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A high-resolution d13C isotope record from Cenomanian–Turonian boundary interval of shallow marine
successions in Egypt is presented. The d13C curves show the typical features of the globally documented
Cenomanian–Turonian positive excursion, including three of the main positive isotope peaks defining the
Cenomanian–Turonian Boundary Event (CTBE). Based on high-resolution ammonite biostratigraphy, the
CTBE started in the study area above the Late Cenomanian Neolobites vibrayeanus Zone within the Galala
Formation, directly above the global sequence boundary Cenomanian 5 (SB Ce 5). A stratigraphic gap at
that level cuts out the lower a-peak of the CTBE. The Cenomanian–Turonian boundary is located within
the upper part of the positive excursion between carbon excursion peaks c and d, coinciding with the
boundary between the Late Cenomanian Vascoceras cauvini and the Early Turonian Vascoceratid zones.
The CTBE ended up-section of peak d, at the base of the Choffaticeras spp. Zone. The amplitude of the
positive d13C excursion in Egypt is very high (reaching 6.5‰ vs. V-PDB) and largely matches curves of
European standard sections and others localities from different basins. Furthermore, the Lower Turonian
Holywell Isotope Event, an important marker within the lowermost Turonian, has tentatively been rec-
ognized. The positive carbon stable isotope curves presented herein represent the outreach of the oceanic
anoxic event (OAE) 2 in shallow-water nearshore sequences.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

The early Late Cretaceous Cenomanian–Turonian Boundary
Event (CTBE) is one of the most important global Cretaceous posi-
tive carbon stable isotope events (e.g., Jarvis et al., 2006; Voigt
et al., 2008; Wendler, 2013). This event occurred across the
Cenomanian–Turonian boundary (about 93.9 Myr ago; Hinnov
and Ogg in Gradstein et al., 2012) and reflects by one of the most
extreme carbon cycle perturbations in Earth’s history (oceanic
anoxic event (OAE) 2, e.g., Sageman et al., 2006; Voigt et al.,
2008; Jenkyns, 2010; Jarvis et al., 2011). Cretaceous OAEs, as orig-
inally defined by Schlanger and Jenkyns (1976) and Jenkyns (1980),
were periods during which much of the world’s oceans became
severely depleted in oxygen and widespread deposition of organic
carbon-rich sediments took place. Burial of organic carbon, which
preferentially sequesters isotopically light carbon during OAEs,
resulted in a positive d13C excursion in the geologic record and
even if black shales are not developed, the carbon isotope excur-
sions are useful markers for recognizing OAEs and facilitate
trans-continental correlation (e.g., Gröcke et al., 1999; Takashima
et al., 2006; Wendler et al., 2011). The positive carbon isotopic
excursion accompanying OAE2 has been mainly been recorded
from pelagic carbonate sediments (e.g., Jarvis et al., 2006, 2011;
Voigt et al., 2007, 2008; van Bentum et al., 2009; Richardt and
Wilmsen, 2012; Bomou et al., 2013), subordinately also from shal-
low marine successions (e.g., Elrick et al., 2009; Gertsch et al.,
2010b; Wilmsen et al., 2010) and in terrestrial organic matter
(e.g., Nemoto and Hasegawa, 2011). The importance of the less well
studied nearshore OAE2 records, such as that of Egypt, is related to
the fact that these settings are situated at the interface between
open-ocean and terrestrial realms; such settings document impor-
tant physical, biological, and climatic processes (e.g., sea-level
changes) not readily detected in either pelagic or terrestrial
deposits alone (Elrick et al., 2009). However, only a few studies
(Gertsch et al., 2010a; El-Sabbagh et al., 2011; Anan et al., 2013)
on Cenomanian–Turonian boundary nearshore successions in
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Fig. 1. Simplified geological map of the study area (modified after Conoco, 1987) with indication of the study area in Egypt and position of the measured Upper Cenomanian–
Lower Turonian sections in Wadi Qena. Furthermore, the positions of sections where the CTBE isotope excursion has been studied in Egypt are provided.
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Egypt have been conducted so far, leading to the identification of
the CTBE excursion. The present paper aims at enhancing the
knowledge about this important event by means of the stable
isotopes (d13C and d18O) records derived from well exposed
sedimentary successions in Wadi Qena (Fig. 1), plotted against
detailed litho-, bio- and sequence stratigraphic logs, providing a
high-resolution stratigraphic reconstruction of the CTBE in Egypt.
In addition, the d13C curve of the study area is correlated to the
European CTBE reference section at Eastbourne, England, and to
the Tethyan Pont d’Issole section, France, and to the Middle East
Ghawr Al Mazar section, Jordan.

