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ABSTRACT

The Middle to UpperJurassicboundaryin the LusitanianBasin is uneven,
in símilarity to otherperi-atlanticbasins,beingassociatedto a stratigraphical
gap spanningat leastthe interval lateCallovian-LowerOxfordian.

In the E of the basin,Middle Jurassicinnerrampcarbonatesare truncated
by erosionalsurfaces(palaeokarsts),associatedwith a strongstratigraphical
gap.The disconformityis drapedandoverlain by ferruginousdeposits,coals,
pedogeniccarbonates.Thesegradeupwardsinto lacustrinecarbonatesand
restrictedmarine, lagoonalcarbonates(probably Middle Oxfordian). In the
West,Middle Jurassicouterrampcarbonatesgradewithout markedsedimen-
tary discontinuity (or a very subtle one), but with stratigraphicalgap, into
Malm (probablyMiddle Oxfordian) sediments.Theseshow much lesspro-
nouncedsubaerialexposurefeaturesthanin the Eastof theBasin; theymostly
consístof marginal-marinecarbonates,with clearfreshwaterinfluence,asso-
ciatedwith shallow-marinecarbonateswith intermittentexposure.
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‘Phis article stressessornespecificfeaturesrelatedto this Middle-UpperJu-
rassictransition,which are interestingto contrastwith coevaleventsin other
basins, in particular, in the Iberian basins.Special attention is paid to the
asymmetryof facies successionsrecognizedbetweenthe easternand western
areasof the LusitanianBasinandto thevariedmid contrastingpalaeoclimatic
markersoccurringwithin thesesequences.A possibleclimatic fluctuationdu-
ring Oxfordian timesis suggested.

Key-words: Middle-Upper iurassic;disconformity; palaeoclimaticmar-
kers; facies.

RESUMEN

El límite entreel JurásicoMedio y Superiorenla CuencaLusitánicaes de-
sigual,asemejanzade lo queocurreen otrascuencasperi-atlánticas,y estáaso-
ciadoa lagunasestratigráficasquese prolonganpor lo menosduranteel inter-
valo Calloviensesuperior-Oxfordienseinferior.

En la parteorientalde lacuenca,las zonasinternasde las rampascarbona-
tadasseencuentrantruncadaspor superficiesdeerosión(paleocarst),asociadas
a unafuerte lagunaestratigráfica.La disconformidadestá formaday cubierta
por depósitosferruginosos,carbonesy carbonatospedogénicos.Estos sedi-
mentospasangradualmentey haciatechoa carbonatoslacustresy a carbonatos
de lagoonconfinado(probablementedel Oxfordiensemedio). Haciaoccidente,
los carbonatosde la rampaexternadel JurásicoMedio pasansin discontinuidad
sedimentariaevidente,pero con lagunaestratigráfica,a los sedimentosdel
Malm (probablementeOxfordiensemedio).Estospresentancaracterísticasde
exposiciónsubaéreamuchomenospronunciadaqueen la parteE de la cuenca;
consistenprincipalmentede carbonatosmarinos-marginales,con clara in-
fluenciadeaguadulce,asociadosacarbonatosmarinossomerosconemersión
intermitente.

Esteartículorealzaalgunascaracterísticasespecíficasrelacionadasconla
transiciónJurásicoMedio-Superior,que merecen~cr comparadas-con-otros
acontecimientoscontemporáneosen otrascuencas,en particularenlas cuencas
Ibéricas.Merecenespecialatenciónla asimetríade las sucesionesdefaciesde-
tectadaentrelas zonasoriental y occidental de la CuencaLusitánicay los
marcadorespaleoclimáticosvariadosy contrastantesqueaparecenentreestas
secuencias.Se sugiereunaposible fluctuación climáticaduranteel Oxfor-
diense.

Palabrasclave: JurásicoMedio-Superior;disconformidad;marcadores
paleoclimáticos;facies.
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INTRODUCTION

The Middle to UpperJurassicboundaryin the LusitanianBasin (West-Cen-
tral Portugal,Fig. 1) is uneven,in similarity to otherperi-atlanticbasins,being
assocíatedto a stratigraphicalgap spanningat leást the interval late Callo-
vian-lowerOxfordian(threeammonitebiozones),althoughat placesthe mis—
sing record is muchlonger (Ruget-Perrot,1961; Ramalho,1971, 1981; Mou-
terdeel al., 1979; Azerédo, 1993). Ata broaderscale,it is generallyaccepted
that a major tectono-eustaticeventhascontrolled this widespreaduneven
boundary,in manyplacesincluding emersionand/orcondensedlevels.These
featuresare recorded,for instance,in the: Iberian and Catalanbasins,NE
Spain (Aurelí & Meléndez,1990; Aurelí, 1991; Aurelí, Fernández-López&
Meléndez, 1994; Fernández-Lópezeu’ a!., 1996); Asturianregion,NW Spain
(Valenzuela,García-Ramos& Suárezde Centi, 1986); Paris Basin, France
(Vail el al., 1987; Rioult cí a!.,1991);Bourgogne,France(Floquetel al.,1989);
SwissJura Basin,Switzerland(Gygi and Persoz,1986); NeuquenBasin, Ar-
gentina(Legarreta,1991).

