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ABSTRACT

Biochronologydealswith the organisifisof te pastandis usedto sub-
divide geologicaltimeon thebasisof biological evolutionthat is a conti-
nuousandirreversibleprocess.Given the importanceof biochronological
scales,onecannotjustassumethecontemporaneityoffossilsandenclosing
sediments:thestratigraphicrecordandthepaleontologicalonedo not ne-
cessarilycoincideandmustbe consideredseparately.In thesameway, also
the chronologicalrelationshipsamongfossils cannotbe simply derived
from Iheir relativestratigraphicalposition: the first occureneeof two taxa
in abed,tbr example,may not correspondto a realcontemporaneousap-
pearanee.The possibility exists,in fact,of reelaborationi.e. of exhumation
aftera tirst pbaseof burial. Reelaboraredfossilsare, by definition, noncon-
temporaneouswith thehostsedimentandtheotherfossils notaffectedby
reelaborationpresentin tbe samebed.Thereforetapbonomicanalys¡sis an
absoluteprerequisiteto biochronologicalreconstructions.

Two examplesof ammonite-bearingcalcareotissuccessionsfrom the
Middle Jurassicof NorthernEurope(Poiton,FranceandIDorset,England)
arediscussed.In the first caseanincreaseof informationresultsfrom tap-
honomiestudies:a correctchronostratigraphymay be reconstructed,[he
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biochronologicalmeaningof taxareconstructed,thepresenceof disconti-
nuitesrecognized,anddxc causesof taphonomiccondensationunderstood.
In dic secondexample,it transpiresthat a detailedtaphonomicanalysisis
neededbeforetakinga successionas areferencefor identifying boundaries
anddurationsof biochronologicintervais.

Key words:Taphonomy,biochronology,reelaboration,condensation.
ammonites,Middle Jurassic,north-westcrnEurope.

RESUMEN

La Biocronologíase ocupade los organismosdel pasadoy se utiliza
normalmenteparasubdividirel tiempogeológicosobrela basede la evo-
lución biológica,queesun procesocontinuoe irreversible.La enormeim-
portanciade las escalasbiocronológicasestablecidashacequeno seapo-
sible asumirdirectamentela contemporaneidadde los fósiles y las rocas
sedimentariasquelos contienen.El registrofósil y el registroestratigráfi-
co constituyendos entidadesdistintasy disociable,quedebenseranaliza-
dasy consideradasindependientemente.De un modo semejante,las rela-
cionescronológicasentrelos fósilesno puedenreducirsesimplementea las
derivadasde suposiciónestratigráficarelativa.Por ejemplo,el primer re-
gistro de dostaxonesen unacapapuedeno corresponderseen la realidad
conunaverdaderaaparicióncontemporaneade los mismos:Es precisote-
nerencuentalaposibilidadreal de reelaboración,esdecir: exhumacióncon
posterioridadaunaprimerafasedeenterramiento.Los fósilesreelaborados,
pordefinición, no son contemporaneosconla rocasedimentariaque los en-
globani conlos fósilesno-reelaborados(Le. acumuladosyio resedimenta-
dos)que se encuentrancon ellosen su mismaasociacióny en su misma
capa.De tal manera,el análisistafonómicoconstituyeun prerequisitoab-
solutamentefundamentalencualquierreconstrucciónbiocronológica.

En estetrabajosedescribendos ejemplosde sucesionescarbonatadas
con ammonitesdel JurásicoMedio de Europaseptentrional(Poitou en
Francia.y Dorset,en Inglaterra).En el primerode los casosel análisista-
fonómico da lugara un incrementosustancialde información: la recons-
trucción de unacronoestratigrafiamáscorrectaque permiteunamejor
comprensióndel significadobiocronológicode los taxones,así comore-
conocerla presenciade discontinuidadesy comprenderlas causasde la
condensacióntafonómica.El segundoejemploevidenciala necesidaddc
realizarun análisis tafonómicodetalladoantesde proponerunasucesión
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comoreferenciaparala identificaciónde límitesy duracionesde los inter-
valosbiocronológicos.

Palabrasclave: Tafonomía,biocronología,reelaboración,condensa-
ción, ammonites,JurásicoMedio, noroestede Europa

INTRODUCTION

Taphonomyandbiochronologyare two irnportantbranchesof (he pa-
leontologicalsciences.Taphonomydealswith the processesthat trans-
form (he remains,or traces,oforganismsof thepastinto fossilsembedded
in sedimentaryrocks(from biosphereto lithosphere:Efremov,1940) and is
elassicallysubdividedafterLawrence(1968) in biostratinomyand fossil-
diagenesis(e.g. Muller, 1979).BiostratínomyhasbeenLargely employed
essentiallyasa fundamentalpremiseto paleoecologicalanalyses,in order
to aseertainto whicb extentorictocenosesreflectpastliving commnnities
(e.g. Martinelí et aL, 1980).On (he other hand, fossil diageneticstudies
havebeenmuchrarerandseemto havebeenconsideredlittle morethana
curiosity abouthow a fossil acquiresits final aspectwith scarce,if any, re-
levanceto otherimportantbranchesofsedimentarygeology suchasbios-
tratigraphyand palcoenvironmentalreconstructions.In the last decade
FernándezLópez(1984a, 1989, 1991)hasshownthat a moredynamicanó
evolutionaryapproachto taphonomyis not only possiblebut strictly ne-
cessary:fossils mustbe investigatedin orderto reconstructah Ihestates,
and Ihe responsiblemechanisms,throughwhich they havepassedwhile
changingfrom skeletalremains(or traces)of an organismto a recordeden-
tity (fossil). Moreover, temporal re]ationsbipsamongfossils and orga-
nisms of the past may only be statedon the basis of their taphonomic
properties.

Biochronologicstudiesdeal with the reconstructionof life times of
organismsand,as agoal,with the recognitionof bioeventsdefinedby evo-
lutionary ehangesand time-correlations.Theycanbereliably doneonly alt
ter theebronologicalrelationshipsbetweentheproductionof the fossil re-
mainsandtheir recordin astratigraphicsuccessionareunravelled.

The aim of this paperis to showhow taphonomicanalysesare funda-
mental in (he study of sedimeritarysuccessionssince itey provide (he
solemeansto understandtheway of formationoftheembeddedfossi] as-
semblages.on whicb any biostratigraphicandpossiblychronostratigraphic
definition is based.In this analysiswe will referto sorneparticularcases
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studiedin dxc Middle Jurassicof westemFrance(Pavia 1994;Martire &
Pavia, ¡ 996a).Both casesarevery favourablefor this purpose,becausethe
analysisconcernsfossil associationsmainly consistingof chamberedshells
(ammonites)which, on theonehand,evolvedvery rapidly makingpossible
a detailedsubdivisionof geologictime in biochronologicalunits and, on
dic otherhand,actedassedimentarytrapswitnessingthe successivetap-
honomicmodificationsandprocesses.

