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Stratigraphic control of the Aptian–Early Turonian sequences of the 
Levant Platform, Coastal Range, northwest Syria

Hussam Ghanem and Jochen Kuss

ABSTRACT

The predominantly carbonate Aptian–Lower Turonian succession of the Coastal 
Range in northwest Syria represents the northern edge of the Levant Platform. 
It was divided into 28 lithostratigraphic units, mainly reflecting shallowing-up 
and deepening-up intervals. We combined lithostratigraphy, biostratigraphy and 
carbon-isotope measurements, with facies interpretations, to establish a sequence-
stratigraphic framework, adapted from outcrop data along two transects. The 
sequence-stratigraphic evolution records major transgressions-regressions and 
hiatuses that are compared with regional sequences of the Arabian and Levant 
platforms and the Tethyan realm. Age control, based on planktonic and benthonic 
foraminifera and ammonite biostratigraphies, is relatively good, despite changing 
diversities and occurrences. The chronostratigraphic framework is based on seven 
benthonic foraminiferal biozones (Aptian to Early Turonian) and six planktonic 
foraminiferal biozones (with two subzones) (latest Albian to Cenomanian). The 
studied carbon-isotope fluctuations record significant perturbations that are 
comparable with several global changes of the carbon cycle: OAE1d, LCE I-III, 
MCE and OAE2. The combined chemostratigraphic and biostratigraphic approach 
permits correlating the carbon-isotope curve of the Coastal Range with those from 
the Tethyan realm, England and South Palmyrides.

INTRODUCTION

In this study we present sequence-stratigraphic interpretations of a relatively monotonous succession 
of limestones, marls and dolostones of Aptian–Early Turonian age in northwest Syria, representing 
the northwestern edge of the Levant Platform (Figure 1). The depositional record of the Cretaceous 
succession of the Coastal Range (CR) reflects fluctuating environmental conditions and different 
depositional settings that were analyzed with respect to regional comparisons and to the identification of 
different environmental settings. All biostratigraphic, lithostratigraphic and chemostratigraphic data 
were evaluated with respect to the sequence-stratigraphic and paleoenvironmental interpretations.

The western slopes of the CR dip gradually to the west towards the Mediterranean Sea, while its 
eastern slopes are cut by the Dead Sea Fault (Mouty and Saint-Marc, 1982; Krasheninnikov et al., 
2005). Similar to neighboring areas of the Syrian Arc, the Aptian–Early Turonian succession of the 
CR is characterized by passive continental margin depositional sequences, commonly composed of 
mixed siliciclastics and carbonates, formed in shallow-ramp or in deeper-ramp settings (Mouty and 
Saint-Marc, 1982; Flexer et al., 1986; Kuss, 1992; Kuss and Bachmann, 1996; Alsharhan and Nairn, 1997; 
Bachmann and Kuss, 1998; Sharland et al., 2001; Schulze et al., 2003, 2004, 2005; Le Nindre et al., 2008; 
Gerdes et al., 2010; Wendler et al., 2010; Powell and Moh’d, 2011).

METHODS

The study is based on detailed bed-by-bed measurements and sampling of six sections, which crop 
out along road cuts and two quarries of the Coastal Range (CR). The Aptian–Lower Turonian deposits 
attain a maximum thickness of 360 m. In the North CR (north of the South Banyas Fault, Figure 1) 
three sections were measured, spanning an Aptian to Lower Turonian succession: Slenfeh (SL), Bab 
Abdallah (SB) and Sayno (SY). The Sayno Section represents a composite section, comprising three 
subsections: Ain Tina, Al-Bragh and Gobet Al-Berghal (Figure 1). In the South CR (south of the South 
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Figure 1: The Cretaceous 
outcrops of the Coastal 
Chain, showing the 
locations of the Slenfeh 
Section (SL: 35°35’74”N, 
36°12’05”E); Bab Abdallah 
Section (SB: 35°37’11”N, 
36°10’25” E); Sayno Section 
(SY) is composed of three 
subsections; Gobet Al-
Berghal (GO: 35°29’23”N, 
36°09’50”E), Ain Tina (AT: 
35°59’92”N, 36°11’62”E) 
and Al-Bragh Section (B: 
35°32’39”N, 36°10’34”E); 
Wadi Layoun Section (WL: 
34°59’53”N, 36°11’57”E); 
Al-Meten Section (MT: 
34°59’27”N, 35°55’23”E); 
and Wadi Al-Haddah 
Section (AH: 34°49’18”N, 
35°59’23”E). The solid line 
marks Transect 1 along 
SL-AT-B-GO-WL sections 
(Figure 3). The stippled line 
marks Transect 2 along SB-
MT-AH sections (Figure 4).

Banyas Fault) three sections cover the Aptian to Lower Turonian: Wadi Layoun (WL), Al-Meten (MT) 
and Wadi Al-Haddah (AH, Figure 1). Approximately 600 rock samples were collected. Benthonic 
and planktonic foraminiferal biostratigraphy and microfacies were identified in ca. 400 thin sections 
using a standard transmitted light/polarized microscope. The microfacies analysis followed the 
classification of Dunham (1962) and the standard microfacies types of Flügel (2004).

The biostratigraphic framework is based on various descriptions of larger benthonic foraminifera 
(Mouty and Saint-Marc, 1982; Loeblich and Tappan, 1988; Banner and Simmons, 1994; Simmons et al., 
2000; Velić, 2007; Boudagher-Fadel, 2009; Schroeder et al., 2010) and planktonic foraminifera (Verga 
and Premoli Silva, 2002; Premoli Silva and Verga, 2004; Premoli Silva et al., 2009). The biozone concept 
for the Coastal Range was correlated with those from other Tethyan areas proposed by the above-
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Figure 2: Correlation of 
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Saint-Marc, 1982).

mentioned authors, as well as Gradstein et al. (2012). Bulk rock samples 
(n = 340) for carbon-isotope analysis have been collected from SL, SB, 
AH and MT sections (Late Albian to Turonian). The carbon isotope versus 
depth plots have been compared with trends derived from published 
carbon-isotope curves (Paul et al., 1994; Gale et al., 1996; Kennedy et al., 
2004; Jarvis et al., 2006; Gertsch et al., 2010).

LITHOSTRATIGRAPHY

The Cretaceous succession of the Coastal Range of Syria disconformably 
overlies Upper Jurassic limestones. In the North CR the following Aptian 
to Turonian formations were defined by Mouty and Saint-Marc (1982) 
in ascending order: Bab Janneh, Ain Elbeida, Slenfeh, Bab Abdallah and 
Aramo formations; and in the South CR: Bab Janneh, Blaatah, Slenfeh 
and Hannafiyah formations (Figure 2). 28 lithostratigraphic units are 
proposed for the Aptian–Lower Turonian succession of the CR, the 
reference section for the first 11 units is the SY Section, for units 12–19 the 
SL Section and for units 20 to 28 the SB Section (Figures 3 and 4). In the 
South CR, 17 subunits were defined in the fresh quarries of MT and AH 
sections (Hannafiyah Formation), comparable to the upper Slenfeh and 
Bab Abdallah formations (units 21–27 of North CR).

Bab Janneh Formation (North and South CR)

The Bab Janneh Formation attains a thickness of ca. 65 m in the northern 
part of CR and thins to ca. 20 m to the south. It was described by several 
authors as greenish-gray fossiliferous marls with thin limestones and 
dolomitic interbeds, alternating with fine-grained sandstones (Mouty 
and Saint-Marc, 1982; Krasheninnikov et al., 2005). In this study six 
lithostratigraphic units were defined from base to top (Figure 3):

Unit 1 comprises a ca. 7–8 m thick succession of greenish-gray marls with 
rare intercalations of sandstones in the north (SY Section) and predominantly 
thick intercalations of fluvial quartz sandstone in the south (WL Section 
Figure 5a). The marls are very rich in bivalves and echinoderms.

Unit 2 is ca. 1–3 m thick and mainly composed of thin-bedded bioclastic 
ooidal/peloidal limestones (calcareous algae, benthonic foraminifera, 
Lithocodium sp., ostracods and molluscs) with grain-supported texture in 
the SY Section and intercalated with dolomitic limestones in WL Section 
(Figure 5a).

Unit 3 is very similar to unit 1 in the SY Section (North CR) and is composed of 8 m-thick greenish-
gray marls rich in molluscs. Thin intercalations of alluvial sandstones are present in the WL Section 
(South CR).

Unit 4 is 3.5 m thick and consists of 0.2–0.6 m thick beds of alternating dolomites and limestones. 
The lower and middle parts are composed of algal-, miliolid-, peloidal-wackestones or packstones, 
while the upper part is characterized by distinctive fenestral mudstones/wackestones and topped by 
a hardground. This unit of the North CR is correlated to 4 m of dolomitized limestones (wackestones 
and packstones with bivalves, calcareous algae, peloids and ooids) in WL Section (South CR).

Unit 5 is composed of an 11 m thick succession of green and gray marls with abundant bivalves, 
intercalated with thin beds of limestones (mudstones and wackestones with bivalves, gastropods, 
ostracods and miliolids) and a 0.70 m-thick glauconitic bed in the upper part of SY Section (partly 
similar to the south: WL Section).
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Figure 3: N-S correlation of the Coastal 
Range sequences ApCR1 to AlCR4 in the 
Slenfeh, Sayno and Wadi Layoun sections 
and maximum flooding surfaces of the 
Arabian Plate (blue lines); third-order 
global sequence boundaries (Ap1-Ce5 
red lines) after Hardenbol et al. (1998), 
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al. (2010, 2011) and Gradstein et al. (2012).
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Unit 6 is 19 m thick in the SY Section and is arranged in 0.3–1.0 m (average 0.9 m) thick beds. It comprises 
lower alternating dolomites and green marls with rare limestones and upper alternating limestones 
(occasionally nodular) and green marls with benthonic and planktonic foraminifera, ammonites, 
molluscs, calcareous algae, peloids and ooids. In the WL Section, unit 6 is either amalgamated in 
dolostones or partly missing due to later tectonic processes (Figures 3 and 5a).

Age: Most authors attributed an Aptian age for the Bab Janneh Formation (e.g. Mouty and Saint-Marc, 
1982; Krasheninnikov et al., 2005), which is confirmed by our data (Early Aptian Pseudocyclammina 
vasconica range zone and the Late Aptian Sabaudia capitata interval zone).

Ain Elbeida Formation (North CR) and Blaatah Formation (South CR)

The Bab Janneh Formation is conformably overlain by a ca. 75 m-thick succession of limestones, 
marls and dolostones of the Ain Elbeida Formation (North CR) and by a ca. 56 m-thick succession of 
dolomitic marls, dolostones and limestones of the Blaatah Formation (South CR, Figure 3). Several 
basaltic layers in the upper Blaatah Formation were correlated with an interval spanning upper unit 
9 to unit 16 of the Ain Elbeida Formation (SY Section). The lower interval (units 7 to lower unit 9) of 
the Ain Elbeida Formation were correlated with units 7 to 10 of the Blaatah Formation (WL Section, 
Figure 2).

Unit 7 of the Ain Elbeida Formation comprises ca. 8.5 m thick brownish-gray bedded dolostones and 
dolomitized limestones with a few intercalations of pure limestones. The latter contain ostracods 
and ooids. The beds are 0.10–1.40 m (average 0.5 m) thick; only in the lower two beds 0.08–0.1 m 
long horizontal burrows occur. This unit correlates with 9 m thick dolomarls of the WL Section in the 
eastern edge of South CR.

Unit 8 is 13.5 m thick in the SY Section. It includes several 0.40–2.1 m (average 0.8 m) thick beds 
of alternating dolostones, marls and fossiliferous white limestones with benthonic foraminifera, 
echinoderms, molluscs, calcareous algae, ooids, peloids, bioclast and algae debris. Packstone/ 
grainstone textures prevail and occur within thicker limestone beds in the middle part of this unit. In 
the WL Section a 4.5 m thick alternation of limestones and dolo-limestones with ostracods, miliolids 
and calcareous algae occur which are comparable with unit 8 of the SY Section.

Unit 9 in the North CR is ca. 15 m thick and comprises predominantly sparitic limestones (packstones-
grainstones). Bed thickness ranges from 0.1 to 0.85 m (average 0.2 m) of alternating limestones and 
subordinate marls and dolostones in the middle parts. Bioclasts and benthonic foraminifera are the 
most frequent fossils, while peloids are the most important non-skeletal grains. In the South CR unit 9 
corresponds to 9.5 m thick dolomarls in the WL Section.

Unit 10 is represented in the SY Section by white limestones and nodular limestones with intercalated 
marly dolostones and massive dolomites. At the top, benthonic foraminifera are frequent. Peloids 
are the most common non-skeletal grains. This 13 m thick unit forms in the middle part of the Ain 
Elbeida Formation (average bed thickness of ca. 2 m) and is correlated with a 22 m-thick unit of 
massive dolostones and limestones in the Blaatah Formation of the South CR.

Unit 11 is ca. 6 m thick in the SY Section (North CR). It is mainly composed of wackestones-packstones. 
The lower 2 m are composed of 0.1–0.7 m (average 0.25 m) thick beds, while the upper 1.10 m is 
marly limestones with planktonic foraminifera. No corresponding lithofacies of units 11 to 18 occur 
in the WL Section of South CR (Figure 3); they may be replaced by a ca. 15 m thick basalt layer that 
disconformably overlies unit 10 (Figure 5b).

Unit 12 is 12.5 m thick in the SL Section and is predominantly composed of alternating dolostones, 
limestones and marls. Bed thickness ranges from 0.25–1.70 m (average 1.10 m). It comprises two 
groups of limestones: Planktonic foraminiferal mudstone/wackestone and peloidal packstone/
grainstone, topped by a 1.1 m-thick rudist biostrome. These limestone lithologies are comparable to a 
1.8 m interval dominated by rudists in the SY Section.
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Unit 13 is ca. 4 m thick in the SL Section and comprises predominantly thin-bedded marly limestones 
(rich planktonic foraminifera and pelagic crinoids) with lenticular chert. In the SY Section, this 
7.1 m-thick unit comprises massive limestones (average 1.2 m) with miliolids, bioclasts and rudists.

Unit 14 is ca. 22 m thick in the SL Section and 7.7 m thick in the SY Section. It is mainly composed 
of massive limestones or dolomitized limestones, alternating with marls in the lower part of the 
unit (SL Section, 1.0–3.5 m thick with average of 1.20 m). Bioturbation and lamination are most 
common sedimentary structures in the massive limestones of the SY Section, while rudist biostromes 
characterize unit 14 in the SL Section (Figure 6b).

Unit 15 comprises ca. 6 m thick bedded limestones 0.7–0.8 m thick in the SL Section. Benthonic 
foraminifera form the common fossils, while peloids are the most important non-skeletal grains. This 
characteristic unit is represented in the SY Section by 2.65 m-thick, thin-bedded limestones, topped 
by a hardground (Figure 5c).

