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Abstract: Detailed biostratigraphy and sequence stratigraphy of the Lower Cretaceous deposits in central and 
southeastern Poland (the Warsaw and Lublin troughs and the Carpathian Foredeep) were established and refered to 
the cyclicity nature o f the sedimentary basins filling. The surfaces of transgression and maximum flooding, and 
sequence boundaries were identified on the grounds o f geophysical well-logs analysis, including: gamma (G), 
neutron (N), spontaneous potential (SP), and resistivity (R) logs. The analysis allowed us to distinguish sedimen
tary sequences o f various scales and to correlate them precisely throughout the studied area. The chronostrati- 
graphic framework was based on analyses of ammonite, microfauna and calcarcous nannoplankton assemblages 
analysed in the same series. Mixed, Tethyan and Boreal macro- and microfauna allowed us to identify biostrati- 
graphic zones o f both, the Tethyan and Boreal realms. The recognised boreal ammonite zones included robustum, 
heteropleurum (lowermost Valanginian), polytomus-crassus, triptychoides (Upper Valanginian), amblygonium, 
noricum (Lower Hauterivian) and gottschei (Upper Hauterivian), as well as the Tethyan zones, such as petransiens 
(Lower Valanginian), verrucosum (Upper Valanginian) and radiatus (Upper Hauterivian). Eight foraminiferal 
assemblages were identified in the studied series. Some o f them were correlated with the six Berriasian and 
Valanginian ostracod zones: Cypridea dunkeri, C. granulosa, C. vidrana, Protocytherepropria emslandensis, P. 
aubersonensis and P. frankei. Thirteen calcareous nannoplankton zones have been distinguished, in reference to 
the stratigraphical zonal scheme o f the Lower Saxony Basin.

The microfossil data allowed us to recognise the position o f the Jurassic/Cretaceous boundary. It was 
correlated with a sequence boundary by analysis of geophysical logs. This boundary was identified along the 
studied area, over a distance o f more than 170 km. Genetically controlled third order sedimentary sequences 
(parasequences) were described in the Lower Cretaceous, which record the progress o f the sedimentary basins 
filling. A local curve o f relative sea-level changes presented in this paper was correlated with a global one. A re
construction of depositional sequences allowed us to indicate periods o f tectonic activity in the studied area, 
adjacent to the Teisseyre-Tornquist Zone.
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INTRODUCTION

Lower Cretaceous succession in the Polish Lowlands 
has been hitherto studied with respect to both stratigraphy 
(e.g., Marek, 1968, 1969; Marek & Raczyńska, 1973, Ra
czyńska, 1979), depositional systems, and cyclicity of sedi
mentation (Leszczyński, 1997). However, except for the 
Valanginian of the Tomaszów Trough (Kutek et al., 1989) 
and the Middle and the Upper Albian of the Annopol area 
(Kutek & Marcinowski, 1996b), no other biostratigraphic 
zones comparable to the current stratigraphic schemes ap
plied for the Lower Cretaceous in Europe, have been distin
guished. Lack of precise stratigraphic framework of the dis

cussed succession precluded the proper correlation of depo
sitional sequences, as well as reconstruction of depositional 
history. Progress in the Cretaceous biostratigraphy during 
the last decade and new methods applied, e.g., sequence 
stratigraphy, enabled the authors to determine precisely the 
stratigraphic position of particular Lower Cretaceous sedi
mentary successions and to correlate them within the area of 
central and southeastern Poland.

Lack of the Lower Cretaceous exposures within the 
Polish Lowlands limited the studied material to drill-cores, 
representing only cored intervals of sections. Well log
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analysis was, therefore, important for reconstruction of pri
mary successions of the basin fill. The gamma-ray (GR), 
neutron (N), spontaneous potential (SP) and resistivity (R) 
logs were used to distinguish parasequences, parasequence 
sets and depositional sequences, and their boundaries, ena
bling interpretation of the observed cyclicity and inferred 
relative sea-level changes. Finally, the distinguished parase
quences and sequences permitted a precise correlation of 
sedimentary series within the studied area. The chronostra- 
tigraphic framework of the reconstructed events was estab
lished basing on analysis of ammonite, microfaunal and cal
careous nannoplankton assemblages. Study of various fossil 
groups from the same strata served to improve the resolu
tion of the stratigraphic divisions.

The southern part of the Jura Mountains, some Alpine 
units and the adjacent regions of southern France, belonging 
to the Tethyan Realm, became the area of the fundamental 
research on the Lower Cretaceous stratigraphy. The strati
graphic scheme elaborated in the stratotypes of particular 
stages is based on the succession of thermophilic taxa de
scribed as ’’Mediterranean” ones. An independent stratigra
phic scheme, based on different faunal assemblages, was es
tablished for the Boreal Realm. Palaeogeographic position 
of the Polish Basin, located between the Tethys and the Bo
real basins, was perfectly reflected in the composition of 
assemblages of cephalopods, foraminifers, ostracods, and 
calcareous nannoplankton in the Lower Cretaceous strata, 
registering influences of both provinces. Due to their mixed, 
tethyan-boreal nature, these assemblages are crucial for cor
relation of the stratigraphic schemes from both palaeogeo
graphic realms.

Another problem discussed in the present paper was the 
palaeontological evidence of the Jurassic-Cretaceous boun
dary and its unequivocal identification in the non-cored 
parts of well sections. In the Polish Lowlands sections this 
boundary was established according to the schemes of the 
Boreal Realm and it was placed between the Volgian stage, 
developed as the Purbeckian facies, and marine series of the 
Ryazanian stage (e.g., Dembowska & Marek, 1976; Marek 
& Raczyriska, 1973; Marek et a/., 1989). In the Tethyan 
Realm, this boundary is located between the Tithonian and 
Berriasian stages and it nearly corresponds to the boundary 
between the Middle and the Upper Volgian, thus being a 
few million years older than in the Boreal Realm. Decision 
of the International Commission on Stratigraphy (ICS) ac
cepting the Tethyan divisions as the obligatory ones re
quires reinterpretation of the Jurassic- Cretaceous boundary 
in the Polish Lowlands basins. The facies character of the 
sediments, developed as shallow-water carbonate-siliciclas- 
tic rocks with evaporites, excluded direct application of the 
Tethyan divisions based on ammonites due to lack of such 
fauna, but micropalaeontological data have been used suc
cessfully for stratigraphic subdivision and correlation. Con
sequently, both the wire-line logs analysis and biostratigra- 
phic results enabled recognition of the Jurassic-Cretaceous 
boundary over the whole studied area.

The present paper focuses on a precise definition of 
stratigraphic position of the Lower Cretaceous sedimentary 
series, and its correlation within central and southeastern 
Poland. Interpretation of depositional sequences allowed

defining relative and eustatic sea-level changes responsible 
for the observed cyclicity of the basin fill, as well as to re
veal some episodes of tectonic activity in the studied area.

STUDY AREA
The Early Cretaceous sedimentary basin in the Polish 

Lowlands has developed along the margin of the East Euro
pean Platform, extending in the NW-SE direction (Dadlez 
et al., 1998). Its evolution was mainly controlled by exten- 
sional tectonic activity of the Teisseyre-Tomquist Zone, 
best manifested by increased subsidence of the area known 
as the Mid-Polish Trough (Fig. 1 A). Tectonic activity of the 
Mid-Polish Trough was clearly marked from the Permian to 
the end of Cretaceous, with extensional regime prevailing at 
least until the Albian (Kutek, 2001) or Turanian (Hakenberg 
& Swidrowska, 1998). Mobility of the Mid-Polish Trough 
basement markedly influenced the sedimentation rate in the 
Early Cretaceous basins, which was reflected in the variable 
thickness and facies of the deposits. Thickness of the Lower 
Cretaceous within central and southeastern Poland varies 
from over five hundred to a few tens of metres, with maxi
mum in the trough axis. There are also deep marine depos
its, while more shallow ones are known from the East Euro
pean Platform. Estimating of primary thickness of deposits 
and extent of sedimentary basins is difficult because of ero
sion that succeeded an inversion of the Mid-Polish Trough. 
Intraformational hiatuses caused by the Early Cretaceous 
synsedimentary tectonic movements were observed in the 
whole Lower Cretaceous sequence (cf. Hakenberg & Swi
drowska, 1998). Facies differentiation of the Lower Creta
ceous sedimentary series displays a latitudinal pattern (Fig. 
1C). The southeastern part of the basin was dominated by 
carbonate sedimentation, while siliciclastic deposits pre
vailed in the central and northwestern parts, except of the 
Lower Berriasian developed as extremely shallow-water 
carbonate and evaporite facies and widespread over the 
whole area, from Eastern Pomerania to the southeastern part 
of Lublin region.

MATERIAL AND METHODS
The present paper deals with selected areas of central 

and southeastern Poland, defined as: the Warsaw and Lublin 
Troughs, and the Carpathian Foredeep (Fig. 1B). Cores and 
wire-line logs of the wells: Gostynin IG 1, Gostynin IG 3, 
Gostynin IG 4, Żychlin IG 3, Łowicz IG 1, Korabiewice IG 
1, Warka IG 1, Białobrzegi IG 1, Bąkowa IG 1, Potok IG 1, 
Narol IG 1, Narol IG 2, Wiewiórka 4, Wola Wielka 2, 
Dębica 2, Stasiówka 1, Ropczyce 7, Zagorzyce 7, Za- 
gorzyce 6, and Nawsie 1 were examined for purposes of 
bio- and sequence stratigraphy.

Investigations included the analyses of ammonites, mi
crofauna (foraminifers and ostracods), as well as calcareous 
nannofossils. These studies resulted in discerning of bios- 
tratigraphic zones, and thus in the determination of stra
tigraphic position of individual sedimentary successions. 
The most important results of palaeontological studies are 
shown in Figs 2-32.
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Fig. 1. A. Palaeotectonic map of Poland showing the main structural elements within the Polish Basin; B. Location of the studied area 
relative to the present-day tectonic units; C. Location o f studied boreholes, outcrops and correlation profiles; lithology of the Lower Creta
ceous within the studied area
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The ammonites were collected also from the outcrops at 
Wąwał near Tomaszów Mazowiecki and from cores of 
Tuszyn 9 and Tuszyn Geo-5 wells, located within the 
Tomaszów Trough (comp. Fig. 1C). They also came from 
the Professor S. Marek’s collection housed in the Geologi
cal Museum of the Polish Geological Institute (abbreviated 
MuzPIG), from the collections of the Faculty of Geology, 
University of Warsaw (abbreviated 1GP), and the Institute 
of Palaeobiology Polish Academy of Sciences in Warsaw 
(abbreviated ZPAL), as well as from the private collection. 
These collections include specimens gathered by: R. Marci
nowski, A. Radwański, С .  Kulicki, J. Kutek, J. Dzik, A. 
Kaim, T. Praszkier and K. Dembicz. The specimens from 
the J. Dzik’s collection are labelled -  ZPAL Am IX, those 
from the K. Dembicz and T. Praszkier’s collection -  x, 
while the collections of C. Kulicki, J. Kutek, R. Marci
nowski, A. Radwański, and the author (I. Ploch) have cata
logue numbers of the Faculty of Geology Museum, Warsaw 
(1GP). Comparative studies on the Lower Cretaceous am
monites from the Polish and the Lower Saxony basins were 
carried out by I. Ploch at the Geological Institute in Han
nover, and at the Ruhr-Universitat in Bochum (collections 
of J. Mutterlose, M. Wippich and K. Kessel). Also the pri
vate collection of K. Wiedenroth, including the ammonites 
from German basins, was studied for the same comparative 
purposes. The collections of ammonites from the Tethys 
Realm were studied at the Geological Museum of the Dolo- 
mieu Institute, Grenoble, and at the Geological Museum of 
the Claude-Bernard University in Lyon, including the S. Re- 
boulet’s private collection.

The samples for micropalaeontological studies of fora- 
minifer and ostracod assemblages, 0.5-0.8 kg each, were 
collected from the fully cored intervals and the sampling 
density depended on the core size and lithological variabil
ity (each metre on the average, locally more densely). Hard 
rocks were disintegrated using sodium sulphate decahydrate 
(Glauber’s salt), while soft ones were only washed with wa
ter. The disintegrated material was washed on 0.1 mm 
meshes. Photographs were taken using scanning electron 
microscope LEO 1430, at the Microscope Photography 
Laboratory of the Polish Geological Institute. Most samples 
for calcareous nannoplankton analyses were collected si
multaneously from the same layers as (hose for micropalae
ontological studies, as well as from the ammonite-bearing 
deposits. The only exception was carbonate-free sediments 
from which samples were not collected. Because of the rela
tively low amount of nannoplankton in the studied sedi
ments, the samples were centrifuged. Samples rich in clay 
minerals were earlier treated ultrasonically. Analyses were 
made using OLYMPUS BH-2 light microscope with polari
zation and phase contrast equipment. Smear slides were pre
pared following the standard techniques described by 
Perch-Nielsen (1985). Selected samples were also exam
ined using scanning electron microscope LEO 1430, where 
from coccolith micrographs (Figs 26-31) were taken as 
well.

Calcareous nannoplankton was studied in the sections 
of eleven wells in central and southeastern Poland. Addi
tionally, some samples from the outcrops at Wąwał and An
nopol were analysed because of expected correlation of nan-

noplankton and ammonite zones. The amount of nannofos- 
sils ranged between very low and relatively high in the stud
ied samples. Some coccolith assemblages, especially from 
the younger (Hauterivian-Aptian) deposits were abundant 
and taxonomically diversified. Also the preservation of nan- 
noflora was different in individual sedimentary units and re
gions, e.g., coccoliths from the Lower Aptian of Białobrzegi 
IG 1 well became heavily dissolved (Fig. 30), whereas those 
from the Upper Albian of Annopol quarry and Bąkowa IG 1 
well showed rather an overgrowth of calcite crystals (Fig.
31). Some samples, especially those from black and low- 
carbonate shales or coarse clastic sandstones, did not con
tain coccoliths at all.

Simultaneously with the biostratigraphical studies, a 
detailed analysis of wire-line logs was performed. The set of 
original logs of gamma-ray (GR), neutron (N), spontaneous 
potential (SP), and resistivity (R) was digitized for this 
analysis. Digital wire-line logs of the following wells from 
the peri-Carpathian area were also used: Wiewiórka-4, 
Wola Wielka-2, Dębica-2, Stasiówka-1, Dębica-1 OK, Rop- 
czyce-7, Zagorzyce-6, Zagorzyce-7, and Nawsie-1. Most 
logs were normalized and recalculated to API units to stan
dardise geophysical measurements made at various times. 
The following sets of logs were used for correlation and 
presentation: Gamma Ray -  Neutron and SP -  Resistivity. 
Interpretation of depositional sequences based on geophysi
cal well data included the following stages: (1) identifica
tion of main trends in the logs and analysis of their nature in 
juxtaposed GR as well as N logs and logs of SP and R (ac
counting for caliper log), (2) calibration of log variability 
using lithological data from core descriptions and interpre
tation of non-cored intervals, (3) introduction of biostra- 
tigraphic scheme, (4) delineation of intervals corresponding 
to condensed strata, maximum flooding surfaces and trans
gressive surfaces, (5) distinction of parasequences, parase- 
quence sets, sequences, and their boundaries, (6) interpreta
tion of supposed facies changes, and (7) interpretation of 
sedimentation cyclicity in the Lower Cretaceous section.

LOWER CRETACEOUS STRATIGRAPHY 
-  STATUS QUO

Previous stratigraphic studies of the Lower Cretaceous 
in Poland included both biostratigraphy, based on various 
groups of macro- and microfossils, and lithostratigraphy 
used mainly in non fossiliferous sedimentary sequences. 
Ammonites -  the orthostratigraphic group -  provided base 
for a stratigraphic scheme of the Upper Berriasian, Valang- 
inian, and Hauterivian (Marek & Raczyńska, 1973; Marek 
et a i, 1989; Marek & Rajska, 1997; Kutek et a/., 1989; 
Marcinowski & Wiedmann, 1985, 1990), whereas stratigra
phy of the Lower Berriasian, that includes Purbeckian facies 
lacking ammonites, was based on ostracods (Bielecka & 
Sztejn, 1966; Marek et a i, 1989). Micropalaeontological 
methods were also applied to the younger Lower Creta
ceous sequences (Moryc & Waśniowska, 1965; Kubia- 
towicz, 1983; Sztejn, 1984; Gaździcka, 1993). Lithostra- 
tigraphic zonation of the Lower Cretaceous deposits in the
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Polish Lowlands was elaborated by Raczyńska (1979), and 
Marek and Raczyńska (1979). Lithostratigraphic scheme of 
the Radom-Lublin area was recently modified by Marek 
(1997). This scheme includes both formal and informal 
units: formations and members. A formal subdivision of the 
Lower Cretaceous was established in central and north
western Poland (mainly in the Kujawy region), while an in
formal one within the southeastern Poland. In the study area 
(Warsaw and Lublin Troughs), it is difficult to distinguish 
these lithostratigraphic units because of differences in fades 
development between them and the stratotype sections.

An argillaceous-marly succession with beds of Cyrene 
coquinas are considered as the oldest Lower Cretaceous de
posits in central Poland. It is recognised as the Skotniki 
Member of the Kcynia Formation, which includes mainly 
the Upper Jurassic carbonate-siliciclastic series with evap- 
orites (Marek, 1997). The stratigraphic position of this sedi
mentary series was established as the lowermost Ryazanian 
(ostracod Zone A), corresponding to the runctoni ammonite 
Zone in the Boreal Province or to the jacobi-grandis Zone 
in the Tethyan Province (Marek & Rajska, 1997). This 
statement, however, contains a major inconsistency as the 
Boreal runctoni Zone is correlated with the Tethyan occi- 
tanica Zone and not with the jacobi or jacobi-grandis zones 
(Haq et al., 1988; Bown et al., 1999). It corresponds, thus, 
to the higher part of the Lower Berriasian or the Middle Ber- 
riasian, while the jacobi-grandis ammonite Zone includes 
the uppermost Tithonian and the lowermost Berriasian. 
Also Leszczyński (1997) placed the deposits of the Skotniki 
Member in the Upper Volgian and the lowermost Berria
sian, what contradicts the previous estimation of its stra
tigraphic position as the lowermost Ryazanian. In the Ma
zowsze (Mazovia) region, where sedimentary series of the 
Purbeckian type are widely distributed and are quite thick 
(e.g., more than 110 m in Gostynin 1G 3 and Żychlin IG 3 
wells), the presence of the ostracod Zone A was not con
firmed. The Skotniki Member is there distinguished, how
ever, based on lithological and fades characteristics of the 
sediments. Arenaceous limestones, sandstones with sider- 
ites and ferruginous oolites, overlie the Skotniki Member, 
dominated by argillaceous sediments, and mudstones or 
elaystones with marine invertebrates and plant remains. 
This series is distinguished as the Rogoźno Formation in
cluding the Kajetanów, the Zakrzew, and the Opoczki mem
bers. The Kajetanów Member, in which no ammonites have 
hitherto been found, is considered to represent the highest 
part of the Lower Berriasian. The siliciclastic sediments of 
the Zakrzew Member contain mixed -  Tethyan-Boreal -  
ammonite assemblage. They have been described as the 
“Beds with Riasanites, Himalaites and Picteticeras” and are 
correlated with the Tethyan occitanica and boissieri (lower 
part) zones, that comprise the Middle and Upper Berriasian 
(Marek & Rajska, 1997). On the grounds of ammonites, the 
Opoczki Member, including sandstones, elaystones, clayey 
shales with sphaerosiderites, mudstones with ferruginous 
ooids and pyritized plant remains, was correlated with the 
Upper Berriasian (“Beds with Surites, Euthymiceras and 
Neocosmoceras”) and the lowermost Valanginian (“Beds 
with Platylenticeras, Neocomites and Karakaschiceras ”) 
(Marek & Rajska, 1997).

The alternating sandy and clayey-sandy succession, 
overlying the Opoczki Member was distinguished as the 
Bodzanów Formation, and determined on the grounds of 
ammonites as the higher part of the Lower Valanginian 
(“Beds with Polyptychites"). Also the Włocławek Forma
tion, corresponding to the Upper Valanginian (“Beds with 
Dichotomites and Saynoceras”), and Lower (“Beds with 
Endemoceras”) and Upper Hauterivian (“Beds with Symbir- 
skites”) comprises alternating clayey-mudstone and arena
ceous packages. The deposits contain numerous marine 
molluscs -  bivalves and ammonites, but also plant debris 
and accumulations of chamoisite-goethite ooids. Siderite 
concretions are abundant in some horizons. The Włocławek 
Formation includes three individual and formally defined 
units, called: Wierzchosławice, Gniewkowo and Żychlin 
members (Raczyńska, 1979). The formal lithostratigraphic 
scheme has also been introduced for the younger Lower 
Cretaceous succession, referred to the Barremian, Aptian 
and Lower Albian. This thick, tripartite complex was desig
nated as the Mogilno Formation (Raczyńska, 1979). Its 
lower and upper members are formed mostly by sandstones 
(Pagórczany and Kruszwica members), while the middle 
one includes elaystones and mudstones (Gopło Member). 
Thus, the Lower Cretaceous sedimentary series in central 
and north-western Poland are dominated by siliciclastic, 
fine- and coarse-grained deposits.

Beginning from the southern border of the Warsaw 
Through, including Magnuszew and Radom blocks, to
wards the southern part of the Lublin Upland, siliciclastic 
facies gradually change into carbonate ones. Within Lubac
zów region, the Lower Cretaceous is developed as shallow- 
water, often bioclastic and oolithic limestones, sandy marls 
or calcareous sandstones. However, towards the axial part 
of the Mid-Polish Trough (the NE margin of the Holy Cross 
Mountains) the amount of siliciclastic material in sediments 
increases considerably. Marls with intercalations of clay- 
stones or fine-grained sandstones with argillaceous matrix 
and levels of siderites and chamoisite-goethite ooids domi
nate within this area. Then, the Lower Cretaceous in SE Po
land requires a lithostratigraphic division different from that 
in central Poland. The Białobrzegi Formation in the NE 
margin of the Holy Cross Mountains up to the Magnuszew 
and Radom blocks, and the Cieszanów Formation in the Lu
baczów area are equivalents of the Włocławek Formation 
distinguished within Kujawy region (Marek, 1997). These 
formations include mainly the Upper Valanginian and Hau
terivian deposits, according to the hitherto accepted stra
tigraphic interpretation (Marek, 1997). Sands and sand
stones with glauconite and phosphorite nodules in the upper 
part, which overlie the above-described sedimentary series, 
are included into the Mogilno Formation. Its stratigraphic 
position was determined as the Barremian-Middle Albian. 
It should be noted, however, that the Lower Cretaceous stra
tigraphy in this area was hitherto inadequately recognized. 
Isolated caps of the Lower Cretaceous deposits were also 
documented in the Carpathian Foredeep, near Dębica and in 
the basement of Carpathian nappes (Fig. 1). These series in
clude shallow water carbonates and marly-carbonate rocks, 
deposited in lagoons, barriers, tidal flats, shoals, and plat
form margins (Maksym et al., 2001). They are attributed to
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the Ropczyce and Dębica Series, of the Berriasian and 
Yalanginian age (Moryc, 1997; Zdanowski et al., 2001).

RESULTS OF BIOSTRATIGRAPHICAL 
STUDIES

AMMONITE BIOSTRATIGRAPHY

Drill cores from central and southeastern Poland pro
vided significant palaeontological evidence of the Lower 
Cretaceous ammonites. They are especially abundant and 
well preserved within the Berriasian and Valanginian de
posits (Figs 2, 3). Nevertheless, only the exposure at the

Wąwał clay-pit near Tomaszów Mazowiecki provided rich 
palaeontological material suitable for a detailed study of the 
ammonite assemblages succession. The peculiar palaeogeo- 
graphic position of the Polish Basin, situated between the 
two major palaeogeographic provinces: Tethyan and Boreal 
ones, resulted in variable and alternating influences of them 
both. The ammonites have migrated to the Polish Basin 
from the south and/or from the north, according to predomi
nant influences of either province. Because of a mixed na
ture of the ammonite assemblages found in the Lower Cre
taceous sections, the Tethyan and the Boreal ammonite zo- 
nations are used in parallel.

The Berriasian ammonites were not revised in detail 
during this study. Until now two informal stratigraphic units 
were distinguished in the Berriasian strata within the Polish 
Lowlands: “Beds with Riasanites, Himalayites and Picte-
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Fig. 3. Distribution chart of ammonites in the Lower Cretaceous deposits of the Wq.wal clay-pit (after Kutek et al. 1989, Ploch this pa
per); for lithological description -  see Fig. 2

ticeras”, and “Beds with Surites, Euthymiceras and Neo- 
cosmoceras” (Marek, 1964, 1968, 1969, 1977a, 1983, 
1997; Marek & Raczyriska, 1973, 1979; Marek & Shulgina,
1996). The lower unit -  ’’Beds with Riasanites, Himalayites 
and Picteticeras ” -  was correlated with the Middle and the 
lower part of the Upper Berriasian and referred to the Te
thyan occitanica Zone and to the lower part of the boissieri 
Zone (English kochi and icenii zones) (Marek & Shulgina, 
1996; Marek & Rajska, 1997). The upper unit -  “Beds with 
Surites, Euthymiceras and Neocosmoceras” -  was referred 
to the upper part of the boissieri Zone (English stenompha- 
his and albidum zones) (Marek & Rajska, 1997; Marek et 
al-, 1989; Marek & Shulgina, 1996). Baraboshkin (1999) 
has questioned the presented scheme, pointing out that Rias
anites riasanensis (Nikitin) on the Russian Platform occurs 
in the Upper Berriasian, so it may not be correlated with the 
Tethyan occitanica Zone. He also doubts the determinations 
of Riasanites riasanensis (Nikitin) specimens from Poland.

Within the Berriasian strata the ammonites are abun
dant and relatively well preserved. However, some speci
mens obtained from drill cores are crushed, what hinders 
their correct taxonomic identification. The Neocomites neo- 
comiensis (d’Orbigny) and Neocomites teschenensis (Uh-

lig) (hitherto interpreted as Neocomites cf. platycostatus 
Sayn) were found in the cored sections from Koraczewko 
IG 1 (depth 153.3 m) and Kcynia 1G 2 (depth 252.5-6 m). 
They have been found within the uppermost part of the sedi
mentary sequence hitherto assigned to the Berriasian. The 
following species that occurred in these sections were de
scribed from the Lower Valanginian: Neocomites neo- 
comiensis (d’Orbigny), that appears in the petransiens Zone 
(e.g., Nikolov, 1960; Company, 1987; Reboulet, 1995), and 
Neocomites teschenensis (Uhlig) from the campylotoxus 
Zone (e.g., Nikolov, 1960; Company, 1987; Thieuloy et al., 
1990; Reboulet, 1995). The abundance of ammonite shells 
in the dark, argillaceous deposits of the uppermost Berria
sian may indicate a decreasing of the accumulation rate (a 
condensed interval). As a result, the older, Berriasian am
monites are accompanied by the younger, Valanginian 
specimens. These ammonites may represent the earliest 
Valanginian taxa in the Mid-Polish Basin.

