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The stable isotope record and diversity of Cenomanian and Turonian rudists were compared for areas located at low
paleolatitudes (10°N – Northern Egypt; 5 samples; 13 analyses) and middle paleolatitudes (35°N – Czech Republic, Bo-
hemian Cretaceous Basin, BCB; 4 samples; 7 analyses). The oxygen isotope data indicate that the δ18O value of seawater
was not identical for both areas. Moreover, local variations in seawater δ18O in the range of at least ±1‰ are probable in
the shallow water near-shore environment where the rudists lived. Supposing a value of –1‰ VSMOW for contempora-
neous seawater, the paleotemperature can be calculated as being between 24.5 and 31.5 °C for the Late Cenomanian and
between 32.9 and 34.7 °C for the Early Turonian in the BCB. The δ18O seawater value for the northern part of Egypt was
probably slightly lower. Calculation using a seawater value of –1.5‰ VSMOW gives temperatures for the Egypt in the
range of 31.0 to 38.8 °C for the Late Cenomanian and 35.5 to 41.2 °C for the Turonian. The sclerochronological isotope
profiles within one shell show changes of the calcite δ18O value, probably reflecting seasonal changes, with the largest
observed within-shell temperature shift corresponding to 8 °C. The analyzed pilot sample set shows that the BCB and
Egyptian rudists contain valuable paleoenvironmental information and that a detailed isotope study is needed. Rudist ge-
neric diversity of both areas was also compared. The Cenomanian and Turonian rudist assemblages from Egypt and the
BCB show similar generic diversity, and also display a similar marked diversity decrease across the
Cenomanian/Turonian boundary interval. It is important to note that both areas have similar diversity on the generic and
partially species level during the Cenomanian and Turonian. • Key words: rudists, Upper Cretaceous, Cenomanian,
Turonian, Egypt, Czech Republic, paleoecology, C and O stable isotopes.
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The Cretaceous period is generally considered to have been
a time of warm climate (e.g., Wilson & Norris 2001, Norris
et al. 2002). Tropical climates between paleolatitudes of
30°N and 30°S are believed to have contributed to the
westward-flowing Tethys Circumglobal Current (TCC)
throughout the Cretaceous period (Stanley 1995). Paleoge-
ography, specifically the presence/absence of a marine
connection between the North Atlantic and South Atlantic

basins, may have governed the nature of the mid-
Cretaceous global oceanic circulation (Poulsen et al.
2001). The surface temperature of the warm sea (SST) du-
ring that time has been estimated by oxygen isotopic analy-
ses of marine fauna, with a high-latitude SST as high as
16 °C (Huber et al. 1995) and a low-latitude range of 31 to
33 °C (Kolodny & Raab 1988, Wilson & Norris 2001).
SSTs as high as 20 °C were estimated for the polar sea
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(Arctic-Boreal Realm) by Jenkyns et al. (2004). However,
in some periods of short-duration during the Late Cretace-
ous, limited ice caps and accompanying cooling and shal-
lowing events triggered by glacio-eustasy have also been
discussed for the Cenomanian and Turonian ages (e.g.,
Voigt & Wiese 2000, Stoll & Schrag 2000, Borneman et al.
2008, Wiese et al. 2009).

During the Albian–Cenomanian, Upper Turonian–
Coniacian and lower Campanian, a general trend of in-
creasing temperatures is indicated from isotopic excursion
of some rudist shells, with the lowest temperatures of
23–25 °C and highest reaching 37 °C, with low intra-an-
nual variation (Steuber et al. 2005).

The Tethys Ocean played a critical role in determining
the warm climate and ecosystems of the Cretaceous (Stan-
ley 1995). Westward flow along the circumglobal path

(TCC) may have transported waters throughout the
Tethyan region (Stanley 1995), effectively moderating the
climate and creating a cosmopolitan tropical biota (Poulsen
et al. 1998). However, short-term episodes of cooling have
also been reported for the early Late Cretaceous (see
above). During the mid-Cretaceous, the rate of ocean crust
formation and off-ridge volcanism were greater than at any
time since (Arthur et al. 1985). The high rates of seafloor
production (Hays & Pitman 1973) led to sea levels as much
as 250 m higher than present, with fluctuations of 100 m
over 10 Myr (Haq et al. 1987). Additionally, the marked in-
crease in volcanic outgassing contributed to higher atmo-
spheric CO2 concentrations (Arthur et al. 1985). Estimates
of pCO2 for the mid-Cretaceous range between 2 and 6
times more than the modern level (Cerling 1991). The
maximum sea level highstand during that period was ac-
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�� 1 – schematic map of the Cenomanian/Turonian palaeogeography with the position of the studied areas. A – Egypt, B – Czech Republic, Bo-
hemian Cretaceous Basin. Black – continents, hatch – epicontinental seas, white – oceans. • 2 – position of localities and areas (see the text) with rudist as-
semblages studied. A – Egypt, B – Bohemian Cretaceous Basin.
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companied by enhanced rates of saline deep water forma-
tion, higher rates of upwelling, and consequently, in-
creased sea surface fertility and productivity, which led to
the deposition of organic carbon-rich facies at the
Cenomanian/Turonian boundary (Poulsen et al. 2001).

The average δ18O of the seawater (δ18Osw) of Tethyan
Cretaceous ocean is estimated within the range of –1‰ to
–0.5‰ VSMOW at 34‰ salinity (Steuber 1999). Seasonal
variations in the δ18Osw can have an effect on the calculated
SST (Steuber et al. 2005). Generally, the calculated
intra-annual temperature range would increase in case of
reduced salinity during the warm season (Steuber et al.
2005). The variation in δ18Osw of surface waters is large in
tropical marginal seas and coastal waters because of the in-
flux of freshwater and evaporation of ocean water, espe-
cially in restricted environments (Steuber 1999).

The variations in δ18Osw during the mid-Cretaceous Pe-
riod were discussed by Poulsen et al. (1999). They believed
that the mid-Cretaceous δ18Osw varied as a response to vari-
ations in precipitation and evaporation, freezing and thaw-
ing, and the transport and mixing of seawater by oceanic
circulation. They reinterpreted the mid-Cretaceous δ18Osw

paleotemperature model, using the Broecker (1989) δ18Osw

vs salinity relationship. They also compared it with
model-predicted temperature, assuming a δ18Osw value
equal to –1‰ VSMOW, as supported by many authors for
the polar-ice free world, and concluded that paleotem-
peratures in the mid-latitudes varied considerably.