Unit 16 is composed of ca. 4.8 m thick alternating dolostones and fossiliferous limestones in the 
SL Section. Bed thickness ranges from 0.50 to 1.30 m (average 1.2 m). The limestones hold benthonic 
foraminifera and abundant oysters in the upper 1.2 m. This unit correlates with 2.4 m-thick alternating 
dolostones and limestones in the SY Section (Figure 5c).

Age: Mouty and Saint-Marc (1982) attributed an Albian age for the Ain Elbeida and Blaatah 
formations. Benthonic foraminifera identified in limestones of both formations indicate Early Albian 
(Mesorbitolina subconcava Zone) and Late Albian (Neoiraqia convexa Zone) ages.

Slenfeh Formation (North and South CR) and Hannafiyah Formation (South CR)

The Slenfeh Formation is represented by massive bedded limestones, dolostones with marly 
intercalations, occasionally with chert lenses. Seven units (17–23) were defined in the North CR, with 
units 20 and 21 missing in the South CR. The lowermost part of Hannafiyah Formation in the South 
CR (AH Section) is correlated with the uppermost Slenfeh Formation in the North CR (Figures 2 and 4).

Unit 17 in the SL Section comprises basal 7 m light brown soft marls alternating with two horizons 
of platy marly limestones (the upper rich in oysters). The upper 15 m of this unit consist of platy 
marly limestones with few chert nodules occurring only in its uppermost part. Among very rare 
non-skeletal grains, planktonic foraminifera are by far the most important biota. Additionally, some 
fragments of pelagic echinoids and thin-shelled molluscs have been found. The 22 m-thick unit 7 of 
the SL Section correlates with 6 m in the SY Section and with 1.5 m thick limestones, disconformably 
overlying the basalt of the WL Section.

Unit 18 is 12.5 m thick in the SL Section, predominantly composed of massive dolostones that 
form cliff walls. Bed thickness ranges from 1.2 to 3.60 m (average 2.1 m). This unit is an important 
marker bed, comprising nodular chert and cauliflower-shaped cherts (Figure 6a). Unit 18 has similar 
thicknesses in the WL and SY sections, however, the lower part in the SY Section is marked by a 0.3 
m-thick phosphatic bed.

Unit 19 consists of massive dolostones with intercalations of dolomarls. The ca. 50 m-thick unit 
comprises unfossiliferous dolomite with chert lenses and nodules (Figure 6c). Only the lower part of 
this unit is measured in the SL and WL sections.

Unit 20 is 19 m thick and comprises alternating limy and dolomitic marls, both unfossiliferous with 
chert lenses at the base. Bed thickness ranges from 0.3 to 2.4 m (average 0.8 m) in the SB Section.

Unit 21 is ca. 37 m thick and consists of 0.8–3.9 m (average 1.5 m) thick beds of alternating dolomites, 
marls, limestones with rudists, bivalves, benthonic and planktonic foraminifera. The lower part of 
unit 21 in the SB Section (North CR) includes a ca. 2 m limestone interval with quartz grains 
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a b

c

d

e

Figure 6: (a) Cliff wall of dolostones with nodular 
and cauliflower-shaped cherts (unit 18 of SL Section); 
(b) rudist interval of Ain Elbeida Formation of SL 
Section (unit 14); (c) cliff wall of dolostones with 
flints unit 19 of the SY Section; (d) unit 27 (the upper 
part of subunit XIV) of Al-Meten quarry showing 
the ?Cenomanian–Turonian succession of the upper 
Hannafiyah Formation; and (e) the Early Albian 
Basalt of Joubet Barghal, North Coastal Range.

(Figure 4), while the upper 8 m of this unit are correlated with ca. 26 m thick limestones (0.10–0.20 
m-thick beds with thin bands of chert nodules) in the South CR (here: subunits I–II of the AH Section). 
The latter hold planktonic foraminifera, thin-walled molluscs and calcareous algal debris (Figures 4 
and 5d).

Unit 22 is composed of 2 m-thick nodular limestones, rich in planktonic foraminifera and chert 
nodules (SB Section). The comparable unit of the South CR comprises 0.8 m-thick black shale with 
Lyropecten (Aequipecten) arlesiensis and large inoceramids shells (Figure 5d2) and is overlain by 12 m 
thick nodular limestones (0.1–0.2 m each bed) with planktonic foraminifera, thin-walled molluscs 
and chert nodules in the upper part. Unit 22 correlates with subunits III–V in the AH Section.

Unit 23 is 31 m thick and composed of ca. 1.9–6.0 m (average 2.6 m) thick rudist beds with few 
limestone intercalations (wackestone with planktonic foraminifera). This unit correlates with 
subunits VI–VII of the AH Section (South CR). The upper boundary of subunit VII is characterized by 
a regional unconformity marked by a distinctive paleokarstic surface (Figures 4 and 5d).
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Age: Mouty and Saint-Marc (1982) attributed a latest Albian–Early to Middle Cenomanian age to the 
Slenfeh Formation in the North CR. In this study, the Slenfeh Formation of the North CR is correlated with 
the Slenfeh and the lower Hannafiyah Formation in the South CR, based on stratigraphic assumptions.

Bab Abdallah Formation (North CR) and Hannafiyah Formation (South CR) 

Units 24 to 27 represent a more than 100 m thick succession of alternating well-bedded limestones, 
marls with chert nodules and massive dolomitized limestones (with rudists) that are attributed to the 
Bab Abdallah Formation in the North CR. This interval correlates with ca. 200 m-thick limestones and 
marls in the South CR of the Hannafiyah Formation (Figures 2 and 4).

Unit 24 is ca. 23 m thick and comprises 1.6–3.8 m (average 2.4 m) thick beds of nodular marly 
limestones. The base of unit 24 is marked by abundant oysters, gastropods (Turritella sp.) and planktonic 
foraminifera, while chert nodules are more frequent in the upper 9 m of the SB Section. In the AH 
Section (South CR), this unit (subunits VII–X) comprises 18 m-thick marls and nodular limestones 
(with corals, molluscs, calcareous algae, ammonites and benthonic and planktonic foraminifera).

Unit 25 is ca. 20 m thick and consists of massive dolomitized limestones composed of rudist rudstones 
(bed thicknesses between 1.8–3.1 m) in the North CR (SB Section). Unit 25 was correlated with a 1.0 
m-thick massive dolomite bed at the base of subunit XI in the AH Section (South CR).

Unit 26 consists of ca. 50 m-thick marls and nodular limestones with abundant oysters, pelagic 
molluscs and planktonic foraminifera in the SB Section. It is correlated with subunits XI–XII in the AH 
and MT sections. The latter are composed of well-bedded limestones (wacke-/packstones with bed-
thickness of 0.3–1.0 m), containing oysters, echinoderms and foraminifera (benthonic and planktonic). 
These limestones are overlain by marls rich in planktonic foraminifera and oysters.

Unit 27 comprises ca. 50 m-thick massive dolostones and limestones (rudist boundstones). The 
thickness of individual beds range between 1–8 m (average 4 m) in the SB and MT sections (subunits 
XII–XIII). Only in the MT Section, the overlying subunits XIV, XV and XVI are present and are 
composed of 25 m-thick platy limestones and dolostones, overlain by 37 m-thick massive bedded 
fossiliferous limestones, alternating with marls, dolomitic limestones and dolostones (Figures 4 and 6d). 
Benthonic foraminifera, molluscs, stromatolites (bindstones) and reworked rudists are frequent 
constituents of the wacke-/packstones and pack-/floatstones. Based on maximum values of δ13C 
the Cenomanian/Turonian Boundary (CTB) is interpreted to occur in the platy limestone interval 
(Figure 6d).

Unit 28 has a thickness of 20 m and is composed of 0.05–0.1 m-thick alternating limestones and 
chert, containing pelagic echinoids, thin-walled molluscs and planktonic foraminifera. These marly 
limestones are argillaceous in some intervals and are overlain by 3 m massive limestones with rudists. 
This unit forms the base of the Turonian Aramo Formation.

Age: Most authors attributed a mid-Late Cenomanian age for the Bab Abdallah and Hannafiyah 
formations and a Turonian age for the Aramo Formation (e.g. Mouty and Saint-Marc, 1982). This 
is consistent with our results. In addition we attribute an earliest Turonian age for the uppermost 
Hannafiyah Formation (MT Section).

BIOSTRATIGRAPHY

Biostratigraphic control of the mainly shallow-water carbonates of the Coastal Range of Syria is mainly 
based on foraminfera, identified in thin sections. Planktonic foraminifera reflect shallow environments 
and high-stress conditions, as indicated by generally low diversity, dwarfing and sporadic presence 
of index species. However, several intervals of the studied Aptian–Lower Turonian succession show 
more diverse and abundant assemblages and permit a good resolution, when all biostratigraphic data 
(benthonic and planktonic foraminifera plus macrofossils) are combined (Figure 7).
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Benthonic Foraminifera Biostratigraphy

Numerous benthonic foraminifera are useful index fossils of the Cretaceous carbonate platforms 
(Loeblich and Tappan, 1988; BouDagher-Fadel, 2009). They show a widespread distribution, high 
diversity and abundance in the studied sections of the Coastal Range (Figures 7 to 14) and thus are 
important for the biostratigraphic subdivision. Based on the concepts of Velić (2007), Schroeder et al. 
(2010), Gradstein et al. (2012) and Ghanem et al. (2012) the following seven biozones (overlapping 
most planktonic zonal boundaries, Figure 7) were defined.

Early Aptian Pseudocyclammina vasconica (Palorbitolina lenticularis) partial-range zone
Diagnosis: This biozone is defined by the total range of the zonal markers Pseudocyclammina vasconica 
and Voloshinoides murgensis, according to the range of co-occurring benthonic foraminifera in the 
Tethys and the Adriatic platforms (Velić, 2007; Ogg and Ogg, 2008; Figure 7).

Description: This biozone spans a long Early Aptian stratigraphic interval. However, the lower part of 
the Lower Aptian is missing (compare Sequence ApCR1). In addition to the zonal marker species, the 
following taxa occur within the P. vasconica range zone of the present study: Voloshinoides murgensis, 
Sabaudia minuta, Sabaudia auruncensis, Vercorsella arenata, Vercorsella immaturata, Rumanoloculina 
robusta, Ammobaculites celatus, Dukhania conica, Praechrysalidina infracretacea, Charentia cuvillieri, 
Pseudonummoloculina aurigerica, Derventina sp., including few miliolids. Mouty and Saint-Marc (1982) 
described two marker species (Palorbitolina lenticularis and Choffatella decipiens) from units 1 and 3 
(Figures 3, 7 and 8).

Correlation: The benthonic assemblages of the P. vasconica range zone of the CR correlates well with 
the Early Aptian benthonic foraminiferal assemblages of the Adriatic Platform and Tethyan realm, 
described by Loeblich and Tappan (1988), Velić (2007) and Gradstein et al. (2012). Therefore it is 
comparable to the stratigraphic range of the Palorbitolina lenticularis Zone of the Arabian Platform 
(Schroeder et al., 2010).

Age and Occurrence: The Early Aptian P. vasconica range zone documents the first benthonic 
foraminifera of the Cretaceous succession of the Coastal Range. It is recorded from 22 m thick green 
marls, dolostones and limestones, representing units 1, 2, 3 and 4 (Bab Janneh Formation) of the SY 
and WL sections (Figure 3, 7 and 9).

Late Aptian Sabaudia capitata interval zone
Diagnosis: The lower boundary of this interval zone has been determined by the first occurrence (FO) 
of S. capitata and Nezzazata isabellae. The FO of Nezzazatinella picardi, Cuneolina parva and C. pavonia 
mark the upper boundary of this biozone (Figure 7).

Description: The benthonic index fossils of the Late Aptian (Mesorbitolina parva and M. texana) 
biozones (Velić, 2007; Ogg and Ogg, 2008; Schroeder et al., 2010; Figure 7) are not present in the studied 
sections. We therefore suggest the S. capitata interval zone as index zone for the Late Aptian. Besides 
the FOs of the two marker species, this biozone is characterized by the last occurrences (LOs) of 
Voloshinoides murgensis, Pseudocyclammina vasconica and Ammobaculites celatus. Moreover, the S. capitata 
Zone is associated with rich assemblages of the following wide ranging species: Charentia cuvillieri, 
Dukhania conica, Praechrysalidina infracretacea, Sabaudia minuta, Sabaudia auruncensis, Vercorsella arenata, 
Vercorsella immaturata, Rumanoloculina robusta, Pseudonummoloculina aurigerica (Figures 7 and 9).

Correlation: The Late Aptian S. capitata interval zone is equivalent to the stratigraphic range of both 
Mesorbitolina parva and M. texana biozones (Schroeder et al., 2010) of the Arabian Platform.

Age and Occurrence: The S. capitata interval zone comprises a Late Aptian interval in the northern 
part of the Coastal Range (SY Section). It is represented by 30 m thick shallow-marine limestones 
intercalating with green marls and dolomites and occurs in units 5 and 6, respectively the upper Bab 
Janneh Formation (Figure 7).



98

Ghanem and Kuss

R
ot

al
ip

or
a 

re
ic

he
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

P-Zonal 
Markers
(Ogg and 
Ogg, 2008)

Biozones 
(Premoli Silva and

Verga, 2004) Biozones 
Fo

rm
at

io
n

H
et

er
oh

el
ix

 m
or

em
an

W. archaeocretacea (Wa.)

R.
cushmani

(Rc.)

(Wa.)

(Wa.)

(Rc.)

R. reicheli (Rr.)

(Rc.)

(Ra.)

(Rr.)

(Rr.)
(Rg.)

R.
globotruncanoides (Rg.)

(Rg.)

(Tpr.)

(Ra.)

Dicarinella
 algeriana

R. appenninica (Ra.)

A
ge

 (M
a)

St
ag

e
Su

bs
ta

ge

Stratigraphic Range

Planktonic Foraminifera (Coastal Range)

Rotalipora 
greenhornensis 

C
en

om
an

ia
n

Tu
ro

ni
an

93.5

95

100

E

M

L

L

A
lb

ia
n

M
ur

ic
oh

ed
be

rg
el

la
 s

im
pl

ex

99.6

R. reicheli 

R. green-
hornensis 

Dicarinella
 algeriana

R.
globotrun-
canoides 

SN

A
ra

m
o

H
an

na
fiy

ah
B

ab
 A

bd
al

la
h

S
le

nf
eh

A
in

 E
lb

ei
da

B
la

at
ah

R. appe-
nninica 

N
ez

za
za

ta
 s

im
pl

ex

P
se

ud
ed

om
ia

 
dr

or
im

en
si

s

Fl
ab

el
la

m
m

in
a 

al
ex

an
dr

i

Bio-
zones Benthonic Foraminifera (Coastal Range)

Vr. = Vidalina radoicicae
Cg.= Chrysalidina gradata

C
un

eo
lin

a 
sl

ite
ri

H
em

ic
yc

la
m

m
in

a 
si

ga
li

C
un

eo
lin

a 
pa

rv
a

C
un

eo
lin

a 
pa

vo
ni

a

D
eb

er
in

a 
ha

ho
un

er
en

si
s

Vo
lo

sh
in

oi
de

s 
m

ur
ge

ns
is

S
ab

au
di

a 
ca

pi
ta

ta

? 
M

es
or

bi
to

lin
a 

su
bc

on
ca

va

99.6

A
pt

ia
n

L

St
ag

e

Su
b-

st
ag

e

M

E

L

M

E

L

M

E

Vr
.

