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Abstract. Initial transgressive Cretaceous deposits are described from boreholes in the southern part of the Bohemian Cretaceous Basin, i.e. siliciclastic
sediments of Cenomanian age (Peruc-Korycany Formation), and hemipelagic marlstones and limestones of the Turonian age (Bila Hora Formation).
Transgressive successions include fluvial, supratidal marsh, estuarine tidal flat and channel, estuarine and mouth sand, inner shelf and open marine facies
assemblages interpreted on the basis of sedimentological and paleontological features. Fluvial-estuarine facies filled an incised valley that formed a tribu-
tary of the main paleovalley in the central part of the basin. Fluvial facies are characterized by either the prevalence of spores and the presence of freshwa-
ter green algae (swampy conditions), or the prevalence of angiosperm pollen grains (alluvial plain assemblage). Marsh and estuarine facies are character-
ized by the presence of marine microplankton tolerant to changing salinity conditions, acritarchs, prasinophycean algae, agglutinated foraminifers,
thick-walled spores, and halophyte and taxodiaceous pollen. Inner shelf facies exhibit rare sporomorphs (often thick-walled), increase of gonyaulacean
dinocyst, marine macrofauna, foraminifers with non-keeled planktonic foraminifera, and sparse calcareous nannofossils. Open shelf facies are character-
ized by hemipelagic sediments containing keeled planktonic foraminifers and diverse calcareous nannofossils. Concerning calcareous nannofossils, the
base of the Turonian is marked by the first occurrence of Eprolithus octopetalus (within foraminiferal Whiteinella archaeocretacea Interval and Partial
range Zone) just above prominent erosion surface at the base of the Bila Hora Formation. The first appearance of nannofossil species Eprolithus moratus
coincides with first occurrence of foraminiferal planktonic species Helvetoglobotruncana helvetica in hemipelagic sediments of the Bila Hora Formation.

Key words: Bohemian Cretaceous Basin, Cenomanian, Cenomanin-Turonian boundary, lithostratigraphy, depositional environment, biostratigraphy,

macrofauna, foraminifers, calcareous nannofossils, palynomorphs

Introduction

In the second half of the year 2000 and in the beginning of
the following year, the Aquaprotec Company Ltd. drilled
hydrogeological boreholes in the south-central part of the
Bohemian Cretaceous Basin (BCB) (Fig.1). The boreholes
were drilled with the aim of intensifying the sources of mi-
neral water from Cenomanian deposits in the area between
Nymburk and Podébrady-Spa.

The lithology and micropaleontology of the Cretaceous
sediments in these drill cores were studied in detail by the
Czech Geological Survey (CGS) and the Institute of Geo-
logy, Academy of Sciences of the Czech Republic IGAS).

Previous studies

Although the Cenomanian sediments have been known
from boreholes ever since mineral water was discovered in
1909 in Podébrady, there is little known about the sedimen-
tology and biostratigraphy of the Cenomanian in this area
(south-central part of the BCB).

Lithological and paleontological characteristics of the
Cenomanian and Turonian sediments were introduced by
Klein (1966) from the west-central part of the BCB, and by
Klein et al. (1982) from the east-central part of the BCB.
Some problems concerning the sedimentology, sequence
stratigraphy, biostratigraphy, and geochemical anomalies
at the Cenomanian-Turonian (Ce-Tu) boundary have been

investigated in the west-central part of the Bohemian Cre-
taceous Basin by Ulicny et al. (1993, 1997a, b). In the
Podébrady area, the lithology, paleogeography, and tecton-
ics of the Cenomanian and Turonian sediments were stud-
ied from boreholes by Hruska et al. (1968), and more re-
cently by Cech (2004).

Biostratigraphically, Upper Cenomanian macrofauna
was characterized by Prazak in his unpublished report
(1989) from the central part of the BCB, and by Svoboda
(1998) from the SW margin of the BCB. Macrofaunal as-
semblages and the characteristics of the microfauna and
microflora of rocky shore sediments from the southern
margin of the BCB have been described by ElidSova
(1997), Svobodova (1990), Stemprokova-Jirova (1991),
and Zitt et al. (1997a, b).

In the study area, Hercogova (1968) was the first to re-
cord early Turonian foraminifers in the cores of some bore-
holes (OP-4 Vrbice, OP-5 Velké ZboZzi, OP-6 Chotéanky).
Macrofauna, foraminiferal assemblages, and calcareous
nannofossils from the Cenomanian-Turonian boundary in-
terval have been described in this region from the borehole
Kouty BJ-16 (Hradecka et al. 1997).

Calcareous nannofossils from the Cenomanian-Turon-
ian boundary interval have already been studied in some lo-
calities and boreholes in the BCB, unfortunately without
any success (Hradeckd and Svabenickd 1995). Cenoman-
ian deposits were usually barren of this fossil group,
whereas the lowermost Turonian sediments contained rich
assemblages. Poor coccolith assemblages in Cenomanian
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Figure 1. A — schematic location map of the Bohemian Cretaceous Basin (BCB), showing its posi-
tion within the Czech Republic: 1 — Pre-Cretaceous rocks, 2 — Cretaceous covered by younger
Tertiary deposits, 3 — Cenomanian to Middle Turonian sediments, 4 — Upper Turonian to
Coniacian sediments, 5 — margin of the BCB. B — paleogeographic setting of the Cenomanian flu-
vial sediments (Klein et al. 1979), note the position of study area: 1 — upland, 2 — fluvial and
paralic sediments of the Peruc Member, 3 — the edge of the Peruc Member, 4 — down-depositional
dip direction, a — Jizera paleovalley, b — Malonin-Semanin paleovalley. C — map showing the lo-
cation of the boreholes and stratigraphic cross section AA” in the study area.

strata were recorded only in some boreholes situated in the
central part of basin (Svabenickd 2004). This study is the
first to present data on calcareous nannofossils from the
Cenomanian-Turonian interval of this area.

Middle-Late Cenomanian palynofacies (freshwater,
transitional, and marine) and palynological assemblages
from the west-central part of the BCB were studied by
Pacltova and Svobodova (1993), Uli¢ny et al. (1997 a, b),
Svobodova et al. (1998), Méon et al. (2004).

Geological setting

The Bohemian Cretaceous Basin (Cenomanian-Santonian)
is an intra-continental basin formed during the mid-Creta-
ceous as a seaway between the North Sea Basin and the
Tethys Ocean. The BCB was formed by the reactivation of
a fault system in the Variscan basement of the Bohemian
Massif during the mid-Cretaceous (Uli¢ny 1997, 2001).
Individual sub-basins and adjacent source areas (West
and East Sudetic Islands, Central European Island) were
separated by WNW to NW-trending, principal displace-
ment fault zones (Uli¢ny 1997). These fault zones, together
with subordinate NW and NNE-directed fault zones, sig-
nificantly influenced the basin topography and the basin
filling in the initial stage of a marine transgression during
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the Cenomanian. The marine transgression created a flu-
vial-estuarine depositional setting with a system of
paleovalleys separated by topographical highs. Two princi-
pal paleovalleys were recognized based on subsurface
data: the SE trending Semanin-Malonin paleovalley in the
SE part of the BCB directed to the Tethys ocean (Frejkova
and Vajdik 1974), and the NNE-oriented paleovalley in the
central part of the basin (Klein et al. 1979, Uli¢ny et al.
2003) (Fig. 1B).

In the study area, the Cenomanian fluvial-estuarine de-
posits represent the southern (landward) part of the paleo-
drainage system of the central paleovalley (Uli¢ny et al.
2003, Cech 2004). New hydrogeological and balneological
boreholes have penetrated the Upper Cretaceous sediments
of the Bila Hora (Lower-Middle Turonian) and Peruc-Ko-
rycany (Cenomanian) formations sensu Cech et al. (1980).

Material and methods

For correlation purposes, and for sedimentological and pa-
leogeographical interpretations, older and recent balneologi-
cal and hydrogeological boreholes, as well as some from the
uranium industry, were studied (Fig. 1C). The division of
Cenomanian strata into several facies associations was made
on the basis of a detailed description of lithology, and the re-
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cognition of major bounding surfaces in the cores together
with characteristic faunal, floral, and biogenic contents, as
was done in the Pecinov Quarry in the SW part of the BCB
(Uli¢ny et al. 1997a). Several stratigraphic cross sections
were constructed across the area to provide a correlation fra-
mework. Lithostratigraphic subdivision of the Cretaceous
deposits in the cores was used according to Cech et al.
(1980). Regional genetic-stratigraphic units (CEN 1-6) ba-
sed on the correlation of well-logs (Uli¢ny et al. 2003) is still
in progress and cannot be used in this paper.