Wefer & Berger 1991 proposed that extant bivalves are
the most faithful records of environmental conditions.
They precipitate their calcite or aragonite shells in or near
the oxygen isotopic equilibrium with seawater (Killingley
& Berger 1979). This phenomenon has also been demon-
strated for Cretaceous bivalves (Steuber 1999). Thus, the
rudist bivalves, which were among the most important
fauna that evolved during the Cretaceous period, can rea-
sonably be used to indicate palaeotemperature and sea-
sonal variations. Al-Aasm & Veizer (1986) suggested that
their outer shell layer originally consisted of diagenetically
stable low Mg calcite and their large size results in well-re-
solved annual growth increments, which reflect seasonal
variations in temperature and/or salinity (Steuber 1999,
Steuber et al. 2005). They inhabited tropical and subtropi-
cal environments (Ross & Skelton 1993) and are generally
restricted to normal marine environments, though some
groups are tolerant to salinity changes (Gili et al. 1995).

The aim of the present work was to compare stable iso-
tope characteristics of rudists from Northern Egypt and the
Bohemian Cretaceous Basin in the Czech Republic
(Fig. 1), using a pilot sample set. The sclerochronological
variability of δ13C and δ18O values within shell profiles
was also analyzed. In addition, rudist diversity on the spe-
cies and genera levels in the Late Cenomanian–Turonian
interval was compared. A marked decrease of rudist-as-

semblages diversity was observed for both Egypt and the
BCB. That decrease in diversity probably reflects global
palaeoceanographic changes during the Cenoman-
ian/Turonian boundary interval and, subsequently, biotic
turnover at this boundary, which is characterized by the
global occurrence of organic-rich deposits and a carbon
isotope excursion (the Cenomanian/Turonian Oceanic
Anoxic Event, OAE2 or Bonarelli Event; Hilbrecht et al.
1986, Arthur et al. 1988, Uličný et al. 1993, Kerr 1998,
Sagemann et al. 2006, and others).

The Late Cenomanian crises in species richness and
abundance in the northern Tethys were coeval with oceanic
anoxia associated with platform drowning, characterized
by recumbent ecological morphotypes, and predominantly
by aragonitic shells (Steuber & Löser 2000, Steuber 2002).
However, the most probable cause of the BCB rudist-as-
semblage disappearances seems to be a result of the
sea-level rise and reduction of natural rudist biotopes that
covered the rocky sea-bottom substrate.
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The Late Cretaceous rocks in Egypt show changes ranging
from clastic facies in the south, to alternating clastic and
non-clastic facies in the central, to carbonate facies in the
north. The central and southern parts of Egypt were near-
shore marine environments during the Cretaceous, to
which rivers from higher areas inputted sediments and wa-
ter. Consequently, variable salinity and a high influx of ter-
rigenous material characterized this environment. As ste-
nohaline organisms, rudists are rare or absent in southern
and central Egypt, but are well developed in platform car-
bonate in northern Egypt.

Rudist samples were collected from northern Sinai
(Gebel El Minshereh and Gebel Yelleg), from the western
side of the Gulf of Suez (Wadi El-Deir and Wadi El-Dakhl)
and from the Northwestern Desert near the Giza Pyramids
in the Abu Roash area (Fig. 1).

The Cenomanian rudists, Eoradiolites liratus (Conard)
and Biradiolites zumoffeni Douvillé, were collected from
the northern Sinai sections, in the middle part of the Halal
Formation of Late Cenomanian age at Gebel Yelleg and
Gebel El-Minshereh. These rudist beds are mainly built up
of limestone intercalated with marl and dolostone. The
rudist fabric and associated microfacies indicate that they
were deposited in a low energy inner shelf environment at
Gebel El Minsherah (Bauer et al. 2002), to an inner shelf
setting or carbonate platform interior, affected by storm
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events at Gebel Yelleg, where they form transgressive sys-
tem tracts of the sequence 2 (Saber et al. 2009). They are
underlain by fossiliferous marly bed with the ammonite
Neolobites vibrayeanus d’Orbigny, which indicates a Late
Cenomanian age for this horizon (El-Hedeny 2007).

The Tethyan shoreline extended southward to cover the
present-day two Galalas areas on the western side of the
Gulf of Suez, producing shallow marine deposits of shales
and marls with a moderately agitated inner shelf environ-
ment (Abd-Elshafy & Abd El-Azeam 2010).

At Wadi El-Deir and Wadi El-Dakhl, rudists were
found in greenish marl overlain by dolomitic limestone and
underlain by claystone containing numerous echinoids He-
miaster cubicus (Doser) and the ammonite Acanthoceras
amphibolum Morrow. Based on the presence of this am-
monite, this interval is considered to be of Middle
Cenomanian age (Abdel-Gawad et al. 2007).

Rudist shells with the other associated bivalves and
Hemiaster cubicus have been recorded from the Ceno-
manian of Israel and Oman, which indicates communica-
tion with the Southern Tethys (Abd-Elshafy & Abd
El-Azeam 2010). This horizon can be correlated to the
Rotalipora reicheli Taxon Range Zone of Early to Middle
Cenomanian age in Gebel Nazzazat, western side of Gulf
of Suez, a Zone that may also be recognized in the boreal
and European Mediterranean regions (Shahin 2007).

The Turonian rudist Durania arnaudi (Choffat) was
collected from Actaeonella Series (Beadnell 1902) from
the El-Hassana section, at Abu Roash (El-Hedenny
2007). The rudists were accumulated as a 4–5 m thick
biostrome associated with the coralline sponge
Millestroma nicholsoni Gregory, which is found as iso-
lated mounds or within the rudist biostrome (Abdel
Gawad et al. 2001). It is underlain by bioturbated chalky
limestone, highly fossiliferous with Trochactaeon
salomonis Fraas, and capped by cross-bedded limestone
of calcarenite facies. The rudist biostromes recognized in
the Actaeonella Series (Late Turonian) were developed
with low to moderate energy on deeper parts of subtidal
rudist shoals. They form a shallowing-upward sequence
indicating that the accommodation space was filled more
rapidly than it was created during a highstand stage
(Abdel-Gawad et al. 2011).
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The sediments of the BCB were deposited in a relatively
narrow seaway linking the Boreal Realm in the north with
the Tethys shelf in the south (Wiese et al. 2004). The
rudist-bearing facies are strongly concentrated into near-
shore/shallow water environments. They are typical for the
S, SW and NW margin of the BCB.