In the LusitanianBasin, this Middle-UpperJurassícuneventransitionhas
beenrecognizedfor along time, as referredaboye,but it wasneverthe focusof
a specific multidisciplinary study.This is the approachof a broader,detailedre-
searchprojectthat is beingundertakenon a basinwidescale.It aimsto impro-
ve currentknowledgeon sedimentological,palaeoclimaticandstratigraphical
aspectsol this phaseof the basin’shistory. At the presentstageof thisproject,
only preliminarydataareavailable;consequently,this artiele is only intendedto
stresssorne specific featuresrelated to this Dogger-Malmboundarywhich
maybe interestingto contrastwith coevaleventsin otherperi-atlanticbasíns,in
particular,with the Iberianbasins.We will basicallyfocuson the following fe-
atures:

theexistenceof a clearasymmetricaldistribution of faciestypeson the
eastern(landward)and westem(seaward)marginsof the onshorearea
of the basin,which raisessomeinterestingpalaeoenvironmentalques-
tions;

— the reconnaissanceof varied and contrastingpalaeoclimaticmarkers,
someof which hadnot beenpreviously recognizedandnoneof which
wasdeeplyinvestigatedbefore.

GEOLOGICALSETTING

The LusitanianBasinof West-CentralPortugal(Fig.1) is oneof the mar-
ginal basinsassociatedwith the openingof the North-Atlantic Oceanand,
consequently,displays a grossLithostratigraphicalsuccessionwhich is bro-
adly similar to thosefrom severalotherbasins(see,for instance,Jansa,1986;
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Z3 Basemen 1

[1:
Fío. 1 —Simplified geologicalínapof rheLusitanianBasin,West-CeníralPortugal andlocationof ex-
posuresmentionedin [he textí: CaboMondego:2: Pedrógáo:3-5: Sen-ados Candeeiros(Valverde,
Vale de Venlos, Memória/CabeyGordo): 6: Serrade Montejsínto,7: Senada Aruábida.

1—Mapageológicosimplificadode la cuencaLusitánica,Portugal centro-t,ccideíitaí,y localización
de los afloramientosmencionadoscocí texío. 1: CaboMondego;2: Pedrógáo;3-5: SienadosCandeei-
ros(Valverde,Vale de Ventos,Memória/Cabe~oGoído);6: SienadeMonlejunto;7: SienadaArrábida.

Wilson, 1988; Gradsteinel a!., 1990). Ihe basin is boundedto the eastby uplif-
ted Hercynianbasement,but to the west (oifshore) by only small basement
horsts.Two main episodesof extensionandrifting are recordedin the Lusita-
nían Basin: the first one, in the Upper Triassic, was later followed by one
which gayerise to oceanopening,beganin the UpperJurassicanddeveloped
throughto the LowerCretaceous(Mougenoteta!., 1979;Ribeiro el a!.,1979;
Wilson, 1988).
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Whereasmostof the basinfilí is Jurassicin age,sedimentsfrom the Upper
Triassicto the UpperCretaceousoccur,with aTertiary cover (Fig. 1).The ba-
sin underwenttectonicinversionin the Cenozoic(probablyduringthe Mioce-
ne), relatedto the Betie compressionalmovements(Ribeiro el al., 1979)and,
consequently,a greatpart of its pre-,syn- andpost-rift sequencesbecameex-
posed,aftererosionof the cover.This is particularly illustratedby the rangesof
Jurassiclimestonehilís that form amajor areaof the LusitanianBasin,namely
thosethat will be referredto in this note(Serrada Arrábida,SerradeMonte-
junto, SerradosCandeeiros;seeRg. 1).

The Middle Jurassicis mainly composedof limestonesin the Eastof the
basin,andof marísandlimestonesin the West(Ruget-Perrot,1961; Mouterde
el al., 1971, 1979).Thesesuccessíonshavebeenmorerecently interpretedas
innerandmid rampfacies(easternpartof thebasin)andmid to outerrampfa-
cies towardsthe centre(presentshoreline)andWest (offshore) (Azerédo,
1988, 1993; Watkinson,1989).