The lowermost Valanginian ammonites: Neocomites 
and Neohoploceras (Fig. 4A, B) were also found in cored 
section from Łowicz 1G 1, at the depth 566.7 m (Fig. 2). 
They occur beneath the layer containing Boreal ammonites 
of the genus Platylenticeras. They are typical of the robus-
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Fig. 4. A. Neocomites sp., nr IGP Ił, Łowicz IG-1 (566.7 m), Lower Valanginian; B. Neohoploceras sp., nr Muz.PIG 1652 II 203, 
Łowicz IG-1 (566.8 m), Lower Valanginian; C, D. Platylenticeras (Tolypeceras) fragile Koenen, nr IGP 2, Wąwał, Lower Valanginian, 
heteropleurum Zone (?); E, F. Platylenticeras (Platylenticeras) parcum parcum  Koenen, phragmocone, nr x 9, Wąwał, Lower Valangin
ian, robustum Zone. Scale bar -  1 cm
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turn Zone, that was established in the German Basin and 
correlated with the lowermost Valanginian (Kemper, 1961). 
In the mentioned well section, the horizon with Neocomites 
and Neohoploceras was hitherto included into the “Beds 
with Platylenticeras”, while deposits with Platylenticeras -  
into the “Beds with Polyptychites” (Marek, 1986). The 
other early Valanginian species, Karakaschiceras quadris- 
trangulatum (Sayn), was found in a similar stratigraphic po
sition in the outcrop at Wąwał. It appears there also below 
the layers containing Boreal ammonites of the robustum 
Zone (Kutek el al., 1989; Ploch, 2002). The stratigraphic 
position of the lowermost Valanginian ammonites was de
termined based on their occurrence in the sections and on 
their Valanginian character. They were always found below 
the ammonite assemblages of the robustum Zone (Figs 2, 3). 
The ammonites are correlated with those of the Mediterra
nean petransiens Zone, accepted as the lowermost Valang
inian zone at the meeting of the Lower Cretaceous Working 
Group in 2002 (Hoedemaeker et a l, 2003). The earliest 
Valanginian ammonites reflect the Mediterranean influ
ences marked in the Polish Basin since the Late Berriasian.

The next biostratigraphic zone distinguished in the 
studied sections is the robustum Zone (Fig. 32). A revision 
of the earlier collections and the new findings at the Wąwał 
outcrop allowed to identify the following species: Platylen
ticeras (Platylenticeras) robustum robustum (Koenen) (Fig. 
5H, I), Platylenticeras (Platylenticeras) parcum parcum 
Koenen (Fig. 4E, F), and Platylenticeras (Platylenticeras) 
parcum isterberense Kemper (Ploch, 2002). The specimens 
of Platylenticeras (Platylenticeras) parcum Koenen were 
probably described as Platylenticeras (Platylenticeras) ger- 
vilianum (d’Orbigny) by previous authors (Lewiński, 1932; 
Kokoszyńska, 1956; Pruszkowski, 1962). Ammonites of the 
species Platylenticeras (Platylenticeras) parcum Koenen, 
found in the core section from Łowicz IG 1 (depths: 557.7 
and 558.1 m), are also indicative of the robustum Zone. 
These sediments were hitherto included in the “Beds with 
Polyptychites” (Marek, 1986).

In the Wąwał section, a specimen of Platylenticeras 
(Tolypeceras) fragile Koenen (Fig. 4C, D) was found above 
the layers containing ammonites typical of the robustum 
Zone. Specimens of Platylenticeras (Tolypeceras) fragile 
Koenen were previously described as Platylenticeras 
(Tolypeceras) cf. marcousianum (d’Orbigny) (Lewiński, 
1932; Kokoszyńska, 1956; Pruszkowski, 1962). In the 
Lower Saxony Basin, this species may occur in the hete- 
ropleurum Zone (Kemper, 1961, 1992). This zone is dubi
ous in Poland, considering the lack of other fauna indicative 
oł them. Platylenticeras (Tolypeceras) fragile Koenen pos
sibly migrated from the Polish Basin to the Carpathian one. 
This supposition is based on the findings made in the West 
Carpathians and including the specimens described as 
Platylenticeras ex. gr. marcousianum (d’Orbigny) (Vasicek 
& Michalik, 1999) that could belong to this species. Besides 
the material from the Łowicz IG 1 well and from the expo
sure at Wąwał Platylenticeras was noted from the Szczecin 
Trough, within the north-western Poland (Marek & Ra
czyńska, 1979). Various species of Platylenticeras came 
into the Polish Basin from the German one. Tethyan am
monites are absent in this interval, contrary to the earlier

suggestion. At the W^wal section, Karakaschiceras quad- 
ristrangulatum (Sayn), Karakaschiceras heteroptychum 
(Pavlow), Karakaschiceras pronecostatum (Felix), and 
Neohoploceras subgibbosum (Wiedmann) occur above the 
ammonites of the robustum Zone or together with them. The 
interval would be correlated with the Tethyan petransiens 
Zone, what points out for the oldest occurrence of the genus 
Karakaschiceras, hitherto known from the Upper Valangin
ian, in the Tethyan Basin (Kutek et al., 1989).

The “Beds with Platylenticeras, Neocomites and Kara
kaschiceras” were described as the oldest Valanginian 
strata of the Lower Cretaceous in extra-Carpathian Poland 
(Marek & Rajska, 1997). An informal unit, dominated by 
arenaceous sediments and corresponding to the “middle 
Valanginian”, was distinguished above them and described 
as the “Beds with Polyptychites”, mainly on the basis of 
their position between the “Beds with Platylenticeras, Neo
comites and Karakaschiceras” and “Beds with Dichotomi- 
tes and Saynoceras” (Marek & Rajska, 1997). These strata 
are interpreted as regressive, shallow, and locally limnic de
posits because of their sedimentary features (Marek, 1969). 
Fauna is very rare in these strata. Fragments of ammonites 
described by earlier authors as Polyptychites sp. (Lewinski, 
1930, 1932; Pruszkowski, 1962; Witkowski, 1969) were 
found in the W^wal section. The lack of photographs and 
detailed descriptions of the earlier specimens precludes a re
vision of their determinations. These findings led to the in
clusion of this part of the section into the “Beds with Polyp
tychites”, and to correlate them with the Tethyan campyIo- 
toxus Zone (Fig. 32). Core data (mainly from Zychlin IG 1) 
provided incomplete and poorly preserved specimens (Fig. 
5E-G), which can only be determined as Polyptychites sp., 
without the species attribution (Marek, 1968, 1984).

The appearances of Saynoceras verrucosum (d’Or
bigny) (Fig. 5A-D) clearly mark the Upper Valanginian in 
the Wqwal exposure. This species characterizes the verru
cosum Subzone, described also as the verrucosum horizon 
within the verrucosum Zone (Kutek & Marcinowski, 
1996a). The core material has not provided unequivocally 
identifiable fossils of this ammonite species. The forms de
scribed as Saynoceras verrucosum (d’Orbigny) (Marek, 
1969) are juvenile specimens that may belong to some other 
genus as well. Only in the core from Potok IG 1 (at the depth 
239.0-239.35 m) Valanginites nucleus (Roemer) was found 
(Fig. IG, H), which may be indicative of the verrucosum 
Zone. Valanginites nucleus (Roemer) (Fig. 7G, FI) is abun
dant in the Wqwal outcrop. Boreal ammonites of genus Di- 
chotomites appear above the last occurrence of Saynoceras 
verrucosum (d’Orbigny) in the higher part of the W^wat 
section. This fact allowed referring this part of the section to 
the German ammonite zonation. The species: Valanginites 
nucleus (Roemer), Neohoploceras brandesi (Kenen), and 
Dichotomites are concurrent in the W^wal section, in an in
terval ca. 0.5 m thick. The specimens o f Valanginites nu
cleus (Roemer) in this part of the section differ from the ear
lier forms in their nearly smooth shell and greater dimen
sions. The same features are displayed by the terminal forms 
of this species in the Lower Saxony Basin (Kurt Wieden- 
roth, pers. comm., 2000). This indicates that they appeared 
in the Polish Basin together with ammonites of genus Di-
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Fig. 5. A, B. Saynoceras verrucosum (d’Orbigny), body chamber, nr IGP 5, Wąwał, Upper Valanginian, verrucosum Zone; C, D. 
Saynoceras verrucosum (d'Orbigny), body chamber, nr IGP 233, Wąwał, Upper Valanginian, verrucosum Zone; E. Polyptychites sp., nr 
Muz.PIG 1652 II 206, Żychlin IG-1 (425.6m), Lower Valanginian; F. Polyptychites sp., nr Muz.PIG 1652 II 207, Żychlin IG-1 (421.7m), 
Lower Valanginian; G. Polyptychites sp., nr Muz.PIG 1652 II 205, Żychlin IG-1 (425.6 m), Lower Valanginian; H, I. Platylenticeras 
(Platylenticeras) robustum robustum (Koenen), phragmocone, nr x 8, Wąwał, Lower Valanginian, robustum Zone. Scale bar -  1 cm
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Fig. 6. A, B. Dichotomites evolutus Kemper, phragmocone, nr IGP 2, W^wal, Upper Valanginian; C, D. Dichotomites triptychoides 
Kemper, nr IGP 3, W^wal, Upper Valanginian, triptychoides Zone; E. Dichotomites krausei Kemper (smaller specimen); Dichotomites 
evolutus Kemper (larger specimen), nr IGP 4, W^wal, Upper Valanginian, crassus, polytomus Zone

chotomites immigrating from the Lower Saxony Basin 
(Ploch, 2003). The range of this species in the Lower Sa
xony Basin reaches the hollwedensis Zone; hence, the de
scribed interval is attributed to this zone. The younger zones 
crassus and polytomus were combined because of the lack 
of precise location in the section of the nominal species Di
chotomites crassus Kemper. The species: Dichotomites evo
lutus Kemper (Fig. 6A, B) (occurring since the first appear
ance of genus Dichotomites in the W^wal section) and Di
chotomites krausei Kemper (Fig. 6E) occur in both horizons 
and cannot be used for their separation. Prodichotomites 
complanatus (Koenen) appears in the W^wal section earlier

than Dichotomites, and its range ends in the triptychoides 
Zone. In the Lower Saxony Basin, its range is limited to the 
polytomus Zone (Kemper, 1978).

The appearance of Dichotomites triptychoides Kemper 
in the W^wal section (Fig. 6C, D) marks the base of the trip
tychoides Zone. In contrast to the situation in the Lower 
Saxony Basin where Dichotomites evolutus Kemper disap
pears before the appearance of Dichotomites triptychoides 
Kemper (Kemper, 1978), the two species co-occur in the 
Mid-Polish Basin. Two morphological types represent in
traspecific variation in Dichotomites evolutus Kemper -  one 
with higher, the other with lower whorl height. Unlike in the
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Fig. 7. A. Ammonites sp., without number o f PGI Museum, Tuszyn Geo-5 (1072,0 m), Upper Aptian; B. Ammonites sp., without 
number of PG1 Museum, Sochaczew 2 (1486 m), Barremian-Aptian; C. Ammonites sp., without number of PGI Museum, Tuszyn 9 (884.0 
m), Barremian-Aptian; D. Leopoidia leopoldii (d’Orbigny), nr 1GP 2 ł, Łowicz 1G-1 (524 m), Lower Hauterivian, radiatus Zone; E. Leo- 
poldia leopoldii (d’Orbigny), nr IGP 3 \, Łowicz IG-1 (524 m), Lower Hauterivian, radiatus Zone; F. Deshayesites sp., without number of 
PGI Museum, Białobrzegi IG-1 (925.9 m), Lower Aptian; G, H. Valanginites nucleus (Roomer), morphotype nucleus, macroconch., nr 
Muz.PIG 1652.11.197, Potok IG-1 (239.2-239.35 m), Upper Valanginian, verrucosum Zone. Scale bar -  1 cm

Lower Saxony Basin, mainly forms with lower whorl height 
are present in the Polish Basin. Gigantic forms also appear 
in the higher part of the range of this species, with shells 
reaching even one metre in diameter (specimen collected by 
A. Kaim). No specimens of this size were reported from out
side the Polish Basin. Difference between the populations of 
Dichotomites evolutus Kemper from the Polish Basin and 
the neighbouring Lower Saxony Basin, as well as the differ
ing stratigraphic ranges of this species in both basins, indi
cate the development of endemic features within the Polish 
Basin population. Perhaps a better adaptation to environ
mental conditions in the Polish Basin, subject to both the 
Tethyan and Boreal influences, allowed for the longer oc

currence of this species, as compared to the Lower Saxony 
Basin. Dichotomites evolutus Kemper and Dichotomites 
triptychoides Kemper also co-occur in the borehole mate
rial. Abundance of ammonites in the horizons with Dichoto
mites, accumulations of shells of large ostraeid bivalves and 
abundant glauconite, both in the Wawal outcrop and in 
borehole core material, may indicate a low sedimentation 
rate and even a break in sedimentation. An erosional bound
ary is present in the higher part of the Wqwal section. The 
time interval represented by this hiatus cannot be deter
mined. The sediments overlying this boundary do not con
tain datable fossils. They may belong to the Upper Valang
inian or Lower Hauterivian (Fig. 3). No record of an ero-
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sional break was observed in core material. It should be 
stressed, however, that no ammonites were found that 
would suggest the presence of the uppermost Valanginian 
deposits.

The first H auterivian ammonite zone is the radiatus 
Zone. It is documented by the appearance of Leopoldia leo- 
poldi (d’Orbigny) (Fig. 7D, E) in the core material from 
Łowicz IG 1, at depth of 524.9 m. These strata have hitherto 
been included into the Upper Valanginian (Marek, 1986). 
The state of preservation of the specimens from the Upper 
Valanginian, hitherto described as Leopoldia sp. (Marek, 
1969), does not allow in the present author’s opinion for 
their generic determination. The higher Lower Hauterivian 
zones, included in the so-called “Beds with Endemoceras”, 
are documented by the following species: Endemoceras no- 
ricum (Roemer), Endemoceras aff. enode Thiermann, and 
Endemoceras cf. amblygonium (Neumayer & Uhlig) (Ra
czyńska, 1979; Marek & Rajska, 1997), relatively rare in 
comparison with the occurrences of Dichotomites. Their 
good preservation allowed Raczyńska (1979) to determine 
the specimens correctly. The noricum and amblygonium 
Zones, based on them, are suggested in this paper (Fig. 32).

The Upper Hauterivian strata are documented by the 
species Simbirskites (Craspedodiscus) cf. gottschei (Koe- 
nen) and Simbirskites (Craspedodiscus) sp., that were found 
in core material from Żychlin IG 1 (Raczyńska, 1979). The 
sediments including them were attributed to the “Beds with 
Simbirskites” (Marek & Rajska, 1997). A well-preserved 
ammonite Simbirskites gottschei (Koenen) (determination 
by L. Karczewski and R. Marcinowski) was found in core 
material from Korabiewice PIG 1, though, regrettably, the 
specimen is lost. The gottschei Zone (Fig. 32) was proposed 
basing on the findings of Simbirskites gottschei (Koenen).

The Barrem ian and Aptian deposits, hitherto consid
ered as quite poor in macro fauna and treated jointly, contain 
incompletely preserved, scarce ammonites. A fragment of 
ammonite Deshayesites (see: Fig. 7F -  Deshayesites sp.) 
was found in the core from Białobrzegi IG 1 (at the depth 
925.9 m), indicating its Early Aptian age. This specimen 
was interpreted hitherto as Endemoceras sp. and attributed 
to the Lower Hauterivian (Marek, 1977b). Other ammonite 
fragments are also known from the sedimentary successions 
described as Barremian-Aptian (Fig. 7A-C); their age was 
suggested to be Aptian (Raczyńska, 1979). These findings 
indicate that the sedimentary basin in the area of Poland was 
of an open marine character.

OSTRACOD BIOSTRATIGRAPHY

The analysis of the ostracod assemblages, that have 
been found in well cores from central and south-eastern Po
land, allowed precisely defining and, in some cases, revis
ing the biostratigraphy of the Lower Cretaceous sedimen
tary series. This concerns especially the older Berriasian de
posits in the “Purbeckian fades”. The biostratigraphic ana
lysis of the ostracod assemblages led to identify six ostracod 
zones in the Berriasian and the Valanginian strata. In many 
cases, they are confirmed by the results of calcareous nan- 
noplankton analyses and correlated with the ammonite 
zones (Fig. 32). The ostracod zones accepted in the present

study were established by Anderson (1985) in the Berriasian 
of England (in Purbeckian facies), and by Kubiatowicz 
(1983) in the Valanginian of central Poland.

Stratigraphy of the Berriasian sedimentary series in the 
Warsaw Trough was mainly based on distribution and ap
pearance of new species of the genus Cypridea. Up to now, 
in sediments of the “Purbeckian facies” in Poland, six local 
ostracod zones were recognized and labelled as zones: F, E, 
D, C, B, and A (Bielecka & Sztejn, 1966). The boundary be
tween the Jurassic and Cretaceous systems was placed be
tween the zones B and A (Marek et al., 1989; Sztejn, 1991, 
1997). In this paper, the sedimentary series with ostracod 
assemblages of the zones E through B, hitherto included 
into the Upper Tithonian (Marek et a l, 1989), is assumed to 
be of Berriasian age. This series includes the upper part of 
the Kcynia Formation, developed as carbonate-sulphate 
(Wieniec Member) and marly-carbonate sediments (Skot
niki Member). The biostratigraphic boundary between the 
Tithonian and the Berriasian stages is largely equivalent to a 
sequence boundary and equates with the base of carbonate- 
sulphate deposit of the Wieniec Member. The taxonomic 
composition of the ostracod assemblages in the studied ma
terial enabled correlation of the ostracod zones established 
in Poland with those of the Purbeckian series in England. 
This correlation is sometimes difficult because of the differ
ent nature of the ostracod fauna and due to lithological dis
continuities, as well as to limited coring of the studied wells. 
The recently established correlation of the Purbeckian de
posits of England with the standard Berriasian section in the 
Tethyan Province (Hoedemaeker, 2002) improved the reli
ability of the stratigraphic zonations of these sedimentary 
series. The sedimentary series in the Purbeckian of England, 
containing ostracods of the Cypridea dunkeri Zone, has 
been correlated with the ammonite jacobi/grandis Zone of 
the Lower Berriasian. The Cypridea granulosa Zone is 
equivalent to the Middle Berriasian occitanica Zone, while 
the sediments bearing ostracods of the Cypridea vidrana 
and Cypridea setina zones have been correlated with the 
Upper Berriasian boissieri Zone.

The Berriasian sediments were documented by ostra
cod fauna in central Poland (wells: Gostynin IG 1, Łowicz 
IG 1, and Żychlin IG 3), at the Wąwał outcrop, and in south
eastern Poland, in the Carpathian Foredeep (wells: Zago- 
rzyce 7, Wiewiórka 4) (Fig. 1). The English ostracod zone 
Cypridea dunkeri was identified in the Lower Berriasian de
posits from the Warsaw Trough. This Zone can be corre
lated with the Polish local ostracod zones E, D, and C sensu 
Bielecka and Sztejn (1966) (Fig. 32). The same species oc
cur both in the Purbeckian of Poland and England, such as: 
Cypridea inversa Martin, C. tumescens praecursor Oertli, 
C. peltoides peltoides Anderson (Fig. 14F, G). The ostraco- 
des mentioned above and the others species of genera: Cyp
ridea, Klieana, Rhinocypris, Darwinula, Scarbiculocypris, 
and Damonella (Damonella sp.; Fig. 14K) were found in 
cores from Gostynin IG 1 (Fig. 8, samples 2, 3) and from 
Żychlin IG 3 wells (Fig. 9, samples 1-4). Berriasian age of 
sediments was also recognized on the base of the ostracod 
assemblages, studied in the southern part of the Carpathian 
Foredeep, near Dębica (wells Zagorzyce 7 and Wiewiórka 
4). Detailed lithofacies analysis of the Jurassic-Cretaceous
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Fig. 9. Distribution chart of the foraminifers and ostracodes in the Lower Cretaceous deposits of the Zychlin IG-3; for lithological de
scription -  see Fig. 2

boundary strata in the basement of the Carpathians between 
Rzeszów and Dębica are available (Zdanowski et al., 2001; 
Maksym et al., 2001) to indicate that the Berriasian in the 
Zagorzyce 7 represents part of the Ropczyce Series (the 
lower calcareous-dolomitic member and the higher calcare
ous-marly member). A set of deposits in the Wiewiórka 4 
section is lithologically similar to that from Zagorzyce 7 
(Zdanowski, 2001; Zdanowski & Gregosiewicz, 2001). The 
Berriasian age of deposits was documented basing on mi
crofossils in the cored sections from Wiewiórka 4 (Fig. 10, 
sample 1). The presence of ostracods Cypridea tumescens 
tumescens (Anderson) (Fig. 14H), Klieana alata Martin, 
and Rhinocypris jurassica (Martin) (Fig. 14L), characteris
tic of the English Cypridea dunkeri Zone, in the deposits of

the Ropczyce Series allowed to including these strata in the 
Lower Berriasian. The ostracod assemblage may be also 
correlated with that one from the Lower Berriasian in the 
Jura Mountains at the French-Swiss border (Detraz & Mo- 
jon, 1989). In the Lower Berriasian from Zagorzyce 7, only 
fragments of charophytes (Fig. 15J) were found (Fig. 11, 
samples: 1,2).

In the Middle Berriasian of the Warsaw Trough, devel
oped in Purbeckian facies, the Cypridea granulosa Zone 
was distinguished. The appearance of the index species 
Klieana kujaviana Bielecka & Sztejn (Fig. 14J) marks the 
ostracod zone B sensu Bielecka and Sztejn (1966). In this 
paper, the Zone B of Bielecka and Sztejn was correlated 
with the English Cypridea granulosa Zone and included to
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the Middle Berriasian. These parts of the Middle Berriasian 
sediments probably represent the marine phase of the Cyp- 
ridea granulosa Zone that characterized the “Cinder Beds” 
in the Purbeckian of England. The zonal markers of Zone B

and the other species of the genera: Rhinocypris, Dar- 
winula, and Bisculocypris were found in cores from 
Gostynin IG 1 (Fig. 8, sample 4) and from Zychlin IG 3 
wells (Fig. 9, sample 5).

Białobrzegi IG 1

Ol 
6X) 03-W

(Z)
Q-o>

O

OD_©
o

-S
£

m

!  1 1 1 1 1 J  !  !
; 1 1 1 1 1 1: *■£: ^  ’c: "c: ^

§ § i l l !

J  ! 1  
1 2 1  .

I l l l
920

930-

c
.2‘■Ca.
<

15 
k - 14 
*  13

940

950-

03
ca

1 2

...............

A /  XV/

k u
10 

k 9
8
7
6
5
5a

t i  
* 2

960 * * 1

Fig. 13. Distribution chart o f the foraminifers and ostracodes in the Lower Cretaceous deposits of the Białobrzegi IG-1; for lithological 
description -  see Fig. 2



142 P. S. DZIADZIO ET AL.

Fig. 14. A. Verneuilinoides faraonica (Said & Bakarat); B. VerneiiiHna cf. angularis Gorbatchik; C. Dorothia subtrochus (Bartenstein); 
D. Verneuilina subminuta Gorbatchik; E. Verneuilinoides faraonica (Said & Bakarat); F. Cypridea peltoides peltoides Anderson; G. Cyp- 
rideapeltoides peltoides Anderson; H. Cypridea tumescens tumescens (Anderson); I. Klieana alata Martin; J. Klieana kujaviana Bielecka 
& Sztejn; K. Damonella sp.; L. Rhinocypris jurassica  (Martin). A, J, K: Żychlin IG-3 (940-961.3 m); B-G, I: Gostynin IG-1 (1030.0 m); 
H, L: Wiewiórka 4 (1460.8 m), Lower Berriasian. Scale bar -  100 |Ain

The Cypridea vidrana Zone was established in the low
ermost part of the Upper Berriasian within the Warsaw 
Trough. These sediments contain ostracods of the Zone A 
sensu Bielecka and Sztejn (1966) with index species Cyp
ridea obliqua polonica Sztejn (cored section from Zychlin

IG 3) (Fig. 9, sample 6). In this paper, sediments represent
ing the ostracod zone A were correlated with the lowermost 
part of the English Cypridea vidrana Zone because of the 
presence of Cypridea obliqua Wolburg, common in the Pur- 
beckian strata of Poland and England (in Poland subspecies
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C. obliquapolonica Sztejn). The ostracod zone described as 
the “assemblage with Protocythere propria emslandensis” 
was recognized in the higher part of the Upper Berriasian, 
developed in the Warsaw Trough as marine deposits bear
ing ammonites of the genus Riasanites and Surites (Marek 
et al., 1989). It may be discerned due to the appearance of 
the index species Protocythere propria emslandensis 
Bartenstein & Burri, in the cored section from Gostynin IG
1 (Fig. 8, sample 6). This zone was also recorded by Kubia- 
towicz (1983) in the Wąwał section.

Valanginian deposits are micropalaeontologically well 
documented in both central and southeastern Poland. The 
ostracod zone Pseudoprotocythere aubersonensis was iden
tified in the sediments of the Lower Valanginian and the 
lower part of the Upper Valanginian. This zone may be rec
ognized on the basis of appearance of the index species 
Pseudoprotocythere aubersonensis Oertli that occurs in the 
succession with ammonites of the genera Neocomites and 
Karakaschiceras, indicative of the Lower Valanginian (Fig. 
32). Pseudoprotocythere aubersonensis Oertli was also re
corded at the Wąwał section (Kubiatowicz, 1983), and in 
the Paris Basin, where it ranges from the upper part of the 
Upper Berriasian (boissieri Zone) to the Upper Valanginian 
(verntcosum Zone) (Babinot et al., 1985). Assemblages in
cluding the ostracod genera: Pseudoprotocythere, Clithro- 
cytheridea, Asciocythere, Cytherella, Shuleridea, and Sta- 
via were found in central Poland, in cored sections from: 
Gostynin IG I (Fig. 8, samplesl 1-13), and Żychlin IG 3 
(Fig. 9, sample 7), as well as at the Wąwał section. They 
were also recorded in southeastern Poland, in dark-grey 
mudstones of the Dębica Series (Zagorzyce 7, Fig.l 1, sam
ples 5-8; Wiewiórka 4, Fig. 10, samples 3-6).

