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ABSTRACT

Theogrésbelasianos»unit representsalluvial silicielastiesedimentsdepo-
sitedduring lateAptian to Cenomaniantimesin the LusitanianBasin,on the
westernmargin of the Iberianplate.Two fining-upwardsuccessionshavebeen
identitied in the unit by studiesof vertical changesof lithofaciesassociations

in tbe northernpart of thebasin.TheIower fining-upwardsuccessioncorres-
ponds to depositsof coalescentwet alluvial fans, changingto a braidplain
witli local sinuosity.The uppersucccss¡onrecordsthe transition from high
slopebraidplainswith increasingsinuosityto fluvial-dominateddeltaicdepo-
sits. Consideringtheavailablebiostratigraphicdata,the allocyclic controlson
vertical changesof lithofacies assoeiationsis discussed.It was inferred that
the climateor a basinmarginuplift werenot the maincontrol on systemcha-
raeterclianges.Furthermore,evidencein the offshoresuggeststhat sea-level
changesprobablyhadamajorinfluence.

We believethat the onsetof seafloorspreadingin the Galician western
marginandBay of BiscayduringupperAptian to middle Albian havecaused
sea-levelvariations in theLusitanianBasin, relatedto the thermaland isosta-
tic adjustments.A relationshipwas admittedbetweenthe custatiecurves of
Haq et aL (1988)andthe North Atíantie (Iberiaincluded)geodynamicevolu-
tion. In the unit studied,thelower fining-upwardsuccessionprobablycorres-
pondsto the supercycleLZB-4 and the upper tining-upwardsuccessionto

UZA-í andpartof theUZA-2 of Haq etal.(1988).
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RESUMEN

La unidad«grésbelasianos»consisteen depósitosaluvialesde edadAptiense
superiora Cenomaniense,sedimentadosen la CuencaLusitana,en la margen
oestede la placa Ibérica. El análisis de la variaciónvertical de asociaciones
de facies en la unidad ha permitido identificar dos macrosecuenciaspositi-
vas, tendenciaconfirmada por sondeos.La macrosecuenciainferior com-
prende las asociacionesinterpretadascomo depósitosde abanicosaluviales
húmedospasandoa sistemasfluviales trenzadoscon sinuosidadlocal. En la
maerosecuenciasuperior, los sistemasfluviales gradana deltascon dominio
fluvial. Considerandolos datosbioestratigráficos,se discuten los controles
alocíclicosresponsablespor la organizaciónvertical de las associacionesde
facies,deduciendoseestabilidaden la tectónicadel margende la cuencay en
el clima. Este hechosugiereque los factoresprimordialesen los cambiosde
las condicionessedimentariasdefinidorasde ambasmacrosecuensias,hansi-
do las fluctuacionesdel nivel debase.

Fil comienzodela expansiónoceánicaen el margenoccidentaldeGalicia
y en el Golfo de Vizcaya (Aptiensesuperior-Albiensemedio), pudo haber
causadovariacionesrelativasen el nivel del marde la CuencaLusitana,debi-
do al ajuste isostáticoy térmico. Admitiendo que existe relación entrelas
curvascustaticasde l-Iaq el aL (1988)y la evolucióngcodinámicadel Atlánti-
co Norte (incluyendoIberia), se deducela correspondenciaentrela macro-
secuenciainferior y el supereicloLZB-4, mientrasquela superiorcorrespon-
deriaal UZA- 1 y partedel UZA-2.

Palabrasclave: CuencaLusitana,Cretácico,macrosecuencias,controles
sedi mentan os.

1. INTRODUCTION

The «grésbelasianos»is the lowermostunit of tlie Cretaceousin the Lusita-
níanBasinnorth of Nazaré(Fig. 1), and it extendsalí over4w basin.Theunit

consistsof a siliciclastic alluvial suceessionof Aptian to Cenomanianage,
outcroppingin the westernmargin of Portugal. It is equivalentto the Upper
AlmargemSandstonesdefinedin the southof the basin (Choffat, 1900;Rey,
1972),calledAlmargemformation by Wilson(1988).
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The detailedstudyof outcropsin severalareasnorth of Nazaréallowed
the identification of íwo fining-upward suecessionsin this unit. The purpose

Fig. 1.—Ceologicalsketcbof the onshorepart of theLusitanianhasinand adjacentcontinental
sheíf, north of Peniche(siniplified from Boillot & Mougenot.t978). 1: basement.2: Mesozote
pre-lígrésbelasianosí.3: lígrésbelasianosíí.4: post-íígrésbelasianosíreeord.5: geological limits.
6: main faults.7:1000m isobath(geoíogyatWestnot represented).
Pig. 1—Esquemageológicode la CuencaLusitana,al nortede Peniche(simplificadadeBoillot
& Mougenot,1978). 1: basamento.2: Mesozoicoanteriora los lígrés belasianosíí.3: íígrésbela-
síanosí.4: sedimentosposterioresa los íígrésbelasianosí.5: límitesgeológicos.6: fallas princi-
pales.7: isobatade los lOt)t)m (geologiaal Oesteno representada).
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of this paperis to presentand discusstherelationshipsbetweenthe evolu-
tion of sedimentologicalfeaturesand paleoenvironmentalinterpretations
against allocyclic controls of deposition, sueh as cliniate, tectonismand
eustasy.

2. GEOLOGICAL SETTING

The Pangeasupereontinentbreakupled to the openingof the Atlantic
through a successionof northwardjumps of the spreadingaxis of the sea-

floor and to the closureof Tethys (Ziegler, 1982; Uchupi, 1988; Mouge-
not, 1989).The Lusitanian Basinextendsin a North-Southtrendbetween
hercynian basementblocks, bounded by NNW-SSE and NE-SW late
hercynianorogeniestrike-slip faults (Hiscott a aL, 1990). The Mesozoic
sedimentaryinfilí reflects the geodynamieevolution of North Atlantic (Fig.
2), and severalunconformity-boundedsequenceswith basinwide distribu-
tion wererecognized(Wilson, 1988;Wilson etal., 1990;Cunha,1992),re-
latedto four mainstructuralstages:

— UpperTriassic-Calovian,with continentaldepositionbeing followed by
Lower andMiddle Jurassiccarbonatesrepresentingthe regionalsagof the basin
duringthermalrelaxation(Hiscott etaL, 1990).

