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RESUMEN

Se estudiaun sectordel margenNorte de la Cuencadel Ebro (Fig. 1>,
cuyo relleno molásicoOligocenosuperior-Miocenoinferior (FormaciónUn-
castillo> correspondemayoritariamenteaun extensosistemafluvial: el siste-
ma de Luna, quedrenabala Unidadde Garvarniey queemergíaen la cuen-
ca al Oestede las SierrasExterioresAragonesas.Estesistemacolectabape-
queñosabanicosaluvialeso marginalesadosadosa las SierrasExteriores.Al
Este,fueradel ámbitoestudiado,el sistemafluvial de Huescatambiéncons-
titula un importantecolector.

En la FormaciónUncastilose diferenciantresunidadestectosedimenta-
rias (Figs. 2, 3 y 4>, cuya evoluciónestuvocontroladapor la tectónicaque
afectabaa las áreasfuente.El estudiodelas diferenteslitofaciesreconocidas,
de sus relacioneslateralesy de su distribuciónareala lo largo del tiempo
<Fig. 5> permite establecermodelossedimentariosparalos abanicosmargi-
nalesy paraelsistemafluvial de Luna (Fig. 6>.

El sistemade Luna estabaformadopor la coalescenciade dosabanicos
fluviales (Figs. 6 y 7). Aunquela red fluvial fue esencialmenteradial, éstaes-
tuvo controladapor los plieguessinsedimentariosde Uncastilloy Fuencalde-
ras,dentrode laCuencadel Ebro. Estosplieguesdieronlugaraimportantes
variacionesde potenciade las unidades,así como a la creaciónde suaves
abanicosde capasenel interior de la cuenca.El progresivolevantamientode
estasestructurascanalizópartede ladescargaparalelamentealmargendela
cuenca(Figs. 6 y 7>. Otraparteimportantede la descargafluía haciael cen-
tro de la cuencadesdelas terminacionespericlinalesde aquéllos.La sedi-
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mentaciónen lossurcossinclinalessituadosal Norte delos anticlinalescom-
pensóel levantamientode éstos,suavizandola pendientey originandoasí re-
llanosmorfológicosdentrodela pendientegeneraldel abanico.En estasáre-
as debajapendientese desarrollaroncursosarenososde altasinuosidaden
sectoresproximalesdel sistema,a tan sólo 5,5 km del margenactual de la
cuenca.

Palabrasclave: Sedimentaciónfluvial, Tectónicasinsedimentaria,Forma-
ción Uncastillo,Neógeno,Cuencadel Ebro.

ABSTRACT

This contributiondealswith a part of the northernmarginof the Ebro
Basin (Fig. 1). The Upper Oligocene-LowerMiocenemolassicinfilling in
thatpart <UncastilloFormation> mainly correspondsto an extensivefluvial
system:theLunasystem,whichdrainedtheGavamieunit areaandemerged
in the basinto thewestof the SierrasExterioresAragonesas.Small, margi-
na] alluvial fansoriginatedalong the Sierrascombinedin the Luna fluvial
system,as well as in the easternHuescafluvial system,outsidethe study
area.

TIn-ce tectosedimentaryunits (T.S.U.> were differentiatedin the Uncasti-
lío Formation(Figs.2, 3 and4), theevolutionof whichwas controlledby tee-
tonies affecting the drainagebasins. The study of the different lithofacies,
their lateralrelationsbipsandtheir arealdistribution throughtime (Fig. 5)
led to establishsedimentarymodelsfor the marginal fans andLuna fluvial
system(Hg. 6>.

The Luna systemresultedfrom coalescenceof two fluvial fans(Figs. 6
and7). Despitethefluvial networkappearsmainily as radial, it was contro-
lled by thesyndepositionaldevelopmentof the FuencalderasandUncastillo
anticlines,within the Ebro Basin.Syndepositionalfolding is shownby im-
portantthicknessvariationsin T.S.U., as wel] asby tibe formation of wedge
systemswithin the basin. Progressiveuplift of thesestructureschanneled
partof the disehargeparallelto tibebasinmargin (Figs. 6 and7),while anot-
her portion flowed basinwardfrom thepericlinal ends.Vertical aceretionin
the synclinalareasnorth of the anticlinescompensatedtibe anticlinaluplift,
making the siopemoregenfle andoriginatingbenchterraceswithin tibe ge-
neral fan slope.In thesearcasof gentleslopemeanderingsandyrivers deve-
loped in proximalscctorsof tibe systcm,5.5 lun fair from the marginatpre-
sent. - -

¡<ley words: Fluvial sedimentation,Syndepositionaltectonics,Uncastillo
Formation,Neogene,Ebro Basin,Spain.
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INTRODUCTION

The Uncastillo Formation (Soler and Puigdefábregas,1970) comprises
alluvial and fluvial sedimentsdepositedin tibe northern-centralpart of tibe
Ebro BasinduringtheLateOligocene-EairlyMiocene.During tbisperiod,tibe
principal configurationof the SierrasExterioresAragonesastook placeand
the Ebro Basinstartedits laststageof evolutionas thesouthemforelandba-
sin of thePyreneanRanges,while theolder moíassicJacaBasinbecamean
areaof erosion.