C
g.

N
ez

za
za

tin
el

la
 p

ic
ar

di

South

North

North

Macrofauna
(Sornay et al., 2001; 

Krasheninnikov et al., 2005)
E

or
ad

io
lit

es
 s

yr
ia

cu
s

In
oc

er
am

us
 ly

nc
hi

A
m

ph
id

on
ta

 c
ol

um
ba

M
an

te
lli

ce
ra

s 
m

an
te

lli
N

ei
th

ea
 q

ui
nq

ue
co

st
at

a

S
ha

rp
ei

ce
ra

s 
la

tic
la

vi
um C

la
yc

oc
er

as
 n

av
ic

ul
ar

e
C

. a
la

ou
ite

ns
e

A
m

ph
id

on
ta

 c
an

al
ic

ul
at

a
A

. a
fri

ca
na

A
rc

to
tre

a 
ca

rin
at

a
C

er
at

os
tre

a 
ol

is
ip

on
en

si
s

N
ei

th
ea

 la
ev

is
N

. s
ha

w
i

A
ca

nt
ho

ce
ra

s 
rh

ot
om

ag
en

se A
. b

re
is

tro
ffe

ri
Tu

rr
ili

te
s 

co
st

at
us

 E
uo

m
ph

al
oc

er
as

 m
er

id
io

na
le

  

  H
em

is
ta

r k
fo

ur
en

si
s 

C
er

at
os

tre
on

 fl
ab

el
la

tu
m

E
uc

al
yc

oc
er

as
 p

al
ae

st
in

en
si

s

N
eo

st
lig

oc
er

as
 c

ar
ci

ta
ne

ns
is

M
ar

ie
lla

 le
w

es
ie

ns
is

M
ur

ic
oh

ed
be

rg
el

la
 d

el
rio

en
si

s

C
en

om
an

ia
n

A
lb

ia
n

112

125

M
es

or
bi

to
lin

a 
su

bc
on

ca
va

 
P

re
al

ve
ol

in
a 

ib
er

iq
a 

N
eo

ira
qi

a 
co

nv
ex

a 
S

ab
au

di
a 

ca
pi

ta
ta

 
P

se
ud

oc
yc

la
m

m
in

a 
 v

as
co

ni
c

North

North

SouthNorth

R
ot

al
ip

or
a 

ap
pe

nn
in

ic
a

P
ra

eg
lo

bo
tru

nc
an

a 
de

lri
oe

ns
is

R
ot

al
ip

or
a 

gl
ob

ot
ru

nc
an

oi
de

s

S
ch

ac
ko

ni
a 

bi
co

rn
is

E Tu
r.

S
ab

au
di

a 
au

ru
nc

en
si

s

Helvetoglobotruncana 
helvetica (Hh.) (Hh.)

(Hh.)

North
North

(Wa.)

(Hh.)

M
ac

ro
gl

ob
ig

er
in

el
lo

id
es

 u
ltr

am
ic

ru
s

M
ac

ro
gl

ob
ig

er
in

el
lo

id
es

 c
as

ey
i

Lo
eb

lic
he

lla
 h

es
si

Fa
vu

se
lla

 w
as

hi
te

ns
is

M
ur

ic
oh

ed
be

rg
el

la
 p

la
ni

sp
ira

M
ac

ro
gl

ob
ig

er
in

el
lo

id
es

 b
en

to
ne

ns
is

R
ot

al
ip

or
a 

ga
nd

ol
fii

R
ot

al
ip

or
a 

m
on

ts
al

ve
ns

is

Ti
ci

ne
lla

 p
rim

ul
a 

(T
pr

.)
Ti

ci
ne

lla
 ra

yn
au

d

Ti
ci

ne
lla

 p
ra

et
ic

in
en

si
s

R
ot

al
ip

or
a 

m
ic

he
li

South
South

D
ic

ar
in

el
la

 a
lg

er
ia

na
W

hi
te

in
el

la
 a

pr
ic

a
H

et
er

oh
el

ix
 re

us
si

W
hi

te
in

el
la

 b
rit

to
ne

ns
is

W
hi

te
in

el
la

 p
ar

ad
ub

ia
W

hi
te

in
el

la
 p

ra
eh

el
ve

tic
a

W
hi

te
in

el
la

 a
rc

ha
eo

cr
et

ac
ea

W
hi

te
in

el
la

 a
um

al
en

si
s

W
hi

te
in

el
la

 b
al

tic
a

Ve
rc

or
se

lla
 s

ca
rs

el
la

i
Ve

rc
or

se
lla

 im
m

at
ur

at
a

S
ab

au
di

a 
m

in
ut

a

D
er

ve
nt

in
a 

fil
ip

es
cu

i

Fi
sc

he
rin

a 
ca

nn
at

a

P
se

ud
on

um
m

ol
oc

ul
in

a 
au

rig
er

ic
a

P
ra

ec
hr

ys
al

id
in

a 
in

fra
cr

et
ac

ea
R

um
an

ol
oc

ul
in

a 
ro

bu
st

a

Ve
rc

or
se

lla
 a

re
na

ta
D

uk
ha

ni
a 

co
ni

ca

M
ar

so
ne

lla
 tu

rr
is

Va
lv

ul
am

m
in

a 
sp

.

N
ez

za
za

ta
 is

ab
el

la
e

C
ha

re
nt

ia
 c

uv
ill

ie
ri

M
es

or
bi

to
lin

a 
te

xa
na

R
ec

to
di

ct
yo

co
nu

s 
cf

. g
ig

an
te

us

A
m

m
ob

ac
ul

ite
s 

ce
la

tu
s

Ps
eu

do
cy

cl
am

m
in

a 
va

sc
on

ic
a

C
os

ki
no

lin
el

la
 c

f. 
sa

nt
an

de
re

ns
is

H
en

so
ni

na
 le

nt
ic

ul
ar

is
P

en
er

op
lis

  p
ar

vu
s

A
nd

am
oo

ki
a 

sp
.

D
ic

ty
oc

on
us

 s
p. C

os
ki

no
lin

el
la

 n
av

ar
re

ns
is

D
ic

yc
lin

a 
qa

ta
re

ns
is

N
ez

za
za

ta
 g

yr
a

N
ez

za
za

ta
 c

on
ic

a

R
ot

al
ia

 m
es

og
ee

ns
is

B
ic

on
ca

va
 b

en
to

ri

P
ra

ea
lv

eo
lin

a 
ib

er
ic

a

P
se

ud
ol

itu
on

el
la

 re
ic

he
li

P
se

ud
on

um
m

ol
uc

ul
in

a 
he

im
i

B
ip

la
na

ta
 p

en
er

op
lif

or
m

is

P
se

ud
or

ha
py

di
on

in
a 

du
bi

a

P
al

eo
si

gm
oi

lo
ps

is
 a

pe
nn

in
ic

a

O
va

lv
eo

lin
a 

cr
as

sa

S
pi

ro
lo

cu
lin

a 
ce

no
m

an
a

O
va

lv
eo

lin
a 

m
ac

ca
gn

oa
e

S
el

lia
lv

eo
lin

a 
qu

in
ta

ne
ns

is

S
el

lia
lv

eo
lin

a 
vi

al
lii

N
um

m
ol

oc
ul

in
a 

re
gu

la
ris

M
er

lin
gi

na
 c

re
ta

ce
a

C
hr

ys
al

id
in

a 
gr

ad
at

a

N
um

m
of

al
lo

tia
 a

pu
la

Le
nt

ic
ul

in
a 

cf
. m

ue
ns

te
ri

A
m

m
ov

er
te

lli
na

 c
f. 

pr
im

a
P

se
ud

or
hi

pi
di

on
in

a 
ca

se
rta

na

S
el

lia
lv

eo
lin

a 
gu

tz
w

ill
er

i

O
rb

ito
lin

a 
se

fin
i

Vi
da

lin
a 

ra
do

ic
ic

ae

“T
ab

er
in

a”
 b

in
gi

st
an

i
Tr

oc
ho

sp
ira

 a
vn

im
el

ec
hi

C
ox

ite
s 

zu
ba

ire
ns

is

A
m

m
oc

yc
lo

lo
cu

lin
a 

er
ra

tic
a

Le
nt

ic
ul

in
a 

cf
. r

ot
ul

at
a

D
ic

yc
lin

a 
sa

m
po

i

? 
M

on
ts

ec
hi

an
a 

sp
.

S
el

lia
lv

eo
lin

a 
(P

se
ud

ed
om

ia
) d

ro
rim

en
si

s

Dolomite Hiatus 

Basalt

Foraminifera Occurrence

North Coastal Range

South Coastal Range

MFS

Total Range

H
et

er
oh

el
ix

 g
lo

bu
lo

sa

MFS K131S

MFS K130

MFS K141S

MFS K121S

MFS K140

MFS K120

MFS K110

MFS K100

MFS K82S

MFS K81S

MFS K80

MFS K121S

MFS K120

MFS
K141S

MFS K140

MFS K130

MFS
K131S

MFS K110
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Figure 8: Benthonic foraminifera of the Early Aptian Pseudocyclammina vasconica Zone (as = axial 
section; sas = subaxial section; es = equatorial section; ses = subequatorial section; ob = oblique section; 
ts = transversal section; ls = longitudinal section). 
(1 and 2) Praechrysalidina infracretacea, (1) [ls], (2) [es] (Ain Tina). (3) Hemicyclammina sp., [es] (Sayno). 
(4, 5 and 6) Pseudocyclammina vasconica, (4) [as], (5) [sls], (6) [es] (Sayno). 
(7 and 8) Ammobaculites celatus, (7) [ls], (8) [as] (Sayno). (9) Nezzazatinella sp.?, [ses] (Sayno). 
(10) Vercorsella sp., [os] young megalospheric form (Sayno). (11) Pseudorhapydionina sp.?, [ses] (Sayno). 
(12, 16 and 17) Charentia cuvillieri, (12) [sas], (16) [as], (17) [es] (Sayno). 
(13) Voloshinoides cf. murgensis, [ses] (Sayno). 
(14) Sabaudia capitata, [os] young megalospheric form (Sayno). (15) Dukhania conica, [ls] (Sayno). 
(18) Vercorsella cf. immaturata, [os] young megalospheric form (Sayno). 
(19) Sabaudia auruncensis, [os] young megalospheric form (Sayno). 
(20) Pseudonummoloculina aurigerica, [as] (Sayno). 
(21 and 22) Rumanoloculina robusta, [as] (Sayno). (23) miliolid indet., [sas] (Sayno). 
(24) Cuneolina sp., [os] young megalospheric form (Sayno). 
(25) Vercorsella arenata, [os] young megalospheric form (Sayno).
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Figure 9: Benthonic foraminifera of the Late Aptian Assemblage Zone (as = axial section; sas = subaxial 
section; es = equatorial section; ses = subequatorial section; ob = oblique section; ts = transversal 
section; ls = longitudinal section). 
(1 and 2) Nezzazatinella picardia, (1) [as], (2) [sas] (Sayno). (3) Voloshinoides cf. murgensis, [sas] (Sayno). 
(4) Cuneolina sliteri, [sas] (Sayno). (5) Pseudonummoloculina aurigerica, [sas] (Sayno).
(6 and 7) Vercorsella scarsellai, [os] young megalospheric form (Sayno). 
(8) Vercorsella arenata, [os] young megalospheric form (Sayno). (9) Derventina filipescui, [sas] (Sayno). 
(10) Praechrysalidina infracretacea, [ls] (Sayno). 
(11, 12 and 13) Vidalina cf. radoicicae, (11) [ses], (12, 13) [sas] (Sayno). 
(14) Nezazzata sp., [es] (Sayno).

Early Albian Mesorbitolina subconcava range zone
Diagnosis: This biozone spans the total range of Mesorbitolina subconcava (Velić, 2007; Schroeder et al., 
2010; Ghanem et al., 2012).

Description: The following Early Albian index taxa, such as Mesorbitolina texana, Cuneolina 
sliteri, C. pavonia, C. parva, Dukhania conica, Praechrysalidina infracretacea, Flabellammina alexandri, 
Hemicyclammina sigali, Sabaudia minuta, Nezzazata simplex, N. isabellae, Vercorsella arenata, V. immaturata 
and Nezzazatinella picardi as well as some miliolids, Dictyoconus sp. and different Orbitolina spp. occur 
in the Mesorbitolina subconcava Zone (Figures 7 and 10).

Correlation: The benthonic foraminifera assemblage described coincides with the Mesorbitolina 
subconcava Biozone of South Pamyrides after Ghanem et al. (2012) and the same zone in the Adriatic 
Platform (Velić, 2007) (Figure 7).

Age and Occurrence: The M. subconcava Zone comprises the Early to Middle Albian (Simmons et al., 
2000; Velić, 2007; Ghanem et al., 2012). The M. subconcava Biozone is evident in 65-m-thick limestones 
(units 7–10) of the Ain Elbeida Formation. It occurs in the SY Section, northern part of the North CR 
(Figure 3).
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Figure 10 (facing page): Benthonic foraminifera of the Early Albian Mesorbitolina subconcava 
Zone (as = axial section; sas = subaxial section; es = equatorial section; ses = subequatorial section; 
ob = oblique section; ts = transversal section; ls = longitudinal section). 
(1, 2 and 3) Flabellammina cf. alexanderi, (1 and 3) [es], (2) [as] (Sayno). 
(4) Peneroplis sp.?, [es] (Sayno). (5 and 6) Sabaudia capitata, [as] (Sayno). 
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(Figure 10 caption continued from facing page): 
(7) Sabaudia minuta, [as] (Sayno). (8 and 9) Debrina hahounerensis, (8) [es], (9) [as] (Sayno). 
(10) Orbitolina (Ms) cf. texana, [as] through a megalospheric form (Sayno). 
(11) Derventina filipescui, [as] (Sayno). (12) Nezazzatinella icardi, [sas] (Sayno). 
(13) Cuneolina parva, [os] through a young megalospheric form (Sayno). 
(14) Nezazzata isabellae, [es] (Sayno). (15) Vercorsella sp., [as] (Sayno). 
(16, 17 and 18) Cuneolina sliteri, [os] through a young megalospheric form (Sayno). 
(19) Voloshinoides sp., [os] through a young megalospheric form (Sayno). 
(20 and 21) Vecorsella immaturata, (20) [as], (21) [ts] (Sayno). (22) Vecorsella arenata, [as] (Sayno). 
(23) Dictyoconus sp.?, [as] (Sayno). (24) Nezazzatinella sp., [sas] (Sayno). 
(25) Rumanoloculina robusta, [as] (Sayno). (26) Orbitolina sp., [as] through a megalospheric form (Sayno). 
(27) Hemicyclamina sigali, [es] (Sayno).

