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ABS’ERAC’E

A tr¿msgrossivesystemtrack is dovolopodon tite Ria of Muros (Galicia,
Spain>durisagtite Holocenosea-levelrisoisa titeIast18.000years. ‘Elio intemal
structnreof titis sysíemitasboenstudiodby meansof itigh rosolutionseismic
sectiosas.Wcrecognizeasequonceboginningwitit aseismiounircitaracterized
by acitannolizedgeornotryof tite roflectors¿mdstrongorosionof titeacoustic
basement.UponUds, a transgressivesystemtrack is developodwithin whicb
wo recognisosovonprogradationalbodies soparatedby small discontinuity
surfaces.Titose sedimontarybodiesarocomposedby parallel, sigmoid ¿md
oblique progradingclinoform seisrnicreflection patterns.

Tito goometryandsoismiefaciesrolatiorasof titosebodiesleadto interprot
titern as fan-deltadopositionalsystemsdeyelopodon tite flanks of tite Ria
during still-standsof sea-levelin a transgressiverogimo. The titreo typesof
progradingclinofonsasobservedarearrangedinto a soquesacerelated to tite
tncroaseof wator-deptit by marine flooding of tite Ria. In ritis sonso,we
suggesttbat tite sea-lovolriso incroaserato in a Ria type morpitology is tite
mostimportantfactortitat controlstite typoof progradingclinoforms duetitat
modify factorssuchasbasindeptit, salinity rango,waveonergyandocoanic
eurrontsinputwidiin tite Ria.

Key words: Rias, Fan-delta,Holoceno, Sea-Level,Roflection-seismic,
progradingclinoforms.
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RESUMEN

En la Ría de Muros (Galicia, España)se desarrolladuranteel ascenso
Holocenodel nivel del mar (correspondientea los últimos 18.OCOaños)un
importante cortejo sedimentariotransgresivo. La estructura interna de
estesistemaita sidoestudiadamedianteperfilesdesísmicado altaresolución
(Uniboom 3C0 J). La secuonciacomienzacon una unidad sísmicacarac-
terizadapor reflectoresacanaladosquepresentaensubaseunafuerteerosión
del basamentoacústico.Sobreestaunidadsedesarrollaelconejosedimentario
en el cual itan sido distinguidoshastasiete clinoformasprogradantossepa-
radaspor discontinuidadesy cuyaestructurainternaestácompuestado tres
tipos de reflectoresprogradantes:paralelos.sigmoidesy oblicuos.

La geometríay relacionesentro las facies sísmicasde estoscuerposnos
lleva a interpretarloscomo sistemasde abanicosdeltaicos («fan-deltas»)
desarrolladosa favordelosflancosdo la Riaduranteparadasdelnivel del mar
acaecidasen la transgresiónHolocena. Los tres tipos do clinoformas
progradantesobservadaspuedenserasociadasconunasecuenciadoincremento
do profundidaddentrodela Ria, debidoa la progresivainundaciónporaguas
del Atlántico. En el presentotrabajose sugieroqueel gradode ascensodel
nivel del mar es el factor de mayor importanciapara controlar el tipo de
abanico doltaico desarrollado,ya que de él dependenvariables como
profundidaddela cuenca,salinidad,energíadel oleaje,y entradadecorrientes
oceánicasen el interior de la Ria.

Palabrasclave: Rías, Abanicosdoltaicos, Holoceno, Nivel del mar,
Sísmicade altaresnínción,clinoformasprogradantes.

IN’ERODUC’EION

‘Eite Ria of Muros (Fig. 1), from a morpitotectoniepoint of view, is
enclosedwithin tite term«Rias»whichconstitutea weB definodtypeof eoast.
Tite origin andevolutionof tite Riasitavobeenstudiodandreponedelsewitero
(Pannerikoek,1966; Naun, 1966;Vidal Romaní, 1981) Tite Rias pTobably
itave a toctonic origin along N-S structuresparallol to tite ancientAtl¿mtic
rifting, which gayeriso to a strong fluvial erosion in NE-SW direction.
Alternatively, Rias originated from only eustaticsea-levolchangosduo to
valloy incisioras.Rey (199C) proposeda naixod model basedon moderato
movemenis of N-S listric faulís during Mio-Plioceno as a rosult of tite
ovolution of tite «passivoAtlantic margin» witich would give riso to the
progressivodisplacemenílandwardsof llio ltighstand system-tracklimits
from Pliocenoto Quatornary.

