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ABS’ERACT

Tortoniansedimeratationisa dio Betics recordsamajortectonieevont,tite
Iargostorogenicdeformationof dio cordillera, suporimposedon tite largor-
scale,titird-orderTB3.2cycleofeustatiesea-lovelcitange.A ftrst interprotation
of the SequonceStratigraplty of tite Murcia-Carrascoybasin is prosented.
Uplift of positivo reliefs aronradtite basinfavauredtite depositioraof titick
successionsof conglomoratosevidoncingc¿mnibalism.Faciesassociations
witnessdopositionon tite steepsiopoof abasin,fod by mauntainrivors titat
suppliedcoarsosedimesatsto tite basin.Tite resultingfaradeltais comparable
in many respoctsto titoso describodisa fjords, and a dopositionalmodel is
presonted.

Key words: fara delta, siope, SequonceStratigrapity, Lato Neogene,
Murcia, 5. E. Spain

RESUMEN

La sedimentacióntortoniensoenlas BéticasregistraJa superposicióndo
un graneventotectónico,correspondientea la deformaciónmásimportante
de la cordillera, y del ciclo global TB 3.2 de cambiosdel nivel de mar. So

CuadernasdeGeologíaIbéricaN.0 15, 49-71.Madrid, 1991.
Edit. UniversidadComplutense.
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ofrece la primera propuestade interpretación de la cuencade Murcia-
Carrascoyen términosdeEstratigrafíaSecuoncial.La surrecciónderelieves
positivos alrededor do la cuenca favoreció el depósito de potentes
acumulacionesde conglomeradosquemanifiestanla autofagiadela cuenca.
Las asoctactonosdo faciesindicanqueel depósitosoprodujo en un taludde
cuencaabruptaalimentadopor ríos do montañaqueaportabamaterialesdo
granogrueso.El fandeltaresultanteescomparableenmucitosaspectosa los
descritosen fiordos y sepresentaun modelosedimentario.

Palabrasclave: fan delta, talud, Estratigrafía Socuencial, Neógeno
Superior,Murcia, Surestedo España.

INTRODUCTION

LateNeogonesedimentatiorain tite EastornBetic Cordillera(soutiteastorn
Spain) occurrod ira a complex toctonic and paleogoograpiticframework of
largo islands,surroundodby partly-interconnectodbasins.

Tite Murcia-Carrascoybasin(Fig. 1) is a pafl of tite largorMar Menor
basin witicit recoivodlargo volumesof sedimonts.Tite arealays ira tite loft-
latoral sitoar zono of tite easíernHotics.Tito basinis situatedupantwo fault
systems(N400-500E ¿mdN800E) witicit, at leastduringapanof titoir itistary,
actodwitit sinistral strike-slip movemont.Soveraluncoraformitiesinterrupt
tite sedimentaryinfillirag of titebasiraawingta activosynsedimeratarytoctonics,
tite sodimoratsdisplayingpramineratwedgingant(Montenat,1973).Transverso
faults (Nl 300 E) cross tite farmer systems.Active neatectanicand itigit
setsmicityarocommonira tite areanowadays.

Tite basementof tite basinandtite adjacontmauntainrangostitat actedas
saurcorocksfor sodimorats,aromadoup of motasedimerataryaradmotamorpitic
rocksbelongingto tite IntemalZonesof tite Betics.

Tite aim of titis paperis to propasoa soquoncostratigrapitymadolfor tite
basin, arad to iraterprettito coarso-grainodsodimentsdiat wore doposited
during a transgrossivoevent,giving a sodimontarymodel ableta explain tite
assaciationsof facies.Titis paperaddsinformation aradfreshiraterpretations
to tite Field-trip Guidebookusodduring tite Worksitop (Dabrio eta!., 1990).

LATE NEOGENEHISTORY OF ‘EHE BETJCS

During tite Lato Neogeno majar orageniodefarmation of tite Botics
occurrod.So, dopositianwascanditianodby tectanicactivity altitougit titore
is rocardof oustatic sea-levelcitaragosaswoll. A bettorunderstandingof tite
Late Noageneitistory of tite basirasmay itelp to explain tite canspicuous
accurrenceof fan-deltafaciesin many placesira tite cordillera.
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Fig 1 —Geologicalsketchof the SESpainandlacationmapof the studyarea(simplifiod from
Olaverry& Rey, 1980).ln themapofthe Betic Cordillera,white arcasindicateNeogenebasins.
Fig 1.—Mapa geológico esquemáticodel surestede Españay situacióndel área estudiada
(simplificadodeOlavenyy Rey, 1980).Laszonasenblancodel mapadelas CordillerasBéticas
indicanlas cuencasneógenas.

During tite LangitianasadSorravallian,mostbasisasdovolopedalong twa
largofau]t zonosdirectedENE-WSW alí alosagtite Betics.NW-SE taWNW-
ESEcompressianinduceddextralstriko-slipdisplacementsalongdiesefaults
(Sanzde Galdoano,1990).
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A dramaticcitangeof dynamicsaradpaloogeograpityitappenedduring tite
Tortonian,witon tite directionof compressioraboganta rotato to tite NNW-
SSE (Montonat el al., 1987, Larouziére el al., 1987) inducing largo
displacomontsof tite NE-SWsinistralfaultsof dio BoticsasadRift (Larauziéro
eta!., 1988).Strongcontrolby faultsdirectedNW-SE¿mdNE-SWcanditioned
tite generationof newpolygonal-sitapedbasisas.Mastof tite basirasareintra-
montano,dominatodby vertical movoments,but latoral (striko-slip) displa-
comontsstrosaglyaffecteddepositionira somebasiras.Loft-latoral movemonts
took placein Carrascoyas woll (Dabrio, 1990; Sanzde Galdoana,1990).