2. Geological setting

Marine Cenomanian–Turonian rocks are well-exposed in the
northeastern part of Egypt in Sinai and the Eastern Desert. Wadi
Qena occupies a large area in the northern and central parts of
the Eastern Desert with well-exposed Upper Cretaceous succes-
sions at the western margin of the wadi (Fig. 1). From the southern
slopes of the Southern Galala Plateau, Wadi Qena extends south-
southeastwards for about 200 km down to the town of Qena where
it grades into the River Nile valley. Wadi Qena is bordered by the
serrated, varicoloured basement rocks of the Red Sea Mountains
in the east and the uniform, elevated and flat-topped Maaza
Plateau consisting of Eocene limestone in the west (Fig. 1).

Wadi Qena clearly developed along faults that run parallel to
the Gulf of Suez and the Red Sea Mountains, which are well
exposed at numerous places within the wadi, especially on the
eastern side (Bandel et al., 1987). Most of the Paleozoic strata are
non-marine and well-distributed in the northern part of the wadi.
Marine transgression took place in the study area during early Late
Cretaceous times when Egypt was situated at the southern margin
of the Neotethys (Fig. 2). Following the Late Cenomanian transgres-
sion, the shoreline was located in southern part of Wadi Qena,
indicated by strong siliciclastic input and the disappearance of
marine strata to the south (e.g., Wilmsen and Nagm, 2013). The
Cenomanian–Turonian ages witnessed the most widespread Creta-
ceous transgression in Egypt, with maximum flooding during Early
Turonian times (e.g., Sharland et al., 2001; Wilmsen and Nagm,
2013). As a consequence, a widespread peri-continental shelf sea
covered large parts of the area. The marine transgression continued
(with some intermittent phases of regression) during the later
parts of the Late Cretaceous and the Paleogene, documented by
well-exposed and widely distributed Coniacian–Eocene strata as
exposed in the western part of Wadi Qena (Fig. 1). The most recent
sediments in the study area are the Quaternary alluvial fans which
cover the low-lying plains of Wadi Qena (Fig. 1).

3. Sections and stratigraphic framework

Two sections from the central part of Wadi Qena in the north
Eastern Desert have been measured in great detail at the western
margin of the wadi. The mid-Wadi Qena section (no. 1 in Fig. 1)
is located 30 km south of the El-Sheikh Fadl–Ras-Gharib road at
27�5202400N and 32�3204800E. The second section (Wadi El-Burga
section, no. 2 in Fig. 1) is located 15 km south of mid-Wadi Qena
section at the mouth of Wadi El-Burga entering Wadi Qena
(27�4501200N and 32�3303700E). The succession starts with a non-
marine sandstone unit (Naqus Formation) of Paleozoic age which
consists of kaolinitic, white to yellowish-brown, well-sorted, med-
ium to coarse-grained, cross-bedded sandstone with scattered
quartz granules and pebbles. The top of the Naqus Formation con-
tains intensive root traces that may indicate truncated paleosols,
marking an erosional unconformity at the base of the overlying
Galala Formation (Figs. 3 and 4). This surface has been equated
with the late Middle Cenomanian sequence boundary Cenomanian
4 (SB Ce 4) that fused with the early Late Cenomanian transgres-
sive surface of the following sequence (Wilmsen and Nagm, 2013).

The Galala Formation starts with silty, glauconitic sandstones
yielding the trace fossil Thalassinoides isp. and fragmented mollusc



Fig. 2. Paleogeographic map of the Late Cenomanian, modified after Philip and Floquet (2000) with indication of the positions of study area and the reference sections used
for chemostratigraphic correlations (see Fig. 5).

