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ABSTRACT

The Middle Cretaceous(Albian-Cenomanian)carbonateplatform sedi-
mentsof the JudeaGroup in Israel consistof bankfacies,rudistid bioherms

(Albian), marly chalks(Early Cenomnanian),biohermsand backreeflagoons
(LateCenomanian).Towardsthe west(Levant coast)they passlaterally into

the Taime Vafe basinal chalks, shalesand limestones.Southeastwardsthey
gradually onlap the Nubia-typeclastiesof the Kurnub Group,cliaracterising
theperi-Arabianbelt.

The Middle Cretaceouscarbonatesof the JudeaGrouparedelimited by
the Early Albian <Yavne»global drop in sealevel at thebaseandaLateCe-
nomanianeventat thetop. They are furtber controlledby theEarly Cenoma-

nian «Kesaíon»and «Moza» events.The Middle Cretaceousregressiveand
transgressiveoscillationsin Israel arecorrelatablewith Middle Eastern(Ara-
bianPeninsula)andwesternMediterraneanregions(IberianPeninsula).

Key-words: Albian, Cenomanian,JudeaGroup, Israel, CarbonatePlat-
form, Kesalon,SeaLevel Changes.

RESUMEN

Los sedimentosde plataformacarbonatadadel Cretácicomedio (Albien-
se-Cenomaniense)del Grupo de Judea(Israel)consistenenfacies de banco
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y de biohermo con rudistas (Albiense), calizasmargosas(Cenomaniense
inferior), de biohermosy de lagunasarrecifalesinternas (Cenomaniense
superior).Haciael Oeste(Llanurade la Costadel Levante), sc observael
pasolateralde las faciesde plataformade Judeaa las cretas,margasy cali-
zasde cuencade Taime Yafe. Al Sureste,seobservaunatransgresióngra-
dual del Grupo de Judeaencimade las areniscasde tipo Nubia del Grupo
deKurnub, quecaracterizael cinturónperi-Arábico.

Las rocas carbonatadasmedio-Cretácicasdel Grupo de Judeaestán

delimitadaspor las caídasglobalesdel nivel de! mar de «Yavne»(Albiense
inferior) y del Cenomaniensesuperior. Están tambiéncontroladaspor los
eventosde «Kesalon»y <Moza» (Cenomanienseinferior). Las oscillaciones
regresivasy transgresivasdel Cretácicomedio en Israel son correlaciona-
bIes con las del Medio Oriente(PenínsulaArábica) y las de las regiones
dcl Mediterráneooccidental(PenínsulaIbérica).

Palabrasclave:Albiense,Cenomaniense,Grupo deJudea,Israel, Plata-
formacarbonatada,Kesalon,CambiodeNivel dcl Mar.

INTRODUCTION

The Cretaceoussequenceof the African-Arabian platform (Fig. 1) is
well representedin thetraverseof Israel (Eig. 2).

The JudeaGroup (Calcan a Radioliti of Shalem,1925;JudeanLimes-

tone of Wellings, 1944;Bali and BalI, 1953; emend.by Arkin et. aL, 1965)
includesAlbian-Coniacian carbonates,which areboundedby the Kurnub
Group clasties(Wellings, 1944) and the chalks and chertsof the Mount
SeopusGroup(Flexer, 1968).

The JudeaGroup onlapsthe Arabian subplatediachronously.Its base
is EarlyAlbian from Galileeto the Judeanhilís and is Late Albian-Ceno-
manianin the Negev.lo the wcst, in the subsurfaceof the coastalplain of
Israel,the platforrn is borderedby the morebasinalfaciesof theTaimeYa-
fe Group(Hirsch, 1990).

The facies of the JudeaGroup extendsover mostof the Arabian sub-
plate.In Ihe Tauro-Zagridautochthonoustcrrains(5. Turkey) andpart of

SaudiArabia, Cenomanianlatentesinterrupted the accumulationof the
platform-earbonates(Harris et. a!, 1983; Monod, 1977). Comparablefa-
cies and tnansgressive-regressivesequencesoccur on both sides of the
Tethys,in particular in the WesternMediterraneanIberian andCatalonian
ranges(Vilas eL aL, 1982;Salas,1984).

Ihe truncationof theJudeaGroup is dueto the post-Turonianembryo-



MmdCretaceous<‘A Ibian-Cenomanian.)carbonateplatforrns in Israel 61

nic folding of the SyrianAre as theresult of the peri-Arabian
(Flexeret. al., 1 989).

alpinethrusting

[Zig. lA.— TheAfrican-Arabian Phaforrn in theLeraras a. PrecambrianBasement;b. Paleozotes;

e. Mesozoic-Cenozoicof theAfrican Arabian-píatform;d. its continuationin the EasternMcdi-
terranean;e. thrustedTethyanterrains;f? thrust; g. northernedgeof African-Arabian Plate; h.
Syrian-Afrieantransform.

