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ABSTRALT 

The Mid-Cretaceous rot'ks are extt'nsively Hposed in the Middle Eallt. Thf'y are mainly rompose-d of alternations of limestone, dolot1tone, 
marl and chalk, with increa!ling amoun� of sand!ltone towiird� the rast and !IOUlh I landward I. Rich a!l,...mbla� of f0tt<1il:1 OC<'ur throughout 
thP sequenCt', especially in the !!Olt rot'b. However, biozonation and dating could b4" f'!ltabli�hed mainly on the basis of ammonites, the other 
gmupe enabling only a local tentative zonation. One ammonite zone 1K1WnucPr&1 Zont'I could be recogniud in the Albian; th� I· CE 
31 in the Lowc-r Cenomanian and one !CE 41 in the Upper Cenomanian: !!even zones tT I· T ii in tht' LowPr Turonian andtwo IT 8 · T QI 
in the Upprr Turonian: three ICA I - CA 31 in the Lower Coniacian and two iCA 4 • CA 51 in the Up�r Coniacian. 

Most of the npo8t'd Mid-Cretaceous strata in the Middle Ea:tt wt're depo!lited on a very broad, shallow shelf platform. They ront.ain hen• 
thonic f<>Mil11, l'llpecially mdisu and oy!ltera. The off-shelf !ll'dimPnts of that "time art> fine grain bioclaslil" lime!!tones and chalk1 which occur 
mainly in the :011h!l1arfaet> uf the prPM"nt-da�· MirldlP [a!lt '.\lrditnranPan <'oastal plain and !lt'award1. 

INTRODUCTIO� 

An attempt is made hf'rein to prt><1ent a preliminary 
des('ription of the Mid.Cretaceous !lf'quenc-.-s anri f'\'ent.4' 
in the Middle East, based on availablP litPrature hoth pu· 
hlishf'd and unpublished llntemal Rt"ports, Ph. D. and 
M.Sc. Th�sl as well as on current rPsearch of thf' authol""I 
and tht'ir collra��. f Thanks arf' due to tht- Authority for 
ReM"arch and Dn�lopmt'nt. the Hebrt'W l1niversity. whi<'h 
sponsored a part of this study I. Sewral �pt'<'iP!I of ammo­
nites characterizintt some of the zones mentionPd her,.in, 
were never recorded before from our region. and are therP.­
fore also illut1trated I Plates 1 and 21. 

The religious and histori<'81 background of the Middle 
East drew the attention of many e,:pt'ditions and individual 
M"ientists since the early 18th ct'ntury. Somt' of tht' publi­
shed reports from the 18th-l Qih centuriPs are still of irrPat 
importanct', But to avoid this rPport from bt"C<>ming ,m .. n-ly 
a bibliopaphical list, only a few of the ancient "t:1rlies 
were mentioneid among the recent works citPd herPin, whilf' 
most of the othen are cited in the more rPCent liwrature, u 
well as in the Bibliography of Levant GPOlogy IAvnimP­
lech, 1965a, 1Q69l. 

Mid-Cretaceous rocks �rt• exposed o,·pr, largP area" in 
the Middle Ea,t and thert'fore "·ere shulif'd by rnam· ,z:eo­
logists, Unfortunately, tittlr -:urntion hall hf.t-n pa:d to-the 
Pl'f'Cise sampling and recording of the foi."'il,. li,;ts of mt-ga· 
!oMila, originating from large lithO!ttratigraphic units, given 
in the literature are inadequate for precise corrt'lation. 

GEOLOGICBACKGROL'ND 

In the Latest J urauic to Early Cretaceou, times. the !It'& 
retreated from the Jura•ic shelf regions. During the Early 
Cretaceoua, a humid, Ouvial climate prevailed in the Mid­
dle East Cfresh water lakee ; Nevo, 1968 l under which in• 
lenitive erosion of the npoaed ar.a b'°pn. Tectonic mov,­
�enta elevated the landward region, inl"l'eal4inv the inrrn­
ltty of the eroeion, which truncated JurB!lsic to Cambrian 
roeb (Freund et al .. 19751. Oppmite the oudets of larp 
rhen, eubmarine canyom weff ml through Jurauic rocks 
down to Bajociaa ltrata (Derin, 1974 : Cohffl. 19i6l. 
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Broad ri\'f'rs C'arried elastic material from the continent to­
w,mls the st-a I Karcz, 1 Q65 I. Mo,it of the coar"te fraction 
h-or.glomeratc· and llandl was dPpo"itPo on the contint>nt in 
floo<lplaii1s. lak�s and otht>r morphological depre!lsions. 
Somt' o( the sand reached the shelf region ( Shenhav, 19711 
wht-re it was mixed with calcareous sedimenL<1 I ff f'lez and 
TPlamin Fonnationsl. Largt>r mas..�s of sand were even· 
tually carrit'Cl into deepP-r marine Pnvironments, forming 
ton�ues and len9e9 in the finer argillaceous fraction IGe\·ar 
'am Fonr.ationl deposited in the suhmarine canyons !Co­
hen, 19761, outer shell and the continPntal slope. 

The Cretaceous transgression o\'f'r the margin, of the 
Arabo-Nubian craton, rf'ached NorthPm Sinai, the North­
eaiitern Negev, the hraPli c'On!ital plain and Lebanon in 
?8arremian to Aptian timt>ll. 

A !!hort Late Aptian re�rt's!iion t Yavnt" Shale) ended the 
Earl�· Crelat."t"Ous I B,·rnR<iian-.-\ptian I �rlimPntary cyde 
chuacterized mainly hy non bio�t'n:<' components lcl•y 
and s.andl. 

The following Mid-Crrta<'POU!I trnn,..,'Tl'"�ion, progre�sed 
on an almO!'l lt-· ... 1 l:1ndm11,;is lorm1•d during n prriod of in­
tf'nsi\'(' erosion. Less dar.,ic m11tninl lrom the contin,•nt 
was transported by the rivf'rs into the rapidly ad\'an<'inlJ 
sea. Shallow marine cal<"areous ,,'fiiment!I Wt"re df'prni:ted 
on the inct"f'a!ling, nearly Oat <ihf'lf n•efon-.. SomP of the� 
sf'dim .. nt4' contain J'lf'l&J!ic .-IPment!I drltrd from the open 
sea. Ev .. n small '!lf'a-lenl oscillations, on the Plllremely 
broad 1200-300 kml Cenomanian-Turonian shelf, strongly 
11ff eclt"d the biota and tht' !M'cf immt I including early diage· 
netic proct'Sl'IH such a, dolomitizationl, crutin,; a complex 
litho- and biof adt's pattern. The lowf'r part of tht' trans­
gression is dia('hronous and is rharacterizrd by cla!ltic 
material grading into a calf'areou11<lolomiric !W")Ufm('e. 
'l'he upper mm.act of the Mid-Cret:u-eous Sf'qUence with 
tM sPnonian chalk is quite sharp, due to IOC'.al ur.conformi­
ties cauM'd by conspicuous Late Coniacian environmental 
changes. The Coniacian shelf sediments of the Middle East 
still belon, litholop:aUy and faunistically to the Mid-Cre­
.acNMls calcareot15 sequence, even thouah, the tediment.1 
compriae more arpllaceow materiel. 