Fig. 3. Litho-, bio- and sequence stratigraphic framework of the study area (after
Nagm and Wilmsen, 2012; Wilmsen and Nagm, 2013).
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shells (mainly oysters), indicating shallow marine conditions. Shale
beds are common up-section with few sandy limestones and thin
bioturbated sandstone interbeds. The middle part of the Galala For-
mation consists of fossiliferous limestone bed. The following inter-
val consists of gypsiferous shale grading into a highly fossiliferous
limestone bed containing a typical lower Upper Cenomanian fauna
(Nagm et al., 2011; Nagm and Wilmsen, 2012). This middle part of
the Galala Formation is terminated by a sharp surface, representing
an erosional unconformity that has been correlated with the mid-
Late Cenomanian sequence boundary Cenomanian 5 (SB Ce 5;
Wilmsen and Nagm, 2013). The upper part of the Galala Formation
is very fossiliferous, containing abundant latest Cenomanian and
Early Turonian ammonites (Nagm and Wilmsen, 2012). The Galala
Formation is truncated along a prominent unconformity at the base
of the Umm Omeiyid Formation, likewise marking the Lower–Mid-
dle Turonian boundary and representing the sequence boundary
Turonian 1 (SB Tu 1, Fig. 3). According to Wilmsen and Nagm
(2013), the three identified sequence boundaries (SB Ce 4 and 5,
SB Tu 1) define two 3rd-order depositional sequences, each consist-
ing of transgressive and highstand system tracts only. Falling stage
and lowstand systems tracts are not developed due to a lack of
accommodations space in this up-dip setting during falling and
low sea-level (Wilmsen and Nagm, 2013).

The thickness of the Galala Formation is about 96 m at Mid-
Wadi Qena section and reduced to 81 m at El-Burga section. Litho-
logically, the two sections are similar but in the southern part of
the study area at El-Burga section, the lower part of the Galala For-
mation is more sandy while the middle and upper parts are less
calcareous compared to the mid-Wadi Qena section at the north,
containing more silt with thinner limestone beds (Fig. 4). These
facies changes well reflect (along with the southward-reduced
thicknesses) the distal (north) to proximal (south) gradients of
the south Tethyan shelf in Egypt.



Fig. 4. Integrated stratigraphy (litho-, bio- and sequence stratigraphy) of the Upper Cenomanian–Lower Turonian in Wadi Qena, Eastern Desert supplemented with d13C
curves.
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Biostratigraphically, the Upper Cenomanian–Lower Turonian
succession of the study area has been subdivided by means of
high-resolution ammonite biostratigraphy (Figs. 3 and 4; cf.
Nagm and Wilmsen, 2012). In the Upper Cenomanian, two zones
have been recognized, i.e., a Neolobites vibrayeanus Zone at base
(equivalent to the Calycoceras naviculare Zone) and Vascoceras cau-
vini Zone at the top (broadly equivalent to the Neocardioceras juddii
Zone). Both zones are bounded at SB Ce 5. The gap between both
zones in Wadi Qena comprises (most of) the mid-Upper Cenoma-
nian Metoicoceras geslinianum Zone (Nagm et al., 2010a,b; Nagm
and Wilmsen, 2012) and was interpreted as SB Ce 5 (Wilmsen
and Nagm, 2013). The Early Turonian is represented by three
ammonite zones, from base to top the Lower Turonian vascocerat-
ids, Choffaticeras spp., and Pseudotissotia nigeriensis zones (Figs. 2–4;
Nagm and Wilmsen, 2012), which have been correlated to the stan-
dard zones of Watinoceras coloradoense and Mammites nodosoides
(Nagm and Wilmsen, 2012).
4. Stable-isotope stratigraphy

4.1. Methods

In total 102 samples were collected from the Upper Cenoma-
nian–Lower Turonian strata of the sections for stable isotope anal-
yses (d13C and d18O), every �40 cm at Wadi El-Burga and every
�75 cm at Mid-Wadi Qena section (Fig. 4, Table 1). A carbonate
powder has been produced from each collected rock sample by



Table 1
Isotope values (d13C and d18O) of the Upper Cenomanian–Lower Turonian in the two
studied sections.

