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Abstract: Ammonites from the Upper Cenomanian to the Middle Coniacian in
the west central Sinai, Egypt are described. Taxa recorded are mainly of Tethyan
(south-west European, North African, Middle East) character. The species re-
cognized belong to the genera Neolobites (lowermost Cenomanian); Vascoceras
(Uppermost Cenomanian to Lower Turonian), Mammites, Nigericeras, Thomasites,
Choffaticeras (Lower Turonian). Coilopoceras (Upper Turonian) and Metatissotia
(Middle Coniacian). The chronostratigraphic importance of the ammonite species
identified allows a subdivision of the Upper Cenomanian-Coniacian succession into
six biostratigraphic units.

Zusammenfassung: Ammoniten vom Oberen Cenoman bis Mittleren Coniac
werden vom westlichen und zentralen Sinai beschrieben. Die gefundenen Taxa
haben {iberwiegend einen Tethys Charakter (SW-Europa, Nord-Afrika, Mittlerer
Osten). Die untersuchten Arten gehdren zu den Gattungen Neolobites (unterstes
Cenoman), Vascoceras (oberstes Cenoman bis Unteres Turon), Mammites, Nigeri-
ceras, Thomasites, Choffaticeras (Unteres Turon), Coilopoceras (Oberes Turon)
und Metatissotia (Mittleres Coniac). Die chronostratigraphische Bedeutung der
Ammoniten-Arten erméglicht eine Unterteilung der vom oberen Cenoman bis zum
Coniac reichenden Sequenz in sechs biostratigraphische Einheiten.
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Introduction

Previous studies concerning the Upper Cretaceous sediments in Sinai,
particularly from the stratigraphic viewpoint, are numerous. Lithostra-
tigraphically, the subdivisions of the Upper Cretaceous sequence in the
Western Sinai and in the Gulf of Suez were presented by many workers
notably: GHORAB (1961); EL-SHINNAWI & SuLTaN (1973); BarRTOV &
StemiTZ (1977); KLITZSCH (1978); Issawi et al. (1981); Dommik (1985);
LuGer (1985); BANDEL & Kuss (1987); BARTHEL & HERMANN-DEGEN
(1989); CHERIF et al. (1989); Kassas (1991).

The present contribution concentrates on the taxonomic description of the
Upper Cenomanian to the Middle Coniacian ammonites in the west-central
Sinai including Wadi Sudr (G. Sinn Bishr and G. Somar), Wadi Matulla,
Gebel Musaba Salama and Wadi Feiran (Fig. 1) and presents the palaeonto-
logical evidence for the biostratigraphical attribution of the lithological units
in this region.

Lithostratigraphy

Four rock units are proposed for the Cenomanian-Coniacian succession
exposed in the area studied (Fig. 2): the Cenomanian Raha Formation, the
Lower Turonian Abu Qada Formation, the Upper Turonian Wata Formation
and the Coniacian-Santonian Matulla Formation.

Raha Formation

The term Raha Formation was introduced to the Egyptian stratigraphy by
GHORAB (1961) for the Cenomanian limestone, marl, shale and sandstone
succession exposed in the scarp of Gebel El-Raha, west-central Sinai.

Here, in the studied area, the Raha Formation overlies the Lower Creta-
ceous continental succession of the Malha Formation and conformably
underlies the highly fossiliferous Lower Turonian Abu Qada Formation.
Besides the ammonites collected from the limestone and indicating Late
Cenomanian age, the Raha Formation contains abundant oysters, gastropods
and echinoids.

Abu Qada Formation:

This formation was established by GHORAB (1961). It is composed of brown
to dark gray marl and grades to marly or sandy marl. It is Early Turonian in
age. In the studied area, it is interesting to observe “the ammonites bed”
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Fig. 1. Location map of the studied sections.

found in the marly limestone at the top of the Cenomanian; this bed is
considered as the key to the Cenomanian/Turonian boundary in Egypt (SaID,
1962).

Wata Formation:

The term Wata Formation was first introduced in the Egyptian litho-
stratigraphy by GHORAB (1961). The type locality is the Wadi Wata, Raha
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Fig. 2. Generalized composite section of the Cenomanian-Coniacian in the west-
central Sinai, Egypt.

plateau in the west-central Sinai. It conformably overlies the Abu Qada
Formation and unconformably underlies the Matulla Formation. It is
represented mainly by hard siliceous, partly dolomitic, brown to light yellow
limestone. It is of Late Turonian age. At the end of the Late Turonian the sea
regressed slightly northward of Sinai. The clastic sediments of the Coniacian
Matulla Formation overlie the calcareous Wata Formation.
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Matulla Formation

The Matulla Formation was introduced by GHORAB (1961) for the Conia-
cian-Santonian (may extend locally into the Campanian) argillaceous lime-
stone, marl and varicolored glauconitic shale with nodular and chalky lime-
stone exposed in Wadi Matulla, west-central Sinai. This formation uncon-
formably overlies the Wata Formation.

Systematic paleontology

Repository of material: All specimens referred to are in the collection of the
Geology Department, Faculty of Science, Alexandria University, Egypt.
Dimensions: Dimensions of specimens are given in millimeters, in the following
order: D, Diameter, Wb, Whorl breadth, Wh, Whorl height U, breadth of umbilicus.
Figures in parentheses refer to dimensions as a percentage of the diameter.

