tion
with cen tral Po land where the strati graphic sub di vi sions were

de vel oped. Lithological changes within in di vid ual sed i men tary
suc ces sions in re la tion to the stratotype sec tions pose an ad di -
tional prob lem. 

In the Kuyavian and Pom er a nian ar eas, the old est clay -
-marly de pos its of the Lower Cre ta ceous are dis tin guished as
the Skotniki Mem ber of the Kcynia For ma tion, en com pass ing
car bon ate-clastic de pos its with evaporites de vel oped in Pur -
beck -type fa cies. The Skotniki Mem ber in cludes marly clay -
stones with interbeds of Cyrena lumachelles. The strati graphic
po si tion of this unit is based on ostracods, Zone A (Marek and
Rajska, 1997) of the up per part of the Lower or Mid dle Berria -
sian (Dziadzio et al., 2004) or low er most Berriasian (Leszczyń -
ski, 1997) and the Mid dle Volgian – low er most Berriasian
(Grabowski et al., 2021). The suc ces sion above the Skotniki
Mem ber, dom i nated by clay de pos its with some sandy lime -
stones and sand stones, is de ter mined as the Rogoźno For ma -
tion in clud ing the Kajetanów, Zakrzew and Opoczki mem bers.
The Kajetanów Mem ber, lack ing ammonites, is as signed to the
up per part of the Lower Berriasian (Marek and Rajska, 1997).
Siliciclastic de pos its of the Zakrzew Mem ber con tain a mixed
Med i ter ra nean-Bo real ammonite as sem blage. They have been
re ferred to as “beds with Riasanites, Himalayites and Picte -
ticeras” and may be cor re lated with the rjasanensis Zone from
the Cen tral Rus sian Ba sin and with the Tethyan occitanica and
boissieri (lower part) zones even in the Pol ish Low land lack ing
in dex spe cies of these Tethyan zones, which en com pass the
Mid dle and Up per Berriasian (Marek and Rajska, 1997; Mitta
and Ploch, 2012). Based on ammonites, the Opoczki Mem ber
was as signed to the Up per Berriasian (“beds with Surites,
Euthymiceras and Neocosmoceras”) and low er most Valan -
ginian (“beds with Platylenticeras, Neocomites and Karakas -
chiceras”) (Marek and Rajska, 1997). 

Al ter nat ing sandy and clay-sandy de pos its above the
Opoczki Mem ber are dis tin guished as the Bodzanów For ma -
tion. Based on ammonites oc cur ring in the cen tral part of the
Pol ish Ba sin, its age was de ter mined as the up per part of the
Lower Valanginian (“beds with Polyptychites”). The Włocławek
For ma tion, cor re spond ing to the Up per Valanginian (“beds with
Dichotomites and Saynoceras”) and the Lower (“beds with
Endemoceras”) and Up per Hauterivian (“beds with Simbirski -
tes”), en com passes al ter nat ing clay-siltstone and sandy de pos -
its. The Włocławek For ma tion com prises the Wierzchosławice,
Gniewków and Żychlin mem bers. The for ma tion is a for mal unit
with well-de fined bound aries and a stratotype area (Raczyńska, 
1979). Ammonite zones (Bo real – robustum, heteropleurum,
polytomus-crassus and triptychoides; Med i ter ra nean – petra -
nsiens and verrucosum) and nannoplankton zones (PN2 Tri -
quetro rhabdulus shetlandensis, PN3 Calcicalthina oblongata,
PN4 Eiffellithus striatus and PN5 Conusphaera rothii) have
been dis tin guished in the Valanginian of the cen tral part of the
Pol ish Ba sin (Kutek et al., 1989; Dziadzio et al., 2004). Three
ammonite zones, i.e., noricum, amblygonium and gottschei,
and four nannoplankton zones, i.e., PN6 Eprolithus antiquus,
PN7 Perissocyclus plethotretus, PN8 Tegulalithus septen -
trionalis and PN9 Tegumentum octiformis, were as signed to the 
Hauterivian (Dziadzio et al., 2004).

The up per Lower Cre ta ceous (Barremian, Aptian and Lower
Albian) was as signed to the for mal Mogilno For ma tion
(Raczyńska, 1979) and in cludes sands and sand stones of vari -
able grain size, com monly coarse-grained. This unit is also tri par -
tite, with two mem bers dom i nated by sandy de pos its (Pa górek
and Kruszwica Mem bers) sep a rated by a clay unit (Gopło Mem -
ber). Strati graphic re vi sion of the cen tral part of the Pol ish Ba sin
has al lowed nannoplankton zones to be es tab lished for the first
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time and in di cates microfaunal as sem blages char ac ter is tic of the 
up per part of the Lower Cre ta ceous. These in clude the Barre -
mian PN10 Nannoconus abundans and PN11 Broinsonia mata -
losa zones, and the Aptian PN12 Farhania varolii and PN13
Eprolithus floralis zones (Dziadzio et al., 2004).

In tense re search un der taken in re cent years, in clud ing this
study, is fo cused on re fin ing the Lower Cre ta ceous strati graphic 
sub di vi sion in the Pol ish Low lands based on newly ac quired
strati graphic data and their cor re la tion with the ap pli ca tion of
geo phys i cal logs in neigh bour ing ar eas, as well as new re -
search tech niques, such as se quence stra tig ra phy. These
stud ies have re sulted in a high-res o lu tion Lower Cre ta ceous
sub di vi sion in the cen tral and SE part of the Pol ish Low lands
(Dziadzio et al., 2004). Our study is a con tin u a tion of this re -
search by the same re search team, fo cused on the NW part of
the Pol ish Ba sin.

MATERIAL AND METHODS

The pro ject in cluded palaeontological anal y sis of ammo -
nite, foraminifera, ostracod and cal car e ous nannoplankton as -
sem blages and si mul ta neous de tailed anal y sis of geo phys i cal
logs of se lected bore holes: Cz³uchów IG 1 (Pom er a nian Swell),
Szczecin IG 1 (Szczecin Swell), Oœwino IG 1 (Szczecin Swell),
Chociwel IG 1 (Szczecin Swell), Choszczno IG 1 (Szczecin
Swell) and Strzelno IG 1 (Mogilno-£ódŸ Swell; Fig.1). The se -
lec tion of bore holes used in this study was based on the pres -
ence of up per most Ju ras sic and Lower Cre ta ceous strata and
their avail abil ity in the cores. In some cases, the lack of con tin u -
ous lithological suc ces sions, the re stricted num ber of cores
cov er ing short in ter vals, and poor core yield were sub stan tial
draw backs. The re sults were used to dis tin guish biostrati gra -
phic zones and thus in di cate the strati graphic po si tion of par tic -
u lar sed i men tary in ter vals. The most im por tant palaeonto -
logical re sults are shown non pho to graphic plates, dis tri bu tional 
charts of se lected bore holes, and a strati graphic scheme pro -
posed for the suc ces sions stud ied (Figs. 2–4 and Ap pen dix 1*).

Ammonites were col lected from the the Strzelno IG 1 and
Oœwino IG 1 bore holes. Ad di tional ma te rial from the Szamotu³y
geo 8, Gronowo 2, Cz³opa 3, Szamotu³y geo 27, Toporzysko,
Kukawy TK 13, Kcynia IG 2 Chroœna and B¹dków 7/17 bore -
holes (Fig. 1) came from the col lec tion of Prof. S. Marek,
housed in the Geo log i cal Mu seum of the Pol ish Geo log i cal In -
sti tute – Na tional Re search In sti tute. 

Micro fauna from four bore holes: Cz³uchów IG 1, Strzelno IG 
1, Chociwel IG 1 and Oœwino IG 1 was ana lysed. Sam ples
weigh ing 0.5–0.8 kg each were col lected for micropalaeonto -
logical stud ies based on foraminiferal and ostracod as sem -
blages. The sam ples were taken from fully cored in ter vals and
their res o lu tion de pended on the core di am e ter and lithological
vari abil ity (on av er age ev ery metre, some times more closely).
Hard rocks were dis in te grated with glau ber salt, whereas soft
rocks were rinsed with wa ter. The ma te rial ob tained was sieved
through a very fine mesh (0.1 mm), due to which the ob tained
micropalaeontological ma te rial was rich, in clud ing small fora -
minifera spe cies which so far have not been de scribed from the
Lower Cre ta ceous of Po land. A Nikon bin oc u lar was used to
view the foraminifera and ostracod as sem blages. Pho to graphs
were made us ing a scan ning elec tron mi cro scope (SEM) in the
Lab o ra tory of Mi cro scopic Pho tog ra phy of the PGI-NRI. 

Sam ples for nannoplankton anal y sis were col lected from the
cores of Chociwel IG 1, Oœwino IG 1, Cz³uchów IG 1, Strzelno IG
1 bore holes, and ad di tional ma te rial was sourced from the
Kcynia IG 2 bore hole. Sev enty sam ples were ana lysed, of which
only 19 con tained cal car e ous nannoplankton. The sam ples were 
usu ally col lected from the same ho ri zons as the ma te rial for
micropalaeontological anal y sis and those yield ing ammo nite fos -
sils. The stud ied suc ces sion not con tain ing cal cium car bon ate
with the only ex cep tion. Due to the rel a tively low nannoplankton
con tent in the strata ana lysed, a con cen tra tion method based on
cen tri fug ing the frac tion con tain ing coccoliths (0.5–30 mm) was
ap plie d. Mul ti ple, fast (30 s) cen tri fug ing was used. Sam ples from 
de pos its con tain ing abun dant clay min er als were first sub jected
to ul tra sonic treat ment. The anal y ses were con ducted in an
Olym pus BH-2 po lar iza tion op ti cal mi cro scope with phase con -
trast. Smear slides were pre pared ac cord ing to the stan dard
tech nique (Perch-Niel sen, 1985; Bown and Young, 1999). The
ma te rial ana lysed usu ally con tained very low amounts of cal car -
e ous nannoplankton. More abun dant and di verse as sem blages
were noted in se lected sec tions of the Kcynia IG 1 and Chociwel
IG 1 bore hole cores. Nannoplankton is typ i cally poorly pre served
in the ma te rial ana lysed, which ham pers tax o nomic iden ti fi ca tion, 
and the di ag nos tic fea tures of the coccoliths are vis i ble only in
polar ised light. 