Cores for litho- and biostratigraphic studies were ob-
tained from boreholes Velké Zbozi BJ-17 (83.0-110.4 m),
BJ-18 (83.0-121.85 m), Horatev HP-19 (76.0-148.6 m),
Nymburk HP-20 (81.0-155.5 m), and Velké Zbozi OP-5
(80.0-123.6 m) (Fig. 1C).

Samples for the study of foraminifers, calcareous nan-
nofossils, and palynomorphs were disintegrated in the
CGS Laboratory in Prague using standard methods. Mac-
rofauna, foraminifers, and smear slides with nannofossils
are housed in the CGS.

Foraminifers were separated under binocular micro-
scope, and photographs of species were taken using scan-
ning electron microscope. Planktonic zonation by
Robaszynski and Caron (1995) was used for the correlation
of the studied samples. Foraminiferal assemblages were
compared with others of the same age from older material
archived at CGS from the 1960s and 1970s.

Nannofossils and foraminifers were studied from the
same samples. Suspension slides were prepared using a
decantation method, separated fraction 3-30 um. Slides
were inspected with a Nikon light-microscope at 1000x
magnification. Quantitative data are based on cca 300-500
specimens. Biostratigraphic data were correlated with the
standard nannoplankton zones (CC) of Sissingh (1977),
and with the Upper Cretaceous (UC) nannofossil zones of
Burnett (1998).

Palynomorphs were studied only from the Cenomanian
part of the boreholes. Palynological processing followed
standard procedures involving HCI-HF-KOH, acetolysis,
and HNO;. Slides were examined on Zeiss-Amplival and
OPTON light-microscopes. Quantitative analysis is based
on 200 specimens. The slides and residues used in this
study have been deposited in the Laboratory of Paleo-
biology and Paleoecology of the IGAS.

Results
Lithostratigraphy

Peruc-Korycany Formation
Based on the core samples, the Peruc-Korycany Formation
can be subdivided into three members: the Peruc, Kory-
cany (Cech et al. 1980), and Pecinov (Uli¢ny 1992) mem-
bers (Figs 2 and 3).

The lower part of the Peruc Member consists of fin-
ing-upward cycles of grey sandstones and conglomerates
with interbeded light and dark grey mudstones. The upper

part of the member also contains grey sandstones and con-
glomerates, but the mudstones dominate this section and
have associated root zones. Carbonaceous plant debris is
common. Fossil leaves are less common. In borehole
HP-19, the sand-dominated, upward-coarsening cycles oc-
cur in the upper part of the Peruc Member. Driftwood frag-
ments penetrated with borings of marine bivalves are
sparsely distributed in this sandstone. In the uppermost part
of the member, finely laminated black mudstones with
lenses and interbeds of glauconitic siltstones and
fine-grained sandstones are developed. Sand-filled bur-
rows are conspicuous in this facies: Thalassinoides, Plano-
lites, and Teichichnus are dominant. Thin layers of coarse-
grained sandstones appear in the heterolithic beds.

The Korycany Member consists of well-sorted fine
and medium grained quartzose sandstones and clayey
sandstones. Sandstones locally contain a high amount of
glauconite. Well-sorted sandstones contain thin layers
of plant material and mud drapes, usually within
cross-bed sets. Discrete sand-filled burrows of
Thalassinoides, Ophiomorpha, Diplocraterion, and the
absence of primary sedimentary lamination, indicate ex-
tensive bioturbation. In the middle and upper part of the
Korycany Member, a thin heterolithic facies was ob-
served in the core. The facies include interbedded sand-
stone and mudstone as sand streaks in mud, that pass into
lenticular, wavy, and flaser bedded sandstone. The sedi-
ments are densely bioturbated. In some cores (HP-19,
BJ-17), a thin pebbly bed (up to 0.1 m in thickness) with
an erosive base was observed in the middle part of the
Korycany Member.

The Pecinov Member (Uli¢ny 1992) is characterized by
dark grey, clayey, variably calcareous, very fine glau-
conitic siltstones that contain brown phosphatic nodules,
pyrite, sponge spicules, numerous Chondrites burrows,
and marine macrofauna in which bivalves dominate. A thin
bed of glauconitic pebbly sandstone is developed at the
base of the Pecinov Member. This bed is associated with a
prominent erosional surface at its base.

Bild Hora Formation

The Bila Hora Formation is comprised of dark grey to grey
marlstones and micritic limestones (Figs 2 and 3). At the
base of the formation, a thin, very glauconitic, green, sandy
marlstone bed is developed, associated with an erosive sur-
face at the base of the bed (Fig. 15). This glauconitic marls-
tone bed contains dark brown phosphatic nodules, quartz
pebbles, and dense Chondrites burrows. Thallassinoides
burrows pipe glauconitic sediment down into the underly-
ing siltstones of the Pecinov Member.

Macrofauna

A sparse marine macrofauna was recognized in the clayey
siltstones of the lower part of the Pecinov Member (Figs 2
and 3). Broken shells of the bivalve Perna cretacea are
common in the cores of HP-19 (113.1-113.95 m), HP-20
(116.55-117.0 m), and BJ-18 (107.1 m). Occasionally, the
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Figure 2. Lithology and distribution of macrofauna, foraminifers, calcareous nannofossils, and palynomorphs in the borehole Hotatev HP-19.
1 —marlstones, 2 — micritic limestones, 3 — glauconitic bed, 4 — calcareous clayey siltstones, 5 — claystones, 6 — carbonaceous claystones, 7 — alternation of
sandstones and claystones, 8 — clayey sandstones, 9 — quartzose sandstones, 10 - metamorphosed rocks, 11 — glauconite, 12 — phosphatic nodules, 13 —

macrofossils, 14 — plant macrofossils, 15 — plant roots, 16 — bioturbations, 17

bivalve Nuculana sp. was recognized in the lower part of
the Pecinov Member in borehole HP-20 (117.0 m), while
the pectinid bivalve Syncyclonema sp. was found in bore-
hole OP-5 (104.5 m), and Chlamys robinaldina in borehole
BJ-18 (107.15 m).

The glauconitic bed at the base of the Bild Hora For-
mation contains only small oysters. In the lower part of
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— sample for micropaleontology analysis, es — erosion surface.

the Bilda Hora Formation, only fragments of the
inoceramid bivalve Mpytiloides sp. were observed in
marlstones 3 m above the base of the Bila Hora Formation
in borehole HP-19 (108.9 and 105.7 m). Higher in the sec-
tion, Mytiloides cf. subhercynicus appears approximately
17-19 m above the base of the Bilda Hora Formation in
boreholes BJ-17 (86.5 m) and BJ-18 (87.8 m).
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Figure 3. Lithology and distribution of macrofauna, foraminifers, calcareous nannofossils and palynomorphs in the borehole Nymburk HP-20.

Foraminifers

In borehole HP-19, Gavelinella cenomanica appears toget-
her with Valvulineria lenticula and Ataxophragmium de-
pressum in siltstones of the Pecinov Member, 0.3—1.4 m be-
low the base of glauconitic bed of the Bila Hora Formation
(Figs 2 and 4). In this stratigraphic level agglutinated species
of Arenobulimina, Haplophragmoides, Ammobaculites,
Trochammina, Bigenerina, and Pseudotextulariella are
common. Minor components of these assemblages are cal-
careous forms represented mainly by Gavelinella schloen-
bachi and Planularia complanata. Moreover, planktonic

species are again very rare. Only Hedbergella delrioensis
and Whiteinella brittonensis were sporadically found.

The washed material from the lowermost Upper
Cenomanian sample from borehole HP-20 (121.9 m) con-
tained rare agglutinated species such as Dorothia
filiformis, Ammobaculoides lepidus, and more frequently
Trochammina obliqua. Only three specimens of Gave-
linella cenomanica were found with decalcified and dam-
aged tests. In general, agglutinated species of the genera
Arenobulimina, Haplophragmoides, Ammobaculites, Tro-
chammina, Bigenerina, and Pseudotextulariella were
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abundant in the studied samples of this stratigraphic level
(HP-19 113.6-112.3 m, HP-20 117.0-116.7 m, BJ-16
178.1-177.9 m, BJ-18 107.3 m). Gavelinella schloenbachi
and Planularia complanata were rare here. From plankton
only Hedbergella delrioensis and Whiteinella brittonensis
were sporadically found (Fig. 5).

In the lower part of the glauconitic bed, at the base of
the Bilda Hora Formation, inorganic material (glauconite
and pyrite) prevailed in boreholes HP-19 (111.9 m) and
HP-20 (116.4 m) (Figs 4-7). The foraminiferal assemblage
is generally poor: only agglutinated Arenobulimina preslii
and a few specimens of the calcareous Lingulogavelinella
and Gavelinella were found.

