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ABSTRACT

The Mid-Cretaceous rocks are extensively exposed in the Middle East. They are mainly compased of alternations of limestone, dulostone,
marl and chalk, with increasing amounts of sandstone towards the cast and south tlandward). Rich assemblages of fausils occur throughout
the sequence, especially in the soft rocks. Hawever, biozonation and dating could be established mainly on the basis of ammonites, the other
groupe enabling only a local tentative zonation. (ne ammonite zone t Knemiceras Zone) could be recognized in the Albian; ?ﬂlﬂﬂ 1-CE
3) in the Lower Cenomanian and one (CE 4) in the Upper Cenomanian: seven zones (T | - T 7) in the Lower Turonian and two (T 8 - T 9)
in the Upper Turonian: three (CA 1 - CA 3) in the Lower Coniacian and two iCA 4 - CA 51 in the Upper Coniacian.

Most of the exposed Mid-Cretaceous strata in the Middle East were depasited on a very broad, shallow shelf platform. They contain ben-
thonic foasils, especially rudists and oysters. The off-shelf sediments of that time are fine grain biaclastic limestones and chalks which occur
mainly in the subhsurface uf the present-day Middle East Mediterranean cuastal plain and seawards.

INTRODUCTION

An attempt is made herein to present a preliminary
description of the Mid-Cretaceous sequences and events
in the Middle East, based on available literature hoth pu-
hlished and unpublished (Internal Reports, Ph. D. and
M. Sc. Theses) as well as on current research of the authors
and their colleagues. (Thanks are due to the Authority for
Research and Development. the Hebrew University, which
sponsored a part of this study). Several speciesof ammo-
nites characterizing some of the zones mentioned herein,
were never recorded before from our region. and are there-
fore also illustrated (Plates 1 and 2).

The religious and historical background of the Middle
East drew the attention of many expeditions and individual
scientists since the early 18th century. Some of the publi-
shed reports from the 18th-19th centuries are still of et
importance. But to avoid this report from becoming merely
a bibliographical list, only a few of the ancient studies
were mentioned among the recent works cited herein, while
most of the others are cited in the more recent literature, as
well as in the Bibliography of Levant Geology (Avnime-
lech, 1965a, 1969).

Mid-Cretaceous rocks dre exposed over. large areas in
the Middle East and thercfore were studied by many geo-
logists. Unfortunately, little - ttention has heen paid to the
precise sampling and recording of the fossils. Lists of meya-
!oasils, originating from large lithostratigraphic units, given
in the literature are inadequate for precise correlation.

GEOLOGIC BACKGROUND

In the Latest Jurassic to Early Cretaceous times, the sea
retreated from the Jurassic shelf regions. During the Early
Cretaceous, a humid, fluvial climate prevailed in the Mid-
dle East (fresh water lakes ; Nevo, 1968) under which in-
tensive erosion of the exposed area bagan. Tectonic move-
ments elevated the landward region, increasing the inten-
sity of the erosion, which truncated Jurassic to Cambrian
rocks (Freund et al., 1975). Opposite the outlets of large
rivers, ive canyons were cut through Jurassic rocks
down to Bajocian strata (Derin, 1974 ; Cohen. 1976).
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Broad rivers carried clastic material from the continent to-
wards the sea (Karcz, 1965). Most of the coarse fraction
(conglomerate and sand) was depositea on the continent in
floodplains. lakas and other morphological depressions.
Some of the sand reached the shelf region (Shenhav, 1971)
where it was mixed with calcareous sediments (Helez and
Telamin Formations). Larger masses of sand were even-
tually carried into deeper marine environments, forming
tongues and lenses in the finer argillaceous fraction (Gevar
‘am Formation) deposited in the submarine canyons (Co-
hen, 1976), outer shelf and the continental slope.

The Cretaceous transgression over the margins of the
Arabo-Nubian craton, reached Northern Sinai, the North-
eastern Negev, the laraeli coastal pluin and Lebanon in
?Rarremian to Aptian times.

A short Late Aptian regression {Yavne Shale) ended the
Early Crewaceous (Berrinsian-Aptiant sedimentary cycle
cheracterized mainly by non biugenic components iclay
and sand).

The following Mid-Cretaceous transgression, progressed
on an almost level landmass formed during a period of in-
tensive erosion. Less clasiic maierial from the continent
was transported by the rivers into the rapidly advancing
sea. Shallow marine calcareous sedinients were depnsited
on the increasing, nearly flat shelf regions. Some of these
sediments contain pelagic elements drifted from the open
sea. Even small sea-level oscillations, on the extremely
broad (200-300 km) Cenomanian-Turonian shell, strongly
affected the biota and the sediment (including early diage-
netic processes such as dolomitization), creating a complex
litho- and biofacies pattern. The lower part of the trans-
gression is diachronous and is characterized by clastic
material grading into a calrareous-dolomitic sequence.
The upper eonuact of the Mid-Cretaceous sequence with
the Senonian chalk is quite sharp, due to local ur.conformi-
ties caused by conspicuous Late Coniacian environmental
changes. The Coniacian shelf sediments of the Middle East
still belong litholagically and faunistically to the Mid-Cre-
aceous calcareous sequence, even though, the sediments
comprise more argillaceous materiel.



The off-shelf sediments during the Albian-Turonian
times, are characterized by fine grained, calcareous bioclas-
tic material (Talme-Yafe Formation), most of which was
removed from the shelf, and was carried downslope by
strong currents (Bein, 1976). This sediment contains
different amounts of pelagic elements (oligosteginids, coc-
colithophorids and planktonic foraminiferids. (Bein and
Reiss, 1976).