The off-shelf sediments during the Albian-Tw-onian· 
times, are characterized by fine grained, calcareous bioclas­
tic material (Talme-Yafe Fonnationl, most of which was 
removed from the shelf, and was carri� down11lope by 
strong currents (Bein, 19761. This sediment contain, 
different amounts of pelagic elements loligosteginids, coc­
colithophorids and plank tonic foraminiferid1. I Bein and 
Reiss, 19761. 

From the Late Jurassic onwards, throu,:hout the Crl'ta· 
ceoua times, a tensional tectonic regime cnaracterized the 
Middle EasL Normal faulting and magmatism ( intrusive 
and extrusive I occurred throu,hout the Levant I Freund 
et al., 19751. The moet important of these fault rf'gions 
(the .. hinge line", Gvirtzman and Klang, l<Ji:?I WB!!I loca­
ted nearly parallel to the present-day Israeli shorelinf' t Fii. 
21 and controllf><I the configuration and position of the shelf 
and the continental slope of that time. It separatN� hf.tween 
two marine environment.8 : a quite stable, broad shf'lf, 
subsiding more or less gradually following the rate of !M'di­
ment accumulation, and a slope region, which slowf'd its 
subsidence rate toward the Turonian times, when the shelf 
region extended more to the west ISPawardsl IBein, 19741. 
The border between both marine environments was cha• 
racterized by rudistid .. reefs" during the Albian-Turonian 
times (Bein, 19761. 

During the Senonian times, an open-marine environment 
prevailed over the shelf region!I, resldting in the deposition 
of chalk and chalky limestone even in shallow marine re­
gions. With this conspicuous lithof acies change the Mid­
Cretaceous sedimentary event ended. 

AMMONITE BIOSTRATIGRAPHY 
The Mid-Cretaceous ammonites of the !\fiddle Eai'it off er 

the best means of biozonation and long range correlation, 
although they have a certain eeologic sensiti\'it)·. Some of 
these ammonites occur in We8tern Europe and Texal', and 
enable the chronostratigraphy as establiithP.d in th0&e well 
studied areas to be applied to our rt"gion. Strata devoid of 
ammonites or any other age-indicative fossils rould not be 
undoubtedly attributed to any of the adjact"nt biozones. 
Therefore, the exact stratigraphic position of most of the 
age boundaries is uncertain. 

ALBIAN 
Engonoceratid ammonites lthe earlie11t representatives 

of which appear"in the Albian !Wright, in Moore, 19571 I 
occur in the Middle East in the lower part of the marine 
Mid-Cretaceous sequence. The strati,rraphically nearest, 
earlier ammonites were found in G<'bel Maghara only 
(N. Sinai : DouvilM, 19161. It should be mentioned that 
Douvillf's (op. ciLI Aptian Knemiceru prucum is not an 
engoceratid but a pucheUiid IMoglaarattera&. Breistroffer, 
1940, included in Subpulchellia Hyatt, 19031 of Barre­
mian-Aptian age. 

The Albian eng�Hl��id� of Lebanon and Israel occur 
in two different 1evels. The lower level is u:mally assi>ciated 
with a layer of marly limt>Stone with iron-oxide oolites 
(F"tg. 31. The lack ·of detailed information· on the stratigra­
e_hic distribution of the Albian ammonites in the Middle 
Eat. renden the mablishment of a detailed formal bios­
tntipphic zonation impcaible. Therefore, all the occur­
reacee of Albian ammonit� (Table 11 have been included 
in a 1in,le tentative Early Mid-Cretae"eOus Zone, viz. 
Kumieeru Zone. 

CENOMANJAN 
CE I : • Graysonila Aaemblap Zone : Several amm� 

nilel, belofllUII to stratipaphically diapoatic apeciea (Ta­
ble 2 t, characterize thil aaemblap zone, which can be tra· 
ced at the base of a marly or aqpllaceous lbnestooe ae­
quence in the Jeru&alem area, in the Northern and North­
eaten Nepv (Fig. 31 and in Northwestern Sinai. M01t of 
the lpeciea characterizing this zone were never rt!OOrded 
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before from our region, and since they are indi1penaable f the definition of this zone, they are also illustrated her� I Sff Plate 1. figs. 1-3, 11-13 t. The occurrence of G,,..,,.PUI 
nitea u•ooldridgei Young and Srolic:lraia amanoi Matawn:: 
to and lnoma, indicates a lowermost Cenomanian a� f this zone and enables its correlation with Portugal ( w�
mann, 19641 on the one hand, and with Japan (Mat�umotn 
and lnoma, I 9i51 on the other. Utaturicera.s bethl"h,.. 
mense Avnimelech and Shoresh 119621 was erronN>usly 11• tributed by these authon ( l 962t to the "calcaire , Acu,. thoceru" U.e. Kefar Sha'ul Formationl. This !'IJ)ffie11 wa, 
later found to be associated with Graysonite, at a low" 
stratigraphic levrl IBaM Bet-Me'ir Formation, Jerusal .. m 
area and the Northern Negev! and was therefore as11i�N1 
herein to this zone. 

CE 2 : This biozone is ba!M'd on a few ammonites collrc• 
ted from the inter\'81 between CE l and CE 3. ,'Hetoiror,� 
ras besairiei Collignon (Plate I. Fig. 101 OCCUl'!I in the J,.ru. 
salem area (Moza Formationl, Makhtesh Ramon l'f:n 
Yorqe'am, Memhf.r of the HaZfora Formationt and in Gt-bt-1 
Halal fNorthem Sinail. It is the only species having a ron­
siderable geographic distribution. All the otht-r 11prrir� 
ITable 21 were collectf"CI from Mt. Carmel lhfi�·a Chalk I. 
from whl're only Hyphoplites falcatu& I Mantell I wa� fnt. 
merly recordro in the literature IArnimelech, IQ751. 

CE 3 : Shar!H'iceru Assemblage Zone : Thl' rich a11!!f"m· 
blage of ammonites characterizing this zone I Table � I ••·· 
curs in Israel, in the lower part of the Khureibe Chalk I '.\h. 
Carmell. All the 11pecimens 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 f .;ms such 8!!I Sharpeiceras and JUantellicPra.,, 
which belong to this zone ICE 31, �ide Late Cenomanian 
ones le.g. Euomphaloceras, Calycoceru) which belong to 
the following zone ICE 41. This strati,rraphic discrt>penry 
has been recently confirmed by a more accurate hhoul,!h 
preliminaryl sampling. As already mentioned by Kf'nnNiy 
( l Q7 l. p. 1121, the Lebanese ammonites recorded by Bas� 
11937. 19401 originate from different stratigraphic le"·el!I. 
However, part of these ammonites could be clearly attrihu· 
ted to this Early Cenomanian zone !Table 21. 