Diversity of the foraminiferal assemblages increases
gradually in the overlying sediments, i.e. in the upper part of
the glauconitic bed (in boreholes BJ-17 from 103.2 m, BJ-18
from 106.5 m, and BJ-16 from 177.3 m) and the micritic lime-
stones (in boreholes HP-19 from 110.9 m, and HP-20 from
113.5 m). The foraminiferal assemblage is characterized by
the frequent occurrence of Praebulimina crebra, Gavelinella
polessica, G. belorussica, G. berthelini, Cassidella tegulata,
and Valvulineria lenticula. Planktonic foraminifera are repre-
sented by Hedbergella, Whiteinella, and Heterohelix. Some
specimens of Helvetoglobotruncana helvetica were found in
the micritic limestones and marlstones, approximately 3-8 m
above the base of the Bila Hora Formation. Foraminifera with
agglutinated tests are represented by the genera Gaudryina,
Gyroidina, and Dorothia (Figs 4 and 5).

Calcareous nannofossils

Calcareous nannofossils were found exclusively in the
grey calcareous siltstone of the Pecinov Member (in bore-
holes Hotatev HP-19 (113.6-111.9 m), and Nymburk
HP-20(117.8-116.7 m) (Figs 8 and 9). These deposits con-
tain low- to mid-abundance assemblages (10-20 speci-
mens per 1 field of view of microscope) with medium-well
or poorly preserved nannofossils. Coccoliths are etched,
mostly in fragments, and the central areas of placoliths are
usually dissolved. The assemblages contain the marker
species Axopodorhabdus albianus (Plate III, figs 16-18)
and Helenea chiastia, and relatively high numbers of Watz-
naueria barnesae (35-40 %, Plate IV, fig. 17), Predisco-
sphaera columnata (6-7 %), and Broinsonia signata
(10-12 %). A characteristic phenomenon is the presence of
large, broadly elliptical specimens of Manivitella pemma-
toidea (see Plate IV, figs 31, 32).

Calcareous nannofossils from the Pecinov Member oc-
cur in the Nymburk HP-20 borehole at a depth of 117.8 m,
representing only a small number of specimens of
long-ranging taxa. The quantity and species diversity
quickly increases in the overlying strata (see Fig. 11). The
scarce presence of the stratigraphically significant
Lithraphidites acutus (Plate IV, figs 33, 34) and Corol-
lithion kennedyi (see Plate IV, figs 1, 2) was recorded from
the Nymburk HP-20 borehole exclusively, at a depth of
117.0 m (see Plate 3, figs 1, 2 and 33, 34). The relatively
common occurrence of A. albianus, and its sudden disap-
pearance, were observed in both boreholes.
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The character of the nannofossil associations is mark-
edly different in the green glauconitic sandy marlstones
(Bila Hora Formation) of boreholes Velké Zbozi BJ-17,
BJ-18, Hotatev HP-19, and Nymburk HP-20 (Figs 8-11).
High-abundance assemblages (40-50 specimens per field
of view under the microscope) are typical for these strata.
Nannofossils are well or medium-well preserved and re-
markably small in size, especially in the lowermost part of
the sequence. The deposits contained Eprolithus octo-
petalus (Plate 11, figs 29, 30), Ahmuellerella octoradiata,
and Quadrum intermedium (5 and 7 ray-like elements)
among others. Helenea chiastia was recorded only in the
lowermost part of these strata. Specimens of the genus
Broinsonia becomes rare (B. signata 1 %, B. enormis 4 %
in maximum). High content of Watznaueria barnesae var-
ies between 43-47 %, and this percentage slightly de-
creases up to 35 % in the overlying beds. The size of
nannofossils quickly returns to the standard norm. The
character of nannofossil assemblages also remains very
similar in the lower part of the overlying micritic lime-
stones with an admixture of glauconite.

Up-section, the first occurrences of Eprolithus moratus
(Plate III, figs 31, 32) and Lucianorhabdus cf. maleformis
(Plate 1V, figs 28-30) are observed, whereas Eprolithus
octopetalus disappears (Figs 2 and 3). The assemblages
contain higher numbers of the “subtle” specimens of the
family Stephanolithiaceae, such as Corollithion signum, C.
exiguum, Cylindralithus biarcus, and Rotelapillus crenu-
latus. Calcareous nannofossils were not studied from the
deposits of borehole Velké Zbozi OP-5.

Palynomorphs

The lower part of borehole Hotdtev HP-19 (depth 143.3 m)
is characterized by a well-preserved palynomorph assem-
blage consisting predominantly of fern spores (94 %) of
Schizaeaceae and Gleicheniaceae. Gymnosperm pollen
grains rarely occur (Figs 12, 13). Samples from the depth
interval 137.7-139.0 m were barren. Marine microplan-
kton (40 %) appear in the upper part of the HP-19 borehole
(121.5 m). The terrestrial content includes bryophyte and
pteridophyte spores (35 %), gymnosperm pollen (20 %),
and angiosperm pollen grains (5 %). Pteridophyte spores
consist of the Gleicheniaceae, Lycopodiaceae, and Cyathe-
aceae. Classopollis classoides and Taxodiaceaepollenites
hiatus prevail among the gymnosperm pollen. Classopol-
lis/Corollina pollen is often found in tetrads, suggesting a
negligible distance of transport. The dinocyst assemblage
includes littoral forms such as Circulodinium distinctum
and Epelidosphaeridia spinosa, or neritic types such as
Spiniferites ramosus.

In the mudstones of the lower part of borehole HP-20
Nymburk, a poor palynomorph assemblage of predomi-
nantly freshwater origin was found at 150.3 m, associated
with a small percentage of acritarchs and halophyte pollen.
A sample from 141.2 m contains an assemblage with a high
percentage of angiosperms (42 %). A similar assemblage
was recorded in the mudstone of Unit 1 of the Pecinov
quarry (Uli¢ny et al. 1997a, Svobodovi et al. 1998). Two
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Upper Cenomanian Lower Turonian

HORATEV HP-19
Whiteinella archaeocretacea Zone Helvetoglobotruncana helvetica Zone

depth (m) 113.6 112.3 111.9 110.9 106.3 101.5
Gyroidina nitida o ®

Hagenowina advena X

Arenobulimina preslii X X

Ataxophragmium depressum X o

Bigenerina selseyensis X

Haplophragmoides
nonioninoides

Trochammina obliqua X

Ammobaculites reophacoides X

Pseudotextulariella cretosa X

Dorothia gradata X

Haplophragmoides stelcki X

Trochammina globosa X

Gaudryina praepyramidata ]

Dorothia filiformis X X

Gaudryina variabilis X

Praebulimina crebra [ [ ] )

Lenticulina sp. X X X [©)

Gavelinella cenomanica ] o

Gavelinella schloenbachi X X

Nodosaria obscura

O |»
o
[ J
[}

Valvulineria lenticula

Marginulina robusta

»

Nodosaria bistegia

»

Lingulogavelinella globosa &) X X

Gavelinella belorussica [©) X

Gavelinella polessica o o )

Cassidella tegulata X X

Gavelinella berthelini (o) X X

Frondicularia verneuiliana X

Ramulina globulifera X

Vaginulina robusta X

Lenticulina comptoni X

Frondicularia inversa X

Gavelinella baltica X X

Lingulogavelinella pazdroae X

Whiteinella archaeocretacea [¢) X X

Hedbergella delrioensis X o

Whiteinella brittonensis X X o X

Whiteinella aprica X X

Heterohelix pulchra o o [

Helvetoglobotruncana helvetica X X

Praeglobotruncana delrioensis X X

Hedbergella simplex X

Hedbergella planispira X

Whiteinella baltica

Dicarinella imbricata X

Figure 4. Distribution of foraminiferal species in Hordtev HP-19 borehole.
® abundant, O common, X rare, ? questionable
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NYMBURK HP-20