Suture Terminology: The suture terminology of WEDEKIND (1916) (see
KuLLMANN & WIEDMANN, 1970) is followed in the present work: I, internal lobe;
U, umbilical lobe; L, lateral lobe; E, external lobe.

Order Ammonoidea ZITTEL, 1884
Suborder Ammonitida HyarT, 1889
Superfamily Hoplitaceae H. DouviLLE, 1890
Family Engonoceratidae HyatT, 1900
Genus Neolobites FISHER, 1882

Type species: Ammonites vibrayeanus D’ORBIGNY, 1841, p. 322, pl. 96, figs. 1-3,
by original designation of FISHER (1882, p. 389).

Neolobites vibrayeanus (D’ ORBIGNY, 1841)
Fig. 3 (a-b), Fig. 7d, Fig. 8e

1841  Ammonites vibrayeanus. — D’ ORBIGNY, p. 322, pl. 96, figs. 1-3

1978  Neolobites vibrayeanus (D’ORBIGNY). — WIEDMANN & KAUFFMAN, pl. 6,
figs. 7a-b.

1978  Neolobites vibrayeanus (D’ORBIGNY). - KENNEDY & HaNcock, pl. 7, fig. 2.

1981  Neolobites vibrayeanus (D’ORBIGNY). — KENNEDY & JUIGNET, p. 23, figs.
3a-c, 4a-b, 5, 6 (a) (with full synonymy).

1989  Neolobites vibrayeanus (D’ORBIGNY). — LUGER & GROSCHKE, p. 336, 366,
pl. 39, fig. 3, text-fig. 5.

1991  Neolobites vibrayeanus (D’ORBIGNY). — KENNEDY & SiMMmonNs, p. 134, pl.

2D-2G.
Material: Three internal moulds (MSC 880- MSC 882).
Dimension: D Wb Wh U

MSC 880 100 24.5 35 10(10)
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Description: Shell involute, with a tiny, shallow umbilicus, low umbilical
wall, rounded and compressed whorl section, the greatest breadth away from
the umbilicus around mid-flank. Broadly rounded flanks with sharp ventro-
lateral shoulders and concave venter. Sutare line (Fig. 8¢) with entire
elements, the lobes rather narrow and lanceolate, the saddles broader. Weak
ornamentation.

Discussion: KENNEDY & SIMMONS (1991) described this species and
considered the small umbilicus, the feeble ornamentation and the com-
pressed whorls as characteristic for N. vibrayeanus. KENNEDY & JUIGNET
(1981) discuss the present species in detail; they review the synonymy and
differences from other species of the genus. They regarded N. choffati and N.
peroni as junior synonyms of N. vibrayeanus without a detailed discussion.
The present specimens differ from N. vibrayeanus as figured by LUGER &
GROSCHKE (1989, Text-fig. 5) by the slightly weaker ornamentation. They
(ibid. p. 336, figs. 4-6) described specimens as Neolobites sp. and they
suggested that KENNEDY & JUIGNET (1981) had drawn their interpretation of
N. vibrayeanus too widely.

Occurrence: Raha Formation, section C, lower Upper Cenomanian. N.
vibrayeanus is a Tethyan species. It is known from the lower Upper Ceno-
manian of Western Europe (France, Portugal, Spain), northern Africa and the
Middle East (Morocco, Algeria, Tunisia, Egypt, Israel, Lebanon, Arabia) as
well as South America (Peru, Bolivia) (KENNEDY & JUIGNET, 1981).

Superfamily Acanthocerataceae DE GROSSOUVRE, 1894

Family Acanthoceratidae DE GROSSOUVRE, 1894
Subfamily Mammatinae HyarT, 1900
Genus Mammites LAUBE & BRUDER, 1887

Type species: Ammonites nodosoides (SCHLUTER, 1871, p. 19, pl. 8, figs. 1-4, by
monotypy (see WRIGHT & KENNEDY, 1981, p. 75).

Mammites nodosoides (SCHLUTER, 1871) Fig. 3 (¢)

cf. 1871  Ammonites nodosoides. — SCHLUTER, p. 19, pl. 8, figs. 1-4.
cf. 1981 ~ Mammites nodosoides (SCHLUTER). — WRIGHT & KENNEDY, p. 75 (with

synonymy).
cf. 1985 Mammites nodosoides (SCHLUTER). — KassaB, p. 62, pl. 2, figs. 1-3.
1992 Mammites nodosoides (SCHLUTER). — ABDEL GAWAD et al., p. 328, pl. 1,
figs. 3.

1993 Mammites nodosoides (SCHLUTER). — Kora et al., pl. 1, fig. 9.
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Material: Three fragments of internal moulds (MSC 883 - MSC 885) comprising
two phragmocone chambers, each about half whorl, Dimensions could not be
determined.

Description: Shell evolute, whorl section is rectangular, slightly wider
than high, venter slightly convex. Ornament in the form of straight ribs, well
pronounced around the umbilicus with large, projecting ventrolateral nodes.

Suture line not visible. Due to the poor preservatxon the present specimens
can not be safely determined.