From the Late Jurassic onwards, throughout the Creta-
ceous times, a tensional tectonic regime cnaracterized the
Middle East. Normal faulting and magmatism (intrusive
and extrusive) throughout the Levant (Freund
et al,, 1975). The most important of these fault regions
(the *‘hinge line”’, Gvirtzman and Klang, 1972) was loca-
ted nearly parallel to the present-day Israeli shoreline (Fig.
2) and controlled the configuration and position of the shelf
and the continental slope of that time. It separated between
two marine environments : a quite stable, broad shelf,
subsiding more or less gradually following the rate of sedi-
ment accumulation, and a slope region, which slowed its
subsidence rate toward the Turonian times, when the shelf
region extended more to the west (seawards) (Bein, 1974).
The border between both marine environments was cha-
racterized by rudistid ‘‘reefs” during the Albian-Turonian
times (Bein, 1976).

During the Senonian times, an open-marine environment
prevailed over the shell regions, resulting in the deposition
of chalk and chalky limestone even in shallow marine re-

gions. With this conspicuous lithofacies change the Mid-

Cretaceous sedimentary event ended.

AMMONITE BIOSTRATIGRAPHY

The Mid-Cretaceous ammonites of the Middle East offer
the best means of biozonation and long range correlation,
although they have a certain ecologic sensitivity. Some of
these ammonites occur in Western Europe and Texas, and
enable the chronostratigraphy as established in those well
studied areas to be applied to our region. Strata devoid of
ammonites or any other age-indicative fossils could not be
undoubtedly attributed to any of the adjacent biozones.
Therefore, the exact stratigraphic position of most of the
age boundaries is uncertain.

ALBIAN

Engonoceratid ammonites (the earliest representatives
of which appear in the Albian (Wright, in Moore, 1957) )
occur in the Middle East in the lower part of the marine
Mid-Cretaceous sequence. The stratigraphically nearest,
earlier ammonites were found in Gebel Maghara only
(N. Sinai ; Douvillé, 1916). It should be mentioned that
Douvillé’s (op. cit.) Aptian Knemiceras priscum is not an
engoceratid but a puchelliid (Mogharaeceras. Breistroffer,
1940, included in Subpulchellia Hyatt, 1903) of Barre-
mian-Aptian age.

The Albian engonogeratids of Lebanon and Israel occur
in two different levels. The lower level is usually associated
with a layer of marly limestone with iron-oxide oolites
(Fig. 3). The lack of detailed information on the stratigra-

hic distribution of the Albian ammonites in the Middle
renders the establishment of a detailed formal bios-
tratigraphic zonation impoasible. Therefore, all the occur-
rences of Albian ammonites (Table 1) have been included
in a single tentative Early Mid-Cretaceous Zone, viz.
Kneniceras Zone.

CENOMANIAN

CE 1 : - Graysonites Assemblage Zone : Several ammo-
nites, belonging to stratigraphically diagnostic species (Ta-
ble 2), characterize this assemblage zone, which can be tra-
ced at the base of a marly or argillaceous limestone se-
quence in the Jerusalem area, in the Northern and North-
eastern Negev (Fig. 3) and in Northwestern Sinai. Most of
the species characterizing this zone were never recorded
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before from our region, and since they are indispen,

the definition of this zone, they are also illusur:u:j. :l;.ﬁ-'
(see Plate 1, figs. 1-3, 11-13). The occurrence of Gra oy
nites wooldridgei Young and Stokiczkaia amano; Mll.nu’n..:
to and Inoma, indicates a lowermost Cenomanian age {
this zone and enables its correlation with Portugal (Wi::;'.
mann, 1964) on the one hand, and with Japan (Matsumenn
and Inoma, 1975) on the other. Utaturiceras bethiohe.
mense Avnimelech and Shoresh (1962) was erroneously a1.
tributed by these authors (1962) to the “calcaire 4 4can.
thoceras” (i.e. Kefar Sha'ul Formation). This species waq
later found to be associated with Graysonites at a lower
stratigraphic level (Base Bet-Me'ir Formation, Jerusalem
area and the Northern Negev) and was therefore assigned
herein to this zone.

CE 2 : This biozone is based on a few ammonites collec-
ted from the interval between CE 1 and CE 3. Metoicocs
ras besairiei Collignon (Plate 1, Fig. 10) occurs in the Jeru.
salem area (Moza Formation), Makhtesh Ramon (‘F.n
Yorge’am, Member of the Hazera Formation) and in Gebel
Halal {Northern Sinai). It is the only species having a con-
siderable geographic distribution. All the other species
(Table 2) were collected from Mt. Carmel (Isfiva Chalk),
from where only Hvphoplites falcatus (Mantell) was foi-
merly recorded in the literature (Avnimelech, 1975).

CE 3 : Sharpeiceras Assemblage Zone : The rich assem.-
blage of ammonites characterizing this zone (Table 2) -
curs in Israel, in the lower part of the Khureibe Chalk (M.
Carmel). All the specimens sampled in the past, have no in-
dication as to which part of the approx. 100 m thick Khu-
reibe Chalk they belong, and they comprise typical Early
Cenomanian { .:ms such as Sharpeiceras and Mantelliceras,
which belong to this zone (CE 3), beside Late Cenomanian
ones le.g. Euomphaloceras, Calvcoceras) which belong to
the following zone (CE 4). This stratigraphic discrepency
has been recently confirmed by a more accurate (though
preliminary) sampling. As already mentioned by Kennedy
(1971, p. 112), the Lebanese ammonites recorded by Basse
(1937, 1940) originate from different stratigraphic levels.
However, part of these ammonites could be clearly attribu-
ted to this Early Cenomanian zone (Table 2).