Mid-Wadi Qena section Wadi El-Burga section

Sample d13C d18O Sample d13C d18O

Lower Turonian Lower Turonian
WQB 58 �0.72 �4.71 WQA 66 �1.42 �9.48
WQB 57 �1.21 �5.40 WQA 65 0.10 �4.30
WQB 56 �1.78 �5.98 WQA 64 0.07 �4.44
WQB 55 �2.07 �6.18 WQA 63 �1.97 �4.50
WQB 54 �0.28 �4.12 WQA 62 1.68 �5.15
WQB-53 3.23 �0.65 WQA 61 3.90 �5.19
WQB-52 �8.68 �8.44 WQA 60 3.78 �6.42
WQB 51 �6.74 �7.57 WQA 59 4.33 �4.49
WQB 50 0.27 �4.77 WQA 58 4.09 �5.34
WQB 49 0.07 �5.61 WQA 57 4.29 �4.56
WQB 48 �0.06 �5.24 WQA 56 4.44 �6.19
WQB 47 �1.62 �0.72 WQA 55 4.28 �6.96
WQB 45 �0.35 �3.41 WQA 54 5.14 �4.03
WQB 44 2.18 �4.44 WQA 53 5.11 �4.86
WQB 43 2.98 �4.96 WQA 52 4.98 �5.48
WQB 42 3.51 �4.49 WQA 51 5.32 �4.60
WQB 41 0.49 �5.85 WQA 50 5.33 �5.29
WQB 40 6.36 �4.36 WQA 49 5.30 �5.00
WQB 39 4.20 �5.44 WQA 48 6.09 �5.81
WQB 38 4.34 �5.39

Upper CenomanianWQB 37 4.55 �5.82
WQA 47 5.83 �5.80WQB 36 5.14 �5.27
WQA 46 5.00 �5.93

Upper Cenomanian WQA 45 6.41 �4.99
WQB 35 4.23 �5.46 WQA 44 6.21 �5.83
WQB 34 5.68 �4.80 WQA 43 6.44 �5.49
WQB 33 5.73 �4.75 WQA 42 5.73 �4.93
WQB 32 4.95 �4.48 WQA 41 4.76 �3.83
WQB 31 2.39 �6.19 WQA 40 5.15 �4.59
WQB 30 �1.05 �9.30 WQA 39 2.97 �6.96
WQB 29 0.51 �8.98 WQA 38 2.60 �8.16
WQB 28 1.67 �7.45 WQA 37 3.29 �6.94
WQB 27 0.84 �8.37 WQA 36 4.26 �4.82
WQB 26 2.22 �7.59 WQA 35 3.90 �6.86
WQB 25 2.05 �6.60 WQA 34 2.75 �7.64
WQB 24 1.26 �7.98 WQA 33 3.59 �6.12
WQB 23 2.12 �7.02 WQA 32 3.26 �4.91
WQB 22 0.06 �8.17 WQA 31 3.32 �5.61
WQB 21 �1.64 �9.61 WQA 30 3.33 �5.00
WQB 20 2.06 �6.95 WQA 29 2.34 �8.94
WQB 19 1.54 �7.48 WQA 28 2.87 �6.72
WQB 18 2.07 �7.26 WQA 27 2.83 �7.43
WQB 17 1.63 �7.38 WQA 26 2.86 �6.83
WQB 16s �1.50 �6.95 WQA 25 2.74 �5.17
WQB 16 �1.26 �9.38 WQA 24 2.89 �5.36
WQB 15 �0.18 �8.82 WQA 23 3.14 �4.91
WQB 14 1.71 �7.21 WQA 22 3.12 �4.50
WQB 13 1.81 �6.62 WQA 20 3.32 �5.55
WQB 12 �2.81 �9.21 WQA 19 3.40 �4.61
WQB 9s �1.24 �4.39 WQA 18 3.22 �5.61
WQB 9 �2.22 �7.68 WQA 17 0.62 �4.57
WQB 8 �1.49 �9.10 WQA16 0.08 �6.57
WQB 6 �1.94 �7.23 WQA 14 �1.48 �8.02