BIOSTRATIGRAPHY

The oldestCretaceousdepositsof Israel occur in the subsurfaceof the

coastalplain, which extendsinto northern Sinai, whene a pnedominantly
clastie sequence,correspondingto the Gevar-Am Group(Hirsch, 1990) is
exposed,yielding Hauterivian-Aptian ammonoidsand ostracods(Rosen-
feld andRaab,1985).Albian ammonoids(Lewy, 1981)occurin thelowest
marine intercalationof the Hatira Formation, in the QatanaFormation,
and in tlie Hevyon Formation (Hirsch, 1988). The Albian-Cenomanian
boundary, placed in the middle of the Kefira Formation by Hamaoui
(1965) is now placed by Lewy and Raab(1976) nearthe top of the Kesa-
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ion Formation.This is basedon the evidenceof Albian ammonoidsin the
I-Ievyon Formation andof Early Cenomanianammonoidsin the En Yor-
qeamForniation.

Late Cenomanianammonoidsdate the chalks and shalesof the Kefar
ShaulFormation.Theupperpart of the JudeaGroup is datedby Turonian
and Coniacianammonoids.

The existenceof a faunalbreaktowardsthe endof the Cenomanianin
the manísof the Daliya, OraandDerorim Eormationshasbeenrelatedwith
an anoxieeventby Flexeret. aL (1986).

MIDDLE-LATE CRETACEOUSLITHOFACIES
AND ENVIRONMENT OF DEPOSITION

EARLY ALuIAN

Aboye the coastalplain subsurfaceAptian carbonatesof the Telamim
Formation, known in the Galileeand in Samaria,wherethey areexposed,as
the Nabi Said and En Al-Asad formations(Eliezni, 1965), follow the Early
Albian Yavne shale,HydraFormation(Eliezni, 1965) or «Couchesá Orbitoli-
nes» in the Galilee and TammunFormation(Mimran, 1969) in Samariaand
Judea.Theyconsistof shales,sandsand iron oolites,300 m thick in the Mo-

za-1 wildcat (Jerusalem)and 100 m in HaIhul wildcat (Hebron). This Yavne
eventappearsto correspondto a globaldrop in sealevel (Elexeret. al., 1986).

The carbonateEn Qiniya Formation(Shaehnay,1968)of Samariaand
Judea,the calcairede Zumoffenof Lebanon,or Asfuri Formation(Eliezni,
1965)of Galilee,consistsof small rudistid pateh-reefs.It is followed by the
marly QatanaFormation(Bentor, 1945),the couehesá Knemicera&> or Ra-
ma Formationof Galilee, and is coeval_to_Ear!yAlbianmarine interealla-

tionswithin theHatiraFormation(KurnubGroup)of theNegev.

LATE ALBIAN

In the Galileeandcoastalplain the YagunFormationconsistsof mono-
tonousdolostones.In SamariaandJudeatheseconsistof pene-contempo-
naneousdolomuds,that collectedwithin tidal flats andthe supratidalzone
(the Givat Yearim and Soreq Fonmations).Thesealternatewith normal
marine limestones(the Kefira andKesalonFormations)andreacha thick-
nessof up to 350 m (Itzhaki eL al., 1964).
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A shallowing is reflected in the more terrestrial facies of the Negev
Hevyon Formation(Arkin & Braun, 1965, emend. Hirsch, 1988). The lat-
ten correspondsir the Naur Formation in Jordan. The sedimentarybreak
at the top of the Hevyon, Kesalon and Yagur formations (Hirsch, 1985;
Kafri, 1986; Braun and Hirsch, 1987) is also recognizedin Jordan(Abed,
1985;Babinotet Basha,1985).

Northwestof Hebron, the sequenceof the upper Givat Yearim, Soreq
and Resalonformations consists of oyster-and rudist biostromes(which
now form small limestonecliffs) alternatingwith interbeddedoolites, marís
and algal dolomites.Elsewherethe Soreq Formation consistsof bedded
dolostones,dolosiltites and dolomuds with yellowish man interbeds,sug-
gesting tidal fiat deposition. Dinosaur tracks havebeenfound in theseat
Bet Zeit nearJerusalem(Avnimelech, 1966). The depositionand settingof
theserocksmatchesthose of the New York StateEarly OrdovicianTribes
Hill Formation(Braun and Friedman,1969). The supratidal penecontem-
poraneousdolomud intraclastsformed under humid elimatic eonditions
(Armstrong, 1969),similar to thoseof the recentBahamaand Florida Key
tídal flats,andaredevoidof evaporites(Shinnet. aL, 1965).

EARLY CENOMANIAN

In JudeaandSamariathe Albian sequenceis toppedby up to 30 m. of
dolomitie to fossiliferouslimestone.This generallyforms an escarpment:the

Kesalon Formation(Itzhaki eL al., 1964). This limestoneis overlain by the
chalks and limestonesof the En Yorqeam Formation (Arkin and Braun,
1965; Begin, 1974), yielding Early Cenomanianammonoids(Avnimelech
andShoresh,1962;Lewy andRaab,op. cit.).