SOME CONCEPTS,DEFINITIONS ANO PROBLEMS

BiochronologydeaNwith a matterof prime importanceandgreatcom-
plexity: the measurementof geologicaltime. It hencedeservesa detailed
treatingof concepts,definitionsandproblems.Thepurposeof geochrono-
logy is to build and continuouslyrefine a conceptualtime scalewhich
enablesus to frame,in atime sequence,eventsofvax-jonsnaturethat hap-
penedduring earthhistory. Stratigraphersdealessentiallywith rockssuc-
cessionswhicli arepersea discontinuousrecordof geologicaltime, even
in themostcompletestratigraphiccolumn: stratigraphicsuccesstons.Con-
sequently,a geochronologicalscaleis inherentlyincompletebecauseit is
composedof time intervalscorrespondingto 4w formationof givenchro-
nostratigraphicalunits (Hedberg, 1976; North AmericanCommíssíonon
StratigraphicNomenclature,1983). A different task is dxc quantitative
measurementof geologic time (geochronometry):any geologicalevent
of the pastcan be, as a result,characterizedby a numerical valuerepre-
senting1mw manyyearsbeforepresentit happened.At thepresentstateof
knowledge,only two phenomenaarecharacterizedby continuityandirre-
versibility, Le. the two propertieson which thegeotogicclock mustbeba-
sed.at leasttheoretically: thedecayofradiogenicisotopesandtheevolu-
tion of living organisms.The former provides the basis for geochro-
nometry,the latterdoestlie samefor biochronology.In fact, time-correla-
tion of Phanerozoicsedimentarybodies,which are only occasionallyda-
tablechronometrically,is mainly madeon dic basisoftheirfossil content.
Of course,this typeof dating is not easyandstraightforwardto achievebe-
causeof the many factors controlling (he fossil record, the main ones
beingecological,biogeographicalandpreservationalfactors.

Now, fossilsarecontainedwithin rock bodiesandhence,it could bear-
gued,thefossil recordis at leastasdiscontinuousas the lithostratigraphic
record.This statementis implicitly foundedon theassumptionof contem-
poraneityof fossilsandenclosingsedimentswhich is differently expressed
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in the principIe of positional relationshipsstatingthat «theonly proofthat
onefossil is younger(hananotherlies in the relativepositionof the two in
a sequenceof rocks»(MeLaren, 1977 in Schoch, 1989). It is always re-
markedthat fossils may be «ou of corúextin s(ratigraphicsections»
(Schoch,1989)becauseofreworking (olderfossilswithin youngerrocks)
or of bioturbation(youngerfossils within older sediments).At the same
time, however, it is stressedthat the fearof deleteriouseffectsof biochro-
nologically «displaced»fossilsis quite unfounded:fossils, in fact, arere-
cognizedas«displaced»if thedegreeoftemporal(stratigraphic)displace-
ment is detectablebiocbronologically;otherwise,it meansthat the
displacementis very slight and falís within (he noiselevel of resolution.In
both casesit is supposednot to manerany relevantdeviation from (he
biochronologicalposition of the fossil (Shaw, ¡963 in Haq & Worsley,
1982). This approach,however,is methodologically incorrectsincere-
working, intendedasexhumationafterburial andbettercalledreelabora-
tion as will bediscussedin detail later, mustbe verified by taphonomical
analysisandno by a priori, bloebronologicalcriteria(FernándezLópez,
¡ 984a).Actually suchan approachmaynot result in significant mistakes
whenworking with assemblagesof microfossils(e.g. planktic foraminife-
ra) embeddedin thick successíonsof fine-grainedhemipelagicsediments.
Theoppositeis truewhenthin, stratigraphicallycondensed,mainly calca-
reousunits are studiedin suchrichly fossiliferoussectionsthat they may
be, and indeedNavehistorically been,proposedas referencesectionsfor
bio —andchronostratigraphical—units (e.g. Pavia,1994).In suchcases,if
reelaborated(taphonomicallyreworked) fossils are not recognizedand
orictocenosesareinterpretedas composedby the remainsof contempora-
neousorganisms,mistakenconclusionsof paramountimportancearemade
whichmayresultin hugeproblemsof bio—¿mdchronostratigraphic—co-
rrelation. As it hasbeendeeplyinvestigatedandclearlystatedby Fernán-
dezLópez(1991), if thepossibility of reelaborationis assumed,oneis for-
cedto concludethat thestratigraphicalrecord(rock bodies)andthe fossil
recordhaveto be consideredseparately.Theyare independentrecordsof
thepassingof geologicaltimeand tbeyarebothdiscontinuous,but (he dis-
continuitiesneednot correspondto eachother.

It appearsthus unacceptablefor biochronologyto be simply derived
from biostratigraphicsuccessions.Biochronologyaims to reconstructthe
successionof living organismsof (he pastwhereasbiostratigraphydeals
with rockbodiesand tries to characterizethemon thebasisof theirpale-
ontologicalconíent.Biostratigraphy,therefore,shouldnot takehitoconsi-
deration (shouldnot be basedon) reelaboratedfossils,which are always
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non contemporaneous,to varyingdegrees,with enclosingrock, while de-
fining or correlatingbiozonesof whatevernature(North AmericanCom-
missionon StratigraphicNomenclature,1983).In (he lasteditionof the In-

To phonomnic

Foetors

Fig. 1 .—Graphic representation of fossilisation processes. The main phases through which Ibe remain ge-
nerated by an organisrn (paleobiological cntity) is trausformed ¡ato a fossil (recorded eat¡ty) wh¡ch can be
fourid by a paiaeontoiogist (obtained enticy) are indicated. (modified after Fernández López, 1991>.
Fig. 1 —Representación gráfica de los procesos de fosilización. En el gráfico se muestran las principa-
íes fases por las cuales ci resto generado por un organismo (entidad paleobiológica) se transforma en un
fósil (entidad registrada) que llega a ser conocida por el paleontólogo (entidad obtenida). Modificado,
segón Fernáodcz-Lópe~, 1991.
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ternationalStratigraphicGuide(Salvador,1994),however,it hasbeenre-
markedthat reelaboratedfossilsmustnot be ignored.No indicationabout
how to usethem,however,is explicitelygiven.Reelaboratedfossilsmay in
fact be the only witnessof an interval of geologicaltime whosecorres-
pondingsedimentshavebeencompletelyerodedor sweptaway, leaving
just a residueof exhumedfossils which adJa tesserato, ¿mdcontributeto
refine,the mosaicof thegeochronologicalscale(FernándezLópez,1991).

Time relationshipsbetweenpaleontologicalentitiesand4w hostbeds
must be spccified on the basisof the relationshipsbetweenthe times of
productionandfossilization(or record)of the taphonomicentitiespreser-
ved in thestratigraphicsuccession(Fig. 1). In fact, a basicpremisestrongly
underlínedby FernándezLópez(1989, 1991)is (he sharpdistinc(ion(o be
madebetween(he organismof thepastle. tbeproducerof the remainsand
br traces,andthe recordedentity (fossil) that is found in a stratigraphic
succession.On (he basisof what hasbeen discussedso far. it is obvious
that thc chronologicalrelationshipsof selectedtaxaare not derivedfrom
4w stratigraphicalrelationshípsbetweenfossil-bearingbedsbut from the
topologicalrelations(anteriorto; posteriorto) verifiablebetweenthesuc-
cessivedifferent recordedentities by determiningtbeir successvetime
of production(FernándezLópez, 1991). In otherwords,any biochronolo-
gical scalecanbe constructed,improvedor refinedonly aftersortingout,
by meansof an accuratetaphonomicanalysis,thesuccessionofpaleobio-
Jogical.taphonomicalanddepositional events.

