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ABSTRACT

Tite outcropslocated nearJabaloyas(NortheastSpaln, Iberian basin)
allow thereconstructionof tite sedimentaryenvironmentsof a late Kimme-
ridgiancarbonateramp.In tite middleramparcas,aboyestormwavebasele-
vel, grew a setof reefswhich generallydisplayapinnaclegeometry.Thefa-
brie of thesereefs consistsof differentproportionsof colonial forms (mainily
corals),internalsedimentandmicrobialcruststo associatedencrustingorga-
nisms.Fourpinnacleshavebeensampledalonga6 Km proximal-distalsec-
tion acrossthc ramp. Tite relativeproportionof corals andmicrobial crusts
evaluatedin titesesamplesallows to diffcrcntiatebetweencoraltitrombolites
andcorál-mierobialernstreefsfabrica.Changesin thescfabrica allowto defi-
ne someverticalandlateralzonationin thepinnaclerecfs. Tite variation of
tite fabricsin the pininaclereefsandtite transitionbetweenthe differentasso-
ciatedfacieshavebeenrelatedto sealevel changes.An iitial fast rise of sea
level resultedin botit thedrowningof themid rampgrain-supportedfacies
andin tite grow of scatteredcoralthrombolites.Tite aggradationof tite pin-
nades,with increasingproportionof metazoanbuilders,wasinitiated and/or
followed during thecontinuousriscrof sealevel, andcoeval carbonatesedi-
mentationrecoveredin tite innerarcasof tite middle ramp.The total risc of
sealevel wasbetween12 to 15 m. During asubsequentstillstandof sealevel,
tite successiveobservationof aggradationalandprogradationalstackingpat-
terasin tite coevallydevelopedinter-reeffaciesallowstite diflerentiationof an
earlyandlate highstandsystemstract.

Key wnrds: Late Jurassic,Iberianbasin, carbonateramp, reef, sea level
changes
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RESUMEN

Los afloramientoslocalizadosen las proximidadesde Jabaloyas(Cordi-
llera Ibérica, Teruel) hanpermitidoreconstruirlos distintos amiñentessedi-
mentariosdelarampacarbonatadadelKimmeridgiensesuperior.En laspar-
Lesmediasdeestarampa,sobrecl nivel debasedeoleaje demal tiempo, tuvo
lugarel crecimientode unaseriedearrecifesalsíados,quegeneralmentepre-
sentanmorfologíade pináculo.La fábrica básicade estosarrecifesestáfor-
madapor diferentesproporcionesde formascoloniales(coralesen mayor
abundacia),sedimentointerno y costrasmicrobianas,queincluyen organis-
mos encostrantesasociados.Se haevaluadola proporciónrelativaentreestos
componentesa partir decuatropináculos,localizadosenlos diferentesdomi-
nios de sedimentación.Los cambiosen la fábrica arrecifal permitendefinir
ciertazonaciónvertical y lateralen los pináculos arrecifales.Se hanrelacio-
nado lasvariacionesen las fábricasarrecifalesy los diferentescambiosen las
faciesasociadas,consucesivasvariacionesdel nivel del mar. Unaetapainicial
de ascensorápido del nivel del marimplicó ia estabilización(le lasfaciesgra-
nosostenidasinterarrecifales,asícomo elcrecimientolocal dearrecifesdonii-
nadospor costrasmicrobianas.El crecimientoverticalde los pináculos,con
un predominio de lasformascoralinas,se inició o continnóduranteestaeta-
pa de ascenso<leí nivel del mar, quetambiénpermitió la recuperaciónde la
sedimentacióncarbonatadaenlas zonasmásinternas dela rampa.El ascen-
so total del nivel dcl mar duranteesteintervalo fue de 1.2 a 15 m. En la eta-
pa siguientede estabilizacióndel nivel del mar,laobservaciónsucesivadege-
ometríasagradacionalesy progradacionales,ha permitido diferenciarentre
los cortejosdcalto nivel del martempranoy tardío(earlyandlatehigitstand
systemstract).

Palabrasclave: Jurásico,cuencaIbérica, rampacarbonatada,arrecifes,
caminosdel nivel delmar.

INTRODUCTION

The growth of organismsthat constructreefsis controlledby factorslike
xvave energy,1)ackgroundsedimentation,nutrientsupplyor oxygenfluctua-
tions. Becausesomeof thesefactorsmaychangewith depth, tite internalva-
riationof thecompositionandfabricof tite reefsmayreflectvariationsin sea
level. TIle interplay betweenreef andcarbonateplatforrngrowth andseale-
‘e’ vhdl lid.> uve’’ i epuí LW ni >evei di »luutc> ~ rWllUdIl dliii CUU1d~Ci

198i; Jamesand Macintyre, 1985>. Tite resultingdatahavebeenappliedto
the geologicalrecordto definesealevel cyclesof d¡ffercntorderand magni-
tude.To aclíjevereliáblereconstructionsof sealevel cycles,a precisecontrol
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on the vertical and lateral distribution of facieson ancientcarbonateplat-
forms is needed.If recfsarecocvally developedon theseplatformstite study
of tite variation of tite reeffabric mayprovide independentcontrol of seale-
vel changes.

TiteSierrade Jatalón<Iberian Chain, Teruelprovince,northeastSpain>
offers nearly undeformedandcontinuousoutcrops,wbich include a setof
Late Ki mmeridgian patcit reefs. Titesereefsivere developedin tite shállow
areasof a low-anglecarbonateramp. Most of them are 12 to 16 m itigh and
displaya cylindrical to conical sital)e, with very steepslopcs.Basedon titis
rnorpbology,earlystudiesby Geyer(1965) andGiner andBarnolas (1979)
describedthem as pinnacles.Fezer(1988) andErrenst(1990a,b)provided a
more detailedstudv of thesereefs, especiallyon their coral faunaandasso-
ciated facies. Further dataori tite composition,morpliology andstratigrapiti-
cal andsedimentologicalcontexttaesereefs,havebeenprovidedby Leinfel-
der (1993), Leinfelder et al. (1993,1994),Nose (1995) andBaumgiirtner
andRevle (1995).Tite resultsreportedon titeseworks, wliicli ineludedetai-
lcd descriptionsof tite reef fabrieanddiscussioiisábouttite factorswhichcon-
trolled tite origin anddevelopmentof tite UpperJurassiciberian reefs,have
providedthe basisfor our analysis.