The Middle Jurassicis separatedfrom the UpperJurassicby a basinwide
hiatus(disconformityand/orstratigraphicalgap),whichhasbeenmentionedat
different locationson the basin (Ruget-Perrot,1961; Ramalho,1971, 1981;
Mouterdeeta!., 1979; Rugetu al., 1988; Azerédo,1993). Thisstratigraphical
gapspansat leastfrom thelatestCallovianto the LowerOxfordian,becausethe
Lamberti,MariaeandCordatumZoneshavenot beenrecordedoverthe whole
of the basin,wherethe nextdocumentedammonitefauna(from Serrade Mon-
tejunto) belongsto the Plicatilis Zone(Middle Oxfordian),accordingto Mou-
terdeel a!. (1979). However,at places(for instance,at Serrados Candeeiros)
the missinginterval is much longer,as the Malm depositsdirectly overlie upper
Bathonianlimestones(seebelow).

A summarydescriptionof the studiedbasalUpperJurassicdepositsaboye
the discontinuity is presentedbelow. Thesesedimentsbelongto the Caba9os
Formation(usuallyattributedto the middle Oxfordian: see,for instance,Mou-
terdeci a!. 1979) which basically correspondsto the CabaQosBeds and the
Vale Verde Beds (sensuChoffat, followed in Ruget-Perrot,1961, Ramalho
1971). This Formationis mostly composedof lacustrine/brackishcarbonates
andlignitic claysandof marginalmarine/restrictedlagoonalmarísandmarlyIi-
mestones.Previousdescriptionsof theCabagosFormationor differently named
equivalentdepositsmay be found, for instance,in: Ruget-Perrot(1961), Ra-
malho (1971, 1981), Mouterdeet al. (1971, 1979), Wilson (1979), Wright
(1985).

SELECTEDOUTCROPSAND STUDY METHODS

In the presentnotewe will comparepreliminarydatafrom someof the eas-
ternandwesternexposuresof the Dogger-Malmtransition (location in Fig. 1),
respectivelyfrom threefield sectionsat Serrados Candeeirosand from Pe-
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drógáosection,thoughCaboMondegoandSerradaArrábidaoutcropswill be
sporadicallymentioned.

At SerradosCandeeiros,besidesreconnaissanceof a few incompleteout-
crops,threelocationsthatshowthe bestfleld sectionsof theDogger-Malmsuc-
cessionhavebeenselectedfor detailedstudy: Valverde, Vale de Ventos and
Memória/CabegoGordo (Fig.1). This study, currently being undertaken,in-
dudesfield bed-by-bedobservation,carbonatepetrography,mineralogyof
clay andiron deposits(X-Ray diffraction andfluorescence),micropalaeonto-
logy (foraminifera,ostracods,charophytes).Here we presenta synthesisof out-
crop featuresfrom thosethreesections,coupledwith someanalytical data,
becausea detaileddescriptionof eachsectionis beyondthe aim of this report.
The Dogger-Malmdisconformityat Serrados Cmideeiroshasbeenreferenced
before (Ruget-Perrot,1961;Ruget el a!.,1988; Azer6do, 1993), but without
any thoroughcharacterizationof boundarysurfacesandfaciesaboyethe dis-
continuity.

The Pedrógáosectionhasbeenpreviouslyreferredto basicallybecauseof
its biostratigraphicalinterestconcerningCallovianmacrofauna(Ruget-Perrot,
1961; Mouterdeel al.1979),but scarcelyfrom thepointsof view of faciesin-
terpretationsandmicropalaeontology,althougha shortdescriptionof two cha-
rophytespecieshasbeenpublishedby Grambast-Fessard& Ramalho(1985).
The presentdescriptionof the Pedrógáosectionbearsmostlyon Iield data, de-
velopedfrom previousunpublishedwork madeby one of us (M. Ramalho).
The degreeof occurrenceof palaeoclimaticsedimentsand/or key-beds,as
well as the natureof the boundariesbetweenfaciestransitionsarenow being
especially investigated,both from continuing field observationsand petro-
graphicalstudy.Micropalaeontolgicalstudies(ostracods,charophytes)by other
colleaguesarealso in progress.

Symbolsusedin the lithological columnspresentedbelow are explainedin
Hg. 2.

FACIES SUCCESSIONSIN THE STUOIED SEQUENCES

SERRA DOS CANDEFIROS

The threeselectedsectionsin this regionshow Middle Jurassicshallow-ma-
nne,lagoonalcarbonatestruncatedby highly irregularerosionalsurfaces,pro-
bably palaeokarsticsurfaces(Fig.3), locally (Vale de Ventos)coupledwith an
angulardiscordancebetweenthe Doggerandthe Malm bedsaboye.The pala-
eokarstis mostdeveloped,thatis, hasamuchhigherrelief, atMemórialCabe9o
‘joruo atíu y aiverue.