At prosont,tite itydraulic of Ria of Muros is characterizedby mosotidal
estuarinetype circulation in tite intemal areasand by a clear asymmotric
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Fig. 1—PleistocenoandHolocenomarphodynamicfeaturesof theRia of Murosandsituation
of seismicprofilesshowedin the figures2 and3. Thefluvial palaea-channelsaresituatedmainly
alongthe central axis of the ria whoreastho fan-deltabodiesare developedan the flanks.
Fig. 1.—Rasgosrnorfodinámicosde la Ría de Muros y situación de los perfiles sísmicos
mostradosen las figuras2 y 3.Los paleocanalesfluvialessesitúanprincipalmentealolargodel
ejecentral de la ría mientrasque los fandeltassodesarrollanen los flancos.

penotrationof oceanic wator mass inward along tite Soutit border arad
outwardsalong tite Nortit border.Titis circulation is clearly reflectodby tite
formationof big sandwavesorientodin titeontrancedirectionof dieseocoaníc
currentsof generalcitaracter(fig. 1).

Severalexamplesof fan-deltasoccurrencoitavebeendoscribodinaRiaor
Fjord typemorpitology, in tite PliocenoModiterranean(Clauzon& Rubino,
1990)andin tite HolocenoPacific coast(Prior & Bornitold, 199C).Tite main
foaturois titat tite basinmorpitology preexiststo tite marineflooding ¿md is
poorly modified by toctonics.Ira tite sameway, tite fan-deltaarcititectureis
rolatedwitit eustaticcontrol ratitertitantectonics.Tito main aim of titis work
is to araalyzetite geometry and seismic facies of Holoceno uradorwater
progradingbodies in a Ria morpitology of tite Atlantic Ocoancoast,andits
rolationwitit eustaticcontrol. In titis sonso,itigit resolutionseismicsallows a
verygooddefinitioraof tite internalstructures¿mdinternalgoometryof partly
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lititifiod deposits.Tite itigit rosolutionseismicprofilos usedhayobeeramado
witit Uniboomsystem(300 J) (Herranz& Acosta, 1984) in sovoralsurvoys
carriedout by tite Instituto Españolde Ocoanografia.

SEISMICUNI’ES

Titreomain seismícunitsbasodon dio itigit rosolutionrocordsitavo beon
proposedby Acostaarad Herranz(1984)wititin tite Ria of Muros:

(i) Art acousticbasemontrepresentstite basalunit, bolow witicit coiterent
refloctiorascouldnotbedetectedwitit tite itigit resolutionseismicsystom.Wo
infor that tite basemontis constitutedby rnaterialsof the iterzinic basoment.
Its seismic citaracter correspondsto a strorag ¿md coratinnausreflexion
sitowing a stroragly erosivoirregulartype surfaco.

(u) A Pleistocenounit forrns tite lower set of Quaternarysoquerace.
citaracterizedby seismiefaciesof complox andchaotic filling types(fig. 2).
Titis unit is iratorpretedas a citannelizedfluvial soqueracewitose disposition
coincideswitit tite presontloragitudinalaxis of tite Ria (fig. 1). A generalized
erosionsurfacecuts tite reflectorsat tite top of titis urait.

(iii) A Holocenosectionoverliosdio Pleistocenocitannol depositsand, ira
tnrn, is covoredby a titin Iayer of recentestuarinemuds.Twa main typos of
soísmicfaciesintermsofintomalreflectionpattomsaredifforentiatedwititin diis
unit, itaving difforent spatialdistribution in dio Ria. Tite first typo of seismic
faciespreseratparallolto sub-paralleliraternalroflectiorapattornsasadisdoveloped
in tite centralpanof tite Ria. Titosecoradseismicfaciesitasobliquo¿mdsigmoid
intemal rofloction pattemswitit itigit continuity asadgivo riso to progradirag
clinoformswitit a well differentiatedmorpitologywititin tite Ria (fig. 1).

PROGRADINGCLLNOFORMS,GEOMETRY AND SEISMIC REFLECTION
PAYI?ERNS

Tito detailod analysisof tite Holocenocomplex (fig. 2 and3) sitowsan
arcititecturecomposedof, at loast,severaprogradiragclinoforms separatodby
sligitt discontinuities.Titree differont types of internal reflection pattems
sitow titis system:

(i) parallel progradationalarraragements,titat presontSí ¿mdS2 bodies
(Fig. 2 ¿md3) overlayingcitaoticaradfilling seismicfaciesunits.Tite titickness
of-these-botiiesis abeulfour tate~ers(Si) awi eight rlleters(52). At ihe top of
S2 a strong subitorizontalreflectorcut tite intemal parallelconfigurationof
titesebodies.