Upper Cenomanian

Lower Turonian

Whiteinella archaeocretacea Zone

H. helvetica Zone

depth (m) 121.9 117.8 117.0 116.7 116.4 1135 111.4
Gaudryina praepyramidata X X
Gaudryina angustata X
Dorothia filiformis X X X
Gyroidina nitida o
Gaudryina folium X
Dorothia gradata X X
Gaudryina trochus X X
Textularia foeda X
Trochammina obliqua o X
Marssonella oxycona X
Dorothia turris x?
Haplophragmoides sp. X X
Haplophragmoides ovalis
Ammobaculites reophacoides X
Ataxophragmium depressum o X
Ammodiscus gaultinus X
Spiroplectammina scotti X
Lituotuba incerta X
Ammobaculoides lepidus o ®
Cassidella tegulata X
Praebulimina crebra ® o
Dentalina sp. X X X
Valvulineria lenticula X ® ®
Lenticulina sp. X X X
Ramulina globulifera X X
Vaginulina robusta X
Gavelinella polessica o o
Frondicularia verneuiliana X
Lenticulina comptoni X o o
Frondicularia sp. X X
Planularia complanata X X X
Nodosaria obscura X
Gavelinella belorussica X X
Gavelinella berthelini
Lingulogavelinella globosa [©) X
Gavelinella cenomanica x? &) o ®
Marginulina aequivoca X
Gavelinella schloenbachi X
Whiteinella brittonensis X [©) o ®
Hedbergella delrioensis o) )
Heterohelix globulosa o
Whiteinella paradubia X o
Whiteinella archaeocretacea X X X
Hedbergella planispira X X
Helvetoglobotrun. praehelvetica X X o
Helvetoglobotruncana helvetica X X
Whiteinella aprica X X
Heterohelix pulchra X
Dicarinella imbricata X
Whiteinella baltica X

Figure 5. Distribution of foraminiferal species in Nymburk HP-20 borehole. For explanations see Fig. 4
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Upper. Lower Turonian
VELKE ZBOZI BJ-17 Cenomanian
W arch;(e)gzretacea Helvetoglobotruncana helvetica Zone
depth (m) | 105.1 103.5 103.2 102.3 100.8 95.1 90.1 | 85.0-85.1 | 82.0-82.5 50.5
Gaudryina folium X X
Ataxophragmium depressum X X X
Vaginulina robusta X X X
Frondicularia verneuiliana X X X X
Gavelinella berthelini X X (@) ® o o )
Frondicularia fritschi X
Frondicularia inversa X X
Gavelinella polessica X X o o X ®
Gaudryina variabilis X X
Praebulimina crebra X X X X ] (@) [
Cassidella tegulata X [®) ® ® X o
Textularia foeda X X
Spiroplectammina sp. X
Gaudryina angustata X X X X
Arenobulimina preslii X X o X o
Gaudryina praepyramidata X X X X
Vaginulina recta X
Gaudryina trochus X X
Gavelinella belorussica X X L] o o
Lingulogavelinella pazdroae X
Valvulineria lenticula X X [©) [©) o X X ®
Gavelinella schloenbachi X X X o X X
Lingulogavelinella globosa X X o o
Gavelinella baltica X X X
Pseudotextularia cretosa X
Haplophragmoides sp. X
Whiteinella paradubia X X X
Whiteinella brittonensis X X X [©) X X X X o
Hedbergella planispira X
Dicarinella imbricata X X X
Helvetoglobotruncana helvetica X X X X
Heterohelix globulosa X [©) X
Helvetoglobotruncana
praehelvetica X © X
Whiteinella archaeocretacea X
Heterohelix pulchra X X
Praeglobotruncana delrioensis X
Ramulina globulifera X X
Tappanina eouvigeriniformis X X
Lenticulina sp. X X X X X X X
Trochammina sp. X X X
Dorothia turris X X X
Quadrimorphina allomorphinoides X X
Ammobaculites reophacoides X
Hagenowina advena X
Dorothia oxycona X X

Figure 6. Distribution of foraminiferal species in Velké Zbozi BJ-17 borehole. For explanations see Fig. 4.
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VELKE ZBOZI BJ-18 Upper Cenomanian Lower Turonian
Whiteinella archaeocretacea Zone Helvetoglobotruncana helvetica Zone

depth (m) 111133'i; 112.5 | 108.4 | 107.3 | 106.5 | 106.3 | 105.5 | 102.4 99881‘ 9934?(; 888;)1‘ 8833‘91‘
Gavelinella berthelini X X [©) X o
Gyroidina nitida X X o
Ataxophragmium depressum X X
Cassidella tegulata X o o X
Arenobulimina preslii X X
Nodosaria sp. X
Lingulogavelinella globosa X X o ® ° ¢ X
Lenticulina sp. X X X X X X X
Gaudryina folium X
Gavelinella schloenbachi X
Whiteinella brittonensis X o [¢) X X X
Helvetoglobotrunc. helvetica X X X X
Vaginulina robusta X X X X X
Gaudryina angustata X X X
Gavelinella polessica [©) X ®
Dicarinella imbricata X X o X X
Whiteinella paradubia X X X X X X
Frondicularia verneuilina X X X
Frondicularia inversa X X X X
Lingulogavelinella pazdroae X X X
Trochammina obliqua X X X X
Whiteinella baltica X o X X X
Gavelinella baltica X X X
Lenticulina comptoni X X X X
Frondicularia fritschi X X X
Valvulineria lenticula X [©) o X ®
Hedbergella delrioensis X ° X X
Ramulina globulifera X X
Gaudryina praepyramidata X X X X X X
Gavelinella belorussica X X o X X X
Textularia foeda X X
Gaudryina trochus X X
Gaudryina compressa ? X X
Hedbergella planispira X X X X
Marssonella oxycona X X X
Whiteinella aprica X X
Praeglobotruncana oraviensis X X X
Helvetoglob. praehelvetica o X o ¢ X
Praeglobotruncana delrioensis X X X X
Dorothia filiformis X X X X X
Dorothia turris X
Whiteinella archaeocretacea X X X
Gavelinella cenomanica X
Ammodiscus cretaceus X X
Vaginulina recta X
Haplophragmoides sp. X

Figure 7. Distribution of foraminiferal species in Velké Zbozi BJ-18 borehole. For explanations see Fig. 4.
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new types of angiosperm pollen appear: tetracolpate form
aff. Stephanocolpites, and very small foveolate pollen aff.
Foveotetradites fistulosus configured in tetrads (see
P1. VI). Non-marine sedimentation continues to the depth
of 137.7 m (dark sandy mudstone), the percentage of
pteridophyte spores increases while the amount of angio-
sperm pollen decreases. The diversification of angiosperm
pollen remains high, among which the periporate species
Bohemiperiporis zaklinskae appears. The first true marine
influence occurs at a depth of 134.6 m (Peruc Member).
Dinocysts (8 %) consist mainly of Palaeohystrichophora
infusorioides, Circulodinium, Cleistosphaeridium, and
Spiniferites. Chitinous foraminiferal linings (3 %) are also
present. Pteridophyte spores prevail. Gymnosperm pollens
are represented mainly by Taxodiaceae, with less-numer-
ous inaperturate forms such as Cycadopites fragilis,
Eucommiidites minor, and bisaccate pollen. An isolated re-
cord of Ephedripites jansonii and Araucariacites australis
occurs. Angiosperm pollen is diverse and well preserved.
Freshwater green zygnematacean algae Chomotriletes mi-
nor and Ovoidites parvus were identified. A similar marine
content with an increasing amount of gymnosperm pollen
(40 %) was recorded in dark grey clayey siltstone lami-
nated with glauconite sandy claystone (131.9 m). Speci-
mens of Classopollis/Corollina, together with bryophyte
spores and pteridophyte spores dominate in the palyno-
spectrum. Palynomorphs from the upper part of borehole
HP-20 (119.5 m) are comparable to those from HP-19
(121.5 m). Pteridophyte spores prevail (45 %).
Classopollis classoides and Taxodiaceaepollenites hiatus
are the most common among gymnosperm pollen. Angio-
sperm pollen is rare. The percentage of marine
microplankton increases (27 %), but the diversity remains
low. The assemblage from borehole Velké Zbozi OP-5
(122.3 m) is similar to that found in HP-19 (143.3 m), and it
is characterized by the dominance of pteridophyte spores
(93 %). Angiosperm pollen (4 %) consists of reticulate
tricolpate and tricolporate forms. Changing conditions are
recorded in the OP-5 borehole (112.4 m), where the marine
influence is documented by the appearance of dinocysts
(16 %) such as Odontochitina, Xenascus, Palaleo-
hystrichophora, and Circulodinium. The percentage of
pteridophyte spores decreases (36 %). Gymnosperm pollen
(36 %) consists mainly of Taxodiaceae and Classopol-
lis/Corollina pollen. Angiosperm pollen is rare, while
Cenomanian species and the triporate pollen of
Complexiopollis appear more commonly. The terrestrial
content (spores, and gymnosperm and angiosperm pollen)
and non-marine algae constitutes 96 % of the assemblage,
with a minor marine contribution of dinocysts (Epeli-
dosphaeridia, Circulodinium), foraminifers, and prasino-
phycean algae in the BJ-18 borehole (121.7 m). The
palynomorph assemblage is well preserved and diversified.
Pteridophyte spores prevail (49 %) (Gleicheniaceae,
Schizaeaceae, Matoniaceae, Polypodiaceae). Bisaccate
gymnosperm pollen including Parvisaccites radiatus and
Alisporites bilateralis prevail, while Ephedripites multi-
costatus and Sequoiapollenites sp. rarely appear.