The outcrops]ocatednearJaibaloyasallow tite reconstructionof a 6 Km
long cross-secti.on,witich extendsfrom innerto mid rampareas.Four l)inna-
cíe reefs tiave beensampledalongtitis seetion,establishingtheir verticalzo-
nationhasedon thevariation of the proportionbetweenmicrobial crustsand
metazoanbuilders.In addition,tite lateralandverticaldistributionof the dif-
fereníinter-reeffaciesbavebeenstudied.Titemainaimsof titis paperare: (1)
to proposeapreliminarymodel, showingtite overalívertical andlateralzo-
nation of thesereefs; (2) to placetite reefs in tacir sedimentologicalcontcxt
b íntcrpretmg tite associatedfacies; (3) to relatetite initiation, development
anddeiniseof tite pinnaclereefs andassociatedfacieswith tite relatedseale-
vel changes.

GEOLOGICALAND STRATIGRAPH1CALSETTING

Tite IberianCitain, amontainoussystemlocatedin thenortheasternpart
of theIberianPeninsula,containswell-preservedandcontinuousoutcropsof
Mesozoicsedimentaryrocks. The UpperJurassicoutcropsof Jabaloyasare
locatedSoutheastof Teruel (NortiteastSpain), in tite western-centralpart of
the IberianChain (flg. 1). The reef studiedweredevelopedin marginal are-
as of Ile so-calledIberianbasin. Marinesedimentationin the lberian basin
took place in shallow andextensivecarbonateramp settings(severalhun-
dredsof kilometres across)during LateJurassictimes. Titeserampswere
opento the Tetlíys seato thcEast.1 lowever, duringmajorflooding episodes
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Fig. 1 —Locationof Ihe studied aieaand distribution of tbe upperJurassicoutcropsbetween
FríasandJabaloyaslocalities. The lowerinset locatesthefive sectionsstudiedaroundJabaloyas.
Fig. 1.—Situacióndel áreaestudiada y distribución de los afloramientosdelJurásicosuperior
entreFríasy Jabaloyas.La parteinferiormuestrala situaciónde los perfilesestudiadosentorno
a Jabaloyas.

N420
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conneetionwith the borealrealmwaspossibleaerosstheso-caiUedSoriaSea-
way to tite Northwest(Aureil andMeléndez,1993).

The main lithologies andstratigrapliicdistributionof tite Kimmeridgian
sedimentaryrocksof Ile Sierratite Jabalón,betweentite Arroyofrío andJa-
baloyaslocalities, is shownin Fig. 2. Thelower marlyunit correspondsto tite
Sot tite CheraFormationandspansfrom LateOxfordian to Early Kinne-
rid gian. This unit changesoffshoreto Ile rhythmic mudstoneandmarí al-
ternationsof tite Loriguilla Formation.ThesandstonesandooliIlic gralnsto-
nesof tite PozuelFormationprogradeaboyetiteseunits (AureIl, 1990;Báde-
nasandAurelí, 1997).

The topmostKimmeridgian unit includestite reefal unit studiedin titis
work. Basedon titeir mieropalontologicalcontení, Fezer(1988) datedIle
studiedreefsandassociatedfaciesas LateKimmeridgian.Accordingto Nose
(1995), they belongto tite the lowermostLate Kimmeridgianbiozone(i.e.
acantbicumbiozone).Lititostratigraphically,theyhavetraditionailybeenas-
signedto the HigueruelasFormation.1lowever,accordingt() both its litho-
logy, its fossil contentandits lateralequivalencewitit tite offshoremicritesof
the Loriguilla Formationwe proposetite useof Ile term Torrecilla Forma-
tion br Ibis reefal unit (Fig. 2>. Tite Torrecilla Formationis aRlmmeridgian
reefal unit, definedby Alonso andMas (1990) in the north-westernpart of
thebasin.

A sequenceboundarybelowtite Torrecilla Fm. is indicatedby asignifi-
cantbacksteppingof facies(Aurelí, 1990; Fig. 2). In earlierworks,we corre-
latedthis sequenceboundarywith the unconformitywhich is foundoffshore
betweenthe Loriguilla and HigueruelasFormations(Aurelí, 1990; Aurelí
andMeléndez,1993).This boundarywasdevelopedduring tite EarlyTitho-
man. However,Ile precisedatingreportedby Nose(1995) makesunlikely
tbis assignment.Consequently,thestudiedreefsarelocatedin Ile iower part
of a depositionalsequencewitich spansfrom Late Kimmeridgianto Early
Tititonian. This sequencewould corrcspondto tite upperpartof tite Kimme-
ridgian Sequenceusedin ourpreviousworks, andis alsorecognizedin noii-
itern areas<i.e., FaciesAssociationII and III in Bádenaset al., 1993,Ricla
outcrops).A third ordersequeneeboundarybelowtite studiedrecíshasbeen
alsoproposedby Nose(1995) andBaumgíirtnerandReyle<1995).

OVERALL FACIESDISTRíBUTION
IN THE TORRECILLA FORMATION

The Torrecilla Formationreacitesa maximumtbicknessof 72 m east-
wards, ni Ile Barrancode las Balsillassection(seeBB sectionin Fig. 2). To
Ile West, the upperpart of tite unit is partly eroded,andis unconformably
overlain by Albian fluvial sandstones(i.e. Utrillas Formation). Tite lower
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part of thc Torrecilla Formationconsistsof marísand burroxvedsandstones
witb aibundantplant remains,deposited in transitional lagoonal environ-
ments. Two cyclic parasequences,including levels wiIl pinnacle reefs, are
identified in Ihe moreeasterncompletesections(Ginerandliarnolas, 1979).

Tite resuitspresentedin tliis work arebasedon afaciesanalysisiii dic lo-
wer parasequence,which hasbeenpreservedof theEarlyCretaceouserosion
along 1w studiedoutcrops(Fig. 2). Tite faciesanalvsisis hasedon tite mea-
surementof five key sections(seeMg. 1 for location) andtite lateraltracing
of tite main distinguishedfaciesassociations.FromproximalwesternarcasLo
distal casternones,thesesectionsare narned:Fuentede la Toba (FT), Ba-
rranco del I)iablo (ED>, Barrancocte Ja Hoz <EH), Barrancode la Canaleja
(1W) and l3ar¡-aneode las l3alsillas (BE). The correlationof the studiedsec-
tions ~u1(1tlíe latera! andvertical disíributionof the main faciesassociations
distinguisliedin 1.1w lower parasequenceis showniii Fig. 3. The pinnaclere-
efs inc.li.íded iii diesesectionsweresampledfrom bottornlo top. The pi-opor-
¡ion l)eLweeiI tite different componentsof tite reef fabrie ~vasestablisliedbv
jjoinúcoiinting alongthín sectíons.Threemain faciesassociationshavebeen
distinguislíed:rectal facies,inter-reeffacies(A,13,C) a..nd tli.e topmostpost-reef
facies1).

