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ABSTRACT

The Neogeneof Andújar (Guadalquivir Basin) consistsof siliciclastic
audcarbonaterocksof UpperTortonianandMessinianage.Theyaregrouped
into a laterally-relatedfacies assemblagesthat form two megacycles.Ihe
lower of thesecycleshasdebris-flow,proximal anddistalbraided-channels
andsandyplain sediments,alí themwith subaerialandsubaqueousfeatures,
plusmarinelittoral barsaudcarbonateshelfdeposits.Lateralarrangementof
faciesallow to interprettheserocksasdepositedin deltasettingswith variable
namedependingon thecriterionused:braideddelta(McPhersonet al., 1981)
orfandelta(Nernec& Steel,1988).In Postma’s(1990)proposalof classifucation
thedescribedcase-studysedimentedin ashallowdeltasystemfedby alluvial
systems.It isanintermediatebetweentypesA andB, withbed-loaddominance
at the river-mouth and shoal-waterprofile, developedover a carbonate
shelf.Sea-levelfluctuationscontrolledtheevolutionof thesystemasdeduced
from spatial arrangementof the describedrocks. This fluctuation was in
tum related to variationsof the basin’s volume related to synsedimentary
movementsalong the south margin (although this is a passivemargin, it
locatesat thenorthemedgeof abasinwith acomplexgeodynamicbehaviour
during Cainozoic).

Key words: Neogene,Alluvial systems,Marine-continentaltransition,
Deltas. Fan deltas.Sedirnentationcontrois.
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RESUMEN

El Neógeno en el área de Andújar (Cuencadel Guadalquivir) está
compuestopor sedimentosterrígenosy carbonatadosdeedadTortoniense2-
Messinuense.Esteconjuntose ordenaen dos ciclos de los cualesel primero
esobjetodel presenteestudio.En esteciclo sepuedenidentificardepósitosde
debris-tlow, canalestrenzadosproximalesy distales,llanuraarenosa(todos
éstos sedimentadostanto en condicionessubadreascomo subacuáticas),
barraslitoralesy plataformacarbonatada.En baseala ordenaciónespacialde
estos depósitosel conjunto se puede interpretarde distintas manerasen
función de los criterios utilizados. Siguiendoa Mcphersonce al. (1987)
corresponderíaaun deltabraided mientrasquesegúnlos criteriosdeNemec
& Steel (1988) se interpretaríacomo un fan-delta. Como alternativa, los
criterios dados por Postma(1990) ofrecen un medio de individualizar el
sistemaatendiendoa suspropiascaracterísticas,segúnéstoslos materiales
estudiadosse habríansedimentadoa partir de un sistemadeltaicode aguas
somerasalimentadopor un sistemade tipo mixto A-B con dominio del
transportepor carga de fondo en la desembocaduray un perfil de tipo
«somero» (shoal-water profile) (Postma, 1990) sobre una plataforma
carbonatada.El análisis de las característicasespacialesde los sedimentos
muestranque la evolución de dicho sistemavendríacondicionadapor las
variacionesdel nivel del mar, lascualesprobablementeseríandebidasa las
variacionesde volumen de la Cuencadel Guadalquivirprovocadaspor los
movimientosde subordesur(aunqueestees un bordepasivocorrespondea
una cuencacon un comportamientogeodinámicocomplejo duranteel
Cenozoico).

Palabrasclave: Neógeno, Sistemasaluviales, Transición marino-
continental,Deltas,Fan deltas,Controlessobrela sedimentación.

INTRODUCTION

Along the northernedgeof te GuadalquivirBasin,betweenMarmolejo
and Espelúy (Fig. 1), Neogenesedimentsunconformablyoverlie granitic,
metamorphicandnon-metamorphicrocksof PaleozoicandTriassicage.

These Upper Tortonian-Messinianand Plioceneage (Tjalsma, 1971,
Perconig & Martínez Diaz, 1977, PorcunaUnit of Roldánet al., in press)
deposiísare siliciclastie (conglomerates,sandsand shales)and carbonate
rocks(calcarenitesandmarís).They aregroupedinto laterally-relatedfacies
assemblagesthat form two megacycles(Fig. 2) (SantistebanNavarro &
Martín-Serrano,in press).

The first megacyclerestsunconformably upon a paleoreliefcut on the
substratumin the northempart; towardthe southits lower limil is an intra-
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Tortonian discontinuity (GarridoMegíaset al., 1983).This fining upward
cycle showsa transgressivetrendandthetransitionfrom terrestrialto marine
environments.Large input of terrestrialsedimentgenerateddeltaic bodies
(Portero & Alvaro, 1984). This cycle is equivalentto the Tortonian 2 -

Messinian1, Ne-4TSU of GarridoMegíaset al. (1983) andto ihe «Unidad
basaltransgresiva»(TransgressiveLower Unit) aud«Unidadmargasazules»
(Blue Marís Unit) of Portero& Alvaro (1984).

