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ABSTRACT

Ira St. Lloren~ del Munt delta complox, faur dopositional soquoncos
boundedby usaconformitiesitave beon doscribed,witit titeir main systems
tracts.Titey arenamedRellinarssequence,Murasequonco,Manresasoquonce
asadPoramolasequence.Tito sodimosatswhicit cosastitutetite dopositional
sequencesare from doltaic origin, asadtiteir facies associationsitave been
distinguisitedfrom proximally (delta plaisa) to distally (prodelta) for eacit
soquence.Tito deltafront sedimentsof eachsequosacoconsistof distributary
mouthbarscyclesorparasequosacosrangingfromfluvial-daminatodsodiments,
near tite river ¡noutit, to wavo- asadstorm-dominatedanos,basisaward.Isa
pelitic enviranmosats(usuallyprodeltaanddistaldeltafront)titorearoinstability
featuresrosulting fram: (1) difforential weigitt betweensandsand fines of
titesosedimosataryesavironments,(2) tite quantityof finos, arad (3) tito cyclic
bottomweigitt of tite stormwavos.Sucitsedimontaryinstabilitiesaregullios,
listric sedimentaryfaults,mudlurnps,ratationalslides,asadbalisandpillows.
The transgressivesystemstracts of eacit dopositionalsequenceconsistof
carbonatesitelf facies sediisaentodisa aroas arad periodsof low detritical-
siliciclastic sodimont supply. Tite lowstand systemstract of tite Manresa
soquoncocosasistsof greatscaleinstabilitiesassociatedto asubmarinoerosion
(Maestra,1989),aradisadistal aroastite sodimentaryinstabilitiesform type111
turbidites(Mutti, 1985). Titis soquenceitas probably gat a type 1 boundary
(sensuVail, 1987).The otiter sequoncebausadariosaromost likoly of type II
(sensaValí, op.cit.).
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RESUMEN

En el complejodeltaico de St. LlarenQdel Munt se itan descritocuatro
secuenciasdeposicionalesy suscorrespondientescortejossedimentarias.Las
itemosdenominadasocuenciade Rollinars, secuenciado Mura, secuonciade
Manresay secuesaciadePeramola.Las depósitosquelas constituyerasondo
origendoltaico,y cadaunadoestasestáformadadesdeasociacionesdo facies
proximales(llanuradoltaica)itastaasociacionesdo faciesdistalos(prodelta).
Las facies más desarrolladascorrespondena depósitosde frente doltaicoy
estánconstituidaspor barrasde desembocadurado canalesdistributarias,las
cualesse distribuyendesdeel dominiofluvial, cercade la desembocacura,
hastael dominio del oleajey do las tormentas,amedidaquenosalejamosdo
ella. En los ambientesdeposicionalosdefrentedeltaicodistal y deprodelta,
tiene lugar un gran número do inestabilidadessisasodimontariasdebido
principalmentealpesodiferencialdelasarenassobrelaspelitasqueconstituyen
estosambientesdeposicionales,al granpredominiodematerialestisaosy a la
cargacíclica queejercenlas olas do tormentasobreel fosadomarino. Estas
inestabilidadesse presentanesa forma de gu!!ies, de fallas sedimentarias
lístricas,de diapiros fangosos,de deslizamientosratacionalos,y de bolasy
pil!ows. Los cortejostransgresivosde cadasecuonciaestánformadospor
faciesdeplataformacarbonatadadepositadasenáreasy enperiodosdoescaso
aporto do sedimentodetrítico-silicilástico. El cortejo de mar bajo de la
socuenciade Manresaestáformadopar niveles de inestabilidadesa gran
escalarelacionadoscosaunaerosiónsubmarina(Maestro,1989).El limite de
estasocuonciaprobablementeseadetipo 1 (segúnVail, 1987),yaqueenáreas
más distalesestasinestabilidadesdan lugar a turbiditas de tipo III (Mutti,
1985).Las otros límitesdo secuenciaprobablementeseríando tipo II (según
Vail, op.cit.).

Palabrasclave:Complejodeltaico,Secuenciasdoposicianales,Cortejos
sedimentarias,Inestabilidadessedimentarias,Límites de secuencia,Eoceno
media-superior.

RESUM

En el complex deltaic do St. Lloreng del Munt s’itan distingit quatre
seqUénciesdeposicionalsdelimitadospordiscordances,i otsseuscorrosponents
prismessodimontaris.Lesitem denominatseqílénciade Rollinars,seqúénciade
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Mura, seqiiésaciade Manresai soqilénciade Poramola.Els dipésits que los
constitucixon són d’origen deltaic y cada una d’elles está formada des
d‘associaciosasdo faciesproximais(planadeltaica)fins aassociaciasasdo facies
distais(pradelta).Els sodimesatsmésdosenvolupatscorresponona dipésitsde
frantdeltaici estanformatsporbarresdedesembocaduradelscasaalsdistributaris,
ets qualsesdistribueixendo cosatinesatcapa mar, desd’usadomini fluvial fisasa
un daminí do l’accid do les anadesde bon tomps y do les tempostes.En ols
ambientsdoposicionalsdefrantdoltaicdistalide pradeltasolesaocórrerun grasa
nombrod inestabilitatssinsedimontariesdogutal posdiferencialde les sarros
sobrelespolitesqueconstitueixonaquestsambients,a la quantitatdo sedimesats
fisasy a la cárregacíclicaquesobroel farasexerceixenlesonadesdo tempesta.
Aquestesinostabilitatsespresentenesaformadegui!íes,defallessinsedimosatáries
lístriquos,d’illes do fang, do íliscamesatsrotacionalos,y debolesy pi!lows.Els
prismestransgressiusdecadaseqilésaciaostanformatspor faciesdo plataforma
carbanatadadepositadesenároesy períodosdo poc aportde sedimosatsdetrítico-
siliciclástics.El prismademarbaix dela seqilésaciadeManresaestáformatpor
saivolísd’inostabilitatssinsodimesatáriesa grasaescalarolaciosaatsambunaerosió
submarina(Maestro, 1989),ja queen ároesmésdistalsaquestosinestabilitats
donenlloc a turbiditesde tipus III (Mutti, 1985). El límit d’aquestasoqúésacia
probablemesatcorrosponguia unadiscordanciade tipus 1 (segarasVail, 1987).
La restadolímits doscritsprobablemontvanrelacionatsamb]ímits do seqúéncia
de tipus II (sogosasVail, 1987).

Paraulesclau: Camplox doltaic, Soqúénciesdeposicionals,Prismes
sedimontaris,Inestabilitatssedimentaries,Límits de seqiléracia,Eacémitjá-
superior.