Discussion: The present specimens are strongly eroded, especially in the
ventral regions. However, the mode of coiling and the ornamentation is very
similar to that of M. nodosoides, but due to the poor preservation the present
specimens are only compared with this species. The specimens studied very
closely resemble M. nodosoides figured by KassaB (1985, pl. 2, figs. 1-3)
and ABDEL GAwAD et al. (1992, p. 328, pl. |, fig. 3).

Occurrence: Abu Qada Formation, section C. Lower Turonian.

The genus Mammites had a worldwide distribution in the Lower Turonian
(Matsumoto 1973). Specifically M. nodosoides occurs in the Lower Turonian of
England, Spain, Portugal, New Mexico (KENNEDY et al., 1987), Nigeria (ZABORSKI,
1987, 1990), Venezuela (RENZ, 1982).

Family Vascoceratidae DOUVILLE, 1912
Subfamily Vascoceratinae DOUVILLE, 1912
Genus Nigericeras SCHNEEGANS, 1943

Type species: Nigericeras gignouxi SCHNEEGANS, 1943, p. 119, pl. 5, fig. 10-15,
by subsequent designation of REYMENT (1955).

Nigericeras sp. Fig. 3 (d-e), Fig. 4 (a), Fig. 8a

Material: Seven fragments of internal moulds (MSC 886 - MSC 892), four of
phragmocones and three body-chambers, of a half whorl. Dimensions could not be
determined.

Fig. 4. a. Nigericeras sp. (MSC 886). Section A, Abu Qada Formation. Lower
Turonian. b-c. Vascoceras cauvini CHUDEAU (MSC 893). Section C, Raha For-
mation. Uppermost Cenomanian. d-e. Thomasites gongilensis (Woobs) (MSC 895).
Section C, Raha Formation. Uppermost Cenomanian All x 0.8.
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Description: Shell evolute, compressed. Moderately large umbilicus com-
prising up to 30 % of the diameter, with angularly rounded shoulders and
steep vertical walls. Whorl section subquadrate to ovoidal, higher than wide.
Venter narrowly rounded. Suture line shown in Fig. 8a.

Discussion: Due to the poor preservation, the present specimens cannot be
determined at the specific level. They are regarded as Nigericeras rather than
Pseudaspidoceras because of the absence of the rectangular whorl section
and the ventrolateral nodes in the present specimens. However, they are
similar to N. tinrhertense COLLIGNON & RoMaN figured by AMARD et al.
(1981, pl. 8, fig. 2) although the present specimens are compressed and
larger than N. tinrhertense, also, the present species has most of the morpho-
logical features of N. tinrhertense as described and figured by LUGER &
GROSCHKE (1989). The latter has a subsquarish whorl section and is slightly
less depressed than the present specimens. However, LUGER & GROSCHKE
based in their identification on a single specimen.

Occurrence: Abu Qada Formation, section A, Lower Turonian. N. tinrhertense
is recorded from the Early Turonian Zone V of Tinrhert, Algeria (AMARD et al.,
1981).

Genus Vascoceras CHOFFAT, 1898

Type species: Vascoceras gamai CHOFFAT, 1898, p. 54, pl. 7, figs. 1-4; pl. 8,
fig. 1; pl. 10, fig. 2; pl. 21, figs. 1, 2, 5, by subsequent designation of RoMaN (1938).

Vascoceras cauvini CHUDEAU, 1909 Fig. 4(b-c), Fig. 7f

1909 Vascoceras cauvini. — CHUDEAU, p. 67, pl. 1, figs. 1a and 2a; pl. 2, figs. 3
and 5; pl. 3, figs. 1b,2b, 4.

1921 Thomasites cauvini (CHUDEAU). — CHUDEAU, p. 463, fig. 1.

1933 Vascoceras cauvini CHUDEAU. — FURON, p. 268, pl. 9, fig. 17.

1935 Vascoceras (Paravascoceras) cauvini CHUDEAU. —FURON, p.60, pl. 5, fig. 1.

1943 Paravascoceras cauvini (CHUDEAU). — SCHNEEGANS, p. 128, pl. 4, fig. 2,
fig. 9a-f.

1969  Paravascoceras cauvini (CHUDEAU). — FREUND & Raas, p. 20, pl. 3, figs.
1-3; text-fig. Sa-b.

1975 Paravascoceras cauvini (CHUDEAU). — SCHOBEL, p. 119, pl. 4, figs. 1-3; pl.
S, figs. 1-4.

1981 Paravascoceras cauvini (CHUDEAU). — AMARD et al., p. 51, pl. 3, fig. 9.

1989 Vascoceras cauvini CHUDEAU. — LUGER & & GROSCHKE, p. 374, pl. 4, figs.
3, 6, 8-9; pl. 41, figs. 1-4, pl. 42, fig. 1; text-fig. 6 G, H and 8 C.

Material: A single internal mould (MSC 893). Dimensions could not be
determined.
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Description: Shell evolute, compressed. Umbilicus moderately wide with
rounded shoulders and vertical walls. Whorl section rounded with slightly
inclined flanks (Fig. 7f). No ornamentation observed. Suture line hardly visi-
ble.