— Middle Oxfordian-Berriasian,composedof lacustrineand shaílow
marínecarbonatesfollowed by terrigenousfacies that correspondto high
ratesof basementsubsidence,with creationof sub-basinsby bíock faulting

and halokineticactivity (Guéry, Montenat& Vachard,1986;Wilson et al,
1990).

— Valanginian-lowerAptian, occurringonly southof Nazaré,characteri-
zesa rifting eventshowingrelatively little variation in thicknessandfacies
betweenthe blocks definedin the previouscycle. Ihe marinecarbonatesin
the depocenterare laterallyequivalentof marginalfluvial facies (Rey, 1972,
1982,1985).

— In the upperAptian — lower Campanianstructuralstage,the main
tectoniccontrols werethe Atíantie extensionandthe openingof the Bay
of Biscay.The stagebeginswith importantdiastrophicactivity correspon-

Fig. 2.—Summaryof the Mesozoic lithological frameworkin theonshorepart of the Lusitanian
basin(Penados Reis el aL, 1993, modified from Penados Reiseta!, 1992).Note the several

unconformity-houndedsequences(UBS) in thesedimentaryrecordof theBasin.
Fig. 2.—Columnaestratigráficasintéticade las litologias del Mesozoicode la CuencaLusitana,
enla áreaemergidaen la actualidad(PenadosReis eta!, 1993,modificadodePenadosReiser
al., 1992).Se presentanlassecuenciaslimitadaspordiscontinuidades(UBS).
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ding to the uplift of the Berlengahorst system(westernborder of the ba-
sín) andthe HesperianMassif and an important enlargementof the sedi-
mentationarea. At the NE domain of the Basin, coalescentwet alluvial
fansdraining to SW (the «grésbelasianos»unit andother regionaldenomi-
nations;Fig. 1) changeprogressivelyto transitional systemsand to a car-
bonateplatform. At the 5W domain of the Basin (Berlengahorst), also
existsadrainageto the east.An importantfalí of the sealevel succeedsthe
longterm Albian-Cenomaniantransgressionresulting in progradationand

latter incision of the depositionalsystems.The top of the sedimentaryre-
cord is regionally marked by an important silerete,testifying weathering
during a long hiatusin sedimentationandtectoniestability (PenadosReis
&Cunha, 1989a).

— The upperCampanian-Maastrichtiandistensivephaseis markedby
volcanieandsub-volcanicepisodesanddiapiric andnon-diapiriediastrop-

hie events.The recordeonsistsof quartzarenitesandredmudstones,inter-
pretedas a meanderingfluvial systemdraining to NW, changingdistally to
transitional and marine environments; the diapiric reactivation built up
alluvial fans, in which calcareousconglomeratesandmudstoneswerc accu-
mulated (Penados Reis, 1983; Penados Reis & Cunha, 1989b;Cunha,
1992).

3. DEFINITION, LIMITS AND BIOSTRATIGRAPHY
OFTRE «GRÉSBELASIANOS»UNIT

3.1. DEHNITIoN ANt) LIMITS

In the areanorthof Peniche(Fig. 1), the «grésbelasianos»lies in angular
unconformity over Mesozoic depositsand the hercynian basement.The
unit presents65 m at the easternbasinborder,approximately300 m in the
Nazaréarea,440 m at the offshoreboreholeFaneca— 1 anda diminishing

thicknesstowardsthe westernborder (Berlengashorst system).However,
showsrelativelylittle thicknessvariation along the axis of the northernpart
of thebasin(NNW-SSE).

It canbe inferred that the baseis approximatelysynchronousin the me-
so-cenozoicwest margin of Portugal,dating from the late Aptian (Dinis &
Trincáo, in press~.Thetopof the «grésbelasianos»is markedby the lithologic

changeto the marinecarbonatedepositsof the Alcabidecheand Alcántara
formations(Wilson, 1988) and to the micaceousChoisaSandstones(Pena
dos Reis& Cunha,1989) in the easternborder.The upperlimit is clearly
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NUM REFERENCE LOCAT!OIV AGE UNU TYPE

1 Teixeira(1952) Arnal-Leiria probablyAptian ALE M
2 Groot& Groot(1962) óbidosLagoon Albian CAS-ALE? P
3 Moron(1981) Nazaré- probablerniddle ARC P

cliff top Cenomanian
4 Moron (1981) Buarcos earlyto middle ARC P

Cenomanian
5 Pais& Reyre(1981) Buarcos Aptian CGC? P, M
6 Pais& Trineño(1983) AlmasdoJuncal- lateAptian ALE P

Montemor-o-Velho
7 Trineáo(1986> Orada- Coimbra Aptian CGCbase P
8 Trincñoeta!(1989) near

(revisedby Dinis & Papanata- Lousá Aptian-Albian ALF P

Trinedo,inpress) limit
9 Trineáoeta! (1991> Nazaré middletolateAlbian ARG P

cliff base upperpart

TABIr. 1 .—Biostratigraphicdataavailable in thestudied zone concerningthe«grésbe-
lasianosí unit, basedon the paleobotanical content.Unit referesto «grésbelasianos>
sub-units/lithofaeiesassociations:CGC-Calvaria conglomerates;ALF-Famalicáo
sandstonesand mudstones;CAS-Salgueiraconglomeratesand sandstones;ARG-
Gondemariasandstones;ARC- Calvariasandstones.Type M refersto vegetalmacro-

rremainsandtypePto palynomorphs.
TABLA 1.—Datosbiostratigráficosdisponiblesen los «grésbelasianosíde la región
estudiada.Las unidadesde referenciason sub-unidades/asociacionesde facies:
CGC-conglomeradosde Calvaria; ALE-areniscasy lutitas de Famalicáo;CAS-
conglomeradosy areniscasde Salgucira;ARG-areniscasde Gondemaria;ARC-
areniscasde Caldelas.El tipo M se refiere a macrorestosvegetalesy el tipo P a pa-

lino modos.

