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ABSTRACT

TIte Villanueva Complexis a lacustrinefan-deltasystem,dominatedby
debris and streamflows, which developedalong a nortItem, extensional
marginof tIte Guadixbasin (Betic Cordilleras,5. Spain).Two main zones
exist: 1) a subaerialzonecItaracterizedby massiveconglomeratesdeposited
¡n an alluvial fan, and 2) a subaqueouszoneon whicIt fine sedimentation
(marisandcalcilutites)predominates,interspersedwitbbedsof conglomerates
with different tIticknessandgeometry.

TItis secondzonecanbe furtherdivided into two sub-zonesof different
depths(mudflat asid lacustrine)relatedby lateral cItangesin tIte facies.The
recognizablestratigrapIticsequences,whicIt areof decametrictItickness,botIt
tItickenaudcoarsenupwards.Thesesequencesshow a gradualevolutionin
geometryandthicknessof congíomeraticbodiesrelatedtoa rising baselevel.
On a larger seale, tIte wItole sequencesItows a clear tItinning and fining-
upwardtendencyasaresultof retrogradationduring tIte tItreemainpItasesof
tIte fan delta’s construction.This situation bearswitness to tIte nortIterly
displacementof tIte lacustrineareasdue to tIte progradationin tIte same
directionof tIte alluvial conesassociatedwitIt tIte drainageof tIte relief attIte
soutItem margin.

CuadernasdeGeologíaIbéricaNS 15, 299-317.Madrid, 1991.
Edit. UniversidadComplutense.
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RESUMEN

El Complejo de Villanueva constituyeun sistemade abanico deltaico
lacustredominadoporprocesosdedebris-flowy stream-fiaw,desarrolladoen
relaciónconun margendecuencadetipo extensional.Sediferenciaunazona
subadrearepresentadaporconglomeradosmasivosdepositadosenun ambiente
deabanicoaluvial y unazonasubacuática,conpredominiodesedimentación
fina (margasy calcilutitas)en la quese intercalanbancosde conglomerados
de espesory geometríavariable y en la quesediferencianen función de su
profundidad, dos subambientes(l!anura lutítica y lacustre) relacionados
mediantecambioslateralesdefacies.Desdeel puntodevistaestratigráficose
reconocensecuenciasdeordendecamétrico,estratoy grano-crecientes,enlas
queseapreciaunaevolucióngradualenel espesory geometríadelos cuerpos
conglomeráticosen relaciónconun ascensodel nivel de base.A una escala
mayor, la sucesiónmuestraunaclara tendenciaestratoy granodecreciente
resultadodel comportamientoretrogradantede las tresprincipalesfasesde
construccióndel abanico deltaico. Esta situación es consecuenciadel
desplazamientodelasáreaslacustresItaciael nortedebidoa la progradacién,
enestesentido,delosconosrelacionadosconlos drenajesdelosrelievesdel
bordesur de la cuenca.

Palabrasclave: abanico deltaico lacustre, secuencias,geometríade
cuerpossedimentarios,oscilacionesdel nivel de base.

INTRODUCTION

TIte Guadix basin is located in the central part of tIte Betic
Cordilleras (Fig.1). It lies along the contact betweenthe SoutIt Iberian

by
animportantfault line (tIte Cádiz-Alicantefault zone)wItich crossestIte Betic
orogenfrom tIte Atíantieto theMediterranean.Bothfaults trendN60-’70Eaud
must Itaveplayed an importantrole in tIte basin’s early development.TIte
ItigItly activeNW-SE asid NE-SW fault lisies wereprobablyresponsiblefor
tItephysiographicalcItangeswItich affectedtIte extentandtItestructureof the
Pliocene-Pleistocenebasincomparedto tIte Miocenebasin(Fernándezeta!.,
1991).

TIte basementof tItebasinconsiststowardstIte NW of sedimentaryrocks
belongingto tIteExternalZone(SouthIberianpalaeomargin)asid,towardsthe
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Fig. 1 —GeologicalscttirtgoftheGuadixBasinandte locationof thestudyarea‘u thecontext
of te Betic Cordilleras.
Fig. 1 —SituacióngeológicadelaCuencadeGuadixy localizacióngeológicadeláreadeestudio
enel contextodelas CordillerasBéticas.