Geo phys i cal logs from 6 bore holes (Ap pen dix 1), which ac -
cord ing to ar chi val data en com pass the Lower Cre ta ceous, were
ana lysed. Two cor re la tive cross-sec tions were con structed. The
cross-sec tion (Ap pen dix 1) run ning along the line of the Strzelno
IG 1, Choszczno IG 1, Chociwel IG 1, Oœwino IG 1, Szczecin IG
1 and Cz³uchów IG 1 bore holes pres ents the cur rent state of
knowl edge on the Lower Cre ta ceous stra tig ra phy. The ma te rial
was col lected from pub lished data, pro files of the bore holes 6,
11, 41, 42 and 43 (Raczyñska, 1972, 1973, 1977a, b; Jaskowiak -
-Schoenaichowa, 1973, 1977, 1978; Dem bo wska, 1977b)  at the
Pol ish Geo log i cal In sti tute, and bore hole re ports. 

The sec ond cross-sec tion runs along the same line, but be -
gins from the Gostynin IG 4 bore hole, the stra tig ra phy of which
was ana lysed by Dziadzio et al. (2004) and which pro vides an
ini tial scheme for the study area. 

The re sults of study of the biostratigraphy and geo phys i cal
logs, in clud ing bore hole and core de scrip tions, were ana lysed
and cor re lated. All data were de picted on the correlatory cross -
-sec tions and a new strati graphic frame work was pre pared for
the Lower Cre ta ceous strata. Ma te rial from two bore holes,
Szczecin IG 1 and Cz³uchów IG 1, could not be ana lysed sat is -
fac to rily. The strati graphic sub di vi sion here was based on litho -
logical sim i lar i ties and geo phys i cal logs eholes. The ba sic set of 
geo phys i cal curves in clud ing: gamma-ray (GR), neu tron -
-gamma (NEGR), spon ta ne ous po ten tial (SP) and re sis tiv ity
(RES) logs was ana lysed. Var i ous mea sure ment sets made in
dif fer ent years pre cluded ap pli ca tion of one curve set, which
would sim i larly char ac ter ise lithological suc ces sions of the
same age. Most logs were nor mal ised and re cal cu lated to
pseudoAPI units. For cor re la tion and de pic tion, the fol low ing
sets were used: 

– GR-NEGR (or GR-RES); 
– SP-RES. 

For the in ter pre ta tion of se quences and depositional tracts
in the Lower Cre ta ceous suc ces sion, se quence bound aries
(SB); transgressive sur faces (TS); flood ing and max i mum
flood ing sur faces (FS /MFS) were dis tin guished.
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RESULTS OF BIOSTRATIGRAPHIC ANALYSIS

AMMONITES 

Ammonites are rel a tively un com mon in the Lower Cre ta -
ceous suc ces sion of NW Po land and are usu ally poorly pre -
served. They oc cur mostly in the Berriasian (Ryazanian) and
Valanginian. The low num ber of spec i mens did not al low for
com plete anal y sis of the Lower Cre ta ceous ammonite as sem -
blages. For this rea son, the study ma te rial was sup ple mented
with ammonite fau nas from other bore holes in the area, spec i -

mens of which can be found in the col lec tions of Prof. Sylwester
Marek, housed in the Geo log i cal Mu seum of PGI-NRI. 

Par tic u lar zones are re lated to the Med i ter ra nean and Bo -
real schemes in re spect of these chang ing ammonite as sem -
blages, and so the ammonite biostratigraphic scheme is pre -
sented for both do mains. 

Com par a tive stud ies of the col lec tions of Riasanites spec i -
mens have con firmed the oc cur rence of Riasanites rjasanensis
(Nikitin) in Po land (re ferred to as Riasanites sp. nov. by Mitta
and Ploch, 2012), which was found in the Kcynia IG 2 bore hole,
depth in ter val 273.8 m (Muz. PIG 1652.II.21; Mitta and Ploch,
2012: pl. 1, fig. 4), Chroœna bore hole, depth in ter val

Fig. 2A – (?)berriasellid, Muz. PIG 1671.II.14, Strzelno IG 1, depth 1336.2 m, up per most Mid dle and Up per
Berriasian; B – Himalayites cf. breveti (Pomel), Muz. PIG 1665.II.5, Oœwino IG 1, depth 1526.2 m, up per most Mid dle 
and Up per Berriasian, “Beds” with Riasanites, Himalayites and Picteticeras; C – Surites sp., Muz. PIG 1652.II.64,
Oœwino IG 1, depth 1522.4 m, Up per Berriasian, “Beds” with Surites, Euthymiceras and Neocosmoceras; D –
Berriasella sp., Szamotu³y geo 8, Muz. PIG 1652.II.13, 14, depth 646.0 m, Mid dle and Up per Berriasian; E –
Neocosmoceras sp., Muz. PIG 1669.II.1, Gronowo 2, depth 340.5 m, Up per Berriasian, “Beds” with Surites,
Euthymiceras and Neocosmoceras; F– Platylenticeras sp., Muz PIG 1665.II.52, Cz³opa 3, depth 529.0 m, Lower
Valanginian; G – ju ve nile ammonites, Muz. PIG 1665.II.104, Kukawy TK 13, depth 1597 m, Up per Valanginian
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Fig. 3A – Cypridea tumescens praecursor Oertli, Strzelno IG 1, depth 1398.0 m, Lower Berriasian (ostracod zone C); B – Rhinocypris
jurassica (Mar tin), Strzelno IG 1, depth 1398.0 m, Lower Berriasian (ostracod zone C); C – Damonella sp., Strzelno IG 1, depth 1405.0 m,
Lower Berriasian (ostracod zone ?C); D – Lenticulina nodosa (Reuss), Strzelno IG 1, depth 1359.0 m, Up per Berriasian (Ryazanian); E –
Glomospira irregularis (Grzybowski), Strzelno IG 1, depth 1281.5 m, Valanginian; F – Macrodentina mediostricta Maltz, Oœwino IG 1,
depth 1577.0 m, Up per Tithonian (ostracod zone F); G – Eoguttulina liassica (Strick land), Oœwino IG 1, depth 1577.0 m, Up per Tithonian
(ostracod zone F); H – Cypridea praealta invencula Sztejn, Oœwino IG 1, depth 1532.0 m, Mid dle Berriasian (ostracod zone B); I – Klieana 
kujaviana Bielecka et Sztejn, Oœwino IG 1, depth 1532.0 m, Mid dle Berriasian (ostracod zone B); J – Protocythere propria emslandensis
(Bartenstein et Burii), Oœwino IG 1, depth 1518.0 m, Up per Berriasian (Ryazanian); K – Ammodiscus sp., Oœwino IG 1, depth 1350.0 m
Aptian; L – Ammobaculites sp., Oœwino IG 1, depth 1350.0 m, Aptian; M, N – Blefuscuiana infracretacea (Glaessner), Oœwino IG 1, depth
1350.0 m, Aptian; O – Praehedbergella sp., Oœwino IG 1, depth 1350.0 m, Aptian



167.2–167.5 m, (Muz. PIG 1652.II.33; Mitta and Ploch, 2012:
pl. 1, fig. 5). Mitta and Ploch (2012) also de ter mined Riasanites
swistowianus (Nikitin) from the B¹dków 7/17 bore hole, depth
in ter val 209.0–215.0 m (Muz. PIG 1652.II.35; Mitta and Ploch,
2012: pl. 1, fig. 1), and Chroœna bore hole, depth in ter val
167.2–167.5 m (Muz. PIG 1652.II.32; Mitta and Ploch, 2012: pl. 
1, fig. 2). The lat ter spe cies is in dic a tive of the swistowianus
biohorizon (Riasanites rjasanensis Zone) in the Rus sian Ba sin
(Mitta, 2007). 

Rare and fragmentarily pre served Berriasian (Ryazanian)
ammonites have been found in the north ern part of the ba sin
(Ta ble 1). 

The Berriasian ammonite fauna in the study area is gen er -
ally rare and poorly pre served. Due to strong com pac tion of the
spec i mens, tax o nomic as sign ment is prob lem atic. 

Valanginian ammonites are rarely re cov ered from bore -
holes stud ied in NW Po land. Lower Valanginian fau nas oc cur in 
bore holes lo cated closer to the cen tral part of the ba sin, but
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Fig. 4. Com par i son of Lower Cre ta ceous  ammonite, foraminifer, ostracod and nannofossil zonations,
 and strati graphic scheme pro posed for the study se quences

Ammonite zonation af ter Kemper et al. (1981), Kutek et al. (1989), Ogg and Hinnov (2012), and Reboulet et al. (2018), and long-term
 and short-term sea level curves af ter Haq (2014); in grey – zones and beds es tab lished in this pa per



have not been ana lysed in this pro ject; the spec i mens are
housed in the Geo log i cal Mu seum of PGI-NRI. A ju ve nile form
of Platylenticeras (Muz. PIG 1665.II.52; Fig. 2F) was found in
the Człopa 3 bore hole at a depth of 529.0 m. A spec i men de ter -
mined as Platylenticeras (Raczyńska, 1973), col lected from the 
Szamotuły geo 27 bore hole at a depth of 337.5 m, can not be re -
vised be cause it is poorly pre served and its tax o nomic as sign -
ment is prob lem atic. 

Spec i mens de scribed as Saynoceras verrucosum found in
the Toporzysko (depth 486.2 m; Muz PIG 1665.II.103) and
Kukawy TK 13 bore holes (depth 1597 m; Muz. PIG 1665.II.104; 
Fig. 2G) are ju ve nile forms with a smooth conch with out any di -
ag nos tic fea tures. They can not be iden ti fied to spe cies level be -
cause ju ve niles of nu mer ous spe cies have the same form. 

Ammonite fau nas rep re sent ing “beds with Endemoceras”
and “beds with Simbirskites”, de scribed from the cen tral part of
the ba sin (Marek, 1997; Raczyńska, 1979) and up per parts of
the Lower Cre ta ceous, has not been found in the study area. 