528 E. Nagm et al. / Journal of African Earth Sciences 100 (2014) 524–531
using a microdrill and was filled into lab-specific containers that
enter the analytical line. In the isotope lab of GeoZentrum
Nordbayern (Erlangen), the carbonate powders have been reacted
with 100% phosphoric acid at 70 �C using a Gasbench II connected
to a ThermoFinnigan Five Plus mass spectrometer. All values are
reported in permil relative to V-PDB by assigning a d13C value of
+1.95‰ and a d18O value of �2.20‰ to NBS19. Reproducibility
was checked by replicate analyses of the laboratory standards
and was better than ±0.08 for d13C and ±0.09 for d18O. In the
mid-Wadi Qena section, d13C values vary between �8.68‰ and
6.36‰ (mean 1.06‰) and d18O values vary between �9.61‰ and
�0.65‰ (mean �6.23‰). In the Wadi El Burga section, d13C values
vary between �1.97‰ and 6.44‰ (mean 3.54‰) and d18O values
vary between �9.48‰ and �3.83‰ (mean �5.67‰). d18O/d13C
crossplots show no significant correlation (mid-Wadi Qena
section: R2 = 0.37; Wadi El Burga section: R2 = 0.23).

4.2. Carbon stable isotopes (d13C)

The d13C values of the lower Upper Cenomanian N. vibrayeanus
Zone are low in both sections, scattering around zero in the mid-
Wadi Qena section and around 1.0‰ at Wadi El Burga (Fig. 4). In
the latter section, there is a trend to increased values in the upper
part of the zone of up to ca. 3.0‰. Above the level of SB Ce 5, a dis-
tinct and abrupt increase in isotope values is evident from both
sections. In the Cenomanian–Turonian boundary interval (from
the base of Vascoceras cauvini Zone, SB Ce 5, to the level of the
Lower Turonian Choffaticeras Zone), d13C values are high, forming
a significant positive carbon isotope excursion (CIE), and reaching
maximum values of up to 6.44‰. There are three distinct peaks
of d13C values in the positive CIE, a lower one in the middle part
of the Vascoceras cauvini Zone, a middle one in the upper part of
the same zone, and a upper one located low in the lowermost Turo-
nian Vascoceratid Zone (Fig. 4). Above this upper maximum, d13C
values generally decrease with some subordinate small-scale peaks
in the Lower Turonian to values that prevailed below SB Ce 5, form-
ing a minimum within the mid-Lower Turonian Choffaticeras spp.
Zone (Fig. 4).

4.3. Oxygen stable isotopes (d18O)

The d18O values range from �9.61‰ to �0.65‰ (Table 1). These
in part very low values may indicate considerably changes during
burial diagenesis with a corresponding depletion of d18O values.
Therefore, we do not use them neither for correlation purposes
nor for palaeo-temperature reconstructions. However, the poor
correlation of d18O and d13C argues for a selective diagenetic over-
print only of the oxygen isotope values while the diagenetically
more stable d13C values appear to reflect a predominantly pristine
signal.
5. Discussion and conclusions

The well-known positive d13C excursion spanning the Cenoma-
nian–Turonian boundary is one of the main carbon isotope events
in the geologic record and represents one of the largest perturba-
tions of the global carbon cycle during the last 110 Myr (Jenkyns,
1980; Schlanger et al., 1987; Jarvis et al., 1988, 2006, 2011; Paul
et al., 1999; Tsikos et al., 2004; Sageman et al., 2006; Voigt et al.,
2007, 2008; Wendler et al., 2011; Wendler, 2013). It has predom-
inantly been recorded from open-marine successions because of
their potentially more complete stratigraphic record and the
potentially strong diagenetic overprint of d13C records in shal-
low-water sections (e.g., Gertsch et al., 2010b). Good quality
records from nearshore settings are thus comparably rare (e.g.,
Hilbrecht et al., 1996; Voigt et al., 2006; Wilmsen et al., 2010). Fur-
thermore, organic-rich sediments (e.g. black shales) as sedimen-
tary markers of ocean anoxia are rare or lacking in sections from
inner ramp and coastal environments (Van Buchem et al., 2002;
Lüning et al., 2004). Thus, additional d13C records from shallow-
water successions may help to shed light on the conditions that
dominated during oceanic anoxic event (OAE) 2.