A well documenteduraconforrrtity is usuallyrecordodat tite basoof tite
LateTortoniasasuccossions.Genoralizeduplift of tite aroasaroundtite basiras
resultedin tite depositionof titick successionsof conglomerates(in fasadelta
settings)araddepositionof brecciasfilling submarinotraugits.By tite osadof
tite Tortonian largopositivo relief existed.

Newcit¿mgosira titediroctiaraof campressiosaoccurredduringtite Messini¿m,
PliocenoandQuatersaarytimos,producisagrosaewedmovemosatsalosagfaults
(Montenatel a!., 1987,Gay el al., 1990).

Tito evidenceaboyesitows that Tortonian sedimentatiosaisa tite Betics
recordsmostlyamajortectonicovesatsuporimposodon a largor-soalecycleof
oustaticsea-joyelcitange.

Dabrio(1990)proposedabasinmarginmodolwitit a raarrawslopisagsitolf
titatwascosanocteddistally toanabruptsíapo.Toctanically-isaducedsubsidesace
favaurodtite accumulatiosaof titick prismsof sedimosatwiticit progradedta tito
basin(i. o. to tite soutiteast).Martínezdel Olmo & Jurado(1991)reaciteda
similarcosaclusioraasadpointodout titat tite scarcityof turbiditodeposits,tite
itigit argillacoouscontesatasadtite sitarpfacies citasagesframtite basisamargin
to tite basininterior observodnearCarrascoycasafirmsdiat titereexistedosaly
anarrow siliciclastic sitolf, isa contrastta tite wideLato Neogenesitolf fausad
tn tite Valenciamargisa.

WoIl-roundedclasts isa conglomerateseroded,from botit extra-basinal
asad oIdor Neogenedepositsindicate tite cansaibalisticnatureof tite basisa,
doubtlossrelatodto syntoctoraicmovemerats.Coarsograin-sizosasadreworked
sitallaw-marinefossils indicate doposition near tite basin margin, but not
saocossarilyisa sitallow waters.

LATE-NEOGENE SEQUENCESTRATIGRAPHY

Tito Lato TortonianandEarly Mossiniandeposits(alsocalledTortonian
II-Messiniara1, Dabrio, 1990)studiedrofloct tite TB 3.2 titird-order cyclo of
tite globalrelativosea-levolcitanges(Haqeta!., 1988)witicit is alsoregistored
isa masayotiter basisasof dio Botics (Sierroeta!., 1990;Pomar,1991;Esteban,
in prep).
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Montonat(1973)doscribedmicrofassilsfoundisa titoserockstitat canbe
usedto datetite depositionalsequences.Samplescollectedneartite baseoftite
La AtalayaMarístosaesisadicateagesclaseto dio Iimit Serravallian-Tortaniasa
asadLower Tortonianwith C. menardíl (ZaneN- 15), but moreupwardsG.
acostaensisindicatesa Tortanianage(ZaneN-16)

Below, we propasoa first isaterpretatiasaof tite SequesacoStratigrapity
(Fig. 2).

Wediisaktitat dio marístaneswitit turbidites¿mdmegabreccialayerscalled
tite La Navetamarístosaes(Dabrio, 1990),dio GuardiaCivil marístosaes(Núñez
el a/., 1974), asadtite coarse-grainedsedimesatsof tite Puertode la Cadena
canglomoratos(approximatelyoquivalontto tite Calumbaressandstonesasad
cosaglomerates,Núñezet a!., 1974) corrosposadta dio lowst¿mdsystemstract
(LSST) witich wo mier worelargelymagnifiedby tectonieevorats.Coarseraisag-
np megasoquoraces,tesasof metrostitick, rocognizedisa tite Puertodela Cadena
Coraglomerates(Dabria1990)rocordpragradationof fandeltalotes.Theiraitial
trasasgressive(maris) arad regressive(conglomorates)cyclos corrosposadto a
witolo local, titird or fourtit ordor,toctoniccyclo.Titis toctoniocycleis includod
tn an eustaticcyclo ordepositionalsoquence.Planktonicforaminifersfauradisa
titeLa Navetamarístonesarotite sameasin tite underlyisagunits (G.acostaensis)
witit dio additioraof G.pseudomiocenica,O.scitulaventriosa,etc.Titoy indicate
a LateTortonianago (Montenat,1973).

Rapid trasasgrossionarad subsidesacoof tite fan-delta clastic wodgos
creatodsteepsiopesisa tite final stagesof dovelopmesatasaddepositioraof tite
trarasgressivosystemstract(TRST),studiedisa titis paper.Titesematerialslay
uncosafonnablyupan tite Puerto do la Cadenaconglomerates(Fig. 3); loss
titan 1 km to tite WSW, dio erosianitasalmost completoíy eliminated tite
uppor sequonceof tite underlyisagconglomerates.