MICROFAUNA

In the cur rent study, the micropalaeontological anal y sis of
the bore hole core ma te rial al lows re vi sion of the biostratigraphy
of some sed i men tary se quences and of the po si tion of some
strati graphi cal units. This con cerns es pe cially the older de pos -
its in the “Purbeckian fa cies”. The ostracods found in the
“Purbeckian fa cies” ana lysed helped iden tify lo cal ostracod
zones F to A (af ter Bielecka and Sztejn, 1966) which have been 
dis tin guished in the Pol ish Ba sin. In this study, the strati graphi -
cal po si tion of ostracod zones F–A was dem on strated and the
strati graphi cal scheme es tab lished in cen tral Po land (Dziadzio
et al., 2004) was con firmed (Fig. 4). Ac cord ing to this scheme,
the “Purbeckian”-type se quences should be cor re lated at least
with the up per most Tithonian to lower part of the Up per
Berriasian 

In the study area, de pos its from the Ju ras sic/Cre ta ceous
bound ary in ter val of the “Purbeckian fa cies” are pre served in
the Strzelno IG 1 and Oświno IG 1 bore holes. Zone F marks the 
be gin ning of the “Purbeckian fa cies”. As sem blages typ i cal of
zone F were rec og nized in the Oświno IG 1 bore hole (depth
range 1546.0–1577.5 m). They are char ac ter ized by mixed ma -
rine and brack ish-ma rine taxa with the fol low ing ostracod spe -
cies typ i cal for this zone such as Macrodentina mediostricta
Maltz (Fig. 3F), Protocythere cf. serpentina (An der son), Pro -
cytheropteron cf. brodiei (Jones) and rep re sen ta tives of the
gen era Darwinulla, Damonella, Cypris, Paranotacythere and
Schuleridea. Foraminifera are rep re sented by a few spec i mens

of Eoguttulina liassica (Strick land) (Fig. 3G), Spirillina infima
(Strick land), Palaeomiliolina egmontensis (Lloyd), Bellorusiella
turica Gorbatchik and Lenticulina sp. In Strzelno IG 1, the lower
part of the suc ces sion ana lysed (depth 1462.0 m), de tri tal,
partly dolomitized lime stones yielded un iden ti fied ostracods,
Clypeina al gae and foraminifera such as Melathrokerion
eospiralis Gorbathik and Pseudocyclammina lituus (Yoko -
yama) (Ta ble 2). An ostracod as sem blage char ac ter is tic of
zone E was found in the Strzelno IG 1 bore hole at a depth of
1419.5 m, in a marly shale interlayer within anhydrite de pos its.
This zone is marked by the oc cur rence of the spe cies Cypridea
inversa Mar tin, to gether with other, long-rang ing, ostracod spe -
cies (Ta ble 2). The ostracod zones D and C were iden ti fied only
in the Strzelno IG 1 bore hole at depth in ter val 1398.0–1405.0
m. These zones are char ac ter ized by oc cur rence of other
Cypridea, such as Cypridea tumescens praecursor Oertli (Fig.
3A), Cypridea binodosa binodosa Mar tin, and by long-rang ing
ostracod taxa such as Rhinocypris jurassica (Mar tin) (Fig. 3B)
and Damonella sp. (Fig. 3C and Ta ble 2). Ostracod zone B was
clearly doc u mented only in the Oświno IG 1 bore hole. At a
depth of 1532.0 m, in marls with the bi valve Cyrena, the char ac -
ter is tic taxa of ostracod zone B such as Cypridea praealta
iuvencula Sztejn (Fig. 3H) and Klieana kujaviana Bielecka and
Sztejn (Fig. 3I) were found to gether with other, long-rang ing,
ostracod spe cies. The up per most part of the “Purbeckian”-type
de pos its con tains brack ish and ma rine ostracods of zone A.
This zone was iden ti fied only in the Strzelno IG 1 bore hole. At a
depth of 1378.5 m, Bielecka (1975) noted the pres ence of
Klieana kujaviana Bielecka and Sztejn and higher, at 1376.0 m,
Pachycythereidea compacta (Wolburg) (Ta ble 2). The Oświno
IG 1 bore hole does not have the brack ish-ma rine de pos its of
ostracod zone A. Di rectly above the de pos its with ostracods of
zone B, at depth 1518.0 m, only a ma rine micro fauna is pres ent. 
It is rep re sented by in di vid ual speciments of the cal car e ous
foraminifer Lenticulina cf. nodosa (Reuss) and a few ag glu ti -
nated taxa as well as ma rine ostracods which in di cate the
ostracod Protocythere propria emslandensis Zone, dis tin -
guished in the up per most Berriasian de pos its in cen tral Po land
(Dziadzio et al., 2004). In the Strzelno IG 1 bore hole, ma rine de -
pos its were doc u mented at depth 1359.0 m, in clud ing the
foraminifera Eoguttulina witoldi Sztejn, Pseudonodosaria
humilis (Roemer), Lenticulina cf. nodosa (Reuss) (Fig. 3D),
Epistomina sp., Haplophragmoides concavus (Chap man),
Ammobaculites sp., and ostracods of the gen era Protocythere
and Cytherella (Ta ble 2). Such as so ci a tions have been de -
scribed in the bore holes from cen tral Po land (Sztejn, 1969;
Dziadzio et al., 2004; Grabowski et al., 2021) in the rjasanensis
Zone. 
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T a  b l e  1

Dis tri bu tion of the ammonite taxa

Bore hole
Depth

[m]
Spe cies Mu seum num ber Fig ure Stage

Strzelno IG 1 1336.2 (?) berriasellid Muz. PIG 1671.II.14 Fig. 2A

Up per
Berriasian

Oświno IG 1 1522.0 Surites sp. Muz. PIG 1652.II.64 Fig. 2C

Oświno IG 1 1523.0 (?) Surites sp. not storaged at the Mu seum

Oświno IG 1 1526.1 Himalayites cf. breveti (Pomel) Muz. PIG 1665.II.5 Fig. 2B

Szamotuły geo 8 646.0 Berriasella sp. Muz. PIG 1652.II.13, 14 Fig. 2D

Gronowo 2 340.5
(?) Neocosmoceras sp.

(?) Euthymiceras sp. Raczyńska,
(1967: tab. 1, fig. 5)

Muz. PIG 1669.II.1 Fig. 2E



In the Valanginian–Mid dle Albian in ter val, micro fauna is
pres ent only at cer tain depths (Ap pen dix 1). It is mostly rep re -
sented by long-rang ing foraminifera, mainly ag glu ti nated taxa.
In the Valanginian, micro fauna was noted only in the Strzelno
IG 1 and Cz³uchów IG 1 bore holes (Ap pen dix 1). In the Cz³u -
chów IG 1 bore hole, a rather low-abun dance foraminiferal as -
sem blage oc curs at a depth of 705.0 m. It com prises ag glu ti -
nated forms such as Haplophragmoides cushmani Loeblich
and Tappan, H. concavus (Chap man), Glo mo spirella gaultina
(Berthelin), Ammodiscus sp. and Tro chammina sp. In the
Strzelno IG 1 bore hole, in depth in ter val 1234.0–1281.6 m,
there are scarce foraminifera as sem blages with Glomospira
irregularis (Grzybowski) (Fig. 3E), Tro cham mina kcyniensis
Sztejn, H. concavus (Chap man), Ammobaculites cf. eocreta -
ceous Bartenstein and Brand, Proteonina difflugiformis Brady,
Haplophragmoides cush mani Loeblich and Tappan, Lenticulina 
sp., Lenticulina subalata (Reuss), Reophax sp. and Tro -
chammina sp. In the higher part of the Strzelno IG 1 bore hole in
the depth in ter val 1226.0–1234.0 m, more cal car e ous fora -
minifer ap pear in clay stones with high-Fe con cre tions. Here,
foraminiferal as sem blages with Epistomina caracolla was dis -
tin guished (Fig. 4), which in ad di tion to Epistomina caracolla
(Roemer) also con tain taxa such as Lenticulina subalata
Reuss, Epistomina sp., Vaginulinopsis humilis Reuss, Glomo -
spirella gaultina (Berthe lin), Proteonina sp. and Reophax sp.
The micro palaeonto logical doc u men ta tion does not con strain
the age of these rocks. Sim i lar foraminiferal as sem blages were
noted in cen tral and south east ern Po land in the Valanginian

and low er most Hauterivian de pos its (Dziadzio et al., 2004). The 
up per part of the Lower Cre ta ceous also in cludes scarce
microfossils. Foraminifera are spo rad i cally pres ent in the
Cz³uchów IG 1 and Chociwel IG 1 bore holes. As sem blages
com posed of ag glu ti nated taxa have no strati graphic sig nif i -
cance. A foraminiferal as sem blage with Blefuscuiana infra -
cretacea and Praehedber gella sp. (Fig. 4) is pres ent in the
Oœwino IG 1 bore hole at a depth of 1350.0 m in dark siltstones.
The in dex spe cies Blefus cuiana infracretacea (Glaessner) (Fig. 
3M, N) points to an Aptian age. The foraminiferal as sem blage
men tioned above, in ad di tion to the in dex spe cies, also in cludes 
an other plank tonic spe cies, Praehedbergella sp. (Fig. 3O), rare
cal car e ous forms rep re sent ing the gen era Lenticulina and
Epistomina. and also ag glu ti nated taxa such as Ammodiscus
sp. (Fig. 3K), Ammoba culites sp. (Fig. 3L) and other of gen era:
Haplophragmoides, Trochammina, Proteoina, and Glomospira.

CALCAREOUS NANNOPLANKTON

The stratigraphically old est coccolith as sem blage was
found in the Strzelno IG 1 bore hole core, in the clay-siltstone in -
ter val at a depth of 1314.0 m. It in cludes rare and poorly pre -
served, low-di ver sity cal car e ous nannoplankton: Cyclagelo -
spha era margerelii Noël, Diazomatolithus lehmanii Noël,
Nanno conus sp., Retacapsa angustiforata Black, Rotelapillus
laffittei (Noël), and Watznaueria barnesiae (Black). The tax o -
nomic com po si tion of the coccolith as sem blage from the
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Dis tri bu tion chart of the micro fauna in the up per most Tithonian and Berriasian in the Strzelno IG 1 bore hole
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Strzelno IG 1 bore hole core al lows rec og ni tion of the CC2
Stradneria crenulata (Thierstein, 1971; nom. corr. Perch-Niel -
sen, 1985) stan dard nannoplankton zone. This ho ri zon en com -
passes the up per most part of the Mid dle Berriasian, the Up per
Berriasian and the low er most Valanginian (Perch-Niel sen,
1985). It is thus a rather long in ter val, and the low di ver sity of
the coccolith as sem blage does not al low de ter mi na tion of the
pre cise strati graphic po si tion of the suc ces sion ana lysed. 