TheUneastilloFormationor the equivalentSariñenaFormation(Quiran-
tes, 1978) mostlycorrespondsto depositionin two large(>2x10~ km2each>
terminalfluvial systems(Fig. 1): theHuescaandLuna fluvial systems<Hirst,
1983; Nichols, 1984; I-Iirst andNicibols, 1986). flota weredistributarysys-
temswith quasi-radialpalcocurrentpattems.Sedimentsourceareaswerean-

[3 1 [32 [33 WIW [3s
Fig. 1—Generallocationmap with indicationof tite two large fluvial systemsdefinedby Hirst
and Nichols (1986). 1: Miocene.2: Oligocene.3: Paleocene-Focene.4: Mesozoic.5: Paleozoic.
Fig. 1—Situacióngeneraldeláreadeestudio,con indicaciónde losdosgrandessistemasfinvia-
les definidos porHirst y Nichols (1986). 1: Mioceno 2: Oligoceno.3: Paleoceno-Eoceno.4: Me-
sozoico.5: Paleozoico.
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cient PyreneanEocene-Oligocenebasins(JacaBasin for the Luna system>,
tibe SierrasInterioresandAxial Zoneof thePyrenees.The apicesof theseflu-
vial systemswereplacedin stmcturallows:thewestemendof the SierrasEx-
terioresfor theLunasystemandtheareabetweenMedianoandBoltañaan-
ticlines br the Huescasystem(1-Iirst andNichols, op. citj. Botib fluvial sys-
tems enclosedseveralsmall (generally< 15 km2> alluvial or marginal fans
directly fed from the SierrasExteriores.At present,tibeir proximal, conglo-
meraticfaciesareexposedas tower bodiescalledmallos.

Reeentstudieson thesefluvial systemshaveanalysedgeometryaspcc-tsof
sand bodiesand their environmentalcontrols (Hirst, 1983; Nicibols, 1984;
1-Iirst andNichols, 1986; Friend, Hirst and Nicibols, 1986; Nichols, 1987a
and 1989; Friend, 1989). Someauthorshavealsostudiedthe relationships
betweensedimentationandtectonies:Nichols (1 987b) pointedout tibatsyn-
depositionalfolding affectcdtibe marginalfan sediments(AgOero fan), but he
consideredtibat tibeLunasystemwasnot affectedby syndepositionaldefor-
mationandestimatedthat basin margindeformationto the westof tibe Sie-
rras Exterioresand folding within the basin (í<Luesiaanticline»> werepost-
Early Miocene structures(Nichols, 1 987aand 1989>. Nevertibeless,Arenas
(1993> underlinedtibe syntectoniccibaracterof tibe Lunasystem(Uncastillo
andFuencalderasfolds, Figs.2 and 3>. In thatsense,Teixelí andGarcía-San-
segundo<1995)haveproposedthe existenceof a basal,buried thrustunder
tibe SierrasExterioresthat causedtibe formationof detachedfo]ds within tibe
Ebro Basin.Tibeseauthorspostulatetlíat folding diminishestoward the top
of tlie Uncastillo Formatioii. Finally, adetailedstudyof tectonicsalong tibe
SierrasExterioresAragonesashasbeencarriedout by Milán <1996)

The presentcontributiondealswith the stratigraphy,sedimentologyand
palcogeographyof the Lunasystem(Fig. 1> andis focussedon tibe influence
of syndepositionaltectonieson tibeproposedfaciesmodels.

To obtaintibe resultsof thiscontribution,exhaustivefield workwas done.
Fieldwork included28 stratigraplilcsectionsin theUncastilloFormation,co-
rrelationof thesesectionsthroughouttibe study areaandsedimentological
añalysi~ of spécific deposits.Aetial photographs(at ~cale~1:33 000 áñd
1:18,000>wereessentialfor correlation,cartograpibyof litibofaciesandstra-
tratigraplteunits and identificationof structuralfeatures(suehaseumulati-
ve wedgesystemswitbin the basin).