The sedimentation of Cretaceous deposits in the BCB
started in the Early and continued during the Middle
Cenomanian as a typical continental depositional sequence
(Peruc Beds of the local stratigraphic column; Malkovský
et al. 1974; Čech et al. 1980; Uličný et al. 1993, 1997). The
basal sediments reflect fluvial freshwater sedimentation
with very coarse material deposited by rivers. Generally,
towards the overlying strata, fine grained sandstones,
siltstones and clayey siltstones are also present. Marine
transgression started in the late Middle Cenomanian by
sandstones. In addition, the Late Cenomanian organo-
detritic limestones surround islands and shallow marine
slopes, with silts predominant in the deeper basin (Kory-
cany Beds of the local stratigraphic column). The boundary
between the Peruc and the Korycany Beds is irregular, with
paralic development of several marine incursions into ter-
restrial areas. During this process, erosion, material trans-
port, and redeposition of sediment were frequent. There-
fore, the term Peruc-Korycany Formation is used in the
present study to characterize the mixed lithologies depos-
ited in various areas (Houša 1991; Žítt & Nekvasilová
1996; Žítt et al. 1997a, b, 1998).

Typical rudist biotopes originated in the Late Ceno-
manian marine environment. They are situated in the near
shore/shallow water areas north of the Rhenish-Bohemian
Island, predominantly with rocky coast (and rocky sea bot-
tom). It is notable that almost all rudist assemblages re-
corded are allochtonous, with a damaged apical shell end.
They formed larger beach accumulations and accumulative
mounds which originated during heavy storms.

In the Kralupy nad Vltavou area (localities Neratovice
and Velká Ves, Fig. 1), the sandstones and sandy marls are
overlain by biodetritic limestones containing allochtonous
rudist fauna (together with corals, cidarid echinoid spines,
oysters and pectenid bivalves). During the Cenoman-
ian/Turonian boundary interval (above the Metoicoceras
geslinianum ammonite Zone), some elevations and depos-
its on their slopes were exposed (Svoboda 2006). This is
also supported also by the analysis of non-altered rudist
shells from Velká Ves, where the possible influence by me-
teoric water was found (see below). The rudist assemblage
consists of the following genera: Araeopleura (Cox), Peta-
lodontia Počta, Simacia Počta, Caprotina (d’Orbigny),
Caprina (d’Orbigny), Ichthyosarcolites Desmarest,
Plagioptychus Matheron, Radiolites Lamarck and Cryp-
taulia Počta. This assemblage also has the largest rudist di-
versity in the BCB (Kloučková 2002).

The Kolín–Kutná Hora area (locality Kutná Hora,
Fig. 1) is characterized by an extremely rugged sea bottom
relief (Košťák et al. 2010). The Neoproterozoic to Early
Palaeozoic metamorphic rocks of these Cenomanian is-
lands are composed mostly of paragneisses and
migmatites. The area is formed by the Kutná Hora Crystal-
line Unit in the local geologic terminology. The axial trend
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of Kutná Hora Island, as well as smaller nearby islands, is
oriented in a NW–SE direction (Klein 1962; Malkovský et
al. 1974; Ziegler 1982, 1992), which is parallel to the axis
of the main basin as well. The rudist shell accumulations
were preserved in shallow water sediments deposited close
to a very irregular shoreline, similar to the Late
Cenomanian development (see above). This area is also lo-
cated between an ancient archipelago (to the north) and the
center of the Rhenish-Bohemian Island (to the south). Sed-
iments deposited on the shore of the archipelago are pre-
dominantly fine-grained sandstones with larger clasts of
quartzite and gneiss, which were washed down from higher
elevations of the Kutná Hora Crystalline Unit. Sandstones
are intercalated with organodetritic sandy limestones.
Klein (1962) supposed these sediments to be a threshold fa-
cies (Schwellenfacies) and Houša (1991) interpreted them
as fossil beaches with allochtonous material (also includ-
ing rudists, secondary cidarid echinoids and hexacoral
fragments). The contact between the sandstones and lime-
stones is sharp with a typical hardground fabric. These sed-
iments are currently considered to be a tempestite (storm
deposit; Fejfar et al. 2005). Biodetrital sandy limestones
are composed mainly by the large oyster Rhynchostreon
suborbiculatum (Lamarck) and the rudist Radiolites
sanctaebarbarae Počta. However, Svoboda (1989) recog-
nized two distinct faunal complexes: Builders of the reef
rim just at the sea level – Radiolites sanctaebarbarae
Počta, Radiolites humilior (Počta) and oyster Rhyncho-
streon suborbiculatum (Lamarck), and coral assemblage
with Caprotina d’Orbigny and Petalodontia Počta, form-
ing biostroms in shallow water. The rudist assemblage
from various sections of the studied area consists of the
genera: Araeopleura Cox, Petalodontia Počta, Simacia
Počta, Caprotina d’Orbigny, Ichthyosarcolites Desmarest
and Radiolites Lamarck. The Late Cenomanian age is de-
termined based on the occurrence of Inoceramus pictus and
the rare occurrence of the belemnite Praeactinocamax
plenus (Blainville) from the location of Kutná Hora
(Košťák et al. 2004). The accompanying faunal complex
has been described by Kloučková (2002) – Stereocidaris
vesiculosa (Goldfuss), Cidaris sorignetti Desor, Exogyra
sigmoidea Reuss and shark teeth.

Rudists from the Teplice-Bílina area (locality Kučlín)
are of the Early Turonian in age. Fine grained psamitic sed-
iments and organo-detritic limestones indicate a
transgressive pulse (Čech & Váně 1988). A typical rudist
fauna consisting of Radiolites bohemicus (Teller), Plagio-
ptychus haueri (Teller) and the oyster Rhynchostreon
suborbiculatum (Lamarck) were found. Also, the so-called
“Hippuritenschichten” (see Reuss 1844, Krejčí 1869 – ac-
tually sediments rich in radiolitid rudists) from Kučlín near
Bílina (Fig. 1) are of Early Turonian age. The age is well
documented by the inoceramids Mytiloides mytiloides
(Mantell) and Mytiloides labiatus (Schlotheim) (Čech &

Váně 1988). The rudist assemblage from the Teplice-
Bílina area by (Kloučková 2002) consists of Caprotina
d’Orbigny, Caprina d’Orbigny, Plagioptychus Matheron
and Radiolites Lamarck.
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The sediments of both studied areas are not metamorpho-
sed and the fossils are well preserved. The Egyptian Ceno-
manian rudists are represented by Eoradiolites liratus (Co-
nard) and Biradiolites zumoffeni Douvillé, which were
collected from north Sinai (Gebel El-Minshereh, and Ge-
bel Yelleg) and the western side of the Gulf of Suez (Wadi
El-Deir and Wadi El-Dakhl). The Turonian rudists, which
are represented by specimens of Durania arnaudi (Chof-
fat), were collected from Abu Roash area in the Northwes-
tern Desert, near Cairo (Fig. 1). The Bohemian Cretaceous
rudists used for the analyses belong to genus Radiolites
Lamarck and they are referred to as Radiolites sanctaebar-
barae Počta (Cenomanian specimens) and Radiolites un-
dulatus (Geinitz) (Turonian specimen). They come from
three localities (see Fig. 1): the SW region of the BCB
(Kralupy area – localities Neratovice and Velká Ves), the S
(Kolín and Kutná Hora area – locality Kutná Hora) and the
NW region of the BCB (Teplice and Bílina area – locality
Kučlín). The species identification was performed by the
authors.

