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ABSTRACT

Tite ba>’ of Cuatro Calaswas formed isa late Pliocenotimes by a local
dowsawardbondisagofoIdorNeagosaematorials,witicit favauredarelativo riso
of sealovel asadisavasiosaby tite sea.Tite studiedbay-fill depositscasasistof
usaits,witit largo-sealofaresetsdiat filled mostof tite dopressiontappodby tite
yousagorsetsof offlappiragtrasasitiasa-zoneunitswitit asaoveralítabularsitape.
As a witole, tite>’ generatoda Gilbert-typo deltamorpitalogytitat actualí>’ is
asummataryof smallor-scaledeltausaitsdepositoddurisagsuccessiveitigitstasads
of sealevol. Wo canobserveasal>’ titeseitigitstanddeltadepasits.Lowstasad
wedgeslay usadortite PrososatMeditorranoasasea.

Accordingtotitesedimentalogicaldata,wedoduceadeltamodelconsistisag
of ariver plain witit rapidí>’ sitiftisagcitasanels,awave-workoddeltafrosatwitit
gravelí>’ refloctive beacitos,a sarad>’deltaplatform, and a steopdeltasíape.
Tito isaputof sedimentwasepisodic,andtite deltaremaisaedinactivedurisag
long poriads,subjectedto waverowarkisagisa tite sitallow areas.Tito Cuatro
CalasGilbort-typedeltafits Postma”s(1990b)prototypo4 («classicGilbeli-

CuadernosdeGeologíaIbéricaN.0 15, 103-137.Madrid, 1991.
Edit. UniversidadComplutense.



104 C. .1. Dabrio, T. Barbaji, C. Zazo& J. L. Goy

type»). It is comparableto preserat-daydeltasof opitomoralstreamsfeedisag
graveil>’ beacitosin SE Spain

Progradationof tite delta generateda two-fold large-sealecross-
stratification:alawer itigit-anglerelatedtotite advancingdelta-foresetasadtite
upporono associatedto progradationof beacitusaits.

Tito devolopmontof tite complexGilbort-typo deltafollowed a repetitive
pattem ira responselo fluctuations of sea leve!: progradationof higitstand
Gilbert-íypodelta(stago1) wasfollowed beesatrencitmesatandcoastalwedgeira
lowstandandearlytransgression(síage2).Tite variouspartsof tite deltareacted
difforently totitosesea-leve!citangesandgeneratedvariablefaciesassociations.

Tite rapid evolution of tite bay-fill can be relatod ta itigit-frequesacy
fluctuatiosasof sea-levelalreadydocumeratedinSESpaindurisagLato Plioceno
asadQuatersaary,superimpasodora longer-lastingtectonicuplift.

Key words: fandelta,sealevel citanges,Neogene,Aguilas Basin,Betic
Cordillera

RESUMEN

La Bahía de CuatroCalasse formé en el Pliocenosuperiorcuandolos
materialesneógenosmás antiguas se flexianaron propiciando una subida
relativadel nivel del mary la inmersiónde la nuevacuenca.Los depósitosde
rellenodebaitíaconsistenen unidadescongrandesforesets,querellenaronla
mayorpalie dela depresión,coronadosparunidadesmásjóvenesdo la zona
do transicióndeltaicasituadosen offlap y cuya morfología de conjunto os
tabular. Todos ellos, formaran un delta do tipa Gilbeli complejo que en
realidadesla sumadounidadesdoltaicasdemenorescaladepositadasdurante
periodosde nivel del mar alto (itigitstands). Sólo se puedenobservarlos
depósitosde itigitstasad. Las cuñas do lowstand se encuentranbajo el
Mediterráneoactual.

De acuerdo con los datos sodimentológicas,deducimos un modelo
deltaico queconsistoen unallanuraaluvial cosacanalesde bajaestabilidad
lateral, un frente deltaico rotrabajadopor el oleajecosaplayasreflexivasde
gravas,una plataformadeltaica arenosay un talud abrupto.El apartede
sedimento era episódico y el delta permanecíainactivo durante largos
poriodos,conlas zonassomerassometidasal rotrabajadode] oleaje.El delta
detipoGilboli correspondeconel prototipo4 («deltado tipaGilbeli clásico»)
dePostma(1 990b).Escomparablea losdeltasactualesdecorrientesefímeras
que alimentanplayasde gravaen el surestedeEspaña.

La progradacióndel deltageneróunaestratificacióncruzadadoble: unade
bajo ángulodebidaa laprogradacióndoplayasdo gravay otrado alto ángulo
producidapor la progradacióndel talud doltaico (farosot).
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Así pues.el desarrollodel delta de tipo Gilbeli compleja siguió una
secuenciarepetitivaenrespuestaalas fluctuacionesdelnivel relativodel mar:
progradaciósadedeltasdo tipoGilbort duranteelhigitstand(estadio1) seguida
de encajamiontoy depósito de cuñascosterasduranteel lawstasady el
comienzo de la transgresión(estadio 2). Las distintas partesdel delta
reaccionarondeformadiferenteaestoscambiosdel nivel del mar,generando
asociacionesdo facies variables.

La rápidaevolucióndel rellenodo labahíapuedeestarrelacionadaconlas
fluctuacionesdel nivel del mar de alta frecuenciadescritasen el sureste
españolduranteelPliocenosuperiory el Cuaternario,asociadascosatendencias
tectónicasdo surroccióndemayor alcance.

Palabras clave: fan delta, cambiasdel nivel del mar, Neógeno,Cuenca
do Aguilas,CordillerasBéticas

INTRODUCTION

Tito sodimosataryfacies of fluvialí>’ dominatedGilboli-typo deltashayo
boentreatodisa detail by a numborof autitors ira recesatyoars (Postma1984,
Pastma& Roep,1985,Colefla u al., 1987;Cabila, 1988 a & b; Massariy
CabIla, 1988;Prior & Borsaitold, 1988).WavereworkedGilbeli-typodeltas
are less well rocognized,altitougit somoautitors pointed to wave-worked
«topsots»(CabIla, 1988 a & b; Postma& Cruicksitasak,1988, Massari&
Parea,1990). Tite term tapset comesfrom Gilbert (1885),and denotesdio
subharizontallydepositedalluvial facieswiticit restson topof tite subaquatic,
stoeplyincliraedforosetfacies.Becausotite wave-reworkisagtakesplaceisa a
Zanewbicit istransitionalfrom tite alluvial eravironmentinto tite realmof tite
deltaforesot,tite original termtapsotcansaotlongerbeapp~iods.s.Titorefore,
Wescott& Etitridge (1980) introducedtite term transition zaneto denote
dopositswiticb are subitorizontallydopositedosa top of tite foresot,and are
wholly ar partialí>’ reworkedby waves.

Tite aim of titis paperis ta focusora tite evolutionof tite deltasystemsasad
tite sedimeratalogyof awave-workedGilberttypedeltaosatite basisof a case
itistory aflate Pliocenoagestudiedira tite Aguilas Basinisa SE Spain(Fig. 1).
Tite sedimontologyof titeso dopositsitas beenstudiedin detail for tite first
ttme.Empitasiswill beplacedoratite sedimeritaryfaciesof tite trasasitionzane
arad tite faresotbeds.

TECTONIC SE~P1NGOF THE GILBERT-TYPEDELTA

Sedimentatiosain tite lateNoagonearadQuatornarybasirasira SESpaintook
placein partly-isatercorasaoctodbasisasgenoratedby tite Iberia-Africacollision.
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Fig 1 —Locationrnapof thestudiedareain thestructuralsketchofthe AgutíasArc (modified
afterCoppierel al., 1989).
Hg 1.—Localización del área de estudio en el contextoestructuraldel Arco do Aguilas

(modificadode Cappierel al., 1989).

Titis systom,mainí>’isaiteritedfrom previousstructuralstages,wasaffectedby
compressionarientod raugití>’ N-S, witich isaduceda sligitt perpendicular
oxterasion.During middle Pliocenotimes, tite strossfield aradtite directiosaof

[Li] ~
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regionalsitolieningsitiftedfrom N-S to NW-SE.Tite tectoraicovolutionof tite
late NeogeneBasirasof tite Betics wascosatrolledit>’ asawideNE-SWsinistral
latera! sitoar zane(Ng. 1) (Mantonatcf al., 1987,Sanzde Galdoano,1990).
Tite rotation of dio stressfiold had anotableeffoct upantite cinematicsof
faulting, arad consequentlyon tite geometryasadsedimentar>’fdlisag of tite
basins.Twa types of basisasevalved simultanoously:wresacbfurrows asad
graberas.

Previausly, ira tite Early and Middle Mioceno, tite Aguilas Basisawas
submergedarad covoredby pelagicsedimosats.Movemeratalong tite fault
zones(Moreras asadPalomaressystems,Fig. 1) resultedisa an arc-sitaped
deformationof tite basemont(Coppieraal., 1989),andcausedregionaluplift
asadcontinentalsedimontatiosaira titelippor Mioceno (Mosatesaatel al., 1978).