CE 4 : Calycoceras-Neolobites Assemblage Zone : This
biozone is characterized by the occurrence of Calycoceras,
Eucalvenceras, Euomphaloceras and Neolobites and com-
prises all the Late Cenomanian ammonites (Table 2). The
Calycoceras sp. Exogvra olisipoenensis (Sharpel Zone
(Freund and Raab, 1969) is included in it. This single Late
Cenomanian biozone, in the sense of a twofold subdivision
of the Cenomanian (See Chronostratigraphy) could
not be further split and it comprises several forms (e.g.
Calvcoceras newboldi (Kossmat), Euomphaloceras cun-
ningtoni  (Sharpel, Turrilites acutus Passy) which
are attributed to the Middle Cenomanian Acanthoceras
rhotomagense Zone (Kennedy, 1971). Although most of
these ammonites occur in ihe Acanthoceras rhotomagense
Zone, a few of them may rang: into the overlying Calyco-
ceras naviculare Zone. No C. naviculsre or any other indi-
cative ammonite of the latter zone or of the following Me-
toicoceras gaselinianum and M. goudroni Zones (Kennedy.
1971) have been hitherto recognized in the Middle East.
Therefore, it is plausible that CE 4 Zone is the biostrati-
graphic equivalent of the 4. rhotomagense Zone and pro-
bably also to part of the C. naviculare Zone. The CE 4
Zone is widespread in the Middle East, extending from
Western Syria (Gebel Ansariya) and Lebanon in the north,
through Israel to Sinai in the South.

TURONIAN

The Turonian ammonite biozones (Table 3) were esta-
blished by Freund and Raab (1969) and by Lewy (1975)
and were based on rich assemblages carefully sampled In
detail from well exposed strata. '

The Kanabiceras sp. of Zone T 1 is associated with Para-



“rtae Sk sgnna and Vesesseras of.

T Freund nadd aab, 12001, This asso-

Do Uoe an thoseert age fon this Kanaliice

e rows the MO0 ast, wherens the carliest assemiblage
san. (i ing Nanabiceras is found in Europe already in the
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The Coilopoceras sp., characterizing the Cnilopoceras sp.
Zone (Freund and Raab, 1909 designated herein T 8). is
distinguished from those Coilopuceras of the C. requienia-
num Zone {T9) by ils suture details. Zone 'Y occurs much
higher in the section, overlying a considerable sequence
barren of ammonites.

CONIACIAN

The biostratigraphy of the Coniacian ammonites is based
on Lewy (1975) and Parnes (1964). Five Coniacian bio-
zones (designated CA 1-5 in Table 4) were recorded.

Zones CA 1 - CA 3 are of Early Coniacian age and Zones
CA 4 - CA 5 are of Late Coniacian age. They occur from
the Israeli Negev southwards and westwards (Sinai, North
Africa), whereas northwards (Central and Northern Israel,
Transjordan and Lebanon), they could not be recognized.
However, two isolated peroniceratine ammonites were
found in Central Israel. Coniacian (most probably Farly)
ammonites (Table 4) were recorded futher to the north

from Northwestern Syria (Ponikarov. 1966). Species of He-

terotissotia, recorded from the Eastern Desert of Egvpt
(Greco, 1915) do not occur eastwards in Sinai and Israel
and therefore, could be tentatively attributed to Zone CA 4
of Heterotissotia neoceratites-Buchiceras bilobatum (Table
4).

CA 4 comprises species of the Metatissotia ewaldi Zone in
Europe. whereas no exclusive ammonite species of the fol-
lowing Latest Coniacian European Paratevahites emsche-
ris Zone has been hitherto found in the Middle East.

BIOSTRATIGRAPHY OF OTHER
FAUNAL GROLPS

{excluding ammonites)

As most of the exposed Mid-Cretaceous rocks were depo-
sited on a shelf platform under shallow waters, the domina-
ting fossil groups are benthonic. A few pelagic groups (es-
pecially microfossils), become more abundant toward the
west and northwest i.e., toward the open sea. The bentho-
nic groups contribute mainly to the understanding of the
shelf environments and microfacies.

The microfossils, especially the planktonic ones. are the
only means of dating pelagic and for correlating subsurface
seqquences. Several studies on the Mid-Cretaceous micro-
fossils (most of them internal reports) were published. An
attempt has been made in some of them to establish a local
biostratigraphic zonation or to apply European biozones to
our region. However, none of them provide a more detailed
and accurate dating than that of the ammonites. Most of
these biostratigraphic units are informal and serve only in
local correlation. Thus, several biostratigraphic units, most
probably local assemblage zones, were established bv Gra-
der, Reiss and Klug (1960 for correlation of the Lower
Cretaceous, including Early Mid-Cretaceous strata, in
boreholes in the Israeli Constal Plain. Gavelinella auma-
lensis Zone (Arkin and Hamaoui, 1967), a local assembla-
ge zone of Early Cenomanian age, was also used for corre-
lation in the subsurface of the Coastal Plain as well asin
outrrops in the Northern Negev. The European Helveto-
globotruncana helvetica Zone (Reiss. 1958] was locally
used for correlation of a marly facies of Uppermast Ceno-

Manian to Turonian age, both in the surface and the
subsurface.

Globotruncana concavata (Brotzen) was first described
l""m 8 Santonian (Tezanites) chalk near Mount Carmel,
srael (Brotzen, 1934), and for a long time was regarded as
?" exclusive Santonian index foasil. This species was later
ound aasociated with Coniscian ammonites (de Klasz,
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1061) and its Santoninn orcusrence is thus a partial range
zone. ‘The indicative (Giviroiruncana species  lincluding
the species @ G, reazi Guidolli, G, schnecgansi Sigal, G.
sigali Reichel) occur in the Middle East in marl or chalky
limestone of the open sea (pelagic) environment (Lewy,
1975) and thereiore are of minor hiostratigraphic signifi-
cance for the zonation of the shallow shelf regions of the
Mid-Cretaccous times. The same is true for the Cenoma-
nian-Turonian ostracode zones in Israel (Rosenfcld and
Raab, 1974) which should be reevaluated in view of the
recent advances in the dating of the diflerent lithofacies.