IIEEFAL FACIES

‘111w n-iorphoiogyaud Lite fabrieof tite reefsof Jabaloyashasbeendescri-
I)ed by Fezer(1988), Errenst (1990a,b),Leinfelder et al. (1993, 1994) and
Nose(1995). Titeseworks include the identification anddescriptionof tite
diffcrent fossils audtiteir distributionalong Ile reefs. Below, we outline tite
mainfeaturesol)scrvedin the rectal facies.

Moíwi I(IWC’ OF i-4vvl~S

Tite studied parasequenceincludes seattcredpatch reef with variable
morphology.Most of t.bem havea írinnaclemorphologyandare distributed
in a discretehoí-izon, from theED to tIic BE sections(Fig. 4). Wcstward.in
Uhe FT section,tite pinnaclesare abseníand tliey laterally gradeto a setof
m.etricpatcli rectaThe pinnacleshavea it.eight/widtb ratio closeto 1 and
‘¡el-y steepslopes,more Ihan 450 The local coalescenceof Lhese pinnacles
may resultin reefssometensof meter iii heigbt. Titehighnessof dic pinna-
cies iw.reaseseastward,with maxhnumvertical developmentin tite 1313 site-
tion, wííeretheycan reach16 m. Aronud Litis outcrop,metrie patchreefsare
also laLcrally found to tite top of tite pinnacles.l3etxveenthe 1W andthc ED
sections,me pinnaelesaregenerallyup to 12-13m high. Locally on someof
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V.g. 3.—Faciesdistributioniii thestudiedparasequence(seeFig. 1 fo>- location).
~g. 3.—í)istrib»ícióndefaciesenEa parasecuenciaestudiad-a(situaciónen]a Hg. 1
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Fig. 5,—Faciesaudsampiedistributhirí in the BC outcrop. lSelo~vtlíc st,sdcd 1>innacle.a intelí
eclwith astratalniorj>hology is observed.SeeLext br faciesexplana[i<n>.

Hg. 5—Distribucióndefaciesy demuestrasencl perfil SC. Por¿1 eI>ajo de.L pináculoseolJseIva
>a uk a rut ifal cía 1 genmetía bbíd ay - ‘Ver leyte para a explicación de 1vícii’s.
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FACIES A
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PÁg. 6—Faciesmxl sampledistribution in Wc UD outcníp.Two prominentdisa>ndnuities(le.
Sí and82 surfaces)arefound ja Wc pinnaclecore.Seetextfor faciesexplanation.
Fig. 6—-Distribucióndcfaciesy de muestrasen el perfil UD. l)entrodelnúcleodelpináculose
reconocendossuperficiesdediscontinuidad(superficiesSI y 52). Ver texto parala explicación
de facies.
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thesesections(cg.,BC section,seeFig. 5>, smallbiostronwsup to 3 ni thick
arefoundbelowIle pinnacles.

Fíat andsharpsurfacesoccurin thecoreof tite pinnacles.An uppersur-
face, located8 to 9 m aboyetite bottomof Ile reef is recognizedin boIl the
BD, BH andBC pinnacles(seeS2 in Figs.4 and6), whereasalower surface,
locatedsorne5 ni aboyetite bottomis recognizedlii Ile morewesternpinna-
eles,locatedaroundIle BO outcrop(seeSí in Fig. 6).

Ti ni I4EEF FABIuC

The basic reef fabrie consistsof variable proportionsof boIl colonial
forms (mainly corals: 5-60%),microbialcrustsandassociatedencrustersand
microencrusters(10-80%) andinternalsediment<15-40%),giving risc lo fra-
mestonetextures(Hg. 7). Otherorgainismssuchuslithophagidbivalves,gas-
tropodsandechinoidsare commonthroughoutIle reef. The differentpro-
portionsbetweencolonial formsandmierobialcrustsallows to separatetwo
reeftypes(basedin theclassificationof Leinfelder, 1993): (1) coral-microbial
ernst reefs (refereedhereas coral reefs), whentite proportion of colonial
forms is largertitantite proportionof microbial crusts,and (2) coral-bearing
titrombolites <refereedhere as coral titrombolites), composedof microbial
crustswith a considerableamountof reef macrofauna(np te equalpropor-
tions of metazoansandcrusts).

1. Colonial forms:Leinfelderelal. (1994)andNose(1995)haveclassified
theseredascoral-chaetetid-stromatoporoidmicrobial ernstrecis.Titedomi-
nantcolonial forms are coralsand, in muchlower abundance,stromatopo-
roids, chaetetids,solenoporareanalgaeand sponges(malnly «lithistid» de-
mosponges,accordingto Nose, in Leinfeldere! al., 1994). Thecorals inclu-
de anumberof differentmassive,itemispitericalandbranchingspecies.They
normailyoccuras centimetrielo decimetriedebris.Locally, largebranching
eoralsarefound in growthposition.AccordingtoNose<1995),tite dominant
coral taica are Thamnasteriaaud Microsolena. PAso frcquent are Gala-
mophylliopsis,Stylinaexcelsa,Ovalasíreadelgadol,Milleporidiumfin-mosum,
Chae!eleschabaisensisandSolenoporajurassica.

2. Microbial crusís:A densemicritic to peloidal(packstone)crustisfound
aroundIle colonial forms. This crustmayalso form tmportantvolumesof
tite reef framework.Tite fabrie on titesecrustsis mostly clotted anddisplay
ini irregulargrowingwith comniondomalmorphologies.A particularcrust
typedeseribedby Scitníid (in Leinfeldere! al., 1994) for tite baseof tite Ja-
baloyasree! is representedby «downwardfacing nodularhemispheroidsí>.
Tite microbial ernstcomprisevariableproportionsof boIl micro-encrusters,
ineíuding«Tubiphytes»morronensis(seediseussioniii Schrnid,1995),Koskt-
nobullina socialis, Lithocodiwn, Bacinella, Thaumaloporella,Placopsilina,
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Fig. 7.—Exampleof tire reeffabric, showingtire distributionof different encrustingorganisms
(sample D in the 131-1 pinnacle>.
Fig. 7—Ejemplo de fábricaarrecifal, en el quesemuestrala distribución dediversosorgarús-
mos incrustantes(muestraD delPináculo21-1).
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Le- Lithocedlum A- Calcareous algae
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andlargerencrusterslike serpulidsor bryozoans(Fig. 7). Thcy usuallyform
lessthan10% of tite total volumeof therock. However,witen tite fabrie 18 do-
minatedby microbial crusts,Iley canreacitupto 20%.In theseinstances,tite
d iversitv of micro-encrustersis lower, beingdominatedby «Tubifhytes»mo-
rronensis.Botb tite microbial crustsandtite metazoajíbuildersarelargelybo-
red by lithophagidbivalves.