More abun dant and tax o nom i cally di verse as sem blages of
cal car e ous nannoplankton have been noted in the Kcynia IG 2
bore hole lo cated on the Kuyavian-Pom er a nian Swell, to the
north-west of Strzelno. An 80-m se ries of grey and dark grey
claystones and marly shales with in ter ca la tions of marls and
siltstones with sid er ite, py rite con cre tions, and ac cu mu la tions of 
cal car e ous mol lusc shells was stud ied in the suc ces sion of this
fully cored bore hole. This com plex oc curs above a 130 m thick
se ries of Purbeck-type fa cies, en com pass ing shal low-ma rine
lime stones, gyp sum and anhydrite, as well as dark bi tu mi nous
shales, capped by a thin ho ri zon of fresh-wa ter de pos its rep re -
sent ing the Wealdian. The transgressive cy cle be gins with
clayey marls with Cyrena bi valves, ostracods and ag glu ti nated
foraminifera. The nannoplankton as sem blages doc u ment the
stage of ba sin de vel op ment when the coast line was clearly
shifted land wards. The nannoplankton as sem blages are dom i -
nated by rep re sen ta tives of the ge nus Watznaueria: W.
barnesiae (Black), W. biporta Bukry, W. bri tan nica (Stradner),
and W. fossacincta (Black). Tethyan or cos mo pol i tan spe cies
are also com mon: Cyclagelosphaera argoensis Bown, Haqius
circumradiatus (Stover), Diazomatolithus lehmanii Noël, Lithra -
phidites carniolensis Deflandre and Retacapsa angustiforata
Black. They are ac com pa nied by Bo real taxa, such as Crucibis -
cutum salebrosum (Black), Sollasites arcuatus (Black), S.

horticus (Stradner et al.) and Zeugrhabdotus erec tus Deflandre. 
The tax o nomic com po si tion of the nannoplankton as sem blages 
al lows rec og ni tion of the Up per Berriasian (Ryazanian) BC2
Sollasites arcuatus Bo real nannoplankton zone (Jakubowski,
1987; Ta ble 2). This zone en com passes a short strati graphic in -
ter val (from the first to the last ap pear ance of S. arcuatus) and
cor re sponds to the up per part of the CC2 Stradneria crenulata
stan dard nannoplankton zone (Thierstein, 1971; Perch-Niel -
sen, 1985), dis tin guished in the Tethyan do main. 

Nannoplankton zone BC 2 is cor re lated with the ammonite
albidum Zone cor re spond ing to the up per most Ryazanian in
the Bo real do main (up per part of the Tethyan boissieri Zone;
Fig. 4). 

An ad di tional study only on nannoplankton was done for
the higher part of the bore holes mainly to add to the few
nanno plankton re cords from Lower Cre ta ceous de pos its in the 
NW part of the Mid-Pol ish Trough and to ob tain more bio strati -
graphic in for ma tion. Abun dant but poorly pre served cal car e -
ous nannoplankton with traces of strong chem i cal cor ro sion
were noted in dark grey marls of the Chociwel IG 1 bore hole
core at a depth of 2323.7 m. The as sem blage is dom i nated by
coccoliths of the spe cies Watznaueria barnesiae (Black), ac -
com pa nied by W. biporta Bukry and Cyclagelo spha era mar -
gerelii Noël. The spe cies Eiffellithus monechiae Crux, E.
turriseiffeli (Deflandre), Prediscosphaera columna ta (Stover)
and Prediscosphaera spinosa (Bramlette and Mar tini) in di cate 
the CC9 Eiffellithus turriseiffeli stan dard nanno plankton zone
and the cor re spond ing BC27 (Bown et al., 1999) and UC0
(Bur nett, 1999) Bo real nannoplankton zones (Ta ble 4 and Ap -
pen dix 1). 

This in ter val ranges from the first oc cur rence (FO) of E.
turriseiffeli and the FO of Corollithion kennedyi Crux. It is cor re -
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lated with the dispar ammonite zone and the lower part of the
mantelli Zone, rang ing from the up per most Albian to the low er -
most Cenomanian (Fig. 4). A nannoplankton as sem blage of
sim i lar tax o nomic com po si tion to that noted above, in di cat ing
the up per most Albian, oc curs in light grey marls at a depth of
2317.0 m. In turn, the over ly ing ~10 m thick suc ces sion can be
de scribed as tran si tional be tween the Albian and Cenomanian,
cor re spond ing to the pre vi ously dis tin guished Vraconian Stage. 
This term was used for a marly fa cies with Aucellina shells
(“Aucellina marls”) that is wide spread in Eu rope and is char ac -
ter ized by the grad ual dis ap pear ance of Albian taxa (nanno -
plankton, foraminifera and macrofauna) and the ap pear ance of
Cenomanian taxa Aucellina gryphaeoides (Sow.) while other
forms de scribed as Aucellina sp. have been noted in marls oc -
cur ring in depth in ter val 2304.4–2320.2 m of the Cho ciwel IG 1
bore hole core (Jaskowiak-Schoenaichowa, 1977).

Rep re sen ta tives of the Gartnerago ge nus, i.e., G. nanum
Thiersten and G. theta (Black), ap pear from a depth of
2304.5 m in the nannoplankton as sem blages; the FO of Coro -
llithion signum Stradner was noted at a depth of 2301.5 m. The
ap pear ance of G. nanum doc u ments the Albian/Cenomanian
bound ary, be cause the FO of this spe cies was ob served above
the bound ary be tween the dispar and mantelli zones, i.e., in the
low er most Cenomanian. The spe cies Corollithion kennedyi
Crux (zonal marker – Bur nett, 1999) was noted at a depth of
2288.5 m, which al lowed rec og ni tion of the sub se quent UC1
nannoplankton zone cor re spond ing to the Lower Cenomanian
(Ap pen dix 1). In turn, sam ples from depth lev els of 2268.5 and
2266.5 m con tain cal car e ous nannoplankton as sem blages
point ing to the Mid dle Cenomanian-UC3 Bo real nannoplankton 

zone, subzone UC3b. The tax o nomic com po si tion of the
nanno plankton as sem blages with Acenolithus cenomanicus
Black and the lack of Gartnerago theta (Black) point to the lower 
part of the Mid dle Cenomanian, cor re spond ing to the rhoto -
magense ammonite zone. 

A sim i lar case was ob served in the Oœwino IG 1 bore hole
core, lo cated also in the Szczecin Trough, in which 18 sam ples
were stud ied in depth in ter val 1285.5–1542.3 m. Cal car e ous
nannoplankton ap pear in grey marls at a depth of 1287.0 m,
and the tax o nomic com po si tion of the as sem blage with Corol -
lithion kennedyi Crux and Gartnerago theta (Black) points to the 
Lower Cenomanian, UC1 nannoplankton zone. A sam ple from
a depth of 1285.5 m con tains a more abun dant coccolith as -
sem blage with Acaenolithus cenomanicus Black, doc u ment ing
the Mid dle Cenomanian UC3 nannoplankton zone (Ap pen dix
1). The Tethyan spe cies Microrhabdulus decoratus Deflandre,
whose FO marks the lower bound ary of the CC10 stan dard
nannoplankton zone en com pass ing the up per part of the Lower 
Cenomanian, has not been re corded in any of the two bore hole
cores ana lysed.

ANALYSIS OF GEOPHYSICAL LOGS

The most com plete Lower Cre ta ceous suc ces sions oc cur in 
the Strzelno IG 1 and Oœwino IG 1 bore holes. The re main ing
bore holes are char ac ter ized by frag men tary and much re duced
suc ces sions; the re duc tion re fers to the lower part of the Lower
Cre ta ceous, e.g., in the Choszczno IG 1 and Chociwel IG 1
bore holes. Anal y sis of geo phys i cal logs shows that it is very dif -
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Dis tri bu tion of cal car e ous nannoplankton taxa within the Chociwel IG 1 bore hole sec tion
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fi cult or in some cases im pos si ble to dis tin guish also the up per
stages of the Lower Cre ta ceous as done by pre vi ous re search -
ers on the same dataset. The frag men tary strati graphic data do
not al low for un equiv o cal sub di vi sion of the Cre ta ceous in the
Szczecin IG 1 and Cz³uchów IG 1 bore holes, where al most
com plete Lower Cre ta ceous suc ces sions have been rec og -
nized. Com par i son of the po si tion of the stage bound aries with
geo phys i cal logs in di cates that they do not have sim i lar char ac -
ter is tics. 

A de tailed list of depths of par tic u lar stages in the bore holes
ana lysed is shown in Ta ble 5. 

DISCUSSION

SIGNIFICANT BOUNDARIES DISTINGUISHED DURING
 THE ANALYSIS

The bound ary be tween the Tithonian and Berriasian in
the study area and in the cen tral part of the Pol ish Low lands oc -
curs at the base of the >30 m thick se ries of car bon ate-sul phate 
de pos its de scribed by GaŸdzicka (1996) and Dziadzio et al.
(2004). 

The bound ary is thus of re gional char ac ter, as in the cen tral
part of the Pol ish Low lands in the War saw Trough. Sim i larly, as
in the south of Po land, it may rep re sent a se quence bound ary
com bined with a rel a tive sea level fall, and is clearly noted on
geo phys i cal logs (see Dziadzio et al., 2004). The bound ary is
placed in this in ter val in the Strzelno IG 1 bore hole, as in the
Gostynin IG 4 bore hole. The lower unit as signed to the Up per
Tithonian is car bon ate-marly-dolomitic.

The Lower Berriasian is rep re sented by al ter nat ing
clay-car bon ate-sul phate de pos its iden ti fied by core data. To -
wards the NW they are re placed by marly-car bon ate de pos its,
with oolitic lime stones in the lower part of the Lower Berriasian,
as in the SE of the ba sin in the Bia³obrzegi IG 1 bore hole
(Dziadzio et al., 2004). 

The car bon ate-sul phate de pos its in the vi cin ity of Oœwino
are over lain by marly de pos its (~6 m thick), as in the vi cin ity of
Gostynin. Most prob a bly the equiv a lents of these de pos its are
2 m thick in the Strzelno IG 1 bore hole. This change in fa cies, as 
in south ern Po land, may sug gest the be gin ning of the trans -
gres sion as early as in the Early Berriasian. A transgressive
sur face may be pres ent there. These de pos its prob a bly con tin -
u ously pass into the Mid dle Berriasian.

The base of the Mid dle Berriasian was placed by anal ogy
with the cen tral part of the Pol ish Low lands. It can be re lated
with a transgressive sur face, clearly iden ti fied on geo phys i cal
logs (see Dziadzio et al., 2004). 

A highstand sys tems tract is prob a bly de vel oped above this
bound ary in the part of the Pol ish Low lands ana lysed; it en com -
passes a thin (~8–15 m) Mid dle Berriasian suc ces sion. The
Mid dle Berriasian strata in clude dark grey marly shales inter -
bedded with bioclastic lime stones as in the re gion of Oœwino. 