The following is a list of the latest micropaleontological
studies : NANNOPLANKTON : Moshkovitz, 1972 ;
FORAMINIFERIDA. : Arkin and Hamaoui, 1967 ; Gra-
der and Reiss, 1958, Grader, Reiss and Klug. 1960 ; Ha-
maoui and Gerry, 1963 : Hamaoui and Raab, 1965, 1965a;
Hamaoui and Saint-Mare. 1970 ; Said and Barakat. 1957 ;
Saint-Marc, 1974 : OSTRACODA : Bold, 1964 : Colin
and Dakkak. 1975 ; Damotte and Saint-Marc, 1972 ;
Koch. 1968 ; Rosenfeld and Raab, 1974 ; PALYNO-
LOGY : Brenner, 1974.

A very rich variety of bivalves and gastropods occurs in
the Mid-Cretaceous rocks in the Middle East. They were a
subject of many studies {e.z. Abbass, 1962, 1963 Blanck-
enhorn, 1927, 1934 : Déchaseaux, 1954 : Delpey, 1940 ;
Douvillé, 1916 : Fawzi, 1963, 1964 : Fourtau, 1904,
1917 : Greco. 1916, 1917 : Mahmoud, 1955 ; Shalem,
1928) though none of them provided any biostratigraphic
zonation. it should be mentioned that inocerami are very
rare (due to the unfavourable shelf conditions) whereas
oysters and rudists are very abundant.

(hsters ccur either as a part of heterogeneous biota,
which apparently indicates normal marine conditions, or as
monospeciflic te.g. Pvenodonte vesiculosa (Sow.) : Exogyra
conica (Sow.))bank-like concentrations of well preserved
specimens (resembling the thicket-building rudists). Some
Fxo,:ra as well as Neithea species seem to occur in definite
stratigraphic positions (See Table 5 and Fawzi, 1964).

Rudists were studied by Blanckenhorn (1934), Décha-
seaux (1954), Douvillé (19101, Keller (1933) and Vautrin
(1933) mainly from Syria and Lebanon where they persist
till Maastrichtian times. The latest rudists in Israel and
Sinai are of late Turonian age (Bournonia judaira Blanck-
enhorn, Lewy, 19750,

Fchinoids are quite abundant in the Mid-Cretaceous
rocks of the Middle East. and seem to be binstratigraphical-
ly signiflicant. Nevertheless. they were hitherto studied only
svstematically te.g. Blanckenhorn, 1925 : Keller and Vau-
trin. 1937 : Fourtau, 1914).

Vertebrates are rare. Most notable. hawever. is the occur-
rence of fossil fish in a few restricted localities in Lebanon
(Hakel and Hajula) and in Israel (Jerusalem area). Thev
occur in fine grained limestone associated with crustaceans
and plant remains and in Israel also with aquatic chelonians
and ammonites (among a few : presentatives of other
groups). A Middle Cenomanian age was tentatively assig-
ned to the Lebanese fishes by Patterson (1067, 1970), whe-
reas Hiickel (1970) attributed them to the Late Early Ceno-
manian and Saint-Marc 11974} to the travsition fromLower
to Middle Cenomarian (C4-C4)). In Israel. however, the
accompanying Nenlobites vibraveanus (d'Orbigny) in-
dicates a definite Late Cenomanian age (CE 4). This dil-
ference in age explains the fact that none of the Lebanese
species occurs in lsrael. The aquatic chelonians are of the
oldest known Podocnemis (G. Haas, the Hebrew Univ. of
Jeruselem, Dept. of Zoology. 1976, pers. comm.). Land-
dinosaur tracks were found in the Soreq Formation
dolostone (attributed herein to the Albian) near Jerusalem
(Avnimelech, 1962). They indicate the shallowness of the
shelf which was considerably remote from the eoeaval
shoreline in Jurdan (Fig. 2). A rich vertebrate assemblage,
comprising mainly shallow marine and continental forms
(eg. tortoises, crncodiles, dinosaurs), was deseribed by
Stromer (in : Bli.nckenhom, 1921 ; Hooijer, 1968) from



Lower Cenomanian, sandy-shaliv hels come 1080 m helow
Neolobites fourtaui Pervinquicre '1.--hosaid. 16020 inthe
region of the Bahariva Oasis (F.gvni). Another dinosaur, of
Cenomanian or Uppermost Cretaceous age was recorded
from Syria by Hooijer (1968).

Several biostratigraphic data are recorded in the
following latest stratigraphical studies from the Middle
East countries : Bender, 1968, 1974 : Bozdanov, 1963 ;
Ponikarov, 1966 ; Said, 1962 and Wolfart, 1967.

CHRONOSTRATIGRAPHY
ALBIAN

The lowest Knemiceras in Northern Sinai (Bir Lugzama
near Gebel Maghara., Douvillé, 1916) is accompanied by
Douvilleiceras mammilatum (Schloth.) indicating an Farly
Albian age (Jeletzy., 1968). As mentioned above, the
earliest accurrencesof Knemiceras in the Middle F.ast (Nor-
thern Sinai, Northern Negev. Galilee, Lebanon : Fig. 3)
are usually associated with iron-oxide oolites. According to
the age of this phenomenon in Northern Sinai (Douvillé,
1916). an Early Albian age can be assumed for all other
lower occurrences of Knemiceras. Rosenberg (1960 recor-
ded a Knemiceras sp. from a marly layer. just below the
iron-oxide oolite-bearing unit, in the upper part of the
“Couches a Orbitolines’ (Heybroek. 1942) in the Northern
Galilee, indicating an Early Albian age for this layver (for-
merly regarded as of Aptian age), as well as to the correlat-
able C2: unit of Saint-Marc (1974). The upper level of Kne-
miceras occurs rather close to the lower one, and considera-
bly lower than the earliest Cenomanian ammonites. An
Early to probably Middle Albian age is therefore sugg+sted
for the upper Knemicerax level.