Lithological and paleoenvironmental interpretations

Depositional environment, facies assemblages, and
bounding surfaces

Six facies assemblages were recognized in the Peruc-Ko-
rycany Formation: fluvial facies, estuarine bayhead delta,
supratidal marsh facies, estuarine tidal flat and channel fa-
cies, estuarine and mouth sand facies, and inner marine fa-
cies. Open shelf facies include hemipelagic marlstones and
limestones of the Bil4 Hora Formation (Fig. 14).

Fluvial channel deposits (conglomerates and sand-
stones) and overbank deposits (siltstones, siltstones with
coal seams and root zones) of an alluvial plain were recog-
nized in boreholes HP-19 and HP-20, located in the axial
position of the incised-valley fill (Fig. 14), and in borehole
OP-5 situated on the slope of paleoelevation. These depos-
its are interpreted as part of the drainage system of a main
paleovalley parallel to the present Jizera River (Klein et al.
1979, Uli¢ny et al. 2003) (Fig. 1B). According to paly-
nomorphs, the prevalence of pteridophyte spores and
taxodiaceous pollen in the mudstones suggests swampy
vegetation. The high percentage of angiosperm specimens
in comparison with fern spores and gymnosperms only
rarely occurs. This probably represents an alluvial plain as-
semblage consisting of shrubby and arboreal plants (Uli¢-
ny etal. 1997a).

Estuarine bayhead delta facies were recognized in
borehole HP-19. These facies comprise sand dominated
upward-coarsening cycles of coarse-grained sandstones,
occurring where the tributary entered the estuary. The oc-
currence of borings of marine bivalves indicates tidal influ-
ence. First marine influence in the environment is also doc-
umented by the appearance of acritarchs, chitinous
foraminiferal linings, and mostly broken specimens of ce-
ratioid and peridinioid dinocysts. Sometimes together with
the marine plankton, non-marine elements occur. This
bayhead delta facies disconformably overlies fluvial fa-
cies, as well as supratidal marsh facies and estuarine tidal
flat and channel facies (Fig. 14).

Supratidal marsh facies are evident in borehole HP-20
as rooted mudstones with plant debris. The palynologic as-
semblage contains marine microplankton (8 %), forami-
nifers, spores, and pollen grains of Taxodiaceae (HP-20,
sample 134.6 m in Figs 3, 12 and 13).

Finely laminated, dark grey mudstones with rip-
ple-laminated, lenticular, fine-grained sandstones, and thin
layers of coarse-grained sandstones scoured into the older
sediments, are interpreted as estuarine tidal flat and chan-
nel facies. These facies sharply overlie supratidal marsh or
fluvial strata, where the bayhead delta facies is not present
(boreholes HP-20 and OP-5). It disconformably overlies
Neoproterozoic rocks at a topographic paleoelevation
(boreholes BJ-17 and BJ-18) (Fig. 14) where fluvial sedi-
ments are missing. Tidal influence in the heterolithic sedi-
ments is documented by glauconite admixture and by a
palynologic assemblage comprised of marine micro-
plankton (13 %), foraminifers, spores, and gymnosperms
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HORATEV HP-19

Upper Cenomanian

Lower Turonian

Sisingh (1977). Perch Nielsen (1985) ccioa cciop
ggffernc(rleg;%e)ous nannofossil zones UC5a UCsh UC5e UCeh

depth (m) 113.6 1123 111.9 110.9 106.3 101.9
relative sample abundance L M H H H H
nannofossil preservation M M A% VP P VP
Axopodorhabdus albianus C F

Biscutum ellipticum F A F C

Broinsonia enormis C F F F F

Broinsonia matalosa R R VR VR
Broinsonia signata A A R F

Bukrylithus ambiguus R VR R VR

Eiffellithus turriseiffelii A C C C C C
Eprolithus floralis F F F F R F
Eprolithus cf. moratus ?

Gartnerago cf. theta R R r

Hagius circumradiatus R VR VR

Helenea chiastia R F VR

Lithraphidites carniolensis R R R F F F
Manivitella pemmatoidea R VR R VR F
Microrhabdulus decoratus R VR VR

Perissocyclus fenestratus R R R R
Placozygus cf. fibuliformis R F R VR R
Prediscosphaera columnata C F F F F F
Prediscosphaera cretacea F F C F C C
Prediscosphaera ponticula F F R R F
Prediscosphaera spinosa R R R VR

Rhagodiscus asper R F VR VR VR
Rhagodiscus splendens F VR
Retacapsa crenulata R F R F R
Rotelapillus crenulatus F F F F F
Scapholithus sp. R

Sollasites sp. R ?

Tegumentum stradneri F F F R F R
Tranolithus gabalus R F VR R
Watznaueria barnesae VA VA VA VA VA VA
Watznaueria britannica R

Zeugrhabdotus bicrescenticus F F F F F F
Zeugrhabdotus diplogrammus C C C A

Zeugrhabdotus erectus R

Zeugrhabdotus noeliae F F C C F F
Amphizygus brooksii R R R

Cretarhabdus conicus F R R R F
Microrhabdulus belgicus VR VR VR

Stoverius achylosus VR VR R VR F
Rhagodiscus angustus R R F VR

Rhagodiscus plebeius VR VR

Chiastozygus litterarius F VR F
Gartnerago obliquum R F R
Grantarhabdus coronadventis F F R
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HORATEYV HP-19 Upper Cenomanian Lower Turonian

Sisingh (1977). Perch Nielsen (1985) cCioa cciop
ggf;ernc(rle;z;%e)ous nannofossil zones UC5a UCsh UC5e UCeh

depth (m) 113.6 1123 111.9 110.9 106.3 101.9
Helicolithus compactus R F R
Helicolithus trabeculatus F F F R
Retacapsa angustiforata R

Watznaueria biporta R F R
Watznaueria fossacincta VR VR R
Zeugrhabdotus embergeri R R VR R
Cribrosphaerella ehrenbergii R F

Eprolithus octopetalus R

Lucianorhabdus cf. maleformis VR R VR
Quadrum intermedium (5 elements) VR VR

Ahmuellerella octoradiata R F
Corollithion exiguum R

Corollithion signum R
Cyclagelosphaera rotaclypeata VR

Eprolithus moratus F R
Quadrum gartneri R

Quadrum intermedium (7 elements) R

Figure 8. Calcareous nannofossil distribution in the Horatev HP-19 borehole. Abundance of nannofossil taxa: VA — very abundant (> 30 %), A —abundant
(30-10 %), C — common (9-5 %), F — few (4—1 %), R —rare (< 1 %), VR — very rare (only 1-2 specimens observed in slide), r — reworked specimens. Esti-
mates of the abundance of nannofossils in samples: H —high (> 50 specimens per field of view under the microscope), M — moderate (50-20 specimens),
L —low (<5 specimens). Preservation of nannofossils: M — moderate (overgrowth, etching or mechanical damage is apparent but majority of specimens
are easily identifiable), P — poor (etching and mechanical damage is extensive, making identification of some specimens difficult), VP — very poor (some

specimens cannot be identified).

(mainly halophyte and taxodiaceous pollen) (HP-20, sam-
ples 131.9 m and 131.55 m in Figs 3, 12 and 13).

Massive sandstones of the Korycany Member, which
are well sorted, partly highly bioturbated, and glauconitic,
are interpreted as intertidal estuarine and intertidal to
subtidal mouth sand facies. The sandstones sharply overlie
estuarine heterolithic sand and mud facies both in the estu-
ary valley fill and on the paleoelevation area (Fig. 14). No
macrofossils were found in these sandstones. Sand-filled
burrows of Thalassinoides, Ophiomorpha, and Diplocra-
terion are common. In the upper part of these sandstones,
intercalations and thin layers of heterolithic sediments oc-
cur similar in lithology and palynologic assemblage to the
estuarine tidal flat and channels facies, but with higher
dinocyst content. The gradual relative deepening of the
sedimentological basin is indicated by higher dinoflagellate
cyst diversification and by the appearance of gonyaulacoid
forms, i.e. Callaiosphaeridium asymmetricum, Florentinia
mantelii, Surculosphaeridium ?ongifurcatum (see HP-19,
sample 121.5 m, HP-20, sample 119.5 m, OP-5, sample
112.4 m in Figs 2, 3 and 14). Agglutinated foraminifers
(e.g. Trochamina, Bigenerina, Ammobaculoides and Ataxo-
phragmium) scarcely appear in these heterolithic sediments
in boreholes HP-20 (121.9 m), BJ-18 (112.5 m and
113.4 m), and OP-5 (112.5 m and 113.4 m).