In Egypt, sections from Sinai (Wadi El-Ghaib: Gertsch et al.,
2010a; Wadi Feiran: El-Sabbagh et al., 2011; Gabal Musabaa Sala-
ma, Gabal Ekma and Gabal Qabaliate: Anan et al., 2013) and one
section from the Eastern Desert (Wadi Dakhl: El-Sabbagh et al.,
2011) have been studied for the presence of the positive carbon
isotope excursion of the OAE2. In all these sections, the d13C
records reach up to 5‰ vs. V-PDB, indicating the presence of the



Fig. 5. d13C curve of the Cenomanian–Turonian boundary interval of Wadi Qena
(left, this study) correlated to the European OAE 2 reference section at Eastbourne
(Paul et al., 1999), the Tethyan Pont d’Issole section, France, at the northern Tethyan
margin (Jarvis et al., 2011), and the Ghawr Al Mazar section (central Jordan) at the
southern Tethyan margin (Wendler et al., 2014). Position of Holywell Event in
Ghawr Al Mazar section after Wendler et al., 2010. The main peaks of the positive
d13C excursion defining the OAE 2 are indicated. Time scale after Gradstein et al.
(2012).
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event, but the main peaks which subdivide the positive OAE2
carbon isotope excursion (CIE) into distinct segments (see below)
are poorly resolved. Taking into account the strong syn- and
post-depositional tectonic activity in Sinai and the north Eastern
Desert related to the structural system of the Syrian Arc (Said,
1990; Kuss et al., 2000; Rosenthal et al., 2000), the relatively poor
d13C signals of the mentioned sections are interpreted here as a
result of strong tectonically induced diagenetic overprint. In
contrast, the Wadi Qena sections studied herein are situated on
the stable part of the southern Tethyan shelf and are thus less
prone to diagenetic alteration (another section situated in Wadi
Araba in the northern part of the Eastern Desert yielded strongly
depleted d13C values, giving support for our interpretation). Fur-
thermore, the Wadi Qena sections are subdivided by means of
high-resolution ammonite biostratigraphy (Nagm and Wilmsen,
2012) which is lacking for most of the other mentioned sections.

The stable isotope analysis of the Upper Cenomanian–Lower
Turonian Galala Formation of Wadi Qena resulted in a d13C curve
that clearly displays the positive CIE of the OAE2 (Fig. 4). The
d13C values are fairly high (reaching up to 6.44‰) in comparison
to south Tethyan (e.g. Jordan Ghawr Al Mazar section; Wendler
et al., 2014) and north Tethyan (e.g. Pont d’Issole, France; Jarvis
et al., 2011) as well as northwest European epicontinental sections
(e.g., Eastbourne, England; Paul et al., 1999; Jarvis et al., 2006), but
the amplitude of the positive excursion is very similar (positive
shift of 3.5–4.5‰ d13C). The new d13C data (Fig. 5) also record most
of the typical features of the positive OAE 2 CIE that has been sub-
divided into segments based on a number of superimposed peaks
(Paul et al., 1999; Sageman et al., 2006; Jarvis et al., 2006, 2011;
Voigt et al., 2007, 2008). Herein, we follow the approach of Voigt
et al. (2007, 2008) who recognized four peaks (a–d) within the
OAE 2 CIE of which the a- to c-peaks characterize the latest Ceno-
manian part while the d-peak is an earliest Turonian feature. Rising
and/or falling segments as well as plateaus characterize the inter-
peak intervals of the curve. The temporal framework of the OAE 2
CIE is well known: it started ca. 400 kyr before the Cenomanian–
Turonian boundary at 93.9 Ma (Ogg and Hinnov in Gradstein
et al., 2012) and ranges just into the Early Turonian, thus lasting
400–500 kyr (Sageman et al., 2006; Voigt et al., 2008). The base
of the M. nodosoides Zone is at ca. 93.5 Ma.