SE, of metamorpIticrocksbelonging to the Internal Zone
1).

Ihe basin-filí consistsof a Tortonian (lateMiocene) lower marineunit
separatedfrom a Pliocene-Pleistocenecontinental ensemble by an
unconformity indicating anerosionstagealong tIte marginsandsItallows of
tIte basin.

TIte Pliocenebasin is clearly asymmetrical,witIt a tectonically active
northernmarginauda lessactivesoutItemmargin.Its axis rnnscloseto the
nortbernborderwheretIte lacustrineareas,tIte basin’s longitudinaldrainage
system,andtItemainuneof tectonieactivity coincide(Ng. 1) (Viseras,1991).
Transversealluvial systemswitIt tIteir baseleve] in tIte lacustrine area
developedin relationto tIte phasesof relief creationandtIte reactivationof
drainagesystems.TIte trausversesystemsfrom tIte north gayerisc to fan
deltas,while the southerlyones(ongentíersiopesandwitIt ahigItersediment
suppty/subsidenceratio) produced fluvial systemswhicIt systematically
oscillated laterally, creating large eones (Viseras & Fernández,1989;

LII
TRANSVERSE SYSTEM

~jLONO!TUDINAL SYSTEM
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Fernández,Soria & Viseras, 1989; Fernández,Viseras & Bluck, 1989;
Viseras,Fernández& Bluck, in press).

The fan-deltasystemdescribedherewasfedwith MesozoicandTertiary
basementmaterial found at tIte nortIternmargin of the basin. It cropsout
extensivelyon bothsidesof tIte river Fardes(Fig. 1), nearVillanuevadelas
Torres,for whichreasonweItaveinformally calledit tIte VillanuevaComplex
or VillanuevaConglomerate.Thispaperconcentrateson theeffect of Lake-
level oscillationson sedimentrecycling processes,on tIte geometryof tIte
alluvial sedimentarybodies andon tIte resultantsedimentarysequences.

FACIES ANALYSIS

The Villanueva lacustrinefan-deltacomplex,dominatedby debris and
streamflows, developedalong a clearly extensionalmargin of the Guadix
basin. TIte predepositionaltopograpIty is tItat of a shelf-type fan delta

& Wescott, 1984) cItaracterisedby the accumulationof large
quantitiesof materialon aplatform, tIte extensivedevelopmentof delta-front
deposits,andmarkedcyclic episodesin tIte stratigrapItic record.In tItis case
tIte fan-deltasedimentsdid siot accumulateon a marineplatform,however,
but ratheron a marginof tIte basinwitIt a relativelyfiat topography(tItougIt
affected by a number of extensional faults) connectedto a lake. This
circumstanceItas produceda stratigraphycharacterizedby very extensive
lateralfaciescItanges.

TIte focal points of sedimentintake, in conjunetionwitIt tIte effects of
differentialsubsidencein thebasin,deterrninedtIte existenceanddistribution
of tIte varioussub-environments(Fig. 2).

ALLU VIAL FAN DEPOSITS

TIte subaerialproximal facies of tIte fan delta are included under tbis
Iteading.TItey form a unit at tIte marginof tIte basinandhe unconformably
eitheron Mesozoicmaterialfrom tIte Subbeticrealm(ExternalZone)or on
Miocenemarinematerials.TIte unit is some70 m tItick andis composedof
massiveconglomerateswIticIt, furtIter from tIteedgeof tIte basin,incorporate
fmer sedimentssucItas lutites andcalcilutites.TItis zoneis subdividedinto
apexandmedial facies.

Ápex facies TIteseextremelylocalizedfacies he unconformablyon tIte
Subbeticbasement.TIte succession(Fig. 3) is composedof some40 m of
coarseconglomerateswitIt boulder-sizedclasts in wItich two parts can be
distinguished. TIte lower zone (21 m thick) is composedof cItaotic
conglomerateswith agrain sizeof around30 cm, a relatively abundantfine
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Fig.2.—Differentiationof sedimentaryenvironmentsin the Villanueva lacustrinefan-delta
complex.