CENOMANIAN

An ammonite-barren sequence (C3, of Saint-Marc,
1974) occu. s between the upper Knem:ceras unit (of Early
and Middle Albian age) and the lowermost Cenomanian
ammonite zcae CF |. Since CE 1 Zone, containing
Stoliczkaia and Graysonites is of earliest Cenomanian age
(Kennedy, 1971), the dolomitic unit below it may be at-
tributed to the Late Albian. The Albian-Cenomanian boun-
dary is, therefore. tentatively inserted at the top of this unit
(Fig. 2).

Biozones CE 1 - CE 3 contain species of Graysonites.
Stoliczkaia, Mantelliceras. Sharpeircras. Acompsoceras.
Paracalycoceras and Hyphu)lites. This assemblage charac-
terizes the Early Cenomanian Mantelliceras mantelli 7.one
in Europe (Kennedy, 1971).

Biozone CF. 4 comprises typical West Furopean. Middle
to Late Cenomanian ammonites such as Euomphaloceras,
Eucalycoceras and Pseudocalvcoceras. The assemblages of
the Cenomanian ammonites thus, enable a twofold
chronostratigraphic division of the Cenomanian namcly
Early and Late, the latter comprising also the Western
European Middle Cenomunian. Ammonites of CE 4 Zone
occur in the Judea Mountains and in the Negev (Israel)
just above a limestone-dolistone unit (30-100m) overlying
CE 2. The first Heterohelic (Foraminiferidal. indicating a
Late Cenomanian age, occurs in the lower part of this zone
in the Northern Negev (Hamaoui and Gerry, 1965) a few
meters above Neolobites fourtaui Perv.. It seems that the
limestome-dolostone unit in between CE 2 and CE 4 is par-
tly or completely of Early Cenomanian age ( i.e. the
stratigraphic equivalent of CE 3).

TURONIAN

The Cenomanian-Turonian boundary in Southern [srael
and Sinai can easily be traced by means of the ammonites.
Towards Central lsrael, ammonites of the Early Lower
Turonian zones disappear. Their assumed
lithoatratigraphic equivalent consists of dolomites and
limestones with rudists which can be generally dated as of

Turonian age. Zones T 1 - T 6 are undoubtedly of gy
Turonian age. Zone T 7 comprises exclusively Eqp| y
Turonian ammonites. beside species which extend into the
Late ‘lI'uronian. and exclusively Late Turonian ONes,
The Early/Late Turonian boundary lies, there{o,.,.'
somewhere within this zone (see also Freund and Rag),’
1909). Zone T 9 of Couilopoceras requienianum d'Oy.
bigny). which is the last Late Turonian biozone in the \i4.
dle Fast, is not the latest Turonian biozone in Europe
{Jeletzky, 1968). Biozone T 9 is overlain by an ammonie.
barren sequence above which appears the first Coniacian
zone (CA 1).

CONIACIAN

The lowermost Coniacian zone (CA 1) in the Middle
East is not of a lowest Coniacian age, since Proplacenticeras
eboroense Collignon occurs in the Mid-Coniacian
Barraisiceras onilahvense - Kossmaticeras theobaldi Z.une)
of Madagascar (Collignon. 1965) and P. eamulicum (Blan.
ford). though being characteristic to the Indian Santonian
Zone 6, may occur in the Coniacian Zone 5 (Sastrv, Rao
and Mamgain, 1968).

CA 2 ecomprises, in addition to local species, badly
preserved Barroisiceras onilahvense Basse (Table 4) at-
tributed to the Lower Coniacian. CA 3 contains the latet
Early Coniacian ammonites such as B. onilahvense Basue,
Allotissotia galeppei (Perv.) (Table 4). CA 4 is charar-
terized by Heterotissotiaspecies, Buchiceras bilobatum
Hyatt and Roemeroceras tunisiense (Hyatt). The
Early/Late Coniacian boundary is drawn between the
latest Barroisiceras and the earliest Heterotissotia. Z.one
CA 4 is. therefore, of Late Coniacian age. CA 35 is the up-
permost loc:. Coniacian zone. comprising Metatissotia-
species, Reesideoceras and Protexanites at its top (Lewy,
1975). It is followed by a sequence of ammonite-barren
chalk which is overlain (in places disconformably) by marl
containing Spinaptychus spinosus (Cox) and Sigalia
deflaensis (Sigal) (Foraminiferida), which are the earliest
Santenian indicative fossils.

The chalk sequence below the spinaptychi-bearing unit,
may be coeaval with the Western Furopean latest
Coniacian Parabevahites ernscheris Zone (Lewy, 1975)
which was not recognized in the Middle East.

LITHO- AND BIOFACIES

As mentioned above, most of the exposed Mid-
Cretaceous strata in the Middle East were deposited on a
broad, shallow shelfl. whereas the deeper environments of
deposition are encountered only in drillings. along the
recent Mediterrunean oastal plain and seawards. During
those times, the shell was quite stable, keeping a rather
similar water depth where subsidence was almost equal to
the rate of sedimentation. Rudists and their biolithites are
most significant from the lithn- and biofacial point of view
in the Mid-Cretaceous sediments. The ccology and con-
figuration of the Cretaceous rudistid biolithites in Northern
Tsrael were discussed by Bein (1976) and by Freund
(1963).

The rdistids in the Middle East build several kinds of
biogenic calcareous structures, which can be classified into
two major types : (1) narrow belts of wave-resistant ver-
tically growing rudistid ‘‘reefs” and (2) a laterally
widespreading thicket of ooe or two rudist generations.
Small clusters of vertically growing rudists (like coral pin-
nacles) which are usually assaciated with other molluscs (e.
g Nerinea, Trochactaeon) and horn-ike, unattached
rudists (Ichthyosarcolites), occur in addition to those end-
types,

The rudistid “‘reef” belt (1) characterizes the edge of the
shelf platform. There, cone-like attached rudists built a
wave-resiatant structure (Bein. 1976). Level bottoms of
low-enerzy marine environment, provided a substrate for a
monospecific rudist population (mostly a single
generation), spreading over large areas. Due to the
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shallowness of the water, this environment was unstable,
and emergence or covering by unconsolidated sediments,
causing the death of the whole population, eventually oc-

. Several consecutive rudist thickets indicate such cy-
cles of population and mortality.