The ostracod zone Mandocythere frankei (Kubiato
wicz, 1983) was recognized within the upper part of the Up
per Valanginian, basing on the appearance of the marker 
species Protocythere (Mandocythere) frankei Triebel. This 
Zone corresponds to the upper part of the ammonite verru- 
cosum Zone and to the lower part of the peregrinus Zone 
(Hoedemaeker et al., 2003) (Fig. 32). The index species 
Protocythere (Mandocythere) frankei and the ostracodes of 
the genera: Cytherella, Schuleridea and Protocythere were 
recognized in central Poland, in cores from Gostynin IG 1 
(Fig. 8, samples 14, 15) and in some samples from the 
Wąwał outcrop (Tomaszów Trough). They occur in the up
per part of the “Beds with Dichotomites and Saynoceras" 
(above the verrucosum Zone) up to the Hauterivian “Beds 
with Endemoceras”. In southeastern Poland, the Valangin
ian age of the bioclastic limestones (Dębica Series) (Zda
nowski et al., 2001; Maksym et al., 2001) is recognised on 
grounds of a presence of Protocythere (Mandocythere) 
frankei Triebel, and of the genera: Schuleridea, Protocy
there, and Cytherella, in cores from Zagorzyce 7 (Fig.l 1, 
sample 9) and Wiewiórka 4 (Fig. 10, samples 5-7).

The Hauterivian sedimentary series in the Warsaw 
Trough has scarce micropalaeontological evidence because 
of the small amount of well core material. In the Żychlin IG 
3 section, the Upper Hauterivian mudstones belonging to 
the gottschei ammonite Zone contain rare and poorly pre
served ostracodes, mainly Protocythere sp. (Fig. 9, sample 
9). The Upper Hauterivian strata were also recognized in the

Gostynin IG 1 section, where Protocythere cf. triplicata 
(Roemer) and Protocythere sp. have been found (Fig. 8, 
sample 17). The Upper Hauterivian-Lower Barremian sedi
ments southeastwards to the Warsaw Trough are developed 
in carbonate facies attributed to the Cieszanów Formation 
(Marek et al., 1989). An assemblage of scarce ostracods, in
cluding the genera: Prothocythere, Schuleridea, Cytherel- 
loidea and Paranotacythere was found in these sediments 
(Narol IG 2, Fig. 12, samples 1-7). Few ostracods were also 
found in the Upper Barremian-Lower Aptian deposits, 
dated by foraminifers and calcareous nannoplankton (Fig.
32), in core from Białobrzegi IG 1 well (Fig. 13, samples 
1-7), but they are not informative stratigraphically.

FORAMINI FERAL BIOSTRATIGRAPHY

The micropaleontological analysis of the well core ma
terial from central and southeastern Poland (Figs 8-19) re
vealed the presence of different foraminiferal assemblages 
characteristic of individual stages of the Lower Cretaceous. 
The studied material revealed also species not earlier de
scribed from the Lower Cretaceous strata of Poland. This al
lows revising the biostratigraphy of some lithological series. 
The specific nature of foraminiferal assemblages from stud
ied cores does not allow using previously described forami
niferal zonation schemes, neither from the Tethys area nor 
from the Boreal Province. Many of those schemes are only 
applicable to a limited regional biostratigraphy in the shal
low marine boreal or tethyan basins. The first formal fo
raminiferal zonation scheme for the northern Tethys was es
tablished by Moullade (1984), who subdivided the Berria
sian to Albian strata into fourteen zones. Unfortunately, 
most of the zonal markers are either absent or extremely rare 
in the Lower Cretaceous of the Polish Basin. In this study, 
biostratigraphic analysis led to establish eight foraminiferal 
associations and their stratigraphical succession. Only Len- 
ticulina eichenbergi Zone (Moullade, 1984) was recognized 
in the Upper Valanginian deposits of the Warsaw Trough.

The Berriasian deposits have been documented by fo
raminiferal assemblages in central Poland (cored sections 
from: Gostynin IG 1, Łowicz IG 1 and Żychlin IG 3), in the 
southeastern Poland and in the Carpathian Foredeep (Za
gorzyce 7, Wiewiórka 4) (Fig. 1). In the Warsaw Trough, 
the foraminiferal assemblage with Verneuilina subminuta, 
Verneuilina angularis, and Verneuilinoides faraonica has 
been recognized in the Lower Berriasian sediments, corre
lated with the Cypridea dunkeri ostracod Zone (Fig. 32). 
Foraminiferal species, such as: Verneuilina subminuta Gor- 
batchik (Fig. 14D), Verneuilina angularis Gorbatchik (Fig. 
14B), Verneuilinoides faraonica (Said & Bakarat) (Fig. 
14A, E) and Dorothia subtrochus (Bartenstein) (Fig. 14C) 
have not been found earlier in Poland. The species men
tioned above and the others of genera: Verneuilina and Ver
neuilinoides have been recorded in the all studied well sec
tions. They are especially abundant in cores from Gostynin 
IG 1 (Fig. 8, samples 2, 3) and from Żychlin IG 3 (Fig. 9, 
samples 2-4). Similar foraminiferal assemblages are known 
from the Berriasian deposits of the Tethyan Province in Ro
mania (Neagu, 1997) and Crimea (Kuznetzova & Gor
batchik, 1985). The appearance of foraminifers in the “Pur-
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beckian facies” indicates short marine ingressions preced
ing the Middle Berriasian transgression that probably came 
from the southeast.

The foraminiferal assemblage with Trochammina in
flata, Haplophragmoides concavus, and Ammobaculites ag- 
glutinans (Fig. 32) was distinguished in the higher part of 
the Upper Berriasian. In central Poland, this is a marine suc
cession with ammonites of the genera Riasanites and Smites 
(Marek et a l, 1989). In the present study, this sedimentary 
series was correlated with the Protocythere propia emslan- 
desis and the lowermost part of Pseudoprotocythere auber- 
sonensis ostracod zones. The presence of abundant aggluti
nated foraminifers, such as: Rhizammina indivisa Brady 
(Fig. 15A), Trochammina inflata (Montagu) (Fig. 151, K), 
Ammobaculites kcyniensis Sztejn (Fig. 15B), Haplophrag
moides concavus (Chapman) (Fig. 15F), H. cushmani 
Loeblich & Tappan (Fig. 15C), Proteoina difflugiformis 
Brady (Fig. 15D), and Glomospirella gaultina (Bethelin) 
(Fig. 15G) is characteristic for these sediments. They were 
mostly recorded in cored section from Gostynin IG 1 (Fig. 
8, samples 5-8). Similar foraminiferal assemblages are 
characteristic of higher Berriasian siliciclastic shelf sedi
ments in central Poland (Sztejn, 1968, 1990). The presence 
of agglutinated foraminifers of family Lituolidae, with 
abundant Charentia sp. (Fig. 15E) is characteristic of the 
Upper Berriasian strata in the southern part of the Carpa
thian Foredeep, near Dębica (the upper part of the marly- 
carbonate member of the Ropczyce Series). This assem
blage includes also calcareous foraminifers of the genera: 
Trocholina, Eoguttulina, and Planularia. Such assemblages 
were found in cored sections from Zagorzyce 7 (Fig. 11, 
samples 3,4) and Wiewiórka 4 (Fig. 10, sample 2). Previous 
biostratigraphic studies of the Lower Cretaceous sediments 
in southeastern Poland (including the cored section from 
Stasiówka 1 in the Carpathian Foredeep) were limited to a 
few works (e.g., Geroch et a l, 1972). Biostratigraphic stud
ies in the Lublin region were done by Moryc and Waśn- 
iowska (1965) and Sztejn (1996). Biostratigraphic studies of 
the Lower Cretaceous deposits in the Carpathian Foredeep 
were also undertaken by Olszewska (1999,2001), who stud
ied microfauna in thin sections.

In central Poland, four characteristic foraminiferal as
semblages have been distinguished in the Valanginian 
sediments attributed to the ostracod zone Pseudoprotocy- 
there aubersonensis (Fig. 32). Impoverishment of the fora
miniferal fauna and predominance of agglutinated foramini
fers was observed in the Lower Valanginian strata, assigned 
to the robustum Zone. Near the top of the Lower Valangin
ian, in deposits bearing abundant bivalves and ferruginous 
concretions, the assemblage of microfauna is impoverished 
and their taxonomic composition indicates shallowing of 
the basin. At the base of the Lower Valanginian, developed 
as argillaceous-mudstone facies, an assemblage of aggluti
nated foraminifers with Trochammina inflata, Haplophrag
moides concavus, and Ammobaculites agglutinans has been 
recorded. The assemblage is similar to those from the upper
most Berriasian. The first assemblage of calcareous benthic 
foraminifers appeared in the beds with ammonites of the 
genera Neocomites and Karakaschiceras. It was named in 
the present study as the assemblage with Epistomina cara-

colla, Lenticulina subalata, and Verneruilinoides neo- 
comiensis. This assemblage was recorded in cored sections 
from: Gostynin IG 1 (Fig. 8, samples 11-13), Łowicz IG 1, 
and from Żychlin IG 3 (Fig. 9, sample 7). In the upper part 
o f the Lower Valanginian the assemblages with Glomo
spirella gaultina and Ammodiscus tenuissimus, and with 
Epistomina caracolla and Lenticulina subalata have been 
found. They are also characteristic for the Upper Valangin
ian (the lowermost part of the ammonite verrucosum Zone) 
(Fig. 32).

The Upper Valanginian deposits in central Poland con
tain abundant and highly diversified assemblages of fora
minifers. The foraminiferal Lenticulina eichenbergi Zone 
was identified in the sediments of the uppermost part of ver
rucosum to triptichoides zones (Fig. 32). Lenticulina ei
chenbergi Bartenstein & Brand, which in the Tethyan Prov
ince marks the foraminiferal horizon Lenticulina eichen
bergi (Moullade, 1984), has been accepted as the index spe
cies for this zone. The Upper Valanginian age of deposits at 
the Wąwał outcrop (the Tomaszów Trough) is indicated by 
the ammonites (Kutek et a l, 1989; Ploch, 2002). The more 
abundant foraminifers were observed in the higher part of 
the Wąwał section, corresponding to the polytonms -  cras- 
sus ammonite Zone and to the lower part of the triptychoi- 
des Zone. These assemblages include many species of cal
careous and agglutinated foraminifers, such as: Epistomina, 
Lenticulina, Tristix, Citharina, Psilocitharella, Pseudono- 
dosaria, Frondicularia and Conorboides (Fig. 16H-L; Fig. 
17A-D, J). The amount of agglutinated forms relative to the 
calcareous ones, of which numerous are only those of genus 
Epistomina, increases in the upper part of the triptychoides 
Zone. Glauconite-rich sediments in the highest part of the 
Wąwał section do not contain microfauna. The foraminif
eral assemblage of the Lenticulina eichenbergi Zone was 
described in cored section from the Gostynin IG 1 (Fig. 8, 
samples 14, 15; Fig. 17E, F) in the Warsaw Trough. In cen
tral Poland, conditions in the depositional basin changed 
during the latest Valanginian. Sandy mudstones with ad
mixture of ferruginous oolites were laid down, indicating a 
stratigraphic condensation during the maximum flooding 
phase.

The foraminiferal assemblage with Hechtina praeanti- 
qua, Protomarssonella kummi, and Protomarssonella 
hechti was recognized in the uppermost part of the Upper 
Valanginian, in the Warsaw Trough (Fig. 32). The index 
species and the other genera, such as Proteoina, Glomo
spirella, Ammodiscus and Bulbobaculites were recognised 
in the cored section from the Gostynin IG 1 well (Fig. 8, 
sample 16) (Fig. 17G, H, I. K; Fig. 18A-D). Similar forami
niferal assemblages are characteristic for deposits assigned 
to the “Beds with Dichotomites” in the Boreal Province, 
e.g., in the Lower Saxony Basin (Mutterlose et a l, 2000; 
Klein & Mutterlose, 2001), though the amount of aggluti
nated forms is there higher than in the Polish Basin. This is 
certainly due to the stronger influence of the Boreal Sea in 
the Lower Saxony Basin.

In the area situated southeastward to the Warsaw 
Trough, the Valanginian deposits are developed in silici- 
clastic-carbonate and carbonate facies of the Dębica Series 
(Zdanowski et al., 2001). These sediments were docu-
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Fig. 15. A. Rhizammina indivisa Brady; B. Ammobaculites kcyniensis, Sztejn; C. Haplophragmoides cushmani Loeblich & Tappan; D. 
Proteoina difflugiformis Brady; E. Charentia sp.; F. Haplophragmoides concavus Chapman; G. Glomospirella gaultina (Berthelin); H. 
Recurvoides sp.; I. Trochammina inflata Loeblich & Tappan; J. fragment of charophytes; K. Trochammina inflata Loeblich & Tappan. 
A-D, F-J, K: Gostynin 1G-1 (1008.2 m); E: Wiewiórka 4 (1457.5 m), Upper Berriasian; J: Zagorzyce 7 (2780 m), Lower Berriasian. Scale 
b a r-100 nm
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Fig. 16. A, B. Trocholina molesta Gorbatchik; C, D. Trocholina burlini Gorbatchik; E. Astacolus cf. proprius Kuznetsova; F. Eoguttu- 
lina witoldensis Sztejn; G. Citharina paucicostata (Reuss); H, I. Conorboides hojkeri Bartenstein & Brand; J . Lenticulina nodosa (Re- 
uss); K. Tristix acutangula (Reuss); L. Lenticulina eichenbergi Bartenstein & Brand. A, B: Wiewiórka 4 (1451.6 m), Lower Valanginian; 
C, D, F, G: Zagorzyce 7 (2747.8 m), Lower Valanginian; H-L: Wąwat, Upper Valanginian. Scale bar -  100 |im
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Fig. 17. A. Citharina seitzi Bartenstein & Brand; B. Psiloci/harella recta (Roemer); C. Lenticulina saxonica Bartenstein & Brand; D. 
Pseudonodosaria humilis (Roemer); E. Spirillina minima Schacko; F. Astacolus cephalotes (Reuss); G. Hechtinapraeantiqua Bartenstein 
& Brand); H. Protomarsonella hechti Dieni & Massari; I. Protomarsonella kummi (Zedler); J. Frondicularia hastata Roemer; K. Pro- 
tomarsonella hechti Dieni & Massari. A-D, I: W^wal clay-pit, Upper Valanginian; E-H, J-K: Gostynin IG 1 (934.2-942,0 m), Upper 
Valanginian. Scale bar -  100 |im
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Fig. 18. A. Biilbobaculites inconstans inconstans Bartenstein & Brand; B. Ammobaculites agglutinans (d ’Orbigny); C. Ammobaculites 
irregulariformis Bartenstein & Brand; D. Bulbobaculites ex. gr. 'inconstans Bartenstein & Brand; E. Lagena hauteriviana hauteriviana 
Bartenstein & Brand; F. Citharina orthonota (Reuss); G, H. Buccicrenata condesa Dulub; I, J . Trocholinapaucigranulata Moullade; K. 
Lenticulina scbreiterei (Eichenberg); L, M. Epistomina cretosa Ten Dam. A-D: Gostynin IG 1 (934.2 m), Upper Valanginian; E-F: 
Gostynin IG 1 (928.3 m), Upper Hauterivian, G-H: Narol 1G 2 (1363,5 m), Upper Hauterivian/Barremian; I-M: Białobrzegi IG 1 (953.0 
m), Lower Aptian. Scale bar -  100 (im
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Fig. 19. A, B. Hedbergella infracretacea (Glaessner); C, D. Gavelinella barremiana Bettenstaedt; E, F. Gavelinella sp. 1; G. Meandro- 
spira waschitensis Loeblich & Tappan; H. Meandrospira bancilai Neagu; I. Falsogaudryinella scherlocki Bettenstaedt; J . Vemeuilinoi- 
des subfiliformis Bartenstein; K. Praedorothia praeoxycona (Moullade); L. Marginulina pyramidalis (Koch); M. Tristix acutangula 
(Reuss); N. Lagena globosa Montagu. A-N: Białobrzegi IG 1 (948-953 m), Lower Aptian. Scale bar -  100 |im
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mented by foraminiferal microfauna in the cored sections 
from Zagorzyce 7 and Wiewiórka 4. The Lower Valangin- 
ian carbonate deposits of the Dębica Series contain rich fo
raminiferal assemblages with Trocholina, characteristic for 
the carbonate facies of the northern Tethys shelf (Kuznet
zova & Gorbatchik, 1985). The most numerous foraminifers 
in this sediment are: Trocholina burlini Gorbatchik (Fig. 
16C, D), T. molesta Gorbatchik (Fig. 16A, B), Astacolus cf. 
proprius Kuznetzova (Fig. 16E), Eoguttulina witoldensis 
Sztejn (Fig. 16F), and Citharina paucicostata (Reuss) (Fig. 
16G). The foraminiferal species mentioned above and the 
others of genera: Trocholina, Lenticuiina, Saracenaria, 
Vaginulinopsis, Miliospirella, Plamilaria, Citharina, Dis- 
corbis, and Spirillina were found in cores from Wiewiórka 4 
(Fig. 10, samples 3-7) and from Zagorzyce 7 (Fig. 11, sam
ples 5-8). The Late Valanginian (and probably Early Hau- 
terivian) sediments of the Dębica Series are documented by 
the appearance of the foraminiferal species: Epistomina 
caracolla (Roemer) and Lenticuiina nodosa Reuss in cored 
sections from Zagorzyce 7 (Fig. 11, samples 9-11).

The Hauterivian sediments in the Warsaw Trough 
have scarce micropalaeontological evidence. In the Lower 
Hauterivian sequences of sandy mudstones and sandstones, 
of the radiatus ammonite Zone (e.g., Łowicz IG 1 section), 
only impoverished assemblage of lenticulinids, epistomi- 
nids and agglutinated foraminifers were recovered. In the 
cored section from Żychlin IG 3, the Upper Hauterivian 
mudstones attributed to the gottschei ammonite Zone, con
tain scarce microfauna, including: Epistomina ornata 
(Roemer), E. caracolla (Roemer), Lenticuiina subangulata 
(Reuss), and Citharina cf. acuminata (Reuss) (Fig. 9, sam
ple 9). The Upper Hauterivian foraminiferal assemblages 
including: Lagena hauteriviana cylindrica, Citharina or- 
thonota, and C. sparsicostata (Fig. 32) were also identified 
in the cored section from Gostynin IG 1. The index species 
were accompanied by the other species of the genera: La
gena (Fig. 18E), Citharina (Fig. 18F), Epistomina, and La- 
marckina (Fig. 8, sample 17). Similar microfaunal assem
blages have been described from the Upper Hauterivian and 
lowermost Barremian deposits in the Boreal Province, in 
northwestern Germany and England (Bartenstein et al., 
1991).

Southeastwards from the Warsaw Trough, carbonate fa
cies are attributed to the Cieszanów Formation of the Hau
terivian age (e.g., Narol IG 1, Narol IG 2; Figs 39, 42) 
(Marek et al., 1997). The foraminiferal assemblages recov
ered in these deposits indicate the Late Hauterivian -  earli
est Barremian age (Fig. 12, samples 1-4). It is suggested by 
the presence of: Buccicrenata condesa Dulub (Fig. 18G, H), 
Choffatella decipiens Schlumberger, Lenticuiina hiermanni 
Bettenstead, Trocholina paucigranulata Moullade, and 
Praedorothia cf. praeoxycona, that are reported most fre
quently from the Upper Hauterivian through Lower Aptian 
deposits of the Boreal and Tethyan Realms (Holbourn & 
Kamiński, 1997). These deposits were previously attributed 
to the Upper Valanginian and Lower Hauterivian (Marek et 
al., 1989; Sztejn, 1996).

Sedimentary series of the higher part of Lower Creta
ceous (Barremian, Aptian) in the Warsaw Trough, including 
mainly coarse-grained siliciclastic deposits, makes a part of

the Mogilno Formation (Marek et al., 1989). There were no 
microfossils found in these series (Gostynin IG 1, Żychlin 
IG 3, Łowicz IG 1). In southeastern Poland, the siliciclastic 
facies are replaced by ciastic-carbonate and carbonate de
posits. Finding of the Late Barremian-Early Aptian mi
crofauna, described in this paper as the assemblage with 
Gavelinella barremiana and Hedbergella infracretacea 
(Fig. 32), makes an important part of this study. The assem
blages were recorded in deposits of the Białobrzegi Forma
tion, in the cored section from Białobrzegi IG 1 (Fig. 13, 
samples 2-8). These sediments contain a very rich assem
blage of microfauna with the most important: Gavelinella 
barremiana Bettenstaedt (Fig. 19C, D), Gyroidinoides aff. 
infracretaceus Morozova, Hedbergella infracretacea (Gla- 
essner) (Fig. 19A, B), Meandrospira washitensis Loeblich 
& Tappan (Fig. 19G), M. bancilai Neagu (Fig. 19H), Prae
dorothia cf. praeoxycona (Moullade), and Falsogaudryi- 
nella scherlocki Bettenstaedt (Fig. 191). They are also ac
companied by numerous foraminifers of the genera: Epis
tomina (Fig. 18L, M), Lagena (Fig. 19N), Lenticuiina (Fig. 
18K), Marginulina (Fig. 19L), Protomarssonella, Spiril
lina, Tristix (Fig. 19M), Trocholina (Fig. 181, J), and Ver- 
neuilinoides (Fig. 19J). The species described in the cores 
from Białobrzegi IG 1 are known from the Barremian and 
Aptian strata. The foraminiferal genus Gyroidinoides was 
found to occur beginning from the Aptian (Holbourn & Ka
miński, 1997; Riegraf & Luterbacher, 1989; Moullade, 
1984). Its presence suggests that the age of the Białobrzegi 
Formation is Late Barremian through Early Aptian, rather 
than Late Valanginian through Hauterivian, as it was hith
erto assumed (Marek et al., 1989).

NANNOFOSSIL BIOSTRATIGRAPHY

Some Lower Cretaceous marine successions within 
central and southeastern Poland contain abundant and well 
preserved assemblages of calcareous nannoplankton. How
ever, up to now, nannofossils have not been used as a stra- 
tigraphic tool in reference to these sedimentary series, ex
cept one section from the Warsaw Trough. The analysis of 
nannofloral assemblages, found in some samples from 
cored section from Korabiewice PIG 1 (Fig. 37), has al
lowed to constrain a stratigraphic position of the dark-grey 
and poorly fossiliferous, marly shales (Gaździcka, 1993). 
Based on nannofossil data, this succession was attributed to 
the Upper Hauterivian, corresponding to the ammonite gott
schei Zone. For the purpose of this study nannofossil assem
blages of cored sections from twelve wells in central and 
southeastern Poland were examined.

To date, many proposals of nannoplankton zonation 
schemes have been presented for the Lower Cretaceous 
(e.g., Roth, 1973; Thierstein, 1976; Taylor, 1982; Jaku
bowski, 1987). The zonation established by Sissingh (1977) 
and modified by Perch-Nielsen (1979, 1985), known as a 
standard nannofossil zonation, is the most commonly used 
one for the Lower Cretaceous strata. On the other hand, the 
stratigraphic zonation scheme for the Lower Cretaceous of 
the Boreal Realm is the most refined one (Bown et al., 
1999). The specific nature of nannofossil assemblages from 
the Lower Cretaceous of the Polish Lowlands allows for ex-
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elusive use of the zonation shemes neither from Tethys nor 
from the Boreal Province. The nannofossil assemblages in
clude both tethyan and the boreal taxa, and the proportion of 
both palaeobiogeographic elements changes in the studied 
sections. But there are still neither continual data of the te
thyan nannofossil succession nor of the boreal one. This 
unique character of nannoflora results from the palaeogeo- 
graphic position of sedimentary basins, situated between 
these two major provinces. However, a taxonomic composi
tion of the nannofossil assemblages shows the closest affini
ties to those from the Lower Saxony Basin (see Mutterlose, 
1991). A content of the tethyan species is still higher than in 
coeval deposits from Germany. Also lack or scarcity of the 
boreal taxa in some stratigraphic intervals is symptomatic. 
Nevertheless, the zonation scheme established in German 
Basin by Mutterlose (1991,1992) is the most useful for stra
tigraphy of the Lower Cretaceous strata from the Polish 
Lowlands, and it has been adapted with some modifications 
for the purpose of this study (Fig. 20). It also enables a cor
relation of depositional sequences from these two neigh
bouring sedimentary basins.

The succession of nannofossil assemblages observed in 
the studied sections has allowed for distinguishing of bios- 
tratigraphic zones or only their lower or upper boundaries, 
that correspond to the first (FO) or to the last occurrences 
(LO) of the marker species. This results from both uncon- 
tinuous coring and sedimentary gaps in the studied sections. 
Differences between the successions of nannofossil taxa 
from the Polish and the Lower Saxony basins have been ob
served mainly within the following intervals: 1) the Berria- 
sian-Lower Valanginian, for which no nannoplankton 
zones have been distinguished in the German Basin, 2) the 
Upper Hauterivian, and 3) the Lower Aptian. The Late Ber- 
riasian assemblage includes some tethyan as well as cosmo
politan taxa, what has enabled identification of Thierstein’s, 
Retacapsa angustiforata Zone. Nannofloral assemblage re
corded in the Upper Hauterivian consists, in turn, mainly of 
the boreal taxa. In the present study, the first Upper Hau
terivian zone is established using the FO of Perissocyclus 
plethotretus (Wind et Cepek), as indicative of its lower 
boundary. In the Lower Aptian, the Mediterranean species 
were dominant again and thus they were used as zonal 
markers. The nannofossil zonation scheme, proposed for the 
Lower Cretaceous in Polish Lowlands includes thirteen 
zones. They are labelled PN (from: Polish Nannoplankton 
Zones) and given successive numbers (Figs 20-25). The zo
nation scheme is summarized in Fig. 20. Selected species of 
coccoliths, characteristic of the early Cretaceous assem
blages are shown in Figs 26-31.

Valanginian; the zone corresponds to the tethyan ammonite 
boissieri Zone, and possibly to the lowermost part of the 
Lower Valanginian petransiens Zone.
Remarks: In the Tethyan Realm, R. angustiforata appears 
in the lowermost Middle Berriasian, corresponding to lower 
part of the ammonite occitanica Zone, or even in the Lower 
Berriasian (Bergen, 1994). In the Boreal Realm, it has been 
recorded only in the Upper Ryazanian, corresponding to the 
uppermost part of the Middle and to the Upper Berriasian 
(Bown et al., 1999). The differrence may be caused by the 
lack of nannofossil-bearing facies, older than the Upper 
Berriasian, or a regional unconformity between the Upper 
Jurassic and the Lower Cretaceous in the North Sea. In the 
Polish Lowlands, R. angustiforata (Fig. 29C) appears in the 
lowermost part of the Upper Berriasian. It has been recorded 
together with the first Berriasian ammonite assemblages. 
These events are also associated by a change of microfaunal 
assemblages, and they are correlated with the lower bound
ary of the ostracod zone C. vidrana (Fig. 32). PN 1 has been 
recognised in the cored sections from Gostynin IG 1 (Fig.
22) and Żychlin IG 3, in sedimentary succession distin
guished as the Rogoźno Formation.