3. Infernal sedimení:Two typesof internalcavitiesaredistinguislíed (Fig.
7): (1) type 1 cavitiescorrespondto tite holeslcft duringtite growing of both
colonial formsandmicrobial crusts;<2) type2 cavitieswereorigiriated1wthe
biocrosionandboringof the metazoanbuildersor themicrobial crusts.Tite
cavities are generally filled by internal sediment. The internal sedimeuL
mosth’ consistsof silty biomicrites (mudstoncsto wackestones),wilb scntte-
red debrisof bivalves,echinoderms,gastropods,bentlíic forams,coralsand
microbial crusts.Theseniicritic fillings maybe interruptedby tibe growiríg of
microbial crusts at severalleveis. Grain-supportedfacies (i.e. peloidal aud
noidal packstones-grainstones)may also occur as interna) sediment.Bot.h
grain-supl)ortedandmicritie faciesmay be associated,formirig gradedand
1 arninatedstructuresin geopetalfillings.

GENERAL. [REN[)S (IP VERTICAL ANO LA-rERAL. ZONATION ON REIEFS

Four pinnacles regu.larly distributed in a proximal-distal ramp section
havebeensampledin orderto evaluatetibe generaltrend of tite vertical aud
lateral variation on tite proportion betweencolonial forms and ruicrobial
crusts.

1. Rl) pinnacle: Tite distribution of tite studiedsamplesmvi the location
of tííe two planarsurfacesalongthe coreof theBD pinnacleis sbownin Fig.
6. Tite verticalvariatiotíof the proportionof bothcolonial fornísaudmitro-
bial crusts(cf/mc ratio) is reported iii Fig. 8. Tite reefshowsan overail up-
xvard increaseof tite cf/mc ratio. Proportionsof microbial crusts (45-75%)
are largerthancolonial forms be]oxv Sí. The cf/mc ratio rangesfroní 1.5 Lo
4 l)etweenSí and52. In Udszone,an importantvolume of the internalsedi-
ment containsooidal particles,similar to LLe oneslocatedin tite inter-reef
arcas(faciesB, seebelow). Aboye52, tite internalsedimentis micritie andIle
cf/mc ratio 15 largertitan 2.5.

2. 1311 pinnacle: ‘¡‘he distributionof tite studiedsamplesin the BM puma-
ele is shoxvnin Fig. 4. Tite resultsreponedin Fig. 8 sitows overalívolumesof
colonial form between40-70%,clearlylargertitan microbialcrusís(generally
below30%). 1 loivever, Hiere al-e two arcasxxntit largerproporlionof mitro-
bial crusts: tite bottnm of Uae pinnacle (sampleA) and Ile zone located
aroundtite 52 surface(sampleG>. The cf/mc ratio is alsodifferentbelowand
aboyetite 52 surface.i.e fi-orn 1 .3 to 3.2 andlargertitan 6 respcctively.
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3. BC pinnacie: Like in tite previouspinnacles,titere is an overalí up-
ward increaseof tite cf/mc ratio,only interruptedby samplesF audH (52
and 39% of microbial crust respectively).tite latter locatedon 52 siírface.
‘rite biostromelocatedbelowtite BC pinnaclewasalsosampled(sampleA,
Figs. 5 and8). SamplesA andB showaclose to 0.5 cf/mc ratio and tite-
reforecorrespondto coraltitrombolites.‘lite coralreefsampleslocatedbe-
low S2 slíow ratios up to 2.8, whereastite oneslocatedaboyelíave ratios
down to 2.6.

4. BR pinnacle:Titestudiedsamplesslíow a lower part (upte 12 m) do-
minatedby microbialcrusts(60to 80 %, witit lesstitan20% of coráIs)andan
upperpart dominatedby corals (less titan 20% of microbial crustsand60-
70<Yo of corals). Only sampleG, located9 m aboyebottom reef, shows an
amountof microbial crust(30%) lowertitancolonial forms (35%). It hasbeen
not possibleto recognizeinterior surfacesin tite reef core from outcropob-
servation.l--fowever, tlie comparisonte tite otiter pinnacles,suggesttite loca-
tion of S2 in tite boundarybetwecna Ioxver coral titrombolite area (ratios
rangingbetween0.03 and0.3) andtite uppercoralreefone(ratios around4).

Tite rcsultantdataorí eacitpinnaclecan be furtiter componed,establisiting
acorrelationbetweentite insitore andoffshorepinnacles(Fig. 9). Tite verti-
cal zonationdescribedaboyesitows a generalsimilar trend in alí tlíe sampled
pinnacles,wlíiclí consistsof an overa! inc—caseof tite cf/mc ratio to tite top
of tite pinnacles.Tite upwardmercaseof tite coraisin titeJabaloyasreefswas

60 EH ~1
o

Fig. O Cor reíttion of thefour soimpledpiunaclesboisedontheSi oi»¡d 82 strrfoíces.showiug tire
latcral ‘s »natajuof te c»ulouial formns/microbiodcríist raticx defining ctu-al-reefc,r coral throm-
b»,lit ¡c f tcws (seeright coltionnsin Kg. 8>.
Hg. 9 (u? reí >cio.r~ entrelos cuatropináculosmuestreadtsenbasea lassuperfocíesSí y 82, en
la cjue sc mucstrala variaciónLiteral de la proporciónformas coloniales/costrasniicrobioinas
(ver 1 1)1 ulun is cíe la íu»rtederechaenla PÁg. 8)

tora» cora¡-bearlng
reela ihnniboii¡sS
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previously reportedby Giner and Barnolas (1979> and Leinfelder el al.
(1993).StackedhorizonswiIl similar cf/mc ratio separatedby sharpsurfa-
cesare alsorecognizedin tite studiedpinnacles.On tite basisof tite interme-
diateSí andS2 surfaces,a correlationbetweenIle pinnaclescanbe estajÁis-
taxi. Titree verticalzonesaredistinguished:(1> below Si, therearecoralit-
rombolites, with variable proportion of corals; <2) betweenSí and S2
surface,Ilere is somelateral variation on tite pinnacles:tite proximal ones
aredominatedby colonial forms, whereasIle distadonesaremicrobial crust-
dominated;(3) aboye82 the microbial crustbecomesearce,with cf/mc ratio
largerthan2.