diachronous(middle Albian to upperCenomanian;Berthou, 1984), on-
lapping along the basin axis from SSW to NNE. The point of maximum
landwardposition of the shore-lineis representedin the Leiria-Ansiño re-
gion by the Anorthopygusmichelini level of the albian-cenomaniancarbo-
nates(Soares,1972; Berthou, 1984), and probably by the carbonaceous
levels at the baseof the Choisa Sandstonesin the Lousá-Arganil region

(PenadosReis& Cunha,1989).
The unit belongsto the «A» megasequeneeof Corrochano& Penados

Reis(1986), comprisingalso the overlying AlcabidecheandAlcántarafor-

33
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mations up to the maximum of the cenomaniantransgression,showinga
verticalevolutionwith positivetrend.

3.2. BtosTRATJGRAPHIcALDATA

The age attributions are based in palynologieal and plant macrore-
mainsstudies.In the consideredzone,the availablebiostratigraphicaldata
arepresentedin Table 1. The stratigraphieposition of eachlevel in the unit
is presentedin Fig. 3.

Other biostratigraphicalstatementsin the southernpart of the basin,
which are in agreementwith the aforementioned,arepresentedby Teíxeíra
(1948), Groot & Groot (1962), Rey (1972), Medus & Berthou (1980),
Berthou, l-Iasenboehler& Moron (1981), Hasenboehler(1981), Berthou
& Leereveld(1986, 1990)andTrincáo (1990).

4. VERTICAL SUCCESSIONAND INTERPRETATION
OF LITHOFACIES ASSOCIATIONS

The field studyandboreholedataof the unit in severalareasof Central
Portugalallowedthe executionof syntheticsections(Fig. 3), revealingtwo
fining-upward successions.The Aveiro seetionis basedon data from the
hydrogeologicaldrilí JK4 locatedat Ihe Cacia village. The 14C-1A and
FANECA- 1 logs (NesteOil, 1991)correspondto hydrocarbonexploration
wells. In the Leiria-Ansiáo region the detailed study of 40 vertical logs
(900 m) using the lithofacies codeof Mialí (1985), and architecturalele-
mentsanalysisin selectedpanels(Mialí, 1985),allows the definition andin-

Fig. 3.-~Syntheticsectionsof Ihe «grés belasianos»and respectivepositions.LFS-lower fi-
ning-upwardsuccession.UFS-upperfining-upwardsuecession.1: conglomerates.2: congIo-
nieratesand sandstones.3: sandstones.4: sandstonesandmudstones.5: mudstones.6: muds-
tones and limestones.7: limestones.8: angular unconformity. 9: pre-grésbelasianos.10:
positionof paleobotanicalsamples,*~projeetedfroni nearlocations(seeTable 1.).
Fig. 3.—Situacióny perfiles estratigráficossintéticosde los «grésbelasianos.LES-macrose-
cuenciainferior. UFS-macrosecuenciasuperior. 1: conglomerados.2: conglomeradosy are-
niscas.3: areniscas.4: areniscasy lutitas. 5: lutitas. 6: hititasy calizas.7: calizas.8: discordan-
cia angular. 9: pre-grés belasianos. 10: posición de los yacimientos paleobotanicos,
*~proyectadosdeposicionescercanas
(ver Tabla 1).
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terpretationof five informal lithostratigraphicunits (Dinis & PenadosReis,
1989;Dinis, 1990, in press).Correlationof lithofacieslogs in this region,sho-
wing the lithostratigraphicunits are presentedin Fig. 4, and somedetailed
examplesin Fig. 5. Theseunits eorrespondsto Iithofacies associationsand

areusedhereas references.

4.1. THE LOWER FINING-UPWARD 5UCCE55ION

The lower fining-upward suecession(LFS) is definedby the transition
from the Calvariaconglomeratesto the Famalicáosandstonesandmudsto-
nes.The Calvariaconglomeratesare composedmainly of Cm faciesaccu-

mulatedin longitudinalbars,with signiflcantamountsof St, Gt, Gp andFm
(Table 2). In the Famalicáosandstonesandmudstonesof the Leiria-Ansiño
region, strips of different lithofacies associationswere identified, contro-
lled by subsideneecompensationcausedby salt withdrawal into the Ver-
moil diapir (Dinis & Penados Reis, 1990).The position over the diapir

correspondsto a mudstoneassociationwhereasthe marginalstripsareen-
riched in sandstones.The sandstoneassociationis dominatedby St facies
eorrespondingto fields of sinuous-cresteddunes,with minor conglomera-
tic content(Gt, Gms,Gp andGm) organizedin longitudinal andtransverse
bars.The mudstoneassociationis dominatedby Fsc and Fm, with an im-
portant proportion of St and almost completeabsenceof conglomerates.
The dominantmorphologieelementsdeducedfrom lithossomesare flood-

plain with crevassesandehannelsfrequently revealingcutoff. Loeally it is
possibleto identify lateral aceretionsigmoidal forms in heterolithicmuds-

tone/sandstonefacies.