CE 4 : Calycoceras-Neolobites Assemblage Zone : Thi11 
biozone is characterized by the occurrence of Calycort>ra.1, 
Eucalycocera,, Euomphaloceras and Neolobitt>s and corn· 
prises all the Late Cenomanian ammonites !Table 2 I. The 
Calycoceras sp. Exol_lYT'a oluipoenensi.s (Sharpe) Zone 
IFreund and· Raab, 19691 is included in it. This !lingle Late 
Cenomanian biozone, in the M"n!'e of a twofold �ubdivision 
of the Cf'nomanian 1See Chronostrati1?raphyl could 
not be further split and it comprises sevt"ral forms !e.g. 
Calvrocera., nt>1t·boldi t Kos�mat I, Euomphalor.t>ras cun· 
ningtnni I Sharpe I, T11rrilite., acrau., Passy I which 
are attributed to the Middle Cenomanian Acanthoceru 
rhotoma�en.,e Zone I Kennedy, 1()71 I. Althnugh most of 
these ammonites ocrur in the Arant1'ocerH rhotomal{Pn.,e 
Zone, a few of tht>m may rang,· into the overlying Ca�yc�­
cera naviculare Zone. No C. nat•icul.art> or any other indt· 
cative ammonite of the latter zone or of the following Me­
toicocera& guPlinianum and M. goudroni ZonH IKennrdy, 
I 9i II hne been hithf'rto rec()f.{nized in the Middle East. 
Therefore, it is plausible that CE 4 Zone is the bioi,trati· 
graphic equivalent of the A. rhotomagense Zone and pro­
bably also to part of the C. nat•iculare Zone. The CE 4 
Zone is widesprt>ad in the Middle East, extending from 
We:ittern Syria (Gebel Ansariyal and Lebanon in the north, 
through Israel to Sinai in the South. 

TIJRONIAN 
The Turonian ammonite biozones (Table 31 were eata· 

blished by Freund and Raab (1969) and by Lewy (197�) 
and w�re baaed on rich aUf'mblaps carefully umpled an 
detail from well exposed strata. 

The Kanabiceru sp. of Zone T 1 is associated with Par•· 



'-,,.,.,: .,,-i: ·,,. ·1:!•n� :.anrl J ·1,;v,., •,.,·,u rf. 
: 1:r,•un•I 11•'1.: ·:, ;1.,b. I n111Jt. Tlii� 11s�­

�·., ,.,., ·• ''i_ •.• ;�n 1l .. u\1•
1rt .u�..- :,,r tJ,i� :\.,.�c,!,ire­

'"' • .. ,,; d· .. · ,'·:i.::. · ,::a!:t, "!1erf'11.!I 1hr C'.1rl&Pst a��'mbl.�ge 
�-\(1, j•I i• inf,; .\' Mflltf>!rPTIU is foWld in f::l,ro(l" already in the 
U Pl·•·'Tt•rJ!ll Cen<ltnanian I Kennffi)', 19'; 11. 

The> Cnilopocera., 11p., characterizinll tht' CnilnporPr11s sp. 
Zonf' I fr.,.untl and Raab. I 9h'); de!llil(llatt'ci hPrrin T R I. is 
di."11tingui!!hed from those Coilopor:,.ra., of tlu• C. rt>qui,mi.a­
num ZonP. IT91 by ilJI !IIUttue detail!!. Zone TIJ occurs much 
hi1d1t>r in thf' section, overlying a considerable sequence 
barren of ammonites. 

CONIAOAN 
The biostratigraphy of the Coniacian ammonites is ba,e<l 

on Lewy (19751 and Parnes 119641. Five Coniarian bio­
zones (designated CA 1-5 in Table 41 were recorded. 

Zones CA I • CA �i are o( Early Coniacian age and Zones 
CA 4 • CA 5 are of Late Coniadan age. They ocmr from 
the Israeli Negev southwards and westwards (Sinai, :!'\orth 
Africal, 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 t m0!1t probably F.arlv I 
ammonites (Table 41 were recorded futher to the north 
from Northwestt-rn Syria IPonikarov. 1%61. Species of lle­
terotiuotia, rttorded from the Eastern Desert of Eizypt 
(Greco, 1915 I do not occtu eastward11 in Sinai and hrael 
and therefore, could be tentatively attributed to Zone CA 4 
of Heterotissotia neoceratites-Buchicera., bilobatum (Tablf' 
41. 

CA 4 comprises species of the Metati.�sotia ewaldi Zou" in 
Europe. whereas no exclusive ammonite species of thf' fol­
lowing Latest Coniacian EtuopHn Parabe1:ahi1,, em..,che­
ris Zone has been hitherto found in the Middle East. 

HIO�TRATIGHAPlll OF OTHER 
FAF,AL GROLPS 

lexC'ludin,z ammonites I 

. As m08t of the exposed Mid-CrPtarPnui. rocks werf' cft>po­
!llted on a sheU platform under shallow waters, the domina­
tin,z fossil groups are benthonic. A few pela,ric groups les· 
("N'Cially microfossilst, become more abundant toward the 
w.rst and northwt'St i.e., toward the open sea. The bentho­
mc groups contributr mainly to the understanding of the 
shelf environments and mi<'rofacif'S. 

Th .. microfos.'lil!I, esJ)f"Cially the planktonic oneti. are the 
only lllf'ans of dating pelagic and for <'<•rrelatin� suhsu.rfacP 
"t'(Jt�ence:s. Several studies on thE> l\.tid-CrE>taC'POllS micro• 
fo!ls1l:s tmost of them intf'rnal rt>porbl wrrt> published. An 
a!tempt has bttn made in aomt> of thrm to establish a local 
baostra�igraphic zonation or to apply European biozone!I to 
our rrg10n. HowE-ver, none of them provide a more detailrd 
and accurate dating than thnt of thl' ammonites. Most of 
thf'!lf> bioi-tratigraphic units arP informal and M'rve onlv in 
loral correlation. Thus, !M'Ver �1 biostratigraphic units, �0.."111 
probably local aMembla,?e ZOIH'!'I, wf."re establishrd bv Gra­
d.-r, Reiss and Klug U 9601 for corrf."lation of the "i.,ower 
Cretaceous, including Early Mid-Crrtaceous i!trata, in 
}:r�holt-s in thP, lsraf'li Constal Plain. G111•elinella a11m.t· 

n.tL, Zone (Arkin and Hamaoui, IQ67l, a local as11t>mbla­
r .zon� of Early Cenomanian age, was also uaed for corre­
•t10n an the subaurface of theo Coastal Plain as wrll as in 

out.rrops in the Nonhem Negev. The European Helt.-eto­
tdohotruncana helvPtica Zone ( Reiss, 1958 I was locally 
�""<I. for corn-lation of a marly facies of Uppermost Cfflo-

u
ba•naan to Turonian age, both in the surf ace and the 

1 urface. 

1 
Globotruneana concavata ( Brotzen I was lint dP!ICribfd 

lrom 
.. ,8

Santonian (Taanitn) chalk near Mount Carmel. 

8 
arae i:otzen, 1934 t, and for a long time was n!f8rded as 

f:u:cluuve. Santonian index fouil. This species was later 
81110eiated with Coniacian ammonites (de Klaaz, 

19hl I and it" �:rntoninn or·1'1UTence is thus a partial range 
1.onP. Thr in1li1·.1tiH· f;i; 1i,111r1111,·ana �pN'if's !including 
th� �pf'dr� : (;. r,•n1.i G!1ml,,lii, G. srhnttgarui Sigal, G. 
si1nli Reichell occur in thr MidJl«a East in marl or chalky 
limt"'tone 11( d1P. opl'n �• lpt'lagicl environment (l.,e,wy, 
1975 I and thrrefore are of minor hi011tratigraphic signifi­
cance for the zonntion of the shallow shelf regions of the 
Mid-Crt>t.acrou,. timrs. The same is tn1e for theo Cenoma­
nian-Tnronian ().'lltr:icode :r.ont>s in Israel IRmt>nfrld and 
Raab, l 9i 41 which llhoultl be reevaluated in view of the 
recent adunce!I in the elating of the difrert>nt lithofaciee. 