STRATIGRAPHICAND TECTONIC FRAMEWORK

The Uncastillo Formationlies unconformablyon Mesozoic and older
TertiaryformationstibatconstitutetibeSierrasExterioresAragonesas,but to
the westof Fuencalderas<Figs. 2 and3> it forms a largecumulativewedge
systemwith tibe undelying Campodarbestrata(progressiveunconformityof
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Biel-Gallipienzo, afíer Soler and Puigdefábregas,1970). In tUs area, tibe
Campodarbeand Uncastillo successionsibave an apparentconformity reía-
tionshipandtibe boundarybetweenboth is given by a shawgranulometric
change(passagefrom sandstonesand mudstonesto conglomerates),while
paleocurrcntdirectionschangefrom E-W to N-s (Puigdefabregas,1975>

In the Uncastillo Formation, Arenas (1993> and Arenas and Pardo
(1 994a) eharacterizedthree allostratigrapibie or tectosedimentaryunits
(T.S.U.>with acyclic tendency(Figs. 2, 3 and4; SeealsoFig. 2 of Arenasand
Pardo,1 994a, for morestratigraphicinformation>.Ml of themhavea lower
fining-upwardmegasequence,wibich recordsa retrogradationálstageof tibe
marginalandfluvial fans, followed by an uppercoarsening-upwardmegase-
quence,which correspondsto a progradationalstageof the fans. UnU US is
morecomplcx, as its upperpart consistsof two megasequences(U32, coarse-
ning, andUY, fining-coarsening>separatedby arelativegranulometriema-
ximum, whicib was used for correlation tibroughout the study area and
betwcentibis andsouthwardlacustrmneareasof the basin (Arenas, 1993>.
Boundariesbetweenunits U1, U2 andU3 aresedimentarybreaksrecognized
as cibangesfrom coarseningto fiing-upwardin tibe sequentialtendency.To
fue westof Fuencalderastheseboundariesareconformitieswithin cumulati-
vewedgesystemslocatedalongthebasinmarginandalongthe Fuenealderas
andUncastillo folds witbin thebasin.Tibe latterarelocated5 to 8 km south
of thebasinmargin (Figs. 2 and3). To tibe eastof Fuencalderas,boundaries
betweenunits are syntectonicintraformationalunconformitieswitlún the
margina]alluviail fan deposits(Fig. 3B>.

Datingof units U), U2 and U3 (Arenas,1993> is basedon vertebratelo-
calities (SanJuanandLa Galocha,from AlvarezSienael aL, 1990> found in
megasequencesU3’+U32 (Fig. 2), on reinterpretationof magnetostratigra-
phic data from 1 logan (1993>andon correlationof thoseunits witib otiber
well-datedarcasof the Ebro Basin (Arenas,1993>. The datingproposedis:
Ul: UpperOligocene(up to Agenian,MNI>; U2: Agenian (MNI -MN2); U3:
Agenian(MN2 or ZoneY> to LowerAragonian(Lower Miocene,MN4>. Al-
tiuoughthetop of unit U3 is not representedin tibestudiedalluvial series,it is
knownin tibe lacustrinesequenceslocatedsouthward,wiberetibe equivalent
unit Nl is entirelyrepresented.

During thosetimeintervals,tectonieactivity alfectedtibe dralnagebasinof
tibe Luna system,the SierrasExterioresandtibe Ebro Basin.Sequentialten-
denciesof T.S.U. werecontrolledby topographyvariationsin the sediment
sourcearea(Gavarnieunit>; accordingto Nicibols (1 987a>, ffiese variations
could be dueto out-of-sequencethmsting.The marginalfan depositsshow
syndepositionalfolding and syntectonicintraformationalunconformitiesre-
Jatedto tectonieuplifí in tibe SierrasExteriores (Nichols, 198714. Tibe for-
mationof alí thesemarginalfanswasnot simultaneous,but evolvedfrom east
to west,andwasrelatedto thesettingof successivetibrustsibeetsthatcompo-
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Fig. ‘L—Chronostratigraphicschemeshowinglithofacieschaugesaid stratigraphicrelationships
of theUncastilloForination fromwestto east, parallelto thebasinmargin.Vertical axis is not
at realtirne-scale,bntarbitrarilyreferredto thicknessin theLuesiaaren (PuigMonéand Hañón
region), whcreUl + U2 + 1J3 = 1600 mthick eninimum).L: Local zonesand MN: Mein ro-
nes.Zonesand agesfroin Calvoel al (1993). 1: Stratigraphiclacuna.2: Sandstoncsand muds-
tones(CampodarbeFormation). 3: Ltlcsia-t3qeconglomerates±sandstones.4: Mallo-typecon-
glomerates±sandstones.5: Sandstonesand mndstones.6: Mndstonesand sandstones.7: Sedi-
mentarybreak:Unconformityand corí-elativeconformity. 8: Megasequenceboundary.
Fig. 4—EsquemacronoestratigráficoEsLe-Oestemostrandolos cambiosde litofaciesy las reía-
oonesestratigráficasde la FormaciónUncastilloparalelamenteal margende la cuenca.La esca-
lo verticalno esuna escalade tiempo, sinoreferidaa la potenciaen el áreade Luesia<sedorde
Bañóny PuigMoné), endonde1.11 + 112 + tJ3= 1000 mdepotenciacomomínimo. L: Zonas
locales MN: zonasMcm. Zonasy edadestomadasde Calvo elal. (1993). 1: Lagunaestratigrá-
fica. 2: Areniscasy hititas(FormaciónCampodarbe).3: Conglomeradostipo Luesía±areniscas.
4: Conglomeradostipo mallo±areniscas.5: Areniscasy hititas.6: Lutitasy areniscas.7: Ruptu-
rasedimentaria:discordanciay conformidadcorrelativa. 8: Límite demegasecuencia.