Sedimentsformingthe secondcyclerestparaconformablyovertheformer
or unconformablyover the substratum.These are regressivealluvial-fan
conglomerates(SantistebanNavarro& Martín-Serrano,in press).Although
no fossilswerecollectedfrom theserocks,we correlatedthemwith dic Ne-
5 TSU (Messinian2-Pliocene1) of Garrido Megíaset al. (1983) by facies
similarity andthe regressivetrend.

Small faultsaffectaudtilt theotherwisesubhorizontalTertiarysediments:
in someplacesclose to the northemE-W fault (Fig. 1) bedsdip up to 40’>.
Anotherimportant fault systemdirectedNE-SW juxtaposesthe Cainozoic
rocks to the substratum.

Theaim of thispaperis to describeaudinterpretthe first of this Neogene
cyclesbasedon detailedmappingandsedimentologicalwork.

FACIES ASSOCIATIONS AND SEDIMENTARY ENVIRONMENIS

Mapping of Tertiary units showed a gradual facies change from N
(conglomerates)to 5 (marís) thorough sandsaud calcarenites.Agreeing to
this we separatedvarious Iithological assemblagcs,the interpretationof
which is the basisof the proposedenvironmentalreconstruction.

In the following description and interpretationtese assemblagesare
arrangedfrom north to south, i. e. in decreasingorder of abundauce,using
Postma’s(1990)nomenclature.

Debris flow deposits

They are tabular (Fig. 3 A) (wedge-shapedin map seale) or channel-
shapedbodies(Fig. 3 B) hundredsto thousandsof metreslong butonly up to
2 mthick. Bedslay subliorizontalor dip lesstan 100 (sedimentarydipping).

They are poorly sorted,mud-supportedconglomerates(Gmm) with clast
sizesup to 50 cm. Clastsarewell-rounded,with polishedsurfacesowing to
their poly-cyclic nature.Clastorientationis random.Prevailingcomponents
are granitic aud metamorphicrock fragmcnts; someof them come from
distantsonreearcas.Maxrix is a poorly-soned,arkosicsandymud coming
from nearbyreliefs.
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Fig. 1 —(A) Locationmap of the GuadalquivirBasin andstudied area. (B) Sketchmap of
Tertiary sedimentsnearAndújar. Key: Villages,M: Marmolejo; A: Andújar; E: Espelúy; 1:
Metamorphic andgranitic terrains; 2: Triassic tenains;3: Lower ConglomeraticAssembly
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Texturesandgeometries,joined to paleogeographicalpositionallowcdus
to interpretdiesedepositsasunconfined(tabularbodiessimilarto P. 1 facies
of Kazanci & Varol, 1990) or channelized(channel-shapedbodies)debris-
flow. Transponof sediment,asdeducedfrom geometriesanddipof bedswas
from N to SE and5W.

Nearthecentralsectorofthe studiedarea,debris-flowdepositsarerelated
to Triassicpaleohilíswhich show featuresof marineimmersion:carbonate
mudsbearingmarinemolluscs,limpets stickedto the clasts (Fig. 3. C) aud
greencolours.Conglomeratesareclast-supported(Gms)(Fig. 3. B). Colella
el al. (1987) interpretthis featureasamatrix removalbecauseof sediment-
ladenwatersinput into a static water body. Wescott& Ethridge(1983)and
Colella el al. (1987)describedsimilar deposits.

Channeldeposits

Theyarechannel-shapedbodiesof sandyconglomeratesto conglomeratic
sands.Clastcompositionis similar to thoseof debris-flowdeposits;sandis
similar to the conglomeratematrix (arkose).Muds are searce.

Paleocurrentmeasurementsyielded values similar to those of debris-
flows, but dic southvectordispersionis smaller.

Geomctry,sizeandsequencespermittedto differentiatefour facies:

Main proximal c/zannels

Channcl-shapedbodiesof conglomerateswidi width/depthratios about
25:1.Theyshowmanyoverlappedscoursurfaces.Channel-filisare fining up
sequencesof Gm, Gt andGp types,rich in sandymuddymatrix (Fig. 4. A)
indicative of high suspensionload. Sandy mud drapesbctween both set
surfacesaudsequencesprovetheepisodicbehaviourof flow audthc ful of the
channel. Scour surfacesand channel stacking suggesta high (torrential)

(Northzone);4: LowerConglomeraticAssembly(Southzone);5: Marine-ContinentalTransition
Assembly; 6: Calcarenitesand SandsAssembly;7: Marine Transition Assembly; 8: Marly
Assembly; A: Main distal channeis;B: Main proximal channeisand secondarycbannels.
Assemblagesreferredto thedistributionof faciesassociationsexplainedin the text.