Discussion: Vascoceras cauvini displays variation in the degree of
compression and ornamentation (SCHOBEL, 1975). Therefore, the present
specimen represents the unornamented variety in the sense of SCHOBEL
(1975). ¥ rumeaui COLLIGNON was regarded as a junior synonym of ¥
cauvini CHUDEAU, 1909 by SCHOBEL (1965), but the former species differs
from the present species in its slightly inflated cross-section and the narrower
umbilicus. ¥ cauvini differ from ¥V durandi in its relatively smaller umbilicus
and less depressed whorl section. ¥ cquvini is considered to be a junior
synonym of the Portuguese ¥V barcoicense CHOFFAT, 1898.

Occurrence: Raha Formation; section C. upper Upper Cenomanian.

V cauvini is well known from central and northern Africa, the Middle East and Peru.
V. cauvini is reported from the Lower Turonian cauvini Zone of Israel (FREUND &
RAAB, 1969), but KENNEDY et al. (1987) now place it in the Upper Cenomanian.
According to LUGER & GROSCHKE (1989) the species is known from the Upper
Galala Formation of the Upper Cenomanian.

Vascoceras proprium (REYMENT, 1954) Fig. 5 (a-b), Fig. 7¢c

1954 Pachyvascoceras proprium. — REYMENT, p. 258, pl. §, fig. 1; text-fig. 3d.

1954  Pachyvascoceras proprium plenum. — REYMENT, p. 258. Pl. 5, fig. 5; text-
figs. 3¢ & 6.

1954  Pachyvascoceras costatum. — REYMENT, p. 257, pl. 3, fig. 6; pl. 4, fig. 3, pl.
5, fig. 2; text-figs. 3a-b, 5.

1954  Pachyvascocera globosum. — REYMENT, p. 259, pl. 3, fig. 3; pl. 5, fig. 4, text-
figs. 3c & 7.

1955  Pachyvascoceras costatum. — REYMENT, p. 65, pl. 14; fig. 2 & 4.

1987  Vascoceras proprium (REYMENT). — KENNEDY et al., pl. 4, figs. 1-15, 18-19;
pl. 5-6; text-figs. 8A-C (with full synonymy).

1996 Vascoceras proprium (REYMENT). — KASSAB, p. 15.

Material: A single internal mould (MSC 894).

Dimension: D Wb Wh 8]
MSC 894 90 45(50) 35(39) 22(24)

Description: Shell involute, slightly compressed. Umbilicus comprising
24 % of the total diameter with well rounded umbilical shoulder. Umbilical
wall vertical. Whorl section with rounded venter. Whorl breadth to height
ratio of 1:3. There is no evidence for any ornamentation due to the badly
corroded surface of the shell. Suture line hardly visible.



408 M. M. El-Hedeny

Discussion: Vascoceras proprium is discussed in detail by. KENNEDY et al.
(1987), who review the synonymy, and the differences from other species
of the genus. They emended the definition of Vascoceras and included Para-
vascoceras FURON, 1935, Pachyvascoceras FURON, 1935, Paracanthoceras
FuroNn, 1935, Broggiiceras BENAVIDES-CACERES, 1956, Discovascoceras
CoLLIGNON, 1957, and Provascoceras COOPER, 1979 as synonymous.
REYMENT (1979) suggested that the morphological similarites within the
Vascoceratidae are often more the result of common palaeoenvironmental
influences than of phylogenetic affinity.

Occurrence: Abu Qada Formatiom section C. Lower Turonian.

V. proprium is recorded from the Lower Turonian of Texas, northern Mexico, and
Nigeria (KENNEDY et al. 1987). According to KassaB (1996) the species is known
from the basal Turonian of the Egyptian Eastern Desert.

Subfamily Pseudotissotiinae HyarT, 1903
Genus Thomasites PERVINQUIERE, 1907

Type species: Pachydiscus rollandi PERON, 1890, p. 25, pl. 17, figs. 1-3, by
original designation of PERVINQUIERE (1907).

Thomasites gongilensis (Woobs, 1911) Fig. 4 (d-e), Fig. 7h

1911  Vascoceras gongilensis. — Woobs, p. 282, pl. 21, fig. 7, pl. 22, fig. 1.
1989  Thomasites gongilensis (WooDs). — MEISTER, p. 38, pl. 16, figs. 3-5, pl. 17,
figs. 1-6, pl. 18, figs. 1-3, pl. 19, figs, 1-5, pl. 20, figs. 1-5; pl. 21, figs. 1-3

(with complete synonymy).
Material: Two internal moulds (MSC 895 - MSC 896).
Dimension: D Wb Wh 8)
MSC 895 51 16 27(53) 13(25)
MSC 896 48

Description: Shell involute, with umbilicus comprising 25 % of the
diameter, whorls compressed, with flattened convergent, narrowly rounded

Fig. 5. a-b. Vascoceras proprium (REYMENT) (MSC 894). Section C, Abu Qada
Formation. Lower Turonian. c-d. Choffaticeras segne (SOLGER). ¢. (MSC 897).
d. (MSC 898). Section A & C, Abu Qada Formation. Lower Turonian. e. Metatissotia
fourneli (BayLE) (MSC 903). Section B. Matulla Formation. Middle Coniacian.
Allx 0.8.
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ventro-lateral shoulder and broad tricarinate - bisulcate venter. Only outer
flank ornament is well preserved and consists of blunt prorsiradiate ribs that
terminate in blunt ventral clavi on blunt ridges. These are separated by
grooves from a blunt siphonal clavi.