Thedistributionof thc fossil contentin a given stratigraphicsuccessionis
commonlydefinedby (he dataof First Appearance(FAD) andLastAppea-
rance(LAD) of moreor less selectedtaxa.By definition, FADs andLADs
are controlledby organicevolution and hence,conceptually,treatedas if
they were globally synchronous;(he correspondingbiohorizonsmight be
consíderedas time unesuseful for biochronologicalcorrelations(Salvador,
1994).It is conimonlyacknowledgedthat FADs andLADs canbe diachro-
nousbecauseof factorsintrinsically linked to thebiologyof (he organismsof
(he past,suchasratesof biogeographicspreadingandecologiclimitations.
In fact, what is foundin a successionareactuallyFirst andLastOccurrences
(FO andLO): thcy referto a stratigraphicsectionthat is subjectto local dis-
continuitiesin both the rock aud thefossil record.Discontinuitiesin the fos-
sil recordrnay be dueto two groupsof factors,hesidessamplingdeficien-
cíes: one controls (he presenceof the living organismsin the
paleoenvironment(biogeographicand ecologicbiases),the secondaffects
(he preservationof organicremains,before¿md after bttrial in sediments
(biostratinomicand fossil-diageneticbiases).Forihesereasonsbiochrono-
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logical scalesand correlationsmust takeadvantageof the integrationof
different methods(geochronometricdating of volcanoclastiebeds,magne-
tostratigraphy,etc.: Berggren& Van Couvering,1978) in addition to pale-
ontology (e.g. Tauxeet aL, 1983). However,beforetaking suchimportant
stepasconnectingFOs aud LOs to FADs audLAOs, a preliminarystudyis
needed.This deals with the testing of the contemporaneityof sediments
andfossilsthroughtaphonomicanalysisand, moreparticularly, throughthe
identificationof reelaboratedfossils.The FOof the latter in a stratigraphic
successíonis in fact apparentbecauseit is relatedto a bedwhich is always
youngerthanthe actual time of productionof theorganicremains.Oncethe
FO of a taxonis correctlypositionedin a chronologicalsuccession,onecan
try to correlateit with FOs in othersectionsandinfer the realFAD.

Stratigraphicsuccessionsin fact could containmixedassemblageswith
groupsof fossilsderivedfrom different phasesof taphonomicproduction
andrecord: (A) a first stockof fossilswhich is contemporaryto (he enclo-
sxngsedimentaryrock; (B) a secondgroupof fossilsdueto exhumationand
displacementof preservedentitiesfrom a layerpreviouslydeposited(ree-
laboratedfossils).The latter haveexperiencedat least two chronologi-
cally successiveeventsof burial.

Of coursemixedfossil-assemblagesareweIl knownanddocumenteditt
the literature. It is interestingto review how approachesmay be diverse,
dependingon different disciplinarytraditions,overalígeologicalsettingand
ohjectsof research.Sorneexampkscanbe cited:

1) Theassociationof cg. LateCretaceousto Early Oligoceneplank-
tic foraminiferswith LateOligoceneones(PremoliSilva& Violanti, 1981)
ts referredasdueto «reworking»andthe ageof theenclosingsedimentis
attributedaccordingto the rangeof (he youngerfossils.

2) Theco-occurrenceof theToarcianammonitesHildocerasgr. lusí-
tanicurn andHl/dañesundicostahas been regardedby Della Bruna &
Martire (¡985) as a caseof condensedlayer, where the FI. serpenhinus
andFI. hatonsZonesarecondensed.

3) Thepresenceof (he early BajocianammoniteStephanoceras um-
bilicunz is by itself enoughto assigntheenclosingbedto theS. hurnphrie-
sianumZone(Gauthiereta!?, 1995).

AII theseapproachesaremethodo¡ogicallywrong. In fact: (1) theyoun-
ger foraminfersmay be reelaboratedtoo; (2) it is necessaryto precise
what kind of condensationwe aredealingwith, as threedifferent meanings
for condensationphenomenaNaverecentlybeendemonstrated(Gómez&
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FernándezLópez, ¡994); (3) thereare no guaranteestbr the taphogenic
productionof a fossi¡ to be contemporaneouswtth thedepositionof these-
diment. In otherwords,beforereachingany conclusionwhich couldbe im-
portantfor a geneticinterpretationof the fossil assemblage,it is necessary
to carryon a detailedtaphonomicanalysisof11w material.

TAPHONOMIC ANALYSIS

In our purpose,taphonomicstudy canbe simply addressedto verify the
homogencityof thepreservedelementswhich composethe fossil assem-
blageand, in particular, to distinguishbetweenfossils contemporaneous
with theenclosingmatrix andfossilswhich, afterpreviousburial anddia-
genesis,were exhumedandburiedagaintogetherwith youngerpreserved
elements.FernándezLópez(1984a, 1991)proposeda simple sehemeto
classifyfossils accordingto their stateof preservation.Threemain cate-
gories areestablished:

Accumulatedfossils: elementslying in or on thebottom sediments
aftera phaseof biogenicproduction.

— Resedimentedfossils: previouslyaccumulatedelementsdisplaced
on the sedimentarybottom, prior to their burial. Demieand ademic au-
tochtonousandallochtonous,accumulatedandresedimentedareadjectives
which arereferredto different stagesof the taphonomicprocessandthus to
different entities, ¿e. paleobiological,preservedand recordedonesres-
pectively(Fig. 1).Thereforetheyareneithersynonymousnorpartly over-
lapping andmustnot be mistaken.A detaileddiscussionof (his subjectis
out of the seopeof this paper.The interestedreaderis addressedto Fer-
nándezLópez(1990, 1991).

Reelaboratedfossils: elementsexhumedanddisplacedafterburial
asa consequenceofdenudationof a certainvolume of previouslydeposi-
tedsediments.

As far asthe third categoryis concerned,therearemanytermsusedfor
naming the phenomenonof fossil exhumation.Themost commonone Is
theEnglishreworking,but its employmentin the stratigraphicalliterature
seemstoo largefor beingadoptedin taphonomicanalysis.In fact, thede-
finition of the term~<reworking»appliesto bothsedimentaryandbiogenic
partielesanddoesnot indicatepreciselywhetherdisplacementtook place
in a pre or postburial phase(Bates& Jackson,¡987). For this reason,
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waiting for an eventual(if necessary)proposalby anglosaxonauthorsto re-
placethis neologismwith a correspondingword, we supportFernándezLó-
pez’snomenclature(reelaboration= taphonomicreworking)which refers
just to recordedelementsexhumedaftera previousphaseof burial, without
any referenceto sedimentologicprocesses.

Thereare manycriteriafor recognizingreelaboratedfossilsandan ex-
haustivelist hasbeenreportedby FernándezLópez(1984b).Chambered
shellsof ammonites,protozoans,etc.(Martire & Pavia, 1996b)areactually
very favourableto recognizereelaborationprocesses.Iheir intemalmoulds
maybe lithologica¡¡y different, Le..showinga lithological, textural andbor
structuraldiscontinuity,froni thematrix asthey recordpreviouspliasesof
sediínentfilling anddiagenesis.Cathodoluminescenceanalyses(Martire &
Pavia,1996a)increasethepossibility of recognizingreelaboration,when
ske¡etalremainsshowmodification in (he mineralstructuredueto different
diagenetichistories.