Fig. 4.—Correlationof vertical lithofacieslogs in the Leiria-Ansiáo region,showingtbe lithostra
íigrapbic sub-units(lithofaciesassociations)of the grés belasianos.CCC: Calvariaconglome-
rates.ALF: Famalieñosandstonesandmudstones.CAS: Salguciraconglomeratesand sandsto-
líes. ARO: Gondemariasandstones.ARC: Caldelassandstones.Nun,bersinsidecirelescorres-
pond to logs located in Fig. 7. Numbers at logs side correspondsto Maximum Particle Sise
(MPS). 1: AlcántaraFm. 2: conglomerate.3: sandstone.4: mudstone.5:underlyingunits.
Fig. 4.—Correlacióndeperfilesestratigráficosilustrativosde lassub-unidades(associacionesde
facies)en los grésbelasianosde la regióndeLeiria-Ansiáo.CCC: conglomeradosdeCalvaria.
ALF: areniscasy lutitasde Famalicán.CAS: conglomeradosy areniscasdeSalgueira.ARO: are-
niscasde Gondemaria.ARC: areniscasde Caldelas.Los númerosencerradosen círculos co-
rrespondena lascolumnaslocalizadasenla Fig. 7; los númerosal ladode las columnascorres-

pondenal centil (MPS). 1: Fm. Alcántara.2: conglomerado.3: arenisca.4: hitita. 5: unidades
infrayacentes.



38 Dinis,JL.etaí

OjoS MAX1MSM PARnOLE SffB

LITIOFACIES rnSTRrJCTURES Po PALEOcURRENTS

00 ~ odS .~o.t

1 -+
O o¡s6¡ bsidoga..á

~~])o. ~< ~
—.Q votO

• itO.dOS sin.zz- —~
—si.,

Mr . itoJitn4yJest

//sp •PoFrs Ositr



Controlson vertical changesofalluvial systemcharacter

FACIES CGC ALE ALE ALE (‘AS ARG ARC TOTAL

Gm
Gms
Gt
Gp

Gtotal

29.5
1.4

11.8
15.0
57.8

6.4
8.5

10.3
6.3

31.5

2.6
2.5
2.4
0.6
8.1

4.1
5.0
5.7
2.9

17.6

10.1
2.9

16.3
8.8

38.1

2.3
0.4
3.4
0.8
6.8

—

—

—

—

—

11.9
2.5
9.9
7.3

31.5

St
Sp
Stf
Sh
Sm

Stotal

23.7
7.5
0.8
1.2
0.4

33.6

56.9
—
2.2
0.8
0.7

60.6

28.0
—
4.8
1.4
6.7

40.9

39.8
—
3.7
1.2
4.3

49.0

45.7
5.7
2.1
0.5
1.1

55.1

45.4
19.7
4.0
0.3
7.9

77.4

27.8
114.8

12.6
0.7

24.8
80.7

38.3
7.7
2.8
0.8
3.6

53.2

Fm
Fsc
FI

Etotal

Total

7.1
1.1
0.4
8.6

5.3
2.5

—
7.8

20.5
30.5

—
51.0

14.3
19.1
—

33.3

5.9
0.5
0.4
6.8

15.0
0.7
0.1

15.8

13.7
5.2
0.4

19.3

10.1
5.1
0.1

15.3

100.0 99.9 100.0 99.9 100.0 100.0 100.0 100.0

TABLE 2.-.~Lithofacies(%)
(1985),exceptStf - trough

by sub-unit (facies associations).Eaciescodeof Mialí
cross-beddedfine sandstone.In ALF: AA - sandstoneas-

sociation;AL - mudstoneassociation.
TABLA 2.—Porcentagedelas litofaciesen cadasub-unidad.CódigodefaciesdeMialí
(1985), exceptoStf - areniscasfinas con estratificacióncruzadaen surco. En ALF:

SA - associaciónarenosa;AL - associaciónlutítica.

This fining-upward successionis consideredas the changefrom deposi-
tion in coalescentwet alluvial fansto depositionin abraidplain with local si-

nuosity (Fig. 6).

4.2. THE tJPPERFINING-UPWAROSUCCES5ION

In the uppersuccession(UFS), the Salgueiraconglomeratesandsandsto-
nesconsistof faciesGt, Cm andGp alternatingwith the dominantSt. Chan-
nel infilí by fields of sinuouscresteddunes separatedby longitudinal and

39

Fig. 5.—Exaniplesof verticallithofacieslogs in theegrésbelasianos.For location,seeFig. 7.
Fig. 5.—Ejemplosdeperfilesestratigráficosde los grésbelasianos.LocalizaciónenlaFig. 7.
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transverseconglomeratiebars,sometimeswith lateralaceretion,arethe inter-
pretedphysiographicfeatures.This architecturalstyle is characteristieof con-

glomeratichigh slope braidplainswith moderatesinuosity.This unit grades
upwardto the Gondemariasandstones,correspondingto a similar environ-
mentbut with a lowerslopegradient(Fig. 6) as inferred from the lithofacies
assemblagesandrock-bodygeometry.Gm conglomeratesforming lagsof lar-
ge channels(> 30 m wide) aresucceededby sinuouscresteddunes.Gp and

Sp correspondto frequentstraight-crestedbarsandperiodiebed-forms;Fm
andSm oceur in lateral aceretionmorphologiesand sheetbodies deposited
ín crevasseandfloodplain.

The overlying Caldelassandstonesconsistof St, Sm andSp lithofacíesIn-
terbeddingwith Em andEse.Thesefaciesarevery mud-richturningdifficult
theclearobservationof architecturalelements;however,it is possibleto infer
an orgariizationin heterolithicbodies,frequently‘with laTge sealeandIow an-
gle internal bed-eontacts,or sigmoidalsandstonebodies.This thin unit (less
then 10% of the «grésbelasianos»total thickness)is interpretedas a fluvial-

dominateddeltaicdeposit(Fig. 6) that gradesto the marinecarbonatedepo-
sitsof theAleabidecheandAlcántaraformations.

The paleocurrentdirections in the «grésbelasianos»vary betweenwest
andsouthwestwardin the studiedregion(Fig. 7), revealingdrainagefrom the
hercynian basement,transverseto the basin axis (Rey. 1972; Dinis, 1990;
Cunha,1992).

