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A Lo menoria del miew oncle:
Benlto Moreno Arbalat

Voltava L'any 1992 quan el Benl va vealitzar
una troballa “extraordintia”, alou va Llencar —en
una zond on s'havia de construir una plaga- tot un
conjunt de roques amb motlles ode gasteropooles §
bivalves fossils, que molt posteriorment valg poder
atribuir al wmioce warl tarragontl. EL wew oncle va
avisar el wmew pare, ens va wmostrar el seu
‘descobriment” L vam  recollir  aouestes  voques.
Agquesta va ser la privaera vegada gque vaig tenir
contacte amb fossils, sorgint-ne després
autentica passis per La paleontologia.
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J.A. Moreno-Bedmar

1. Introduccio

La present tesi doctoral tracta de I'estudi del registre d’ammonits de I'Aptia
inferior (Cretaci inferior) de la peninsula Ibérica essencialment des d’un punt de
vista biostratigrafic. Durant I'Aptia inferior va tenir lloc un dels Esdeveniments
Anoxics Oceanics —d’ara endavant OAE 1a- del Cretaci més ben extensament
representat geograficament, millor definit i més ben conegut, perqué en els
darrers anys ha estat, i és, ampliament estudiat. L'OAE 1a és el primer
esdeveniment de gran magnitud del Cretaci amb un efecte clarament global
(Jenkyns, 2003). Durant aquest esdeveniment es va produir un escalfament
global, pertorbacions en el cicle del carboni, desenvolupament d’anodxia en els
fons marins, crisi en la produccié de carbonats, acidificacié de les aigles i
extincions en massa. L’'OAE 1a s’ha caracteritzat en algunes de les arees
treballades en aquesta tesi, i s’ha emprat el registre d'ammonits per datar-lo
amb precisié. Simultaniament a la realitzacié d’aquesta tesi, quatre doctorands
tracten 'OAE 1a en les seves respectives tesis, tres doctorandes 'estudien i el
caracteritzen a la Conca Basco-Cantabrica —Maria Najarro, Maria Isabel Millan i
Tatiana Gaona Narvaez— i un darrer doctorand a la Conca del Maestrat, Telm
Bover Arnal. S’ha col-laborat amb tres dels quatre doctorands realitzant,

basicament, el calibratge biostratigrafic amb ammonits.

La tesi doctoral que es presenta s’ha dut a terme a la Conca del Maestrat,
al Domini Prebétic, a la Conca de Salou-Garraf, a la Conca Basco-Cantabrica i
a la Conca d’Organya. Aquesta tesi es construeix sobre tres articles, un d’ells
publicat, un segon acceptat i un darrer enviat, tots ells a revistes indexades de

reconegut prestigi internacional (I1SI). Aquests articles sén:

1. Moreno-Bedmar, J.A., Company, M., Bover-Arnal, T., Salas, R.,
Delanoy, G., Martinez, R., Grauges, A., 2009. Biostratigraphic
characterization by means ammonoids of the lower Aptian Oceanic
Anoxic Event (OAE 1a) in_the eastern Iberian Chain
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(Maestrat Basin, eastern Spain). Cretaceous Research, 30(4), 864-
872.

2. Moreno-Bedmar, J.A., Company, M., Bover-Arnal, T., Salas, R.,

Delanoy, G., Maurrasse, F.J.-M.R., Martinez, R., Grauges, A., Lower

Aptian ammonite biostratigraphy in the Maestrat Basin (Eastern

Iberian Chain, Spain). Geologica Acta, en premsa.

3. Moreno-Bedmar, J.A., Company, M., Sandoval, J., Tavera, J.M.,

Bover-Arnal, T., Salas, R., Delanoy, G., Maurrasse, F.J.-M.R.,

Martinez, R., Lower Aptian _ammonite and carbon _isotope

stratigraphy in the eastern Prebetic Domain (Betic Cordillera,

southeastern Spain). Geologica Acta, en revisio.

Aquests articles es mostren a '’Annex 1 i tracten sobre la Conca del

Maestrat i el Domini Prebétic.

Davant la impossibilitat, per manca de més temps en aquests quatre anys
del periode d’investigaci6 —marcats per la durada de la beca—, de realitzar
estudis de totes les arees analitzades es presenten, a 'Annex 2 i 3, tot un
seguit de treballs complementaris. A 'Annex 2 es mostren estudis publicats en
revistes nacionals, no incloses en I'lSI, i en 'Annex 3 s’inclouen alguns resums
de congressos i un informe. Per tal d’acabar de completar i oferir una visié
global el més uniforme possible de les arees estudiades, en els casos on la
informaci6 és menor —Conca Basco-Cantabrica i Conca d’'Organya— es
presenten resultats inedits de forma resumida. Totes les dades inedites

exposades seran objecte de publicacio.

1.1. Objectius

1. Comprovar com la biozonacié d’ammonits mediterrania estandard per a
I'Aptia inferior pot ser aplicada en el Mediterrani més occidental (peninsula

Ibérica).
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2. Proposar una alternativa per substituir la forma index de la segona
biozona de I'Aptia inferior (Deshayesites weissi), alhora que s’intenta

millorar i precisar tota la biozonaci6 per a aquest periode de temps.

3. Establir elements que puguin correlacionar la biozonacié mediterrania
estandard amb altres biozonacions d’ammonits de I’Aptia inferior, tal com

seria el cas, per exemple, de la Boreal.

4. Calibrar biostratigraficament amb ammonits el registre d’isotops estables

de Carboni, 5'°C, durant I'Aptia inferior.

5. De forma més particular caracteritzar I'edat de 'OAE 1a emprant

I'estratigrafia isotopica i calibrant-ne 'edat amb ammonits.

1.2. Problematica

Des de fa una vintena d’anys el grup d’especialistes en ammonits del
Cretaci inferior es reuneix periodicament per tal d’estandarditzar una biozonacié
mediterrania estandard per al Cretaci inferior, alhora que es publiquen els
resultats d’aquestes reunions. La primera biozonacié proposada va ser la de
Hoedemaeker i Bulot (1990), on van prendre per a I'’Aptia inferior la biozonacio
desenvolupada, previament, a I'antiga Uni6é Soviética (Mediterrani oriental). Des
d’aleshores en les successives versions de la biozonaci6 mediterrania
estandard (Hoedemaeker et al. 1993; Hoedemaeker et al. 1995; Rawson et al.
1999; Hoedemaeker i Rawson 2000; Hoedemaeker et al. 2003; Reboulet et al.
2006 i Reboulet et al. 2009) la biozonaci6é per a I'Aptia inferior va romandre
practicament sense cap canvi. Al seu torn en les dues darreres versions
(Reboulet et al. 2006 i Reboulet et al. 2009), s’ha posat de manifest una
marcada problematica amb la forma index de la segona biozona, Deshayesites
weissi —I'espécie es considera nomen dubium® caldria, doncs, buscar una altra

especie index— que de moment resta sense solucio.

La correlacio de la biozonacié mediterrania estandard per a I'Aptia inferior
amb la biozonacié boreal és, en termes generals, forga directa (Bogdanova i

Tovbina, 1994; Erba, 1996; Ogg et al. 2004 i altres), perqué en realitat a tres de

' Nom d’espécie valid perd d’aplicacié dubtosa.
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les quatre biozones (vegi’s figura 1, interval B) les associacions d’ammonits sén
molt similars. No passa el mateix amb la primera biozona (figura 1, interval A),
on el grau de provincialitat entre la provincia faunistica mediterrania i boreal és
molt gran. Malgrat aixo, la correlacié és raonablement precisa. Existeix, pero,
una discussié important entorn la posicié biostratigrafica d’'unes formes
d’ammonits (Roloboceras sp. i Megatyloceras sp.). AQuests ammonits es troben
a la segona biozona de I'Aptia inferior de la biozonacié boreal, Deshayesites
forbesi, (Casey, 1961a, b; Casey et al. 1998). Tanmateix a Franga aquestes
mateixes formes han estat atribuides a la tercera biozona Deshayesites
deshayesi (Ropolo et al. 2000, 2006, 2008a, b). Es suggereix que hi ha un
diacronisme causat per la migraci6 d’aquestes formes des de la provincia
faunistica boreal, on hipotéticament van aparéixer, cap a la provincia
mediterrania (Ropolo et al. 2008a). En aquest moment el grau de provincialitat

eés minim (figura 1, interval B), aixi doncs, aquest diacronisme és certament

problematic.

Biozonacio boreal Biozonacié mediterrania
Casey, 1961 Reboulet et al. 2009
Tropaeum Dufrenoyia
bowerbany furcata
Deshayesi Deshayesi B
deshayesi deshayesi

Deshayesites Deshayesites
forbesi weissi

Prodeshayesites Deshayesites A

oglanlensis

A: Provincialitat molt marcada
B: Provincialitat minima

Figura 1. Correlaci6 de la biozonacioé boreal i mediterrania

L’estratigrafia isotdpica basada en els isotops estables de Carboni, 5'°C,

s’esta manifestant com una eficient eina de correlacié estratigrafica d’alta
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resolucié (Ferreri et al. 1997) a causa de la preséncia de tendéncies globals,
sent les excursions associades a Esdeveniments Anodxics Oceanics (OAE) les
més destacables. En relacié amb I'Esdeveniment Anoxic Oceanic 1a (OAE 1a)
de I'Aptia inferior, Menegatti et al. (1998) van caracteritzar fins a vuit segments
(C1-C8) entre el Barremia superior i I'’Aptia superior, vegi’s figura 2. Aquesta
terminologia ha estat la més ampliament emprada posteriorment. Els intervals
definits per Menegatti et al. (1998) des del C4 fins al C6, ambdods inclosos, es
corresponen amb 'OAE 1a. Recentment, perod, va prenent forga la incorporacio
de l'interval C3 dins de 'OAE 1a (Li et al. 2008, Mehay et al. 2009, Tejada et al.
2009 i altres), tal com van fer anteriorment Erba et al. (1999) i Bellanca et al.
(2002).
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Figura 2. Figura presa de Menegatti et al. (1998) de la secci6 de Roter Sattel on es

mostren els intervals des del C1 fins al C8
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L’edat de 'OAE 1a ha estat calibrada amb foraminifers planctonics, part
baixa de la biozona Leupoldina cabri, i també amb nanofdssils calcaris, part
mitjana de la biozona Chiastozygus litterarius, sent aquestes assignacions
ampliament acceptades. En canvi, del calibratge que 'OAE 1a presenta amb
'escala biostratigrafica d’ammonits més precisa, aparentment de millor
resolucio, en resulta que I'edat de 'OAE 1a és problematica, i actualment molt
discutida. De les quatre biozones d’ammonits existents a I'Aptia inferior, TOAE
1a ha estat assignat a totes quatre, tal com es mostra a la figura 3.
Paradoxalment, I'escala biostratigrafica d’ammonits que hauria de ser més

precisa presenta el calibratge més incert.
Moultade &f al. Garcla-Mondéjar

Muttar Mutterliose (1998, 2000) el al (2009)
Reboulel ef al, ot al URENoSE  and Backel Moreno-Bedmar Gea o ). Ranard ot al. Millsn af al. (2009
(2009) G?zguw (042) {1098)  etal (2008) Erba(1996) (2003)  op0s) J

D. furcafo

. Interval d'incertesa

oglanlensis

Figura 3. Variacio de I’edat de ’OAE 1a segons diversos autors

Aquest grau d’incertesa tan ampli prové de diverses causes. Primer, el fet
gue en seccions pelagiques —que és on es va caracteritzar inicialment 'OAE 1a
ja que contenen facies tipicament andxiques— els ammonits s6n escassos o
biostratigraficament poc diagnodstics (Landra et al. 2000); també pot succeir el
mateix en altres seccions més somes. Segon, on el registre d’ammonits ofereix
unes condicions més adequades hi ha divergéncies taxonomiques que

comporten discrepancies biostratigrafiques (vegi’s en Moreno-Bedmar et al.

2009). Una altra causa d'imprecisié son les correlacions indirectes, quan a
partir de dades de foraminifers planctonics o nanofdssils calcaris s’ha referit

'edat de 'OAE 1a a biozones d’ammonits.
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2. Marc geologic i estratigrafic

2.1. Marc geologic

Durant el Jurassic superior-Cretaci inferior va tenir lloc a la peninsula
Ibérica la segona etapa de rifting mesozoica (Salas et al. 2001), la qual
coincideix amb l'obertura de [I'Atlantic central i la seva propagacié cap a
I'’Atlantic nord i el Golf de Biscaia. Les plataformes jurassiques dipositades en
una etapa de subsidéncia térmica —postrifting 1 (Salas et al. 2001)- van
comencar a ser destruides durant la segona etapa de rifting i es va
desenvolupar un nou sistema de conques extensionals molt subsidents, com
seria el cas de les estudiades en la present tesi: Conca del Maestrat, Domini
Prebétic, Conca de Salou-Garraf, Conca Basco-Cantabrica i la Conca
d’Organya (figura 4). Aquest cicle de rifting es pot dividir en dues grans etapes:
una primera jurassica superior, associada a I'obertura de I'Atlantic central, i una
segona, cretacica inferior, on es va obrir I'Atlantic nord i el Golf de Biscaia. Pel
que fa a la segona etapa, val a dir que durant la major part del Neocomia
s’inicia de forma molt ténue. Posteriorment, durant el Barremia, I'Aptia i I'Albia,
va tenir lloc una forta reactivacié del procés de rifting i una generalitzacié del
mateix, només trencada per un moment de menys activitat a la base de I'’Aptia

inferior i que coincideix amb el MOr?.

Aquesta activacié generalitzada del rifting de la segona etapa té el seu
climax durant I'Aptia inferior, que al seu torn coincideix amb una forta
transgressié marina tetiana associada a 'OAE 1a. La suma d’aquests factors
comporta un increment significatiu de I'espai d’acomodacié —en menor o major
mesura, depenent del context paleogeografic— a totes les conques estudiades, i
la preséncia de facies marines més obertes amb ammonits. Aquestes facies
son l'objecte d’estudi de la present tesi i s’analitzen juntament amb el registre

d’isotops estables de 5'°C, amb especial atencid en com es registra 'OAE 1a.

? Cron paleomagnétic de polaritat invertida previ al supercron normal del Cretaci inferior. La base del
MOr marca I’inici de I’ Aptia.




Josep Anton Moreno-Bedmar

Continent 'Mars epicontinentals I Ocea obert

Figura 4. Zones objecte d’estudi durant I’Aptia inferior, modificat de Masse et al. 2000

2.2. Marc estratigrafic

El registre estratigrafic de I'Aptia inferior de cada zona estudiada varia
depenent de la paleogeografia i de I'espai d’acomodacié en cada moment, que
fonamentalment es veu controlat per dos factors: la subsidéncia regional i els

canvis eustatics del nivell del mar.

A la Conca del Maestrat (figura 5), concretament a la base de I'Aptia inferior,
es troba la Formacié continental Argiles de Morella, que correspon a I'atenuacié
del procés del rifting, per sobre es troba la Formacié Xert amb facies marines
somes. Després es localitza la Formacié Margues del Forcall, que és la que
conté essencialment tot el registre d’ammonits de I'Aptia inferior amb facies
marines més obertes. Dins d’aquesta formacidé cal assenyalar la presencia
d’'una intercalacié de calcaries marines somes, que és coneguda com el
Membre Barra de Morella. A continuacié hi ha la Formacié Calcaries de
Villarroya de los Pinares i tot seguit, la Formacié Benassal que en alguns
sectors pot incloure registre d’'ammonits de I’Aptia inferior, si bé la seva edat és,
essencialment, Aptia mitja i superior. La Conca del Maestrat es divideix en set

subconques (Salas i Guimera, 1996) que es corresponen amb dominis
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paleogeografics diferenciats. Aquests contextos locals poden presentar
evolucions tectonosedimentaries particulars al llarg de I'Aptia inferior. Es per
aquest motiu que l'edat de la Formacié Forcall és diacronica. Aquest fet
complica substancialment I'estratigrafia, alhora que en alguna subconca les
unitats litoestratigrafiques tenen noms diferents. A la figura 5 es presenta

I'estratigrafia general de la Conca Maestrat correlacionada amb altres conques.

Al Domini Prebeétic, durant I’Aptia inferior, unicament es poden reconéixer
dues formacions: les Calcaries de Llopis dipositades en un medi mari som, i la
Formaci6 Margues d’Almadich d’'un medi mari més obert i amb registre
d’ammonits. La Formacio Llopis es troba en una posicidé paleogeografica més

costanera. A la figura 5 es mostra I'estratigrafia del Domini Prebeétic.

Pel que fa a la Conca de Salou-Garraf, cal dir que mostra unes certes
similituds amb la Conca del Maestrat, si bé, en termes generals sol presentar
un clar predomini de facies marines més distals versus les més proximals. A la
base de I'Aptia inferior es localitza la Unitat continental Morro de Gos, aquesta
probablement es correspon amb l'atenuaci6 del procés del rifting i seguidament
la Formacié Xert amb facies marines somes. Després, facies marines més
obertes, la Unitat Margues de Vallcarca que passa lateralment a unes altres

facies marines relativament profundes, la Unitat Calcaries del Farreny, figura 5.

La Conca Basco-Cantabrica es pot dividir en dos grans sectors, el basc i el
cantabric. Al sector basc es presenta l'estratigrafia basada essencialment en
I'estudi realitzat sobre la secci6 de Madotz. Primerament trobem la Formacio
Errenaga, que inclouria gran part de I'Aptia inferior, integrada per facies
marines obertes amb registre d’ammonits i una destacable intercalacié de
calcaries somes, coneguda com prebarra de Madoz (Duvernois et al. 1972).
Aquesta intercalacié que comporta un canvi sobtat, dins de les facies marines
profundes amb ammonits, t¢ exactament la mateixa edat que la Barra de
Morella a la Conca del Maestrat. Per sobre de la Formacié Errenaga es troba la
Formacié Sarastarri, constituida per facies marines més somes. Al sector
cantabric I’Aptia inferior comenga amb una formacié marina soma, la Formacié
Umbrera, i tot seguit es localitza la Formaci6é Patrocinio, que és la que inclou

facies marines obertes amb registre d’'ammonits. Al damunt es troba una altra
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formacié marina soma, San Esteban. A la figura 5 se sintetitza I'estratigrafia de

la Conca Basco-Cantabrica.

A la Conca d’Organya, durant I'Aptia inferior, es poden reconéixer dues

formacions: Prada i Cab6. La Formacié Prada va ser dipositada en un medi

mari som —part baixa-mitja— pero la part alta en un medi mari obert que conté

registre d'ammonits. La Formacié Margues de Cabd va ser dipositada en un

medi mari obert. En alguns sectors aquesta formaci6 pot passar lateralment al

Membre de Roca Narieda, que esta constituit per facies marines més proximals
(Garcia-Senz, 2002), figura 5.
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3. La Conca del Maestrat

La Conca del Maestrat se situa a I'Est de la peninsula Ibérica (figura 6) i
abasta territori de Tarragona, Castell6 i Terol. Aquesta conca s’ha dividit en set

subconques (Salas i Guimera, 1996).

Continent | Mars epicontinentals [l Ocea obert

Figura 6. Conca del Maestrat durant I’Aptia inferior, modificat de Masse et al. 2000

A la subconca de Galve s’ha col-laborat amb el doctorand Telm Bover-
Arnal, de la Universitat de Bayreuth, en l'estudi del registre d’ammonits de
I'’Aptia inferior, aixi com en la caracteritzacié de 'OAE 1a (Bover-Arnal et al. en
revisio). En el marc de la present tesi, les primeres aportacions es van realitzar
I'any 2007; Moreno i Bover 2007 (Annex 3) mostren la biostratigrafia preliminar
de I'Aptia inferior de la subconca de Galve. El mateix any Moreno et al. 2007
(Annex 2) exposen un treball on aporten dades biostratigrafiques sobre I'Aptia
inferior de la subconca d’Oliete. Moreno Bedmar et al. 2007a (Annex 2)
ofereixen dades sobre la segona biozona de I'Aptia de la subconca d’Oliete i
d’altres conques de la peninsula Ibérica. Posteriorment, Moreno-Bedmar et al.
2008 (Annex 2) caracteritzen amb isotops estables de Carboni, 3'°C, I'OAE 1a
a la Conca del Maestrat i presenten de forma preliminar 'edat amb el registre

d’ammonits. Seguidament Moreno-Bedmar et al. 2009 (Annex 1) realitzen un

dels articles sobre el que es fonamenta l'actual tesi, on tracten de forma

detallada el calibratge biostratigrafic amb ammonits de 'OAE 1a a la Conca del

11
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Maestrat. Finalment, Moreno-Bedmar et al. en premsa (Annex 1) realitzen el

segon article, sobre el que es construeix aquesta tesi, una analisi
biostratigrafica in extenso dels ammonits de I'Aptia inferior de la Conca del

Maestrat.
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4. El Domini Prebeétic

El Domini Prebétic —concretament el Domini Prebétic Oriental que és el que
presenta un millor registre d’'ammonits de I'Aptia inferior— se situa al Sud-Est de

la peninsula Ibérica (figura 7) a les terres d’Alacant, essencialment.

Aptia inferior C\f%
5;(&““‘” 40

2 <3

Continent . Mars epicontinentals I8 Ocea obert

Figura 7. Domini Prebétic durant I’Aptia inferior, modificat de Masse et al. 2000.

S’ha efectuat un article Moreno-Bedmar et al. en revisié (Annex 1) que

conté l'analisi biostratigrafica in extenso dels ammonits de I'Aptia inferior del
Domini Prebétic. S’estudia també el registre d’isotops estables de Carboni, 3'°C
caracteritzant-se 'OAE 1a i es duu a terme un nou calibratge de I'edat de TOAE

1a mitjancant el registre d’ammonits.
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5. La Conca de Salou-Garraf

La Conca de Salou-Garraf es troba al Nord-Est de la peninsula Ibérica

(figura 8) i abasta terres de Tarragona i Barcelona.

ig& w

Continent Mars epicontinentals I Ocea obert

Figura 8. Conca de Salou-Garraf durant I’Aptia inferior, modificat de Masse et al. 2000

En el marc de la present tesi la primera aportacié va ser Moreno, 2007
(Annex 2) on es presenta una biostratigrafia preliminar per a I'’Aptia d’aquesta
conca. En un altre treball Moreno Bedmar, 2007a (Annex 2) mostra dades
sobre la segona biozona de I'Aptia d’aquesta conca, juntament amb altres
conques de la peninsula Ibérica. EI mateix any Moreno Bedmar, 2007b realitza
una discussio taxonomica sobre diverses espécies del génere Deshayesites
(Annex 2). Salas i Moreno, 2008 (Annex 3) presenten un informe per a I'Institut
Geologic de Catalunya amb la biostratigrafia actualitzada dels ammonits
aptians d’aquesta conca. Moreno-Bedmar et al., 2009a (Annex 2) donen a
conéixer un estudi biostratigrafic detallat sobre la secci6 de Can Casanyes.
Finalment Moreno-Bedmar i Garcia, 2009 (Annex 2) exposen un treball

biostratigrafic sobre la secci6é del Fondo de la Berra.
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6. La Conca Basco-Cantabrica

La Conca Basco-Cantabrica se situa al Nord de la peninsula Ibérica (figura

9) i comprén terres de Navarra, el Pais Basc i Cantabria.

Continent . Mars epicontinentals 88 Ocea obert

Figura 9. Conca Basco-Cantabrica durant I’Aptia inferior, modificat de Masse et al. 2000

El treball sobre aquesta area s’ha fonamentat en dues col-laboracions. A
Navarra s’ha treballat amb la doctoranda Tatiana Gaona-Narvaez, de la Florida
International University, en I'estudi de la seccié de Madotz. L'OAE 1a ha estat
recentment caracteritzat en aquesta seccié per Gaona-Narvaez et al. 2008 i
Gaona-Narvaez et al. 2009a (Annex 3). En el marc de la present tesi s’ha
realitzat I'analisi biostratigrafica dels ammonits de la seccié de Madotz —vegi’'s
en 8.4.1— i el calibratge de I'edat de 'OAE 1a Gaona-Narvaez et al. 2009a
(Annex 3).

A Cantabria s’ha col-laborat amb la candidata al doctorat Maria Najarro, del
Instituto Geoldgico y Minero de Espafia (IGME), en I'estudi dels ammonits de
I'dnica seccioé que conté ammonits de la Plataforma de la Florida, la secci6é de
Cuchia. L'OAE 1a ha estat recentment caracteritzat a la Plataforma de la
Florida per aquesta candidata al doctorat, Najarro et al. 2007a-b i Najarro i

Rosales, 2008a-b. En el context de [l'actual tesi s’ha realitzat I'estudi
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biostratigrafic dels ammonits de la seccié de Cuchia —vegi’s el punt 8.4.2— i el

calibratge de I'edat de 'OAE 1a amb ammonits a Rosales et al. 2009 (Annex 3).
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7. La Conca d’Organya

La Conca d’Organya es troba al Nord-Est de la peninsula Ibérica (figura 10)

a Catalunya, Lleida.

Continent . Mars epicontinentals 888 Ocea obert

Figura 10. Conca d’Organya durant I’Aptia inferior, modificat de Masse et al. 2000

Aquesta conca s’estudia en un unic treball, Moreno Bedmar, 2007a (Annex
2) on es presenten dades sobre la segona biozona de I'Aptia de la Conca
d’Organya i d’altres conques de la peninsula Ibérica. Recentment s’han realitzat
dues seccions en aquesta conca, Borda de la Torre i Cabd, sobre les que s’ha
realitzat I'analisi biostratigrafica dels ammonits del Barremia superior i I'Aptia

inferior, vegi’s el punt 8.5.
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8. Resultats per a cada area estudiada

8.1. La Conca del Maestrat

8.1.1 Biostratigrafia

S’han reconegut totes les biozones d’ammonits de [I'Aptia inferior:
Deshayesites oglanlensis, Deshayesites forbesi, Deshayesites deshayesi i
Dufrenoyia furcata. Aquestes biozones es corresponen a les proposades per
Reboulet et al. 2009 per a la provincia faunistica mediterrania excepte la
segona biozona, Deshayesites weissi; al segient capitol, punt 9, es discutira
aquesta diferéncia. S’ha identificat I'Unica subzona present a la biozonaci6 de
Reboulet et al. 2009, Deshayesites grandis. Al seu torn s’ha establert un horitzoé
Roloboceras hambrovi i dues subzones més: Dufrenoyia furcata i Dufrenoyia
dufrenoyi (figura 11); aixi doncs, la biozonacié regional per a la Conca del
Maestrat és més precisa que la zonacié mediterrania estandard (figura 11). La
biozonacié proposada per a la Conca del Maestrat es pot correlacionar
directament amb la mediterrania estandard i també amb la biozonacié boreal.
Aixo es deu al fet que la biozona Deshayesites forbesi, adoptada a la Conca del

Maestrat, és la biozona utilitzada a la biozonacid boreal.

Biozonacié mediterrania Biozonacié proposada per Biozonacio boreal

Reboulet et al. a la Conca del Maestrat Casey (1961a)
(2009)
Zones Subzones Zones Subzones i Zones
horitzons
: i Dufrenoyia
Dufrenoyia Dufrenoyia Aioroy] Tropaeum
furcata furcata [ | bowerbanky
D. furcata
Deshayesites| \Deshayesites
grandis grandis
Deshayesi Deshayesi | Deshayesi
deshayesi deshayesi deshayesi
|\Roloboceras
Deshayesites Deshayesites | hambrovi Deshayesites
weissi forbesi forbesi
- S
Deshayesites Deshayesites Prodeshayesites |
oglanlensis oglanlensis fissicostatus

Figura 11. Biozonacié mediterrania estandard i boreal versus la biozonacié per la

Conca del Maestrat
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Recentment s’ha trobat un ammonit a la part baixa de la Formacié
Benassal, a la subconca de Galve, a un parell de quildometres de Villarroya de
los Pinares. Aquest ammonit és determinable com a Dufrenoyia sp. (figura 12)
i, per tant, assignable a la darrera biozona de I’Aptia inferior Dufrenoyia furcata.
Sembla ser, doncs, que la Formacié Benassal —si més no en algunes zones
meés subsidents, com és el cas de la localitat de Villarroya de los Pinares, on es
produeix un canvi lateral de facies; de relativament somes, Fm. Villarroya, cap
a facies més profundes, Fm. Benassal- pot incloure la part alta de I'Aptia
inferior. Aquesta nova dada contrasta amb la hipotesi inicial que la Formacio
Benassal era sempre d’edat Aptia mitja-superior (Bover-Arnal et al. 2009,
Moreno-Bedmar et al. 2009, Moreno-Bedmar et al. en premsa, Moreno-Bedmar
et al. 2009b).

Figura 12. Dufrenoyia sp., exemplar VP-A6

8.1.2 Cronostratigrafia
Les contribucions biostratigrafiques realitzades han permeés precisar les

edats de les unitats estratigrafiques d’aquesta conca. En la Formaci6 Xert s’ha
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pogut identificar la primera biozona de I'Aptia inferior Deshayesites oglanlensis
pro parte. A la part baixa de la formacidé immediatament superior, Margues del
Forcall -Membre Cap de Vinyet— s’ha reconegut la part alta d’aquesta biozona.
A la part mitjana de la formaci6 —part alta del Membre Cap de Vinyet, el
Membre Barra de Morella i la part baixa del Membre Morella la Vella— s’ha
identificat la biozona Deshayesites forbesi. A la part alta de la Formacio
Margues del Forcall —part mitjana-alta del Membre de Morella la Vella— s’ha
identificat les biozones Deshayesites deshayesi i Dufrenoyia furcata pro parte.
A la part inferior de la formaci6 Villarroya de los Pinares s’ha reconegut també
la biozona Dufrenoyia furcata, concretament la part mitjana-alta. Finalment a la
part baixa de la Formacié Benassal s’ha identificat la part alta de la biozona

Dufrenoyia furcata.

Tal com s’exposava al punt 1.4, I'estratigrafia de la Conca del Maestrat
ofereix una complexitat considerable al poder-se dividir en set subconques que
presenten  contextos  paleogeografics  diferenciats amb  relacions
tectonosedimentaries també diferents. La Formacié Margues del Forcall passa
lateralment a una formacié més costanera sense registre d’ammonits, excepte
en la seva base, la Formacio Villarroya de los Pinares. El limit entre les dues
formacions és diacronic i varia depenent de la subconca. A la figura 13 es

mostren de forma grafica i esquematitzada tots aquests canvis a les diferents

subconques.
121 : “* Membres de la Fm. Forcall
Dufrenoyia uE. embres de la Fm. Forca
o furcata o Perell
122 ke ) n Salzedella
= Deshayesites | 'O Morella penyagolosa Morella la Vella
Q deshayesi Galve E. Galve O:
123 £ aiaga M. Forcall
«v | Deshayesites |Oliete OAE 1a - =
= forbesi [ BarradeMorella ]
jo3 Cap de Vinyet
1248 < | poshavesit :
eshayesites | g Fm. Xert Fm.
oglanlensis “E e T
Mor 5 |Fm. Morella__—F ¢
125 8 m. Cerveral
s S Fm. Artoles
Barremia
*Fm. Benassal
|[ . Calcaries F= _ Argiles i margues continentals [ . Margues marines Hiatus

Figura 13. Estratigrafia de I’Aptia inferior de la Conca del Maestrat i de les seves

subconques
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8.1.3 Estratigrafia isotopica

Mitjancant els isotops estables de 3'°C i emprant els segments de
Menegatti et al. 1998 s’ha caracteritzat 'OAE 1a per primera vegada a la Conca
del Maestrat, a la part mitja de la Formacié Margues del Forcall;, més
concretament 'OAE 1a es troba a la part baixa del Membre Morella la Vella
(figura 13). S’ha calibrat 'edat amb ammonits atribuint-se a la part mitjana-alta

de la biozona Deshayesites forbesi, horitz6 Roloboceras hambrovi.
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8.2. Domini Prebetic

8.2.1 Biostratigrafia

També s’han reconegut totes les biozones d’ammonits de I'’Aptia inferior:
Deshayesites oglanlensis, Deshayesites forbesi, Deshayesites deshayesi i
Dufrenoyia furcata i les subzones/horitzons Roloboceras hambrovi,
Deshayesites grandis, Dufrenoyia furcata i Dufrenoyia dufrenoyi. Aquesta
successio és la mateixa reconeguda a la Conca del Maestrat, aixd posa de
manifest com la biozonacié proposada a la Conca del Maestrat és utilitzable en

altres arees.

8.2.2 Cronostratigrafia

Els resultats cronostratigrafics obtinguts (figura 14) no sén molt
remacables, ja que en aquest cas els ammonits es troben unicament a la
Formacié Almadich i 'edat d’aquesta formaci6 era relativament ben coneguda

amb anterioritat, vegi’s per exemple a la tesi doctoral de Castro (1998).
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Figura 14. Estratigrafia del Domini Prebétic

8.2.3 Estratigrafia isotopica
En una de les seccions estudiades (Racé Ample) es caracteritza 'OAE 1a

mitjancant isotops estables de Carboni, 5'°C. El reconeixement de 'OAE 1a a
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la seccidé del Raco Ample i en la del Cau —I'OAE 1a a la secci6 del Cau va ser
caracteritzat per Gea et al. 2003— ha permés dur a terme un nou calibratge de
I'OAE 1a mitjangant el registre d’ammonits. El resultat obtingut és el mateix que
a la Conca del Maestrat, part mitjana-alta de la biozona Deshayesites forbesi,

horitz6 Roloboceras hambrovi.

A part de la caracteritzaci6 de I'OAE 1a s’ha realitzat un calibratge
biostratigrafic detallat dels segments de Menegatti et al. 1998 des del C2 fins al
C8. Es destacable el fet que al segment C7 s’ha caracteritzat una petita, pero
ben marcada, excursié negativa a prop de la base de la biozona Dufrenoyia
furcata. Aquesta excursio en la mateixa posicid biostratigrafica ha estat també

reconeguda a Franga, vegi’'s Moreno-Bedmar et al. en revisio .
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8.3. Conca de Salou-Garraf

8.3.1 Biostratigrafia

El registre d’ammonits d’aquesta conca és for¢ca escas. Tanmateix, s’ha
arribat a reconeixer fins a tres biozones d’ammonits de [I'Aptia inferior:
Deshayesites weissi, Deshayesites deshayesi i Dufrenoyia furcata. S’ha
identificat una subzona boreal Cheloniceras meyendorffi a la part alta de la

biozona Dufrenoyia furcata (figura 15).

Biozonacio proposada per a Biozonacio Boreal

la Conca de Salou-Garraf Casey (1961a)
Zones Subzones | Zones
haritzons
: Cheloniceras Cheloniceras
Dufrenoyia | meyendorfs Tropaeum meyandori
furcata bowerbanky Dufrenoyia
Iransitaria
Dashayesies
Deshayesi Deshayesi grandis
deshayesi deshayesi
Cheloniceras
parinadurm
" = h = D, callidiscus .
Deshayesites Deshayesites = ho
weissi forbesi D fittort

Figura 15. Biozonacio regional per a la Conca de Salou-Garraf versus la biozonacié

boreal

8.3.2 Cronostratigrafia

El treball realitzat sobre aquesta conca ha permes establir amb detall 'edat
de dues unitats, les Margues de Vallcarca i les Calcaries del Farreny, vegi’s
figura 16. Sembla probable que la part baixa d’aquestes dues unitats incloguin
la part alta de la biozona Deshayesites oglanlensis, pero fins al moment aixd no
ha pogut ser confirmat.
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Figura 16. Estratigrafia de la Conca de Salou-Garraf
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8.4. Conca Basco-Cantabrica

8.4.1 Sector Basc

8.4.1.1 Biostratigrafia

S’ha estudiat una seccié, Madotz, que es troba al sector navarres de la
Sierra de Aralar, concretament a la localitat homonima. Per descriure la
successio estratigrafica ens referirem a tres de les unitats utilitzades per
Duvernois et al., 1972 en aquesta secci6. La unitat 1 és un paquet de margues
que es presenta generalment cobert practicament en tota la seva totalitat. Per
sobre es troba la unitat 2a, que és un paquet de calcaries, pakstone-
wakestone, amb coralls, equinoderms, bivalves i esponges, entre d’altres, d’'uns
20 metres de potencia. Per damunt d’aquestes calcaries es localitza una unitat
predominantment margosa, d’una vintena de metres de potencia, la unitat 2b.
Aquesta unitat es correspon amb 'OAE 1a (Gaona-Narvaez et al. 2008 i

Gaona-Narvaez et al. 2009 a-b).

El mostreig dut a terme en aquesta seccié ha permes recol-lectar ammonits
en la part alta de la unitat 1 i en tres nivells dins de la unitat 2b. En tots els

casos la fauna és fragmentaria i es troba pobrament conservada.

A la wunitat 1 s’ha reconegut Deshayesites cf. forbesi Casey i
Pseudohaploceras? sp., figura 17. La preséncia de Deshayesites cf. forbesi
permet atribuir la part alta de la unitat 1a a la biozona Deshayesites forbesi, tal

com va ser caracteritzada per Moreno-Bedmar et. al. en premsa.

A la unitat 2b s’ha reconegut: Deshayesites cf. forbesi Casey, Deshayesites
sp., Pseudosaynella bicurvata (Michelin) i Pseudosaynella undulata (Sarasin)

figura 17.

La preséncia de Deshayesites cf. forbesi permet assignar la unitat 2b a la
biozona Deshayesites forbesi, més concretament a la part alta d’aquesta
biozona, ja que les primeres espeécies del génere Pseudosaynella apareixen a
la part mitjana-alta d’aquesta biozona Casey, 1961a, Moreno-Bedmar et. al. en

premsa i Grauges et al. en revisio.
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Figura 17. Ammonits de la seccié de Madotz

A: Deshayesites cf. forbesi vista lateral de I'exemplar PUAB 68567, biozona Deshayesites
forbesi part alta de la unitat 1. B: Deshayesites cf. forbesi vista lateral de I'exemplar PUAB
68570; part mitjana-alta de la biozona Deshayesites forbesi, unitat 2b. C: Pseudosaynella
bicurvata vista lateral de I'exemplar PUAB 68574; part mitjana-alta de la biozona Deshayesites

forbesi, unitat 2b. D: Pseudosaynella undulata vista lateral de I'exemplar PUAB 68565; part
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mitjana-alta de la biozona Deshayesites forbesi, unitat 2b. E: Deshayesites sp. vista lateral i
ventral de I'exemplar PUAB 68572; part mitjana-alta de la biozona Deshayesites forbesi, unitat
2b. F: Deshayesites cf. forbesi vista lateral de I'exemplar PUAB 68571; biozona Deshayesites
forbesi part alta de la unitat 1. G: Pseudosaynella bicurvata vista lateral de 'exemplar PUAB

68568; part mitjana-alta de la biozona Deshayesites forbesi, unitat 2b. Escala grafica 1cm.

8.4.1.2 Cronostratigrafia

Les unitats 1, 2a i 2b es corresponen a la Formacioé Errenaga establint-se
'edat per a la part alta de la Unitat 1 i la 2b, que pertanyen a la biozona
Deshayesites forbesi. Per sobre apareixen una alternanca de margues i
calcaries que es va tornant progressivament més calcaria. Aquesta unitat, que
va ser anomenada com 2c o Barra de Madoz per Duvernois et al., 1972, es

correspon a la Formacié Sarastarri (figura 18).
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Figura 18. Estratigrafia del sector Basc de la Conca Basco-Cantabrica

8.4.1.3 Estratigrafia isotopica

La doctoranda Tatiana Gaona-Narvaez va caracteritzar que la unitat 2b es
correspon a 'OAE 1a (Gaona-Narvaez et al. 2008), tal com s’ha comentat amb
anterioritat al punt 5. L'OAE 1a a la seccié de Madotz és atribuible a la part
mitjana-alta de la biozona Deshayesites forbesi, s’obté el mateix resultat que a

la Conca del Maestrat i al Domini Prebétic.

28




Ammonits de I'’Aptia inferior de la peninsula Ibérica. Biostratigrafia i aportacions a I'estudi de 'OAE 1a

8.4.2 Sector Cantabric

8.4.2.1 Biostratigrafia

Els ammonits piritosos de la seccié de Cuchia van ser estudiats per primera
vegada per Mengaud, 1920 a la seva tesi doctoral. Seguidament Rat, 1959 a la
seva tesi cita també ammonits d’aquesta secci6. Posteriorment Collignon et al.,
1979 realitzen un treball on estudien amb detall els ammonits d’aquesta seccio,
establint els dos horitzons que contenen ammonits. Finalment Wilmsen, 2005
es limita a prendre com a valides les dades de Collignon et al., 1979 i les
reprodueix parcialment, alhora que denomina els dos horitzons amb ammonits

com a Cu 1i Cu 2, terminologia que s’emprara a continuacio.

A la seccié de Cuchia s’han pogut reconeéixer els dos nivells amb ammonits
a la part baixa de la Formaci6 Patrocinio. Al Cu 1 s’ha reconegut: Deshayesites
cf. forbesi Casey, Deshayesites sp. cf. callidiscus Casey, Pseudohaploceras
liptoviensis (Zeuschner), Pseudosaynella undulata (Sarasin), Toxoceratoides
sp. i Roloboceras cf. hambrovi (Forbes), figura 19. Al Cu 2 s’ha recol-lectat:
Deshayesites cf. forbesi Casey, Deshayesites cf. consobrinus (d’Orbigny),
Deshayesites  planus Casey, Pseudosaynella  bicurvata  (Michelin),
Toxoceratoides sp., Roloboceras hambrovi (Forbes) i Roloboceras sp.,
juntament amb el nautilid Heminautilus saxbii (Morris), figura 19. També s’ha
trobat un exemplar rodat, probablement de la part alta de la Formacio

Patrocinio, de Heminautilus saxbii (Morris).

Les associacions d’ammonits de la secci6 de Cuchia sén fortament
diagnostiques des d’'un punt de vista biostratigrafic. Deshayesites cf. forbesi,
Deshayesites sp. cf. callidiscus, Deshayesites cf. consobrinus i Deshayesites
planus permeten atribuir tant el Cu 1 com el Cu 2 a la biozona Deshayesites
forbesi, més concretament a la part mitjana-alta d’aquesta biozona. Les
primeres especies del génere Pseudosaynella apareixen a la part mitjana-alta
d’aquesta biozona, tal com s’ha comentat anteriorment a la seccié de Madotz.
Resulta també remarcable la preséncia de Roloboceras hambrovi als dos
nivells que permeten assignar el Cu 1 i el Cu 2 a I'horitz6 de Roloboceras
hambrovi, la posicié d’aquest horitz6 es correspon a la part mitjana-alta de la
biozona Deshayesites forbesi. Fins i tot els nautilids presents a la secci6 de

Cuchia semblen tenir valor biostratigrafic, ja que I'espécie Heminautilus saxbii
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sembla estar limitada també a la part mitjana-alta de la biozona Deshayesites
forbesi, Casey, 1961a. En efecte, aquesta espécie durant la realitzacié de la
present tesi doctoral ha estat sempre reconeguda en I'horitzé6 de Roloboceras
hambrovi, i és molt abundant a la subconca d’Oliete (Martinez i Grauges,
2006), on el registre d’ammonits de I'Aptia inferior es limita a I'horitz6 de
Roloboceras hambrovi. A la secci6 de Cuchia sembla que el registre
d’ammonits es restringeix també a aquest horitz6, ja que la troballa d'un
Heminautilus saxbii, procedent, probablement, de la part alta de la Formacié
Patrocinio, permet atribuir aquesta part de la formacié encara a I'horitzé de

Roloboceras hambrovi.
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Figura 19. Ammonits de la secci6 de Cuchia
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A: Deshayesites cf. forbesi vista lateral i ventral de 'exemplar MGSB 18730-3, biozona Deshayesites
forbesi. B: Deshayesites cf. forbesi vista lateral de I'exemplar MGSB 1870-2 biozona Deshayesites
forbesi. C: Deshayesites cf. forbesi vista lateral i ventral de I'exemplar MGSB 18730-1 biozona
Deshayesites forbesi. D: Deshayesites cf. forbesi vista lateral i ventral de I'exemplar, PUAB 68536,
Cu 1, biozona Deshayesites forbesi. E: Deshayesites cf. forbesi, vista lateral i ventral de 'exemplar
PUAB 68533, Cu 1, biozona Deshayesites forbesi. F: Deshayesites cf. forbesi, vista lateral i ventral
de 'exemplar PUAB 68545, Cu 1, biozona Deshayesites forbesi. G: Deshayesites planus vista lateral
de 'exemplar PUAB 68554, Cu 2, biozona Deshayesites forbesi. H: Deshayesites planus vista lateral
de I'exemplar PUAB 68555, Cu 2, biozona Deshayesites forbesi. |: Deshayesites planus vista lateral i
ventral de 'exemplar PUAB 68557, Cu 2, biozona Deshayesites forbesi. J: Deshayesites planus
vista lateral de I'exemplar PUAB 68559, Cu 2, biozona Deshayesites forbesi. K: Deshayesites cf.
forbesi vista lateral i ventral de I'exemplar PUAB 68562, Cu 2, biozona Deshayesites forbesi. L:
Deshayesites cf. consobrinus vista lateral i ventral de I'exemplar PUAB 68561, Cu 2, biozona
Deshayesites forbesi. M: Deshayesites cf. consobrinus vista lateral i ventral de I'exemplar PUAB
68563, Cu 2, biozona Deshayesites forbesi. N: Deshayesites sp. cf. callidiscus vista lateral de
'exemplar MGSB 18730-4, biozona Deshayesites forbesi. O: Pseudosaynella bicurvata vista lateral
de I'exemplar PUAB 68564, Cu 2, biozona Deshayesites forbesi. P: Pseudosaynella undulata vista
lateral de I'exemplar PUAB 68538, Cu 1, biozona Deshayesites forbesi. Q: Pseudosaynella undulata
vista lateral de I'exemplar MGSB 18730-5, biozona Deshayesites forbesi. R: Pseudohaploceras
liptoviensis vista lateral de I'exemplar PUAB 68534 Cu 1, biozona Deshayesites forbesi. S:
Roloboceras sp. vista ventral de I'exemplar PUAB 68542, Cu 1, biozona Deshayesites forbesi. T:
Roloboceras sp. vista lateral i ventral de I'exemplar PUAB 68552, Cu 2, biozona Deshayesites
forbesi. U: Roloboceras sp. vista ventral de 'exemplar PUAB 68532, Cu 1, biozona Deshayesites
forbesi. V: Roloboceras sp., vista lateral i ventral de 'exemplar MGSB 78706, biozona Deshayesites
forbesi. W: Roloboceras sp., vista ventral de I'exemplar MGM 10807C, biozona Deshayesites
forbesi. X: Roloboceras hambrovi, vista lateral i ventral de I'exemplar MGM 10809C, biozona

Deshayesites forbesi. Escala grafica 1 cm.
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8.4.2.1 Cronostratigrafia
El registre d'ammonits a la Plataforma de la Florida es limita a la Formacié
Patrocinio i a una unica seccio, la de Cuchia. L’'edat d’aquesta formacié és part

mitjana-alta de la biozona Deshayesites forbesi (figura 20).
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Figura 20. Estratigrafia del sector cantabric de la Conca Basco-Cantabrica

8.4.2.1 Estratigrafia isotopica

Tota la Formacié Patrocinio es correspon a 'OAE 1a Najarro et al. 2007,
Najarro i Rosales, 2008a i b i Rosales et al. 2009, ja que es considera 'OAE 1a
equivalent als intervals de Menegatti C3-C6, ambdos inclosos. Aquesta
formaci6 sembla que es correspon en la seva totalitat a I'horitz6 de
Roloboceras hambrovi d’edat part mitjana-alta de la biozona Deshayesites
forbesi. El resultat obtingut a la seccié de Cuchia coincideix amb I'obtingut a la
Conca del Maestrat, en el Domini Prebétic i en el sector basc d’aquesta

mateixa conca.
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8.5. Conca d’Organya

8.5.1. Biostratigrafia

Els ammonits d’aquestes seccions i afloraments han estat estudiats amb
anterioritat en major o menor mesura per diversos autors: Dalloni, 1930; Rosell,
1967; Garrido Megias, 1973; Peybernés i Souquet, 1973; Peybernes, 1976;
Martinez, 1982 i Bernaus, 1995. L’addici6 de la informacié presentada per
aquests autors permet identificar ammonits de I'’Aptia inferior de dues biozones:

Deshayesites forbesi i Deshayesites deshayesi.