Tito 1000 m-titick Torremesadomaristoraesrecordpragradationof basisa
andsíapedepositswidi local sitallowturbiditecitannolsduringdio itigitstand
(Ff551). Plasaktosaicforaminifers include O. dutertrci, O. hutnerosa,O. aif
plesiotumida,asadT. multi!oba,soonjaisaedupwardsby O.mediterranea,O.
conomiozea,and O. scitula ventriosa, indicativo of Late Tortoniasa asad
Messinianages(ZoneN-17) (Montonat,1973).

During titelatehigitstandasadtite oarlystagesof sea-lovelfalí, progradation
ofcarbonatositolfanddopositionafsitallow-marmsaecalcarenitesoccurred(La
Virgencalcarenitos,Montesaat,1973 alsocallodEl Rebatesandstasaes,Núñez
el al., 1974).

Martínez del Olmo & Jurado (1991) casasidora single Serravallian-
Tortonianepisodo,witicit titoy cali aneustaíicsedimentaryeycle,comparable
to titasedistinguisitedin tite Neogoneof tite Valenciacosatinoratalmargin.Tite
cycleincludosa trarasgrossivosequencewitit anoto titreo finisag andtitisasaing
np soquencos.Tito topof tite transgressivedeposiíscoincideswitit maxininin
claycontesat.Titosedopositscorrospondisa partto La Naveta(z GuardiaCivil)
marístoraes.Tito regressivepart of tite eustatic sedimesatarycycle has
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Fig2.—Stratigraphicframeworkof Serxavallian-TartoniandepositsisaMurcia-Canascoybasin.
COL: conglameratos;SDTS:sandstones.
Fig 2.—Encuadreestratigráficade los materialesdel Serravalliense-Tortonienseenla cuenca

de Murcia-Carrascoy.COL: conglomerados;SDTS: areniscas.

cosaglomorateswitit coarsonisag-upmegasequosacesisaterpretodasitigit-energy
deltaic jan delta)deposits(PuertodelaCadenacosaglomerates= Columbares
sandstonesasad conglomerates)asada thick suceessionof basin,siope asad
sitelf deposits(TorremesadomarístosaesasadLa Virgen calcaronites).

Dopositioraoffan-deltaconglomeratesisadicatestite intramontanelocation
of tite Murcia-Carrascoybasin witit activo sysaorogesaicmargiras.Howovor,
tite basinwasmarginalta tite continentalmargisaof Valencia. Tite regressive
opisodegesaeratodisa a basin witit steepmargirasrelated to synsedimontary
toctonic subsidoncoitad a rato titat clearly surpassedtite isaputof sediment
(Martínezdel Olmo & Jurado,1991).

54

metros

o
u,

2
.4
2

u,
tAJ
2

-J

.4

w
2
.4
2
o
1-
o
w
‘4-
.4
-J

2
4
z
o
o
2

-j
-J
4
.4

u’
ci,

.2
uJWC

0.0
2

rl,
5o



Fan-deltaslope depositsand sequencesin nheMurcia-Carrascoy... 55

Fig 3.—Sketch drawn from a photographof the unconfonnablelimit (thick line) betweenthe
studieddepositsandthe Puertode la CadenaconglomeratesneartheCasaMotor andLaNaveta
farrn, ca. 250 m WSW from km 403.3 (national road 301).Modiñed and re-intorpretedfrom
Dabrioet al.’s (1991) figuro 20.
Fig 3.—Esquomadel límite discordante(linea gruesa)entrelos materialesestudiadosy los
conglomeradosdel Puertode la Cadena,cercadola GasaMotor y la fincaLa Naveta,unos 250
m al WSW del km 403,3 de la carreteranacional 30. Dibujado a partir de unafotografía.
Modificacióny reinterpretaciónde la Fig. 20 de Dabrio et al. (1991).

DESCRIPTIONANt) INTERPRETATIONOF DEPOSITS

Tito sediments studiod itave soveral lititolagio types rangisag from
cosaglomeratesto yollow sandstosaesand siltstonoswitit calcarenitelayers
witicit aro severalcontimetresto tons of centimotrostitick (Fig. 4). Clast
compositiorasitowsdioirprovonancefrommetamorpiticandmotasedimentary
rocksof titeIntornal Zonesof dioBotics:pityllades,quartzites,dolostonesand
volcanic rocksaremostabundant.
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Conglomerates

Thecosaglomeratefaciesis best-representedisa tite basalasadmiddloparts
of tite successiosawitit severaltyposrecagnized.

ConglomeratieIayers

Tite cosaglomeratelayersarelOta20cmtitick witit planeor gesatlyscourod
baseswitit claststitat are rausadedpobblesandcobblesdiat passupwardisato
coarsotomediumsandstone(Fig. 5 A); diis citangeis sitarp.Otitor sequesacos
compriseonlyfine gravelto modium-fine sandstosaewiticit canbeburrowod
(Fig. 5 A, lower sequence).

Sometimosdiesesedimesatscanbeinterpretedas susponsiasa,widi limitod
traction (Fig. 5 A), deposits (Postma, Nemec & Kleinspeitsa, 1988) or
saormallygradod(7) gravellayers(Lowe, 1982).Otiter beds(metro40 of tite
sectiasain Fig.4) areverycoarsosandta finegravelwitit outsized,imbricatod
pebblesflaatisagin tite middle-upperpanof dio bed.Theseprobablyrepresont
depositiasain tite interfaceseparatingalower zaneof laminarisaertiaflow arad
asaupperzoneof itigit-desasityturbulesatsuspensiosa(Postmaet a!., 1988).