Thebaseof the En YorqeamFormationconsistsof an oyster-lumachelle
thatpenetratesthe underlyingkarstifiedKesalonlimestone.The chalksyield
bivalves,echinodermsand ostracodes.The marly uppermostpart of the En
YorqeamFormationis equivalentto the Mozamarí (Picard,1938).

Tidal fiat faciesof pene-contemporaneousdolostonesandmarístonesof-
tenreplacethe limestonesandchalksof the En YorqeamFormation.As are-
sult the latter havebeenattnibutedto the Bet Meir Formation(Itzhaki et. al,
1964).NearJerichoas well as westof Hebron,Iimey oysterandrudistbios-
tromesreplacethe upperBet Meir dolomites.The top bedsof the Kesalon
andBet Meir formationsareoften stronglylimonitized, suggestingperiodsof
non-deposition.The clays and limestonesof the Moza Formation reflect
againnormalshallow openmarineconditions.They yield abundantbivalves,



64 Al. Braun andE Hirsch

echinoderms,ostracodesand foraminifers. In westernSamaria,a nestricted
environmentprevailed, as indicatedby the occunenceof dolomite and the
wedgingoutof the Mozamarí.TheseEarly Cenomanianrocks reaehathick-
nessof 6Cm.

LArE (IENOMANIAN

Rapid lateral variations from massivedolomites to more basinalchalks
and limestones,named respectivelySakhnin and Deir Hanna formations
(Golani, 1961) in the Galilee,correspondin SamariaandJudeato the dolo-
mitic Amminadav,chalky Kefar Shaul-anddolomitie Weradim formations
(Itzhaki eL a!, op. ciÉ). In the Negevtheseunitsarecoevalto the Zafit, Avnon
andTamarFormations(Arkin & Braun, 1965;emend.Begin, 1974;emend.
Hirseh, 1988).

At Ihe baseof the AmminadavFormation,platey limestonescontainthe
remainsof fish and snakes,which can be seenin the quarriesof Beitin and
En Yabrudnorth and eastof Ramallah.The marly chalk andlimestoneswith
ammonoids(Acanthocerasbeds, Blanckenhorn,1905) of the Kefar Shaul
Formationalso contain platey limestoneswith fishes (Deir-Yasini facies of

Blanckenhonn,1905).
A normal open marine setting with rudistid-reefsprevailed duning the

deposition of the massively bedded Amminadav, Weradim and Sakhnin
formations that consistof dolomite with irregular lensesof limestonewith

Fig. IB—Faciesand I,ocaiion Map of Seclionsmernioned¡e len. Dolomite CUtí Unit: (Coordi-
nates are Israel Orid E/N): 1. Nahal Kesaíon, coord. 1536/1320; 2. Wadi lían Section,
Coord. 1550/1357: 3. Nabal Sotuer,Coord. 1567/1387; 4. Near Satal, Coord. 1610/1314;
5. RamalRaziel, Coord. 1563/1312:6. Nabal Soreq, Coord. 1534/1302;7. OchelTammun,
Coord. 1857/1765; 8. Nebi Zaíach-Bittiíu road, Coord. 1538/1561; 9. Road En Arik-EI
Geneya,Coord. 1614/1486: lO. Wadi Kina, Coord. 1619/1742; II. Wadi Marsa, Coord.
1505/0996; 12. Ihe Kubi hill, Coord. 1619/1262: Cyclic Unil: 13. Ramaílah Nursing

Sehoní (Hilton), Coord. 1707/1440;13A. Bilunya, Coord. 1668/1435; 14. Wadi Shiban
Coord. 1726/1464: 15. Celasun Ouarry, Coord. 1710/1504; 16. Rarnalla-Bir el Zeit
Ouarry, Coord. 1703/1490; 17. Nebi Samuel, Coord. 1677/1373: 18. Juljulia Coord. 17119/

1533; 19. Salfit-Issakkaroad. Coord. 1699/1660;20. Gebel Dado, Coord. 1731/1624; 21.
West of Dura, Coord. 1563/1012; 22. Roadlo Tapuach(eoord. 1554/1052) ; 23. Eastof
HaIhul, Coord. 1611/1109; LimestoneCíiff Unil: 24. Wadi el Maasal, Coord. 1753/1627;
25. Beitir, Coord. 1633/1267;26. En Karem, Coord. 1658/1309; 27. En Gama,Coord.
1627/1254:28. HaIhul-Harasroad, Coord. 1558/1133;29. Wadi Iz.ha, Coord. 1543/1100;
30. En Yabrud,Coord. 1730/1503;31. Magdaí Banai Fadail,Coord. 1845/1653;32. Kuzra-
Talpil road,Cootd, 1735/1669;33. MazraaSharkiye.Coord. 1746/1570;34. CusIl Etzion,
Coord. 1610/1180.
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leachedremnantsof silicified rudistsandoysters,for which the name«quartzo-
lite> hasbeencomedby Bentor(1945). In somerestrictedareas,brinesformed,
whieh resultedin the penecontemporaneousdolomitizationof the reefs.Ihese
reefswereseparatedby channelsin which the Kefar Shaul(Deir Hanna)chalks
and maríswere deposited.The thicknessof the Late Cenomanianmay reach
250 m. Flexer eL a! (op. ch.) relatedshallowingat the top of this sequenceand