The Up per Berriasian was re cog nized in the Strzelno IG 1
and Oœwino IG 1 bore holes. The Mid dle/Up per Berriasian
boun d ary was placed at the base of a lower-range se quence,
whose lowstand sys tems tract and transgressive sys tems tract
in cludes the Up per Berriasian. The bound ary is de ter mined
sim i larly as in the south ern part of the Pol ish Low lands. A more
com plete and sur pris ingly thick (74 m) suc ces sion in the study
area was re cog nized in the Strzelno IG 1 bore hole, where it is
de vel oped as a se ries from shal low-ma rine lime stones with
Cyrena through a sandy clays to clays and clayey siltstones
with ho ri zons of Exogyra fauna, pyritized bioturbation infills and
si der it ic con cre tions at the top, within which lies a max i mum
flood ing sur face mark ing the bound ary be tween the Berriasian
and Valanginian. The bound ary is placed ex actly in the same lo -
ca tion as in the south ern part of the Pol ish Low lands. The large
thick ness of the Up per Berriasian in the study area is of high
sig nif i cance. Com par a tive anal y sis with ex ist ing data on the
Lower Cre ta ceous in di cates that this is the first case of such
sub stan tial thick ness in the Berriasian in NW part of the Pol ish
Trough. It may be in ter preted as a chan nel infill or an in cised
shelf val ley. 
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Depth of the Lower Cre ta ceous strati graphic bound aries in the bore holes based 
on lithological sim i lar i ties and geo phys i cal logs

Borehole/strati graphic in ter val Strzelno IG 1 Choszczno IG 1 Chociwel IG 1 Oœwino IG 1 Szczecin IG 1 Cz³uchÙw IG 1

Cenomanian/Turonian 952.5 936.0 2243.0 1257.0 1492.0 574.0

Aptian-Albian/Cenomanian TS 1037.2 982.0 2325.3 1293.0 1543.2 621.0

Barremian/Aptian-Albian SB 1143.8 1335.0 1563.6 656.5

Hauterivian/Barremian MFS 1155.5 1354.5 1569.4 662.2

Lower/Up per Hauterivian MFS 1190.7 982.0 2345.5 1411.5 1576.5 680.0

Valanginian/Hauterivian TS 1229.0 1000.0  2345.5 1448.0 1584.9 684.5

Lower/Up per Valanginian FS 1281.24 1478.4

Berriasian/Lower Valanginian
MFS

1318.0 1516.0
1609.0           

base of the
Valanginian 

705.5           
base of the
Valanginian

Mid dle/Up per Berriasian SB 1391.0 1527.0

Lower/Mid dle Berriasian FS 1399.0 1541.5

Tithonian/Lower Berriasian SB 1442.0 1560.0

Base of the Cre ta ceous 1442.0 1000.0  2345.5 1560.0 1609.0 705.5

FS – flood ing sur face, MFS – max i mum flood ing sur face, SB – se quence bound ary, TS – transgressive sur face



The Berriasian/Valanginian bound ary was placed at the
max i mum on the gamma-ray log. A higher av er age of the
gamma value is in ter preted as be ing due to deeper sed i men -
tary en vi ron ments (e.g., Van Wag oner et al., 1990; Mitchum et
al., 1993; Dziadzio et al., 2004; Moradi et al., 2019). Grad ual
deep en ing of the Berriasian sed i men tary ba sin took place up to
this bound ary; it is also vis i ble in the fa cies re cord and and in the 
retrogradational char ac ter of the geo phys i cal logs. 

Con sid er able thick nesses of the Valanginian suc ces sion
were noted in the Strzelno IG 1 (~90 m) and Oœwino IG 1
(~70 m) bore holes. A dis tinct di chot omy can be ob served on
geo phys i cal logs within the clastic Valanginian de pos its in the
study area; based on core data and bore hole logs, it is re garded 
as progradational in char ac ter. Of the same mode is the Lower
Valanginian in the War saw Trough area, where parasequences 
are ob served on geo phys i cal logs and in core data. 

The lower part of the suc ces sion in cludes clays and clay-
 siltstones, of ten with laminae and sid er ite lay ers, whereas the
up per is sandy in char ac ter. In the mid dle part of the suc ces sion 
is the bound ary be tween the Lower and in for mal “Mid dle Valan -
ginian” within clays with si der it ic con cre tions, where it can be
linked with ma rine flood ing (prob a bly of a lower range than in
the Gostynin area). There fore, the Up per Valanginian suc ces -
sion in the study area in di cates de po si tion dur ing shallowing of
a highstand sys tems tract. The se quence bound ary which oc -
curs in the SE part of the Pol ish Low lands may also be pres ent
here in the lower part of the Up per Valanginian at the base of a
sandy  se ries, in the Strzelno IG 1 bore hole at a depth of
1265 m, just above the flood ing sur face. This is con firmed by
con cre tions and clay clasts in the base of the sand stones in the
Strzelno IG 1 bore hole, and by sand stones at a depth of
~1474 m in the Oœwino IG 1 bore hole. 

In the top most part of the lowstand sys tems tract, there is a
transgressive sur face (TS) in the Oœwino IG 1 bore hole, which
may be the bound ary be tween the Valanginian and Hauteri -
vian, as in the War saw Trough. Based on palaeontological
data, this bound ary is placed within a clay se ries in the Strzelno
IG 1 bore hole, which may in di cate strati graphic con ti nu ity be -
tween the Valanginian and Hauterivian, and a more basinal part 
of the suc ces sion. Near Szczecin and Cz³uchów, de pos its of
this age were dis tin guished by anal ogy with the fa cies re cord
and geo phys i cal logs. How ever, they have not been sub di vided
there into the Lower and Up per Valanginian. 

Above the transgressive sur face, which in the Strzelno IG 1
bore hole may co in cide with flood ing, be gins a transgressive
sys tems tract char ac ter ized in the en tire area of the Pol ish Low -
lands by the pres ence of strongly bioturbated clay shales, dis -
persed Fe ooids and glauconite (Gostynin IG 4 and Strzelno IG
1 bore holes). 

In the Strzelno IG 1 bore hole, as in the Gostynin IG 4 bore -
hole and the SE part of the Pol ish Low lands, a sec ond-or der
se quence bound ary oc curs in the lower part of the Lower
Hauterivian suc ces sion. Based on core data and bore hole
logs, a flood ing sur face and transgressive sur face may be dis -
tin guished slightly higher up. This sug gest rather un sta ble
sed i men tary con di tions of the Lower Hauterivian caused by
global sea-level changes or lo cal tec tonic con di tions, and the
strata re cord ing these phe nom ena were prob a bly de pos ited
within a shal low clastic shelf. They are dom i nated by a clastic
fa cies of fine- and very fine-grained sand stones, siltstones
and clay stones, interbedded with laminae or dis persed Fe and 
si der it ic con cre tions, as well as Fe ooids. The suc ces sion is
strongly bioturbated with py rite-filled trace fos sils. A max i mum
flood ing sur face has been rec og nized at the top of these de -
pos its. It sep a rates the Lower Hauterivian from the Up per
Hauterivian de pos its. 

The Lower Hauterivian, al though char ac ter ized by in com -
plete suc ces sions, prob a bly oc curs in the Choszczno IG 1 and
Chociwel IG 1 bore holes, where it di rectly over lies Ju ras sic
strata. Rocks of this age have also been cor re lated in the
Szczecin IG 1 and Cz³uchów IG 1 bore holes, but based only on
geo phys i cal logs and lithological data. 

The Up per Hauterivian is dom i nated by sand stones de pos -
ited dur ing a lowstand sys tems tract. The highstand sys tems
tact, which in the Strzelno IG 1 and Oœwino IG 1 bore holes is
very thin, cor re sponds to a much thicker one in the vi cin ity of
Gostynin (Dziadzio et al., 2004). In both cases, the sandy fa cies 
is re placed by a clay fa cies up wards, which points to the
retrogradational char ac ter of sed i men ta tion in the Late Hauteri -
vian.

The Hauterivian/Barremian bound ary is re corded in the
geo phys i cal logs as a max i mum on the gamma-ray curve cor re -
spond ing to a max i mum flood ing sur face. It is clearly iden ti fied
in all bore holes in the study area and across the en tire Pol ish
Low lands (Dziadzio et al., 2004).

De pos its of Barremian age were de pos ited dur ing a high -
stand sys tems tract. They in clude fine-grained de pos its formed
within a shal low shelf. The top of these de pos its marks a se -
quence bound ary with sand stones of Aptian–Albian age.

Based on avail able data, it is not pos si ble to sub di vide this
in ter val into sep a rate stages. As in Dziadzio et al. (2004), they
are treated as one unit. Ad di tional bound aries, which may in di -
cate os cil la tions of ba sin depth as in the case of the Gostynin to
Bia³obrzegi area (Dziadzio et al., 2004), can not be dis tin -
guished due to the lack of char ac ter is tic anom a lies in the bore -
hole logs. The larg est thick ness of these de pos its was noted in
the Strzelno IG 1 bore hole (113 m). They in clude fine- and me -
dium-grained quartz sands/sand stones with glauconite, of ten
with coarser grains, which are well-sorted, washed out, and oc -
ca sion ally with dis persed clay and coalified ma te rial. 

Based on avail able core data and ma te rial from the south -
ern part of the Pol ish Low lands (Dziadzio et al., 2004), the most
prob a ble sed i men tary set ting was a clastic shelf char ac ter ized
by a high sub si dence rate. Such sed i men ta tion took place from
the War saw Ba sin to the Oœwino IG 1 bore hole area, reach ing
42 m in the Pom er a nian Trough, of which sand stones com prise
20 m, be ing re placed by siltstones higher up in the suc ces sion.
Small thick nesses of de pos its of this age oc cur in the Szczecin
IG 1 and Cz³uchów IG 1 bore holes. Strata of this age were not
noted in the Chociwel IG 1 and Oœwino IG 1 bore holes, where
the Lower Hauterivian is di rectly over lain by the Cenomanian. 

The top most part of the Aptian-Albian in ter val is char ac ter -
ized by mass ac cu mu la tions of glauconite and phosphorites,
some times rep re sented by large gran ules. Their pres ence may
point to a max i mum flood ing sur face and in di cate that the de -
pos its were formed on a transgressive sur face. Above, sand -
stones are abruptly re placed by marls. The MFS, prob a bly doc -
u ment ing the Early Cenomanian trans gres sion, is re corded by
two max ima on the gamma-ray log. 