se the complexsoutib-Pyreneantibrust front (Arenas,1993; ArenasandPar-
do, 1994b;Millári, 1996) (SeeFig. 7 below). Witibin tibe basin,theFuencal-
derasand lJncastillofolds are syndepositionalstructuresthat wereactiveat
leastduiing U2 andU3 sedimentation(Fig. 3). Unit US cropsout extensively
throughoutthestudyarea;tibesedimentologicalanalysisof its depositsaflows
folding influenteon fluvial systemdevelopmentto be evaluated.

Apart from tibe tibree units inentioned,diereare somelocalizedoutcrops
of tibe UncastilloFormationplaceddiredtiy on ffie SierrasExteriores.Dating
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is notknownyet.ThesearePeñadelSol conglomerates(mainiyderivedfrom
theJacaBasin> andmonogeneticbreccias(formedfromtibe SierrasExterio-
res> (Fig. 2>. Both lic unconformablyon megasequenceU33 strataandthen
constituteyounger allostratigrapibieunits, but the eronostratigraphiereía-
tionshipsbetweenPeñadel Sol conglomeratesandbrecciasareunknown.

ALLUVIAL AND FLUVIAL FACIESMODELS

In tibestudy aiea,tibe UncastiJioFormationis composedof severallidio-
facies(mappablefaciesassociationsdefinedby their lithology, texture,depo-
sit geometryandsedimentarystructures>.Eachonerepresentstibe sedimen-
tationin a specific sectorof an alluvial or fluvial environment.The following
lithofacieshavebeendistinguished:

* Conglomeratelithofacies (>85% conglomeratesand -<15% sandsto-
nes±mudstones>.Accordingto tibe textureand internalorganizationtwo ty-
pesare distinguished:

— Mallo-typeconglomerates(MC>: theyconstitutelocalized,reddish,to-
wer-shapedbodies(ma¿’bs)200to 400m bighand0.5to 4-5km2in outcrop
area,composedof thick tabularbodies,commonlywitib crudestratification.
Tbosehaveclast-supportedtextureswith dominantangularto pooriy roun-
ded,mainly calcareousclasts.

— Fluvial, Luesia-typeconglomerates(LC): theyform large,brown and
graymasses,up fo 7 km long andtensof km wide in outcropsurface.Very
well roundedclasts,mainlyof Campodarbesandstonesandminor limestones
andblackchert,constituteclast-supported,lenticularand tabulardeposits.

* Sandstoneandconglomeratelitibofacies (SC)(40-80% sandstones,20-
60% conglomeratesandup to 30% mudstones).Basedupon the conglomera-
tes,two typesarediffercntiated:

Sandstoneaudmallo-typeconglomeratelithofacies(SMC), organized
as metreto decametre,fiat base,tabularsequences.Tibesescanbeeither co-
arseningor fining-upward,or cyclic coarsening-fining-upwardin tendendy.

SandstoneandLuesia-typeconglomeratelitbofacies(SLC), organized
as metre to decametre,gentiy channeledbase,tabularsequences.Tibeseare
mainly fining-upwardin tendency.

* Sandstoneandmudstonelitibofacies (SM) (40-80% sandstonesaud20-
60% mudstoncs).

* Mudstone andsandstonelitibofacies (MS) (60-90% mudstonesand 10-
400/o sandstones;locally, up lo 10% limestones>.