5. POSSIBLECONTROLSON SEDIMENTATION

The unit is a depositionalresponseto the onsetof oceanieopeningand

beginningof oceaniccrust formation in the Atíantie sectornearthe Lusita-
nian Basin, north of the Tagusabyssalplain, during the earlyAptian (Fig. 8)
(Masson& Miles, 1984, 1986;Keenetat, 1987;Mougenot,1989;Hiscottet
aL, 1990; Wilson et al., 1990),leading to thermal uplift of the margin (Van-
ney & Mougenot, 1981;Rey, 1982; Malod, 1987;Wilson, 1988) andforms
thebaseof the post-rift sequence.

Fig. 6.—liepositionalsedimentaryenvironmentinterpretedfor the grésbelasianos.Indicated
the sub-units (facies associations)and the progradational/retrogradational/progradational
cyele.SN.: NeocomianSurface.For locationof logs andlegendseeFig. 3.
Hg. 6.—Modelo interpretativoparalos «grésbelasianos.Se indicadanlassub-unidades(aso-
ciacionesde facies) y el ciclo de progradación/retrogradación/progradación.SN.: Superficie
Neocomiense.Paralocalizaciónde lascolumnasy leyenda,ver Fig. 3.
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Fig. 7.—A: Location of B. B: Paleocurrentdataof the grésbelasianos in theLeiria (L)-Ansiáo
(An) region. Ps

1”: numberof readingsof eachmean-vector;the numberin bold correspondsto
thelocationof Ihe logs presentedin Figs.4 and5.
Fig. 7.—A: localizacióndeB. B: Distribución de paleocorrientesde los grésbelasianos en la
regiónLeiria (L)-Ansio (An). N<: númerodemedidasparacadavector-medio;el n.” ennegrita
correspondea la posiciónde lascolumnasdelas Figs. 4 y 5.

The comparisonof paleobathymetriccurves of different basins (Scott,
Frost& Shaffer, 1988), including the Lusitanian,recognizesan intra-Aptian
hiatus suggestinga widespreadmajor sea-leveldrop, about 116 Ma. This
eventcorrespondsto the baseof supercycleLZB-4 of Haq, Hardenbol &
Vail (1987).Thecombinedeffectof tliermal uplift in the regionssurrounding
the rift and a sudden eustaticfalí allow the synchronousonset of a high
energysedimentationin a largeareaof thebasin.
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The positiveevolution of the upperAptian — Cenomanianmegasequence
of the LusitanianBasin can be explainedby severalalloeycliccontrols (Bert-
hou,1984;Rey, 1985;PenadosReis& Cunha,1989a;Dinis, 1990): 1) redue-
tion of postrift thermalsubsidencerateasthe basinmoves awayfrom the ocean
spreadingaxis, a typical situationof passivemargins(Mialí, 1984),2) the long-
term eustaticrise during Albian andCenomanian(Haq et al., 1988), 3) theba-
sin infilí anddiminishingsedimentsupply associatedwith hinterlanderosional
lowering(Berthou,Blanc& Chamley,1982;Riba, 1989).

Bearingin mmd the passivenatureof the basinmargin,worldwide acting
parameterssuehas climate ehangesand eustasyare relevantin the following
analysisof depositionalcontrols within the unit. Thus,the available dataof
nearestbasins(duringAptian to Cenomanian)areconsidered.

Despite the difficulty of recognizingthe value of erosionalsurfacesin
alluvial deposits,eonsideringthe regionaldatawe suggestthat the boundary
betweenthe fining-upwardsuceessionsis a sixth-ordersurface(Mialí, 1988),
eventually causedby a general incision of the system.From the presented

biostratigraphicdataand the stratigraphicposition with respectto the unit
thiekness,it is possibleto concludethat thelimit betweenthetwo considered
successionsis locatedneartheAptian-Albian limit.

At a regional level, towardsmore distal basin positions,consideringthe
relativethicknessof the unit, thelimit betweenthe fining-upwardsuccessions

occupíesíncreasinglylower positions, andthe contrastbetweenthe sucees-
síonssharpens(Fig. 3).

5.1. (‘rIMAn.

It can beinferred that during the Aptian to Cenomanianthetemperature
distribution wasquite equablein the Earth,with reducedmeridionaltempe-
raturegradientbut with importantvariationsbetweenlittoral andcontinental
interiors (Barron, 1983;Sloan& Barron, 1990).The widespreadoccurrence
of bauxitedepositsin the Aptian suggestswarm andhumid conditionsin lar-
ge areas(Ager, 1981;Chamley& Debrabant,1984;Combes,1984;Nikolov,
1987).The eNmateof the Iberian platewas subtropical,probablywith high

rates of rainfalí (Rey, 1972; Berthou, 1973; Vanney & Mougenot, 1981;
Berthou et aL 1982; Rat, 1982;Dinis, 1990; Comes, 1991), at least in the
coastalareas(Barron,William & Thomson,1989).

Climatic changesmay be recordedby vertical changesin elay composi-
tion, pedogeneticevolution,paleobotanicalelementsandsedimentologiepa-
rameterssuch as lithofacies and architecture(Schumm, 1981; Gordon &
Bridge; 1987;Kraus,1987).
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In the studiedsedimentsno evidenceof significant modifieationson the
paleoclimatieevaluationparameterswasfound,namely in the unit claysdis-
tribution, with a dominanceof kaolinite, small amountsof illite and an in-
creasein smectite(mainly montmorillonite)contentat the top (Berthouet al,
1982; Carvalhoet al, 1982;Rocha, 1989;Dinis, 1990;Comes,1991).Also
the paleopedogeniesignalshowslittle variation throughoutthe unit in the on-
shore studied region. The overbank facies shows a low maturity degree
(Kraus, 1987),presentingred, purpleandblue mottling, rubefactionand so-
metimesintenseroot andburrowbioturbation(Dinis, 1990>.

Thus,we suggestthat climatewasnot the main control in the definitionof
two finning-upward successionsin the «grésbelasianos»,due to the lack of
evidencein the unit and the admittedslow andgradationalchangeof the cli-
mateduring themiddle of theCretaceous.