Al treball realitzat recentment s’ha estudiat dues seccions: Borda de la
Torre i Cabo. A la secci6 de la Borda de la Torre —figura 21— s’ha identificat la
part alta de la biozona Deshayesites oglanlensis, subzona Deshayesites
luppovi, la biozona Deshayesites forbesi i finalment Deshayesites deshayesi. A
la secci6 de Cabo6 —figura 22— s’ha identificat la preséncia d’ammonits del
Barremia superior, part alta de la biozona Imerites giraudi, subzona
Pseudocrioceras waagenoides. Per sobre s’ha identificat la biozona
Deshayesites oglanlensis i a la part alta de la mateixa, la subzona
Deshayesites luppovi i seguidament la biozona Deshayesites forbesi. Gracies al
mostreig sistematic banc per banc —emprat metodicament en la realitzacio
d’aquesta tesi— s’ha reconegut per primera vegada en aquesta conca el registre
d’ammonits de la part alta del Barremia superior i de la primera biozona de

I'’Aptia inferior.
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Figura 23. Ammonits de les seccions de la Borda de la Torre i de Cabé

A: Deshayesites luppovi vista lateral de l'exemplar PUAB 68748, mostra OrCv-1, biozona
Deshayesites oglanlensis. B: Deshayesites forbesi vista lateral de I'exemplar PUAB 68805, mostra
OrCv-10, biozona Deshayesites forbesi. C: Deshayesites luppovi vista lateral de 'exemplar PUAB
68787, mostra OrCv-7, biozona Deshayesites oglanlensis. D: Deshayesites oglanlensis vista lateral
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de I'exemplar PUAB 68766, mostra OrCv-6, biozona Deshayesites oglanlensis. E: Deshayesites
luppovi vista lateral de 'exemplar PUAB 68765, mostra OrCv-6, biozona Deshayesites oglanlensis.
F: Deshayesites Iuppovi vista lateral de I'exemplar PUAB 68755, mostra OrCv-5, biozona
Deshayesites oglanlensis.G: Deshayesites luppovi vista lateral de 'exemplar PUAB 68783, mostra
OrCv-7, biozona Deshayesites oglanlensis. H: Deshayesites luppovi vista lateral de 'exemplar PUAB
68758, mostra OrCv-6, biozona Deshayesites oglanlensis. |: Deshayesites luppovi vista lateral de
I'exemplar PUAB 68771, mostra OrCv-6, biozona Deshayesites oglanlensis. J: Deshayesites luppovi
vista lateral de I'exemplar PUAB 68781, mostra OrCv-7, biozona Deshayesites oglanlensis. K:
Deshayesites luppovi vista lateral de 'exemplar PUAB 68777, mostra OrCv-3, biozona Deshayesites
oglanlensis. L: Pseudohaploceras sp. vista lateral de I'exemplar PUAB 68737, mostra OrCv-17,
biozona Deshayesites forbesi. M: Deshayesites forbesi vista lateral de I'exemplar PUAB 68804,
mostra OrCv-10, biozona Deshayesites forbesi. N: Deshayesites luppovi vista lateral de 'exemplar
PUAB 68780, mostra OrCv-3, biozona Deshayesites oglanlensis. O: Deshayesites euglyphus vista
lateral de I'exemplar PUAB 68829, mostra OrCv-15, biozona Deshayesites forbesi. P:
Pseudocrioceras waagenoides vista lateral de I'exemplar PUAB 68889, mostra OrCB-15, biozona
Imerites giraudi. Q: Deshayesites luppovi vista lateral de I'exemplar PUAB 68751, mostra OrCv-2,
biozona Deshayesites oglanlensis. R: Deshayesites deshayesi vista lateral de I'exemplar PUAB
68742, mostra OrCv-19, biozona Deshayesites deshayesi. S: Lithancylus sp. vista lateral de

I'exemplar PUAB 68733, mostra OrCv-17, biozona Deshayesites forbesi. Escala grafica 1 cm.
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Figura 24. Ammonit heteromorf de la secci6 de la Borda de la Torre
A: Lithancylus sp. vista lateral de I'exemplar PUAB 68873, mostra OrCv-18, biozona Deshayesites

forbesi. Escala grafica 1 cm.
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Figura 25. Ammonits de la seccié de Cabé
A: Pseudocrioceras waagenoides Vvista lateral de 'exemplar PUAB 68876, mostra OrCB-14, biozona

Imerites giraudi. B: Acrioceras sp. vista lateral de 'exemplar PUAB 68880, mostra OrCB-15, biozona

Imerites giraudi.C: Deshayesites oglanlensis vista lateral de I'exemplar PUAB 68901, mostra OrCB-

22, biozona Deshayesites oglanlensis. D: Deshayesites oglanlensis vista lateral de 'exemplar PUAB
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68906, mostra OrCB-24, biozona Deshayesites oglanlensis. E: Deshayesites oglanlensis vista lateral
de I'exemplar PUAB 68905, mostra OrCB-22, biozona Deshayesites oglanlensis. F: Deshayesites
oglanlensis vista lateral de I'exemplar PUAB 68907, mostra OrCB-24, biozona Deshayesites
oglanlensis. G: Pseudocrioceras waagenoides vista lateral de I'exemplar PUAB 68893, mostra
OrCB-16, biozona Imerites giraudi. H: Deshayesites luppovi vista lateral de I'exemplar PUAB 68909,
mostra OrCB-24, biozona Deshayesites oglanlensis. |: Deshayesites oglanlensis vista lateral de
'exemplar PUAB 68910, mostra OrCB-25, biozona Deshayesites oglanlensis. J: Deshayesites
oglanlensis vista lateral de I'exemplar PUAB 68925, mostra OrCB-25, biozona Deshayesites
oglanlensis. K: Deshayesites oglanlensis vista lateral de I'exemplar PUAB 68967, mostra OrCB-25,
biozona Deshayesites oglanlensis. L: Deshayesites oglanlensis vista lateral de I'exemplar PUAB
68972, mostra OrCB-25, biozona Deshayesites oglanlensis. M: Deshayesites luppovi vista lateral de
'exemplar PUAB 68916, mostra OrCB-26, biozona Deshayesites oglanlensis. N: Deshayesites
luppovi vista lateral de 'exemplar PUAB 68920, mostra OrCB-26, biozona Deshayesites oglanlensis.
O: Deshayesites luppovi vista lateral de I'exemplar PUAB 68921, mostra OrCB-26, biozona
Deshayesites oglanlensis. P: Deshayesites luppovi vista lateral de I'exemplar PUAB 68930, mostra
OrCB-28, biozona Deshayesites oglanlensis. Q: Deshayesites oglanlensis vista lateral de I'exemplar
PUAB 68939, mostra OrCB-30, biozona Deshayesites oglanlensis. R: Deshayesites forbesi vista
lateral de 'exemplar PUAB 68981, mostra OrCB-37, biozona Deshayesites forbesi. S: Deshayesites
forbesi vista lateral de I'exemplar PUAB 68990, mostra OrCB-39, biozona Deshayesites forbesi. T:
Deshayesites forbesi vista lateral de I'exemplar PUAB 68991, mostra OrCB-39, biozona

Deshayesites forbesi. Escala grafica 1 cm.

8.5.2. Cronostratigrafia

Els ammonits estudiats procedeixen de la part alta de la Formacié Prada i
la Formaci6 Margues de Cabd. Mitjangant el treball dut a terme s’ha pogut
constatar per primera vegada que la Formacié Prada té registre d’ammonits de
la part més alta del Barremia superior i la part baixa de I'’Aptia inferior, vegi’s a
les figures 21-26. El calibratge bioestratigrafic realitzat és molt similar a la

proposta que Garcia-Senz (2002) va presentar a la seva tesi doctoral.
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Figura 26. Estratigrafia de la Conca d’Organya
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9. Resultats globals

9.1 Biostratigrafia

Per a I'Aptia inferior de la peninsula Ibérica es poden reconeéixer les
biozones d’ammonits de [I'Aptia inferior: Deshayesites oglanlensis,
Deshayesites forbesi, Deshayesites deshayesi i Dufrenoyia furcata. A la
biozona Deshayesites oglanlensis es pot identificar la subzona Deshayesites
luppovi; a la Deshayesites forbesi, I'horitz6 Roloboceras hambrovi; a la
Deshayesites deshayesi, la subzona Deshayesites grandis i a la biozona
Dufrenoyia furcata es poden distingir les subzones Dufrenoyia furcata i
Dufrenoyia dufrenoyi, aixi com en algunes arees la subzona Cheloniceras

meyendorffi.

La biozonacioé aqui proposada per a I’Aptia inferior de la peninsula Ibérica
es forca més precisa que la zonacié mediterrania estandard de Reboulet et al.
2009 (figura 27).

Biozonacio per a la Biozonacié mediterranea
peninsula Ibérica estandard
Zones Subzones | horitzons Zones
: Dufrenoyia Cheloniceras 2
Dufrenoyia direnot | eyt Dufrenoyia
furcata furcata
| D. furcata _
Dashayesites Dashayosiles
. grandis . grandis
Deshayesi Deshayesi
deshayesi deshayesi
Roloboceras )
Deshayesites hambrovi Deshayesites
forbesi weissi
Deshayesites ”Bf’ﬁ'ﬁsm Deshayesites
h L) o -
oglanlensis g oglanlensis

Figura 27. Biozonaci6 per a la peninsula Ibérica versus la biozonacié mediterrania

estandard
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9.2 Cronostratigrafia
La cronostratigrafia de I'’Aptia inferior de les diverses zones estudiades a la

peninsula Ibérica es presenta de forma sintética a I'apartat 8.

9.3 Estratigrafia isotopica

On s’ha pogut dur a terme el calibratge de 'OAE 1a amb el registre
d’ammonits —Conca del Maestrat, Domini Prebétic i Conca Basco-Cantabrica—
el resultat sempre ha estat el mateix, part mitjana-alta de la biozona
Deshayesites forbesi, horitz6 Roloboceras hambrovi, vegi’s figura 28.
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Figura 28. Estratigrafia sintética de I’Aptia inferior de les arees estudiades de la

peninsula Ibérica, en gris més fosc situacié de ’'OAE 1a
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10. Discussio

10.1 Biostratigrafia

Pel que fa a la subzona Deshayesites luppovi, val a dir que aquesta
espécie ha estat ampliament discutida, ja que la seva posicio estratigrafica era
dubtosa, a cavall entre la biozona Deshayesites oglanlensis i la part baixa de
Deshayesites weissi. En el treball realitzat s’ha pogut constatar com
Deshayesites luppovi esta sempre per sota de la primera aparicid de
Deshayesites forbesi en la Conca del Maestrat, el Domini Prebétic i la Conca
d’Organya. Al seu torn, a la Conca d’Organya —que presenta el millor registre
d’ammonits, més diagnostic des d’un punt de vista biostratigrafic, de la biozona
Deshayesites oglanlensis— s’ha col-lectat Deshayesites luppovi juntament amb

la forma index Deshayesites oglanlensis.

La nova biozonacié que es proposa en aquest treball es pot correlacionar
facilment amb la biozonacié mediterrania, unicament s’ha substituit la segona
biozona Deshayesites weissi per la de Deshayesites forbesi (figura 29).
Reboulet et al. 2006 i Reboulet et al. 2009 van posar de manifest que I'espécie
Deshayesites weissi es considera nomen dubium i, per tant, no s’hauria de fer
servir com a forma index de la segona biozona. En aquesta tesi es proposa
utilitzar I'especie Deshayesites forbesi perqué ha estat ampliament reconeguda
en la majoria de les zones estudiades. Aquesta espeécie és la forma que
s’empra en la biozonaci6 boreal. El fet de prendre I'espécie boreal com a index
a la peninsula Ibérica permet establir una millor correlaci® amb la provincia
boreal. La biozonacié proposada en la present tesi a part de constituir una
alternativa a la biozona Deshayesites weissi mostra tot un seguit de subzones i

un horitzé que permeten afinar la biozonaci6 de I'’Aptia inferior, figura 29.

Quant a I'horitz6 Roloboceras hambrovi, cal dir que a la provincia boreal es
troba present a la part mitjana-alta de la biozona Deshayesites forbesi,
subzones Deshayesites kiliani i Deshayesites callidiscus. A la plataforma
provencal (Franga), en canvi, aquesta forma s’ha atribuit a la biozona
Deshayesites deshayesi (Ropolo et al. 2000, 2006, 2008a, b). Per aquest motiu
es va proposar que a Franca hi havia un diacronisme causat per la migracié

d’aquestes formes des de la provincia faunistica boreal, on hipotéticament van
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apareixer, cap a la provincia mediterrania (Ropolo et al. 2008a). En aquesta
tesi I'horitz6 Roloboceras hambrovi ha estat reconegut en la majoria de les
arees estudiades en la part mitjana-alta de la biozona Deshayesites forbesi,
sempre per sota de la primera aparicio de I'espécie Deshayesites deshayesi.
En efecte, en el sector cantabric s’ha reconegut la preséncia de Roloboceras
hambrovi juntament amb formes similars a Deshayesites callidiscus, que és
I'espécie index de la darrera subzona de la biozona Deshayesites forbesi a la
provincia boreal. Per aquest motiu es descarta I'existéncia de diacronisme
entre la provincia boreal i mediterrania, i es conclou que la biostratigrafia duta a
terme per Ropolo et al. 2000, 2006, 2008a, b hauria de ser revisada. Les
discrepancies biostratigrafiques rauen en la interpretacié dels deshayesitids —
que son el grup d’ammonits sobre el que es fonamenta la biostratigrafia de

I'’Aptia inferior— per més detall vegi’'s Moreno-Bedmar et al. 2009.

Pel que fa a les subzones identificades a la biozona Dufrenoyia furcata, val
a dir que les més utils sén Dufrenoyia furcata i Dufrenoyia dufrenoyi, perqué
poden ser reconegudes a la majoria de les arees estudiades on hi ha registre
de la biozona Dufrenoyia furcata. En canvi, la subzona Cheloniceras
meyendorffi ha estat reconeguda unicament a la Conca de Salou-Garraf i amb
dificultats es podria arribar a caracteritzar al Domini Prebétic. La importancia
del puntual reconeixement de la subzona Cheloniceras meyendorffi a I'Aptia
inferior de la peninsula Ibérica es troba en el fet que aquesta subzona va ser
reconeguda també a la provincia boreal i permet, per tant, realitzar una

correlacid directa amb la mateixa.
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Biozonacié mediterrania .
Biozonacié boreal

estandard Biozonacio per a la
: Casey (1961)
Reboulet et al. 2009 peninsula Ibérica
Zones Subzones Zones Subzones i horitzons Zones Subzones
[ Chelonicaras
Dufrenoyia Dufrenoyia | Pufrenoyia Cheloniceras Tropaeum meyendorffi
dufrenayl | meyandorf [
furcata furcata bowerbanky Dufrenoyia
D. furcata | transitoda
Dashayosites Deshayesites b
grandis grandis Deshayesites
Deshayesi | Deshayesi Deshayesi grandis
deshayesi deshayesi deshayesi ‘
Cheloniceras
parnodum
. . Roloboceras . D. callidiscus
Deshayesites Deshayesites = hambrovi Deshayesites D kiard
weissi forbesi forbesi B, ford
Deshayesites Deshayesites Deshayesites Prodeshayesites = obscloius
X f luppowi g I
oglanlensis oglanlensis fissicostatus B Bodl

Figura 29. Biozonacié per a la peninsula Ibérica versus la biozonacié mediterraniai la

boreal

10.2 Cronostratigrafia
En aquesta tesi s’ha presentat la cronostratigrafia de les arees (conques
sedimentaries) de la peninsula Ibérica durant I'’Aptia inferior, vegi’'s per exemple

I'apartat 2.2 i el punt 8.

Es remarcable el fet que a les zones estudiades on predominen clarament
les facies somes, sense ammonits, respecte a les més obertes amb ammonits
unicament es registra la part mitjana-alta de la biozona Deshayesites forbesi. El
registre d’ammonits es limita, doncs, a linterval de I'OAE 1a. Aixd és aixi
perqué en aquestes arees —Subconca d’'Oliete i les seccions de Madotz i de
Cuchia a la Conca Basco-Cantabrica— I'espai d’acomodaci6 és més limitat en el
temps. L’espai d’acomodacié depén de la subsidéncia local i dels canvis
eustatics del nivell del mar. En aquestes arees I'evolucié de la subsidencia local
presenta un model no uniforme i el factor global eustatic és dominant. La
transgressid tetiana associada a I'OAE 1a va ser globalment important i va

permetre que en aquestes arees hi hagués registre d’ammonits.

No succeeix el mateix a la Conca Lusitanica (Portugal) on [l'espai

d’acomodacié hauria estat tan reduit que ni l'efecte de la transgressid
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associada a 'OAE 1a va ser capag de proporcionar unes condicions ambientals
adequades per als ammonits. En el marc de la present tesi s’ha fet una
campanya en aquesta conca, on recentment s’hi ha caracteritzat 'OAE 1a,

Burla et al. 2008, que va resultar infructuosa.

10.3 Estratigrafia isotopica

En aquesta tesi doctoral es prova que 'OAE 1a es troba a la part mitjana-
alta de la biozona Deshayesites forbesi, concretament a [I'horitzd de
Roloboceras hambrovi. A la bibliografia, els calibratges de 'OAE 1a mitjancant
ammonits es limiten Unicament a les dades de la present tesi, dades franceses
de la plataforma provencal —Moullade et al. 1998 i Ropolo et al. 2000, 2006,
2008a, b— i el recent treball de Garcia-Mondéjar et al. 2009 a la Conca Basco-
Cantabrica (Sierra de Aralar). Tots aquests treballs tenen com a resultat edats
diferents per a 'OAE 1a. En realitat 'assignacié de 'OAE 1a a I'horitzd6 amb
Roloboceras hambrovi €s un punt en comu entre el resultat obtingut en la
present tesi i les dades franceses, localitzant-se, per tant, TOAE 1a a la mateixa
posicid estratigrafica. Les discrepancies amb la proposta francesa rauen en la
situacio d’aquest horitzé en la biozona Deshayesites forbesi o Deshayesites
deshayesi que, com s’ha comentat amb anterioritat (punt 10.1), és una questid

d’interpretacié taxonomica que comporta difererencies biostratigrafiques.

Pel que fa al treball de Garcia-Mondéjar et al. 2009 i Millan et al. 2009, les
discrepancies s6n molt més problematiques. Aquests autors troben la forma
Roloboceras cf. regale, caracteristica de I'horitzo de Roloboceras hambrovi,® i
la situen a la biozona Deshayesites weissi, (=Deshayesites forbesi) o sigui a la
mateixa posicié proposada en aquesta tesi. Perd, contrariament a I'exposat
aqui i també a les dades franceses, situen 'OAE 1a en un interval molt ampli
que inclouria la part alta de la biozona Deshayesites wessi, tota la biozona
Deshayesites deshayesi i potser la base de la biozona Dufrenoyia furcata,
biozona de transicido Deshayesites deshayesi-Dufrenoya furcata, vegi’s figura 3.
Aquesta biozona de transicid6 —Deshayesites deshayesi-Dufrenoya furcata— de
fet, és una barreja dels ammonits de les biozones que la componen. Una

constant al treball de Garcia-Mondéjar et al. 2009 és el barreig d’associacions

3 Qualsevol espécie atribuible al génere Roloboceras o Megatyloceras esta restringida a I’horitz6 de
Roloboceras hambrovi.
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de biozones diferents sent el maxim exponent el que aquests autors anomenen
biozona Dufrenoyia furcata, on presenten una associacié amb formes de tres
biozones: Deshayesites weissi, Deshayesites deshayesi i Dufrenoyia furcata.
Aquestes barreges d’associacions probablement s6n causades pel fet que la
successio d’'ammonits que estudien Garcia-Mondéjar et al. 2009 es fonamenta
en la composici6 de seccions i, per tant, les seves corresponents faunes
d’ammonits. Aixo prové del fet que la majoria d’afloraments de I’Aptia inferior de
la Sierra de Aralar s6n molt parcials i no és possible establir, en un mateix

aflorament, una successié continua d’ammonits.
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11. Conclusions

Es proposen tot un seguit de biozonacions regionals per a cada area
estudiada. Aquestes biozonacions poden ser sintetitzades en una global per a
'Aptia inferior de la peninsula Ibérica amb les biozones: Deshayesites
oglanlensis, Deshayesites forbesi, Deshayesites deshayesi i Dufrenoyia furcata.
Aquesta biozonacié, a més, esta subdividida en subzones i un horitzé: la
subzona Deshayesites luppovi, part mitjana-alta de la biozona Deshayesites
oglanlensis; I'horitz6 Roloboceras hambrovi, part mitjana-alta de la biozona
Deshayesites forbesi; la subzona Deshayesites grandis, part mitjana-alta
Deshayesites deshayesi i finalment, les subzones Dufrenoyia furcata i
Dufrenoyia dufrenoyi, a la biozona Dufrenoyia furcata. Aquesta biozonacié per
a I'’Aptia inferior és forga més precisa que la biozonacié mediterrania estandard

de Reboulet et al. 2009 i permetra, doncs, contribuir a millorar-la.

Es concreta I'edat de les formacions Margues del Forcall i Villarroya de los
Pinares de la Conca del Maestrat i es precisa substancialment el coneixement
cronostratigrafic anterior a la present tesi. A la Conca de Salou-Garraf es
millora la cronostratigrafia de les unitats Margues de Vallcarca i Calcaries del
Farreny. Pel que fa a la Conca Basco-Cantabrica, es concreten les edats de les
formacions Errenaga i Patrocinio. Finalment a la Conca d’Organya es precisa

I'edat de la Formacié Margues de Cabd.

Per primera vegada s’ha caracteritzat 'OAE 1a a la Conca del Maestrat.
S’ha calibrat I'edat de 'OAE 1a amb ammonits, a la Conca del Maestrat, el
Domini Prebeétic i la Conca Basco-Cantabrica, atribuint-se a la part mitjana-alta
de la biozona Deshayesites forbesi, concretament a I'horitzé de Roloboceras
hambrovi. Al Domini Prebétic s’ha realitzat un calibratge biostratigrafic precis
del C2 fins al C8. Com a fet destacable, en el Domini Prebétic es presenta una
petita, perd remarcable, excursidé negativa al segment C7, a la base de la
biozona Dufrenoyia furcata que és pot reconéixer també a Franca (Plataforma

Provencal i a la Conca Vocontiana).
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12. Abreviatures

C: Carboni

Cu 1i Cu 2: Nivells 1i 2 de la secci6 de Cuchia

Fm.: Formacio

IGME: Instituto Geologico y Minero de Espafia

ISI: Institute for Scientific Information

MGM: Museo Geologico y Minero

MGSB: Museu Geologic del Seminari de Barcelona

OAE 1a: Esdeveniment Andxic Oceanic 1a; en anglés Oceanic Anoxic
Event 1a

OrCB: Sigles de les mostres de la secci6 de Cabd. Or: Conca
d’Organya, CB: Cabb.

OrCV: Sigles de les mostres de la secci6 de la Borda de la Torre. Or:
Conca d’Organya, CV: Cap de la Vall (= Borda de la Torre).

PUAB: Col-leccions de Paleontologia de la Universitat Autbnoma de

Barcelona

51



Josep Anton Moreno-Bedmar

13. Agraiments

A I'nora d’escriure els agraiments se’'m plantegen, essencialment, dues
opcions, d’'una banda, fer quelcom sintetic i de I'altra, in extenso. Malgrat el risc

d’escriure uns agraiments feixucs m’he decidit per la segona.

En primer lloc cal recordar que aquesta tesi s’ha pogut realitzar gracies al
Departament d’Universitats, Recerca i Societat de la Informacié de la
Generalitat de Catalunya i del Fons Social Europeu mitjangant la concessid
d’'una Beca de Formacié d’Investigadors (FI). Aixi mateix, agrair també el suport
economic dels projectes CGL2005-07445-CO3-01/BTE Bi, CGL2008-04916,
(Ministerio de Educaciéon y Ciencia), el Consolider-Ingenio 2010 programme,
dins del CSD2006-0004 "Topo-lberia" i el Grup de Recerca Consolidat
Geologia sedimentaria 2005SGR00890 i 2009 SGR 1451.

Aixi mateix, vull agrair el treball realitzat pels tres codirectors. En Miquel
Company ha estat sense cap dubte una peca clau en la present tesi. Cal
destacar la seva tasca incansable i pacient corregint meticulosament els
articles. No han estat pas poques les setmanes que he passat a Granada
treballant colze a colze amb ell, on he apres, entre d’altres moltes coses, que
Company es pronuncia [kompani]. A en Ricard Martinez vull agrair-li els seus
comentaris i destacar-ne la seva proximitat a nivell huma. També vull posar en
relleu que amb ell vaig aprendre a fotografiar els ammonits. D’en Ramon Salas,
destacar que sempre m’ha donat la llibertat i confianga per a treballar a la meva
manera. Inicialment aquesta tesi havia de versar unicament sobre [I'Aptia
inferior de la Conca del Maestrat pero... “; Ramon, quée et semblaria si estudio
també el Domini Prebétic?”, i aixi successivament... A tots ells vull agrair-los les

jornades de camp dutes a terme conjuntament i, com no, la seva paciéencia.

Seguidament vull esmentar a en Gérard Delanoy amb qui tants i tants mails
hem intercanviat discutint qUestions, essencialment, taxondmiques. Aquestes
converses m’han resultat realment profitoses. Agrair-li també la setmana que
vaig passar a casa seva i les jornades de camp on em va mostrar algunes
seccions de la Conca Vocontiana. En aquella mateixa campanya vam passar

també uns dies a casa d’'un aficionat a la paleontologia, veient I'Aptia inferior de

52



Ammonits de I'’Aptia inferior de la peninsula Ibérica. Biostratigrafia i aportacions a I'estudi de 'OAE 1a

la plataforma d’Ardeche, amb qui estem estudiant la seva magnifica col-leccio

particular d’'ammonits de I'Aptia inferior, gracies, Cyril Baudouin.

De forma immediata, si fem esment a la present tesi, agrair el treball de la
meva germana Anna M. Moreno que tan pacientment ha corregit una i altra
vegada el manuscrit. Com no, els comentaris, els suggeriments i les
correccions dels codirectors. Un agraiment també al meu company de despatx,
Raul Lovera, que en tantes ocasions ha resolt satisfactoriament les meves
incidéencies informatiques i dubtes al llarg d’aquests quatre anys; alhora que

m’ha aconsellat sobre el format de la tesi.

Pel que fa al treball de camp, comencgaré per la Conca del Maestrat. A la
subconca de Galve la majoria de les campanyes de camp s’han dut a terme
amb el Telm Bover-Arnal. Recordo, a la primera campanya, com ens moviem
amb dificultat per reconeixer les formacions i jo, a més amb el cotxe, perqué no
feia gaire que tenia el carnet, com va patir el Telm... Recordar, aixi mateix, una
de les nostres aventures: el cotxe se’'ns va espatllar —a causa d'una avaria
mecanica— vam trucar el Jesus, que ens va venir a recollir i estoicament va
remolcar el vehicle fins a Aliaga. Vull aprofitar per fer esment al Jesus i a la
Silvia de I'Hostal la Parra (Aliaga), on ens hem allotjat setmanes i setmanes,
agrair-los el seu calid tracte. A la subconca d’Oliete voldria recordar la
inestimable ajuda de ['Antoni Grauges, que em va mostrar els millors
afloraments de la zona i en una de les campanyes em va acollir amablement a
una casa d’estiueig que té a Josa. Afegir també que el Toni sempre ha estat
disposat a donar un cop de ma, gracies. A la subconca de Morella, Xert i el
Perelld, vull agrair la bona rebuda i I'ajuda d’un aficionat a la paleontologia de la
Jana, Domingo Tolds; amb ell i un altre doctorand, de la Universitat de
Barcelona, Oriol Ferrer, vam dur a terme algunes campanyes de camp. Voldria
destacar el fet que el Domingo Tolés em va acollir uns dies a casa seva i
agrair-li també que hem permetés estudiar la seva col-leccié particular. A Paco
Roig —aficionat a la paleontologia— li vull agrair algunes jornades de camp a
Benassal i que em deixés estudiar la seva col-leccié particular. Vull també
anomenar a en Juan Diego Martin i a 'Enrique Gomez-Ribas i recordar els dies
de camp treballant els ammonits de I'’Aptia mitja en el sector de Benicassim-

Orpesa.
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Al Domini Prebétic voldria agrair a José Sandoval i José Maria Tavera —
professors titulars de la Universidad de Granada— i també a Sheila Villalba-

Breva la seva participaci6 en algunes campanyes de camp.

A la Conca de Salou-Garraf el treball de camp es va iniciar abans que
comencés a estudiar la llicenciatura de Geologia. En aquells moments,
obviament, no sabia que aprofitaria aquesta feina en la present tesi doctoral.
Vull agrair la paciéncia dels meus pares que una i mil vegades em van portar
en cotxe pel Garraf on anava arreplegant fossils, entre ells ammonits de I'Aptia
inferior i mitja. Recordo que quan no era possible que m’acompanyessin anava
caminant o amb bicicleta. En ocasions trigava més d’'una hora i mitja caminant i
després havia de tornar. Actualment —com que I'experiéncia és certament un
grau— vaig en cotxe i qualsevol aflorament a més de deu minuts caminant el
considero, simplement, inviable. Agrair també a la familia Puig —que és
propietaria d’algunes finques on es troben afloraments de I'Aptia— que em
permetessin treballar a les seves propietats. Cal anomenar també al Rubén
Garcia a qui vaig ajudar a fer el treball de recerca de batxillerat sobre ammonits
aptians del Garraf, és clar. Ara el Rubén és estudiant de geologia i continuem
treballant, agrair-li que sempre estat disposat a donar-me un cop de ma.
Després voldria citar a alguns aficionats a la paleontologia amb els que he
compartit hores de camp: José Luis Cafiadas i Santiago Araguz. No vull pas
oblidar-me del Rosendo Olivella, que durant tants anys ha col-laborat amb el
Museu del Vi de Vilafranca del Penedeés; vull recordar que amb ell en Josep i
en Carles Martin-Closas vaig realitzar les meves primeres sortides de camp
més “professionals”. També vull expressar el meu agraiment a Alex Oss6 —
aficionat i especialista en decapodes fossils— la seva companyia en algunes
jornades de camp, que em convidés a esmorzar un dia i, com no, I'acurada
preparacié d’'un ammonit. Fer esment també al seu company especialista en

crancs, Pere Artal, amb el que també he treballat.

A la Conca Basco-Cantabrica vull recordar les jornades de camp amb el
professor Florentin Maurrasse i la doctoranda Tatiana Gaona-Narvaez.
Recordar també les jornades de camp a Franca a la plataforma Provencal. Vull
agrair particularment a Florentin el seu calid tracte, aixi com la fabulosa estada

que vaig realitzar a Miami. Agrair-li també la seva disposicié a ajudar en tot el
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que ha estat possible. També vull fer esment a la col-laboracié duta a terme
amb la Maria Najarro i la seva directora de tesi ldoia Rosales, les posades en
comu son sempre d’agrair perqué tothom en surt enriquit. Fer esment també a
la seva simpatia i calidesa. També cal citar a en Manuel Diaz —aficionat a la
paleontologia— que tan amablement em va mostrar els ammonits que havia
recol-lectat de la seccié de Cuchia juntament amb ammonits d’altres localitats

cantabres d’edat Albia inferior.

A la Conca d’Organya vull esmentar I'ajuda rebuda en alguna campanya de
camp del Ricard Martinez, I'’Antoni Grauges i I'Uxue Villanueva-Amadoz. He de
reconeixer que la darrera campanya va ser prou feixuga, contrariament al que
els vaig indicar previament i obviar malévolament.... “només cal caminar una

mica...fa pujada...
Ricard.

crec que l'unic realment conscient de la situacié era el

A la Conca Lusitanica, mencionar la campanya de camp que vam dur a
terme amb en Peter Skelton, I'Eulalia Gili, en Telm Bover-Arnal i en Ramon
Salas, ammonits, el que sén ammonits, no en vaig trobar cap, pero en Peter
ens van mostrar la geologia de la conca i vam passar uns dies certament

agradables.

Com no, no em puc pas oblidar de Guillermo Melendez, en una estada
d'una setmana a Zaragoza em va fer una intensa posada al dia sobre

tafonomia, gracies Guillermo.

Quant al treball dut a terme en museus, vull esmentar al Museu Geoldgic
del Seminari de Barcelona. El seu director, el pare Calzada, sempre disposat a
donar un cop de ma, alhora que m’aconsella que treballi, agrair la seva
confianga. També anomenar I'Antoni Abad, i que em deia que aprofités
'oportunitat que he tingut d’elaborar aquesta tesi; vull recordar també les
nostres pedagogiques converses. Del Museu de Geologia de Barcelona citar el
Jaume Gallemi, recordar les seves correccions en un resum, i com em deia que
calia que fos més curds, aixi ho procuro. Del Museu de Valltorta agrair la
col-laboracié del seu director, Guillermo Morote. De la Fundacion Conjunto
Paleontologico de Teruel-Din6polis recordar a I'Eduardo Espilez, sempre

disposat a ajudar. De '|GME a agrair a Silvia Menéndez la seva ajuda.
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Per a la realitzaci6 de la present tesi s’han demanat tot un seguit de
permisos de prospeccié paleontologica, s’han fet diposits de material, etc...
Xavier Delclos, José Antonio Andrés, Julio Company, moltes gracies a tots,

sense la vostra ajuda encara no me n’hauria sortit amb la burocracia.

Vull mencionar a en Roger de Marfa, recordant les nostres aventures i
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Resum
Generalment s’accepta que el Oceanic Anoxic Event 1a [OAE 1a] es
correlaciona amb la part inferior de la biozona de foraminifers planctonics
Leupoldina cabri. Aquest calibratge respecte la biozonaci6 d’ammonits
mediterrania estandard és problematica. Aixd es degut a dos factors, en part
perque els ammonits so6n escassos o0 tenen poc valor des d’'un punt de vista
biostratigrafic en les successions pelagiques de I'Aptia, que és on els nivells de

black shale estan millor desenvolupats.

En aquest treball s’ha caracteritzat geoquimicament 'OAE 1a en diposits
marins relativament soms de l'est de la Cadena Ibérica (Conca del Maestrat,
Est d’Espanya), on les faunes d’ammonits son riques. L’ interval corresponent a
aquest esdeveniment esta dominat per espécies dels géneres Roloboceras i
Megatyloceras, acompanyades per Deshayesites forbesi i Deshayesites gr.
euglyphus/spathi. Aquesta associacidé és caracteristica de la part mitjana/alta
de la biozona Deshayesites weissi. La primera aparici6 de I'espécie
Deshayesites deshayesi (d’Orbigny), que marca l'inici de la seglent biozona, té

lloc uns metres per sobre de I'interval del OAE 1a.

En l'estratotip historic de la regié de Cassis-La Bédoule (Sud de la Conca
Provencal, sud-est de Franca), I'interval del OAE 1a esta també caracteritzat
per la presencia d'‘especies dels generes Roloboceras i Megatyloceras.
Tanmateix, aquets nivells han estat correlacionats amb la biozona
Deshayesites deshayesi. En la nostra opinié aquesta discrepancia es deguda a
les divergencies taxonomiques en la determinacié dels deshayesitids presents
en aquests nivells. De fet, els exemplars atribuits pels autors francesos
[Ropolo, P., Conte, G., Gonnet, R., Masse, J.P., Moullade, M., 2000. Les
faunes d’Ammonites du Barrémien supérieur/Aptien inférieur (Bédoulien) dans
la région stratotypique de Cassis-La Bédoule (SE France): état des
connaissances et propositions pour une zonation par Ammonites du Bédoulien-
type. Géologie Méditerranéenne, 25, 167-175; Ropolo, P., Moullade, M.,
Gonnet, R., Conte, G., Tronchetti, G., 2006. The Deshayesitidae Stoyanov,
1949 (Ammonoidea) of the Aptian historical stratotype region at Cassis-La
Bédoule (SE France), Carnets de Géologie / Notebooks on Geology Memoir

2006/01, 1-46.] a l'especie Deshayesites deshayesi i Deshayesites dechyi



poden ser reinterpretats i atuits a I'espécie Deshayesites forbesi. Si seguim
aquesta reinterpretacio, els nivells amb Roloboceras [equivalent a TOAE 1a] de
Cassis-La Bédoule també es correspondria a la biozona Deshayesites weissi. A
més a més aquesta edat esta també contrastada per dades del sud del Regne
Unit [Casey, R., 1961a. The stratigraphical palaeontology of the Lower
Greensand. Palaeontology, 3, 487-621; Casey, R., 1961b. A Monograph of the
Ammonoidea of the Lower Greensand, part Ill. Palaeontographical Society,
London, pp. 119-216], i per les nostres observacions recents en Le Teil
(Ardeche Platform, Sudest de Francga), on les faunes de Roloboceras estan
també associades a Deshayesites consobrinus i Deshayesites gr. euglyphus,

taxons també caracteristics de la biozona Deshayesites weissi.
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ABSTRACT

It is now generally accepted that the Oceanic Anoxic Event 1a [OAE 1a] correlates with the lower part of
the Leupoldina cabri planktonic foraminiferal Zone. Its calibration against the standard ammonite scale,
however, seems to be more problematic. This is due, in part, to the fact that ammonites are scarce and/or
of little diagnostic value from a biochronological viewpoint in the lower Aptian pelagic successions
where the black shale horizons are better developed.
We have been able to characterize OAE 1a geochemically in the relatively shallow water deposits of the
eastern Iberian Chain (Maestrat Basin, eastern Spain), where ammonite faunas are rich. The interval
corresponding to this event is dominated by the genera Roloboceras and Megatyloceras, accompanied by
Deshayesites forbesi and Deshayesites gr. euglyphus/spathi. This assemblage is characteristic of the middle/
upper part of the Deshayesites weissi Zone. The first occurrence of the species Deshayesites deshayesi
(d’Orbigny), which marks the base of the overlying zone, takes place in our sections some metres above
the OAE 1a interval.
In the historical stratotype region of Cassis-La Bédoule (southern Provence Basin, southeastern France),
the OAE 1a interval is also characterized by the presence of Roloboceras and Megatyloceras. Nevertheless,
it has usually been correlated with the D. deshayesi Zone. In our opinion, this discrepancy is due to
divergences in the taxonomic assignments of the deshayesitids present in these beds. In fact, the
specimens attributed by French authors [Ropolo, P., Conte, G., Gonnet, R., Masse, ].P., Moullade, M., 2000.
Les faunes d’Ammonites du Barrémien supérieur/Aptien inférieur (Bédoulien) dans la région strato-
typique de Cassis-La Bédoule (SE France): état des connaissances et propositions pour une zonation par
Ammonites du Bédoulien-type. Géologie Méditerranéenne 25, 167-175; Ropolo, P., Moullade, M., Gonnet,
R., Conte, G., Tronchetti, G., 2006. The Deshayesitidae Stoyanov, 1949 (Ammonoidea) of the Aptian
historical stratotype region at Cassis-La Bédoule (SE France), Carnets de Géologie | Notebooks on Geology
Memoir 2006/01, 1-46.] to D. deshayesi and D. dechyi can be reinterpreted as belonging to D. forbesi.
Following this reinterpretation, the Roloboceras beds (equivalent of OAE 1a) of Cassis-La Bédoule would
also correspond to the D. weissi Zone. This age is additionally corroborated by data from southern
England [Casey, R., 1961a. The stratigraphical palaeontology of the Lower Greensand. Palaeontology 3,
487-621; Casey, R., 1961b. A Monograph of the Ammonoidea of the Lower Greensand, part III. Palae-
ontographical Society, London, pp. 119-216], and by our recent observations in Le Teil (Ardéche Platform,
southeastern France), where the Roloboceras faunas are also associated with Deshayesites consobrinus and
Deshayesites gr. euglyphus, taxa that are characteristic of the D. weissi Zone.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Oceanic Anoxic Events (OAEs) were short-lived episodes char-

E-mail address: j.a.moreno@ub.edu (J.A. Moreno-Bedmar). acterized by unusually high rates of organic carbon burial in marine

0195-6671/$ - see front matter © 2009 Elsevier Ltd. All rights reserved.

doi:10.1016/j.cretres.2009.02.004
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Fig. 1. Different proposals of the age of the OAE 1a.

sediments worldwide. One of the best known is the OAE 1a, which
occurred in the early Aptian. Organic-rich sediments of this age
(locally known as Livello Selli, Niveau Goguel, Fischschiefer, etc.)
have been recorded throughout Europe, linked to the onset of
a large positive shift in the 3'>C curve. It is now generally accepted
that the OAE 1a correlates with the lower part of the Leupoldina
cabri planktonic foraminiferal Zone (Magniez-Janin et al., 1997;
Moullade et al., 1998a, 1998b; Aguado et al., 1999; Erba et al., 1999;
Bellanca et al., 2002; Ogg et al., 2004). Its calibration against the
standard ammonite scale, however, seems to be more problematic.
This is due, on the one hand, to the fact that ammonites are scarce
and/or of little diagnostic value from a biochronological viewpoint
in the lower Aptian pelagic successions where the black shale
horizons are better developed (Aguado et al., 1997, 1999; Landra
et al., 2000). On the other hand, some inaccuracies still remain in
the correlation of planktonic foraminiferal and calcareous nanno-
fossil events with the ammonite zonation.
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Fig. 2. Simplified geological map of the Maestrat Basin showing the six sections
studied. BE: Barranco Emilia section, BC: Barranco de las Calzadas section, CV: Cap de
Vinyet section, MR: Mas del Roc section, TJ: Tejeria de Josa section, T: Todolella section,
Ol: Oliete sub-basin, Al: Aliaga sub-basin, Mo: Morella sub-basin, Pe: Perell6 sub-basin,
Ga: Galve sub-basin, Sa: Salzdella sub-basin, Pg: Penyagolosa sub-basin. Modified from
Salas et al. (2001).

As shown in Fig. 1, the stratigraphic location of OAE 1a varies,
according to author, from the upper part of the Deshayesites
oglanlensis Zone to the middle part of the Deshayesites deshayesi
Zone. It must be pointed out, however, that most of these attribu-
tions were based on poorly significant ammonite data or on indirect
correlations with other fossil groups.

In order to resolve this issue, we present the results of the study
of the ammonite fauna in and around the beds corresponding to
OAE 1a in several sections of the Eastern Iberian Chain (Maestrat
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Basin). This will enable us to perform a more precise calibration of
this event against the standard ammonite zonation.

2. Geological and stratigraphic setting

The study area is located in the Maestrat Basin (Eastern Iberian
Chain, eastern Spain). The Maestrat Basin developed during the
Late Jurassic-Early Cretaceous rifting phase related to the opening
of the Central Atlantic and North Atlantic domains. This rifting
stage controlled the development of the basin. The late Jurassic—
early Cretaceous rifting cycle structured the Maestrat Basin into
four main fault zones and a number of sub-basins (Fig. 2). In the
Maestrat Basin, the late Jurassic-early Cretaceous synrift record was
characterized by a predominance of shallow marine carbonates (up
to 4500 m thick).