Morphological highs on the shallow shelf provided
substrates for small rudist clusters of a heterogeneous
pature. Firmly attached cone-like rudists occurred on
these highs, occasionally cemented to each other (Bein,
1976) and associated with poorly attached, curved
radists such as Toucasia, Apricardia, Caprina,
Caprinulz  and completely free forms such as Ichth-

sarcolites. They are also associated with other bivalves
and gastropods, occupying the more protected, calm
niches.

The rudists contribute their debris to the surrounding
area. Skeletal material is deposited almost over the
whole shelf platform ard also carried downward the
continental slope (maiuly the calcilutite) where it is
deposited as “alternaiing laminae of calcilutite and fine
calcarenite " (Bein, 1976, p. 264). Although rudists
inhabited shallow waters, they did not live near the
shore and in environments of high sedimentation rates
or muddy bottoms. Such unfavourable conditirns may
be the cause for the absence of rudists from the Latest
Turonian onwards in Israel and Sinai (Jordan and Egy-
pt?)

Echinoids, gastropods and infaunal bivalves which
prefer a fine grained substrate, occur in marl. marly
and chalky limestones or calcareous sandstones, all of a
relatively soft nature. Hard bioclastic limestones contain
only a few well preserved magafossils and indicate a
relatively high-energy environment of deposition. On the
other hand, these bioclastic limestones may contain
rudists which need suitable substrates and tolerate water
turbulence.

Low-energy marine environments prevailed in restricted
shallow basins in Cenomanian times (Hajula and Hakel in
Iebannn, and Jerusalem area in Israel). There the sedimen-
ts were deposited in laminae, forming a platy limestone
which contains extraordinarily well preserved fishes,
ophiuroids and chelonians, in addition to other faunal
groups (Hiickel, 1970). This biota is associated with
terrestrial plant remains drifted from the nearby land
bodies. (i.e. exposed rims of these basins and islands, since
the shoreline of the continent was much further eastwards).
This peculiar environment of deposition occurred during
the lowering of the sea level (followed in the Jerusalem area
by the deposition of dolostone) through which underwater
depressions became partly or completely closed shallow
basins. The rarity of megafossils in the dolostones may be
due to the primary unfavourable environment (high
salinity) as well as secondary destruction through
dolomitization.
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Table 1 : ALBIAN AMMONITES

After : Basse, 1937, 1940; Douvillé, 1916, 1928;Mahmoud, 1955.
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Hypophylloceras aphrodite venus Mahmoud

H. aegyptiacum Mahmoud

H. moreti Mahmoud

Ammoniceratites vicinum (Douvillé)
Eotetragonites breistrofferi Mahmoud

E. cl. E. plurisulcatus Breistroffer

E. aff. E. umbilicostriatum Collignon
Tetragonites cf. T. duvali (d'Orbigny)
Protanisoceras trituberculatum Collignon
*“Crioceras”’ cf. C. munieri Sarrasin & Schindel

Puzosia lata Seitz

P. aff. P. communis Spath
*“Valdedorsella" gignouxi Mahmoud
Beudanticeras beudanti (Brongniart)

B. revoili elegans Mahmoud

Neosilesites nepos (Douvillé)

N. spathi Mahmoud

Desmoceras latidorsatum (Michelin)
Douvilleiceras mammillatum (Schlotheim)
Knemiceras aegyptiacum Mahmoud

++++++H+HH

. arambourgi Basse

. attenuatum Hyatt
collignoni Mahmoud
compressumn Hyatt

deserti Mahmoud
dubertreti Basse
[lexiloculosum Basse
pinax Krause

rittmani Mahmoud

spathi orientalis Mahmoud

++

+++

+++

spathi spathi Mahmoud

. subcomplicatum Basse
syniacum (von Bluch)

. uhligi Chofiat
Engonoceras gracile (Douvillé)
E. jezzinense Basse

E. aff. E. complicatum Hyatt
E. jukieni Basse

E. Khenchelaense (Basse)

E. zumoffeni (Basse)
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++

E. vicorpense (Baase)
Engonoceras sp.

Hypengnouru p.
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Table 2 : CENOMANIAN AMMONITES

After : Avnimelech and Shoresh, 1962 ; Basse, 1937, 1940 ; Douvillé, 1928 ;

Eck, 1915 ; Fourtau, 1904 ; Greco, 1915 ; Taubenhaus, 1920.
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UPPER CENOMANIAN

CE 4

Turrilites acutus Passy

T. costatus Lamarck

Neolobites vibraveanus (d’Orbigny)

N. fourtaui Pervinquiére

N. schweinfurthi F.ck

N. brancai Fck

N. peroni Staff and Eck

N. isidis Greco

Forbesiceras cf. F. conlini Stephenson
Eucalyraceras judaicum (Taubenhaus)
Pseudocalycoceras harpax (Staoliczka)
P. hajoulense Basse

P. angolaense (Spath)

P. haugi (Pervinquiére)

Calyenceras newboldi (Kossmat)

C. newboldi spinosum (Kossmat)
Acanthoceras cennmanense (d’Archiac)
A. sussexiense (Mantell)
Euomphaloceras meridionale (Stoliczka)
E. africanum Pervinquiére

E. multicostatum Basse

E. cunningtoni 1Sharpe)

++

++

+++4++

++++++

ILOWER CENOMANIAN

CE 3

Anisoceras plicatile (]J. Sowerby)
Idiohamites ellipticus (Mantell)