Fig. 2—Diferenciaciónde ambientessedimentariosen el complejode fan delta lacustrede
Villanueva.

rnatrix, matrix-supportedfabric,audsomeblockstowardsthetop with a size
of sorne1.50m. TbesecItaracteristicspoint towardsasedimentgravity flow
(Middleton & Hampton, 1973) of tIte relatively cohesivedebrisflow type
(Lowe, 1982).

TIte upper zone contaisisboulder-sizedclasts, wIticIt are nevertheless
smallertItan tItosein tIte lowerzone.In spiteof a ratherIow level of internal
organization.thefollowing may bedistinguisIted:a)Bedsof clast-supported
conglomeratesorganizedin upward-coarseningsequenceswitIt tIte larger
clasts arrangedin the form of trasisverseclast dams. This would suggest
stream-flow depositson relatively stcep slopesin proximal areas(Bluck,
1987). b) Massive matrix-supportedclast conglomerateswith the largest
clastsprojectingaboyeÉhe top. Theseare theresultof fairly cohesivedebris-
flow deposits.c) Layersof open-workgravelresulting from tIte wasItingout
of thematrixof tIte debris-flowdepositsby flows of clearwater(Nemeeeta!.,
1984).

TIte successionas a wItole representsa fining- and tItinning-upward
megasequencein wItich particlesizedirninishestowardsthetopinconjunetion
with moreintemalorganization.Thesequenceiscomposedof two parts.TIte
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Fig. 3.—Verticalprofile of thesubaerialalluvial fan (apexfacies).Thecoarserlower partwith
amatrix-supportedfabriccorrespondsto debris-flowdeposits.Thefiner upperpart,with matrix-
supported,clast-supported,andopen-workfabricscorrespondsto debrisandstreamflows.

Fig. 3.—Perfil verticaldel abanicoaluvial subadreo(faciesapical).La parteinferior de grano
másgruesoconunafábricamatriz-soportadacorrespondeadepósitosdeflujos dederrubios.La
partesuperiormás fina con fábricassoportadaspor la matriz, por los cantoso sin matriz
correspondeaflujos de derrubiosy decorrientes.

lower one(from Oto21m)is coarser,matrix-supportedandcausedby viscous
flows. Tbeupperonehasfiner grainswith moreorganisedintemal structure.
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Evidencein tIte upperzoneof matrix-supported,clast-supported,andopen-
work gravel indicatestItat it was depositedas mucIt by debris flows as by
turbulent streamflows. The fact tItat tIte megasequencefines upwardmay
indicatetwo retrogressiveepisodesduring tIte formationof tIte fan, theupper
onebeingmore distalthan the lower.

Medial facies: TIte medial fan depositsare composedof beds of
conglomerateswith centimeter-tItickintercalationsof fine sedimentswIticIt
are greyishtowardtIte bottom asid red toward the top. TIte conglomerates,
witIt boulder-sizedcíasts,arearrangedin amalgamatedlayersseveralmeters
tItick (Fig. 4). Morphologically, someof theselayers represenílobes aud
otIters tIte filling in of zonesbetweenlobes(channels).

TIte lobesareabout4 m thick on average,asidcItaracteristicallycoarsen
upwards, with upward-tItickeningof tIte componentsunits. TIte top has
locally preservedalayerof clay some10-30cmthick. TIte fabrie varíesfrom
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Fig. 4.—Mid-fan deposits(subaerial).Lobes and interlobearcasare the main morphologic
systems.Their faciesanésequencesareshown.Someinterlobeareasbehaveaschannels.‘me
sketchcorrespondsto an outcrop.Thesituation coincideswith column 2, figures8 and9.

Fig.4.—Depósitosdeabanicomedio(subaéreo).Los principalessistemasmorfológicossonlas
áreasdelóbuloe interlóbulo,cuyasfaciesy secuenciassemuestran.Algunasáreasinterlóbulo
se comportancomo canales.Los esquemascorrespondena un afloramiento.La situación
coincideconla columna2, figuras8 y 9.
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cíastto matrix-supported.A closelook at tIte sequencesof componentsunits
makesit clearthat the upward-coarseningsequencesoften end in a layerof
open-work gravel, a consequenceof washing. FurtItermore,someof the
sequencesfirst coarsenupwarddueto a shearingeffect, thenfine upwardas
aresultof adecliningphasein tIte waterflow. Othersequences,Itowever,first
fine upward asid tIten coarsenupward, with tIte intermediate pItase
correspondingto aperiodof lesserturbulencein tIte water flow (Nemec&
Steel, 1984).