Conglomeraticchannelfihis

Lenticular sitaped massesof conglomerateare isatorpretedas fillirag
citansaels(Fig. 5 B). Titesedepasitscontaisasomeclastswiticit areimbricated
itavo grain size distribution widi (coarse-tail)inversoandnormal graded
bedding. Mean grain size is pebblota cobble witit sornesmall bouldors.
Citansaelsare tesasof metroswide asadup to 3 m doop. Clast imbricatiosa
isadicatessedimonttrasasportto die soutitoast.

Tito propasedmetitod of transportatiasawas by coitesianless,itigit-
concesatratiosaflows resulting isa debrisflows (seo discussianabautdiese
procossesisa Lowo, 1982, Nemee, 1990 asadPostmaa al., 1988). Largo,
imbricatodboulderswitit a(p) a(i) fabric placed somedistanceaboye tite
lower limit (bottomof tite citansael)saiayrepresosatprocessessimilar tatitase
citod isa tite previouscase.

GulIy t’iIls

t)isorgasaized,itotoramotricmassesof sedimontcontaisainglargecabbles
asadbouldersare fausadfillisag citannels(gullies) lossdian20 m wideand 1 to



!

Fig 5.-(A) Clast supported conglomerate with fme-gravel matrix, rounded pebbles overlaid by
burrowed (R) sandstones; sharp separation between fuese two lithologies. (B) Conglomerate
channel f11l. Note imbrication (N) and coarser grain near the channel-bottom (white lines).
Bedding dips to fue left (SE). Scale is 15 cm long.
Fig 5.-(A) Conglomerado clasto-soportado de cantos redondeados y matriz de grava fma,
seguidos de areniscas bioturbadas (R); ambas litologías están separadas por una superficie neta.
(B) Relleno de canal de conglomerados. Obsérvese la imbricación (N) y el tamaño de grano más
grueso cerca del fondo del canal (lÍneas blancas). La estratificación se inclina hacia la izquierda
(sureste). La escala en ambas fotografías mide 15 cm.
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1.5 m deep(Fig. 6 A aradE). Titere arebotit angular¿md raundedclasts.A
crudo normal gradedbedding is obsorved.Gullies itave stoeply-incised
sidewallscuttingthrougitolder,almostitorizontaldepasits;sometimosincisian
cnt downinto previaussasadycitasanol-filídoposits(Fig. 6 E).

Titeseareinterpretedas gullieseradedby turbiditycurronts,laterfilled by
sediment-gravityfiowsmovedbybasalinertiafiowsanditigit-desasityturbidity
currents(Prior & Barsahald,1989).

Sandstoraes

Sandstonobeds(Fig. 6C and7) consistsof coarseto finesasada few totosas
of cesatimotrestitick. Normal gradingis commasa.Titereare sovoraltypes.

Layersof normally-graded,structurelessorfaint!y laminaredsandstone,
witit sitarp fiat ar gently erosionalbases(Fig. 6 C, 7 A). Scatterod,outsizod
pebblosoccurgroupedisa eidierclustorsor isolated.Sometimostitosepebbles
fosan an irregular, discantinuouslayer aL tite basoof tite saormally-graded
coarsoto verycorsosandstosao(Fig. 6 A, 7 A, C). Isa manyotiterbedsclasts
fioat rougitly isa tite middlesectiasaof tite bed(Fig. 7 A) or atits top(Fig. 6 C)

Titesedepositscanbe isaterpretedas dio rosult of itigit-dorasity turbidity
curresatswitit largoclastsdraggedattiteir basesasadleft beitisadaslags.Postma
et a!. (1988) proved titat largo clasts fioating wititin tite bod were first
suspendedby strang turbulosat lift, asad titen glided along tite baundary
betweena itigitly-concentrated,nosa-turbulentbasecalled tite inertia-fiow
layerasadtiteoverlyisag,faster-movisagturbulesat-fiawlayer.Clastscommonly
displayangp) a(i) fabric witicit, accordingto titeseautitorsrosultsfrom tite
higitly concontratedgrain dispersiosasof tite underlyisagiraertia-fiowrogime.
Clustersof floatingclastsmaybe dueto tite tendencyof alargoclastto form
an obstructionasadtrap for atitor clastsgliding along tite samesurface.

Isalatedpoorly ronsadedar angular,scatteredbouldorsup to 40 cm ira
diamoter(Fig. 6 C, D) accurisa tite sandstanelayers.Sometimostitesoshow
ara arcuate,semicircularaccumulatiasaof pebblesantite assumodup-currosat
sido.Appareratlytite largorclastactedas anobstadoasadtrapfar tite smallor-
sizodboulders.Otiter pebblesoccurringare isacludedinta very fine gravol-
sizedcoraglomoraticlayors (Fig. 6 U).

Titere aroseveralpossibloorigisasfar dieseclasts.Many of titom maybe
bouldersdraggedby turbidity curronts asadleft beitisad as lags. Anotiter
explanationmaybetitattiteyre «outrusaners»,1.0.clastsoriginallytransponed
at tite top of dobris-fiow badiesmovedby tite tractiosapitaseof tite passing
turbidity curresat,and dopositeddistally downslopowidiin sandyturbiditos
(Pastmaet al., 1988). Sucit asa arigin is considerodlikoly as most of titose
bouldorsisa saradstonesworeassociatedwítit baulder-fillodgullies (Fig. 4).