5.2. TEcToNlcs

The geodynamicsetting (Fig. 8) during the Aptian and Albian, indicates
that the Iberian plate was submittedto a stressregimeprovokedmainly by
the separationbetweenIberia andNewfoundlandandthe openingof the Bay
of Biscay. Several authors suggestthat the seafloor spreadingpropagated
northward along the Iberian margin in discrete pulses (Boillot & Malod,
1988;Mougenot, 1989; Srivastavaet aL, 1990), bifurcating eastwardto the
Bay of Eiscaybranehin the triple point at the northwestcomerof the plate
(Fig. 8). The opening is cut by severaltransversefractures,inducing a ridge

jump mechanism.
In the northward extensionsof the Lusitanian Basin, the Oporto Basin

(Graciansky et aL, 1978) and the west Galicia margin (Boillot & Malod,
1988),the «breakup»unconformityis of latestAptian age,reflectingthe on-
set of seafloor spreadingin the segmentof 11w rift borderingthosebasins.

The MO magneticanomaly,consideredof early Aptian age(Kent & Grads-
tein, 1985; Haq & Van Eysinga,1987) is representedin the westmarginof
Iberiajust southof the Galicia margin and disappearsat latitude 41.5. This
meansthat the onsetof spreadingis slightly youngerthan MO (Malod &

Mauffret, 1990;Sibuet& Collete,1991>.
Oneimportantquestionis the relativeinflueneeof the Bay of Biscayope-

ning in the LusitanianBasin, since intrapíatestressmight induce tectonic
uplift of the margin or variationsin basinfloorsubsidence.Seafloorspreading
in this segmentstartedin latest Aptian or earlyAlbian times(Boillot & Ma-
lod, 1988; Mougenot, 1989; Malod & Mauffret, 1990; Sibuet & Collete,
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1991).However,we suggestthat during theAptian andAlbian the induction
createdby the transtensivestressin the northernmargin of the Iberianplate
was minor in the LusitanianBasin,dueto the almostperpendicularorienta-
tion betweenthe stressand the main fracturesof the basin.Nevertheless,the
anti-clockwiserotation of the platemight createa tensionpatternmore com-
plex than a purely extensional rifting, as suggestedby Sibuet & Collete

(1991).

Hg. 8.—A: Reconstitutionof the Iberianplate position duringthe onsetof the ridgesegments
lo 3 (Aptian and earlyAlbian). Legend: 1: ridge.2: transform. 3: subduction.4: relativediree-
tion of pIale movement.5: hasin extentiondirection. 6: basins.1: triple junetion. NP, north-
pyrenianfault. B: Mesozoicbasins(A: Alentejo.E: Betie. L: Lusitanian.G: Oporto-Galice).
Fig. 8.—A: Reconstrucciónde la posicióndela placaIbéricaduranteel emplazamientodela ex-
pasiónoceanica(Aptiensey Albiense inferior). Leyenda: 1: eje del rift. 2: falla translormante.
3: subducción.4: direccióndel movimientorelativo de las placas.5: direccióndeextensiónde
la cuenca.6: cuencas.T: punto triple. NP: AccidenteNoribérico. B: Cuencasmesozóicas(A:
Alentejo.B: Bética.L.: Lusitana.O: Oporto-Galicia).

Direct evidenceof tectonieactivity in the unit were not found, namely
sin-sedimentaryfauíting or greatchangesin thicknessat closerange.Howe-
ver, low intensityhalokineticactivity was inferredin the Famalicáosandstones
and mudstonesof the Leiria-Ansiáo region, leading to the acceptanceof a
slightly distensivecontext.Moreover,despitethe vertical changein faciesra-
tios (lithofaciesassociations),the straight evolution of the ‘egrés belasianos»
maximumparticlesize (MPS) indicatesthat it is unlikely that importantbasin
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margin uplift occured.Ihis statementis basedon the assumedeapabilityof
tectonictranspressivemovementsthatcreatesuplift, to generatemoreand/or
largerclasts.Also the increasein smectitecontent in the Lusitanian Basin
throughoutthe Albian andthe Cenomanianmight revealcontinuedlowering
ofreliefover alongperiodin a tectoniequietperiod(Berthouetaí,1982).

5.3. SEA-LEvELCHANCES

The baseof the unit at the 14C-1A well is interpretedas a proximal stream-
flood facies associationunderlying a shallow marinecarbonate/siliciclastie
association,andthe overlying sedimentswereinterpretedasa distal fluvial to
transitional silieiclastic system(Neste Oil, 1991). Thisvertical successionin-
dicatesa relativesea-levelrise andfalí cycle,anó we proposethe correlation

(Fig. 3 and 6) of 4w marinecarbonatelevelswith the Famalicáosandstones
andmudstones.This is consistentwith the existenceof symmetrical ripples
(wave-generated)in this unit at Nazaré,the single observationin outcrop of
probablemarineinfluence,withthe exceptionof IheCaldelassandstones.

Cretaceousserieshavebeendrilled at the DSDP 398 well, locatedsouth
of the Vigo Seamount(150km WNW of 14C-IA), northbranchof the wes-
tern marginof the LusitanianBasin(Berlengahorst).Analyzingthe palynolo-
gical content,Taugourdeau-Lantzet aL (1982) suggesteda transgressivemo-
vement during middle and upperAptian, reaching its maximum near the
Aptian-Albian boundary.Also in the lower to middle Albian near Lisbon a
regressivesecondorderecosequencewasidentified by Cugny(1988).