Fig. l.—(A) Mapade situacióndela cuencadel Guadalquiviry el áreaestudiada.(B) Mapa
esquemáticodelos sedimentosterciarioscercadeAndújar. Clave: Pueblos:M: Marmolejo;A:
Andtijar; E: Espeldy. 1: Materialesmetamórficosy graníticos; 2: Materiales triásicos; 3:
ConjuntoConglomeráticoInferior (zonanorte);4: Conjunto ConglomeráticoInferior (zona
sur); 5: Conjuntode transiciónmarino-continental;6: Conjuntode calcarenitasy arenas;7:
Conjunto de transición marina; 8: Conjunto margoso;A: Canalesprincipalesdistaless; 13:
Canalesproximalesprincipalesy canalessecundarios.Los conjuntosserefierenaladistribución
delas asociacionesdefaciesexplicadasenel texto.
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Fig. 2.—Stratigraphicsketchshowingthedistinguishedmajorcycles.Lithologies:conglomerates
andsands(terrestrial),sandsandcalcarenites(marine-terrestrialtransition)mid marís(marine).
5. LV. sea-levelchanges,to theright sea-leveldrop(regression)andto the left sea-levelrisc
(transgression).LST: LowstandSystemsTract, TST: TransgressiveSystemsTract.
Fig. 2.—Esquemaestratigráficopara indicar los ciclos mayoresdiferenciados.Litologías:
conglomeradosy arenas(continental),arenasy calcarenitas(transiciónmarino-continentaly
margas(marino).5. LV. cambiosde nivel del mar, a la derecha,caidadel nivel del mar
(regresión)y a la izquierda,subidadel nivel delmar(transgresion).LST: Conejodefaciesde
nivel del mar (LowstandSystemsTract), TST: Conejo de facies transgresvo(Transgressive
SystemsTract)

hydric regimewith frequentchannelshiftingwithin themainriver-bed.These
featuresandte scarcityof flood-plain depositsleadusto interpretthcm as
depositsof braidedfluvial systemswith high sedimentload (suspendedand
bed load) and migrationof trausverseor crossbedding simplebars (Alíen
1983) (Fig. 4 B). Huo (1990) and Pollard et al. (1982) describedsimilar
depositsin saudyerlithologies.Localoccurrenceof depositsrichin oysterand
gastropod shells aud little secondarychauncísfilled by shell fragments
suggestshallow-marine interdistributary bays near (and laterally to) the
channels.

Main dista! channeis<single channelor low-sinuosiiychannels)

Thesearesmallchamiel-shapedbodies(Fig. 5),a few decametreswide (w/
d ratesabout 10:1) filled with heterometricsediments(grave] to saudy-silt).
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Fig. 3.—(A) Ficíd sketchof tabulardebris-flow bodies.Two tabular-shapedbodiesof Omm
facieswith a Gt interbedrelatedto epbemeralchannels.(B) Ficíd sketchof a channel-shaped
body ofdebrisflow filled by GmsandSm facies.Notetheoverlappiagcalcarenitebody (visible
at the top) restingupon calcarenitesandsands(left) andcarbonatemuds(right). Arrow attbe
left limit showsdisplacementof asmallfault. (C) Limpetsstickedto aclast(detailofHg. 3. B).

Fig. 3.—(A) Esquemadecampodeloscuernosdedebritas.DoscuerpostabularesdeGnimcon
unaintercalacióndeGt relacionadosconcanalesefímeros.(13)Esquemadecampodeuncuerpo
de debritasdemorfologíacanalizadarellenosconfaciesGmsy Sm. Notarel cuerposolapante
de calcarenitas(visible haciael techo)descansandosobrecalcarenitasy arenas(izquierda)y
barroscarbonatados(derecha).Laflechaenel límite izquierdoseñalael desplazamientodeuna
pequeñafalla. (C) Lapasfijas aun clasto(detallede la Fig. 3 B).
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Fig.4.—(A) Sequenceoffilling of amainproximalchannel:Gt—>Gpwith sandsandvegetal
debristo the top. Dark layersareconglomeratesrich in organicmatter. (B) Field sketchof
transversebarsarrangementandscale.

Fig.4.—(A) Secuenciaderellenodeun canalprincipalproximal: Gt—>Gpconarenasy restos
vegetalesa techo. Las capasoscurasson conglomeradosricos en materiaorgánica. (13)
Esquemade campodela disposicióny laescalade las barrastransversas.
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5

Fig. 5—heíd aspectof themaindistalchannels.Sandsaremoreabundantandbetierorganized
than in proximalchannels.
Fig. 5—Aspectodecampode loscanalesprincipalesdistales.Lasarenassonmasabundantes

y estánmejororganizadasqueenlos canalesproximales.

Ihese bodies appearintercalatedas lensesinto massivcsands interpretedas
sandyplain deposits.Channel-flil took placein subaerial(showingoxidizing
features,smallcrustsandrootlets)audsubmarmne(marinegastropodaudbivalve
shells in situ) realms with severalfacies arrangements.The more common
sequencesare Gt—>Gp——>St—>Sraud St—>Sp—-->Sr—>F1(intensely
burrowed).Mud drapesseparatingsuccessivesequenceswitnessepisodicflow
in thechannel.Thesedepositsareinterpretedasasinglechannelnetworkof low
sinuosityaudintermittentflow relatedto proximal channels.Transversebars,
composite-compoundbars (sensuMíen, 1983). aud 31) megaripplcsare the
mamforms moving along thesechannelsalthoughthereare latera] accretion
unitsrelatedto developmentoflateralbars.Channelshiftingis lessfrequentdian
in theproximalchanneisowingto ahigherchannelstability; this allowsabetter
preservationof sandyflood-plain deposits.Thesedepositsdevelopedover a
wider, flatterareawhich wastemporarilyfloodedby the sea.Examplesof diis
channeltype aredieAl, A2 andA3 architecturalelements(Marzo a al., 1988)
andtransitionzonedeposits(Qn, 1982).