thefaunalbreakthatoccurs,toa falling sea-level.

LATE5TCENOMANIAN-TLJRONIAN-EARI.Y CONIACIAN

The Carmel Daliya and thc Negev Derorim andOra shalesand chalks
yield latest Cenomanianto Turonian ammonoids.Theserocks pass late-
rally into the limestonesof the cliff-forming commonly biohermal Shivta-
(Arkin and Braun, op. cit.) or bedded Bi’na Formation (Shadmon1959).
Ihe Shivta facies passesvertically as well as laterally into the sublithograp-
hic limestonesof the NezerFormation.A clastic sand-unit,has beendes-

eribed as an unconformity by Avnimelech (1950). it possibly corresponds
to a major Late Turonian regionaldrop of sea-level.Thc top of the Judea
Group is truncatedasa resultof thefoldingof the SyrianArc.

ANALYSIS OFTHE LATE ALBIAN FACIESOFTI IB KESALON SEA LEVEL DROP

(Numbersin text refer to locationson the Faciesand Location Map of see-
tionsof theKesalonFormationFig. i-b)

Wide areasof the region were coveredby normal marinewaters,resul-
ting in the growth of rudistid- and ostreid patch-reefsin the northeasternand
westernpartsof the region. In the easternparts,alternationsof limestoneand
chalk were deposited,while in the central area,dolomite formed. Brines in
the centralareacausedlaterreefaldolomitization.

The KesalonFormationis well exposedin the coresof the Hebron,Ra-
mallahandFariaantielines(Braun, 1 970), that form thc mountainsof Judea.
Startingwith a transitional unit, passagesfrom limestoneto dolomite facies

andfrom massivebedsto awell-beddcdcyclic unit of alternatingmarís,dolo-
mite andlimestonecharacterizethe KesalonFormation.

The topof the KesalonFormationrepresentsanerosionalsurface.It may be
toppedby a thin fossiliferousoyster-ledge(22), or, by a conglomerateof limesto-

neanddolomitepebblesaswell asintraformationaldolomitebreccia(25, 27).
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Silicified lenses(so-called«Quartzolite>,Bentor, 1945) are the result of
a differential weatheringprocess,leaehingout the carbonateeontentof sili-
ca-rích dolomites, particular abuísdant in the Jerusalemand Ramallah

areas.

1. TIte transitionalunU: Aboye the SoreqFormationthe baseof the Ke-
salonEormationconsistsof thetransitional unit, representedby a 7.50-10m
thick cliff, fortned by white gray, porousdolomite, that eontainsrudist and
gastropodfragments(1, 6, 10, 7), algal lamination(8, 10). intrafonmational
conglomeratebedswitli limonitie stainingas well as fossil moldswith límoní-
tic infilís (3). Well beddeddolosiltite also oceur(11, 26, 29) witli poikiloto-
pes and laminatedalgal mats(Plate Fig. 7), limonitic staining, interbedded
chertconcretions,manís,dolomitic pebblesandblocks.Dedolomitecontains
quartzspherulites,birds eyes,algal matsandstromatoíites.Arenitie bioclasts
in the formation arederivedmainlyfrom rudistid fragments,foraminifersand
ostraeods.Truncationfeaturesand ehannel-fillingsare evidentin the lower
part of the unit, The predominantmicrofaciesin the transitionalunit is an ín-
traclastiepelletal dolostone(PlateFig. 1). The intraclastsand pelletsconsist
of dolomud and the matrix is mostly dolosiltite. In placespoikilotopesand
porphyrotopesof dolomiteup to 0.15 mm in diameterareembeddedir¡ the
niatrix. The porphyrotopicand poikilotopic dolomite crystalsare subhedral
to cuhedral;loeally they occur as porefillings. By and large the intraclasts
and pellets are mud-supportedand only a few specimensare grain-suppor-
ted. Intraelastsandpellets rangein diameterfrom about0,5 mm to 3 cm and

are identical in color andgrain size to the matrix. Intraclasts,includingalío-
chtlionic constituents,arewelI rounded.Pelletsareof oval to irregularshape.
Dolomudis inequigranularsubhedral.The limit betweenintraclastsandma-
trix is sharp. Pellets oftcn show micritic envelopes.Recrystallizationand
abundanttransitionsfrom dolomudto dolositite canbe observed.Bioclasts
arepartly silicified.