I. alternatus | Mantell)

Hypoturrilites mantelli (Sharpe)

H. carcitanensis { Matheron)
Ostlingoceras bechii (Sharpe)
Mariella cf. M. lewesiensis (Spath)
Turrilites costatus Lamarck

T. scheuchzerianus (Schliiter)
Puzosia of. P. subplanulata (Schliiter)
Forbesiceras cf. F. sculptum Crick
Mantelliceras cf. M. mantelli (J. Sowerby)
M. costatum (Mantell)

M. ex gr. M. dixoni Spath
Utaturiceras vicinale (Stoliczka)
Sharpeiceras laticlavium (Sharpe)
Acompsoceras rencvieri (Sharpe) -» € 4
A. spathi Basse

A. sarthense (Guéranger)
Paracalvcoceras alaouitense (Basse)
P. paralaouitense Basse

++ ++

++++++++++H++H+++ [+ S+ H

+

CE 2

Mariclla bergeri | Brongniart)

Hyphopl:tes falcatus {Mantell)

Forbesiceras cf. F. largilliertianum (d’Orbigny)
cf. Mantelliceras hexynense Thomel
Metoicoceras besairiei Collignon

CE 1

Stoliczkaia amanoi Matsumoto and Inoma
Mantelliceras saxhii (Sharpe)

M. couloni (d’Orbigny)

Gravsonites waoldridgei Young

G. cf. G. lozoi Young

Utaturiceras bethlehemense Avnimelech & Shoresh
Utaturiceras sp.

++++++ [+
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Table 3 : TURONIAN AMMONITES
After : Basse, 1937, 1940, 1954; Douvillé, 1928; Eck, 1915;
Freund and Raab, 1969; Greco, 1913; Lewy, 1975.

TURONIAN

EARLY

T|T
6|5

T
4

T
3

i 9
uousq)
uspuofsura]

[eean]

reug

iy

++| o =

++

Baculites sp.

B. cf. B. undulatus d'Orbigny
Parapuzosia (Austiniceras) sp.
Pachydiscus sp.

Romaniceras deverianum (d'Orbigny)

R. deverioide (de Groasouvre)
Romaniceras sp.

Romaniceras (?) inermis (de Grossouvre)
Kanabiceras sp.

Metoicoceras ci. M. whitei Hyatt

++

+++

Mammites nodosoides (Schlotheim)

M. tischeri Laube and Bruder

M. incertus Douvillé

M. . M. pervinquierei de Grossouvre
Pseudaspidoceras footeanum (Stoliczka)

P. of. P. paganum Reyment

P. cl. P. pseudonodosoides (Choffat)
Paramammites cf. P. polymorphum (Perv.)
Nigericeras sp.

Paravascoceras cauvini (Chudeau)

+ 4+ 4

+H+++ ++ +

++++|+

+

. rumeaui Collignon

. tavense (Faraud)

. crassum (Furon)

. obessum (Taubenhaus)

. cf. P. evolutum Schneegans

. baroicense {Choffat)

Gombeoceras cf. G. gongilense (Woods)
Vascoceras depressum Barber

V. pioti (Peron and Fourtau)

V. durandi (Thomas and Peron)

DT

w4

++

++4|+

++ |[++

<

harttiforme Choffat

cf. V. amieirense Choffat
cf. V. adonense Choffat
kossmati Choffat

gamai Choffat

munda Chollat

niloticurn Douvillé

ex. gr. V. globosum Reyment
aff. V. ell:pticum Barber
, nigeriense Woods

V. cA. V. robustum Barber

NXXXXXSIEXR
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+++|++++ 4+ +
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Table 3 : TURONIAN AMMONITES

(continued)

TURONIAN

LATE EARLY

T|T
S|4

T
3

A
couey

uwpiofouwa ]

[2s [

muig

LTS |

Fagesia cl. F. supeftes (Kossmat)

F. thevestensis (Peron)

F. bomba Eck

F. lenticularis elliptica Freund & Raab

F. lenticularis asymmetrica Freund & Raab
F. lenticularis lenticularis Freund & Raab
Thomasites rollandi rollandi (Thom. & Perv.)
T. rollandi globosum Pervinquiére

T. rollandi complanatus Pervinquiére

T. jordani jordani Pervinquiére

<+ +

+

++

++

+++ +|+++++++ ++| o A
+
+

+

++

T. jordani laeris Pervinquiére

T. jordani sinaitica Douvillé

Neoptychites cephalotus (Courtiller)

N. zetriformis Pervinquiére

N. cf. N. xetra (Stoliczka)

Neoptychites sp. 2

Pseudotissotia (Bauchioceras) tricarinata {Reyment)
Choffaticeras meslei (Peron)

Ch. segne (Solger)

o4

++

++

+4++|+
++[+

+ + + ++ 4|+

Ch. quaasi (Peron)

Ch. pavillieri Pervinquiére

Ch. sinaiticum (Douvillé)

Ch. luciac trisellatum Freund & Raab
Ch. securiforme \Eck)

Ch. mokattanicum Greco

Ch. destefani Greco

Choffaticeras sp.

Masiaposites carinatus Collignon
Hoplitoides cf. H. mirabilis Perv.

-~

++ + +

+
+o4 +++++++ +++++ H A+ ++

+++[+

+

+

++++++

H. ingens van Koenen

H. baalbekensis Basse

Hoplitoides sp.

Coilopoceras sp.

C. zihoricum Parnes

C. requienianum (d'Orbigny)

C. multicostatum Lewy

C. sinaiense Lewy

C.aff. C. newelli Benavides-Caceras
C. cl. C. novimexicanum Hyatt

++

++

e+ +++

C. lesseli Briiggen

Selwynoceras doutillei (Pervinquiére)
Subprionocyclus sp.