Para!lel-/aminatedye!!owishsandstone(Fig. 6C, 7 C, t)) witit lamination
titat may be deformedby water-oscapestructuros(Fig. 7 C, D) or maybe
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obscuroor vory faisat (Fig. 6 C lowor pafl, 7 C lowor pan)prabablyresultisag
from dewatoring.

Titeseareisaterpretodasdepositsof itigit-density turbiditycurresatsitavisag
tractioraarad suspensiondivisiosasdescribedira Lawe’s (1982) terms.

Undulating laminated sanástoneswith metric wavo-length may be
associatedwidi parallel lamination (Fig. 7 A, C), probably resultisagfrom
adaptationto previousbottomreliefs.

Gentío,smootit erasianalsurfacestruncateboddirag,soparatingsetsof
beds(Fig. 7 B). Titis is isaterpretodasresultingfrom erosiasaoftite bottam¿md
draping by youngerdeposits.

Fassils

Macrafossil contesatoccurslargelyastrasasportodskoletalremains,witicit
intogratea largopartof tite coarser-grainedisatorvaiswititisa sandstonolayors.

Many layerscantainanabundasatsitallow-marinobesatiticfauna:froquontly
oysters arad pectinids, cirripeds, abundantnoedíes¿md fragments of sea-
urcitisas,fragmentsof sevoraltypesof bryazoans.Flora includosredalgaoasad
ritodalitits.

Fossilcontesatincroasesftammetre50upwards(Fig. 4) witit dioaburadasace
of marístone.

Biogonic structures

Biogenicstructuresincludeverticala itorizontal bioturbation.Burrowing
is a common featureof same sandstoraelayers, particularly isa tite fisaer-

Hg &—(A) Gully with steepwalls filled with heterometriccoarse-grainedsediment.The
coarsestgrainsisesconcentratenearte baseasadwall.Arrow pointingtate scalebar.(B) The
oppositemargin of thegully (photographs6 A andB coveralmost thewholegully) with twa
episodesof gully filí (notediscontinuouslinesmarkingte limits): inclined-lasninatedsandstones
(belaw) andcoarsegrairsises.Rulerencircíed.(C)Laminatedsandstoneswith isolatedcobbles
(X) both in tite erosionalsurfaceasadfloatingja sandstonosornedistanceaboyotite erosional
basoofbed. (D) Isolatedbaulderin a 15 cm-thicklayerof fine gravelandcoarsesandstone;(R)
burrowed finesandstone;(E) erasionalbaseof microconglomeratebed.Scaleis 15cmLong in
photographs.
Fig 6.—<A) Canalestrecha(gully) deparedesabruptasrellenodeconglomeradosheterométricos.
Los clastosdemayortamañoseacumulancercadel fondo y de las paredes.Laflechaindicala
escala.(B) Margenopuestadel mismacanal(lasfotografíasA y B locubrencasiporcompleté)
con dos episodios de relleno (las lineas discontinuasindican los limites): areniscascon
laminacióninclinada(abajo)y conglomerados.El círculomarcala regladeescala.(C) Areniscas
laminadasconcantosaislados(X) en la superficieerosivay flotandoenla areniscaa alguna
distanciasobrelabaseerosiva.(D) Bloqueaisladoenunacapade15cmdeespesordegravafina
y areniscamuy gruesa; (R) areniscafina bioturbada;(E) baseerosiva del nivel
macroconglomerático.La escalamido 15 cmentodaslas fotografías.
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graisaedsilty tops(Td)of tite normalgradodbeds(Fig. 5 A, 6 C, 7A, B). Intense
burrowisageventually obliteratosprimary sedimentarystructurosof layers
(Fig. 7 8) butdifforencesisa grain size asadcemosatatiasaarestill observable.
Burrowod layersoccurgraupod(Fig. 7 A, B); titis is believedto berelatedto
periodsof sloweddepositionwith reducodsodimentationratos.

FACIES ASSOCIATIONS

Titodescribedlititologiestesadtooccurinsornointervalsoftite stratigraphic
soction(Fig. 4).Weassumethattitosedepositsarointogratedisatoassociations
witit a geneticmoasaing(Fig. 8).

Titoseassaciatiansroflectparticularconditiorasof sodimosatationresultisag
fromcoincidenceof sodimontaryprocessos;ultimatelytitis will offer akey to
interpretingtito sedimentaryenvironmentaradta tite proposalof a feasiblo
madel.Weitaveinformally termedtitosefaciesassociationwitit capitalsfrom
Ato E iradescendingorderofdominantgrainsizes.Naturallyno torminological
implicatioras sitonídbe takenfrom titis descriptiosa.

AssociationA

Conglomoratesfilling citannelsor ira thick, irrogular-basodlayers(Fig. 5
B). Wo bolieve titis roprososatstite more «praximal» facies association,
depositodby itigit-density flows araddebrisflows. It is comparableto titezane
of citannelsfooding doeper-watorrealms.