Leachingof bioclastsseemsto be responsiblefor the porosity in tliis lit-
hofacies.In many samplesquartzor chertgrainsareabundant,andappearto
havebeen formed at the expenseof dolomite cnystals. Idiotopie quartz is
abundant.Diagenetieally, algal encrustationsare found in vugs, pores and
cracks,andaremostly calcitie. Intraformationalconglomerateshavethe same
matrix as thesurroundingdolostone.Boundariesbetweenpebblesandmatnix
aremottled. The intraformationalconglomerates,formedby subaenialdesie-
cation,areoften stainedwith large patehesof limonite, andare the sourceof
dolomite intraclastsandpellets.The roundedshapeof the intraclastsandpe-
llets was the result of short transportationby occasionalfloods.Thesedolo-
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mite tlats, devoid of any terrestnialdetrital material, were distant from any
landmass.The rare quartzand chertgrainsarepenecontemporaneousrepla-
cementsof dolomite crystals.The origin of much of the matriz seemsto be
algal.Most of thosecalcitic algaeencrustvoids relatedto tiooding of thc tidal
flats by normal marinewaters,laterlilled by dolosiltite whenthe systemtur-
nedhypersaline.

The KesalonFormationmay consistonly of the transitional unit as thc

characteristiedolomitecliff may locally wedgeout(11).
2. Dolomite (‘uf UnU: This cliff forming main part of the KesalonFor-

mationvanesin thicknessfrom 2 m (2, 5) to 6 m (4) andup to 33 m (6). Ru-
dist andNerineamoldsareespeciallypreservedin dark brown silicified pat-

chesand lensesin the darkgray, originaly bioclastiedolostone.Thesefossils
are rarely in growing position, exceptnearthe type Iocality (1, 3) where they
Íorm a bioherm.The entire KesalonFormationpasseslateraly from a terra-
ce-like morphologyof beddeddolomites(8, 9) to reef-talus(pseudobreccia),
devoid of bedding(7).

Microfaciesconsistsof silicified bioclastsas Orbitolina, rudist fragments
(Plate fig. 2), mosajediageneticdolostone,whieh is inequigrantílar.0.03-0.2
mm, subhedralor anhedraland only occasionallycuhedral.l-ligh porosity is
mainly due to leachedbioclasts.The rudist walls are replacedby dolosiltite

whereastowardthe canalsof the walls thecrystalsconsistof largemosaicdo-
lomite. Caleiteoccurs as largeporefillings (Plate fig. 3). The ghostsof bioge-
nic constituents(Plate fig. 2) suggestthat they were originally aragoniteor
calcite. Dolomitization took place in a late stage.Thefact that mostbioclasts
were leachedandnot tilled with dolomite shows that leachingof the calcitie
or aragonitiebioclastsoccurredin a laterstageas wclI. The diffcrence in tez-
ture andsizeof thedolomite that replacesthematrix andthat filís the leached

PLATE (Scale = 0.5 mm) Fig. 1 .—Mud—supportedbiomicrite, sparite—filled fo rami nifera. Lo-
cality: J ulj uha (1 8), Sample MB 1275. 1 ig. 2.—Quarízolile” eonsisUng mainíy of orbitol i nid
and rudisí fragmenís.Localilv: Biuilu-Nebi Lalach road (8). SanipleMB 372. Fig. 3.—Dolo-
m tized rudist, note walI replaced by dolomud,canaL i nfilled by anhedrallo subbcdalcoarse
dolomile. Loeahiíy: Typc Kesalon (1), Sample 61/7/45. Fig. 4,—Dolomud ~vithgastropods,
wth shells replaced by coarseranhedraldoloínile. t,ocality: Sample. Hg. 5.—.Dedolomitized
rhomb with dark rims and some caseswith empty cores. Location: (¡elasunQuarry fI 5),
SampleMB 1333. Fig. 6.—Ouartzolitc consisting of rud st fragmenísand foraminife rs.Tbe
walls of Ihe rudists síill coníain carbonatematerial. Ihe canalsare filled w’ilh coarsequaríz
crystals.Locality: Bituniya<1 3A). sampleMB 238. Hg. 7.—Algal coatingte) on a laminaleddo-
losiltite consistingof four differeut texturesfrom botlomlo top: a) micritic calcitebrownish and
almost opaque.highly porous;the poreshave a microsparrycoat.b) Concentricsparrycalcite
wítlí i ríegularpalchesof lhc micriíic malcrial. c) Concejilnc sparrycalcilestromatol tic struclO-