TI lE ASSOCIATEDFACIES

Tite vertical andlateral distriibution of Ile faciesassociationsacrosstite
studiedcross-sectionis shownin Fig. 3. As a whole, tite faciesdistribution
sitows a retrogradationalstackingfaciesin tite lower part of tite parasequen-
ce, followed by arapidprogradationof faciesin tite upper partof tite para-
sequence.Two mangroupsof inter-reeffaciesarefound:grainsupportedfa-
ciesin tite lower pad(FaciesA and B), followed by mud-dominatedfaciesin
tite upperpart (FaciesC). FaciesO is foundcoveringal! tite reefandinter-reef
facies, andtitereforetheycorrespondto tite post-reeffacies. 1 lowever, sorne
interfingeringbetweenFaciesC andO alsooccur.

Titeboundarybetweentite grain- andmud-supportedinter-reeffaciesis
locatedto tite lower partof tite pinnaclesin titeoffsitore seetions(BB section),
andto tite top in tite insitore sections(BO section,seeFig. (3). In titeseproxi-
mal sections,tite líoundaryis rnairkedby a sitarp,burrowed (Thalassinoides)
ornd pon-Uy encrustedsurface.lasorneoutcrops,titis sm-facedisplaysomede-
positionalsiopetowardstite flanks of tite pinnacles.tn tite BH outcrop(Fig.
4), tite boundaryreachesaminimunhiglinessof 4 m aboyetite bottomof tite
pinnaclesin Ile inter-reefareas.Titis highnessinereasesto tite flank of tite
pinnacle,reaching8-9 ní. Moreover,titis surfacehascontinuityin tite pinna-
cíecore (le. 52 surface).

FACIES A: IJF 0.1kM- ANO BIOCLASIIC l~’ACKSTONES TO GRAINSTONES

FaciesA occursbelow and laterally to tite morewesternpinnacles.It is
arrangedbothin massiveandcross-laminatedtabularbeds0.5to 0.7m titiek
andeross-bedsup to 0.3 m thick. Tite peloidsare variablein sitie andforní
np to 35% of tite volume of tite facies. Titere arealso micritic intraclasts2-3
mm in diameter,whicit consistsof debrisof tite reef microbial crust, incín-
díng encrustingorganismssuchas«Tubi~hytes»inorronensis,Koskinobu/lina,
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Bacinella, serpulidsandbryozoans.Tite proportion of tite intraclastsranges
froní 1 0 to 25 %.

Titebioclastsforinnp to 20%of tite totalvolumeof tite faciesandcoiisists
of debrisof corals (roundcdclasitsof np to 3 cm iii diameter),bivalves. eclíi-
noids (Balanocidaris)and bentitic forains (lituolids). ln lower proportioii are
foundotiter fossilssucit as gastropods,1kTautiloculinaoolithica, Cayeuxia,br-
yozoans.bracitiopods,clíaetetids,níiliolidae andsolenoporaceanalgae.

ltxcí vs 13: 00.11)A.l ..AND BTOCJÁSÁ 1< l’ACKS’ItNR TO ORAJNS’rt)NRS

Facies13 is dic nsliore equival.entof faciesA. it is foundbelowand late-
ra!lv Lo tite moreproximal pinnaclereefs.Facies13 is arrangedin tabularbeds
(1.3 to 0.5 ní thiek. Cross-beddedlcvels up to 0.3 m thick alsooccur. The
ooídsforní np to 200/ti of tite total ‘solume of fixe facies.Titeir size is variable,
dispL u-mg diamctersup to 1 mm. Tite coreof tixe ooidsconsistsof sUicidas-
tic. gralosaudskeletaLpartides<bivalves, lituoUds,(iayeuxia,echinoids,gas-
trt)l)ods and Y. oolithica). They show 1)otit type 3 and 4 and alternationof
tvpc ,3 md mieritic coatings(classificationafter Strasscr,1 986).

fLtc bioclxstsforin up to 300/o of tite faciesa.nd inciudesolenoporaceanal-
gae (xcix abundant),lituolids, corals, clíaetetids.bivalves, gastropods.Ca-
yanta,ecitinoids,1V. oolithica, brvozoans,serpuliósandmiliolids. Tlíe facies
ma’»’ alsocontainup to 10% of bothpeloidsaríd intraclastsof microbial crusts
similar to tite previouslydescribediii facies Ik. Occasio.nallyare also foií.n.d.
typeí aud Y.! oncoids(c].assificationafter í)a.hanayake,1977),sitowingskele-
tal cores(coráIs, bivalves,ec.hinoids,gastropods)-

Facíns (2: SKRI.JÚTAI. \VACKFSrONItS

kiries C ocettrslatera.Llyto tite upperpautof tite pinnaclesand its overalí
Uhicknessmercasesoffsitore. Althorigh. tíle top of tite FT sectionis cí-oded.ive
Nave. ¡ ¡íi.erprctcd that FaciesC pinchesoui to tIie more proxinial sections,
witere fíe pinnacierecisarealsothougitttobeabsent(Fig. 3). Tite faciescon-
sístsof Lii rrowed tabulari)io.[nicrit.ic bedsup Lo 0.3 m thick, alternatin.gwitit
both ni ¡rl’» U veis andbioclastielevelsincl.ud.ing debrisof metazoanbtíilders
(¡e to¡als and citactcLids)np to vi cm in diameter.Tite bioinicritic bedsare
oní mping ox ti dic flanksof tite pinnaclerccfs.

11w skeleialdebris ¡nayform up to 30 % of tite facies. CoráIs, (titaetetids
andu hmnordsaretite moreabundantskeletalgrains,wIiem-easotiter fossils like
hiv xli es líLuolids, gastropods,solenoptxraceanalgae,A. oolithica, miliolids, br-
yozoans ‘md serpulidsaremoresearce.Tite faciesalsocontainsifl of bothcar-
iton ite ‘md siuiciclastiegrains.tntraelastsof microbial crasIsarealsoeommon.
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FACIES O: PELOIDAL, OOIOAL
ANI) BiOCIASVI(.1 PALKSTONES AND CJRMNS’rONES

FaciesO is locatedon top of tite studiedparasequence,aboyetite llorizon
witich includestite pinnaclereefs.Tite loiver boundaryof faciesO is generally
a sitarp an evensurface. Hoivever, in someoutcrops(cg. BB and 13C see-
tions), some interiayeringbetweenfacies D auddic underlyingbiomicrites
(faciesC) is observed(Hg. 3).

FaciesO includesa wide spectrumof facies,definedby variable amounts
of peloids,ooidsandskeletalgrains.Tite faciesdomijíatedby peloidscorres-
pondslo peloidal audbioclastiepackstonesaudpeloidal grainstones.Tbey
form 0.5 to 1 ní titick beds,witb occasionalcross-liedding.Tite faciescon-
tainsnp to 40% of peloidsand250/ti of skeletalgrains,mainlydebrisof lituo-
lids, miiiolids, coráIs,gastropods(occasionaliyforming accumulationsin dis-
ti-cte levels) and bivalves.