SM aríd MS litibofaciesoccupyalargepafl.of tibestudyarea.Bothhavesi-
milar sandstonedeposits:

— Sheetsmadeof lenticularbodies
— Sheetaud lenticulardepositscomposedof lateralaccretionbodies
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— Isolatedlenticularor ribbondeposits
Sheetsformedof laminarbodies

Ml of them canbe simpleor multistoreyandcanoccur in both SM and
MS lithofacies,beingthe maindifferencebetweenboth the thieknessandfre-
quencyof occurrenceof suchdeposits.

* Mudstone Iithofacies (M) (>80% mudstonesand 10w percentagesof
sandstones,limestonesand locally gypsum). Sandstonesmainly constitute
tbin sheetbodies.

Lateral relationslviips(Figs. 3 and4) andarealdistributionsof theselitibo-
faciesthroughtimewilI allow fo characterizetibe faciesmodelsfor thestudied
successions.Figure5 showstwo examplesof lithofaciesdistribution:Fig. SA
represenísaretrogradationstageandFig. SB aprogradationstageof the flu-
vial andmarginalfans. Theserelationsibipsshowthe existenceof two maln
lithofaciesassociations(Fig. 6A andB):

1> MC —~ SMC —-* <SM) —* MS —~ M, referableto margina],alluvial fan sys-
tems(SM is an occasionalterm>

2) LC —* SLC —* SM -4 MS —4 XI, referableto tibe Luna fluvial system

Thesetwo systemscoexistedduringunits Ul, U2 andU3, buttibeir enti-
re developmentis recognizedonly in unit U3. For the olderUl andU2, li-
thofaciesdistributionsare exposedonlyparallelto thebasinmargin,but are
coherentwith thearealrelationsibipsobservedfor unit U3. The malncharac-
teristiesof tibe two modelsproposedare:

1) Tibefirst associaUonrepresentsshort ~mdsmall alluvial fans (Fig. 6A)
in whicib threesectorsexisted:

= Proximalsector:Mostdepositsof thissector(lithofaciesMC) originated
from unconfinedflows (sheetfloods>, which in somecasesgayerise to lobe
coarsening-upsequences.LithofaciesMC may also filí paleovalleyswibere
massivedepositsproducedby high energyconfined flows arepresent;there,

Fig. 5—Lithufaciesdistrihutionfor the base(A) andtop (B) of megasequence1132 (Agenian
(Y2>-lkamblian (Z)>. Lithofacics: 1: Luesia-typeconglomerates.2: Mallo-type congloincrates.3:
Sundstonesand Luesia-typeconglomerates.4: Sandstonesaud malJo-typecunglomerates;6:
Sandstonesandmndstones.6: Mudstonesandsandstones.7: Muds-tones.8: Sandstones,muds-
tonesandlimestones.9: Mudstonesandgypsum.F: Fnenc,qideras.
Fig. 5—Mapasde distribución delitofaciesparala base(A) y el techo(B> dela megasecuencia
1132 (Ageniense(Y2)-Rambuiense(Z)>. Litofacies: 1: Conglomeradostipo Luesia. 2: Conglome-
radostipo maflo. 3: Areniscasy conglomeradostipo Luesia. 4: Areniscasy conglomeradostipo
mallo. 5: Areniscasy Jutitas.6: Lutitas y areniscas.7: Lutitas. 8: Areniscas,hititas y calizas.9:
Lutitas y yesos.E: Fuencalderas.
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turbulentmassflow processescould also exist. Locally, talus monogenetie
brecciasarefound.

= Middle sector:LithofaciesSMC andSM form tliis sector.SMC mosfly
correspondsto bbc sequencesand minor fluvial braidedsystemdeposits.
Channelandbar braidedsystems,locally 10w sixmosity channeisaudsheet
flows are recordedby lithofacies SM, which aLo displays overbanksedi-
ments.

= Dista?sector:LitibofaciesMS is dominantupstreamwibile M extensively
occursdownstreaim.Extenseflood plainswith sibeetflows andraresandrib-
bonsoriginatedin tlviis sector.