red) Micitie pelletswith sparrycetumení.porous.Localily: Wadi Rina (It)), sampleMB 1391,
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bioclastsshowsthat they were formedin different stagesandunderdifferent
eonditions.In mostcasesthe poresof theleachedbioclastsare lined with lar-
gerdolomiteerystalstowardstheir center,suggestingthat thcsecrystalswere
formed in a laterstagewhenthe poreswereempty,andunderdifferent dolo-
mitization potential (Sass,1965).The fact that someporesare filled with lar-
ge anhedralto subhedralcrystalssuggeststhat a late phaseof porefilling un-
der low dolomitizationpotentialmight be relatedto thecalcite filling in some
pores.Where calcite filís the pores, most dolomite crystalsare euhedralor
subhedralandtheir size is of a tenth of a mm (Platefig. 3). Porphyrotopes
might be of the sameorigin asotherporefilling. Rudist dolomitization is dif-
ferent from thatof gastropods.The canalsof the rudistsare filled with coarse
dolomite, the pores remainingmostly empty, whereasgastropod-shellsare
entirely replacedby coarsedolomite(Platefig. 4).

3. Limestone(‘11ff (mit: The limestonefaciesof the KesalonEormation
buiids almosta vertical-clifí, devoid of bedding,except in itsuppermostpart
(25, 26, 27, 29, 30). It consistsmainly of mud-supportedbiomierite,biospa-
rite and sornepoorly sorted,grain-supportedbiopelsparite.The arenitic bio-
clastsderivefrom rudists,gastropods,oysters,foraminifers (mostly orbitoli—
nids, miliolids), ostraeodsand algae.Large bioclastsare silicified in patches.
Porosity is high. Stylolites are abundant.Abundantbioelasts,whole rudists
andannelid-boringsarecommon towardsthe uppermostlimonitizedlayerof
the cliff unit. Silicified algal structuresare found in thinly beddeddolomite
with flint concretions(30). N4ud eracksoccur (31). Fastfacies changefrom
cliffto cyclic unit is accompaniedby a conglomeraticfacies(27).

The topof the cliff often consistsof an oysterbed with occasionalcorais
(25) in a pseudoconcretionallimestone.

4. (‘yclic (mit: Lateral passagesfrom the dolomitic and limestonecliff
units to the cyclic unit are manifold.Morphologicallythe cyclic unit consists
of well-beddedterraces.Its sequenceof alternatingdolostone.laminateddo-
lomitie algal mats,marís,and dolomitizedbiomicrite, becomesoccasionally
massíveon top, with whole rudists, abundantkarstic featuresand limonite
stains.The cyclic unit vanesin thicknessfrom 20 m (13, 16) to 10 m (21).
The cliff of the KesalonEormationwedgesout entirely in the southernpart
of the HebronMts. (11.21).

Spherulitesof milky quartz,geodesand chert concretionsalong the
beddingplanesarepanticularlyabundant(14, 17, 18). Bioclastsare mainly
mollusc fragments,algae,echinoid-spines,orbitolinids and miliolids. Lea-
chedbioclastsare filled with sparrycalcite. Cross-beddedand truncatedla-
minae,disturbedby intraclasts,with nippled boundaries,bioclastsparallel

to the bedding plane and channelswith reddish fillings occur (15, 20).
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High moldic porosity is due to leachingoutof the abundantrudistsandnerí-
neas.NW of Hebron,up to eight sedimentaryeyclesreplacethe Soreqand
Kesalonformations, eachtoppedby a small cliff of well-beddedlimestone
with abundantrudists,the uppermostenecoveredby oystersauddolomiti-
zed burrowsfilled with bioclastsunaifectedby dolomitization(28). The bio-
miente is mud-supported,yielding foraminifera, especially large miliolids,
fragmentsof algaeandfew thick valvedostracods,pointing to avery shallow
environment.Dolomitization is irregular in patchesor along lamina. Size of
bioclasts,thoughuniform in the samelayer, vary from fine to coarserarenitie
from layerto layer. Largerbioelastsaresilicified in smallpatches,without af-
fecting the matrix. Most bioclastsof finer sandsize are replacedby sparry
calcite. Calcarenitiebiopelmicniteshavehardly any cement.The pelletsare
suboval. Dedolomiteshave a micritie textune containing small quartz or
chert grains with lange caleite crystalsfilling birds eyes.As notedaboye,at
the top of Ilie unit, thinly beddedlimestoneswith silicified rudist bioclasts
are coveredby oysterbioclasts,rangingfrom fine sandsize to whole oysters
and rudists, miliolids, orbitolinids and algaebeing abundant.Laterally, any
trace of a limestonecliff disappearsand the whole sectionbecomeschalky.
Dedolomitesoccur (23) as very coarsesparrycalcite with ghostsof small
rhombs,or with rhombsof dolomite in the calcite cnystals(Platefig. 5), oras
micritie or microsparrycalcite with nhombghosts,which canonly be obser-
ved in peelswith crossednicols. Thechalk is amud-supportedbiomicnite, in
which the bioclastsareveryfine mollusefragmentsinfilled with sparrycalci-
te, but foraminiferaand someostracodaoccur as well. Sorneof the chalk
contain dolomite rhombs.Ghostsof the rhombsare filled with microsparry
calcite anda rim of limonitic dolomite rhombs.This type of penecontempo-
raneousdedolomitization(Braunand Friedman,1970)occursalonga seem
betweencalcite and dolomite that endsfrontlike where the dolomitization
potential getstoo low. Cnossbeddingalterateslaminaein the biomicrite.Do-
lomitization hasnotaffectedthe bioclastsandintnaclasts.Bioclastsarerudist
andferarniniferafragments.Thedolomitehasa geodmoldic porosity.Peres
are filled with dolomite crystals. Laminae contain pelletie dolomud. To-
wards the uppermostpart of the unit ponesare coatedwith calcitic algae,