To sum up, tIteseare debris-flow depositswith importantvariations in
their degreeof viscosity.Theremay evenhavebeenperiodsof streamflow
with relatively clearwater.

Geometrically,the zonesbetweenlobeshavea cItannel-like form. They
arenotvery erosive,Itowever, asid their faciesare similar to tItosedescribed
in tIte lobatezones.Someparticularlycoarse,chaoticdepositsarealsonotable
featuresof this sectionof the fan. TItey Itave largeblocks (1 m) projecting
upwardwitIt signs of crushingasid deformationof tIte underlying deposit.
TItey areprobablyslumpdepositsrelatedto slumpscarson tItemostproximal,
apex,partsof tIte fan, witIt tIte crushinganddeformationof tIte underlying
materialbeingdueto inertial effectson tIte slumpmass.Thesedeposits,toge-
therwith tIte presenceof trasisverseclastdamsinproximalareas,point toward
tIte existenceof a fairly steepslope.TItey also indicatetItat tItere may Itave
beenmass-gravitytransportduring tIte constructionof thesepartsof tIte fan.

TIte fine facies correspondto layersof sandasid clay. TIte gray colour
toward tIte baseand the red with traces of soil formation toward the top
indicatea transitionzonefrom asubaqueousto asubaerialenvironmentin tItis
areaof tIte fan.

FAN-DELTA DEPOSITS

The transition from subaerialalluvial fan to fan delta can be seenin
canyons,carvedoutby tIte presentrivers,wItich cut tIte systemfrom proximal
to distal areas.Within tIte fan-deltasystemtherearetwo sub-zones(mud-flat
and lacustrine,Fig. 2) differentiatedby their depthandresultantfine facies.

Mud fiat. The mud fiat depositsare composedof whitish-gray asid
pinkishlutites bearinggastropodsandorganicmatter.In distalzonesthereis
bioturbationcausedby rootsandtherearealso somesoil Itorizons. TIte most
notablefeatureof tItesedepositsis tIteir salmoncolor. TItey alsocontainbeds
of cónglomerátesof variablethicknessasidsItapé,añdsandlayerswitIt cross-
lamination.Conglomeratebedscorrespondto tIte following geometrictypes:

1. Channels.
TIte channelsare small features(2-5 m wide by 1-3 m deep)with a

profile sometimesemphasizedby synsedimentaryfaulting toward their
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vertices.TIte infilí isdifferentiatedby successivepItasesofvertical aceretion
witIt moreasidmore frequent,progressivelylargeroverbankwings(Fig. 5).
TItis ribbon-typemorpItology(Friend,Síater& Williams, 1979) is connected
to tIte relative proportion of vertical accretionin tIte channel asid adjacent
areas.TIte wingscorrespondto periodsofmaximumdiscItargein tIte cItannel,
during which crevassesplaysmayalso haveoriginated.TIte periodin whicIt
tIte wings were smallest may Itave been eitIter a penadof accretional
processesin tIte channelandadjacentzonesorelseaperiodof incisionduring
wIticIt tIte main processeswerescouringasiddegradation.

In tIte facies,clast-supportedconglomerateswith anabundantmatrix asid
localized open-work conglomeratespredominate.They are organizedin
sequencesof componentsunitswItich coarsenupwardsto formasequenceof
tIte sarnetype.on a largerscale,tItat constructtIte cItannelinfill. TItey were
depositedin the contextof Itighly turbulentcurrentsandlocal debrisflows.

2. Pseudotabularbodies.
Theseare pseudotabularfeatureswitIt an irregular bottom anda fiat or

gently convextop. TIte widtIt variesbetween3mandSmandtItey extendfor
sorneItundredmetres.In proximal zonestItey aretabularwitIt largegrooves
in tIte base,wItile in distal zonestItey are lenticularwitIt chasineisin tIte base
(Fig. 6).

Hg. 5.—Geometryof ribbon-typesedimentarybodiesbuilt up by verticalinfilling from fixed
channels.Theinfilí showsacoarsening-upwardsequence(madenpof severalsmallersequences
of the sametype) andincreasingthicknesstowardsthe top (thickeningupwards).Successive,
progressivelylargerwing-developmentphasesaregeneticallyrelated.