Nine of the best-preserved samples were selected for
isotope analysis. Samples were then cut along the growth
axis and the cut surfaces examined by microscope. No de-
tailed chemical or cathodoluminescence analyses of the
samples were performed at this pilot research stage, and the
samples were studied only by optical methods. Samples for
carbon and oxygen isotopic analysis were drilled out from
the cut surfaces (see Fig. 2). The original valve wall was
studied by microscope, and only well preserved samples
showing original structures were selected.

Altogether twenty sub-samples were taken from the
shell layers, which contain fibrous prismatic layers. At
least two samples were drilled from each shell, except the
specimen from Neratovice (R. sanctaebarbarae), where
only one sub-sample was obtained. The drilled-spot loca-
tions run parallel to the growth axis of the right valve. All
samples were analyzed in the Stable Isotope Laboratory of
the Czech Geological Survey in Prague, using standard
vacuum H3PO4 digestion followed by measurement of
evolved CO2 on a Finnigan MAT 251 mass spectrometer.
Overall analytical precision was ±0.1‰ for both δ13C and
δ18O. The data are reported relative to the international
VPDB standard.

The comparison of the Cenomanian–Turonian rudist
diversity in Egypt and the Czech Republic was based on a
simple quantitative analysis (Kloučková 2002), based on
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species and genera numbers recorded in the Late
Cenomanian and Early Turonian strata (Inoceramus pictus,
Calycoceras guerangeri and Metoicoceras geslinianum
zones for the Late Cenomanian; Watinoceras devonense,
Mammites nodosoides, Mytiloides labiatus Zones for the
Early Turonian in the BCB – Košťák et al. 2004).
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The Cenomanian rudists in northern Sinai had higher δ13C
values, with mean values between 2.41‰ in Gebel Min-
shereh and 1.46‰ in Gebel Yelleg, but had lower δ18O
(–5.90‰ and –5.77‰ VPDB, respectively). At Wadi
El-Dakhl and Wadi El-Dir in southwestern part of the Gulf
of Suez, the δ13C values are lower and δ18O values slightly
higher when compared to the northern Sinai (mean δ13C
values 0.30‰ and 0.81‰; mean δ18O values –5.72‰ and
–5.09‰). The Turonian species from Abu Roash area
shows a mean δ13C value of 1.96‰ and δ18O value of
–6.20‰ VPDB.

The Cenomanian shells from the BCB, localities Kutná
Hora and Neratovice (Radiolites sanctaebarbarae) have
high mean δ13C values between 4.30‰ and 2.85‰, while
those from Velká Ves shows a negative δ13C value of
–0.54‰. The mean δ18Occ values in these areas are nega-
tive (Kutná Hora –4.31‰; Neratovice –2.93‰; Velká Ves
–6.34‰ vs VPDB). The sample from Nová Ves was
clearly influenced by either a local near-shore environ-
ment with lower δ18O and δ13C seawater values or by later
isotope exchange with meteoric or diagenetic waters (see
below).

The Turonian species Radiolites undulatus from Kučlín
have a high δ13C value of 3.13‰ and low δ18Occ value of
–4.84‰ VPDB (see Table 1).
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As is generally known, the δ18O values of calcite (δ18Occ)
or aragonite in shells primarily depends on two variables,
the δ18O of the seawater (δ18Osw), and the temperature of
the environment in which the animal lived. Shells can be

precipitated either in a temperature-controlled isotope equ-
ilibrium between the seawater and calcite, or under
non-equilibrium behavior, related to metabolic kinetic iso-
tope effects. The non-equilibrium behavior usually affects
the isotopes of carbon more than the isotopes of oxygen.
Rudists are considered to among those animals that preci-
pitate their shells in a temperature-controlled oxygen iso-
tope equilibrium between seawater and calcite (as assumed
by e.g., Steuber 1999, Steuber et al. 2005).

The general relationship between δ18Osw, temperature,
and δ18Occ has been described by several empirical equa-
tions (e.g., Epstein et al. 1953, Craig 1965, Anderson &
Arthur 1983). Of these equations, those of Anderson & Ar-
thur (1983) have become widely used. This equation en-
ables the direct use of a measured δ18Occ value against the
VPDB standard and selected δ18Osw value against the
VSMOW standard. The older equations contained calcite
and water δ-values measured against a working standard
gas CO2, and required thus more complex recalculation of
the data obtained from the laboratory (given against inter-
national VPDB and VSMOW standards). In this paper we
use the original version of the equation from Anderson &
Arthur (1983):

T (°C) = 16.0 – 4.14 (δ18Occ – δ18Osw) +
+ 0.13 (δ18Occ – δ18Osw)2

Where δ18Occ is the δ18O value of calcite given against
the VPDB standard and δ18Osw is the selected δ18O value of
the seawater, which in paleo-applications cannot be mea-
sured directly, and has to be estimated. Auclair et al. (2003)
used a modified version of this equation, which differs in
the first constant (16.9 instead of 16.0), thus producing re-
sults which are systematically 0.9 °C higher:

T (°C) = 16.9 – 4.14 (δ18Occ – δ18Osw) +
+0.13 (δ18Occ – δ18Osw)2

The average δ18O of the seawater (δ18Osw) of the
Tethyan Cretaceous ocean is estimated to range from
–1.0‰ to –0.5‰ VSMOW at 34‰ salinity (Steuber 1999).
Under present-day conditions the seawater δ18Osw value
and salinity are interrelated, and can be described by an
equation of Buening & Spero (1996):

δ18Osw = 0.39*salinity – 13.46
where the δ18Osw value is in ‰ against VSMOW and sali-
nity is given in ‰ of salts. The relationships between
these variables in individual periods of the geological past
can be slightly different, especially in the constant of the
equation. Using the estimate of Steuber (1999) for the

!$'
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�! A – Radiolites sanctaebarbarae Počta, Upper Cenomanian, Kutná Hora, Czech Republic. • B – Radiolites sanctaebarbarae Počta, Upper
Cenomanian, Neratovice, Czech Republic. • C – Radiolites sanctaebarbarae Počta, Upper Cenomanian, Velká Ves, Czech Republic. • D – Radiolites
undulatus (Geinitz), Lower Turonian, Kučlín, Czech Republic. • E – Eoradiolites liratus (Conard), Upper Cenomanian, Gebel El-Minshereh, Egypt.
• F – Durania arnaudi (Choffat), Lower Turonian, Abu Roash, Egypt. • G – Eoradiolites liratus (Conard), Upper Cenomanian, Wadi El-Dakhl, Egypt.
• H – Biradiolites zumoffeni Douvillé, Upper Cenomanian, Gebel Yelleg, Egypt. • I – Eoradiolites liratus (Conard), Upper Cenomanian, Wadi El-Deir,
Egypt. • J – Praeradiolites sinaiticus Douvillé, complete specimen, Upper Cenomanian, Gebel Yelleg, Egypt. The scale bar is 1 cm.
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Tethyan Cretaceous seawater, that is an average δ18Osw

value of –0.75‰ VSMOW at 34‰ salinity, the following
data can be estimated: δ18Osw of –0.5‰ VSMOW at a sali-
nity of 34.6‰, δ18Osw of –1.0‰ VSMOW at a salinity of
33.4‰, and δ18Osw of –1.5‰ VSMOW at a salinity of
32‰.