Discussion: The present specimen closely resembles that of MEISTER
(1989) who reviewed the synonymy and differences from other species of the
genus.

Occurrence: Raha Formation, section C. upper Upper Cenomanian. Thomasites
gongilensis first appears in the Upper Cenomanian and ranges into the lowest
Turonian of Nigeria (Woobs, 1911). There are records from Spain and southern
England (MEISTER, 4 989).

Genus Choffaticeras HyatT, 1903

Type species: Pseudotissotia meslei PERON, 1896, pl. 1, fig. 1; pl, 2, figs. 1 & 2;
pl. 3, fig. 2; pl. 17, fig. 1, by subsequent designation of RoMmAN.

Choffaticeras segne (SOLGER, 1903) Fig. 5 (c-d), Fig. 8¢

1903  Pseudotissotia segnis. — SOLGER, p. 77, pl. 4.

1914  Pseudotissotia segnis (SOLGER). — Eck, p. 204, pl. 15, fig. 3.

1915  Pseudotissotia (Choffaticeras) segnis (SOLGER). — GRECO, p. 213, pl. 19,
fig. 1.

1985  Choffaticeras segne (SOLGER). — KassaB, p. 87, pl. 16, figs. 6-11; pls. 17-20.

1987  Choffaticeras segne (SOLGER). — KOrRA & HaMaMa, pl. 1, fig. 7.

1992 Choffaticeras segne (SOLGER). — ABDEL GAWAD et al., p. 330, pl. 1, fig. 6.

1993  Choffaticeras segne (SOLGER). — KORA et al,, pl. 3, fig. 8.

Material: Four internal moulds (MSC 897 - MSC 900).

Dimension: D Wb Wh U
MSC 899 75 18(24) 25(33) 12(16)

Description: Shell strongly involute, compressed whorls with broadly
rounded inner flanks and convergent outer flanks, and a narrowly rounded
venter. Umbilicus small with rounded walls. Suture line shown in Fig. 8c.

Discussion: The present specimens closely resemble Eotissotia simplex
BARBER of the Lower Turonian of Nigeria, but all the sutural saddles except
E/L are entire in BARBERs species (1957, p. 55). ABDEL GAwAD et al. (1992)
figured a single specimen of poor preservation and based in their identi-
fication only on the nature and configuration of the suture line.
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Occurrence: Abu Qada Formation, sections A & C. Lower Turonian. Choffaticeras
segne is recorded in the Lower Turonian of Tunisia, Algeria and Egypt. According
to Kora & HaMAMA (1987) this species is known from the Lower Turonian Wata
Formation of Gebel Gunna, southeastern Sinai, Egypt.

Family Tissotiidae HyarT, 1900
Subfamily Tissotiinae HAyTT, 1900

Genus Metatissotia HyatT, 1903

Type species: Ammonites fourneli BAYLE, 1849, p. 360, pl. 17, figs. 1-5, by sub-
sequent designation of RoMAN (1938).

Metatissotia fourneli (BAYLE, 1859)
Fig. 5 (e), Fig. 6 (a-b); Fig. 7 (a-c); Fig. 8d

1849  Ammonites fourneli. — BAYLE, p. 360, pl. 17, figs. 1-5.

1897  Tissotia fourneli BAYLE emend. — THOMAS & PERON - PERON, p. 59, pl. 10,
figs. 1-8; pl. 17, figs. 9 & 10.

1897  Tissotia grossouvrei. — PERON, p. 70, pl. 16, figs. 1 & 2; pl. 18, fig. 17.

1903  Metatissotia fourneli (BAYLE). — HYATT, p. 45.

1903  Paratissotia grossouvrei (PERON). — HYATT, p. 45.

1907  Tissotia fourneli (BAYLE). — PERVINQUIERE, p. 372, pl. 26, fig. 5a-b.

1915  Tissotia fourneli (BAYLE). — GRECO, p. 225, pl. 21, fig. 6a-b.

1956  Tissotia fourneli (BAYLE). — BENAVIDES-CACERES, p. 480, pl. 62, figs. 3 & 4.

1989  Metatissotia fourneli (BAYLE). — LUGER & GROSCHKE, p. 383, pl. 45, figs. 2
& 3, text-fig. 10F-G.

Material: Six internal moulds (MSC 902 - MSC 907).

Dimension: D Wb Wh U
MSC 905 70 29(41) 28(40) 9(12)
MSC 902 75 30(40) 33(44) 10(13)
MSC 903 81 31(38) 34(42) 11(14)

Description: Shell involute, tightly coiled, oxycohe, with tiny umbilicus
comprising 12-14 % of the diameter. The whorl section varies in the degree
of depression from compressed to slightly depressed. Well-developed keel
that disappears gradually on body chamber. Umbilical shoulder rounded.
Ornament in general not strongly developed, consists of widely spaced ribs
beginning on umbilical node-like undulations and ending at the ventrolateral
shoulder. Suture line shown in Fig. 8d.