Whatkind of informationcanwe obtain from the taphonomicanalysis
ofa mixed fossil-assemblage?In suehassernblagethe mixing of biogeni-
caLly producedentitites in successivetime intervais(taphonomicconden-
sation: Gómez& FernándezLópez, 1994)may be due,for example,toco-
lonization of a previouslydepositedfossiliferous bed by endobenthic
organisms:This will result in a consequentjuxtapositionof non-reelabo-
ratedfossil remainsreferableto differenttimes of production(time avera-
ging, e.g. Fíirsich & Aberhan, 1990). However,whendealing with re-
mains of nekto-plankticorganismssuch as many ammonites,a tapho-
nomically condensedassemblagemost¡ikely correspondsto a mixing of
accumulatedand/orresedimentedplus reelaboratedfossils. The assem-
blagecanbe subdividedinto different taphonomicgroups(taphorecords)
composedof fossilsshowinghomogeneityin their preservationalfeatures.
Eachtaphorecordhasdiagnosticcharacterswhich canbe relatedto a well-
definedsetof biostraíinomicand/orfossil-diageneticprocesses.

From a mixed fossil assemblageit is possibleto rcconstructthe chro-
nologic order of the separatetaphonomicevents,from the biogenic or
taphogenicproductionto the final recordin the sedimentaryrock: Fig. 1.
This successxonis recognizablefrom thetaphonomicfeaturesshownby (he
recordedelementsin thestudiedassociation.Thisorderingwill producethe
so-calledregistraticsuccession(FernándezLópez, 1986).The registratie
sttccessionis integratedby thetopologically andchronologically succes-
síve recordedentitiesmixedin a singlelayer,eachoneof themreferringto
a rock-body which maybe the sameas, or different (andolder) from the
rock-bodywhere theelementsare found (Fig. 2). In particular,interna?l
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mouldsofaccumulatedand/orresedimentedfossils,showingno differen-
cesandbortexturaldiscontinuitieswith theenctosingmatrix, areto be re-
gardedascoevalwith the enclosingrock-bodyandthenwill takethehig-

STRATIGRAPHIC REGJSTRATJC
SUCCESSION SUCCESSION
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Hg. 2.—Ube inixed fossil assemblage ofbed B2 can be split into five taphorecords (TRI-TR5) each one
showing dilferent preservational states or referable to the same phase of burial. The chronologic rda-
tionships of tbese tapborecords allow to recognize the registratie succession in the right column whe-
re four assemblages (Al-tv), corresponding to as many time intervals (Ti-tv), are distinguished. The
assemblage Aiti groups rwo taphorecords (TR3 and TR4) produced contemporaneously. (modified af-
ter Comer & Fernández López, 1990). TR 1: reelaborated fossils possibly related to erosion of ihe top-
most bed Rl, TR2: reelaborated fossils referable to a bed younger iban Rl but older than B2. nol any
more represented in the síratigraphic succession. 1R3: accumulated fossils. TR4: resedimented fossils.
TR5: accumulated fossils .stratigraphically referred to bed B2. but topologically succestive because per-
taining loan organism which excavated a burrow aher sedimentation of the bed 82,
Fig. 2.—La asociación mezclada correspondiente a la capa 2 puede ser subdividida en cinco tafone-
gistros (TR 1 a TR5>. cada uno de los cuales car~cíerizado por su estado mecánico de etinservación o
por sus paniculares rasgos tafonómicos, y correspondiente a la misma fase de enterramiento. Las re-
laciones cronológicas entre estos tatorregistros permiten reconocer la sucesión registrática en la co-
lumna de la derecha, En ella se distinguen cuatro conjuntos sucesivos (A-í a A-tv) correspondientes a
otros tantos tiempos de producción (T-i a T-ív). l.a asociación A-tu engloba a dos taforregistros
(TR3 y TR4> que han sido producidos conlemporáneamente. (Modificado. segón Cómez & Fernández-
Lopez, 1990). TRI: Fósiles reelaborados, posiblemente relacionados con la erosión del techo de la capa
RI. TR.2: Fósiles reelaborados, referibles a una capa más reciente que la B 1 pero ‘nás antigua que la
B2. que no está representada en la sucesión estratigráfica. TR.3: Fósiles en estado mecánico decon-
servaclon acumulado, TR,4: Fósiles en estado mecánico de conservación resedimentado. TR.5: Fósiles
en estado mecánico dc conservación acumulad, referibles estratigáficamente a la capa B2, pero topo-
lógicamente sucesivos a ella, puesto que corresponden a organismos que excavaron conductos de bio-
turbación con posterioridad a la sedimentación del material de esta capa.
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hestpositionin Ihe registraticsuccession.On thecontrary,thesedimentary
eveníscorrespondingto the reelaboratedfossils bearingevidenceof oneor
morepreviousphasesof sedimentation¡ diagenesis,areno longerrecorded
in thestratigraphicsuccessionby a discretelithological layerbutjust by the
ínatrix trappedin their internal moulds.

Let us comeback to (he problemof FOs andFADs, discussedin Ihe
preceedingchapter,andto the importanceof a taphonomicstudy for bioch-
ronological statements.In Fig. 2 the paleontologicalsampling of a hy-
potheticalstratigraphicsuccessionshowsthe presenceof thesinglefossi-
liferous bed B2 with selectedtaxa.Taphonomicstudy of the assemblage
82 indicatesthemixing ofaccumulated(AC), resedimented(RS)and ree-
laborated(RL) fossits,andthe registraticsuccessiondisplaysthe relative
chronologicpositionof eachtaphorecord.From Ihis study it follows that
we cannotconsidereachfossil foundastheFO of therelatedtaxon. Such
an inferenceis justified only for TRs 3 and4, ¿e. thenon-reelaboratedfos-
síls. The real FO of TRI and2, in fact,pre-datethe FOs of TR3 and 4 as
canc¡ear¡ybe seenon the registraticsuccession.Evenyoungeris TR5, alt-
houghit is accumulated,becauseit is clearly referablelo a subsequeníco-
lonization phase.Otherwise,if the FOs of ah the taxa wereregardedas
being essentiallycontemporaneous,the assemblageof bed82 would re-
presenía faunal horizon ¡e. «afairly homogeneoushorizon representing
the fauna that lived during a relatively short time» (Callomon & Cope,
1995: 61). In ouropinion,«relatively short»is an expressionnot tobeused
becauseit is impossibleto defineprecisely.A fossil assemblage,in fact,
may be interpretedas a faunalhorizononly whenit canbe demonstratedto
becomposedoffossils producedby contemporaneouspaleobiologicalen-
tities.The solepowei-ful tool ableto verify, by independentcriteria,thech-
ronologicalorderamongfossilsis taphonomicanalysis.If wejust assume
that a fossil assemblageis homogeneous,giving it a precisebiochronolo-
gical meaning,andtaking itasa referencefor bioclironologicalscaleswe
falí into circular reasoningwiíh seriousconsequences.

Thepracticalconsequencesof sueha conclusion,for both biostratigraphy
and biochronology,will be shown in the following examplesreferring to
amrnoniteassemb¡agesof the Middle Jurassicof north-westernEurope.

SELECTED EXAMPLES

Two similar siíuationswill be discussedin orderto demonstratethe
consequencesof detailedtaphonomicanalysisfor interpretationof the
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evolutionof a stratigraphicsuccession(A: Aalenian-BajocianofPoitou)
and how essentialit is beforedescribinga particularfossiliferous se-
quenceasastandardreferencefor biochronology(B: UpperBajocianof
Dorset).