Alluvial fanswitib thisassociationwereup to 15 km long, as in diecaseof
Aniés fan (NE Ayerbe>, althoughshorterdimensionswere common(5 km)
becausemiddle anddistalsectorsusuallycombinedin largerfluvial systems
<secondassociation>.Proximal sectorswere up to 3 km long andabout1-2
fo 4 km wide. Thesesharplygradedinto middle sectors,whicib alsohadre-
ducedareasacross.Largesurfacesof thesefanswereoccupiedby flood plains
of distal sectors.Thesefeaturesindicatelow transportefficiencyfor tibese
alluvial fans.Theyhadsmall drainagebasiusin tibe SierrasExteriores;Ni-
ehols (1984, 1 987band 1989) obtainedsurfacesof about5 km2 for Riglos
fan and20 km2 for Linás tandrainagebasins.Tibesefanstic unconformably
alongthe SierrasExterioresandtibeir evolution was associatedwith thrust
sibeetmovcmcnts.Overtumedanticlineswitltn dic basin tibat affectsomeof
diesefans (Agúcro,Murillo andRiglos fans;seeFig. 3B) may haveconditio-
nedthelimited extensionof conglomeratieproximal sectors,as the crestsof
thesefolds are closeto the soutibernboundaryof tibeconglomerateoutcrops.
Thesefolds werethenactiveduring afluviail fan depositionandperhapswere
relatedfo buried thrust sheets.Thesefeaturesare not representedin Figs. 2
andGA dueto their smallsize.

2> Thesecondassociationrepresentsdic largefluvial systemof Luna(Fig.
613>, with four sectors:

= Proxftna?sectorLithofacíesLC is characteristie,with disorganizedor
massivefacies (flash flood deposits)at very proximalareas,but with domi-
nantchannelandbar deposits,wibich reprcscntshallow braldedgravel sys-
tems.The presenceof two distinct lithosomesin tibe lithofaciesLC (Figs. 4
and 5> indicatethattheLunasystemresultedfrom coalescenceof two diffc-
rent fluvial fans.

Fig. 6.—Sedimentaryfacies models: A: Marginal fan association.B: Fluvial fan association
(Lunasystem)-
Fig. 6—Modelosde facies:A: Asociacióndeabanicosmarginales.B: Asociacióndeabanicosfin-
~iales(sistemadeLuna>.
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= Proximal-middlesectorTheexistinglithofaciesareSLC andSM. Con-
glomeraticandsandycibannelsandbar braidedsystems,in placeswith two
distincttopographiclcvels, werepredominat.F-Lowever, nortib of Fuencalde-
rasandUncastillo anticlines,andin thesecondcasecloseto proximal con-
glomerates,sandymcanderingdeposits are present.The syndepositional
folds within the basinrepresenttheboundaryof this sector.

= Middle-distal sector Typically, Ibis is representedby lithofaeiesSM,
with developmentof low andhighsinuosityrivers,epibemeralor witib limited
lateral migration. Sinuositycibangesthroughspaceand time indicatechan-
ging slopesand/orimportantdisehargevariations. Flood plain depositsbe-
cometbickcr andspreaddownstreamgradingmb lithofaciesMS.

= Dista? sector(lithofacies MS ímd M): Sheetflow sanddeposits(splay
deposits>andrare, low or high sinuosity,siballow channelsare foundwithin
wide mud flood plains, wliich downstreamare almost entirely formed of
mudstoneswith din lacustrine,sulpibateor carbonateintercalations.

The fluvial systemswith suchsectorswere40 to 60 km long,xvith radial
paleocurrentpatterns(Nichols, 1987a;Juppet al., 1987>. Alí thescctorsare
wel] representedand lithofacieschangesare gradual.Proximal sectorsare
characterizedby braidedsystems,while proximal-middleandmiddle-distal
sectorsshow agreatvariety of fluvial styles. Thesefeaturesreferto alluvial
systemswidi dominantfluvial processesor «ibightransportefficiency fans»af-
terColombo<1989) or «fluvial fansaafter mazMolina eta?. (1985>. Dralna-
ge areasurface(including tibeJacaBasin, SierrasInterioresandpart of dic
Axial Zone>in dic Gavamieunit is not possibleto be determinedexactly, but
it wasextremelylargerdanthoseof tibe marginalfans.

PALEOGEOGRAPHYAND TECTONIC CONTROLS
ON SEI)IMENTARY FEATURES

As indicatedaboye,theLunasystemresuitedfrom coalescenceof two dif-
ferentfluvial fans: theUncastillo fan, to the xvest, andtheLuesia fan, to tibe
east (Figs. 4, 6B and7), tibe apicesof wibich werelocatedto thenorthwestof
Selvaand nortb of Puig Monépoints. Luesiafan apexremainedattibe same
placediroughtime, but Uncastillo fan apexmovedeastward,andat tibe time
of sedimentationof units U2 and UY + U32 it was placedto dic nortL¡ of
Cruz poiní. For megasequenceU33 tbereis not sedimentaryrecord of con-
glomeratesof die Uncastillo fan. Tbis maybe dueto later erosion,but it is
not probableas geomorphologicalfeaturesof thc areado not reflecí it. Are-
nas(1993)suggestedthatduring megasequenceU33 deposition,dedrainage
basin of tibe Uncastillo fan wascapturedby the maln flow of die Luesiafan:
tbeLunasystemconsistedtiben of a singleapex(Fig. 7>. At thattime, anew
rejuvenationpLise of tibe sourcearentopograpiby,causedby increasingtee-
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tonic activity, gayeriscto progradationof proximalsectorsof thefluvial sys-
tem. However,thecaptureeventcannotbe attributedto anyparticularstruc-
ture of the Gavarnieunit.