PN 2 Zeugrhabdotus diplogrammus

Definition: Interval between the FO of Zeugrhabdotus 
diplogrammus and the appearance of poorly differentiated 
assemblages, comprising mainly Watznaueria barnesae. 
Author: Gaździcka (this paper).
Stratigraphic range: Lowermost Valanginian, correspond
ing to the lower part of the tethyan ammonite petransiens 
Zone and to the boreal zones robustum and heteropleurum. 
Remarks: In the studied sequences, Z. diplogrammus ap
pears together with tethyan ammonites of the genus Neo
comites and Neohoploceras that are characteristic for the 
lowermost Valanginian (cf. Fig. 2 and Fig. 21). This is 
probably the oldest known occurrence of this species. Ac
cording to Bown et al. (1999), the FO of Z  diplogrammus in 
the Boreal Province is in the uppermost part of the Lower 
Valanginian. The appearance of this species in Poland, in 
the petransiens Zone, indicates its tethyan provenance. 
Zeugrhabdotus diplogrammus is accompanied by other te
thyan coccoliths: Cyclagelosphaera margerelii (Fig. 26G), 
Micrantholithus obtusus (Fig. 26K) and Watznaueria bar
nesae (Fig. 261). The nannofossil assemblages in PN 2 are 
also more taxonomically diversified than the Berriasian 
ones. The Z. diplogrammus Zone, comprising the lower
most Lower Valanginian, has been recognised in cored sec
tion from Łowicz IG 1, in the uppermost part of the Ro
goźno Formation (Fig. 21). The stratigraphic position of this 
formation has hitherto been determined as the “Ryazanian”.

Proposed zonation scheme

PN 1 Retacapsa angustiforata

Definition: Interval between the FO of Retacapsa angusti
forata and the FO of Zeugrhabdotus diplogrammus. 
Author: Thierstein (1971) emend. Gazdzicka (this paper). 
Stratigraphic range: Upper Berriasian and the lowermost

PN 3 Watznaueria barnesae

Definition: Interval between the appearances of a poorly 
differentiated assemblages, dominated by coccoliths Watzn
aueria barnesae and the FO of Eiffellithus striatus.
Author: Gazdzicka (this paper).
Stratigraphic range: Upper part of the Lower Valanginian,
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Fig. 21. Distribution chart of calcareous nannofossils in the Lower Cretaceous deposits o f the Łowicz IG I ; for lithological description -  
see Fig. 2

corresponding to the uppermost part of tethyan petransiem  
Zone and to the campylotoxus Zone. It may be also corre
lated with the boreal Polyptychites spp. Zone.
Remarks: A gradual impoverishment of calcareous nanno- 
plankton assemblages in respect of taxonomical diversifica
tion is noticeable since the upper part of the ammonite pe- 
transiens Zone, together with the appearance of the first bo
real ammonites. Sedimentary sequences with ammonites of 
the genus Polyptychites (“Beds with Polyptychites”; Marek, 
1997) contain nearly monospecific coccolith assemblages 
with predominant Watznaueria barnesae. The PN 3 Watzn- 
aueria barnesae Zone, corresponding to the upper part of 
the Lower Valanginian, was recognized both in the sections 
from the Warsaw Trough (Łowicz IG 1, Fig. 21; Gostynin

IG 1, Fig. 22; and Żychlin IG 3), and from the Tomaszów 
Trough (Wąwał clay-pit). It corresponds to the lower part of 
the Bodzanów Formation.

PN 4 Eiffellithus striatus

Definition: Interval between the FO of Eiffellithus striatus 
and the FO of Conusphaera rothii.
A uthor: Mutterlose (1991).
Stratigraphic range: Upper Valanginian, interval corre
sponding to the boreal ammonite zone Dichotomites spp., 
comprising five zones established in the Lower Saxony Ba
sin: hollwedensis, polytomus, crassus, triptychoides, and 
bidichotomites (Fig. 32).
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Remarks: According to Bown et al. (1999), EiffeUithus 
striatus appears in the Boreal Province only in the upper
most Valanginian. This, however, contradicts the observa
tions by Mutterlose (1991), who observed the FO of this 
species at the boundary between the Lower and Upper 
Valanginian. He has also accepted this event as a cause for 
the distinction of biostratigraphic zone. In the studied sec
tions of central Poland, the FO of E. striatus has been ob
served in sedimentary successions with boreal ammonites 
of the hollwedensis Zone (lower part of the Upper Valangin
ian), and simultaneously with numerous tethyan ammonites 
characteristic of the verrucosum Zone (Fig. 3). Also in the 
nannofossil assemblages, a co-occurrence of tethyan and 
boreal species was observed. E. striatus is largely frequent 
in studied sections (Gostynin IG 1, Gostynin IG 4, Wąwał 
clay-pit; Figs. 22, 23). Zone PN 4 was distinguished in the 
lower part of the Włocławek Formation.

PN 5 Conusphaera rothii

Definition: Interval between the FO of Conusphaera rothii 
and the FO of Eprolithus antiquus.
Author: Mutterlose (1991).
Stratigraphic range: Uppermost Valanginian-lowermost 
Hauterivian. The interval corresponding to the Valanginian 
ammonite tuberculata Zone and the Lower Hauterivian am- 
blygonium Zone.
Remarks: In the Tethyan Realm, C. rothii appears probably 
earlier, in the uppermost Tithonian (Bown et al., 1999). In 
Poland, however, similarly as in the German Basin and in 
the Boreal Realm, the FO of this species was observed only 
in the uppermost Valanginian (Gostynin IG 4; Fig. 23). Also 
other tethyan species, such as Lithraphidites carniolensis 
(Fig. 28G), Micrantolithus ohtusus (Fig. 28H), Nannoconus 
cornuta and Nannoconus globulus are frequent in this zone. 
Eiffellithus striatus is still present. The lower part of the 
Włocławek Formation, developed in the studied area as

sandy mudstones with intercalation of dark argillaceous 
shales, was attributed to the zone PN 5 Conusphaera rothii. 
This zone has been identified in the cored sections from 
Gostynin IG 4 (Fig. 23) and Zagorzyce 7 in the Carpathian 
Foredccp.

PN 6 Eprolithus antiquus

Definition: Interval between the FO of Eprolithus antiquus 
and the FO of Perissocyclus plethotretus.
Author: Crux (1989), emend. Gaździcka (this paper). 
Stratigraphic range: The higher part of the Lower Hau
terivian, corresponding to the Boreal noricum and regale 
ammonite zones and the lowermost part of the Upper Hau
terivian, comprising the lower part of the Aegocrioceras sp. 
Zone.
Remarks: E. antiquus belongs to the boreal species, absent 
in the Tethyan Province. In England, it appears in the am- 
blygonium Zone (lowermost Hauterivian). In the studied se
quences, this species appears similarly as in Germany, in the 
upper part of the Lower Hauterivian, corresponding proba
bly to the noricum Zone (Figs 21, 23). However, the defini
tion of the zone proposed by Mutterlose (1991), who ac
cepts the LO of this species as a stratigraphically significant 
event, is difficult to accept. Because of the scarce presence 
of E. antiquus in the studied sequences, different event has 
been proposed as a marker of the upper boundary of this 
zone. It corresponds to the FO of Perissocyclus plethotretus 
(Fig. 21). This zone has been distinguished in the cored sec
tions from Łowicz IG 1 (Fig. 21) and Gostynin IG 4 (Fig.
23), in sedimentary successions of the lower part of the 
Włocławek Formation.

PN 7 Perissocyclus plethotretus

Definition: Interval between the FO of Perissocyclus 
plethotretus and the FO of Tegulalitus septentrionalis.
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Author: Gaździcka (this paper).
Stratigraphic range: Lower part of the Upper Hauterivian, 
corresponding to the upper part of the Aegocrioceras spp. 
Zone and the lowermost part of the staffi Zone in the Boreal 
Realm.
Remarks: In the Polish Basin, P. plethotretus appears 
abundantly and slightly earlier than Tegulalithus septentri
onalis. It seems that this event may be useful for identifying 
of the Upper Hauterivian sequences, in which the ammon
ites are absent. The zone PN 7 Perissocyclus plethotretus 
was recognized in the cored sections from Gostynin IG 1 
(Fig. 22), Łowicz IG 1 (Fig. 21), and Żychlin IG 3.

PN 8 Tegulalithus septentrionalis

Definition: Interval corresponding to the total range of 
Tegulalithus septentrionalis.
Author: Crux (1989).
Stratigraphic range: Upper Hauterivian, corresponding to 
the higher part of the boreal staffi ammonite Zone and the 
lowermost part of the gottschei Zone.
Remarks: Similarly as in the German Basin, the nanno- 
plankton assemblages include abundant Watznaueria bar- 
nesae and Rhagodiscus asper. Cruciellipsis cuvillieri is 
present only in the lower part of this zone; Speetonia colli
gata has not been found. The PN 8 Tegulalithus septentri
onalis Zone was recognized in the cored sections from 
Łowicz IG 1 (Fig. 21), and Gostynin IG 1 (Fig. 22). It in
cludes the upper part of the Włocławek Formation.

PN 9 Tegumentum octiformis

Definition: Interval between the LO of Tegulalithus septen
trionalis and the FO of Nannoconus abundans.
Author: Mutterlose (1991).
Stratigraphic range: Uppermost Hauterivian, lowermost 
Barremian.
Remarks: In the Boreal Realm as well as in Germany, T. 
septentrionalis occurs for the last time in the upper part of 
the gottschei ammonite zone. PN 9 comprises the upper
most part of the gottschei Zone and the discofalcatus Zone, 
established in Germany, including the uppermost Hau
terivian and the lowermost Barremian. The upper part of 
this zone was identified in cored section from Białobrzegi 
IG 1 (Fig. 24). Nannofossil assemblages are poorly diversi
fied. Some tethyan taxa (e.g., Calcicalathina oblongata and 
nannoconids) were recorded in this interval.

PN 10 Nannoconus abundans

Definition: Interval between the FO of Nannoconus abun
dans and the FO of Broinsonia matalosa.
Author: Crux (1989) emend. Gaździcka (this paper). 
Stratigraphic range: Lower and Upper Barremian (with
out the uppermost part).
Remarks: N. abundans, belonging to the boreal taxa, is not 
abundant in the studied samples. It was found in the cored 
sections from Białobrzegi IG 1 (Fig. 24). This is the south
ernmost finding of this species in Europe.

PN 11 Broinsonia matalosa

Definition: Interval between the FO of Broinsonia mata
losa and the FO of Farhania varolii.
Author: Mutterlose (1991), emend. Gaździcka (this paper). 
Stratigraphic range: Uppermost Barremian, lowermost 
Aptian, corresponding to the Boreal (German) Upper Barre
mian stolleyi and bidentatum ammonite zones and the 
Lower Aptian tenuicostatus Zone, as well as the lower part 
of deshayesi Zone (Fig. 32).
Remarks: In the Upper Barremian of the German Basin, 
Mutterlose (1991) emphasized the occurrence of scarce and 
poorly diversified calcareous nannoplankton assemblages. 
Samples taken from the cored section from Białobrzegi IG 1 
provided the abundant nannofossil assemblages, with a 
large amount of the tethyan species (including nannoco
nids). PN 11 was distinguished in the Białobrzegi IG 1 sec
tion (Fig. 24).

PN 12 Farhania varolii

Definition: Interval between the FO of Farhania varolii 
and the FO of Eprolithus floralis.
Author: Rutledge and Bown, emend. Gaździcka (this pa
per).
Stratigraphic range: Lower Aptian, corresponding to the 
middle and the upper parts of the deshayesi ammonite zone, 
distinguished in the German Basin.
Remarks: F. varolii, belonging to the boreal species, is also 
known from the German Basin, where it occurs in the 
Lower and Upper Aptian. PN 12 was also distinguished in 
the section of Białobrzegi IG 1 (Fig. 24).

PN 13 Eprolithus floralis

Definition: Interval between the FO of Eprolithus floralis 
and the horizon of abundant occurrence of Nannoconus. 
Author: Gaździcka (this paper).
Stratigraphic range: Upper part of the Lower Aptian, cor
responding to the uppermost part of the deshayesi ammonite 
zone and the lower part of the Upper Aptian (tethyan -  fur- 
cata and boreal bowerbanki zones).
Remarks: Eprolithus floralis (Fig. 301) appeared in the up
per part of the Lower Aptian (deshayesi Chron) in both the 
Tethyan and Boreal Realms. This event may be also ob
served in the cored section from Białobrzegi IG 1, at the 
depth of 949 m (Fig. 24). The marker species of PN 13 is ac
companied by: Broinsonia matalosa, Farhania varolii, 
Rhagodiscus asper, and representatives of the genus Nanno
conus. The frequency of nannoconids clearly increases in 
the highest part of the studied succession. There appear also 
some new species like e.g., Nannoconus truitti and Nanno
conus vocontiensis. The abundant nannoconids were also 
found in the cored section from Bąkowa IG 1, at a depth of 
942.3 m (Fig. 25). Mutterlose (1991) accepted this horizon 
as the upper boundary of the PN 13 Zone. In the lower Sax
ony Basin, the horizon of abundant occurrence of the genus 
Nannoconus is correlated with the boundary between the 
Lower and the Upper Aptian.
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Fig. 26. A. Bipodorhabdus roegli Thierstein, proximal view, x 10.000; B. Bipodorhabdus roegli Thierstein, distal view, x 12.500; C. 
Staurolithites stradneri Rod et al., proximal view, x 12.500; D. Axopodorhabdus dietzmannii (Reinhardt), proximal view, x 10.000; E. 
Polypodorhabdus madingleyensis Black, proximal view, x 10.000; F. Cretarhabdus conicus Bramlette et Martini, distal view, x 10.000; G. 
Cyclagelosphaera margerelii Noel, distal view, x 12.500; H. Watznaueria ovata Bukry, proximal view, x 12.500; I. Watznaueria barnesae 
(Black), distal view, x7.500; J. Rotelapillus laffittei (Noel), proximal view, x 10.000; K. Micrantholithus obtusus Stradner, x6.000; L. 
Nannoconus steinmannii minor Deres et Acheriteguy, x7.500. A-L: W%wal clay-pit, Upper Valanginian, verrucosum Zone; calcareous 
nannoplankton Zone: PN 4 Eijfeliithus striatus
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Fig. 27. A. Zeugrhabdotus erectus Deflandre, distal view, x6.500; B. Staurolithites quadriarcula (Noel), proximal view, x 11.200; C. 
Sollasites horticus (Stradner et al.), distal view, *9.200; D. Axopodorhabdus dietzmannii (Reinhardt), distal view, ><4.250; E. Cretarhab- 
dus conicus Bramlette et Martini, distal view, x7.000; F. Polypodorhabdus madingleyensis Black, distal view, *7.000; G. Speetonia colli
gata Black, proximal view, *4.250; H. Watznaueria barnesae (Black), proximal view, *6.700; I- lEprolithus sp., *4.500; J. 
Stradnerlithus geometricus (Górka), * 11.250; K. Stradnerlithus rhombicus (Stradner et Adamiker), * 11.250; L. Truncatoscaphus senar
ius (Wind et Wise), * 11.250. A-L: Gostynin IG 1 (945.5 m), Upper Valanginian, triptychoides Zone; calcareous nannoplankton Zone: PN 
4 Eiffellithus striatus
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Fig. 28. A. Tetrapoorhabdus coptensis Black, distal view, *6.000; B. Retacapsa crenulata (Bramlette et Martini), distal view, *6.500; 
C. Retacapsa surirella (Deflandre et Fert), proximal view, x7.500; D. Rotelapillus laffittei (Noel), proximal view, x 15.000; E. Cyclage- 
losphaera margerelii Noel, proximal view, x7.500; F. Watznaueria barnesae (Black), distal view, x7.500; G. Lithraphidites carniolensis 
Deflandre, x6.000; H. Micrantholithus obtusus Stradner, proximal view, x7.500; I. Nannoconus circularis, Deres et Acheriteguy, x7.500; 
J. Triquetrorhabdulus shetlandensis Perch-Nielsen, x6.000; K. Triquetrorhabdulus shetlandensis Perch-Nielsen, x3.000; L. Ceratolithoi- 
des sp. A, x5.000. A-L; Łowicz IG 1 (522.5 m), Lower Hauterivian, radiatus Zone; calcareous nannoplankton Zone: NP 6 Eprolithus anti
quus
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Fig. 29. A. Zeugrhabdotus erectus (Deflandre), distal view, x8.000; B. Percivalia imperfosa Black, proximal view, x7.000; C. Reta- 
capsa angustiforata Black, distal view, *8.000; D. Rotelapillus laffittei (Noel), proximal view, *11.250; E. Watznaueria barnesae 
(Black), proximal view, хб.ООО; F. Watznaueria barnesae (Black), distal view, x7.500; G. Watznaueria fossacincta (Black), distal view, 
x7.600; H. Watznaueria britannica (Stradner), distal view, x7.500; I. Watznaueria barnesae (Black), kokkosfera, x5.000; J. Axopodor- 
habdus a!bianus (Black), distal view, x9.300; K. Crucibiscutum hayi (Black), distal view, x7.500; L. Tetrapodorhabdus coptensis Black, 
distal view, x7.500. A-F : Żychlin 1G 3 (840.5 m), Upper Hauterivian, calcareous nannoplankton Zone: PN 7 Perissocyclusplethotretus; 
G-I: Tuszyn 5 (1072 m), Lower Aptian (?); J-K: Bąkowa IG 1 (941 m), Upper Albian, calcareous nannoplankton Zone: CC 9 Eiffellithus 
turriseiffeli
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Fig. 30. A. Staurolithites stradneri (Rod et al.), distal view, x9.500; B. Staurolithites stradneri (Rod et al.), proximal view, x9.000; C. 
Rhagodisctis sp., x4.500; D. Diazomatolithus lehmanii Noel, proximal view, x7.500; E. Watznaueria ovata Bukry, proximal view, 
x7.500; F. Watznaueria barnesae (Black), distal view, x 13.000; G. Perissocyclus tayloriae Crux, distal view, x 17.500; H. Rotelapillus 
laffittei (Noel), proximal view, x22.000; I. Eprolithus floralis (Stradner), x9.000; J . Nannoconuspseudoseptentrionalis Rutlege et Bown, 
x8.500; K. Nannoconus pseudoseptentrionalis Rutlege et Bown, x7.650; L. Pithonella loeblichi Bolli, x4.250. A-L: Białobrzegi IG 1 
(949.5 m), Lower Aptian, calcareous nannoplankton Zone: PN 13 Eprolithus floralis
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Fig. 31. A. Zeugrhabdotus diplogrammus (Deflandre), distal view, x5.000; B. Tranolithus orionatus (Reinhardt), distal view, *5.100; C. 
Tranolithus orionatus (Reinhardt), proximal view, *5.000; D. Rhagodiscus achylostaurion (Hill), distal view, x7.500; E. Watznaueria 
ovata Bukry, proximal view, *5.000; F. Eiffellithus turriseiffeli (Deflandre), proximal view, *5.000; G. Prediscosphaera columnata (Sto
ver), proximal view, *7.500; H. Prediscosphaera columnata (Stover), proximal view, *7.000; I. Eprolithusfloralis (Stradner), *5.000; J. 
Biscutum ignotum (Górka), proximal view, *6.000; K. Watznaueria barnesae (Black), proximal view, *5.000; L. Watznaueria barnesae 
(Black), distal view, *5.000. A, B, D, H, K, L: Annopol quarry, Upper Albian, dispar Zone, calcareous nannoplankton Zone: CC 9 Eiffel
lithus turriseiffeli; C, G, J: Bąkowa IG 1, (929.7 m), Upper Albian, dispar Z one, calcareous nannoplankton Zone: CC 9 Eiffellithus tur
riseiffeli
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In the Białobrzegi IG 1 section, the arenaceous series 
overlying the silty succession, with nannofossils of the zone 
NP13 Eprolithus floral is, is correlated with the Mogilno 
Formation distinguished in the Polish Lowlands (Marek, 
1997). These sandy successions usually do not contain’any 
marine fossils that would permit determination of their stra- 
tigraphic position. This series is present in most studied sec
tions within the Warsaw Trough (Fig. 43). Calcareous nan- 
noplankton assemblages appear only in glauconitic sands 
and sandstone from Gostynin IG 1 (at depth 738 m) or in 
marls underlying these glauconitic sands (Bąkowa IG 1, 
depth 941 m). Their taxonomic composition allows distin
guishing the standard, upper Albian nannoplankton zone 
CC 9 Eiffellithus turriseiffeli (Perch-Nielsen, 1985) or the 
boreal one -  BC 27 (Bown et a l, 1999). The CC 9 Zone 
comprises the uppermost Albian and the Lower and Middle 
Cenomanian. Its lower boundary corresponds to the upper 
part of the ammonite inflation Zone (Bown et al., 1999). 
The British BC 27 Zone comprises a shorter stratigraphic 
interval than the standard CC 9 Zone, corresponding only to 
the uppermost Albian and the lower part of the Lower Ceno
manian mantelli Zone. Deposits corresponding to the BC 27 
(or CC 9) Zone have been distinguished in the sections of 
Gostynin IG 1 and Bąkowa IG 1 (Fig. 25), as well as in glau
conitic sands from the abandoned gravel pit in Annopol. Be
sides Eiffellithus turriseiffeli (Fig. 3 IF) -  the index species 
for the mentioned zones -  the nannoplankton assemblages 
include also other species that appear for the first time in the 
Upper Albian, such as: Axopodorhabdus albianus, Gartner- 
ago praeobliquum, Prediscosphaera columnata (Fig. 31G, 
H), and Tranolithus orionatus (Fig. 31B, C). No Lower Ce
nomanian nannofossil species were found in the studied sec
tions.

Stratigraphic position of the sedimentary succession 
from the Wąwał clay-pit has been attributed to the Lower 
and partly Upper Valanginian, on the basis of ammonite as
semblages. It was correlated with the petransiens, campylo- 
toxits, verrucosum, and trinodosum zones (Fig. 3). The low
ermost layers in the section, representing the Lower Valang
inian, contain almost monospecific coccolith assemblages 
with Watznaueria barnesae (Black). They may be thus in
cluded into the nannoplankton zone NP 3 Watznaueria bar
nesae and correlated with the lowermost strata of the 
Bodzanów Formation from Gostynin IG 1 and Łowicz IG 1 
sections (Figs 21, 22). The taxonomic impoverishment of 
the nannoplankton assemblages was also observed in the 
Lower Valanginian sediments of the Lower Saxony Basin 
(Mutterlose, 1991). The sedimentary successions with the 
ammonites of the verrucosum Zone have been there attrib
uted to the Tegumentum striatum Zone (Mutterlose, 1991). 
This zone includes the Upper Valanginian, without the up
permost part corresponding to the ammonite tuberculata 
Zone. This interval is correlated with the “Beds with Di- 
chotomites", that were established in the German Basin 
(Mutterlose, 1991).

The stratigraphic position of the Białobrzegi Formation 
recognised in the southern part of the Warsaw Trough and in 
the north-eastern margin of the Holy Cross Mountains has 
also been revised. In the cored section from Białobrzegi IG 
1, nannofossil zones: PN 9 through PN 13, corresponding to

the Upper Barremian and Lower Aptian, have been found in 
a clayey-marly sequences with intercalation of carbonates 
and glauconite-bearing sandstone (Figs 24, 25). The 
Białobrzegi Formation has hitherto been included in the Up
per Valanginian and Lower Hauterivian (Maęek, 1977b,
1997). The Cieszanów Formation from boreholes Narol IG
1 and Narol IG 2 may be included in the nannoplankton 
zone PN 9, comprising the Upper Hauterivian and Lower 
Barremian, and not the Upper Valanginian and Lower Hau
terivian, as it was accepted previously (Marek, 1997). The 
appearance of Eprolithus floralis (Fig. 24) and of the hori
zon of abundant Nannoconus (Fig. 25) are the last “events” 
observed in the studied Lower Cretaceous sedimentary se
ries beneath the Mogilno Formation, barren in fossils. The 
age of the host sediments, by analogy with the German Ba
sin, was determined as the Lower Aptian. Another episode 
of flourishing nannofloral assemblages occurred only in the 
Late Albian. Nannoplankton assemblages rich in specimens 
and taxonomically diversified have been recorded in glau
conitic sands from the cored sections from Gostynin IG 1 
(depth 738-740 m) and Bąkowa IG 1 (depth 925-941 m), as 
well as in glauconitic and marly sands from gravel-pit at 
Annopol. They provided base for identification of the stan
dard nannoplankton zone CC 9 Eiffellithus turriseiffeli, 
comprising the uppermost Albian (dispar ammonite zone). 
Analysis of calcareous nannoplankton assemblages within 
the scope of this study allowed to attribute the sandstone of 
the Mogilno Formation to the stratigraphic interval com
prising the Upper Aptian and Lower and Middle Albian, 
and not the Barremian-Middle Albian, as it was accepted 
before (Marek, 1997; Leszczyński, 1997).

CALCAREOUS NANNOPLANKTON VERSUS 
PALAEOGEOGRAPHY AND PALAEOCLIMATE

The studied Lower Cretaceous sedimentary series in 
central and southeastern Poland include calcareous nanno
plankton assemblages with significant amount of species 
characteristic of the Tethyan Realm. These include genera: 
Nannoconus (Figs 26L, 281, 30J, K), Micrantholithus (Figs 
26K, 28H), Lithraphidites (Fig. 28G), Rhagodiscus (Fig. 
31D), and Watznaueria (Fig. 27H) (Thierstein, 1973; Wa- 
greich, 1992), as well as Cruciellipsis cuvilieri (Manivit), 
Speetonia colligata Black (Fig. 27G), and Calcicalathina 
oblongata (Worsley) (Bown et al., 1999). They are accom
panied by forms with less restrictive ecological require
ments and by species typical of the Boreal Realm: Eiffet- 
lithus striatus (Black), Tegulalithus septentrionalis (Strad- 
ner), and Zeugrhabdotus sisyphus (Gartner) (Bown et al., 
1999). The boreal elements are, however, less numerous 
than the tethyan ones. The thermophilic species are espe
cially numerous in the Upper Berriasian, lowermost Valan
ginian {petransiens ammonite Zone), the lower part of the 
Upper Valanginian (verrucosum Zone), and also in the Up
per Hauterivian and Lower Aptian. The nannofloral assem
blages from the higher part of the Lower Valanginian indi
cate cooler episodes. The occurrence of tethyan species in 
sediments of almost all Lower Cretaceous stages, from the 
Berriasian through the Aptian, indicates an opening o f the 
Polish Basin towards the Tethys at that time. The finding of
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calcareous nannoplankton assemblages typical of the Early 
Aptian and rich in tethyan elements, suggests a possible 
new look at palaeogeography of the later part of the Early 
Cretaceous. According to the earlier interpretation, the Pol
ish Basin was closed on the south and open only towards the 
north-west during the Barremian, Aptian, and Early Albian 
(Marek, 1988; Leszczyriski, 1997). Our results, concerning 
the assemblages of calcareous nannoplankton, microfauna, 
and ammonites, contradict such an interpretation.

The calcareous nannoplankton assemblages allow also 
for drawing some conclusions regarding palaeocurrents. 
These probably had to move water masses from the south 
towards the north during a prevailing part of the Early Cre
taceous. The palaeocurrent system in the Late Valanginian 
could be different, that is from the north-west towards the 
Polish Basin. This conclusion is based on the analysis of 
ammonite and calcareous nannoplankton assemblages. The 
ammonite assemblages in the verrucosum Zone include 
many Mediterranean forms, while the calcareous nanno
plankton includes numeral boreal species. Mutterlose 
(1993) has even observed the occurrence of single speci
mens of the boreal species Micrantholithus speetonensis in 
these strata, in the Wawal section. The amounts of tethyan 
coccoliths clearly increase beginning with the Lower Hau- 
terivian, though boreal species, such as Eprolithus antiquus, 
Tegulalithus septentrionalis, and Nannoconus abundans are 
present in nannoplankton assemblages from central Poland.