The Middle Jurassicbelow the discontinuity(referredto by number1 in
Fig. 3) is mainly composedof wackestonesandfloatstoneswith abundantal-
gal/cyanobacterianodules,oncoids,porostromata,benthic foraminifera,os-
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Limestones

~ Bioclastie limestones

~ Oncoidallimestones

~ Black-pebblelimestones

~ Marly limestones

~ Microbial laminites

~ Marls/claymaris

F~EI1 Marísw/ ferruginous

rn Lígnítie marísandelays

Pedogenicconglomerates(calcretes)

~ Ferruginous

—y--y— flessicationeracks

~ Irregularferruginoussurfaces

Disconformity

Fío 2.—Legendof symbolsusedin Figs.3 and9.
Fío.2—Simbologíautilizadaen lasFigs. 3 y 9.

tracods,gastropodsand,lessfrequently,bivalves,dasyclads,charophytegyro-
gonites,associatedwith fenestralmicrites; iron stainedgrainsare typicalin Use-
se carbonates(further descriptioncan be found in Azerédo,1993). The fora-
minifera assemblageincludesMeyendorjflnabathonica AUROLZE & BIzoN
1958,in alí titree sections,aspeciesthatenablesusto datethesedepositsasup-
per Bathonimi.

The unevensurfaceis drapedandoverlainby ferruginousdeposits(number
2 in Fig. 3), comprisingreddish and yellowish clays and marís,with frag-
mentsof iron crusts,boseiron «oncoids»mid ferruginizedcarbonatenodules;
andared ferruginousbreccia(Fig. 4), formedby heterometriclimestoneclasts
in a red mudstonecement;it was only recognizedat Valverde, whereit co-
rrespondsto an irregularly boundeddeposit(up to 5 m thick) and it looks
very similar to a probably time-equivalentbrecciafrom Serrada Arrábida,
well-known as mi ornamentalstone,which occurs in similar sequencesto tho-
se describedhere(see, for instance,Wright & Wilson, 1987). This Valverde
brecciadoesnot exhibit anyclearevidenceof a tectonicorigin, so it could be a
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MARINE LAGOONAL FACIES

Bioclastie asidniarlylimestonesw/ Dasyclads
(1-leleroporellalusítaníca),benthicForaminifera,
Ostracods,Charophytes,Gastropods,Bivalves,
bioturbation;somefenestralliniestones.

LACIJSTRINE FACIES

Argillaceous/inarlylimestonesw/ black-pebbles,

Charophytes,non-marineOstracods,<iastropods,
Bivalves,plant remains,pyrite; sornedesiccation
cracks,fenestraeand/orother exposurefeatures;
ferruginoussurfaces,marís,crustsasid“oncoids”.

SLJBAERIAL EXPOSURE

Palaeokarsts,local angularunconfonnities,
feauginousbrecciasand/orclays/marlsw/ iron
crustsasid “oncoids”,pedogeniecongloinerates,
lignitic clays andmarís.

1.,
5,4o
o

Fenestralandoncoidal,Cyasmobacteria-rich
limestones,w/ benthicForaininifera.

Fío. 3.—Synrheticfaciessuccession,hasedo,í threeoutcropsIrom SerradosCandeciros,representing
theMiddle-UpperJurassictransitionin theE of the LusitanianBasin Numbeis1 to 7 refer to groupsof
becís usedfor clearerdescriptionin theniain text
Fío. 3 Secuenciasintélicade facies,basadaen tres afloramientoscíe Sieírados Candeciros,que re-
píesentanla transiciónJurásicoMedio-Superioren la parleoriental dc la CuíencaLusitánica Los nó-
meros 1 a 7 screfierena gruposde estratosulilizados parahacermásclarala descripciónenel texto
principal.

LAGOONAL/MARGINAL MARINE
(INNER RAMP) FACIES
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collapse-brecciarelatedto the palaeokarst,but this hypothesisrequiresfurther
investigation(seealsobelow).

Ihe first analyticaldataobtainedfor theseferruginousdepositsreferonly to
the Valverdesection,wherethe ferruginousclays/marlscontain(whole-rock
analyses)hematite,goethiteandkaolinite, but alsomagnetite(which is unex-
pected)anda K-feidspath,probablysanidine;tbe lessthan2 micron clay frac-
tion indicatesthe presenceof chlorite andillite-smectite.Fermginouscrustsand
«oncoids»arenowhematiteandgoethitebut showmanypreservedcrystal fa-
ces(pyriteor marcassytepseudomorphs?);the ferruginousbrecciaalsocontains
manypyrite crystalsandmagnetitein the matrix. 1-lence, it is obviousthat a
simple«lateritization-model»for theseferruginousdepositsis notenoughto ex-
plain what seemsto be the recordof a muchmorecomplexdepositionalaud
diagenetiehistory, which wewill try to unravelin thefuture. Both weathering
and pedogenicprocessesseemto haveoperatedmid probablyinteracted,du-
ring(?) andaftertheerosionallkarstificationevent.