FigureSA showsfor megasequenceU32dic coexistenceof two fluvial con-
glomeratebodies with three discrete mallo-typc conglomerateoutcrops
(Aguero,Murillo andRiglos marginalfans).Downstream,fluvial conglome-
rate litibofacies arefringcd by sandstoneandmudstonelidiofacies, theout-
cropsof wbich sibow an elongatedshapeor flattcning againstthe margin.
Thus,proximal-middlcandmiddle-distalsectorstendedto elongateparalící
to dc basin margin. This fact determinedthat the marginal or short fans
combinedin dic largerLuna fluvial systcmin arcasncardic basinmargin.

This particulardistribution could ibave beenpresentduringdic wibole
Uncastillo Formationdeposition,but its presencecanonly be reportedfor
units U2 and U3 (Fig. 7>: That distributionprovesthatapartof theLuna
systemdisehargewasdriven parallelor quasi-parallclto dic adjaccntmar-
gin, as shown by de WNW-ESEoriented,tltck sandychannelsthat are
found neardic basin margin (cg., Bid and Agúcro-Murillo arcas).Such
well-developedlongitudinally-flowing rivers suggestthatapail of the basin
margin was underfilled. That part correspondedto tibe regionadjacentto
the SierrasExterionesstructuralhigh. Locally-increasedsubsidence,caused
by dirust sibeetstacking, could lead to such situation,but syndepositional
foldingxvithin tibeEbro basin,atleastfrom unit U2 sedimentation,is a more
simpleexplanation(Figs. 6 and7): theuplift of die UncastilloandFuencal-
derasanticlineslcd to channelpartof thefluvial disehargealongthesyncli-
rial subsidentzones.Tiben, deep,mostlylow sinuositycibannelsflowed axial-
orientedenlargingdic middle sectorsof theLunasystemparállelto theba-
sin margin.

Sorneothersedimentaryfeaturesof de Lunasystemcanalsobe attriibu-
tedfo dic dcvelopmcntof syndepositionalfolds in de Ebro Basin:

1) Thelimited basinwarddeve]opmentof dic conglomerateandsandsto-
nc and conglomeratelitibofacies (up to 6-7 km), in contrastto tibe wibole
lengthof tibe system(about40 to 60 lun long).Moreextendedproximalscc-
torsshouldbe expectedfrom afluvial systemthattransportedclastsup to 75
cm in diametre.

2> Tibe shawtransitionin proximalsectorsfrom braidedgravel deposits
to amaJgamated,lateral aceretionsandstonesdepositsof about5 m tbick.
Tliis is commonto thenorthof dic anticlines,wherelateralaceretionsands-
tonedepositsarefound5.5km southof dic basinmargin,as in thecasenorth
of Luesiavillage (Arenas,1993).

Thesefeatureswere diirectly relatedto the local changein de general
alluvial fan slopecausedby dic anticlinedevelopmcnt.Ncvcrtheless,dic Un-
castilloandFuencalderasanticlinesdid not constitutearestrictivebarrier,as
theLunasystemnetis essentiallyradial.Within tibis situation,two principal
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structuralre-entrantsexistedin relationto tibe antielines:the unfoldedarcas
locatedi> betwcentibe two anticline-synclincpalrs, southof Bid village, aud
u> eastof de Fuenealderasfolds, north of Ayerbc. An iimportantportionof
theLunasystemdischargeemergedacrossdic formerstructural10w, feeding
an activesectorof tibe systemthatflowcd southward.Trtmk channeiscoñid
reacharcasfar from de proximal sectors,and at maximumprogradation
pibasesdat paft of tibe fluvial system(middle-distalsector> extendedto re-
gionsas far assouthof Luna village, as evidencedby the extensionof lidio-
faciesSM (elongationof SM lithofaciesoutcropstowardtibe soudcastof de
Lunasystem,Fig. 5B>. In dic secondstructuralre-entrant,north of Ayerbc,
emergentchannclsbecameunconfineddueto alocal lowcring in defan slo-
pe. Tibe expandedflows originatedanarcadominatedby sheetsanddeposits.
Suchis the caseof Condiio-Ayerberegion (Arenas,1993). In contrast,in thc
areaof Uncastillovillage (Fig. 5B), alluvial fan progradationphasesdid not
causean enlargementof middlc-distalsectorstowardthc south,as no struc-
tural re-entrantsexisteddiere.