A) SaintMa¡xent,Po¡tou(westernFrance)

GENER ALITY

La-Grande-Palissequarry nearSaint-Maixent-l’Ecole,some30 km
WSW of Poitiers,hasbeendescribedby Branger(1989; seealsoMartire
& Pavia, 1996a).TheAalenianandBajocianstagesarerepresentedby a
carbonatesuccessionnearly15 m-thick. The sectionbasicallyconsists
of bioclasticlimestones,slightly glauconiticin the lower pad,with sig-
nificant fossil speciesreferableto INc latest Aalenian and to different
Bajocianbiochrons.The groundlevel of thequarrycorrespondsto the
top of a thick calcareousSedof middleAalenianageor, Jocally, to (he
over¡ying thin Fe-oolithicbedreferredto (he Aalenian-Bajociantransí-
tíon.

No detailedtaphonomicanalysesNave so far beenpublishedon the
Saint-Maixentsuccession,exceptfor the preliminary resulíssummarized
by Martire & Pavia(1996a).Our atíentionhasbeenfocusedon theFe-oo-
lithic beds2-4 which contain very rich fossil assemblages,mainly repre-
sentedby ammonites.From bottomto top (Fig. 3a):

1) Compactbioclastic wackestone.Middle Aalenian in ageaccor-
ding to Carioueta!. (1991).

2) Fe-oolithic-bioclasticpackstoneto wackestone(8-13 cm) draping
the irregularandboreddiscontinuitysurfaceat the topof bed 1. Takinginto
accountíhe fossil content,sampledin different pointsof thequarry, two su-
bunitshaveto be supposedwhich mustbe separatedby a minor disconti-
nuity surfacehardly identifiablein thefleid. The fossil assernblages2A and
2B indicaterespectivelylatestAa¡enianandearliestBajocianage.

3) Reddishmariswith reworkedFe-oolithic pebbles(1-2 cm). No fos-
sus,undeterminableage.

4) Bioclastic wackestonewith sparseand srnall Fe-ooidswhich are
mainly concentratedat thebaseof thebedto form a characteristicreddish
layer. Thepaleontologicalconteníis indicativeofIhe Early Bajocian,late
LaeviusculaChron.
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TAPHONOMIC ANALYSIS OF BEDS 2 AND 4

TNe stateof preservationof ammoniteshasbeenstudiedin beds2 and
4. Several taphorecordswith distinct biochronologicalmeanings(Fig.
3b,c) canbe distinguished,the recognitionof which is in somecasespos-
sibledirectly in 4w outcrop, whereasin othersit needsdetailedobserva-
tions carriedout in the taboratory.Only macroscopieanalysesfor tapho-
nomie purposesare reportedNere; microscopieand further lithologic
observationsare omitted(seeMartire & Pavia, ¡ 996afor detailson tap-
horecordsof bed4). In the following descriptionRS andRL referrespec-
tivety to resedimentedand reelaboratedfossils. Taxonomicstudy of the
ammonitesis in progress.

— TapNorecord2/3 (RL)-Mouldsarefragmented,abraded,bioencrusted,
bored,coatedby a thin Fe-crustandfilled with thebioclastiewackestonety-
pical of bed 1 (Pl. 1, fxgs. 1, 2). Theseoccurboth in layers2A and2B. Taxo-
nomy: Brasilia similis, B. gr. gigantea.Biochronology:BradfordensisChron.

— Taphorecord2/2 (RL)-Themould matrix is similar Lo dic Fe-oolithic
lithotktcics of bed2; mouldsarefragmentedby disarticulation(Pl. 1, fig. 3)
andshowabrasionfacetsandtracesof encrustingorganisms.It is present
only in layer2A. Taxonomy:Enaptetoceraseuapteturn,Graphocerascon-
cavum.Biocbronology:earlyConcavumChron.

— Taphorecord2/1 (RS)-Neomorphicshellsarealwayspresent.Neit-
her abrasion,disarticulationor biococrustationofmouldsnor differences
betweenfilling andsurroundingsedimentare recognizable.The taxonomic
contentof bed2 canbesubdividedinto two groups,respectivelyreferredto

Fig. ?.—Sttmmary of stratigraphic results from taphonomical analysis of the Upper Aalenian to Lower
Bajocian succcssion exposed in La Gíande Palisse quarry, Saint-Maixent, Poitotí. a: The stratigraphic
successton. b: The registratic succession lists ibe dillerent fossil assetnblages recognized in beds 2
and 4 and the corresponding tapborecords. c: Riochronological meaning of each topologically suc-
cessive foasil assemblagc. d: Beds and fossi1 assemblages are interpreted o terms of biostraúgraphic
units. Tbe position of bed 3 is undefined. Ruled intervals represeol hiatuses. A: fossil assentblage. Ch:
biochrons. TR: taphorecord.
Fig. 3.—Resumen de los datos estratigráficos resultantes del análisis tafonómico de la sucesión del Aa-
leniense Sttpetior: Rajociense Inferior de la cantera de la Grande Palissc (Saint Maixent, Poitou). a: Su-
ceston estratigráfica. b< Sucesión registrática. Esta sucesión comprende la sucesión de asociaciones re-
gistradas topológicamente sucesivas reconocidas en las capas 2 y 4, y los correspondientes
talorregistros. e: significado biocronológico de cada una de las asociaciones registradas topológica-
mente sucesivas. d: Interpretación bioestratigráfiea de los niveles estudiados y dc las correspotidientes
asociaciones registradas. La posición bioestratigráfica de la capa 3 es indeterminada. El rayado verti-
cal reptesenta la extetísión de las lagunas estratigráficas. A: Asociación Registrada: Ch: Biocronos; TR:
laforregistro.
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layers2A and2B: (2A) Luaptetocerasamah’he4tbrme,Graphocerasfallax,
(3. formosum,O. limitatum, O. pulchrum,Ludwige/la fastigata,L.suboh-
so/eta.Haplopleurocerassubspinatum,Fontannesiagr. grammoceroides
(biochronology:late ConcavumChron); (2B)Hyper/iocerascurvicostatum,
1-1. walkeri, Euhoplocerasmarginatum,E. aff. modestum(PI. 1, fig. 7),
E. cf. parvicostatum,Asthenocerassp., Fontannesia[M] explanata,
E. [m] tortiva (biochronology:earlyDiscitesChron).

__ Taphorecord4/3 (RL)-Moulds are disarticulated,abraded,bioen-
crustedand filled with multiple generationsof texturally diiferent sedi-
ment; theyalsoshowdarkercolorthantheenclosingmatrix and thin glau-
conitic/ferruginouscoating (Pl. 1, figs. 4, 6). Taxonomy:Fuhoploceras
crassicostatum.E. tridactv/um,Eissi/ohicerasfissilohatum,E ova/is,E un-
d¡ferum. Biochronology:earlyLaeviusculaChron.

— Taphorecord4/2 (RL)-Mouldsshow macroscopiefeaturessimilar to
4/3 exceptfor partial phosphatizationandlessmarkeddifferencesbetween
filling and enclosingsedimenttextures.Taxonomy: Fissi/obicerassp.,
Papillicerasaif acantherum,P. [M + mi papi/latum,Wñchel/iaalbida, VV
connoto, VV plena,Pelekodlies pelekus,Sirigocerasstrigifer. Biochrono-
logy: middle LaeviusculaChron.