STRATIGRAPHY AND DEPOSITIONAL 
SEQUENCES

The most com plete Lower Cre ta ceous suc ces sions in the
Pom er a nian Ba sin oc cur in the Strzelno IG 1 and Oœwino IG 1
bore holes. A slightly dif fer ent case oc curs in the re main ing
bore holes, where com plete suc ces sions are miss ing e.g., the
Choszczno IG 1 and Chociwel IG 1 bore holes, in which only the
Lower Hauterivian is likely to be pres ent. The strongly re duced
Lower Cre ta ceous suc ces sion (re duc tion re fers to the same
stages) in the Szczecin IG 1 and Cz³uchów IG 1 bore holes,
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which are lo cated in the same line with the Oświno IG 1 bore -
hole, is dif fi cult to un der stand. How ever, a com par i son of the
ma te rial ana lysed with that de scribed by Dziadzio et al. (2004)
shows that a sim i lar cyclicity of sed i men ta tion re flected in
depositional se quences is pre served in other parts of the Pol ish 
Ba sin. More over, the Pom er a nian Trough, con sist ing of a se -
ries of small blocks sep a rated by faults, shows var i ous ver ti cal
move ments. Block mo bil ity dur ing sed i men ta tion caused lo cal
vari abil ity in the sub si dence of in di vid ual stages and for ma tions
and in crease in strati graphic-ero sional gaps (Dadlez, 1983).

Third-or der se quences and superordinate cy cles, prob a bly
sec ond-or der se quences, can be dis tin guished in the en tire
Lower Cre ta ceous suc ces sion in the Pom er a nian Ba sin. 

The first se quence en com passes ~12 My, oc curs at the
Tithonian/Berriasian bound ary, and is biostratigraphically
doc u mented by ostracods, marked by geo phys i cal logs show -
ing SB fea tures and can be re lated to the global sea level fall
de ter mined on Haq’s curve. 

The stra tig ra phy of the low er most in ter val stud ied be long ing 
to the “Purbeckian fa cies” is based only on ostracod bio -
stratigraphy (zones F to A). In this study, the po si tion of the F to
A ostracod zones was de ter mined and the strati graphic
scheme es tab lished for cen tral Po land by Dziadzio et al. (2004)
was con firmed. Ac cord ing to this scheme, the “Purbeckian”-
 type se quences should be cor re lated at least with the up per -
most Tithonian to the lower part of the Up per Berriasian. The in -
ter val en com pass ing ostracod zones F to B was hith erto as -
signed to the Up per Ju ras sic – the up per most Mid dle Tithonian
and the Up per Tithonian (Marek et al., 1989; Marek, 1997) – or
to the Up per Volgian (Sztejn, 1991). The low er most Lower Cre -
ta ceous – Berriasian de pos its were con sid ered as Ryazanian
brack ish-ma rine strata with ostracods of Zone A and an
ammonite - bear ing mem ber of the Rogoźno For ma tion (Marek
and Rajska, 1997). Re cent joint geo phys i cal and palaeontolo -
gical anal y sis of the Lower Cre ta ceous of the Pol ish Low lands
has in di cated sig nif i cant changes in the sub di vi sion of the Ju -
ras sic/Cre ta ceous bound ary in ter val (Olszewska, 1999; Zdano -
wski et al., 2001; Gaździcka et al., 2003; Dziadzio et al., 2004;
Grabowski et al., 2021). The bound ary in ter val, pre vi ously at -
trib uted to the Up per Tithonian (Up per Portlandian or Up per
Volgian in older re ports), ac cord ing to the lat est biostratigraphic
sub di vi sion, largely rep re sents the Lower Cre ta ceous. 

In this study, the lower part of the “Purbeckian” de pos its
where ostracod taxa of zone F were rec og nized (Oświno IG 1
bore hole) are re ferred to the lat est Tithonian. Prob a bly the Up per 
Tithonian can also be ap plied to the lower part of the se quences
stud ied in the Strzelno IG 1 bore hole which yielded foraminifera,
ostracod and Clypeina al gae. Micropalaeontolo gical doc u men ta -
tion does not de ter mine the age of these strata. Nev er the less,
these se quences may be as signed to the Up per Tithonian based 
on the pres ence of the foraminifera Melathrokerion eospiralis
(Gorbathik) and Pseudocyclammina lituus (Yokoyama). Sim i lar
fau nal as sem blages rec og nized in the Ropczyce se ries in the
Carpathian Foredeep rep re sent the Up per Tithonian (Olsze -
wska, 1999, 2001; Zdanowski et al., 2001). The up per part of the
“Purbeckian” suc ces sion with ostracod as sem blages of zones E
through A is as sumed to be of the Berriasian age. The ver ti cal
vari a tions in ostracod as sem blages in the bore holes stud ied en -
abled cor re la tion of the �Purbeckian�-type de pos its with sim i lar
se quences in cen tral Po land (Dziadzio et al., 2004; Grabowski et 
al., 2021), and also with Dorset in south ern Eng land and with the
Lower Sax ony Ba sin in Ger many (An der son, 1985; Allen and
Wimble don, 1991; Schnei der et al., 2018). The “Purbeckian” de -
pos its with the ostracod taxa of zone F may be con sid ered as
equiv a lent to the low er most part of the Lulworth For ma tion in
Dorset and the up per part of OM4 (Munder For ma tion) in the

Lower Sax ony Ba sin. This is in di cated by the co-oc cur rence of
sim i lar ostracod as sem blages which are char ac ter ized by the
mixed ma rine and brack ish–ma rine taxa. Such as sem blages are 
noted in an ammonite-bar ren in ter val at the top of the Ju ras sic in
north west ern Eu rope (e.g., An der son, 1985; Horne, 1995, 2009;
Elstner and Mutterlose, 1996; Wilkinson, 2008; Wilkinson and
Whatley, 2009). The ostracod zones E, D and C cor re spond to
the pre-Mid dle Purbeck in Dorset. The ostracod zones E to C
cor re spond also to the Katzberg Mem ber (OM5) and the lower
part of the Serpulit Mem ber (OM6) of the Munder For ma tion in
the Lower Sax ony Ba sin (An der son, 1985; Allen and Wimble don, 
1991; Elstner and Mutterlose, 1996; Arp and Mennerich, 2008;
Schnei der et al., 2018). This is in di cated by the co-oc cur rence of
the ostracods Cypridea inversa Mar tin, C. tumescens praecursor 
Oertli, C. binodosa binodosa Mar tin and oth ers. In cen tral Po land 
(Dziadzio et al., 2004), ostracod zones E, D and C were cor re -
lated with the Eng lish Lower Berriasian C. dunkeri Zone. The up -
per part of the �Purbeckian�-type de pos its in NW Po land which
con sists of ostracod zones B and A seems to be equiv a lent to the 
up per part of the Serpulit Mem ber (OM6) in the Lower Sax ony
Ba sin and per haps the lower Mid dle Purbeck of the Lulworth For -
ma tion in Dorset. How ever, due to the dif fer ent na ture of the
ostracod fauna, this cor re la tion is dif fi cult to es tab lish. In cen tral
Po land, ostracod zone B is cor re lated with the Eng lish Cypridea
granulosa Zone of the Mid dle Berriasian, while ostracod zone A
was dis tin guished in the lower part of the Up per Berriasian and
was cor re lated with the Eng lish Cypridea vidrana Zone (Dziadzio 
et al., 2004). In the ma rine de pos its with ammonites above strata
of the �Purbeckian� se quences, ostracods of the Protocythere
propria emslan densis Zone were re corded. This ostracod zone is 
known in the Up per Berriasian (Ryazanian) in cen tral Po land
(Dziadzio et al., 2004) in the ma rine de pos its with ammonites of
the gen era Riasanites and Surites and in the Lower Valanginian
of the Tomaszów Syncline (Kubiatowicz, 1983).

Two in for mal strati graphic units have been dis tin guished in
the Berriasian in the cen tral part of the ba sin: “beds with
Riasanites, Himalayites and Picteticeras” and “beds with
Surites, Euthymiceras and Neocosmoceras” (Marek, 1964,
1968, 1969, 1977, 1984, 1997; Marek and Raczyńska, 1973,
1979; Marek and Shulgina, 1996). The lower unit is sup posed to 
cor re spond to the Tethyan occitanica and lower boissieri zones, 
and the Eng lish kochi and icenii zones, whereas the up per is the 
equiv a lent of the Tethyan up per boissieri Zone and the Eng lish
stenomphalus and albidum zones (Marek et al., 1989; Marek
and Shulgina, 1996; Marek, 1997). Berriasian ammonites are
rare and poorly pre served in the study area, due to which the
tax o nomic as sign ment of cer tain spec i mens is prob lem atic.
Baraboshkin (1999) ques tioned the de ter mi na tion of Riasanites 
rjasanensis (Nikitin) from Po land. How ever, com par a tive stud -
ies of col lec tions of Riasanites spec i mens have re vealed oc cur -
rence of Riasanites rjasanensis (Nikitin) in cen tral Po land
(Riasa nites sp. nov. in Mitta and Ploch, 2012: Kcynia IG 2 –
bore hole, depth 273.8 m, Muz. PIG 1652.II.21; Chrośna bore -
hole, depth 167.2–167.5 m, Muz. PIG 1652.II.33). Riasanites
swistowianus (Nikitin) has also been rec og nized (Bądków 7/17
bore hole, depth 209.0–215.0 m, Muz. PIG 1652.II.35; Chrośna
bore hole, depth 167.2–167.5 m, Muz. PIG 1652.II.32), sug gest -
ing con nec tions with the Rus sian Ba sin of the Riasanites
swistowianus Sub zone (Riasanites rjasanensis Zone) ear lier
than hith erto con sid ered for the Surites spasskensis Subzone
(Riasanites rjasa nensis Zone) (Sasonova, 1977). Riasanites
swistowianus (Nikitin) has been found out side of the Rus sian
and Pol ish bas ins mainly in the Mangyslak re gion, which may
sug gest a di rect con nec tion be tween the Rus sian and Pol ish
bas ins (Mitta and Ploch, 2012). In the North ern Tethys,
Riasanites cf. swisto wianus (Nikitin) has been fig ured from the
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fa mous Stramberk suc ces sion (Vašíèek and Skupien, 2016:
fig. 7B, C; Vašíèek et al., 2017: fig. 6D, E), and may have mi -
grated there from the Pol ish Ba sin. Thus, re vi sion of Pol ish ma -
te rial sup ports the con cept of a di rect con nec tion be tween the
Bo real and Tethyan bas ins through the Pol ish Trough since the
ear li est Ryazanian. De tailed re vi sion of Surites may al low de -
ter mi na tion of other Ryazanian zones. 