‘tite tíoid-dominated facies are ooidal and bioclastie packstonesand
grainstones.Titey are arrangedin 0.3-1 m tbick beds,locally cross-bedded
andeross-Iaminated.Tite ooidsaremainlyof type3 (Strasser.1986), areup
to 1 mm iii diarneterand generallydispiay siliciclastie cores. Tite skeletal
grainsmayforní up to 20% of Ile facies.Tite moreabtindantfossils arebi-
ralves, gastropocJs,solenoporttceaiialgae,inñíolids andlituoiids. Type 1 mM
II oncoids (Dalíanayake,197’7) of 5 mm of meandiameterare occasionally
found.

Tite bioclastiefaciesare wackestonestú packstonesand are arrangedin
tabularbeds0.3 Lo 015 m thick. Tite moreabundantskeletalgrainsaregas-
tropodsandsoleííoporaceanalgae.Bivalves, Cayeuxia,coráIs,echinoids.Ii-
tuolids, níiliolids, brachiopods,dasycladaceanalgae (Acicularia) andN. oo-
llíhica arefotiud in lower proportion.Mostof titesebioclastssitoív titin mi-
critie coatings.Encrustedsurfaceswith oystersaudaccumulationsof bivalves
givíng riscto a smallpatehesareoccasionallyfoundon titesefacies.

INTERPRETATION

SEDíMEN’í’ARY REAl -MS IN Ti lE LATE KJ.MMERIDGIAN RAMP

Tlíe natureand distribution of Lite facies in tite studiedparasequence,
allows tite reconstructionof tite sedimentaryrealmsof tite LateKimmerid-
giancarbonaterampin titeJabaloyasarea(Fig. tú).FaciesD is consideredto
be depositedin inner ramparcas(internallagoonandmarginalsandshoa]s),
whereastite pinnaclereefarid associatedfacies(A, B, C) would growttí in tite
openandrelatively deepmid ramp domains.Tite innerandmid ramparcas
are placed aboyeaud below fair iveatiter wave baserespectively.The mid
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rampareasareaboyestormwavebasesealevel, andtitereforeperiodieailyaif-
fectedby high energyevents(Burcitette andWright, 1992).

Two basic types of faciesare recognizedin tite mid ramp areas.Tite
moreinterna! domainsarecoveredby grain-supportedfacies (facies A and
13), whereastite outer realm of tite mid rampis dominatedby burroived,
mud-dominatedfacies, witich are indicative of lower energyenvironment
(faciesC). Insitore,tite sedimentis dominatedby high energyooids (type 3,
Strasser,1986)and by awide spectrumof skeletalgrains.which areindica-
tive of sitallow aríd openmarineconditions(facies B). Offshore,tite grain-
supportedsedimenisare peloidaL andskeletal, including also adiversified
and openbentlíic community with forams,bivalves, solenoporaceanalgae
andeclíinoids(faciesA>.

Scatteredin tite mid ramparefound a setof patcit reefs. Titeelevationof
tite reefsaboyel)ottomfloor was variablebotit in time andin space.Basedon
the BH section,whereit is possibleto examinetite relationsitipbetweencoe-
val inter-reeffacies andintermediatestagesof growing of the pinnaclereef
(Hg. 4), tite maxiinumrisc of the pinnaclesaboyetite surroundingsediments
canbeestimatedto be around4 lo 5 m. Tite elevationof tite patchreefsis re-
ducedinsitore. In tite moreinternalarcasof Ile mid ramp <Le., FT section)
only metric patchreef scatteredbetweengraln-supportedoolithic andbio-
clastic faciesarefound.

FaciesO is interpretedlo beoriginatedin me- ranípaireas.Titepeloidal
andskeletal-dominatedfacies includes a benIlie community of gastropods,
miiolids, lituolids, bivalvesandoysters,indicating partlyrestrictedenviron-

Hg. lO.—Sedimentarymodel for [he LateKimmeridgiancarbonaterotmp in Pie Joibaloyasares.
Fig. 10—Modelo desedimentaciónporo» la rampacarbonatadadel Kiniuoeridgieuscsuperioren
el sector deJabaJoyas
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ments.Titis restrictionwould beoriginatedby tite presenceof a belt of sand
shoals(oolititic andbioclastiefacies), interpretedto belocatedin Ile transi-
tion betweeninnerandmid rampareas.

TI-lE PIMNACIÁ? [<FF35

Tite relationshipbetweentite reefsandtite associatedfaciesexposedabo-
ve sitows that Ile growingof tite pinnaclestook place in mid ramp areas.
Giner andBarnolas(1979), Fezer(1988), Aurelí (1990), Nose(1995) and
BaumgártnerandReyle (1995) haveproposedasimilar setting for Ile reef
growing.The natureof tite organismsthat constructedIle reefsare alsoco-
iterenttú titAs assignnient(seeNose(1995) for details).In addition,tite asso-
ciatedmicro-encrustersfound commonlyin the microbial crusts,wiIl Ba4-
nella, Lithocodium,Koskinobullina,«Tubiphylesx’morronensisandserpulids,
areconsideredby Leinfelderel al. (1993>as representativeof shallowranip
areas.

Titecolonial formsarepreservedin Ile reefsasdebrisof differentsizeand
areonly occasionallyfound in growthposition.Titebreakageof tite skeletons
wasduetú botit stormreworking andbiocrosion.Partof the debrisorigina-
tedby theseprocesseswereaccumulatedin tite inter-reefssedimentsor trans-
portedinsitore. Accordingly,tite proportionof tite preservedmetazoanbuil-
ders in tite reef is lower titanthe proportionduring reef growing (Longman,
1981). l-Iowever, tite bulk of titesedebrisremainsin thereefs, formingtiteir
frameworksalonglo tite microbial crusts.

Tite role of tite microbialcrustsin Ile origin anddevelopmentof Ile Late
durassicreefshasbeenexaminedin detail by Leinfelderel al. (1993, 1994>.
Accordingto titeseautitors,tite microbial crustsareof paramountimportm-
ce for Ile origin, stabiiitization and developmentof positive buildups.Tite
microbial crustsarebindingandboundingtogetiterthe debrisof tite metazo-
anbuilders,formingalsovariableproportionsof Ile reeffabrie. Titesecrusts
wererapidly itardened,as indicatedby titepresenceof boringson tite ernstit-
self. Tite developmentof tite microbial ernstis discontinuous,as it is shown
by both tite irregularintergrowingbetweenpeloidal or micritic fabricsand
tite presenceof tite micro-encrusterorganisms.