Fig. 5—Geometríadeloscuernossedimentariosenfonnadecordónconstruidosporel relleno
verticaldecanalesfijos. El rellenomuestraunasecuenciagranocreciente(constituidaporvanas
secuenciasmáspequeñasdelmismotipo) y estratocreciente.Las fasessucesivamentemayores
de desarrollode alasestángenéticamenterelacionadas.
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Hg. 6.—Geometryandinternal structureof tabularbodies.A: Tabularbody related to the
progradationof te distributarysystemin proximal areasof thefan delta.Elementalsequences
coarsenupwards.B: Tabularbody relatedto the lateralmigration of the channelin proximal
arcasof thefao delta.Elementalsequencesfine upwards.C: Lenticularbody developedat the
mouth of the distributarychannel.Elementalsequencescoarsenupwards.
Fig. 6—Geometríay estructurainternadelos cuerpostabulares.A: cuerpotabularrelacionado
conlaprogradacióndeun sistemadistributarioen áreasproximalesdel fan delta.Lassecuencias
elementalessongranocrecientes.B: Cuerpotabularrelacionadoconla migración lateraldeun
canal en áreasproxirnalesdel fan delta.Las secuenciaselementalesson granodecrecientes.C:
Cuerpo tabulardesarrolladoen la desembocadurade un canal distributario.Las secuencias
elementalesson granocrecientes.
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Internally, thesebodiesarecomposedof mairily planaror gently convex
beddingasidtheyhaveacleartendencyto coarsenupward.TIte orientationof
cbannelsand groovesat tIte bottoms of tIte layers points to a radial flow,
whicIt, dependingon the widtIt of the lens,convergesat a pointupstreamof
the sectionunderconsideration.Basedon tIteseobservations,the following
growtb mecItanismsmay be proposedfor theselayers: tIte cItannel at tIte
lowestpointof tIte layerwastIte first andoftenthe largest.Vertical aceretion
by this cItannelfonned an extensivewing wIticIt tIten progradedlaterally.As
alluviationoccurredwitItin tIte charmel,tIte water level raisedin it and tIte
overbankgravelleveesgrewoutfrom eitIterside.ThewaterwItich transported
tIte gravel to tIte leveescontinuedto flow over tIte leveecomplex andcut
channelsinto tIte adjacentlacustrineclays.TIte growtIt of botIt leveesof tIte
trunk cItannelandleveesof tIte adjacentsmallercItannelsradiatingout from
Ihe trunk cItannel levee complex resulted in the amalgamationof alí tIte
overbanksIteetsinto one mainpseudotabularlitbosome(Fig. 7).

Lacustrine.WeItaveincludedunderthisIteadingbotIt fine facies,wItich
maybeautochtItonous,andcoarsefacies,correspondingto sectionsof tIte fan
depositedunderwater.TIte fine faciesaregreymarís andcalcilutites witIt a
high degreeof terrigenouscontamination.Theyalsocontainsrnallquantities
of gastropods.charopItytes,and redepositedglobigerinids. Bioturbation is
abundant,especiallytowarddistal areas.

The coarsefacies are composedof bedsof conglomerateswhicIt Itave
asimilargeometryandfacies to tItose of tIte mud-flatzone.AssociatedwitIt
tIteseconglomeratebedsareotItersonly centimeter-tItickwith coarse-sandto
pebble-sizedparticles.TItey alsosItow abundantbioturbation,whicIt tendsto
be vertical, as well as cross-beddingandcross-lamination,tIte latter dueto
wave ripples.

In more distal areas,outsidetIte influence of tIte sedimentaryalluvial
body,tIte lacustrinesuccessionis composedof marís,calcilutites,somelayers
of micritic limestone,aud also some layers of sand with wave ripples.
Bioturbation. tendingto be Itorizontally inclined,is abundant,asidtIte bases
of sornesequencesItavelayersof evaporites,tIticker towardstIte top of tIte
successon.

STRATIGRAPHIC

Following tIte fan-deltadepositsaway from tIte sourcearea, tItere is a
decreasein tIte percentageof gravel as well as in tIte thicknessand lateral
extentof thegravelbodies(Figs. 8 and9). TIteparticlesizeof thegraveldoes
siot diminisIt in tIte samedirection, Itowever.