which causeddedolomitizationalong the walls. Dolosiltite to dolomicrite
with few dolomudpelletsgraduallypassto dolomitizedbiomicrite with seat-
tered calcitie bioclasts,sandsize rudist fragments,grain-or mud-supported.
Lensesof silicified biomicrite include large rudist,gastropodand foramini-
fer bioclasts;a thin carbonatielining remainedpreservedalong the walls of
rudist «septa»(Platefig. 6). Poikilotopic dolosiltite is very porousdueto lea-
chedbioclasts.
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Tnv LARLY (LNOMANIAN ONLAP OF ~HL EN YOROEAM FORMATION

The top of the cliff is stainedby limonite, coveredin placesby a congIo-
merate of well roundedlimestoneand dolomite pebblesderivedfrom the
cliffy uppcrbeds.The topbedof the cyclic unit is very limonitie andcovered
by an oysterlumachellethat penetratesin cracksand«neptuniandikes»wit-
hin the underlying limestone(22). The LimestoneCliff Unit as well as the
Cyclic Unit of the KesalonFormationaregcnerallycoveredby tlie soft manly
yellow ehalksof the En YorqeamFormation.The Dolomite Cliff Unit is top-
pedby beddeddolostonesof theBetMeir Formation.

Tlie En Yorqeam Formation consistsof chalk and soft dolomite, inter-
beddedwith biomicrite and occasionaldolosiltite, passinglaterally te intra-
formationalconglomerateswith limestonepebblesandbloeksof dolomudin
a very soft dolomite matrix, in which interbedded pseudoconeretional,
slightly dolomitic miente contain ostnacod-bioclasts.The micritic chalk
yields raresmall sparnyintraclasts,foraminifers,echinoidsspinesandostra-

cedes(21). A mud-supportedoystenlummachelleat the baseof the unit
filís craeks in the underlyingunit (22). The lower partof the En Yorqeam
chalk yields ammonoids(29, 34). Bioclasts are leachedand filled with
sparnycalcite (25). In the uppenmostlayer, bioclastshe parallelte bedding
plane. West of Duna (21) abundanthivalvesand echinoidsoccur.The En
Yorqeam chalk is characterizedby limonitic staining. Chert andphosphate
grainsareseatteredin thechalk.

Moíw.L ní- íntosíTíeN (Figs. 2, 3)

The monetoneusYagur-type bank-andreef-upbuildingsin the north
and westof the countrypassestowandsthe southandeastte the highly di-
versifiedlagoenalmfra-, intra-andrarely supratidalfaciesof JudeaandSa-
maria. The latter passestowardsthe Negevand Jordan into the intra and
supra-tidalHevyonfacies.

Towardsthe endof the Albian and in the EarlyCenomaniana numben
of sea-leveldnopsnesultedin a newpaleogeognaphyof partly emergedplat-
forms,shallow lagoonsandreefbelts.The shallowingof the Soreq-Kesalon
transitionzonewasfollowed by the tnansgressivecyclic unit that passesla-

Hg. 2,— ‘¡he CretaceousSíraíigraphyof’ dic .4rabian Suhplaíe di (he iraverse of Israel: 1. latera!

tacieschange;2. unconformity; 3. dolomite; 4. limestone; 5. ehaík; 6. marí; 7. shaíe;8. con-
giomerateandsandstone;9. volcanies:lO. hiatos: II. fossils.
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tenally into the reef belt of the Kesalon cliff unit. Renewedemension ac-
companiedby karst-activityoccurredat the endof the Kesalondeposition.
At the top of the Yagur Formation,Kafri (1986) observeda numberof
phenornenathat match our findings, e.g. conglomerates,silification, dedo-
lomitization,iron crusts,limonitization andcalcretepisoliths.

The oceasionalformation of pnimary dolomite, during the time of de-
position of the transitionalunit andcyclic units may be relatedte moreres-
tricted settingwithin the lagoons.Dolomitizition of the cliff unit as well as
that of the «chalk unito (so called Bet Meir facies) is secondary,effected
through percolation,andmayhaveoccurnedas a marinediagenetieprocess
duningthe Early Cenomaniansealevel rise (Kendall andSehíager,1981).