Discussion: Generally, the present species shows great variability in the
degree of depression of the shell. Whereas PERON (1896, pl. 10, figs. 1-8;
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pl. 17, figs. 9 & 10) figured relatively compressed specimens, PERVINQUIERE
(1907 p. 372, pl. 26, fig. 5) reported a more compressed form. According to
PERVINQUIERE (1907, p. 374), Tissotia grossouvrei shows great similarity to
T. fourneli especially in whorl section but they differ only in the slightly
weaker ornamentation of the former, so that a differentiation of the two
forms cannot be justified. The lacking of any umbilical sculptural elements
in Subtissotia africana (PERoN, 1897) differentiate it from the present
species.

Occurrence: Matulla Formation. Sections B & D. Middle Coniacian. M. fourneli
(BAYLE) is well known in Algeria and Tunisia as a characteristic species of the Lower
Caniacian (PERON, 1897; PERVINQUIERE, 1907). Also, this species is recorded in the
Coniacian of Peru (BENAVIDES-CACERES, 1956). LEwy (1975) and LEwy & RaaB
(1968) considered that M. fourneli (BAYLE) is an Upper Coniacian species (Zone
CA)5) of the Middle East. Later, LEwy & HONIG (1985) recorded this zone in levels
higher than previously recognized. M. fourneli is reported in the Middle or Upper
Coniacian of Wadi Qena, Eastern Desert, Egypt (LUGER & GROSCHKE, 1989).

Metatissotia ewaldi (voN BUCH, 1848) Fig. 6 (c); Fig. 8f

1848  Ammonites ewaldi. — voN BucH, p. 221, pl. 1, fig. 4.

1890 Tissotia ewaldi (voN BucH). — PERON, p. 5, pl. 15, figs. 1 & 2 te 1-2.

1984  Metatissotia ewaldi (voN BucH). — KENNEDY, p. 127, pl. 28, figs. 4-5; pl. 29,
figs. 9-11; pl. 30, figs. 1-2, 2-5, 8-9, 12; pl. 32, figs. 1-3; text-fig. 40 B & E
(with full synonymy).

1989  Metatissotia cf. ewaldi (voN BUCH). — LUGER & GROSCHKE, p. 384, pl. 44,
figs. 1 & 2, text-fig. 10E.

Material: Three specimens of internal moulds (MSC 908 - MSC 910).

sDimension: D Wb Wh U
MSC 909 68 18(26) 29(43) 6(9)

Description: Shell involute, compressed with whorl breadth to height
ratio 0.62, tightly coiled. Umbilicus very narrow, umbilical shoulder rounded
with a steep wall, venter fastigiate. Weak ornaments of 18 relatively broad

Fig. 6. a-b. Metatissotia fourneli (BaYLE). a. (MSC 903). b. (MSC 906). Section
B & D, Matulla Formation. Middle Coniacian. ¢. Metatissotia ewaldi (BucH) (MSC
909). Section B & D, Matulla Formation. Middle Coniacian. d-f. Coilopoceras
requienianum (D’ORBIGNY) (MSC 901). Section A, Wata Formation, uppermost
Turonian. All x 0.8.
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Fig: 7. Whorl sections of a-c, Metatissotia fourneli (BAYLE); a, MSC 906, b, MSC
905; ¢, MSC 907. d. Neolobites vibrayeanus (D’ORBIGNY). MSC 880. e, Vascoceras
proprium (REYMENT) (MSC 894). f, Vascoceras cauvini CHUDEAU (MSC 893).
g, Coilopoceras requienianum (D’ORBIGNY). MSC 901. h, Thomasites gongilensis
(Woobs) (MSC 896). All 0.8.

Coilopoceras requienianum (D’ ORBIGNY, 1841)
Fig. 6(d-f); Fig. 7g; Fig. 8b

1841 Ammonites requienianum. — D’ORBIGNY, p. 315, pl. 93, fig. 1-4.

1903  Coilopoceras requienianum (D’ORBIGNY). — HYATT, p. 99.

1984  Coilopoceras requienianum (D’ORBIGNY). — KENNEDY & WRIGHT, p. 282,
pls. 35-36, text-figs. 1-5 (with complete synonymy).

1989  Coilopoceras requienianum (D’ORBIGNY). — LUGER & GROSCHKE, p. 88, pl.
46, figs. 1-3-, text-figs. 6a-¢, 11, 12, 13a-c.
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and widely spaced ribs start from the umbilicus and end at the ventrolateral
shoulder. Suture line (Fig. 8f) composed of four saddles of which the first
lateral is the largest of all the sutural elements. The first lateral saddle is
divided by deep lobule into two nearly subequal parts; the internal is entire
and subrounded while the external part is divided by deep lobule into two
subequal parts. The other three saddles are entire and become smaller
gradually towards the umbilical side. All lobes are almost regularly denti-
culated.