TIte natureoftIte channeisalsovanesin aproximalto distaldirection.TIte
cItannelstend to be deeperandmore isolated in proximal areas,and have
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Fig. 7.— Geneticprocessesfor pseudotabularbodies.A: Early stagesof developmentwith
alluvial andwing developrnent.B: Stagewhenradiatingchannelsdeveloped.Therearetabular,
sheet-likebodiesin proximal arcasandlenticularbodiesin distalarcas.

Fig. 7.—Procesosgenéticosdeloscuerpospseudotabulares.A: Estadiosinicialescondesarrollo
aluvialy dealas.B: Estadioenelquesedesarrollaronloscanalesradiales.Haycuerpostabulares,
enformadelámina enlas áreasproximalesy cuerposlenticularesen lasdistales.

scouredoutearliergraveldeposits.TIte channelbodieshavecitherverysmall
wsngsor noneat alí andwereformedduringperiodsof generaldegradation.
In distal areastIte channeisare shallower.

Ihe gravel bodies are tabulartowardtIte proximal areasand lenticular
towardtIte distal arcas,wIticIt suggeststItat overbankprocessesweremore
frequentin theproximal areas.Here,groovesattIte basesof the bedssuggest
tItey wereemplacedfar morequickerthan tbosein distalarcas.

Taking into accounttIte conglomeratelayers,thesequenceswould seem
tobemainlybotItthickeningasidcoarseningupward(Figs.8 and9).A gradual
transition from V-shapedchannelsto pseudotabularIayersmuy be seenin
thesesequences(Fig. 10). This gradualtransitionis relatedto tIte behaviour
of the baselevel: thesequencebeganwitIt a loweringin the lakelevel whicIt
thencausedlakeretractionandabruptscouringof tIte channels(Fig. 11). At
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Hg. 1 0—Evolutionof the siseandgeometryof the sedimentarybodiesin the coarsening-and
thickening-upwardssequences.Both thesedimentarymodelandthesequenceresultingfromits
progradationareshown.
Fig. 10—Evolucióndel tamañoy la geometríadeloscuernossedimentariosenlas secuencias
granocrecientesy estratocrecientes.Se muestranel modelo sedimentarioy la secuencla
generadapor la progradación.

thesametime, theoriginal profileof tIte fanbecameunstableasidbeganto be
erodedfrom its mostdista] sections.TIte increasein sedimentsupply to the
lacustrinearearesulting from tIte erosionof tIte fan triggereda progressive
risein the lacustrinelevel wItich begins to slow down as tIte lake occupiesa
more extensivearea. TItis rise in the lacustrinelevel wasresponsiblefor
significant vertical accretionof mud fiat sediment,affecting in tum the
verticalgrowthoftIte scoured-outchannels,wItich seldomdevelopedoverbank
wings.

TIte slowdownin theriseof tIte lacustrinelevelandtIte increasein areaof
the drainagezoneto cover tIte more recent.unstablesedimentsproduceda
decreasein the vertical accretionof themudfiat with respectto thechanneis
asid tItereforefacilitated overbankprocesses,with a correspondingincrease
in wing development (Fig. II). At tIte sametime, up sequence,we find
materialscontributedby more proximal areaswhicIt are tItereforecoarserin
size.

A critical point was arrived at, however,wItentIte rise of tIte lake was
halted. This occurredwIten the lacustrinelevel becamehigh enougIt to
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overflow tIte dam-likebarrierformedby sediments.At tItatpoint, tIteentrance
of sedimentswItich causedtIte risenowonly regulatedtIte partial drainageof
tIte laketowardtIte NE.TItis wastIte higItestandmoststablebaselevelof tIte
lake, andit causedtIte distributarysystemto prograde,generatinglenticular
bodiesat tIte moutItsof tIte cItannels.ThesebodiesaresIteet-sItaped(Friend
eta!. 1979)inmoreproximalareaswIterelateralcItannelmigrationcontributed
to tIteir construction(Fig. 6). This is alsoa periodduring wItich tIte largest
volume of sediments(sincetIte drainageareawas moreextensive)asid tIte
Iargest-sizedparticles,drainedinto this body of stagnantwater.