The following is a list of the latest micropaleontological 
sluclif's : NANNOPLANKTON : Mo11hkovitz, 1972 ; 
FORAMINIFERIDA.: Arkin ond Hamaoui, 1Q67 ; Gra­
c1C'r and Rei!ls, 19:iR, Graef er, Reiss nnd Kluj!. I %0 ; Ha­
maoui and Grrry, (C)h:;: Hamaoui and Raab, 1965, 1965a; 
llamaoui and Saint-Marr. l 9i0 : Said and Barakat. 1957 ; 
Saint-Marc, J()j4 : OSTRACODA : Bold, 1964 : Colin 
and Dakknk. 1Qj5 ; Damotte and Saint-Marc, 1972 ; 
Korh. 1968 ; Rollf>nfeld and Raab, 1974 ; PALYNO­
LOGY : BrPnnt>r. 1974. 

A vtry rich varit>ty of bivalves and gastropods occurs in 
thf' '\1id-Cretal'e-ous rocks in thr Midllle East. They were a 
,..uhj,•l'l of many !--lt1di«•s ll'.JC. Abhass, I 9h2, l 9h3: Blunck­
enhom. IQ27, l«.J3.J : DeC'hasf'aux, 1954: Delpt"y, 1940 : 
Douville. 1916 : Fawzi, 1963, 1964 ; Fourtau, 1904, 
1 'JI'; : Grt>co. 19 I 6, I() 17 : Mahmoud, 1955 ; Shalf'm, 
1 ()28 t though none of them pro\'ided any biostratigraphic 
ronation. ii ;ihould be mP,ntioned that inocerami are very 
rare tdue to the unfavourahle shelf conditionsl whereas 
oysters and ruclisla are very abundant. 

( �-,.tns -x·,·nr ,•itlwr as a part of hetPro,zeneous biota, 
whil'h app.1r,·1;tly indicatl's normal marinr conditions, or as 
monospf'f·ific le.ir. Pyrnodontr l'e.�iculrmt !Sow. I : F..xowa 
ronira IS11w. I I hank-likf' cnnrt'ntrations of wl'II pn-served 
"(lt>c·imPn'i lrci-Pmblin.it the thickf't-buildin,r rudistsl. Some 
F.xn_;:, ra as Wf'll as Neithra l-pt'C'if'!I serm to O('<'llr in dt>finite 
.:tralil,!'r.tphi .. po�itions ISt>e Tabl,. :i and Fawzi. 19641. 

Hudisl'- wrrt' studied by Rlanckf'nhorn ( I 'l34l. Decha­
�au"\: 11 Q;i4l. Douville 11910 I. Kf'ller 119331 ancl Vautrin 
I I Q�3 I nrninl�· from Syria ancf Lt>banon where thl'y persist 
till ,1aastri,·htian timt>S. 11,e latt>st rucfi.,_ts in lsraPl and 
Sinai arf' of Late Turonian ac:t• IIJournonia judaira Rlanck­
f'nhorn. l...t•\\y, 19'7.il. 

f.l'hinoids· arf' quill' abundant in tht> l\Ud-Crt>taCPOus 
rncks of the Middle East. and St>em to he Liostratii.rraphical­
ly --iinificant. :\t>vrrthf'll'ss. th1•\' wrrt' hithf'rto i,;tuciied onlv 
s, .. ti•matiralh· II•.�. Hla111·k1•11h1;rn. 11):!:;: K,•11,•r and Vau·· 
trin. llJ:\'7: �·011rtau, 1tJl41. 

\'prtt·bratPs arP rart'. !\1o!llt nntablf'. hnwr,·l'r. i., thf' or.rur· 
rt'll('f' of fos.,_il fo,h in a r .. w rt>slri1·1t•tl 101:alitiPs in l..t•hannn 
I HakPI and Hajnlal and in lsrat>l IJrmsalf'm areal. ThP.v 
c>rC'tll' in fin .. grain..d limt>Stone associ�11Pd with crustacean·ll 
and plant rt•mains and in lsraPI also wi1h aquatic chelonians 
and ammonites lamon� a f,.w :, prl'�t·ntati\'rs of nthrr 
/,?T'Ol&psl. A Middle Ct>nomanian .&L;.t� wa� t,,ntath·elv assi,r­
ned to the Lehanf'st> fishf's by Patterson t IQ<,:, 1 Q';O I, wh�­
rf'as H ikkt>I I I «r;o I attrihutP<l tht>m to thf' Latt' F.arlv Ct'no­
manian and Saint-Marr 11()'74 I to the• tra11sitinn fr11�1'Lm,·f'r 
to ,tid,11,• Cc•nnmaninn 1Ct1 -C. 1t, I. In lsral'I. howf'\W, the 
accompanyin,r NPn/nbite.• 1·il,;a_w.•11n1u l<l'Orbi,tn\' I in· 
dintes a dl'finilt> U&tf' Crnomanian aare ICE 41. This ciif­
fnrnr.. in agt' explains tht> fort that n�ne o( the Lf.hanP�e 
"l)t'(.'it'S oc·cur.., in lsra,·I. Th,. aquatic chPlonians arP. of the 
oldest known P11dor.nPmi.s IG. Haas, the Hebrew Univ. of 
J�nl!1elem, n,.rt. o( Zoology. JQ76. pers. comm.L Land­
dm011a11r tracks were fotmd in the Soreq Formation 
dolostone (attributed herein to the Albianl near Jerusalem 
tAvnimelech, 19621. They indicate the shallowness of the 
shelf which was considf'rably remote from the eoeaval 
shoreli_n� in Ju�dan I Fil(. 21. A rich vertebrate a!!embla�, 
compnsang mamly shallow marine and continental form, 
!e.g. tortoi11e1, crocodiles, dinosaunl, was described by 
Stromer fin : Bli.nckenhorn, 1921 ; Hooijer, l 968t from 
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LowPr Cenomanian, sandv-shal,,, 1 .... 1 •. �,,.,,,. I''·• M lwlow 
N(l(J/obite., f,mrtaui PPr"in",,ui,;ri, '1, ·,.,,.1 1 .... ,id. I 1;,,:!1 in 1h.-. 
rel(ion of thP Bohariya Oa,;;i!' I Etr�·pt 1. ·\noth,•r rlino!laur, nf 
O,.nomanian or U ppPnnO!'t CrPtareom, age w1ts recorded 
from Syria by Hooijf'r 11968 I. 