Prionocycloceras t?) dubertreti (Basse)
Protexanites salmuriensis (Courtiller)

++ 4+

+4++
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Table 4 : CONIACIAN AMMONITES
After : Douvillé, 1928; Eck, 1915; Greco, 1915;
Lewy, 1975; Parnes, 1964; Ponikarov, 1966.

CONIACIAN

LATE EARLY

CAS

CA 4

CA3|CA2

wukg

e

g

Mg

-

++

Proplacenticeras eboroense Collignon
Placenticeras tamulicum (Blanford)
Plesiotissotia sinaitica Lewy
Allotissotia galeppei (Pervinquiére)
Hemitissotia morreni (Coquand)

H. morreni praecipha Peron

H. cazini Pervinquiére

Heterotissotia neoceratites Peron

H. aff. H. semmamensis Pervinquiére
H. aegyptica Greco

++

++++

++

+ +

++++

-3 9 .g++

H. neolobitoides Greco

H. osiridis Greco

Tissotia sp.

Metatissotia fourneli (Bayle)

M. ewaldi (von Buch)

M. cf. M. steinmanni Lisson
Gauthiericeras cf. G. bajuvaricurn Redt.
Peroniceras cf. P. czornigi Redt.

P. ex gr. P. moureti de Grossouvre
Peroniceratinae indet.

+++-

++++

+ ++|+

++

<+

.g+

-~

Protexanites sp.

Barroisiceras onilahyense Basse

B. neqarotense Parnes
Subbaroisiceras cf. S. mahafalense Basse
Roemeroceras parnesi Lewy

R. tunisiense (Hyatt)

Buchiceras bilobatum Hyatt
Reesideoceras cf. R. gallicum Basse
Reesideoceras sp.

Harleites bentori Parnes

Forresteria cf. F. allaudi (B.L.T.)

+4++ +++|+

++

++

++ +++

AN ¢ 1B




Table 5 : DISTRIBUTION OF MID-CRETACEOQOUS PECTINIDS
IN THE MIDDLE-EAST

AGE ALBIAN CENOMANIAN TU-
ZONE LOWER UPPER|RON- | ¥ | -
HHEHE
Knemiceras IAN § s|glels
SPECIES Zone CE1{CE2 |CE3| CE4
Neithea syriaca (Conrad) D | +i+|+[+1+
N. dutrugei (Coquand) —_— ? ? +{+|+ |+ +
N. alpina (d’Orbigny) x +
N. coquandi (Peron)* x % XXX XX H—X +|+]+]+]?
Neithea sp.® x + +
N. quinquecostata (J. Sowerby) ? +
N. aequicostat;. (Lamarck) x + |+
N. gibbosa (F.. Pulteney) 2 +
N. striatocostata (Goldfuss) x +
N. fleuriausiana (d'Orbigny) x ? +
“Pecten’’ karmeliticus Blanck. ? + +

*Figured in Plate 2

X : uccurrence
____:range

? : uncertain position
--- : uncertain range
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PLATE1
(All figures except 13 in natural size)

Fig. |. — Stoliczkaia amanoi Matsumoto and Inoma

CE 1: Lower Cenomanian ;: Makhtesh Hathira (Hamakhtesh Hagadol). Northern Negev ;
top Hevyon Member of the Hazera Formating.

Fign. 2-3. — Mantelliceras couloni 1d'Orbigny)
Same stratigraphic level and location as Fieure |.

Fig. 4. — Twmilites acutus Passy
CE 4: Upper Cenomanian ; Jerusalem ; Kefar Shaul Formation.

Fig. S. — Hypoturrilites mantelli (Sharpe)
CE 3 ; Lower Cenomanian ; Mount Carmel : Khureibe Chalk.

Figs. 6-7. — Ostlingocsras bechii {Sharpe)
Stratigraphic level and location as in Figure 5.

Figa. 8-9. — Subprionacyclus ap. .
T 61?1 UpperTuronian : Northern Negev. (Mishor Haruhot), north of Mahktesh Ramon ; Ora Shale Formation.

Fig. 10. — Metoicoceras besairiei Collignon
CE 2 ; Lower Cenomanian ; Gebel Halal ; Northern Sinai, upper En-Yorge'am Member of the Hazers Farmation.

Figs. 11-12. — Graysonites cf. G. losoi Young
CE | : Lower Cenomanian ; Jerusalem area ; base Brit-Me'ir Formation

Fig. 13. — Graysonites wooldridgei Young
11/2':CE | :Lower Cenomanian ; Har Rahama ; Northern Negev ; top Hevyon Member of the Hazers Formation.
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Plate 1
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PLATE2
(All Rgwres excepr 4, 8. 9 in natural size)

Fig. 1. — Neithea coquandi Peron

CE 1 ; Lower Covamanian (ranges into CE 4) ; Makhtesh Hathirs (Hamakhtesh Hagadal) ; Northern Negev ;
top Hevyon Member of the Hazers Formation.

Figs. 2,8, 9. — S\arpeiceras laticlavium (Sharpe)
CE3; bm&wmn* : Mount Carmel ; lower part of Khreibe Chalk. 8-9 : x 1/2,

Fig. 3. —\Hypoturrilites carcitanensis (Matheron)

Seme strati \ﬂlielzwhnd location as Figs. 2,8, 9.
Fig. 4. — Pixosia cl. P. subplanata (Schititer)
x2/3 ; CE 3-CE 4 : Lower 10 Upper Cenomanian ;: Mount Carmel : Khureibe Chalk.
5. — Neithea sp.
Base CE 4 ; Upper C ian : Har Rah :  base Avnon Member of the Hazers Formation.

Figs. 6-1. — Mantelliceras ci. M. mantelli {]. Sowerby)
CE 3 ; Lower Cenomanian ;: Mount Carmel ; lower part of the Khureibe Chalk.
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