The inner shelf facies consisting of calcareous, clayey,
glauconitic siltstones of the Pecinov Member are docu-
mented by a marine macrofauna, foraminifers, and calcare-
ous nannofossils (see Figs 2, 3). Among the foraminifers,
mostly agglutinated species and calcareous benthos with
sporadic representatives of the planktonic genera Hedber-
gella and Whiteinella were found.

A major erosive surface and a transgressive lag sepa-
rates the inner shelf facies from the underlying strata. On
the paleohighs, the Pecinov Member transgressively over-
lies Neoproterozoic and early Paleozoic rocks with oyster
accumulations at the base (e.g. in borehole OP-6, for loca-
tion see Fig. 1C).

A highly diverse foraminifer and calcareous nanno-
fossil assemblage in the marlstones and micritic lime-
stones of the Bila Hora Formation, and the abundance of
planktonic species with the keeled type of tests and juve-
nile tests of calcareous foraminifers such as Heterohelix,
indicate open sea conditions in the Lower Turonian. This
facies is separated from the underlying inner shelf facies
by a prominent erosive surface associated with strati-
graphic condensation (glauconitic bed) at the base of the
Bila Hora Formation. This glauconitic key bed can be
identified in the boreholes and in outcrops across almost
the entire BCB.
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NYMBURK HP-20

Upper Cenomanian

Lower Turonian

Standard nannofossil zones

Sissingh (1977), Perch-Nielsen (1985) CCl10a CC10b
ggf;;f{gg‘g“”s nannofossil zones UC3d-UC4b UCsa UCsc ucsh
depth (m) 117.8 117.0 116.7 116.4 1135 111.4
relative sample abundance L M M H H M
nannofossil preservation VP M M M P P
Broinsonia signata R C C R R R
Eprolithus floralis A F F F R R
Manivitella pemmatoidea C R R VR R F
Prediscosphaera columnata R C F F F F
Watznaueria barnesae VA VA VA VA VA VA
Watznaueria britannica VR VR R R
Watznaueria fossacincta F R

Zeugrhabdotus diplogrammus R C F A A
Zeugrhabdotus scutula R R R F R

Zeugrhabdotus sp. (outer rim) R

Amphizygus brooksii VR VR R F R
Axopodorhabdus albianus C F

Biscutum ellipticum C F F R R
Broinsonia enormis F F F C F
Broinsonia matalosa VR R R R
Bukrylithus ambiguus R R F R

Chiastozygus litterarius VR R F R
Corollithion kennedyi R

Cribrosphaerella ehrenbergii R R F
Eiffellithus turriseiffelii F C C A
Gartnerago cf. theta R VR

Helenea chiastia R R VR

Helicolithus trabeculatus F R F F F
Lithraphidites acutus VR

Lithraphidites carniolensis R F F F F
Nannoconus elongatus VR

Placozygus cf. fibuliformis VR R F

Prediscosphaera cretacea C F C A
Prediscosphaera ponticula F F F F

Retacapsa angustiforata VR F R

Retacapsa crenulata F F F R
Rhagodiscus angustus R F F F R
Rhagodiscus splendens VR R R R

Rotelapillus crenulatus F F F F

Sollasites sp. R R R VR

Tegumentum stradneri R F R R F
Thoracosphaera sp. R

Tranolithus gabalus VR VR R R
Watznaueria biporta VR R F VR
Zeugrhabdotus bicrescenticus R F R F F
Zeugrhabdotus noeliae R F F F F
Zeugrhabdotus trivectis R F

Cretarhabdus conicus R R R
Grantarhabdus coronadventis VR R F
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NYMBURK HP-20 Upper Cenomanian Lower Turonian
Sissingh (1977). Perch Nielsen (1985) ccioa cciop
gﬁfrznclrggigeo“ nannofossil zones UC3d-UC4b UC5a UCsc UC6b
depth (m) 117.8 117.0 116.7 116.4 113.5 111.4
Ahmuellerella octoradiata R R
Corollithion exiguum R

Corollithion signum VR

Eprolithus octopetalus VR VR
Gartnerago obliquum R F F
Helicolithus compactus F R R
Microrhabdulus decoratus R R

Stoverius achylosus R F

Tranolithus orionatus R VR

Zeugrhabdotus embergeri F F
Zeugrhabdotus erectus R

Braarudosphaera bigelowii VR

Eprolithus moratus R F
Lucianorhabdus cf. maleformis R

Hagqius circumradiatus VR
Eiffellithus turriseiffelii-eximius VR
Isocrystallithus compactus r
Prediscosphaera spinosa VR

Figure 9. Calcareous nannofossil distribution in the Nymburk HP-20 borehole. For explanations see Fig. 8.

Biostratigraphy

In borehole BJ-16 Kouty (Fig. 1C), Hradecka et al. (1997)
reported Pseudoptera anomala, Chlamys robinaldina,
Rastellum carinatum, Apiotrigonia sulcataria, and Neit-
hea notabilis from calcareous siltstones of the Pecinov
Member. A similar assemblage was recognized in the
same level in boreholes BJ-17, BJ-18, HP-19, and HP-20.
This bivalve assemblage is typical of the Pecinov Mem-
ber (formerly known in the BCB as the Actinocamax ple-
nus Zone) of the central and southwestern part of the BCB
(Soukup and Vodicka 1967, Prazak 1989, Svoboda 1998,
Uli¢ny et. al. 1997b). In these cases, the calcareous silt-
stones contain Metoicoceras geslinianum and Praeacti-
nocamax plenus, both of which characterize the Upper
Cenomanian Metoicoceras geslinianum Zone. The bi-
valve Neithea notabilis is a typical fossil of the so-called
Penrich Sandstone (M. geslinianum Zone) in Saxony
(Hintzschel 1933). Nevertheless, based on the macrofau-
nal data, the Cenomanian-Turonian boundary cannot be
precisely determined in the boreholes due to lack of any
index species at the C-T boundary or its poor preserva-
tion.

The stratigraphically important foraminiferal species
Gavelinella cenomanica Brotzen indicates a Cenomanian
age for these samples. A relatively poor foraminiferal as-
semblage with rare occurrences of planktonic species of
the genera Whiteinella (W. archaeocretacea) and Hedber-
gella make it possible to assign the strata to the planktonic

Whiteinella archaeocretacea Interval and the Partial-range
Zone (from the upper part of Upper Cenomanian to the
lowermost part of the Lower Turonian) sensu Robaszynski
and Caron (1995). A more diverse Early Turonian
foraminiferal assemblage is represented by the Helveto-
globotruncana helvetica Zone (Robaszynski and Caron
1995) due to the occurrence of H. helvetica. The first oc-
currence of H. helvetica is correlated with the first occur-
rence of the calcareous nannofossil marker species
Eprolithus moratus (Figs 2 and 3).

The last occurrence of the nannofossil species
Corollithion kennedyi defines the UC3d-e Subzone bound-
ary (lower Upper Cenomanian, Burnett 1998). The rare
presence of this species in borehole Nymburk HP-20 is in-
terpreted as having been reworked from the underlying
strata. Conversely, Lithraphidites acutus may be inter-
preted as an autochthonous component. Its last occurrence
defines the UC4-UCS zone boundary, located within the
stratigraphic interval of the Plenus Marls (M. geslinianum
Zone, Burnett 1998). Axopodorhabdus albianus is a com-
mon component of Cenomanian nannofossil assemblages.
Its last occurrence is a significant datum marking the
UC5a-b Subzone boundary, located within the upper part
of the Plenus Marls (M. geslinianum Zone, Burnett 1998,
Paul et al. 1999).

The uppermost Cenomanian, the interval between the
last occurrence of Axopodorhabdus albianus and the influx
of Turonian nannoflora (probably equivalent to the juddii
Zone), was identified only in the Horatev HP-19 borehole
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VELKE ZBOZi BJ-17 Lower Turonian

Sisingh (1977). Perch Nielsen (1985) cciop ccu
ggf;ernc(rle;a;%e)ous nannofossil zones UC5¢c-UC6a UCeh ucT

depth (m) 103.2 102.3 100.8 95.1 90.1 85.0 82.5
Lucianorhabdus cf. maleformis R R F

Rotelapillus crenulatus F R F F F
Scapholithus fossilis VR VR

Tranolithus minimus VR

Ahmuellerella octoradiata F F F F
Corollithion signum R F R
Eprolitus moratus F F F F
Lapideacassis sp. VR R

Quadrum gartneri R R

Quadrum intermedium (5 ray-like elements) VR

Staurolithites laffittei R

Corollithion signum VR

Eprolithus rarus (6 elements) VR

Octolithus cf. multiplus R
TRhagodiscus plebeius F

Sollasites horticus VR

Watznaueria britannica R R
Braarudosphaera bigelowii R
Microrhabdulus belgicus R

Figure 10. Calcareous nannofossil distribution in the Velké Zbozi BJ-17 borehole. For explanations see Fig. 8.