GENERAL SETTING

Tito deltaiccomplexof St.Líoreraqdel Musatis locatedisatite South-oastom
sidoof tite CatalanCentralDepression(Nortit-eastersapartof tite Ebrobasisa),
N of tite CatalanCoastalrangos(Fig. 1). During tite Cenozoic,tite Catalasa
basinwastite forelandbasisaof dio surrousadingcitaisas,tite Pyrenoosisa titeN
asadtite CatalanCoastalRangosisa tite 5. During part of tite Paloagesaetite
basisawasconsaectodto tite opon seaisa dio W. It itad alargo gulf sitapowiticit
wasoponto tite isafluosaceof tite Atíantio, ¿mdclosedby dio itigit reliefs. Tite
basinwasfillod witit terrigenaussodimesatswiticit formeddoltaic complexos

Tito CatatanCoastal Rangosaro an orogosaiccitain witit a Paloozoic
basemesatanda Mosozoiccover.Tito Triassicsodimesatsrepresosattite covor
isatite studiodarea.At first, tite rangowasaffoctedby Hercysaiantectaniesasad
aftorwards, durisag tite Paleogeno,by Alpino tectosaicimpulsos. Vertical
basomontfaultsdefinetite dominantfoatures.Titoy aroarientedNEto SWand
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Hg. l.—Generalsketchmapof thePaleogenedepositsin theCatalanregion, indicating tho area
of expositionof St. Lloren~ del Munt deltaiccamplex.

Fig. 1.—Mapaesquemáticogeneraldolosdepósitospaleógenosdelaregióncatalana,indicando

el áreadondeaHorael complejodeltaicode St. Lloren~ del Munt.

ENEto WSW. Titesef’aults areobliquo to tite citain andform anen echeIon
systera(Guimerá,1984),witit astriko-slipsinistorarsinister-reversmovemont
(Anadóneta!., 1979).

During tite PaleoconeandlowerEocenotite Ebro basinwasatoctonically
activemargin.Claselo it alluvial farasworedevolapodduringAlpino tectonics
aradbefaremarineconditioras.During themiddlo-upporrocene,Ihebasinwas
affoctedby animportantmarinetransgrossionwiticit causedtite developmesat
of fandeltas.Tite saurceareaof tite alluvial fansandtite fandeltaswerosited
isa tite Catalanides.Tite Triassic (Muscitolkalk) arad Paleoconecavorsbogan
to beorodedduring tite lowerEoceno,witereasisa tite middle-upperEoceno,
tite erosiosaaffected tite Triassic (Buntsandstein)cover asadtite Paleozoic
basemesat.Tite sodimentationwas conditionod ira tite studiedareaby tite
WNW-ESE (lowerEoceno)or tite NNW-SSEto N-S (middle-upperEoceno)
fault diacitrosaicsystems.
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STRATIGRAPHY

Twa main domaisascan be distinguisitod isa tite margisasof tite Ebro
basin: tite alluvial sedimentsasadtitedoltaic sodiments.Tite alluvial deposits
aresedimentedduring tite lower ¿md tite uppermostPaleogono.Tito deltaic
dopositsare relatedto tite marinedomainof tite basira(middle-upperEoceno)
aradthoyaredescribodisa titis article.Titosodoltaicsedimontsconstitutetitelo-
wer part of a Transgressive-Regressivecycío or a secondorder cycle (TR
cyclesof Vail et al, 1990)Tite upperpartof titis cycle cosasistsof tite upper-
most Eoceno-Oligocenoalluvial facies exposodin tite top of Montserrat
mauntainasadira tite Catalanareasoftite Ebrobasisa.Tite generalsectianoftite
Paleogeneis:

— Paleocene.Farmod by red siltstoraes,witit some sasadstano
asadcongiomoratolayers,asadabundantMicrocodium.Thosedopositsitavo a
itigit carbonatecantosat, isacludisagcalicite nadules, calcareouscrusts asad
lacus-trino-palustrinolimestones.Thesesedimontslíe unconformabloover
tite Meso-zoicsubstratum.At titetopof tite alluvial faciestherois acondonsed
paleosol¡ayersitowing asaimportantsodimentarybroak(Anadón& Marzo,
1986).

— Lower Eoceno. Tite baso of tite lower Eocenosodimoratsin tite
Nortit-oastorn (El Far) and Soutit-western (Igualada) extremos of tite
studiedareais composedof marineAlveolina limestones.Relatedto titese
sodimosats,ira tite St.Llorony del Munt-Mosatsorratarea,tite dopositscan-
sist of continentalredsandstaraesasadmudstosaos.A reddisitusait,formodby
red marís and sandstosaesoverlies tite marino Alveolina limestones,¿md
brechoidalluvial fasasovorlay tite red continentaldoposits latoral lo tite
jimesroraes.Titoso alluvial fasasincludo subaerialolistostromesof Triassic
limestones.

— Middle Eoceno. During tite middie Eocenotite first casaglomerato
fasa deltaic unit is dopositedira Sí.Llaron~del Muní and Montserrataroas.
Titeseareasconsistof twa differeratdopositionalsystems(Fisiter& McGawon,
1967). Tite petralogical cantesatof tite distincí fan deltas is difforosat.
Tito Montserratdepositionalsystomcontaisascobblosof Mosozoiclimostones,
tite St. 1]oreny del Munt depositionalsystomendiosescobbíesof basement
asadlowerTriassic.Reddisitalluvial deposiísconstitutetite proximal part of
tite fandeltas,witilo ira tite marineareasa shallowsitelf sotting is doveloped
frontally.

— Middlo-Upper Eoceno. Tite deposition of tho middle asad
upporconglomoraticfasadoltaic units occursin St. LlorosaG del Munt, far-
ming a titick pradeltaicplatform ayer tite Catalanbasin. isa tite Montse-
rrat area,a massflow fan delta front developodby coarseningup massive
conglomerateassemblyarad its prodeltais indontod witit tite St. Lloreng
ano.
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ST. LLORENC DEL MUNT DELTAIC COMPLEX

As far as St. Lloren9 del Munt deltais concomed,faur stratigrapiticusaits
aredefined(Maestro,1987, 1989)asdepositionalsequencesisa tite sonsoof
Vail (1987). A succossianof proximal deltaic strataasaddistal sitelfal strata
form oacbunit, witicit is bound by unconformitiesisa tite outcropareas.It is
supposodtitat titose baundariesare confarmitiesin tite centralpartsof tite
Catalanbasisa.Accardiragwidi Posamentiereta!. (1988), lowstand systems
tracts(LST) cosasistof delta frorat ¿md prodeltaesavironmesats,transgressivo
systemstracís(TST)cosasistofcalcareousconglomoratesasadcarbonatesitolf
facies, ¿md itigitstand systemstracts (HST) consist of proximal alluvial
deposits,deltafroratandpradeltaenviroramesats.Titesodepositionalsequosaces
(Fig. 2) rangoira agefrom tite upperLutetian to tite middloPriabonian.Tbey
canbeassignedto 3.5,3.6, 4.1 asad4.2 titird ardercyclesof tite Exxon citan
(1-faq eta!., 1987) in basisosa paleosatolagicaldata(Ferrer, 1971). Titoy aro
namodRellinarssequence(alsodefinedaslower fandeltaisa Maestro,1987),
Mura sequence(or middlefandelta),Manresasequonce(or upperfan delta)
¿md Peramolasoquence(studiedanddescribedisatite Olianaarea,ira Maestra,
1989a,asadcomparodisa agewith tite St. Lloren~ del Murat area).Isa eacit
sequoncowe candistiraguisit tite different systemstracís relatedta eustatic
changos.In Maestro(1987),beforetite useoftite systemstractsasadagroeing
ta tite terminalogyof tite epocit (Mitcitum eta!., 1977 ¿md Vail eta!., 1977),
tite uraitsof marinecarbonateswiticit overlietitedoltaiccitasanelsandbars,arad
dio whito carbonateconglomoratesof tite proximal ‘¿roas isa St.Lloron< del
Munt(Fig. 3),itereisacludedisa titetrasasgressivesystemstract,werecomprisod
into tite itigitstand deposits,and tite titosa-boundariesfor oacit sequence
corrosposadto tite maximumflooding surface.