In order to evaluatethe natureand extensionthe upperAptian to lower
Albian sea-levelrise and subsequentdrop,work carriedout in nearbybasins
Is considered.Correia, Prates& Berthou(1982) point out an upperAptian
transgressionin the Algarve Basin (southportuguesemargin). According to
García-Mondéjar& Robador (1987), the sea-leveldrops recordedduring
upperAptian and lower Albian in the Vaseo-Cantabriancoastwere in part

of eustaticnature.The transgressionduring upperAptian to lower Albian,
andthe subsequentregressionin the middle Albian in two domainsof the
Betie Chain resultedfrom eustaticchanges(García-HernándezetaL, 1982).
In the Anglo-Paris Basin, within a context consideredtectoniealystable,
Amedro (1992) establishedeleveneustaticcontrolled depositionalsequen-
ces;the ageattributionwasbasedin ammonitesand the most importantse-
quencelimit placed in the Aptian-Albian boundary.Usingseismiedata, Ols-
son(1991) divided the nonmarineLower Crctaceousof the pasaivemargin
of NewJersey(U.S.A.) insequencesandrecognizeedthe sameunconformity.
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Comparisonof sea-levelchangesin the Lower Cretaceousof sevenba-
sínsof northwestEuropewascarriedout by Ruffel (1991). DespitesomeIi-
mitation in precisiondating, it is cleara widespreadearliestAptian regres-
sion followed by transgressiveconditions,and a Europeanregressionat the
Aptian - Albian limit. The sameauthorfits this sea-levelfalí with the type 1
unconformity that separatesthe LZB-4 e IJZA-1 supercyclesof Haq et aL
(1988) (Fig. 9).

Independentof it nature,becomesclear from the aforementionedthat a
sea-levelrise aud falí cycle happenedin the basinssurroundingthe Lusita-
nian Basinduring Aptian and earlyAlbian, reachingthe maxímum nearthe
Aptian-Albianboundary.

6. DISCUSSIONON CONTROLLING FACTORSINTERPLAY

6.1. RELÁTIoNsHIP BETWEENSEA-LEVEL

AND 5Y5TEM CHARACTER CHANCES

The vertical transitionfrom the Calvariaconglomeratesto the Famalicáo
sandstonesand mudstonesrecordsthe gradualchangeto more distal condi-
tions anda systemslopedecrease,markedby increasingsinuosity of chan-
nels anddecreasein sedimentsize,proportionandamalgamationof channel-
belt deposits and braid-index (Gordon & Bridge, 1987). Ihe sixth-order
surface(Mialí, 1988) that separatesthe two finning-upwardsuccessionsre-
flects a suddenenergyandslopeincrease,resulting in clearsedimentcoarse-
ningandonsetof highergradientsystems.

Sea-levelfluctuations,inducing variationsin topographicandfreatie gra-
dients, can influence the depositionalsystemseharaeteristieswithin conti-
nental domainsof perioeeanicbasins(Gordon & Bridge, 1987;Rust et aL,
1987; Jervey,1988; Aubrey, 1989;Leckie, Fox & Tarnocai,1989; Rust&
Gibling, 1990,Posamentieret aL, 1992).Suchmodificationsare recordedin
sequentialtrends,discontinuities(erosionalor non-depositional),depositio-
nal ratesandarchitecture.

During the rise of base-level,the increaseof accommodation(apparent
subsidence)increasesthe channelto overbankdeposits ratio (Gordon &
Bridge, 1987). An augmentin muddysedimentationleadsto a channelstabi-
lization anda highersinuosityindex (Schumm,1981;Rusta aL, 1987;Rust
& Gibling, 1990).This effectexplainsthe verticalevolutionof the lowerfin-
ning-upwardsuceesston.

The subsequentdrop, admittedto be rapid and deep(type 1, according
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Haq et al., 1988),took placein a basin in whieh the admittedphysiography
wasa gently slopingplain, dueto the presumedinfilí of the depocenteraxis.
lf the sea-levelfalí wasfasterthan the subsidence,incision might have

rred (Aubrey, 1989)and/ora readjustmentof channelgeometryandstream
pattern(Posamentieret aL, 1992).In suchconditions, the adaptationof the
longitudinalprofile of thealluvial systems(PosamentieretaL, 1992) is recor-
ded in the studiedregionby 11w seawardprogradationof the proximalcoarse
part (Hunt & Tucker, 1992). This mechanismcould explain the transition
betweenthe two finning-upwardsuccessions(Fig. 6).

6.2. NATUREOF5EA-LEvELCHANCUI5

The diseussionaboutthe origin of sea-levelchangesis of capital impor-

tanceand is focusedin the eustaticversustectoniepoles. I-Iowever, the ac-
ceptanceof eustaticnaturein sea-levelchangesimplies the recognitionof the
eventsynchronyin independentbasins,which is beyondthe scopeof this pa-
per. Hence,we acceptthe eustaticcurveof Haq eta! (1988) as acomparison
term andbasisfor discussion.

We adniit the influenceof theseafloorspreadingonsetin the OportoHa-
sin pluswestGaliciamargin,andHay of Biscayon the LusitanianBasin. It is
relevant that the assignedageto the onset in thosesegmentsis compatible
with the biostratigraphicdataavailablefor thelower part of the «grésbelasia-
nos»unit (lateAptian to earlyAlbian), where the morepronouncedvertical

changesof systemcliaracteroccurs.It can beassumedthat thermal andisos-
tatie uplift relatedto (oneat least)tliese separationepisodes,was sufficientto
generatea decreaseof subsidenceor evena slight uplift on the Lusitanian
Basinloor nearthe Aptian-Albian boundary,reflectedin a relativesea-level
drop.

As pointedoutby Chadwick,Livermore & Penn(1989)andHiscott eta!
(1990), therearemany similarities betweenbasinssurroundingNorth Atían-
tic dueto near-synchronousgeodynamicpulsesof continentalbreakup.Cloe-
tingh et aL (1989) statedthat the secondand third-order eustaticcyclesof
Haq et al. (1988) appearto be relatedto timing andpatternsof sea-seafloor
spreading.The accumulationof intraplate stressand its suddenliberation,
can explain eustasyand the main featuresof tectoniebehaviorof many ba-
s¡ns.The erosiveunconformitiesare relatedto eventsof continentalsepara-
tion, generatedat the basinperipheriesby an isostatieuplifting reboundand
thermaluplift. Evenif this mechanismcannotproduceglobal sea-levelchan-
ges, is relevant for our purposesthat the curvesof Haq etal (1988) arebia-
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sedtoward the North Atlantic basinsdata (Cloetinghet aL, 1989).Hiscott et
a! (1990) considerthat sea-levelvariationsrecordedin six basinsof North
Atlantic, including theLusitanianBasin,areresponsesto theoceanopening.