AsgociationB

Gravels to coarsesasadstonoswitit planarlower bonsadarios;imbricated,
outsizedclasts floatisag ira many layors. Titis ropresentsa zaneof coarse-

Fig 7.—(A) Vertical accumulationof normal-gradedsandstonolayers(arrowsshawafew of
suchlayers)with isolatod,roundedfloatingpebblesfloating in structurelessor faintly laminated
sandstones.(3) Close-up of 7 A to shaw intensely burrowed sandstones.Vertical arrow
illustratesa normally-gradedbed. (C) Water-escapcstructureiii parallel-larninatedsandstone.
Undulating lamination is visible in the upper in the far end. (O) Parallel-laniinatedlayersof
sandsionedefarmedby water-oscapestructures.Scaleis 15 cm long in photographs.

Fig 7.—(A) Apilamiento vertical de areniscascan granoclasificaciónpositiva (las flechas
indican algunos de esosniveles)con cantosaislados,redondeadosflotandoen areniscassin
estructurainterna visible o débilmentelaminadas.(B) detalle de la anterior para mostrar
areniscasintensamentebioturbadas.La flechaverticalindica un nivel con granoclasificación
positiva. (C) Estructurade escapede aguaenareniscascon laminaciónparalela.Al fondo se
observalaminaciónondulada.(O)Areniscasconlaminaciónparaleladeformadosporescapede
agua. Laescalamide 15 cm entodaslas fotografías.
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Hg 8.—Faciesassociationsdescribedin the textandinterpretation.

Fig 8—Asociacionesde faciesdescritasen el texto e interpretación.

grainodasadsasadysplaysat tite dowsaslopeeradof gravol-fillod citanneisasad
gullies.

AssociationC

Modium-coarsesandsto grave) witit intense burrowirag arad autsizod
elasts,wator-escapestructurosaradsysasedimontaryfaulting.Titis is intorproted
asazaneof dominantlysandysplaysfousaddownslopofrom tite citannelsarad
gullios marked by rapid deposition asad isastability. Largo clasts ontrun
coarsor-graineddebris flows.

AssociatiosaO

Dominated by parallol-laminated, normally-gradedsandstoneswitit
outsizodbouldors, water-escapoasaduradutatisaglaminatiosa togotiter witit

thickness section facies associations interprelation

(m> 95 E settling of fines

90 C sand splays and remobilized mixed-shelf deposlís
E settí¡ng of fines

80
D sand and gravel splays, gullies

70 E settling of fines
C sand splays witli Qutrun clasts

Flood¡ng surface (?)
remobilized proximal mixed-shelf deposlís

A íiííing of gravel chutes 2
gravel swales .4

B proximal gravel and sand splays .4cr

o
o sand and gravel splays o-z

.4
u.

A remobilized proximal mixed-shelf deposits
gravel swales and splays
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layors of calcarenitoswitit completeoystorsasad pectinids.Someof titese
layersare lumacitelles.Incisod coarseconglomoratolayers(gully filís).

AssociationE

Yellowisit mudstosaes¿md marístonesrepresontbasinalfacies.

SEDIMENTARY MODEL AND DISCUSSION

Woproposotite describodfaciesassociationsasboinggoneticallyrolated,
i.e., titey ropresesatdepositiosaon tite steepsíapeofabasindistallyconnected
to a mauntaisavalloy or river titat suppliedtite coarsesedimentsto tite basin.
Sporadic,but vigoraus,discitargosprovidetite materialof coarsegrain size
aradaccountfor titeepisodiccitaracterof tite deposits.Titis typosofunderwater
accumulationof coarseclastiosis a typo of fandeltawiticit may,or may saot,
itave asubaerialoxpression(Prior y Bamitold, 1990;Nemeo,1990,Pastma,
1990 a & b). As stated by Pastma(1990 a & b) delta citaracteristics,
particularly arcititecturoasadsodimentaryfacies,are ossentialta recognize
deltas.

Tite proposedmodel incorparatostite facies associationslistod earlier;
facies associationA is tite mostproximal aradfacies associationO tite most
distal (Fig. 9). AssociatianE represontsfine-graisaedbasindoposition.

Sedimontationon tite stoopsíapesof coarse-grainoddeltasitas received
mucit attentionin tite lastyearsbotit isa fossil (Pastma,1984;Massari,1984;
Postma& Roop, 1985;Postmaet al., 1988; amongmasayotiters) asadRocont
(Prior & Bamitald, 1988, 1989, 1990)deposits.

Nemoc(1990) carriedant a careful analysisof sedimontmovementosa
stoopdeltasíapes.According to itim, on stoopdeltasíapes,tite potontial far
downslopetrasasportof sodimontintermittontly exceodstite rato of sedimosat
supply. Tite sloposareconductivoto small asadlargo-scaleinstability, whicit
makesthom subjectto isatermittentlocal rotreatby massfailure, andto more
contisauousprocossesof mass-movement.Sottlisag from suspensionarad
dumpingfrom bedloadtractiosaaretite principalmodosof sodimontsupplyby
stroam effluosats, witeroas mass mavemont is tite maisa convoyar of tite
sedimentosa tite subaquooussíapeitself. Debris flows andturbidity curronts
areamongtite importasatmecitanismsof sodimosattranspoflasaddopositionon
steepsíapesof coarso-grainoddeltas(Massari,1984,Prior& Borsaitold 1988,
1990,Bornitold & Prior, 1990).