Ira tite earl>’Pliocenotite Aguilas Basisawasagainsubmerged,aradsitallaw
marine fossiiliforous yellaw sandsasadcalcareniteswere depasited.in late
Plioceno,tite basin retief citangeddue to a rotation ira tite stresst’ield(Ott
d’Estevou & Mosatonat, 1985; Montenat el al., 1987). Lato Plioceno (to
Present)NW-SEcompressionresultodisa folding asadreactivationof initerited
N 70-800Efault structuros,botit casatrollingtite formationof trougits (areaof
Cuatro Calas (Fig. 2). Ono of titese troughs formed a bay marginai to tite
Mediterraneanseaarad recoivedsedimoratsfrom botit pre-Tertiary asadoIdor
Neogenosaurcerocks.Tite latePliocenounitsweredopositedira tite ba>’after
a relativo riso of sea leve!, partly caused by local downward bending,
subinergedtite basin (Fig. 2).

SEDIMENTOLOGYOF THE LATE PLIOCENEBAY FILL

General

The latePliocenoita>’ filA is exposodira CuatroCalas(Fig. 1),betweentite
villagesof Terreros(provisacoof Almería) aradAguilas (provincoof Murcia).
Localitiescitod isatite text arenumberodfrom 1 ta 8 (Fig. 2),aradmaybeeasily
fausadin titefiold by measasoftite numbored,witite-paintedconcretelandmarks
pin-pointingtitecoastalzane,witich weusedas Iocahtyroferencesisa tite text
aradfigures.

Tite pre-Neogonebasomesatof tite basinaradtite adjacentmausatainrangos
titat actedassaurcerocks is madoup of motamorpitieandmetasodimentary
rocks (quartzitos, dolomites, micascitists,pityllitos asad marbios) of tite
Interna!Zaneof tite Botic Cordillera (Figs. 1 and2). CanraibalizodNeogeno
sedimontaryasadvolcanic rocksalso cosatributedta tite basisafilí.

Tito bay,marginalto titeModiterranoanSea,extendedisalasadirami westersa
diroctian asad was filled witit a camplex successiosaof uraits separatedit>’
orosiona!surfaces(Fig. 3). Titeso units are informal andbayobeenusedisa a
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Fig 2—Aboye,left: reconstructionof the AguilasBasin in the early Pliocene.Aboye, right:
sornopaleogeographicalfraruresof the CuatroCalasarta duringthe late Plioceno.Below:
geologicmap; notesyncline axis.

Fig 2.—Ai-riba, irquierda,reconstruccióndelaCuencadeAguilas duranteelPliocenoInferior.
Abajo, derecha:algunosrasgosdeláreade CuatroCalasduranteel PliocenoSuperior.Abajo:
mapageológica;obsérveseel ejesinclinal.

descriptivoway;no classificatiosais intonded.Isasamecaseserosionremoved
mostof tite sedimesataryrecordof units.Tite forar oIdorunits are large-scalo
cross-stratified,witit well-developedforesets.Tite>’ weronamedasUnits 1 to
4. Tite yousagerusaitsaccur uradora generaltabulargeomotrymadeup of a
largo numberof marineand terrestrialdepositsarrangedisa asa offlappisag
pattornira anmultistore>’trasasitionzone.Marino units werenamedasM-l ta
M-5 witoreasterrostrialunitswerenamedT-l to T-3 (Figs.4 asad5).UnitsM-
O asadT-O, alsopresentisa tite areamappedisa Fig. 2, woronol includedisa tite
presesalstudy.Tite vertical stackingof allthesounitsgenoratedaGilbeli-typo
deltamorpitalogy(Figs. 3 asad4) witich, of caurse,doesnotcorresponóta a
singlo evontof deltaprogradatiosabut, instead,rocordsa complexbistor>’of
relativo sea-levelcitanges, tectanic trosadsand modifications of sediment
supply.However,for an>’ particulartimo thereoxistodadelta geometrytitat
occupiedpali of tite bay.
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Fig 3.—Schematiccross-sectionsof thebay fílí in CuatroCalas.

Fig 3.—Cortesgeológicosesquemáticosdel rellenodo la bahíade CuatroCalas.

Bolow wo describebriefly tite mostoutstandingfeaturesof titesounits.

Unit 1

Description

Urait 1 is tite oldestmid dio moreextonsivel>’ reprosesatodof tite basisafilí
(Fig. 2). It lays usaconformabí>’uporafino-grained,fossiliferauslower-middle
Pliocenoyellow sasadsasadcalcaresaites.Tito visible titickraossof dio usaitdoes
saotexceed15-20m.

Tite unit cosasistsof pobbly calcareraites,canglomerates,asad yellaw
weakly-cementedmicaceoussandstasaes.Tito fossil cosatosatof coarsor-
graisaedlayerscosasistsof Ostrea,Pecten,Chlamysasadator sitallow-marmsae
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N
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OCiO “O 00’

Mecliterranean Sea

coarse grain sizes Caía de la Higuerica

Fig 5 .—Panoramicviewof thecomplexGilbert-typedelta,normaltoCheprogradation,between
Caíade la HiguericaasadCaíaCarolina(locality 3). Comparewith figure 3.
Fig 5.—Panorámicadel delta de tipo Gilbert complejo, perpendiculara la dirección de
progradación,entreCaíadelaHiguericay CalaCarolina(punto3). Compáreseconlafigura 3.

organisms.Accumulationsof bivalvos, largel>’ moulds dueto leaciting asad
dissolution,are comman.Tito finor-grainod layersyield Ch/amys,Ostrea,
Pecten,G’yphaca,Ba/anus,carallinealgae,ecitisaoidsandlargo(upta 60cm-
long) bonosof mammals(2 witale,Fig.’7 A).

Canglomeratesoccur isa tite Iowor pali of tite unit and also towardtite
sitallow marine areasand margins of tite ba>’, as doducedfrom detailed
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mappiragand geometryof usaits. Tite coarso-graisaedfacies interfinger witit
fisaer sasadstosaosand calcarosaiteswiticit develap large-scaleclisaoforms
towarddio basisainterior (Figs. 2 and3).

Tite interfingeringis well observedisa Ramblado los Arojos (lacality 1,
Fig. 6). Tite conglonierateswedge out to tite NW whoro fine sandstones
dominate. Individual sets of crass-beddedcasaglomerates,up to 50 cm isa
iteigitt, exitibit well preservedmogaripplegeometry(Fig. 7 B). Successive
wedgesof trougit cross-beddodcoraglomeratesare separatodby truncation
surfacos.Sitelís of bivalvos asadpebbles(0.5 to 2 cm isa graira sizo) of tite
metamorpitic rocks formirag tite basementof tite basin aro tite caarsost
composaonts.Masa>’ setsof crossbeddingare altemativol>’dominatodby shell
asadsiliciclastic material.It isisatorestisagtanatetitat paleocurrosaispaisatto tite
SW (N 240~270OE), i.e. towardtite basinmargisa.

Similar arrangementsaroobservedisa otitor localities. At locality 2, dio
erosionalbaseof tite usaitdips 25~30Oto tite SE. Titore,a 40toSOcm-thick,
set of cross-beddedfossiliforous cosaglameratoasadcoarsesasadstasaerests
upantite basalerasionalsurfacoandclimbs upslope(NW). Foresotlaminae,
up to 15 cm ira titickraess,lay almosthorizontalor dip verygently to tite NW.
Truncationsurfacosseparatosuccossivesetsof crossbeddingwiticit are60 to
SOcmlong.Shallow-marmnefossilsaresimilartotitasecitedcarlior.Titorearo
otitor, coarser-grainodlayerssimilar ta titase doscribedira Ramblade los
Arejos. witit paloocurrosatsMsa pointirag to tite SW. Tite overlayisagfiner-
graisaedfacies arepoarí>’ represontedduo to erosion.

BetweosaCaíaCarolinaasadCaíade la Higuerica(locality 3) tite erosianal
surfaceof tite unit dips to tite NE (Fig. 3). Hero. sets of fossiliferaus
coraglomoratosasadpobbly coarso-grainodcalcaroraitesclimb upslope.with
paloacurreratmeasuremeratsrangingfromN 1500ta 2400E. Tito isaterfingerisag
of coarsesedimentswitit moredista],clinostratified,yellaw sandstanesarad
calcaronitesis well expasod.