Crevasse channels

They aresmall sand-filledchannelswith a wld ratio between2:1 and3:1
(width up to 4 m, depthup to 1.5 m). Filling sequencesbegin widi a 10 to 40
cm-thick coarsegravel lag (Gm) (clastssizesup to 20 cm) followed by Sm
facies(Fig. 6). It is alternativelyentirelycomposedof sandstones(Ss).There
arefeaturesindicatingtemporaryinundationby seawaters.Theylay laterally
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6P
Fig. 6.—Crevassechannels.Coarse-grained(conglomeratic)lagfollowedup by massivesands
in a40 cm-tbicksequence(hamrneris 30 cm long).

Fig. 6—Canalesdederrame.Lagdegranogrueso(conglomerático)seguidoporarenasmasivas
en unasecuenciade40 cmde espesor.

from distalchannelswidi apaleocurrentdivergenceup to 80’>. Theycut sandy
plain depositsandbodi depositscanbe amalgamated.We interpretthem as
crevassechannel deposits related to flooding events.Huo (1990) found
similar depositswidiin flood-plain facies.

Secondarychanneis

They arevery similar to the crevassechannelsfrom ageometricpoint of
view butsequencesandpaleocurrentpatternaredifferent.Theyarefilled with
sandswith scarcesmallpebblesarrangedin sequenceslike: Sm—>St—>Sr;
Sm—>1—> Sp—>Sror St—>Sp——>Sr(Fig. 7).Thesesequencesformedin
channels with a low suspendedload where small transversebars and
megaripplesmigrated.Paleocurrentpattemsaresimilar to thoseof themajor
channels(roughly N-S). In outcropthey are isolatedlensesinto sandy-plain
deposits.We interpretthem assinglelow-sinuositysandychannelslaterally
related to te main distal chauneis.As in the former types, they canshow
featuresof sea-waterinfluence. Similar depositsare Kazanci & Varol’s
(1990)P. 4 facies,interpretedasminorbraidedchannelsflowing onthelower
deltaplain,andVos’(1981) Facies2, interpretedas distributarychannels.

Sandyplain depos¡ts

They are massivearkosic sands(Sm) forming the largest volume of
sedimentsin thecentralbelt of the studyarea.Significativefeaturesare low-
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Fig. sketchof secondarychannels.Sequencesshowchannelfilí andadjacentsandy-
plain facies.Pointlessarrowsshowpaleocurrentsmeasuredlii channeldeposits.Pointedarrows
showpaleocurrentsmeasuredin sandy-plaindeposits;notethat theyshowadispersiongreater
than the channel(flood deposits).
Hg. 7.—Esquemadecampodelos canalessecundarios.Lassecuenciasmuestranel rellenodel
canal y las faciesvecinasde llanuraarenosa.Las flechas sin punta indican paleocorrientes
medidasen los depósitosde llanuraarenosa;nótesequesu dispersiónesmayorque la delos
canales(depósitosde inundación).

anglecross-bedding,associationwith wedgesof low-anglecross-Iaminatcd
and cross-beddedsands(interpretedas crevasselobes),pedogenicimprints
(in subaerial areas),accumulationsof marine shells and burrowing Uy
infaunal biota in subruarmneareas(Fig. 8).

Ah die describeddepositsare associated:channelaudsometimes,debris-
fIow depositsmay show intercalatedmarinebardeposits(described¿ter-
wards).

Consideringtheir relative positions and the associateddeposits, we
interpretthem asa subaeiialsandyflood-plain auda subaqueoussandyplain
(deltaic plain?). Its origin was related to periodic flooding of the fluvial
system.The occurrenceof marine shells and bars in areasfar from the
influenceofchannelssuggestreworkingby marineagentsalongtheshoreand
accumulationof beach (althoughwe could not recognizedefinite beach
sequences)aud shelf deposits,as proved by the presenceof carbonate-
sihiciclastic bars.

Marinebar deposits

They arecalcarenitic(carbonate-siliciclastic)bodieswith width ranging
from 10 to 50 m auddiicknessfrom 1 to 3 m. Theyoccur as individual lens-
shapedbodieswithin sandyplain depositsor asamalgamatedbodiesforming
tabular-likebedsreachinglengthsof somekilometresandthicknessup to 15
meters.
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Carbonatecomponentsarebioclasts(fragmentsofmolluscshells,forams,
echinoidplates, algal mats, Fig. 9) and marly or calcarenitie intraclasts.
Siliciclastics are quartz,feldspars,micas,fragmentsof metamorphicrocks
aud silty-muddy clasts.