The Aptian lithostratigraphic framework in the Maestrat Basin is
composed of five formations, named from base to top (Fig. 3):
Morella Formation, Xert Formation, Forcall Formation, Villarroya de
los Pinares Formation and Benassal Formation (Canérot et al., 1982;
Salas et al., 1995, 2001). The Morella Formation consists of conti-
nental sandstones and red clay, up to 200 m thick, overlying Bar-
remian shallow carbonate and siliciclastic deposits from the Artoles
Formation. The Morella Formation contains the geomagnetic
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polarity chron MOr (Salas et al., 2005), which dates the base of the
early Aptian (Bedoulian), and is mainly registered in the lower
blocks of the faults that acted as traps for these continental sedi-
ments. The Xert Formation is up to 250 m thick and is composed of
sandstones, sandy limestones and marls in the proximal areas, and
of orbitolinid marls and limestones-dominated facies in the distal
parts of the basin. The significant transgression pulse, up to 120 m
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thick, that overlies the Xert Formation corresponds to the Forcall
Formation, and is largely constituted by an alternation of marls,
marly limestones, limestones and silty/sandy limestones, with
abundant orbitolinids and ammonites. The Forcall Formation is
dated by ammonites as early Aptian (Bedoulian), and comprises the
complete Deshayesites weissi and Deshayesites deshayesi Zones, and
the lower-middle part of the Dufrenoyia furcata biozone. OAE 1a is
recorded within the Forcall Formation (Deshayesites weissi Zone).
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Fig. 8. A, Deshayesites gr. euglyphus/spathi macroconch, lateral view of specimen PUAB (Paleontology collections of Universitat Autonoma de Barcelona, Spain) 48250 from the
Tejeria de Josa section. B-C, Deshayesites deshayesi microconch, specimen CTP (Conjunto Paleontologico de Teruel, Spain) -3237 from the Villarroya de los Pinares section. D,
Deshayesites gr. euglyphus/spathi macroconch, lateral view of specimen PUAB 68520 from the Todolella section. Scale bar: 10 mm.

The Villarroya de los Pinares Formation, up to 300 m thick, is
essentially made up of rudist-, coral-, and miliolid-dominated
limestones and, occasionally, marls, oolitic and bioclastic grain-
stones, sandy limestones and orbitolinid-dominated facies.
Ammonites date this formation as the later part of the early Aptian
(Bedoulian), comprising the top of the Dufrenoyia furcata Zone. In
some parts of the basin, this formation reaches the lower part of the
middle Aptian (Gargasian), dated by the Caprinid rudist extinction
event to the boundary between the early and middle Aptian
(Skelton, 2003). The Benassal formation (up to 400 m thick)
consists of marls, rudist-coral-miliolid- or orbitolinid-dominated

limestones, sandstones, sandy limestones and oolitic-bioclastic
grainstones. Precise biostratigraphic dating for this formation is
lacking although Weisser (1959) found a specimen of the ammonite
Acanthohoplites bergeroni (Seunes) specimen in the upper part of
the Benassal Formation, enabling us to ascertain that this formation
contains the Nolaniceras nolani ammonite Zone, dated as late
Aptian (Clansayesian). The upper boundary of the Benassal
Formation is also well known, given that it is the base of the
Escucha Formation, dated as earliest Albian (Moreno-Bedmar et al.,
2008a). In the light of these findings it is reasonable to assume that
the Benassal Formation represents most of the middle Aptian
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Fig. 9. A-B, Deshayesites gr. euglyphus/spathi macroconch, lateral and ventral view of specimen PUAB 68517 from the Todolella section. C, Deshayesites gr. euglyphus/spathi mac-
roconch, lateral view of specimen PUAB 48049 from the Tejeria de Josa section. D, Deshayesites deshayesi macroconch, lateral view of specimen CPT-3236 from the Villarroya de los
Pinares section. E, Deshayesites forbesi microconch, lateral view of specimen PUAB 48071 from the Tejeria de Josa section. Scale bar: 10 mm.

(Gargasian) and the late Aptian (Clansayesian). The interval studied
comprises four depositional sequences (DS1, DS2, DS3 and DS4)
(Fig. 3).

The ammonoids studied in this paper come from six sections of
the Forcall Formation: Barranco de las Calzadas (Galve Sub-basin),
Tejeria de Josa and Barranco Emilia (Oliete Sub-basin), and Todo-
lella, Mas del Roc and Cap de Vinyet (Morella Sub-basin) (see Figs.
4-7).

3. Biostratigraphic characterization of OAE 1a in the Iberian
Chain

No black shales or other organic-rich sediments were found in
the studied sections, which consist of relatively shallow water

deposits. Nevertheless, the geochemical signal (Moreno-Bedmar
et al., 2008b) is unequivocal and the interval corresponding to OAE
1a can be easily identified. The stratigraphic interval occupied by
the organic-rich sediments of the Livello Selli and their equivalents
would correspond to the start of the early Aptian positive excursion
of the 3'3C curve segments C4 to C6 (e.g., Menegatti et al., 1998;
Erba etal., 1999; Gea et al., 2003). This interval was recognized in all
the sections of the Iberian Chain where geochemical analyses were
performed (see Figs. 4, 5, 7).

Ammonites are scarce in the beds corresponding to OAE 1a in
these sections, where they are almost exclusively represented by
some specimens of Roloboceras hambrovi (Forbes) (Fig. 10, E) and
Megatyloceras coronatum Rouchadzé (Fig. 10B-D, G). Ammonite
assemblages are, however, rich in the beds immediately underlying
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Fig. 10. A, Roloboceras hispanicum macroconch, lateral view of specimen RA (Ramiro Alvarez collection. Barcelona. Spain)-1 from the Tejeria de Josa section. B, Megatyloceras
coronatum macroconch, ventral view of specimen PUAB 48.174 from the Tejeria de Josa section. C-D, Megatyloceras coronatum microconch, lateral and ventral view of juvenil
specimen AG (Antoni Grauges collection. Caldes de Montbui. Barcelona, Spain)-28 from the Tejeria de Josa section. E, Roloboceras hambrovi macroconch, lateral view of specimen
PUAB 48.266 from the Tejeria de Josa section. F, Roloboceras hispanicum macroconch, lateral view of specimen CPT-3234 from the Barranco de las Calzadas section. G, Megatyloceras
coronatum macroconch, whorl section of specimen MGSB (Museo Geoldgico del Seminario Conciliar de Barcelona, Spain)- 63.960 from the Todolella section. H, Roloboceras his-
panicum macroconch, whorl section of specimen RM (Ramiro Alvarez collection. Barcelona, Spain) -2 from the Tejeria de Josa section. Scale bar: 10 mm.

the OAE 1a interval and also in other sections (Figs. 4-7), where the
same species are accompanied mostly by other Roloboceratinae
such as Roloboceras hispanicum Sornay and Marin (Fig. 10 A, F, H)
and Roloboceras transiens Casey. The Roloboceratinae are a group of
coarsely ornamented cheloniceratids that are known mainly in
Western Europe and that seems to be confined to shallow envi-
ronments. They are particularly well represented in southern

England, where Casey (1961a,b) and Casey et al. (1998) reported
them from the middle and upper part of the Boreal Deshayesites
forbesi Zone (equivalent to the Mediterranean Deshayesites weissi
Zone).

Deshayesitids, the ammonite group on which the lower Aptian
biostratigraphy is based, are unfortunately rare in the Roloboceras
beds of the Iberian Chain. The scarce specimens that have been
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found can be attributed to Deshayesites forbesi Casey (Fig. 9E) and
Deshayesites gr. euglyphus/spathi Casey (Fig. 8A, D; Fig. 9A-C). These
forms are also characteristic of the Deshayesites weissi Zone (see
also Moreno and Bover, 2007 and Moreno et al., 2007).

Furthermore, the first occurrence of the species Deshayesites
deshayesi (d’Orbigny) (Fig. 8B-C; Fig. 9D), which marks the base of
the overlying zone, takes place some metres above the interval
corresponding to OAE 1a in our sections. This datum agrees with
the observations by Gea et al. (2003) in the Prebetic Domain
(southeastern Spain), who did not find significant ammonites in the
OAE 1a interval, but placed the first occurrence of D. deshayesi
somewhat above it.

It may therefore be concluded that the beds corresponding to
OAE 1a correlate with the upper part of the D. weissi Zone given that
they contain genera such as Roloboceras and Megatyloceras that are
characteristic of this zone and are below the first occurrence of D.
deshayesi. This conclusion is also indirectly supported by the
finding of some specimens of Barremites sp. in the upper part of the
OAE 1a interval in the Barranco de las Calzadas section. In fact, the
genus Barremites seems to become extinct in the D. weissi Zone
(Avram, 1997; unpublished data from the Betic Cordillera).

4. Discussion

Our results contrast with those of some previously published
papers that calibrate the OAE 1a interval wholly or in part with the
D. deshayesi Zone (see Fig. 1). This can be partly explained by the
fact that, as already stated, many of these age assignments are
based on poorly significant ammonite data or, more frequently, on
indirect correlations with other fossil groups.

This is not, however, the case of the correlation established by
Moullade et al. (1998a, 1998b) and Renard et al. (2005), which was
based on the ammonite data published by Ropolo et al. (2000,
2006) on the lower Aptian historical stratotype region of Cassis-La
Bédoule (Provencal Platform, southeastern France). According to
the isotopic curve provided by the aforementioned authors, OAE 1a
would correspond to the interval between beds 146 and 157 (see
also Renard et al., 2005). Although this interval was also charac-
terized by the occurrence of some specimens of Roloboceras, Ropolo
et al. (2000, 2006) included it in the D. deshayesi Zone and sug-
gested the possibility, as Conte (1975) had previously done, of
a certain degree of diachronism of the Roloboceras beds between
southeastern France and southern England.

Nevertheless, as seen above, the Roloboceras beds in the Iberian
Chain can undoubtedly be assigned to the D. weissi Zone, the same
stratigraphic position as they have in southern England. Given that
the Roloboceras beds correlate with the same portion of the §'3C
curve in both the Iberian Chain and southeastern France, the dia-
chronism proposed by Conte (1975) and Ropolo et al. (2000) can be
ruled out. Therefore, the differences in the age of the Roloboceras
beds (and the stratigraphic position of the OAE 1a interval) can only
be explained by divergences in the taxonomic interpretations of the
deshayesitids in and around these beds. Deshayesitids are, as stated
above, the key group for lower Aptian biostratigraphy but, unfor-
tunately, their determination is not easy due to an extensive
taxonomic splitting, resulting in a large number of poorly charac-
terized, nominal species.

In our opinion, the specimens attributed to D. deshayesi by
Ropolo et al. (2006, pl. 10, figs. 1, 2), coming from beds underlying
the Roloboceras interval, can be reinterpreted as belonging to D.
forbesi. Both species are, as already pointed out by Casey (1961a,
1963), fairly similar and have been frequently misidentified.
However, D. forbesi has thicker, blunter ribs, especially in the lower
part of the flanks, as shown by the French specimens. The speci-
mens assigned to D. dechyi (Papp) by Ropolo et al. (2006, pl. 7, fig. 3;

pl. 8, fig. 1), coming from the same levels, are also referred to D.
forbesi.

Moreover, the deshayesitids from beds 161 to 168 of Cassis-La
Bédoule attributed to Deshayesites geniculatus Casey, Parade-
shayesites grandis (Spath) and Paradeshayesites cf. involutus (Spath)
by Ropolo et al. (2006, pl. 10, figs. 3-5; pl. 12, fig.1) are here regarded
as belonging to D. deshayesi. This last species, whose lectotype is
a juvenile phragmocone, displays a high intraspecific variability,
including a strong sexual dimorphism. According to Moreno and
Company (2007), the nominal species D. grandis, D. involutus, and D.
latilobatus (Neumayr and Uhlig) would be macroconchs of D.
deshayesi, whereas D. geniculatus, D. vectensis Spath and D. wiltshirei
Casey could correspond to the microconch counterpart.

In southeastern France near Le Teil, on the border of the Ardéche
Platform, an interesting fauna of Roloboceras and Megatyloceras has
recently been found in sandy glauconitic limestones (Moreno et al.,
2007). This fauna (coll. C. Baudouin) is composed of more or less
mature specimens of R. hambrovi (Forbes), R. hispanicum Sornay
and Marin and M. gr. ricordeanum d’Orbigny, and is accompanied
by numerous specimens of Pseudohaploceras aff. liptoviense
(Zeuchner) and rarer Pseudosaynella sp., Deshayesites consobrinus
(d’Orbigny) and D. gr. euglyphus Casey. These two species of
Deshayesites allow us to date this fauna to the Deshayesites weissi
Zone .

According to these reinterpretations of the French deshayesitids,
the lower boundary of the D. deshayesi Zone in the Cassis-La Bédoule
section would coincide with bed 161, where the index species has its
first occurrence. As a consequence, the Roloboceras beds would
correspond to the upper part of the D. weissi Zone in accordance with
the age interpretation of Casey (1961a,b), Moreno and Bover (2007),
Moreno et al. (2007). Therefore, it can also be concluded that the OAE
1a interval, which coincides with these Roloboceras beds, unequiv-
ocally correlates with the same stratigraphic level.
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Resum

Aquest treball analitza la distribucié estratigrafica dels ammonits
recol-lectats a I'Aptia inferior de la Conca del Maestrat (Est d’Espanya). La
successio de fauna obtinguda, mitjangcant un mostreig sistematic de deu
seccions seleccionades localitzades en diferents subconques, ha permeés
identificar fins a quatre unitats biostratigrafiques que de base a sostre son:
Deshayesites oglanlensis, Deshayesites forbesi, Deshayesites deshayesi i
Dufrenoyia furcata. Aquestes biozones son directament correlacionables amb la

biozonacié mediterrania estandard.

També s’analitza la informaci6 biocronologica essencial per datar de forma
acurada les diferents unitats litostratigrafiques incloses en linterval estudiat.
Aixi doncs la part superior de la Formaci6 Xert s’atribueix a I'Aptia inferior més
baix, biozona Deshayesites oglanlensis. La Formaci6é Forcall, que és la que
presenta quasi la totalitat del registre d’ammonits, té€ una edat de practicament
tot I’Aptia inferior. La part mitjana i baixa de la Formacié Forcall [membres Cap
de Vinyet i Barra de Morella] es corresponen a la part superior de la biozona
Deshayesites oglanlensis i la part inferior de la biozona Deshayesites forbesi.
La base del Membre Morella la Vella [part superior de la Formacié Forcall]
inclou el registre local del Oceanic Anoxic Event 1a [OAE 1a] i és
correlacionable amb I'horitz6 de Roloboceras hambrovi, part mitjana/alta de la
biozona Deshayesites forbesi. El limit entre les formacions Forcall i Villarroya
de los Pinares és diacronic i varia depenent de la subconca. La base de la
Formacio Villarroya de los Pinares s’ha datat com part mitjana/alta de la

biozona Dufrenoyia furcata en les subconques de Galve, Perelld i Salzedella.
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ABSTRACT

The present paper analyses the stratigraphic distribution of ammonites collected
in the Lower Aptian sediments of the Maestrat Basin (E Spain). The faunal
successions obtained from the systematic sampling of ten selected sections
located in several sub-basins led us to identify four biostratigraphic units (from

base to top: Deshayesites oglanlensis, Deshayesites forbesi, Deshayesites
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deshayesi and Dufrenoyia furcata Zones) that are directly correlatable with the
current Mediterranean standard zonation.

This study further provides essential biochronologic information to accurately
date the different lithostratigraphic units included in the interval studied. Thus,
the upper part of the Xert Formation can be tentatively attributed to the
lowermost Aptian (D. oglanlensis Zone). The Forcall Formation, which has
yielded most of the ammonites, practically extends within most of the Lower
Aptian. Its lower and middle parts (Cap de Vinyet and Barra de Morella
Members) correspond to the upper part of the D. oglanlensis Zone and the lower
part of the D. forbesi Zone, respectively. The base of the Morella la Vella
Member (upper part of the Forcall Formation) includes the local record of
Oceanic Anoxic Event la (OAE 1la) and correlates with the Roloboceras
hambrovi horizon (middle/upper part of the D. forbesi Zone). The boundary
between the Forcall Formation and the Villarroya de los Pinares Formation is
diachronous and varies depending on the sub-basins. The base of the Villarroya
de los Pinares Formation can be dated as the middle-upper part of the D. furcata

Zone in the Galve, Perell6 and Salzedella sub-basins.

KEYWORDS  Ammonoids. Lower Aptian. Biostratigraphy. Maestrat Basin. E

Spain.

INTRODUCTION
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Our knowledge of the Lower Aptian ammonoids in the Mediterranean Tethys has
improved considerably during the last two decades. Most recent published papers
concerning aspects of ammonite biostratigraphy and taxonomy from this stratigraphic
interval include the Trans-Caspian area (Bogdanova and Tovbina, 1994; Bogdanova and
Prozorovsky, 1999; Cecca et al., 1999a); Roumania (Avram, 1995, 1999; Avram and
Melinte, 1998), Bulgaria (Ivanov and Stoykova, 1998); Czech and Slovac Republics
(Vasicek, 1995, 2008; Vasicek et al., 2004); Austria (Vasicek and Summesberger,
2004); northern Italy (Cecca and Landra, 1994); southeastern France (Delanoy, 1995,
1997; Cecca et al., 1999b, 2000; Dauphin, 2002; Ropolo et al., 1999, 2000a, 2000b,
2000c, 2006, 2008a, 2008b; Dutour, 2005); and southeastern Spain (Aguado et al.,
1997). These works have contributed, to a greater or lesser extent, to the elaboration of
the successive versions of the standard Mediterranean zonations (see Reboulet and

Klein et al., 2009).

The occurrence of Lower Aptian ammonoids in the Iberian Chain (Eastern Spain)
has been known since the middle 19th century (Vilanova, 1859; 1863, and Coquand,
1865). Most recently, several preliminary short papers have been published on the area
(Moreno, 2007; Moreno et al., 2007; Moreno-Bedmar et al., 2008, 2009), however a
comprehensive work on the ammonite successions of this age is still lacking. In this
work, we analyze the Lower Aptian mediterranean ammonoid record of the Maestrat
Basin (Eastern Spain) and provide the results of an extensive and detailed
biostratigraphic study based on the analysis of ammonite distribution in ten selected
sections located throughout the Maestrat Basin (Fig. 1B-C). We were able to identify all
the biostratigraphic units usually recognized as being associated with the Early Aptian
ammonite zonation. As discussed in the text below, some taxonomic discrepancies led

us to further reconsider some definition and correlation problems not fully resolved in
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the current standard zonation. Also, this study enabled us to accurately date and
correlate the lithostratigraphic units and their lateral equivalents that yielded the

ammonite fauna in the studied area.

GEOLOGICAL SETTING

The study area is located in the Maestrat Basin. This basin was a significant
embayment opened to the Tethyan Alpine area, which was invaded by an epeiric sea
during the Late Jurassic-Early Cretaceous time span. From the faunistic point of view,
this basin was located in the eastern part of the Boreal region (Anglo-Paris Basin,
Lower Saxony Basin and the Polish Basin) and the southern part of other important

Mediterranean basins such as the Vocontian Basin (Fig. 1A).

The Maestrat Basin is located in the eastern part of the Iberian Chain (Eastern
Spain, Fig. 1B). The Iberian Chain developed by inversion of Mesozoic rifts during the
Palaeogene. The Maestrat Basin was one of these rifts, which developed during the Late
Jurassic-Early Cretaceous rifting phase related to the opening of the Central Atlantic
and North Atlantic domains (Salas and Casas, 1993; Salas et al., 2001). This rifting
stage controlled the evolution of the Maestrat Basin, and structured the basin into four
main fault zones and a number of sub-basins (Fig. 1B, Salas and Guimera, 1996). In this
paper we study ten sections within six sub-basins (Fig. 1B-C and Fig 2). The climax of
rifting during the Lower Aptian coincides with deposition of the Xert and Forcall
Formations (Figs. 2 and 3). Thus, during this time interval, the fault-controlled rapid
syn-rift subsidence was the most important factor in producing accommodation space

(see also Bover-Arnal et al., in press). This interval of rapid subsidence also coincided
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with the broad Tethyan transgression well-documented in the Early Aptian (see
references in Bover-Arnal et al., in press), especially in the Forcall Fm. In fact, this
formation represents the most transgressive deposits composed of relatively deep water
hemipelagic sediments, as suggested by the fossil assemblage within a marly
succession, embedded between platform carbonates (Xert and Villarroya de los Pinares
formations, respectively; Fig. 2 ). In addition, the onset of Oceanic Anoxic Event 1a is
situated close to the maximum flooding interval of the widespread Tethyan
transgression. Later, during uppermost Lower and Middle Aptian, a slow subsidence
interval (Fig. 3) corresponds with an important marine regression. Hence, the available
accommodation space was drastically reduced, favouring the development of shallow-
water carbonate platforms with typical Urgonian biotic associations, characterized by
rudist bivalves, orbitolinids and corals, belonging to the upper part of the Villarroya de

los Pinares and Benassal formations (Bover-Arnal et al., in press).

LOWER APTIAN STRATIGRAPHY

The Lower Aptian stratigraphic framework in the Maestrat Basin (Fig. 2) is
composed of seven lithostratigraphic units with the rank of formations: 1) Arcillas de
Morella, i1) Margas de Cervera del Maestrat, iii) Calizas y margas de Xert, 1v) Calizas
de Alacon, v) Margas del Forcall, vi) Calizas de Villarroya de los Pinares, and vii)

Calizas de Oliete (Canérot et al., 1982; Salas, 1987; Salas et al., 2001).

The Arcillas de Morella Formation (Canérot et al., 1982, pp. 284-285 overlies the
shallow-water carbonate and siliciclastic deposits of the Calizas y margas de les Artoles

Formation (Salas, 1987, pp. 189-191) of Barremian age (Canudo et al., 1996). This unit
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is up to 200 m thick and consists of red clays and continental sandstones with some
marine intercalations, particularly in its higher part, deposited in an estuarine-delta
complex. In the eastern part of the basin (Salzedella sub-basin), the continental
sediments of the Morella Formation change to marine marls of the margas de Cervera
del Maestrat Formation (Canérot et al., 1982, pp. 283-284). The geomagnetic polarity
interval MOr has been identified within these marls, dating the earliest Aptian (Salas et

al., 2005).

Both Morella and Cervera del Maestrat Formations gradually change upwards to
the Calizas y margas de Xert Formation (originally misspelled by Canérot et al., 1982,
pp. 285-286, as Chert Formation). This is up to 250 m thick and composed of
sandstones, sandy limestones with rudists and corals, and orbitolinid marls deposited in
an infralitoral environment. Ammonoids are very scarce in this formation, and only one
specimen indicating a lowermost Aptian age has been found (see below). In the western,
outermost part of the Basin (Oliete sub-basin), this stratigraphic interval is represented
by a shallower-water carbonate deposit called Calizas de Alacon Formation (Canérot et

al., 1982, pp. 301-302).

The Margas del Forcall Formation (Canérot et al., 1982, pp. 286-288) consists of
alternating marls, marly limestones, limestones and silty/sandy limestones with
abundant orbitolines and ammonoids. This unit corresponds to a deeper and more open
marine environment. Many authors have referred to this formation as “Margas con
Plicatulas”, due to the fact that the bivalve Plicatula placunea Lamarck is abundant in,
and seems restricted to, these marls. The Forcall Formation is Lower Aptian in age. This
unit is separated from the underlying Xert Formation by a hardground, surface of

discontinuity related to a general rapid sea level rise associated with regional drowning.
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This marly unit has been divided into three members (Canérot et al., 1982, p. 287) as
shown in fig. 2. The lower one, or Margas de Cap de Vinyet (originally misspelled as
“Cap de Bifiet” by Canérot et al., 1982) is made up of yellowish marls and marly
limestones, which have provided some rare ammonoids. The middle member, Barra de
Morella, is a set of thick bioclastic limestone beds devoid of ammonoids. The upper
member, or Margas de Morella la Vella, is mainly constituted of dark, clayey marls with
some sparse limestone beds, and a good ammonite record of the middle part of the

Lower Aptian.

The Margas del Forcall Formation shows its best and more complete outcrops, and
maximum thickness in the Morella and Galve sub-basins (200 and 180 metres,
respectively). The lowermost part of the Morella la Vella Member in the Morella sub-
basin contains a remarkable feature that consists of a distinct beige-colored indurated
bed, up to 2 meters thick, that has provided a rich ammonite association characterized
by the presence of roloboceratids (Fig. 4). This bed also marks the base of the
stratigraphic interval corresponding to the local record of OAE 1la (Moreno-Bedmar et
al., 2008, 2009). The lateral equivalent of this bed in the Galve sub-basin is a coral

rubble bank, up to 5 meters thick, incrusted with Lithocodium and Bacinella (Fig. 5).

The three members of the Margas del Forcall Formation have also been
recognized in the Penyagolosa and Salzedella sub-basins, but only the upper one shows
good outcrops. In the Penyagolosa sub-basin, this marly upper member includes, in its
lower part, a distinct bar, up to 10 metres thick, of dolomitized limestone beds with

ammonite fauna indicating the Deshayesites deshayesi Zone (Fig. 6).
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In the Aliaga and Oliete sub-basins, which underwent a reduced accommodation
space, the lower and middle members of the Forcall Formation are lacking and only an
equivalent deposit of the Morella la Vella Member is present, reaching a thickness of
nearly 40 metres. A well-developed hard-ground separating the base of this member
from the underlying Alacon Formation can be seen in several sections of the Oliete sub-
basin. Just above the hard-ground, or somewhat higher, a characteristic reddish nodular
limestone, less than 40 cm thick, has provided abundant, incipiently reworked nautiloids

and ammonoids (Moreno et al., 2007) (Fig. 9).

The upper limit of the Margas del Forcall Formation intergrades with the Calizas
de Villarroya de los Pinares Formation (Canérot et al., 1982, pp. 288-289), which
reaches a maximum thickness of 300 meters and consists essentially of varying beds of
limestones with rudists and corals, oolites and bioclasts, and orbitolinid marls. The
ammonite faunas associated with the Villarroya de los Pinares Formation indicate that
the deposit is distinctly diachronous (Fig. 2) from west to east. Its oldest occurrence in
the western part of the Maestrat basin (Oliete sub-basin) starts around the boundary
between the Deshayesites forbesi and Deshayesites deshayesi Zones, and is represented
by the lateral equivalent Calizas de Oliete Formation (Canérot et al., 1982, pp. 302-
304). The youngest record of the base of the Villarroya de los Pinares Formation occurs
in the eastern and deeper part of the basin where it correlates with the upper half of the
Dufrenoyia furcata Zone. Only rare ammonoids from the uppermost Lower Aptian,
upper part of Dufrenoyia furcata Zone, have been found in the Galve, Salzedella and
Perellé Sub-basins (Figs. 5, 7-8). The youngest levels of the Villarroya de los Pinares
Formation reach the lower part of the Middle Aptian in some parts of the Basin. This
age assignment is based on the record of the caprinid rudist extinction event that

characterizes the boundary between the Early and Middle Aptian (Skelton, 2003).
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PREVIOUS WORKS

The first reports of Lower Aptian cephalopods in the Maestrat Basin are from the
publications of Vilanova (1859, 1863) and Coquand (1865). These authors described
and figured a number of species of ammonoids and nautiloids, including some new

forms, of this age coming from several localities of the Teruel and Castellon provinces.

Weisser (1959) studied some sections of the Galve sub-basin, which yielded a few
ammonoids, and was the first to present a rudimentary biostratigraphic scheme of the
Aptian stage of the Iberian range. He recognized a lower Bedoulian with D. weissi, and

an upper Bedoulian with D. deshayesi.

Wiedmann (1965) presented an essay of correlation for the entire Lower
Cretaceous of the Iberian Peninsula. He subdivided the Lower Aptian of the Maestrat
Basin into two units. The lower unit (designated as ‘Deshayesitien’) would be
characterized by the presence of D. weissi and D. consobrinus. In the upper unit
(designated as ‘Rolobocératien’) he mentioned, among others, several species of

Roloboceras, Cheloniceras, Deshayesites and Dufrenoyia.

Marin and Sornay (1971), in a synthetic short note on the Aptian stratigraphy of
the Maestrazgo Basin, rejected the proposal discussed by Wiedmann (1965), and
attributed the “marnes a Plicatules” (equivalent to the Margas del Forcall Formation) to
the entire Bedoulian and locally to the base of the Gargasian. Shortly thereafter, these

authors (Sornay and Marin, 1972) published a detailed study of the Tejeria de Josa
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section (Oliete Sub-Basin), where they described and illustrated an interesting fauna of

roloboceratids from the base of the local equivalent of the “marnes a Plicatules”.

Canérot (1974) listed some ammonoids from the same formation that he ascribed
to middle-upper Bedoulian. Murat (1983), in a study of the Oliete Sub-basin, correlated
the whole Forcall Formation with the Deshayesites forbesi Zone of Casey (1961), on the
basis of the occurrence of the genus Roloboceras throughout the formation in this area.
Also, in the framework of regional geologic surveys, Neumann (1987) attributed the
Forcall Formation to the Deshayesites forbesi and Deshayesites deshayesi Zones,
whereas Salas (1987) assigned the formation to the Deshayesites deshayesi and

Tropaeum bowerbanki Zones of the boreal zonation proposed by Casey (1961).

Martinez et al., (1994), undertook further sampling in the Maestrat Basin and the
Catalan Coastal Range in order to complement existing materials available from
previous collections for a detailed analysis of the Lower Cretaceous ammonite
succession in these areas. In the Lower Aptian, Forcall Formation, they recognized the
Deshayesites forbesi, Deshayesites deshayesi and Tropaeum bowerbanki Zones of the

zonal scheme proposed by Casey (1961).

Moreno (2007) reviewed the taxonomy of some deshayesitids from the
Deshayesites deshayesi Zone of the Morella sub-basin, and Moreno et al., (2007)
provided further precision concerning the age of the Margas del Forcall Formation in
the Oliete sub-basin. In the latest work, Moreno-Bedmar et al., (2009) recognized the
Oceanic Anoxic Event 1a (OAE 1a) in the Oliete, Galve and Morella sub-basins, where

it is correlated with the upper part of the Deshayesites weissi Zone.

10
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MATERIAL AND METHODS

The study includes about 2000 specimens of ammonoids collected essentially by
the first author during the years 2006-2009 from numerous Lower Aptian outcrops in
the Maestrat Basin. Ammonoids are generally rare and sparsely distributed throughout
the interval studied, especially in its lower part. Only a few individual beds yielded
abundant material. The ten most suitable sections that showed best exposure and
stratigraphic record were selected for detailed study of ammonite temporal succession

and their systematics on a bed-by-bed sampling program.

The location of these sections is shown in Figure 1, and includes the following:
Cap de Vinyet, Mas Segura, Todolella and Mas del Roc in the Morella Sub-basin (Fig.
4); Barranco de las Calzadas in the Galve Sub-basin (Fig. 5); Mas Agustina in the
Penyagolosa Sub-basin (Fig. 6); Mola Murada in the Salzedella Sub-basin (Fig. 7); Cala
dels Moros in the Perelld Sub-basin (Fig. 8) and Tejeria de Josa and Barranco Emilia in

the Oliete Sub-basin (Fig. 9).

Materials collected from these sections were supplemented with specimens
deposited in the collections of the Museu Geologic del Seminari de Barcelona (MGSB),
the Universitat Autonoma de Barcelona (PUAB), and Museu Paleontologic Juan Cano
Forner in Sant Mateu (Valencia region), as well as various specimens from several

private collections.

All ammonite specimens collected during the present study have been deposited in

the permanent collections of either the Museu de Valltorta (MV), Region of Valencia,

11
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or the Conjunto Paleontoldgico de Teruel (CPT), Aragon, in fulfillment of the clauses
specified in the permissions obtained for collecting paleontological material in the study

arcas.

TAPHONOMIC ASPECTS

The ammonoids are preserved as internal molds, calcareous moulds and pyritized
ammonoids are only abundant in some beds. In the Maestrat Basin, the ammonoids are
not reworked except in one bed of the Oliete sub-basin (samples BEOI-1 and TJOI-1,
correspond to the same bed in the different sections, see fig. 9). The limestone bed
(samples BEOI-1 and TJOI-1) from the basal part of the Margas de Forcall Formation in
the Oliete sub-basin is distinctive by the abundance of ammonite species and reworked
specimens in both sections (Moreno et al., 2007). Most ammonoid and nautiloid
specimens collected at that level have been determined to be reworked because they are
partially worn out, and small oysters and serpulids are encrusting the internal molds of
the cephalopods. Since these assemblages are condensed and partially accumulated as a
lag deposit, there may be mixing of taxa, therefore caution is advised in the
interpretation of the biozones. However, in the Barranco Emilia section, Megatyloceras
coronatum (Rouchadz¢) is found in the bed with reworked specimens, but also occurs
as non-reworked specimens at younger levels in beds BEO1-2 and 3 (Fig. 9B). Since M.
coronatum ranges in an interval below the first appearance of Deshayesites deshayesi,
these specimens thus corroborate the stratigraphic position of the limestone bed as well
as BEO1-2 and 3 below that zone, and within the infrajacent Roloboceras hambrovi
subzone. It is conceivable that the deposits in the lower part of Roloboceras hambrovi

sub-zone are reduced, as shown by the condensed bed, but the presence of the zone is

12
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confirmed by M. coronatum in normal stratigraphic succession. Furthermore, the 813 C
positive excursion correlative with the onset of OAEla occurs within the level with
Megatyloceras coronatum, thus substantiating the stratigraphic position of this event
within the Roloboceras hambrovi zone (Moullade et al., 2000; Renard et al., 2005;

Moreno-Bedmar et al., 2008, 2009; and others).

AMMONITE BIOSTRATIGRAPHY

Our analysis of the stratigraphic distribution of the ammonite species identified in
the Lower Aptian of the Maestrat Basin allowed us to establish a detailed faunal
succession that can be easily correlated with the current standard Mediterranean
Zonation, (Reboulet and Klein et al., 2009) see fig. 10. We have differentiated four
zones, all of which can be considered as interval zones whose lower boundary is defined
by the first occurrence of the index species, and their upper boundary coincides with the
base of the superjacent zone. Each zone is also characterized by a diagnostic ammonite

assemblage, which permits identification even in absence of the index species.

Deshayesites oglanlensis Zone

Definition and characterization: The lower boundary of this zone is defined by the
first appearance of Deshayesites oglanlensis Bogdanova. This zone was proposed by
Raissossadat (2002) and adopted in the subsequent versions of the standard zonation
(Hoedemaeker and Reboulet et al., 2003; Reboulet and Hoedemaker et al., 2006;
Reboulet and Klein et al., 2009). It was introduced to replace the former Deshayesites
tuarkyricus Zone, because of the restricted geographic distribution of this latter index

species.
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Discussion: The Deshayesites oglanlensis Zone has hardly been identified in the
studied sections. Ammonite specimens attributable to this interval are very scarce (Fig.
11). Only three specimens were available for diagnosis, one from the Salzedella Sub-
basin and two from the Morella Sub-basin. The specimen from the Salzedella Sub-basin
belongs to the private collection of Francisco Roig (Benassal, Region of Valencia). It is
poorly preserved, but can be determined with little doubt as Procheloniceras sp. The
stratigraphic range of taxa of the genus Procheloniceras extends from the uppermost
Barremian (Martelites sarasini Subzone) up to the lowermost part of the Deshayesites
weissi Zone (Delanoy, 1995, 1997; Ropolo et al., 2008b), which is biostratigraphically
coeval with the Deshayesites forbesi Zone. The specimen in our study comes from the
Xert Formation, which overlies the Cervera del Maestre Formation containing the
geomagnetic polarity interval MOr (Fig. 1). Since this geomagnetic polarity interval
marks the base of the Aptian (Erba, 1996), an uppermost Barremian age can be ruled

out for this specimen.

One of the specimens from the Cap de Vinyet Member, has been determined as
Deshayesites antiquus Bogdanova (Fig. 12A) is a characteristic form of this Zone. The
other specimen from the Morella Sub-basin is attributed to Deshayesites luppovi
Bogdanova (Fig. 12B). It was found in the middle part of the Cap de Vinyet Member in
the Mas de Segura section (Fig. 4B), about 20 meters below the first appearance of the
species Deshayesites forbesi Casey, which characterizes the next zone. The species D.
luppovi was originally reported (Bogdanova, 1979, 1983) from the Deshayesites
tuarkyricus Zone (=Deshayesites oglanlensis Zone) and the lower part of the
Deshayesites weissi Zone in Turkmenistan. This stratigraphic distribution has been

subsequently corroborated by Bogdanova and Prozorovsky (1999), Bogdanova and

14



MORENO-BEDMAR, COMPANY, BOVER-ARNAL, SALAS, DELANOY, MAURRASSE, GRAUGES, MARTINEZ

Mikhailova (2004) and Garcia-Mond¢jar et al., (2009). However, Avram (1999) and
Cecca et al., (1999a) found this species only in the Deshayesites weissi Zone, whereas
Ropolo et al., (1999, 2000 a-c, 2006) recorded it exclusively in the Deshayesites

oglanlensis Zone.

Delanoy (1995, 1997) and Aguado et al., (1997) reported the occurrence of a bed
containing abundant specimens and fragments of a form that seems very close to D.
luppovi from several sections in SE France and SE Spain. Delanoy (1995, 1997)
assigned these specimens to Deshayesites sp., whereas Aguado et al., (1997) identified
them as D. cf. luppovi. This form occurred between the assemblage constituted by
specimens of Kutatissites and Procheloniceras with deshayesitids characteristic of the
Deshayesites oglanlensis Zone, and the fauna that clearly belongs to the Deshayesites
weissi Zone. These authors placed this form in the upper part of the Deshayesites
oglanlensis Zone, and we tentatively attribute a similar stratigraphic position to our

specimens from the Maestrat Basin.

Deshayesites forbesi Zone

Definition and characterization: In this paper we use the base of this zone to
coincide with the first local occurrence of the index species. This biostratigraphic unit
was used for the first time by Casey (1961) who listed several species of Deshayesites,
Roloboceras and Megatyloceras as its main faunal characteristic. The succession of the
Deshayesites species allowed Casey (1961) and Casey et al., (1998) to further subdivide
the zone into four subzones, from oldest to youngest: Deshayesites fittoni, Deshayesites

kiliani, Deshayesites callidiscus, and Deshayesites annelidus Subzones.
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The Deshayesites forbesi Zone was recognized in most of the sections studied in
the Maestrat Basin, (Figs. 4-5, 9), although complete exposures are rare and only visible
in some sections of the Morella and Galve Sub-basins. In these areas, the Deshayesites
forbesi Zone comprises the upper part of the Cap de Vinyet Member, the Barra de
Morella Member and the basal part of the Morella la Vella Member of the Margas del
Forcall Formation. Ammonoids are scarce in the upper part of the Cap de Vinyet
Member, where only some specimens of Deshayesites cf. forbesi Casey, Deshayesites
cf. kiliani Spath, and Deshayesites sp. have been found, and completely absent in the
Barra de Morella Member. However, in the Morella, Galve and Oliete Sub-basins, the
lower part of the superjacent Morella la Vella Member yielded a rich and well
diversified ammonite assemblage comprising the following taxa: Deshayesites
euglyphus Casey, D. gr. euglyphus/spathi Casey (Fig. 12D, Electronic annex (E.a.), I
A), D. forbesi Casey (Fig. 12C), Deshayesites sp., Cheloniceras sp., Roloboceras
hambrovi (Forbes) (Electronic annex (E.a.), I B-D, E.a., Il A), R. hispanicum Sornay
and Marin (E.a., I E, E.a., IIl A-D), R. transiens Casey, Roloboceras sp. (E.a., IV A),
Megatyloceras coronatum (Rouchadzé) (E.a., IV B-D,), Pseudosaynella raresulcata
(d’Orbigny), P. undulata (Sarasin)(E.a., IV F), P. bicurvata (Michelin) (E.a., IV E),
Pseudosaynella sp., Barremites sp. (E.a., IV G), Pseudohaploceras sp., Toxoceratoides
royerianus (d’Orbigny), Ancyloceras? sp., Proaustraliceras sp. and Lithancylus grandis
(Sowerby) (E.a., IV H). This assemblage, particularly the deshayesitid and roloboceratid
species, is diagnostic of the middle/upper part of the Deshayesites forbesi Zone (Casey,

1961; Casey et al., 1998).

Roloboceratids (mainly represented by adult and sub-adult) constitute the main
component of the assemblage, whereas deshayesitids are much less common. These

Roloboceras beds define a very characteristic horizon (R. hambrovi horizon in Fig. 11)
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within the lower part of the Morella la Vella Member, and include the local record of
Oceanic Anoxic Event 1a (Moreno-Bedmar et al., 2008, 2009). This horizon has also
been recognized in the Cassis-La Bédoule area (Provencal Platform, SE France) where
Busnardo (1984) introduced a R. hambrovi Zone at the base of the upper Bedoulian in

his zonal scheme for SE France (see also Ropolo et al., 2006, 2008a, 2008b).

Discussion: The successive versions of the standard Mediterranean ammonite
zonation (Hoedemaeker and Bulot et al., 1990; Hoedemaeker and Company et al.,1993;
Hoedemaeker and Cecca, et al. 1995; Rawson and Hoedemaeker et al., 1999;
Hoedemaeker and Rawson, 2000; Hoedemaeker and Reboulet et al., 2003; Reboulet and
Hoedemaeker et al., 2006; Reboulet and Klein et al., 2009) have routinely used the
species Deshayesites weissi (Neumayr and Uhlig) as index of the second zone of the
Aptian stage. Although originally described from in northern Germany, this species has
often been reported in the Mediterranean region. Nevertheless, Deshayesites weissi has
never been the object of a systematic revision and its status remains unclear, because the
original figures are difficult to interpret, the types are lost and their stratigraphic
position is not known. It is for this reason that several authors (Bogdanova and
Mikhailova, 2004; Ropolo et al., 2006; Reboulet and Hoedemaeker et al., 2006;
Reboulet and Klein et al., 2009; Garcia-Mond¢jar et al., 2009) stressed the inadequacy
of this taxon as zonal index. We did not find any true D. weissi in our study, and
previous records of this species from the Maestrat Basin (Weisser, 1959; Martinez et al.,

1994) are considered here to be misidentifications.

Due to the absence of D. weissi in the materials studied, and the problems
associated with its identification, we prefer to use D. forbesi as zonal index for this

stratigraphic interval. In fact, many of the species listed above in the Maestrat Basin are
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also present in the Deshayesites forbesi Zone of southern England (Casey, 1961). It is
important to emphasize, however, that there are some difficulties in recognizing the
lower boundary of the Deshayesites forbesi Zone in our sections. The fauna from the
lower part of the interval attributed to this zone in the Maestrat Basin is scarce and
poorly preserved, lacking species diagnostic species of the Deshayesites fittoni
Subzone. Therefore, we cannot rule out that the upper part of the underlying
Deshayesites oglanlensis Zone (namely the beds with D. luppovi, see above) could
actually correlate with the base of the Deshayesites forbesi Zone sensu Casey (1961). A
similar problem arises in the exact correlation of the Deshayesites weissi Zone and the
Deshayesites forbesi Zone. Although it is commonly accepted that the two units are
time equivalent (Erba, 1996, fig. 3; Bogdanova and Tovbina, 1994, table I; Bogdanova
and Mikhailova, 2004, table I; Gradstrein et al., 2004, p. 357; Moreno et al., 2007;
Ropolo et al., 2008a; Garcia-Mond¢jar et al., 2009, among others), there is no
corroborative evidence to show that the lower boundaries of the two units are strictly

isochronous.

Martinez et al., (1994) placed the rich ammonite assemblage composed of several
species of Pseudosaynella, Roloboceras and Megatyloceras, collected from the base of
the Tejeria de Josa section (Oliete Sub-basin; see Fig. 9A), in the Deshayesites
deshayesi Zone. This age assignment was based on the presence of a single deshayesitid
specimen that they identified as D. deshayesi. We reviewed this specimen (Fig. 12D)
and concluded that it was misidentified. It is a juvenile fragment consisting of just 1/5
of whorl, with strong blunt ribs typical of the inner whorls of morphotypes belonging to
the D. euglyphus species group, which is characteristic of the Deshayesites forbesi

Zone. Similar divergences in the interpretation of deshayesitid species could also
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explain the inclusion by Ropolo et al. (2006) of the Roloboceras beds of the Cassis-La

Bédoule area in the Deshayesites deshayesi Zone (see Moreno-Bedmar et al., 2009).

Deshayesites deshayesi Zone

Definition and characterization: This zone corresponds to the stratigraphic interval
between the successive first appearance datum of Deshayesites deshayesi (d’Orbigny)
and Dufrenoyia furcata (Sowerby), respectively. A “Zone a Hoplites Deshayesi (=
Deshayesites deshayesi) et Ancyloceras Matheroni” was used for the first time by Jacob

(1907) to refer to the entire Bedoulian.