Tite distal facies are largo-scalocross-stratified:titeso are tite oldest
exposedforesotbedsfillirag tite bay.Dips of faresetbedschingodownslopo
from 250 to lessthan 1 5~.Titey cosasistof yellowisit cemeratedsandstoneswitit
a witite weatiteredcolaur.Bedsaro25 to 40 cm titick witit frequentnormal
grading onding upwardisa vory fino sasadasadsilt. Tite interna] structureof
foresot beds is ver>’ faint parallol (and inclined) laminatiosaswiticit may
citangoupslopeisatocrossbeddiragalsodirectodupslope.Largoandaburadant
sitolís of Ch/arnvs sp are typical for titis unit. Ch/amys is particularí>’
abundant,and well preserved200 metroswost from locality 7. Many sitolís
itave attacitedBalasausup to 15 mm isa sizo. Mast layers are isatensoly
burrowed;gallonesarad tracksoccurparallelto tite original dip of clisaoforms
(Fig. 8 A). Burrowing,botit verticalarad(or) parallelto tite original inclinod
dip, is vory intensein man>’ layers,paliicularly titoso of tite distal zones.

Battomsetbedsarenot well exposodhin tite>’ laok ta be similar to titase
of tite foresotwitit incroasiraglyfinor grain.



113Effectsofsea-levelchangeson a wave-worked...

sand
ir—u-OC>

Fig. 7 8

Fig. 7A

NE

u)
o,
.5
cl’

Te
a
u)
cl’
.0
‘oen
a

‘¿e

O)
U,
a

KEY

bivalve shells

fragmentedbivalve shells

Él

Y

1ff

echinoide

balanus

branching corallinealgae

largebones of mammals

vertical burrows

rr~ hoíizonlalburrows

<— paleocurrents .1
Fig 6.—Sectionnf Che coastaldepositsof foreserUnit 1 in RambladeLos Arejos (locality 1).

Fig 6.—Columnadelasdepósitoscosterosdo la unidadde foreset 1 en la RambladeLos Arejos
(punto 1).

8W
12

(1>o,
.5
cl’
Te

Cf)
cl’o
e->
-o
a,
a

a>
U,ch
Cdo
Ci



114 C. J. Dabrio, T. Barbaji, C. Zazo& J. L. Goy

Interpretation

Tite coarsesodimontsof tite lower pali of tite unit (localities 1, 2 asad3)
occuron topof orosionalsurfacosincisedduriraga relativo lawstandpitase.
Sublittoral (nearsitare)swasit bars migratod toward tite sitare durirag tite
transgressiongoneratingcross-sotswiticit climbed up tite orasianalstirface
(localitios 1,2 arad 3). Cosatinuedsea-levelriso drownedtite barsaradleft titem
boitirad, almost untauciteduntil tite>’ were draped by tite progradingfine
sedimoratsof tite clinostratified pitase.

Mast of tite depositsof Unit 1 are coarse sedimesatsisa tite sitallow,
proximal areas witicit citasagodtoward tite basisa interior into burrowed
saradstonesand calcarosaiteswitit clinostratifiod foresetstructuro(Fig. 3).
Titosecoarso-grainodfaciesworedepositodira tite shallow sitelf arad margisas
of tite hay (Fig. 2) witero lunato or sirauous-crostedmegaripplesmigrated
rougitly parallel to tite axis of tite basin and tite iraferredelosagatioraof tite
sitelves.Movementsof water masses,drivesaby storm winds blowing from
tite east,ma>’ provide tite mecitasaismdriving tite megaripples.Coastalasad
nearsitaro sedimontsfed tite megaripples.Citangos of sodiment saurce
controlledit>’ seasonalfluctuatiosas(i.e. river discitargovorsusbeacit-dorived
sodiments)mayoxplaisatiteoccurrenceof dominaratí>’siliciclasticaradskeletal/
bioclastic intervalsira foreset lamiraaeof crass-beddirag.

Durisagtitis stagetite sodimontationisa tite ba>’ wasdominatedit>’ marine
procossosandGilbert-typodeltaswerenotfulí>’ devolopod.Faciesarcititoctui’e
of tite marinefaciesdoesraot provide proafof tite possibledeltaicnatureof
doposits.Tite oral>’ possobleevideracemay betite occurroraceof woll-roundod
coarseconglomeratesira proximal zosaes.

By pragradirag ta tite oast (N lO0..1lOO E), tite conglamoratesasad
fassiliferoussaradsof Unit 1 draped,andpartly filled, tite hay (Fig. 3).

¡¿uit 2

Description

Dopasitsof Unit2 usaconformabí>’avería>’titecoarso-graisaed,fossiliferous
conglamoratesof tite Usait 1 isa tite itilí soparatingCaíade la Higuericafrom
CaíaCarolina(locality 3), rostingupana spoora-sitapedsurfaco(Fig. 5). Tite
lititology of foresetbedsvariosfram coarsecalcaronitosarad cosaglomorates
ira titeproximal sitallowareastoburrowedyellow sasadsaradcalcarenitesira tite
deepor.somewitatdoepor, zone. Tite citange, visible ira individual layers,
takesplacewititin a few metros.Tite iratemalstructureof tite bedsis parallol
laminatiosa,particularly visible ira tite fisaer facies.Burrowisag,botit vertical
arad (ar) parallol to tite origisaally-iracliraodbod surfaces.is ver>’ intense
particularí>’ isa tite distal palisof layors.
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Fig 7.—(A): lnterlayeredbioclasticcalcarenites(F) andparallol-lantuatedsandstones(5). Ono
of tho calcarenitelayors contains largo bonos of mammals(L). (13): set of cross-bedded
conglomeratewith preservedmegaripplemorphology.paleoflowto tho southwest(rightof the
abserver).Locality 1, seofigure 6.

Fig 7.—Calcarenitasbioclásticas(F) y areniscasconlaminaciónparalela(S)interestratificadas.
En una de las capasde calcarenitashay grandeshuesosde mamíferos (L). (B): set de
conglomeradascon estratificacióncruzaday morfología de megaripplesbien preservada:
paleoflujo haciael suroeste(derechadel observador).Localidad 1 (yer figura 6).
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Tite foreset urait itas largo scaleclisaofarms,moro titan 10 m itigit.
Successivegroupsof bedsrecordindividual pitasesof progradation.Backsots
(setsof upslope-dippingcross-strata,seoPostma,1984; Postma& Roep,
1985;Calolla et al., 1987)occuroverlying tite erosionalsurfaco.

Interpretation

Unit 2 filled wasdepositedisaesavirasamentssimilar to titaseof Urait 1,but
tite areal extesatof tite bay was smaller. It filled an irregular topograpity
sculpturodisa titerocksof Unit 1 1 duriragarelativolawstasad.Calcarenitesarad
coarsesandstasaesof tite lowerpart, isacludisagtite basalbacksots,carrespond
ta transgrossivesystemstracts, witosa sitallaw marinebars were pusited
inlasad. Tite progradinghigitstasadsystemstrací includoscalcaronitesand
conglomeratos(sitallow-marisaofacies),titat citasagebasinwardisata yellow
sands(distal facies).Alí titesefoaturessuggostthat titesedimentwassupplied
to tite foresetfrom tite itigiter, proximal pali witicit wascloserto tite sitore
(Figs. 2 arad 3). As tite coarsegraisaedfaciesis similar to tite dopositsof tite
overlyisag transitiosa-zoneurait, titere is a more dofinite evidence of tite
terrestrialprovenanceof titosematerialsvia fluvial transpoli, anda doltaic
model maybe iravokodmorereasoraably.But still, it is notdefiraite.

Unu 3

Deseription

Tite large-scalecross-beddedUnit 3 is nicely oxposodira tite itilí of El
Cuartelillo(Figs. 3 asad4), restisagusacoraformablyuponUraits 1 and2 (Fig. 8).

Foresotbeds are typically 25 ta 30 cm titick. Tite>’ aro paorly or raat
cemesatedat alí, coarso to medium sandscammonly separatedby 5 to 8
cosatimetre-thicklayersofver” f~n~ ~nndsto silts. Thehigh cnntert of rock
fragmentsallow classificatiosatitoso sandsas lititic areraitos.

Masay layers are narmally gradod with titin fine-grainod upperparis.
Usually, tite fino-grainod iratorvalsareyellowisit ira colaurwitereascoarse-
grainod intorvals are ligitt grey to yellowisit. Poorly-definedfisaing upward
sequosacos,10-15 m titick are rocognizedira tite directionof progradation.

Tite isatemalstructureof faresetbodsisparallol(andinclined)laminationasad
undulatisaglamination,0.5 to 1 cm titick widi low-asaglotrusacatiarasurfaces
(locality 5).Isa sornebcds,paralícíaruradulatinglaminationcitangesupslopeirato
crassbeddffigdirectodupslope.Laminationis sometimosvery faint.

Fossilcosatesatiraclude:Modio/asp(abusadantisalocality 5-east),Ch/amys
sp, Pecten sp, and Ostrea sp. Burrows are mostí>’ vertical asad titey are
particularly abusadantisa tite uppormost2 or 3 m of Units 3 arad 3-bis.
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Dips of tite forosetdocreasesdownslopefrom 250 to 150 but prominent
lateralcitangesoccurduetoadaptatiasatatiteinegularbase.Meanprogradatiosa
wasta tite SE (N 1300 E).