Tite boundingunconformitiesof tite dopositionalsequencesare maisalyof
typo 11 (sensu Vail, 1987), except tite uncouformity that separatosMura
soquesacofrom Manresasequence,witicit is typo 1 limit. The unconformity
corresposadsto tite Bartonian-Priaboniarxboundary(-39.4m.y,sensaHaqetal.,
1987).Greatscaleinstability processescausedtite submarinoerosiontitatcomes
witit titerelativo loworingof tite sealevel aradtitatinducestite destructionof tite
upperpanof tite doltaicsodimentsof Murasequonce(Fig. 2). It is supposedthat
tite eroded depositsgeneratedby titeso processesaro importasateraougit for
buildisagaturbiditicsystomindistalareasof titeCatalanbasin.Nevertite Iosstitis
systomis nat oxposed,altitaugit type III turbidites (Mutti, 1985) itavo beesa
distinguisitedin tite baseof tite Manresasequenco.The otiter depositional
sequencesdescribedshawno signsof submarinoerosion,¿mdtite sedimesatary
instabilities are citiefly rolated to tite basinwardprogradatiosaof dio deltaic
systemsduring tite lowstandand itigitstand systemstracts.Titey areexpased
framproximal(deltaplain)tadistal(distaldeltafrontandprodolta)onvironmesats.
Tito instabilitiesaremoro frequentisa distaldoltaicsettingsasa resultof itaving
a greatproportionof pelitic sediments.
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Rellinars Sequence

Tite first doscribedsoquencoconsistsof proximal deltaic sedimeratsof
coraglomeraticcompasitiosa,sitowing reduced delta frorat asad prodelta,
deposited isa a lagoanalor sitallow sitelf environment. Basinward titoso
dopositsmergo¡satoa site]ffacies.Wititin titis sequoncewecandifferentiate
lowstand(LST), transgressive(TST) arad itigitstand systemstracts(HST).

LST—A badexposedprogradingdoltaiclowormostusaRconsistsof delta
plain crovassecauplots,deltafrontbaddovelopeddistributarymoutit barsand
upperpradoltagreymudstones.Titis lowstasadprogradisagcomploxitas low
thicknossasadis only representodisatite Soutit-westomareaof St.Llorosa9del
Munt, nearReltinars village, beneatittite marinewedgeof tite transgressive
deposits.

TST—Ira tite praximal areasa transgressiveconglomoratounit canbe
distinguished(Fig. 2), showingahigberporcentageof limestonecobbíostitan
tite typical conglomeratosof St. Lloreny del Musat. Tito cosaglomeratesare
bigitly cansolidatedby carbonatocements,witicit are reflectisag isa a white
calaur.Titeseconglomeratesrangosbasinwardto sitelfal carbonatedepasits,
witich are anly madoratelyexposedduo to be coveredby tite uppermast
deltaic units.

HST—ln tite proximal arcas,tite itighstandsystemstract consistsof a
progradationalconglomorateassociation,witicit is woll exposedira St.Llaren9
del Munt area(Fig. 3). It mergosisata reddisit deltaplaira doposits(Fig. 5),
witicit aro praperly developedira tite Eastersaarea. It was depositedin a
íempora]lyfloaded¿mdplant-richclosedbayenvironmenr,witit cosaglomeratic
citannelsarad roddisit sandstonosarad siltstonosof tite intorcitansaelaroas.To
tite N andNW tite cosaglomoratedepositspassinta a progradisagdelta front
canglamoraticdistributmymoutit barsdeposits,andto poaroxposedpradelta
enviroraments.Titase depositsare almost cavoredby tite sedimentsof tite
Mura sequence.

Mura sequence

Titis sequenceis well oxposedisa tite centralandproximal areasof tite St,
Lloreny del Munt ¿md Montserratdeltadepasitionalsystems.Tite lowstand
systemstract (LST) can berecagnizedmainly ira tite Montserratsystom.

LST—In titefrontalarcasof tite Montserratfasawerecognizeapragrading
deltacomposedof caarsoning-upwarddistributarymoutit barcyclos whicit
canform tite delta frosal depositionalenvironrnent. Titese deposits rango
basisawardtoprodeltaicclaystasaes.IsaSt. Llarenydel Muntosalytite prodeltaic
esaviroramentwitit a titick successianof grey mudstosaosarad claystosaesis
exposed.Sucit dopositsrepresesattite lawstandwedgoprogradiragcomplex
(sensuVail, 1987).
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Fig. 4.—.-E-W evolurion of the faciesassocialionsfor tho distinctparasequoncesdislinguished
iii theH.S.T.ofMurasq. a-Muíacrosssectionconsisísmairdyofdeltaplainfaciesa.ssociations,
ascrevasselobos,ovorbankdepositsanddistributarychanneis.b-Racafortcrosssectianconsists
maxnly of distributarychannelasadinterchannelfacies‘¿esociatioras.c- PonídeVilumara cross
sectionconsistsmainlyof distributarymouthbarcycles(channels,fareshorebarsanóshareface
deposits) asid prodeltafaciesassociations(grey shales,thin bedturbidites audanoalgamated
layerswith hummocky cross stratification). Tite H.S.T. consistsof deltaiccoarseningand
thickening upwardcyclewiíh aprogradationaltrerad.

Hg. 4.—Evolución E-W de las asociacionesde facies para las diferentesparasecuencias
distinguidasenel H.S.T.do la secuenciadoMuía,a-UortedeMuía. Predominanlasasaciactones
de faciesdellanuradeltaica(lóbulosdo crevasse,faciesdeoverb’anky canalesdistributarios).
b- Corte de Rocafort.Predominiode las asociacionesde facies de canal distributario y de
intercanal.c- Uortedel PonídeVilumara. Presentaciclas debanasdedesembocaduradecanal
distributario(canales,barrasde foreshorey facies do shoreface)y asociacionesde faciesde
pradelta (pelitasgrises, capasturbidíticas finas y y capasamalgamadascon estratificación
cruzadahummocky). El H.S.T. formaun ciclo deltaicapragradante,estrato-y granocreciente.