Late Albian Neoiraqia convexa taxon-range zone
Diagnosis: Total range zone of zonal marker (Velić, 2007; Ghanem et al., 2012).

Description: The base of this biozone is defined by the FO of the zonal marker and of Andamookia 
sp. and the LOs of Cuneolina sliteri, Hemicyclammina sigali, Debarina hahounerensis, Nezzazata isabellae, 
Mesorbitolina texana, M. subconcava, Flabellammina alexandri and Rectodictyoconus sp. The top of this 
biozone corresponds to the FO of the following Early Cenomanian species: Praealveolina iberica, 
Pseudolituonella reicheli, Biconcava bentori and Nezzazata conica. Additional taxa within that biozone are: 
Coskinolinella navarrensis, C. santanderensis and Hensonina lenticularis. Moreover, further taxa of wide 
stratigraphic range occur such as: Dukhania conica, Praechrysalidina infracretacea, Nezzazata simplex, 
Nezzazatinella picardi, Cuneolina pavonia, C. parva, Vercorsella arenata, V. immaturata, Derventina filipescui, 
Spiroloculina sp., Rumanoloculina cf. robusta, Fischerina sp., Sabaudia minuta, Bolivinobsis sp., Vercorsella 
sp., Vidalina sp., Voloshinoides sp. and few miliolids (Figures 7 and 11).

Correlation: The Neoiraqia convexa Biozone is equivalent to both biozones: Valdanchella dercourti partial 
range zone and Neoiraqia taxon-range zone of Velić (2007). It is delineated by the overlapping ranges 
of co-occurring species (Loeblich and Tappan, 1988; Velić, 2007; Figure 7).

Age and Occurrence: In the North CR this biozone occurs in restricted shallow marine limestones of 
the upper Ain Elbeida Formation (units 10–16). The interval is composed of ca. 42 m thick limestones, 
marly limestones and dolomitic limestones in the SY Section and of 53 m thick limestones and 
dolostones in the SL Section.

Early Cenomanian Praealveolina iberica interval zone
Diagnosis: Total range zone of the zonal marker. Furthermore, this biozone is determined by the 
range between the FO of Praealveolina iberica and the FO of Chrysalidina gradata, Selliaveolina gutzwilleri, 
(Ogg and Ogg, 2008; Vicedo et al., 2011; Ghanem et al., 2012).

Description: Besides the zonal marker, additional foraminifera (known as Early Cenomanian index 
taxa) occur, such as: Nezzazata gyra, N. conica, Biconcava bentori, Ovalveolina crassa, Selliaveolina viallii, 
S. quintanensis, Peneroplis parvus, Biplanata peneropliformis, Dicyclina qatarensis, Pseudonummoloculina 
heimi, Pseudorhapydionina dubia and Pseudolituonella reicheli. They co-occur with some wide range 
species: Nezzazata simplex, Cuneolina pavonia, C. parva, Nezzazatinella picardi, Nummoloculina sp., 
Fischerina sp., Marsonella sp. and miliolids div. spp. (Figures 7 and 12).

Correlation: This biozone is equivalent to the Praealveolina iberica Biozone in the South Palmyrides 
proposed by Ghanem et al. (2012); it also coincides with the Conicorbitolina conica/Conicorbitolina 
cuvillieri range zone of the Adriatic Platform of Velić (2007).

Age and Occurrence: The Praealveolina iberica interval zone spans the restricted Early Cenomanian 
shallow marine carbonates of the uppermost Ain Elbeida to Slenfeh formations (units 17–21). It is 
represented by 109 m-thick limestones in the SL Section (North CR).
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Figure 11: Benthonic foraminifera of the Late Albian Neoiraqia convexa Zone (as = axial section; 
sas = subaxial section; es = equatorial section; ses = subequatorial section; ob = oblique section; ts 
= transversal section; ls = longitudinal section). 
(1 and 33) Pseudonummoloculina aurigerica, [sas] (Sayno). 
(2, 3 and 4) Cuneolina pavonia, (2, 3) [os] through the megalospheric form (Sayno), (4) [ls] (Slenfeh). 
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Figure 12: Benthonic foraminifera of the Early Cenomanian Praealveolina iberica interval zone 
(as = axial section; sas = subaxial section; es = equatorial section; ses = subequatorial section; os = 
oblique section; ts = transversal section; ls = longitudinal section). 
(1 and 2) Praealveolina iberica, [os] (Slenfeh). 
(3, 4 and 5) Sellialveolina viallii, (3 and 4) [as], (5) [ses] (Slenfeh). 
(6, 7 and 8) Ovalveolina crassa, (6) [ses] (Sayno), (7 and 8) [ts] (Slenfeh). (9) miliolid indet., [as] (Sayno). 
(10) Fischerina cannata, [es] (Sayno). (11) Pseudolituonella reicheli, [ls] (Slenfeh). 
(12) Pseudorhipidionina dubia, [es] (Slenfeh). (13) Cuneolina parva, [os] the megalospheric form (Slenfeh). 
(14) Biconcava bentori, [sas] (Sayno). (15) Nezazzata simplex, [sas] (Sayno).

(Figure 11 caption continued from facing page):
(5) Dokhania conica, [ls] (Sayno). (6 and 7) Praechrysalidina infracretacea, (6) [ls], (7) [es] (Sayno). 
(8 and 9) Derventina filipescui, (8) [sas] (Sayno), (9) [sas] (Slenfeh). 
(10) Coskinolinella navarrensis, [os] (Slenfeh). 
(11 and 12) Sabaudia minuta, [os] through the megalospheric form (Slenfeh). 
(13) Hensonina lenticularis, [as] (Slenfeh). 
(14, 17 and 18) Spiroloculina sp., (14) [sas] (Sayno), (17) [as] (Slenfeh), (18) [es] (Sayno). 
(15 and 16) Andamookia sp., [os] (Slenfeh). (19) Rumanoloculina robusta, [sas] (Sayno). 
(20) Vecorsella sp., [os] megalospheric form (Slenfeh). (21) Coskinolinella cf. santanderensis, [os] 
(Sayno). 
(22) Nezzazata isabellae, [as] (Sayno). (23 and 24) Nezzazata simplex, (23) [as], (24) [sas] (Sayno). (25) 
Nezzazatinella picardia, [sas] (Sayno). (26) miliolid indet., [as] (Sayno). 
(27 and 28) textularid foraminifera, (27) [es], (28) [ls] (Slenfeh). (29, 30 and 31) Bolivinopsis sp., (29, 
30) [ls], (31) [es] (Slenfeh). (32) Vercorsella sp., [os] young the megalospheric form (Sayno). (34 
and 35) Vidalina sp., [es] (Slenfeh). (36 and 37) Voloshinoides sp.?, [ls] (Slenfeh). 
(38) Vecorsella arenata, [os] through the megalospheric form (Sayno).
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Figure 13: Benthonic foraminifera of the Middle Cenomanian Chrysalidina gradata partial zone 
(as = axial section; sas = subaxial section; es = equatorial section; ses = subequatorial section; os = 
oblique section; ts = transversal section; ls = longitudinal section). 
(1, 2, 3, 4 and 7) Sellialveolina gutzwilleri, (1) [as], (2, 3 and 7) [sas], (4) [ses] (Wadi Al-Haddah). 
(5, 6, 8, 9 and 10) Sellialveolina quintanensis, (5, 8 and 10) [sas], (6) [os], (9) [ses] (Wadi Al-Haddah). 
(11 and 12) Ovalveolina maccagnoae, (11) [ses] (Wadi Al-Haddah), (12) [os] (Bab Abdallah). 
(13 and 14) Nummoloculina regularis, (13) [as], (14) [ses] (Wadi Al-Haddah). 
(15 and 16) Biconcava cf. bentori, (15) [ses], (16) [ses] (Wadi Al-Haddah). 
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(Figure 13 caption continued from facing page):
(17, 18 and 19) Chrysalidina gradate, [ls] (Wadi Al-Haddah). 
(20 and 21) Dicyclina sampoi, (20) [ses], (21) [as] (Wadi Al-Haddah). 
(22) Cuneolina sp., [as] (Wadi Al-Haddah). (23 and 24) Ammovertellina cf. prima, [sas] (Wadi Al-Haddah). 
(25, 26, 27 and 29) Merlingina cretacea, (25, 29) [es], (26, 27) [os] (Wadi Al-Haddah, Bab Abdallah). 
(28 and 33) Nezazzata gyra, (28) [es], (33) [os] (Wadi Al-Haddah). 
(30) Dicyclina sp., [os] (Bab Abdallah). (31 and 32) Nezazzatinella picardi, [sas] (Wadi Al-Haddah). 
(34 and 35) miliolid indet., [sas] (Bab Abdallah, Wadi Al-Haddah). 
(36, 37 and 38) Pseudorhapydionina dubia, (36) [os] (Bab Abdallah), (37 and 38) [ses] (Wadi Al-Haddah). 
(39 and 40) Spiroloculina cenomana, [as] (Wadi Al-Haddah).

Middle Cenomanian Chrysalidina gradata partial range zone
Diagnosis: Interval range of the zonal marker to the FO of Vidalina radoicicae.

Description: This biozone is defined by the FO of the index fossil Chrysalidina gradata, associated 
with a rich assemblage of further Cenomanian benthonic foraminifera like Selliaveolina gutzwilleri, 
Ovalveolina maccagnoae, Merlingina cretacea, Nummoloculina regularis, Nezzazata gyra, N. simplex, N. 
conica, Biconcava bentori, Biplanata peneropliformis, Orbitolina sefini, Dicyclina qatarensis, Nummofallotia 
apula, Peneroplis parvus, Pseudonummoloculina heimi, Pseudorhipidionina casertana, Pseudorhapydionina 
dubia, Spiroloculina cenomana and Rotalia mesogeensis. These species co-occur with some wide range 
species: Cuneolina pavonia, C. parva, Nezzazatinella picardi, Valvulammina sp., Marsonella sp. and 
miliolids div. sp. (Figures 7 and 13).

Correlation: The described biozone correlates with the Chrysalidina gradata partial range zone and 
the Broeckinella (Pastrikella) balcanica Zone of the Adriatic Platform described by Velić (2007). It also 
correlates with the mid-Cenomanian marker species of the Tethyan realm of Gradstein et al. (2012). 
This biozone is comparable with the lower part of Selliaveolina (Pseudedomia) drorimensis range zone in 
the South Palmyrides (Ghanem et al., 2012; Figure 7).

Age and Occurrence: The Middle Cenomanian Chrysalidina gradata partial range zone is determined 
by the FO of Chrysalidina gradata to the FO Vidalina radoicicae (Ogg and Ogg, 2008). This biozone is 
represented by 76 m thick marly limestones of the Hannafiyah Formation in the AH Section (units 
22–24) and by a ca. 80 m-thick succession of limestones, intercalated with marls and dolostones in the 
SB Section (60 m of Slenfeh Formation and 20 m of Bab Abdallah Formation units 22–25) (Figure 4).

Late Cenomanian Vidalina radoicicae range zone
Diagnosis: Total range zone of the zonal marker.

Description: The Vidalina radoicicae Biozone is delineated by the total range of the zonal marker 
together with Selliaveolina drorimensis and “Taberina” bingistani, originally described from Tethyan 
carbonate platforms (Loeblich and Tappan, 1988; Velić, 2007). This biozone is associated with several 
other benthonic taxa like: Orbitolina sefini, Dicyclina sampoi, D. qatarensis, Biplanata peneropliformis, 
Pseudorhapydionina dubia, Pseudorhipidionina casertana, Montsechiana sp.?, Chrysalidina gradata, 
Nummofallotia apula, Spiroloculina cenomana, Ammocycloloculina erratica, Trochospira avnimelechi, 
Nezzazata gyra, N. conica, Nezzazatinella picardi, Biconcava bentori, Lenticulina cf. rotulata, L. cf. muensteri 
Pseudonummoloculina heimi, Nummoloculina regularis, Cuneolina pavonia, C. para and miliolids div. sp. 
(Figures 7 and 14).

Correlation: The Vidalina radoicicae range zone correlates with the same zone of the Adriatic Platform 
(compare Velić, 2007).

Age and Occurrence: According to Velić (2007), the Vidalina radoicicae Biozone comprises the Upper 
Cenomanian. It is identified within a 35 m-thick succession of marls and limestones of the Hannafiyah 
Formation (AH Section units 24–27), within 110 m of marls, dolostones and limestones of the 
Hannafiyah Formation (MT Section, Figure 4) and within 15 m of marly limestones and limestones of 
Bab Abdallah Formation of the SB Section (units 26–27).
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Planktonic Foraminifera Biostratigraphy

Planktonic foraminifera occur with changing frequencies in units 12 to 26 of the SL, AH and MT 
sections. The high variety of planktonic foraminifera permits defining six biozones (with two 
subzones), based on the first (FO) and last occurrence (LO) of several index taxa. They range from 
latest Albian to Early Turonian and are well comparable to the standard global assemblages of 
planktonic foraminifera (Premoli Silva and Verga, 2004; Ogg and Ogg, 2008).

Latest Albian Rotalipora appenninica Zone
Diagnosis: Interval zone of Rotalipora appenninica.

Description: The marly limestones of that biozone are characterized by the FO of Rotalipora 
appenninica, associated with the Late Albian index species such as Muricohedbergella albiana, Ticinella 
raynaudi and T. madecassiana (Premoli Silva and Verga, 2004, Premoli Silva et al., 2009). Those co-occur 
with some wide range species: Muricohedbergella planispira, Heterohelix moremani, Rotalipora gandolfii, 
Macroglobigerinelloides ultramicrus and Favusella washitensis (Figures 7 and 15).

Correlation: The described assemblage holds several index species of the Rotalipora appenninica Zone 
(Premoli Silva and Verga, 2004; Ogg and Ogg, 2008).

Age and Occurrence: Premoli Silva and Verga (2004) and Gradstein et al. (2012) attributed a latest 
Albian age for that biozone. In the present study, the Rotalipora appenninica Biozone occurs in a 
50-m-thick succession of marly limestones, limestones and dolostones, corresponding with units 12–16 
of the Ain Elbeida Formation in the SL Section (Figure 3).