Turbidity curresatsan deltasíaposteradto doposittitoir coarsestloadraer
tite sourcoarad carry finor material downslope(Massari, 1984). Howevor,
titey may also traplargo clasts isa traction ira tite frontal part, titen drop titom



66 C. J. Dabrio & M. D. Polo

s~. river valley

‘3

Fig 9.—Sedimentarymodelof steep-slopefan delta in Murcia-Carrascay,inspiredin fjord fan
delias (Prior & Boruhold, 1990). Seo text for explanation.

Fig 9.—Modelosedimentariadefan deltacon taludabruptaenla cuencade Murcia-Carrascoy,

inspiradoen los fan deltasde fiordos(Prior y Bomhold, 1990).Explicación ene1texto.

preferentiallyin tite itydraulic jump conditionsof a síapobreakor delta-toe
zane(Postmaeta!.,1988,Nemec,1990).Coarsesedimesatmaybetrarasferrod
to tite Iower slopeby sliding, slumpingaradasdebrisflows isa citute-¿md-lobe
systems(Prior & Borsaitold 1988, 1989. 1990, Nemec.1990). After boing
fillod witit sandyarcoarser-graisaedsediments,citutoandgully depositsform
fisager-like bodiesoxtosadingfrom tite uppersíapodownwardssurraundodisa
a masseffiner—gr-ained-depo.-sits{Surlyk, 1987;Sitasamugan&-Moiola, 1991).

At leasttitreedifferontmecitanismscangeneratedonsitycurresatsisa delta
settings.Titoy may(i) derivefram disperseditead-partsof subaqueousdobris
flows, (ji) be generatoddirectly by sediment-ladenstream efflnonts as
«ityperpycsaical»densityunderflowsor (iii) derivefrom flood-stagostream

sand
splay

1

gully filled with

coarseconglomerate

conglomerate splay
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offluesatlessdiroctly, by intensesedimesatfalí ant from tite suspensionplume
titat mayevolve isatoasitoet-likeundorflow.Turbidity currontswill teradtobe
sitort-lived isa tite first casobut they may rango from brief surgesto moro
continuous(itours to days)desasity«streams»(Nemoc,1990).

Prosentanaloguosfor aurmodol may be tite fjord fara deltas of Britisit
Columbiadescribedby Prior & Bomitold (1988, 1989, 1990)andBomitoid
& Prior(1990).Abrief accousatfollows.Fjordfasadeltasitavesteeplongitudinal
profiles (averagesíapes130) fedwitit coarse-grainodsedimentsfrom fjard-
sidorivers. Most of titesofandeltaslacktite subaerialoxpressiosaof a fasabnt
titoy do oxitibit well-dovolopedsubmarinocono sitapos.

Building of fjord fandeltassaeedsacombinationof procossestakingplaco
witit various froquesaciesasad magnitudes iracludisagsubaqueousdobris
avalaracitisag,inertia flows, turbidity flows, slope failure asad settling of
suspesasiosasfrom buayantplumos.Losag-termfandevelopmentrospasadsto
citangesisa sedimesatsupply from dio coastlineasadreductionira underwater
roliof asadsíapegradiosats.

Prior & Borsaitold (1990) proposoda four-stagesyntitetic evolutiasaary
soquoncetitat reflectsdifforesacosin processcombinatiasasas tite fan delta
dovelops.A crucialpaisatistitat underwatorfasaprogradation,aggradationasad
basirafillirag reduceoffsitorerelief, bottomsíapesasadgravitationalstrossos.
Titoro is aprogrossivereductionisa sedimentsupplyto tite underwatorsíapes,
as tite subaerial fan composaesatgraws, asad offsitoro relief declines. Ira
practical terms diis mo¿msa noticeablocitango isa tite domisaanttrasasport
processosanddoposits,from debrisavalancitisagto isaertiaflows to turbidity
flows arad to síapoinstability.

Wo suggesttitat faciesassociatiosasisatite Murcia-Carrascoycamparewoll
witit stages2 arad3 of tite ovolutionarymodel describedby Prior& Bomitold
(1990).Titeso fandeltasaredominatedby inertiaflaws, tbat dispersocorso
grave! asadsaradfrom tite fan apex acrosstite underwatercono over steep
siapes.High-densityturbidity currentsaccompanyisaertiaflaws (seoPostma
et a!., 1988) oroding citutes witicit trasasportsarad downslope (Prior &
Bornitold, 1989).

Tito coarsobasalpartarad tite coarsesaisag-upmiddlopart of tite succossion
include titree facies associatiosaswiticit may be isaterprotedas depositsof
gravol citutesplusridgosandswalesfillod witit gravel(associatiasaA), gravol
asadsandysplaysat tite dowsaslopeosadof gravol-filledcitaranels(swales)arad
gullies (associatiosaB) arad titin, isadistinctsplaysof sasadaradfine gravelsira
tite dawsaslopeendof tite ridgo andswalezono(associatiosasC ¿mdD) witb
isolatedgullies fillod witit dopositsof cosafinodinortia flows (Fig. 9). Fine
carbonato-ricitmudstosaesasadmarístonosaccumulatodduringquieterporiods.
Vertical buildup rosultsfram progradationof titesosubonviroramosats.

We did not fisad proof of generalizodin situ slopofailure sucit as slump
scars ¿md slidos. Howevor mucit of tite sodimosatgravity-flows may be
latorally (upslopo) relatedto titesepitenomena.
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Tito proposedmodel explaisastite coarsonisagup trerad of tite middle part
of tite section,but needsmoreexplanatiosata matcit comparisonwitit fjord
models.