TST—In the praximal cosaglomoratioaroasof St. Lloren9 del Munt, a
secoradcarbonateconglomeratic usait is identified, similar to tite witite
canglomeratounit describodfor tite TST of tite Rollinaessequenco.In tite
intermodiatopartsof tite basin,tite TSTcosasistsof mainminarretrogressive,
metrio to decamotric,carbonatomarine cyclos witich can be idontified
overlayiragtite LST. Titis uraitbasisawardintorfisagerswitit coralgalpatcit reefs
growing on tite wedgeof coraglomerates(Fig. 9).
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HST—Tite bigbstandsystemstract in tite proximal areasconsistsof a
progradationalconglomeraticsequence(Fig. 2).Tito N andHEreddisit delta
plain deposits(Figs. 4. 6) dovolop to tite NW sitallowing andcoarsenisagup
distributarymoutit barsequences(Figs.4, 7), witit acanglomeraticbedsotira
tite uppermostpart. Titeso deltaic soquencosmergo into wave- and storm-
reworkoddistal deltaic facies, witit hummocky crassstratification. isa tite
sitoroface environmonts, on-laping reefal limestonesdevelop ayer tite
paleotapograpityof tite moutit bar cyclos. Fine prodeltadoposits built tite
distaldeltaicplatform. Neartite faultedareaof tite Llobregatriver, affocting
tite upperpartoftitepradeltaandtite lowerpartoftitedeltafrontonvironmonts,
we fisad somodoformatianalfeaturessucb as gullios, rotational sudesarad
mudlumps,inducedby differentialwoigitt aradfault mox’oments.Tite HSTof
tite Mura soquenceitas a progradationalbasinwardtrosad.Ira its deltafront
dopositianalosavironmentwo itavedistinguisited,at loast,elevendistributary
moutit barcyclesor parasequences

Manresa sequence

Tite erosivounconformitythat baunóstite Manresasoquosacofrom Mura
soquenceis cloarlymarkedisatite marinoaroasbykilometric sealesedimentary
instabilitiostitat pravotite erosionoccurredisa tite uppermostpail of tite HST
depositsof Murasoquenco(Fig. 11). In titecontinentalareaswo rocognizean
erosivo surface.

Fig. 6—A- Thick tabularcanglorneratebody in betweendeltaplain depasits(redsandstones,
mudstonesandconglamerates),exposedin Rellinars-Castellbellroad,andrepresentingamajar
distributary channel in the delta plain environnient. B- Delta plain depositsin Terrassa-
Navarcíesroad(Morasequence).Red, rhin sandstanebeds(crevassesplaysdepasits)alternate
with red mudstonesof overbankorigin, forming subaerial,partially floadedleveedeposits,
laterally to principal distributary channels.C- Delta plain depositsin the St. Lloren9 Savail-
Ualdors road (Mora soguence).Reddisbcoarse-saridstoneheds hayo erosivo basesand are
aflectedby rootlets.Theyreprosentcrovassodeposits.At top thereisachannelof graveis,with
high erosivobase.‘¡‘bose depositsarerelatedto interdistributaryareasandfonsaarumormouth
bar/cmvassocouplet.
Fig. 6.—A- Cuerpotabularpotontodoconglomeradossituadoentredepósitosdo llanuradeltaica
(areniscas,pelitasy conglomeradosrojos),queafloranenlacarreteradeRellinarsaCastefibelí,
y representanun canal distributario mayoren ambientede llanuradeltaica. 3- Depósitosde
llanuradeltaicain lacarreteradeTerrassaaNavarcíes(secuenciade Muía). Lasfinascapasde
areniscaroja (depósitosde crevassesplays)alternancon pelitas rojas, típicasde zonasde
averbank,fornandopastedodepósitosdeleveosubaéroa,parcialmenteinundada,y laterala los
canalesdistributariosprincipales.U- Depósitosdellanuradeltaicaenla carreteradeSt.Lloren9
SavalI-Calders(secuenciade Mura). Las capasrojas de areniscasgroseraspresentanbases
erosivasyestánafectadasporraices.Representandepósitosdocrovasse.A tochoahoraun canal
de gravascon unabase fuertementeerosiva. En conjunto representandepósitos de aseas
interdistributariasy forman una barra de desembocaduramenor/asociaciónde lóbulos de
cfOV¿5550.
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LST—Tite deepestdepositsidosatifiodisa tite deltaiccomplex,witicit may
be fonsad isa tite LST of Manresasequenco,are grey sitales asadsilts titat
cosataincitannol sitapesandstosaebed sets isatowretodas type III turbiditos
(Mutti, 1985).Thasoslopedopositsrangolandwardtopradeltaanddeltafront
progradingfacies.Titesetypical deltaic faciesitave 10w titickness.Tite total
of diesesodimosatsreprosesatstite lowstandwedgeprogradisagcomplex(Vail,
1987). Tite sedimontaryisastabilities(Fig. 11) aropali of LST asaddistally
titoy producetite type III turbiditos anaporitapsaturbiditie systom.

TST—In tite continentalarcastite TST cosasistsof a titird witite canglo-
moraticunit. Isa tite marineareastwa calcareouswedgesosalappingtite LST
deltaic sedimentscan be identified. isa tite transition from continentalto

Fig.7—Completedistributaryinouthbarcycle arparasequonce(Murasequence)in El Pontde
Vilumara, with tite four deltaic faciesdescribedin tite text. The boundarywith tite provious
parasequenceis faundin te ferruginizedtop of aconglamerate-to-veiycoarse’sandbed(O)
whichropresontsthedistributarychannelfaciesof tite lower deltaiccycle.A- Facies1: thin bed
turbidites,with erosivobase,including faunalfragments,altematingwith grey mudstanes,asad
related to distal shareface.B- Facies2: linsen eawavy etratification level, including grey
mudstones,thin beds witit ripple trains asad thick sandstanebods with hummocky cross
stratification,representingshorefacestonndeposits.U- Facies3: mediumto coarsesandstone
bedsaltcmatingwithmicroconglomerateorvorycoarsesandstonos,witb moderateeahighanglo
crossplanarstratification, typical from foresitoremegaripples.Thefirst sandstonebedshows
pillow structures.D - Facies4: representstite distributary channel.Da- lower distributary:
conglomeratebed(pebbloto microconglomerate)with sasadmatrix,planarto asymptoticalcross
stratiftcation,asadsomewavoripples.Representstite basealto distributary,in storm-reworked
fareshoroenvironment,fanningxnegarippleswith lateralmigration. Db- Iipperdistributary:
thick conglomeratebeds(eabbleto pebble)with trougit crossstratiftcation,typicalframfluvial
processesand, minority, moderatoto high angloplanarcrossstratification,typical from tite
upperforoshoromogaripplos.Tho masIsand te calcareniticdebris (Sh) which overlies tite
conglonieratosform tite basoof anuppermostparasequence.