SevPral biostratigraphic data are r�rdfld in thP 
followin,z latNl stratigraphic-al studiP11 from the �fiddlP 
East countries: Bender, JQ68, JQ';-4 : Bn�dano\", JQ6J ; 
Ponikarov, 1966: Said, 1962 and Wolfart, 196';,

CHRONOSTRA TJGRAPHY 
Al.BIA� 

The lowest K nemicera., in NorthPrn Sinai I Bir L�ama 
nt-ar G,-bel Maghara, Douville, IQl61 is acrompanit>d by 
Doul'il/Pirrra., m11mmilatum 1Schloth. I indicatinir an F.arly 
Albian agt- IJrl.-tzy, 19681, As mPntioned ahm·e, tht> 
earlie�t occurrf'nc,-11of K-nemicera.s in the Middl" East I Nor· 
tht>m Sinai, Northern Nt-gev, Galilet>, Lebanon : Fi,:. 31 
are usual!\· associalt'd with iron-oxide oolite11. According lo 
the age of this phenomenon in Northern Sinai I OouvillP, 
1()161, an Early Albian age can be assumed for all othf'r 
lower occurrences of K nemiceras. Rosenberg 11960 I rf'cor· 
ded a K nemicera., sp. from a marly layn. ju11t bf.low the 
iron-oxide oolite-bt'arin,: unit, in the upper part of the 
"Cou<'hes a Orbitolines '' I He,·hroek, 19421 in thf' Northrrn 
Galilee, indicating an Early Albian age for this layer tfor· 
merly re,zarded as of Aptian agel, as well as to the oorrelat· 
able C22 unit of Saint-Marc 119741. The upper level of Kne­
miceras occurs rather close to the lower one, and considf"ra­
bly lower than the earliest Cenomanian ammonites. An 
Early to probably Middle Albian age is therefore !lu��··<1tf'd 
for the upper Knemiceru level. 

CEN0'1ANIAN 

An ammonite-barren sequence IC31 of �aint-Marc, 
19741 occtts between the upper Knem:cer&• unat lof Early 
and Middle Albian age I and the lowermost Cenomanian 
ammonite zc..1e CE I. Sin,:e CE I Zone, containin,z 
Stolicz:kaia and Gra•,sonites is of earliest Cenomanian ap:e 
IKennedv, 19711, the dolomitic unit below it mn be at· 
tributed to the Late Albian. The Alhian-Cenoman�n boun­
dary is, thert-fort-, tf'ntatively in!;ertt>d at tht> top of this unit 
I Fi,:. 21. 

Biozones CE 1 - CE 3 contain species of Gra�·sonitPs. 
Stolicz:kaia, MantPllireras. SharpPirrra.,. Arompsor.eras, 
Paracalycocer,u and H yphuplitPs. Titis B!l!\f'mblal?f' C'hara('­
terizea the Earlv Cenomanian Mant,,llicera., mantrlli Zont> 
in Europe I Kt-n;,t><ly, 1 ()';' 11. 

Biozone CF. 4 romprises typical West F.nro(lf'an. Middle 
to Late Cenomanian ammonites such as Euomphalor('ra.1, 
Eucalycocera., and Pse11docalycorera.'I. Th,- asi.embliiJtf'!-1 of 
the Cenomanian ammonites thu11, t>nable a h,·nfold 
chronoetratigraphic divi11ion of the Cenomanian namdy 
Early and Late, thf" lattf'r compri!!ing al110 tht> \\' estt>rn 
Euro(lf'an Middle Cenomunian. Ammonite11 of CE 4 Zonf' 
occur in the Judea Mountains and in the NPgev llsraell 
just above a limestone-dolostone unit 150-1 OOm I overlying 
CE 2. TI,e first Hetproheli.c fforaminiff'ridal, indicatin:r a 
Late Cenomanian age, occurs in the lower part of this zone 
in the Northern Negev IHamaoui and Gerry, 1%31 a ft>w 
meters above Neolobite., fourtaui Perv .. It !Wern" that the 
limestome-dolostone ,mit in betwttn CE 2 and CE 4 is par· 
tly or completely of Earlv Cenomanian atJe I i.e. the 
stratigraphic equivalent of CE 31. 

TURONIAN 

The Cenomanian-Turonian boundarv in Southern lsraf'l 
and Sinai can easily be traced by men's of the ammonitea. 
Toward• Central larael, ammonilee of the Early Lower 
Turonian zonea diHppear. Their auumed 
Jithoetratigraphic equivalent consists of dolom itf'S and 
limestones with rudists which can be p:t>nerally dated as of 

Turonion a�f'. 1.ones T 1 • T 6 aft undoubtedly of Eart 
T .  Z T .. ' l '  1 uronaan age. ..one I compnses exc uaavely Eart, 
Turnnian ammonitf"', bf"!'id,- sptties which extend into ah., 
Latr Turonian. and Pxclu�i,·ely Late Turonian on .. 
Tht' Early/ Late Tu ronian boundary l iH, the r efo,.,· aomewhf're within thi!l zone I see also Frt-und and· Raab' 
I()(,() I. 7..one T q of Coilopoceras requienianum ld'Or: 
bignyl. which iii the last Latf' Turonian biozone in the \1id­
dJ,. F:ast, is not the latest Turonian biozone in Eurort­
Uelelzky, I %81. Biozone T 9 is overlain by an ammoni�­
barren �uenoe above which appears the first Coniacian 
zone (CA 11. 

CO'.\IACIAN 
Tht> lowt-rmo!lt Coniaeian zont- ICA 11 in the :\1i,MI .. 

East is not of a lowe!>l Cunial"ian a1te, sinq- Proplacentir,.,,u 
eboroense Collignon occurs in the Mid-Coniacian 
tRarrni,irPra.1 11nilahven.� • l\o.,smaticera.• thr.ohaldi Zon"I 
of :\ladaga!ll'ar I Collignon: 1 ()651 and P. tamulirum fRlan­
ford I, th;mgh bf.in({ l'haral'teristic to the Indian Santonian 
Zone 6, mav occur in the Coniacian Zone 5 1Sa!;trv, Rao 
and Mamg�in, 1%81.

CA 2 l'f'mprises, in addition to local SJlf'cit>s, hadl�· 
preservt>d Barroi.,;iceras onilah�·ense Basse ITable 41 at· 
tributed to the l..ow.-r Coniadan. CA 3 contains tht> lati"lt 
Early Conia,·ian ammonitPS sul'h as B. onilahyense Ra!'l!'lt', 
Alloti.ssotia f!alepf"'i IPrrv.l ITablt> 41. CA 4 is charn,·· 
teriz.Pd bv lleteroti.<isoti.1-sp('{'if'9, Buchiceras bilohat11m 
Hvatt a�d RoemerocPras tuni.siense IHyattl. Th .. 
E�rly /Late Coniacian boundary is drawn betwt-en thf' 
latest Barroi.,iceras and the earlif'st Heteroti.�sotia. Zont' 
CA 4 i�. thPrPfore, of Late Coniacian age. CA 5 is thf' up­
J>f'nTIO!-t loc.: , Coniacian zone. comprising Metati.ssotia­
specit>s, Rtt1,ideocPras and Prott>xanite., at iL, top 11,w)·, 
197 5 l. It i" followed by a sequence of ammonite-barrf'n 
chalk whiC'h is overlain lin plaCf'S di'll'onformably I by marl 
rontaininll Spinaptvchus spino.,u., fCox I and Si![11li11 
ri,•i/at>n.<oi.'i I �iiral I I �·oraminif,-ridu I. which are the Parlir!'of 
Sant<•ni.in indicativf' fossils. 