Rudists are generally considered to be stenohaline ani-
mals, usually living in a salinity range of 32 to 36‰
(Steuber 1999). They are commonly found together with
stenohaline coral, echinoid and inoceramid assemblages;
however, they are also known from restricted lagoons
(Schafhauser et al. 2003) which likely had higher salinity.

Calculated hypothetical temperatures of formation for
all studied samples are given in Table 1 using the four dif-
ferent δ18Osw values of –0.5, –1.0, –1.5 and –2.0‰
VSMOW, which is a range covering practically all reason-

able δ18Osw values. The temperatures calculated for rudists
from Egypt and the BCB are too high when using a δ18Osw

of –0.5‰ VSMOW, mostly exceeding 35 °C. Published
estimates of the δ18Osw values for the mid-Cretaceous sug-
gest steep latitudinal changes. Using the diagram of
Poulsen et al. (1999) and Cretaceous paleolatitudes of both
studied areas, a δ18Osw value of –1.5‰ for Egypt, and a
value of –1.0‰ VSMOW for BCB were selected as the
most appropriate δ18Osw estimates (Fig. 3).

When compared to other BCB samples, the BCB sam-
ple from Velká Ves shows significantly lower δ13Ccc and
δ18Occ values, thus yielding an unrealistically high calcu-
lated temperature. Either the formation of this rudist shell
was influenced by locally higher influence of the meteoric
water in the near-shore environment (cf. Sakai & Kano
2001), or its original isotope record was modified during

!$3

����
�� Table of the C and O isotope data obtained from Cenomanian and Turonian rudist shells. The temperatures are calculates for δ18Osw values of
–0.5, –1.0, –1.5, and –2.0‰ VSMOW using the equation of Anderson & Arthur (1983). The temperatures used in the interpretation are shown in grey.

Locality Species
Subsample δ13C

(‰, VPDB)
δ18O

(‰, VPDB)
Temperature calculated for δ18Osw value of

–0.5 ‰ –1.0 ‰ –1.5 ‰ –2.0 ‰

Kutná Hora, Czech Republic Radiolites sanctaebarbarae 1 A 4.08 –4.38 34.0 31.5 29.0 26.6

Cenomanian 1 B 4.52 –4.24 33.3 30.8 28.3 25.9

mean 4.30 –4.31 33.7 31.1 28.7 26.3

Neratovice, Czech Republic Radiolites sanctaebarbarae 2 2.85 –2.93 26.8 24.5 22.2 20.0

Cenomanian

Velká Ves, Czech Republic Radiolites sanctaebarbarae 3 A –0.46 –6.07 43.1 40.3 37.6 35.0

Cenomanian 3 B –0.61 –6.61 46.1 43.3 40.5 37.8

mean –0.54 –6.34 44.6 41.8 39.1 36.4

Gebel El-Minshereh, Egypt Eoradiolites liratus 5 A 2.35 –6.23 44.0 41.2 38.5 35.8

Cenomanian 5 B 2.46 –5.57 40.3 37.6 35.0 32.4

mean 2.41 –5.90 42.1 39.4 36.7 34.1

Wadi El-Dakhl, Egypt Eoradiolites liratus 7 A 0.10 –5.97 42.5 39.8 37.1 34.5

Cenomanian 7 B 0.23 –5.85 41.9 39.1 36.5 33.9

7 C 0.95 –4.78 36.1 33.5 31.0 28.5

7 D –0.08 –6.29 44.3 41.5 38.8 36.2

mean 0.30 –5.72 41.2 38.5 35.8 33.2

Gebel Yelleg, Egypt Biradiolites zumoffeni 8 A 1.47 –5.76 41.4 38.7 36.0 33.4

Cenomanian 8 B 1.45 –5.78 41.5 38.8 36.1 33.5

mean 1.46 –5.77 41.4 38.7 36.0 33.5

Wadi El-Deir, Egypt Eoradiolites liratus 9 A 0.76 –4.90 36.7 34.1 31.6 29.1

Cenomanian 9 B 0.77 –5.21 38.4 35.7 33.1 30.6

9 C 0.89 –5.16 38.1 35.5 32.9 30.4

mean 0.81 –5.09 37.7 35.1 32.5 30.0

Kučlín, Czech Republic Radiolites undulatus 4 A 3.19 –5.01 37.3 34.7 32.1 29.6

Turonian 4 B 3.06 –4.67 35.5 32.9 30.4 28.0

mean 3.13 –4.84 36.4 33.8 31.3 28.8

Abu Roash, Egypt Durania arnaudi 6A 2.05 –5.67 40.9 38.2 35.5 32.9

Turonian 6 B 1.87 –6.73 46.8 44.0 41.2 38.5

mean 1.96 –6.20 43.8 41.0 38.3 35.7
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diagenesis. This sample was therefore excluded from fur-
ther interpretation. When excluding this sample, the calcu-
lated temperature ranges in Egypt (δ18Osw of –1.5‰
VSMOW) range from 31.0 to 38.8 °C for the Late
Cenomanian, and 35.5 to 41.2 °C in the Early Turonian,
while in the Czech Republic, BCB (δ18Osw of –1.0‰
VSMOW) yielded temperatures in the range 24.5 to
31.5 °C for the Late Cenomanian, and 32.9 to 34.7 °C for
the Early Turonian (Fig. 4).

Similar high temperatures were indicated from isotopic
excursions of some rudist shells from the Albian–Ceno-
manian, Upper Turonian–Coniacian and Lower Campan-
ian, with temperatures up to 37 °C and low intra-annual
variation with minimum temperatures of 23–25 °C (Steu-
ber et al. 2005). Also, high temperatures generally exceed-
ing 30 °C were calculated for the mid-Cretaceous oceans in
northwest Africa, the eastern equatorial Indian Ocean and
the tropical and subtropical regions (Poulsen et al. 1999).