The taxonomic composition of the nannoplankton as
semblages also allows for drawing conclusions regarding 
basin palaeobathymetry and the distance of a studied sec
tion from the ancient shoreline. The presence of numerous 
calcareous dinocysts of genus Pithonella in the Berriasian 
sediments in both central and southeastern Poland indicates 
a very shallow sedimentary environment (shallow shelf -  
carbonate platform). The predominance of the representa
tives of genus Micrantholithus in the Upper Hauterivian of 
the southern Lublin area, accompanied by very low taxo
nomic diversity of the assemblages (wells: Narol IG 1, 
Narol IG 2), may indicate proximity of a shore and a 
stronger influence of the Tethyan Realm in this part of sedi
mentary basin.

DEPOSITIONAL SEQUENCES 
IN THE LOWER CRETACEOUS 

DEPOSITS IN CENTRAL 
AND SOUTHEASTERN POLAND

The large distances between the boreholes, the lack of 
full well-cores, and facies variability hamper a detailed sub
division and interpretation of the Lower Cretaceous strata in 
the studied area. That is why the method of sequence stra
tigraphy was used for their correlation. It allowed discern
ing of several types of chronostratigraphically significant 
features, such as transgressive surfaces, maximum flooding 
surfaces or sequence boundaries. These boundaries allowed 
for quite precise identification of several genetically related

depositional systems tracts, which originated between epi
sodes of significant sea level fall (Posamentier et al., 1988), 
thus defining the sequences bounded at the top and at the 
base by unconformities or their correlative conformities 
(Mitchum, 1977).

An important aspect of the presented analysis is the pos
sibility of identifying genetical sequences (sensu Galloway, 
1989), that reflect the stratigraphic record of basin filling 
between two successive sea-level highstands. The division 
into genetic units is easier to draw only basing on wire-line 
logs and a small amount of cores, because the maximum 
flooding surfaces are easier to identify than the sequence 
boundaries in the EXXON scheme. These surfaces are easy 
to identify on geophysical logs because they occur most fre
quently between upward fining (retrogradational) and up
ward coarsening (progradational) cycles. Additionally, 
maximum values on gamma-ray logs are present at the same 
positions as the maximum flooding surfaces, which is due to 
the presence of highly radioactive components (Loutit et al. 
1988; Van Wagoner et al., 1990; Walker & James 1992; 
Emery & Myers, 1996; Miall, 1997).

Position of interpreted boundaries in all analysed wells 
is shown in their synthetic geological cross-sections (Figs 
33^12), which additionally include:

-  gamma-ray combined with neutron, as well as sponta
neous potential and a selected resistivity logs,

-  lithological data from cores and interpreted from well 
log data in the non-cored intervals,

-  available palaeontological and lithofacies data,
-  interpretation of sedimentary environments,
-  proposal of depositional sequences,
-  curve of sea-level changes.
The data thus prepared were used to plot two correlation 

cross-sections. The first one (Fig. 43) spans the following 
wells: Gostynin IG 4, Gostynin IG 1, Gostynin IG 3, Żych
lin IG 1, Łowicz IG 1, Korabiewice PIG 1, Warka IG 1, 
Białobrzegi IG 1, Potok IG 1 (Warsaw Trough), Narol IG 1, 
and Narol IG 2 (SE part of Lublin Trough). The other (Fig.
44) starts from the Narol IG 1 (which connects the two 
cross-sections), and then runs through wells situated at the 
front of the main Carpathian overthrust near Rzeszów, that 
is: Nawsie 1, Zagorzyce 6, Zagorzyce 7, Ropczyce 7, Sta- 
siówka 1, Dębica 2, Wola Wielka 2, and Wiewiórka 4. This 
cross-section could be drawn, despite of the 250-km dis
tance between wells Narol IG 1 and Nawsie 1, because the 
Lower Cretaceous deposits in these areas are closely related 
in facies. The complex, blocky geological structure along 
the lines of both sections, and the fact that the Lower Creta
ceous deposits occur at different depths did not allow for 
presentation of all data at once at readable scale. For this 
reason the sections are drawn levelled to selected stra
tigraphic datum -  the Gostynin -  Narol section to the Titho- 
nian-Berriasian boundary, and the Narol -  Wiewiórka sec
tion to the Berriasian-Valanginian boundary (Figs 43, 44). 
They are accompanied by the sections drawn through the 
same wells, but showing true depths of the studied deposits 
(Figs 45, 46). All cross-sections were made preserving the 
horizontal and vertical scales. A detailed list of the depths of 
occurrence of successive stratigraphic stages in the studied 
well sections is shown in Tables 1 and 2.
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Depth of the Lower Cretaceous stratigraphic boundaries in the wells of SW part of the Warsaw Trough
and SE part of the Lublin Trough

Table 1

Well:
Gostynin

1G-4
Gostynin 

IG-1
Gostynin

IG-3
Żychlin

IG-3
Łowicz

IG-I
Korabie- 

wice PIG-1
Warka 
IG-1

Białobrzegi 
IG-1

Potok IG-1 Narol-IG-2 Narol IG-1

X-Distance: fml 0.0 6500.0 24900.0 50500.0 76500.0 108500.0 160500.0 177500.0 318600.0 390200.0 399200.0

Cenomanian/ 
T uronian

1159.3 736.6 Lack 599.3 292.1 1478.8 1109.4 832.6 225.0 1341.0 1371.0

Aptian-Albian/
Cenomanian
(TS)

1161.0 737.9 Lack 602.5 293.6 1496.2 1128.0 867.2 226.7 1343.0 1373.0

Barremian/
Aptian-Albian
(SB)

1335.9 914.2 145.5 795.9 476.0 1617.0 1179.3 952.5 Lack Lack Lack

Hauterivian/Bar 
remian (MFS)

1353.2 923.2 157.3 815.0 486.0 1623.0 1185.1 967.0 Lack 1364.4 1390.4

Lower/Upper
Hauterivian
(MFS

1375.0 Lack 180.0 841.0 515.0 Lack 1202.0 995.0 Lack 1369.2 1397.4

Valanginian/
Hauterivian
(TS)

1387.0 930.0 203.0 860.0 531.0 Lack 1206.0 1015.0 Lack 1377.6 1410.1

Lower/Upper
Valanginian
(FS)

1405.0 966.0 229.9 886.0 545.0 Lack Lack 1016.0 255.0 1392.1 1422.0

Berriasian/
Valanginian

(MFST

1427.3 996.0 265.4 915.0 572.6 Lack 1208.0 1020.0 260.0 1400.0 1435.0

Middle
Berriasian (SB)

1445.0 1015.0 281.0 937.5 590.0 Lack 1216.0 1032.0 265.0 1419.5 1450.2

Lower
Berriasian (FS)

1451.0 1025.0 296.0 950.0 603.0 1642.0 1229.3 1042.0 275.0 1428.3 1460.1

Tithonian/ 
Berriasian (SB)

1491.0 1062.0 335.0 986.0 640.0 1662.0 1261.0 1077.0 304.0 1504.1 1539.4

Lower Berriasian
The stratigraphic boundary between the Tithonian and 

Berriasian in Polish Lowlands was accepted at the base of a 
nearly 30-m-thick series of carbonate-sulphate deposits. 
This boundary has a regional extent and can be traced over a 
distance of more than 170 km. It shows distinct characteris
tics of a sequence boundary connected to a relative sea-level 
fall. Two sets of criteria, namely stratigraphical and iitho- 
logical ones, allowed identifying this surface quite precisely 
in wire-line logs. The underlying Upper Tithonian series, 
developed as carbonate-marly facies, passing in the upper
most part to carbonate-evaporitic deposits, according to 
sedimentological data was laid down in similar environ
mental conditions as the Lower Berriasian succession (Gaź- 
dzicka, 1996). The Lower Berriasian facies assemblage 
consists of alternating carbonate-sulphate deposits, includ
ing: marls, limestone, marly limestone, oolithic limestone, 
dolomites, gypsum and anhydrites. It was identified in cored 
sections from the following wells: Gostynin IG 4, Gostynin 
IG 1, Gostynin IG 3, Żychlin IG 3, and Łowicz IG 1. The 
clearly shallow-water nature of these sediments is proven by 
sedimentary structures, identified in anhydrites, typical of 
supratidal environments. Anhydrites are mostly accompa
nied by boundstones with laminated structures (fragments 
of cyanobacterial-algal mats), b ird’s eye structures, and nu

merous bioclasts. They contain exclusively remains of 
shallow-water benthic organisms -  invertebrates, and pro- 
tists. Limestone beds are locally considerably dolomitic 
(Gaździcka, 1996). The appearance of shallow-water evap- 
orites is known from intracratonic basins, usually as an ef
fect of isolation from the world ocean caused by a sea-level 
fall. Such conditions provide for sedimentation of a low- 
stand system tracts with evaporites in central parts of basins 
(Tucker & Chalcraft, 1991;Tucker, 1991; Walker & James, 
1992, Kutek, 1994). This system tract displays a high litho- 
logical variability discernible in both the core material and 
geophysical well logs. The geophysical data show a clearly 
bipartite structure of the described series. Sulphate sedi
ments appear twice in the section, separated by a clayey- 
marly series suggesting that the lowstand system tract may 
consist of two lower-order cycles or sequences, as has been 
observed also in other sedimentary basins of that type 
(Hondford & Loucks, 1993). This is especially well visible 
between wells Gostynin IG 4 and Łowicz IG 1 (Figs 33-36,
45).

Towards the southeast, this facies assemblage is re
placed by a marly-carbonate facies assemblage; oolithic 
limestone has been found in the Białobrzegi IG 1 well. This 
facies variability may suggest variable sedimentary basin 
bathymetry along the line of the interpreted cross-section
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Table 2

Depth of the Lower Cretaceous stratigraphic boundaries in the wells in the basement of the Carpathian Foredeep

Well: Wiewiórka 4 Wola Wielka 2 Dębica 2 Stasiówka 1 Ropczyce 7 Zagorzyce 7 Zagorzyce 6 Nawsie 1

X-Distancc:[m] 0 4000 14000.5 19000.5 30000.7 37000.7 38000.7 41000.0

Cenomanian/
Turanian

1422.5 1569.1 1805.2 2325.4 Lack 2703.3 2748.4 3066.1

Barremian
(Aptian-Albian)/
Cenomanian

1424.9 1571.8 1806.6 2328.5 2166.0 2704.5 2750.7 3067.6

Hauterivian/
Barremian
(Aptian-Albian)
(MFS)

1434.8 1597.5 1829.9 2347.6 2193.7 2719.3 2772.3 3092.0

Lower/Upper 
Hauterivian (MFS)

1436.5 1597.5 1829.9 2347.6 2193.7 2719.3 2772.3 3092.0

Valanginian/ 
Hauterivian (TS)

1436.5 1603.7 1835.6 2354.1 2203.4 2726.1 2781.1 3099.5

Lower/Upper 
Valanginian (FS)

1436.7 1624.7 1856.2 2375.3 2233.5 2746.4 2801.1 3116.4

Berriasian/ 
Valanginian (MFS)

1452.6 1650.3 1882.2 2396.3 2248.7 2756.1 2813.0 3130.8

Middle Berriasian 
_[SB)

1909.2 2412.5 2270.7 2774.1 2835.1 3150.1

Lower Berriasian 
(FS)

1931.7 2433.0 2288.5 2788.8 2845.2 3164.8

Tithonian/ 
Berriasian (SBJ

1955.8 2460.6 2316.6 2815.0 2869.5 3190.8

Tithonian/ 
Berriasian (MFS)

1956.7 2461.5 2317.0 2815.9 2870.6 3191.3

and be the result of random selection of wells for the analy
sis. Marly sediments overlie the carbonate-sulphate series. 
In the Gostynin IG 1 well, at the base o f marly sediments 
were found detritical-mudstone marl, very slightly dolo- 
mitic, grey, intercalated with marly limestone with few 
black clay-balls. The change of facies and the appearance of 
clay-balls at its base suggest the beginning of a transgres
sion. The horizon with clay-balls lies on the transgression 
surface (TS) (Fig. 34), which marks the beginning of a 
transgressive systems tract. The marly facies of the trans
gressive system tract was found in the Gostynin IG 4 to 
Łowicz IG 1 wells (Figs 20-24), as well as in the Warka IG
1 and Białobrzegi IG 1 wells (Figs 33-38). A large stra
tigraphic gap is probably present in the Korabiewice IG 1 
well. The Lower Berriasian lowstand systems tract (only 
one series of carbonate-sulphate deposits is present here) is 
directly overlain by the Upper Hauterivian deposits.

A transgressive system tract was recorded in the upper 
part of the Lower Berriasian. It consists of black, argilla
ceous and marly shales, rich in remains of small-shelled 
fauna, with thin intercalations of finely laminated lime
stone. Above this system tract, a change in the record of 
physical characteristics of rocks is clearly discernible in 
geophysical well logs, implying a facies change. A thin in
terval of shales, black marly shales, combined with gamma- 
ray log showing high values, suggests that this may be a 
condensed interval. A boundary of marine flooding surface 
may lie within it (Fig. 37), which is also the boundary be

tween the Lower and Middle Berriasian. In the area of wells 
Narol IG 1 and Narol IG 2, the Lower Berriasian deposits 
were also laid down in a zone of a shallow-water carbonate 
platform. However, the thickness of these strata is there al
most twice greater (about 80 m), which may be related to 
deposition in a zone that was tectonically less active, hence 
less subject to erosion of older deposits, but with a perma
nent trend of sedimentary basin bottom subsidence. Three 
lower-order depositional sequences may be distinguished in 
these wells. The uppermost sequence continues to the very 
boundary between the Middle and Upper Berriasian (Figs 
39,42).

Similar sequences are difficult to distinguish in the 
peri-Carpathian part, because of the nearly fourfold thick
ness reduction. The bottom of the Berriasian deposits is also 
marked by a sequence boundary in the basement of the Car
pathian Foredeep (Figs 40, 41). It is possible that the age 
boundary lies somewhat lower, within a distinct argilla
ceous horizon, inteipreted as a flooding surface (FS). This 
boundary is nearly coincident with that proposed by Zda- 
nowski et al. (2001). It separates the Tithonian strata laid 
down in lagoon and tidal flat (Ropczyce Series -  calca- 
reous-dolomitic member) and the Lower Berriasian deposits 
(Ropczyce Series -  calcareous-marly member), that formed 
in a similar environment, but with the presence of near
shore lake sediments (Zdanowski et a!., 2001). These were 
thus extremely shallow-water environments, similar to 
those prevailing in the northern part of the study area. The
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Fig. 33. Summary chart for the Lower Cretaceous in Gostynin IG-4. For explanation -  see Fig. 44
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Fig. 34. Summary chart for the Lower Cretaceous in Gostynin IG-1. For explanation -  see Fig. 44
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Fig. 35. Summary chart for the Lower Cretaceous in Żychlin IG-3. For explanation -  see Fig. 44
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Fig. 36. Summary chart for the Lower Cretaceous in Łowicz IG-1. For explanation -  see Fig. 44
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Fig. 37. Summary chart for the Lower Cretaceous in Korabiewice PIG-1. For explanation -  see Fig. 44

Lower Berriasian is about 25 m thick in southern Poland. 
One complete lower-order sequence may be distinguished 
within it and a lowstand and a transgressive system tracts. 
This is bounded at the top by a flooding surface, interpreted 
in the whole area as the boundary between the Lower and 
Middle Berriasian (Figs 43, 44).

Middle Berriasian
Above the boundary that marks the marine flooding 

surface within the Polish Lowlands there lies a thin (about 
5-15 m) highstand system tract corresponding to the Middle 
Berriasian (Fig. 43). The facies record of the Middle Berria
sian is present as dark-grey marly shales, alternating with 
thin intercalations of clastic limestone or Cyrene coquinas 
that occur mostly in the area of wells from Gostynin IG 4 
through Łowicz IG 1. Near Warka and Białobrzegi, the fa
cies is calcareous-marly and it extends farther to the south
east (Potok IG 1, Narol IG 1, and Narol IG 2). In this area, it 
is also much more difficult to delineate the stratigraphic 
boundaries between the successive Berriasian stages. The 
Middle Berriasian deposits in the Narol-Wiewiórka cross- 
section (Fig. 44) have been distinguished mainly on the 
grounds of geophysical well-log analysis. The lack of this 
stage has been precisely ascertained in the Wiewiórka 4 
well, basing on biostratigraphic and well-log data (Fig. 40).

The Middle Berriasian strata over the whole southern region 
of their occurrence are of similar facies type, resulting from 
their origin in the area of extensive, extremely shallow car
bonate platform.

Upper Berriasian
The top of the highstand system tract that comprises the 

Middle Berriasian strata is accepted as the boundary of an
other lower-order depositional sequence. This sequence 
comprises a lowstand system tract and a transgressive sys
tem tract, both laid down in the Late Berriasian time. The 
sequence boundary is here a type 2 boundary and it is al
ready the second boundary of this type in the Berriasian sec
tion in the Polish Lowlands, and the third one in the Lublin 
Trough area (Fig. 43). Its record is less distinct, as the 
boundary lies within deposits laid down in deeper environ
ment than those assumed for the Lower and Middle Berria
sian. This indicates a successive deepening of the sedimen
tary basin. Deposits belonging to the Upper Berriasian in 
this part of the study area are mainly developed as mud
stones with thin intercalations of sandstones and, usually, as 
marls in their lower part. Arenaceous-marly deposits, about 
5 m thick, found in the Lowicz IG 1 well (Fig. 36) and 
clearly recorded in all the studied geophysical well logs, de
serve special attention. The above-mentioned sequence
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Fig. 38. Summary chart for the Lower Cretaceous in Białobrzegi IG-1. For explanation -  see Fig. 44

boundary has been delineated at their base. The presence of 
a scarce amount of similar deposits may be inferred for the 
area near Gostynin, basing on the geophysical well-log data. 
Marly sediments continue through the Upper Berriasian in 
the area of Warka and Białobrzegi. The transgressive sur
face that starts the transgressive system tract within this se
quence is difficult to distinguish in all the studied wells (Fig.
43). Above the mentioned surface, black mudstones and 
claystones with accumulations of thin-shelled bivalves, as 
well as horizons of pyritized plant detritus and pyritized bio- 
turbation structures appear in the facies record. Spherical 
clayey-ferruginous concretions were also observed in these 
sediments. The aforementioned deposits display character
istics of a condensed interval, which contains the maximum 
flooding surface (MFS), distinguished at the position of 
maximum high gamma log spike. Up to this boundary, the 
Berriasian sedimentary basin, whose nature is defined by

the facies record and the nature of geophysical well logs as 
retrogradational, deepened gradually.

In the southeastern part of the Lublin Trough, there oc
cur somewhat different sediments. The Upper Berriasian se
ries in wells Narol IG 1 and Narol IG 2 (Figs 39, 42) are de
veloped in carbonate facies, dominated by oolithic lime
stone. The Lower and Middle Berriasian deposits were laid 
down within a broadly understood carbonate platform. Sea- 
level rise often permits increased carbonate production and 
may often lead to establishing of the carbonate platform. 
Banks of oolithic sands often form in such conditions 
(Flondford & Loucks, 1993). It may be thus supposed that in 
this case, similarly as in the northern part of the study area, 
there occurred a sea-level rise. Sediments in the other stud
ied wells from the Rzeszów area were laid down in a zone of 
a lagoon-tidal flat, where interpretation of sea-level 
changes is difficult. Carbonate sediments were quite rapidly
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Fig. 39. Summary chart for the Lower Cretaceous in Narol IG-2. For explanation -  see Fig. 44

replaced by siliciclastic ones, often indicating a deeper sedi
mentary environment (Fig. 41).

Summing up, two complete lower-order depositional 
sequences may be discerned in the Berriasian (in the area 
sampled by Narol IG 1 and Narol IG 2 wells -  three se
quences), laid down in more and more deep-sea conditions. 
The third sequence, beginning at the boundary between the 
Middle and Upper Berriasian, has only a lowstand systems 
tract and a transgressive system tract, which terminates, in 
the zone between Gostynin and Białobrzegi, with a con
densed interval that includes the maximum flooding surface 
(Figs 43, 44). It is also the strati graphic boundary between 
the Berriasian and the Valanginian. The boundary is diffi
cult to identify in the area between the wells Potok IG 1 and 
Narol IG 1 (Fig. 43), because of the lack of distinct changes 
in the wire-line logs, and because of the insufficient amount 
of core material and palaeontological data. The boundary 
was placed within an argillaceous intercalation in a package 
of oolithic limestone, also laid down in conditions of trans
gressive and highstand system tract. The Berriasian sedi
mentary succession in the peri-Carpathian area is of ex
tremely shallow-water character, but with a gradual deepen

ing trend. The deepening is recorded in the Zagorzyce 7 
well as black mudstones, poor in organic remains, but with 
foraminifers and gastropods characteristic of shelf environ
ments. In this area, similarly as in the north, two complete 
sequences could be distinguished, and probably a lowstand 
systems tract is sharply covered by sediments of a transgres
sive system tract, with a maximum flooding surface at the 
top.

Lower Valanginian
The thickness of the Valanginian strata oscillates 

around 30 m in the northern part of the study area, between 
wells Gostynin IG 4 and Łowicz IG 1 (Figs 33-36), and it 
decreases southwards to only a few metres (Fig. 34). In 
wells Narol IG 1 and Narol IG 2 (Figs 39, 42) the thickness 
of the Valanginian strata exceeds 10 m. In the basement of 
the Carpathian Foredeep, the thickness of this member rises 
to 25 m (Wola Wielka 2; Fig. 44). Three parasequences are 
discernible in geophysical well logs within the Lower 
Valanginian clastic deposits in the northern zone of the 
study area. This is especially well visible in the gamma-ray 
log in the Gostynin IG 1 well (Fig. 34). This set of parase-
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Fig. 40. Summary chart for the Lower Cretaceous in Wiewiórka 4. For explanation -  see Fig. 44

Fig. 41. Summary chart for the Lower Cretaceous in Zagorzyce 7. For explanation -  see Fig. 44

quences comprises a highstand systems tract. Each succes
sive parasequence, according to the definition (Van Wago
ner et a i, 1990), is bounded by lower-order flooding sur
faces. Sandstones in the uppermost parts of the parase-

quences are mainly fine-grained, laminated with mudstones 
or claystones. Ferruginous oolites are present within the 
sandstone complex. The parasequence set is of a clearly pro- 
gradational (shallowing upwards) nature. Similar parase-
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Fig. 42. Summary chart for the Lower Cretaceous in Narol IG-1. For explanation -  see Fig. 44

quence sets are frequent in clastic, carbonate or mixed envi
ronments (Van Wagoner et al., 1990; Hondford & Loucks, 
1993).

A facies succession typical of a parasequence is very 
well documented in core material from the Gostynin IG 1 
well, at the depth 966.8-976 m (Fig. 39). This parasequence 
is bounded at the base and the top by marine flooding sur
faces. Claystones, in which lie the parasequence boundaries, 
display concentrations of small-shelled fauna, as well as 
siderite and pyrite concretions. Intercalations of limestone, 
or even coquinas, or siliciclastic sediments were found in 
core material from the same interval in the Gostynin IG 3 
well. Such sediments often occur at the marine flooding sur
face (FS), as the so-called transgressive lag deposits (Van 
Wagoner et al. 1990). Siderite intercalations occur in the 
cored section from Łowicz IG 1, in the basal part of the 
parascquence. A hiatus, probably corresponding to the 
Valanginian through Lower Flauterivian interval, is present 
in wells Korabiewice PIG 1 (Fig. 37) and Warka IG 1. 
Valanginian strata in the Warka IG 1 well are much reduced 
in thickness and, according to geophysical well-log data,

they are developed in carbonate-marly facies. A reduced 
thickness of the Lower Valanginian strata is also known 
from wells Białobrzegi IG 1 (Fig. 38) (marly facies) and Po
tok IG 1 (oolithic limestone facies).

The Lower Valanginian strata in carbonate facies, 
mainly oolithic limestone, were found in wells Narol IG 1 
and Narol IG 2 (Figs 39, 42). They are probably in deposi- 
tional continuity with the Berriasian strata, laid down in a 
zone o f a high-energy platform, during highstand systems 
tract. The Lower Valanginian strata in the Zagorzyce area 
are mainly carbonates, laid down in zones from open shelf 
(thin carbonate-siliciclastic deposits) to extremely shallow 
carbonate platform. They demonstrate, similarly as in the 
other parts of the studied area, deposition during the falling 
stage of the sea-level. The boundary between the Lower and 
Upper Valanginian strata is marked by a lower-order marine 
flooding surface. In the northern part of the study area, it lies 
at the top of the third parasequence. Southeastward of the 
Białobrzegi IG 1 well, to Narol IG 1, it has been delineated 
within carbonate deposits (Fig. 43). In the peri-Carpathian 
zone, it probably lies within a thin clayey intercalation (Fig.
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44). A stratigraphic hiatus is probably present in the section 
of the Wiewiórka 4 well, corresponding to a time interval 
ranging from the Late Valanginian to Barremian (?).

Upper Valanginian
In the Late Valanginian time, sedimentation in the War

saw and Lublin troughs was taking place in conditions of a 
highstand system tract. This is indicated by facies data -  li- 
thology of sediments and fossil assemblages. These allow 
inferring that in the area between the Gostynin IG 4 and the 
Łowicz IG 1 wells (Figs 33-36) deposition was taking place 
in a central and outer shelf zone. On the other hand, in the 
southern part of the Lublin Trough and the present basement 
of the Carpathian Foredeep (area of Dębica), sedimentation 
occurred in a carbonate platform zone, similarly as in the 
Early Valanginian. One parasequence is clearly discernible 
in the northern area (in wells Gostynin IG 4, IG 1, and Żych
lin IG 3), which comprises the nearly complete Upper 
Valanginian section. A change in sedimentary basin condi
tions occurred during the sedimentation of the uppermost 
part of the Upper Valanginian, marked in both sediment li- 
thology and geophysical well logs. It equates to the another 
sequence boundary. The overlying strata are interpreted as a 
lowstand system tract. Above this boundary, in the 
Gostynin IG 1 well (Fig. 34), there are sandy mudstones 
with admixture of ferruginous oolites, overlain with bio- 
clastic limestone rich in bivalve fauna and than with argilla
ceous limestone and sandy mudstone. At the top of these 
sediments a stratigraphic hiatus exists, corresponding to the 
Lower Hauterivian strata. The sediments, that represent the 
described systems tract in the Gostynin IG 4 well (Fig. 33), 
are similar, but less thick. A greater thickness of the low
stand system tract was found in the Łowicz IG 1 well (Fig. 
36). According to geophysical well-log data and cuttings, 
the deposits forming this tract are sandstones. The blocky 
character of the geophysical logs may suggest that these are 
channel-fill sediments or sediments of a shelf valley, incised 
into the shelf sediments of the highstand system tract (?). 
Similar type of sediments is present in the Potok IG 1 well, 
suggesting a large drop in the sea level between these wells, 
possibly caused by block tectonic movements. Such cause 
of shelf sandstone appearance in the basin centre may be ad
ditionally supported by the local appearance of these phe
nomena, as no such changes were observed in the remaining 
area. A similar boundary, at the base of a new sequence, has 
been recognized in the southern part of the studied area 
(Figs 41,44). It is placed there immediately above the afore
mentioned flooding surface. It may record a slight sea-level 
fall. This boundary marks the beginning of the new deposi- 
tional sequence. A transgressive surface, that is also the 
stratigraphic boundary between the Valanginian and Hau
terivian, has been identified at the top of the here defined 
lowstand systems track. This boundary is of regional extent 
and has been well confirmed with biostratigraphic data in 
the whole studied area.