Titore arobacksets,up ta anometrotitick, at tite baseof titeunit isa locality
4 (Fig. 8 B) andlacality 5-oast(50 m eastof 5, seoFig.4). Tite>’ arecorasist
of coarso to very coarse sasad(ar woakly comentedsandstone).Isaterset
surfacesareerosional.Absolutodip of laminaois ca.150 upslope(NW), but
tho anglowidi tite isatersetsurfaceis ca. 250. In lacality 4, scatterodboulders
40 cm long (aaxis)itave attacitedBalanusandSerpu/id worms indicativo of
a sitallow nearsitoroarigisa.

Tite isaclisaedforesotbedsoverla>’titebacksotswitit adownlaprolatiasasitip
(locality 5-east).An oxidizedlayerof fine gravol toppingdio upperbacksot
separatosbotit sub-units.Tite ferrugisaouslayer is a few cesatimetrestitick.

Titere is a paorlydofisaedusait, separatedfrom 3 by araorosionalsurface,
witicit wo itavo namedasforosetunit 3-bisbecausotitoir identical lititologies.
It occursisa localities 5 and6 (Figs. 8 A mid 9 A) but dio poarqualityof tite
outcropsdoesraotallowamoreprecisedoscriptiosaandreliablodifferentiation
isa mapsasadcross-sections.

Usaits3 and4 will be interpretedtagetitor.

Unit 4

Description

Unit 4 cropsautisa tite eastornosadof PuntadolasPalomas(lacality6,Fig.
9). It restsusaconformablyupanan erosianalsurfacedissoctingmaterialsof
Usaits 3 and3-bis.Lidiology of Usait4is narmally-gradodgreysands.Graded
boddisagrangos from coarseto fine sandsand silts. Somo layerscontaisa
scatteredpebbleswitit maximumsizesup to 10 cm.Tite isatersaalstructureof
foresetbedsis parallol laminatiosa.Burrowing is intense,mastí>’ parallol to
beddisagsurfaces.Dips of beds citasage dowsaslopefrom 250 to 200.
Progradationwas to tite east(N 900 E).

Tite first two bedsof unit 4,just aboyetite erosianal,irregularsurfaceare
backsets(Fig. 9 A). Tite lawerono is anupslope-dirocted,crass-beddodlayer
of gravel filling a scourodsurfaco.Faresetlamisaaeof backsetare almost
itorizontal but tite anglo witit tite clinofarms is ca 200. Overlying diis bed,
titoreisasocandbacksetlayermadeupofparallol-laminatodsands(lamisaatiasa
parallel to clinoforms) witit scatterodpobblos diat citasage(upslope) into
upslope-diroctodcrassbeddisagwitit tangentialforosetlamisaae.Tite interset
surfaceis ratiter fIat.

As isa unit 3, foresetsdawsalaptite backsetsub-unit. At tite top of tite
backsots,a titin ferruginauslayer of fine grave] separatestitem from tite
progradisagforesetbeds.
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Fig 8.—(A): erosionalboundarybetweenforesetUnits 1 and3 (locality 5); 3 B indicatesunu
3-bis cited in thetext.Thetop of tite sectionis themarineunit M-1 of tite transition zone. fleds
of Unit 1 are intenselyburrowed(R). (B): erosionallimit betweenUnits 2 and3 (local¡ty 4).
Backsets(8) andisolalebaulders(G) with attachedBolanusandserpulidworrnsatIhe lowerpan
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Interpreration of Units3 and4

Clinoformsevidoncetiteprogradatiosaofunitsundertite actiasaof sediment
ladesacurresatswiticit suppliedsasadta tite basin margin asadsíapo.Mast
probablytite intornal structuroof tite foresetrosultodfrom an alternationof
sitali periodswidi ityperpicnicalflows dawsatite deltasíape(dominasaceof
sedimentation)asadlangorporiods of quietsaess(dominanceof burrowing).
Sitali livod, spasmodicflows movisag down tite síapeof tite fan delta
generatedfaint parallol laminatiasaasadnormalgradedbedding.We assumo
titatsupercritical(itigit) flaw regimecosaditiosasmigittaccousatfor diogeneratiosa
of undulatisaglamination andupslopecrass-beddedsandstonosas isadicatod
by Nomoc (1990). Osa tite atiter itasad, desasel>’burrowodlayers isadicate
repoatedpausesin sedimentationdurisagwitich tite foresot surface,at tite
water/sodimentinterface,wascolanizedby animalsdiat oxcavatedcamplex
gallones.

Tito large-scaleerasionalsurfacesisatite faresetfaciesarosteep-sidedand
progressdeepisatotite provicusforosetdeposits(Fig. 5).Tite>’ oxitibit variable
oriesatations.We isatorprettitosesurfacesas tite rosultof incision asadpardal
dostructianof delta-frontandforesetdepositsduringrelativofalís of sealevel.
Rebuildisagof delta faroset during later relativo itigitstandsgoraeratedtite
orosionalunconformitios.Tite farosetdopasitsof Units ita 4 pragradedto E,
ESE, SE, asadE respectivol>’(Fig. 2).

It is knowntitat waverewarkingcausescontinuausdostructionof tite delta
isa awave-dominatedesavironment,but islessduningitigit-discitarges(Postma
pers.cam. 1991).Probablywavesplayeda ralo asorosionalagentsbut titoy
wereactivo oní>’ witen oscillatiosasof sealevel approximatedtite relativol>’-
deepzonosof tite delta to tite wavo baselovol asadallowod erosianof tite
bottom.Wc do ksaowtitat wavosalanocasaproducetitosesurfaces.Currents,
probablyseaward-diroctedunderwator(?subaerial)flows, maypía>’ a majar
role as woIl.

C}eomotryandvertical relationshipsof deposits,isadicatetitat backsets
wore generatedbeforo tite progradationof forosot beds,becauseof tite
dowsalaparrangement.Tite backsetsovorlying tite erosionalsurfacoswero
depositodduning relativo lowstand or early transgrossiveopisodos. An
additionalproofoftite discantinuitybetweentitesetwo faciesistiteferruginaus

of unit 3. Thore arebacksetsin Unit 2 aswell (below thelargo boulder,O).Landmarksare70
cmhigh. Comparewith figure 4 far location.

Fig 8—Contactoerosivoentrelasunidades1 y 3 (punto5); 313 indicala unidad3-bis citadaen
el texto.El techode la secciónos la unidadmarinaM-l dela zonadetransición.Las capasde
1 estánintensamentebioturbadas(R). (B): límite erosivoentrelasunidades2y 3 (punto4). En
la partebajadela unidad3 hay backsets(B) y bloquesaislados(O) conBalanusy gusanos
scrpúlidosfijos aellos.Tambiénsevenhack-sersdelaunidad2 (bajoelbloqueO). Losmojones
miden70 cm de altura.Compáreseconla figura4 parala situación.
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~ig 9.—(A): irregular, erosionalboundary(E) betwoentite densely-burrowedforeserUnu 3
(actnally3-bis) andtheforesetunit 4. Thesurfacois overlainby backsets(BS) which in turn are
downlapped(arrow)by the progradingforesetsof unit 4. Aboyetite crosionalsurface(1<) titere
aremarineandterrestrialUnits (M-2, M-3 andT-2) ofthetransition zone,boundedby erosional
surfaces(O, U). Notethe steepchannelmargin (U) andchannel-fiIIcross-beddinginclinedto

theobserverin terrestrialunU T-2. Tite areaexposedin rhecentreof thephotographis 7 tu high.

7.’
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(axidized)la>’erof finegraveisseparatingtitem(localities5 eastasad6),whicb
we interpretas acondesasationlayerduo to tite relativo starvisagof deposits
aftertite trasasgrossionandbofaretite fulí progradatiosaof tite ovorlyisagdelta-
forosotduring tite itighstand.

Massari& Parea(1990)observodthatbacksetsisa fandeltasarorelatodto
orosionalsurfacoscosanectedto relativo sea-levelcitaragosof eustaticorigisa.
Backsotsseemtobepreforosatialí>’associatedwitit segmosatsof thedeltabuilt
asaduring pitasesof relativo itigitstand of basoleve!, probablycitaracterized
it>’ moreintensereworkisagit>’ storm-drivenflows. Titey statodthatbacksots
mayberelatedto storm-orflood-induced,offsitorodirocteditigitly concentrated
flows titat may uradergaaccelerationdowntite steepgradientof tite foroset
slope asadtrasasformationisata supercriticaldesasityunderflows subject to
itydraulic jumps.

Transition-zoneUnits

Description

Coarse-graisaeddepasitsavería>’ tite foresetusait. Tite>’ areseparatedby a
fiat, orosionalsurface(Figs. 4, 5, 9 A asad11 A) sligittly inclisaedin tite same
diroction as tite averagedeltapragradation(ESE).