We found sequencescomposedof trough cross-bedding,planarcross-
beddingandcurrent(orwave)ripple cross-lamination.Paleocurrentspointto
N-NE.

Thesedepositsrecordreworking of the sandyplain by wavesandlittoral
currentsand mixing up with carbonate-shelfdepositsthat movedalong the
shoreas bars.Roldánetal. (¡ti press)andPortero& Alvaro (1984)described
similar faciesnotbarto the southandinterpretedthem asdepositsof ahigh-
energy shallow shelf.

Carbonate shell deposits

They are massivegrey-blue marís with a little amount of siliciclastics.
Fossilcontent(foramsandespeciallyto the north, smallalgal mats)is high.
Locally we found shallow-marmnedin diatomitic intercalations(Fig. 10).

Rarely it is possibleto observea gradualchangein compositionfrom the
carbonated-shelftothesandy-plaindepositsshownby avariationinsiliciclastic
contentsandmatrix composition(from marly to clayey).

Ihese depositssettled from suspensionand precipitated on shallow-
marine, shelfareasbelow wave base.Ihe small algal matsin life position
point to sedimentationin the photic zone where joined shallow diatoms.
Roldán et al. (iii press) interpretedthesefacies as deep,basinal marine,
whereasPortero& Alvaro (1984)considerthem asopen-shelfdeposits.

SPATIAL DISTRIBUTION OFFACIES ASSOCIATIONS

Mapping of Tertiary depositsshowsdiat the analyzedfaciesassociations
of the first cycle show a well-defined spatial distribution. Certain facies

Fig. 8.—Sandsof thesandy-plaindepositsburrowedby marinebiota.Thereareshellsofmarine
molluscs in the low-anglecross-beddedsands.Hammeris 30 cm long.

Fig. 8.—Menasdelos depósitosdellanuraarenosabioturbadasporbiotamarina.Hayconchas
demoluscosmarinosenlasarenasconestratificacióncruzadadebajoángulo.El martillomide
30 cm.
Fig. 9—Detail of calcarenitewith abundantfragmentsof marineshells(leascap is 5 cm in
diameter).
Fig. 9.—Detalledecalcarenitacon abundantesfragmentosdeconchasmarinas(la tapade la
cámaramide 5 cmde diámetro).
Fig. 10.—Parallel-laminateddiatomitic layerscomposedof altematingdark(rich in carbonate
clays andorganicmatter)mid light levels(rich in diatoms).
Hg. 10—Capasdiatomíticasconlaminaciónparalelacompuestaspornivelesoscuros(ricosen
arcillascarbonatadasy materiaorgánica)y claros(ricosendiatomeas)
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associationstendto occurin fixed areaswhich, to our purpose,weconsider
aspaleogeographicdomains.In this paper,we calI them assemblages;diese
are mappableand owe paleogeographicentity.

Fromnorth to southwe differentiatethe following assemblages(Fig. 1.

— Lower ConglomeraticAssemblage.
— Marine-ContinentalTransition Assemblage.
— Calcarenitesand SandsAssemblage.

Marine TransitionAssemblage.
— Marly Assemblage.

Lower ConglomeratieAssemblage(Cerrodel Moro Conglomerates)

Ris assemblageoccursintheNEof thestudiedarea,restingunconformably
uponpre-Tertiaryrocks.Theminimumthicknessreaches100 m andit shows
a fan morphology with its apexto the north. Paleocurrentsshow a radial
arrangementrangingfrom SO to SE.

It is composedof debris-flow audproximal channeldeposits.Lidiology
andsedimentologicalfeaturesallowed usto distinguishtwo zones:

Northern zone: It is characterizedby the dominanceof debris-flow
deposits.The size of clastsdecreasesfrom boulderLo pebble(40 to 15 cm)
when moving from north to south. First-cycle ctasts are sharp-edgedand
unpolishedwbereasthoseof apoly-cyclic natureare weJl-roundedandshow
a polishedsurface.Ihere is scarcemassuvearkosicsand,very similar to the
matrix of conglomerates,with hydromorphicfeaturesandlocal planarcross
bedding.

We interpretthis zoneasproximal fanbecauseof thedominanceof debris-
flow deposits.

Southernzone:Here,proximal channeldepositsdominate,with amtnor
uresenceof debris-flow deposits.Both depositsexhibit subaerialfeaturesto
theN whereasto the 5 they includesubaqueousfeatures(marinefossilsand
green-yellowcolours) aswell. Laterally this arearelatesto the north zone.

The width/depthratio of channelsincreaseto the south, with a decrease
of clast sizes.Distal-channeland sandy-plaindepositsalso occur in that
direction.

This zonecorrespondstothe transitionfrom proximal to middlefan(with
anastomosingto braidedchaunelsevolving tobraidedones)audthebeginning
of dista] fan indicated by crevasseand sandy-plaindeposits,related to a
changeof slope.