We recognized this ammonite zone in most of the sections studied in detail (Figs.
4-7). It was not identified in the Oliete Sub-basin sections (Fig. 9), where the shallow-
water facies of the Alacon Formation directly overly beds with fauna of the upper
Deshayesites forbesi Zone. In the other sub-basins, the Deshayesites deshayesi Zone
occurs within the middle/upper part of the Morella la Vella Member of the Margas del
Forcall Formation. The following taxa were found associated with this zone:
Deshayesites deshayesi (d’Orbigny) (Fig. 12E-G, 1, E.a., IV I-L), Deshayesites vectensis
(Spath) (Fig. 12H, E.a.,V A), Deshayesites sp. (E.a.,V C), Deshayesites
latilobatus/involutus group (E.a.,VI A), Deshayesites grandis (Spath) (Fig. 12], E.a.,V
B), Cheloniceras cornuelianum (d’Orbigny) (E.a.,VI B), Pseudosaynella bicurvata
(Michelin), Pseudosaynella undulata (Sarasin), Pseudohaploceras sp., Lytoceras
belliseptatum Anthula (E.a.,VIII A), Phylloceras sp., Ammonitoceras (Epancyloceras)
sp., Proaustraliceras cf. gigas (Sowerby) (E.a.,VII A), and Toxoceratoides royerianus

(d’Orbigny).
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Discussion: The species D. deshayesi has been differently interpreted in the
literature (see Casey, 1964). The differences are due in some extent to the fact that the
original figures of d’Orbigny (1841) and Leymerie (1842) correspond to small pyritized
phragmocones which are difficult to compare with adult or subadult specimens. This
imprecision in the identification of the species led to a widespread confusion concerning
its actual stratigraphic range, thus, for decades, D. deshayesi was thought to be present
throughout the Lower Aptian. In fact, the participants at the “Colloque sur le Crétacé
inférieur” in Lyon (1963) recognized the Deshayesites deshayesi Zone for the entire
Bedoulian (Flandrin, 1965). Paradoxically, Kilian (1910-1913) had long before stated
that typical forms of this species were restricted to the upper part of the Lower Aptian,
which he divided into a lower “Zone des Parahoplites Weissi und Douvilleiceras

Albrechti-Austriae” and an upper “Zone des Parahoplites Deshayesi”.

Casey (1961, 1964) provided final clarification on the stratigraphic position of D.
deshayesi and restricted the concept of the Deshayesites deshayesi Zone which he
further divided into two subzones: the oldest being the Cheloniceras parinodum
Subzone and the youngest being the Deshayesites grandis Subzone. According to Casey
(1964, 1980), D. deshayesi, together with D. multicostatus Swinnerton, D.
consobrinoides (Sinzow) and D. latilobatus (Sinzow) would be confined to the lower
subzone, whereas D. grandis Spath, D. geniculatus Casey, D. vectensis Spath and D.
wiltshirei Casey would characterize the upper one. However, D. involutus Spath could
be present in the two subzones. Nevertheless, the taxonomic adequacy and relationships
of all these nominal species deserve to be studied in more detail in order to assess their
validity. In fact, the specimens attributed to D. involutus, D. latilobatus and D. grandis
are generally large-sized forms that presumably correspond to adult or subadult

specimens. In contrast, the types and most of the specimens assigned to D. deshayesi are
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juvenile phragmocones that show striking similarities with the inner whorls of the

aforementioned species.

Dufrenoyia furcata Zone

Definition and characterization: The base of this zone is marked by the first
appearance of Dufrenoyia furcata (Sowerby). This biostratigraphic unit was used for the

first time by Jacob (1907), who placed it at the base of the Gargasian.

The Dufrenoyia furcata Zone was identified in the uppermost part of the Morella
la Vella Member in the Morella, Galve, Penyagolosa, Perell6 and Salzedella Sub-basins
(Figs. 4-8) and also at the onset of the Villarroya de los Pinares Formation in the Galve,
Salzedella and Perelld Sub-basins. The exact position of its upper boundary could not
be determined because ammonoids become completely absent in higher levels of the
Villarroya de los Pinares Formation. This zone is characterized by the presence of the
following taxa: Dufrenoyia furcata (Sowerby) (Fig. 12K-M, E.a.,VI D-E, VIII D-E, IX
A), D. dufrenoyi (d’Orbigny), D. cf. dufrenoyi (d’Orbigny) (E.a.,VI C), Dufrenoyia cf.
praedufrenoyi (d’Orbigny) (E.a.,VIII B), Dufrenoyia cf. transitoria Casey (E.a.,VIII F),
Dufrenoyia sp. (Fig. 12N), Cheloniceras cornuelianum (d’Orbigny) (E.a.,VIII C),
Colombiceras sp., Pseudohaploceras sp., Macroscaphites striasulcatus (d’Orbigny),

Phyllopachyceras baborense (Coquand) and Salfeldiella sp.

Discussion: In the Gargas region (SE France), Dutour (2005) subdivided the
Dufrenoyia furcata Zone into two subzones, characterized by D. furcata and D.
dufrenoyi, respectively. We also recognized these two subzones in some of the sections

studied in the Galve, Salzedella and Penyagolosa Sub-basins (Figs. 5-7), where D.
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dufrenoyi clearly replaces D. furcata in the upper part of the zone. Nonetheless, we
could not separate the two successive horizons (D. praedufrenoyi and D. dufrenoyi)
identified by Dutour (2005) within the Dufirenoyia dufrenoyi Subzone. It is worth noting
that in the upper part of the Dufrenoyia dufrenoyi Subzone we collected some rare
specimens with ribs that show pattern similar to that of D. dufrenoyi, but that cross the

ventral region.

Garcia-Mondéjar et al., (2009) recently reported the synchronous occurrence of
the genera Deshayesites and Dufrenoyia throughout a thick, about 220 metres,
stratigraphic interval in the Aralar region of the Basque-Cantabrian Basin (N Spain).
Such association has never been found elsewhere, because the record has so far shown
that Dufrenoyia replaces Deshayesites without any overlap at the base of the Dufrenoyia
furcata Zone. These authors argued that the overly expanded sections of the Aralar
region, reflecting a high sedimentation rate, could have preserved the transition interval
between the zones. Our data, however, do not corroborate this assertion. Our study of
well-expanded sections that comprise the boundary between the Deshayestites
deshayesi and Dufrenoyia furcata zones, as at Barranco de las Calzadas (Fig. 5),
showed that the faunal change is rather abrupt. Specimens of Dufirenoyia recorded in the
first bed (BCGa-20) of the Dufrenoyia furcata Zone still show very primitive characters
(the ribs cross the ventral region, which is still slightly convex) and closely resemble the

last Deshayesites, but the range of the two genera did not overlap.

ACCOMMODATION SPACE AND BIOZONES DISTRIBUTION
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During the Lower Aptian, the fault-controlled rapid syn-rift subsidence was the
most important factor in producing accommodation space (Fig. 3). The Lower Aptian
rapid interval of syn-rift subsidence was recorded throughout the Maestrat Basin, but
showing differential subsidence patterns between the different sub-basins as shown in
figure 13. For instance, in the Morella sub-basin, the thickness of the Dufrenoyia
furcata biozone is around 10 meters (Fig. 4B), whereas this sedimentary record thickens
up to 100 meters in the southern Salzedella and Penyagolosa sub-basins. In this regard,
the available accommodation space within each sub-basin also played a key role in the

facies and biozones distribution.

In the case of the Oliete sub-basin, the gain in accommodation space mainly
developed during the middle and upper part of the Deshayesi forbesi Zone, declining
substantially later. As a consequence, the timing of the Forcall Formation, formed by
basinal deeper water marly sediments, is much reduced in relation to the marine shallow

water carbonate sediments of the Oliete Formation (Fig. 2).

Salzedella and Penyagolosa sub-basins display a similar pattern of
accommodation space during the Lower Aptian time span (Figs. 1C and 13). In these
sub-basins, the Deshayesites deshayesi Zone exhibits a thickness extremely reduced
about 10 meters. Later, the next biozone of Dufrenoyia furcata experienced a significant

gain in accommodation space with more than 100 m of thickness.

CONCLUSIONS
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The analysis of the ammonite stratigraphic distribution in ten selected sections in
the Maestrat Basin (E Spain) allowed us to establish the faunal succession for the Lower
Aptian in the region. We recognized, from oldest to youngest, the following Zones:
Deshayesites oglanlensis, Deshayesites forbesi, Deshayesites deshayesi and Dufrenoyia
furcata. This succession is in close agreement with the Mediterranean standard zonation
proposed for this interval. The only difference is the use as index species of D. forbesi
(a species present in samples of the Maestrat Basin) instead of D. weissi, which is
taxonomically not well-characterized and its status thus remains unclear as index of the
second zone. Because of remaining uncertainties in the taxonomy of several of the
species, we consider that the deshayesitids, the key group for the stratigraphy of this
interval, would need a thorough revision that should take into account their high

intraspecific variability.

We also identified a Roloboceras hambrovi horizon in the middle/upper part of
the Deshayesites forbesi Zone, and the twofold subdivision proposed by Dutour (2005)

for the Dufrenoyia furcata Zone.

This study further enabled us to more accurately determine the age of the
lithostratigraphic units defined in the region. Thus, the upper part of the Xert Formation
and the lowermost part of the Cap de Vinyet Member (base of the Forcall Formation)
are correlative with the Deshayesites oglanlensis Zone. The upper part of the Cap de
Vinyet and the Barra de Morella Members of the Forcall Formation correspond to the
lower part of the Deshayesites forbesi Zone. The lower part of the Morella la Vella
Member (upper Forcall Formation), which includes the local record of OAE 1a, clearly
correlates with the R. hambrovi horizon (middle/upper part of the Deshayesites forbesi

Zone). The boundary between the Forcall Formation and the Villarroya de los Pinares
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Formation is diachronous and varies, depending on the sub-basins, between the
uppermost part of the Deshayesites forbesi Zone and the middle/upper part of the
Dufrenoyia furcata Zone. The base of the Villarroya de los Pinares Formation can be
dated as middle-upper part of the Dufrenoyia furcata Zone in the Galve, Perell6 and
Salzedella Sub-basins. The transition between the Forcall Fm. and Villarroya Fm. is a
diachronous limit, which varies depending on the control by syn-rift tilted blocks in

different parts of the Basin.

During the Lower Aptian, the fault-controlled rapid syn-rift subsidence was the
most important factor in producing accommodation space. At the same time, this
interval of rapid subsidence coincided with the broad, well-documented Early Aptian
Tethyan transgression, especially in Forcall Fm, which contains the Deshayesites
oglanlensis, Deshayesites forbesi, Deshayesites deshayesi and Dufrenoyia furcata

Zones.

The analysis of the ammonite stratigraphic distribution in ten selected sections in
the Maestrat Basin (E Spain) allowed us to establish the faunal succession for the Lower
Aptian in the region. We recognized, from oldest to youngest the following Zones:
Deshayesites oglanlensis, Deshayesites forbesi, Deshayesites deshayesi, and Dufrenoyia
furcata. We also identified a Roloboceras hambrovi horizon in the middle/upper part of
the Deshayesites forbesi Zone, and the twofold subdivision proposed by Dutour (2005)
for the Dufrenoyia furcata Zone, Dufrenoyia furcata and Dufrenoyia dufrenoyi
subzones. Our results improve the resolution of the current Mediterranean zonation and
test the correlation potential of the biostratigraphic events that define and characterize
its different units. Moreover, the introduction of the Deshayesites forbesi, instead of

Deshayesites weissi, as index of the second zone of the Aptian, and the identification of
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the Roloboceras hambrovi horizon allow a more direct correlation with the Boreal

zonation.
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during the Early Cretaceous (modified after Salas et al., 2001), and location of the
ten sections studied. MA: Mas Agustina section; MM: Mola Murada section; BC:
Barranco de las Calzadas section; CV: Cap de Vinyet section; TO: Todolella
section; MR: Mas del Roc section; MS: Mas Segura section; CM: Cala dels Moros
section; TJ: Tejeria de Josa section, and BE: Barranco Emilia section; Ol: Oliete
sub-basin; Al: Aliaga sub-basin; Mo: Morella sub-basin; Pe: Perell6 sub-basin;
Ga: Galve sub-basin; Sa: Salzedella sub-basin; Pg: Penyagolosa sub-basin
(modified after Salas et al., 2001). C) Geological cross-sections, A-C and D-E,
showing the ammonoid biozones in the ten sections studied of the Forcall
Formation. Datum at the Lower-Middle Aptian boundary. For more details about

ranges of ammonoids of these sections, see fig. 2.
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FIGURE 2 Stratigraphic framework and age relationships of the Aptian deposits
in the Maestrat Basin. Position of OAE1la is indicated by shaded level (after
Moreno-Bedmar et al., 2008, 2009). Ol: Oliete sub-basin; Al: Aliaga sub-basin; Ga:
Galve sub-basin; E: East; W: West; Mo: Morella sub-basin; Pe: Perelléo sub-basin;

Sa: Salzedella sub-basin, and Pg: Penyagolosa sub-basin. Stratigraphic positions of
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the ten sections studied of the Forcall Formation relative to ammonoid biozones.
MA: Mas Agustina section; MM: Mola Murada section; BC: Barranco de las
Calzadas section; CV: Cap de Vinyet section; TO: Todolella section; MR: Mas del
Roc section; MS: Mas Segura section; CM: Cala dels Moros section; TJ: Tejeria

de Josa section and BE: Barranco Emilia section. Absolute ages after Ogg and Ogg

(2006).
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FIGURE 3 Backstripped total subsidence (descompacted for the Aptian of the
Villarroya de los Pinares section (Galve sub-basin) corrected with bathymetries
(modified from Bover-Arnal et al., under review). Dashed line shows the average
bathymetric curve. The solid curve shows the accommodation space variation of

the Lower Aptian for each lithostratigraphic unit.
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biozones. The correlation between the Barra de Morella and Morella la Vella

Members boundary is also indicated.
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FIGURE 5 Galve sub-basin, Barranco de las Calzadas section.
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FIGURE 10 Lower Aptian standard ammonite zonation of the Mediterranean

Region of Reboulet and Klein et al. (2009), and Lower Aptian local zonation

proposed in this study for the Maestrat Basin.
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FIGURE 12 A) Deshayesites antiquus, specimen PUAB-12535, Cap de Vinyet

Member of Cap de Vinyet area. B) Deshayesites luppovi, specimen MV 900.1, Mas
Segura section, sample MSMo-8a. C) Deshayesites forbesi, specimen PUAB 48071,
Tejeria de Josa section, sample TJOI-1. D) Deshayesites gr. euglyphus, specimen
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PUAB-48072, Tejeria de Josa, sample TJOI-1. E) Deshayesites deshayesi, specimen
MYV 425.1, Mola Murada section, sample MMSa-3. F) Deshayesites deshayesi,
specimen MV 425.2, Mola Murada section, sample MMSa-3. G) Deshayesites
deshayesi, specimen MV 471.2, Todolella section, sample TOMo-9. H) Deshayesites
vectensis, specimen CPT-3599, Barranco de las Calzadas section, sample BCGa-13.
I) Deshayesites deshayesi, specimen MV 471.1, Todolella section, sample TOMo-9.
J) Deshayesites grandis, specimen CPT-3618, Barranco de las Calzadas section,
sample BCGa-19. K) Dufrenoyia furcata, specimen MV 481.2, Mas Agustina
section, sample MAPe-5. L) Dufrenoyia furcata, specimen MV Sel8.1, Mas Segura
section, sample MSMo-18. M) Dufrenoyia furcata, specimen CPT-3649, Barranco
de las Calzadas section, sample BCGa-20. N) Dufrenoyia sp., specimen CPT-3728,

Barranco de las Calzadas section, sample BCGa-28. Scale bar, 1cm.
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Electronic annex

FIGURE I: A: Deshayesites gr. euglyphus/spathi, specimen PUAB 68517, Todolella
section, sample TOMo-3. B: Roloboceras hambrovi (Forbes), specimen MV 673.1,

Mas del Roc section, sample MRMo-2. C: Roloboceras hambrovi, specimen MV
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644.1, Cap de Vinyet section, sample CVMo-3. D: Roloboceras hambrovi, specimen
PUAB 48049, Tejeria de Josa section, equivalent to sample TJOI-1. E: Roloboceras
hispanicum, specimen PUAB 48102, Tejeria de Josa section, equivalent to sample

TJOI-1. Scale bar, 1cm.

II
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FIGURE 1II: A: Roloboceras hambrovi, specimen CPT-3790, Barranco de las

Calzadas section, sample BCGa-6. Scale bar, 1cm.

FIGURE III: A: Roloboceras hispanicum, specimen CPT-3234, Barranco de las

Calzadas section, sample BCGa-3. B: Roloboceras hispanicum, specimen RA-1
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(Ramiro Alvarez. Barcelona, Particular collection), Tejeria de Josa section,
equivalent to sample TJOI-1. C: Roloboceras hispanicum, specimen CPT-3788,
Tejeria de Josa section, sample TJOI-1. D: Roloboceras hispanicum, specimen RM-
2 (Ramon Margalef, Barcelona particular collection), Tejeria de Josa section,

equivalent to sample TJOI-1. Scale bar, 1cm.
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FIGURE 1V: A: Roloboceras sp., specimen PUAB 48136, Tejeria de Josa section,
equivalent to sample TJOI-1. B: Megatyloceras coronatum, specimen MV 645.3,
Cap de Vinyet section, sample CVMo-2. C: Megatyloceras coronatum, specimen

PUAB 48008, Tejeria de Josa section, equivalent to sample TJOI-1. D:
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Megatyloceras coronatum specimen MV 674.1, Mas del Roc section, sample
MRMo-3. E: Pseudosaynella bicurvata, specimen PUAB 5911 Tejeria de Josa
section, equivalent to sample TJOI-1. F: Pseudosaynella undulata, specimen PUAB
48385, Tejeria de Josa, equivalent to sample TJOI-1. G: Barremites sp. specimen
CPT-3729, Barranco de las Calzadas section, sample BCGa-8. H: Lithancylus cf.
grandis, specimen MSM 46-A-120, Xert (Castelld). I: Deshayesites deshayesi,
juvenile specimen CPT-3612, Barranco de las Calzadas section, sample BCGa-14.
J: Deshayesites deshayesi, specimen MV 650.1, Cap de Vinyet section, sample
CVMo-6. K: Deshayesites deshayesi, specimen MV 471.7, Todolella section, sample
TOMo-9. L: Deshayesites deshayesi, specimen MGSB 73018, Morella area. Scale

bar, 1cm.
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FIGURE V: A: Deshayesites vectensis, specimen CPT-3237, El Portulés, La Solana
section, sample SOGa-1. B: Deshayesites grandis, specimen CPT-3236 from
Villarroya de los Pinares area. C: Deshayesites sp., specimen CPT-3624, Barranco

de las Calzadas section, sample BCGa-19. Scale bar, 1cm.
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FIGURE VI: A: Deshayesites latilobatus/involutus, sub-adult specimen CPT-3567,

El Portules, Villarroya de los Pinares area. B: Cheloniceras cornuelianum
(d’Orbigny), specimen CPT-3235 from Villarroya de los Pinares area. C:

Dufrenoyia cf. dufrenoyi, specimen CPT-3697, Barranco de las Calzadas section,
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sample BCGa-20. D: Dufrenoyia furcata, specimen CPT-3637, Barranco de las
Calzadas section, sample BCGa-20. E: Dufrenoyia furcata, specimen CPT-3656,

Barranco de las Calzadas section, sample BCGa-20. Scale bar, 1cm.

VII
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FIGURE VII: A: Proaustraliceras cf. gigas, specimen PUAB 48642, Villarroya de los

Pinares area, lower part of Deshayesites deshayesi zone. Scale bar, 1cm.

FIGURE VII: A: Lytoceras belliseptatum specimen DT-2 (Domingo Tolos

collection, La Jana, Castello), Mas del Roc section, (equivalent to samples MRMo-
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11-13). B: Dufrenoyia cf. praedufrenoyi, specimen CPT-3660, Barranco de las
Calzadas section, sample BCGa-20. C: Cheloniceras cornuelianum, specimen CPT-
3726, Barranco de las Calzadas section, sample BCGa-21. D: Dufrenoyia furcata,
specimen CPT-3690, Barranco de las Calzadas section, sample BCGa-20. E:
Dufrenoyia furcata, specimen CPT-3686, Barranco de las Calzadas section, sample
BCGa-20. F: Dufrenoyia cf. transitoria, specimen CPT-3679, Barranco de las

Calzadas section, sample BCGa-20. Scale bar, 1cm.
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IX

FIGURE IX: A: Dufrenoyia furcata specimen DT-1, Nogueruelas. Scale bar, 1cm.
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Resum

Durant I'Aptia inferior van tindre lloc grans canvis globals paleobiologics i
paleoambientals. Una datacié precisa d’aquests canvis és crucial per
determinar possibles relacions de causa-efecte. En aquest sentit la combinacié
de dades biostratigrafiques i quimiostratigrafiques proporciona una excel-lent
eina per tindre un precis control del temps. Les correlacions realitzades amb
anterioritat, del registre de carboni isotopic i la biozonacié d’ammonits durant
I'Aptia inferior, mostra conclusions contradictories. En aquest treball es
presenta, de forma integrada, I'analisi estratigrafic de la distribucidé dels
ammonits i el registre isotopic de carboni, d’alta resolucid, de diverses seccions
de I'Aptia inferior del sector est del Domini Prebétic (Cordillera Bética, Sud-est
d’Espanya). Es reconeixen, de més antic a més nou, les biozones:
Deshayesites oglanlensis, Deshayesites forbesi, Deshayesites deshayesi i
Dufrenoyia furcata. Aquesta successio és la mateixa reconeguda recentment a
I'est de la Cadena Ibérica per Moreno-Bedmar et al. (2009), i pot ser faciiment

correlacionada amb la biozonacié Mediterrania estandard i la Boreal.

El registre isotopic de carboni mostra les tendéncies globals reconegudes a
I'Aptia inferior, amb dos segments positius separats per una pronunciada
excursidé negativa. El calibratge d’aquest registre isotdpic amb la biozonacid
d’ammonits mostra com I'edat de 'OAE 1a, que es correspon amb la excursid
negativa i part del segiient segment positiu, es restringeix a la part mitjana/alta

de la biozona Deshayesites forbesi.
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ABSTRACT

Major global palacobiologic and palacoenvironmental changes occurred during
the Early Aptian. Precise dating and timing of the different events is crucial to
determine possible cause-to-effect relationships between them. In this regard, the
combination of -biostratigraphic and chemostratigraphic data can provide a very useful
tool for time control. So far attempts to correlate the Lower Aptian carbon isotope
record and the ammonite zonation yielded contradictory conclusions.

In this paper, we present the results of an integrated analysis of the ammonite
stratigraphic distribution and high-resolution carbon isotope profiles from Lower Aptian
sections of the eastern Prebetic Domain (Betic Cordillera, southeastern Spain). We
recognized, in ascending order, the Deshayesites oglanlensis, Deshayesites forbesi,
Deshayesites deshayesi, and Dufrenoyia furcata Zones. This succession is the same as
that recently identified in the eastern Iberian Chain by Moreno-Bedmar et al., (2009),
and it closely correlates with both standard Mediterranean and Boreal zonations.

The carbon isotope record displays the trends globally recognized for the Early
Aptian, with two long positive shifts separated by a pronounced negative excursion.
Calibration of this isotopic record with the ammonite zonation shows that the age of
OAE 1a, which corresponds to the negative excursion and subsequent positive shift, is

constrained to the middle/upper part of the Deshayesites forbesi Zone.

KEYWORDS: Ammonites, Lower Aptian, OAE 1a, Biostratigraphy, Prebetic Domain,

SE. Spain.
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INTRODUCTION

Early Aptian times witnessed major global tectonic, palaeoclimatic,
palacoceanographic and palacobiologic events. These include enhanced volcanic
activity in the Pacific leading to the formation of the Ontong-Java Plateau, large
perturbations of the global carbon cycle with widespread episodes of organic-rich
sediment deposition, abrupt sea level and temperature changes, biocalcification crisis in
both neritic and pelagic organisms, growth and subsequent demise of extensive
carbonate platforms.

In past recent years various causal relationships between these phenomena have
been suggested (e.g. Weisert et al., 1998; Wissler et al., 2003; Weissert and Erba, 2004;
Follmi et al., 2006; Ando et al., 2008; Méhay et al., 2009). Clearly, a precise dating and
timing of the different processes is required in order to test these links. In this regard,
the carbon isotope stratigraphy has proven to be a powerful tool for regional to global
correlation and, combined with biostratigraphy, may offer a high-resolution temporal
framework for accurately placing the palaecobiologic and palacoenvironmental events.

Menegatti et al. (1998) proposed a detailed carbon isotope chemostratigraphic
scheme for the Lower Aptian substage that has been successfully correlated with
planktonic foraminiferal and calcareous nannofossil zonations (e.g. Bralower et al.,
1999; Erba et al., 1999; Bellanca et al., 2002; Gea et al., 2003). Until now, available
direct calibrations of carbon isotopic records against the ammonite zonation (which
provides the highest biostratigraphic resolution for the Lower Aptian interval) show
uneven results (Moullade et al., 1998, 2000; Wissler et al., 2002; Gea et al., 2003;
Follmi and Gainon, 2008; Moreno-Bedmar et al., 2008, 2009; Price et al., 2008; Garcia-

Mondéjar et al., 2009; Lehmann et al., 2009; Millan et al., 2009).
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In this paper, we present the outcome of the analysis of the ammonite stratigraphic
distribution and high-resolution carbon isotope profiles from Lower Aptian sections of
the eastern Prebetic Domain (Betic Cordillera, southeastern Spain). The sediments
studied are of hemipelagic facies with diverse and abundant ammonites, especially the
deshayesitids, the group which serves as the basis for the Lower Aptian standard
zonations. The sections studied are well exposed, and they include a complete,
continuous, moderately expanded record, free of apparent hiatus and major
condensations in the succession of the bio- and chemostratigraphic events. The
reliability of the data allowed us to establish an accurate correlation between the

ammonite zonation and the carbon isotope record.

GEOLOGICAL SETTING AND SECTIONS STUDIED

All the sections studied are located in the Prebetic Zone (Fig. 1), a tectonic
domain that constituted a vast epeiric platform on the passive southern margin of the
Iberian Plate during the Early Cretaceous. This platform extended from shallow
carbonate shelf environments in the north to distal hemipelagic environments to the
south, which was further connected to a complex pelagic domain (Subbetic Zone).

The sections sampled are mainly composed of green to grey marls, with
intermittent marly to sandy limestone beds. Limestones are even-parallel to wavy, or
even nodular. Microscopically they consist of mudstones, wackestones and packstones.
Fine sandstone beds are also occasionally present in the more distal sections.
Ammonites, as well as planktonic and benthonic foraminifera, are abundant, whereas
nautiloids, belemnites, bivalves, brachiopods and echinoids are rare. These sediments

correspond to the Almadich Formation (Castro, 1998) and have been interpreted as
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deposited in outer-ramp environments under hemipelagic conditions (Castro, 1998; de
Gea, 2004; Castro et al., 2008).

The age of the Almadich Formation varies laterally. It ranges from late Barremian
to late Aptian in the southern sections, but towards the north the lower part intergrades
with Urgonian facies of the Llopis Fm (Fig. 2), and the upper part is also reported to
change into the Seguili Formation, of Urgonian facies as well (Castro, 1998; Castro et
al., 2008).

For the present study more than 1600 ammonite specimens were collected mostly
bed-by-bed in all the sections studied. In general the specimens are sufficiently well
preserved to allow identification for biostratigraphic purposes. The ammonite
specimens are now housed in the palaecontological collections of the Universities of
Barcelona and Granada, respectively. They come from the following localities (Fig. 1):

Mas de Llopis (co-ordinates: 38°45°35”N, 0°28°56”W), on the eastern side of
Serra Mariola, 4 km WNW of Cocentaina. Although the outcrop conditions do not
allow a systematic sampling, the ammonite fauna collected in the Almadich Formation
at that locality reveals the presence of the D. forbesi (?), D. deshayesi and D. furcata
Zones. The lowermost Aptian is represented by limestones with rudists and orbitolines
of the Llopis Formation. Previous biostratigraphic data on this section were provided by
Nickles (1892), Fallot (1943), Darder (1945), Busnardo et al. (1968) and Castro (1998).

Barranc de 1I’Almadich (co-ordinates: 38°44°28”N, 0°06°58”W), along a steep
slope between the Almadich Gully and the Mirabdo Mountain, 1.5 km SSW of
Benigembla. This site is the type locality of the Almadich Formation, but its lack of
exposure, including many observational gaps, prevented from carrying out a detailed
sampling. Nevertheless, the D. forbesi Zone has been identified immediately above the

top of the underlying Llopis Formation, and the D. deshayesi and D. furcata Zones have



123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

MORENO-BEDMAR, COMPANY, SANDOVAL, TAVERA, BOVER-ARNAL, SALAS, DELANOY, MAURRASSE,

MARTINEZ

also been recognized in superjacent levels. This section was previously described by
Castro (1998)

Cau (co-ordinates: 38°42°14”N, 0°00°19”W), on the western side of the Sella del
Cau, 5 km WSW of Benissa. This section includes a fairly complete record of the D.
forbesi, D. deshayesi and D. furcata Zones. OAE la occurs in a dark laminated marls
towards the middle of the section. Previous works on the Cau section include those of
Darder (1945), Castro (1998), Aguado et al. (1999), and de Gea et al. (2003). The
ammonite stratigraphic distribution in this section is shown in Fig. 3.

Raco Ample (co-ordinates: 38°31°07”°N, 0°22°04”W), at the eastern foothills of the
Cabec6 d’Or, 2 km N of Aigiies. The Cabe¢d d’Or constitutes the southernmost outcrop
of a vast area extending to the NE up to the Altea region. That whole area behaved as a
distal swell from the late Valanginian until the earliest Aptian (Granier, 1987; Castro,
1998), so that sediments of this time interval are very reduced or even absent. The
Almadich Formation directly overlies lower Valanginian calcarenites in the section
sampled at that site. Ammonites are abundant throughout the section (Fig.4), which
includes the D. forbesi, D. deshayesi and D. furcata Zones, respectively. Stratigraphic
and palacontologic data of this area were previously reported by Lillo Bevia (1973a;
1975a, 1975b, 1975¢), Estévez et al. (1984), Granier (1987) and Castro (1998).

Serra de Fontcalent. Sampling was carried out in two sections (Figs. SA and 5B)
along the south-eastern slope of this small mountain located 8 km W of Alicante. One
of the sections (co-ordinates: 38°21°33”N, 0°34°10”W) spans the Barremian/Aptian
boundary interval; the other (co-ordinates: 38°20°56”N, 0°35°12”W) corresponds to the
D. furcata Zone. The Lower Cretaceous succession of the Serra de Fontcalent is one of

the most characteristic of the eastern Prebetic, and has been analysed by many authors
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(Nickles, 1892; Jiménez de Cisneros, 1917; Lillo Bevia, 1973b; Rasplus et al., 1987;
Castro, 1998, Company et al., 2004 and de Gea, 2004, among others).

L’Alcoraia (co-ordinates: 38°22°25”N, 0°37°04”W), on a small foothill of Serra
Mitjana, 12 km WNW of Alicante. The section encompasses the whole Lower Aptian,
but since it is partly covered by alluvial deposits only the D. oglanlensis, D. forbesi and
D. furcata Zones are visible (Fig. 6). The Lower Cretaceous ammonite succession of
this locality have been the subject of numerous previous studies (Jiménez de Cisneros,
1906, 1917; Wiedmann, 1966a, 1966b; Azéma 1975, 1977; Lillo, 1973b, 1975a, 1975b,

1975¢; Company et al., 2004, and de Gea, 2004).

AMMONITE BIOSTRATIGRAPHY

The analysis of the ammonite succession in the sampled sections shows that the
zonal scheme recently proposed by Moreno-Bedmar et al. (in press) for the Lower
Aptian of the eastern Iberian Chain can also be satisfactory applied in the Prebetic
Domain. This scheme, which slightly modifies the current standard zonation (Reboulet

and Klein et al., 2009), comprises, from oldest to youngest, the following zones:

Deshayesites oglanlensis Zone

The lower boundary of this zone, which marks also the base of the Aptian stage, is
defined by the first occurrence of its index species, Deshayesites oglanlensis
Bogdanova. This zone was proposed by Raisossadat (2002) in substitution of the former
Deshayesites tuarkyricus Zone, because D. oglanlensis has a wide geographical
distribution. This taxon occurs from Spain to Iran, whereas Deshayesites tuarkyricus
Bogdanova, has been found only in Turkmenistan. This replacement was adopted by the

Lower Cretaceous Ammonite Working Group (the “Kilian Group”) and introduced in
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the most recent versions of the standard Mediterranean zonation (Reboulet et al., 2006;
Reboulet et al., 2009).

This zone has been recognized only in the L’Alcoraia and Fontcalent (X.Fc)
sections, where we have found rich populations of Deshayesites luppovi Bogdanova
(Fig. 7A-B, Electronic annex (E.a.), I A-D). The latter species was originally reported
from the upper part of the Deshayesites tuarkyricus Zone and the base of the
Deshayesites weissi Zone (Bogdanova, 1979, 1983). As all our specimens come from a
short stratigraphic interval situated several meters below the first occurrence of
Deshayesites forbesi Casey (Fig. 8), which characterizes the overlying zone, we assign
them to the Deshayesites oglanlensis Zone. This interval containing abundant D.
luppovi was also reported, in a similar stratigraphic position, from the Vocontian basin,
where Delanoy (1995, 1997) identified these forms as Deshayesites sp.
(=Prodeshayesites cf. tenuicostatus in Delanoy, 1991), and the Subbetic Domain
(Aguado et al., 1997).

It is worth noting that in the Vocontian basin as well as in the Subbetic Domain,
the D. luppovi horizon lies shortly above the first appearance of D. oglanlensis. Based
on such stratigraphic consistency, the lower boundary of the Aptian should also be
placed some metres below the D. luppovi horizon in the Alcoraia and Fontcalent (X.Fc)
sections. However, in the absence of age-diagnostic species below this interval, the
exact position of the Barremian-Aptian boundary remains uncertain. Indeed, the fauna
accompanying D. luppovi is mostly composed of taxa inherited from the latest
Barremian, which become extinct in this zone, such as Kutatissites (Electronic annex
(E.a.), I E) and Procheloniceras, together with long-ranging forms, such as Barremites
strettostoma Uhlig and the genera Pseudohaploceras, Melchiorites (Melchiorites

melchioris, Electronic annex (E.a.), I G), Toxoceratoides (Toxoceratoides sp., E.a. I G),
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Macroscaphites, Phyllopachyceras (Phyllopachyceras infundibulum, E.a. 1 F), and

Hypophylloceras.

Deshayesites forbesi Zone

The species Deshayesites weissi (Neumayr and Uhlig) has been widely used to
characterize the second zone of the Aptian stage, as used in all the successive versions
of the standard Mediterranean zonation (Hoedemaeker and Bulot, 1990; Hoedemacker
and Company et al., 1993; Hoedemacker et al., 1995; Rawson et al., 1999;
Hoedemaeker and Rawson, 2000; Hoedemaeker et al., 2003; Reboulet et al., 2006;
Reboulet et al., 2009). Nonetheless, several authors (Bogdanova and Mikhailova, 2004;
Ropolo et al., 2006; Reboulet et al., 2006; Reboulet et al., 2009; Garcia-Mondéjar et al.,
2009; Moreno-Bedmar et al., in press) have recently questioned the suitability of this
species as zonal index. In fact, despite frequent report of its presence in the
Mediterranean province, D. weissi is not a well-characterized species, because the
original figures (Neumayr and Uhlig, 1881; Koenen, 1902) are difficult to interpret.
Furthermore, the type specimens seem to be lost, and their stratigraphic position is
unknown. These problems led Moreno-Bedmar et al. (in press) to propose the use of
Deshayesites forbesi Casey as index species of the second zone of the Aptian in their
biostratigraphic scheme for the eastern Iberian Chain. This alternative is appropriate
also for the Prebetic Domain, where D. forbesi (Fig. 7C-D; E.a. I I-L; E.a. I C, E, G-H,
K-M, Q; E.a. Il A-B, E-F) is very well represented by a large number of specimens.
This choice allows a direct correlation with the Boreal Realm where D. forbesi has also
been used as index of the second zone of the Aptian stage in the classic zonation for the
English Lower Greensand (Casey, 1961a; Casey et al., 1998). Moreover, D. forbesi

shows close characteristics related to Deshayesites volgensis Sazonova, which
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characterizes the same stratigraphic interval in the Russian Platform (Baraboshkin and
Mikhailova, 2002; Bogdanova and Mikhailova, 2004).

The D. forbesi Zone has been recognized in the Cau, Rac6 Ample, Fontcalent
(X.Fc) and L’Alcoraia sections, and in the Barranc de I’ Almadic outcrop. Generally the
assemblages from this zone are dominated by deshayesitids. However, they are very
scarce, or even absent, in the upper part of the zone in the Cau section coinciding with
the presence of deeper, organic-rich sediments. In the other sections, D. forbesi and the
closely related D. euglyphus Casey (E.a. Il A-B, D, F, I-J, N-P; E.a. IlII C-D, G) are the
dominant components of the fauna. In contrast, we have only found a single, loose
specimen attributable to D. weissi (Fig. 7F). It should be noted that in the upper part of
the zone in the Raco6 Ample section, there is occurrence of a few juvenile specimens
very similar to D. forbesi, but they develop an incipient smooth siphonal band. These
specimens, which coexist with typical D.forbesi, are here designated D. aff. forbesi
(Fig. 7E), and interpreted as transitional forms to D. deshayesi.

Cheloniceratids are rare and badly preserved, which generally prevents the
identification to the species level. Also worth mentioning is the occurrence of a single
fragmentary specimen of Megatyloceras coronatum (Rouchadze) (Fig. 7H) at the base
of the Rac6 Ample section. This markedly contrasts with the assemblages from the
eastern Iberian Chain, in which the genera Roloboceras and Megatyloceras constitute,
together with Pseudosaynella, the main components of the fauna present in the
middle/upper part of the Deshayesites forbesi Zone. In fact, Moreno-Bedmar et al. (in
press) further defined a Roloboceras hambrovi Horizon corresponding to that
stratigraphic interval. The strong differences between the compositions of the

assemblages in both areas can only be explained by taking into account
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palacogeographic factors, as the Prebetic sections correspond to more distal
environments than the ones from the Iberian domain.

Two fragmentary aconeceratids were collected also from the lowermost part of the
Racéd Ample section. We tentatively attribute these specimens to the species Sinzovia
trautscholdi (Sinzow) (Fig. 7G). This species has been very rarely reported in the
Mediterranean province, but it is a common component of the Deshayesites volgensis
Zone assemblages in the Russian Platform (see, for instance, Baraboshkin and
Mikhailova, 2002).

Desmoceratids are abundant in the studied sections, and mostly belong to the
genera  Pseudohaploceras (Pseudohaploceras sp., E.a. 1V A), Melchiorites
(Melchiorites melchioris, E.a. 1Il J-L) and Barremites. The species Barremites
strettostoma (Uhlig) (E.a. III H-I, O-Q), which appear in the Upper Barremian, has its
last occurrence within the Deshayesites forbesi Zone. It is succeded by the
morphologically close species Pseudosaynella undulata (Sarasin) (E.a. III R), which

first appear in the middle/upper part of the zone (=Roloboceras hambrovi Horizon).

Deshayesites deshayesi Zone

The “Zone a Hoplites Deshayesi et Ancyloceras Matheroni” was first introduced
by Jacob (1907) to refer to the entire Bedoulian. In the current use, the Deshayesites
deshayesi Zone covers a much more restricted stratigraphic interval between the first
occurrences of Deshayesites deshayesi (d’Orbigny) and Dufrenoyia furcata (Sowerby),
respectively. We recognized this biostratigraphic interval in the Cau and Racd Ample
sections, and in the Mas de Llopis and Barranc de 1I’Almadic outcrops. Assemblages

from this zone are mainly composed of deshayesitids and desmoceratids.

11
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Deshayesitids are represented by D. deshayesi (Fig. 71-J; E.a. IV E-F, J-K), D.
grandis (Spath) (Fig. 7K, E.a. IV D, G; E.a. V A, G), D. latilobatus involutus group
(E.a. IV 1), and D. sp. (E.a. IV L). The species D. deshayesi was very widely and
differently interpreted in the old literature before Casey (1961a, 1964) definitely fixed
its taxonomic status and clarified its actual stratigraphic position. According to this
author, in the English Lower Grensand, D. deshayesi would only be present in the lower
half of its zone (=Cheloniceras parinodum Subzone), whereas the upper part would be
characterized by the occurrence of D. grandis. The D. grandis Subzone was later
recognized also in southeastern France (Ropolo et al., 2000, 2006; Dutour, 2005) and,
consequently, it was introduced in the latest versions of the standard Mediterranean
zonation (Reboulet et al., 2006; Reboulet et al., 2009). In the Cau section, we also found
D. grandis in the upper part of the zone, above typical D. deshayesi.

As found in lower levels, desmoceratids are also common components of the
fauna of the Deshayesites deshayesi Zone where they are mainly represented by the
genera Pseudohaploceras (Pseudohaploceras sp., E.a. VI A) and Melchiorites. In this
zone, the species Melchiorites melchioris (Tietze), which appears in the Upper
Barremian and is still present in the Deshayesites oglanlensis and Deshayesites forbesi
Zones, is replaced by Melchiorites strigosus (Fallot) (E.a. V D). This taxon persists until
the Epicheloniceras martini Zone, in the Middle Aptian (see also Dutour, 2005). The
genus Pseudosaynella also has its last occurrences in the Deshayesites deshayesi Zone
(see also Moreno-Bedmar et al., in press).

Other groups, like cheloniceratids, ancyloceratids (7Toxoceratoides royerianus,
E.a. IV H), macroscaphitids, phylloceratids and lytoceratids are scarcer, and
biostratigraphically less significant. Cheloniceratids are, in general, not well preserved

and only the species Cheloniceras cornuelianum (E.a. V H) has been positively
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identified in these beds. However, this species seems to have a long stratigraphic range,
as it has been reported from the Deshayesites forbesi Zone (=Deshayesites weissi Zone,
Bogdanova and Tovbina, 1994; Delanoy, 1995), up to the base of the middle Aptian
Epicheloniceras martini Zone (Ropolo et al., 2008). Among the ancyloceratids, we have
identified Toxoceratoides royerianus (d’Orbigny) and Hamiticeras carcitanense
(Matheron). The former species, or closely related forms, is found in our sections from
the Deshayesites forbesi Zone up to the Dufrenoyia furcata Zone. H. carcitanense has
previously been reported from the Deshayesites deshayesi Zone (Ropolo et al., 2000;
Moreno, 2007), but also from the Epicheloniceras martini Zone (Conte, 1995). We
found this species both in the Deshayesites deshayesi Zone of the Mas de Llopis

outcrop, and in the Epicheloniceras martini Zone of the Rac6 Ample section.

Dufrenoyia furcata Zone

Jacob (1907) was the first to use a “Sous-zone a Oppelia nisus et Hoplites
furcatus”, which he placed at the base of the Gargasian. As currently interpreted, the
Dufrenoyia furcata Zone constitutes the uppermost subdivision of the Lower Aptian,
even though some controversies have recently arisen on this point (Conte, 1995; Atrops
and Dutour, 2002; Dutour, 2005; Reboulet et al., 2006; Ropolo et al., 2006).

We recognized the Dufrenoyia furcata Zone in all the localities studied. The
lower boundary of this zone is marked by the appearance of the genus Dufrenoyia,
which entirely replaces the genus Deshayesites characteristic of infrajacent levels.
Dutour (2005), in his study on the Aptian of southeastern France, proposed to subdivide
the Dufrenoyia furcata Zone into two subzones featured by the consecutive occurrence
of Dufrenoyia furcata (Sowerby) and Dufrenoyia dufrenoyi (d’Orbigny). This

subdivision has subsequently been recognized in the eastern Iberian Chain (Moreno-
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Bedmar et al., in press), and can also be identified in the Prebetic Domain (Fig. 8). In
the sections we analysed, D. furcata (Fig. 7M, R, E.a. V E) occurs within a very short
stratigraphic interval at the base of the zone, and is rapidly replaced by D. dufrenoyi
(Fig. 7L, O; E.a. V B-C, F; E.a. VI B-H; E.a. VII B-D) that characterizes the rest of the
unit.

The genus Colombiceras is another important component of the assemblages from
this zone. It is a member of the family Parahoplitidae, and is usually considered as
characteristic of the middle Aptian. However, its occurrence in the Dufirenoyia furcata
Zone, or equivalent levels, has been consistently reported from different geographic
areas (Demay and Thomel, 1986; Barragan-Manzo and Méndez-Franco, 2005; Dutour,
2005; Barragan and Maurrasse, 2008; Moreno-Bedmar et al., in press). In the sections
studied, Colombiceras is present throughout the Dufrenoyia furcata Zone. It is
represented by coarse-ribbed specimens Colombiceras aff. spathi Humphrey (Fig. 7P;
E.a. VII G, I), similar to Colombiceras spathi, as interpreted by Barragan (2001) and
Barragan and Maurrasse, 2008).

Cheloniceratids are less frequent, represented by Ch. cornuelianum, which
appears in the Deshayesites deshayesi Zone, and extends into the Dufrenoyia furcata
Zone. In addition, a few specimens of Cheloniceras meyendorffi (d’Orbigny) (Fig. 7S)
were found in the upper beds of the zone in the L’Alcoraia and Cau sections. This
species, which already shows some transitional characters to the genus Epicheloniceras,
has previously been used to characterize the upper part of the Tropaeum bowerbanki
Zone in southern England (Casey, 1961a; Casey et al., 1998), and the upper part of the
Dufrenoyia furcata Zone in southeastern France (Ropolo et al., 2008). Also worth
mentioning is our finding, near the base of the zone in the Fontcalent (X.Fc;) section, of

a few single-ribbed and ventro-laterally tuberculated cheloniceratids (Fig. 7Q; E.a. VII
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E) that recall some small-sized (microconch?) forms of Epicheloniceras usually coming
from higher levels (see Casey, 1962, text-fig. 88).

Less significant components of the assemblages from this zone include, among
others, the genera Costidiscus (Costidiscus recticostatus, E.a. VII N) and
Macroscaphites (Macroscaphites yvani, E.a. VII H), which seem to become extinct at
the end of this zone. There is also Tonohamites aequicingulatus (Koenen) (Fig. 7N),
which was reported from equivalent levels in southern England (Casey, 1961b).