A comparison of the environmental settings of the stud-
ied rudists from both localities may provide some indica-
tions of salinity variations. Although the estimated average
δ18Osw of the Tethyan Cretaceous ocean water is within the
range of –1‰ to –0.5‰ VSMOW at 34‰ salinity (Steuber
1999), seasonal variations in δ18Osw could have a larger
effect on the calculated SSTs. Generally, the intra-annual
temperature range would increase with reduced salinity
during the warm season (Steuber et al. 2005). The variation
in the δ18O of surface waters is large in tropical marginal
seas and coastal waters, due to the influx of freshwater and
evaporation of ocean water especially in restricted environ-
ments (Steuber 1999). The rudists from the northern Egypt
probably lived in a quite restricted subtidal lagoonal habi-
tat, which may have been affected by fresh water influx
causing δ18Osw depletion. The BCB rudists (except the
Velká Ves sample) lived on the seaward slope of an off-
shore bank, and were probably less affected by seasonal
salinity changes. The shells indicate a probable open-ocean
δ18Osw value of –1‰, a value that has generally been as-
sumed for an ice-free Cretaceous (Shackleton & Kennett
1975).

������
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Interpretation of the carbon isotope data and recalculation
to the δ13C value of marine bicarbonate is complicated by
the fact that biological kinetic isotope fractionation, or the
incorporation of carbon from sources other than well-
mixed seawater bicarbonate, can affect the δ13Ccc values. In
addition, metabolic factors as well as changes in other va-
riables can have an effect on the final shell δ13C values. The
rates of carbon sedimentation may also reflect an increase
in atmospheric CO2 levels, temperature and humidity chan-
ges, weathering rates, runoff sedimentation rates, as well as

an increase of oceanic nutrients and marine productivity
(Weissert & Lini 1991). An increase in continental vegeta-
tion during the warm Cretaceous period would have con-
centrated 13C in the atmosphere at the same time, affecting
the 13C/12C ratio of the oceans (Renard 1986).

The peculiar morphological shape of some rudists indi-
cates exposure of their mantle tissue to sunlight, which has
been explained as an indirect adaptation to phyto-
symbiosis. Photosymbiosis can result in lowering of the
δ13C data (Skelton & Wright 1987, Kauffman & Johnson
1988). Similar depletions were recorded from some Late
Cretaceous rudists from Greece and Turkey by Steuber
(1995). Shifts of the shell δ13Ccc values relative to equilib-
rium with sea-water dissolved bicarbonate may be caused
by the utilization of metabolic CO2 during shell formation
(Grossman 1987), photosynthetic activity of symbionts,
growth rate, and variation in carbonate ion concentration
(Spero & Lea 1996).

The lower δ13C value (Table 1) of the shell from Wadi
El-Dakhl (δ13C values range from –0.08‰ to 0.95‰) may
be related to the boring activities of algae. El-Hedeny &
El-Sabbagh (2005) recorded such boring features from the
Saint Paul area, where the parautochthonous rudist E. li-
ratus is affected by dense algal borings. They interpreted
these borings as being formed from a pre-death to a pre-
biostratinomic phase. Such a symbiosis with green algae
may modify the isotopic composition of the skeletal car-
bonate in most marine organisms (Erez 1978). Symbiotic
Zooxanthellae are commonly associated with corals and
modify δ13C either via respiration rate (McConnaughey et

!$4

�����
�+ Latitudinal changes in average δ18Osw values after Poulsen
et al. (1999), with the position of the studied areas. The dashed line rep-
resents the Zachos et al. (1994) curve that best fits the modern distribu-
tion of δ18Osw in the South Pacific and South Atlantic Oceans between
70°S and 0°. The solid line represents the mid-Cretaceous model δ18O
value, which was constructed by Poulsen et al. (1999), by applying the
Broecker (1989) δ18Osw-salinity relationship to the model-predicted
zonally averaged mixed-layer salinity. The empty star represents the po-
sition of Egyptian rudist samples and the full star represents the Bohe-
mian rudists.
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al. 1997), or photosynthetic activity (Swart 1983,
McConnaughey 1989). Juillet-Leclerc & Reynaud (2010)
believed that δ18O and δ13C values of corals are affected by
both light and the abundance of symbiotic Zooxanthellae,
confusing the isotopic behaviors of δ18O and δ13C. Fortu-
nately, only the δ13Ccc values of rudist shells can be af-
fected by this process, while δ18Occ values are considered
to be formed in equilibrium with seawater. There have
been debates about the effect of photosynthesis on the δ13C
value in the skeletal carbonate. While Swart et al. (1996) be-
lieve that there is an inverse correlation between δ13C and
photosynthesis/respiration ratio, Erez (1978) proposed an
alternative hypothesis which suggests that an increased rate
of photosynthesis causes the isotopically depleted values.

The Late Cenomanian sediments at north Sinai repre-
sent the sequence post Ce Sin 6 of Bauer et al. (2003),

which is correlated to sequence 2, dated between ~93.7 to
~93.45 Ma (Saber et al. 2009) at Gebel El-Minshereh. The
average δ13C values of Eoradiolites lariatus during that
age had positive average carbon values of 2.41‰ and
1.46‰ VPDB at Gebel El-Minshereh and Gebel Yelleg,
respectively. The rudists had lower δ13C values in the
Early-Middle Cenomanian sediments at Wadi El-Dakhl
and Wadi El-Deir, with averages of 0.30‰ and 0.81‰
VPDB, respectively. These changes in the δ13C values
from Egyptian rudists are most probably related to a sea
level increase during the Cenomanian. The relationship be-
tween the carbon isotope profiles and eustatic sea-level
changes is remarkably consistent in the Cenomanian and
Campanian. The increasing δ13C accompanies a sea-level
rise, while the decreasing δ13C accompanies a sea-level fall
(Mabrouk et al. 2007).

!$5

�����
�, Sclerochronological profiles with intra-shell variations of isotopic values. 1–4 – rudist shells from Czech Republic: 1 – Kutná Hora,
2 – Neratovice, 3 – Velká Ves, 4 – Kučlín. 5–9 – rudist shells from Egypt: 5 – Gebel El-Minshereh, 6 – Abu Raoash, 7 – Wadi El-Dakhl, 8 – Gebel Yelleg,
9 – Wadi El-Deir. The relevant data (more than two samples from one shell) were obtained from sclerochronological profiles with intra-shell variations of
isotopic values in Eoradulites liratus from Wadi El-Dakhl and Wadi El-Deir. The temperatures shown are calculated supposing a δ18Osw value of –1.0‰
VSMOW for the BCB and –1.5‰ for Egypt.