AnotIter lowering in tIte level of tIte lake marks tIte beginningof a new
sequencein tIte progressivescouring-outof tIte cItannels from distal to
proximal areas.Movisig up sequence,evidenceindicates that tIte basin
becamebroaderand tIten shallower,for tItere is botIt a tItinning-upward
tendencyin tIte decametric-ordersequencesasid a greaterproportion of
evaporitesiii tIte Itigher sequences.

In proximal sectionsof tIte fan delta, wIticIt were affected by frequent
reworking, tIte instability of thenewslopescreatedbyerosionprovokedblock
slumpingfromtIte walls of smallvalleys.TItis processwould alsoexplaintIte
occasionalappearancein tItese sectorsof large clasts intercalatedin tIte
channelinfluís. The positionof tIteseclastswould notbe easilyexplicablein
temisof fluvial processes.

Finally, tIte geneticmecItanismwItich we proposealso explaisiswhy tIte
only areain whicIt tItere is aprogressivedecreasein tIte Maximum Particle
Size (MPS) parameteris in tIte niost proximal regiosis of tIte fan where
reworkingprocessesdo nottateplace.FromtItis poisil on,tIte distributionof
particlesizeis determinedby successiverecycling mecItanisms.

Taking tIte successionas a whole, it sItows a clear fining- asid tItining-
upward tendency,tIte consequenceof the retrogressivedynamicsof tIte
successivefan-delta systemsvertically piling-up on this nortItern margin.
Thissituationiscausedby thenorthwarddisplacementoflacustrineareasdue
to tIte progressiveexpansionof successivealluvial conesfrom tIte southern
margin towardthecentreof tIte basin (Viseras,1991).

GENERAL COMMENTS

TIte Villanuevaconglomerateis a lacustrinefan-deltacomplexof tIte type
describedby McPIterson,SItanmugam& Moiola (1987) wItich Itas been
previously written up by Fernández& Soria (1988)andby Fernándezci’ al.
(1989aasidb). Its developmentin tIte lowerPliocenecoincideswitIt asingular
periodin tIte evolutionof tIte basin.After tIte Messinianeustaticdecline,tIte
basinbecamecontinental;tIte calcarenitemarineplatformswItich Itadformed
during tIte Tortonianalong its margisisfractured,andnew drainagesystems
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were produced,creatingfan deltas and alluvial-fan systemsalong tIte new
margin5.

In tItis case,thealluvial bodywasconnectedto a lacustrineareawhich was
very shallow at its soutItemend(mudfiat) asid somewItatdeeper(lacustrine)
towardmorenortIterly sectors(abit moredistal in relationto tIte axial valley
of tIte basin). TIte developmentof botb zoneswas determinedby tIteir
positionsin thebasinrelativetotIte axialsystemaswell asby tectonicactivity,
which controlledthe subsidenceof different areasof the basin.

TIte alluvial-fan depositsrepresentthe subaerialsectionof the fan delta
anddevelopedon a relative steepslope.They were mainly constructedby
debris-flow depositsasid eventuallyby mass-gravitytransport.TItey formed
a systemof lobesand infilling in interlobeareas.

In tIte subaqueousarea,two sub-environmentswitIt differentwaterdeptIts
canbedistinguished(mudfiat asidlake).Coarsematerials(relatedto turbulent
streamflows) aresimilar in bothareas,but fine materialsare characteristicin
each.

TIte stratigrapItyof the fan-deltadepositsis strongly controlled by tIte
dynamics of tIte lake-leveloscillatiosis.TIte upward-coarseningdecametre
thick unit sequences,as well astIte geometryof tIte sedimentarybodies,can
beexplainedby aslowdownin tIterisingoftIte lakelevel.TItecyclic character
is a result of periodical base-level changes,implying recycling processes.
Thesechangesare related to tectonically-controlleddynamics of sediment
supply to tIte lake from tIte alluvial systems.

On a larger scale,tIte generalfining- and thinning-upwardcycle is tIte
result of the retrogressivetendencyof tIte successivefan-deltaunits. TItis
tendencyisaconsequenceof acontinuousnorthwarddisplacementof tIte lake
due to tIte progradationof the larger alluvial conesof tIte southern-relief
drainage.
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