As a whole, this ConglomeraticAssemblageshows a dominanceof
sedimentgravity flow processesto the north chaugingsouthwardsinto a
marine-influenced,braidedfluvial systemwith episodicbehaviour.
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Marine-Continental Transition Assemblage

It occursbetweente Lower Conglomeraticaudte CalcarenitesaudSands
Assemblages.It is composedof a variety of lithologies: we found alí the
previously-mentioneddeposits,althoughdistalchannel,saudyplainandmarine
bardepositsdominate.Depositsof mainproximalchannelarerestrictedto some
drainageaxis alongpaleovalleysincisedinto Triassicrocks.

Therearetwo main types:Arroyo dela FresnedaaudAldehuela.
Arroyo de la Fresnedatype includesdistal-channel,secondary-channel.

crevasse-channeland sandy-plain deposits. Alí them exhibit features,
burrowingandfossilsindicativeof asubaqueousmarineorigin. It isinterpreted
as submergeddeltaicplain with low-sinuositysinglechannelfilís recording
diverseflooding events(multistoreychannels).

Aldehuelatype is a more complex assemblagecomposedof main pro-
xumal-distalchannel,sandy-plain(including relatedinterdistributarybayde-
posits) and marine-bardeposits.The latter shows a N to S compositional
trend,fromterrigenoustomixedcarbonate-siliciclastic.Ihis typeis interpreted
as the main underwaterfluvial outputs,generatedby fans, with a well-
developedde]taicplain asid niouth barsevo]ving to marinebarsbecauseof
shoredynamics.

This assemblagecorrespondsto die transitionfrom terrestrial lo marine
envlronmentsin the deltaplain.

Calcarenites and Sands Asseniblage (EspelúyCalcarenitesandSands)

Thisup to 120m thick Assemblageis boundedto thenorthby theearlier
descuibedMarine-ContinentalTransitionAssemblageandto thesouthby the
Marine TrausitionAssemblagedescribedin the next section.It consistsof
intensely-burrowed,greenishsandy-plainaudmarine-bardeposits.

Texturalmaturity of the sandyplain depositsincreasesto die soudiplus
a compositionalchangefrom clay to marí.

Locally, sigmoidalaudlenticularbodies,2 to 4 m thick aud1 to 4kmlong
occur.The.sebodiesslrnw scour-and-fi]1,]ow-ang]ecross-beddingasidcross-
laminationowedto currentandwaveripples.Therearealso scoursurfaces,
up to 80cmdeepand2 mwide,filled withmassivebioclasticsandsandclasts.
This assemblagecorrespondsto shorefaceandforeshoredeposits.

Marine bar deposits show channelized(north) and tabular (south)
morphologiesdependingon their relation with confined (channels) or
unconfined(shore)currents.Siliciclastic coníentdecreasesto the southas
well. They representshorebarsmoving on a shallow siliciclastie shelL

This Assemblagecorrespondsto depositson dic transitionareabetween
theshorefaceandthe shallowopenshelfwherebardevelopmentis subjected
to interactionbetweenfluvial and shoreprocesses.
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MarineTransition Asseniblage

Thisassemblageoccursasthick tabularbodiesin anirregularbeltbetween
theCalcarenitesandSandsAssemblageandtheMarly Assemblage.Theyare
marly to clayey sandy-plain deposits with bituminous marís and clays
depositedindiecarbonateshelf.ThisAssemblagerecordsshelfsedimentation
betweenfair-weadierand stormwave-baselevel (shoreto shelftransition).

Marly Assemblage(VegasdeTriana-MarmolejoMaris)

It outcropsin thesouthernthird of thestudiedarea:it is themoreextensive
assemblage.Wepresumethat its geometryis tabularalthoughit wedgesto the
north. Both its top andbottom are not exposedbut tbe smallestmeasured
thicknesssurpasses140 m.

It is composedof carbonatedeposits,with a variable clay contentand
abundantfossils.Beddingis notwell visiblebutwecouldtracelaterallysome
layersof calcarenite.

Ibis assemblageis interpretedasshelfdeposits.below stormwavebase.

DISCUSSIONOF DELTA MODELS

In the former paragraphswe showeda complex pattemof sedimentary
environmentsincluding subaerialand submarmnefans,braidedfluvial, delta
plain,sboreandshelfinlessthanl0kmindirection normaltothemainshore.

Whenwetry to build a modelweconfronttheclassicsegregationbetween
deltaandfan-deltamodeisdependingon scalesandfacies.However,several
researcherssuggestnowadaysthatsucbsegregationof modelsis un artificial
barrier; they proposealtemativepointsof view.

McPhersonet al. (1987)groupedclassicdeltasandfan-deltasas a single
class formed by threetypes accordinglo the feedingalluvial system: fan
deltas,braideddeltasaud «common»(meander)deltas.They restrictedthe
term fandeltato mass-flowdominated,tectonically-controlled,alluvial fans
that progradeinto static water masses(seasor lakes).

Nemec& Steel(1988)disagreewith this opinion. They considerdiat Que
fandeltaconcepímustincludegreateralluvial fanswith low gradient,muddy-
sandycomposition,fluvial dominatedandnot relatedto tectonics.