Fig. 7—Ciclo complotodebarradedesembocadurade distributario(secuenciadoMura)enel
Pont de Vilumara, con las cuatro facies doltaicas descritasen el texto. El límite con la
parasequenciaprecedenteseencuentraenel techoferruginizadodounacapadeconglomerados
y areniscasgroseras(D) que representanlas faciesdo canal distributariodel ciclo inferior. A-
Facies1: capasturbidíticasfizas,conbaseerosivay queincluyefragmentosdefauna,alternando
conpelirasgrises.Pertenecenal shorefacedistal.B- Facies2: nivel dconestratificaciónlinsen-
to-wavy, dondeseincluyenpelitasgrises,capasfinas deareniscaformandotrenesderipples,
y capasde areniscamás potentescon estratificacióncruzadaitummocky, representando
depósitosdetormentade sitoreface.U- Facies3: capasde areniscasmediasagroserasque
alternanconareniscasmuygroserasy microconglamerados,presentandoestratificacióncruzada
planarde ángulomoderadoa alto, típicade los megaripplesdo foreshore.Laprimeracapade
areniscapresentaestructuraspillow. D- Facies 4: representael canal distributario. Da-
distributarioinferior: capade conglomeradoscon matrizdo arenisca,estratificacióncruzada
planaraasintótica,y algunoswaveripples.Representala basedel distriburario,enun ambiente
deforeshoreretrabajadoparlastormentas;dondesoformanmegaripplesconmigraciónl’ateral.
Db- Distributariosuperior:capaspotentesdeconglomeradosconestratificacióncruzadatrough,
típica de procesosfluviales y minoritariamente,estratificacióncruzadaplanar de ángulo
moderadoa alto, típica de los megaripplesdel foreshoresuperior.Las margasy el debris
calcarenftico(Sh) que aparecensobrelos últimos conglomeradosconstituyenla basede una
nuevaparasecuencia.
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marino aroas somepatcit roefs facies are dopasitedoverlaying calcareous
conglomeratebeds.

HST—As isa tite previoussequonco,isa tite praximal areas,tite HST
cansists of a progradatianaltitick conglomeraticsequonce(Fig. 2). Tito
roddishdeltaplain oraviranmentsaresitedin tite NF oftite fan. Tito deltafront
depositscorasistof severalsitallawing. coarsesaingup distributarymoutit bar
sequonces(Figs. Sc, d, e) pragradingovertite Pradeltaenvironments.Reefal

Fig. 8.—A- Facies2 and3 ofadistributarymouthbarsequoncein tl,eMura-Rocafortraed(Mure
sequence).The sandstonoandgravel bedshavetractiveplane-parallellaminations,showing
lateralmigration of tite megaripplos.Vertical burrowsof Ophiomorphaareusual, B- Facies3
of a mouth bar cycle (Mura-Rocafartroad. Mura sequence)C- Complete sequenceof a
distrihutarymouthbarcycle, whichropt’eserusfacies2,3 and4aL top(St.Peeoutcrop.Manresa
sequence)D- Facies2 and3 of adeltaiccycle(St.Pan.Manresasequence)E- Extensivovision
showingtite MW accretionof Che deltaicbars(SL. Pau.Manresasequence)
Fig. 8.—A- Facies2 y 3 de unasecuenciadebarrade desembocadurade distributario en la
carreteraentreMurayRocafart(secuenciadeMura).Lascapasdeareniscaydegravaspresentan
láminastractivasplano-paralelas,observándosela migración lateral de los megaripplos.Son
frecuenteslos buri-ows verticales de Ophiamorpha.B- Facies3 de un ciclo de barrasde
desembocadura(carreteradeMura aRocafort.SecuenciadoMura)C- Secuenciacasicompleta
de un ciclo do barrasdistributariasdo desembocadura,presentandolas facies 2, 3 y 4
(AfloramientodeSt.Pan.SecuenciadeManresa)D- Facies2y 3 de un ciclo deltaico(St.Pau.
Secuenciade Manresa)E- Visión extensamostrandola acreciónhaciael 14W de las barras
deltaicas(St.Pan.SecuenciadeManresa).
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limestosaesor titeir storm destroyedcalcaresaiticequivalesatsedimentsform
titetopmostdepositsoftite HST.Theydepositedwitentite deltaicsedimesatatiosa
wasIowereddueto tite cammutatiosaof titebasinin the studiodarea.In somo
casestbey represesattite late itigitstand systemstract(Vail, 1987).

Peramolasequence

Titis sequence,definedin titeNW Catalanbasin(Otiasaaaroa),is correlated
ta St.Llaresagdel Musatareaisa baseof faraminiferaandnannaplasactandatisag
(Caus, 1971, Ferrer, 1971). It ropresontstite Iatest doltaic depositsisa dio
studiedcomplex,asadit is woll exposedisa tite N area(Navarcles-Calders).At
prosent,onlya roughsubdivisioninto systemstractispossible.Tite sequence
consists isa sitelf margisassystemstract, trasasgrossivesystemstract asad
progradisaglow titicknessitigitst¿mdsystemstract(Fig. 2).

FACIES ASSOCIATIONS

Tite facies associationswill be describedfram maisaproximal to distal
environmentswhoretheyarodepositod.Tbeysupparttite faciesarrangernesat
insideeachdepasitionalsoquenco,indistinctly.

Al!uvial cone

Tite ‘¿fluvial coneconsistsof clast- or matrix-supportedconglomerate
assaciations,witit isaclinedor subitorizosataldispersestratificationasaderosivo
bases.Proximal asaddistal cono faciescarabe distinguisited.

Proximal Cone

Tito proximalcono includesmassivoconglomoratoswith boulders(up to
1 m thick), dispersostratificationasadplanarinternalerasiosasurfaces.Sorne
massivelevols itave no stratificatiora.witit massflow or debrisf’low depasits,
asadlaterallypasstosearcereddisitfloodplaisasasadstonos.Otitorconglomeratie
faciesitavehorizontalto obliquo stratification,with roactivationsurfacesarad
wititout grading. Titey reprosentlongitudinal barswhicb graw accardisagto
tite polarity of tite depasitional system. Tite matrix is coarse sarad to
microconglomerate.Titere are quartz, schists, liditos arad siates cobbles.
suppliedby tite erodedHercynianbasementof tite CatalanCoastalRangos,
aradconglomerate,redsandstones¿md limestosaescobitíestitat itavo aTriassic
aradPaleocenecoverorigisa.Titey reprosesataltogetitertite proximal faciesof
an alluvial fan.



TIte de/taiccomp/exof St. Lloren~delMunt... 91

Distal cone

Massiveconglomeratesdisposedisa sharpbasetabularbadiesinterlayered
witit reddisit mudstasaesandsandstosaesof ovorbankorigisa.Titese doposits
itave abundasatroatlets,paleosoilsare cammasa.Tite conglomoraticbodios
sitowisaga citansaelsitapeitavo low lateral porsistence.Tite stratification is
horizontal, witit imbricatecobblos,represesatinglongitudinal barswitit tite
main polarity of tite alluvial-deltáic systom,higit anglo planaror ablique,
representisagtransversobars,asadisa sornecasestitoro arepoiníbarstructuros.
Somelow scalesandstonebarsorsitootsarefausadbotweesatite conglomeratic
bodies.Tite maisacosaglamerateunitsdeveloptomisaorbraidodtoasaastamasisag
channeislatorally. As a whole, titoy represesata braidedor an anastomosing
fluvio-alluvial system.