Th,- chalk !-t'qUf'DCf' below the spinaptychi-bf'aring unit, 
mav be coPaval with tht> \l,.t>Stern F.uro(lf'an lat,•!il 
Co�iacian Parahf't:ahitf'.'1 em.,rht>ri.s Zone f Lewy, l Q7:il 
which was not rl"Coe;nized in the Middle East. 

LITHO- AND BJOF AOES 
As mentionf'd above, most of the f'xpos,-d Mid· 

Cretact>ous strata in tlu• Middle Ea!lt Wf'rt' deposited on a 
broad, shallow shelf. whPrf'as the dN:'per environments of 
dPposition art> f'nco11nlf'ft-<l only in drillings, aloni? !h" 
rf't't>nt Me,lit,.rrunf'an mast.al plain and '-f'awards. Dunn,r 
thost" timt>11, thf' shf'lf wa� quite stablf', kf'f'ping a ratht'r 
similar watPr depth whrre subsidNlce was almost P<pial to 
tht' rate of st-dimf'ntation. nmiists and tht>ir hiolithill� art" 
most sil!nificant from the litho- an,f biofo<'i:tl point of ,,irw 
in thf' ,Jid-Crt>taceous sedimf'nls. Th" r'C"ology and con· 
figuration of llw Crt-lal'Pous rwli..tid hioli:hite11 in Northf'rn 
Israel w,·rf' tlis1·11ssNI hy B,·in I : ()7 f, I and by f r,-,mJ 
11%j), 

The mdi!ltids in tht> Micldlt> East build sevf'ral kinds of 
biogPnil' calcarPou11 !-tructurrs, which can be classifif'fl into 
two major typf'!\ : I 11 narrow belts of wa,·r.-rPsistant v('r· 
tically growing rudistid "rrefs" and 121 a latr.�ally 
widt>SJlrf'ading thicket of ODP. or two rudist generatm�s. 
Small rlu!\lf'r.. of vf'rticallv ,rrowin• mdists llike coral pin· 
nacltsl which are usuallv ·11,sociatNI with other molluscs IP-, 
g. NP.rinPa, Tror.hart�eonJ and hom-like, unattal'h..d 
mdisu f lrhthyo�arrolitr.,J, occur in addition to thO!le end· 
tyJ)f'!', 

The rudi!ltid "reef" bt-lt 111 characterizes the edge of th e 
shelf platform. Therf!, conf!•like attached rudisb built a

f wave-rni!ltant stnarture IBe-in. 1976). Level bottoms 0 
low-enr.r:rY marine Pllvironment. provided a suhstrat� for a 
m o n o11p e c i fi c  r u d  i11t po pul a t i o n  I m o s t l y  a un,r

th
l� 

ge-neration I, i.pttading over large areal!, Due to e 
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ahallowllt"l9 of the water, this ernironment was unstablf', 
nd emergence or covering by W1cont10lidated setlimenb', a 
usinl the death of the whole ·porulalion, eventually oc­

�. Several consecutive mdiat thickets indicate such cy· 
det of population and mortality. 

Morpholoaical higha on the shallow shelf provided 
IIJ),etrates for small mdist clusten of � h1>terogeneous 
nature, Firmly attached cone-like rudista occurred on 
theee highs, oecaaionally cemented to each other I Bein, 
19761 and uaociated with poorly attached, curved 
rudi1t1 1uch as ToucHia, Apricardia, Caprina, 
Capri11ula and completely fre4; form� such uJcht!a­
yo••rcolite•. They are alao uaoc1ated with other bivalves 
and gastropods, occnpyint the more protected, calm 
niches. 

The rudists contribute their debris to the surrounding 
area. Skeletal material ii depoeited almOl!lt over the 
whole shelf platform arid also carried downward the 
continental alope (maiuly the calcilutitet where it is 
depoeited as "alterna1ing laminae of calcilutite and fine 
calcarenite " IBein, 1976, p. 264t. Although rudists 
inhabited shallow waten, they did not live near the 
ahore and in environmenta of high sedin1entation rates 
or muddy bottoma. Such unfavourable conditinns may 
be the cause for the absence of rudists from the Latnt 
Turonian onwards in Israel and Sinai I Jordan and Egy· 
pt ? t.

Echinoids, gutropods and infaunal bivalves which 
pref er a fine grained substrate, occur in marl. marly 
and chalky limestones or calcareous sandl'tonee, all of a 
relatively aof t nature. Hard bioclastic limestones contain 
only a few well preserved magafossils and indicate a 
rrlatively high-energy environment of deposition. On the 
othrr hand, these biocla1tic limestones may contain 
rudi.sts which need suitable 1ubstratt"S and toleratP- w11ter 
turbulence. 

Low-energy marine environments prf'Vailt"<l in rt-Stricted 
shallow basins in Cenomanian times I Hajula and Hakel in 
L,•hanon. and Jen1salem area in Israel). There the sedimen­
L'I were deposited in laminae, forming a platy limestone 
which contains extraordinarily well presen·ed fi�hes, 
ophiuroids and chelonians, in addition to other f aunal 
groups (Hiickel, 1970 ). This biota is a!ISOCiated with 
terreatrial plant remains drifted from the nearby land 
bodies. ( i.e. exposed rims of these basins and islands, since 
the shoreline of the continent "·as much further eastwardsl. 
This peculiar environment of deposition occurred during 
the lowering of the sea level (followtd in the JeruMIPm area 
by the deposition of doloetonel through whirh underwater 
depreuions became partly or completely cl08ed shallow 
basins. The rarity of mepf ouile in the dolostones may be 
due to the primary unfavourable environmPnt (liigh 
1alinity I a1 well as eecondary destn1ction through 
dolomitization. 
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Table 1: A�BIAN·AMMONITES 
After : Basse, 1937, 1940; Douville, 1916, 1928;Mahmoud, 1955. 

Hypophylloceru aphrodi.te a,enw Mahmoud 
H. •11YP1iacum Mahmoud 
H. moreti Mahmoud 
Ammoniceratite, vicinum CDouvillil 
&tetrapnite, breutro//eri Mahmoud 
E. cl. E. pluruulcatw Breietroffer 
E. all. E. umbilico,triatum Collignon 
Tetrag(Jtaile, cl. T. duvali Cd'Orbignyl 
Protarwocera, trituberculatum Collignon 
"Criocera," cl. C. munieri Sarrasin a Schandel 

Puzo,;. ,.,. Seitz 
P. all. P. commurw Spath 
"ValdedorseU." gignouzi Mahmoud 
Bewlanticeru beudanti (Brongniart) 
B. revoili elegaru Mahmoud 
Neosile,ite, nepo1 I DouvilU I 
N. spathi Mahmoud 
Dnmocera, l.tidorutum (Michelini 
Douvilleiceru mammillatum {Schlotheim I 
Knemicera, aegyptiacum Mahmoud 

K. arambourgi Baaae 
K. attenuatu.m Hyatt 
K. colliponi Mahmoud 
K. compreuu.m Hyatt 
K. deserti Mahmoud 
K. du""rtreti Ba98e 
K. /lailoculo,um Buse 
K. pirwc Krause 
K. rittmani Mahmoud 
K. 1pathi orientalis Mahmoud 