Immediatelyover the basalferruginousdeposits,severalconglomeratic
bedsoccur in thethreeoutcrops,rangingfrom 0,05 to 1 m thick (Fig. 3, number

Fío. 4—-Closeview of thereddish,fen-uginousbrecciaoccurringat thedisconforsnityatsorneplacesof
the eastcrnpart of thebasin(hereat Valverde>associatedwith red marís,ferruginous«oncoids»and
crusts,as indicatedin Fig. 3. Sealebar is 20 mm.
Fío 4.—Detallede labrechaferruginosa,rojiza, queapareceen la disconformidaden algunoslugaresde
laparteoriental de lacuencaasociadaa margasrojas,costrasy «oncoides»ferruginosos,comoseindica
en la Fig.3 <Valverde>.La escalagráficaes20 mm
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Fío. 5—Field view of one of the«conglomeratic»caicretebedsoccurringaboyethe Middle-UpperJu-
rass’cdisconformity,as indicated in Fig. 3; it includesreworkedblack pebblesandanargillaceousce-
ment (Vale deVentos).Sealebar is 60mm.
Fío. 5—Aspectodeunade lascapasdecaicreras«conglomeráticas»existentesobre la discontbrmidad
JurásicoMedio-superior comoseindicaen la Fig. 3; incluyecantosnegrosresedimentadosy ceinenlo
arcilloso(Vale de Ventos>.La escalaes60 mm

3 andFig. 5). Theseare irregularly boundedlayersof conglomeratielimestones
audcongLomerateswith heterometrieblackpebbles,Iirwestoneclastsandcal—
careousnodules,in agrey argillaceouseement;thesebedsmaygradeinto, or
from, grey maríswith boseblackpebblesandmaybe intercalatedby lignitie
clays. Both coarscning-andfining-upgradationsareobservedin individual la-
yers, but no othermacroscopiestructures.In thin-section,these«conglomera-
tes» exhibit unequivocalpedogenicfeatures(Figs. 6 to 8), namely: rhizocre-
tioris, alveoIaTtexture, orthic and disorthic noduies,circumgranularcracking
andotherdisplacivegrowthbrecciationfabrics,rarepossibledegradedcalcite
needíes.Associatedfeaturesinclude irregular fenestrae,micritie bridge-ce-
ment,peloidaland laminatedcrustsandcoatings,iron staining,ferroandolo-
miteIded obmite

Furtherup in the sequences(referredto by nwnher4 in Fig. 3). ferruginous
claysandmaríswith iron crnsts,as well as ferruginizedirregularsurfaces,al-
ternatewith yellowish argillaceouslmarlylimestoneswith blackpebbles,gra-
dually passinginto more massiveblack-pebblelimestoneswith searceriron
stains (Fig. 3, number 5 and Fig. 8). Al> diese>ithotypcs contain abundant
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¡‘[O. 6—Pedogeniemicrofeaturesin thebasalUpperJurassie«conglomerate»representedin Fig. 3: note
alveolarseptatextureandlongitudinalsectionsof rhizocretions(Memória/CabecoGordo) Sealebar is
tíS mm.
Fio 6Micro-característicaspedogénicasen el «conglomerado»basaldcl JurásicoSuperiorrepre-
senladoen laFig 3; notar la texturaalveolarcon septosy seccioneslongitudinalesde rizocreciones(Me-
móriaICabe~oGordo).La escalaes0.5 mm

[~O 7.—Othermicroscopicalaspeetsof thepedogenieconglomerates:orthic anddisorthic nodules,in-
temalbrecciation(Men¡óri4CabegoGordo). Sealebar is 0,6 mm.
F[c; 7.—(.)trosaspectosmicroscópicosde [os conglomeradospedogénicos:nódulos«orthic»y «disort-
hico brechificacióninterna(N4emória/Cabe9oGordo) Laescalaes 0,6mm.
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F[c 8.—Microscopicalview of the black-pebblelacustrinelimestones(Vale cíe Ventos).Scalebar is
1 mm.
F[o. 8—Aspectomicroscopicode lascalizaslacustresdecantosnegros(Vale deVeotos) La escalaes
1 mm

charophytes,non-marineostracods,plant remains,gastropods,bivalves,pyrite;
Iocally, burrows, fenestraeanddesiccationcracksoccur.The iron-rich horizons
look like ferruginouspaleosols,as they show soil texturesdevelopedon a
charophyte/ostracodlimestone,thoughmoredetailedcharacterizationof these
paleosolfabriesis still required.This part of the sequencesis usuallyfollowcd
(Fíg. 3, number6) by bioclastie,locally marly limestoneswith someintermi-
tent-exposurefeatures(internalbrecciation,fenestraeanddesiccationcracks),
gradingupwardsinto bioclastieor massivelimestoneswitli a «moremarine»
fossil content(Fig. 3, number7): dasyclads,namely,Heteropore!!alusitanica
(RAMALI-IO) 1970andbenthicforaminiferabecomecommon,evenabundant
at certainlevels, togetherwith the previouslyreferredorganisms.Towardsthe
top, fenestralmientesandrare «algal-mat»layersoccur.