(Fig. 2). Its short vertical range, or even its absence
(Nymburk HP-20 borehole — see Fig. 3), may indicate an
interruption of the otherwise continuous deposition, which
is also suggested by a prominent marine erosion surface
and a high content of glauconite and phosphates in the
basal glauconitic bed of the Bila Hora Formation (Figs 2, 3
and 15). In this interval, only agglutinated foraminifers ap-
pear. The foraminiferal assemblages are impoverished, and
the calcareous tests of forams are decalcified.

The appropriate marker species to recognize the
Turonian beds seems to be the nannofossil species Epro-
lithus octopetalus, the first occurrence of which is known
from the lowermost Turonian (Burnett 1998). Neverthe-
less, the chronostratigraphic position of this datum re-
mains obscure. Luciani and Cobianchi (1999) reported its
occurrence in zone CC11, in the lower part of the Helveto-
globotruncana helvetica Zone. Burnett (1998) mentioned
E. octopetalus at the base of subzone UC6b, and the range
of zone CC11 approximately correlates with Zone UC7.
The short interval between the first occurrences of
Eprolithus octopetalus and E. moratus is regarded as a
stratigraphically important datum comparable to the
Watinoceras devonense ammonite Zone, the lowermost
part of the Turonian (Burnett 1998). Inoceramids of
Mpytiloides ex gr. labiatus also occur at this level (Horatev
HP-19 borehole, 105.7 m).

Discussion

Fluvial, estuarine to shallow marine deposits were recor-
ded from cores of the Peruc-Korycany Formation with pa-
lynomorph assemblages that correlate with the sedimento-
logical interpretations. Similar palynomorph assemblages
were found in the Pecinov quarry (Uli¢ny et al. 1997a). In
the lower part of the fluvial facies in borehole HP-20
(depth 150.3 m), a small percentage of acritarchs was
found besides the typical continental palynologic assem-
blage that, as in the Pecinov quarry, indicates an influx of
marine water upstream.

In the restricted marine facies assemblages, halophyte
pollen of Classopollis/Corollina is a characteristic feature
that indicates that their parent plants (derived from Frene-
lopsis alata, Cheirolepidicaeae, Hlustik and Konzalova
1976) were important components of the coastal marshes
(Batten 1975). Batten (1982) found a direct correlation be-
tween increased numbers of cheirolepidiacean pollen and
transgressive phases. A similar trend is evident through the
fluvial to estuarine succession in borehole HP-20, associ-
ated with an increased number of dinocysts (Fig. 3). The
diversity of dinocysts is usually low, and the association
often consists of species tolerant of salinity changes, i.e.
Odontochitina operculata or peridinioid type Sub-
tilisphaera perlucida. Marine coastal to shallow shelf envi-
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VELKE ZBOZI BJ-18
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Figure 11. Calcareous nannofossil distribution in the Velké Zbozi BJ-18 borehole. For explanations see Fig. 8.
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the littoral group Circulodinium,
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and neritic group II — Oligo-
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(Wilpshaar and Leereveld 1994,
Leereveld 1995). The relative
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hystrichophora), and rare go-
nyaulacacean (Oligosphaeridium)
groups indicate proximity to the &
shore, and are a useful salinity in-
dex. The increase of peridi-
niaceaen dinocysts indicates re-
duced salinity, whereas gonyaulacacean cysts are associ-
ated with offshore, open marine conditions (Davey 1970,
Harland 1973, Batten 1979). Some studies (Wall 1965)
have shown that acanthomorph acritarchs (i.e.,
Micrhystridium) are commonly associated with an inshore,
restricted basinal environment. Many prasinophycean al-
gae are considered to be euryhaline, and thus common in
tidal pools and brackish water (Tappan 1980). Fora-
miniferal test-linings are useful environmental indicators
because they are common in marine coastal to shallow
shelf environments (Batten 1979). Miospores are also
commonly more numerous than microplankton in
near-shore deposits. The isolated record of gymnosperm
pollen Ephedripites and Araucariacites is an indicator of
arid/semiarid environments (Ibrahim and Schrank 1996).
Ephedroid pollen characterises a Tethyan realm, while in
the Boreal realm deposits are rarely encountered.

The rare occurrences of agglutinated foraminifera spe-
cies of Trochammina, Bigenerina, Ammobaculoides, and

Figure 12. Distribution of dinocysts, acritarchs, non-marine plankton, spores, and pollen in productive sam-
ples of HP-19, HP-20, BJ-18 and OP-5 boreholes from the Podébrady area.

Ataxophragmium were recorded in non-calcareous hetero-
lithic sediments from the Korycany Member. These fora-
minifers were probably able to tolerate the paralic environ-
ment with lower salinity (Koutsoukos and Hart 1990).
Palynomorph assemblages from these beds (HP-20, sam-
ple 119.5 m) exhibit features similar to estuarine tidal flat
and channel facies associations, but with a considerably
higher content of dinocysts. It seems that the heterolithic
intercalations in the Korycany sandstones were deposited
in an intertidal to shallow subtidal environment, probably
at the mouth of the estuary.

The dinocyst species Epelidosphaeridia spinosa (for-
merly regarded as Middle Cenomanian — the E. spinosa
Subzone of Davey, 1970) occurs in some samples (HP-19:
121.5 m, HP-20: 119.5 m, BJ-18: 121.7 m, OP-5: 112.4 m).
Robaszynski et al. (1988) and Paul et al. (1994) reported its
occurrence also in the upper part of Lower Cenomanian
(Mantelliceras dixoni Zone) and Middle Cenomanian
(Acanthoceras rhotomagense Zone) in northwest Europe.
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Boreholes No.

HP-19

HP-20

BJ-18

OP-5

sample No./depth (m)

HP19/121.5

HP19/143.3

HP20/119.5

HP20/131.55

HP20/131.9

HP20/134.6

HP20/136.2

HP20/137.7

HP20/141.2

HP20/142.9

HP20/150.3

BJ18/121.7

OP5/122.3

OP5/112.4

Dinoflagellate cysts

Achomosphaera ramulifera

>

P

Callaiosphaeridium assymetricum

Canningia sp.

Cleistosphaeridium spp.

XX

XX

Circulodinium distinctum

XX

XX

XX

XX

Epelidosphaeridia spinosa

XX

XX

XX

XX

Florentinia mantelii

Odontochitina operculata

Oligosphaeridium complex

Palaeohystrichophora infusorioides

Pervosphaeridium
pseudhystrichodinium

Spiniferites ramosus

XX

XX

XX

XX

Surculosphaeridium ? longifurcatum

Xenascus ceratioides

Acritarcha and Prasinophyta

Cymatiosphaera sp.

Micrhystridium fragile

XX

XX

Micrhystridium spp.

XX

XX

XX

Veryhachium hyalodermum

Non-marine algae Zygnemataceae

Chomotriletes minor

XX

XX

Ovoidites parvus

XX

XX

Paralecaniella sp.

XX

Tetraporina sp.

Bryophyte and pteridophyte spores

Biretisporites potoniei

Calamospora sp.

Camarozonosporites ambigens

XX

XX

XX

Camarozonosporites insignis

XX

XX

XX

XX

XX

XX

Cicatricosisporites venustus

XX

XX

XX

Cicatricosisporites sp.

XX

XX

Cingutriletes clavus

XX

XX

Clavifera triplex

XX

Coronatispora sp.

XX

Deltoidospora minor

XX

XX

XX

XX

XX

Foveogleicheniidites confossus

XX

XX

Foveotriletes subtriangularis

Gleicheniidites carinatus

XX

Gleicheniidites circiniidites

XX

Gleicheniidites senonicus

XX

XX

Laevigatosporites ovatus

Leptolepidites psarosus

XX

Matonisporites sp.

Microfoveolatosporites canaliculatus

Ornamentifera echinata

XX
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Boreholes No. HP-19 HP-20 BJ-18 OP-5

sample No./depth (m)

HP19/121.5
HP19/143.3
HP20/119.5
HP20/131.55
HP20/131.9
HP20/134.6
HP20/136.2
HP20/137.7
HP20/141.2
HP20/142.9
HP20/150.3
BJ18/121.7
OP5/122.3
OP5/112.4

Plicatella spp.

ol
bl
bol
kel
tal
ol
i
>

Reticulosporites sp.