Postma’s(1990) fan deltasare deltaic systemsfed by alluvial fans. He
considersthemas asecondlevelclassificationinto themoregeneralmodel of
deltas.

Ihe sedimentsdescribedin thispaperbelongto adeltasystembecausewe
find a continuouschangefrom terrestrial,alluvial-fan sedimentslo marine,



Neogenefan deltas in tite nortitern Guadalquivir... 179

shelfdeposits.A questionraisesfrom this reflexion: whattype of alluvial
systemfed our delta?Qn die onehandwe mustconsiderevery sedimentary
environmentsas separatedfrom the othersby environmentalchaugeslike
slope,energy,etc.So, wearelooking acomplexpaleogeographywithalluvial
fans (north) that changeinto a fluvial plain with low-sinuosity, single
chauneisowing to achangein slopenearthe sea.Drowningof channelsand
delta plain during trausgressionor channel progradation,results in die
developmentof a delta with mixed carbonate-siliciclasticdelta front.
Siliciclasticscomefromreworkingof deltaicsedimentsby coastalprocesses.
Carbonatesgeneratein deeperparts of the shelf (or prodelta).

Ib we considerthe presenceof debris-flow deposits,the short distances
separatingenvironments,theoccurrenceof similardepositsin bothsubaerial
andsubaqueousrealmsandthe high-energygradient.weconcludethat these
closely-interconnectedenvironmentsareparts of a fan delta.

We considerthat choosingoneor anothermodel is a subjectivematter
becausewe find criteria supportingbodi models.U we follow McPhersonet
al. (1987), vve mustconsiderthe describeddepositsas a braideddelta,but
Nemec & Steel’s (1988) ideas point to a fan delta. Qur opinion is that
differentiationbetweesibraideddeltaasidfandeltapassesthroughthequestion
of system(model)bounds.A choiceis Postma’s(1990)proposalbasedon the
descriptionof the feedersystem,basindepth,diffusionprocessesatthemouth
of the feedingriver anddeltaprofile.

In our example,the feedersystemshowsintermediatefeaturesbetween
Postma’s(1990) A and B types becausethere is record of both alluvial
systemswith mass-flowphenomenaandbraidedsystemwith well-delimited
channels.This is related to variations induced by paleoreliefsthat affect
slopesanddefinepaleodrainageaxeswhich controlledthe developmentof
severalsystems.

Thebasinwasahigh-energyshallowseaandbed-loadtransportdominated
at thechannelsmoudi. Despitethe favourableslope,thedeltacouldnotreach
aGilbert-typeprofule. An explanationisthatcontinuouscoastalreworkingof
sedimentpreventedfurther growth.

CONTROLSOF SEDIMENTATION

Before proposinga sedimentarymodel, we will refer to die controlson
sedimentation.

Ihemostfrequentlyinvokedcontrolsaresedimentinput, climate,tectonics
audsealevel changes(Colellael al., 1987, vanWagonerel al., 1988,Pardo
el al., 1989, Santanach,1989, Postma,1990). Wc must discriminate the
relativereal influenceon sedimentationof everyoneof them.

Concerningsedimentinput, we observetwo facts.First, the spectrumof
clastlithologiesindicativeof far sourceareas.Therecyclednatureandarkosic
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composition of the matrix (derived from nearby areas)strongly suggest
reworking of previousdepositsfound nearby.This agreeswidi the second
fact. Detailedmappingshowsthat the sedimentcontributedby areasextemal
to the systemis not volumetrically important,as suggestedby low ratesof
vertical aggradationaudhigh ratesof horizontalredistribution.

Climatic indicators (paleosoils. fossil content, etc.) do not change
importantly during sedimentation.Calcitnorphic red soils suggesta warm
Mediterraneanclimate.

Regardingtectonics,severalauthorsrefer to two distensionevents:pre-
Tortonian2 (Early Tortonian) andintra-Messinian(or EarlyPliocene)age.
Ihe first of them defineddie basin along ENE-WSW aud NE-SW faults
inheritedfrom Mesozoiclines (Sanzde Galdeano,1983 a& b). The second
onechangedthe original arrangementof sedimentsin Early Pliocenetimes
(Sauzde Galdeano,1983 b). By otherway (2. Quesada(pers.comm.,1991)
considersthat thesereachesof the basin (Bailén basin) occupy a NE-SW
tectonictrough, probablyin transtensionalpull-apartrelatedto amovement
of GuadalquivirFault. Synsedimentarytectonicswas of little importanceas
shown by the homogeneousareal spreadof synsedimentaryfaults aud its
short length.We did not find unconformitiesor sedimentgravity flows that
might recordmovementsalong the master(ENE-WSWandNE-SW) faults.
Portero& Alvaro (1984)considerthat theTortonian2-Messinianperiodwas
post-tectonicin areascloseto thestudiedone.However,althoughweconsider
apassivenorthernmargin,as (2. Quesada(pers.eomm.,1991)pointsout, the
southmarginof theGuadalquivirBasinshiftedowedto displacementsof the
African PlatesinceLower Cainozoictimesthatcausedvariationsin basin’s
dimension.Moreover,smallermovementsof the northernHespericMassif
mustleadtouplift of thenorthemhercinicreliefs.Summarizing,local tectonic
movementsare of little importancerelated to sedimentaryevents. But
regionalgeodynamiccontextmustcontrol sedimentinput to thebasin(from
the northemareas)and changesof basin dimensions(related to southem
margin movements)along time.