�����
�- The calculated paleotemperature ranges of the studied rudist shells using different δ18Osw assumptions. The grey area represents the range of
Cretaceous water temperature after Steuber et al. (2005). The numbers are identical to sample numbers in Table 1 and Fig. 5.
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The carbon isotopes may also be interpreted as an indi-
cator of shell formation paleodepth, because shallow water
bicarbonate is richer in 13C than is deep water (Duplessy
1972). In corals, the average δ13C of similar species is
lower for deeper living corals than those growing at shal-
lower depths (Swart et al. 1996). In the present study, the
studied rudist samples from the shallower environment at
Gebel El-Minsherah show higher δ13C values than those
from Gebel Yelleg. On the other hand, the northern Sinai
shells agree with the carbon isotopic data for the Middle to
Late Cenomanian planktonic and benthic foraminifera
from DSDP site 463 (Pacific Ocean), which range between
2.00‰ and 1.72‰ in R. cushmani (Price & Hart 2002).
They also agree with the carbon isotopic composition in the
Upper Cenomanian foraminifera of the eastern Alps, Up-
per Austria, where the values oscillate slightly around the
value of 2.5‰ (Wagreich et al. 2008).

The δ13C values of the Cenomanian rudists show simi-
larity to the δ13C results recorded from the Late Cretaceous
radiolitid rudists of Central Greece, where the δ13C ranged
between 0.8‰ and 2.2‰ (Steuber 1996). Only the shell
from Wadi El-Dakhl shows a lower average δ13C value
(0.3‰).

Moreover, the δ13C of the shell from Wadi El-Deir
(average δ13C of 0.81‰) agrees with the Middle Ceno-
manian bulk sample at Gebel Nazzazat on the eastern side
of the Gulf of Suez showing ~0.88‰ during the top of the
foraminiferal Rotalipora reicheli zone (Shahin 2007).

The Turonian was a period of marked eustatic change
and tectonic activity along the southern Tethyan margin,
accompanied by the gradual drop of the sea-level in north
Egypt and Sinai (Kuss 1992). The Turonian rudists
Duronia arnaudi from Abu Roash were collected from the
Actaeonella series of Beadnell (1902), and associated with
Actaeonella salomonis, Nerinea requieniana. This succes-
sion can be correlated to the Late Turonian, Wata Forma-
tion in Sinai and the western side of the Gulf of Suez.

Compared to the Turonian rudists in north Sinai, we
find that the rudists re-colonized in the carbonate shelf dur-
ing the transgressive system tract of sequence 4 in Tu Sin2
between 92.10 and 91.93 Ma (Saber et al. 2009). The shell
indicates enrichment in δ13C values ~2‰ which agrees
also with the increase in δ13C values recorded from Gebel
Nazzazat during the Late Turonian, with an excursion of
1.60‰ indicating a relatively shallow depth (Shahin 2007).

In the BCB, the marked basin deepening occurred in the
Early Turonian. This is connected to gradual Turonian
warming, which culminated in the Middle Turonian but
then interrupted by a cooling event in the Upper Turonian
(Wiese & Voigt 2002, Wiese et al. 2004, Košťák & Wiese
2011). However, another cooling event (the Plenus event)
connected to shallowing has also recently been discussed
for the Late Cenomanian in Europe, as indicated by a
glacio-eustatic sea-level fall (Wiese et al. 2009).

The δ13C values of the shell from the BCB range be-
tween –0.46‰ to 4.52‰ in the Radiolites sanctaebarae.
The lower δ13C value of the shell at Velká Ves can be ex-
plained by extremely shallow water conditions and the
probable influx of meteoric water. The positive δ13C values
in specimens from Kutná Hora and the Turonian locality of
Kučlín (Radiolites undulatus) indicate a shallower water
environment (rudists are shallow water organisms with
photosymbionts in their tissue).
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Sclerochronological profiles along the dorsal and anterior
side of the lower valve of Eoradiolites liriatus (Conard) are
drawn to show the δ18O and δ13C variations (Fig. 5). These
variations are obvious in the shell collected from Wadi
El-Dakhl, where 4 sub-samples were analyzed. The δ13C
value gradually increases from 0.10‰ to 0.95‰, followed
by a decrease to –0.08‰ VPDB towards the youngest part
of the shell. The δ18O changes run roughly parallel to the
δ13C curve, and show a relative increase in oxygen (from
–5.97‰ to –4.78‰) followed by negative shift down
to –6.29‰ VPDB. When interpreting the δ18O record as a
result of temperature changes only, the observed trend
would correspond to a temperature decrease of about 6 °C
followed by an abrupt increase of almost 8 °C (Fig. 5). The
observed differences are probably related to seasonal chan-
ges. More detailed sampling is needed to elucidate these
changes in detail.
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The rudist diversity was evaluated on both the generic and
species levels, with quantitative analysis providing interes-
ting data (Fig. 6). Nine genera are recognized in the Ceno-
manian through the Early Turonian interval in the
mid-latitudes (i.e. BCB) (genera are listed in order of incre-
asing species number, cf. Fig. 6): Caprina (d’Orbigny),
Simacia (Počta), Ichthyosarcolites (Desmarest), Plagiop-
tychus (Matheron), Cryptaulia (Počta), Araeopleura
(Cox), Radiolites (Lamarck), Petalodontia (Počta), and
Caprotina (d’Orbigny). The highest diversity has been
observed in Caprotina (8 species), Petalodontia (6 spe-
cies) and Radiolites (5 species). The number of the Late
Cenomanian species reaches 29, while only 7 species
were recorded from the Early Turonian (Kloučková
2002). This very high diversity seems to be related to the
location of the BCB at the periphery of the rudist geographic
distribution. The European platform seas with various
biotopes may thus be considered a place conducive to al-
lopatric speciation.
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Late Cenomanian species (I. pictus/M. geslinianum
zones) recorded in the BCB are as follows: Genus Radio-
lites: R. bohemicus (Teller), R. sanctaebarbarae Počta,
R. saxoniae (Roemer), R. undulatus (Geinitz), R. humilior
Počta. Genus Caprotina: C. semistriata d’Orbigny, C. ac-
cuminata Počta, C. deformis Počta, C. perplexa Počta,
C. sinuata Počta, C. sodalist Počta, C. stimulus Počta,
C. vadosa Počta. Genus Caprina: C. striata Počta. Genus
Ichthyosarcolites: I. ensis Počta. Genus Araeopleura:
A. angustissima (Počta), A. carinoperculata (Počta),
A. pileus (Počta), A. venusta (Počta). Genus Petalodontia:
P. aculeodentata Počta, P. crassodentata Počta, P. folio-
dentata Počta, P. germari (Geinitz). P. opima Počta,
P. planoperculata Počta. Genus Simaica: S. minima Počta.
Genus Cryptaulia: C. paradoxa Počta, C. perlonga Počta,
C. triangulum Počta.