The upper boundary of the Dufrenoyia furcata Zone, which coincides with the
base of the Middle Aptian, is defined by the first occurrence of the genus
Epicheloniceras. A conspicuous faunal turnover takes place at that level. Unlike the
observations reported by Casey et al. (1998), and Dutour (2005), the sections studied
did not show any overlap between the stratigraphic ranges of the genera Dufrenoyia and
Epicheloniceras, because Dufrenoyia disappeared before the first recorded
Epicheloniceras. The first specimens of this genus, such as E. debile Casey (E.a. VIII
A-B) and E. martini (d’Orbigny) (E.a. VIII D), occur together with Colombiceras
crassicostatum (d’Orbigny) (E.a. VIII G), which replaces C. aff. spathi, and
Gargasiceras gargasense (d’Orbigny). These two species, however, were reported from
the Dufrenoyia furcata Zone by Dutour (2005). Other forms appearing near the base of
the Epicheloniceras martini Zone comprise Vergunniceras pretiosum (d’Orbigny) and
Caseyella sp (E.a. VIII H-M, O-P). The latter taxon, which is rather frequent in the
L’Alcoraia section, is a desmoceratid of Caribbean affinities originally identified as
Uhligella jacobi (Burckhardt), and reported from equivalent levels in southeastern
France by Dutour (2005). In contrast, the genus Aconoceras is markedly absent in our

sections, both in the Dufrenoyia furcata Zone and the Epicheloniceras martini Zone.
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CARBON ISOTOPE STRATIGRAPHY. CALIBRATION AGAINST THE

AMMONITE ZONATION

A total of 95 bulk rock samples were analyzed for stable carbon isotope ratios
from the Rac6 Ample and L’Alcoraia sections. The samples were treated with H;PO4
(90%) at 70°C and the liberated CO, was analyzed with a Thermo Finnigan MAT-252
stable isotope ratio mass spectrometer at the laboratory of the Unitat de Medi Ambient
(Serveis Cientifics de la Universitat de Barcelona). The isotope results are expressed en
%0 versus the VPDB standard, with a precision of +£0.02 for the samples of the Raco
Ample section, and £0.01 for the samples of the L’Alcoraia section. We also used the
data previously published by de Gea et al. (2003) for the Cau section.

The carbon isotope curves of the three sections can be easily correlated as they
show the trends globally observed, which implies that measured values are primary and,
therefore, suitable for 8'"°C stratigraphy. Moreover, the chemostratigraphic segments
defined by Menegatti et al. (1998), and subsequently widely applied (Bralower et al.,
1999; Erba et al., 1999; Bellanca et al., 2002; de Gea et al., 2003; Heimhofer et al.,
2004; Herrle et al., 2004; Ando et al., 2008; Heldt et al., 2008; Li et al., 2008; Michalik
et al., 2008; Garcia-Mond¢jar et al., 2009; Millan et al., 2009; Moreno-Bedmar et al.,
2009), can also be easily identified. This enables a direct, high-resolution calibration of
the chemostratigraphic record with the proposed ammonite zonation. The results
obtained can be seen in Fig. 9. The isotopic curves of the Roter Sattel reference section
(Menegatti et al., 1998) and the Cassis-La Bédoule stratotype (Moullade et al., 1998,
2000; Kuhnt et al., 2000; Renard et al., 2005) are also plotted in the figure for
comparison. The ammonite biostratigraphic zonation shown has been reinterpreted

following the considerations of Moreno-Bedmar et al. (2009).
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In the lowermost Aptian (Deshayesites oglanlensis Zone and lower part of the
Deshayesites forbesi Zone), the 8°C curves show no significant trend, and values
oscillate between 1.9%0 and 2.8%o in both L’Alcoraia and Cau sections. This rather
stable phase corresponds to segment C2 of Menegatti et al. (1998) and Erba et al.
(1999), and can also be easily recognized in the Cassis-La Bédoule section (beds 70-
129), and in the Angles section (interval A2 of Wissler et al., 2002).

A strong negative shift in 8°C values coincides with the transition to a
predominantly marly interval in the Cau section (bed 7). The carbon isotope values fall
by about 2%, reaching minima of 0.4-0.6%o, which persist during the middle part of the
Deshayesites forbesi Zone. This interval distinctly correlates with the long negative
excursion of 8"°C, between beds 129 and 146, in the Casis-La Bédoule section
(Moullade et al., 1998, 2000; Kuhnt et al., 2000; Renard et al., 2005). In both cases, the
extension of the excursion and its structure, with a two-minima pattern, are very similar.
This interval would correspond to the segment C3 of Menegatti et al. (1998) and Erba et
al. (1999). The strongly reduced thickness of this negative excursion in the Roter Sattel
and Cismon sections (and many others elsewhere) could be explained by the existence
of hiatus or strong condensation in sedimentation at this stratigraphic level (Renard et
al., 2005).

Following the negative excursion, the curve shows a markedly positive trend
leading the 8'°C values to ~3.5%o, both in the Cau section (beds 16-25) and at the base
of the Rac6 Ample section (beds 1-14). This interval is structured in three short steps
that can be paralleled with segments C4, C5 and C6 of Menegatti et al. (1998): an initial
abrupt positive shift, followed by a middle stable phase at ~2.5-3%o, and a final sloping
increase up to ~3.5%o. A very similar pattern occurs in the Cassis-La Bédoule section

(beds 146-158). The age of this positive excursion can be established with accuracy
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because the genus Megatyloceras is present at the base of this interval in the Racé
Ample section, and throughout it in the Cassis-La Bédoule area (Ropolo et al., 2000,
2008) as well as in the eastern Iberian Chain (Moreno-Bedmar et al., 2008, 2009).
According to Casey et al. (1998), this genus is restricted to the uppermost part of the
Deshayesites forbesi Zone (= Deshayesites annelidus Subzone).

As usually interpreted, the organic-rich sediments related to OAEla extend
throughout the interval corresponding to the negative excursion and subsequent abrupt
positive shift of the 813C curve, i.e. segments C3 to C6 (Erba, 1999; Bellanca et al.,
2002; Li et al., 2008). Therefore, we can constrain the age of this global event to the
middle/upper part of the Deshayesites forbesi Zone, thus corroborating similar findings
by Moreno-Bedmar et al. (2008, 2009) in the eastern Iberian Chain.

The carbon isotope curves reach their highest values (~3.5-4%o) in a plateau
interval analogous to segment C7 of Menegatti et al. (1899) that extends from the top
of the Deshayesites forbesi Zone to the upper part of the Dufrenoyia furcata Zone. This
relatively stable phase is interrupted in the Racé Ample and L’Alcoraia (E.a. 1X)
sections by a sharp negative peak (by ~-1%o) near the base of the D. furcata Zone. A
comparable negative shift has been recorded at the top of the Cassis-La Bédoule section
(beds 173-176), in an equivalent stratigraphic position (E.a. IX). In addition, Herrle et
al. (2004) documented a short negative excursion of 8"°C coinciding with the Niveau
Blanc in the Vocontian Basin (E.a. IX). The age of this bed has long remained uncertain
(Dauphin, 2002), but recent records permit to attribute it to the lower part of the
Dufrenoyia furcata Zone (Dutour, 2005; own unpublished data). The lack of this
negative peak in the Cau section curve could be explained by the scarcity of sampling in
this section.

Finally, from the upper part of the Dufrenoyia furcata Zone, the carbon isotope
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values show a progressive decrease that continues in the Epicheloniceras martini Zone.

This negative trend corresponds to segment C8 of Menegatti et al. (1998).

CONCLUSIONS

Lower Aptian hemipelagic sediments of the Almadich Formation (eastern
Prebetic Domain (southeastern Spain) include an abundant and diverse ammonite fauna,
particularly rich in deshayesitids, the key group used for biostratigraphic zonation of
this interval. Analysis of the ammonite stratigraphic distribution in several
systematically sampled sections show that the zonal scheme proposed by Moreno-
Bedmar et al. (in press) for the Lower Aptian of the Maestrat basin is also applicable to
other Mediterranean basins, such as the Prebetic domain. This scheme, which slightly
modifies and refines the current standard zonation (Reboulet et al., 2009), comprises the
following units in ascending order: Deshayesites oglanlensis Zone, Deshayesites forbesi
Zone (with Roloboceras hambrowi Horizon in its middle/upper part), Deshayesites
deshayesi, and Dufrenoyia furcata Zones (subdivided into a lower D. furcata Subzone
and an upper D. dufrenoyi Subzone). This work provides further precision in the
identification and dating of other biostratigraphically significant events, mainly based
on desmoceratids, which can also be used to further characterize some of these units.

The ammonite data have been correlated with high resolution carbon isotope
records from the same sections. The geochemical records reproduce the global trends
observed for the Early Aptian interval, which is characterized by two positive shifts
separated by a marked negative excursion. The lower positive shift correlates with the
Deshayesites oglanlensis Zone and the lower part of the Deshayesites forbesi Zone. The
negative excursion and the subsequent abrupt positive shift, which generally coincide

with the occurrence of organic rich sediments related to the OAE 1a, correspond to the
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middle and upper part of the Deshayesites forbesi Zone, respectively. These results thus
confirm previous findings (Moreno-Bedmar et al., 2008, 2009) in the eastern Iberian
Chain. The upper positive interval extends throughout the Deshayesites deshayesi Zone
and most of the Dufrenoyia furcata Zone, including a short negative spike near the base
of the latter zone.

The integration of ammonite and carbon isotope stratigraphic data provides a high
resolution temporal framework for accurately placing the major palacoenvironmental

and palaeobiologic events that took place during the Early Aptian.
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795  FIGURE 1: A: Palaeogeographic reconstruction of the Proto North Atlantic and
796  Tethyan realm during the Early Aptian (Prebetic Domain modified after Masse et
797  al., 2000). Simplified geologic map of the Prebetic domain and location of the five
798  sections and outcrops studied: 1 Serra Mariola outcrop, 2: Cau section, 3:
799  Almadich outcrop, 4: Aigues de Busot section, S Font Calent and Font Calent 1

800  sections, 6 Alcoraya section.
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FIGURE 7. A: Deshayesites luppovi Bogdanova lateral view of specimen X Ac

104.6, Alcoraya section, Deshayesites oglanlensis Zone. B: Deshayesites luppovi

Bogdanova lateral view of specimen X Fc 114.16, Font Calent section, Deshayesites
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oglanlensis Zone. C: Deshayesites forbesi Casey lateral and ventral view of
specimen X AB 3.19, Rac6 Ample section, Deshayesites forbesi Zone. D:
Deshayesites forbesi Casey lateral and ventral view of specimen X AB 4.56, Aigues
de Busot section, Deshayesites forbesi Zone. E: Deshayesites aff. forbesi Casey
lateral and ventral view of specimen X AB 5.31, Aigues de Busot section,
Deshayesites forbesi Zone. F: Deshayesites weissi (Neuman et Uhlig) lateral view of
specimen X Ac, rounded, Alcoraya section, Deshayesites forbesi Zone. G:
Aconeceras? sp. ventral and lateral view of specimen X AB 1.6, Aigues de Busot
section, Deshayesites forbesi Zone. H: Megatyloceras coronatum (Rouchadzé)
ventral view of specimen X AB 1.1, Aigues de Busot section, Deshayesites forbesi
Zone. 1I: Deshayesites deshayesi (d’Orbigny) lateral view of specimen X AB 16.2,
Aigues de Busot section, Deshayesites deshayesi Zone. J: Deshayesites deshayesi
(d’Orbigny) lateral view of specimen X AB 15.1, Aigues de Busot section,
Deshayesites deshayesi Zone. K: Deshayesites grandis Spath lateral view of
specimen X P3 37.2, Cau section, Deshayesites deshayesi Zone. L: Dufrenoyia
dufrenoyi lateral and ventral view of specimen X Fcl 5.8, Font Calent section,
Dufrenoyia furcata Zone. M: Dufrenoyia furcata lateral and ventral view of
specimen X Fcl 3.6, Font Calent section, Dufrenoyia furcata Zone. N: Tonohamites
aequicingulatus lateral view of specimen X Ac 192.7, Alcoraya section, Dufrenoyia
furcata Zone. O: Dufrenoyia dufrenoyi lateral view of specimen X Fcl 5.18, Font
Calent 1 section, Dufrenoyia furcata Zone. P: Colombiceras aff. spathi lateral view
of specimen X P3 50.1, Cau section, Dufrenoyia furcata Zone. Q: Epicheloniceras?
sp. lateral and ventral view of specimen X Fecl 3.12, Font Calent section,
Dufrenoyia furcata Zone. R: Dufrenoyia furcata lateral and ventral view of

specimen X P3 42.1, Cau section, Dufrenoyia furcata Zone. S: Cheloniceras
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meyendorffi lateral view of specimen X Ac 189.30, Alcoraya section, Dufrenoyia

841

furcata Zone. Scale bar = 1cm.
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sections of the Cassis-La Bédoule, France (Moullade et al., 1998, 2000; Kuhnt et
al., 2000; Renard et al., 2005), and Roter Sattel, Switzerland (Menegatti et al.,
1998). The ammonite biostratigraphy of the Cassis-La Bédoule section has been
reinterpreted in agreement with arguments discussed by Moreno-Bedmar et al.

(2009). Gray level indicates position of OAE 1a.
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875 Electronic annex

876

877 1. A : Deshayesites luppovi lateral view of specimen X Ac 104.23, Alcoraya section,

878  Deshayesites oglanlensis Zone. B: Deshayesites luppovi lateral view of specimen X
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Fc 114.4, Font Calent section, Deshayesites oglanlensis Zone. C: Deshayesites
luppovi lateral view of specimen X Fc 114.17, Font Calent section, Deshayesites
oglanlensis Zone. D: Deshayesites luppovi lateral view of specimen X Ac 104.3,
Alcoraya section, Deshayesites oglanlensis Zone. E: Kutatissites sp. ventral region X
Ac 110.12, Alcoraya section, Deshayesites oglanlensis Zone. F: Phyllopachyceras
infundibulum lateral view of specimen X Ac 103.20, Alcoraya section, Deshayesites
oglanlensis Zone. G: Melchiorites melchioris lateral view of specimen X Ac 107.6,
Alcoraya section, Deshayesites oglanlensis Zone. H: Toxoceratoides sp. lateral view
of specimen X Ac 103.27, Alcoraya section, Deshayesites oglanlensis Zone. I:
Deshayesites forbesi lateral view of specimen X P3 0.2, Cau section, Deshayesites
Jforbesi Zone. J: Deshayesites forbesi lateral view of specimen X Ac 120.5, Alcoraya
section, Deshayesites forbesi Zone. K: Deshayesites forbesi lateral view of specimen
X AB 2.51, Raco Ample section, Deshayesites forbesi Zone. L: Deshayesites forbesi
lateral view of specimen X AB 2.7, Raco Ample section, Deshayesites forbesi Zone.

Scale bar = 1cm.
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II. A: Deshayesites euglyphus lateral view of specimen X Ac 117.1, Alcoraya

section, Deshayesites forbesi Zone. B: Deshayesites euglyphus lateral view of

specimen X Ac 115.1, Alcoraya section, Deshayesites forbesi Zone. C: Deshayesites
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forbesi lateral view of specimen X P3 2.2, Cau section, Deshayesites forbesi Zone.
D: Deshayesites euglyphus lateral view of specimen X AB 1.2, Racé Ample section,
Deshayesites forbesi Zone. E: Deshayesites forbesi lateral view of specimen X Ac
118.2, Alcoraya section, Deshayesites forbesi Zone. F: Deshayesites euglyphus
lateral view of specimen X Ac 115.17. G: Deshayesites forbesi lateral and ventral
view of specimen X AB 3.14, Raco Ample section, Deshayesites forbesi Zone. H:
Deshayesites forbesi lateral view of specimen X AB 5.12, Racé Ample section,
Deshayesites forbesi Zone. 1: Deshayesites euglyphus lateral view of specimen X P3
0.4, Cau section, Deshayesites forbesi Zone. J: Deshayesites euglyphus lateral view
of specimen X Ac 118.15, Rac6 Ample section, Deshayesites forbesi Zone. K:
Deshayesites forbesi lateral view of specimen X AB 2.6, RacO Ample section,
Deshayesites forbesi Zone. L: Deshayesites forbesi lateral and ventral view of
specimen X AB 2.8, Racéo Ample section, Deshayesites forbesi Zone. M:
Deshayesites forbesi lateral and ventral view of specimen X AB 2.11, Rac6 Ample
section, Deshayesites forbesi Zone. N: Deshayesites euglyphus lateral view of
specimen X Ac 115.14, Alcoraya section, Deshayesites forbesi Zone. O: Deshayesites
euglyphus lateral view of specimen X AB 2.18, Racé Ample section, Deshayesites
forbesi Zone. P: Deshayesites euglyphus lateral view of specimen X AB 4.54, Raco
Ample section, Deshayesites forbesi Zone. Q: Deshayesites forbesi ventral and
lateral view of specimen X AB 4.45, Raco Ample section, Deshayesites forbesi Zone.

Scale bar = 1cm.
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III A: Deshayesites forbesi lateral view of specimen X AB 4.35, Racé Ample section,

Deshayesites forbesi Zone. B: Deshayesites forbesi lateral view of specimen X AB

4.46, Racé Ample section, Deshayesites forbesi Zone. C: Deshayesites euglyphus
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lateral view of specimen X AB 5.18, Raco Ample section, Deshayesites forbesi Zone.
D: Deshayesites euglyphus lateral view of specimen X AB 4.68, Rac6 Ample section,
Deshayesites forbesi Zone. E: Deshayesites forbesi lateral view of specimen X AB
4.64, Raco Ample section, Deshayesites forbesi Zone. F: Deshayesites forbesi lateral
view of specimen X AB 5.11, Raco Ample section, Deshayesites forbesi Zone. G:
Deshayesites euglyphus lateral view of specimen X P3 3.1, Cau section, Deshayesites
forbesi Zone. H: Barremites strettostoma lateral view of specimen X AB 3.20, Raco
Ample section, Deshayesites forbesi Zone. 1: Barremites strettostoma lateral view of
specimen X P3 8.3, Cau section, Deshayesites forbesi Zone. J: Melchiorites
melchioris lateral view of specimen X AB 4.25, Raco Ample section, Deshayesites
forbesi Zone. K: Melchiorites melchioris lateral and ventral view of specimen X AB
2.3, Raco Ample section, Deshayesites forbesi Zone. L: Melchiorites melchioris
lateral view of specimen X Ac 123.12, Alcoraya section, Deshayesites forbesi Zone.
M: Eulytoceras phestum lateral view of specimen X AB 4.81, Rac6 Ample section,
Deshayesites forbesi Zone. N: Eulytoceras phestum lateral view of specimen X AB
2.14, Racé Ample section, Deshayesites forbesi Zone. O: Barremites strettostoma
lateral view of specimen X P3 11.3. P: Barremites strettostoma lateral view of
specimen X P3 11.5, Cau section, Deshayesites forbesi Zone. Q: Barremites
strettostoma lateral view of specimen X Ac 119.7, Alcoraya section, Deshayesites
forbesi Zone. R: Pseudosaynella undulata lateral view of specimen X P3 11.1, Cau
section, Deshayesites forbesi Zone. S: Ancyloceras sp. lateral view of specimen X
AB 1.5, Raco Ample section, Deshayesites forbesi Zone. T: Toxoceratoides
royerianus ventral and dorsal view of specimen X AB 4.10, Racé Ample section,
Deshayesites forbesi Zone. U: Toxoceratoides royerianus lateral view of specimen X

AB 3.5, Racé Ample section, Deshayesites forbesi Zone. Scale bar = 1cm.
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IV A: Pseudohaploceras sp. lateral view of specimen X AB 5.21, Racé Ample

section, Deshayesites forbesi Zone. B: Ancyloceras sp. lateral view of specimen X

AB 5.2, Rac6 Ample section, Deshayesites forbesi Zone. C: Ancyloceras sp. lateral
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view of specimen X P3 5.5, Cau section, Deshayesites forbesi Zone. D: Deshayesites
grandis lateral view of specimen X P3 39.2, Cau section, Deshayesites deshayesi
Zone. E: Deshayesites deshayesi lateral view of specimen X P3 31.2, Cau section,
Deshayesites deshayesi Zone. F: Deshayesites deshayesi lateral view of specimen X
P3 37.7, Cau section, Deshayesites deshayesi Zone. G: Deshayesites grandis lateral
view of specimen X P3 37.16, Cau section, Deshayesites deshayesi Zone. H:
Toxoceratoides royerianus lateral view of specimen X P3 32.17, Cau section,
Deshayesites deshayesi Zone. 1: Deshayesites latilobatus/involutus group lateral view
of specimen SM-111-2, Mas de Llopis, Serra Mariola, Deshayesites deshayesi Zone.
J: Deshayesites deshayesi lateral view of specimen X AB 15.4, Rac6 Ample section,
Deshayesites deshayesi Zone. K: Deshayesites deshayesi lateral view of specimen X
P3 31.4, Cau section, Deshayesites deshayesi Zone. L: Deshayesites sp. lateral view
of specimen X P3 37.14, Cau section, Deshayesites deshayesi Zone. Scale bar =

lcm.
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V. A: Deshayesites grandis lateral view of specimen X P3 39.1, Cau section,

Deshayesites deshayesi Zone. B: Dufrenoyia dufrenoyi ventral view of specimen X

Ac 192.17, Alcoraya section, Dufrenoyia furcata Zone.

C: Dufrenoyia dufrenoyi
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lateral view of specimen X Ac 192.56, Alcoraya section, Dufrenoyia furcata Zone.
D: Melchiorites strigosus lateral view of specimen X AB 15.5, Racé Ample section,
Deshayesites deshayesi Zone. E: Dufrenoyia furcata ventral view of specimen X Fcl
2.1, Font Calent section, Dufrenoyia furcata Zone. F: Dufrenoyia dufrenoyi ventral
view of specimen X P3 46B.8, Cau section, Dufrenoyia furcata Zone. G:
Deshayesites grandis lateral and ventral view of specimen SM-111-7, Mas de
Llopis, Serra Mariola, Deshayesites deshayesi Zone. H: Cheloniceras cornuelianum
lateral view of specimen X P3 32.3, Cau section, Deshayesites deshayesi Zone. Scale

bar = 1cm.
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VI. A: Pseudohaploceras sp. lateral view of specimen X P3 32.8, Cau section,

Deshayesites deshayesi Zone. B: Dufrenoyia dufrenoyi lateral view of specimen X

AB 19A.5, Raco Ample section, Dufrenoyia furcata Zone. C: Dufrenoyia dufrenoyi
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lateral view of specimen X P3 46B.8, Cau section, Dufrenoyia furcata Zone. D:
Dufrenoyia dufrenoyi lateral and ventral view of specimen X P3 46B.5, Cau section,
Dufrenoyia furcata Zone. E: Dufrenoyia dufrenoyi lateral and ventral view of
specimen X AB 20.3, Racé Ample section, Dufrenoyia furcata Zone. F: Dufrenoyia
dufrenoyi ventral view of specimen X AB 20.9, Raco Ample section, Dufrenoyia
furcata Zone. G: Dufrenoyia dufrenoyi lateral view of specimen X AB 24.3, Raco
Ample section, Dufrenoyia furcata Zone. H: Dufrenoyia dufrenoyi lateral and
ventral view of specimen X AB 22.9, Racé Ample section, Dufrenoyia furcata Zone.
I: Dufrenoyia transitoria lateral and ventral view of specimen X AB 20.18, Raco

Ample section, Dufrenoyia furcata Zone. Scale bar = 1cm.
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VIIL. A: Dufrenoyia sp. lateral view of specimen X AB 29.5, Rac6 Ample section,

Dufrenoyia furcata Zone. B: Dufrenoyia dufrenoyi lateral view of specimen X AB

19A.1, Rac6 Ample section, Dufrenoyia furcata Zone. C: Dufrenoyia dufrenoyi
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lateral and ventral view of specimen X AB 24.8, Racé Ample section, Dufrenoyia
furcata Zone. D: Dufrenoyia dufrenoyi lateral and ventral view of specimen X Ac
192.48, Alcoraya section, Dufrenoyia furcata Zone. E: Cheloniceras? sp. ind. lateral
and ventral view of specimen X Fcl 3.14, Font Calent 1 section, Dufrenoyia furcata
Zone. F: Phylloceras ponticuli lateral view of specimen X Ac 189.33, Alcoraya
section, Dufrenoyia furcata Zone. G: Colombiceras aff. spathi lateral and ventral
view of specimen X Ac 188.8, Alcoraya section, Dufrenoyia furcata Zone. H:
Macroscaphites yvani lateral view of specimen X Ac 183.15, Alcoraya section,
Dufrenoyia furcata Zone. I: Colombiceras aff. spathi lateral view of specimen X P3
47.20, Cau section, Dufrenoyia furcata Zone. J: Toxoceratoides royerianus lateral
view of specimen X Ac 189.31, Alcoraya section, Dufrenoyia furcata Zone. K:
Ptychoceras sp. lateral view of specimen X Fcl 3.25, Font Calent 1 section,
Dufrenoyia furcata Zone. L: Eulytoceras phestum lateral view of specimen X Ac
183.29, Alcoraya section, Dufrenoyia furcata Zone. M: Toxoceratoides royerianus
lateral view of specimen X Ac 189.32, Alcoraya section, Dufrenoyia furcata Zone.
N: Costidiscus recticostatus lateral view of specimen X Fcl 5.8, Font Calent 1

section, Dufrenoyia furcata Zone. Scale bar = 1cm.
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VIIIL. A: Epicheloniceras debile ventral view of specimen X AB 41.1, Racé6 Ample
section, Epicheloniceras martini Zone. B: Epicheloniceras debile lateral and ventral

view of specimen X AB 41.9, Rac6 Ample section, Epicheloniceras martini Zone. C:
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Epicheloniceras sp. lateral and ventral view of specimen X AB 44.1, Rac6 Ample
section, Epicheloniceras martini Zone D: Epicheloniceras martini ventral view of
specimen X Ac 202.2, I’Alcoraia section, Epicheloniceras martini Zone. E:
Ptychoceras sp. lateral view of specimen X AB 40.2, Raco Ample section,
Epicheloniceras martini Zone. F: Caseyella sp. lateral view of specimen X Ac
200.24, I’Alcoraia section, Epicheloniceras martini Zone. G: Colombiceras
crassicostaum lateral view of specimen X Ac 199.1, P’Alcoraia section,
Epicheloniceras martini Zone. H: Caseyella sp. lateral view of specimen X Ac
200.20, ’Alcoraia section, Epicheloniceras martini Zone. 1: Caseyella sp. lateral
view of specimen X Ac 203.4, I’Alcoraia section, Epicheloniceras martini Zone. J:
Caseyella sp. lateral view of specimen X Ac 200.46, 1’Alcoraia section,
Epicheloniceras martini Zone. K: Caseyella sp. lateral view of specimen X Ac
200.14, I’Alcoraia section, Epicheloniceras martini Zone. L: Caseyella sp. lateral
view of specimen X Ac 200.6, I’Alcoraia section, Epicheloniceras martini Zone. M:
Caseyella sp. lateral view of specimen X Ac 200.39, I’Alcoraia section,
Epicheloniceras martini Zone. N: Ptychoceras laeve lateral view of specimen X Ac
204.1, I’Alcoraia section, Epicheloniceras martini Zone. O: Caseyella sp. lateral
view of specimen X Ac 200.5, I’Alcoraia section, Epicheloniceras martini Zone. P:
Caseyella sp. lateral view of specimen X Ac 200.29, I’Alcoraia section,

Epicheloniceras martini Zone.Scale bar = 1cm.
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IX: Detail of the isotopic curves of the Alcoraya and Racé Ample sections studied
in the Prebetic domain. These curves are compared with the reference sections of
Cassis-La Bédoule, France (Moullade et al., 1998, 2000; Kuhnt et al., 2000; Renard

et al., 2005) and the Vocontian basin (Herrle et al. 2004). A sharp negative peak,
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1044  near the base of the Dufrenoyia fucata Zone, is compared in these four sections (see

1045  the arrow).
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ABSTRACT

Ammonoids and nautiloids from Margas del Forcall Formation, located in the Oliete sub-basin (Iberian
Chain), were studied. Taphonomic, sedimentologic and biostratigraphic analyses were carried out. The
fossil record of cephalopods is especially abundant in a layer made up of reddish limestone with elongated
nodules that are usually covered by a ferruginous-manganese crust. These nodules are embedded in a
micritc matrix where infaunal tiering is largely preserved. The biostratigraphic study has allowed recognizing
Hambrovi Subzone and proposing a new bioestratigraphic position for this stratigraphic interval.
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Marco geologico

La subcuenca de Oliete esta situada en
la parte noroccidental de la cuenca del
Maestrazgo en la Rama Aragonesa de la
Cordillera Ibérica, Fig. 1. Limita al Norte
y Noreste con la Cuenca Terciaria del
Ebro, al Este con la Depresion Terciaria de
Calanda, al Oeste con el anticlinal
Paleozoico de Montalban y al Sudeste con
la subcuenca de Morella.

La subcuenca de Oliete se formo en el
bloque superior hundido de una falla
listrica situada en el borde septentrional
de la subcuenca durante la etapa de rifting
Jurasico superior-Cretacico inferior siendo
especialmente activo durante el Aptiense,
Salas et al. (2001).

Antecedentes

Los ammonoideos y nautiloideos del
Aptiense inferior de la subcuenca de Oliete
son conocidos desde mediados del siglo
XIX. Coquand (1865), en su monografia
del Aptiense espailol, describié una espe-
cie nueva, Roloboceras arnaudi
(Coquand), procedente de esta region.
Vilanova (1870) y Cortazar (1885) estu-
diaron el Aptiense de Teruel. Sornay y
Marin (1972) analizaron con cierto detalle

las asociaciones con especies de
Roloboceras y Megatyloceras describien-

do algunas especies y variedades nuevas.
Murat (1983) centra su tesis doctoral en el
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Fig. 1.- Geologic simplified map.
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analisis estratigrafico y sedimentoldgico
de la subcuenca de Oliete. El estudio
bioestratigrafico que realiza sobre los
ammonoideos de las Margas del Forcall le
hace concluir que son atribuibles a la
Biozona Forbesi. Martinez et al. (1994)
en un trabajo de sintesis dieron a conocer
la distribucién de los ammonites del
Cretacico inferior de la Cordillera Costera
Catalana e Ibérica Oriental. Recientemen-
te Martinez y Grauges (2006) estudian los
nautiloideos de la subcuenca de Oliete
mientras que Moreno (2007) estudia la
edad de la base de las Margas del Forcall
en tres localidades del NE de la Peninsula
Ibérica y las atribuye a la Biozona Weissi.
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Fig. 2.- Columna estratigrafica de
la Formacién Margas del Forcall
en el Barranco Emilia (Alacén).
Esta seccion se caracteriza porque
+ el término margoso de la base de
la primera parasecuencia no se
presenta. Los limites de cada
parasecuencia (psb) son superfi-
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Fig. 2.- Section of Margas del
Forcall Fm in the Barranco Emilia
(Alacon). This section is
characterized because the marly
term of the base of the first
parasequence does not appear.
Boundaries of parasequences (psb)
are correspond to maximum
flooding surfaces of flood to the
roof of the calcareous levels. mfs:
maximum flooding surface.
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La capa de Caliza nodulosa rojiza rica
en ammonoideos y nautiloideos contiene
una asociacion condensada (Fernandez-
Lopez, 1984) que se caracteriza por la
mezcla de elementos reelaborados (mas
del 99%) y resedimentados, representa-
dos generalmente por fragmentos de con-

cha.

Los niveles suprayacentes tienen po-
cos ammonoideos y nautiloideos y se ca-
racterizan por ser asociaciones registra-
elementos

das constituidas por
resedimentados. Algunos niveles contie-
nen nucleos piritosos de ammonites.

Estratigrafia y sedimentologia

La capa de caliza rojiza nodulosa con
abundantes restos de cefalopodos se en-
cuentra situada en el techo de la primera
parasecuencia de la formacion de Margas
del Forcall, la cual esta formada por tres
parasecuencias en la subcuenca de Oliete
(Fig. 2). Cada parasecuencia consta de
dos términos, el inferior de naturaleza
margosa, es siempre el mas potente (hasta
16 m. de potencia). El término superior
esta constituido por calizas de hasta 1 m
de potencia. Estas parasecuencias son su-
cesiones de somerizacion estrato y grano
crecientes tipicas de la sedimentacion
carbonatica en medios submareales. La
segunda parasecuencia es la mas desarro-
llada (hasta 17 m. de potencia) y corres-
ponderia al intervalo de maxima inunda-
cion de la secuencia de deposito de tercer
orden Aptiense inferior.

En la Tejeria de Josa la Fm. Margas
del Forcall (hasta 30 m. de potencia) pre-
senta las tres parasecuencias bien desa-
rrolladas, mientras que en el Barranco de
Emilia de Alacdn (hasta 25 m. de poten-
cia) el término margoso de la primera
parasecuencia no esta presente. Este he-
cho produce que el término superior, for-
mado por la capa de caliza rojiza
nodulosa rica en cefalopodos, descanse
directamente sobre la superficie perfora-
da, incrustada y ferruginizada de hard
ground que tapiza el techo de la unidad
subyacente (Fm. calizas de Alacon).

La capa de caliza rojiza nodulosa rica
en restos de cefaldpodos (hasta 0,3 m. de
potencia) esta constituida por una caliza
micritica con estratificacion irregular con
noédulos micriticos de color rosa palido
englobados en una matriz limolitica. Los
nédulos son alargados en el sentido de la
estratificacion y suelen estar recubiertos
de una patina generalmentmente
ferruginosa y puntualmente manganésica.
Esta capa contiene también restos fosiles
bentonicos (equinoideos, bivalvos,
gasteropodos) que pueden ser localmente
abundantes. Los ammonites generalmen-
te estan incrustados y recubiertos por las
patinas de hematites y magneso, en raras
ocasiones pueden presentar incipientes
facetas de truncamiento y de manera mas
frecuente desarticulaciones a favor de
septos. Las sefiales de bioturbacion tipo
Chondrites y Thalassinoides son abun-
dantes en toda la capa.

Se ha interpretado que se trata de una
de una facies pelagica condensada. Ello
puede ser el resultado de una sedimenta-
cion lenta, con interrupciones de la sedi-
mentacion y etapas de corrosion y
cementacion submarina con desarrollo de
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Léamina 1.- Figura 1: Roloboceras hambrovi Limina 1

vista lateral del ejemplar PUAB 48.218. 2:
Roloboceras hispanicum vista lateral del
ejemplar PUAB 48.098. 3: Pseudosaynella
bicurvata vista lateral del ejemplar PUAB
48.137. 4 y S Roloboceras sp. vista lateral y
ventral del ejemplar PUAB 48.136. 6: Desha-
yesites euglyphus vista lateral del ejemplar
PUAB 48.250. 7: Megatyloceras coronatum
vista ventral del ejemplar PUAB 48.174. 8:
Deshayesites fittoni vista lateral del ejemplar
PUAB 48.071. 9; Deshayesites sp. gr. spathi
vista lateral del ejemplar PUAB 48.409. 10:
Pseudosaynella undulada vista lateral del
ejemplar PUAB 48.319. 11: Pseudohaploceras
liptoviensis vista lateral del ejemplar A-2. 12:
Pseudosaynella raresulcata vista lateral del
ejemplar RM-1. 13: ?Ancyloceras sp. vista
lateral del ejemplar PUAB 48.331. 14 y 15:
Roloboceras transiens vista lateral y ventral
del ejemplar JM 40. 16 y 17: Heminautilus
saxbii vista lateral y ventral del ejemplar
PUAB 48.042. Escala grafica a 10 mm.

Plate 1.- Figure 1: Roloboceras hambrovi
lateral view of specimen PUAB 48.218. 2:
Roloboceras hispanicum lateral view of
specimen PUAB 48.098. 3: Pseudosaynella
bicurvata lateral view of specimen PUAB
48.137. 4y 5 Roloboceras sp lateral and
ventral view of specimen PUAB 48.136. 6:
Deshayesites euglyphus lateral view of
specimen PUAB 48.250. 7: Megatyloceras
coronatum ventral view of specimen PUAB
48.174. 8: Deshayesites fittoni lateral view of
specimen PUAB 48.071. 9; Deshayesites sp. gr:
spathi lateral view of specimen PUAB 48.409.
10: Pseudosaynella undulada lateral view of
specimen PUAB 48.319.

11: Pseudohaploceras liptoviensis lateral view
of specimen A-2. 12: Pseudosaynella
raresulcata lateral view of specimen RM-1. 13:
?Ancyloceras sp. lateral view of specimen
PUAB 48.331. 14 and 15: Roloboceras
transiens lateral and ventral view of specimen
JM 40. 16 and 17: Heminautilus saxbii lateral
and ventral view of specimen PUAB 48.042.
Scale bar 10 mm.

hard grounds, posteriormente se produ- Bioestratigrafia y aspectos ecologicos taxorregistro (Ferndndez-Lépez, 1986)
cen procesos diagenéticos de relacionados que se caracteriza por la presencia de la
compactacion y disolucion. Los residuos especie Roloboceras hambrovi (Forbes)
arcillosos insolubles pueden llegar a ser Los elementos reelaborados presentes junto con Roloboceras transiens Casey,
muy abundantes en algunos sectores. en la capa nodulosa rojiza constituyen un Roloboceras hispanicum Sornay y Marin,

Roloboceras sp., Megatyloceras
coronatum (Rouchadzé), Megatyloceras

Casey, Deshayesites euglyphus Casey,
Desghayesites gr. spathi Casey,
Tabla I.- Correlacién entre las biozonas de Casey (1964), Ropolo ez al. Heminautilus saxbii (Morris), Josanautilus

(2000) y la propuesta en el presente trabajo.

Reino Unido Francia sp., Pseudohaploceras liptoviensis
Yo (20000 (Zeuschner), Pseudosaynella undulada
_Casey (1964)  Ropolo eta i;_n_d.:]: Prosents trabsjo (Sarasin), Pseudosaynella raresulcata

| il 5 | . . > :
[ ; i [Hambeovi Dashavesi (Leymiere in d’Orbigny), Pseudosaynella
__DESha?EEF | Deshayesi . ) {Mi asnayest . bicurvata (Michelin), ?Ancyloceras sp.
Forbesi [Hambrowi| Weiss| Weissi | Hamiaroy Toxoceratoides sp., Deshayesites fittoni

lacerdae (Vilanova) y Heminautilus

Table I.- Interrelation between the biozones of Casey (1964), Ropolo et te.j' eriensis MaIT.iI,leZ y Grauges. Esta aso.(:la-
to. (2000) and the proposal in the present work. cion con profusion de especies pertenecien-
tes a los géneros Roloboceras y
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Megatyloceras es diagnoéstica de la
Subbiozona Hambrovi. Los escasos
ammonites resedimentados constituidos por
fragmentos de concha de Roloboceras
hispanicum Sornay & Mariny Roloboceras
sp. un ejemplar de Megatyloceras
coronatum (Rouchadzé) en continuidad
litologica y estructural con la matriz y esca-
sos nucleos piritosos de Pseudosaynella
undulada (Sarasin), Pseudosaynella
raresulcata (Leymiere in d’Orbigny) y
Pseudosaynella bicurvata (Michelin) perte-
necen a la Subbiozona Hambrovi. Las aso-
ciaciones registradas inmediatamente
suprayacentes incluyen asimismo especies
de los géneros Roloboceras 'y
Megatyloceras, mientras que las Glltimas aso-
ciaciones con ammonoideos o nautiloideos
estan constituidas por ejemplares escasos y
poco significativos desde un punto de vista
bioestratigrafico. Asi pues, todas las asocia-
ciones registradas reconocidas corresponden
a la Subbiozona Hambrovi, lo que permite
afirmar que, aunque la capa nodulosa rojiza
posea esencialmente ammonoideos y
nautiloideos reelaborados no hay mezcla de
Biozonas ni Subbiozonas.

Casey (1961), en su estudio sobre el
Aptiense de Inglaterra, atribuyd la asocia-
cion de Roloboceras y Megatyloceras a
la Biozona Forbesi, que equivale a la
Biozona Weissi de la region Mediterra-
nea. Por el contrario, trabajos mas recien-
tes como el de Ropolo et al. (2000, 2006)
incluyen la Subbiozona Hambrovi en la
Biozona Deshayesi. Este cambio se apo-
yaba en las determinaciones de las espe-
cies de Deshayesitidos presentes en este
intervalo. Pensamos, sin embargo, que
esas determinaciones deben ser revisadas.

En efecto, Moreno (2007) atribuye los
Deshayesitidos reconocidos en la base de
la Formacion Margas del Forcall en el NE
de la Peninsula Ibérica a la parte alta de la
Biozona Weissi. Por otra parte, las espe-
cies de Deshayesites reconocidas en el pre-
sente trabajo (Deshayesites fittoni Casey,
Deshayesites euglyphus Casey y
Deshayesites gr. sptahi Casey) todas ellas
son caracteristicas de la Biozona Weissi.
Ademas, en los margenes del Ardéche (SE
de Francia) se ha recolectado recientemen-
te en las secciones del Aptiense inferior de
Le Teil, una abudante asociacion registra-
da de ammonites con Megatyloceras
ricordeanus (d’Orbigny), Roloboceras
hambrovi (Forbes), R. hispanicum Sornay
y Marin, R. transiens Casey a la que acom-
paiian Cymatoceras neckerianus (Pictet),
Heminautilus saxbii (Morris),
Heminautilus lallierianus (d’Orbigny),
Subsaynella sp., Pseudohaploceras
liptoviensis (Zeuschner) y Deshayesites
consobrinus (Casey). Esta tltima especie
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aparece en la Biozona Forbesi del Reino
Unido (Casey, 1964) y en la Biozona
Weissi del SE de Francia (Ropolo et al.
2006). Por tanto, las asociaciones de
Deshayesites recolectadas en la
subcuenca de Oliete y los margenes de
Ardeche prueban que la Subbiozona
Hambrovi pertenece a la Biozona Weissi,
correspondiendo muy probablemente a la
parte alta de esta biozona, la misma posi-
cion estratigrafica que en el Sur del Reino
Unido (Fig. 3).

Hay que sefialar finalmente que la
asociacion de especies de Roloboceras 'y
Megatyloceras es exclusiva de facies de
plataforma externa proximal, donde son
acompafiados por una abundante y
diversificada asociacion de nautiloideos,
que alcanzan en esta Subbiozona su ma-
yor biodiversidad de todo el Aptiense.
Los Deshayesitidos vivian en areas algo
mas distales, por lo que los escasos ejem-
plares encontrados se interpretan como
elementos aldcotonos. Por el contrario los
Desmoceratidos son abundantes especial-
mente las diferentes especies de
Pseudosaynellas y Subsaynella. La espe-
cie Pseudohaploceras liptoviensis
(Zeuschner) también esta presente repre-
sentada por escasos ejemplares adultos.

Resultados y conclusiones

El analisis bioestratigrafico permite
afirmar que los ammonoideos
reelaborados, los resedimentados y los
nucleos piritosos pertenecen a la
Subbiozona Hambrovi, por ello deduci-
mos que el episodio de reelaboracion y
posterior sedimentacion de la caliza
nodulosa rojiza se produjo en un interva-
lo de tiempo corto.

El analisis bioestratigrafico de los
Deshayesitidos permite atribuir la
Subbiozona Hambrovi a la parte alta de la
Biozona Weissi cuando en otros trabajos
se proponia que esta Subbiozona pertene-
cia a la Biozona suprayacente: Deshayesi.
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The early Aptian oceanic anoxic event in the Maestrat Basin (NE Iberian Chain)

El evento anoxico ocednico Aptiense inferior en la cuenca del Maestrazgo (NE Cadena Ibérica)

J.A. Moreno-Bedmar', T. Bover-Arnal’, R. Salas' and M. Company’

1 Departament de Geoquimica, Petrologia i Prospeccié Geologica, Facultat de Geologia, Universitat de Barcelona, Marti i Franqués s/n, 08028,

Barcelona, Spain. j.a.moreno@ub.edu, ramonsalas @ub.edu.

2 Abteilung Geologie, Fakultit fiir Biologie, Chemie und Geowissenschaften, Universitit Bayreuth, Universititsstr, 30, 95440, Bayreuth, Germany.

Telm.Bover@uni-bayreuth.de

3 Departamento de Estratigrafia y Paleontologia, Facultad de Ciencias, Universidad de Granada, Avenida Fuentenueva s/n, 18002, Granada, Spain.

mcompany @ugr.es

Abtsract: High-resolution 83C,,p, curves are reported for three lower Aptian marine shallow-water
sedimentary successions located in the Maestrat Basin (E Iberian Chain; E Spain). The resulting carbon-
isotope data show similar global §'°Cy trends already observed in pelagic and marine shallow-water
lower Aptian worldwide deposits by several other authors as well as the widely known 8'°C.,, positive
excursion corresponding to the onset of the oceanic anoxic event (OAE 1la). These global C-isotope
anomalies allowed us to make an accurate geochemical correlation between the three studied Iberian
sections. As suggested by numerous authors, the resulting correlation demonstrated the efficiency of the
carbonate carbon-isotope geochemistry as a stratigraphic tool. In addition, a high-resolution ammonite
biostratigraphy was carried out along the three studied outcrops allowing the recognition of three different
ammonite biozones: Deshayesites weissi, Deshayesites deshayesi and Dufrenoyia furcata. This precise
biostratigraphic analysis permitted us to constrain the OAE 1a interval inside the Roloboceras hambrovi
horizon (Deshayesites weissi biozone).

Key words: Early Aptian, Maestrat Basin, OAE 1a, ammonites.