Lower Hauterivian
A transgressive system tract with bioturbated argilla

ceous shales containing abundant crushed fragments of 
thin-shelled fauna and dispersed ferruginous oolites and

glauconite begins above the transgressive surface (Gostynin 
IG 4). In other wells, the thickness of Lower Hauterivian 
sediments is greater. These are fine-grained siliciclastic de
posits, locally slightly marly, with accumulations of mol
lusc shells and glauconite. A slightly increased content of 
sand material has been found in the Łowicz IG 1 well (Fig. 
36). Lower Hauterivian deposits in the sections of the 
Białobrzegi IG 1 (Fig. 38) and Warka IG 1 wells have been 
identified using wire-line logs and palaeontological data. 
These deposits are represented by marly facies and have re
duced thickness. A probably complete lack of the Lower 
Hauterivian strata should be assumed for the wells Kora- 
biewice PIG 1 and Gostynin IG 1 (Figs 34, 37). A large stra
tigraphic hiatus, equivalent to the Hauterivian, Barremian, 
Aptian-Albian, is present in the Potok IG 1 well (Fig. 43). 
In the sections of the Narol IG 1 and Narol IG 2 wells (Figs
39-42), the Lower Hauterivian transgressive system tract is 
developed in marly mudstone facies, suggesting uniform 
sedimentation over the most part of the study area and, pos
sibly, a global sea-level fall. A maximum flooding surface is 
present in the Narol IG 1 well, at a depth of 1397 m. It lies 
within marly mudstones with echinoderm debris and fish 
teeth, often found in condensed horizons. This boundary is 
also the boundary between the Lower and Upper Hau
terivian. Two boundaries were distinguished within this 
stage. They correspond to a Hooding surface and a sequence 
boundary. Both are lower-level boundaries. A maximum 
flooding surface was recognized in the top layers. It sepa
rates the Lower and Upper Hauterivian strata.

Upper Hauterivian
The most complete Upper Hauterivian sections seem to 

be present in wells Gostynin IG 4, Gostynin IG 3, Żychlin 
IG 3, and Łowicz IG 3 (Figs 33, 35, 36). These strata are 
mostly mudstones laid down in conditions of highstand sys
tem tracts and possibly a lowstand or transgressive system 
tract. The Upper Hauterivian deposits in wells Warka IG 1 
and Białobrzegi IG 1 (Fig. 38) are developed in marly- 
mudstone facies, which indicates a lateral facies change 
(Fig. 43). Only the uppermost part of deposits of this age is 
present in the Gostynin IG 1 well (Fig. 34), as shown by pa
laeontological data. The Upper Flauterivian strata have in
complete thickness also in wells Narol IG 1 and Narol IG 2 
(Figs 39, 42). Palaeontological evidence shows a thickness 
of only a few metres of these strata developed in the middle 
and outer shelf facies. Hauterivian strata are absent in the 
Rzeszów area (Fig. 44).

The maximum flooding surface is clearly recorded in 
wire-line logs between the Hauterivian and Berriasian de
posits. It is marked by a characteristic maximum gamma- 
ray spike. This boundary lies within argillaceous strata rich 
in debris of thin-shelled fauna. Such record exists in data 
from wells Gostynin IG 4 through Białobrzegi IG 1 (Fig.
43). In contrast, in the well sections of: Narol IG 1, Narol IG
2 (Figs 39, 42), Nawsie 1, Zagorzyce 6, Zagorzyce 7, Ropc
zyce 7, Stasiówka 1, Dębica 2, Wola Wielka 2, and 
Wiewiórka 4, this boundary is erosional (Fig. 44). No sedi
mentary sequences younger than the Upper Valanginian are 
present in this area.
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Barremian
Deposits of this age were identified using geophysical 

logs correlation in the Warsaw Trough area between wells 
Gostynin IG 4 and Białobrzegi IG 1 (Fig. 43). These are 
mainly fine-grained siliciclastic deposits, interpreted as laid 
down on the outer and partly middle shelf, in a highstand 
system tract. The top of these deposits is marked by a se
quence boundary. It is at the same time the boundary of a 
very thick package of Aptian-AIbian sandstones. Barre
mian deposits in the southern part of the studied area, in 
wells Narol IG 1 and Narol IG 2 (Figs. 39, 42), are devel
oped as bioclastic and sandy limestone, apparently laid 
down in shallow-water conditions. This indicates a renewed 
development of a carbonate platform. Barremian deposits in 
the area of Zagorzyce are developed as marls, ooid- 
bioclastic limestone, cyanobacterial, and coralline lime
stone (Zdanowski et a/., 2001), laid down in highstand con
ditions. It should be added that this succession is assigned to 
Valanginian by Zdanowski et al. (2001). It is possibly the 
topmost part of the Barremian deposits that may also in
clude Aptian and Albian series (Fig. 41). This question still 
remains to be resolved. In this part of the studied area, thin 
Cenomanian deposits directly overlie Barremian or Barre- 
mian-Aptian-Albian deposits (Fig. 44).

Aptian-AIbian
These deposits are present only in a part of the study 

area, between the wells Gostynin IG 4 and Białobrzegi IG 1 
(Figs 33-38, 43). They are not separated on geophysical 
well logs, because the individual boundaries and rock series 
comprised between them could not be related to stratigra
phy. A few sedimentary units could be, however, recog
nized in the whole section that has the nature of depositional 
sequences. Six such sequences have been identified in the 
Gostynin IG 4 well. In the last, youngest sequence, only the 
lowstand systems tract still belongs to the Albian. The trans
gressive system tract and the highstand system tract sepa
rated by the maximum flooding surface are included in the 
Cenomanian-Turonian deposits. Transgressive and high
stand system tracts are thin, one to few metres, in the few 
recognized sequences. The positions of abnormally high 
values on the gamma-ray log correlate well with the occur
rences of increased concentrations of glauconite and phos
phorites.

The interpretation presented above is one of the possi
ble solutions of the division of the thick siliciclastic se
quence of the Aptian and Albian deposits. An alternative in
terpretation would connect the anomalous values on 
gamma-ray log with transgressive surfaces, often overlain 
by well-washed lag deposits whose material comes from the 
underlying strata. The presence of these thin coarse-clastic 
intervals may suggest that several slight sea-level rises gave 
way to the maximum flooding surface, whose position may 
be inferred somewhere in the middle part of the whole se
ries. This interpretation may be also supported by the fact 
that this boundary separates two trends in wire-line logs, 
namely a retrogradational one below, from the clearly pro- 
gradational one above. The stratigraphic boundary between 
the Aptian and Albian may also lie at that position.

The thickness of the described series is almost twice 
smaller within the area of the wells Korabiewice PIG 1 and 
Białobrzegi IG 1 (Figs 37, 38). Especially noteworthy is the 
Warka IG 1 well, where (assuming the position of the Ap
tian-AIbian boundary is such as mentioned above) the Ap
tian deposits are eight metres thick. These deposits include 
(from top down) glauconitic sandstones (about 4 m thick), 
oolithic limestone with glauconite and feeding traces (about
2 m thick), quartz sandstones with glauconite and oolites 
(about 0.5 m thick), and sandy limestone with glauconite 
and plant detritus (about 0.5 m thick). These deposits may 
represent the whole condensed Aptian section, as suggested 
by their lithology, or may only be a fragment of the nearly 
90 m thick series of this age, that is present, e.g ., in the 
Łowicz IG 1 well (Figs 36, 43). The two-dimensional pic
ture of the siliciclastic Aptian-AIbian deposits illustrated in 
the cross-section (Fig. 43) shows wedging out of these de
posits towards the central parts of the sedimentary basin. 
Deposits changing from distal to proximal shelf are re
peated several times in the succession. The proximal facies 
are present as quartz sands and sandstones with glauconite, 
fine- and medium-grained, often with admixture of coarser 
grains, well sorted and washed. The more distal facies are 
mudstones and claystones, often with horizons of coarser 
sandstones and with pyritized bioturbation structures. The 
fine-grained facies includes also horizons with thin-shelled 
mollusc fauna, as well as with abundant microfauna and cal
careous nannoplankton. Basing on available well core de
scriptions, palaeoecological data obtained from the analysis 
o f the fossil assemblages, the nature of geophysical well 
logs, and literature data (Bouma et al. 1982; Elliot, 1974; 
Galloway & Hobday, 1990), the depositional environment 
of these sequences may be interpreted as siliciclastic shelf 
featuring a high subsidence rate. This last factor is responsi
ble for the predominance of proximal facies in the section.

Cenomanian- Turoni an
The top parts of the Albian deposits in those wells that 

were cored contain mass accumulations of glauconite and 
phosphorites; sometimes in the form of quite sizeable con
cretions. Their presence may indicate the maximum flood
ing, and may suggest that the sediments were laid down on a 
transgressive surface. The sandstones abruptly pass into 
overlying marls, limestone with inoceramid bivalves, and 
cherts. A maximum flooding surface was identified at the 
position of the abnormally high gamma-ray values; the sur
face may be the evidence of the Early Cenomanian trans
gression. Greater thickness of these deposits has only been 
found in the wells Korabiewice PIG 1, Warka IG 1, and 
Białobrzegi IG 1 (Figs 37, 38, 43). There, these deposits are 
also of marly-clastic nature. These deposits, however, are 
neither subject of any detailed stratigraphic nor palaeofacies 
interpretation in this paper.

Summing up, mainly sequences of type 3 and higher- 
order, perhaps already type 2 sequences (Fig. 47), may be 
distinguished in the whole section of the Lower Cretaceous 
deposits of the Warsaw Trough, Lublin Trough, and partly 
of the Carpathian Foredeep, and described above in detail. 
The first sequence corresponds to a time interval of about 12
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million years and is comprised between the Tithonian-Ber- 
riasian boundary (or even earlier) and the type 1 sequence 
boundary, recognized in the upper part o f the Upper 
Valanginian. The maximum flooding surface is marked at 
the Berriasian-Valanginian boundary. The second sequence 
corresponds to the time interval of about 10 million years 
and is comprised between the sequence boundary in the Up
per Valanginian and the boundary that marks the next se
quence in the lower part of the Aptian, with maximum 
flooding surface at the Hauterivian-Barremian boundary. 
The third sequence corresponds to ca. 16 million years; it 
starts in the lower part of the Aptian and terminates at the 
sequence boundary identified at the base of the Turonian de
posits. It comprises the Aptian to the Cenomanian deposits. 
The maximum flooding surface may be correlated with the 
Aptian-Albian boundary.

COMPARISON OF THE RESULTS OF SYSTEM 
TRACTS INTERPRETATION WITH THE GLOBAL 

CURVE OF EUSTATIC SEA-LEVEL CHANGE

An attempt was made in this paper at correlating the 
curve of sea-level changes in the studied area with the 
global curve of sea-level change (Haq et al., 1988). This 
correlation concerns only the Lower Cretaceous deposits 
and in most part shows coincidence between our and the 
standard curve. The boundary between the Jurassic and Cre
taceous systems in central Poland coincides with a sequence 
boundary (Figs 43, 44); hence, it corresponds to a sea-level 
fall. It is very likely that, in the peri-Carpathian area, this 
boundary may be placed at the maximum flooding surface 
that lies within a thin argillaceous horizon. It may suggest 
that this zone was more sensitive to sea-level change, than 
the northern part of the studied area (Fig. 44). This bound
ary is thus related to a late phase of sea-level rise, when the 
influence of the relative uplift begins to diminish (Mitchum 
et al., 1993). The sea-level fall in the studied area is marked 
by the appearance of carbonate-sulphate facies, which re
places the Upper Tithonian carbonate-marly facies. The Ti- 
thonian-Berriasian boundary has characteristics of type 1 
sequence boundary (see Van Wagoner et al., 1990), simi
larly as it has been proposed by Haq and others (1988) (Fig. 
47).

In the Warsaw Trough, the Lower Berriasian is dis
tinctly bipartite, interpreted as a record of two depositional 
sequences, in contrast to the standard H aq’s curve, indicat
ing a single depositional sequence for this time. The stra- 
tigraphic boundary between the Lower and Middle Berria
sian was placed at the position interpreted as the record of a 
lower-order marine transgression and is described as flood
ing surface. The authors of the standard curve distinguish 
only the Lower and Upper and not the Middle Berriasian, 
but in the lower part of the occitanica Zone they mark a 
boundary of a maximum flooding surface type. The Middle 
Berriasian in the studied area is thus determined by a flood
ing surface (at the bottom) and a sequence boundary (at the 
top). The latter boundary marks also the bottom of the Up
per Berriasian deposits (Fig. 47).

The Upper Berriasian deposits were possibly laid down 
in a lowstand system tract and a transgressive system tract. 
Two distinct excursions of sea level are visible in the Haq’s 
curve in its Upper Berriasian part, not unequivocally con
firmed in the studied section. Good agreement is observed at 
the Berriasian-Valanginian boundary, which coincides with 
a maximum flooding surface in both cases (Fig. 47). A set of 
three parasequences with clear characteristics of a prograd
ing set (Figs 43, 47) is present in Lower Valanginian depos
its, in the area of wells Gostynin IG 4 through Łowicz IG 1. 
Each of the parasequences is bounded by marine flooding 
surfaces. This set forms a highstand system track. The top 
boundary is a marine flooding surface and corresponds to 
the boundary marked by Haq et al. (1988), though these 
authors noted a type 1 sequence boundary in the middle part 
of the Lower Valanginian, not confirmed in the studied ma
terial (Fig. 47). The Upper Valanginian deposits represent a 
period dominated by highstand system tracts, similarly as in 
the scheme by Haq et al. (1988). A depositional sequence, 
probably bounded by a type 1 sequence boundary, starts in 
the top parts of this stage. The boundary marking this se
quence in the wells Łowicz IG 1 (Fig. 24) and Potok IG 1 
(Figs 36,43) is erosional and cuts deeply into the underlying 
deposits of the lower part of the Upper Valanginian. The 
stratigraphic boundary between the Valanginian and Hau- 
terivian deposits is a transgressive surface within a type 1 
sequence over the whole study area.

The lowermost Hauterivian deposits were laid down 
during a relative sea-level rise, but two type 2 sequences are 
present in the Lower Hauterivian segment of the EXXON 
curve. So, the correlation of both curves does not show con
cordance here. The boundary between the Lower and Upper 
Hauterivian in the studied area equates to the maximum 
flooding surface. Instead, on the H aq’s curve a sequence 
boundary is placed here, which also is not in agreement. 
Two complete type 2 sequences may be recognised in the 
EXXON curve within the Upper Hauterivian. In the War
saw Trough, where the Lower Cretaceous section is the 
most complete one, the lower part of the Upper Hauterivian 
is a highstand system tract of a sequence that extends from 
the lower part of the Lower Hauterivian, and a lowstand sys
tem tracts and a transgressive system tract -  both covered 
with a flooding surface. This surface in the studied part of 
Poland has characteristics of a maximum flooding surface, 
while in the H aq’s curve it is merely a flooding surface.

Our analysis of wire-line logs suggests that the Barre- 
mian strata have progradational nature, corresponding in 
their characteristics to highstand system tracks, and so they 
have been interpreted as such. The deposits of this age have 
small thickness and it is difficult to discern within them 
three type 2 sequences as Haq et al. (1988) did (Fig. 47). 
The Barremian Aptian boundary displays characteristics of 
a sequence boundary. A similar boundary of type 1 charac
teristics is present in the standard curve in the lower part of 
the Aptian. In both cases, two depositional sequences may 
be distinguished within this stage. The lack of stratigraphic 
data does not allow us to precisely delineate the Aptian-Al
bian boundary, but using the EXXON curve, in which this 
boundary is marked by a maximum flooding surface, it has 
been marked in the study area between two depositional
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units -  a retrogradational below and a progradational above
-  that most likely reflect the long-term sea-level changes. 
Several oscillations are discernible in the Albian part of the 
sea-level curve, difficult to identify using the available data 
sets from the study area. The Albian-Cenomanian boundary 
may be placed at the maximum flooding surface, above sili- 
ciclastic deposits with phosphorites and glauconite. These 
elements are typical for both, transgressive surfaces and de
posits displaying characteristics of stratigraphic condensa
tion, such as occurs during the maximum deepening of a 
sedimentary basin. A maximum flooding surface is also in
dicated at the Albian-Cenomanian boundary by Haq et al. 
(1988) (Fig. 47).

Cyclicity of sedimentation in the Lower Cretaceous 
section is much more difficult to describe in the area of 
wells Korabiewice PIG 1, Warka IG 1, and Białobrzegi IG 1 
(Fig. 43), because of the high facies variability, stratigraphic 
hiatuses or even stratigraphic condensation, as in the case of 
the Warka IG 1 (in Aptian) or Białobrzegi IG 1 (in Valang- 
inian-Early Hauterivian) wells. A similar situation has been 
recognized in the Cretaceous strata of the basement of the 
Carpathian Foredeep (Fig. 44) and of the southeastern part 
of the Lublin Trough. The sedimentary succession was there 
deposited in shallow-water environments of a carbonate 
platform. Numerous erosional surfaces (emergence sur
faces) are present there, rendering the sections incomplete. 
The stages of sea-level change are much more difficult to 
trace there. Previous attempts (Zdanowski & Gregosiewicz, 
2001) cannot be directly compared with the interpretation 
proposed in this study, because Zdanowski and Grego
siewicz assumed different ages for the strata described there 
as the Ropczyce Series and the Dębica Series, but according 
to these authors, the series were mainly laid down in trans
gressive and highstand conditions.

PALAEOTECTONIC CONCLUSIONS

Our analysis of depositional sequences and the stra
tigraphic correlation within the Lower Cretaceous deposits 
may be used to reconstruct the possible palaeotectonic 
events in the Early Cretaceous time, in the area of the Polish 
Lowlands and the peri-Carpathian zone. The present-day 
distribution of the Lower Cretaceous strata in the whole 
studied area is shown in Figs 45 and 46, and the true depths 
of occurrence of the successive stratigraphic stages are plot
ted in Fig. 47. The most complete section of the Lower Cre
taceous deposits was found in the Gostynin IG 4 well (Fig.
33), which may suggest the lack or minimal tectonic block 
movements in the area of this well. The total thickness of 
the Lower Cretaceous strata in this well attains 330 metres. 
In the Gostynin IG 1 well (Fig. 34), distant by ca. 6.5 km, 
there was a stratigraphic hiatus corresponding to the lower 
part of the Upper Hauterivian. These deposits were most 
likely removed by erosion due to sea-level fall, defined by 
the lowstand systems tract that starts in the upper part of the 
Upper Hauterivian. Despite of this, the thickness of the Cre
taceous strata in this well attains 324 metres. Lower Creta
ceous strata in the Gostynin IG 3 well may reach up to the 
Barremian (basing on the correlation of wire-line logs); the

younger strata have been probably removed by Palaeogene 
erosion -  so they indicate a post-Cretaceous block activity. 
The total thickness of the Lower Cretaceous beds in this 
well equals to 190 metres. Increased thickness of Albian de
posits in Żychlin IG 3 well may suggest a slight tectonic ac
tivity. The total thickness of the Cretaceous deposits equals 
here 383 metres. Instead, only a slight reduction in the 
thickness of the lower part of the Upper Valanginian is pres
ent in the Łowicz IG 1 well, but this reduction is most likely 
related to erosional processes caused by a relative sea-level 
fall.

Much larger stratigraphic hiatuses are present in the 
wells Korabiewice PIG 1 (Fig. 37) and Warka IG 1, where 
hiatuses covering the interval from the higher part of the 
Lower Berriasian through the Upper Hauterivian (in the 
Korabiewice PIG 1 well), or the higher part of the Upper 
Berriasian and possibly the Lower and the lowermost Upper 
Valanginian and the higher part of the Albian in the Warka 
IG 1 well (assuming the stratigraphic interpretation is cor
rect). This well also featured the greatest reduction in thick
ness of the Valanginian, Hauterivian, Barremian, and Ap
tian deposits, difficult to explain at this stage of study. Stra
tigraphic hiatuses or condensations are also possibly present 
in the Białobrzegi IG 1 well, especially in the Valanginian 
and Hauterivian (Fig. 38). Marked differences in thickness 
and lithology of deposits in the upper part of the Upper Ber
riasian and Valanginian was found in the sections of two 
wells, Korabiewice and Warka, that are situated on a block 
featuring a different subsidence rate. Significant reductions 
in thickness of the Berriasian and Lower Valanginian de
posits -  probably related to large stratigraphic condensation 
(perhaps on an isolated intrabasinal block) -  were observed 
in the Potok IG 1 well. A short tectonic activity is here 
marked by the appearance of shallow-water sandstone de
posits indicating a relative sea-level fa ll. A stratigraphic hia
tus that reaches up to the Cenomanian is present above the 
Upper Valanginian deposits. The lack of these deposits is 
possibly due to significant tectonic activity and increased 
pre-Cenomanian erosion.

Late Hauterivian tectonic activity in the southern part of 
the Lublin Trough is indicated by the lack of sediments of 
that age and erosional surfaces found in well cores. How
ever, the greatest stratigraphic hiatus corresponds to the 
Barremian and Cenomanian part of the succession. It is not 
clear whether the Aptian and Albian deposits are absent in 
this area, as may be the case in the Zagorzyce area (Figs 41,
44). Stratigraphic hiatuses have been documented there be
tween the Lower Berriasian and the Upper Berriasian, and 
between the Lower Valanginian and the Barremian (Ap- 
tian-Albian) in the Wiewiórka 4 well (Fig. 40), as well as 
the hiatus corresponding to the Upper Hauterivian. These 
hiatuses may result from erosion over a large area from the 
southern Lublin area (wells Narol IG 1, Narol IG 2) (Figs 
39, 42) through the Carpathian Foreland (e .g ., Wiewiórka 4 
well; Fig. 40), caused by the uplift of this area.

Unclear is the tectonic control (tectonic subsidence) of 
relative sea-level changes in the studied area. Undoubtedly, 
however, the Lower Cretaceous sedimentary series more 
than 300 m thick was laid down in a 40 million-years period 
in the zone of the Polish Basin, currently within the Polish
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Lowlands. One of the extension phases in the Mid-Polish 
Trough falls within the Early Cretaceous time (Kutek, 
2001). Sedimentation occurred under conditions of major 
sea-level changes, possibly related to global sea-level 
changes, with superimposed local and regional block tec
tonics. The thickness of the studied deposits is much lower 
in the southern part of the studied area (180 to 120 m). The 
lower rate of sedimentation, in extremely shallow-water 
conditions and away of the zone of increased subsidence, 
could be related to the lack of accommodation space, so the 
sediment could be more susceptible to removal. Distinct 
tectonic events could occur in this region in the later part of 
the Early Cretaceous.

CONCLUSIONS

(1) The lower boundary of the Lower Cretaceous sedi
mentary series, described as the boundary between the Ti- 
thonian and Berriasian stages, is delineated within the 
carbonate-siliciclastic succession bearing evaporites, in
cluded in the Kcynia Formation. The new stratigraphic in
terpretation was enabled by results of micropalaeontologi- 
cal studies, which, together with the analysis of wire-line 
logs, enabled us to precisely locate the boundary in the stud
ied well sections. This boundary is of regional nature and 
may be traced over a distance of more than 170 km. It shows 
distinct features of a sequence boundary (sensu Vail et al., 
1977), attributed to a relative sea-level fall.

(2) The Berriasian deposits, according to the biostra- 
tigraphic criteria presented in this paper that follow the 
European standards, are divided in to three substages: 
Lower, Middle and Upper. For the Middle and Upper Ber
riasian, ammonite and calcareous nannoplankton assem
blages, present only in certain horizons in the deposits of 
this stage, were also taken into account. The analysis of geo
physical well logs demonstrates that horizons rich in am
monites and nannoflora may be correlated with intervals at
tributed to the maximum flooding surfaces.

(3) The boundary between the Berriasian and Valangin- 
ian has been adopted according to the most recent criteria of 
the Mediterranean division. The ammonite petransiens 
Zone is the oldest one in the Valanginian. The lower bound
ary of the boreal robustum Zone, in the stratigraphic scheme 
elaborated for the Polish Basin, should be placed above the 
lower boundary of the petransiens Zone. The analysis of the 
Lower Valanginian ammonite assemblages indicates that 
the migration of boreal species defining the robustum Zone 
occurred later than the tethyan forms of the petransiens 
Zone.

(4) Parasequences reflecting relative sea-level changes 
may be recognized in siliciclastic Valanginian deposits of 
central Poland. They are especially distinct in the Lower 
Valanginian deposits, providing the basis for a precise cor
relation of the strata between the wells. The Valanginian 
sedimentary series, as compared with the Berriasian depos
its, is of variable thickness. The lack of some depositional 
sequences, observed in particular wells, may be a result of 
local tectonic activity and variable subsidence rate. Biostra- 
tigraphic ammonite (robustum, heteropleurum, polytomus-

crassus, and triptychoides) and calcareous nannoplankton 
(PN2 Zeugrhabdotus diplogrammus, PN 3 Watznaueria 
barnesae, PN 4 Eiffellithus striatus, and PN 5 Conusphaera 
rothii) zones are recognized within this stage. Characteristic 
microfaunal assemblages and their sequence are defined.

(5) Valanginian deposits are palaeontologically con- 
finned in the southeastern part of the Lublin area and in the 
basement of the Carpathian Foredeep. The palaeontological 
evidence for the Hauterivian deposits is demonstrated for 
the first time, and in the Lublin area also for the Lower Bar- 
remian deposits. The detailed analysis of the wire-line logs, 
combined with the results of biostratigraphic studies, has 
shown that within the studied area stratigraphic hiatuses are 
present in the Lower and partly in the Upper Hauterivian. 
These can be the evidence of tectonic activity in the Mid- 
Polish Trough. In the Hauterivian, three ammonite zones 
have been recognized: noricum, amblygonium, and gott- 
schei, alongside with as four calcareous nannoplankton 
zones: PN 6 Eprolithus antiquus, PN 7 Perissocyclus 
plethotretus, PN 8 Tegulalithus septentrionalis, and PN 9 
Tegumentum octiformis.