Discussion: GROssOUVRE (1894) stated that some varieties of Tissotia
haplophylla REDTENBACHER, particularly less thick varieties with less
accentuated ornament are analogous to I. robini and T. ewaldi. However,
PERON (1890, p. 8) stated that there is a great similarity between T. ewaldi
and T robini except the absence or weak appearance of ribs at the umbilicus
that distinguish the former. GROSSOUVRE (1894) reported that the only
difference between T. robini and T. ewaldi is that the external division of the
first lateral saddle is rounded in 7. ewaldi whereas it is indented in T. robini
but PERVINQUIERE (1907, p. 376) was convinced that the two species are
identical and the difference indicated by GROSSOUVRE is minute and may
reflect ontogenetic variations. M. ewaldi (voN BucH, 1848) sensu KENNEDY
(1984) is much more compressed, has a fastigiate venter, and generally
shows a weaker ornamentation than M. fourneli. He (1984) regards M. robini
as a junior synonym of M. ewaldi. The present specimen closely resembles
the one figured by LUGER & GROSCHKE (1989, pl. 44, figs. 1 & 2; text-fig.
10E) but the latter is much more inflated, has faint marginal ribs on phrag-
mocone and no ornament on body chamber. The present species is more
compressed than Subtissotia africana (PERON) described and figured by
LUGER & GROSCHKE (1989).

Occurrence: Matulla Fomation, section B & D. Middle Coniacian. M. ewaldi
occurs together with Tissotioides haplophyllus (REDTENBACHER) in the Lower
Coniacian of N. Spain, Zone 1 (WIEDMANN, 1960, 1978 and WIEDMANN &
KAUFFMAN, 1978). M. ewaldi is known from the Middle Coniacian of France and
Austria (KENNEDY, 1984). It is recorded in the Upper Coniacian of Sinai and Israel
(LEwY & RaAAB, 1978). LUGER & GROSCHKE (1989) recorded M. cf. ewaldi from the
Middle Coniacian of the Hawashya Formation of Wadi Qena, Eastern Desert, Egypt.

Family Coilopoceratida HyarT, 1903

Genus Coilopoceras HyatT, 1903

Type species: Coilopoceras colleti HyatT, 1903, p. 91, pl. 10, figs. 5-21; pl. 11,
fig. 1, by original designation.
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Description: Shell involute, oxycone. Whorl section lanceolate with a
sharpened venter, maximum width closes to umbilicus. Umbilicus small,
with rounded shoulders and almost vertical wall. No ornamentation ob-
served. Suture line shown in Fig. 9b.

Discussion: CoBBaN & Hook (1980, p. 11) argued that species of the
genus Coilopoceras display sexual dimorphism. This agrees with the
redescription of the type-material of ORBIGNY (1841) by KENNEDY &
WRIGHT (1984, p. 283) who suggested the existence of sexual dimorphism in
C. requienianum which is shown by smooth oxycones and ribbed, less com-
pressed forms. Therefore, the present specimen represents the unornamented
oxycone form. Due to the great similarity between both C. sinaiense LEWY
and C. multicostatum LEwY collected from the requienianum Zone of the
Sinai and Israel (LEwy, 1975), these specimens can with doubt (due to the
poor preservation) be considered as synonyms of the discussed species.

Occurrence: Wata Formation section A, upper Upper Turonian. The present
species is recorded from the Upper Turonian of Madagascar (COLLIGNON, 1965),
France and Germany (KENNEDY & WRIGHT 1984). In Egypt, C. requienianum occurs
in the Upper Turonian of the northern Eastern Desert (KassaB, 1991) and Sinai
(LEwy, 1975 and Kora & Hamama, 1987). JELETzKY (1958, 1968) argued that
C. requienianum Zone is not the latest Turonian ammonite biozone.

Biostratigraphical significance

The upper Cenomanian-Coniacian outcrops of the west central Sinai, Egypt
yield a diverse and well preserved macro-fauna, particularly ammonites,
oysters, gastropods and echinoids, in a addition to many significant micro-
faunas.

The chronostratigraphic importance of the ammonites allowed the sub-
division of the Upper Cenomanian-Coniacian succession in the area studied
into six biozones (biostratigraphic units). In an ascending order these zones
are:

1 - Neolobites vibrayeanus Zone

This is the lowermost ammonite zone encountered in the area studied and
characterizes the Upper Cenomanian. The upper boundary is marked by the
appearance of ¥ cauvini. It is associated with abundant oysters like Jlymato-
gyra (Afrogyra) africana (LAMARCK), Ceratostreon flabellatum (GOLDFUSS),
Liostrea isidis (FOURTAU).
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Fig. 8. External sutures of: a, Nigericeras sp. (MSC 888). b, Coilopoceras requie-
nianum (D’ORBIGNY) (MSC 901). ¢, Choffaticeras segne (SOLGER). (MSC 898). d,
Metatissotia fourneli (BAYLE) (MSC 906). e, Neolobites vibrayeanus (D’ORBIGNY)
(MSC 880). f, Metatissotia ewaldi (BucH). (MSC 909). Scale bar is 10 mm.

Material: A single specimen of mould (MSC 901).

Dimension: D Wb Wh 6]
MSC 901 110 3431 45(41) 4.9(0.4)
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This zone is equivalent to the Egyptian Eastern Desert vibrayeanus Zone
(KassaB, 1991), the Portuguese Calycoceras naviculare Zone (BERTHOU,
1984), the Algerian vibrayeanus Zone (AMARD et al., 1981), the American
Calyoceras guerangeri Zone (WRIGHT & KENNEDY, 1981; WRIGHT et al.,
1984, CoBBaN, 1984; TROGER & KENNEDY, 1996)), the Spanish vibrayea-
nus-lotzei Zone (WIEDMANN & KAUFFMAN, 1978), the Neolobites vibrayea-
nus Zone of Morocco (CHARRIERE et al., 1997), the Brazilian Pseudocalyo-
ceras harpax- Thomelites aff. sornayi Zone (WALTER et al. in press), the
western Europe Metoicoceras geslinianum Zone (TROGER & VOIGT, 1995;
TROGER, 1996) and the Israeli vibrayeanus Zone (FREUND & RaaB, 1969;
LEwy et al., 1984).