Figure 14 (facing page): Benthonic foraminifera of the Late Cenomanian Vidalina radoicicae range 
zone (as = axial section; sas = subaxial section; es = equatorial section; ses = subequatorial section; 
os = oblique section; ts = transversal section; ls = longitudinal section). 
(1 and 2) Sellialveolina drorimensis, (1) [es], (2) [sas] (Al-Meten). 
(3 and 4) Chrysalidina gradata, [ls] (Al-Meten). 
(5, 6, 7 and 9) Orbitolina sefini, (5, 6) [as], (7) [os], (9) [sas] (Wadi Al-Haddah). 
(8) “Taberina” bingistani, [ses] (Wadi Al-Haddah). 
(10) Peneroplis parvus, [es](Al-Meten, Wadi Al-Haddah). 
(11) Coxites zubairensis, [sas] (Al-Meten). (12) Binconcava bentori, [sas] (Al-Meten, Wadi Al-Haddah, 
Slenfeh/Bab Abdallah). 
(13, 21 and 22) Merlingina cretacea, (13) [sas], (21) [es], (22) [as] (Al-Meten, Wadi Al-Haddah). 
(14) Montsechiana sp.?, [es] (Slenfeh/Bab Abdallah). 
(15, 16, 44 and 45) Pseudorhipidionina casertana, (15) [es], (16) [as], (44, 45) [os] (Wadi Al-Haddah). 
(17 and 18) Dicyclina sp., (17) [ses], (18) [sas], (Slenfeh/ Bab Abdallah). 
(19) Ammocycloloculina erratica, [sas] (Al-Meten). 
(20, 48, 49 and 50) Dicyclina qatransis, (20) [sas], (48, 50) [as], (49) [ses] (Al-Meten). 
(23, 24 and 32) Nezzazata gyra, (23, 24) [sas] (Wadi Al-Haddah), (32) [sas] (Al-Meten). 
(25 and 26) Pseudolituonella reicheli, (25) [ls], (26) [as] (Wadi Al-Haddah). 
(27) Trochospira avnimelechi, [ses] (Slenfeh/ Bab Abdallah). 
(28) Lenticulina cf. rotulata, [sas] (Wadi Al-Haddah). 
(29 and 30) Lenticulina cf. muensteri, (29) [sas], (30) [es] (Bab Abdallah). 
(31) Lenticulina sp., [sas] (Wadi Al-Haddah). (33) Nezzazata conica, [sas] (Al-Meten). 
(34) Nezzazatinella picardi, [as] (Slenfeh/Bab Abdallah). (35) Nezzazata sp., [as] (Wadi Al-Haddah). 
(36 and 37) Nummofallotia cf. apula, (36) [os], (37) [es] (Al-Meten). 
(38) Pseudonummoloculina heimi, [es] (Al-Meten). 
(39, 40 and 41) Biplanata peneropliformis, [as]. 
(42 and 43) Pseudorhapydionina cf. dubia, (42) [es], (43) [as] (Al-Meten). 
(46) miliolids indet., [as] (Al-Meten). (47) Vidalina radoicicae, [es] (Al-Meten).
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Early Cenomanian Rotalipora globotruncanoides Zone
Diagnosis: Interval zone comprising the range between the FO of the zonal marker to the FO of 
Rotalipora reicheli.

Description: The following planktonic foraminifera co-occur together with the zonal marker: 
Rotalipora globotruncanoides, R. gandolfii, R. montsalvensis, Macroglobigerinelloides ultramicrus, M. 
“caseyi”, Heterohelix moremani, Muricohedbergella planispira and Praeglobotruncana delrioensis (Premoli 
Silva and Verga, 2004; Premoli Silva, et al., 2009; Figures 7 and 16).

Correlation: The described Rotalipora globotruncanoides Zone of the Coastal Range correlates with the 
same zone of the standard global planktonic foraminifera (Premoli Silva and Verga, 2004; Ogg and 
Ogg, 2008).
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Figure 15: Planktonic foraminifera of latest Albian Rotalipora appenninica Zone (as = axial section; 
sas = subaxial section; ts = transversal section). 
(1) Ticinella madecassiana, [as] (SL). (2 and 10) Muricohedbergella planispira, [as] (SL). 
(3) Ticinella praeticinensis, [as] (SL). (4) Ticinella raynaudi, [sas] (SL). 
(5 and 12) Favusella washitensis, [as] (SL). (6) Heterohelix moremani, [ts] [as] (SL). 
(7) Macroglobigerinelloides ultramicrus, [as] (SL). (8) Muricohedbergella albiana, [as] (SL). 
(9 and 11) Muricohedbergella sp., [sas] (SL).
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Age and Occurrence: The Rotalipora globotruncanoides Zone corresponds to the Early Cenomanian 
(Premoli Silva and Verga, 2004; Ogg and Ogg, 2008). This biozone is evident in 79 m thick marly 
limestones, alternating with limestones and dolomites of units 17–19 and the lower part of unit 20 of 
the Slenfeh Formation in the SL and SB sections.

Middle Cenomanian Rotalipora reicheli Zone
Diagnosis: Total range zone of the zonal marker (Ogg and Ogg, 2008).

Description: This biozone is delineated by Rotalipora reicheli, associated with R. montsalvensis, 
R. appenninica, R. micheli, R. globotruncanoides, Macroglobigerinelloides”caseyi”, M. ultramicrus, M. 
bentonensis, Heterohelix moremani, Praeglobotruncana delrioensis, Muricohedbergella planispira M. simplex, 
M. delrioensis, Loeblichella hessi and Schackoina bicornis (Premoli Silva and Verga, 2004; Premoli Silva et 
al., 2009) (Figures 7 and 17).

Correlation: The Rotalipora reicheli Biozone in the Syrian CR correlates with the standard global zone, 
defined by Premoli Silva and Verga (2004) and Ogg and Ogg (2008) (Figure 7).

Age and Occurrence: This biozone was attributed to the early Middle Cenomanian according to 
Premoli Silva and Verga (2004) and Ogg and Ogg (2008). The Rotalipora reicheli Biozone appears in 24 
m thick marly limestones in the upper part of Slenfeh Formation (unit 21 of the SB Section). It also 
occurs in 13 m thick chalky limestones of unit 21 of Hannafiyah Formation (lower part of the AH 
Section).

Middle to Late Cenomanian Rotalipora cushmani Zone
The R. cushmani total range zone corresponds to the upper Middle to Late Cenomanian (Premoli Silva 
and Verga, 2004; Ogg and Ogg, 2008). This biozone contains two subzones: Rotalipora greenhornensis 
Subzone and Dicarinella algeriana Subzone, both defined by Premoli Silva and Verga (2004) (Figure 7).
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Figure 16: Planktonic foraminifera of Early Cenomanian Rotalipora globotruncanoides Zone 
(as = axial section; sas = subaxial section; ts = transversal section). 
(1) Rotalipora cf. globotruncanoides, [as] (SB). (2) Heterohelix moremani, [ts] (SB). 
(3) Praeglobotruncana cf. delrioensis, [as] (SB). (4) Rotalipora montsalvensis, [sas] (SL). 
(5) Muricohedbergella delrioensis, [sas] (SL). (6) Rotalipora gandolfi, [sas] (SL).
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(a) late Middle Cenomanian Rotalipora greenhornensis Subzone
Diagnosis: Interval subzone ranging from the FO of Rotalipora greenhornensis and R. cushmani to the 
FO of Dicarinella algeriana.

Description: the Rotalipora greenhornensis Subzone is delineated by the sub-zonal marker together with 
R. cushmani, associated with R. montsalvensis, R. appenninica, Muricohedbergella planispira, M. simplex, 
Heterohelix moremani, Praeglobotruncana delrioensis, Macroglobigerinelloides bentonensis, M. ultramicrus 
and Loeblichella hessi (Premoli Silva and Verga, 2004; Premoli Silva et al., 2009) (Figures 7 and 18).

Correlation: This subzone correlates with the Middle Cenomanian part of R. cushmani Zone of Premoli 
Silva and Verga (2004) and Ogg and Ogg (2008), equivalent to the Rotalipora greenhornensis Subzone 
after Premoli Silva and Verga (2004).
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Figure 17: Planktonic foraminifera of early Middle Cenomanian Rotalipora reicheli Zone (as = axial 
section; sas = subaxial section; es = equatorial section; ts = transversal section). 
(1, 8, 9 and 11) Rotalipora reicheli, (1, 9, 11) [as] (AH), (8) [es] (SB). 
(2 and 6) Rotalipora appenninica, [as] (AH). (3) Schackoina bicornis, [sas] (AH). 
(4) Heterohelix moremani, [ts] (AH). (5) Macroglobigerinelloids caseyi, [as] (AH). 
(7) Macroglobigerinelloids ultramicrus, [es] (AH). (10) Muricohedbergella delrioensis, [as] (SB).
(12) Praeglobotruncana delrioensis, [as] (SB).
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Age and Occurrence: The Rotalipora greenhornensis Subzone indicates the late Middle Cenomanian age 
(Premoli Silva and Verga, 2004). It occurs in 47 m of chalky limestones with chert and dolostones from 
the uppermost part of unit 21 to unit 24 of Hannafiyah Formation in the AH Section. This subzone is 
also present in units 22–25 of Slenfeh Formation and Bab Abdallah Formation of the SB Section.

(b) Late Cenomanian Dicarinella algeriana Subzone
Diagnosis: This subzone comprises the range between the FO of the Dicarinella algeriana to the FO of 
Whiteinella archaeocretacea or the LO of Rotalipora cushmani.

Description: The FO of Dicarinella algeriana is accompanied by the gradual disappearance of the genus 
Rotalipora to the end of this subzone and by the diversification of the genus Whiteinella, including 
W. baltica, W. aprica, W. paradubia, W. praehelvetica, W. aumalensis, associated with W. brittonensis, 
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Figure 18: Planktonic foraminifera of late Middle Cenomanian Rotalipora greenhornensi Subzone 
(Rotalipora cushmani Zone) (as = axial section; sas = subaxial section; ts = transversal section). 
(1) Rotalipora greenhornensis, [as] (SB). (2) Muricohedbergella delrioensis, [as] (SB). 
(3) Heterohelix moremani, [ts] (SB). (4) Rotalipora cushmani, [as] (AH). 
(5 and 6) Loeblichella hessi, (5) [as], (6) [sas] (AH). (7 and 10) Muricohedbergella simplex, [as] (AH). 
(8) Muricohedbergella planispira, [as] (AH). (9) Rotalipora montsalvensis, [sas] (SB). 
(11) Rotalipora appenninica, [as] (AH). (12) Rotalipora sp., [as] (SB).



114

Ghanem and Kuss

1 2 3 4

5 6 7 8

9 10 11 12

13 14 15 16

17 18 19

21 22 23

20

150    μm 150    μm

150    μm

200    μm 200    μm

200    μm200    μm

100    μm

50    μm

150    μm 50    μm200    μm

100    μm 100    μm 100    μm 100    μm

100    μm

100    μm100    μm

100    μm100    μm 50    μm

100    μm

Figure 19: Planktonic foraminifera of Late Cenomanian Dicarinella algeriana Subzone (Rotalipora 
cushmani Zone) (as = axial section; sas = subaxial section; es = equatorial section; ses = subequatorial 
section; ob = oblique section; ts = transversal section). 
(1 and 5) Dicarinella algeriana, [as] (SB). (2 and 3) Whiteinella baltica, [as] (SB). 
(4, 7 and 13) Whiteinella praehelvetica, [as] (SB). (6 and 10) Whiteinella sp., [es] (SB). 
(8) Whiteinella cf. paradubia, [sas] (AH). (9) Whiteinella brittonensis, [as] (SB). 
(11) Rotalipora cf. cushmani, [as] (AH). 
(12 and 20) Macroglobigerinelloides bentonensis, (12) [as] (SB), (20) [as] (AH). 
(14) Praeglobotruncana delrioensis, [as] (SB). (15 and 21) Heterohelix reussi, [ts] (AH). 
(16 and 19) Muricohedbergella planispira, [as] (AH, SB). 
(17) Macroglobigerinelloides ultramicrus, [as] (SB).
(18) Heterohelix moremani, [ts] (SB). 
(22) Whiteinella aprica, [as] (AH). (23) Rotalipora sp., [as] (AH).
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Heterohelix reussi, H. moremani, Rotalipora cushmani, R. montsalvensis, Muricohedbergella planispira, 
Macroglobigerinelloides bentonensis, M. ultramicrus and Praeglobotruncana delrioensis (Figures 7 and 19).

Correlation: Both, the marker species and the planktonic assemblage correlate with the upper 
Rotalipora cushmani Zone, defined by Ogg and Ogg (2008) and correlate with the Dicarinella algeriana 
Subzone according to Premoli Silva and Verga (2004).

Age and Occurrence: The Dicarinella algeriana Subzone corresponds to the Late Cenomanian (Premoli 
Silva and Verga, 2004). It occurs in units 24–27 of the Hannafiyah Formation of the AH Section and 
units 26–27 of Bab Abdallah Formation (SB Section).

Latest Cenomanian to earliest Turonian Whiteinella archaeocretacea Zone
Diagnosis: This biozone is defined by the FO of the zonal markers.

Description: This zone is delineated by Whiteinella archaeocretacea, associated with W. baltica, W. 
aprica, W. praehelvetica, Heterohelix moremani, H. reussi, Muricohedbergella planispira, M. delrioensi and 
Hedbergella sp. (Figure 20).

Correlation: This biozone coincides with the Cenomanian/Turonian Boundary interval (Ogg and 
Ogg, 2008) and was correlated with the W. archaeocretace Biozone after Premoli Silva and Verga (2004).

Age and Occurrence: The W. archaeocretacea Biozone corresponds to the latest Cenomanian to earliest 
Turonian (Premoli Silva and Verga, 2004; Ogg and Ogg, 2008). It appears in 30 m thick platy limestones 
of unit 27 of the Hannafiyah Formation, including the upper dolostones of unit 27 of Bab Abdallah 
Formation of the MT Section (Figures 4 and 20). The overlying (pelagic) limestones of the Aramo 
Formation contain Early Turonian planktonic foraminifera (Helvetoglobotruncana helvetica Zone).

Early Turonian Helvetoglobotruncana helvetica Zone
Diagnosis: This interval zone is defined in the CR by the first occurrence of Hetrohelix globolusa - the 
nominal taxon is missing.

Description: Besides Hetrohelix globolusa, the following taxa were evidenced: H. reussi. H. moremani, 
Hedbergella sp. and Muricohedbergella delrioensis (Figure 20).

Correlation: This biozone in the North CR correlates with the Helvetoglobotruncana helvetica Zone, 
defined by Premoli Silva and Verga (2004) and Gradstein et al. (2012) (Figure 7).

Age and Occurrence: The H. helevetica Biozone corresponds to the Early Turonian (Premoli Silva and 
Verga, 2004; Ogg and Ogg, 2008). It was evidenced in ca. 20 m thick white limestones of the Aramo 
Formation in the upper part of the Slenfeh Section (Figures 4 and 20).