>

Retitriletes austroclavatidites XX XX XX X XX

Sestrosporites pseudoalveolatus X

Stereisporites antiquasporites XX XX XX ° o ® XX XX

Stereisporites psilatus XX XX XX

Undulatisporites sp. X

Vadaszisporites urkuticus X X

Gymnosperm pollen grains

Alisporites bilateralis XX [©)

Araucariacites cf. australis X

Classopollis classoides ® X XX o o X o

Cycadopites fragilis XX ®

Ephedripites jansonii X

Ephedripites multicostatus X

Eucommiidites minor XX XX

Inaperturopollenites sp. X XX X X

Parvisaccites radiatus XX X ® XX X XX &) XX

Phyllocladidites sp. X

Pinuspollenites sp. XX XX X X

Sequoiapollenites sp. X X

Taxodiaceaepollenites hiatus XX XX XX XX o XX X ® XX (&) X o

Taxodiaceaepollenites vacuipites XX X

Angiosperm pollen grains

Bohemiperiporis zaklinskae X XX

Brenneripollis peroreticulatus XX XX

Clavatipollenites minutus XX XX X X

Complexiopollis sp. X

aff. Foveotetradites fistulosus XX

Foveotricolpites sp. X X

Liliacidites sp. A XX X X

Perucipollis minutus ® XX [©) X

Psilatricolpites parvulus XX X XX XX XX X

Psilatricolporites sp. XX

Retitricolpites micromunus XX XX [

Retitricolpites némejci

Retitricolpites virgeus X

Retitricolpites vulgaris XX XX

Retitricolpites spp. XX XX XX XX X X X XX

Retitricolporites spp. XX X XX X

aff. Stephanocolpites sp. X

Tricolpites barrandei X XX XX

Tricolpites crassimurus X

Tricolpites cf. sagax X

Figure 13. Relative abundances of the main palynomorph groups through the HP-19, HP-20, BJ-18, OP-5 borehole sequences.
X —rare, XX — common (2-10 specimen), ® — abundant (11-25 specimen), O — frequent (more than 26 specimens)
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Figure 14. Stratigraphic cross section A—A” of the Podébrady area and facies assemblages, illustrating transgessive character of Cenomanian-Turonian
sequence. Location of the cross section A—A” is shown in Fig. 1C. Incised-valley fill and paleoelevation is shown. Heterolithic bed within Korycany For-

mation was chosen as key bed. For lithology see explanations on Fig. 2.

1 —fluvial facies, 2 — estuarine bayhead delta facies, 3 — supratidal marsh facies, 4 — estuarine tidal flat and channels facies, 5 — estuarine and mouth sand
facies, 6 — inner shelf facies, 7 — open shelf facies, 8 — glauconitic bed, 9 — bounding surfaces, PM — Pecinov Member.

In Spain, E. spinosa was reported from the Upper Ceno-
manian above the first occurrence of planktonic
foraminifers of Helvetoglobotruncana praehelvetica, and
just below the first appearance of bivalve species Myti-
loides submytiloides by Mao and Lamolda (1998). Accord-
ing to a recent study by Svobodova (unpublished), E.
spinosa was found in the calcareous siltstones of the
Pecinov Member in borehole Dolni Bousov DB-1, from
the northern part of the BCB, together with Praeacti-
nocamax plenus (Upper Cenomanians M. geslinianum
Zone).

The biostratigraphically important angiosperm pollen
Complexiopollis spp. from the Normapolles Group appears
in sample OP-5 (from 112.4 m), and it may correspond
with the upper part of the Korycany Member. According to
Laing (1975), Durand and Louail (1976), Pacltova (1977),
Louail et al. (1978), and Méon et al. (2004) the first primi-
tive Complexiopollis pollen (three pores are often unclear)
are found in the jukes-brownei Zone, Middle Cenomanian,
but the earliest occurrence of true Normapolles, repre-
sented by the genera Complexiopollis and Atlantopollis,
are known from the Upper Cenomanian (Solé de Porta
1978, Méon et al. 2004).

In the cores, stratigraphically important foraminifers
and nannofossils were obtained only from calcareous silt-
stones of the uppermost part of the Cenomanian (Pecinov
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Member), and from the marlstones and micritic limestones
of the Turonian Bila Hora Formation.

The foraminiferal assemblage of the Pecinov Member
consists mostly of agglutinated and calcareous benthos
with the stratigraphically important Gavelinella ceno-
manica. The appearance of Gavelinella cenomanica in this
region provides evidence for the local development of cal-
careous Cenomanian sediments, which are characteristic
for the central part of the BCB between Mélnik and
Benatky n. J., where G. cenomanica is abundant (Hradecka
1993, Uli¢ny et al. 1993).

The foraminiferal assemblage of the Upper Ceno-
manian Pecinov Member was set to the planktonic
Whiteinella archaeocretacea Interval and Partial-range
Zone sensu Robaszynski and Caron (1995). The presence
of the planktonic Rotalipora cushmani Zone (the upper-
most part of the Middle Cenomanian to the lower part of
the Upper Cenomanian) was not recorded due to the very
sporadic occurrence or absence of Rotalipora cushmani in
the Cenomanian sediments of the BCB (see also discussion
in Uli¢ny et al. 1993).

In the literature, the Cenomanian-Turonian boundary is
not clearly defined by the first occurrence of any
nannofossil species. Some authors have mentioned the first
occurrence of Quadrum gartneri in the lowermost Turon-
ian (Lamolda et al. 1994, Luciani and Cobianchi 1999,
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Paul et al. 1999, and others), though Burnett
(1998) records its first occurrence in the upper
part of the Lower Turonian. Polycycloliths of
the genus Quadrum, having four large ray-like
elements of equal size, and one to three small
ray-like elements in each cycle of the wall, were
also included as Q. gartneri up to 1992 when
Varol (1992) described them as a new species,
Quadrum intermedium. In the studied material,
both Quadrum gartneri and Q. intermedium
were observed in very low numbers in Turonian
deposits, and they are suitable neither for the
precise zonation nor for the determination of
Cenomanian-Turonian boundary. For instance,
species Q. intermedium (5 elements) was found
in Hotatev HP-19 borehole at a depth of 110.9
m, in association with Eprolithus octopetalus.
Nevertheless, rare Q. intermedium occurrences
(introduced as Q. gartneri by Hradecka et al.
1997) were recorded from the uppermost
Cenomanian of the nearby borehole Kouty
BJ-16.

According to Roth and Krumbach (1986),

the positive correlation of the Corg content of the Figure 15. Core photo from borehole Sokole¢ OP-3, core interval 63.1-63.25 m. Erosion
sediment and the relative abundance of surface at the base of green glauconitic sandy marlstone (base of Bild Hora Fm.) with peb-

Watznaueria barnesae indicate carbonate disso- bles of quartz and phosphatic nodules. Thallassinoides burrows pipe glauconitic sediment
down into the underlying dark grey siltstones of the Pecinov Member. Core is stored at

lution caused by the release of carbon dioxide ;g
during the oxidation of organic matter. Assem-

blages with more than 40 % of W. barnesae are probably
highly dissolved and secondarily enriched in this species.
This phenomenon was observed especially in the
Cenomanian, where low-diversity nannofossil assem-
blages are secondarily modified by carbonate dissolution.
It is supported not only by higher percentage of W.
barnesae, but also by the mode of coccolith preservation
and by the absence of some ‘“subtle” species of
Stephanolithiaceae. In contrast, nannofossils in basal
Turonian strata are well preserved, diversified, and small in
size, though the abundance of W. barnesae is also high.
Similar nannofossils, remarkably small in size but of a dif-
ferent age (Upper Turonian and Coniacian), were observed
in the marine transgressive deposits of the Lower
Gosau-Subgroup, Northern Calcareous Alps (Hradecké et
al. 1999). In the overlying strata, the percentage of W.
barnesae decreases slightly, while the sizes of nannofossils
return to the standard form. The abundance and higher spe-
cies diversity of the latter, along with the relatively com-
mon occurrence of “subtle” specimens of the family
Stephanolithiaceae, may evince relatively settled marine
depositional environments.

Conclusions

The following conclusions can be drawn from the forego-

ing discussion:

1. Anincised valley filled by Cenomanian fluvial and es-
tuarine sediments and paleoelevation was recognized in

studying new and older boreholes. This paleovalley
was a side tributary of the main Cenomanian depres-
sion in the central part of the BCB.

The sedimentary sequence of the Peruc-Korycany (Ce-
nomanian) Formation shows an overall transgressive
character from fluvial through estuarine, and up to in-
ner shelf environment. The transgressive character of
the sedimentary sequence was interpreted according to
the succession of facies assemblages and the flora and
fauna distribution in drill core 