K. epathi epathi Mahmoud 
K. subcomplicatum BUiie 
K. spiacum Ivon Bluch I 
K. uh"6i Choffat 
Enpnoaru l"•cile (DouvilUI 
E. jez.z.inen.ae Basse 
E. all. E. complu:.tum Hyatt 
E. ju.�ni Basee 
E. Khenchelaerue IBueel 
E. :iumo//eni IBaeee) 
E. vicorperue (Buee) 
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Table 2 : CENO)IAN"IAN AMMONITES 

After: Avnimelech and Shoresh, 1962 ; Basse, 1937, 1940; Douville, 1928 
Eck, 1915 ; Fourtau., 190°1 ; Greco, 1915 ; Tauhcnhaus, 1920. 
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Turrilitn arulw Pusy 
T. costatu.t Lamarck 

NPolobites dhrayt>anu., (d'Orbignyl 
N. fourtaui Pervinqnit\rt" 
N. schu:ein/urthi Eck 
N. brancai Eck 
N. pl'roni Staff and Eck 
N. isidi• Grf'Co 
ForbesicPra., cf. F. conlini Stephenson 
Eucalyrnct>ra.• judaicum (Tauhf'nhausl 
P11eudocalycocera1 harpax (Staoliczkal 
P. hajo11lem1e RasM-
P. angolae�e 1Spathl 
P. hauf!I· IPt"ninqui�rel 
Calvrnrt>ras nf'tt:bnldi I Kos.c.mat I 
C. �eu1boldi •pino.,um IKos.<1matl 
Acanthoct>ra• rPnnmanenu (d'Archiacl 
A. sw.,nit>n.,,. f Mantelll 
E11omphaloreras mPridiorutlP (Stoliczkal 
E. afriranum Prrvinquiflre 
E. multirn.,tatum Basi;.e 

E. cunningroni 1Sharp1>I 
. ·----------

Ani,ocpra.• plicatilP IJ. Sowrrhyl 
ldiohamif('!f rlliptirru I :\1antl'II I 
I. altPrnatu., I Manlf'll 1 
Hypoturrilit,•.� mantrlli 1Sharpel 
H. carritNnPn.,i., I \1athrrnnl 
O.,tlin,rorPra11 bet-hii ISharpel 
Marit>lla cf. ;\f. /pu•f>!fiPn.ti.• fSpathl 
Turrilitr.• ro.,tat1u Lamarck 

T. t1chP11rh::f'rianu., ISchliiterl 
Pu:nsia d. P .. ,uhplanulata ISchliiterl 
Forhf','liceras d. F. :tculptum Crick 
.Mantt•llict>ra.1 d .. \1. mantf'lli f]. Sowerby ) 
.l\f. ro.(tNtum fMantPIII 
M. rx gr .. \I. dixoni Spath
UtaturicPra� drinat,, IStoliczkal 
SharpeicPra., u,1irl,1tium 1Sharpel 
ArompsoCPra• rt>nM·i«>ri ISharJ)f'l -.tE. If 
A. :tpathi Bas� 
A .. (arthPn.(l' IGul>ran�l'rl 
Pararal,·cocpra., aliwuitPntcP 1Bas!lt"I 
P. par11iaouiten.•f' Bas.."W" 
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M. rouloni ld'Orbif?nyl 
Graysonite.• u:ooldrid!lei Young 
G. d. G. lozoi Young 
VtaturiCHIU bt-thlehemen.,e Avnimelech a Shoreeh 
Utaturicer,u sp. 
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Table 3 : TURONIAN A}IMONITES 
After: Basse, 1937, 1940, 1954; Douville, 1928; Eck, 1915; 

Freund and Raab, 1969; Greco, 1915; Lewy, 1975. 
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Baculite• sp. 
B. cf. B. undulatru d'Orbigny 

+ Parapuzo•ia Uustiniceru) sp. 
Pachydi.scw sp. + 
Romaniceru detierianum fd'Orbigny) 
R. dew>rioim> Ide Groseouvret 
Romaniceras sp. 
Romaniceru (?) inermi.s (de Gn>MOuvrel + 

+ Kanabiceru sp. 
+ .Metoicoceru cf. M. u·hitei Hyatt 

+ Mammite, nodosoidf>, 1Schlotheiml ? 

M. ti.scheri Laube and Bruder +·

M. incertw Douville 
M. cf. M. pervinquierei de Grououvre +

+ Aeudupidoc,.ru footeanum (Stoliczkat + 
+ P. cl. l'. paganum Reyment + 

+ + + P. cl. P. p,eudonod03oid,s IChoffat) 
Paramammite, cl. P. polymorplaum (Perv.) + 

+ Nigericeru 1p. 
+ Parat·acocera cauvini fChudeau) 

+ P. runu>aui Collignon 

1+ P. tatierrsf' f F araud I 
+ + P. cras,um (Furonl + 

+ P. obeuum ITauhenhausl 
+ P. d. P. evolutum Schneegans 

P. baroicerue IChoffatl 
+ Gombeoceru cl. G. gongilense (Woodal + 

+ JI' ucoet>rlU depress um Barber

+ V. pioti IPeron and 1-"ourtaul + 
+ + V. durandi fThomas and Pt>ron) + 
+ V. hanti/orTM Choffat 
+ + I V. cl. V. amieiren.se Choffat + 
+ + V. cl. V. adonenM Choffat 

V. koumati Chortat 
V. ganw Choffat 
V. munda Choffat 
V. niloticum Dou\lill� 

+IY. e:1. gr. Y. ,rlobwum Reyment 
Y. alf. Y. ellipticum Barber
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Y. d. Y. robu,tum Barber
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Table 3 : TURO�IAN Al\l:\IONITES 

(continued) 

T T 

2 l 

Fagesia cl. F. su�elt<•s (Kossmatt
F. theve&tensis l eron I 
F. bomba Eck

F. lenticularu elliptica Freund & Raab 
F. lenticularu a.�ymmetrica Freund & Raab 
F. lenticulari.s lenticulari, Freund & Raab 

Thomasites rollandi rullandi (Thom. & Perv.l 
T. rollandi globosum Pervinquiere 
T. rollandi. complanatu.s Pervinquiere 
T. jordani jordani Pervinquiere 

T. jordani lart·i, PervinquiPre 
T. jordani sinaitica Douville 
Neoptychitt>s cf•phalotu.s ICourtillerl 
N. utri/ormis PervinquiPre 
/'It'. cl. N. xt>tra IStoliczkal 
1\'t>optycl1ite.,; sp. 2 
Pseudoti1.1otia ( Bauchioceru} tricarinata I Reymenl) 
Cholf aticC'ra., mes/Pi I Peron I 
Ch. segne 1Solgerl 

Ch. quaa.,;i !Peroni 
Ch. pal'illit'ri Pt-rvinquiPre 
Ch .. ,inaiticum IDouvillel 
Ch. luria<' tri.sellatum Freund � Raab 
Ch. securiform, !Eckl 
Ch. rru,kattanicum Grt>co 
Ch. dP.,t<•/ani Greco 
Cho//aticeru sp.