(u) sigmoid configuratiorasoccur mainly in tite S3 arad 54 bodies
downlappingtito lastortos. Tite titicknessreacites15 metersira tite S4body.
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A progressivestepto oblique configurationscanbeobservodfrom S4 to 55
body.

(iii) obliqueconfigura¡ionsconstitutetiteinternalreflectionpatternsoftite
55 and S6 bodies. Titese represonttite major progradingclinoform of tite
systom,roacitingatiticknessof 25 meters.Onooftite mostimportantfoaturos
of titis type is titat tite reflectivedepositionalsurfaceis steepertitantite otiter
configuratiosas.

SEISMICFACIES ANt) DEPOSITIONAL ENVIRONMENT

Tite progradirag elinoforrns corafiguratiorasare formed trougit progre-
ssivedovolopmentof depositionalsurfacestitat síapofrom a gentíodipping,
rolatively sitallow waterareainto deeporwator.Titus titereflectioncharacter
and geometryof dieseprogradingbodiesareusedto infer tite depositional
enví-ronmerat.Eacit progradingbody can be divided into upper zones
representingtite topsot, well developedon tite sigmoide configurations,
middlezonesassumodasforosetasadtIte lowerzonesasbottomset.In titis way
eacitprogradingseismioclinoform refloctsasedimentarybodyof continental
origin titat intrude into tite wator ¿mdprogradefrom sitallow wator to deep
water calling it «fan-deha»(Nemec, 1990).

Titorofore, taking into account die relation between soismic citaracter
asadenvironmentaliratorpretation,a approacitto tite fan-deltafacies isa a Ria
environmentcanbe drawn.Tito subaqucausproximal facies of tite fan-delta
would be reprosontedby parallel-subitorizontalreflectorsof higit roflectivity
observedisa dio sigmoideprogradingclinoforms. Ris seismic citaracteris
associatedto itigh energyandnon-channelizeddeposits.Tite foresetdoposits
arearepresesatedby itigit frequencyreflectorsarrasagedinto soquencesof higit
aradlow reflectivity.TI’iis isspociallycloarin tite obliqileprogradisagclinoforms
(S6) (Fig. 2 ¿md 3). Titis seemsto bedueto periodsof coarse-grainodsupply
(itigit refloctivity) intercalatedwitit fino-grainedsodirnontatiora(low-refloctivity).

Tito distalzane(bottomset)of thedeltawouldberoprosentedby twa typos
of facies:

(1) Lenticular confíguratioraswilit highreflectivity locatedat tho baseof
tite tite progradingclinoforms titat conid be interprotedas rnedium-coarse
graisaedresodimontatiosalobosof tite fan-deltafront or, as latera]suppliesof
tite Ria.

(u) Subitorizontalaraditigit frequencyreflectorssituatodin tite contra]pan
oftite Riaaroiraterprotedasfine-grainoddistalfacies.Tite roflectioracitaracter
ira tite dista]areasof tite fan-deltasbodiessitow synsedimentarydeformation
andacousticmasking,an iradicatioraof itigit contentin gas (Acosta,1982).
Titose deformations(fig. 4) hayobeeninterpTetedasupwardsmovemonisof
tite gas contaisaedin tite sedimentdue to rapid increaseof tite load by
rodepositionallobos.
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Fig. 4.—Schematicrepresontationof a simplefan-doltabody anditscharacteristicsdistalfacies
duetogasescapewith overlappingof redepositianallobos.
Fig. 4.—Representaciónesquemáticade un cuerposimple de fan delta y susfaciesdistales
característicasdebidoa escapedo gasescon solapamientode lóbulos redeposicionales.