Deltaplain

Titreemaisatyposof deltaplaindepasitscanbefourad.Titesedopositsitavo
a lateral continuity fram tite distal cono.

Conglomerate channeis

Tito conglomoratocitarmelsropresosattite minardistributariesisa tite delta
plain. Titey sitow witit greatevidoncea citasanelmorpitology asadtitoy aro
interlayeredwith roddisb mudstosaesasad sandstones.Isa tite channeisit is
passible to distisaguish a finisag upward cyclo of meanderingcitasanol
abasadonment(Fig. 5) constitutedby a Iower usaitof cosaglomorates,witit
sand-matrixandtrougit crossstratificatiosa,associatedwitit longitudinal asad
transversobars,andanupporunitof gravelly sandstosaebarswith trougit cross
stratifieation,indicatisagtite graduallyflow docrease,whenrootletshayono
dostroytite stratificatiosa.Ciraisa-sizodimisaisitesfrom tite centreto titemargins
of titecitasasael.Tite pobitíesarerounded.Higit angloplanarcrassstratificatiosa
arad gravolly point barsaredevelopod.

Major distributarychanneis

Tite major distributarychannels (Fig. 6A) sitow tite samofacies arran-
gemesatof tite massive alluvial cono casaglamoratos,but witit a itigiter
roundnossrato. Titus thoy cosasistof cosaglomoratesdisposed in tabular
bodies.Tite stratificatiasainto tite distributariosis itorizosatal,witit imbricate
cobbles,represosatinglongitudinalbarswiticit roflocttite maisapolarity of tite
systom, but they alsa sitow itigh anglo planar or abliquo stratification,
reprosontingtransversobars.
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Overbank deposits

Titey are formedby interlayerisagof reddisit siltstonesasadsandstones
(Fig. 6B). Titesemassivesasadbeds(up to 20 cm thick) arosedimentodby
turbiditic flows andtiteyitave erosivobases,dispersogradisagandrootlets.Isa
sornecasoswe usadsasadstanobedswitit climbisagripples.

Crevassedepos¡ts

Tite crevassedepositscorasistof coarsegrainedsandstonolayers(up to 70
cm thick) witit erosivobases,gradingand dispersogravels.Tite top of tite
Iayersconsistsof paleosoilswitit mudcracksandraotlots.Durirag periodical
floods cryptalgal lamiraites formed. Some citanneis of tite braidod stylo,
showinga complexintemal goometryarad a long latoral persistence,are tite
semiporpotualcrevassecharaneiswbicit form caarseningand titickening up
crevasselobos,witit dio canglomoraticchanno]at tite top (Ng. 6C). Ira sorno
casesbioturbationhas destioyodah sedimentarystnictures.

Deltafront distributarymouthbars

This esavironmontiracludestite sedimontsdepositedbetweenthe strand
lino arad tite sitorefaco. They are arrasagedira coarsoningand titickening
upwardcyclos of distributarymoutit bars. Wecandistinguisit praximal arad
distal disti-ibutary mouth bars. Proximal moutit bar depositsare mainly
sedimonted ira poriads of fair woatiter rogime due to fluvial arad wave
processes.Distal moutit barsarereworkodby storm waves.Sandsdueto tite
waveinducedcyclic weight in tite marinebottomaroerodedfrom tite delta
frorat (destructivostorm facies, Gabaldón, 1989) asad rosedimoratodira tite
prodelta environment as amalgamatedlayers witit itummocky cross
stratification(constructivostormfacies,Gabaldón,op.cit.).

Tite St.Lloreng deltafrosatcontairasfaur maindeltafront facies arrasaged
in metric to decamotriccaarsesaingupwardsequences(Figs. ‘7, 8). Frombase
to topwe recograize:

Facies 1

Titis facies lies at tite baso of tite delta frasat cyclos. It is formed by
bioturbated,fine grainedtitin bedturbidites,witherosivobase,horizontaland
vertical burrowsaradiracludingfaunalfragments(Ng. 7A). Titosesandstorae
layersaltematewitb grey mudstones.We firad somoproximal storm sand
layers,alineatedpebitielayersasadfaunaldebris.Titeexwironmentofdoposition
is tite sitoreface,witeretite bioturbationis more importasattitan tite rising of
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tite sedimontarystructures.Titasetitin bodslay ayer tite prodeltarnudstonos
or tite sitelf limestonos.Tito baundarybotweosadio sitorefacobeds¿md tito
prodelta/sitelfmudstonoscanbeisa tite fair woatiterwavesbase(Reinock&
Singit, 1972).

Facies 2

Titis faciesis cosastitutodby usadulatisag,mediumgraisaedsandstosaebeds,
witit paralleltractivelaminationsforming wavemogaripples,usasento wavy
stratifiedsandstosaos,titin beds witit ripplo trairasarad thick sandstonebeds
witit iturnmockycrossstratification,witicit areombeddedisa greymudstonos
(Fig. iB, SA, C, D). Tite esavironrnosatsof depositionarotite forositoroandtite
higiter palisof tite sitarefacebaes.Tite mogaripplesmayo to lasadisa tite fair
weatherregimeporiods.Tito bedswitit hummockystratificationreprosesattite
sitorefacostornidoposits.Seaward,titesedepositsareprogressivelyreworkod
by tite starmwaves.

Facies3

Titis facies is compasedof modium to coarsegrainedsasadstosaos,witit
somomicrocosaglameratesasadvory coarsosandstoraebeds.Tite titicksaessof
tite bodsrangofram 20 cm to 1 m, sitowing a moderatoto itigit anglocrass
planarstratificatiosaof forositoremegaripplesandparalloltractivolaminations,
witicit is typical of sitare zonos(Fig. JC, 8). Thesedepositsaro formod of
sodimontsbrougbtby tite river in frontof its mouth.As bappenswitb Facies
2, tite foreshorebarsaro reworkodit>’ storni wavos, seaward.

Facies 4

Facies4 cosasistsof’ cosaglamerateandvery coarsesands,typically with
traugit cross stratification, arrangedisa citannelsitapobods.Channeisma>’
eradotitesandstanobarsof Facies3. Isasornecasesobliquecrossstratification,
witit lasadwardorbasinwardaccretiosa,isdevelopedat tite baseof thecitansael.
Wo candistisaguisitupperdistributar>’ citannelsasadlower distributary anos
(Ng. 70). Tite latter consist of conglomerate beds (pobble to
microconglornorato) witit sand matrix, planar to asymptotical cross
stratification, ¿md some wavo ripplos, witicit reprosent tite baso of tite
distributarycitasarael,in a foresitaroenvironmont,forming mogarippleswitit
lateralmigratiosa.Uppor distributarycitasanolscansistof titick casaglomerate
beds(cobitlo to pobble) witit trougit crassstratificatiosa,typical of fluvial
proeessesasadto lesserextondmoderatoto 11gbangloplanarcrossstratification,
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Fig. 9.—A- Calcareousconglomeratebody of the TST of the Mura sequence.Thecalcareous
contentincreasetowards tIlo top of tl-ie unit. Overlaying the conglomeratesa coralline-algal
patcb reefis exposed.B- Detail of the top of [Ile previouscalcareousconglomeratebody.
Hg. 9.—A- Cuerpodeconglomeradascalcáreosdel TSTdela secuenciadeMura.El contenido
encalcáreaaumentahaciael techodela unidad.Solapandolos conglomeradosexisteun patc/z
reefcoralino’algal.II- Detalledela parlesuperiordel cuerpoconglomerásicoanterior.