Muiaposites carinatw Collignon 
Hoplitoides cl. II. mir11bili& Perv. 

H. ingPn.t ,·an Koenen 
H. baalbekeruis BaSile 
Il0plitoide1 sp.
Coilopoceras sp. 

C. %ihoricum Parnes 
C. requieni.anum ld'Orbignyl 
C. multicostatum L«.>wy 
C. sinaien.ce Lewy 
C.aff. C. newt.>lli Bcna\iides-Caceras 
C. cl. C. nor;imexicanum Hyatt 

c. leueli Briiggen 
Selu.'ynoceras doul'illei lPervinquierel 
Subprionocyr:/u., sp. 

Priunocycloc-Pr.u I :' J dubertreti I Basse I 
Protexanites salmuriensi.s ICourtillerl 
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Table 4 : CONIACIAN AMMONITES 
After: Douville, 1928; Eck, 191S; Greco, 1915; 

Lewy• 197S; Parnes, 1964; Ponikarov, 1966. 

CONIACIAN 

LATE EARLY 

CA5 CA4 CA3 CA2 CA 1 

+ Propt.centicera, eboroenM Collignon
+ Pt.centicera, tamulicum CBlanfonU

+ Ple,iotwotia ,irwtica Lewy 
+ A llotu,otia galeppei I Pervinquiere I 

? Hemiti.s,oti.lJ morreni ICoquandt
? H. morreni praeciplu, Peron
? H. caini Pervinquiere 

+ HeterOlwoti.lJ neoceratite, Peron
+ H. all. H. ,emmamen,i, Pervinquiere
? H. aegyptica Greco 

? H. neolobiloide, Greco 
? H. osiridia Greco

+ Twotia ap. 
+ Metatiaaoti.lJ fourneli 1Baylet
+ M. ewaldi Ivon Bucht
+ M. cl. M. ateinmanni U.On 

Gauthwri.ceru cl. G. bajuvaricum Redt.

Peronicera, cl. P. c:iornifi Reclt. 
P. ex gr. P. nUJureti de Grououvre
Peroniceratinae indet.

+ Prote,canite, ap. 
+ ? B."oisicera, onit.h yeme Bas!e 
? B. neqarotense Parnes 

? Subbaroi.aicer.,. cl. S. malaafalenae Basae 
+ Roemeroceru parn,ai Lewy 

+ R. tuni.aierue lffyattl 
+ Buchicer.,. bilobatum Hyatt 

Reeaideoceru cl. R. gallicum Buse 
+ Reeaideoceru ap. 

+ + Hvviie, benrori Parnes 
? Forn,teria cl. F. aU.udi 18.L.T.I 
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Table S: DISTRIBUTION OF MID-CRETACEOUS PECTINIDS 

IN THE MIDDLE-EAST 

� 

E 

s 

l\'eiihe• ayriaca !Conradt 
N. duirugei (Coquandt
N. alpina Id 'Orbigny I
N. coquandi (Peron)*
Neithea ap.• 
N. quinqueco,tAta (J. Sowerby I
N. •equicoat•t;, I Lamarck I
N. gibboM W.. Pulteneyl
N. 1triatoco1tata (Goldfuaet 
N. /leuriamiana (d'Orbignyl.
"Pecten" brnwlilicu., Blanck.

• Figured in Pia� 2
:1 : occurrrnce 
_: range 
? : uncertain poeitioa 
--- : uncertain range 

ALBIAN 

Knemicera 
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-- Jt 
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CE�OMANIAN 
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- -- ? - -
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-- --------· 
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i1:r • • 

IAN 
:, 
0 � 

CE4 
'!I 

+ + 

? + + 

:'l..'-'" -Jt + + 

X + 

? 
X + 

---?---- + 

+ 

? + 

---· + 

.... 
f� U> 

c. s·• !. 
::, 'i 

+ + +

+ + + 

+ 

+ + ?
+ 

+ 

+

+ 



PLATE) 

IAII rl(llff1neep113 In natural ai»I 

Fi,. I. -S.nfird:ai. amanoi �at�umoto and lnoma 

CE I: Lower u11G11111nian : Makht"" Hathira IHamakhtnh Ha,adoll. Northem Nepv : 
top ffl!V)'On .M•mbrr of� Haun Formatina. 

Fip. 2-3. -Mant•llirrra,roulolli ld"Orbi,myl 

!-am• 1tra1i,rraphir l•v•I and !oration H Fiirun- I. 

Fi«. 4. - Turrilitr1 acutw Paeey 

CE ,:Up�rCenomanian :Jena .. lem: KelarShauJFormatlon. 

F"11. S. -Hypoturrili,,., nwti.lli I Sharpe I 

CE 3 : Lower Cmomanian : Mounl Carmel : KhllN!ib. Chalk. 

Fi,r1. 6-7. - O,rli11�r.,.ru bttliii I Sharpe I 

S1ra1i«raphir lenl and !oration a1 in FiarW'I' S. 

Fi,L 8-9. -Subprionn�lu, ap. 

T 61? t l!pJJ"'Turonian : NorthffTI Nrpv, IMiahor Hanahotl, north of \fahktuh Ramon ; Ora Shelf' Formation. 

Fi,. J 0. - .'t,f,roitoara, bnairili C..ollipon 

CE 2 : Lown Cenomanian : G•bel Halal : Nol"th.m Sinai, upptt [n-Yorqf'°am Mrmbf'r of th• Haun Fon1111tion. 

Fi,a. I ) ·) 2. -Graytonitn d. G. lo,oi l' oun• 

CF. I : Lower Cenomanian : Jen11111lem .,.a : ba• 8 .. i,-'.\1rir Formation 

F'i(. 13. - Grayronirn wooldrid••i Youn,r 

1 112 ·: CE I : Lower C..nomanian : Har Rahama ; North-m Nf'PV : tor fff'V}'on M .. mbf'r of lh, Haur1 Formation. 
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tAll liprn nt'epl 4, 8, 9 ia nelurel ,iul 

Fis. J. -N,uhn coquattdi Peron 
CE I ; � C-.nu tnnpa inao CE 41 : Mekhtnh Helhire fffemelh&nh Hapcloll : Northena N._.. ; 

aop He,,yon Member ol lJN. Haun Fnrme1ion. 

Fip. :. 8, 9. -Slur,»iure1 t.1kt.11i11m 1Sharpel 
CEJ; LA,-Cenomea� :Moun1c.n-1: lowspenolKhreiheChalk.1-9: • l/2. 

Fis. 3. �ypo,urrllit••carrilMWuu IMelherunl 
S.aw ,era�phic level end location u r-.... 2, 8, 9. 

Fis. 4. - "-.'!•;,. d. P. 1ubp,.ut• fSeh101erl 
• Z/3 : CE 3 • CE 4 : Lo-, ro Upper Cenomenian ; Moun1 Carmel : Khureibe Chalk. fw. S. -N,itlt,• 1p. 

Ba• CE 4 ; UpJ»r Cenomanian : Her Rahama : ba .. A vnon M•ml»r ol the Haun Formation. 

Fip 6-7. -Mant•llittru d. M. ru111,lli f J. Sowffby t 

CE 3 : Lm.w Cenomaniu ; Mounl Carmel ; lower part of tlw Khunal,e Chalk. 
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