SEQUENCE STRATIGRAPHY

The Aptian–Early Turonian succession of the Coastal Range is characterized by a cyclic organization 
of sequences/cycles at different scales. Each of these sequences/cycles and their bounding surfaces 
are interpreted to be unique chronostratigraphic units that developed through rising/falling sea 
level. The here-defined sequences are based on the lateral comparison of stratigraphic sections and 
their stacking patterns within the new high-resolution biostratigraphic framework. The applied 
genetic model of sequence stratigraphy is derived from field observations and thin section analysis. 
A multitude of high-frequency cycles and half-cycles are defined by changes of the depositional 
environments that are expressed by different facies associations.
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Figure 20: Planktonic foraminifera of latest Cenomanian–Early Turonian Whiteinella archaeocretacea 
Zone and Helvetoglobotruncana helvetica Zone (as = axial section; sas = subaxial section; es = 
equatorial section; ses = subequatorial section; ob = oblique section; ts = transversal section). 
(1 and 9) Whiteinella archaeocretacea, [as], [es] (MT). (2, 7, 11 and 18) Muricohedbergella delrioensis, [sas] (MT). 
(3) Whiteinella baltica, [as] (MT). (4 and 15) Heterohelix moremani, [ts] (MT, SB). 
(5) Whiteinella cf. praehelvetica, [sas] (MT). (6) Whiteinella aprica, [as] (MT). 
(8) Muricohedbergella planispira, [as] (MT). (10) Hedbergella sp., [ses] (AH). 
(12, 13 and 14) Heterohelix globulosa, (12, 13) [ts], (14) [es] (SB). (16) Heterohelix reussi, [ts] (SB).
(17) Muricohedbergella delrioensis, [sas] (SB).
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Comparisons with the “global sequence stratigraphy” (Hardenbol et al., 1998; Gradstein et al., 2012) 
and the “Arabian Platform sequence stratigraphy” (Sharland et al., 2001, 2004; van Buchem et al., 
2010, 2011), permitted determining eleven “Coastal Range (CR) sequences”: two Aptian second-
order sequences (ApCR1 and ApCR2), four Albian second-order sequences (AlCR1 to AlCR4) and 
five Cenomanian to Early Turonian third-order sequences (CeCR1-CeCR5). These CR sequences are 
tied by biostratigraphic criteria to the Arabian maximum flooding surfaces (MFS K) of van Buchem 
et al. (2010, 2011), to the global sequences boundaries of Gradstein et al. (2012), and to sequence 
boundaries of the neighboring South Palmyrides (Ghanem et al., 2012), Jordan (Schulze et al., 2004, 
Wendler et al., 2010) and Sinai (Bachmann et al., 2010). The vertical stacking patterns and lithologic 
characteristics (including microfacies data) support our new sequence-stratigraphic interpretations, 
including two “Syrian mfs” (MFS K81S and MFS K82S, Figures 3, 4 and 21). A major outcome of this 
study is a unified sequence-stratigraphic model, which significantly increases the chronostratigraphic 
resolution for the Aptian–Early Turonian succession of the Coastal Range (northwest Syria).

Coastal Range Sequence ApCR1 (including MFS K80)

The Upper Jurassic carbonate rocks are separated from the overlying Lower Aptian marls by a 
regional unconformity that forms the lower sequence boundary of the first Aptian Sequence of the 
Coastal Range (ApCR1). This Sequence corresponds to the lower Bab Janneh Formation (units 1–4) 
in the North Coastal Range of the SY Section and in the South CR of the WL Section. An Early Aptian 
age is confirmed by benthonic foraminifera assemblages of the long-range Pseudocyclammina vasconica 
Biozone (compare Figures 7 and 21).

Sequence ApCR1 represents two Lower Aptian shallowing/deepening-up cycles in both SY and WL 
sections (Figures 3 and 5a). The basal cycle of the SY Section represents a deepening-up trend with 
green marls (rich in bivalves and echinoids). The overlying limestones are composed of grainstones 
to packstones with bioclasts, ooids, benthonic foraminifera and green algae that are attributed to 
a shallowing-up cycle (unit 2 of the SY Section). A second shallowing/deepening-up cycle above 
correlates with a major MFS that was compared with MFS K80 of van Buchem et al. (2010), based 
on biostratigraphic correlation. Dolomite-limestone intercalations above are characterized by high-
energy microfacies (grainstones) with benthonic foraminifera, bioturbations and may thus form 
the shallowest part of Sequence ApCR1 of the SY Section. They correlate with sandy limestones/
sandstones and dolomitic limestones of the WL Section (Figures 3 and 5a).

The lower Aptian sequence boundaries Ap1 to Ap3 of Gradstein et al. (2012) coincide with the 
disconformable lower contact of ApCR1 at the Upper Jurassic–Lower Aptian boundary of the Coastal 
Range. MFS K80 of van Buchem et al. (2010) is interpreted to correlate with a layer that holds free 
specimens of Palorbitolina lenticularis (Mouty, personal communication), within the upper green marls 
of unit 3 (Figures 3 and 21).

Coastal Range Sequence ApCR2 (including MFS K81S)

The lower boundary of the ApCR2 in the North CR (SY Section) is defined by a hardground surface, 
associated with thin caliche crusts. This boundary is correlated to the global sequence boundary Ap5 
according to Gradstein et al. (2012) (Figures 3 and 21).

Sequence ApCR2 is correlated with the upper Bab Janneh Formation and the lower part of the Ain 
Elbeida Formation in the SY Section, and with the upper Bab Janneh Formation in the WL Section 
of the South Coastal Range. Up to five shallowing/deepening-up cycles can be recognized in the 
North Coastal Range (SY Section) that are comparable with only one deepening-up cycle in the South 
Coastal Range (WL Section). The lower three cycles of the SY Section are composed of fossiliferous 
green marls intercalated with thin-bedded fine- to coarse-grained limestones. The latter hold molluscs, 
ooids, bioclast and benthonic foraminifera. The shallowing-up cycles include marls and dolostones in 
the North CR. In the South CR (WL Section) fossiliferous green marls with thin sandstones prevail in 
the WL Section (Figure 3).
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Syrian MFS K81S is represented by ammonite-bearing limestones (with planktonic foraminifera) of 
the SY Section, respectively by a mollusc-rich interval of the upper green marls of the WL Section 
(Figure 3) and by marls of the lower Zbeideh Formation of the Southern Palmyrides (Figure 21). It 
correlates well with the MFS between SBs Ap5 and of Ap6 of Gradstein et al. (2012).

Mouty and Saint-Marc (1982) demonstrated a complete Late Aptian succession in the Coastal Range 
(based on echinoid-stratigraphy). However we doubt its stratigraphic completeness because of 
the prevailing shallow-water (partly dolomitic) lithologies in the upper part of Sequence ApCR2 
(Figure 21). This is supported by a major hiatus in the Palmyrids, spanning the upper texana to lower 
subconcava biozones (Ghanem et al., 2012). Consequently, we interpret a latest Aptian hiatus around 
the S. capitata – M. subconcava boundary (Figure 21) that most likely coincides with the Late Aptian 
glacio-eustatic lowstand, described by Maurer et al. (2012) from the Arabian Plate.

Coastal Range Sequence AlCR1 (including MFS K82S)

The lower boundary of Sequence AlCR1 may be erosional, as evidenced by mixing of caliche and 
syn-sedimentary karstic filling (SY Section). It is, moreover, delineated by a rapid facies change from 
a stromatolitic (laminated) and dolomitic facies (below) to intertidal/shallow subtidal limestones 
(above); the latter are attributed to a deepening-up cycle (Figure 3). In the WL Section, however, 
the lower boundary of AlCR1 is obscured by talus at outcrop. The Early Albian sequence boundary 
AlCR1 correlates well with SB Al1 of Gradstein et al. (2012), based on biostratigraphic comparisons.

Sequence AlCR1 corresponds to the lower part of the Ain Elbeida Formation in North CR and to most 
of the Blaatah Formation in the South CR. It is represented by a major deepening/shallowing-up cycle 
in both SY and WL sections. The transgressive part in the SY Section is characterized by thin-bedded 
oolithic grainstones to packstones. These limestones contain benthonic foraminifera, green algae and 
bioclasts, indicating open lagoonal environments. The overlying shallowing-up subcycle contains 
packstone-wackestones with miliolids, laminated dolo-peloidal or pure dolostones (Figure 3).

Syrian MFS K82S is represented by Orbitolina–bearing marly limestones at the top of a nodular 
limestone unit of the SY Section. Biostratigraphically, MFS K82S is situated in the middle part of the 
Mesorbitolina subconcava Zone and may correlate with the global MFS between SBs Al2 and Al3 of 
Gradstein et al. (2012).

Coastal Range Sequence AlCR2 (including MFS K100)

Two second-order sequences of the Arabian Platform are amalgamated within Sequence AlCR2, due 
to a major hiatus around MFS K90 sensu van Buchem et al. (2010). SB AlCR2 has been identified 
in both SY and WL sections by a sharp vertical facies change from dolostones (including restricted 
peritidal carbonates) to pure limestones that represent mid-ramp environments (Figure 3). This SB is 
correlated with the Early Albian SB Al3 of Gradstein et al. (2012).

The varying lithologies of the Early Albian Sequence AlCR2 (including basaltic rocks) represent the 
lower part of the Ain Elbeida Formation (SY Section). They correlate with the Blaatah Formation, 
underlying the basalt of the WL Section (compare Mouty et al., 1992) (Figures 3, 5b and 21).

The cyclic stacking patterns of Sequence AlCR2 of the SY Section exhibits three shallowing/deepening-
up cycles, composed of rhythmic beds of dolostones and dolomitized limestones with intercalated 

Figure 21 (facing page): Correlation chart of the Aptian–Early Turonian succession based on 
integrated bistratigraphy and depositional sequences in the Coastal Range (N-S), South Palmyrides 
(Ghanem et al., 2012) and neighboring areas (Sinai, Jordan). Comparison with regional and global 
sequence boundaries on the left and maximum flooding surfaces (Arabian Plate) on the right.
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rudists. They are correlated with one minor deepening/shallowing-up cycle in the WL Section. The 
latter is composed of thin to massive well-bedded and nodular limestones with abundant benthonic 
foraminifera, bioclasts, ooids and echinoids (Figure 3).

In both SY and WL sections a major intra-AlCR2 hiatus is represented by volcanic rocks. A basalt, up 
to 3 m thick (Joubet Barghal, Figure 6e), was dated 108.9 ± 2.6 Ma by Mouty et al. (1992). It is overlain 
by ca. 50 m-thick Upper Albian strata of Sequence ALCR3 that are, however, completely missing in the 
South CR. Instead, an up to 24 m-thick basalt flow rests disconformably on Lower Albian limestones 
of the Blaatah Formation and is disconformably overlain by Lower Cenomanian marls of the Slenfeh 
Formation in the WL Section (Figures 3 and 5b). Consequently, we assume a major hiatus around 
108.9 Ma that comprises a shorter interval (intra-AlCR2) in the North CR and a much longer interval 
(AlCR2 to AlCR3) in the south, based on sequence-stratigraphic comparisons (Figures 3 and 21). This 
intra-Albian (volcanic-derived) hiatus spans a maximum-interval from Al3 to Al8 (Gradstein et al., 
2012). MFS K90 of van Buchem et al. (2011) lies within that hiatus (Figure 21).

MFS K100 is represented in the SY Section by nodular limestones with planktonic foraminifera. This 
MFS lies directly above the Lower/Upper Albian boundary, defined by the base of the Neoiraqia 
convexa Zone (Figure 7) and the Simplorbitolina manasi Zone of Schroeder et al. (2010), respectively. 
It is correlated with MFS K100 (ca. 106 Ma) of van Buchem et al. (2011) and is also recognized in the 
South Palmyrides (Figure 21). The biostratigraphic evidence for that interval (including the whole 
overlying Sequence AlCR3) is poorly represented in the South CR (Figures 3 and 21).

Coastal Range Sequence AlCR3 (including MFS K110)

Sequence boundary SB AlCR3 in the North CR is formed by a sharp facies change from rudist-bearing 
dolostones to open lagoon and inner shelf environments. It may correlate with the Late Albian SB Al8 
of Gradstein et al. (2012) (Figure 21). In the South CR (WL Section) no age-equivalent sediments of 
Sequence AlCR3 were evidenced. Thus we assume that this sequence amalgamated with the hiatal 
surfaces at the base and the top of the 24 m-thick basalts of the WL Section. The basal disconformable 
contact of the basalts accounts for a correlation with SB AlCR3 (Figures 3 and 21).

The second-order Sequence AlCR3 corresponds to the upper Ain Elbeida Formation of SY and SL 
sections. It is composed of one major deepening/shallowing cycle that was subdivided into up to 
seven smaller cycles (Figure 3). Three smaller deepening-up and four smaller shallowing-up half-
cycles of the SL Section correlate with one smaller deepening-up cycle and five shallowing-up half-
cycles (including one smaller deepening-up cycle) of the SY section. The deepening-up cycles of 
both sections are composed of nodular and well-bedded to laminated, micritic limestones (wacke-/
packstone, with planktonic foraminifera). On the other hand, the shallowing-up half-cycles are 
composed of massive limestones and dolostones with rudists, often characterized by interbedded 
laminated and bioturbated limestones (Figure 3). Sequence AlCR3 is well comparable to a regional 
transgression, expressed by the lower part of Sannine Formation in Lebanon (Nader et al., 2006). The 
second-order Sequence AlCR3 may correspond with four third-order sequences (AlSin5 to AlSin10) 
of the northern Sinai (Bachmann et al., 2010).

The Late Albian MFS K110 (van Buchem et al., 2011) corresponds in both sections of the North CR 
(Slenfeh and Sayno) to an interval rich in planktonic foraminifera of the middle Rotalipora appenninica 
Zone. In the South Palmyrides, a major hiatus spans that interval (Figure 21). Powell and Moh’d 
(2011) correlated MFS K110 with the initial transgressive phase of “Mega Sequence 2” in Jordan 
(corresponding to Wadi Juhra Member).

Sequence AlCR4 (including MFS K120)

The Late Albian SB AlCR4 is represented by a hardground surface in the SY Section (Figure 5c), 
while in the SL Section (South CR), a major facies change from intertidal to subtidal environments is 
interpreted to represent that surface. SB AlCR4 lies in the uppermost Neoiraqia convexa Zone, and thus 
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is well comparable to the global Late Albian SB Al11 of Gradstein et al. (2012) and to SB CePL1 of the 
South Palmyrides (Figure 21).

The Late Albian to Early Cenomanian Sequence AlCR4 corresponds to the uppermost Ain Elbeida 
Formation and lower Slenfeh Formation of both SY and SL sections of the North CR. In the South CR 
the lower part is missing, due to the hiatus on top of the basalt (WL Section Figures 3 and 5b).

The second-order Sequence AlCR4 is composed of five deepening-up cycles and four shallowing-
up cycles in the SL Section that are correlated with three deepening-up and three shallowing-up 
subcycles of the SY Section and with two shallowing-up cycles of the WL Section (Figure 3). The 
lower deepening-up cycles of both SY and SL sections are composed of well-bedded, fine-grained 
limestones (wacke-/packstones with benthonic foraminifera, calcareous algae and peloids), while the 
upper deepening-up cycle(s) consist of limestones and marly limestones with planktonic foraminifera. 
Most shallowing-up cycles are characterized by massive dolomites (with minor lamination), chert 
laminae and nodules and cauliflower quartz geodes (possibly replacing supratidal evaporites of the 
late highstand (Chowns and Elkins, 1974) (Figures 3 and 6a).

The rapid increase of planktonic foraminifera in unit 17 of SY and SL sections (Rotalipora 
globotruncanoides Biozone) corresponds to MFS K120 (van Buchem et al., 2011). It is also evidenced 
from the South Palmyrides (Ghanem et al., 2012). In Jordan, Powell and Moh’d (2011) compared MFS 
K120 with their “mfs1” of the lower Fuheis Formation. According to Schulze et al. (2005), however, 
MFS 120 lies within the Naur Formation below, as evidenced by SB CeJo1 at the top of the Naur 
Formation (Figure 21).