As notedbefore,evolutionarymodelsof fjord fasa deltasoxitibit a fisairag
up generaltrondandapragressivesitallowingnp citaracter(Prior & Borsaitold,
1990) becausoof tite pragrossivofilling of tite basin asad tite absenceof
tectonicauy-inducedsubsidence.Titis isnot titecaseisa titeMurcia-Carrascoy
areawherea progradisag,coarsosaing-uptrosadis woll documesated(Fig. 4 arad
8) isa dio lowor panof tite sectiasa.Wetitisak that titis reflectsprogradationof
a fasa delta during a stageof sealevel stability fallowisag tectoraic uplift.
Combinationof uplift and tite lowstandof global cycle TB3.2 producodan
oversizodrelativo sea-levelfail.

Wo assumetitat sovoral positivo oscillatioras of relativo sea-level are
recordedira tite section as citangos of graira size arad sedimentaryfacies.
Usafortusaately,wecouLdnottracetite floodingsurfacosovenaftorcarofulsearcit;
titus,wo cansaotoffer a dotaileddoscriptiosa.Wepropasotitat tite citasagosfrom
conglomoratesto sandstone(ca.metros15 arad 5’?, Fig.4) indicatetite probable
locatianof diesesurfacos.The coarsograinod,lower depositsupon tite basal
unconfansaitymay reprosenta tectanicovesattitat probablyproducoda relativo
lowor-orderfaIl of sealovel ¿mdorosian.Titesolowstandcasaglomeratos(metros
Oto 15,Fig.4) arofollowod upwardsby tite majarprogradingepisaderecordod
astite caarseningup sequenco(metros15 to 57). Titosmallor-scalecaarsenisag-
up megasequosacesovidencoprogradationof gullies arad gravelly ridgos and
swales in proximal steep-slopos.Later progradatiorasof dio fan delta wero
recordedira titesectionaswell (metros57to 95)butosalytite moredistaldeposits
itavebeenroflectedisa titis particulararea(Fig. 8). Mostprobably,tite changos
of faciesassociatiosasrosultfrom smáll-scalofluctuatiosasof sealevel or some
toctonic activity, but we lack a defisaito conclusiosa.Ronewedtransgrossion
forcod tite sitallower envirosamentsfurtitor lasadward¿md tite Tarromonda
marístosaesworedepositodon titenewsitolf-to-slopoenvironmenttitatprograded
upantite formorbasinasadsíopesettings.

As a witolo, titesesdopositsrepresesata titick fisaing up successiosawitich
isacludo tite lowstasadcoarse-graisaedfan delta dopositsof tite Puertade la
Cadena,tite transgressivefasa-doltaslopestudiodira titis papor,aradthe finer
grainodbasin-to-síapeTorromosadomarístanosdepositedduring titeliigitstand.
Tho depositionalsequence(Fig. 2) alsoincludostite storm-workedsitatlow-
water carbonatos(La Virgen calcaronites)titat progradedduring tite lato
itigitstasad.

CONCLUSIONS

We propaseas a first intorprotatiosaof tite SequonceStratigrapity isa tite
Murcia-Casrrascoytite fallowing dopasitianal sequence.Marístasaeswitit
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turbidites and megabreccialayors (La Naveta maristosaes)asad fan-dolta
conglomerates(PuertodelaCadena)corrosposadto dio Iawstasadsystemstract
largely magnifiod by tectoniceffects.

Rapid transgressionand subsidosacouposatite fan-deltaclastic wedges
createdstoepsiopesasaddepositionof tite transgrossivesystemstractstudied
isa titis paper.

Tito overlying Torremendomarístonosrocordprogradationof basin¿md
síapemarinedoposits.During tite lato itigitstand aradtite oarly stagesof sea-
levo] fail, tite sitallow-marineLa Virgen calcaroniteswerodeposited.

Higit-dosasityflows, debrisflows, itigit-density turbidity curresatsaradtite
sottling of fines are tite mosíprominont sedimentaryprocesses.We itavo
distiraguisitodfive facies associatiosasisa tite yollowisit sandstoneswiticit wo
interpretto corresporadto dopositionisa varioussettingsalong a steopbasin
siapo.Coarsesaing-upmogasoquesacesrecordprogradationof gravolly rUge
andswaleandgullies isa praximalstoep-slopefasadeltas.Titis itapponodafter
tectosaicuplift asada major sea-lovelfalí during tite lowstandof global cyclo
TB3.2. Wesuspocttbat floodisagsurfacosrelatedto transgressionexistsiii tite
basalaradcentralpart of tite section.Aftor that,progradatianisavolvedmore
distaldepositstitat probably recordsmall-scalefluctuatiosasof sealevel.

Prosontanaloguesfor titis modo] ,nay be tite fjord fan deltasof British
Columbia.Tite describodfacies associatiosascomparoto stagos2 asad3 of tite
ovolutionarymodol doscribedby Prior & Bornitold (1990).Titesefasa deltas
arodominatedby inortia flows diat dispersecoarsegravel andsasadfrom tite
fan apexacrosstite undorwaterconoovor steepsiopos.Higit-donsityturbidity
currents accompanyinertia flows eroding citutes witich transport sasad
dawsaslope.
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