Tite transitiosazane is camposedof an offlappisag sequesaceof manne
(sitallow to coastal)arad terrestrial(fluvial) deposits(Fig. 10). Distisaction
between doposits of tite two environrnonts was based osa potrograpitio
composition, texturos(mostly clast sitapes,raundnossaradpacking), fosgil
content,borisagof clasts,colaur,etc. Titeseareessesatiallytite entenausted
it>’ Etitridge & Wescott (1984) witit spocific modificatiosasuseful far
MediterraneanlateNeogonearad Quaternar>’deposits(Bardajíet al., 1990;
Dabrio, 1990).

Shai/owmarine fo coastaldeposits(Usaits M-l ta M-5) cosasistof well
sorted,raundedasadnotabí>’ sphenicalclasts (Fig. 11 B). Quartzite is tite
domisaasatcamponesatwitit otitor metamorpitierocks(dolomito,micascitists)

(13): claseup (arrow in the previouspicture)of theparallel-laminared,inclinedbedsof unit 4.
Notescatteredpebbles(P) anburrowir,g. The encircíedmier is 15 cm long.
Fig 9.—(A): contactoerosivoeirregular(E) entrelasunidadesdeforeset3 (realmentela 3-bis),
que está muybiorurbada,y 4. La superficieestácubiertaporvariasbacksets(135) los cuales,a
su vez,estáncoronadosparlascapasinclinadasdel foresotde4 formandoun downlap (flecha).
Sabiolasuperficieerosiva(K) hayunidadesmarinasycontinentales(M-2,M-3 y T-2) delazona
de transición,limitadasporsuperficieserosivas(O, U). Nóteseeímargenabruptodel canal(U)
y la estratificacióncruzadaderellenode canal,inclinadahaciael observador,de la unidadT-
2. La alturadel áreaexpuestaenel centradolafotografíaesdeunas7 m. (13): detalle(verlaflecha
enla fotografíaanterior)delascapasinclinadasy conlaminaciónparaleladela unidad4. Hay
clastosdispersos(P)y bioturbación.La regiaincluidaen el círculomido ¡5 cm.
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cantributirag ira minar proportiosa. Lateral associatiosasand veliical facies
successiosacansistof a fisaing-upwardsequosace,ono to titree metros thick.
Tite lititology is well-sortedcoarsesandstonesasadfine conglomerates.Tite
coarsostgraisasizesaccumulateisa tite Joworpali, upananerosionalsurface.
Beddisagforms inclisaedlarge-scale,low-angle(50 to 80) cross-stratificatiasa.
Local upslopoimbrication of fiat clasts asadsets of crossbodding, usualí>’
pointisagupslopeoccur associatodta tite fisaing up soquence.Marine fossils
iraclude skeletal fragmosatsof bivalvo sitelís and coralline algae. Masay
dolomitoclastsaroborodit>’ lithopitaga.Dominantco]oursareligitt-yellow ta
grey.

Terrestrial (fluvial) deposits(T- 1 ta T-3) isacludemoreirregular,angular
clastswitit majarcompasaesatof motamorpitierocks: micascitists,pityllites,
dolamite asadotiterrockfragmentsisa acoarsesandmatrix (Fig. 11 C arad II
O). Titoy are derivedfrom tite pro-Neogenebasement,almost untosached
duriragtraraspoli.Ira casatrastlo tite marine(boacit)units,clastsof quartzitearo
subordinateor alrnost absent.

We distinguisitod coarse-graisaedand fine-grainod facies titat can be
describedas chasasaelfilí conglomoratesandtabularor irregularsandy clay
facies respectivety.Typical chanrael-filídepositsconsístof conglomorates
witit angularandfiat-sitapodclasts; thesefoaturososaitasacotite tesadesacyto
imbrication.Citannel-filí depositsexitibit scouredbases(Fig. 11 C) andlocal
trougit crossboddisagwithbathoponaradfilled framewark(Fig. 11 0). Paleo-
fiow diroctionsdeducedfrom citasanelscouring,imbricatiasaarad local cross
beddisag,poirat to E asadSE, i.e. to tite paleo sea(Fig. 10). Tite tabularfino
graisaed facies are orange and reddish sasad>’ cla>’s witit burrowed, roal
horizorasasadroddenedlayers(Hg. ti C).

Jnferpretation

Marine layersaro iraterpretedas depositedira coarso-grainodbeacitesof
tite roflectivo type bocauseof titeir latoral associatiansasadvertical facies
successionarecomparableto thosodescribedfor this typeof coastaldoposits
(Dabrio,Zazo& Coy, 1984;Dabrio,Coy & Zazo. 1985;Bardajfeta/. 1990).

Foresitaredepositsdispla>’ a largo-scale(up ta titreemetros titick) cross
stratification inclisaedabout 8~ ta tite sea(Figs. 9 and 10 ). Tite coarsest
fractiorasavailableira tite beacitaccumulateat tite lower panindicating tite
plunge stop. Tite fiat, gosatí>’ isaclisaederasional surfacescutting titrougit
foresitarodopasitsrecordcitangesof beacitprafile, witicit usuallyaro rolated
tostormerasiosa.Sitorefacodoposits,witesapresorved,consistof trougitcross-
bedded asad wave-ripple cross-laminatodsasadswith scatterednearsitore
fossils.

Refloctiveboacitesoccurisa tite frontsof presesat-daydeltasof tite SEcoast
of Spain. Ira Prosentexamples,coastaldysaamicsarad grain sizescauple to
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the erasionalsurfacespicturedisa figures9 A and11 A.
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O, K y U sonlas superficieserosivasilustradasenlas figuras9 A y 11 A.

producebeaciteswiteremostof tite esaorgyof wavesis ret’lected(Sonu, 1973;
Guza& Isaman,1975; Shart,1979; Wrigitt et al., 1979); flow diroctiosasaro
opposite,essentiallybodi to tite land and seaward.Most of tite sedimerat
accumulatosira dio upperforesitoro,generatingitigit berms.Accumulatiosaof
titesebeacitesrequirewavoslossdian 1 m itigit asadcoarsosedimorat(Md >0.6
mm),aldiougit titey casastandmoderatoto itigit onergywitesagrainsizesare
largor (Sitoli & Wrigitt, 1983). Titus, titey are sitelteredasad accrotiasaal
boacites(Bryant, 1983) dominatedby accumulatiosa,lateraluniformity asad
temporal stability. Sedimentisaputby rivers is transpoliedalongsitareby
wisad-drivesalittoral drift foeding dio boacit. Tito small valumo of sedimerat
availableto titesobeacitosallawsrapidcitangesof titebeacitpraSIo (Sitoli &
Wrigitt, 1983),often triggorodby variationsisa grain size(Sitoli, 1984).Tito
sitorefaceis gently inclisaed,butrelativel>’ deep,witit searce,sandydeposits
andno bardevelopmosat.Titis is amajardifferencewitit tite dissipativehigit-
energyconglomeraticcoastsdescribodby Bourgoois& Leititold (1984).

Terrestrialdepositsaroisaterprotedasfluvial depositsof braidod,probably
epitemeral,rivers witit rapidí>’ sitifting citasanelsasad a finor grainod fload
plaisawitoro podogenicprocossesfavauredby plasatgrawtit tookplace.Titese
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fluvial systemsaroapparosatlysimilar to titaseexistiragnawadaysisa tite area
but witit losstendencyto incisiora.

isa tite environmosatsdescribed,sedimentfluxes derivodfrom lasadmay
entertite basisaaradbedepositodwitbin tite transitianzaneor tite deltaforeset,
and be rapidí>’ cavered by wavo-worked sands.In titis case,distisactiasa
betweensucitmarinedepositswitit a «torrestrial»texturearad real terrestrial
depositsmaybevery difficult. Tito occurronceof root layers(soil profiles) ira
alí tite terrostrial layers(Fig. 6) are isaterpretedas indicativo of true subaerial
conditioras.Howoverwo caranotexcludetite possibility titat somouraitswitit
terrestrialappoarancemay isa fact hayoa marineorigisa. Isaaray casetitis will
raot significantí>’ madify tite implicatiasasfor tite interpretationof sea-level
citarages.