6.3. DISPOsITIoNALSEQUENCES

The recognition of depositionalsequencesresults from the identification
andinterpretationof genetieallyrelateddepositionalsystemsandboundingun-
conformities(Van Wagoneret aL, 1988). In the presentedcase,the application
of such methodologyis difficult dueto the i) longdistancebetweenlocation of
the data;u) minorcontrastbetweencyclesin continentalfaciesand,mainly, iii)
lack of datafrom genetieallyrelatedmarineor transitionsystems.However,the
cyelicity proposedherecanberelatedtothe cyclesof Haq et al. (1988) in timing
and in admittedgenesisand,so,comparedto depositionalsequences.

The bestfit betweenageandnatureof the studieddeposits,the agecons-
trainsfor geodynamicpulsesof westernandnorthwesternIberiabreakupand
thesea-level(eustatic2) curvesof Haq eta! (1988) is presentedin theFig. 9.

Othercyclesof relative sea-levelchangesmight haveinducedresponses
on systemcharaeterduring the depositionof the «grésbelasianos,but are

Fig. 9—Comparisonbetwcenthe grés belasianos vertical evolution,custatiefluetuationsand
breackupevents(t: northernpart of the LusitanianBasin,2: westernGalicia margin, 3: Hay of
Biscay.Cf Fig. 8). EustaticcurvesandsupercycíesafterHaq el a! (1987).
Fig. 9.—Comparaciónentrey las macrosecuenciasdefinidasen los grés belasianos,variacio-
nescustáticasy episodiosdeaperturaoceánica(1: sectornorte de la CuencaLusitana.2: mar-
genoccidentaldeGalicia. 3: Golfo deVizcaya.Cf. Fig. 8). Curvaseustáticasy superciclossegún
1-faq ú’t a! (1987).
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not elearly observedin the more proximal part. Consideringthe eonceptsof
sequeneestratigraphyfor etastiedepositionin passivemargias(Jervey,1988;

Posamentier,Jervey& Vail, 1988) it is possiblethat the upperflning-upward
suecessionineludestwo depositionalsequences.In fact, othercycíesmaybe
recognizedin the unit or equivalents,namelythosepointedout by Taugour-
deau-Lantzet aL (1982) and Cugny (1988). In the 14C-IA andFaneca-1
wells (Hg. 3), andthe Leiria-Ansiáoregion (Figs. 3 and 4) it is possiblethat
the upper third part of the unit constitutesanotherfinning-upward succes-
sion. This is consistentwith the dataof Olsson(1991) from the New Jersey
coasíandAmedro(1992) fromthe Anglo-ParisBasin.

7. SUMMARY AND CONCLUSIONS

The sedimentologicaland lithostratigraphicalstudyconcerningthe «grés
belasianos»unit in the northernpart of the LusitanianBasinhasallowedthe
definition of two finning-upwardsuccessions.The lower fining-upward suc-
cession(LFS) correspondsto the depositionin coalescentwet alluvial fans,
changingto a braidplain with local sinuosity. The upper succession(UFS),
recordsthetransitionfrom highsiopebraidplainswith increasingsinuosityto
fluvial-dominateddeltaicdeposits(Fig. 6).

The lack of evidenceof climate variations in the unit suggeststhat this
wasnot the main control for the systemcharacterchange.This is consistent
with the admitted slow and gradationalehange of the climate during the
middleof the Cretaceous.

We admit that pulsesof continentalbreakuphada regionalinfluence in
sea-level.This leadsto the hypothesisthatduring upperAptian to middleAl-
bian the LusitanianBasinunderwentanindirect influeneeof the onsetof sea-
floor spreadingin theGalicianwesternmarginandBay of Biseay.In 1111scon-
text, we can infer that largesealecyclicity within the «grésBelasianos»unit
—the two finning-upwardsuccessions—wasprobably causedby sea-levelva-
riations related to the thermal and isostaticadjustments.It mustbe stressed
that the relationship establishedbetweenthe eustaticcurves of I-Iaq et aL
(1988) andthe North Atíantie geodynamicevolution is basedon the admit-
ted databias of the formerand intraplatestresscapabilityto influencewides-
preadsea-levelchanges.Evenif thosecyclescould not be consideredeusta-
tic, they can be usedas referencefor the sea-levelvariations in the North
Atíantiemargins.

Despite11w poor ageconstrainsfor the unit and the geodynamicevents
considered,the proposedcorrelationof sea-level(tectono-eustatic?) and se-
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dimentologicalcyclicity is consistent.In conclusion,LFS probably corres-
pondsto the supercycleLZB-4 andUFSto UZA-I andpart of theUZA-2 of
I-Iaq et al. (1988).Furtherstudieswill provide thebiostratigraphicalandsedi-
mentological dataneededto the detailedcorrelation betweencontinental,
transitional and marinedeposits,in order to confirm the propositionand
identify thesystemtracts.

Nevertheless,severalquestionsremain openfor further discussion na-

mely:
1. The detailedageof the «grésbelasianos»alí over the vertical and la-

teralextentof theunit.
2. The influenceinducedby the onsetof seafloorspreadingin the Gali-

cianwesternmargin andBay of Biscay,as well as theplaterotation, in 4w Lu-

sitanianHasin.
3. The relationshipbetweenthoseteetoniepulsesandwidespread(pos-

sibly eustatic) sea-level changes,specially the compilation of Haq et a!
(1988).
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