Sequence CeCR1 (including MFS K121S)

SB CeCR1 was defined on the top of a massive carbonate unit composed of dolostone-dominated 
facies. It lies in the middle Rotalipora globotruncanoides Biozone and thus is well comparable to the 
lower Cenomanian SB Ce2 of Gradstein et al. (2012) (Figure 21).

The third-order Sequence CeCR1 corresponds to the middle Slenfeh Formation of the SB Section 
(Figure 4) and is composed of five shallowing/deepening-up cycles. The shallowing-up cycles 
are characterized by unfossiliferous marls, dolostones, marls with rudists and chert nodules, and 
sandstones in the SB Section, whereas the deepening-up cycles are marked by marly limestones and 
limestones (mudstones to packstones with benthonic foraminifera) at the base and by planktonic 
foraminifera at the top. In the South CR (AH Section), the uppermost CeCR1 is represented by two 
deepening-up subcycles (chalky limestones rich in planktonic foraminifera) and only one minor 
shallowing-up subcycle (an interval of dolostones and limestones with benthonic foraminifera).

The MFS K121S of Sequence CeCR1 corresponds to a marly limestone bed, rich in planktonic 
foraminifera of the upper Rotalipora globotruncanoides Biozone. It is well comparable to an MFS 
between SBs CeJo1 and CeJo2 sensu Schulze et al. (2005) (compare stippled blue line in Figure 21) and 
may correspond to an MFS between SBs Ce2 and Ce3 sensu Gradstein et al. (2012) (Figures 3, 4 and 21).

Sequence CeCR2 (including MFS K130)

SB CeCR2 is situated at the top of massive limestones rich in rudist biostromes of unit 21 (Figure 4) 
and is overlain by open shelf sediments. This SB lies ca. 15 m above the Lower/Middle Cenomanian 
Boundary of the SB Section, within the Rotalipora reicheli Zone and was compared with the global SB 
Ce3 according to Gradstein et al. (2012) and with a major SB of the Arabian Platform (below K130 
sensu van Buchem et al., 2011) (Figures 4 and 21).

Sequence CeCR2 coincides with the upper part of Slenfeh Formation in the northern CR (SB Section) 
and with the lower Hannafiyah Formation in the southern CR (AH Section, Figure 4). We identified 
four deepening-up cycles in the SB Section, corresponding to eight deepening-up (half) cycles and 
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plus six shallowing-up cycles in the AH Section. The deepening-up cycles of both sections are 
composed of intermediate to thick bedded limestones and marls with thin-walled molluscs, planktonic 
foraminifera and ammonites, while the shallowing-up subcycles contain massive dolostones rich in 
rudists in the SB Section. In the AH Section, they are composed of dolostones and limestones with 
benthonic foraminifera and bivalves. Two shallowing-up cycles are topped by two karstic horizons, 
due to subaerial exposure (Figures 4 and 5d); the upper karstification bed represents SB CeCR3.

A major Middle Cenomanian MFS of Sequence Ce3 sensu Gradstein et al. (2012) coincides with MFS 
K130 of the Eastern Arabian Plate after van Buchem et al. (2011). In the CR, this MFS corresponds 
to nodular limestones at the base of unit 22, rich in planktonic foraminifera of the basal Rotalipora 
greenhornensis Subzone (SB Section), and to a conspicuous dm-thick black shale interval (subunit III 
of the AH Section) with Lyropecten sp. and inoceramids (Tröger, personal communication) (Figures 4 
and 5d2). In Jordan, MFS K130 was correlated with organic-rich marls in the lower part of the Fuheis 
Formation (Schulze et al., 2005) (compare stippled blue line in Figure 21) and may correspond with 
“mfs1” of Powell and Moh’d (2011).

Sequence CeCR3 (including MFS K131S)

SB CeCR3 is regionally significant and recognized by a paleokarstic surface in the upper R. 
greenhornensis Subzone (AH Section, Figures 4 and 5d). This unconformity was correlated with the 
major global SB Ce4 sensu Hardenbol et al. (1998) and Gradstein et al. (2012), and may correspond 
with a similar exposure surface in Iran (Hajikazemi et al., 2010), Sinai (Gertsch et al., 2010), Egypt 
(Wilmsen and Nagm, 2012, 2013) and NW Europe (Wilmsen et al., 2005) (Figure 21).

The third-order Sequence CeCR3 corresponds to the lower part of Bab Abdallah Formation (SB 
Section), and to the middle part of Hannafiyah Formation in the AH Section. It is composed of 
(nodular) limestones with local chert layers. Vertical stacking patterns reflect three deepening-up and 
one shallowing-up (half) cycles in the North CR (SB Section). They correspond with three deepening-
up and one shallowing-up (half) cycles in the South CR (AH Section, Figure 4).

The deepening-up cycles of the AH Section are characterized by alternating marls (rich in oysters) and 
limestones with chert nodules and flint lenses (bivalves, corals, ammonites, benthonic and planktonic 
foraminifera), while nodular limestones, occasionally dolomitized, with planktonic foraminifera 
prevail in the SB Section. The shallowing-up cycles indicate regressive trends from shallow shelf to 
very restricted environments, as indicated by dolostones, rich in rudists (both AH and SB sections). 
The upper Middle Cenomanian MFS K131S corresponds in the AH Section to an interval rich in 
planktonic foraminifera of the uppermost Rotalipora greenhornensis Subzone (Figure 4).

Sequence CeCR3 is well exposed in the Palmyrids (CePl2, Ghanem et al., 2012) with a conspicuous 
hardground at its base. The latter may correspond with coal-bearing lowstand deposits of CeJo3 
(lower part of Fuheis Formation) in Jordan (Schulze et al., 2005, Wendler et al., 2010).

Sequence CeCR4 (including MFS K140)

A sharp facies change between massive dolostones (rich in rudists) and overlying nodular limestones 
with planktonic foraminifera reflects SB CeCR4 in the North and South CR (Figure 4). This SB is 
situated between both SBs Ce4 and Ce5 sensu Gradstein et al. (2012) (Figures 4 and 21).

Sequence CeCR4 is composed of (nodular) limestones, marls and dolomites; the latter prevail in the 
upper parts. It corresponds to the upper part of Bab Abdallah Formation of the SB Section, and to 
the upper part of Hannafiyah Formation in both AH and MT sections. In the North CR (SB Section), 
Sequence CeCR4 is composed of two deepening-up and one shallowing-up cycles (corresponding to 
the upper part of Bab Abdallah Formation from a section that was previously collected by Mouty and 
Saint-Marc (1982). In the South CR (MT Section), within Sequence CeCR4 a total of seven deepening-
up and eight shallowing-up (half) cycles were identified (Figure 4).
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The deepening-up cycles in South CR are characterized by nodular and well-bedded limestones and 
marly limestones with nodules and lenses of chert (especially in the lowermost part), while the upper 
part of the sequence is characterized by a lagoonal environment. The deepening subcycles of North 
CR are composed of nodular limestones and marly limestones (with planktonic foraminifera and 
ammonites). The shallowing-up subcycles are characterized by restricted lagoonal facies (bioclastic 
wackestone). They consist of abundant rudist limestones (in both South and North CR) and dolostones, 
overlain by thin bedded to platy limestones with benthonic foraminifera, molluscs, stromatolites, 
laminated packstones and dolomites (MT Section, Figures 4 and 21).

Sequence CeCR4 ranges from the early Late Cenomanian to the latest Cenomanian (Dicarinella 
algeriana Subzone). The rapid increase of planktonic foraminifera in all three sections, AH, MT and 
SB, at the middle Dicarinella algeriana Subzone represents MFS K140 (Figure 4). It correlates to the 
global MFS between SBs Ce4 and Ce5 of Gradstein et al. (2012, around 94.6 Ma), however, has no 
equivalent in the Arabian Platform (Figures 4 and 21). In Jordan it is compared to an MFS between 
CeJo3 and CeJo4 (blue stippled lines in Figure 21), near the Jukes-Browne Event (Wendler et al., 2010). 
According to the stratigraphic concept of Powell and Moh’d (2011), MFS K140 was placed in the 
upper part of “Large Scale Depositional Sequence Ajlun 2” (Early Turonian).

Sequence CeCR5 (including K141S)

Several thin hardgrounds within the platy limestones of subunit XVI of the MT Section (South CR) 
delineate SB CeCR5, coinciding with similar karstic surfaces in the Eastern Arabian Plate (van Buchem 
et al., 2011). Stratigraphically, it is situated a few meters above the base of Whiteinella archaeocretacea 
Biozone, below the Cenomanian/Turonian Boundary. Moreover, this SB is defined by a sharp facies 
change from the uppermost dolostones of Bab Abdallah Formation to the deeper-shelf limestones of 
Aramo Formation (units 27 and 28 of North CR, Figure 4). SB CeCR5 is well comparable to the global 
SB Ce5 according to Gradstein et al. (2012), to CePl4 (Ghanem et al., 2012), and to CeJo4 directly below 
OAE2 (Wendler et al., 2010) (Figures 4 and 21).

Sequence CeCR5 is composed of four deepening-up subcycles and four shallowing-up (half) cycles 
in the MT Section that are correlated with one deepening-up and one shallowing-up cycle of the SB 
Section (Figure 4). The deepening-up subcycles of South CR (MT Section) comprise limestones with 
bivalves (abundant oysters) or planktonic foraminifera, and marls. These transgressive deposits are 
correlated with deeper-shelf limestones and cherts with planktonic foraminifera, pelagic echinoids, 
sponges and phosphatic grains in the North CR (Aramo Formation). The overlying massive limestones 
with rudists indicate restricted environments during a shallowing-up cycle of Sequence CeCR5 of 
both North and South CR, equivalent to SB TuCR1 at the top of Aramo Formation, defined by several 
hardgrounds in the MT Section (Figure 4). No outcrops occur above in the area, and therefore we could 
not study the section higher up. Sequence CeCR5 of both the SB and MT sections was not sampled in 
detail; its stratigraphic importance with respect to the Cenomian/Turonian Boundary became obvious 
only after studying the isotopic signature. However, a renewed sampling was not possible.

A conspicuous argillaceous marly limestone bed, rich in planktonic foraminifera and siliceous sponges 
of the lower Helvetoglobotruncana helvetica Biozone represents MFS K141S (Figure 21). According to 
the here-suggested terminology, this MFS corresponds to a third-order MFS sensu Gradstein et al. 
(2012) between SBs CeCR5 and TuCR1 that, however, has no equivalent in the Arabian Platform 
(Figures 4 and 21). MFS K141S may correspond in Jordan with an intra-OAE2 MFS of the Shueib 
Formation (Wendler et al., 2010; compare stippled blue line in Figure 21).

Summary of Sequence Stratigraphy

The stratigraphic attribution of the here-discussed second- and third-order sequences of the North 
Levant Platform was compared with the recently published global sequence boundaries of Gradstein 
et al. (2012) and with those from the neighboring Arabian Platform (van Buchem et al., 2011), and 
from adjacent areas of Jordan and Egypt (Figure 21). The major MFS K80, K100, K110, K120, K130 
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and K140 of the Arabian Plate (Sharland et al., 2001; van Buchem et al., 2011) are well discernable in 
the Syrian record and allow for an excellent correlation. Moreover, we defined five additional Syrian 
MFSs: K81S, K82S, K121S, K131S and K141S. K81S and K82S are well comparable with two major 
flooding surfaces of Gradstein et al. (2012). K121S is well comparable to the Early Cenomanian MFS 
in Jordan (between CeJo1 and CeJo2 sensu Schulze et al., 2005), while MFS K131S has no equivalent in 
Jordan or the Arabian Peninsula. K141S is well comparable with Gradstein et al. (2012) and Wendler 
et al. (2010), however, it has no equivalent in the Arabian Plate.

Within the second-order sequences, SB ApCR1 and SB AlCR2 are of regional importance, as they have 
no equivalents in the neighboring areas. SB AlCR1 and SB AlCR3 are of “global” importance, because 
they show well comparable age-eqivalent SBs from the Arabian Plate and from Sinai.

Within the third-order sequences AlCR4 to CeCR5, SBs AlCR4, CeCR2, CeCR3 and CeCR5 are well 
comparable with age-eqivalent SBs from the Arabian and Jordanian record. CeCR1 is comparable with 
CeJo1 from Jordan only, and thus is interpreted to be of local importance. The sequence-stratigraphic 
concepts of Powell and Moh’d (2011) are mainly based on facies and lithostratigraphic concepts and 
therefore do not allow for a good correlation with the here-presented sequence-stratigraphic concept 
that is based on a high-resolution biostratigraphic framework.

The Aptian sequences of the Coastal Range are characterized by siliciclastically influenced 
carbonates similar to those of the Sinai, Galilee and Golan heights (Bachmann et al., 2010). In contrast 
predominantly fluvial lithofacies prevail in Jordan, Lebanon and the Palmyrides (Nader et al., 2006; 
Powell and Moh’d, 2011; Ghanem et al., 2012).

The late Early Aptian to early Middle Aptian regressive deposits of the Coastal Range are topped by 
SB ApCR2, equivalent to the hiatus below SB ApPl1 of the Palmyrides (Muricohedbergella planispira 
Biozone, Ghanem et al., 2012, Figure 21). This may correspond to the Late Aptian lowstand of the 
Arabian Plate and the coincident stratigraphic gap described e.g. by Maurer et al. (2012).

The Albian period of Syria was subdivided into four second-order depositional sequences (AlCR1 to 
AlCR4) corresponding to two Palmyride sequences (AlPl1 and AlPl2) that were correlated to 10 (mainly 
third-order) sequences in the northern Sinai (Bachmann et al., 2003, 2010). They are represented by 
the upper fluvial sandstone in Jordan (“Megasequence 1 Kurnub” sensu Powell and Moh’d, 2011; 
Figure 21). The Cenomanian depositional sequences of the Levant Platform are similar in both areas, 
Jordan and Syria, compared with the “global sequence boundaries” of Gradstein et al. (2012). A 
conspicuous Mid-Cenomanian paleokarstic surface of the Coastal Range (SB CeCR3, Figure 5d) and 
the hardground at SB CePl2 (Palmyrides, Ghanem et al., 2012) coincides with the lowstand of SB 
CeJo3 of Jordan (Schulze et al., 2005; Wendler et al., 2010) (Figure 21).

CARBON-ISOTOPE STRATIGRAPHY

Carbon-isotope fluctuations may reflect global oceanic perturbations and thus are useful proxies for 
stratigraphic interpretations of shallow-water carbonate successions (Parente et al., 2007). Several 
authors tested the carbon-isotope signals of various Cretaceous carbonate platforms (Grötsch et al., 
2002; Vahrenkamp, 1996, 2010) and contributed to an Albian to Turonian reference curve that was 
summarized by Jarvis et al. (2006), where boreal bioevents and global oceanic perturbations are 
correlated with carbon-isotope excursions. Although not all of the here-described events occur in the 
Tethyan realm (Parente et al., 2007; Ghanem et al., 2012) several major events of Jarvis et al. (2006) and 
Kennedy et al. (2004) are comparable on a global scale.