.1
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typical of tite upperforesitoromegaripples.Tite titicknessof titesobedsis
stronglyroducedbasinward.Theycanbeintorpretedasbraidedaradmeandering
fluviatilo chasaneiswhicit havefusactiosaedasdeltadistributaries,supplying
sandsasadconglomoratesframtite alluvial conoto tite deltafront.

SHELF

Two main typosof dopositscanbe fausadisa tite sitolf onvirosament:marts
aradJimestosaes.Titosemarísaroargiflaceousor ca]carenitic,asadtheycontesat
ricit faunas(Nummulites,molluscs,ecitinoids,carais,etc),witile titelimestonos
consistsof grainstonesor baundstones(reefsor patcit roofs) (Fig. 9). Titere
is also somecarbonatodebris flow layersthat onlap tite proximal doltaic
sediments.isa titose proximal airascalcarcoasdebris inciudo somepebblos
(Ng. 75it). asadin prodeltaonvirosamorats,tite samelayersitavo a calcarenitic
cosatesat.

Prodelta

Prodeltadepositsareexposedira tite WesternasadNortit-westemarcasof
tite studiodzane.Wo candistisaguisittwa types of deposits(Fig. 10).

— Grey mudstosaes(silts or sitalos), witicit farm tite main prodelta
platform. Titey are fall-out depasits.Some titin bed turbiditos may be
iraterlayerod.

Units of sandstosaebodsdopositedduring majorstonsas,witicit sitow
humniocky cross stratificatian. Tite beds hayo a tractivo parallel or low
undulating laminations,and Iheir thicksaessis up to 40 cm. Tite top of tite
layers sitow curresatripples. Erosivo bases,calcaresaiticlayors can be
isatorboddod.

Tite síapedepositscosasistof titisa bodturbiditessitowing acitannelsitapo
witicit areiraterlayerodwititin greymudstones.TiteyaroisaterpretedastypeIII
turbidites(sensuMutti, 1985).

Dest¿-uc’tivede/tajefeatures

Tito ratosof depositionin titecontinentalsitelf whereSt.Lloresa9del Munt
rivor delta developodwere elevated,witb mucit fine sedimont supplied.
Isacidesatalí>’,gravity induced,subaqueaus,sysadepositionalmassmovemesats
weregesaeratod,asadso,importaratchangostaokplacoira tite deltaicplatfarm.
Tito riversuppliedmudstonosarerapidly dissominatod,buildisagaprodoltaic



96 E. Maestro-Maidea

lo

a
a
a

a

a

o
SN ~ vi m O yo u

Hg. lO.—Parasequenceof Mura soquenceshowingprodeltafaciesassocíatíons.From baseCo
top,it cansistsof calcareousmarí,thin bodturbiditesalternatingwith greyshale.asadaChick body
of arnalgamatedsandstonelayors(nptoSOcm) with hummockycrossstratification.(Marganell
section).

Fig. 1 0—Parasecuenciadela secuenciade Mura mostrandoasociacionesdefaciesdeprodelta.
De basoa techodistinguimos:margascalcáreas,capasturbidíticasfinas entro arcillasgrisesy
finalmenteun cuerpopotentede capasamalgamadasdeareniscacon estratificacióncruzada
ttumtnocky.(Seriede Marganell~.

platform. Titis fast depositianproducesa higit sedimentar>’woigbt of tite
coarsesedimentsaverlayiragsubconsolidated,water-andorganicmattor-ricit
mudstonosof tite prodeltasíape.A greatvolumo of sedimentar>’gasesare
formedfrom tite degradedorganicmatter, witich contributeto increasetite
water poro pressuro. Isa tite offshare areas, multiple winter storms arad
iturricanesaregeneratod,causisagawaveisaducodcyclic weigitt isa tite marine
bottom,which alsocosatributestaincroasetite parepressuro.Tite sedimeratary
processosinvolved isa tite pradoltaplatformaroproducedcosatomporaneously

— ~-
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with tite basementfault movemesatnear tite Llobregat river faultisag area.
Many law scale instabilities, usualí>’ pillaw asadbalI structures,are faund
evorywiterealosagtite marineareas,from tite deltaplain to tite prodelta.

Twadifforentscaleof sedimesataryinstabilitiescanbedistisaguisitedisa tite
doltaic complex of St. Lloreng del Munt. Qn tite ono hand,tite greatscale
instabitity processoswiticit originated tite submarinoorasiosadurisag tite
relativo Iowstandasadinducodtite erosionof tite upperpali of tite preceding
soquonce. On tite otitor hand. minar scalo sedimentar>’ instabilities are
specificallyrelatedtadio pragradatianof tite deltaicsystems.Titey arevisible
from proximal environments(deltaplaira, deltafrant) to distalenviranments
(dista] delta front asadprodelta),where diere is a high propoliion of fines
(Fig.l 1).

Ng. 11 .—Block diagramshowingthe sedimentaryinstabilities(Mura sequence)in front of
Che distributarychannelmouth. a-distributarychannel,b- delta front deposits,c- prodelta
deposits,d- shelldeposits,o- gully of tije Cardonerriver, f- gully lobos,g- niudlurnpsof El
PontdeVilumaraand,h-patchreef.LSTof Murasequenceconsistsmainlyof bandc depasits,
TST,in dandc depositsandHST, in a, b,c andit. TitebaseofManresasequenceis represented
by Che instability erosionalfeatures(e andf).

Hg. II .~Bloque diagramamostrandolas inestabilidadessedimentarias(secuenciade
Mura)frontalesala desembocaduradelcanaldistributario.a-canaldistributaria.b- depósitos
de frente deltaico, c- depósitosde prodelta,d- depósitosde plataforma,e- gully del rio
Cardoner,f- lóbulosdegully, g- mudlumpsde El PantdeVilumaray, h- patcIt reefEl LST
de la secuenciadoMura estáformadoporfaciesb y c, el TST,por faciesc y d,y el HSTpor
faciesa, b, c y h. La basedela secuenciadeManresaestárepresentadaporlos fenómenosde
inestabilidaderosivos(e y f).
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Proximal deltafront

Tite fastdepositionof tite coarsorsodimeratsof titedistributar>’mautitbars
ayer tite pelitic sedimonts,provokestite instability of tite mudstoneswiticit
riso asdiapiric intrusiosas(mudlump)titrougit tite deltaicbodies.Titasepelitic
movementslocalí>’ producegreatsubsidencoisa tite sandstonebars.NearEl
Pont do Vilumara (Mura sequence)titore is an up to 8 m pelitic iratrusion
titrougit a deltaic sandbody,forming a largo pillow (Fig. 12A). Ira tite samo
stratigrapiticlevelusastablemudstonessitow signsof dowrawardsliding, liko
slumpingarad massflows. Tite most usualfeaturesarosmall scalebalis asad
pillows. Tite origin of diesestructuresresultsfrom minar mud intrusiorasin
thelowost palisof tite doltaicbarscombisaedwitit tite sliding of tite sandsayer
tite instabilizing mudstones.Distalí>’ fram tite river mautit, tite delta front
sedimeratscan be affected by small listric faulis retragradingup from tite
upper prodelta. They provoke intraformationalunconformitieswitit¡n tite
doltaic bars.