Titorearepramineratcompositionaland textura] differoncosbetwoesatho
coarse-grainedmarinearad alluvial deposits.Cosaglomeratesdopositedira tite
noarsitorearebetterraundedaradsorted;isaadditiosa,tite>’ aremastlycompasod
of quartz.As tite describedmarineusaitscarresposadto itigitstasadpitasesasad
fluvial units to Iowstands,titese differoncescanbe relatodto variable isaput
cine to sea-leve>changos.Durisag >owstands,rivers transportto tite formor
sitelf largo amountsof siliciclastic sodimesatsin responseta tite lawor baso
leve!. Titese trasnparteddepositsitad accumulatedisa rivor valleys during
precoding higlior stagosof sealevel. Ora tite contrary,bigitstandsimpty a
relativo sitortagoof alluvial input (particularí>’tite caarsestgrainsizes)to tite
sitarebecausemuch of it itad boenleft beitisad,trappedas fluvial valloy-fills
ira proximal river caurses.So, titere was a docreasein tite isaputof coarso
sedimenttotite bighstanddelta,aradtite associatodbeacbesbecamesomowhat
starved. Titarougit movemoratof clasts by littaral drift alasag tite caast
improved sarting,rouradnossaradalmostcomplotelyabradedtite lossresistant
rock fragmonts.As tite observedGilbert-type delta was depositedduring
itigitstands (lowstasaddeposits lay below Presosatsea levol), titere was a
relativo sitortageof gravel asadrelativo increaseof abrasion-rosistingrocks

scouredlower boundaryand (O) fload-plainmudstories.(O): Channelfilí with trougb cross
beddedconglomerates(Gt facies) with opon andclosedfrarnework. Comparetoxtureswith
photagraphB. PhotographsC andD arefrom unit T-2 in locality 7.

Hg 11.—Fotografíasde las unidadesdo la zonade transicióncon la situaciónindicadaenla
figura lO. (A) parresuperiorde la unidad de foreset3 (3-bis) muy bioturbada.La secciónes
oblicua a la dirección (nótesela estratificacióncasi horizontal). Contactoerosivo (G) con
lasunidadesdelazonadetransiciónM-2 y M-3. Los conglomeradosconestratificacióncruzada
deoleajede M-2 correspondenadepósitosdela partesuperiordel shoreface.La Unidad Mi
conestraliticacióncruzadadegranescala(verfigura9 A) esun depósitodeplayarefloxiva(sólo
sevenlosmaterialesgruesosde! plungestep)queprogradabahaciael ENE.(E) Conglomerados
bien redondeadosfinosy gruesosenel foreshoresuperiorde M-3 (punto8). (C) Conglomerados
de rellenodo canal (R) con baseerosivasobrolutitas (O) de la llanura de inundación.(D):
Conglomeradosdo rellenode canalcon estratificacióncruzadaen surco(faciesOf) y trama
abiertay cerrada.Compárenselas texturasconla fotografía3. C y 9 correspondena launidad
T-3 enel punto 7.
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(qualiz asadqualizite). Gravelsdid not sigraificasatí>’ moyo to tite sitoroface
becauseof tite develapmentof reflectivo boacites.

Marine asadtorrestrial usaits occur isatorboddodand dotailed tracisag of
la>’ors casanectiragtite measuredsectiasaswas neodedta rocognize titem.
Successiveincisioraasaddepositioraof usaitsinducecomploxlateralrelationships,
as expasodarausad«El Cuartelillo» (localities6ta 8, Fig. 10). Marino Usaits
M-l asadM-2 areseparatedb>’ terrestrialT-l, witit M-3 cappisagtite sectiosa.
Titeseunits arepartí>’ erodod;tite terrestrialusaitT-2 filís a deepincisionasad
is follawedupwardsby a coastalmarineunit witit faroshorofaciesexpased
(M-4), a new torrestrialusait (T-3) arad tite uppor’mostpreservedmarineunit,
M-5 (Fig. 10).

Tite canvorgenceof facies, asad tite laterally-discoratinuousnatureof
alluvial depositiosamalcesit very difficult to tracetite precisovertical upper
limit of tite transitiosa-zoneusaits,aradta distinguisit titem from tite yaunger
alluvial-fara de-positsrelated to epitemeralrivors (ramblas). Flawover, we
suggesttitat tite trasasitionzaneiracludesup to M-5; dio terrestrialdepositsof
T-5 area youngeí-partof tite alluvial usaitsmappodin tite areaarausadCuatro
Calas (Figs. 1 asad2).

DISCUSSION

Wave-workedGilbert-typedeltamodel

Accardingto tite sedimesatalogicaldatapresentedwo carainterpreteadelta
connectodto a river plaira witit rapidí>’ sitifting citannels. Rivors flowed
mostly from tite saoliit, bringingcoarsosodimesatto tite sitareasadsitallaw sea
(Fig. 12).Tite coarsergrairasizeswerocapturedb>’ littoral drift asadtrasasported
alosagshareuntil titey wereaccumulatedinta tite gravelí>’ reflectivo boacites
of tite wave-workeddeltafront, witoro tite plusage-stepdepositsisadicatever>’
preciselytite pasitiosaof tite waterlino asdocumesatodby Dabriaeta!.,(1985)
andBardajíeta!. (1990).Wopropasethatadeltaplatformextendedseaward
of the wave-workeddeltafrant, asdocumentodby tite plano morpitolagyof
tite upperpali of tite sigmaidalforesetbedsarad titeir vertical stackirag(Fig.
4). Tite platformwas mosttycavorodwith sandandscatteredpobbleswhicit
werotrasasportedtodoeporwatorsduringrougitweatiterepisodes(storm) asad
majarfloads(Fig. 12),asadiracarporatodisatotite faresotbeds.Directtransport
of coarsefluvial sedimentsto the distal delta front and síapeacross tite
platformma>’ talcoplacoduriragtiteseitigit esaergyovents.Tite sarad>’platfarm
actedsomewitatas aby-passzane.Tito sigmoidalgeometryof beds(Fig. 4)
suggeststitat erosianduring stormsaradmajarfloads allawedsedimesatatian
audverticalstackingof foresotbeds.Benthic communitiesactivelyburrowed
tite battomof theplatform aradobliteratedtite original pit>’sical sedimentar>’
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Fig 1 2.—Schematicconceptualmodel of wave-dominatedGilbert delta in CuatroCalasbay
(Aguilas Basin) anddevelopmentof atwa fold crossbeddingduring deltaprogradation.
Fig 12.—Modelo conceptualesquemáticodel deltadetipo Gilbert retrabajadoporel oleajeen
CuatroCalas(cuencadeAguilas) y desarrollodedossetsdeestratificacióncruzadadurantela
progradacióndeltaica.

structures,as seesaisa tite uppormost1 to 3 metrosof Usait 3 and3-bis (Figs.
9 A arad11 A). A stoopsíapowitit dipsrasagisagfram250 ta 120 casanectedtite
deltaplatformwitb tite sitolf. Gradedbeddingasadintenseburrowisagof delta-
fareset (síape) bods indicate an episodic input of sodimesat:downslape
avalancitiragwasfollowed it>’ long inactiveperiods.

rellectvegravel beach a¡¡uv¡al pla¡fl

HIGH ANGLE CFiOSSBEDDING
progradationof deltaforeset
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Tite importantwavoreworkisagisa tite deltafrorat (trasasitiosa-zoneUraits M-
1 ta M-5) also indicates titat tite alluvial isaputwas episodic. Tite coastal
procossesitad time to soli aut araddistribute alaragsitore(mostí>’ as liltoral
drift) tite availablesedimeratsbotweerasuccossiverivorfloads.Ira aurexperierace,
basedupandirect observationsof deltasalong tite moditorraneancoastof
soutiteastemSpain,titemadelis comparabletoprosent-daydeltasof epitemeral
streams(ramblas)witicit feedcoarse-graisaedbeacites(Dabrio& Polo,1981;
Bardajíel al., 1990).

Tito absenceof gravelly, moutit-bardepositswiticit aretypical witen tite
fluvial iraput is concentratodira point sourcos(Postma,1990 a, b) straragly
suppartstite ideatitat rivers deliveredsedimentto largo segmesatsof coast
(lino saurco).

Progradationof tite delta generateda two-fold large-scalecrass-
stratificatiora: a lower itigit-asaglorelatedto tite advancingdolta-foresot,arad
tite upperano associatodto progradationof beacitunits (Fig. 12).

As suggostodby anoof tite referoes,tite foresetsma>’ carresporadto largo-
scalo traugit cross bodding witit giant sets separatedby sitarp erosional
surfaces.Ira aur apinion, tite paleogeograpiticrocansti-uctiosasof tite basisa
margirastitat isclosedat tite backaradofreducodsizo,tite ratiteritomageneaus
directionofprogradation,titesimilar lititologies in foresetaradtrasasition-zano
units (particularí>’ ira Units 3, 3-bis asad4) asadtite difficulty of invokirag a
mecitanismablo ta moyo tite largo-scalemegaforms(megaripplos)ira sucit a
restrictedspacesuggostabay-fill connectedto fluvial systemstitat gonerated
a deltageamotry.