(6) Nannoplankton zones and microfaunal assemblages 
characteristics of the higher part of the Lower Cretaceous 
are identified for the first time. These are zones: PN 10 Nan- 
noconus abundans and PN 11 Broinsonia matalosa in the 
Barremian, as well as PN 12 Farhania varolii and PN 13 
Eprolithus floralis in the Aptian. The calcareous nanno
plankton assemblages allow correlating the studied succes
sions with the Lower Saxony Basin. Microfaunal and cal
careous nannoplankton assemblages of the Barremian and 
Aptian age, together with the Lower Aptian ammonites, 
were found in the Białobrzegi IG 1 well, in deposits consid
ered earlier as the Valanginian and Hauterivian ones.

(7) The results of palaeontological studies and the 
analysis of wire-line logs allows for reinterpretation of the 
stratigraphy of the Lower Cretaceous sedimentary series in 
southeastern Poland and in the southern part of the Warsaw 
Trough. Taxonomic composition of the microfauna and 
nannoflora assemblages that include numerous Tethyan 
taxa allows also for a new interpretation of the sedimentary 
basin palaeogeography in Barremian and Aptian times, indi
cating the opening of the Polish sedimentary basin towards 
the southeast. Moreover, the occurrence of the Tethyan spe
cies in nearly all the Lower Cretaceous stages, from the Ber
riasian through the Aptian, indicates the opening of the Pol
ish Basin towards the Tethyan seas during the nearly whole 
Early Cretaceous time.

(8) Most of the depositional sequences recognized in 
this study may be described as 3rd order sequences, sensu 
Mitchum (1977), formed during time intervals of 1-10 mil
lion years. These sequences, in the areas of the Warsaw 
Trough, Lublin Trough, and partly of the basement of the 
Carpathian Foredeep, may be grouped in to three higher- 
order sequences, may be of the 2nd order.

(9) Analysis of the geophysical record of the Polish Ba
sin sedimentary filling, combined with the results of the bi
ostratigraphic, lithofacies and sedimentological data, allow 
drawing of the regional curve of sea-level change. Discrep
ancies between the two compared curves, namely those for 
the Warsaw Trough and the global one, concern mainly the
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Late Berriasian through Hauterivian sea-level changes, but 
only in a few cases, and in the Albian, where the two curves 
cannot be unequivocally compared because of the sediment 
type and the lack of stratigraphic data (Fig. 47). All these 
differences may be due to the fact that the preserved Lower 
Cretaceous sequences available for study originated in the 
central part of the sedimentary basin, where reaction to a 
global sea-level change is much slower. Other factors, such 
as regional and local tectonics could influence the nature of 
the sea-level curve in the studied area.
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APPENDIX

This appendix includes all ammonite, foraminiferal, ostracod 
and nannofossil taxa recorded in this study, ranged in alphabetical 
order according to their generic names.

Ammonites:
Deshayesites sp.
Dichotomites sp.
Dichotomites crassus Kemper 
Dichotomites evolutus Kemper 
Dichotomites krausei Kemper 
Dichotomites triptychoides Kemper 
[Endemoceras sp.]
Endemoceras noricum (Roemer)
Endemoceras aff. enode Thiermann

Endemoceras cf. amblygonium (Neumayer & Uhlig) 
Karakaschiceras sp.
Karakaschiceras quadristrangulatum (Sayn)
Karakaschiceras heteroptychum (Pavlow)
Karakaschiceras pronecostatum (Felix)
[Leopoldia sp.]
Leopoldia leopoldi (d’Orbigny)
Neocomites neocomiensis (d’Orbigny)
Neocomites teschenensis (Uhlig)
[.Neocomites cf. platycostatus Sayn]
Neocomites sp.
Neohoploceras sp.
Neohoploceras subgibbosum (Wiedmann)
Neohoploceras brandesi (Kenen)
Platylenticeras sp.
Platylenticeras (Platylenticeras) robustum robustum (Koenen) 
Platylenticeras (Platylenticeras) parcum  Koenen 
Platylenticeras (Platylenticeras) parcum parcum Koenen 
Platylenticeras (Platylenticeras) parcum isterberense Kemper 
[Platylenticeras (Platylenticeras) gervilianum (d’Orbigny)] 
Platylenticeras (Tolypeceras) fragile Koenen 
[Platylenticeras (Tolypeceras) cf. marcousianum (d’Orbigny)] 
[Platylenticeras ex. gr. marcousianum (d’Orbigny)] 
Polyptychites sp.
Prodichotomites complanatus (Koenen)
Riasanites riasanensis (Nikitin)
Saynoceras verrucosum (d’Orbigny)
[Simbirskites (Craspedodicus) cf. gottschei (Koenen)] 
[Simbirskites (Craspedodiscus) sp.]
Simbirskites gottschei (Koenen)
Valanginites nucleus (Roemer)

Agglutinated foraminifers:
Ammobaculites agglutinans (d’Orbigny)
Ammobaculites eocretaceus Bartenstein et Brand 
Ammobaculites hagni Bhalla et Abbas 
Ammobaculites inconstans gracilis (Bartenstein et Brand) 
Ammobaculites irregulariformis Bartenstein et Brand 
Ammobaculites kcyniensis Sztejn 
Ammodiscus tenuissimus (Gumbel)
Bucicrenata condesa Dulub
Bulbobaculites ex. gr. inconstans (Bartenstein et Brand) 
Bulbobaculites inconstans inconstans (Bartenstein et Brand) 
Charentia sp.
Choffatella decipiens Schlumberger 
Choffatella sp.
Dorothia subtrochus Bartenstein 
Everticyclammina aff gregei (Henson)
Everticyclammina virguliana (Koechlin)
Faulsogaudryinella sherlocki Bettenstaedt 
Falsogaudryinella tealbyensis (Bartenstein)
Glomospirella gauitina (Berthelin)
Haplophragmoides concavus (Chapman)
Haplophragmoides cushmani Loeblich et Tappan 
Hyperammina sp.
Kutshevella sp.
Melathrokerion sp.
Phenacoghrama sp.
Praedorothia praeoxycona (Moullade)
Proteonina difjlugiformis Brady 
Protomarsonella hechti Dieni et Masari 
Protomarsonella kummi (Zedler)
Pseudocyclammina sp.
Recurvoides sp.
Rhabdammina cylindrica Glaessner
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Rhizammina indivisa Brady 
Stomatostoecha cf. compressa Gorbatchik 
Stomatostoecha cf. rotunda Gorbatchik 
Trochammina inflata (Montagu)
Trochaminoides proteus (Karrer)
Verneuilina cf. angularis Gorbatchik 
Verneuilina subminuta Gorbatchik 
Verneuilina sp.
Verneuilinoides faraonica (Said et Bakarat) 
Verneuilinoides neocomiensis (Mjatliuk) 
Verneuilinoides subfiliformis Bartenstein 
Verneuilinoides sp.

Calcareous benthic foraminifers:
Astacolus bronni (Roemer)
Astacolus calliopsis (Reuss)
Astacolus cephalotes (Reuss)
Astacolus humilis (Reuss)
Astacolus proprius Kuznetzova 
Astacolus cf. proprius Kuznetzova 
Astacolus viollii Dieni et Massari 
Astacolus sp.
Citharina cf. acuminata (Reuss)
Citharina harpa (Roemer)
Citharina orthonota (Roemer)
Citharina paucicostata (Reuss)
Citharina rudocostata Bartenstein et Brand 
Citharina seitzi Bartenstein et Brand 
Citharina sparsicostata (Reuss)
Citharina striatula (Roemer)
Conorboides hofkeri Bartenstein et Brand 
Discorbis cf. crimucus Schokhina 
Eoguttulina ichnusae (Dieni et Massari)
Eoguttulina sp.
Eoguttulina witoldensis Sztejn 
Epistomina caracolla (Roemer)
Epistomina cretosa Ten Dam 
Epistomina ornata (Roemer)
Frondicularia hastata Roemer
Gavelinella barremiana Bettenstaedt
Gavelinella cf. barremiana Bettenstaedt
Gavelinella sp. 1
Gavelinella sp. 2
Globulina prisca Reuss
Gyroidinoides aff. infracretaceus Morozowa
Hechtina praeantiqua Bartenstein et Brand
Laevidentalina communis (d’Orbigny)
Laevidentalina debitis Berthelin 
Laevidentalina distincta (Reuss)
Laevidentalina gracilis (d’Orbigny)
Laevidentalina nana (Reuss)
Lagena globosa Montagu
Lagena hauteriviana cylindrica Bartenstein et Brand 
Lagena hauteriviana hauteriviana Bartenstein et Brand 
Lamarckina cf. lamplughi (Scherlock)
Lenticulina eichenbergi (Bartenstein & Brand) 
Lenticulina cf. guttata (Ten Dam)
Lenticulina hiermanni Bettenstaedt 
Lenticulina macra Gorbatchik 
Lenticulina munsteri (Roemer)
Lenticulina neocomiana (Romanowa)
Lenticulina nodosa (Reuss)
Lenticulina cf. nodosa (Reuss)
Lenticulina protodecimae Dieni et Massari 
Lenticulina cf. roemeri (Reuss)

Lenticulina saxonica (Bartenstein et Brand) 
Lenticulina schreiterei (Eichenberg)
Lenticulina subalata (Reuss)
Lenticulina subangulata (Reuss)
Lenticulina sp.
Marginulina pyramidalis (Koch) 
Marginulinopsis stratocostata (Reuss) 
Meandrospira bancilai Neagu 
Meandrospira washitensis Loeblich et Tappan 
Miliospirella caucasica Antonova 
Mironovella juliae (Mjatliuk)
Nodosaria loeblichae Ten Dam 
Nodosaria sp.
Paalzowella sp.
Planularia complanata (Reuss)
Planularia crepidularis Roemer 
Pseudonodosaria humilis (Roemer) 
Psilocitharella kochi (Roemer)
Psilocitharella recta (Reuss)
Saracenaria frankei Ten Dam 
Saracenaria inflata Pathy
Saracenaria valanginiana (Bartenstein et Brand) 
Spirillina minima Schacko 
Spirillina sp.
Tristix acutangula (Reuss)
Trocholina alpina (Leupold)
Trocholina burlini Gorbatchik 
Trocholina cf. companella Amaud-Vanneau 
Trocholina infragranulata Noth 
Trocholina molesta Gorbatchik 
Trocholinapaucigranulata Moullade 
Vaginulinopsis denudata (Reuss)
Vaginulinopsis reticulosa Ten Dam

Planktonie foraminifers:
Hedbergella infracretacea (Glaessner)

Ostracods:
Asciocythere crassivalvis Kubiatowiez 
Asciocythere sp.
Bisculococypris verrucosa (Jones) 
Clithrocytheridea vonvalensis (Sztejn)
Cypridea inversa Martin 
Cypridea obliqua polonica Sztejn 
Cypridea peltoides peltoides Anderson 
Cyprideaprealta Bielecka 
Cypridea tumescens praecursor Oertli 
Cvpridea tumescens tumescens (Anderson) 
Cypridea valdensis praecursor Oertli 
Cytherella pilicae Kubiatowiez 
Cypridea sp.
Cytherella sp.
Cytherelloidea sp.
Damonella pygmaea (Anderson)
Damonella sp.
Darwinula leguminella (Forbes)
Dolocythere punctata Kubiatowiez 
Hechticythere hechti (Triebel)
Kileana alata Martin
Klieana kujaviana Bielecka & Sztejn
Paranotacythere sp.
Protocythere entremontensis Donze 
Protocythere (Mandocythere) frankei Triebel 
Protocythere frankei gr. Triebel 
Protocythere Helvetica Oertli



192 P. S. DZIADZIO ET AL.

Protocythere lewiński Kubiatowicz 
Protocythere propria emslandensis Bartenstcin et Burri 
Protocythere reicheli Oertli 
Protocythere cf. triplicata (Roemer) 
Pseudoprotocythere aubersonensis Oertli 
Rhinocypris jurassica (Martin)
Schuleridea (Schuleridea) neocomiana Kubiatowicz 
Shulerideapraethorenensis (Triebel)
Schuleridea thorenensis (Triebel)
Schuleridea sp.
Stavia eros sata Neale

Calcareous nannofossils:
Axopodorhabdus albianus (Black) Wind et Wise
Axopodorhabdus dietzmannii (Reinhardt) Wind et Wise
Biscutum constans (Górka) Black
Broinsonia matalosa (Stover) Burnett
Broinsonia signata (Noel) Noel
Calcicalathina oblongata (Worsley) Thierstein
Chiastozygus litterarius (Górka) Manivit
Comtsphaera rothii (Thierstein) Jakubowski
Corollithion achylosus (Stover) Thierstein
Corollithion signum Stradner
Cretarhabdus conicus Bramlette et Martini
Crucibiscutum pinnatus (Black) Rutledge et Bown
Cruciellipsis cuvillieri (Manivit) Thierstein
Cyclagelosphaera margereiii Noel
Diazomatolithus lehmanii Noel
Diloma galiciense Bergen
Eiffellithus monechiae Crux
Eiffellithus striatus (Black) Applegate et Bergen
Eiffellithus turriseiffeli (Deflandre) Reinhardt
Eiffellithus windii Applegate et Bergen
Eprolithus antiquus Perch-Nielsen
Eprolithus floralis (Stradner) Stover
Farhania varolii (Jakubowski) Varol
Gartnerago nanum Thierstein
Gartnerago praeobliquum Jakubowski
Grantarhabdus coronadventis (Reinhardt) Griin
Haqius circumradiatus (Stover) Roth
Hayesites albiensis Manivit
Helenea chiasta Worsley
Helicolithus trabeculatus (Górka) Verbcek
Lithraphidites carniolensis Deflandre
Loxolithus armilla (Black) Noel
Manivitellapemmatoidea (Deflandre) Thierstein
Micrantholithus hoschulzii (Reinhardt) Thierstein
Micrantholithus obtusus Stradner
Nannoconus abundans Stradner et Griin
Nannoconus bucheri Bronnimann
Nannoconus circularis Deres et Acheriteguy
Nannoconus cornuta Deres et Acheriteguy
Nannoconus elongatus Bronnimann
Nannoconus globulus Bronnimann
Nannoconus kamptneri Bronnimann
Nannoconus minutus Bronnimann
Nannoconus pseudoseptentrionalis Rutledge et Bown
Nannoconus steinmannii Kamptner
Nannoconus truitti Bronnimann
Nannoconus vocontiensis Deres et Acheriteguy
Percivalia fenestrata (Worsley) Wise
Perissocyclus plehtotretus (Wind et Cepek) Crux
Placozygus fibuliformis (Reinhardt) Hoffmann
Polypodorhabdus madingleyensis Black
Prediscosphaera columnata (Stover) Perch-Nielsen

Prediscosphaera cretacea (Arkhangelsky) Gartner 
Radiolithus hollandicus Varol
Repagulumparvidentatum (Deflandre et Fert) Forchheimer
Retacapsa angustiforata Black
Retacapsa crenulata (Bramlette et Martini) Griin
Retacapsa surirella (Deflandre et Fert) Grun
Rhabdophiditesparallelus (Wind et Ćepek) Lambert
Rhagodiscus angustus (Stradner) Reinhardt
Rhagodiscus asper (Stradner) Reinhardt
Rhagodiscus dekaenelii Bergen
Rhagodiscus infinitus (Worsley) Applegate et al.
Rotelapillus lafjittei (Noel) Noel
Seribiscutum primitivum (Thierstein) Filewicz
Sollasites horticus (Stradner et al.) Ćepek et Hay
Speetonia colligata Black
Staurolithites ellipticus (Gartner) Lambert
Staurolithites mutterlosei Crux
Staurolithites quadriarculla (Noel) Wilcoxon
Staurolithites stradneri (Rod et al.) Bown
Stradnerlithus geometricus (Górka) Bown et Cooper
Stradnerlithus rhombicus (Stradner et Adamiker) Bukry
Tegulalithus septentrionalis (Stradner) Crux
Tegumentum octiformis (Kothe) Crux
Tegumentum stradneri Thierstein
Tranolithus gabalus Stover
Tranolithus orionatus (Reinhardt) Reinhardt
Triquetrorhabdulus schetlandensis Perch-Nielsen
Tubodiscus verenae Thierstein
Watznaueria barnesae (Black) Perch-Nielsen
Watznaueria biporta Bukry
Watznaueria britannica (Stradner) Reinhardt
Watznaueria fossacincta (Black) Bown
Watznaueria ovata Bukry
Zeugrhabdotus embergeri (Noel) Perch-Nielsen
Zeugrhabdotus erectus (Deflandre) Reinhardt
Zeugrhabdotus diplogrammus (Deflandre) Burnett
Zeugrhabdotus scutula (Bergen) Rutledge et Bown

Streszczenie

BIOSTRATYGRAFIA I STRATYGRAFIA 
SEKWENCJI KREDY DOLNEJ W POLSCE 

CENTRALNEJ I POŁUDNIOWO-WSCHODNIEJ

Piotr S. Dziadzio, Elżbieta Gaździcka, Izabela Płoch 
& Jolanta Smoleń

Serie osadowe kredy dolnej na Niżu Polskim zawierają bo
gate zespoły makro- i mikroskamieniałości, dostarczające infor
macji stratygraficznych, paleoekologicznych i paleogeograficz- 
nych. Dotychczas, w kompleksie tym nie wyróżniono formalnych 
poziomów biostratygraficznych, nawiązujących do standardo
wych schematów europejskich, z wyjątkiem walanżynu niecki 
tomaszowskiej (Kutek et al., 1989) i albu okolic Annopola (Kutek 
& Marcinowski, 1996b). Pionowa i pozioma zmienność facjalna, 
oboczne zmiany miąższości poszczególnych ogniw litologicznych 
i luki stratygraficzne utrudniają korelację osadów, a przy nieprecy
zyjnej stratygrafii, niosą ryzyko błędnej interpretacji historii wy
pełniania basenu sedymentacyjnego. Również granica jury i kredy, 
wyznaczona według borealnych schematów stratygraficznych wy
maga rewizji i jednoznacznego określenia na Niżu Polskim, zgod
nie z obowiązującym podziałem tetydzkim.
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Wczesnokredowe baseny sedymentacyjne na Niżu Polskim 
rozwijały się wzdłuż aktywnej tektonicznie strefy Teisseyre’a- 
Tornąuista (Fig. 1A). Ich oś, charakteryzująca się zwiększoną sub- 
sydencją stanowiła bruzda środkowopolska. Mobilność podłoża 
wpływała na przebieg sedymentacji, powodując zróżnicowanie 
miąższości i litologii osadów oraz śródformacyjne luki stratygra
ficzne (Hakenberg & Swidrowska, 1998). Położenie paleogeogra- 
ficzne basenu pomiędzy Tctydą a morzem boreainym powodo
wało ścierane się wpływów obu tych prowincji, czego wyrazem 
jest zróżnicowanie litofacjalne osadów oraz mieszany, tetydzko- 
borealny charakter zespołów fauny i flory.

Celem niniejszej pracy było dokładniejsze niż dotychczas 
określenie pozycji stratygraficznej poszczególnych serii osado
wych kredy dolnej, korelacja ich na obszarze centralnej i połud- 
niowo-wschodniej Polski oraz odtworzenie historii wypełniania 
basenu sedymentacyjnego. Podjęto w niej próbę wyróżnienia 
poziomów biostratygraficznych nawiązujących do standardów eu
ropejskich i paleontologicznego udokumentowania granicy jury 
i kredy. Zasosowanie metody statygrafii sekwencji umożliwiło re
konstrukcję cykli transgresywno-regresywnych, spowodowanych 
względnymi zmianami poziomu morza oraz ujawnienie epizodów 
aktywności tektonicznej pogranicza platformy wschodnioeuro
pejskiej i bruzdy środkowopolskiej.

Badania wykonano na obszarze niecek warszawskiej i lubel
skiej oraz zapadliska przedkarpackiego (Fig. 1), w oparciu o mate
riały wiertnicze z otworów: Gostynin IG 1, IG 3, IG 4, Żychlin IG
3, Łowicz IG I, Korabiewice PIG 1, Warka IG 1, Białobrzegi IGI,  
Bąkowa IG 1, Potok IG 1, Narol IG I, IG 2, Wiewiórka 4 i Za- 
gorzycc 7, uzupełniając je danymi z odsłonięć w Wąwale i Anno
polu, otworów z niecki mogileńsko-łódzkiej i zapadliska przedkar
packiego (Fig. IC). Ze względu na dużą odległość pomiędzy ot
worami i niepełny zakres rdzeniowania, w korelacji sukcesji osa
dowych i rekonstrukcji procesów wypełniania basenu sedymenta
cyjnego zasadniczą rolę odegrała analiza materiałów geofizyki ot
worowej. W analizie wykorzystano zestaw krzywych obejmujący: 
profilowanie gamma (G), profilowanie neutronowe (N), po
tencjałów naturalnych (SP) i oporności (R), na podstawie których 
wyróżniono sekwencje depozycyjne sensu exxonowskiego oraz 
wchodzące w ich skład trakty depozycyjne (Fig. 33—42). Umożli
wiło to interpretację cykliczności sedymentacji i względnych 
zmian poziomu morza (Fig. 47). Chronostratygraficzne ramy re
konstruowanych zdarzeń ustalono na podstawie analizy zespołów 
amonitów, mikrofauny i nanoplanktonu wapiennego, które dla 
zwiększenia dokładności wydzieleń stratygraficznych i ich wery
fikacji badano równolegle w tych samych warstwach.

Biostratygrafla
Amonity najliczniej występują w utworach beriasu i walan- 

żynu, lecz tylko w Wąwale uzyskano materiał paleontologiczny, 
pozwalający na szczegółową analizę taksonomiczną zespołów 
i ich sukcesji. Skład zespołów wymagał równoległego stosowania 
w stratygrafii schematów tetydzkich i borealnych (Fig. 32). Ze
społy amonitów beriasu nie zostały szczegółowo zrewidowane 
w tym opracowaniu. Wyróżniane dotychczas dwie nieformalne 
jednostki stratygraficzne: “warstwy z Riasanites, Himalayites i 
Picteticeras ” oraz “warstwy z Surites, Euthymiceras i Neocosmo- 
ceras ’’ (Marek, 1997; Marek & Szulgina, 1996), zaliczane do wyż
szej części środkowego beriasu (tetydzki poziom occitanica) i gór
nego beriasu (poziom boissieri), w niniejszej pracy uznane zostały 
za górnoberiaskie. Stanowisko to potwierdzają zespoły mikro
fauny współwystępujące z amonitami. W skondensowanych sek
wencjach najwyższego beriasu, współwystępują gatunki beriaskie 
oraz formy charakterystyczne dla najniższego walanżynu, np. 
Neocomites neocomiensis i N. teschenensis.

Najstarsze walanżyńskie amonity w basenie polskim, nale

żące do tetydzkich rodzajów Neocomites Uhlig i Neohoploceras 
Spath (Fig. 4A, B), występują poniżej warstwy z borealnymi amo
nitami z rodzaju Platy lenticeras, dokumentującymi najniższy 
walanżyński poziom w basenie niemieckim, tj. poziom robustum 
(Łowicz IG 1; Fig. 2). W Wąwale, poniżej poziomu robustum, 
występuje także tetydzki gatunek Karakaschiceras quadris trangu- 
latum (Sayn), wskazujący na poziom petransiens (Fig. 4), który 
dokumentuje wpływy medyterańskie, zaznaczające się od beriasu. 
W Wąwale poziom robustum dokumentują: Platy lenticeras robus
tum robustum (Koenen) (Fig. 5H, I), P. parcum parcum Koenen 
(Fig. 4E, F) i P. parcum isterberense Kemper, a w wierceniu Ło
wicz IG 1 -  gatunek P. parcum Koenen. Powyżej poziomu robus
tum znaleziono P. (Tolypoceras) fragile Koenen (Fig. 4C, D), 
który w basenie dolnosaksońskim występuje w poziomie hetero- 
pleurum (Kemper, 1961; 1992), co sugeruje obecność osadów re
prezentujących ten poziom także na Niżu Polskim. Walanżyn 
górny w Wąwale dokumentuje pojawienie się tetydzkiego gatunku 
Saynoceras verrucosum (d’Orbigny) (Fig. 5A-D), wyznacza
jącego podpoziom verrucosum (Kutek & Marcinowski, 1996). 
Powyżej S. verrucosum (d’Orbigny), współwy stępują: Valangi- 
nites nucleus (Roemer), Neohoploceras brandesi (Kenen) i Dicho- 
tomites Koenen, pozwalające na korelację z niemieckim pozio
mem hollwedensis (Fig. 2). Pojawienie się Dichotomites trip- 
tychoides Kemper (Fig. 6D, E) wyznacza dolną granicę poziomu
0 tej samej nazwie. W profilach Wąwału i badanych wierceniach 
współwystępują Dichotomites evolutus Kemper i D. triptychoides 
Kemper.

W wierceniu Łowicz IG 1, w warstwach zaliczanych do
tychczas do walanżynu górnego (Marek, 1986), gatunek Leopoldia 
leopoldi (d’Orbigny) (Fig. 7E, F) dokumentuje pierwszy hotery- 
wski poziom radiatus. Gatunki: Endemoceras noricum (Roemer), 
E. aff. enode Thiermann i E. cf. amblygonium (Neumayer & Uh
lig) (Raczyńska, 1979) pozwalają na zasugerowanie wyższych 
poziomów hoterywu dolnego: noricum i amblygonium (Fig. 32). 
Obecność Simbirskites (Craspedodicus) cf. gottschei (Koenen) z 
otworu Żychlin IG 1 (Raczyńska, 1979) oraz Korabiewice PIG 1, 
wskazuje na poziom gottschei hoterywu górnego. W wierceniu 
Białobrzegi IG 1, w sukcesji zaliczanej do hoterywu (głębokość 
925,9 m), znaleziony został fragment amonita z rodzaju Deshaye- 
sites (Fig. 7D), wskazujący na apt dolny.