The lastcontrol (sea level changes)is recordedby shorelinemigration
along time(Fig. 2). During the earlyepisodesof sedimentationdie shoreline
wasto the southaudtopographicallylower. Weassumea rapidsea-levelbali
to justify Ihe underlyingdiscontinuity surface(type 1 surfacevan Wagoner
et al., 1988) citedby previousauthors(GarridoMegíaset al.. 1983,Portero
& Alvaro, 1984)andthe progradationof the systemsthat generateda poor-
developedLowstandSystemsTract(vanWagonereta!., 1988).Thefollowing
transgressionimplied a gradualsea-levelrise that depositedaTransgressive
SystemsTract composedof delta,shallow siliciclastic shelf andcarbonate
shelf sediments.We mustconsiderthat thesesea-levelchangesare relative.
They mustbe relatedboth to global sealevel changesand to tectonically-
inducedchangesin thebasin.
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SEDIMENTARY MODEL

Weproposeasedimentarymodelfor theUpperMiocenerocksof Andújar
basedupon the sedimentaryenvironmentsandprocessesrecorded:

1. Thec¡eardifferentiationofQuevariouspartsof diesystem(proximalfan,
distal fan, submergeddistal fau aud shelf) implies a low rate of vertical
aggradationrelatedto intenseredistributionof sedimentby sedimentaryagents.

2. Fan behaviour,exceptforearly times,is retrogradational.According
to thepreviouspoint, this impliesacontinuousbuilding of sedimentarybodies
butsurpassedby marineredistributionof sediments.Portero& Alvaro (1984)
pointedout thisfactin deltaicsedimentsof die sameagebutplacedto diewest.

3. Thereisnotpreberentialdrainageaxisoverthealluvial plain.Drainage
followed paleovalleysrelated to paleoreliefsdug into the Triassic rocks
forming the local substratum.

4. Subaeuialandsubaqueousdepositsare similar as shownby marine
shells or rootlets found in the same, coeval facies but in different
paleogeographiclocation.

5. Sourceareais nearbyas showedby sedimenttextures.
From thesedata and observationswe concludediat the Tortonian 2-

Messiniansedimentsin Andújardepositedalong a lineal shorebrokendown
in an embaymentthat actedas receiving basin of sedimentscoming from
nearbyreliefs. Alluvial fauswith mass-flowdepositsto the apexasidbraided
fluvial systemsto middleanddistalpartsenteredthebayfrom die land.Small
debris-flowconnectedto the slopesof the emergentpaleoreliefsdeveloped.
Drainageaxis beganto define whereasa sandyplain developedin areas
adjoiningthepaleohighs.Secondarychanneisfilled with conglomeratesaud
sandstonescrosseddie deltaplain. In the lowermostpart of the plain the sea
createdinterdistributarybays.Transportofconglomeraticdepositssurpassing
the edgeof theembayment,continuedvia channelizedflows becauseof the
large amount of bed-loadcarriedby alluvial system.This fact invokes au
activeuplifting of thenorthernreliefswhich locationis notknownnowadays.
Saudy fraction was redistributedrapidly alongshoregreatly reducing die
accumulationof steepdelta foresets.Carbonatesedimentsdeposited in
quieterarcasof theshelfduringdiesetimes.Marinecurrentsandwavesacting
on the carbonate-richbottom during high-energypeaks reworked diese
depositsbringing them to the shorewhere they mixed widi siliciclastic
sedimentsto form migratingbarsat die beach.

CONCLUSIONS

The Tortonian 2-Messiniansedimentsof Andújar arearecord a mixed
terrigenous-carbonatesystemwith siliciclastic fluvial input and mostly
carbonatemarinesediments.
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Analysis of the sedimentarysystems’featuresallows usto interpretthem
asbraided-deltadeposits(in McPhersonet al. ‘s, 1987 nomencíature)or fan-
deltadeposits(agreeingto Nemec& Steel, 1988). Altematively, Postma’s
(1990)proposalofclassificationis anasepticmannertoindividualizesystems
by their own features.This schemehas its proper set-backbecausenames
alwaysimpose artificial barriers. However, accordingto Postma(1990)we
considerthedescribedcase-studyassedimentedin ashallowdeltasystemfed
by alluvial systems;it is anintermediatebetweentypesA andB widi bed-load
dominanceat the mouthof therivers audshoal-waterprofile developedover
a carbonateshelf. Sea-levelfluctuations, relatedbotb to global sea level
changesand basin dimensionvariationsof tectonic origin, controlled the
evolutionof the system.
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