— Taphorecord4/1 (RS)-NeomorphicsNells are always present.No
physicaldiscontinuity is presentbetweeninternal moulds and the su-
rrounding matrix which are petrographicallyidentical.Shefls are either
complete,with the peristome,or brokenalongan irregular fracturenever
correspondingto a septum.Frequentty,the phragmoconeis occupiedby
coarsecalcitesparandonly thebodychamberis filled witN sediment(PI. 1,
Hg. 5). Taxonomy:PapiUlcerascf. arenatum,P. mesacanthum,Sonninia
sp., Witchel/iacf. laeviuscula,W patefóctor,VV rubra, VV sayni,Macero-
tites costulatosus,M. macer,M. rnoisyi, M. spatians,Lissocerassemicos-
tu/omm,Otoñessp.Biochronology: lateLaeviusculaChron.

DíscussíoN

TNe taphonomicanalysisof a tract of 11w Aalenian-Bajocianat Saint
Maixenthas allowedfor recognitionof threetaphorecordsin both beds2
and4: in eachof them, two reelaboratedtaphorecordsaud one resedi-
mentedtaphorecordoccur (Fig. 3b). The two reelaboratedtaphorecords
showc¡earlydifferent featuresmainly dueto lessmarkedevidenceof ex-
posureat the sediment-waterinterface(borings,authigenicmineral coa-
tings, etc.); taphorecords2/3 and4/3 bearmoreevidentproofof reelabo-
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rationthan2/2 and4/2. On thebasisof thesetaphonomicfeatures,a chro-
nologicalorderof the fossilsin eachmixed assemblagemaybe recognized
which reflectsorder in their taphogenicproduction,cg. 4/3,4/2 and4/1,
from the oldestto theyoungestto be produced.An interestingrelationship
exists betweentaphorecordsandbiochronologicalunits: eachtaphorecord
(IR), in fact, consistsof a taphonomicallyhomogeneousfossil assemblage
that correspondsto, and is exclusiveof, a singlegeochronologicunit (a
subchron),eventhoughreelaboratedfossils maybe found in different la-
yers (e.g. TR2/3 occursin both bed2A and2B Fig. 3b, c). Moreoverin a
singletaphorecord(TR2/l) taphonomicatlyidenticalresedimentedfossils
aregroitpedwhich arepartly referableto theConcavumChron andpartly
to theDiscitesChron.TNis enablesdistinetionof two different subbeds,2A
and2B, mostly unconspicuousin the field.

On the basisof theseanalyticaldata,(he fo¡lowing conclusionsmay be
drawn.Firstly, a correctbiostratigraphymay be reconstructedon tNc basis
only of resedimentedfossils(Fig. 3d).This leadsus to recognízeseveralsur-
facesof discontinuity in (he bedsand to constrainmorecloselythe ageof bed
3, which is barrenof fossils. In spiteof thesegaps,reelaboratedfossilscons-
titute recordsof stratigraphicintervalsnot representedby sedimentexceptfor
the ammonitcinfillings. TNe chronoregistraticsuccession,¿e. the successíon
of the topologicalty successivefossil units, is a more completerecord of
geologicaltime thanthe stratigraphicsuccession.Ihis may greatlyhelp tn tn-
creasingour degreeof knowledgeaboutboth sedimentaryand biological
evolutionof the basin studied.Finally beds2 and 4 are goodexamplesof
taphonomiccondensation(Gómez& FernándezLópez, 1994)dueto reela-
borationand not to other,theoreticallyplausible,mechanismssucNasextre-
mely low sedimentationratesleadingte accumulationon theseafloor, side
by side,of remainsof organismswhich lived in differenttimes. In additionto
this, a stratigraphiccondensationofthe SaintMaixent sectioncomparedto
manyothercoevalsectionsin Europe,is alsodemonstrablydue in part to the
presenceof prolongedsedimentaryNiatuses(Fig. 3d).

B) Dorset (southern England)

GENERALITY

TNe countyof Dorset,alongandjust inland oftheEnglishChannelco-
ast, is a classicalarenfor theJurassicgeologyof Europe(Arkell, 1933;Ca-
llomon & Cope, 1995).Rocksspanninga~mostthewhole Jurassicsystem
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Hg. 4.—The ebronoregistratie succession reltrred tu the Aulenian-Bajocian section at la Grande Palisse
quarry, Saint—Maixent, Poitou. Comparing with Hg. 3d. note that the chrotiotegistratic units defined alter tbe
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[>ig.4.--Sitcesiótj cronorrecistrática de las asociaciones correspondientes al Aalenicnsc-Bajociense de
la cantera de La Grande Palisse, en Saint Maixent (Poitou). Comparando con la figura 3d. obsérvese
que las unidades cronorregi sttáticas definidas cuino resultado del análisis talonótoico aonicntan con-
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are displaycdin cliff exposures;their successionsare importantfor many
geologicalpurposes,mainly dueto their rich paleontologicalcontentand
¡br being consideredasthe referencesectionsfor establishingstandard
biochronologicalscalesbasedon ammoniteasseínblages.TNis is paíticu-
larly true for the middle Jurassicand, especially,for the AalenianandEa-
jocian aínmonitesuccessionswhich havebeen[hesubjectof detailedstu-
chescarriedout by Callomon& Chandíer(1990).
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Ihe Aalenianand Bajocianstagesarerepresentedby thewell-known
formationtNe Inferior Oolite, which consistsofa relatively thin limestone
successionbetweenthe ToarcianBridport Sandsand the thick Bathonian
FuHer’s Earth formations.31w Inferior Oolite successionhasbeensum-
marizedby Callomon& Cope(1995: 61). It ~<consistsof a seriesof relati-
vely thin bedsof varyingcalcareouslithologies, sharplydelimitedby par-
tings or erosion-planes...eachbed typically has its own ammonite
assemblage,andin mostcasessuchassemblagegivesthe impression...of
beingfairly homogenous,¿e. representingthe faunathat lived during are-
lative¡y shorttime... Ihe successíonís therefore«highly condensed»,but in
a very particularway. It hasthe appearanceof the recordof but brief ms-
tantsof time in a long Nistory. Different localities record different ms-
tants,andNence...atolerably completehistory canbe reconstructed».TNe
conclusionof Callomon& Chandler(1990;up-to-dateversionreportedby
Callomon& Cope,1995, fig. 7) was atableof faunalNorizons; it lists the
ammoniteNorizonsthathavebeendistinguishedso far for the BritisN Aa-
lenianandBajocian.This biohorizontable is becomingmoreandmoreba-
sic for any biochronological,and then chronostratigraphicalinterpreta-
tion of the EuropeanMiddle Jurassic(Pavia & Enay, in press). lts
importanceis alsoenNancedby the fact that the paleobiologicalcontentof
Dorset successionsis intermediatebetweentNe Boreal andTethyanre-
alms andcould makecorrelationseasier.

Nevertheless,we Nave seentNatthe possibilityof taphonomicmixing
(condensation)in Fe-oolithic rocks,mainly due to reelaboration,is very
high (Martire& Pavia, 1996a).TNis is particularly true whenwe consider
that the Dorset successionbelongsto the so-calledAnglo-Parisianbasin
like that of Bayeux (Rioult et a/., 1991; Pavia, 1994), the evolution of
which Nad beenpossiblycontrolledby the sametectonicinfluences(e.g.
the Armoricanuplift: Callomon& Cope,1995). To be confidentof using
tNe English ammonitesuccessionas the standardbiocNronologicalrefe-
rence,we (bus needLo know whethertbosefaunal ammonitehorizonsae-
tually consistof homogenousassemblages,in termsof taphonomicpro-
duction time, or if tNey constitutemixed fossil assemblages.In otNer
words,whethera detailedtapNonoínicanalysisis missingandneeded.