The describedsuccessionaboyethedisconformity, as far as it is currently
possibleto say, only providesan indicationof ageat the Heteroporel!a!usiía-
cha beds,as this dasycladis usually takento indicate a middle Oxfordian

Ttue 9~rr~ Anv rqnAc.~;rage in Pnrtuuonl (R2ms¡lhn 1970, 1 .,. ,>,.~...,,,,. .~ ~.

cession,which is herepresentedas broadly representativeof thc basalUpper
Jurassíceastemsuccessionsin the LusitanianBasin, is interpretedas an eví-
denceof thefollowing suiteof depositional/diagenetieconditions,from te base
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to the top (Fig. 3): lengthy subaerialexposurefacies,involving differentevents
andprocesses,in order to producethe palaeokarstandthe contrastingpalaeo-
climatie markersthat werementionedaboye(seealso discussion);lacustrinefa-
cies; restrictedmarine lagoonalfacies.The lacustrineand lagoonalfacies are
transitionalbetweeneachother.

PEDRÓGÁO

1-lere, the Middle Jurassiccorrespondsto openmarine,outer(or mid to ou—
ter) rampfacies,representedby marísandlimestoneswith ammonites,abun-
dantbrachiopods,bivalves(including oystersand«filaments»),solitary corals
(number1 in Fig. 9). Accordingto studiesof the ammonitefauna(Ruget-Pe-
rrot, 1961), the upperCallovianis represented(which is not commonin the ba-
sin) exceptfor its latest part (Lamberti Zone), which is missing acrossthe
whole of the basin.

The Callovianbedsseemto gradewithoutmarkedsedimentarydisconti-
nuity into the completelydifferent facies attributedto the UpperJurassic
(Fig. 9), but we haverecognized,at this boundary,an irregularferruginous
surface.drapingathin limestonebedwith very abundantbrachiopodsandbi-
valves; taphonomicstudieshavenot beenmade,but if the natureof thisfos-
sil concentration(ecological,sedimentaryor stratigraphicalcondensation?)
cometo beestablished,this, coupledwith the probablenon-depositionferru-
ginous surface,would serve as a marker-bedfor this transition. Prevtous
mentionsto the Pedrógáoand/orCaboMondegosectionsconsideredDogger-
Malrn transition as apparentlyconformable (Ruget-Perrot,1961; Wilson,
1979; Wright, 1985).

The fossiliferouscarbonatesof Callovian age are overlain by brown to
yellowishmarís with lignitic fragments(number2 in flg. 9), followed by in-
terbeddedmarly limestones,lignitie clays andmarís(Ng. 9, number3); irre-
guIar iron stains arecommon. Thesebedsmay be bioturbatedand contain
veryabundantnon-marineostracodsandcharophytes(gyrogonitesandstems);
thereis one particular íerruginouslimestonebed whose top surfaceis totally
formed by accumulation/encrustationof charophytestems(Fig. 9). A few
moreferrnginousirregularsurfacesarerecognizednpwards(Fig. 9, nmnher4),
as well as desiccationcracksat beddingplanes.This part of the sequenceis
cappedby a «conglomeratic-like»calcareousbed(number5, Fig. 9), possibly
pedogenic(in similarity to thosefound at Candeeiros),thoughunequivocalevi-
dencecannot be providedat the moment.

Further upwards (number6, Hg. 9), an alternationof lignitie marís and
marly limestonesgradesinto fossiliferous and bioclastic limestones,com-
monly boundedby ferruginoussurfacesand/ordesiccationcracks.Jmmediately
beforethe 1-leteroporellabedsnextdescribed(number7, Fig. 9), an isolatedoc-
currenceof thin bioclasticlayersforming planeandvery low-anglecross-la-
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mination is found,being interpretedas a storm eventdeposit.Thelirnestones
groupedin number7 of Fig. 9 areoften bioturbatedandiron stained,and are
rich in dasyclads,namely Heteroporella lusitanica (RAMALHO) (Fig.10),
including stemsaccumulatedin bedsurfaces,togetherwith serpulids,large,
thick-shelledand often brown colouredbivalves,small andlargegastropods;
diversebenthicforaminiferaandostracodsarealsopresent.As before,fi. lu-
sitanica is the only biosfratigraphicalmarkeravailable,thoughwith someun-
certainty(middleOxfordian).