Tite internalcavities,either left during tite reef growing or originatedby
bioerosion,are rarely filled by marineor meteoriccements.Only somepar-
tially filled reefcavities(geopetais)havebeenlatercementedby sparite.Most
of tite cavitiesareoccupiedby muddy(occasionallypeloidalor ooidal) inter-
nal sediment.Titis mudmaybe originatedcititer by bioerosion(Tuekerand
Wright, 1990) or by filtering andbaffling tite fine grainsedimentsuspended
in Ile surroundingmarinewaters.Argumentssuchas tite presenceof ooids
or siliciclastiesilt in tite muddyintemalsedimentor tite occasionallamina-
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tion andgradatiori in tite peloidal fillings, demonstratean externalsupply.
1 lowever, it is difficult to estimateitow mucit interna!sedimentitas beenori-
ginatedcititer by bioerosionor by externa] supply.

DiSCUSSION: REEFGRO\VTH
AND SEA LIBVEL CHANCES

Tite generaltrendon tlie verticalandlatera! reef zonationdescribedabo-
ve and tite inLer-reeffaciesdistribution,aflowsto discusstite rclationshipbet-
iveenttíe growingof thepinnaclesasidIle changesof sealevel. Tite evolution
of tlíe studiedparasequencetitrougitout four successivesealevel episodesis
sitown irí Fig. 11. Episodes1 and2 are coevalto acontinnoassea level rise
(Le. Lrarísgressivesystemstract), witereasepisodes3 and4 sliow tile facies
distribulion duringtite subsequentstillstandof sealeve] (i.e., higbstandsys-
tenistract)-

11’ite evolutioíi in Fig. 11 itas beenillustrated upwardsfrom tite
ito.rizoií including tite reefs.Tite prexáoussandy,marly audgrain-supported
sitalloiv earboííatespresentin tite lower parL of tite sttídied sections(seeFig.
3) would representacontinuousflooding of tite ramp, from trajísitional to
sbailowmarineenvironments.

TRANSCORIVSSIVE SYSTEMS -rRÁCT

A. first episodecorrespondsto a fastriseof sealevel iviticlí involved tite
initial flooding of tite carbonateramp(Fig. 11.1). Tite top of this episodeCo-
rrespondsto tite Sí surface.As aconsequenceof arapid creationof accom-
modationin tite basin,a sedimentarystarvationin tite mid rampoccurred.
Only tite fastverticalgrowingof somepinnaclesis ableLo partlycompensate
for tite accommodation.Stratal biostromes,ivith variable latera! extension,
also greív during titis episode.Tite local developmentof microbial crusts
producedtite stabilisatiouandbardeningof tite substrata,allowingtite gro-
wing of tite coral formsin subsequentepisodes(Leinfelderel al., 1993). Tite
partialreworkíngof tite microbial ernstis indicatedby tite commonpresen-
ceof debrisof tite ernstin tite coevalpeloidal, oolithic andbioclastiefaciesA
and13.

During Udsfirst episodetite reefssitowwidespreadcoraldírombolitiefa-
bries. As indicatedby Leinfelder e! al. (1993), tite main prerequisitefor tite
occurrenceof microbial crust is aeessationof tite backgroundsedimentation
wtuch can beeommoniytiedto risesof sealevel. 1 fowever, aecordingto titis
autitor, low sedimentationrate is aÑo favorablefor coral groívtit. Tite low
proporLion of coralsandtite loív diversityof micro-encrustersduring titis lo-
iver epist)dearein(licativc of sornerestriction in tite manneenvíronment.As



Thepininicle reeJs¿flahaloyas(LateIúrníneridgian, PIESpain) 59

explainedby Leinfelder <1993) andLeinfeldere! al. <1993)a riseof tite dy-
saerobicwatersdueto lowering cireulationduring sealevel risesmayexclu-
detite extensivegrowingof metazoans,witilst Ile euroxiemicrobesremxn.

Tite overail verticalgrowingof tite reefsfollowed and/orinitiated during
tite continuingriserof sea level (Fig. 11.2). Tite inter-reefsedimentationre-
coveredin tite intemalarcasof Ile mid ramp. Tite depositionof grain-sup-
ported faciesA and13 was coevalto tite reefdevelopment,as indicatedby tite
I)resenceof ooidsandpeloidsin tite internalreefcavities. Bothtite mercaseof
tLíe backgroundsedimentationaud tite recoveryof Ile normal oxygenated
environmentaltertite initial flooding of tite ni-np in tite moreproximalare-
as,mayexplaintite rapidsitift from coral-titromboliticto coralreefal fabries.
Titerefore,tite shawboundarylocallyobservedbetíveenbothtypesof reeffa-
brie in tite insitore pinnacles(e.g. Sí in ttíe BI) I)innacle) is likely to reflect
somenutrientand/oroxygenfluctuaLion.

Hoivever,titrombolitie fabriesarestiiil dominantin tite offsitore reefs. Se-
dimentaryrateswerelower in tite externalarcasof tite mid ramp,as indica-
ted by tlíe offshoretiticknessreductionof Llie inter-reeffacies.Tite coevalde-
velopmentof coraltitrombolitesandcoralreef at apparentiysimilarbathy-
metrieconditions,wouldrefiect not onlysornelatera!variation in Lheoxygen
and/ornutrientcontent,but aÑotlíe off-slíoredecreaseof tite sedimentaryra-
Les acrosstite inid ramp area.

Wc líave placedLite upperboundaryof tite transgressivesystemstraetor
níaiximurn flooding surfaceon tite so-calledS2 surface.Titis is a burroived
andencrustedsurfacecoveringtite grainsupportedfacies A and13 between
tite 131) andBI 1 sections.Tlíis surfaceis coevaltú tite developmentof tite fiat
surfacewitit mierobialcrustslocatedsome9 m aboyetite bottomof tite more
proxiínal pinnacles(i.e. 82 surface.seeFigs. 4, 5 and6). Tite biomicritie in-
ter-reeffacieslocatedoff-sitore(faciesC) areintensivelyburrowed,indicating
also somesedinientarycondensation.Titedeereaseof tite sedimentaryrates
iii relation to tite increasingaccommodationratesis alsoindicatedby a re-
trogradationalstaekingpattern, ívitit tite progressivebacksteepingof tite
rnud-supporLedfacies(2.

1 liclislANIí SYSTEMS 1RACT

Tite rapid risc of tite sealevel resumesatIle onsetof Ilis episode,domi-

natednow by a sealevel stabil¡sation,witicit aillows tite recoveryof Ile car-
bonateproduction.Tite successiveobservationof aggradationaland progra-
dational faciesarrangementin tlíe sedimentsdepositedduring UdssLillstand
episode, allows to difícrentiatebetweenearly ¿md late highstandsystems
tract.