Many fossiliferousbedsof tNe DorsetInferior Oolite are suspectedto
containmixed fossil assemblages.Among tNem, we drawour attentionto
the so-called«Astarte Bed», well representedin tNe Burton Bradstock
section(Fig. 5) andpreciselydescribedby Callomon & Cope(¡995:64).
TNis [ayer,Late Bajocianin age,is widely representedin southernEngland
(Copeet aL, 1980); it is (he key, for EnglisN authors(Torrens,1969), to as-
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sign the Pi acris Subzoneto the G. garantianaZoneinsteadof to thesuc-
ceedingPi. parkinson¿Zone, as variouslyreportedby continentalauthors.
In fact, theammoni¡econtentof thisbed showstheco-occurrenceof such
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areusuallyreferredelsewhere(Spain,France)as representativesoftNe two
subsequentbiozones.

THE ASTARTEBEn IN DORSET

First describedby Hudíeston(1887 in 1887-96: 37) at Vinney Cross
nearBridport, thebiostratigraphicmeaningof this layerhadbeendescribed
by Buckman(1910:67) as~<datedexactly as Garant¿an¿¡ Beds».This lit-
Nostratigraphicacronymwasnot in currentusefor manydecades(Dono-
van & Hemingway, 1963: 29) andit was notcited by Arkell (1956)either.
Nevertheless,sornenotespublishedin the seventies(Senioret a/., 1970;
Parsons,1975a)gayea detailedaccountof thepaleontologicalcontentof
(he Jayer.The acronyrnAstarteBed was tben insertedin dic GeologicalSo-
ciety’s Correlationcharts(Copeeta!?, 1980: fig. 3a) as oneof themostwí-
dely distributedhorizonsin southernEngland(DorsetandSomerset).On
the basisof its rieN ammoniteassemblages,it hasbeenbiocorrelatedwith,
and thus consideredtime-equivalentto, other lithological units such as
the «UpperTrigonia Cnt» in the Cotswolds(Parsons,1976)or the «Maes
Knoll Conglomerate»ofDundry,Avon (Parsons,1979).

TNe ammonitecontentof theAstarteRedcanbededucedfrom different
works of Buckman(1891, 1893, 1909-30). Recentcontributionsrecord:
Str¿goceras compressum,S. sept¿carinatum,Oppeliaaff. pleurijér, Oeco-
traustesumbilicatus,Sphaerocerasbrongn¿art¿,S. tutthum, Garantiana
garantiana, O. /ong¿dens,G. tetragona,Pseudogarantianaminima,Par-
k¿nson¿¿¡¿¡cris, Pi rarecostata,Sp¿roceraswaltoni, Prorsisphinctesg/yphus,
Pi meseres,P. cf. pseudomart¿nsi,P. subdivisus,Pi stomphus.

According to theclassicalacceptionof theEuropeancontinentalLate
Bajocian(cg. Pavia, 1973;Galaez,1980;Sandoval,1983;FernándezLó-
pez, 1985),thesespeciesshouldbe separatedinto different biochronolo-
gical groups. In particular: (1) 0. garantiana is usually referredto the
middle part of theO. garantiana Zone; (2) 0. /ongidens,O. tetragona,
Pi minima,Pi ¡neseres,P. stomphusareindicative of the upperpart of the
samezone(0. tetragonaSubzone),orevenof thepassageto theoverlying
Pi park¿nsoniZone(Gabilly eta!., ¡971);(3) Pi ¿¡cris andPi rarecostata,in-
cluding alsothe last representativesof thegenusGarantianacharacterise
thebaseof the Pi parkinsoniZone(Pi ¿¡cris Subzone).SucNbiostratigraphic
subdivisionis confirmed by Gauthiereta!? (in press)in the unusuallyex-
pandedsection of Feuguerolles(Normandy)of the sameAnglo-Parísían
basinas the Dorsetsector.
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DISCUSSION

The historical importanceof theAstarteBed hasbeenrecently high-
lighted by Callomon(1990,peracomm. aserrata corrige ofnotesin Ca-
llomon & Chandler,1990),who remindedthat it had been~<thebasisfor
the first definition oftheGarantianaZone,in Britain» introducedby Buck-
man (1893: 483-484).This sentencesummarizeswhat was alreadydis-
cussedin thepaperof Parsons(1976: 48) in which the Pi ¿¡cris Subzone
had beenjustified as necessarilyplacedat the top of ihe O. garantiana
Zoneinsteadof at thebaseof(he P. parkinsoniZone asadvocatedat that
tiíneby Sturani(1971)andPavia(1973).Parsons(op. cii.) in fact specified
that «... TNe faunasrecordedfrom tUs horizon... [Pi ¿¡cris Subzone]...
showtNat it is correlatedwith theAstarieBedof southDorsetand theMarí
Bed andpartof theSherborneBuilding-Stoneof north Dorset.SincetNese
latterhorizonswere thevery basisfor the foundationof the O. garontiana
Zone,the Pi ¿¡cris Subzonemustbe considered,by original definition, as an
integral part of the O. garantianaZone».

Parson’sinterpretationcoukl be takenmb considerationif taphonomic
studiesprove that thefossil assemblageis hotnogenous,accordingto tNe
productiontime of its ammoniteelements.Somearguments,however,ral-
sedoubtsaboutibis Nypothesis.Firstly the presencein theAstarteBed of
taxabiochronologicallydistributedin two different zones(O. garanhiana
andPi parkinsoniZones)in manyotherEuropeansectionsasdiscussedbe-
fore. Secondly,the results of a detailedtaphonomicanalysisof coeval
ammonitesin the sectionsof Normandywhich consistof very similar Iit-
hostratigraphics’accessions(Pavia, 1994;Martire & Pavia, 1996a):rnany
reelaboratedtaphorecordshave been identified often correspondingto
wonderfullypreservedammonites.Two alternativesaretheoreticallypos-
sible.One would explainthe fossil mixing (taphonomiccondensation)as a
resultof sedimentarycondensation,¿e. otanextremelyreducedaccumu-
lation of sediment;this Nowevercontrastswith theclassicalinterpretation
of episodicdeposition (Callomon& Cope, 1995).The other alternative
would insteadcalI uponreelaborationandmixing.

In conclusion,detailedtaphonomicstudiesareurgentlyneededon (he
Inferior Oolite successionsofsouthernEng¡andand, moreparticularly, on
theAstarteBed, to verify if it containsamixing of reelaboratedammonites
typical of the O. garantianaCliron with youngerammonitesof the Pi
¿¡cris Subchron.Shouldthishypothesisbe confirmed, theresult would be
that thc sedimentationof theAs/arteBed is morerecentthan the time of
productionof the O. garantiana reínaínsand it would be necessaryto
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abandonthedefinítionof theAstarte Bed as(he type-Norizonof the O. ga-
rantiana Zone. As a consequence,the Pi. ¿¡cris Subzonewould refer to a
biostratigraphicalunit well separatedfrom the latterby theonsetof the ge-
nus Parkinsonia; it could thus be placedat the baseof thePi p¿¡rkinsoni
Zoneas it has beenusually done in the Europeanlate Bajocian. A final
commentis necessary:theAstarte Redis the type-Norizonof many am-
monitesdescribedby Buckman(1909-30),e.g. Pi glyphus(Parsons,1975b:
203);thedeterminationof thetaphonomicstate(i.e. themechanicalstateof
preservation)of thesetype-specimensis Ihereforeneeded,particularlyfor
alí tNe taxonomic,evolutionaryandbiochronologicalimplications.