Someinstabilities can be found isa tite sitallow delta frorat, witere tite
distributary moutit bars aro sitoaled ira bay aroas. Ira titis envirosament,
mudstonesarenot as thick asseawards.Titose snudstonesareautocittonous
ba>’ doposits,aradsorneof titom are river-supplied.Due ta tite little titicknoss
of tite pelitie sediments,tite instabilitios formeditereareless impartant.Tito
prevailisagstructuresare pillows asadbalís,up to 3 m, witicit affecttite wliole
low titicksaessdistributary bar ira tite surroundiragsof Talamancavillage.
Laterally to tite pillaws, ira tite samelevol, tite doltaic sasadbodysitowssigsas
of sitifting ayertite underlayingmudstones.

Distal delta front

In tite Marganell-Castellgalfarea,titore areblocks of saradstonestitat itave
fallen down. Tite>’ are greatdistributar>’ moutit baror distal bar fragments

Hg. 12.—A- Mudluswp:diapiric intrusionof prodeliagreymudstonesin throughadeltaicbody,
El Pantdo Vilumara,showingapillaw shape.B- RotationalperipheralsUde,in MarganelJ

road,formedby akilometrical deltafront blockwhichhasslidedovera listric beddingfault. C-
Gully of the Cardonerriver (railway outcrop).Metric sandstoneblocks(in the right) on the
irregularsurfaceof Che bottomof agully, andposteriorinfilling of Chegully dopressionby grey
mudstonesandthin beddedstormsandlayers.

Fig. 12.—A-Muldlump:intrusión diapírica de pelitas de prodeltaque atraviesanun cuerpo
deltaico,cercadoEl PontdeVilumara,mostrandoformadepillow degrandesdimensiones.B-
Deslizamientorotacionalperiférico, en [a carreterade Marganelí, formado por un bloque
kilométrico dematerialesdefrentedeltaicodeslizadossobreunafalla sedimentarialístrica.C-
Gal/y del río Cardoner(afloramientode la vía del tren). Bloquesmétricosde arenisca(en la
derecha)sobrela superficieirregulardel fondo deun gully, asícomoel rellenoposteriordela
depresióndel gal/y porperlitasgrisesy capasde tempestitas.
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slidedara tite cancavosboddedsitoar planesto tite prodeltamudstones(Fig.
1 2B). Titesoareinterpretedasrotationalfaults isa distalpalisof tite deltafrant
(Colemara,1981).Sometimostitemassmovementsof titeusaderlayisagprodelta
mudstanesare cosatomporasaoouswitit tite delta front slides, isaducedby
intensestormwave action asadby degasingdueto tite itigit organicmatter
contont, isatite small dopressionsof tite distaldelta frasatasadupperprodelta.

Prodelta

Tite mudflow gullies asadtite relateddepositionallobosaretite mostusual
deformationalfeaturesof tite upperprodolta, isa deptits from -7 to -100 m,
extoriding radially from eacitof tite distributaries(Calomasa,1981).

Titero is exposedara irregularblocky bottomitummockydepression,with
sandstoraoblacks up to 7 m (Fig. 12C). lacate botween Castelígalíand
Manresa.Tite gully depressiora,largor titan lOO m, is filled witit thin bedded
stormturbiditesmauldedon tite irregular,steppedbottompaleomorpitalagy.
Titesedopositssitaw intraformationalunconformities.Tite bottomblocks(up
to 1 m) areformedof titin sandstonolayerswiticit usuallyexceedveryfew cm,
intorbeddodwitit mudstanes.Landwardfromtitegulí>’ doprossion,asuccession
of listric, rotationalfaults resulting from retrogressiosaupslape,inforred tite
growtit of tite deprossionasadproducoda stoppedplatform. Basinward,asad
becauseof titedawnslopeemptyingof titegulí>’ depression,citaoticsediments,
like mudflaws,debris flows including metric sasadstaraebalís, slumpsand
slurry flows, occur.Titeyarepanof tite proximalareasof tite gulí>’ lobo.More
distal sedimosaiscansistof mudflows asadmuddydebrisflows witit a citasanel
sitapebasebetweontite prodeltaasadtite síapemudstones.

CONCLUSIONS

isa St. Llorong del Musat delta complox, four depositional sequonces
baundedby usaconformitiositavo boesadoscribod,witit titeir maisasystems
tracts, namely Rellinaessequesace,Mura sequonce,Manresasequonceasad
Peramolasequerace.Tito describeddepositshayomainly adeltaicorigira, arad
titeir facies associatiarasitave beoradistinguisitodfrom proximal to distal ira
eacit sequerace.

Tite deltaic esaviroramesatssitow titree differesatfacies associatiosas:(1)
deltaplain associatians:maisaandminar distributarycitannels,crevassesor
crevasselobos, overbasakarad levee facies; (2) delta frosat assaciatians:
distributar>’ mouth bars, formirag titickerairag, caarseningarad sitallowirag
upwardcycles.Titesebarscanbefluvial-dominatednoartite river moutit,arad
storm and wavo daminatodoffsitare; asad titen tite bars witit planarcross
stratificatiaraare trasasforniedta barswitit itummacky crassstratificatiora.
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Stormreworkisagispresontalso,neartitesitorelino,isadioproximaldistributary
mautli bar. Lastly, (3) prodolta associatioras,witicit isacludos tite finest
deposits,mainly silts andsitales,asadstarmsasadlayers.

Ira politic esavironmosatssedimentar>’instabilities usuallycausefoatures
sucit as gullios. listric sedimentar>’faults,mudlumps,rotatianalsUdes,baUs
asadpillaws. Tito maisafactorscoratrallisagtitis instabilitiosaretite differential
woigitt betwoonsaradsaradfinos, tite quantityof finos, aradtite cyclic bottom
weigitt of tite storm waves.Sedimentar>’isastabilitiosappearfrom tite delta
plainto tite prodelta.but tite mostimpartasatfeaturestakeplacoisa tite doepost
onvironmerats,sucit aspradeltaasaduppersíape.

A majar instability level is foraradira tite bousadaryof Mura aradManresa
sequences,arad is related to tite submarinoerasiosaisa a type 1 soquerace
bauradary(sensuVail, 1987).Tite odierusaconformitiosare describedastype
II baundaries.

Tito sitolf faciesassociationsare restrictedira spacoasadira timo. Isa spaco,
isa areasof low siliciclastic sodimentsupply, at tite baseof many deltaic
parasequesacesordistributarymoutit barcycles,aradira time, relatedmaisal>’ to
transgressivosystemstracts.
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