Apart from thesefacts,on thecrestsof thesyndepositionalanticlines,and
particularly on the Uncastillo anticline, vertical aceretionis recordedand
overbankdepositsalsoformeddiere.Deepcibannelincisionisnot an extensi-
ve featureof particularzonesof thisfold. Thus,tibeexistenceof ananteccdcnt
fluvial net cannotbe arguedto explaindc fluvial growth basinward.More-
over, somelateral accretionbodiesarefoundon the flexure arcasof theUn-
castilloanticline (Arenas,1993>.Uncastilloanticlineuplift ratescemsto ibave
beencompensatedby verticalaccretionratein the adjacentnorthernsyneli-
na] region,whichreceivedthc greatestpart of thedisehargeof dic Lunasys-
tem. Then,northernflanksof dic anticlinesactedasbenclíterraceswitbin thc
generalfan siope.In contrast,soutibemanticlineflanks hadbigiber gradient
thandefiat nortbernones,andgreaterdcvelopmentof sandybodieswith 1k-
Lle lateral migrationand moderateincision are common features.in odier
xvords, generalslopeacrossdic Uncastilloanticlineareawas basinward,with
very gentleslopein the northernflank andslightly ibigherslope in the sou-
thernflank (Fig. 6).

Southof the anticlines,middle-distalsectorsof tibe systempossessedcha-
racteristiesof a dfflnentnctof mostiy laterállystablcchanneis,as considered
by Nichols (1989). Ijnconfinedflow depositsaretypicalfeaturesof distalsee-
tors.Avulsion wasacommonautocyclicprocessin bothseclnrs,andfrequent
changesin fluvial arcibitectureLhroughtime havebeendescribed. Baselevel

Fig. 7—Paleogeographicreconstructionsfor iints U12 (A) andU22 (B). baseof megasequence
J32 (6) andmiddle padof inegasequence113(D) -

Yig. 7—Reconstruccionespaleogeugráficasde Las unidadesU12 (A) y 112~ (13). basedc la mega-
secuenciai..}3~ (6) y partecentralde la megasecuenciaU3~ (D) -
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ebangesin the adjacentcentrallacustrinesystemswerc controlledby climatie
cycles (Arenas, 1993; Arenas andPardo, in press>,but deir relationships
with de changingfluvial architectureis still understudy.

Concerningthe origin of theUncastillo andFuenealderasfolds, recentiy
Teixelí andGarcía-Sansegundo(1995>ibaveproposeddatdic existenceof a
buriedthrustunderdic SierrasExterioresaffeetingdeTertiarysuccessionof
the Ebro Basinmayhaveoriginateddetachedfolds witbin de basin.Synde-
positionaldeformationin de studiedseriesin thepresentcontributionsug-
geststhatsucbfolds wereactiveatIeastduringthe depositionof units U2 and
U3 <at least,sinceAgenian, Late Oligocenetimes>.Thus, tliis burieddirust
xvas activeuntil the depositionof megasequenceU32 (Ramblian,Early Mio-
cene), as U33 stratarecord a progressiveattenuationof tbe deformation
throughtime.

CONCLUSIONS

In thestudyaiea,theUncastillo Formationresultedmostlyfrom deposi-
tionin theterminal,Lunafluvial system.Sineeits existence,Rs evolutionfo-
]lowed successiveprogradation-retrogradation stagescontrolled by tecto-
nies in the drainagebasin (JacaBasin,SierrasInterioresandAxial Zone>.
Westof the SierrasExterioresAragonesas,dirustsibeetsarenot presentand
syndepositionaldeformationalongthebasinmargin (progrcssivcunconfor-
mity of Biel-Gallipienzo> does not explain such progradation-retrograda-
tions stages.

Progradationalandretrogradationalstages,andprobablylacustrinebase
level fluctuationstoo, mayhavecausedfluvial arelttecturevariationsthrough
time. ThesevariationsweredescribedbyNichols (1989) for middle sectorsof
the fan. Nevertheless,fluvial net distribution did not change essentially
droughtime, andits developmentwas greafly controlledby Agenian-Ram-
blian syndepositionalfolding witbin theEbro Basin. Tibe mostrelevantcon-
sequenceswerethe deviationof a paft of tibe dischargeparallelto tbe basin
marginandthe formation of liigh sinuosityrivers in proximalsectorsof the
fluvial system.
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