SEA LEVEL FLUCTUATIONS ANO PROGRADINGCLINOFORMTYPES

Tite Holocenodopositionalsequonceis interpretodto be tite result of a
generalriso of sealevel witicit produceda citangeisa tite itydrodynamic
conditiosaswititin tite Riasby progressivefloodingof Atlaratic oceaniowater.
Tite fillirag of tite fluvial citanneismarks tite startof sealevol riso after it
roachedtite lowostpointof falíing. After tite initial incursionof marinewater
¿mddepositionof citannelful, a intermediatopitaseof flooding wasreacited
in witicit tite Ria was asemi-onclosedonvironmentwititout groatinflueraco
of titestrongocoaniccurronts.Thisprotectedconditionallowedtite progradatiort
of marginalfara-deltabodiestowardstite coratorlino of tite Riadueto tite low
onergyof tite environmesal.Titecomplexarchitectureof titis marginalsystesai
is intorpretedas a transgrossivesystom track witere tite fmi-delta bodies
dovelopedduring stillstandsof tite sealevo].

Takinginto accountasdaíumtite inflexion oftite upperpanof tite sigmoid
andobliqueprogradingclinoformsof eachbody,aradadjnstingitsdeptitto tite
generalcurvoof titetresadof sealevelriso isa tite Holoceno(Mornor, 1987),wo
spoculativelycorrolatetite devoloprneratof fan-deltaunitstostillstandsof sea-
lovel (fig. 5).Titus wesuggestsmall poriodsof progradationcoincidentwitit
a stillstand of tite sea-levelduring a transgressivetrend.

CONCLUSIONSANO DISCUSSION

Tite examploof tite ¡(ja ofMurosshowsa modo] of atransgressivosystom
track (Van Wagonorel a!. 1988), obsorvedon tite itigit resolutionseismic

SEA LEVEL

® REDEPOSITIONAL LOSE

® SEOIMENT THAP

© SOFT SEDtMENT DEFORMATION

® SEDIMENT DLSPLACEMENT

© GAS ESCAPE AREA

GAS LEVELS
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Fig. 5.—AtlanticHolocenosea-levelcurve(Mamer,1987) usedto fit the“stillstand” relatedto
tho progradationof the fan-deltabodies.
Fig. 5.—Curvade cambiosdenivel del marholocenos(Mornor, 1987)utilizadapararelacionar
los altos relativoscon la pragradaciónde los cuernosdo fan delta.

records(fig. 6), dueto tite Holocenosea-levelriso in tho last 18.000years.
Severalprogradingbodies along tite flanks of tite Ria itave boendefined
wititin tite transgressivesequence.

Titree types of progradingcliraoforms ira torms of soismic refloction
pattemsitave beenconsidoratod(parallel, sigmoidandoblique) titat canbe
relatodto deltavariability (Postma,1990)(fig. 7) deperadingosatite deptit.Tite
parallel progradingctinoforms are associatedto sitoaí-waterdeltaprofiles
wborebed-loadtranspondominate.Tito sigmoid patternoccur witit itigiter
deptit ratosandcanberolatedto «Gilbert-Typo»fandeltaprofileswitb more
important itomopycnal eonditions. In tite sameway, oblique prograding
cliraofonnswiticit itave steeperslipfaco are related to delta-fedsubmarino

SEDIMENTS
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Fig.7.—Evolutionof progradingclinoforntpattemsin thetransgressivesystemstrackof thofha
of Murasandits relationwith deltatype variability (Pastma,1990)dopendingon thedepthratia.
Fig. 7.—Evoluciónde la tipos clinoformasprogradantesen el cortejode sistemasde facies
progradantesde la RíadeMurosy surelaciónconla variabilidadde los tipos dedeltas(Postma
1990) dependiendode la relación de profundidad.

ramp system(fig. 7) witit lobo systemdovolopodby sedimontby-passing
procossesrosult of dolta-front failuro or ityperpycnal offluont (Prior &
Bornitold, 1988).

Wo suggesttitat tite progradingclinoformstypes obsorvodin tite Riaare
coratrollodmainly by tite sea-levelincroasingrato during a transgressivetrend.
Tho sea-levelrisositouldmodifyimportantfactorswidiin aRiatypemorpitology
sucit as tite frositwater-saltwater mixod rato, wavo asadoce¿míccurrontsiraput
arad tidal r¿mge.Titereforetite progressivefloodingof tite Riacitangodio type
of progradingclinoforms¿mdcontrolstite basin deptb,salinity rato, asadwavo
onergy. Eacit body is built up during stillst¿mdsor inflexiosasof tite sea-level
trosad.Ira anon-toctonicalcoasttite accommodationor creationof spacofor tite
sedimontationasadtitebasindeptitoralydependantitesea-levolrisoincreaserato
botween«stillstand»poriods(Posameratier& Vail, 1988).
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