Resumen: Se han descrito tres curvas detalladas de 8°C.,,, del Aptiense inferior en la cuenca del
Maestrazgo (E Cadena Ibérica; E de Esparia). Los datos obtenidos del carbono isotopico reflejan
tendencias globales observadas por otros autores en depdsitos peldgicos y marinos someros del Aptiense
inferior mundial, asi como la conocida excursion positiva del (9’3Cmrb que marca el inicio del evento
andoxico ocednico (OAE la). Estas anomalias globales del carbono isotopico permiten una correlacion
geoquimica muy precisa entre las tres secciones ibéricas estudiadas. Como muchos autores ya han
puesto de manifiesto, la correlacion aqui efectuada demuestra la eficiencia, como instrumento
estratigrdfico, de la correlacion geoquimica a partir de isétopos de carbono. Ademds, se ha realizado un
estudio bioestratigrdfico de alta resolucion en los tres afloramientos estudiados que han permitido
reconocer tres biozonas: Deshayesites weissi, Deshayesites deshayesiy Dufrenoyia furcata. Este andlisis
bioestratigrdfico preciso ha permitido constatar que el OAE la se encuentra en el Horizonte Roloboceras

hambrovi (Biozona Deshayesites weissi).

Palabras clave: Aptiense inferior, Cuenca del Maestrazgo, OAE 1a, ammonoideos.

INTRODUCTION

During the early Aptian, the anomalous igneous
activity that led to the formation of the Ontong Java-
Manihiki Plateaus and the Nova-Canton Trough in the
Pacific Ocean may have triggered the widely reported
global disturbances of the carbon cycle linked to the
oceanic anoxic event la (OAE 1la) (Larson & Erba,
1999). This event was characterized by strong
oceanographic and environmental changes (Leckie et
al., 2002), and by the widespread deposition of organic
carbon-rich sediments (“black shales”) in pelagic realm
(Menegatti et al., 1998).

In the last three decades, many 3C curves
measured in early Aptian successions (mostly pelagic)
have been published (Vahrenkamp, 1996; Menegatti et

al., 1998; de Gea et al., 2003; Burla et al., 2008, among
others). These curves have revealed several globally
correlatable carbon-isotope trends, and a marked well-
developed excursion towards positive 8"°C values just at
the onset of the interval corresponding to the OAE la.
The 8"“C fluctuations are considered to be a
consequence of global variations of the Cs/Ceqy, burial
(Menegatti et al., 1998). Hence, in recent years, the C-
isotope geochemistry has become a useful stratigraphic
tool for correlating remote and environmentally
different sedimentary successions (Vahrenkamp, 1996;
Ferreri et al., 1997; de Gea et al., 2003; Burla et al.,
2008).

In this work we present the carbon-isotope record of
three lower Aptian marine shallow-water successions in

the Maestrat Basin (E Iberian Chain; E Spain), which
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have been successfully calibrated by ammonites. The
only known outcome attempt to recognize the OAE la
in the Iberian Chain was performed by Embry (2005),
who analyzed the 8'3Cwb record in a shallow-water
succession in the Galve sub-basin (western Maestrat
Basin).

The main goal of this study is to localize the broadly
known &8"Ceus positive excursion that marks the
beginning of the OAE la, and to calibrate the resulting
carbon-isotope record by ammonite biostratigrahy. In
addition, the resulting curves may show similar carbon
patterns, and thus, a correlation between them will be
attempted to show the possibilities of carbon-isotope
geochemistry as a stratigraphy allied.

GEOLOGICAL SETTING

The early Aptian sections studied are located in the
Maestrat Basin (E Iberian Chain; E Spain). The
Maestrat Basin developed during the Late Jurassic-Early
Cretaceous rifting phase related to the opening of the
Central Atlantic Ocean. This extensional episode
created a synsedimentary fault system that divided the
Maestrat Basin into seven sub-basins: Penyagolosa,
Salzedella, Morella, Perello, Aliaga, Galve and Oliete
(Fig. 1). Along this process, up to 4 km of mixed
shallow-water marine carbonate and terrigenous
deposits accumulated (Salas ez al., 2001).

* [ 0- 100m
= 104 - 2500m
B - 2500m

] Threshokd wones
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FIGURE 1. Simplified paleogeographical map of the Maestrat Basin
an location of the three sections studied. BC: Barranco de las
Calzadas section, CV: Cap de Vinyet-Can Llepus section, BE:
Barranco Emilia section. Ol: Oliete sub-basin, Al: Aliaga sub-basin,
Mo: Morella sub-basin, Pe: Perello sub-basin, Ga: Galve sub-basin,
Sa: Salzadella sub-basin, Pg: Penyagolosa sub-basin. Modified from
Salas et al., 2001.

C-isotope geochemical analyses were carried out in
the Barranco de las Calzadas section (Galve sub-basin)
(UTM coordinates; base: X=693726.22 Y=4494780.89;
top: X=639551.27 Y=4494755.44), the Cap de Vinyet-
Can Llepus section (Morella sub-basin) (UTM
coordinates; base: X=260808 Y=4492727; top: X=
260731 Y=4492429) and the Barranco Emilia section
(Oliete sub-basin) (UTM coordinates; base: X=692947
Y=4543442; top: X= 692983 Y=4543450) (Fig. 1).
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RESULTS

The C.up-isotopic composition was determined on
178 bulk rock samples collected in the aforementioned
sections. The analyses were performed following
standard analytical techniques (see Menegatti et al.,
1998; de Gea et al., 2003; Burla et al., 2008), and the
isotopic results were expressed in %o relative to the
VPDB standard with a precision of £ 0.03%o.

The carbon-isotope data obtained for the three
successions are displayed in Fig. 2. These values range
between -1.41%¢ and 5%o. The §'°C., curves are split
into 5 different segments (C2-C6) (Fig. 2),
corresponding to global C-isotope trends. For discussion
and correlation see Menegatti et al., (1998) and de Gea
et al., (2003).

Segment C2: minor positive trend.

Segment C3: sharpened negative excursion reaching
the absolute minimum 8'°C,,;, values.

Segment C4: step-like positive shift. According to
Menegatti et al., (1998), this pronounced excursion
towards positive 8"3C.up values marks the beginning of
the OAE 1a.

Segment C5: isotopic values remain mainly
constant.

Segment C6: small positive excursion that marks the
end of the OAE la interval (Menegatti et al., 1998).

The biostratigraphic analysis of the ammonite
associations collected along the successions is
summarised in Fig. 3 and has allowed the identification
of the following biozones: Roloboceras hambrovi
horizon (Deshayesites weissi biozone), Deshayesites
deshayesi biozone and Dufrenoyia furcata biozone.

DISCUSSION

The resulting carbon isotopic record in the three
sections of Maestrat Basin reveals slight differences
(Fig. 2). The Barranco Emilia section values are
comprised between -1%o0 and 1.32%o, while the values
from the Barranco de las Calzadas and Cap de Vinyet-
Can Llepus sections display greater ranges, between -
1.41%0 and 5%o, and between 0.12%0 and 4.65%o,
respectively. Moreover, these results show more
negative values and different amplitudes than the ones
published for other early Aptian pelagic and shallow-
water successions (see Vahrenkamp, 1996; Menegatti et
al., 1998; de Gea et al., 2003; Burla et al., 2008, among
others). These anomalous ranges and depleted 3°Cans
values are usually associated with diagenetic processes
or subaerial exposures that mask the original signal of
the marine isotopic composition (Vahrenkamp, 1996;
Menegatti et al., 1998; Burla et al., 2008). However, no
subaerial exposures or strong diagenetic overprints are
observed in the outcrops studied. Moreover, it has been
widely demonstrated that carbon-isotope composition is
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FIGURE 2. Correlation of the three Iberian sections studied. Segments C2-C6 indicate correlatable 8°Ce. trends discussed in the text. The OAE la

interval is dashed in grey.

less affected by diagenetic overprinting than other
isotopes, such as the oxygen (Menegatti et al., 1998).
Furthermore, it has also been shown that shallow-water
sediments yield depleted 8"C.,p, values in comparison
with the pelagic ones, and many authors have proposed
a number of mechanisms to account for these deviations
(see Marshall, 1992; Vahrenkamp, 1996; Menegatti et
al., 1998; Burla et al., 2008, among others).

The three early Aptian successions studied belong to
different Maestrat sub-basins (Fig. 1) and accumulated
in distinct environments. Despite this, the analysis of the
measured 8'"°C,, record displays similar patterns. These
similarities have allowed us to divide the 8"°C_,y, curves
into five isotopic trends (C2-C6; Fig. 2) in accordance
with the ones described by Menegatti et al., (1998). The
correlation between these trends exhibits an excellent
concordance, as in other reported early Aptian 813Ccarb
curves (Vahrenkamp, 1996; Menegatti et al., 1998; de

Gea et al., 2003; Burla ef al., 2008). The §"C.,, data
obtained from the Maestrat Basin is interpreted to
reproduce global trends despite a probable diagenetic
overprinting.

On account of the marine shallow-water nature of
the sections studied, the OAE 1la expression does not
correspond to a “black shale” interval as observed in
pelagic successions (Menegatti ef al., 1998). Hence, in
this work, the OAE 1a has been chemostratigraphically
defined by the interval that contains the two major
positive 8"3C_a excursions (segments C4-C6; Fig. 2), as
proposed by Menegatti et al., (1998).

The ammonites collected during field work (Fig. 3)
enable us to recognize three biozones. The 3°Can
trends that define the OAE la interval (segments C4-
C6) are located in the Roloboceras hambrovi horizon,
which is represented by the Roloboceras hambrovi-
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Megatyloceras coronatum ammonite association (Fig.
3). This association corresponds to the Deshayesites
weissi biozone, and thus we ascribe the OAE 1a to this
age zone.
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FIGURE 3. Ammonites range and position of the OAE Ia.

Apart from these three sections, the OAE la was
also recognized in two other successions of the Maestrat
Basin: Todolella section (Morella sub-basin) and Mola
Murada section (Salzadella sub-basin). While the
Todolella section does not present age-diagnostic
ammonite fauna, the Mola Murada section confirmed
the situation of the OAE la in the Deshayesites weissi
biozone (Roloboceras and Megatyloceras species
association; Roloboceras hambrovi Horizon).

CONCLUSIONS

Bulk 8"C_. geochemical results for the three lower
Aptian marine shallow-water sedimentary successions
in the Maestrat Basin (E Iberian Chain) revealed
isotopic patterns similar to the ones observed in other
contemporary pelagic and shallow-water successions by
Menegatti et al., (1998), Vahrenkamp (1996), de Gea et
al., (2003), Burla et al., (2008), among others.

The global carbon-isotope trends recognized allowed
us to make a precise geochemical correlation between
the three sections despite being measured in three
different sub-basins of the Maestrat Basin.

The OAE 1la has been chemostratigraphically
constrained in the resulting 813C..y curves by the
interval ranging between the C-isotope segments C4 and
C6 (Menegatti et al., 1998).

As result of the high-resolution ammonite
biostratigraphy the OAEla interval is located in the
Roloboceras hambrovi Horizon (Deshayesites weissi
biozone).
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ABSTRACT

Six aptian biozones have been recognized by studing the ammonite fauna of Garraf massif: D. weissi, D.
deshayesi, D. furcata, E. subnodosocostatum, R melchioris and A. nolani. The studied ammonoid record is

until now the record with more defined biozones in the Iberian Peninsula.
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Marco geolégico

El macizo del Garraf se sitiia en el
margen NE de la Peninsula Ibérica,
mas concretamente en la Cadena Cos-
tero Catalana (Fig.1). Esta formado
principalmente por materiales de edad
Jurasico superior-Cretacico inferior,
que se disponen recubriendo un basa-
mento paleozoico y tridsico. Estos se-
dimentos se depositaron durante la
etapa de rifting mesozoico. Durante el
Aptiense la subsidencia tectdnica se
acentud, a la vez que se produjo una
transgresion marina, dando lugar a
una sedimentacion de facies marinas
mas profundas con registro de

———
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Vilafranca del
Penedés _ arcelona
Magjzo del gCava
Garraf )
Vilanovaila 20 Km.
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Fig. 1.- Situacion geografica del macizo de
Garraf en el NE de la Peninsula Ibérica.

Fig. 1.- Geographical situation of Garraf
massif'in the NE of the Iberian Peninsula.

ammonoideos. Con posterioridad, du-
rante la orogenia alpina, muchas de
las estructuras distensivas del rifting
se invirtieron, formandose la Cadena
Costero Catalana. Finalmente, duran-
te el Mioceno se produjo una fase
distensiva, relacionada con la apertu-
ra del Golfo de Valencia.

Antecedentes

Los ammonoideos aptienses del
macizo del Garraf son conocidos des-
de antiguo, Almera (1895), Kilian
(1898). Estas faunas no fueron estu-
diadas nuevamente hasta Bataller
(1962). Con posterioridad estos
ammonoideos merecen la atencion de
Martinez et al. (1994) y Calzada et
al. (1996). Moreno (2005) trata con
detalle, de manera monografica, los
ammonoideos del macizo del Garraf.

Material y métodos

Se han estudiado los
ammonoideos recolectados por el au-
tor, depositados en la PUAB,
Col-leccié de paleontologia de la
Universitat Autonoma de Barcelona.
También se han revisado los
ammonoideos del macizo del Garraf
de tres fondos museisticos: MGB,
Museu de Geologia de Barcelona;
MGSB, Museo Geoldgico del Semi-
nario de Barcelona; y MV, Museu de
Vilafranca, Museu del Vi. Estos fon-

dos museisticos han permitido estu-
diar todos los ammonoideos que los
diferentes autores citan del macizo

| H. jacobi

o

@

o

=]

w a
A. nolami

5 F melchioris

=]

[1F]

=

E. subnodosocostatum

D. furcata

Aptiense

D. deshayesi

Inferior

D. weissi

D. aglalensis

Fig. 2.- Biozonacion mediterrinea de
Hoedemaeker ez al. (2003)

Fig. 2.- Mediterranean biozonation of
Hoedemaeker et al. (2003)

131



GEOGACETA, 41,2007

Formaciones
Espécies de ammonoideos
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Fig. 3.- Distribucion de los ammonoideos en la columnas sintéticas de: Mas Ricart, Pujol Florit, Can Casanyes y el Farreny.

ids distributi

Fig. 3.-Am

del Garraf desde tiempos de Almera.
Los ammonoideos recolectados por
el autor han permitido resituar los
ammonoideos de los fondos
museisticos, con una cierta preci-
sion, dentro de una columna sintéti-
ca.
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Estratigrafia

Los materiales aptienses del macizo
del Garraf con ammonoideos corres-
ponden a dos formaciones: una equiva-
lente a la Formacion Margas del Forcall
(Canerot, 1982), y la otra es la forma-

in the synthetic columns of: Mas Ricart, Can Casanyes, Pujol Florit and the Farreny.

cion Calizas del Farreny, definida infor-
malmente por Moreno (2005). La pri-
mera es una unidad margosa que puede
llegar a superar los 300 metros de po-
tencia, cada vez mas carbonatada hacia
techo. En la parte alta de esta formacion
es destacable un nivel con profusion de
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Fig. 4.- Ammonoideos del Garraf. Barra de escala: 1 cm. A: Vista ventral de Toxoceratoides royerianum, ejemplar PUAB
68460. B: Vista lateral de Deshayesites latilobatus, ejemplar PUAB 68310. C: Vista lateral de Hamiticeras? carcitanense,
ejemplar MV 3850. D: Vista lateral de Cheloniceras meyendorffi, ejemplar PUAB 68354. E: Vista lateral de Cheloniceras
mackesoni, ejemplar MGB 20538. F: Vista ventral de Epicheloniceras martini, ejemplar MV 3809. G: Vista ventral de
Diadochoceras sp, ejemplar MGSB 6759.

Fig. 4.- Ammonoids of Garraf. Scale bar: 1 cm. A: Ventral view of Toxoceratoides royerianum, specimen PUAB 68460. B:
Lateral view of Deshayesites latilobatus, specimen PUAB 68310. C: Lateral view of Hamiticeras? carcitanense, specimen
MYV 3850. D: Lateral view of Cheloniceras meyendorffi, specimen PUAB 68354. E: Lateral view of Cheloniceras mackesoni,
specimen MGB 20538. F: Ventral view of Epicheloniceras martini, specimen MV 3809 . G: Ventral view of Diadochoceras
sp., specimen MGSB 6759.
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poriferos. La Formacidn calizas del
Farreny corresponden a un cambio late-
ral de facies del tramo basal margoso de
la Formaciéon Margas del Forcall; se tra-
ta de una serie monotona de mudstones
grises con unos 130 metros de potencia.

Bioestratigrafia

Para el estudio de las faunas de
ammonoideos del macizo del Garraf se
utiliza la biozonacién mediterranea de
Hoedemaceker et al. (2003) (Fig. 2).

En la figura 3 se presenta la distri-
bucién de los ammonoideos reconoci-
dos, situados en dos columnas sintéti-
cas.

Los fondos museisticos y los
ammonoideos recolectados han permi-
tido identificar hasta seis Biozonas ca-
racterizadas por las siguientes especies:

Biozona Deshayesites weissi:
Deshayesites gr. normani Casey,
1964 Ptychoceras sp-;
Toxoceratoides royerianum
(d’Orbigny, 1842) (Fig. 4 A) y
Cheloniceras sp.

Biozona Deshayesites deshayesi:
Deshayesites grandis (Sapth,
1930), Deshayesites latilobatus

Sinzow, 1909 (Fig. 4 B);
Cheloniceras cornuelianum
(d’Orbigny, 1841);

Pseudohaploceras matheroni
(d’Orbigny, 1840) y Hamiticeras?
carcitanense (Matheron, 1878)
(Fig. 4 O).

Biozona Dufrenoyia furcata:
Dufrenoyia sp.; Australiceras sp.;
Tropaeum bowerbanki (Sowerby,
1837), Phylloceras sp.;
Cheloniceras meyendorffi
(d’Orbigny, 1845) (Fig. 4 D);
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Cheloniceras mackesoni Casey,

1962 (Fig. 4 E); Aconeceras nisus

(d’Orbigny, 1841) y Colombiceras

crassicostatus (d’Orbigny, 1841).
Biozona Epicheloniceras

subnodosocostatum:

Epicheloniceras martini

(d’Orbigny, 1841) (Fig. 4 F),

Cheloniceras mackesoni, junto con

Colombiceras crassicostatus 'y

Malthoceras cf. laeve Renz, 1978.
Biozona Parahoplites melchioris:

Parahoplites melchioris Anthula,
1899, Colombiceras
crassicostatus; Epicheloniceras
martini y Acanthoplites bigoureti

(Seunes, 1887).

La parte basal de la Biozona
Acanthoplites nolani, Subzona
Diadochoceras nodosocostatum:
Diadochoceras sp. (Fig. 4 G) junto con
otros fragmentos de Parahoplites sp.

Conclusiones

Se reconocen hasta seis biozonas de
ammonoideos en el macizo del Garraf
que incluyen gran parte del Aptiense in-
ferior: (D. weissi, D. deshayesi, D.

furcata), todo el Aptiense medio: (E.

subnodosocostatum, P. melchioris) y la
base del Aptiense superior: (4. nolani,
subzona D. nodosocostatum).

Se trata del registro bioestratigrafico
de ammonoideos mas completo conoci-
do del Aptiense de la Peninsula Ibérica.
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PRECISIONES  SOBRE LA EDAD DE LA
TRANSGRESION APTIENSE INFERIOR EN EL NOR-
DESTE DE LA PENINSULA IBERICA MEDIANTE
AMMONITES: DATOS PRELIMINARES

SOME PRECISIONS ON THE AGE OF THE EARLY
APTIAN TRANSGRESSION IN THE NORTHEAST OF THE
IBERIAN PENINSULA BY MEANS OF AMMONITES: PRE-
LIMINARY RESULTS

Josep Anton Moreno Bedmar
Departament de Geoquimica, Petrologia i Prospeccié Geologica, Universitat de Barcelona. Marti i
Franques sn, 08028, Barcelona, Espafia; j.a.moreno@ub.edu

Resumen - Se estudia la cronoestratigrafia de la transgresiéon del Aptiense Inferior, median-
te el registro de ammonites, de tres areas del NE de la Peninsula Ibérica: Macizo del Garraf,
Prepirineo de Lleida y la Cadena Ibérica. Esta transgresion se considera relacionada con un
evento andxico denominado OAE 1la. En las tres dreas estudiadas se identifica el registro de
ammonites de la Biozona Weissi. Este suele ser escaso, probablemente, por limitarse a la parte
mas alta de esta biozona. El analisis integrado de los datos existentes y los obtenidos por el
autor permite atribuir la base de las margas con ammonites, Fm. Margas del Forcall en la
Subcuenca de Oliete y en la subcuenca de Tarragona-Garraf y la Fm. Margas de Cab¢ de la
cuenca d'Organya, a la parte alta de la Biozona Weissi que a su vez se corresponde a la super-
ficie de maxima inundacién (mfs).

Palabras Clave: Ammonites, transgresiéon Aptiense Inferior, evento andxico OAE 1a,
Biozona Weissi, superficie de maxima inundacion.

Abstract - A chronostratigraphical study of the early Aptian transgression is carried out in
three areas NE of the Iberian Peninsula (Garraf Massif, the Pre-Pyrenees area in Lleida and
Iberian Range) on the base of the ammonite record. The studied interval is regarded as related
to the anoxic event know as OAE 1a. The ammonite record of the Weissi Biozone is identified
in the three studied areas. This record is scarce, probably because it is limited to the uppermost
part of this Biozone. The integrated analysis of both existing and newly obtained data allows
to attribute the base of the ammonitic marly unit, the. Margas del Forcall Fm in the sub-basin
of Oliete and in the sub-basin of the Tarragona-Garraf and the Margas de Cabé Fm of the basin
d'Organya, to the upper part of the Weissi Biozone. This stratigraphic interval also corresponds
to the maximum flooding surface (mfs).

Key words: Ammonites, Lower Aptian transgression, OAE 1a anoxic event, Weissi Biozone,

maximum flooding surface
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INTRODUCCION

Durante el Aptiense Inferior se produ-
ce una transgresion significativa en el
ambito del Tetis. Esta transgresion esta
relacionada con un evento andxico glo-
bal conocido como OAE 1la. Un nivel
genéticamente relacionado con el OAE
1la fue reconocido en varias localidades
europeas y se denomino nivel Selli (1, 2,
3 entre otros).

En este trabajo se estudian tres reas: el
Macizo del Garraf (subcuenca de
Tarragona-Garraf) situado en la Cadena
Costero Catalana, cuenca de Organya en
el Prepirineo de Lleida y subcuenca de
Oliete en la rama aragonesa de la
Cadena Ibérica. Este estudio preliminar
se realiza mediante la revision de la
coleccién de ammonites depositada en la
PUAB (Col leccions de Paleontologia de
la Universitat Autonoma de Barcelona) y
los ammonites recolectados por el autor,
depositados también en dicha coleccién.

La transgresion aptiense inferior, que

en algunas localidades esta asociada al
OAE 1a, queda muy bien registrada en
las tres éreas estudiadas donde se pasa
rapidamente de facies someras marinas a
facies marinas profundas con ammoni-
tes. Es justamente por este contraste de
facies, que permite observar exactamen-
te donde empieza la transgresion, que se
han escogido estas tres areas. Se estudian
con detalle los ammonites de la parte
mas basal de las facies marinas profun-
das de las tres areas y se datan cronoes-
tratigraficamente estos materiales.

BIOZONACION

En los trabajos de Martinez y colabora-
dores (4, 5) se emple6 la biozonaciéon
boreal. En el presente trabajo se conside-
ra que para el estudio de los ammonites
de la regiéon mediterranea, durante el
Aptiense, es mucho mas adecuado el uso
de la biozonacién que les es especifica, la
Mediterranea; véase equivalencia entre
la biozonacion Boreal y Mediterranea (1),

N
L
Organy;a1 f\
rernp
/
Garr
J’arragona
T

Figura 1: Situacién de las tres dreas estudiadas: Oliete, Organya y Garraf.
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Biozonacion Biozonacién
Mediterranea Boreal
D. Furcata |T. Bowerbanki
S
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D. Oglalensis |D. Fissicostatus

Figura 2: Equivalencia entre la biozonacién
Mediterranea y la Boreal.

en la figura 2 se muestra dicha equiva-
lencia en el Aptiense Inferior; se emplea
pues la biozonacién de (6) para la pro-
vincia Mediterranea.

EL MACIZO DEL GARRAF (SUB-
CUENCA DE TARRAGONA-
GARRAF)

El Macizo del Garraf se sitia en la
Cadena Costero Catalana. Los materiales
cretacicos sedimentaron durante la etapa
de rifting mesozoica. Posteriormente,
durante la orogenia alpina parte de las
estructuras distensivas se invirtieron
dando lugar a la Cadena Costero
Catalana.

Esta area ha sido estudiada con detalle,
de forma monografica, por el autor del
presente trabajo (7).

En el Garraf se ha reconocido la pre-
sencia de registro de la Biozona Weissi
en los niveles méas basales de las margas
con ammonites (base de la Formacién
Margas del Forcall). Esta zona se halla
representada por Deshayesites gr. normani

CASEY, 1964, Deshayesites gr. weissi
NEUMAYR &  UHLIG, 1883,
Toxoceratoides royerianus D'ORBIGNY,
1841 y Cheloniceras cornelianum D'OR-
BIGNY, 1841.

CUENCA D'ORGANYA (PREPIRI-
NEO DE LLEIDA)

El Prepirineo de Lleida se sittia en las
zona externas del Pirineo. Los materiales
cretacicos sedimentaron durante la etapa
de rifting mesozoica. Posteriormente, la
cuenca de Organya fue invertida duran-
te la compresién alpina y en su mayor
parte quedé incorporada en la ldmina
cabalgante de Boixols.

Martinez (4), que en su tesis doctoral
estudi6 una asociacion registrada de
ammonites del Aptiense Inferior de la
Formacién de Margas de Cabo, cita para
la Biozona Forbesi una tnica especie:
Deshayesites kiliani SPATH, 1930 (Lam. 1,
figura A).

En la revision efectuada de las colec-
ciones de la PUAB cabe afiadir un ejem-
plar adulto de deshayesitido que se ha
determinado como Deshayesites cf. eugly-
phus CASEY, 1964. D. kiliani y D. eugly-
phus permiten reconocer la Biozona
Weissi.

SUBCUENCA DE OLIETE
(CADENA IBERICA)

La subcuenca de Oliete esta situada en
el Norte de la provincia de Teruel, en la
Rama Aragonesa de la Cadena Ibérica.
La subcuenca de Oliete forma parte de
una cuenca de rift con una paleogeogra-
fia muy compleja; por ello se divide en
siete subcuencas o cubetas siendo la del
Maestrat la méds importante. Durante la
orogenia alpina algunas de las estructu-

o
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ras del rift se invirtieron dando lugar a la
actual Cadena Ibérica.

Dentro de la Formacién margas del
Forcall Sornay y Marin (8) estudiaron las
asociaciones registradas de ammonites
de este intervalo en esta drea. En el traba-
jo de Martinez y colaboradores (5) se
citan ammonites del Aptiense Inferior de
esta 4rea de la Biozona Forbesi:
Deshayesites spathi CASEY, 1964 y
Deshayesites euglyphus (Lam. 1, figura C).

Algunos ammonites de la subcuenca
de Oliete estan reelaborados, alrededor
de un 1-2 % de los estudiados. Esto
queda evidenciado en algunos ejempla-
res donde los organismos epifdunicos
(ostreidos, anélidos...) se adhieren sobre
el molde interno. Esta reelaboracién es
muy minoritaria en el registro estudiado.
Asimismo los ejemplares reelaborados
presentan una reelaboracion incipiente
sin evidencias de desgaste mecéanico ni la
presencia de bioerosiéon. Un ejemplar
reelaborado se conserva en forma de
molde interno Entobia isp. Ello nos indu-
ce a pensar que la reelaboraciéon fue
minima, de lo contrario estos delicados
fosiles se hubieran destruido durante la
reelaboracién. La gran mayoria de
ammonites estudiados presentan profu-
sién de organismos epifaunicos; esto se
debe a que tras la muerte de los organis-
mos las conchas quedaron expuestas
antes de fosilizar y por lo tanto la tasa de
sedimentacion debi6 ser baja. Asimismo
cabe destacar la presencia de 6xidos de
hierro en estos niveles con ammonites,
hecho que se relaciona con esta tasa de
sedimentacién baja. Los organismos epi-
faunicos se presentan adheridos sobre
las conchas de los ammonites y en oca-
siones es posible reconocer como en el
interior de la cAmara habitacién estaba
repleta de formas epifaunicas que se

adherieron también a la concha. En la
revision que se ha efectuado del material
procedente de esta area y teniendo pre-
sente los aspectos tafonémicos creemos
que la fauna de ammonites es atribuible
a la Biozona Weissi, parte media-alta,
tratdndose del registro de ammonites de
esta Biozona mds completo de las tres
areas estudiadas. Asi pues a los dos
ammonites atribuidos a esta Biozona
cabe afadir Pseudosaynella bicurvata
MICHELIN, 1838, Pseudosaynella raresul-
cata. LEYMIERE, 1841, Pseudosaynella
undulada SARASIN, 1893, Deshayesites fit-
toni CASEY, 1961 (Lam. 1, figura B) y
una interesante fauna de ammonites for-
mada por Roloboceras'y Megatyloceras que
actualmente se esta revisando. De la
misma cabe citar de forma preliminar
Roloboceras annulatum CASEY, 1961,
Roloboceras arnaudi COQUAND, 1865,
Roloboceras hambrovi FORBES, 1845,
Roloboceras  hispanicum SORNAY &
MARIN, 1972 y Megatyloceras coronatum
ROUCHADZE, 1933.

LA TRANSGRESION APTIENSE
INFERIOR

El registro de especies de ammonites
de la Biozona Weissi, o su equivalente en
la biozonacién boreal: Biozona Forbesi,
era ya conocido (4, 5) si bien su escasa
representaciéon era problemética. A su
vez se desconocia qué relacion tenia tal
registro con la transgresion en el sentido
de si registraba el inicio, el maximo
transgresivo o el inicio de la regresion,
entre otras posibilidades. En el presente
trabajo se pone de manifiesto, la presen-
cia de registro de la Biozona Weissi de
forma puntual en el Macizo del Garraf y
en el Prepirineo de Lleida pero bien
representado en la subcuenca de Oliete.
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El hecho que tal registro se halle mal
representado en el Macizo del Garraf y
en el Prepirineo de Lleida se debe, pro-
bablemente, a que sélo hay registro de la
parte alta de la Biozona Weissi.

La base de las margas con ammonites
registra, aproximadamente, la superficie
de maxima inundacién que se produjo
en la parte alta de la Biozona Weissi,
véase (9). Este momento estuvo asociado
a una disminucién de la tasa de sedi-
mentacion, hecho detectable por la colo-
nizacién de organismos epifaunicos y
precipitacion de 6xidos de hierro en las
asociaciones registradas de ammonites
de la base de las margas del Forcall de la
Subcuenca de Oliete.

CONCLUSIONES

1.Se caracteriza la presencia de faunas
de ammonites de la Biozona Weissi
en tres areas del NE de la Peninsula
Ibérica.

2.Las asociaciones registradas de
ammonites de la base de las margas
con ammonites, del Prepirineo de
Lleida (Margas de Cabd) y del
Macizo del Garraf (Margas del
Forcall) se depositaron durante el
maximo transgresivo (mfs) que se
corresponde a la parte media-alta de
la Biozona Weissi.

3.Las asociaciones registradas de
ammonites de la subcuenca de Oliete
presentan elementos reelaborados,
siendo estos una minima parte (1-
2%). Los ammonites no reelaborados
permiten atribuir esta asociacion a la
Biozona Weissi. El andlisis tafonémi-
co permite caracterizar un episodio
con una tasa de sedimentacién baja
asociada posiblemente al mfs.
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Lamina 1. A, Deshayesites kiliani SPATH, 1930 vista lateral del ejemplar PUAB 5345 procedente de Vilar-
Pujal (cuenca d'Organya). B, Deshayesites fittoni CASEY, 1961 (x 3) vista lateral del ejemplar PUAB 48071
procedente de la Tejeria de Josa (subcuenca de Oliete). C, Deshayesites euglyphus CASEY, 1964 vista lateral
del ejemplar PUAB 48071 procedente de la Tejeria de Josa (subcuenca de Oliete). PUAB: Colecciones de
Paleontologia de la Universidad Autonoma de Barcelona. Escala grafica =10 mm.
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Deshayesites latilobatus and Deshayesites grandis proceeding from the

Garraf massif (Barcelona). D. deshayesi synonymous “species”?
Josep Anton Moreno Bedmar

Departament de Geoquimica, Petrologia i Prospeccié Geologica, Universitat de Barcelona.

Marti i Franques sn, 08028, Barcelona, Espafia, j.a.moreno@ub.edu

Resumen
Se estudian dos especies de ammonites (Deshayesites latilobatus (Sinzow,
1909) y D. grandis Spath, 1930) procedentes de la Biozona Deshayesi (Aptiense
inferior) del Garraf. Su anélisis taxondémico plantea la posibilidad de que ambas
especies nominales no sean mas que ejemplares adultos de la especie tipo D. deshayesi
(Leymiere in d’Orbigny, 1841), de la que sdlo se conocen individuos juveniles.
Palabras clave: Deshayesites latilobatus, Deshayesites grandis, Aptiense

inferior, Garraf, Deshayesites deshayesi

Abstract
Two species of ammonoids (Deshayesites latilobatus (Sinzow, 1909) and
D. grandis Spath, 1930) proceeding from the Deshayesi Biozone (Lower Aptian)
of the Garraf are studied. Their taxonomic analysis poses the possibility that both
nominal species are only adult specimens of the species type D. deshayesi (Leymiere
in d’Orbigny, 1841), from which only juvenile individuals are known.
Keywords: Deshayesites latilobatus, Deshayesites grandis, Lower Aptian,

Garraf, Deshayesites deshayesi

INTRODUCCION

El macizo del Garraf se sittia en el margen NE de la peninsula Ibérica, mas
concretamente en la Cadena Costero-Catalana (Fig. 1). Esta formado principalmente
por materiales de edad Jurasico superior-Cretacico inferior, que se depositaron
durante la etapa de rifting mesozoica recubriendo un basamento Paleozoico y
Triasico. Durante el Aptiense la subsidencia tectdnica se acentud sedimentando unas

facies marinas mas profundas con registro de ammonites. Con posterioridad, durante
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la orogenia alpina, muchas de las estructuras distensivas del rifting se invirtieron.
Ello dio lugar a la Cadena Costero-Catalana. Seguidamente, durante el Mioceno, se
produjo una fase distensiva tras la orogenia alpina, la cual esta relacionada con la
apertura del Golfo de Valencia.

En el presente trabajo se discuten dos especies de Deshayesites procedentes
de la Biozona Deshayesi (Aptiense inferior) del Macizo del Garraf. Dentro de la
Biozona Deshayesi han sido citadas mas de una veintena de especies atribuidas
al género Deshayesites 1o que supone un nimero ciertamente elevado que, muy
probablemente, este relacionado con un inadecuado tratamiento de la variablidad
intraespecifica y mala caracterizacion de la ontogenia en este grupo de ammonites.
En concreto, se analiza la posibilidad de que D. grandis Spath, 1930y D. latilobatus
(Sinzow, 1909), especies basadas en ejemplares de gran tamafio, no sean mas que
formas adultas de D. deshayesi (Leymiere in d’Orbigny, 1841), del que sélo se

conocen sus estadios juveniles e intermedios.

Vilafranca del
.‘h Penedés
»9 arcelona [ ]
. el ', Sta Margarida i <

50 Km

:\ Jurasic

Cretaci

_ Gava@®
Vilafranc,

endd Barcelopa Castellet®

nova i

20 Km.

Macizo del Garraf

I
5 Km.

Figura 1. Situacion geografica del macizo del Garraf'y de la localidad El Farreny *

ANTECEDENTES

Los ammonites aptienses del macizo del Garraf son conocidos desde antiguo.
Ya Almera (1895) cit6 algunas especies, que posteriormente fueron estudiadas por
Kilian (1898). Estas faunas de ammonites no fueron analizadas nuevamente hasta
mucho después por Bataller (1962). Con posterioridad, merecieron la atencién de
Martinez, Grauges & Salas (1994) en un trabajo preliminar sobre los ammonites de

una extensa area geografica. Posteriormente Calzada et al. (1996) estudian algunas
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especies de ammonites aptienses del Garraf. Recientemente, Moreno (2005) trata
con detalle, de manera monografica, los ammonites del macizo del Garraf'y Moreno

(2007) los ammonoideos de la Biozona Weissi del Garraf.

ESTRATIGRAFIA

Los materiales aptienses del macizo del Garraf con ammonites se corresponden
a dos formaciones la Formacién margas del Forcall (Canérot et al. 1982) y la
Formacion Calizas del Farreny definida informalmente por Moreno (2005). La
primera formacion es una unidad margosa que puede llegar a superar los 200 metros
de potencia y que, hacia techo, es cada vez mas carbonatada. En la parte alta de esta
formacion es destacable un nivel con profusion de poriferos. A techo encontramos
unos ciclos de somerizaciéon con margas con orbitolinidos, braquiépodos y otros
invertebrados, como término profundo, y calizas con rudistas, miliolidos o, en
ocasiones, con corales en el techo como término somero. Las calizas del Farreny son
un cambio lateral de facies del tramo basal margoso de la Fm. Margas del Forcall.
Se trata de una serie mondtona de mudstones grises con una potencia de unos 130
metros; es de esta formacidon de donde proceden las dos especies que son objeto de
estudio. De la Fm. Calizas del Farreny tan solo los 30-40 metros superiores presentan

registro de ammonites.

BIOESTRATIGRAFIA

La Fm. Calizas del Farreny aparece en un unico afloramiento en el Garraf de
apenas 1 km. de extension. La serie se encuentra bastante cubierta, se han recolectado
ejemplares in situ y otros rodados. La presencia de ejemplares rodados no ofrece
problematica alguna pues todos los Deshayesitidos recolectados en la Fm. Calizas
del Farreny pertenecen a la Biozona Deshayesi.

La asociacion de ammonites reconocida en la Fm. Calizas del Farreny esta
constituida por: Deshayesites grandis Spath, 1930, Deshayesites latilobatus (Sinzow,
1909); Cheloniceras cf. cornelianum (d’Orbigny, 1840) y Pseudohaploceras
matheroni (d’Orbigny, 1840). Estos ammonites caracterizan la Biozona Deshayesi

(parte alta del Aptiense inferior).

ANALISIS TAFONOMICO
Relacion relleno-matriz
En el presente trabajo se estudian doce ejemplares pertenecientes al género

Deshayesites conservados en forma de moldes internos de micrita gris de la cdmara
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habitacion y gran parte del fragmocono. El relleno se encuentra en continuidad
litologica y estructural con la matriz tratindose de elementos resedimentados
clasificables como conchas fragmentadas segun la clasificacion de Fernandez-Lopez
& Suarez-Vega (1980).

Los ejemplares presentan un relleno micritico homogéneo en la camara de
habitacion y parcialmente en el fragmocono, manteniendo la forma y el volumen
original. Estos caracteres son indicativos de unas condiciones de baja tasa de

sedimentacion y una cementacion temprana.

Grado de fragmentaciéon/dispersion

Los ejemplares estudiados son conchas fragmentadas que no conservan el
peristomay aunque algunos escasos ejemplares constituyen fragmoconos incompletos,
predominan ejemplares con la cdmara habitacion parcialmente conservada. Ello
nos indica que, aunque los restos pueden haber sido sometidos a una necrocinesis
prolongada, pues la seleccion por tamafios es muy clara, la intensidad del proceso de

resedimentacion ha sido baja.

Distribucion de tallas

Los doce ejemplares estudiados corresponden a individuos subadultos. El
ejemplar PUAB 68.310, asignado a la especie D. latilobatus (Sinzow, 1909) muestra
la camara de habitacion casi completa a un didmetro de 131 mm, presentando el
fragmocono un diametro de 85 mm sin que los ultimos septos muestren aproximacion
visible. El resto de los ejemplares son fragmoconos incompletos o ejemplares que
conservan parte de la camara de habitacion a diametros superiores a los 120 mm.
Los ejemplares adultos deberian presentar una aproximacion septal a la vez que los
caracteres que suelen presentar los adultos de la mayoria de especies pertenecientes
al género Deshayesites: perdida de las costillas secundarias, retraccion de la vuelta,

etc.

DISCUSION E INTERPRETACION
La asociacion registrada fue originada por deriva necroplanctonica desde areas
probablemente poco alejadas. La falta total de epizoarios junto con la homogeneidad
taxondmica y tafondmica del registro nos hace creer que la deriva no fue prolongada
realizandose desde areas proximas al lugar de registro (deriva regional).
Laderivanecroplanctonica es de sumo interés, pues de las diversas asociaciones

de Deshayesites que conocemos del Aptiense en la subcuenca de Galve predominan,
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en unos casos, las formas adultas, y en otros las formas juveniles (m y M). Las
primeras constituyen claramente poblaciones tafonicas de tipo 3 (Fernandez-Lopez
1995), con claras evidencias de aloctonia como la asociacion estudiada en el Macizo
del Garraf, mientras que las segundas podrian constituir poblaciones tafonicas de tipo
1, con evidencias de autoctonia y representando entidades paleobioldgicas démicas
(Fernandez-Lopez 1995). El comportamiento diferencial de las conchas de individuos
juveniles y adultos durante la fase bioestratindmica y la consecuente fosilizacion y
registro en areas geograficas diferentes presenta una problematica taxondmica, que
es objeto del presente trabajo: la adecuada caracterizacion ontogenética de algunas
especies de ammonites. En este y otros casos en la literatura existen “especies”
diferentes definidas con macroconchas, microconchas incluso mediante ejemplares
juveniles, adultos o fragmoconos de lo que en realidad puede representar una tinica
especie. Ello se debe a la mayor capacidad de deriva de las formas adultas respecto a
las juveniles y la consecuente fosilizacion en areas geograficas diferentes (Fernandez-
Lopez 1995).

ABREVIATURAS Y CONVENCIONES

Colecciones

PUAB: Col‘leccions de Paleontologia de la Universitat Autonoma de
Barcelona.

GSM: Gelogical Survey Museum, London.

Medidas (en mm.)

D: Diametro de la concha.

H: Altura de la vuelta.

E: Anchura de la vuelta.

O: Diametro del ombligo.

SISTEMATICA
Superfamilia Deshayesitaceae Stoyanow, 1949
Familia Deshayesitidae Stoyanow, 1949
Subfamilia Deshayesitinae Stoyanow, 1949
Género Deshayesites Kazansky, 1914
Deshayesites latilobatus (Sinzow, 1909)
Lamina 1, figura A.
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pars 1881 Hoplites deshayesi; Neumayr & Uhlig, p.49, lam. 45., fig.1; (non lam.
46, figs. 2-3)
1909 Parahoplites latilobatus; Sinzow, p. 3, lam. 1, figs. 7-8
1913 Parahoplites latilobatus; Sinzow, p. 106, lam. 5, fig.3.
1962 Parahoplites consobrinus; Bataller, p. 198, lam. 5, fig. 11 ; lam. 7, fig. 5.
1964 Deshayesites latilobatus; Casey p. 322, text-fig. 111.
1980 Deshayesites latilobatus; Casey p. 654, text-fig. 253.
non 1996 Deshayesites latilobatus; Avram p. 444; fig 4 D-F.
non 1999 Deshayesites latilobatus; Bogdanova et al. 1am. 6 figs a-b.
2005 Deshayesites deshayesi; Moreno p. 85; lam. 6 figs. 4-5; lam. 7 figs. 1-4

Lectotipo: Seleccionado por Spath (1930, p.426) es el ejemplar figurado por de
Neumayr & Uhlig (1881, lam. 45, Fig. 1). Procede del Aptiense inferior (Hils
Sanbdstone) de Marie Quarry, cerca de Steinlah (Salzgitter), N. de Alemania
(Fig. 2).

Material: diez ejemplares en forma de moldes internos calcareos procedentes del
Farreny: PUAB 68307, PUAB 68310, PUAB 68313, PUAB 68314, PUAB
68315, PUAB 68325, PUAB 68334, PUAB 68335, PUAB 68391 y PUAB
68394.

Dimensiones:

Colecciéon n° | D HMH/D) | E(E/D) | O(O/D) | E/H
PUAB 68310 | 122 | 54,5 (0,45) | 26 (0,21) | 32 (0,26) | 0,48
PUAB 68313 | 112 | 49 (0,44) |24 (0,21) | 32 (0,28) | 0,49

Descripcién: Concha comprimida y evoluta con la seccion de la vuelta ovalada alta.
Flancos casi planos con una pared umbilical redondeada. La costulacion esta
constituida por costillas primarias y secundarias bastante anchas. Las costillas
primarias nacen de la zona umbilical presentando una flexion en la zona media
del flanco; en esta zona y en el tercio superior del flanco se bifurcan o intercalan
las costillas secundarias.

Distribucion geogréfica: Aptiense inferior de Alemania, Espafia (Garraf, Farreny) y

Reino Unido.

Distribucion cronoestratigrafica: Biozona Deshayesi.
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Lamina 1

Lamina 1. Figura A vista lateral de Deshayesites latilobatus (Sinzow, 1909) ejemplar
PUAB 68310. Figura B vista lateral de Deshayesites grandis Spath, 1930 ejemplar PUAB
68393. Escala grafica: 10 mm.
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Figura 2. Holotipo de Deshayesites latilobatus reproducido de Neumayr & Uhlig (1881)
lam. 45. Escala grafica: 10 mm.

Deshayesites grandis Spath, 1930
Lamina 1, figura B.

pars 1930 Deshayesites grandis, Spath, p. 427, 1am. 17, figs. 2a-b (non fig. 1).
1964 Deshayesites grandis; Casey, p. 308, lam. 43, fig. 1 a-b; lam. 44, figs.
1-3; lam. 51, figs. 7 a-b; text-fig. 110 c.
2005 Deshayesites grandis; Dutour, p. 181, lam. 29, figs. 5-9.
2006 Paradeshayesites grandis; Ropolo et al., p. 15, 1lam. 10, figs. 3, 5; lam.
11, fig. 1.
Holotipo: Ejemplar GSM 2300, figurado por Spath (1930, lam. 17, fig. 2). Procede
del Lower Greensand de Hythe, Kent. Grupo 5 de Atherfield (F. W. Simms
Coll.) (Fig. 3).
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Material: un ejemplar en forma de molde interno calcareo procedente del Farreny:
PUAB 68393.