2 - Vascoceras cauvini Zone

The cauvini Zone defines the uppermost Cenomanian in the area studied. It
has an upper boundary defined by the disappearance of ¥ cauvini and
the appearance of ¥V proprium. This zone is characterized by the presence
of Thomasites gongilensis. It also contains several oysters like Exogyra
(Costagyra) olisiponensis SHARPE, Curvostrea rouvillei (COQUAND), Cerato-
streon flabellatum (GOLDFUSS).

This zone is equivalent to the cauvini & rumeaui Zone of the Egyptian
Eastern Desert (LUGER & GROSCHKE, 1989), the cauvini & rumeaui Zone
(Zone V) of Algeria (AMARD et al., 1981), the cauvini Zone of Israel and the
Middle East (FREUND & RAAB, 1969; LEwy et al., 1984), the Fallotoites sub-
conciliatum Zone of N. Spain (WIEDMANN, 1978) the juddii Zone of Portugal
(BERTHOU, 1984), the cauvini Zone of Morocco (CHARRIERE et al. 1997), the
Vascoceras harttii-Pseudaspidoceras footeanum Zone of Brazil (WALTER et
al. in press) and probably correlates with the Neocardioceras juddii Zone of
Western Europe (TROGER & VOIGT, 1995; TROGER, 1996).

LeEwy et al. (1984) showed that the stratigraphical occurrence of the cau-
vini Zone is restricted to the Cenomanian or extends to the Lower Turonian,
but it is now restricted to the Upper Cenomanian (KENNEDY, 1985 and
KENNEDY et al., 1987).

3 - Vascoceras proprium Zone

This zone defines the basal Turonian in the area studied. The proprium Zone
is characterized by the presence of Nigericeras sp., in addition to a single
oyster species Curvostrea rouvillei (COQUAND).

The proprium Zone is equivalent to the Egyptian Eastern Desert
flexuosum Zone (KassaB, 1991), the American flexuosum Zone (COBBAN,
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1984, 1993), the Brazilian Pseudotissotia sp. Zone (WALTER et al., in press),
and correlates with the boreal Watinoceras coloradoense Zone on the
basis of the occurrence of Pseudaspidoceras flexuosum POWELL, ¥ pioti
(PERON & FOURTAU) and V. durandi (THOMAS & PERON).

4 - Choffaticeras segne Zone

This zone is the second Lower Turonian biozone in the area studied. Its upper
boundary is defined by the appearance of Coilopoceras. It yields Mammites
cf. nodosoides (SCHLUTER), Plicatula reynesi CoQUAND and Tylostoma (T’)
gadensis ABBASS.

This zone is equivalent to the Mammites sp. Fagesia cf. superstes Zone of
the Egyptian Eastern Desert (LUGER & GROSCHKE, 1989), the Mammites
nodosoides Zone of Morocco (CHARIERE et al. 1997), the nodosoides Zone
of Western Europe (TROGER & VoIGT, 1995) the three Choffaticeras zones of
LEwy et al. (1984) and in part correlates with the Mammites nodosoides
Zone of WRIGHT & KENNEDY (1981), WRIGHT et al. (1984), CoBBAN (1984,
1993) and BERTHOU (1984).

5 - Coilopoceras requienianum Zone

The requienianum Zone is the latest Turonian zone encountered in the
studied area. Due to the presence of an erosive surface separating this zone
from the succeeding zone, the upper boundary is marked by the appearance
of the Coniacian macrofossils.

This zone is equivalent to the deverianum and neptuni zones of France
(DEVALQUE et al., 1982), the neptuni Zone of the Uchaux Massif (KENNEDY
& WRIGHT, 1984), the requienianum Zone of Israel (LEwY, 1975; LEwy et
al., 1984) and can be correlated with the European Romaniceras deverianum
Zone on the basis of the common occurrence of Coilopoceras requienianum
(D’ORBIGNY).

6 - Metatissotia fourneli Zone

This zone is the only Coniacian zone encountered in the area studied. It is
characterized by the presence of M. fourneli (BAYLE) and M. ewaldi (vON
Buch); the former is very common in this zone. This zone is attributed to
the Middle Coniacian. It is associated with the oyster Nicaisolopha lyonsi
(BULLEN-NEWTON) and Plicatula ferryi (COQUAND).

This zone is equivalent to the tridorsatum Zone of Europe (KENNEDY,
1984), the Tissotioides haplophyllus (REDTENBACHER) Zone (Zone 1) of
N. Spain (WIEDMANN, 1960, 1978; WIEDMANN & KAUFFMAN, 1978), the
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Scaphites whitfieldi Zone of the Western Interior of United States (COBBAN,
1993) and the ewaldi-fourneli Zone (Zone 5) of the Middle East (LEwy &
RaaB, 1978).
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