Analiza mikropaleontologiczna ujawniła obecność zróżni
cowanych taksonomicznie zespołów otwomic i małżoraczków, 
zawierających gatunki dotychczas nie opisane z basenu polskiego. 
Wyróżniono poziomy małżoraczkowe i wskazano charakterys
tyczne zespoły otwornic oraz ich sukcesję, pozwalające na uściśle
nie lub zmianę interpretacji stratygraficznej badanych osadów 
(Fig. 32). Zespoły małżoraczków wykorzystano w stratygrafii ut
worów “facji purbeckicj” . W sukcesjach z ewaporatami i utwo
rach nadległych, zaliczanych do tytonu górnego (poziomy E-C; 
Bielecka i Sztejn, 1966, Marek et al., 1989) oznaczono poziom 
małżoraczkowy Cypridea dunkeri na podstawie obecności: Cyp- 
ridea inversa Martin, C. tumescens praecursor Oertli i C. peltoides 
peltoides Anderson -  gatunków wspólnych dla purbeku Polski
1 Anglii. Poziom ten został skorelowany z poziomem amonitowym 
jacobilgrandis beriasu dolnego (Hoedemaeker, 2002). Poziom C. 
granulosa z gatunkiem przewodnim Klieana kujaviava Bielecka & 
Sztejn (poziom B), odpowiada zonie occitanica beriasu środ
kowego. Osady poziomu A, na podstawie obecności gatunku C. 
obliqua skorelowano z najniższą częścią angielskiego poziomu C. 
vidrana beriasu górnego (poziom amonitowy boissieri; Fig. 32). 
Granicę tytonu i beriasu określono w spągu sukcesji węglanowo- 
siarczanowe ogniwa z Wieńca, poniżej poziomu E. W połud
niowo-wschodniej Polsce, w osadach serii z Ropczyc (Wiewiórka 
4), udokumentowano berias dolny na podstawie gatunku Cypridea 
tumescens tumescens (Anderson), charakterystycznego dla po
ziomu C. dunkeri. W osadach z amonitami najwyższego beriasu,
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w niecce warszawskiej wyróżniono poziom małżoraczkowy z Pro- 
tocythere propria emslandensis (Kubiatowicz, 1983). W rejonie 
tym, w utworach dolnego walanżynu i niższej części górnego wa- 
lanżynu wyróżniono poziom małżoraczkowy P. aubersonensis, 
natomiast w wyższej części górnego walanżynu, obejmującej 
“warstwy z Dichotmites" -  poziom Mandocythere frankei (Fig. 
32).

W utworach beriasu dolnego w niecce warszawskiej stwier
dzono po raz pierwszy zespół otwornic z Verneuilina subminuta, 
V. angularis i Verneuilinoides faraonica (Fig. 14, 32) świadczący
0 ingresjach morskich. W beriasie środkowym i górnym występują 
liczne i zróżnicowane taksonomicznie zespoły otwornic zlepień- 
cowatych, opisane jako zespół z Trochammina inflata, Haplo- 
phragmoides concavus i Ammobaculites agglutinans (Fig. 32). 
W Polsce południowo-wschodniej, w beriasie górnym (Wiewiórka
4, Zagorzyce 7; Fig. 10, 11) występują otwomice zlepieńcowate 
z rodziny Lituolidae oraz wapienne z rodzaju Trocholina, charak
terystyczne dla osadów platform węglanowych Tetydy. W najniż
szym walanżynie niecki warszawskiej, wraz z amonitami z rodza
jów Neocomites i Neohoploceras, pojawiają się pierwsze bento- 
nicze otwornice wapienne: Epistomina caracolla (Roemer), Len- 
ticulina subalata (Reuss), Astacolus humilis (Reuss), Lenticulina 
munsteri (Roemer) (Fig. 8, 9). W poziomie robustum zaobserwo
wano zubożenie zespołów otwornic i przewagę form zlepieńco- 
watych. Poziomowi małżoraczkowemu P. aubersonensis odpo
wiada sukcesja czterech charakterystycznych zespołów otwornic:
I) zespół z Trochammina inflata, Haplophragmoides concavus
1 Ammobaculites agglutinans, 2) zespół z Epistomina caracolla, 
Lenticulina subalata i Verneuilinoides neocomiensis, 3) zespół 
z Glomospirella gaultina i Ammodiscus tenuissimus oraz 4) zespół 
z Epistomina caracolla i Lenticulina subalata, charakterystyczny 
dla poziomu verrucosum walanżynu górnego (Fig. 32). W niecce 
warszawskiej i tomaszowskiej, powyżej poziomu verrucosum 
występują liczne zespoły otwornic wapiennych i zlepieńcowatych, 
zawierające m.in. Lenticulina eichenbergi Bartenstein & Brand. 
W prowincji tetydzkiej gatunek ten wyznacza poziom L. eichen
bergi (Moullade, 1984), korelowany z górną częścią poziomu ver
rucosum i dolną częścią poziomu peregrinus. W najwyższym 
walanżynie, wraz ze zmianą warunków w basenie sedymentacyj
nym, pojawił się zespół otwornic z Hechtinapraeantiqua Barten
stein & Brand (Fig. 17G), Protomarssonella hechti (Dieni & Mas
sari) i P. kummi (Zedler). W rejonie Dębicy, walanżyn dolny 
udokumentowano na podstawie zespołu charakterystycznego dla 
platform węglanowych Tetydy. Stwiedzono tam m.n. obecność: 
Trocholina burlini Gorbatchik, T. molesta Gorbatchik, T. alpina 
(Leupold), T. gigantea Gorbatchik & Manzurova, Lenticulina pro- 
todecimae Dieni & Massami i Astacolus cf. proprius Kuznetzova. 
W osadach ilastych serii z Dębicy dominują: Lenticulina nodosa 
(Reuss), Epistomina caracolla (Roemer) i E. cretosa Ten Dam, 
wskazujące na walanżyn górny i hoteryw dolny (Zagorzyce 7; Fig.
I I ).

W hoterywie dolnym niecki warszawskiej stwierdzono tylko 
nieliczne lenticuliny, epistominy i otwomice zlepieńcowate, a w 
górnym hoterywie -  słabo zróżnicowane zespoły z Epistomina or
nata (Roemer), E. caracolla (Roemer), Lenticulina subangulata 
(Reuss) i Citharina cf. acuminata (Reuss) (Fig. 9). W otworze 
Gostynin IG 1 hoteryw górny udokumentowano na podstawie ze
społu z Lagena hauteriviana cylindrica, L. hauteriviana hauteri- 
viana, Citharina orthonota i C. sparsicostata (Fig. 8). Węglanowe 
osady formacji cieszanowskiej w niecce lubelskiej zawierają ga
tunki charakterystyczne dla hoterywu górnego i najniższego bar- 
remu: Buccicrenata condesa Dulub, Chojfatella decipiens 
Schlumberger, Lenticulina hiermanni Bettenstead, Lenticulina 
guttata (Ten Dam), Trocholina paucigranulata Moullade oraz 
Praedorothia cf. praeoxycona (Moullade) (Fig. 12). W otworze 
Białobrzegi IG 1 (Fig. 13) udokumentowano najwyższy barrem

i apt dolny na podstawie zespołu z Gavelinella barremiana i Hed- 
bergel'la infracretacea (Fig. 13).

Liczne i zróżnicowane zespoły nanoplanktonu wapiennego 
występują tylko w niektórych sekwencjach osadowych, głównie 
drobnoklastycznych, z amonitami. Ich skład taksonomiczny oraz 
sukcesja poszczególnych gatunków nie pozwalają na konsek
wentne stosowanie ani tetydzkich, ani borealnych schematów stra
tygraficznych. Analogie między zespołami nanoflory z Niżu Pol
skiego i Niżu Niemieckiego pozwoliły na wyróżnienie poziomów 
nanoplanktonowych z basenu dolnosaksońskiego (Mutterlose,
1991), przy uwzględnieniu różnic w niektórych interwałach straty
graficznych. W całym badanym kompleksie wyróżniono 14 pozio
mów nanoplanktonowch (Fig. 20), skorelowanych z poziomami 
amonitowymi (Fig. 32). Pierwszy poziom, PN 1 Retacapsa angus- 
tiforata, obejmujący berias górny i najniższy walan- żyn, wyróżn
iono w utworach formacji rogoźniańskiej (Gostynin IG 1), poziom 
PN 2 Zeugrhabdotus diplogrammus, obejmujący niższy walanżyn 
dolny, rozpoznano w najwyższej części tej samej formacji, 
wcześniej zaliczanej do riazania (Łowicz IG 1; Fig. 21). Poziom 
nanoplanktonowy PN 3 Watznaueria barnesae, odpowiadający 
wyższej części walanżynu dolnego, wyróżniono w formacji 
bodzanowskiej w niecce warszawskiej (Fig. 21, 22), natomiast PN
4 Eiffellithus striatus, obejmujący walanżyn górny bez najwyższej 
części -  w formacji włocławskiej (Fig. 22, 23) oraz w zapadlisku 
przedkarpackim (Zagorzyce 7). Najniższe warstwy z Wąwału za
wierają monogatunkowy zespół kokolitów z Watznaueria barne
sae (Black), wskazujący na poziom NP 3. Wyżej leżącą sukcesję 
zaliczono do poziomu PN 4. W najwyższym walanżynie i dolnym 
hoterywie niecki warszawskiej w^yróżniono poziomy PN 5 Conus- 
phaera rothii i PN 6 Eprolithus antiquus. Hoteryw górny, repre
zentujący poziomy PN 7 Perissocyclus plethotretus i PN 8 Tegu- 
lalithus septentrionalis, udokumentowano w profilach kilku otwo
rów z niecki warszawskiej. Formację cieszanowską (Narol IG 1, 
IG 2) zaliczono do hoterywu górnego i barremu dolnego -  poziom 
PN 9 Tegumentum octiformis, natomiast pozycję stratygraficzną 
formacji białobrzeskiej z południowej części niecki warszawskiej, 
określono jako barem górny i apt dolny, odpowiadający poziomom 
od PN 9 do PN 13 (Białobrzegi IG 1). Pojawienie się apekiego ga
tunku Eprolithus floralis oraz horyzontu licznego występowania 
rodzaju Nannoconus (Fig. 24, 25), to ostatnie “zdarzenia” zaobser
wowane poniżej spągu formacji mogileńskiej. Ponowny rozkwit 
zespołów nannoflory w basenie polskim nastąpił dopiero w póź
nym albie. W piaskach glaukonitowych z fosforytami (Gostynin 
IG 1, Bąkowa IG 1, Annopol) występują liczne i zróżnicowane ze
społy nannoplanktonu, wskazujące na standardowy poziom CC 9 
Eijfellithus turriseiffeli, obejmujący najwyższy alb i cenoman 
dolny.

Sekwencje depozycyjne
Duży dystans między analizowanymi otworami, brak pełnych 

rdzeniowych profili, zmienność facjalna oraz niedostateczna ilość 
danych biostratygraficznych utrudniają szczegółowe rozpozio- 
mowanie i korelację osadów. Zastosowanie metodyki stratygrafii 
sekwencji pozwoliło na identyfikację powierzchni o znaczeniu 
chronostratygraficznym, takich jak: powierzchnie transgresji (TS), 
powierzchnie maksimum zalewu (MFS) i granice sekwencji (SB). 
Umożliwiły one precyzyjne wyznaczenie powiązanych genetycz
nie traktów depozycyjnych, które powstały pomiędzy dwoma ko
lejnymi najniższymi stanami względnego poziomu morza (WPM) 
(Posamentier et al., 1988), wyznaczając tym samym sekwencje 
(Vail et a l, 1977) lub powstały pomiędzy dwoma kolejnymi wzro
stami WPM, wyznaczając parasekwencje (Van Vagoner et al., 
1990). Granice te pozwoliły także na wyróżnienie sekwencji gene
tycznych (sensu Galloway, 1989), zawartych między dwoma 
kolejnymi najwyższymi stanami WPM, odtwarzających stratygra
ficzny zapis wypełniania basenu. Przebieg granic w badanych ot
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worach przedstawiono na zbiorczych profilach geologicznych 
(Fig. 33—42), które posłużyły do konstrukcji dwóch przekrojów 
korelacyjnych: Gostynin -  Narol i Narol -  Wiewiórka (Fig. 43, 
44).

Granica między tytonem i beriasem ma cechy SB (w zna
czeniu exxonowskim), łączonej z obniżeniem się WPM. Zarówno 
węglanowo-marglista seria tytonu górnego, jak  i węglanowo- 
ewaporatowe osady beriasu dolnego powstały w skrajnie płytko- 
wodnym środowisku sebhy. Stanowią one dwie sekwencje niż
szego rzędu, obejmując ciąg systemowy niskiego stanu WPM, 
w którym nastąpiło odcięcie basenu sedymentacyjnego od oceanu 
światowego. Wyżejległe utwory margliste z toczeńcami ilastymi 
w spągu wskazują na początek transgresji. Ciąg transgresywny 
w górnej części beriasu dolnego obejmuje lupki margliste oraz 
margle z wkładkami wapieni i poziomami koncentracji drob- 
noskorupowej fauny. Wieńczący go pakiet czarnych łupków, o 
wysokich wskazaniach na profilowaniu gamma sugeruje kon
densację osadów, w obrębie której przebiegać może granica 
zalewu morskiego (FS), odpowiadająca granicy między dolnym a 
środkowym beriasem (Fig. 43). W niecce lubelskiej, gdzie 
miąższość beriasu dolnego jest prawie dwukrotnie większa, 
wydzielono trzy sekwencje niższego rzędu. W zapadlisku przed- 
karpackim (Fig. 44), spąg beriasu wyznacza granica sekwencji 
przebiegająca w obrębie poziomu ilastego, interpretowanego jako 
FS, która jest prawie zbieżna z proponowaną wcześniej granicą ty
tonu i beriasu (Zdanowski et al., 2001). Powyżej granicy FS 
rozwinięty jest ciąg wysokiego stanu WPM obejmujący berias 
środkowy (Fig. 34), w stropie którego wyznaczono granicę kolej
nej sekwencji depozycyjnej. Ciągi systemowe niskiego stanu 
WPM i ciąg transgresywny, obejmujące czarne mułowce i iłowce 
z liczną fauną, poziomami spirytyzowanych szczątków roślinnych 
oraz bioturbacjami, zaliczono do beriasu górnego. W interwale 
skondensowanym, z konkrecjami ilasto-żelazistymi wyznaczono 
MFS. W niecce lubelskiej (Narol IG 1, IG 2) berias górny wy
kształcony jest w facji węglanowej, zdominowanej przez wapie
nie oolitowe. W wyniku podnoszenia się WPM i zatapiania plat
formy węglanowej powstały warunki do intensywnej produkcji 
węglanów, w tym piasków oolitowych. W beriasie wyróżniono 
zatem dwie pełne sekwencje depozycyjne niższego rzędu oraz 
trzecią, od granicy środkowego i górnego beriasu, która ma rozwi
nięte tylko dwa ciągi systemowe -  niskiego stanu WPM i transgre
sywny, zakończony interwałem skondensowanym, w którym prze
biega granica MFS (Fig. 34). Każda kolejna sekwencja depo
nowana była w bardziej głębokomorskich warunkach. Sedymen
tacja w rejonie przykarpackim odbywała się w warunkach płyt- 
kowodnych, z tendencją do pogłębiania się.

W walanżynie dolnym niecki warszawskiej wyróżniono trzy 
parasekwencje, ograniczone powierzchniami FS (Fig. 34), których 
zestaw o charakterze progradacyjnym obejmuje ciąg systemów 
wysokiego stanu WPM. W otworze Korabiewice PIG 1 brak jest 
walanżynu i hoterywu dolnego; w otworach Warka IG-1, Biało
brzegi IG-1 i Potok IG-1 mają one zredukowaną miąższość. Wa- 
lanżyn dolny w facji wapieni oolitowych, deponowany w warun
kach wysokiego stanu WPM, w ciągłości sedymentacyjnej z utwo
rami beriasu stwierdzono w otworach Narol IG 1 i IG 2. W rejonie 
Zagorzyc walanżyn dolny jest reprezentowany przez utwory wę
glanowe różnych środowisk, od otwartego szelfu do płytkiej plat
formy węglanowej. Sukcesje te na całym analizowanym obszarze 
dokumentujądepozycję w warunkach spadku WPM. Granicę mię
dzy walanżynem dolnym i górnym wyznacza powierzchnia FS 
niższego rzędu; w niecce warszawskiej rozwinięta w stropie trze
ciej parasekwencji (Fig. 44).

W późnym walanżynie na obszarze niecki warszawskiej i lu
belskiej ciąg systemowy wysokiego stanu WPM deponowany był 
w strefie środkowego i zewnętrznego szelfu, natomiast w strefie 
przykaipackiej na platformie węglanowej. W obszarze północnym

wyróżniono jedną parasekwencję, która obejmuje prawie cały 
walanżyn górny. Powyżej SB w najwyższym walanżynie zinter
pretowano ciąg systemów niskiego stanu WPM. Powyżej tego 
ciągu, w otworze Gostynin IG 1 udokumentowano lukę stratygra
ficzną obejmującą hoteryw dolny. W otworze Łowicz IG 1 stwier
dzono kompleks piaskowcowy znacznej miąższości, który może 
być wypełnieniem koryta lub doliny szelfowej, wciętej w utwory 
ciągu systemowego wysokiego stanu WPM. W stropowej części 
ciągu systemowego niskiego stanu WPM wyznaczona jest TS, 
która stanowi zarazem granicę stratygraficzną między walanży
nem a hoterywem. Granica ta ma charakter regionalny i została 
udokumentowana paleontologicznie w całym obszarze badań (Fig.
43).

Ciąg transgresywny hoterywu dolnego stanowią zbiotur- 
bowane łupki ilaste z glaukonitem, fauną cienkoskorupową i ooli- 
tami żelazistymi. W hoterywie dolnym wyróżniono dwie granice 
niższego rzędu, odpowiadające FS i SB. W warstwach stropowych 
wyznaczono powierzchnię MFS, która oddziela hoteryw dolny 
i górny. W otworach Korabiewice PIG 1 i Gostynin IG 1 brak jest 
hoterywu dolnego. Hoteryw górny w niecce warszawskiej zdomi
nowany jest przez mułowce, deponowane jako ciąg systemów wy
sokiego (może także niskiego lub transgresywnego) stanu WPM. 
W zapadlisku przedkarpackim brak jest hoterywu górnego (Fig.
44). Na krzywych geofizycznych widoczna jest powierzchnia 
MFS między utworami hoterywu i barremu, przebiegająca w ut
worach ilastych z dużą ilością cienkoskorupowej fauny i odpowia
dająca maksimum wskazań na profilowaniu gamma. W niecce 
warszawskiej drobnoklastyczne utwory barem u, zinterpretowane 
jako efekt sedymentacji w strefie szelfu zewnętrznego i środ
kowego reprezentują ciąg systemowy wysokiego stanu WPM (Fig. 
43). Ich strop, odpowiadający SB stanowi dolną granicę kom
pleksu piaskowców aptu i albu. Płytkowodne, bioklastyczne lub 
piaszczyste wapienie baremu w niecce lubelskiej wskazują na po
nowny rozwój platformy węglanowej.

W utworach aptu i albu niecki warszawskiej, nie rozdzielo
nych z powodu braku danych stratygraficznych wydzielić można 
kilka sekwencji depozycyjnych. Miejsca występowania wysokich 
wskazań na profilowaniu gamma, odpowiadające poziomom
o podwyższonej zawartości glaukonitu i fosforytów, mogą być 
powierzchniami transgresji, na których często występują osady 
przemyte, pochodzące z niżejległych warstw (lag deposits). Ich 
obecność może wskazywać na kilkukrotne podnoszenie się WPM, 
z maksimum zalewu w środkowej części kompleksu. Granica ta 
rozdziela zestawy sekwencji o charakterze retrogradacyjnym i pro
gradacyjnym i może odpowiadać granicy aptu i albu. Dwuwymia
rowy obraz tych utworów (Fig. 43) wskazuje na wyklinowanie się 
ich w kierunku centrum basenu. Środowisko sedymentacji na 
granicy aptu i albu zinterpretować można jako szelf klastyczny,
0 przyspieszonej subsydencji, która mogła być przyczyną domi
nacji facji proksymalnych. Nagromadzenia glaukonitu i fosfory
tów w stropowej części albu. interpretowane jako MFS lub TS, 
odpowiadać mogą transgresji dolnocenomańskiej.

W profilu kredy dolnej w analizowanym obszarze wyróż
niono sekwencje III typu oraz cykle nadrzędne, być może II typu. 
Pierwsza z nich obejmuje okres około 12 min lat, od granicy ty
tonu i beriasu do SB I typu w najmłodszej części późnego 
walanżynu, z MFS na granicy beriasu i walanżynu. Druga sek
wencja obejmuje okres około 10 min lat, między SB w młodszym 
walanżynie i we wczesnym apcie, z MFS na granicy hoterywu
1 baremu. Trzecia sekwencja, licząca około 16 min lat rozpoczęła 
się we wczesnym apcie, a zakończyła w spągu utworów turoń- 
skich, obejmując apt, alb i cenoman, z MFS na granicy aptu i albu.

Wyróżnione sekwencje i ciągi traktów depozycyjnych 
umożliwiły interpretację cykliczności wypełniania basenu sedy
mentacyjnego i zmian WPM (Fig. 47). Porównanie krzywej zmian 
WPM na badanym obszarze z krzywą globalną (Haq et al., 1988)



196 P. S. DZIADZIO ET AL.

ujawniło znaczne podobieństwo obu krzywych, ale także różnice 
w niektórych interwałach. Granica tytonu i beriasu ma znamiona 
granicy sekwencji 1 typu (por. Van Wagoner et al., 1990), podob
nie jak to proponują Haq et al. (1988). Granica między beriasem 
dolnym i środkowym odpowiada FS. Autorzy krzywej wzorcowej 
nie wydzielają beriasu środkowego, ale w niższej części poziomu 
occitanica wyznaczają granicę o randze MFS. Berrias środkowy 
wyznaczają zatem FS w spągu i SB w stropie. W późnym beriasie, 
na krzywej Haq’a obserwuje się dwa wyraźne wahnięcia WPM, co 
nie znajduje potwierdzenia w analizowanych profilch. Zgodność 
wykazuje granica beriasu i walanżynu, która w obu przypadkach 
przypada w miejscu MFS. W walanżynie dolnym, w rejonie Gos
tynin IG 4 -  Łowicz IG 1 (Fig. 33-36) występuje progradacyjny 
zestaw trzech parasekwencji, z których każda ograniczona jest 
powierzchniami FS. Zestaw ten tworzy ciąg systemowy wyso
kiego stanu WPM. Stropowa granica zestawu ma charakter FS 
i pokrywa się z granicą, którą wyznaczają Haq et al. (1988), przy 
czym autorzy ci wyznaczają granicę sekwencji I typu, co nie znaj
duje potwierdzenia w analizowanym materiale. Górny walanżyn 
odpowiada sedymentacji w ciągu systemów wysokiego stanu 
WPM, podobnie jak na krzywej globalnej i obejmuje sekwencję 
z granicą I typu i ciągami systemowymi niskiego stanu i ciągu 
transgresywnym.

W całym obszarze badań granica walanżynu i hoterywu (Fig. 
43, 44, 47) odpowiada TS w sekwencji I typu, a najniższy hoteryw 
deponowany był podczas wzrostu WPM. Na krzywej wzorcowej 
granica ta wypada w ciągu systemowym wysokiego stanu WPM, 
a depozycja dwóch sekwencji II typu -  w fazie spadku WPM. 
W najniższej części hoterywu dolnego, w badanych profilach, wy
różniono ciągi systemowe wysokiego stanu WPM, a wyżej tylko 
ciąg systemowy niskiego stanu WPM i ciąg transgresywny w sek
wencji II typu. Krzywe nie wykazują zatem zgodności. Granica 
pomiędzy dolnym a górnym hoterywem w badanym obszarze 
przypada na MSF, natomiast na krzywej Haqa et al. (1988) -  od
powiada SB. W hoterywie górnym, na krzywej exxonowskiej wy
różniono dwie pełne sekwencje II typu. W niecce warszawskiej, 
niższa część hoterywu górnego to ciągi systemowe wysokiego 
oraz niskiego stanu WPM i ciąg transgresywny, zwieńczony MFS 
(na krzywej Haqa -  FS). Utwory baremu mają charakter prograda
cyjny i odpowiadają ciągom systemów wysokiego stanu WPM, 
gdzie z powodu małej miąższości trudno zidentyfikować trzy sek
wencje II typu, jak to pokazują Haq et a l  (1988). Granica baremu
i aptu odpowiada SB. Podobna granica o charakterze I typu wy
stępuje w niższej części aptu na krzywej wzorcowej. W obu przy
padkach w obrębie tego piętra wyróżnić można dwie sekwencje. 
Brak danych stratygraficznych nie pozwala na wyznaczenie 
granicy między aptem a albem. Posługując się krzywą exxo-

nowską, na której granica ta odpowiada MFS, w obszarze badań 
wyznaczono ją  między jednostkami depozycyjnymi -  retrograda- 
cyjną i progradacyjną, które mogą odpowiadać długoczasowym 
zmianom WPM. Granica albu i cenomanu odpowiada MFS, po
dobnie jak wyznaczają ją  Haq et al. (1988).

Analiza sekwencji depozycyjnych wraz z badaniami straty
graficznymi posłużyły do odtworzenia zjawisk paleotektonicz- 
nych na obszarze Niżu Polskiego i w strefie przy karpackiej. W ot
worze Gostynin IG I wykazano obecność luki stratygraficznej 
obejmującej niższą część hoterywu górnego, natomiast w otworze 
Korabiewice P1G 1 brak jest osadów od wyższej części dolnego 
beriasu po hoteryw górny. W otworze Warka IG 1 luka obejmuje 
wyższą część beriasu górnego, walanżyn dolny i niższą część 
walanżynu górnego oraz wyższą część albu (przy założeniu po
prawnej interpretacji stratygraficznej). W tym też otworze stwierd
zono największą redukcję miąższości kredy dolnej o trudnej do 
wyjaśnienia na tym etapie badań genezie. Luki lub kompensacje 
stratygraficzne w walanżynie i lioterywie prawdopodobnie 
występują również w otworze Białobrzegi IG 1. Otwory Korabie
wice PIG 1 i Warka IG 1 znajdowały się prawdopodobnie w obrę
bie bloku o innym tempie subsydencji. W otworze Potok IG 1 ob
serwuje się znaczne redukcje miąższości beriasu i walanżynu dol
nego i lukę stratygraficzną powyżej walanżynu górnego aż po 
cenoman. W południowej części niecki lubelskiej na aktywność 
tektoniczną w późnym hoterywie wskazuje brak osadów tego 
wieku i powierzchnie erozji, rozpoznane w rdzeniach wiertnic
zych. Największa jednak luka stratygraficzna obejmuje utwory 
między baremem i cenomanem. Nie jest jednak jasne czy utwory 
aptu i albu nie występują w tym obszarze, jak to ma miejsce w re
jonie Zagorzyc. Tam też udokumentowano luki stratygraficzne 
między dolnym i górnym beriasem oraz walanżynem dolnym i 
barremem (?granicą aptu i albu) (Wiewiórka 4, Fig. 40). Luki te 
mogą być wynikiem erozji na znacznym obszarze od południowej 
lubelsz- czyzny po przedgórze Karpat, spowodowanej wy dźwig
nięciem tego obszaru.

Zależność zmian WPM od tektoniki (subsydencji tektonicz
nej) na obszarze Niżu Polskiego wymaga dalszych badań. Na 
wczesną kredę przypada jedna z faz ekstensji, jakiej podlegała 
bruzda środkowopolska (Kutek, 2001). Sedymentacja odbywała 
się w warunkach dużych zmian WPM, związanych z globalnymi 
wahaniami poziomu morza, na które nałożyła się lokalna i regio
nalna tektonika blokowa. W południowej części badanego obsza
ru, wolniejsza subsydencja i brak przestrzeni akomodacyjnej były 
przyczyną mniejszej miąższości poszczególnych pięter. W rejonie 
tym aktywność tektoniczna mogła mieć miejsce w wyższej części 
wczesnej kredy.