In contrast to the reference curves at Eastbourne and Pont
d’Issole, there are only two Late Cenomanian peaks in the Wadi
Qena curve (Fig. 5), the lower one in the middle part of the V. cau-
vini Zone and the upper one very close to the biostratigraphically
defined Cenomanian–Turonian boundary. The abrupt increase of
d13C values above the level of sequence boundary SB Ce 5 in Wadi
Qena from around 3‰ to the lower conspicuous maximum of
�6.5‰ can be correlated to the rising segment between the a-
and b-peaks of the European standard curve, the maximum corre-
sponding to the b-peak (Fig. 5). This means that the rising segment
and the a-peak of the lower and middle M. geslinianum Zone fall
into a stratigraphic gap at Wadi Qena. This gap has biostratigraph-
ically been demonstrated by Nagm and Wilmsen (2012) and genet-
ically been explained by Wilmsen and Nagm (2013) by a major
sea-level fall, lowstand and subsequent rise (onlap onto the sub-
aerial unconformity) at SB Ce 5 in Wadi Qena. This unconformity
can be traced across the Eastern Desert of Egypt (Wilmsen and
Nagm, 2013) and can safely be correlated to the sub-plenus erosion
surface at Eastbourne (Paul et al., 1999), a marked facies change at
the base of the Niveau Thomel at Pont d’Issole (Jarvis et al., 2011),
and probably to a sequence boundary (CeJo4) in the uppermost
Hummar Formation at Ghawr Al Mazar, Jordan (Wendler et al.,
2014). The correlation also shows that the N. vibrayeanus Zone
underlying SB Ce 5 at Wadi Qena is temporally equivalent to the
C. guerangeri Zone in Europe (as biostratigraphically proposed by
Nagm et al., 2010a,b). Furthermore, the lower part of the Egyptian
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V. cauvini Zone (containing the b-peak) is equivalent to the upper
part of the M. geslinianum Zone and only their upper part
corresponds to the European N. juddii standard zone. This result
specifies the interpretation of a temporal concordance of the V.
cauvini and N. juddii zones (Nagm et al., 2010b).

The second peak of the Wadi Qena curve is very close to the bio-
stratigraphically defined Cenomanian–Turonian boundary (base of
Turonian vascoceratids) and corresponds to the c-peak of the OAE
2 CIE (Fig. 5). In the expanded CTB reference section of Eastbourne,
the boundary is placed immediately above this peak (Paul et al.,
1999; Jarvis et al., 2006; Voigt et al., 2008), thus demonstrating
the correspondence of bio- and chemostratigraphic interpreta-
tions. The earliest Turonian d-peak usually attains a similar magni-
tude as the c-peak in most sections and is thus only provisionally
placed in the Wadi Qena curve where it is less pronounced
(Fig. 5). It may be that parts of this interval of the Wadi Qena curve
are affected by a minor hiatus in the Cenomanian–Turonian
boundary interval that has biostratigraphically been recognized
in sections from Wadi Araba in the northern part of the Eastern
Desert (see Nagm et al., 2010b).

The Early Turonian segment of the Wadi Qena curve displays
the characteristic stepwise decrease to pre-OAE 2 d13C values
(Fig. 5), known from isotope curves across the globe (see Jarvis
et al., 2006 and Wendler, 2013 for compilations). A minor change
in the gradient of this falling limb punctuated by a small peak
may be correlated to the Holywell Event of Jarvis et al. (2006).
The onset of this plateau-like segment of the curve matches the
base of the Choffaticeras spp. Zone in the biozonation of the Eastern
Desert (Nagm et al., 2010a,b; Nagm and Wilmsen, 2012). Cali-
brated to the Eastbourne curve, this correlation suggests that this
level corresponds to the base of the F. catinus Zone in England.

In conclusion, the herein presented case study provides an
ostensive example of the success of integrated stratigraphic
approaches, combining bio-, sequence and chemostratigraphy, for
high-resolution correlations across different tectonic plates. Fur-
thermore, it highlights the potential of carbon stable isotope stra-
tigraphy also for the dating of shallow-water successions and the
calibration of biozonations in different palaeo-biogeographical
realms.
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