The en tire Berriasian ammonite as sem blage has not yet
been re vised; nev er the less, its Med i ter ra nean char ac ter with
pe ri od i cal in flu ence from the Rus sian Plat form is clear (Mitta
and Ploch, 2012). As sign ment of the Med i ter ra nean spec i mens 
from the Pol ish Ba sin is ques tion able, as in di cated by in for ma -
tion ac quired from the French re searcher Camille Frau (2017);
ac cord ingly, the ex ist ing as sign ments of Tethyan forms are in -
cor rect be cause it is not pos si ble to al lo cate such poorly pre -
served spec i mens to any spe cies. Due to the frag men tary char -
ac ter and poor pres er va tion of the spec i mens, it is not pos si ble
to con firm the pres ence of both in for mal units in the study area.
The ammonite spec i mens ob vi ously doc u ment the Ryazanian.

The basal part of the Lower Cre ta ceous, de vel oped in ma -
rine fa cies both in the Tethyan and Bo real do mains, is char ac -
ter ized by rel a tively low-di ver sity cal car e ous nannoplankton as -
sem blages. In the Strzelno IG 1 bore hole, in sam ples lo cated
above Up per Berriasian ammonites and ostracod zone A, an
as sem blage of cal car e ous nannoplankton in dic a tive of the CC2 
Stradneria crenulata (Thierstein, 1971; nom. corr. Perch-Niel -
sen, 1985) stan dard nannoplankton zone oc curs (Fig. 4). It en -
com passes the up per most Mid dle and Up per Berriasian and
the low er most Valanginian (Perch-Niel sen, 1985). Its in dex
spe cies Retecapsa angustiforata (for merly Stradneria) ap pears 
in the Tethyan do main in the lower part of the occitanica
ammonite zone (low er most Mid dle Berriasian), and in the Bo -
real do main as late as the up per most Mid dle Berriasian (basal
part of Up per Ryazanian; Bown et al., 1999). In the Pol ish Low -
lands, as in the Bo real do main, this spe cies oc curs from the up -
per most Mid dle Berriasian (basal part of Up per Ryazanian), as
in di cated by cal car e ous nannoplankton from the Gostynin IG 1
bore hole (Dziadzio et al., 2004). In the South ern and East ern
Carpathians of Ro ma nia, this spe cies is noted also in the up per
part of the Mid dle Berriasian (Melinte and Mutterlose, 2001).

As sem blages of cal car e ous nannoplankton in the Kcynia IG 
2 bore hole al low rec og ni tion of the up per most Ryazanian BC2
Sollasites arcuatus Bo real nannoplankton zone (Jakubowski,
1987), cor re spond ing to the up per part of the CC2 Stradneria
crenulata stan dard nannoplankton zone (Thierstein, 1971;
Perch- Niel sen, 1985) dis tin guished in the Tethyan do main.
Nannoplankton zone BC2 is cor re lated with the up per part of
the Tethyan ammonite boissieri Zone (Fig. 4) and with the Bo -
real ammonite albidum Zone cor re spond ing to the up per most
Ryazanian. In the Oœwino IG 1 bore hole, lo cated in the Szcze -
cin Trough, de spite the pres ence of ammonites rep re sent ing
the gen era Himalayites, Surites and pos si bly Berriasella, and
in di cat ing the Berriasian (in depth 1522–1536 m), cal car e ous
nannoplankton were not ob served, prob a bly due to sec ond ary
decalcification of the de pos its.

The Up per Berriasian ostracod, ammonite and nanno -
plankton as sem blages doc u ment a stage of ba sin de vel op ment 
when the coast line was clearly shifted land wards. The max i -
mum flood ing sur face is de ter mined at the Berriasian/Valangi -
nian bound ary, ear lier de scribed by Dziadzio et al. (2004) and
may be allocyclic. It can be cor re lated with global changes in
the sea level (Fig. 4 and Ap pen dix 1). 

The Valanginian to Barremian de pos its in clude scarce
microfossils and are mostly char ac ter ized by long-rang ing fora -

minifera, mainly ag glu ti nated taxa. In the study area, the bio -
stratigraphy of the Valanginian to Barremian suc ces sions is
based on com par i son with the Lower Cre ta ceous de pos its in
cen tral Po land where a de tailed biostratigraphy has been es -
tab lished (Dziadzio et al., 2004).

Al though more nannoplankton spe cies ap pear from the be -
gin ning of the Late Valanginian, and this di ver sity con tin ues up -
wards through out the Early Cre ta ceous, cal car e ous nanno -
plankton have not been re corded in the over ly ing Lower Cre ta -
ceous suc ces sion in NW Po land. In the Pom er a nian Trough
(Cz³uchów IG 1 bore hole), the low er most Cre ta ceous is rep re -
sented by shal low shoreface fa cies, in clud ing mainly coarse
clastic de pos its with large amounts of or ganic mat ter of ter res -
trial or i gin (Leszczyñski and Waksmundzka, 2013). Ac cord ing
to these au thors, the sed i men tary suc ces sion of the Valan -
ginian and Hauterivian (Bodzanów and W³oc³awek for ma tions)
rep re sents a deltaic set ting. In this part of the ba sin, sed i men ta -
tion was dom i nated by in flux of terrigenous ma te rial from the
Fennoscandian Shield (the Cassubian land – Marek, 1997),
and thus there were no fa vour able con di tions for the de vel op -
ment of phytoplankton, par tic u larly coccolithophores.

A first-or der se quence bound ary is de ter mined in the lower
part of the Up per Valanginian suc ces sion and re fers to the
flood ing sur face (FS) ear lier de scribed by Dziadzio et al. (2004), 
but its rank is dif fi cult to de ter mine. 

The sec ond se quence en com passes ~10 my and oc curs be -
tween the se quence bound ary (SB) in the lower part of the Up per 
Valanginian and the bound ary mark ing the sub se quent se -
quence in the lower part of the Aptian (or base of the Aptian), with 
a max i mum flood ing sur face at the Hauterivian/Barremian boun -
d ary. The Valanginian/Hauterivian bound ary is trans gressive
and is cor re lated with a global sea level rise on Haq’s curve. The
Lower/Up per Hauterivian bound ary is in ter preted as a max i mum
flood ing sur face (MFS) and is cor re lated with a global sea level
fall. The Hauterivian/Barre mian bound ary is MFS-like and can be 
cor re lated very well with the global sea level rise. The Barre -
mian/Aptian and Albian? bound ary (in ter preted as SB) does
not cor re late with a sea level rise de ter mined on Haq’s curve
(Fig. 4). 

The third se quence, as in the War saw and Lublin troughs,
may en com pass the Aptian-Albian in ter val (strongly re duced
in the study area) and ter mi nate with the se quence bound ary at
the base of the Turonian. 

In the study area, Aptian de pos its were doc u mented in the
Oœwino IG 1 bore hole at a depth of 1350.0 m in dark siltstones.
Here a foraminiferal as sem blage with Blefuscuiana infracreta -
cea and Praehedbergella sp. was dis tin guished (Fig. 4). The in -
dex spe cies Blefuscuiana infracretacea (Glaessner) points to
the Aptian. Such an as sem blage was de scribed in the Bia³o -
brzegi IG 1 bore hole (as an as sem blage with Hedbergella
infracretacea) from the Lower Aptian (Dziadzio et al., 2004) and 
also from the Lower Aptian of Ger many in dark marls re ferred to 
as the Hedbergella marls (Rückheim and Muterllose, 2002).

In NW Po land where ma rine sed i men ta tion dur ing the Early
Cre ta ceous was re stricted to a nar row zone (Mid-Pol ish Trough), 
con di tions fa vour ing the de vel op ment of plank tonic or gan isms
took place in the Late Albian. Ma rine trans gres sion re sulted in
the ap pear ance of plank tonic or gan isms such as phytoplankton
(in clud ing coccolithophores) and plank tonic foraminifera. As -
sem blages of coccolithophores ap pear in marly siltstones and
marls cap ping the siliciclastic se ries in the Chociwel IG 1 (depth
2305.0–2323.0 m) and Oœwino IG 1 (depth 1285.0–1287.0 m)
bore holes. Their tax o nomic com po si tion al lows for de ter mi na tion 
of the CC9 Eiffellithus turriseiffeli stan dard nannoplankton zone
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or the Bo real UC1-2 zone. The CC9 zone en com passes the up -
per most Albian and the Lower Cenomanian. The Brit ish
UC1-2 zone cov ers a nar rower in ter val, i.e., the Lower
Cenomanian cor re spond ing to the mantelli and dixoni zones.
Strata cor re spond ing to the CC9 zone in the Chociwel IG 1 and
Oœwino IG 1 bore holes, be sides Eiffellithus turriseiffeli
(Deflandre) from the up per most Albian, con tain the spe cies
Corollithion kennedyi Crux and Gartnerago segmentatum
(Stover), which ap pear for the first time in the Lower
Cenomanian. There fore, the sed i men tary suc ces sion dis cussed
should re fer to the Lower Cenomanian and not to the Albian as
pre vi ously con sid ered Jaskowiak-Schoenaichowa (1977). 

TETHYAN VERSUS BOREAL TAXA

The Lower Cre ta ceous suc ces sion of NW Po land yields
cal car e ous nannoplankton as sem blages con tain ing a large
num ber of spe cies char ac ter is tic of the Tethyan do main. They
in clude Lithraphidites, Rhagodiscus, Tranolithus and Watzna -
ueria (Thierstein, 1973; Wagreich, 1992). The thermophilic
spe cies Watznaueria barnesiae (Black) is a dom i nat ing el e -
ment of all sam ples from the Lower Cenomanian (Chociwel IG
1 and Oœwino IG 1 bore holes). It is ac com pa nied by forms with
lower (eco log i cal) ther mal re quire ments and spe cies typ i cal of
the Bo real do main: Eiffellithus turriseiffeli (Deflandre) and
Prediscosphaera cretacea (Arkhangelsky). How ever, Bo real
taxa are less abun dant than Tethyan taxa. Thermophilic spe -
cies com monly oc cur also in the Up per Berriasian (Strzelno IG
1 and Kcynia IG 1 bore holes). The pres ence of abun dant and
tax o nom i cally di verse nannoplankton as sem blages, as well as
their com po si tion in the Up per Berriasian, Up per Albian and
Cenomanian, points to pos si ble warmer ep i sodes in the cli mate 
of the Early Cre ta ceous. Also, the Berriasian ammonite as sem -
blages con tain a num ber of gen era char ac ter is tic of the
Tethyan do main though of un cer tain iden tity due to their poor
pres er va tion. The ammonite fauna from the cen tral Rus sia in di -
cates Bo real in flu ences and the same mixed char ac ter of
Berriasian as sem blages. The abun dant oc cur rence of Tethyan
spe cies in the Pol ish epicontinental ba sin points to its open ing
to wards the Tethys Ocean, as well as palaeocurrent di rec tions
which shifted wa ter masses from the south to the north, trans -
port ing these plank tonic or gan isms. 