Descripcion: Concha comprimida y evoluta con la seccion de la vuelta ovalada
alta. Flancos casi planos con una pared umbilical redondeada. La costulacion
estd constituida por costillas primarias y secundarias bastante estrechas. La
densidad de costulacion es elevada. Las costillas primarias nacen de la zona
umbilical presentando una flexion de la zona media del flanco, del tercio
superior del flanco donde se bifurcan o intercalan las costillas secundarias. En

la zona media del flanco las costillas se atentian.

Figura 3. Holotipo: GSM 2300 refigurado de (Spath 1930). Escala grafica: 10 mm.

Discusién: La diferencia entre D. latilobatus (Sinzow, 1909) y D. grandis Spath,
1930 estriba esencialmente en la densidad de costulacion, caracter que puede
variar considerablemente dentro de una misma especie. Hay que comentar
que no se conocen apenas las formas juveniles de estas dos especies y que,

en los pocos casos en que se han figurado, son muy similares a Deshayesites
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deshayesi (Leymiere in d’Orbigny, 1841).

De la especie tipo del género Deshayesites hay que destacar que a su vez no
se conocen sus formas adultas y que curiosamente Neumayr & Uhlig (1881)
figuraron como adulto de esta especie un ejemplar que después se convertiria
en el tipo de D. latilobatus (Sinzow, 1909). Hay que afiadir que existe un
ejemplar procedente del Farreny PUAB 68424 de unos 2,5 cm. de diametro
determinable como Deshayesites cf. deshayesi (Leymiere in d’Orbigny,
1841).

Spath, 1930 opina que D. latilobatus (Sinzow, 1909) y D. grandis Spath, 1930
eran formas muy afines interpretando que D. latilobatus (Sinzow, 1909) era
una especie ligeramente anterior a D. grandis Spath, 1930. El ejemplar que
figura Casey (1980) procedente del Reino Unido se atribuye justamente a la
Biozona Deshayesi, Subzona Parinodum mientras que D. grandis Spath, 1930
da nombre a la Subzona suprayacente de la Biozona Deshayesi. Creemos que
hay que ser critico con estas apreciaciones bioestratifgraficas debido a que en
el Reino Unido se conocen tan solo dos ejemplares de D. latilobatus (Sinzow,
1909) y el hecho que en el Garraf estas dos especies aparecen juntas.

En el presente trabajo no poseemos suficiente material para estudiar con detalle
estas posibles sinonimias, por lo que tinicamente planteamos la posibilidad de
que D. latilobatus (Sinzow, 1909) y D. grandis Spath, 1930 sean en realidad
formas adultas de la especie D. deshayesi (Leymiere in d’Orbigny, 1841).
Esperamos que el estudio del aptiense ibérico, que se esta realizando en la
actualidad, proporcione unas circunstancias mas adecuadas para retomar esta
problematica.

Distribucion geografica: Aptiense inferior del Reino Unido, Espafia (Garraf, Farreny)

y Francia.

Distribucion cronestratigrafica: Biozona Deshayesi

CONCLUSIONES

Se pone de manifiesto que las especies nominales D. latilobatus (Sinzow,
1909) y D. grandis Spath, 1930 posiblemente sean sinénimas de D. deshayesi
(Leymiere in d’Orbigny, 1841), correspondiendo a formas adultas de esta tltima
especie.

Seria necesario disponer de muchos mas ejemplares para seguir avanzando
en el conocimiento ontogenético y sobre la variabilidad de la especie D. deshayesi
(Leymiere in d’Orbigny, 1841).
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RESUMEN

Se estudia detalladamente, por vez primera, la seccion de Can Casanyes, Macizo del Garraf, de edad Aptiense inferior-medio. Se
han reconocido ocho especies de ammonoideos. Estas especies se han analizado, des de un punto de vista bioestratigrdfico, recono-
ciendose la biozona Dufrenoyia furcata, subzona Cheloniceras meyendorffi, parte alta del Aptiense inferior, v la biozona

Epicheloncieras martini, parte baja del Aptiense medio,

PALABRAS CLAVE

Paleontologia, Cretdacico, Aptiense inferior v medio, Cefalopoda, Zonas de Dyfrenoyia furcata v Epicheloniceras martinsi, Macizo

de Garraf (NE de Espania). Fauna Tethvsiana

ABSTRACT

The Lower-Middle Aptian Can Casanyes section located in the Garraf Massif, for the first time has been studied in detail. Eight
species of ammonoids were recognized. The biostratigraphic analysis of these specimens has permitted the identification of the
Dufrenoyia furcata zone and the Cheloniceras meyendoriTi subzone that correspond to the uppermost Lower Aptian, and the
Epicheloncieras martini zone, which is lowermost Middle Aptian in age.

KEY WORDS

Paleontology, Cretaceous, Lower-middie Aptian, Cephalopoda, Dufrenoyia furcata and Epicheloniceras martinsi zones, Garraf
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INTRODUCCION

Can Casanyes es una localidad clasica del Aptiense
del Macizo del Garraf, desde Almera (1900) que citd
esta localidad como Pujol Florit. Can Casanyes es espe-
cialmente conocida por su registro de poriferos, que fue-
ron objeto de estudio en la tesis de Lagneau-Herenguer
(1962) y ammonoideos Martinez et al. (1994), Moreno
(2005, inédito), Moreno (2007a) y Garcia er al. (2007).
En el presente trabajo se estudia, detalladamente y por
vez primera, la seccion de Can Casanyes realizando un
estudio bioestratigrafico de detalle mediante ammonites.

Hace algunos afos se practicaron desmontes y otros

trabajos de movimientos de tierras con el fin de plantar
nuevos viiiedos que ampliaron los afloramientos existen-
tes. Esta circunstancia nos ha permitido estudiar con
mayor detalle la seccion de Can Casanyes.

MARCO GEOLOGICO

El macizo del Garraf esta situado en la Cadena
Costero Catalana, NE de la Peninsula Ibérica (Fig.1).
Esta formado principalmente por materiales de edad
Jurasico superior-Creticico inferior que se disponen en
discordancia sobre el Tridsico. Estos materiales estan
constituidos principalmente por dolomias, calizas y mar-
gas y se depositaron durante la segunda etapa de rifiing
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(Jurdsico superior-Creticico inferior) que afecto a Iberia
durante el Mesozoico (Salas er al. 2001). La elevada tasa
de subsidencia registrada en el Macizo del Garraf duran-
te el Aptiense dio6 lugar a la sedimentacion de una poten-
te sucesion carbonatada que puede ser dividida en cinco
unidades litoestratigraficas: la Unidad margas y calizas
del Morro de Gos, la Formacion Calizas de Xert, la
Unidad Margas de Vallcarca, la Unidad Calizas del
Farreny y la Unidad Calizas de Pujol Florit (Fig. 2).

La Unidad margas y calizas del Morro de Gos es una
unidad informal de nueva creacion, de unos 20 metros de
potencia, que esta caracterizada por margas y calizas
depositadas en medios continentales y transicionales.
Esta Unidad se apoya sobre la Formacion calizas y mar-
gas de les Artoles de edad Barremiense; recientemente
Albrich et al. (2006) estudian la Fm. Artoles en el
Garraf. La Unidad Morro de Gos presenta registro de
carofitas en diversas secciones. En la seccion del Morro
de Gos (Sitges) se ha estudiado dicho registro que se
atribuye a la biozona A. cruciata/P. paucibracteatus
(Barremiense superior-Aptiense inferior) de la biozona-
cion de Martin-Closas er al. in press. (2008). Esta unidad
continental podria ser equivalente a la Fm. Arcillas de
Morella presente en la cuenca del Maestrat (Fig. 2). La
edad de estas dos unidades se podria corresponder con la
parte baja del Aptiense inferior, biozona de ammonites
Deshayesites oglanlensis. Salas et al. (2005) correlacio-
na la Fm. Arcillas de Morella con la anomalia magnéti-
ca MOr de edad Aptiense inferior basal.

Recientemente Lopez (2007) cita la presencia de
Imerites giraudi giraudi (Kilian, 1888) en la Formacion
Arcillas de Morella. En nuestra opinion, el ejemplar asi
determinado no es atribuible al género Imerites. El
ammonoideo estudiado por Lopez (2007) es muy frag-
mentario siendo dificilmente determinable, incluso a
nivel genérico. En nuestra opinion hay dos posibles
determinaciones Argevthithes sp. o Kutatissites sp. La
distribucion de Argevithithes sp. es Barremiense superior
terminal y la de Kuratissites sp. Barremiense superior
terminal-Aptiense inferior basal. EI ammonoideo estu-
diado por Lopez (2007) permite atribuir la Fm. Arcillas
de Morella al intervalo Barremiense superior terminal-
Aptiense inferior basal. Creemos que la Formacion
Arcillas de Morella y la Unidad del Morro de Gos son
probablemente coetdneas, y ambas corresponderian a
depositos de nivel del mar bajo, evento que se registro en
todo el Tethys durante el Aptiense inferior basal.

A esta unidad le sucede la Formacion Margas y
Calizas de Xert. de unos 80 metros de potencia, que pre-
senta facies marinas someras con abundantes requiéni-
dos junto con niveles monoespecificos de Chondrodonta
sp. Esta Formacion definida en la cuenca del Maestrat
tendria una edad Aptiense inferior y se podria corres-
ponder con la parte media-alta de la biozona de ammo-
nites Deshayesites oglanlensis.

Por encima de la Formacion Xert, se dispone la
Unidad Margas de Vallcarca, unidad informal de nueva

creacion, de hasta 250 metros de potencia, representada
por facies marinas mas profundas con registro de ammo-
nites. Este registro de ammonoideos fué estudiado por
Moreno (2007a) y actualmente esta siendo revisado en
base al esquema bioestratigrafico estandar de Reboulet
et al. (2006).

Esta Unidad presenta registro de ammonites de las
biozonas Deshavesites weissi, Deshayesites deshayesi y
Dufrenovia furcata del Aptiense inferior, las biozonas
Epicheloniceras martini y Parahoplites melchioris del
Aptiense medio y la parte baja de la biozona
Acanthohoplites nolani del Aptiense superior. La Unidad
Margas de Vallcarca se puede correlacionar con las
siguientes unidades litoestratigraficas definidas en la
cuenca del Maestrat: Fm. Margas del Forcall, Fm.
Calizas de Villaroya de los Pinares y la parte baja-media
de las Fm. Calizas de Benassal (Fig. 2).

Esta unidad también podria equivaler en parte, a la
Formacion Almadich de edad Barremiense superior-
Aptiense superior basal definida por Castro (1998) en el
prebético alicantino. Asi mismo la Unidad Margas de
Vallcarca es equivalente al tramo margoso de la serie de
Canyelles de Canérot y Calzada (1973).

Entre la parte alta de la biozona Dufrenoyia furcata y
la parte basal de la biozona Epicheloniceras martini se
halla un tramo de margas con poriferos, estudiados en su
tesis por Lagneau-Herenguer (1962). Dicho tramo es
esencialmente el objeto de estudio en la seccion de Can
Casanyes, y podria equivaler a la parte alta de la
Formacion Margas del Forcall, de algunas localidades, y
a la parte baja-media de la Formacion Calizas de
Villarroya de los Pinares (Fig. 2).

En la parte alta de las Margas del Forcall (parte alta
de la biozona Dufrenoyia furcata) de la seccion de la
Mola Murada (Xert, Castell6 de la Plana), aparecen unos
niveles calizos blancos, con textura mudstone, que pre-
sentan una gran abundancia de espiculas de esponjas.
Estos materiales podrian equivaler al primer nivel con
poriferos de la seccion de Can Casanyes, tramo 2 descri-
to en el presente trabajo. La parte baja-media de la
Unidad Margas de Vallcarca correspondiente con las
biozonas Deshayesites weissi, Deshayesites deshayesi, y
Dufrenovia furcata pasan lateralmente a la Unidad
Calizas del Farreny (Fig. 2), de hasta unos 120 metros de
potencia, fue definida informalmente por Moreno (20035,
inédito). Esta unidad aparece tiinicamente en la Sierra del
Papiol, término municipal de Olérdola. En la parte alta
de esta unidad aparecen unos niveles con poriferos que
quizas equivalgan al nivel de margas poriferos de la
Unidad Margas de Vallcarca. Tan solo Calzada (1974)
trato con detalle la Sierra del Papiol en su tesis doctoral.
Recientemente Moreno-Bedmar & Garcia (2009) estu-
dian detalladamente la Unidad Calizas del Farreny.

Por encima de la U. Margas de Vallcarca se encuentra
la Unidad Calizas de Pujol Florit, unidad informal de
nueva creacion, de hasta 110 metros de potencia, con
corales, rudistas y orbitolinidos. En la parte baja de esta
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unidad tiene uno de sus mejores afloramientos en la
localidad de Casa Alta, por encima de estos niveles hay
unas margas con orbitolinidos. Estas margas presentan
una extraordinaria profusion de estos foraminiteros, que
en el Macizo del Garraf han dado lugar al toponimo
popular "llenties". Esta unidad podria equivaler a la parte
alta de la Formacion Benassal de la cuenca del Maestrat
(Fig. 2). También podria ser equivalente a las calizas de
facies urgonianas que coronan la serie de Canyelles,
situadas en el techo de la serie de Canyelles y en la base
de la serie de Marmella de Canérot y Calzada (1973).
Por encima de esta Unidad no han sido encontrados
mis materiales en el Garraf, pero en area adyacente del
Montmell se encuentra también la Unidad Calizas de
Pujol Florit y por encima aparece la Formacion Arcillas
rojas y Calcarenitas de Orbitolinas del Montmell que fue
definida por Robles (1982). Martinez et al. (1994) estu-
diaron los ammonites de la Fm. Montmell atribuyéndo-
los a la Biozona Douvilleiceras mammillatum, segunda
biozona del Albiense inferior. Actualmente estos ammo-
nites estan siendo revisados y en nuestra opinion son
atribuibles a la biozona Levmeriella tardefurcata, prime-
ra biozona del Albiense inferior. Los ammonites de la
Fm. Montmell presentan una asociacion muy similar a
la estudiada por Moreno-Bedmar er al. (2008) en la base
de la Formacion Escucha en Castello de la Plana, cuen-
ca del Maestrat. Estas asociaciones de la biozona
Levmeriella tardefurcata estan constituidas por especies
de engonoceritidos, atribuibles al género Parengonoceras

Francia
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Gamaf  gdel Pen
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Figura 1. Situacion del Macizo del Garraf' y de Can Casanyes.

(=Platiknemiceras), algin douvilleceratido primitivo y
las altimas especies de "Hypacanthoplites" que despere-
cerdn en la parte alta de dicha biozona, no estando pre-
sente en la biozona suprayacente Douvilleiceras mammi-
llarum. La Formacion Montmell equivale a los materia-
les marinos de la parte baja de la Fm. Escucha (Fig. 2),
al menos en su parte mas basal pues en la Formacion
Escucha de la cuenca del Maestrat se han caracterizado
las dos biozonas de ammonites del Albiense inferior
Leyvmeriella tardefurcata y Douvilleiceras mammilla-
twm, (Martinez er al. 1994 y Moreno-Bedmar er al.
2008). En la Fm. Montmell, hasta el presente, solo ha
sido posible caracterizar la primera biozona del Albiense
inferior, Levmeriella tardefurcata identificindose de
manera preliminar: Parengonoceras bassei (Bataller,
1955), "Hypacanthoplites" sp.1 y "Hypacanthoplites"
sp.2.
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Figura 2. Pancl cronoestratigrafico del Aptiense del Garraf comparado con el Maestrat y ¢l Prebético; basado en datos propios,
Castro (1998), Ogg et al. (2004), Moreno & Bover (2007), Moreno et al. (2007), entre otros trabajos.

LA SECCION DE CAN CASANYES
La seccion de Can Casanyes (Fig. 3) estd situada en el

término municipal de Castellet i la Gornal, a unos cinco
Kilémetros al Sur de la localidad de Torrelletes (Fig. 1).
La seccion consiste en una alternancia de margas y cali-
zas de 51 metros de potencia observable que se puede
dividir en siete tramos (de base a techo):

Tramo |: de 14 metros de potencia observable esta
constituido, esencialmente, por margas grises con
pequenios niveles intercalados de calizas. En la parte alta
se ha recolectado un ejemplar rodado de Cheloniceras
mevendorffi (d'Orbigny, 1845).

Tramo 2: de 1,5 metros de potencia de margas y cali-

zas amarillentas (packstones). Son muy fosiliferas, pre-
sentando corales, equinoideos, braquiépodos, orbitolini-
dos y crinoideos. En un banco calizo, se recolecto in situ
un ejemplar de Pseudohaploceras matheroni (d'Orbigny,
1841). En estas margas aparecen los primeros poriferos.

Tramo 3: Paquete de margas amarillas de unos 9
metros de potencia. En su parte basal se ha recolectado
in situ Cheloniceras meyendorffi (d'Orbigny).

Tramo 4: Constituido por una alternancia de margas y
calizas amarillas (wackestones-packstones) de 12 metros
de potencia. Los tltimos tres metros se caracterizan por
calizas (grainstones) muy bioturbadas con bivalvos,
equinoideos, braquidpodos, orbitolinidos, crinoideos,
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esponjas y decapodos. El contenido fosilifero se presen-
ta muy fragmentado debido al transporte.

Tramo 5: Esta predominantemente formado por cali-
zas amarillas de unos 3 metros de potencia con pequenas
pasadas de margas. Las calizas son grainstones muy
cementados con fragmentos de bivalvos, equinoideos,
braquiopodos, orbitolinidos, crinoideos, esponjas y crus-
taceos decapodos. En general los fosiles se presentan
fragmentados y en el caso de los poriferos no estdn en
posicion de vida. En los tramos margosos hay braquio-
podos algin decapodo y poriferos, estos ultimos en posi-
cion de vida. Entre el dltimo banco calizo, unos 2 metros
de potencia, y los niveles infrayacentes, se encuentra el

2 - st st DAk sl Asine
cambic de biczona Dufrenoyia furcata-Epicheloniceras

martini, véase figura 3.

Tramo 6: esta constituido por una alternancia de nive-
les calizos y margas decimétricas de unos 7 metros de
potencia. En la parte inferior predominan las calizas,
mientras que en la parte superior lo hacen las margas. La
parte inferior esta constituida por grainstones con bival-
vos, equinidos, braquiépodos, orbitolinidos, crinoidcos,
esponjas y crusticeos decapodos. La parte superior es
menos fosilifera, con poriferos, equinoideos y orbitolini-
dos.

Tramo 7: Los dltimos 3 metros que afloran estin
constituidos predominantemente por calizas que alternan
con finos niveles margosos, en la parte superior.

AMMONITES DEL MACIZO DEL GARRAF,

ANTECEDENTES

Para antecedentes véase en Garcia ef al. (2007) a los
que hay que anadir Moreno (2007b); Moreno &
Company (2007) y Moreno-Bedmar & Garcia (2009) .
Entre los antecedentes hay que destacar ¢l trabajo de
Garcia et al. (2007) que figuran, lam. 2, figs. 8-9,
Parahoplites melchioris (Anthula, 1899) procedente de
Can Casanyes. Este ammonoideo es un ejemplar rodado
que se hallé por encima de la seccion estudiada en el pre-
sente trabajo tratandose de la especie indice de la bio-
zona que lleva su nombre Parahoplites melchioris.

BIOESTRATIGRAFIA
El anilisis bioestratigrafico de los ammonoideos de la
seccion de Can Casanyes permite reconocer las siguien-
tes biozonas:
Biozona Dufrenoyia furcata: Se han reconocido
Dufrenoyia sp. (Lam. 1, fig. B), Lytoceras sp. (Lam. 1,

fig. E), Phylloceras ponticuli (Rousseau, 1842) (Lam. 1,

fig. H), Cheloniceras meyendorfji (d'Orbigny) (Lam. 1,
fig. F), Pseudohaploceras matheroni (d'Orbigny) (Lam,
1, fig. C) y Colombiceras crassicostatum (d'Orbigny,
1841), (Lam. 1, fig. A). La presencia de Dufrenoyia sp.
permite caracterizar la biozona Dufrenovia furcata.

Por otra parte la profusion de la especie Cheloniceras
meyendorffi es realmente significativa pues Casey er al.
(1998) proponen la subzona Cheloniceras meyvendorffi
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en la parte alta de la biozona Furcata. Esta subzona
seria, por tanto, identificable en la seccion objeto de
estudio.

La especie Cheloniceras meyendorffi (d'Orbigny) es
un cheloniceratido con una densidad de costulacién mas
alta y con una seccion de la espira menos poligonal que
las especies del grupo Cheloniceras cornuelianum
(d'Orbigny, 1841). El grupo C. cornuelianum es caracte-
ristico de la biozona infrayacente Deshayesites deshaye-
si y estd presente también durante la parte baja y media
de la biozona Dufrenovia furcata. Cheloniceras meven-
dorffi (d'Orbigny) es la especie que sucede a C. cornue-
lianum y es una forma muy afin a los Epicheloniceras
mas primitivos del grupo Epicheloniceras debile Casey,
1964 que aparecen en la base de la biozona suprayacen-
te (biozona Epicheloniceras martini). Podemos pensar,
pues, que C. meyendorffi dio lugar a los primeros
Epicheloniceras.

Biozona Epicheloniceras martini: Se ha reconocido
Epicheloniceras martini (d'Orbigny, 1841) (Lam. 1, fig.
D). Colombiceras crassicostatum (d'Orbigny) vy
Tonohamites aequicingulatus (Koenen, 1902) (Lam. 1,
fig. G). La presencia de Epicheloniceras martini
(d'Orbigny) es diagnodstica de la biozona que lleva su
nombre.

CONCLUSIONES

El estudio detallado de la seccion de Can Casanyes,
que se halla en la Unidad informal Margas de Vallarca,
ha permitido reconocer las biozonas Dufrenoyia furcata,
en especial la subzona caracterizada por Casey et al.
(1998): Cheloniceras meyendor(fi en la parte alta de la
biozona Dufienovia furcata, Gltima biozona del Aptiense
inferior y la biozona Epicheloniceras martini, primera
biozona del Aptiense medio.
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Fig.3 -Seccion de Can Cassanyes
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Figura A: Colombiceras crassicostatum (d'Orbigny) vista lateral del ejemplar PUAB 68525. B: Dufrenovia sp. vista lateral del ejem-
plar PUAB 68427, C: Pseudohaploceras matheroni (d'Orbigny) vista ventral del ejemplar PUAB 68503, D: Epicheloniceras martini
(d'Orbigny) vista ventral del ejemplar PUAB 68498. E: Lytoceras sp. vista lateral del ejemplar PUAB 68340, F: Cheloniceras
mevendorffi (d'Orbigny) vista ventral del ¢jemplar PUAB 69488. G: Tonohamites aequicingulatus (Koenen) vista lateral del ejem-
plar PUAB 68527, H: Phvlloceras ponticuli (Rousseau) vista lateral del ejemplar PUAB 68428. Todos los ejemplares proceden de la
localidad de Can Cassanyes. Escala grafica | cm.
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RESUMEN

Se estudian los ammonoideos recolectados, con un muestreo sistemdtico, de la Unidad Calizas del Farreny, Sierra del Papiol,
Macizo del Garraf (NE de Espana). Se han recolectado ammonoideos en 4 bancos, 12-15. El andlisis bioestratigrafico de dicho regis-
tro ha permitido reconocer dos biozonas del Aptiense inferior: Deshayesites weissi pobremente representada y Deshayesites deshaye-
si.

PALABRAS CLAVE
Ammonoideos, Unidad Calizas del Farrveny, Macizo del Garraf, Aptiense inferior, biozonas Deshayesites weissi v Deshayesites des-
hayesi.

ABSTRACT

Svstematically sampled ammonite specimens from the Fondo de la Berra

section, Calizas del Farveny Unit, Serra del Papiol, Garraf Massif (NE Spain) were studied in detail. Ammonoids were collected
Sfrom four beds (12-15). The biostratigraphic analysis of this fossil record allowed us to recognize two Lower

Aptian biozones: Deshayesites weissi, which is poorly represented,

and Deshayesites deshayesi.

KEY WORDS
Ammonoids, Calizas del Farreny Unit, Garraf Massif, Lower Aptian, Deshayesites weissi and Deshayesites deshayesi zones.

INTRODUCCION Company, 2008; Garcia et al. 2007) y braquidpodos
(Calzada, 1974). En el presente trabajo se estudian varias

El Farreny es una localidad clasica del Aptiense infe- secciones siendo destacable la seccion del Fondo de la

rior del Macizo del Garraf, que se halla en la Sierra del
Papiol cerca de la localidad de Sant Miquel d'Olérdola
(Fig. 1), es especialmente conocida por su registro de
ammonites (Bataller, 1962: Martinez et al. 1994;
Moreno, 2005 inédito; Moreno 2007 a-b, Moreno &

Francia

Berra donde se han obtenido los ammonoideos objeto de
estudio mediante un muestreo sistematico. Hasta el pre-
sente trabajo la localidad del Farreny se habia estudiado
empleando los ammonoideos que se encontraban en los
dos grandes canchales, Fondo del Tennis y Fondo Gran
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Marruecos ,- - $
L £ o 1:»b
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llanova | la Geltry Cretacico infenior
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500 m.

Figura 1. Situacion del Macizo del Garraf, de la Sierra del Papiol y de las secciénes estudiadas.
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del Farreny, que dominan el afloramiento de la Unidad
Calizas del Farreny en el flanco Norte de la Sierra del
Papiol, sin conocer con certeza la posicion estratigrafica
que ocupaban los ammonoideos rodados que se colecta-
ban.

MARCO GEOLOGICO

La Unidad Calizas del Farreny fue definida informal-
mente por Moreno (2005); para marco geologico de esta
Unidad, dentro del Aptiense del Garraf véase en
Moreno-Bedmar ef al. (2009). Con el propésito de cono-
cer con mas detalle la Unidad Calizas del Farreny se ha
empleado la cartografia de Calzada (1974). El buza-
miento general dado por Calzada (1974), 12 grados al N
y direccion N60 E, varia, tan solo, hasta unos veinte de
grados, pero se ha visto que en algunas areas concretas
la accion de las fallas es muy importante y el buzamien-
to general se ve fuertemente modificado. Se ha realiza-
do una seccion cerca de la Penya del Papiol que se ha
denominado seccion de la Torre de alta tension (Fig. 2).
El afloramiento esta bastante cubierto realizindose una
seccion sintética. En esta seccion esta presente toda la
Unidad Calizas del Farreny desde su parte baja, donde se
aprecia el contacto de la Fm. Xert con la Unidad Calizas
del Farreny, hasta la parte alta. Los niveles superiores de
las Calizas del Farreny se caracterizan por la profusion
de poriferos, probablemente chaetétidos. en parte silici-
ficados. Hacia techo la Unidad Calizas del Farreny, aun-
que continia teniendo poriferos, es cada vez mas some-
ra incorporando progresivamente radiolas de equinoide-
os regulares, bivalvos y orbitolinidos.

ANTECEDENTES

Para antecedentes, de los ammonoideos aptienses del
macizo del Garraf, véase en Garcia et al. (2007) a los
que hay que anadir Moreno & Company (2007),
Moreno-Bedmar et al. (2008) y Moreno-Bedmar er al.
(2009).

El "yacimiento" del Farreny fue descubierto por Via
en el ano, 1947. En su libreta de campo, conservada
actualmente en el Museo del Vino de Vilafranca de
Penedes, se puede leer: "Baixant del Papiol on hem pujat
per tirar la mateixa foto de la sortida del 19-1V-45 sense
buscar-los, en la tartera que hi ha damunt del camp de
tennis i Can Catantingues hi trobem uns quants exem-
plars d'ammonitids de tamany considerable, que recor-
den els de la Vall. Jaciment a explorar." A partir del des-
cubrimiento se llevaron a cabo diversas campanas que
recolectaron gran parte de los ammonoideos que se
hallaban en los canchales, Fondo del Tennis y Fondo
Gran del Farreny, por parte del Museu del Vino y del
Museu Geologico del Seminario Conciliar de Barcelona.
Aun ello, parece ser que el yacimiento del Farreny era ya
conocido anteriormente al hallazgo de Via, si bien, no
hay constancia escrita de ello. En el Museu de Geologia
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BIOESTRATIGRAFIA DE LOS AMMONQOIDEOS....

de Barcelona se conserva bajo el ntimero 20537 un
ammonite procedente de la antigua coleccion Almera
determinado como Hoplites deshayvesi (Leymerie in
d'Orbigny) procedente del Aptiense de Castellet. Este
ejemplar juvenil de Deshayesites deshayesi (Leymerie in
d'Orbigny, 1841) por su litologia, unica en el aptiense del
Garraf, no hay género de dudas en que procede de la
Unidad Calizas del Farreny. Almera nunca indico la pre-
sencia de ammonites procedentes de Olérdola, término
municipal donde se halla el Farreny, creemos que éste
ammonoideo fue recolectado por otra persona y entrega-
do posteriormente al Dr. Almera indicandole erronea-
mente la localidad de donde procedia.

En los trabajos mas recientes (Moreno, 2005 inédito;
Moreno 2007 a-b, Moreno & Company, 2008; Garcia et
al. 2007) se han revisado des de un punto de vista taxo-
némico y bioestratigrafico los ammonoideos de esta
localidad reconociendo: Roloboceras hambrovi (Forbes,
1845), Deshayesites deshayesi (Leymerie in d'Orbigny);
Cheloniceras cf. cornelianum (d'Orbigny, 1840) y
Pseudohaploceras matheroni (d'Orbigny, 1840). Estos
ammonites fueron atribuidos a la biozona Deshayesites
deshayesi, Aptiense inferior (Martinez er al. 1994,
Moreno, 2005 y Moreno, 2007a). Los trabajos que se
han realizado, recientemente, revisando los niveles con
Roloboceras y Megatyloceras de la cuenca del Maestrat
(Moreno et al. 2007; Moreno & Bover, 2007; Moreno-
Bedmar et al. 2008a y Moreno-Bedmar ef al. subbmited)
hacen atribuir la especie Roloboceras hambrovi (Forbes)
a la parte alta de la biozona Deshayesites weissi.

SECCION DEL FONDO DE LA BERRA

Para el estudio de los ammonoideos de la Unidad
Calizas del Farreny nos centraremos en la seccion del
Fondo de la Berra pues se ha realizado un muestreo sis-
tematico banco a banco. Esta seccion, de 39,5 metros de
potencia, se caracteriza por estar constituida por una
sucesion muy monoétona de bancos calizos decimétricos,
generalmente entre 50 y 90 cm., de mudstones y mas
raramente wakestones. Las calizas tienen un color gris
muy caracteristico asi como olor fétido al romperse. Los
bancos 3, 4, 5 contienen braquiopodos, Tamarella chlo-
ris (Coquand, 1865) y Burrinhynchia viai Calzada, 1974,
junto con algunos bivalvos. Estos son los niveles estu-
diados por Calzada (1974); es destacable que dichos
niveles se hallan una decena de metros por debajo de la
primera aparicion de los ammonoideos de la biozona
Deshayesites deshavesi véase figuras 2 y 3 Por encima
bancos 5-11 apenas hay registro fosil limitandose a esca-
sos bivalvos. Los bancos 12-15 presentan registro de
ammonites junto con algin raro bivalvo. El banco 15 se
caracteriza por presentar nédulos piritosos, actualmente
limonitizados. Los bancos 16-22 son muy estériles sien-
do destacable que en el banco nimero 18 aparecen tam-
bién nddulos piritosos. No ha sido posible observar en
ningun nodulo de los bancos 15 y 18 que la pirita nuclee

39
38
37+

—eDeshayesites deshayesi

®Pseudosaynelfa sp.

o Cheloniceras cornuelianum

Biozonas

Deshayesites deshayesi

Deshayesites weissi

S Braguidpodos
. Calizas

Tapado

M: Mudstones
W Wakestones
P Pakstones
G: Grainstones

B: Bounstones

87

Figura 3. Seccion del Fondo de la Berra, distribucion de los

ammonoideos y andlisis bioestratigrafico.



88 JA. MORENO & R.GARCIA

entorno restos fosiles si bien en los canchales se ha reco-
nocido la presencia de corales solitarios piritizados y
algin ammonoideo, Deshayesites deshayesi (Leymerie
in d'Orbigny, 1841) y un nautoloideo, Cymatoceras nec-
kerianum (Pictet, 1847) con restos de concha piritizada,
actualmente limonitizada. Desconocemos si estos fosiles
proceden de los bancos 15 y 18 o de bancos suprayacen-
tes.

- BIOESTRATIGRAFIA

En 39,5 metros de seccion, mas de 11 metros tapados,
se han estudiado 22 bancos identificandose en 4 de ellos
registro de ammonoideos. En el banco 12 se ha recono-
cido un unico ejemplar de ammonoideo Pseudosaynella
sp. El banco 13 presenta un registro de ammonites, rela-
tivamente, abundante predominando ejemplares juveni-
les de Deshayesites deshayesi (Leymerie in d'Orbigny)
junto con Cheloniceras cornuelianum (d'Orbingy). En
los bancos 14 y 15 se han reconocido macroconchas sub-
adultas y adultas de Deshayesites deshayesi (Leymerie
in d'Orbigny) siendo mas abundantes en el banco 14,
aunque, en ambos bancos el registro de ammonoideos es
mas escaso que en el banco 13.

Biozona Deshayesites weissi: No hay ammonoideos
que permitan diagnosticar la presencia de dicha biozona,
aun ello, como el final de una biozona se define por la
primera aparicion del ammonoideo indice de la supraya-
cente los bancos por debajo del 13, primera aparicion de
Deshavesites deshayesi (Leymerie in d'Orbigny), son
atribuibles a la biozona Weissi. Por éste motivo conside-
ramos que la Pseudosaynella sp. del banco 12 procede
de la parte alta de la biozona Weissi. En los fondos muse-
isticos y colecciones particulares revisadas, que suman
algin centenar de especimenes procedentes de esta loca-
lidad, tan s6lo hay un ammonoideo que es atribuible a la
biozona Weissi con certeza, Roloboceras hambrovi
(Forbes) depositado en el MV con el nimero 3887, refe-
renciado por vez primera por Martinez ef al. (1994) y
figurado posteriormente por Moreno (2005) lam. 4, fig.
6 y lam. 5, fig. 1. Los ammonoideos de la biozona Weissi
son realmente escasos.

Biozona Deshayesites deshayesi: En el banco 13
encontramos la primera aparicion de Deshayesites des-
hayesi (Leymerie in d'Orbigny) (lam.1 figs. 1, 3 y 4),
que esta presente asimismo en los bancos 14 (lam. | fig.
2) y 15. En el banco 13 también se ha recolectado
Cheloniceras cornuelianum (d'Orbigny). En los fondos
museisticos y colecciones particulares revisadas practi-
camente la totalidad de ejemplares proceden de esta bio-
Zona.

CONCLUSIONES

Mediante el muestreo sistematico realizado en la sec-
cion del Fondo de la Berra se han recolectado ammonoi-
deos en 4 bancos, 12-15. El analisis bioestratigrafico, de

dicho registro, ha permitido reconocer dos biozonas del
Aptiense inferior: Deshayesites weissi y Deshavesites
deshayesi.
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LLamina |

Lamina 1: Figura 1: Deshayesites deshayesi vista lateral del ejemplar PUAB 68429, banco 13. Figura 2: Deshayesites deshayesi
vista lateral del ejemplar PUAB 68430, banco 14. Figura 3: Deshayeistes deshayesi PUAB 68431, banco 13. Figura 4: Deshayesites
deshayesi PUAB 68432, banco 13. Escala grafica 1 em.DVAB:Col.lecci6 de Palentologia de la Universitat Autonoma de Barcelona)



Annex 3






Moreno, J.A., Bover, T., 2007. Precisiones sobre la edad, mediante
ammonoideos, de la Formacié Margas del Forcall, Aptiense inferior, en la
subcuenca de Galve (Teruel, Espafa). In: Braga, J.C., Checa, A,
Company, M. (Eds.), XXIIl Jornadas de la Sociedad Espafiola de
Paleontologia (Caravaca de la Cruz, 3-6 de Octubre de 2007), Libro de
resumenes. Instituto Geolégico y Minero de Espafa y Universidad de
Granada, Granada, 151-152 pp.

Salas, R., Moreno, J.A., 2008. Revisi6 de la Geologia i altres treballs
complementaris de quatre Fulls del MGC25M a l'area del Massis de Garraf.
Fulls Numeros.: 420-1-1, 420-1-2, 448-1-1 i 448-1-2. Part |: Estratigrafia

dels materials aptians. 41 pp.

Gaona-Narvaez, T., Company, M., Lamolda, M., Maurrasse, F.J., Moreno-
Bedmar, J.A., Rebenack, C. 2009a. Microfacies and Geochemistry of a
Shallow-Water Lower Aptian Carbonate Platform Sequence at the Madotz
Section (Basco-Cantabrian Basin, Aralar, Spain), its Relation to Cretaceous
Anoxic Event 1a (OAE-1a). AAPG Annual Convention and Exhibition.
Denver (USA).

Gaona-Narvaez, T., Maurrasse, F.J.-M.R., Moreno-Bedmar, J.A., Company, M.,
Lamolda, M. 2009b. Ammonite biostratigraphy at the Madotz section
(Basco-Cantabrian Basin, Spain), implications for the record of Cretaceous
Oceanic Anoxic Event 1a (OAE-1a). Libro de resumenes, P. Palmqvist y

J.A. Pérez-Claros (coords.) Universidad de Malaga. p. 190-191 pp.

Rosales, |., Najarro, M., Moreno-Bedmar, J.A., de Gea, G.A., Company, M.,
2009. High-resolution chemo- and biostratigraphic records of the Early
Aptian Oceanic Anoxic Event in Cantabria (northern Spain). Geochimica et
Cosmochimica Acta Awards Ceremony Speeches and Abstracts of the 19th
Annual V.M. Goldschmidt. 73, 13, Supp. 1, A 1118.






XXIII Jornadas de la Sociedad Espafiola de Paleontologia. Libro de Restimenes

Precisiones sobre la edad, mediante ammonoideos, de la Fm. Margas del
Forcall, Aptiense inferior, en la subcuenca de Galve (Teruel, Espaiia)

Moreno, J.A.' y Bover, T

' Departament de Geoquimica, Petrologia i Prospeccié Geologica, Universitat de Barcelona, Marti i Franqués
sfn 08028 Barcelona, Espaiia; j.a.moreno@ub.edu

? Universitit Bayreuth. Abteilung Geologlc Universititsstr. 30, 95440 Bayreuth, Alemania; telm.bover@uni-
bayreuth.de

La subcuenca de Galve, una de las subcuencas que integran la cuenca del
Maestrazgo, se sitiia en el NE de la peninsula Ibérica, Teruel, en la rama aragonesa de la
Cordillera Ibérica. Los ammonites aptienses de la subcuenca de Galve sélo han merecido la
atencion de Weisser (1959), que reconocié la Biozona Deshayes:tes Deshayesi en la
Formacién Margas del Forcall.

El andlisis bioestratigrafico de las asociaciones de ammonites recolectadas en la
subcuenca de Galve permite reconocer las siguientes Biozonas de ammonites del Aptiense
inferior:

Biozona Deshayesites Weissi, Horizonte Roloboceras Hambrovi: En la parte baja de
las Margas del Forcall se ha recolectado: Roloboceras hispanicum Sornay y Marin (Fig. 1,
A), Roloboceras hambrovi (Forbes) y Barremites sp..

Figura 1: A: Roloboceras hispanicum Sornay y Marin, ejemplar CPT-3234 (Conjunto
Paleontol6gico de Teruel) procedente de Miravete de la Sierra. B: Deshayesites grandis Spath,
ejemplar CPT-3236 procedente de Villaroya de los Pinares. C-D: Dufienoyia dufirenoyi
(d’Orbigny), ejemplar CPT-3232 procedente de Miravete de la Sierra. Escala grafica: 1 cm.
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Biozona Deshayesites Deshayesi: Es la mejor representada tanto en numero de
especies como de ejemplares. Se han reconocido Deshayesites deshayesi (Leymiere in
d’Orbigny), Deshayesites grandis Spath (Fig. 1, B), Deshayesites latilobatus Neuman &
Uhlig y Deshayesites vectensis Spath, que permiten diagnosticar esta Biozona. Junto con
los Deshayesitidos aparece también Australiceras cf. gigas (Sowerby), Toxoceratoides sp.,
Cheloniceras cornuelianum (d’Orbigny) y Pseudosaynella undulata (Sarasin).

Biozona Dufrenoyia Furcata: En la parte alta de la Formacion Margas del Forcall se
ha encontrado Dufrenoyia dufrenoyi (d’Orbigny) (Fig. 1, C-D) 'y Cheloniceras
cornuelianum (d’Orbigny).
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INTRODUCCIO

Durant les tasques de revisié de la geologia i altres treballs dels quatre
fulls del MGC25M que comprenen l'area estudiada es va posar de manifest la
necessitat prévia d’estudiar, abans que res i molt acuradament, I'estratigrafia
dels materials aptians de tot el Massis de Garraf. Aquesta feina ha portat molt
de temps i ha enrederit bastant la confeccioé de I'informe dels resultats, perd ha
estat una exigéncia imprescindible per poder porta a bon terme el mapa
MGC25M del Massis de Garraf.

Les facies aptianes van ser cartografiades per Salas et al (1994) seguint
les pautes de la conca del Maestrat i la subconca del Perelld, sobretot pel que
fa a la llegenda i relacions estratigrafiques. Treballs posteriors han posat de
manifest que I’Aptia del Massis de Garraf té caracteristiques propies que el fan
diferent de I'’Aptia del sud de Catalunya i de la Zona d’Enllag, principalment en
facies i estratigrafia. L’elevat grau de fracturacié que presenten els materials
aptians, amb la impossibilitat de poder aixecar cap secci6 estratigrafica
continua i completa, ha estat la dificultat més gran. Perd6 malgrat aixo, els
resultats han permés establir una base biostratigrafica fiable que dona suport

cronostratigrafic a les unitats cartografiques i litostratigrafiques.

El treball de revisi6 s’ha dividit en dues parts. La primera part d’aquest
treball és I'estudi estratigrafic dels materials aptians que es presenta en aquest
volum. Mentre que la segona part va en un altre volum i tracta dels temes
concrets per cada full: 1) les llegendes de les unitats cartografiques, 2)
esquema de les relacions estratigrafiques i 3) les columnes estratigrafiques

sintetiques de totes les unitats cartografiques.

La Part | del treball que es presenta en aquest volum consta de dos
capitols, que segueixen als d’introduccié i marc geologic. En el primer capitol
s’exposa l'estudi biostratigrafic. El segon esta dedicat a les unitats
cartografiques aptianes, la seva caracteritzacioé i les relacions amb les unitats

litostratigrafiques. El treball de camp ha consistit en I'aixecament de quinze



seccions estratigrafiques detallades sobre les quals s’han realitzat els

mostrejos.

MARC GEOLOGIC

La Cadena ibérica i la Cadena Costanera Catalana es van formar per
inversio de la Conca iberica i Catalana durant el Palegen. Aquestes dues
conques es van desenvolupar durant el segon cicle de rifting mesozoic que va
afectar a les conques peritetisianas d’lbéria entre el Jurassic superior i el
Cretaci inferior. Aquest cicle es pot subdividir en tres polsos de rifting que van
controlar el desenvolupament de les sis grans arees de sedimentacido o
conques molt subsidents del NE d’lbéria: 1) Cantabrica, 2) Cameros, 3) del
Maestrat, 4) Sud-ibérica, 5) Perell6-Salaou-Garraf, i 6) la conca dels
Columbrets (Fig. 1).

50N
5 -
trg .t
? A
\ A
m = s
5 Blosque 3
‘ del Ebro 40N
o ﬁ... -.,%T
) 9
8

20W 10W 1]
FiG. 1.- Reconstrucci6é paleogeografica d’lbéria durant 'anomalia magnética MOr (120 MA,

Aptia inferior basal) segons J. Garcia-Senz (2007). El Golf de Biscaia ha comencgat la seva
oceanitzacio i es propaga a través de I'escorga continental per dues alineacions de fosses:
el rift pirenaic i el rift iberico-catalanide, separades per el Bloc de I'Ebre. Les alineacions de
fosses estan formades per conques individualitzades limitades per falles que es relleven
espacialment, 1: Parentis, 2: Arzacq, 3: Organya, 4: Cantabrica, 5: Cameros, 6: Ibérica sud-
oriental, 7: Maestrat, 8: Columbrets, 9: Perell6-Garraf. Geologia adaptada sobre la
reconstruccié de Sibuet (2004).



El cicle de rifting Jurassic superior-Cretaci inferior es va desenvolupar
amb la deformacié extensiva intraplaca que es va produir en relaci6 amb
'obertura de I'Atlantic Central i la seva propagacié cap el domini de I'Atlantic
Nord. Mentre, en el Golf de Biscaia, el régim tectonic transtensiu culmina a
I'Aptia mitja amb la separacié cortical i I'inici de I'obertura oceanica (Salas,
2001).

El rebliment sedimentari sinrift sobrepassa els 4 km de poténcia a les
conques del Maestrat i Cameros. A la conca del Maestrat la successid
sedimentaria sinextensiva es caracteritza pel predomini dels diposits
carbonatics marins d’aigiies somes, els quals va ser interromputs per sistemes
clastics durant I'Aptia basal i 'Albia. No obstant aix0, la sedimentacié terrigena
siliciclastica predomina en el marge occidental de la conca durant l'interval

Jurassic terminal-Barremia mitja, amb les facies Purbeck i Weald.