The aboye describedsuccessiongraduallypassesinto fossiliferous/bio-
clastie limestones(including an ostracoditelayer), interbeddedby sediments
with increasinglyfrequentevidenceof subaerialexposure,suchas: microbial
laminites (Fig. 9, number8 andFig. 11), desiccationcracks,pedogeniecon-
glomerates(number9, Fig. 9, thesewith unequivocalmicroscopieevidence,
suchas nodules,laminarcoatings,circumgranularbrecciation,etc), fenestral
micrites, rarercalcite replacedevaporites.Sornelimestonebeds(number10,
Hg. 9) also show Tha!assinoidesandRhizocoral!iumichnotypes.The upper
part of the section(which is not completelydescribedhere)is probably equi-
valentto the Pho!adomyaproíeiBeds (sensuChoffat: seeRuget-Perrot,1961;
Mouterdeel a!., 1971; Ramalho,1971), attributed to the upper Oxfordian,
which are recognizedat CaboMondego(Ruget-Perrot,1961; Wilson, 1979;
Wright, 1985).

The PedrógáoUpperJurassicsequencedisplaysaninterestingassociation
of depositionalfacies,which calí for adeeperapproachthanthe oneintended
in this preliminarypaper(seealso Wright, Ramaiho& Azerédo,1997). Ho-
wever,in broadterms,the successionmaybe regardedas representativeof,
from the baseto thetop (Fig. 9): mixedfreshwater/brackisbfacies(distaldel-
taic/paralicenvironment?);restricted,marine lagoonal/marginalmarinefa-
cies; restrictedto marginalmarinewith increasinglyfrequentsubaerialex-
POsure.

At CaboMondego,whichis geographicallyvery closeto Pedrógáo(Hg.1),
the Callovianto UpperJurassicis well exposedandsomeinterestingdifferen-
cesalso existbetweenthe two sections,but this issuewill not be addressed
here.Therearepreviousstudiesof the CaboMondegosection(Ruget-Perrot,
1961; Wilson, 1979; Wright, 1985),but weare aimingto exploreadifferentde-
tailed faciesmodelapproach.

F[o 9.—Synthctiefaciessuccession,basedon Pedrógáosection,representingtheMicldle-UpperJuras-
sic transition in theW of theLusitanianHasin. Numbers1 to lO refer [o groupsof bcdsusedfor clearer
descriptio[1 in the main text.
E[o. 9—Secuenciasintéticade facies,basadaenel corlede Pedrógáo,querepresentala transiciónJu-
rásicoMedio-Superior en la parte occidental de la CuencaLusitánica. Los números 1 a lOse refieren a
los grupos de estratosutilizados para hacer más clara la descripción en el texto
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The caleretes(pedogenicconglomerates),identified in alí the studiedout-
crops,hadneverbeenrecognizedas suchin theseLusitanianBasinUpperJu-
rassicformationsand,to our knowledge,are not a commonfeatureto coeval
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depositsin other peri-atlanticbasins(for instance,thosereferencedin the in-
troduction).To the southof the LusitanianHasin,at one location in Serrada
Arrábida,Wright & Wilson (1987)havedescribedaveryrestrictedoccurrence
relatedto the liogger-Malm unconformity,wherered mudstonesaboyea fe-
rruginousbreccia(similar to the Valverdebrecciaof this paper)wereinterpre-
ted as a «terra-rossa-like»paleosolcomplexwhich hasassociatedlaminarcal-
cretecrusts.

On the otherhand,ferruginousdeposits(iron oolites,ferruginousmarísand
crusts) are a typical feature of the Dogger-Malmtransition in other basins,
althoughsomedifferencesexist (seebelow). They havebeenpreviouslymen-
tioned in the LusitanianBasin as «latentes»or «latenitiecrusts»,but havenever
beenthe subject of analyticalor petrographicalinvestigation. This prelimi-
riary study showsthat thesediverseiron-rich depositsseemto recorda much
morecomplexdepositionalanddiagenetiehistory, insteadof a simpleprocess
of lateritizationafteremersion.Only carefuldefinition of the chronologicaland
spatialrelationshipsbetweendifferenteventsandprocesseswill enablea better
model to be proposed.

An intcrestingcompanisoncanbemadebetweenthe «iron horizon»at the
Dogger-MaIm unevenboundary in the LusitanianBasin and in the Iberian
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Basin (Spain). In the latter, this depositusuallycorrespondsto a ferruginized
oolitic limestone,with original carbonatecomponentsperfectly identifiable,
though locally it gradesinto iron crusts(Aurelí & Meléndez, 1990; AureIl,
1991; Aurelí eta!., 1994; and personalobservation).This ferruginous oolite
key-bedhasno equivalentin Portugaland,furthermore,it endosesmi abundant
pelagicaudbenthic fauna,ineludingamrnonitesof Middle anóljpper Jurassic
age.Complex taphonomicstudiesof thcsemixed assemblages(see,for ms-
tance, Aurelí & Meléndez, 1990; Aurelí et a!., 1994) enableda basinwide
biostratigraphicalconstrain,that doesnot comparewell with the Portuguese
case,too. However, the maximal and minimal rangesof the Dogger-Malm
stratigraphicgapin the IberianBasin arealmostidentical to thosedocumented
in the LusitanianBasin: the maximal rangeis from middle Bathonianto midd-
le Oxfordian, the minimal from upper Callovian to lower Oxfordian (Aurelí,
1990; Aurelí el aL, 1994). In the CatalanBasin, the unconformity is ínarkedby
ferruginouscrustsandcorresponclsto a lacunefrom the middleCallovianto the
middlc Oxfordian (Fernández-Lópezu al, 1996).