Delta classiflcation

Deltasmaybefodbysinglerivorswiticit ma>’developabraideddistributar>’
plain or by alluvial-fasasystems.Tito increasedknowledgoof deltaprocessos
araddepositsarad tite growing intorest isa fasa-deltasystemsbayoresultodisa
severalimpartantquostioraswiticit mustcorasidertite precisemeasaingof tite
tormfaradeltaordelta,araditowtorecognizetitemisa titefossilrecord.Etitridge
& Woscotr(1984).Mc Pitersoneta!. (1987,1988).Nomec& Steel(1988)and
Nemeo (1990) discussodvariaus t>’pos of classificatiosasasad criteria of
rocagnitiora.

Ethridgo & Wescott(1984)distinguisitedtitreo typosof fan deltas:slope,
sitelfaradGilbert-typodeltas.Massari& CabIla(1988)fuliitor develapedtite
models of fan deltas preseratinga review of titoir distisaguisitingfoaturos.
According to titeso authors,Gilbert-typedeltasare associatedto smaUarad
tectanicall>’ usastablebasisas,itavisagirregular,isadontedsitoreliraes,restricted
gulfs arad localí>’ steepsiopes. Isaputof coarsesedimeratwasisato protected
embayments,marginalto a laterally-confined,bow energybasiras(Colella et
a!.. 1987) andsteepnearsitoresíapes(coratrallodby activefaults arad folds).
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Titis environmesatfavours tite depositionof large-scalefaresets(Dune &
Homptosa,1984).Differosatial tiltisag asadsubsidesaceof adjacesatblacksma>’
load ta an erraticpattornof sedimentdisporsal.

Postma(1990b)stressodtite depositionalarcititectureandfaciesof rivor
andfasa deltasisastoadof tite alluvial feedorsystemandtito actualmodif>’isag
basinal processesfor delta classit’icatian.Tite basis for a universal delta
classificatiansitauldeonsider:feedersystem,deptitratio,river-moutitpracesses
anddiffusiosaprocessesdueto waves,tides andgravity. Isa titis wayPostma
(1990b,p. 17) describod12 majarprototypodeltas.

Tite CuatroCalasGilbert deltafits prototype4 («classicGilboli-t>’pe»)
witicit develapsisa sitallow waters fod by steep-gradiont(ca. 0.40), oftesa
graveUy,alluvial systemscomprisingcloselyspaced,higití>’ mobile(unstable)
bedloadcitannols.Sedimentisaputta tite deltafrontisessontiallya lino saurco,
amultitudoof distributar>’citannelswitoseoffluontsmergotaprovideamoro-
or-loss usaifarmsupply of sodimentalosagtite delta frosat (Type B feeder
systems).Tite palaoogeograpityat Cuatro Calas sitows a locatiosa near
mountairarangos. We did saatrecognizo defisaitealluvial-fasa facies isa tho
topset(trasasitianzane)depasitsof CuatroCalas,butoní>’ depositsof alluvial
citasanols(someof titem ver>’ promisaent,locality 8-east,6) andflood plaisa.
Howovor,titeproximit>’ toatectosaically-activebasinmarginanddio abusadance
of yausageralluvial-fandepositsrecognizedby mapping(Fig. 1) maypaint ta
a fasa-deltasettirag.

SequencestratigraphicalframeworkamIcomplex

Gilbert-¡ypedelta

Tite bay of CuatroCalaswas gesaeratoddurisag lato Pliocenotimos by a
local dawnwardbesadingof oldor Noagonematerials witicit favourod a
relativorisoof sealevol aradisavasianby tite sea.Tite studiedbay-fill doposits
consistof usaitswitit largo-scaleforesetstitatfilled mostof titodepressiosaasad
werecovoredby yousagorsetsof afflappingusaits(tite trasasitiosa-zaneusaits)
witit an averalí tabular geometry(Fig. 3). As a witalo, they gesaerateda
Gilbert-typedeltamarpitologytitat is actualí>’a summatoryof smaller-scale
deltaunitsdopasitoddurisagsuccessiveitigitstasadsof sealovel. At presesatwe
caraobserveoral>’ dio itigitstanddeltadeposits,lowstandwodgeslayisagunder
tite presoratModiterraneasasea.

Evidencofor sea-levelcitangescomesfrom tite orosionalsurfacesfausad
ira tite faresetasadtite transitionzanedepasits.Tite largestsurfacesiravolved
majorisacisionsexcavatedisatoproviausforesotunitsdurisaglowstandpitases.
Tito gentíocitasagosof strikeasaddip of delta-foresetbedsfrom Usait ita Iinit
4 (N 900 E, N 1000E, N 1300 E, N 900 E respectivol>’,Fig. 2) refloct sinalí
latoral sitifts of tite active labe isa successivoitigitstasad deltas. Titose
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modificationsmay berolatedta syrasodimesataryuplift of tite nortitersamargin
of tite ba>’ moreor lesscaevalwitb tite sea-lovelfluctuatiasa.Weruled outa
slumparigin for titese surfacesisa tite foreset,for as far aswe could observe
titoro wasno evidesacesof slumppracessesor collapsedmatorials.

Maredatacanbe abtainedabouttite depositionalitistory from tite study
of tite trasasitionzone,becauseit recordstite afflap of marineasadterrestrial
units (Fig. 10). Tito offlappisag pattersamust imply repeatodoscillations of
relativosealovel (Fig. 13).Acammonfeatureof titosedopositsistiteirscour-
arad-filí trond: titoy fil] spaceserodedinta proviouscoastalusaitsasadadaptto
eacitotitex<smarpitologyusingtite compensatiosaspacoavailable.Tite study
of titeverticaldisplacementsof titeplunge-stopfaciosisadicatestl’¡at, apparontly,
titore is almast no differesacein absolutowater-deptit involved isa diese
citanges.Wo talcotitis as evidesaceof tite scarcityof verticalaccammodation
spaceleft for dopositiosa,becausetite top of tite fan-deltaprism asaddio sea
leve] or tite baso levo] of rivers werotoo closo to oacit otiter. Titis ma>’ a]so
explaisatite orosion along tite tapmostpali of tite foreset sasadstosaeusaits.
Titesefoaturesareaurmainargumesatfar eustaticisasteadof tectasaiccauses.
Ira any casetiterewasa tectonietreradto upliftirag aroasto tite wost asadnortit
of tite hayduring tite lateNeogonoandPleistoceno,as documesatedisa aroas
nearby(Bardajíef a!., 1990).

Titero areoxamplesin tite geological literature of erosionalsurfacesisa
foresetdepositstitat itavebeeninterpretedasitavingoititor eustaticor toctoraic
origira. Massari & Parea(1990) obsorvederosionalsurfacesira tite upper
farosetasadtapsetunitsasadtitereisaterpretationwastitat titey worecausedby
relativo sea-levolcitangesofeustaticarigisa.Titeseautitorscouldnotrocognizo
a strongtoctaniccontrol btu, instead,concludedtitat diere wasa cosatinued
tresadto uplifting of tite areaduring tite time of depositiosa.Osatite contrary,
Cabila (1988 a & b) and Gawtitorpe & CabIla (1990) isatorprotedtite
erosionalsurfacesisatite foresetsof Gilbortdeltasasrolatedta recurrosatlargo-
scalesUpevontsof sysasedimentaryfaultsmarkingtitebackedgoof titefareset
usait.Sucitmavemesatscausedrejuvonationof tite fault scarp,failure (slump)
of tite deltafront, asadstackisagof severalgroupsof foresotbedssoparatedby
slido surfacos.Sucitcitasagesdid saotimply amajarcitasagein tite directiosaof
faresotpragradatiosa.

Sequencestratigrapityof tite dolta-faresotusaitsisexplainedby fluctuatiosas
of sealovol. ErosionaliracisiasasworeoxcavatoddurisagIowstands.Tito lower
coarse-graisaedsub-usaitsovor¡yingtite erasionalsurfaces,witit cross-beddisag
diroctedup tite paleoslape(unit 1), titasecalledbacksetsisa tite lawerUsaits2,
3 asad4 arotite transgrossivesystemstractsfolbawodby a condesasatiosalayer
(tite ferruginousgravelsofUnits 3 asad4) witeratrasasgressiosaprogressed.Tito
foresetunits s. sfr. aro tite itigitstand systemstractsof tite succossiveunits
witicb downlap tite trasasgressivosystemstract. New falis of sea lovel
praducederasianalsurfacos.Isa titis way,dio faur recognizedunits arorelatod
to a pattorsaof sealovel citasages.
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Hg 13.—Responseof delta froní and siopeof a Gilbert-typedelta to sealovel changosand
sequencestratigraphyof the bay-fill of CuatroCalas.

Fig 13.—Respuestadel frentedeltaicay el talud deundeltadetipaOilberta loscambiosdenivel

del mary estratigrafíasecuencialdel rellenode bahíade CuatroCalas.