GLOBAL SEA LEVEL CHANGES IN THE LOWER CRETACEOUS:
LOCAL VERSUS GLOBAL CYCLICITY 

In the study area, lo cated in the NE part of the Mid-Pol ish
Trough (ex clud ing the Gostynin IG 4 and Cz³uchów IG 1 bore -
holes, see the lo ca tion map, Fig. 1), a num ber of chrono -
stratigraphic bound aries were de ter mined, re lat ing to se quence
bound aries (SB), flood ing bound aries and trans gres sion sur -
faces, sig nif i cant for de ter min ing the de vel op ment of the Pol ish
Ba sin in the Early Cre ta ceous. Fig ures 4 and Ap pen dix 1 clearly
show that some of the bound aries are re gional and with high
prob a bil ity they can be as so ci ated with global sea level changes
and may be allocyclic, but most bound aries are likely mixed, both 
allocyclic and autocyclic. The Tithonian/Berria sian bound ary is
marked by geo phys i cal logs show ing SB fea tures which co in -
cides with the ap pear ance of ostracods of the ostracod E zone. It
can be re lated to the global sea level fall de ter mined on Haq’s
curve. An other bound ary found in most of the bore holes re lates
to the Lower/Mid dle Berriasian bound ary. It is de ter mined by a
flood ing sur face (FS) that cor re lates with a global sea level fall on 

Haq’s curve, which may sug gest its lo cal char ac ter. It may also
be the bound ary co in ci dent with a SB. The Mid dle/Up per
Berriasian bound ary is SB-like, but is at a global sea level max i -
mum on Haq’s curve. The max i mum fall of the global sea level on 
Haq’s curve oc curs slightly ear lier (in the up per part of the Mid dle
Berriasian), thus it may be caused by autogenous fac tors. In the
Up per Berriasian, ad di tional se quence bound aries, flood ing sur -
faces or even transgressive sur faces can be de ter mined, but
they can not be widely traced, oc cur ring lo cally in the Strzelno IG
1 and Oœwino IG 1 bore holes. Changes cor re spond ing to the
global sea level fluc tu a tions are shown in Fig ure 4. The
Berriasian/Valanginian bound ary cor re spond ing to Haq’s curve
is de ter mined by a MFS. The Lower/Up per Valanginian bound -
ary in the in ter pre ta tion shown re fers to a flood ing sur face but its
rank is dif fi cult to de ter mine. Based on Haq’s curve, this in ter val
may be in ter preted as a global sea level fall, but within this pro -
cess sea level may change many times by mi nor amounts.
There fore, it can be in ferred that there is a con sis tency in the re -
cord over lap ping by autogenous pro cesses. The Valan -
ginian/Haute rivian bound ary in the study area is a transgressive
one and is cor re lated with a global sea level rise on Haq’s curve.
It is pre ceded by a lo cally dis tin guished se quence bound ary
(e.g., in the Gostynin IG 4 and Strzelno IG 1 bore holes). The
Lower/Up per Hauterivian bound ary is in ter preted as a MFS. This
bound ary is cor re lated with the global sea level fall de ter mined at
that time. The lo cal suc ces sion be tween the Valan gi nian/Hau -
terivian and Lower/Up per Hauterivian in the Strzelno IG 1 bore -
hole is thicker, and mi nor bound aries were marked there (cf. Ap -
pen dix 1), which are ab sent in other bore holes (Choszczno IG 1,
Chociwel IG 1), or have a sig nif i cantly re duced thick ness (e.g.,
Szczecin IG 1, Cz³uchów IG 1), which in di cates very lo cal chan -
ges in the de vel op ment of de pos its of this age range. The
Hauterivian/Barremian bound ary is MFS-like and cor re lates very
well with a global sea level rise on Haq’s curve. Im por tantly, in the 
Choszczno IG 1, Chociwel IG 1 bore holes there is a lack of
Hauterivian and Barremian de pos its, and in the Gostynin IG 4,
Szczecin IG 1, Cz³uchów IG 1 bore holes their thick ness is sig nif i -
cantly re duced. The bound ary of the Barre mian/Aptian/Albian? is 
in ter preted as a SB, which sig nif i cantly dif fers from the in ter pre ta -
tion in Haq’s curve, as it is lo cated at the point where the max i -
mum depth of the ba sin oc curs. Such a sit u a tion may be re lated
to in ac cu ra cies of the re search as well as to the autogenous pro -
cesses that de layed it com pared to the global sea level rise. The
Aptian/Albian (?)strata have a sig nif i cant thick ness in the
Gostynin IG 4 and Strzelno IG 1 bore holes, but were not
determinated in the Choszczno IG 1, Chociwel IG 1 bore holes,
and have re duced thick ness in the Oœwino IG 1, Szczecin IG 1
and Cz³uchów IG 1 bore holes. Based on the bore hole data, it is
not pos si ble to de ter mine changes of global sea level (dis tinc tion
of de posit se quences) in the Aptian de pos its. Haq’s curve shows
sig nif i cantly fluc tu at ing global sea level changes, which are dif fi -
cult to in ter pret, for ex am ple, in the Gostynin IG 4 and Strzelno IG 
1 bore holes, de spite the large thick ness of these de pos its.
There fore, the phe nom ena we de scribed in the cen tral part of the 
Pol ish Ba sin may not show a sim i lar de vel op ment across the en -
tire area. The large vari a tions in thick ness and stra tig ra phy, even
be tween closely lo cated bore holes, may in di cate a sig nif i cant in -
flu ence of lo cal tec ton ics in this part of the Early Cre ta ceous sed i -
men tary ba sin.

CONCLUSIONS

The ma te rial ana lysed shows a cyclicity of sed i men ta tion
sim i lar to that seen in depositional se quences of the cen tral and
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SE Pol ish Low lands, de scribed pre vi ously by the pres ent au -
thors. In the suc ces sion stud ied, third-or der se quences, super -
ordinate cy cles, and prob a bly sec ond-or der se quences can be
dis tin guished. 

The lower part of the suc ces sion stud ied, which con sist of
the Purbeckian-type fa cies (Strzelno IG 1 and Oœwino IG 1
bore holes), can be dated only by means of ostracods (ostracod
zones F to A) as up per most Tithonian (ostracod zone F) to the
lower part of the Up per Berriasian (ostracod zones E to A). The
up per most Tithonian de pos its (ostracod zone F) are equiv a -
lents of the low er most part of the Lulworth For ma tion in Dorset
and the up per part of the OM4 (Munder For ma tion) in the Lower 
Sax ony Ba sin. De pos its with ostracod zones E, D and C cor re -
spond to the pre-Mid dle Purbeck in Dorset and also to the
Katzberg Mem ber (OM5) and the lower part of the Serpulit
Mem ber (OM6) of the Munder For ma tion in the Lower Sax ony
Ba sin. The up per part of the Purbeck-type de pos its in NW Po -
land, which in cludes ostracod zones B and A, seems to be the
equiv a lent of the up per part of the Serpulit Mem ber (OM6) in
the Lower Sax ony Ba sin and pos si bly the lower Mid dle Purbeck 
of the Lulworth For ma tion in Dorset.

In the Berriasian, two in for mal strati graphic units dis tin -
guished in the cen tral part of the Pol ish Ba sin: “beds with
Riasanites, Himalayites and Picteticeras” (occitanica and lower
boissieri zones) and “beds with Surites, Euthymiceras and
Neocosmoceras” (up per boissieri Zone) have also been found
in NW Po land. Riasanites swistowianus (Nikitin) in di cates the
basal part of the Riasanites rjasanensis Zone and sug gests an
ear lier than hith erto con sid ered con nec tion with the Rus sian
Ba sin. Cal car e ous nannoplankton as sem blages al low rec og ni -
tion only of in di vid ual nannoplankton zones. The CC2 Stra -
dneria crenulata stan dard nannoplankton zone en com pass ing
the up per most Mid dle and Up per Berriasian and low er most
Valanginian was dis tin guished. The in dex spe cies Rete capsa
angustiforata (for merly Stradneria) ap pears in the Tethys do -
main in the occitanica ammonite zone (low er most Mid dle
Berriasian). 

The Up per Berriasian as sem blages of ostracod, ammonite
and nannoplankton also doc u ment a transgressive sys tems
tract vis i ble in the se quences. A max i mum flood ing sur face is
de ter mined at the Berriasian/Valanginian bound ary.

A first-or der se quence bound ary was de ter mined in the
lower part of the Up per Valanginian suc ces sion. A sec ond se -
quence oc curs be tween the se quence bound ary in the lower
part of the Up per Valanginian and the bound ary mark ing the
sub se quent se quence in the lower part of the Aptian (or base of
the Aptian), with a max i mum flood ing sur face at the Hauteri -
vian/Barremian bound ary.

A third se quence may en com pass the Aptian-Albian in ter val 
and ter mi nate with the se quence bound ary at the base of the
Turonian.

The CC9 Eiffellithus turriseiffeli stan dard nannoplankton
zone and the Bo real UC1-2 zone, en com pass ing the up per -
most Albian and Lower Cenomanian, have been de ter mined.
Be cause the in ter vals ana lysed also yield forms found only in
the Lower Cenomanian, there fore strata pre vi ously as signed to
the Albian are con sid ered to rep re sent the Lower Cenomanian. 

In the study area, global changes in sea level are only partly
re cog nized. For the Lower Cre ta ceous de pos its, only the fol low -
ing bound aries may be allocyclic and can be cor re lated with the
global changes in the sea level: the Tithonian/Berriasian bound -
ary (SB bound ary type), the Berriasian/Valanginian (MFS
bound ary type), the Lower/Up per Valanginian bound ary (with
low cor re la tion), the Lower/Up per Hauterivian bound ary (in ter -
preted as a MFS); the Hauterivian/Barremian bound ary (MFS
bound ary type) cor re lates very well with Haq’s sea level curve;
the Barremian/Aptian-Albian? bound ary (in ter preted as a SB)
does not cor re late with the sea level rise de ter mined on Haq’s
curve. The re main ing bound aries are most likely autogenic and
are prob a bly re lated to block tec tonic ac tiv ity con trol ling both
sed i men ta tion and ero sion, hence the fa cies and thick ness dif -
fer en ti a tion of the suc ces sions stud ied.
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