The studied isotope samples are from four sections of the Coastal Range, spanning an Upper Albian to 
Lower Turonian interval (Figure 22). To exclude diagenetic alteration, all samples were selected from 
micritic lithologies (after microscopic investigations). The correlation of the four studied sections SL, 
SB, AH and MT with other references permits biostratigraphic comparisons and the determination of 
Corg-rich intervals that correlate with major global events (Figure 22). We follow Allan and Matthews 
(1982) for the interpretation of carbon-isotope values in a sequence-stratigraphic context. These 
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authors suggested that negative δ13C values may be associated with shallowing, due to alteration by 
meteoric fluids that resulted in increasing isotopically light carbon from soil zone CO2 during sea-
level fall and subaerial exposure.

Sequence Stratigraphy and Isotope Signatures

The Upper Albian–Cenomanian strata of the Coastal Range were deposited in shallow-marine to 
hemipelagic environments. δ13C values range from -1.9‰ to 2.5‰ in the northern SL section and 
from -4.3‰ to 3.2‰ in the southern AH and MT sections (Figure 22), and thus reflect a characteristic 
range known from marine limestones, dolomitic limestones and marls (Jenkyns et al., 1994). The 
carbon-isotope record of six sequences, Upper Albian AlCR3 to Cenomanian CeCR4, comprises the 
late Albian to Cenomanian succession of the Coastal Range (Figure 22). The main negative-isotope 
excursions occur during an interval with several subaerial exposures (compare with Hajikazemi et 
al., 2010).

The late Albian δ13C excursion during the early R. appenninica Zone reached maximum values of 
ca. 2‰ and was compared with “peak c” of the same age of Mont Risou (Kennedy et al., 2004); 
it represents the upper part of the Albian/Cenomanian Boundary Event. The following decline of 
δ13C values is equivalent to shallower-water depths in the upper part of Sequence AlCR3 (including 
dolomitic lithologies).

Sequence AlCR4 starts with similar carbon-isotope values in the uppermost R. appenninica Zone 
(around 1.5‰), increasing to a first peak during the lowermost R. globotruncanoides Zone that was 
correlated with “peak d” of the Mont Risou (Figure 22). A short decline of the δ13C values above 
is followed by rising δ13C values (around 2.5‰, Figure 22). This interval was subdivided into two 
positive plateaus (Figure 22), probably equivalent to LCE I and LCE II of Jarvis et al. (2006). A short-
term decrease of δ13C is correlated with deepening during AlCR4, whereas the topmost 45 m of 
dolostones have not been sampled (Figure 4; compare unit 19 of SL and SY sections). Within the upper 
part of Sequence CeCR1, a short positive excursion was correlated with LCE III, while both events, 
virgatus and Mid-dixoni of Jarvis et al. (2006) are reflected by two characteristic negative excursions 
in the Coastal Range, all within the upper R. globotruncanoides Zone (Figure 22).

At the lower part of Sequence CeCR2 (mid Rotalipora reicheli Biozone), a characteristic double-peak 
(around 1.8‰) was correlated with “peak a” and “peak b” of the Mid-Cenomanian Event after Jarvis 
et al. (2006). This event was evidenced from limestones in the North CR, while in the South CR, this 
event occurs within a 0.05 m-thick bed of marly clays and the overlying marly limestone interval. 
The P/B Break Event of Jarvis et al. (2006) correlates with a minor increase of δ13C values at the base 
of the R. greenhornensis Zone. It is comparable to a small positive excursion within a 0.4–0.6 m-thick 
black shale bed, rich in inoceramids and another bivalves species (MFS of CeCE2, compare Figure 
5d2) of the AH Section. This event correlates with pelagic marls in the SB Section (Figures 4 and 22). 
In the upper R. greenhornensis Zone of the AH Section, an abrupt decline of δ13C coincides with two 
karstic surfaces, including highstand deposits in between. Dolomites prevail in that interval in the SB 
Section. A major hiatus in the uppermost R. greenhornensis Zone occurs in both the North and South 
CR regions.

Sequence CeCR3 is characterized by slightly decreasing δ13C values, corresponding to a deepening 
half-cycle that coincides with the FO of Dicarinella algeriana and Whiteinella sp. Higher upsection the 
increasing δ13C values reach maximum values of 1.8‰ that are correlated with the Jukes-Browne 
Event of Jarvis et al. (2006). Dolomitic lithologies prevail in a major rudist biostrome above that 
correspond to the HST of Sequence CeCR3.

Sequence CeCR5 corresponds to the upper Dicarinella algeriana Zone and may include the Cenomanian/
Turonian Boundary within platy limestones at the top of the MT Section (Figures 4 and 22). Furthermore, 
it marks an inflection in the long-term δ13C trend from slightly rising to decreasing values. The short-
term rising excursion of the Amphidonte Bed Event of Jarvis et al. (2006) was correlated with a small 
maximum of δ13C values during the lower Dicarinella algeriana Biozone of the Upper Cenomanian. 
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Maximum δ13C values occur in the uppermost platy limestones of Sequence CeCR4 of the MT Section 
(Figure 22) that were correlated with the Cenomanian/Turonian Boundary Event (OAE2).

Major Oceanic Events of the Coastal Range: OAE1d, LCE I to LCE III, MCE and 
P/B Break Events

The combination of various biostratigraphic markers (benthonic and planktonic foraminifera, this 
study), ammonites, inoceramid bivalves (Sornay et al., 2001; Krasheninnikov et al., 2005) with carbon-
isotope signals is employed to establish a high-resolution correlation of the uppermost Albian to the 
Upper Cenomanian successions of the North and South Coastal Range of northwest Syria.

OAE1d Event
In the studied succession, a double positive peak near the Albian/Cenomanian Boundary (ACB) is 
correlated with “peak c” of the GSSP (Global boundary stratotype section and point) of Mont Risou 
(Gradstein et al., 2012; Kennedy et al., 2004). This correlation is supported by the FO of Rotalipora 
appenninica in the North CR (Figure 22), while the FO of Rotalipora globotruncanoides of the SL Section 
(North CR) correlates to “peak d” of the GSSP. The uppermost Albian to lower Cenomanian transition 
in northwest Syria is characterized by a thick interval from the pelagic limestones of unit 12 to the 
pelagic marls of unit 17 with the massive dolostones rich in rudists in between (Figure 22).

Lower Cenomanian Events (LCEs) I-III
The Lower Cenomanian δ13C curve of the CR is marked by three well-defined positive excursions. In 
the SL Section, LCE I reaches 2.73‰ and occurs in light gray marls with Neostlingoceras cracitanensis 
(Sornay et al., 2001) equal to the lower Mantelliceras mantelli Zone (Jarvis et al., 2006). Following a 
short decline at the top of the marls above, LCE II attains δ13C values of up to 2.72‰; this excursion 
is equivalent to chalk-like clayey soft limestones (rich in calcispheres) with flint and cauliflower 
nodules at the top. In the lower part of the SL Section, LCE III occurs within marly limestones of 
unit 20 (Figure 4) with positive δ13C values (up to 2.47‰); it is supplemented biostratigraphically 
by a characteristic macrofauna (Mantelliceras mantelli, Sharpeiceras laticlavium, Neithea quinquecostata, 
Inoceramus lynchi after Krasheninnikov et al. (2005) and planktonic foraminifera (upper R. 
globotruncanoides Zone (Figures 7 and 22).

The Mid-Cenomanian Event (MCE)
The Mid-Cenomanian Event is documented from sections in England (Jarvis et al., 2006), Germany 
(Wilmsen, 2007), Spain (Paul et al., 1994), Morocco (Gertsch et al., 2010) and Italy (Luciani and 
Cobianchi, 1999), where it corresponds to the lower part of the middle Cenomanian Rotalipora reicheli 
Biozone (Paul et al., 1994; Jarvis et al., 2006; Gertsch et al., 2010). The δ13C signature of the MCE in 
both the South and North CR is represented by small δ13C peaks (+1.8‰), which correlate to the MFS 
of the first cycle of CeCR2. The marker bed of this event is characterized by a thin bed of clay with 
Rotalipora reicheli.

Planktonic/Benthonic (P/B) Break Event
The P/B Event is characterized by a rapid increase of planktonic foraminifera marking the base of 
Rotalipora greenhornensis Subzone (R. cushmani Biozone) (Paul et al., 1994; Jarvis et al., 2006). However, 
in the Coastal Range of Syria decreasing δ13C values exhibit an increase of planktonic foraminifera 
in this interval and above it. Rotalipora becomes much more abundant within the planktonic 
foraminiferal assemblages (Jarvis et al., 2006). Rotalipora cushmani and R. greenhornensis first appear 
at this level marking the base of the R. greenhornensis Subzone (R. cushmani Zone). The marker bed of 
this event is characterized by the occurrence of small bivalve Lyropecten (Aequipecten) arlesiensis and 
large Inoceramus pictus (South CR, Figure 5d3) together with the Rotalipora spp. in both CR areas.

Jukes-Browne Event
The middle Upper Cenomanian is marked by a small maximum in δ13C values between the lower 
Dicarinella algeriana Subzone and the upper R. greenhornensis Subzone (Figures 7 and 22). It represents 
a good reference for the base of the Upper Cenomanian (Jarvis et al., 2006).
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Amphidonte Bed Event
The lower Upper Cenomanian of the Coastal Range is marked by oyster beds with Amphidonte sp. 
(North CR, Krasheninnikov et al., 2005). A similar Upper Cenomanian oyster event, is also present 
in the South CR in both MT and AH sections (Figure 22). The δ13C excursion of the oyster event may 
equivalent to the Amphidonte Bed Event of Jarvis et al. (2006).

Cenomanian/Turonian Boundary Event (OAE2)
The Cenomanian/Turonian Boundary Event (OAE2) carbon-isotope record is poorly known from 
shallow-water environments. However, the lagoonal carbonate rocks of Coastal Range correlate with 
a similar platform position in Italy, Portugal, western Morocco, Spain and Mexico. The δ13C excursion 
is comparable with deep-water sections (Parente et al., 2007; Parente et al., 2008; Elrick et al., 2009; 
Gertsch et al., 2010). Regardless of the negative diagenetic values, the maximum positive δ13C value 
may span the Cenomanian/Turonian Event (Jarvis et al., 2006). The δ13C curves of the MT Section 
show abrupt breaks such as a pronounced positive excursion of 3.2‰ correlating to shallow-marine 
platy limestones within the Whiteinella archaeocretacea Biozone interval (Figures 7 and 22).

CONCLUSIONS

This regional stratigraphic review of the Aptian–Early Turonian succession made use of the largest 
database available to date in the Coastal Range of Syria. The biozonation schemes allow for a much-
improved regional understanding in the particular phylogenetic lineages of the benthonic and 
planktonic foraminifera. Benthonic foraminifera are presented in seven associations from Aptian to 
Early Turonian:

(1) Early– early Middle Aptian Pseudocyclammina vasconica partial-range zone;
(2) Late Middle–Late Aptian Sabaudia capitata interval zone;
(3) Early–Middle Albian Mesorbitolina subconcava range zone;
(4) Late Albian Neoiraqia convexa taxon-range zone;
(5) Early Cenomanian Praealveolina iberica interval zone;
(6) Middle Cenomanian Chrysalidina gradata partial range zone;
(7) Late Cenomanian Vidalina radoicicae range zone.

Six planktonic foraminiferal biozones are identified from the latest Albian to Early Turonian:

(1) latest Albian Rotalipora appenninica Zone;
(2) the Early–early Middle Cenomanian Rotalipora globotruncanoides Zone;
(3) the Middle Cenomanian Rotalipora reicheli Zone;
(4) the late Middle–Late Cenomanian Rotalipora cushmani Zone (including the late Middle Cenomanian 
Rotalipora greenhornensis Subzone and the early Late Cenomanian Dicarinella algeriana Subzone);
(5) the latest Cenomanian–earliest Turonian Whiteinella archaeocretacea Zone;
(6) the Early Turonian Helvetoglobotruncana helvetica Zone.

The larger diversities of the Aptian–Albian benthonic foraminifera in the North CR are in contrast 
to low diversities in the coeval strata of the South CR (probably due to shallower water depths). The 
lower transgressive and the early highstands of the Middle Cenomanian–Early Turonian sequences 
(South CR) are characterized by high diversities and abundance of larger benthonic foraminifera. 
Furthermore, the Late Cenomanian late highstands of the South CR are characterized by thick rudist 
biostromes. For the North CR, in contrast, deeper shelf conditions are assumed.

Our new stratigraphic observations of the Aptian–Early Turonian carbonate platforms of the 
northwestern Arabian Plate in Syria (Coastal Range and the Palmyrides (Ghanem et al., 2012) permit 
comparisons with those of the eastern Arabian Plate (van Buchem et al., 2011) and Jordan (Schulze 
et al., 2004; Powell and Moh’d, 2011). Although the detailed lithologic evolution and depositional 
geometry of these areas differ, the timing of many flooding surfaces and major incisions are similar. In 
contrast to the eastern Arabian Plate, with extended shallow platforms (including clastic-dominated 
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successions e.g. during the Albian), coeval platforms of the northwestern Arabian Plate (e.g. Syria, 
Jordan and Sinai) are much narrower with a steeper gradient; as a consequence, the extended sandy 
accumulations of the eastern Arabian Plate favored flourishing Orbitolina assemblages that are, 
however, of minor importance in the northwestern Arabian Plate. Therefore, the biotic communities 
of Syria record many faunal similarities with those of the South European platforms, described for 
example from the Adriatic Plate.

A composite δ13C isotope reference curve is proposed for the Coastal Range in Syria, which is 
calibrated by biostratigraphic controls in both shallow-marine (benthonic foraminifera) and 
hemipelagic deposits (planktonic foraminifera). Several isotopic events of the CR are recognized and 
can be correlated with global biotic and abiotic events: OAE1d, LCEs, MCE, P/B Break, Jukes-Browne, 
Amphidonte Bed and OAE2.

The exceptional outcrop quality displays detailed facies patterns from peritidal to mid-ramp 
environments. The regional correlation of Coastal Range with the Levant, Arabian Plate and Tethyan 
realm reveal similar large-scale depositional patterns, within the limits of the biostratigraphic 
resolution. These correlations suggest that each of the major episodes of the second-order sea-level 
rise are comparable with MFS K80 to MFS K140 of the Arabian Plate (Sharland et al., 2001; Haq and 
Al-Qahtani, 2005; van Buchem et al., 2011).

Calibrating our sequence-stratigraphic model with global sequences (Hardenbol, et al., 1998; 
Gradstein et al., 2012), only the Cenomanian sequences boundaries CeCR1 to CeCR5 appear to have 
clear inter-basinal equivalents, while ApCR1, AlCR1, AlCR3 CeCR4 and CeCR5 are delineated by 
major disconformities.
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