CONCLUDING REMARKS

TheexposeddatahavesNownNow importantaphonomicstudiesarein
stratigraphyand, in particular, in sucN a delicate subjectas biochrono-
logy. At Saint Maixent (Poitou), tNe taphonomicanalysisof the recorded
associationsof ammonites,with specialreferenceto the tapNonomicfea-
turesshownby the internal moulds,haveprovideda morecoherentandco-
rrect chronostratigraphicalframe, allowing the recognitionof severalso far
undescribedstratigraphicdiscontinuites,andan understandingof the cau-
sesof taphonomiccondensation.TNis analysisresultsin a noteworthyin-
creaseof information,which is speciallyuseful fox- bothstratigraphicco-
rrelation, and in the reconstructionof the sedimentaryevolution of the
basin.Conclusionsof moregeneralinterestresult from a reexamination,in
the light of tNe establishedprincipies andmethodologiesof evolutionary
taphonomy(FernándezLópez, 1991), of the well-known Jurassicsucces-
síonsof SouthernEngland.Comparisonswith the preservationalstatesof
coevalammonitesfrom comparablesections(Normandy),anddiscrepan-
cies with biostratigraphicandbiochronological successionsfrom many
otNer Europeansectionsevidencethe needof a detailedtaphonomicanaly-
sis of the importantJurassícsuccessionin Dorset,in orderto ascertainwhat
kind of fossi¡ assemblagesarebeing sudied,andto precisethe stateof pre-
servationof the studiedfossilsbeforetaking them as areferencefor stan-
dardbiochronologicscales.

To sum up, it canbe statedthat taphonomicanalysismaygreatly help
to clarify the relationshipsbetweenbiochronologyandbiostratigrapNy.It
allowsdistinctionbetweenfossilswhich arecontemporaneouswith theen-
closing scdiínentaryrock (accumulatedandresedimentedfossils) andfos-
sils which wereproducedal a previoustime andexhumed,andare thus ol-
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der thanthe actualNostbed (reelaboratedfossils).Biostratigraphyrnust be
foundedonly on accumulatedand/orresedimentedfossils.

Becausemanybeds arebarrenof fossils, the chronostratigraphicsuc-
cessionis supposedto be more completethan the biostratigraphicone.
Furthermore,sedimentarysuccessrnnsare affectedby unconformities
which makeboth recordsdiscontinuous.Sorne piecesof the ~<lostbis-
tory», however,arepreservedas redaboratedfossils.Most important,the
latterareremainsof organismsof thepastwhich areoften taxonomically
sígnificant.Thisrneansthat not on¡y arereelaboratedfossils the uniquere-
cord of time slicesotherwiseunpreservedin the stratigraphicrecord,but
theymaybe put into ordinal sequenceprovidinga precioussupplementary
inforínationto the knowledgeof evolutionof life andpassageof time on
Earth.Careful taphonomicanalysesare needed,especial¡yin thosefossi-
liferoussuccessionsto bechosenas referencesections(cg. boundarystra-

PIale 1 .—Ammonites lroni the Aalenian-Bajocian of Saint Maixení, Poitou. Fig. 1 —8rostí/a sim/lis
(Bttckman>. Reelaborated specimen: note the encrusting bivalves un the mould (arrows). Assemblage
A 2’. Taphorecord 2/?. Bradlordensis Chi-un. (0,55x). Fig. 2.—Brasil/a gr gigomea (Bucktííati>. Ree-
laborated specimen: note the boring on the mould (atruws). Assemblage A 2’. Taphorecord 2/3.
Bradfordensi.s Cliron. (0,47x). Fig. 3.—/ú<opteeoceza.s euaptdoos Buckmaa. Reelaborated specimen: note
tbat the mould is disarticttlated along a septum (atrows). Assemblage A 2’. Taphorecord 2/2. Early
Concavuni (7hton, <(>,4/x). F¡g. 4.—Fissilobice ros fissilohotam (‘.Vaagen>. Reelaborated speci[“en:
note Ibe dark colour uf the filling of internal chambers due tu glauconitization. Assemblage A 4’. Tap-
horecord 4/3. Early Laeviuscula Chrotí, (1.1 7x). Fig .5.—VíJiIrhcllio sp. Resedimented specinico: note
that the body chamber is filled witb dic same sedi ment as the enclosing matrix and that the phtagmo—
cotie is plugged witb coarse calcite spar. Assemblage A 4. Taphorecord 4/1. I.ate Laeviusetíla Cliron.
(0i78x) Hg. 6.—F¿s.vilobiceros sp. Reelabotaled specimen: nole different colours at,d textttres ti dic
mould. Assemblage A 4’. Taphorecord 4/3. Early Laeviuscula Cliron. (0.95x). Fig. 7,—Et,hoplorcras
aif n,odúsIu,n (Ruckníat). Resediniented specinten. Assemblage A 28. Taphorecord •2/ 1. Early Discites
Chron. (t)95x>
Lámina 1 .—Atnmonites del Aaleniense-Rajociense de Saint. Maixent, en Poitou. Hg. 1 —8,-as/ha ‘¿mi-
lis 1 Bucktíían1. Ejemplar reelaborado. Nótese os bivalvos encostrando el molde interno (flechas). Aso-
ctación registrada A 2”, Taforregistro 2/3. Crotí Bradlordensis. (x 0.55). Fig.

2.-Brasi/la g’,: gigcoitúa
(Bttckmati) Ejemplar reelaborado. Nótese las perforaciones sobre el molde interno (flechas). Asociación
registrada A 2”. Taforregistro 2/3. Croo Bradfordensi s. (x t),47). Hg. 3.—Eooptctoccra.s c’uaplewm
(Butcknian) Ejemplar teelaborado. Nótese que el trtolde ititerno muestra una faceta de desatticu ación
a lavsir (le un septo 1 flechas). Asuciaciótí registrada A 2’. Taforregi stro 2/2. Croo Cotícavutíí. (x 0.47).
Fi g. 4.—kis.si/obicr?ras flssi/o/’atant (Waagen) (Buckrnan) Ejemplar reehíborado. Obsérvese eí color os-
curo del relleno de las cámaras internas del fragmocono. tíebido a la glauconitización. Asoctacton re-
gistrada A 4’’. Talbrregistro 2/3. Cron Laevi usca la ti lerior. lx 1,17). Fig. 5.—WÚc/u’//ia sp. Ejemplar
resedimentado. Obsétvese qtte la cámara de habitación se eticuentra rellenada cotí el tiiisnio material
que la matriz, o roca sedinientaria, que lo rodea y que el fragmocono muestra ttn revestimiento interno
de gruesos cristales de calcita. Asociaciótí registrada A 4. Taforregistro 4/1. Croo Laeviuscula supe-
t.iot. (x 078). Fig. (v--Eiss¿íobi ceras sp. Ejemplar teelaborado, Obsérvense los dilerentes colores y tex-
turas en ci material que forma el tiiolde interno. Asociación registrada A 4. laforregistro 4/3. Croo
Laeviuscttla lo ferior. (x 095). Fig. 7.—Eohop/ocera.s aif ,nodeso.~o, (Raekman). Ejemplar resedimen—
lado. Asociación regisírada A 28. Taforregistro 2/1. Croo Discites inferior. (x 0,95).
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totypes)in order tú reconstructa correctbiústratigraphyand tú refine
biochronotogicalscales.
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