Turonian species (M. labiatus/M. nodosoides zones) re-
corded in the BCB are as follows: Genus Radiolites:
R. bohemicus (Teller), R. sanctaebarbarae Počta, R. sa-
xoniae (Roemer), R. undulatus (Geinitz). Genus
Caprotina: C. semistriata d’Orbigny. Genus Caprina:
C. laminea Geinitz. Genus Plagioptychus: P. haueri
(Teller) (Kloučková 2002).

Rudist assemblages from Egypt show similar diversity
on the generic level (10), but with markedly fewer species
(19). There are 8 genera known from the Cenomanian sedi-
ments and 4 from the Middle and the Late Turonian.

Late Cenomanian species recorded in Egypt are as fol-
lows: Eoradiolites liratus (Conard), Praeradioites bis-
kraensis (Conquand), Praeradiolites sinaiticus Douvillé,
Praeradiolites cf. irregularis Douvillé, Bournonia
fourtaui Douvillé, Biradiolites zumoffeni Douvillé, Du-
rania humei Douvillé, Ichthyosarcolites triangularis Des-
marest, Caprinula sp.

Turonian species recognized are recorded in Egypt are
as follows: Praeradiolites ponsianus aegyptiaca Douvillé,
Bournonia fourtaui Douvillé, B. excavata d’Orbigny, race
roachensis Douvillé, Durania gaensis (Dacqué) and
Durania arnaudi (Choffat) (El-Hedenny 2007).

In contrast to the rudists from the higher Bohemian
(mid) latitudes, the Egyptian specimens are generally
larger in shell size. Shell size among in species individuals
from the BCB varies from 13–27 mm in Simacia, from
22–42 mm in Caprotina and from 20–93 mm in Radiolites
(Kloučková 2002). These smaller sizes are comparable in
specimens of all species collected from different areas in

!!$
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�0 The Cenomanian/Turonian rudist diversity at the generic and species levels in the BCB and Egypt. The horizontal axis shows number of species.

�
���� ��������� ��	���	�  ��!
�	��"	
#�$��	
��!��	�

�
%�
	
�	
������"	 ��
&�����	��"	'��
����	��"�
�




the BCB, thus indicating similar paleoecological condi-
tions (i.e. depth, salinity, temperature, nutrient input etc.)
in the rudist biotopes in the BCB.

The decrease in rudist diversity at the Cenoman-
ian/Turonian boundary interval is marked (Jones & Nicol
1986, Steuber & Löser 2000). The drop in diversity of more
than 55% genera and 70% of the species in the BCB shows
indicates large palaeoecologic changes across the
Cenomanian/Turonian boundary interval. Only one new ge-
nus and one new species occurred in the Early Turonian in
the BCB. The sea level rise in the Early Lower Turonian and
sea deepening resulted in the disappearance of natural rudist
biotopes in Central Europe. The decrease and the disappear-
ance of shallow water carbonate platforms in the northern
Tethys strongly influenced the Central European region in-
cluding the BCB (as a gateway to the Tethys; Wiese et al.
2004). The discontinuance of migration pathways for larvae
probably decreased diversity. Tethyan rudist buildups in the
north only occurred again in the Late Turonian of southern
France (Voigt 1996) and Pyreneans (Spain; Pons & Sirna
1992). Also, the OAE2 (Oceanic Anoxic Event 2) likely af-
fected larger rudist populations during the terminal
Cenomanian and at the Cenomanian/Turonian boundary in-
terval. It is notable that no dominant bioherms builder
rudists such as those found in the south (Adriatic plate, Mid-
dle East, north Africa) were present in the BCB, but rather
only parts of biostromes in association with oysters, and
rarely corals and stromatopors.

In the Middle East, the Late Cenomanian/Turonian
Anoxic Event (OAE2) also influenced the species richness
and rudist abundance. Besides the decrease in the abun-
dance of genera and species, the event was also associated
with a change in shell shapes and different rudist mor-
photypes. The platform drowning associated with the
Turonian is characterized by the largely calcitic elevator
morphotypes Radiolitidae and Hippuritidae, which re-
placed the aragonitic recumbent rudist morphotypes
(Caprinidae, Ichthyosarcolitidae) that dominated during
the Cenomanian (Steuber & Löser 2000).

�����������

From the study of carbon and oxygen stable isotopic com-
position of the rudist shells from Egypt (Cretaceous paleo-
latitute of 10°N) and the Bohemian Cretaceous Basin
(BCB) in the Czech Republic (Cretaceous paleolatitude of
35°N) during the Cenomanian and Turonian ages, it can be
concluded that:

1. This pilot study confirms previous estimates that the
δ18Osw value of the Tethyan Ocean was not identical in both
areas, with lower δ18Osw in the southern region.

2. For the BCB area (using a δ18Osw value of –1.0‰
VSMOW) the calculated temperatures range from 24.5 and

31.5 °C in the Late Cenomanian, and from 32.9 and 34.7 in
the Early Turonian.

3. The sample from BCB, locality Velká Ves, was ex-
cluded from the temperature calculation. Either this speci-
men was formed in near the shore in an extremely shallow
environment, influenced by meteoric water influx, or was
diagenetically modified.

4. For the Egyptian area (using a δ18Osw value of –1.5‰
VSMOW) the calculated temperatures range from 31.0 to
38.8 °C for the Late Cenomanian, and from 35.5 to 41.2 °C
in the Turonian. If the δ18Osw value was lower, the real tem-
peratures SST may also have been lower. The calculation
using a δ18Osw value of –2.0‰ VSMOW produces temper-
ature data in a more realistic range, which may indicate the
influx of freshwater.

5. The lower δ13C values of the shell from Wadi
El-Dakhl may be related to algal boring activities and
photosymbiotic organisms.

6. The rudist assemblages from Egypt and the BCB dur-
ing the Cenomanian and Turonian age show a marked di-
versity decrease across the Cenomanian/Turonian bound-
ary (OAE2) interval.

7. This extinction event (and faunal change) selectively
affected families which originated during the Early Creta-
ceous. Subsequently, the family Radiolitidae, which has el-
evator morphotypes and thick outer shell layers of calcite,
started to dominate in the BCB.

8. In Egypt, the Cenomanian–Turonian extinction was
restricted to groups which had a recumbent or clinging life
habit (Caprinidae, Ichthyosarcolitidae), while Caprinidae
are represented by only one species in the BCB. In the
BCB, Monopleuridae went extinct at the Cenoman-
ian/Turoninan boundary interval and Caprotinidae was sig-
nificantly reduced. The extinction at this boundary affected
more than 55% of genera and 70% of species in the BCB.

9. In the Turonian, a single caprotinid species appeared
in the BCB, while Durania species dominated in Egypt.
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