At leastfivo main depositionalevesatsaredistisaguisitedira tite transitiosa
zane(Fig. 13). Isageneral,itigitstandta earlylawstandprogradingbeacitunits
werepartly orodedduringarelativofail of sealovel (towstand),andlowstand-
to-early-transgressivedeposits cavered tite resultisag valloys. Marino
transgressive-to-itigitstanddepositscovoredtite encasedterrostrialdopasits.
Relativochangosof sealevel areraecessar>’ta explaisatite vertical stackingof
uraitsandtite ropeatedisacisiorawititout fuliiter evidencoofnoatincreaseofsea
leve]. Alluvial depositsfilled scaurodtopagrapitiesoroded isa oidor coastal
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ridgeswell bolaw tite sealevol titat existeddurisagdio sodimesatationof tite
ridges.

Titemarinounit M-5representstitelasttransgrossianrecordedisa titearea,
mostprobablyrelatedto tectosaicmovemosatstitat upliftod dio margisaof tite
basinta itorizasasno langor usadortite roacbof dio sea.Yousagerterrostrial
opisodes(Figs. 1 asad2) isategrateapost-Gilbertalluvial event.

Tbus, tite developmesatof tite complex Gilbert-t>’pe delta followod a
ropetitive pattorsaisa responseto relativo changosof sealovel (Fig. 14):
progradatioraoccurredira itigitstandsasadesatrosacitmentarad coastalwodgeira
lawstasadasadoarly trasasgrossion.A itigitstasadGilbort-type delta(Stage1)
progradedwitera tite sealevel raseaboyedio deltaprism. Falísof sealevel
inducodorosionof pali of tite deltaprism (Stage2), bothby wave actiasaasad
by entresacitmentof fluvial citansaols.Tite cansaibalizeddetritusaradtitefluvial
isaputwerecarrioddowrato tite sitelf andaccumulatedisato lowstasad(2 deltas)
wedgos.Laterrisosof sealovol allawedprogradatiosaof dio palily-dostroyed
itigitstanddelta(Stage3). Pragradatianof deltalobosmay itave occurrodin
a directiosasimilar or obliquo to titat of tite former itigitstand delta,probabí>’
due ta tite noed to adapt ta tite previausly orodod, irregular reliof asad
progradationwititin fasa-dissoctisagvalleys (Muto & Olcada,1991). Beacitos
ira tite deltafrorat progradedseawardwidi variableanglosbecausoof changos
in tite sitare arientatiosasisaducod by littoral drift asad local constraints.
Casasequeratí>’tite>’ may diverge somewitat fram tite average delta-lobo
progradatiosa.

Tite variouspartsof tite deltaroactoddifferosatlyto titososea-lovelcitarages
asadgenoratedvariablefaciesassociations.

Progradatiaraof camplex delta prisms daes saot imply a continuous
stillstandas previousl>’ assumedfar simpleGilbert-type deltas(Etitridge &
Wescott, 1984,Postmay Roop, 1985). Progradatiosamay accurayera very
sitoli timo iraterval,passibly durisaga penadof slow sea-levelcitasagesor
durisaga long-time intorval durisagsea-levolstarad-still.Mast prababí>’sea-
levelchangoscosatnibutodto tite destructiosaof tite convox-upwardupperpan
of dio sigmoidal foresetsof sameunits (2, 3-bis, 4), tite dovelopmosatof
orosionalsurfacesseparatingforosetandtransition-zonedeposits.

Sea-levolcurves for late Plioceno andPleistocenoare citaractonizedby
successivelow-frequeracycyclosofrisoaradfalí; faur of diesecyclositapponod
ira late Plioceno witit sequerace-boundaryages:3.8, 3.0, 2.4 and 1.6 miflion
yearsasadasaatiterira earlyPleistocenowitit upporbouradaryage:0.8 milliora
years (Haq of al., 1988). Titis rapid evolution may accauntfor subaerial
exposurearaddrowningof largopartsof tite basinmargira,buttitoy arenot fast
esaaugittojustify tite stackisagof units asadtite repeatedscour-arad-fillpattersa
observedira CuatroCalas.Titorefa-reaur observatiosascarasaocttitesesmall-
scale citanges to tite itigit-frequency fluctuatiosasof sea levol alroady
documontedira SE Spaindurisagtite LatoPliocenoandQuatemary(Bardajíof
a!., 1990)superimposodosa losager-lastiragtectanicuplift.
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Fig 14.—Repetitivepatternof relativo sea-levelfluctuations and developtnentof complex
compoundGilbert-typedeltasin CuatroCalas.

Fig 14.—Esquemarepetitivode fluctuacionesdelnivel relativodel mary desarrollodeundelta
complejode tipo Gilbert en CuatroCalas.
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CONCLUSIONS

Tite bay of CuatroCalaswas goneratedduring late Pliocenotimesb>’ a
local downward bending of oidor Noagono matorials witicit favaurod a
relativoriso of sealovel andinvasionby dio sea.The studiedbay-fiIl depasits
consistof units witit large-scaloforesotstitat filled mostof tite dopressiasa
toppedby youngorsets of afflapping trasasitiora-zoneunits witit asa overalí
tabularsitape.As a witole, tite>’ gesaerateda Gilbert-type deltamorpitolagy
titat is a summatoryof smallor-scaledeltausaitsdopositedduring successivo
itigitstasadsof sealovel. We can observoosal>’ tite itigitstand deltadeposits.
Lowstandwedgoslay undertite PresentModitorraneansea.

Accordisagta tite sodimentalogicaldatapresented,befarewe propasea
deltacannectodte ariver plain with rapidly shiftingchanneis.Riversflowing
mostly from tite saoliit doliveredsodimentto largo sogmesatsof caast(lino
saurce).Tite coarsergraisa sizos were capturedisa dio gravelly refloctive
boacitesof tite wave-workoddelta front. A delta platform, caverod witit
burrowedsandasadscatteredclastsextendedseawardof tite wave-workod
deltafront.A steepslopewitit dipsrangisagfram250 to 120connectedtite delta
platform with tite shell. Gradedbedding asadintenseburrowing of delta-
farosot (síape) beds indicate ara episodio iraput of sedimerat:downslope
avalasacitisagwasfollawed b>’ long inactiveperiods.Waverewarkisagof tite
delta front also isadicatesepisodicalluvial iraput. Tito CuatroCalasGilbert
delta fits Pastma’s (1990b) prototypo 4 («classic Gilbeli-typo»). It is
comparableto present-daydeltas of epitemeral stroamsfeodisaggravelí>’
beachosisa SE Spain.

Pragradationof tite delta gesaerateda twa-fold large-scalecross-
stratification:alaweritigit-asaglerelatodto tite advancisagdelta-foresotandtite
upperano associatedta progradatiaraof boacitusaits.

Evidosaceof sea-levolcitangescomesfrom tite orosianalsurfacesfausadisa
tite foreset asadtite trasasitionzane dopasits.Sequencostratigrapity of tite
foreseturaits isexplainedby fluctuatiosasof sealovel. Erasionalisacisiosaswere
excavatedduring ¡owstands.Tito lawor coarse-grainodsub-usaitsaverlyirag
tite erasianalsurfaces,witit cross-beddisagdiroctodup tite paleoslape(Unit 1)
asadbacksotsisa Units 2, 3 asad4, witicit are transgressivesystemstracts
followod by aconderasatiasa¡ayer(tite ferrugisaousgravelsof Uraits 3 arad4)
witon transgressioraprogrossed.Tite foresetusaitss. sfr. areitigitstasadsystems
tracts downlappisagtite transgressivesystemstract. At loast five main
dopositionaloventsaredistisaguisitedira titetransitionzane.Higitstasadtoearly
lowstasadprogradiragbeacitusaitsworepalily erododdurisaga relativo fail of
sealevel (lowstand)asadlowstand ta early transgressivedepositsfillod dio
resulting valleys. Marine trasasgressive-to-itighstanddoposits covored tite
oncasedtorrestrial deposits. Tite marine unit M-5 representstite last
trarasgrossionrecordodisa tite area.Most probabí>’ deltasodimeratatiosacome



Effectsofsea-leve!changeson a wave-worked... 135

to asaendbocauseof tectosaicuplift of tite basinmargin.Youngorterrestrial
episodesisatogratoapost-Gilbertalluvial evosat.

Titus, dio developmesatof tite complox Oilboli-type delta fallowed a
repotitive pattersaisa responseto fluctuatiosasof sealovol: progradatiasaof
itigitstasadGilbert-type delta (Stage1) was followed by ontrosacitmosatasad
coastalwedgeisaIowstasadandoarlytransgression(Stage2).Titevariouspalis
of tite delta reacteddifforesatly to titese sea-levol citasagesasad gesaerated
variablefaciesassociations.

Progradationof complox delta prisms does not impí>’ a eosatinuous
stillstasadaspreviously assumedfor simpleGilbeli-type deltas.

Tito rapid ovolution of tite bay-fill can be related ta itigit-froquoncy
fluctuatiarasof sealevol alreadydocumosatedisaSESpaindurisagLatoPlioceno
asadQuaternary,superimpasedosa longer-lastingtoctosaicuplift.
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