Distribution of rudist biostromesand rcefs in the cliff and cyclic units

suggestsprevailing normal marine intratidal eonditionsalternating in the
shallow lagoenwith supratidalalgalmats.

Recent models of deposition suggest conditions varying from near
mainlandte mid oceanplatform,partly coveredby a very shallow sea,as in

the Bahamas(Skinner, 1963; Deffeyes et. a!, 1965; Illing et. aL, 1965;
Shinn et. aL, 1963).JudeaandSamariaeccupiedan intermediateepiconti-
nental position in Late Albian-Early Cenornanian.Its distancefrom a
mainland,inferred from the zeno line of Cenomaniandepositionbeyond
RasMuhamadin southernSinai (Shata,1959),from reducedCenomanían

sedimentsnear A Tun (SuezGulf) and fnom Cenomaniansandstonewith
plant nemainseastof Ras A Naqib in southeastJordan (Bender, 1968),
amountsto severalhundredsof kilometers.Marine sandstone,marí and
gypsiferousclay near Gebel Raqaba(central Sinai) are the Albian time-
equivalentof the HevyonFormationin thenorthernNegev.

CoMPARIsoNWITH OTIIER AREAS (Figs. 4, 5.)

In the Arabian Peninsula(Harris et aL, 1983) the Early Cretaceous(Be-
rríasían-MiddleAptian) ThammamaGroup is overlain by the Late Aptian-
CenomanianWasiaGroup, toppedby the Coniacian-MaastrichtianAruma
Group. Delimited by equivalentsof the Yavne and Kesalonevents,the Bur-
gan and Nahr Um Formationsrepresentan Early Albian cyele,followed by
the Mauddud Formation, representinga Late Albian eycle; sedimentation

Fig. 3A.—CuluinnarSecúcusofKesaionChJfand~yc1icUnix.

Fig. 38—Late Albian DepositionalModel prior lo KesalonEvení.
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- -

Fig. 4—Circurn-rnediterraneanMid Cretaceous(Albian-Cenornanian)Facies(modifiedafterPh-
hp, 1982).

wasnot clearly restimedbefore4w 1 ateCenomanianMishnif Formation,fo-
llowed by anondepositionin theTuronían.

Similar eonditionsare found in SouthernTurkey(Monod, 1977) where

theMiddle Cretaceousof the autoehthonousbaekboneof thc Taurusrangeis
characterisedby a Cenomanian-Turonianemersion,with the formation of

bauxites.
In NorthwesternIraq (Kaddouri, 1982) the Late CenomanianTel Hajan

Conglornerateunconformablyoverliesthc Albian QamchugaFormation.
Sn North Africa (Burollet and Busson,1983),partieularly in Tunisia (Bis-

muth et. aL, 1981),the Albian SelloumandCenomanianBen YounesForma-
tions aredelimited by LateAptian (Yavne),LateAlbian (Kesalon)andLate
Cenomanianemersionswith hardgrounds,similar to theLevant(Israel).

In the westernMediterraneanIberian Peninsulathe Middle Cretaeeousof
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the Iberian aud Catalonianranges(Vilas et. a!, 1982;Salas,1985) is cha-
ractenizedby the Albian cycles of the Sacarasand BicuereaFonmations,
ovenlyingthe Aptian cycle of the El CareehFonmationandunconformably
overlain by the Eanly CenomanianCheramarís and Alatroz limestenes
andmarís,toppedby the carbonatesof the Late CenomanianVilla de Vez
Fonmation.

CoNCLTASIONS

The domainoccupiedby the JudeaGroupin centralIsrael and 11w Gali-

lee seemsto form a belt, separatingthe TaIme Yafe open seafaciesfrom the
morecontinentalNegevfacies(e.g.HevyonFm.). The En YorqeamandMo-
za onlaps on partly eroded surfacesare due to Early Cenomanianglobal

events.Theseare correlativewith the cireum-Mediterranean«Tethys» sea-
level rises.

The depositionof Middle Cretaceouscarbonatesof the JudeaGroup is
controlledby thc Aptian-Albian (LZB 4/UZA 1) global sealevel drop at ba-
se (Yavne event)and a Late Cenomanianeventat top (UZA-2.3/UZA-2.4
?). They are further controlled by the Albian-Cenomanian«double event»

(Kesalonand Moza events),correspondingto Vail et aUs (1977) Ka-Kb or
Haq et. alÁ (1987) UZA-1.5/UZA-2.2 Global Sea-Level Changes.The
Middle Cretaeeousregressiveandtransgnessiveeventsin Israel are correlata-
ble with Middle Eastenn(Arabian Peninsula)andwesternMediterraneanre-
gions(IberianPeninsula).
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