The origin anddepositionalconditionsof theseferruginousdepositsat the
Dogger-Malmboundary,alwaysrelatedto mi unconformityand¡or strongsfra-
tigraphical hiatus,in so ínanybasins,hasbeenthe subjectof debatefor many
ycars(see,for instance,Aurelí eta!., 1994; Legarreta,1991). Someauthorsin-
terpretthis level as a condensedsection,formed in relatively decpmar[ne en—
vironment in relationto a transgressiveevent,undera eustaticcontrol (Xail el
al., 1987; Legarreta.1991).Otherauthorsas,for instance,Floquetel al. (1989)
and, in particular,aurhorsworking in the Spanishbasios(Aurelí, 1991; Atirelí
eta!., 1994), on the contrary, interpretitas astratigraphicallycondensedlevel,
depositedundervery shallowmarinedepositionalconditions.with intermittent
exposure,on low-anglecarbonateplatforms/ramps,andfavour ínorcregional
dependcnt,tectonicor tectono-custatiecontrols.This is clearly te closestsi-
tuationto the onereportedin the LusitanianBasín.

Althoughalí Udsrequiresfuriher research.our preliminary ideais that this
Middle-UpperJurassicuneventransitionreflects a foreedregression,probably
controlledby an E to W tilted half-grabentectonics,causingsignificantexpo-
sure in the E and muchless so in te W, coupledwith subtle palaeoclimatic
evolution.Thiswould havebeenlrom «morehumid»(paleokarsts.ferruginous
sedirnents,lignites) to «more arid» (calcretes,evaporitemoulds)or, perhaps
moreprobably,to conditionsof increasedseasonalityand,consequently,to Ire-
quent tluctuationsin thc depthof water table.This hasfavouredthe develop-
ment of paleosolsin «morecontinental»settingsand increasedthe chancesof
preservationof exposurefeaturesin the marginal/shallowmarinesettings.The
ideaof a climatie fiuctuation during the Oxfordian, from humid to more arid,
hasbeententativelysuggestedby Wright & Wilson (1987) in the alreadycited
work from onelocationat Serrada Arrábida.

In the perspectiveof sequencestrat¡graphy,the Dogger-Malmdisconti-
nuoustransition(disconformity,probablypassingbasinwardto a sedimentary
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conformity, alwayswith a stratigraphicalgap) would representa sequence
boundary;the overlying subaerial(E) anddeltaic or paralic/tomarginal ma-
rine (W) depositswould be the Iow-standsystemstract; andthe lacustrineto
restrictedlagoon (E) andmarginal to shallow marine(W) sedimentsthe
transgressivesystemstract. Howevcr,we will not developthis approachfor
the time being, without having a more detailedcharacterizationof facies,
regionallycorrelatablesurfacesand,most important.a betterbiostratigraphi-
cal control.

CONCLUSIONS

The Middle to UpperJurassicboundaryin the LusitanianBasinis uneven,
in símilarity to otherperi-atlantic basins,being associatedto a stratigraphical
gap spanningat leastthe lateCallovian-LowerOxfordian interval (threeAm-
monitebiozones).

In the E of the basin,Midóle Jurassic(either upperBathonianor Callovian)
innerramp, shallow-watercarbonatesaretruncatedby erosionalsurfaces(pa-
laeokarsts),associatedwith astrongstratigraphicalgap.The disconformity is
drapedandoverlain by ferruginousdeposits.coals,pedogeniccarbonates.Up-
wards. this sequence(probably middle Oxfordian) are mostly composedof
lacustrinecarbonates,graduallypassing into restrictedmarine, lagoonalcar-
bonates.

In the W of the onshoreareaof thebasin,Middle Jurassic(upperCallovian)
outer ramp carbonatesgradewithout markedsedimentarydiscontinuity (or a
very subile one), but with stratigraphicalgap, into Malm (probablemiddle
Oxfordian) sediments.These showmuch less pronouncedsubaerialexposure
featuresthan in the E of the basin; they mostly consistof marginal-marinecar-
bonates,with clear freshwaterinfluence,associatedwith shallow-marinecar-
bonateswith intermittentexposure.

Our preliminary idea is that this Middle-UpperJurassicuneventransition
reflectsa forced regression,probablycontrolledby an E to W tiltedhalf-graben
tectonics,causingsignificantexposurein the E andmuchlessso in the W, cou-
pledwith subtlepalacoclimatieevoltition. This wouldhavebeenfrom «more
humid»to «more arid»or, moreprobably,to conditionsof increasedseasona-
Uy.
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