At tite onsetof afirst episodeor earlyitighstandsystemstract(Fig. 11.3)
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titerewasstill an importantaccommodationavailablein tite inter-reefareas.
They wererelatively deepsites,witicit becomeprogressivelyfilled up by tite
onlappingof tite offshorebiomicrites.As aresult, the elevationof Ile pinna-
cíesaboyebottom sedimentwasreduced.Qn Ile otiterhand,Ile restoration
of thcoxygenatcdenvironmentsduringUds bighstandepisodeallows tite re-
coveryof Ile growingof tite colonial formsalí acrosstite studiedpinnacles.
Titis resultsin someverticalaggradationof Ile reefaboye52 surface.Tite ag-
gradationof tite pinnacles,largertitan Ile accomimodationcreated,would
producesomesitallowingupwardon them.Botit, tite compositionof tite in-
ternalsedimentfound in tite reefs cavitiesandtite high proportionof debris
of colonial forms (mainly coráIsandchaetetids)in tite inter-reefsbiomicrites,
indicatethe coevaldevelopmentof thereefsandtheinter-reefbiomicritesdu-
ring Uds episode.

During tite latehigitstandepísode(Fig. 11.4), Ile rapidprogradationof
Ile inner rampfacies resultedin tite completefilling of tite availableaccom--
modation. Titis progradationwas favoured by botit tite relatively fiat arid
shallowtopograpityof themid rampleft after Ile filling of Ile inter-pinnacle
depressionsand tite higit carbonateproduction.Skeletalandoolitbic levels
interbeddedin thebiomicritic inter-reeffaciesindicatetite progressivesitallo-
wing upwardof tite inter-reefareas.Over tiÉs skeletallevels aresmallcoral
patcitreef developed.

FINAL REMARKS

1. Tlíepinnaclereefsof tite Jabaloyasareasitowsomevertical¿mdlatera!
variation in tite relativeproportion of microbial crustsandmetazoaribuil-
ders.Titeoveralí patternof reef zonationpresentedin our work is basedon
verticallogs acrossfour separatedpinnacles,aiongto ficíd observationin in-
termediatereefs. However,titerearesomelateralvaribility in Ile reeffabrie
wititin individual reefs.Titis shouidbed.ueto coralaggressivityand,particu-
larly, tú intemal differencesin sedimentation(Leinfeder,per. com.). There-
fore, Ile ratiosof cf/mc presentedin Figs.8 and9, witicit arebasedon verti-
cal logs alongtite piinnacles,shouldnot be takenasexaelratios.Also, in or-
derto acitieveamorerealistiepatternof Ile lateralvariationof tite reeffabric
alongto tite proximal-distalsection,moreintermediatereefs sitonidbe eva-
luatedundertite seopeof Ilis work. However,webelievethatIle preliminary
resultspresentedin titis work give a reliabieideaon Ile overall trendingof
tite verticalandlatera! reef fabrievariation.BoIl, tite similarity betweenIle
verticalvariationon alí tite sampledpinnaclesandtite presenceof correlata-
ble horizons,which display comparablecf/mc ratios separatedby discontí-
nuity surfaces,give supportto tIlis assumption.

2. Tite sedimentologicalanalysisof tite reefsof Jabaloyasaudof titeir as-
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sociatedfaciespresentedin ourwork, itas aliowedto explainseveralaspects
relatedto titeir origin anddeve]opmentin the LateKimmeridgian Iberian
carbonaterainp. Questionsaddressedin ourwork, sucit us tite relations.hip
betxveenreefandinter-reeffaciesor its evolutionduringsuccessivesealevel
variation along to a proxirnal-distaLsection,gives additional information
audsupportto tite results obtainedin previousworks, concerningtite fae-
L.ors witieh controlled tite origin andevolution of Líle tiipper Jurassicreefs
(seeespeciallvLeinfelder. 1993; Leinfelderel al., 1993, 1994; Baumgárt-
¡]er and. Revle, 1995 aud Nose, 1995). l-{esults reported in titese studies,
sucb us tlíe intensedevelopmentof microbial ernstdite to very low back-
groundsediníentationratesamI to partial exelusionof coralsby fiuctuating
oxygen/nutrieíít!evels relatedto sea leve! rises. are fiílly supported‘»vitit
our data.

3. The studiedsedimentsbelongto a cyclic parasequencelocatedin Lite
lower part of a titird order depositionalsequence,witicit sparis froní Late
Kimrneridgianto Early Tititonian. Titevariation of aceominorlationdeduced
from faciesana!vsissitows a rapidinitial sealevel risc at tite onsetof tite pa-
rasecínence,folloived by a later stillstand of sea level. Taking into account
1)otit tlíe natureof tite faciesbelowaud abosetite pinnacles,tite meantlíick-
nessof tite studied parasequenceandtite poonLy compactioií(>l)served in tIte
reef fabrie, tite total accommodaiton(Teated in tite basinfroní tite initial de-
veloprnentcf tite reetsto titeir late burial sitoií!d be around 20 rn. Titis ar-
commodationis acombníationof both, loca!. subsidencea.nd custatievaria-
tiolls lostof tiíis sealevel lise was concerítratedduring tite depositionof tite
transgressivesystemstractdeposits,wbereit canbe estimaledto be around
12-15rn (seedashedarrowsin Ng. 11, episodesY and 2). Leinfelder(1993)
andNose<1995)itave suggestedanstroííg regionalor global custatiecontrol
on tUis riscof sealevel.

1. Tite slíalioxv carbonaterampdevelopedat Jabalovasallows to anailyse
tite responseto tite carbonateproductionon a carbonaterampduringa rapid
relativeseaJevel risc. Reducedcarbonateproductionin tite studiedLateJu-
rassicrampduring initial sealevel risc resultedin a partly condensedsection
in mi(I ramparcas,folloxved by alaíídwardshifL (backstepping)of thedeeper
biomkritic facies.¡Iowever,tite verticalaggradationof sornereefswasableto
compensatefor rnost of tite acconímodationereatedduring sealevel rise in
ontermiddleraffip arcas,resultingin a faciesdistributionsimilar to Llíe catcit
np typeplatformsdefinedl~ Keiídall andSchlager(1981). Duriííg latesta-
gesof rising sealevel, carbonateproductionwas recoveredin sbal!owerare-
as, resultingin an aggradationalstackingpattern(seelateraltransitionbet-
ween - ring tite ul-faciesA andB in Fhg. Ii .2). 1 liglí carbonateproductivitvdu
tenorslillstand of sea level resultedin tite faciesagradationin tite iííter-reef
faciesfoliowed by a fastprogradationalpattern(i.e.. earlvanditigitstandsys-
temstracis).
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