A la conca de Cameros, el rebliment sinrift esta format majoritariament
per diposits fluvials i lacustres, amb incursions marines somes molt ocasionals.
La conca Sud-ibérica va acumular més de 2 km de sediments sinextensius de

facies semblants a les de la conca del Maestrat.

A la conca del Perell6-Salou-Garraf la successié sedimentaria sinrift
abasta els 2 km de poténcia. El sector del Perell6 és més subsident que el de
Garraf, existint entre aquests dos dominis una zona de llindar que compren
I'area del Priorat-Muntanyes de Prades-Salou-Tarragona, on el materials del
Jurassic superior-Cretaci inferior no hi son o estan molt poc representats.
Aquests materials es caracteritzen per la preponderancia de carbonats marins
d’aigles somes amb etapes de carbonats d’aigua dol¢ca durant el Berriasia

superior, Barremia inferior i I’Aptia basal.

La transgressio més important es produeix durant I'’Aptia inferior i mitja,
amb la sedimentacio de potents trams margosos rics en ammonits i esponges.
L’entrada de terrigens siliciclastics es manifesta a I'’Albia amb la sedimentacio

de la Fm Montmell (Facies Utrillas). La llacuna estratigrafica que compren una



part del Neocomia es manifesta també a Garraf, de la mateixa manera que en

altres conques de la Cadena Ibérica.

Els treballs que fan referéncia al Massis de Garraf i del Montmell i que
poden ser considerats com classics en el coneixement la geologia regional de
I'area estudiada sén els de Bataller (1958), Ferrer (1966), Rat (1966), Calzada
y Via (1971), Esteban (1970), Moreno de Castro (1973), Esteban (1973),
Canérot y Calzada (1973), Guimera (1982) i Salas (1987). Tots estan d’acord
amb la preséncia de d’una potent successid6 de materials mesozoics que
comprendria des del Triasic al Cenomania i hi ha unanimitat en el
reconeixement de la preséncia de materials aptians. Aixd no obstant, no hi ha
massa acord amb els materials del Jurassic inferior i mitja, Neocomia i
Barremia, on les atribucions cronostratigrafiques sén molt variables segons els

autors.

La caracteritzacio biostratigrafica de la successié berriasiana-barremiana
va ser establerta recentment per Albrich et al. (2006). En aquest treball,
desenvolupat en el marc de I'lnstitut Cartografic de Catalunya de cara a fer el
MGC25M del Massis de Garraf, s’aporten també dades que suporten I'atribucio
de les dolomies de Garraf (dolomies negres i la Fm de la Pleta) al Jurassic

superior-Berriasia inferior.

Perd malgrat el reconeixement de la preséncia de materials aptians al
Massis de Garraf des d’antic, aquests no havien estat mai ben caracteritzats

fins ara, ni litostratigrafica ni biostratigraficament.

BIOSTRATIGRAFIA

Una gran part de I'estudi biostratigrafic s’ha realitzat mitjancant I'analisi
dels ammonoideus, sobretot pel que fa a la unitat litostratigrafica de les
margues de Vallcarca, que correspon a la unitat cartografica 12. La biozonacio

dels ammonits de I’Aptia, ara per ara, €s la que permet la precisio més alta de



tots els grups fossils de I'eépoca. Per I'estudi biostratigrafic dels ammonoideus

s’ha utilitzat la biozonacié mediterrania estandard de Reboulet et al. in press.

Antecedents

Els ammonits aptians del Massis del Garraf son coneguts des d’antic.
Almera (1895) va establir la primera estratigrafia del Cretaci inferior del Garraf i
va citar alguns ammonits. Kilian (1898) dona un llistat d’ammonits procedents
de la Vall, remesos pel Dr. Almera. Faura i Sans (1923) en la memodria del
mapa geologic de Vilanova i la Geltra aporta un llistat dels ammonits aptians.
Posteriorment, Bataller (1962) va realitzar un treball monografic sobre els
ammonits aptians del Garraf. Calzada (1974) dona a conéixer alguns ammonits
de I'Aptia que recolli al massis durant la realitzacié6 de la seva tesi doctoral.
Martinez, Grauges & Salas (1994) realitzaren un treball biostratigrafic de sintesi
dels ammonits del Cretaci inferior de la Cadena Costanera Catalana i Ibérica
Oriental, citant alguns ammonits de I'area que ens ocupa. Calzada, Campuzano
& Urquiola (1996) elaboraren un treball taxondmic sobre uns ammonits aptians

que van recol-lectar a Olérdola.

Recentment, Moreno (2005 inédit) va revisar de forma monografica els
ammonits aptians del Garraf. El mateix autor (2007a) va estudiar des d’'un punt
de vista biostratigrafic els ammonits de I'Aptia més bassal que apareixen al
Garraf, Biozona Deshayesites weissi, datant aixi [linici de [I'etapa
d’aprofundiment de I'Aptia inferior. Moreno (2007b) va tractar els ammonits
aptians del massis des de un punt de vista biostratigrafic. Garcia, Moreno &
Araguz (2007) aporten noves dades sobre els ammonits aptians del Garraf i
Moreno & Company (2007) caracteritzen la presencia de dimorfisme sexual en
'ammonit index Deshayesites deshayesi (Leymerie in d’Orbigny) a partir de
material de diverses arees i del Garraf. Moreno (2007c) va revisar des d’un
punt de vista taxonomic diverses especies de Deshayesites procedents de
I'’Aptia inferior, Biozona Deshayesites deshayesi del Garraf. Moreno-Bedmar et
al. (2008) presenten una bioestratigrafia integrada de I'Aptia del Garraf.

Moreno-Bedmar et. al. (en premsa) estudien amb detall els ammonits de la



seccio de Can Casanyes. Moreno-Bedmar & Garcia (en premsa) estudien els

ammonits de la Serra del Papiol recol-lectats mitjangant un mostreig sistematic.

Metodologia

L’elaboraci6é del present estudi biostratigrafic es fonamenta en la revisio
exhaustiva dels antecedents i I'analisi dels ammonits recol-lectats en les
diverses campanyes de camp, dipositats en la Col-leccié de Paleontologia de la
Universitat Autdnoma de Barcelona (PUAB). També es basa en la revisi6 de les
col-leccions del Museu de Geologia de Barcelona (MGB), Museu Geologic del
Seminari de Barcelona (MGSB), Museu de Vilafranca, Museu del Vi (MV) i les
col-leccions particulars de Santiago Araguz (SA) i Mas del Artis (MA). Cal
destacar que practicament tots els ammonits citats des de temps d’Almera es
conserven i han pogut ser consultats, menys una petita part que sembla ser

que es va perdre durant la Guerra Civil.

Biozonacio del registre aptia

El treball biostratigrafic més exhaustiu i modern sobre els ammonits de
I'Aptia del Garraf és el de Moreno, (2007b) on es reconeixen fins a sis biozones
d’ammonits Deshayesites weissi, Deshayesites deshayesi, Dufrenoyia furcata
(Aptia inferior), Epicheloniceras subnodoscostaum, Parahoplites melchioris
(Aptia mitja) i Nolaniceras nolani (Aptia superior). Basant-se en el esquema

bioestratigrafic de Hoedemaeker et al. (2003).

Per la realitzacié de la present memoria s’ha dut a terme una revisio critica
de la biozonaci6 proposta per Moreno (2007b) en base al nou esquema
biostratigrafic proposat per Reboulet et al. in press. S’han reconegut les
seglents biozones:

- BIOZONA DESHAYESITES WEISSI
- BIOZONA DESHAYESITES DESHAYESI
- BIOZONA DUFRENOYIA FURCATA



- BIl0zZONA EPICHELONICERAS MARTINI
- BI0OZONA PARAHOPLITES MELCHIORIS
- BI0ZONA ACANTHOHOPLITES NOLANI

Biozona Deshayesites weissi.

A la localitat classica del Ferreny (Fondo del Tennis 31 X: 394009.0, Y:
4575360.0 i Fondo Gran de Cal Ferreny 31 X: 394158.0, Y: 4575360.0; Serra
del Papiol) s’ha reconegut un exemplar de Roloboceras hambrovi (Forbes)
Lam. 1, figs. A-B. En la secci6 propera del Fondo de la Berra (31 X: 394047.0,
Y: 4575073, Serra del Papiol) s’ha recol-lectat Pseudosaynella sp. La primera
aparici6 de les especies atribuibles al génere Pseudosaynella sol ser

caracteristica de la part alta de la biozona Deshayesites weissi (Casey, 1961).

A la secci6 de Mas Ricard 1 (31 X: 389362.0, Y: 4566120.5) s’han
reconegut unes margocalcaries immediatament suprajacents a la Unitat
Calcaries i margues del Peu de la Serra on s’ha recol-lectat: Deshayesites gr.
normani Casey; Ptychoceras sp. Lam. 1, fig. C; Toxoceratoides royerianum
(d’Orbigny) Lam. 1, fig. D i Cheloniceras cornuelianum (d’Orbigny) Lam. 1, figs.
E-F.

Biozona Deshayesites deshayesi.

Aquesta biozona s’ha reconegut a la Serra del Papiol a la localitat classica
del Ferreny (Fondo del Tennis 31 X: 394009.0, Y: 4575360.0 i Fondo Gran de
Cal Ferreny 31 X: 394158.0, Y: 4575360.0; Serra del Papiol) i la nova seccid
del Fondo de la Berra (31 X: 394047.0, Y: 4575073): Deshayesites deshayesi
(Leymerie in d’Orbigny) Lam. 1, figs. G.-H; Lam. 2, figs. A-F; Lam. 3, fig. A;
Lam. 4, fig. A; Lam. 5, figs. A-B; Lam. 8, fig. B; Cheloniceras cornuelianum
(d’Orbigny) i Pseudohaploceras matheroni (d’Orbigny) Lam. 5, fig. C.



De I'explotacié cimentera de la Vall (31 X: 390042.0, Y: 4573479.0) en el
MV, MGSB i MGB s’ha reconegut: Deshayesites deshayesi (Leymerie in
d’'Orbigny) i Hamiticeras carcitanense (Matheron) Lam. 5, fig. D.

Biozona Dufrenoyia furcata.

A la secci6 de Can Casanyes (31 X: 388894.0, Y: 4569992.50);
Dufrenoyia sp. Lam. 5, fig. E; Lytoceras sp. Lam. 5, fig. F ; Phylloceras ponticuli
(Rousseau) Lam. 9, fig. F; Cheloniceras meyendorffi (d’Orbigny) Lam. 6, figs. A,
Cheloniceras mackesoni Casey; Cheloniceras cornuelianum (d’Orbigny) i

Colombiceras crassicostatus (d’Orbigny) Lam. 9, fig. A.

De la seccid6 del Mas del Artis (31 X: 390681.0, Y: 4568600.5)

Cheloniceras mackesoni Casey Lam. 7, fig. H.

De la secci6 de Coma Pineda (31 X: 388022.5, Y: 4569270.5) s’ha
reconegut Tonohamites aequicingulatus (Koenen) Lam. 6, figs. B-C i

Cheloniceras meyendorffi (d’Orbigny) Lam. 6, fig. .

De la zona de les Mesquites, cami de les Mesquites (31 X: 389958.5, Y:
4567912.0), també s’ha reconegut un exemplar de Aconeceras nisus
(d’Orbigny) Lam. 8, figs. E-F; Cheloniceras meyendorffi (d’'Orbigny) Lam. 6, fig.
G juntament amb Tonohamites sp. Lam. 6, fig. D.

De la vinya sota de Casa Alta (31 X: 38898.3, Y: 4570232.0) Cheloniceras
meyendorffi (d’Orbigny) Lam. 8, fig. A.

De la zona de la Vall (31 X: 390042.0, Y: 4573479.0) Dufrenoyia sp. i
Cheloniceras meyendorffi (d’Orbigny).

De Vallcarca (31 X: 405404.0, Y: 4567761.0), al MGSB, hi ha un exemplar
de Cheloniceras meyendorffi (d'Orbigny).

10



De la seccié de Can Mercer (31 X: 402830.0, Y: 4570193.0) Colombiceras
crassicostatus (d’Orbigny) i Cheloniceras meyendorffi (d’Orbigny).

De la zona de Can Grau (31 X: 402833.5, Y: 4573686.0), al MV, hi ha un

exemplar de Cheloniceras meyendorffi (d’Orbigny).

Del terme municipal de Castellet (no es coneix la localitat de forma més
concreta), es conserva al MGB, un exemplar de Cheloniceras mackesoni

Casey Lam. 8, fig. G.

Biozona Epicheloniceras martini.

De la secci6 del Mas del Artis (31 X: 390681.0, Y: 4568600.5):
Epicheloniceras martini (d’Orbigny) Lam. 6, fig. H; Epicheloniceras buxtorffi
Casey Lam. 6, fig. E; Colombiceras crassicostatus (d’Orbigny); Ammonitoceras

sp Lam. 7, fig. A i Hamiticeras carcitanense (Matheron) Lam. 6, fig. F.

De la seccid de les Mesquites (31 X: 390179.0, Y: 4568659.0)
Epicheloniceras martini (d’Orbigny); Colombiceras crassicostatus (d'Orbigny)
Lam. 7, fig. C; Colombiceras cf. tobleri (Sinzow) Lam. 9, fig. G; Ammonitoceras
sp Lam. 7, fig. B; Hamiticeras carcitanense (Matheron); Mathoceras sp. 1

(macroconquilla) Lam. 7, fig. D i Mathoceras venezolanum Renz, Lam. 9, fig. B.

De la secci6 de Can Casanyes (31 X: 388894.0, Y: 4569992.50)
Epicheloniceras martini (d’Orbigny) Lam. 9, fig. E; Colombiceras crassicostatus
(d’Orbigny); Pseudohaploceras matheroni (d’Orbigny) Lam. 7, fig. E;
Tonohamites aequicingulatus (Koenen) Lam. 9, fig. C i Hamiticeras

carcitanense (Matheron).

De la secci6 de Pujol Florit (31 X: 388235.0, Y: 4569568.5)
Epicheloniceras martini (d’'Orbigny) Lam. 7, fig. G.

11



De la secci6 de Can Mercer (31 X: 402830.0, Y: 4570193.0)

Epicheloniceras martini (d’Orbigny).

De l'explotacié cimentera de la Vall (31 X: 390042.0, Y: 4573479.0)
Epicheloniceras martini (d’'Orbigny) Lam. 7, fig. F.

De Can Ferrer (Canyelles) (31 X: 392159.5, Y: 4570346.5), al MV, hi ha

un exemplar de Colombiceras cf. tobleri (Sinzow).

Biozona Parahoplites melchioris.

A la seccié de Can Casanyes (31 X: 388894.0, Y: 4569992.50) s’ha

reconegut Parahoplites melchioris Anthula, Lam. 8, figs. C-D i Toxoceratoides

sp.

De la secci6 del Mas del Artis (31 X: 390681.0, Y: 4568600.5)

Parahoplites melchioris Anthula.

Biozona Acanthohoplites nolani:

De Can Almirall de la Font (31 X. 399403.5, Y: 4571032.5), al MGSB hi ha
un exemplar determinable com Diadochoceras sp. Lam. 9, fig. D.

12
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Fig 2.- Distribucio biostratigrafica de les vint-i-sis espécies d’ammonits aptians reconegudes

al Massis de Garraf.




Lamina 1

Figures A-B: Roloboceras hambrovi Forbes vista lateral i ventral,

respectivament, de 'exemplar MV 3887 procedent del Farreny.

Figura C: Ptychoceras sp. vista lateral de lI'exemplar PUAB 68327

procedent de Mas Ricard.

Figura D: Toxoceratoides royerianum (d’Orbigny) vista ventral de
I'exemplar PUAB 68460 procedent de Mas Ricard.

Figures E-F: Cheloniceras cornuelianum (d’Orbigny) vista lateral i ventral,

respectivament, de I'exemplar PUAB 68328 procedent de Mas Ricard.

Figura G: Deshayesites deshayesi (Leymerie in  d’Orbigny)
(microconquilla) vista lateral de I'exemplar MGSB 12094-15 procedent del
Farreny.

Figura G: Deshayesites deshayesi (Leymerie in  d’Orbigny)

(microconquilla) vista lateral de I'exemplar MGSB 12094-16 procedent del

Farreny.

Escala grafica 1 cm.
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Lamina 2

Figura A: Deshayesites deshayesi (Leymerie in  d'Orbigny)
(macroconquilla) vista lateral de lI'exemplar MGSB 12094 procedent del

Farreny.
Figura B: Deshayesites deshayesi (Leymerie in  d'Orbigny)
(macroconquilla) vista lateral de I'exemplar MGSB 12092-2 procedent del

Farreny.

Figura C: Deshayesites deshayesi (Leymerie in  d’Orbigny)

(macroconquilla) vista lateral de I'exemplar PUAB 68393 procedent del Farreny.

Figura D: Deshayesites deshayesi (Leymerie in d’Orbigny) vista lateral de

'exemplar PUAB 68429 procedent del Farreny.
Figura E: Deshayesites deshayesi (Leymerie in  d'Orbigny)
(macroconquilla) vista lateral de I'exemplar MGSB 12094-7 procedent del

Farreny.

Figura F: Deshayesites deshayesi (Leymerie in  d’Orbigny)

(macroconquilla) vista lateral de I'exemplar PUAB 68310 procedent del Farreny.

Escala grafica 1 cm.
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Lamina 2
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Lamina 3

Figura A: Deshayesites deshayesi (Leymerie in  d'Orbigny)
(macroconquilla) vista lateral de I'exemplar MGSB 13848-1 procedent del

Farreny.

Escala grafica 1 cm.
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Lamina 3
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Lamina 4

Figura A: Deshayesites deshayesi (Leymerie in  d’Orbigny)

(macroconquilla) vista lateral de I'exemplar PUAB 68430 procedent del Farreny.

Escala grafica 1 cm.
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Lamina 5

Figura A: Deshayesites deshayesi (Leymerie in  d'Orbigny)
(macroconquilla) vista lateral de I'exemplar MGSB 12094-2 procedent del

Farreny.

Figura B: Deshayesites deshayesi (Leymerie in d’Orbigny) (microconquilla)

vista lateral de 'exemplar MGSB 12534-2 procedent del Farreny.

Figura C: Pseudohaploceras matheroni (d'Orbigny) vista ventral de

'exemplar PUAB 68312 procedent del Farreny.

Figures D: Hamiticeras carcitanense (Matheron) vista lateral de I'exemplar
MV 3850 procedent de la Vall.

Figura E: Dufrenoyia sp. vista lateral de 'exemplar PUAB 68427 procedent

de Can Casanyes.

Figura F: Lytoceras sp. vista lateral de 'exemplar PUAB 68340 procedent

de Can Casanyes.

Escala grafica 1 cm.
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Lamina 5
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Lamina 6

Figura A: Cheloniceras meyendorffi (d’Orbigny) vista ventral de I'exemplar
PUAB 69488 procedent de Can Casanyes.

Figura B: Tonohamites aequicingulatus (Koenen) vista lateral de

I'exemplar SA 20 procedent de Coma Pineda.

Figura C: Tonohamites aequicingulatus (Koenen) vista lateral de
'exemplar PUAB 68431 procedent de Coma Pineda.

Figura D: Tonohamites sp. vista lateral de I'exemplar PUAB 68379

procedent de Les Mesquites.

Figura E: Epicheloniceras buxtorffi Casey vista lateral de I'exemplar PUAB
68426 procedent del Mas del Artis.

Figura F: Hamiticeras carcitanense (Matheron) vista lateral de I'exemplar
PUAB 48644 procedent del Mas del Artis.

Figura G: Cheloniceras meyendorffi (d’Orbigny) vista lateral de I'exemplar
PUAB 68354 procedent del cami de les Mesquites.

Figura H: Epicheloniceras martini (d’Orbigny) vista ventral de I'exemplar
PUAB 68341 procedent del Mas del Artis.

Figura I: Cheloniceras meyendorffi (d’Orbigny) vista ventral de I'exemplar

SA 17 procedent de Coma Pineda.

Escala grafica 1 cm.
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Lamina 7

Figura A: Ammonitoceras sp. vista lateral de 'exemplar SA 16 procedent
del Mas del Artis.

Figura B: Ammonitoceras sp. vista lateral de I'exemplar PUAB 68462

procedent de Les Mesquites.

Figura C: Colombiceras crassicostatus (d’Orbigny) vista lateral de

'exemplar SA 22 procedent de Les Mesquites.

Figura D: Mathoceras sp.1 vista lateral de I'exemplar PUAB 68357

procedent de Les Mesquites.

Figura E: Pseudohaploceras matheroni (d’Orbigny) vista ventral de

I'exemplar PUAB 68503 procedent de Can Casanyes.

Figura F: Epicheloniceras martini (d’Orbigny) vista ventral de I'exemplar
MV 3809 procedent de la Vall.

Figura G: Epicheloniceras martini (d’Orbigny) vista ventral de I'exemplar
PUAB 68425 procedent de Pujol Florit.

Figura H: Cheloniceras mackesoni Casey vista lateral de 'exemplar PUAB
68396 procedent del Mas del Artis.

Escala grafica 1 cm.
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Lamina 8

Figura A: Cheloniceras meyendorffi (d’Orbigny) vista ventral de I'exemplar
PUAB 68461 procedent de Casa Alta.

Figura B: Deshayesites deshayesi (Leymerie in  d'Orbigny)
(macroconquilla) vista lateral de I'exemplar SA 12 procedent del Farreny.

Figura C-D: Parahoplites melchioris (Anthula) vista lateral i ventral,

respectivament, de I'exemplar PUAB 68348 procedent del Mas del Artis.
Figura E-F: Aconeceras nisus (d’Orbigny) vista lateral i ventral,
respectivament, de l'exemplar PUAB 68381 procedent del cami de les

Mesquites.

Figura G: Cheloniceras mackesoni Casey vista lateral de I'exemplar MGB

20538 de I'antiga col-leccié Almera procedent de Castellet.

Escala grafica 1 cm.

28



Lamina 8
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Lamina 9

Figura A: Figura A: Colombiceras crassicostatum (d’Orbigny) vista lateral

de I'exemplar PUAB 68525 procedent de Can Casanyes.

Figura B: Mathoceras venezolanum Renz vista lateral i ventral de

'exemplar PUAB 68377 procedent de les Mesquites.

Figura C: Tonohamites aequicingulatus (Koenen) vista lateral de
I'exemplar PUAB 68527 procedent de Can Casanyes.

Figures D: Diadochoceras sp. vista lateral i ventral de I'exemplar MGSB

6759 procedent de Can Almirall de la Font.

Figura E: Epicheloniceras martini (d’'Orbigny) vista ventral de I'exemplar
PUAB 68498 procedent de Can Casanyes.

Figura F: Phylloceras ponticuli (Rousseau) vista lateral de I'exemplar
PUAB 68428 procedent de Can Casanyes.

Figura G: Colmbiceras cf. tobleri (Sinzow) vista lateral de I'exemplar PUAB

68371 procedent de les Mesquites

Escala grafica 1 cm.
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UNITATS CARTOGRAFIQUES | LITOSTRATIGRAFIQUES

En aquest capitol es proposen les noves unitats cartografiques i
litostratigrafiques pels terrenys aptians del Massis de Garraf y es descriuen les
seves principals caracteristiques de: 1) nom, 2) estratotip, 3) edat, 4) fulls en
els quals se la reconeix, i 5) breu descripcio. A més, es donen les equivaléncies
amb les unitats cartografiques antigues que van ser utilitzades per Salas et al
(1994) en la cartografia original. Aixi mateix, també es mostren les
equivaléncies amb les unitats litostratigrafiques aptianes de la conca del
Maestrat i del Prebétic Cadascuna de les noves unitats cartografiques

correspon a una unitat litostratigrafica (Fig. 3):

Biozones
d’ammonits | Prebétic | Maestrat Garraf (Montme“)
Unitats li i 1es ]Unitats cartogafig |
s to
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113 S Fm. Seguili | Calcaries i
o L margues de 1 3
@ | Acanthohopiites Pujol Florit
114 @ nolani
=1
<<
115
1e Parahoplifes
melchioris Fm. Benassal
s B
£
2 s
118 o 3
< 5
2
119 -y @ Margues de 1 2
i it 5
Epichsioniceras Fm. = Vallcarca
martini . O
120 Almadich |£
Fm. Villaroya
121 Yy
Dufrenoyia
furcata Ga
122 Ga ge
& | Deshayesites Mo a
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123 % L= Fm. Margues
‘o | Deshayesites ol del Forcall Calcaries| -
= weissi ot | ||| Hiatus
124 fz:l I Farreny AL
Deshayesites | Fm. £ Fm. Xert Calcaries | Margues Ol: subconca de Oliete
oglanlensis Llopis g del Peu de la Serra Mo: subconca de Morella
125 Mor l i z| Fm. Morella * 1 1 Pe: subconca de Penyagolosa
| . 2? Sa: subconca de la Salzedella
Martelites ‘| Fm. Artoles .
Barremia sarasini s Ga: subconca de Galve

FiG. 3.- Cronostratigrafia de les unitats cartografiques (UC) aptianes del Massis de Garraf-
Montmell. Equivaléncies amb la conca del Maestrat (Cadena Ibérica oriental) i el Prebétic.
UC 11: Calcaries i margues del Peu de la Serra, UC 12: Margues de Vallcarca, UC 13:
Calcaries i margues del Pujol Florit.
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Unitat cartografica 11: Calcaries i marques del Peu de la Serra

Nom de la unitat.- Deriva de la cota Peu de la Serra, 442 m (31 X: 403068, Y:
4574623). Correspon a I'antiga unitat cartografica de la Mola. El canvi de nom i
localitat s’ha cregut necessari de fer atés que a la Mola no hi ha la unitat 11,
sin6 que correspon a un relleu format per un “casquet” de materials de la unitat
10 (Unitat Cartografica de la Morella) que es disposa sobre una base de
materials també de la unitat 10, que faria d’autocton relatiu, ja que correspon a

una altra lamina de “casquet” inferior i més amplia.

Seccio tipus.- Es localitza a la pista asfaltada que va de la Plana Novella a
Olivella, prop del mas de les Piques, base = (31 X: 403300, Y: 4573606), sostre
= (31 X: 403121, Y: 4573891). La paraseccio tipus és la seccio de Jafre (Fig.
4), a uns 500 m al NE del poble, base = (31 X: 403003, 4571271), sostre = (X:
402846, Y= 4571207).

Edat.- Barremia superior-Aptia inferior (Bedulia, Figs. 3, 4).

Fulls en els quals es reconeix.- Majoritariament es troba ben representada en
els fulls: 448-1-1 i 447-2-1. Afloraments molt petits als fulls: 447-2-2 i 448-1-2.

Breu descripcié.- Calcaries micritiques (wackestones) beix clares
estratificades en bancs métrics que alternen amb passades métriques
margoses, fins a 100 m. Contenen abundants restes de rudistes requiénids,
passades amb Chondrodonta y foraminifers bentonics: Palorbitolina lenticularis,
miliolids, entre altres. Cap a sostre es fan progressivament més lutitiques i les

capes mes primes.

Comentari.- La unitat cartografica 11 caracteritzada en I'estudi biostratigrafic
que va fer I'equip de la UAB al 2005 (Albrich, 2006) no es correspon a la unitat
cartografiada com 11 en el mapa de Salas et al (1994). La anomenada unitat
11 per I'equip de la UAB correspondria a una part de la unitat cartografica 10 de
Salas et al (1994). L'equip de la UAB defineix la seva unitat cartografica 11 en
la seccid VIl (Pla de Querol, sostre seccié: 31 X: 407017, Y: 4570941) per la
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primera aparicié de Palorbitolina lenticularis. Aixd no obstant, la base de la
unitat 11 cartografiada per Salas et al (1994) se situa estratigraficament per
sobre i geograficament uns 4 km, en linia recta, més a l'oest (Mas Lloreng, 31
X: 403022, Y: 4571043). Recapitulant: 1) la primera aparicido de Palorbitolina
lenticularis és un criteri cronostratigrafic, perd no és un criteri per canviar els
limits de la unitat cartografica 11; 2) la unitat cartografica 10 és molt potent, i als
més de 600 m mesurats s’estima que s’han d’afegir aproximadament el doble.
Aquesta xifra que pot semblar exagerada a primera vista, no ho és si es té en
compte que durant el Barremia hi va haver una reactivacié regional de la
subsidéncia sinrift a Ibéria, amb poténcies al voltant dels 1000 m a la conca del

Maestrat.

Unitat cartografica 12: Marques de Vallcarca

Nom de la unitat.- Prové de la pedrera de Vallcarca que explota 'empresa
Uniland Cementera, S.A. (Sitges). Equival a les antigues unitats cartografiques
12, 12.1, 12.2i 12.3 del mapa de Salas et al. (1994).

Seccio tipus.- Se situa a la pedrera de Vallcarca. En el front de pedrera
actualment abandonat que hi ha sota els Plans de Campdasens. Base = (31 X:
405973, Y: 4567433), sostre prop de Can Robert = (31 X: 405973, Y: 4567820).
Les paraseccions tipus (Fig. 4) son les seccions de Can Casanyes-Pujol Florit
(31 X:388894.0, Y: 4569992.50)-(31 X: 388235.0, Y: 4569568.5) i Mas de I'Artis
(31 X: 390681.0, Y: 4568600.5), en les quals aflora el registre de les biozones
de Furcata i Martini de la part alta de I'Aptia inferior i baixa del mitja,
respectivament. La part baixa de I'Aptia inferior només es troba ben datada per
ammonits a Mas Ricard 1 (31 X: 389362.0, Y: 4566120.5).

Edat.- Aptia inferior (Bedulia) i mitja (Gargasia). Aquesta unitat presenta el
registre de ammonits de las biozones: Deshayesites weissi, Deshayesites
deshayesi i Dufrenoyia furcata de I'Aptia inferior, les biozones Epicheloniceras
martini i Parahoplites melchioris I'Aptia mitja i, probablement, la part baixa de la

biozona Acanthohoplites nolani de I'Aptia superior (Figs. 3, 4).
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Fulls en els quals es reconeix.- Principalment es troba representada en els
fulls els fulls: 448-1-1 i 447-2-1.

Breu descripcio.- Margues grises i gris-blavoses amb trams groguencs per
alteracié que alternen amb bancs decimeétrics de margo-calcaries, calcisiltites i
calcaries, fins a 250 m reconeguts amb sondejos a la pedrera de Vallcarca. En
aflorament el centenar de metres basals acostuma a estar molt cobert (Fig. 4),
alguns metres de la base de la unitat es poden reconéixer a les seccions de
Jafre i Mas Ricard 1. La resta de la unitat es troba ben representada a les
seccions de Mas de I'Artis i de Can Casanyes-pujol Florit (Fig. 4). Aquesta

unitat aptiana és la més rica en ammonits i foraminifers planctonics.

En el centenar de metres superiors les intercalacions calcaries en es van
fent progressivament més potents cap el sostre de la unitat, passant de bancs
decimetrics a meétrics, que presenten fabriques més granosuportades. El
contingut faunistic d’aquests trams calcaris esta format per bivalves,
equinoderms, braquidpodes, crinoideus, esponges siliciques i crustacis

decapodes.

Comentari.- A la pedrera de Vallcarca els treballs d’explotacié de les margues
d’aquesta unitat cartografica han posat de manifest un sistema de falles
normals de direcci6 N140-150°E. Aquestes falles afecten tant la unitat de
calcaries i margues del Peu de la Serra (11) com a la unitat suprajacent de les
margues de Vallcarca (12) i sén paral-leles al sistema de falles normals que

delimiten la fosa tectonica de Vallcarca (Fig. 5).

Algunes geometries i I'engruiximent de les capes de la unitat margosa
contra els plans de falla (Fig. 5) ens indicarien l'activitat sinsedimentaria
d’aquest sistema de falles. La hipotesi que es formula es que la fosa de
Vallcarca s’hauria format durant I'extensié de la etapa de rifting del Jurassic
superior-Cretaci inferior i s’hauria conservat fins ara, atés que estaria poc

afectada per les estructures compressives alpines.
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Fig. 5.- Front d’explotacié antic de la pedrera de Vallcarca (NNE-SSW) sota el Mas Robert. Un sistema de falles normals amb direccions N140-150°E afecten
a les unitats cartografiques de calcaries i margues del Peu de la Serra (11) i de margues de Vallcarca (12). Aquest sistema de falles és paral-lel a les falles
mestres que limiten la fosa de Vallcarca. Les geometries i el creixement del gruix de les capes de la unitat margosa contra els plans de falla ens indicarien la
seva activitat sinsedimentaria durant I'etapa de rifting jurassica superior-cretacica inferior.
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Unitat cartografica 12a: Calcaries del Ferreny

Nom de la unitat.- Relacionat amb el mas de Can Ferreny (31 X: 393814, Y:
4575758). Els materials d’aquesta unitat formen les elevacions topografiques
calcaries del Papiol (31 X: 394964, Y: 4575572) i del Pi del Jaumet, explotades

per 'empresa "Canteras de Olérdola, S.A.”

Seccio tipus.- Situada al barranc del Fondo de la Berra (Fig. 4, 31 X: 394047,
Y: 4575073), prop de Cal Catantingues. Les paraseccions tipus soén les
seccions de mesurades pels barrancs del Fondo del Tennis (31 X: 394009, Y:
4575360) i Fondo Gran de Cal Ferreny (31 X: 394158, Y: 4575360).

Edat.- Aptia inferior (Bedulia). Aquesta unitat presenta el registre de ammonits
de las biozones: Deshayesites weissi, Deshayesites deshayesi de ['Aptia
inferior (Figs. 3, 4). Per tant, aquesta unitat és un canvi lateral de la base de la

unitat de Margues de Vallcarca (12).

Fulls en els quals es reconeix.- Fins ara només ha estat reconeguda aquesta
unitat en el sector nord del full 447-2-1, a la Serra de Papiol, prop de Sant
Miquel d’Olerdola.

Breu descripcié.- Calcaries micritiques amb pocs components (mudstones)
estratificades en bancs decimétrics (fins a 40 m de poténcia) formant una
successio molt monotona. A la base conté braquiopodes i alguns bivalves. Els
ammonits apareixen en la meitat superior de la unitat, on alguns bancs

presenten noduls piritosos limonititzats.

Comentari.- En el mapa de Salas et al (1994) aquesta unitat va ser
cartografiada equivocadament com la unitat 13 de Calcaries i margues amb
rudistes del Pujol Florit, per tant cal rectificar aixd6 en el mapa. També cal
canviar el tipus de contacte amb la unitat cartografica 12 de les Margues de
Vallcarca, que en lloc de ser un contacte normal entre ambdues unitats, ha de

ser un contacte que indiqui canvi lateral entre elles.
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Unitat cartografica 13: Calcaries i marques amb rudistes del Pujol Florit

Nom de la unitat.- Deriva del tur6 del Pujol Florit (31 X: 388463, Y: 4569911),
situat 2 km al NE del Panta de Foix. Equival a les antigues unitats

cartografiques 13 i 13.1 del mapa de Salas et al. (1994).

Seccié tipus.- La base de la seccid (31 X: 388235, Y: 4569568) esta situada a
la pista que va des del Panta de Foix a Cova Pineda i puja cap el nord a Cal
Cremat i a Cal Balaguer, deixat a la dreta el tur6 del Pujol Florit. La parasecci6
tipus és la secci6 de Can Grau (31 X: 402672, Y: 4573749) i també la de la
Casa Alta (31 X: 388845, Y: 4570480), encara que s6n molt incompletes i

només s’hi conserven els 20 - 30 m de la base.

Edat.- Aptia superior (Clansaiesia). Aquesta unitat cartografica, malgrat no
contenir ammonits de les dues biozones de I'’Aptia superior (nolani i jacobi), es
postdata per la seva posicid estratigrafica suprajacent a les margues de
Vallcarca amb registre d’ammonitids de I'Aptia inferior i mitja. La preséncia

d’Orbitolina texana confirma I'edat d’Aptia superior.

Fulls en els quals es reconeix.- Majoritariament es troba representada en els
fulls els fulls: 447-2-1 i 448-1-1.

Breu descripcid.- Aquesta unitat esta formada a la secci6 tipus per 110 m de
calcaries beix clares. A la base es disposen 20 m de calcaries granosuportades
amb variacions del contingut de matriu micritica (Packstones - Grainstones) en
bancs decimétrics i meétrics amb coralls. Segueixen 40 m de margues
semicobertes riques amb orbitolines i braquidpodes amb passades
decimetriques de calcaries micritiques. Culminen la serie 50 m d’'una alternanca

de margues amb orbitolines i calcaries micritiques amb rudistes.
Comentari.- S’ha de corregir la cartografia de I'aptia del sector NE del Panta de

Foix d’acord amb aquesta nova unitat adoptada. També caldria modificar una

mica el contacte basal d’aquesta unitat en alguns sectors del mapa.
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Microfacies and Geochemistry of a Shallow-Water Lower Aptian Carbonate Platform
Sequence at the Madotz Section (Basco-Cantabrian Basin, Aralar, Spain), its
Relation to Cretaceous Anoxic Event 1a (OAE-1a)

( Add to My Sessions )
Date: Tuesday, June 9
Time: 8:30 am - 12:30 pm
Location: Exhibition Hall

Speakers: Gaona Narvaez, Tatiana, Company, Miguel, Lamolda, Marcos, Maurrasse, Florentin J.,
Moreno-Bedmar, Josep A., Narvaez, Tatiana Gaona, Rebenack, Carrie

Track: SEPM Student Academic Research

Description: High-resolution analyses of microfacies, inorganic carbon (TIC, weight % CaCO3), organic
carbon (TOC, weight % C), and stable carbon isotope measurements (d13Corg) of Lower Aptian sequence
at the Madotz section (NE Spain) were carried out in order to identify lithologic and geochemical variations
related to Oceanic Anoxic Event la (OAE-1a). The lowermost part of the section consists of shale known
as Unit 1, with TIC <10%, TOC <0.2%. d13Corg values at the top of unit 1 vary between -23.52 and
23.18%o. In suprajacent subunits 2a and 2b, called the “Madoz Limestone”, subunit 2a comprises 20m of
biocalcirudite; its characteristic microfacies are packed and sparse biomicrites (calcarenites, calcirudites)
with coral, non-rudist bivalve, and echinoid and bryozoan fragments. TIC varies between 75.97 and
98.81%, and TOC is nearly 0%; carbon isotope composition was not measured. Subunit 2b includes 20 m
of interbedded sparse fossiliferous and packed marlstones, clayey fossiliferous micrites, as well as softer
calcareous shale, and shale. Fossils of this subunit are mainly orbitolinids, with fewer echinoids, non-rudist
bivalves, calcareous algae and calcispheres. TIC varies from 8.16 to 68.87%, while TOC values increase
relative to infrajacent subunit 2a, with fluctuation from 0.03 to 0.97%, with maximum in a 1.8m thick shale
interval, 36.08m above the base of the measured section. Higher TOC values are associated with shales and
clayey micrites, characterized by the absence of orbitolinids and bioturbation and scarcity of other benthic
faunas. However, they contain scattered calcispheres and up to 2.5% pyrite as isolated framboids, infilling
fossil cavities, and micronodules. Most of d13Corg values in subunit 2b remain constant between -23.64
and -21.93%. immediately following a negative value of -26.19%o. The absence of benthic foraminifers and
bioturbation, increased pyrite and TOC in the shales and calcareous shales of subunit 2b at Madotz coincide
with an interval of increased d13Corg values throughout most of the subunit, immediately succeeding a
significant negative d13Corg. We associate this interval of subunit 2b with conditions of Oceanic Anoxic
Event 1a. Ammonites present in the middle part of subunit 2b include taxa such as Deshayesites cf. forbesi,
Pseudosaynella bicurvata and Pseudosaynella undulata that suggest a stratigraphic position correlative with
at least the upper part of Deshayesites weissi zone of the standard Mediterranean ammonite zonation.
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de Educacion y Ciencia, con la ayuda BES-2008-005538. Las fotografias de MEB han sido realizadas
por Cristina Gallego en el Servicio de Microscopia Electronica de la UZ.
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Ammonite biostratigraphy at the Madotz section (Basco-Cantabrian Basin,
Spain), implications for the record of Cretaceous Oceanic Anoxic Event 1a
(OAE-1a)
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A high-resolution study of the Madoz section, including the integration of microfacies,
total inorganic carbon analyses (TIC, weight % CaCOs), total organic carbon analyses (TOC,
weight % C), stable carbon isotope measurements (&' Corg) and ammonite biostratigraphy,
was performed to investigate Lower Aptian neritic deposits from the Basco-Cantabrian
region, Spain. Our focus is to address the issue of differentiating the Oceanic Anoxic Event 1a
(OAE-1a) from other uncertain anoxic episodes within that time.

In Lower Aptian standard European planktonic foraminiferal biochronology, OAE-1a is
correlative with the lower part of the planktonic foraminifera Leupoldina cabri Zone, as in
most of the locations of the Tethyan realm and the Pacific [Moullade et al. (1998); Erba et al.
(1999); and others]. In contrast, using ammonite biostratigraphy, OAE-1a has been assigned
to different levels: from the upper part of the Deshayesites oglanlensis Zone to the
Deshayesites deshayesi Zone, which represents a wide time span of nearly two million years,
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according to Gradstein et al. (2004), a range of error too significant to provide precise time
correlation.

Previous biostratigraphic correlations at Madoz [Duvernois et al. (1972); Cherchi &
Schroeder (1998)] refer units 1, 2a and 2b to benthic foraminifera Palorbitolina lenticularis
Zone. They also reported the presence of Deshayesites cf. deshayesi in clastic Unit 1, which
would imply a chronologic position corresponding to the upper part of the Lower Aptian
above the level of occurrence of OAE-la. Hence superjacent Subunit 2¢ was assigned to the
Orbitolinopsis simplex Zone [Cherchi & Schroeder (1998)] corresponding to the Upper
Aptian (Gargasian).

New ammonite specimens were recovered in the uppermost part of Unit 1, and the middle
part of subunit 2b, which include taxa such as Deshayesites cf. forbesi, Pseudosaynella
bicurvata and Pseudosaynella undulada. The presence of Deshayesites cf. forbesi and the first
appearance datum of Pseudosaynella suggest a stratigraphic position correlative with at least
the upper part of the Deshayesites weissi Zone of the standard Mediterranean ammonite
zonation. This new finding is in agreement with initial isotopic measurement on organic
carbon, and with the lithologic record of at least three levels of extensive organic-rich shales
and calcareous shales at unit 2b, which point to the record of the Oceanic Anoxic Event 1a at
Madoz section as found elsewhere when sedimentologic conditions allow the development of
organic-rich deposits. Our biochronological interpretation of OAE-1a at Madoz section is also
in agreement with that reported in the Maestrat Basin by Moreno-Bedmar ez al. (2009).
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The Early Aptian Oceanic Anoxic Event (OAEla) is one
of the most widespread and best-defined OAE of the
Cretaceous. This event was associated to abrupt perturbations
of the carbon cycle as indicated by both negative and positive
§'°C excursions in organic mater and carbonate records. The
8'*Ccar record of the OAE1a has been subdivided in a series
of segments, labelled C3—-C7 [1], that can be regionally
reproducible. Most of the studies come from hemipelagic and
pelagic sections but only few studies exist on the
reproducibility of these C-isotope shifts in shallow water
settings.

New detailed litho- bio- and chemostratigraphic (TOC,
613Ccar, 8'3Corg, 5'%0) investigation of the Lower Aptian
succession of northwestern Cantabria, allowed to recognize
the local expression of the OAEla in shallow platform
carbonates of northern Spain. The event is characterized by a
~ 40 m thick marly interval (Patrocinio Fm) that records an
abrupt negative 8'*C excursion in both bulk organic matter (up
to 5%o) and carbonates (up to 6%o, mean 3%o). The negative
shift is attributed to the 8 °Cear curve segment C3 [1]. It is
followed by a positive shift recorded in carbonates,
attributable to the curve segment C7 [1]. These records can be
accurately calibrated against new ammonite and nannofossil
biostratigraphy, which allow a confident attribution of the
OAEla to the middle part of the Hayesites irregularis
calcareous nannofossil Zone, and to the Deshayesites weissi
ammonites Zone. Our data help to refine the age of the OAEla
[2, 3] and reveal the existence of a stratigraphic gap in these
carbonate series that could cover the record of the C4-C6
segments of the 8'"*Cear curve.

[1] Menegatti et al. (1998) Paleoceanography 13, 530-545.
[2] Moreno-Bedmar et al. (2009) Cretaceous Research doi:
10.1016/j.cretres.2009.02.004. [3] Aguado et al. (1999)
Cretaceous Research 20, 663—683.

CO; sequestration by basalt:
Experimental studies and
geochemical modeling
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Basaltic rocks are potential repositories for sequestering
carbon dioxide (CO,) because of their capacity for trapping
CO, in carbonate minerals. We carried out series of
geochemical models and experiments, reacting basalt with
CO,-charged fluids over a range of conditions from 50°C to
150°C and from 100 to 300 bars. Experiments were carried out
in flexible gold-cell apparatus with a serial online sampling
capability of the fluids to permit monitoring reaction progress.
Results indicate basalt has a high reactivity to supercritical
CO, and carbonic acid. Initial reactions caused a rapid drop in
pH and an increase in cations including Ca, Mg, Fe, and Mn
followed by a decrease to steady-state values. CO, decreased
asymptotically to steady-state concentrations in experiments
that were under-saturated with CO,, a repeatable pattern
following re-injection of CO, into the experiment. These
results showed that the basalt continued to have a capacity to
react with CO,. In experiments that were supersaturated with
CO, containing a separate supercritical CO, phase, the rock
took up over 10% of its weight in carbonate.

Reaction path simulations predicted calcite would initially
precipitate then later dissolve in the sequential addition of Pcq
to be replaced by dolomite and siderite at equilibrium. SEM
analyses of the solid reaction products found only Fe and Mg
bearing phases consistent with the kinetic barriers to forming
dolomite. Experiments are currently underway to find the
optimal conditions for CO, sequestration in basalt.






