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FOREWORD

We are pleased to welcome you to the Extraordindeeting of the European Association of
Vertebrate Palaeontologists (EAVFA tribute to Charles Darwin and Bernissart Iguanodo New
perspectives on Vertebrate Evolution and Early @cebus Ecosysteindiosted in Brussels by the
Royal Belgian Institute of Natural Sciences (RBINBgbruary 12, 2009 is a key-date for European
palaeontologists. Indeed, we are to celebrate @8 Birthday of Charles Darwin, the Father of the
Evolution Theory, and also the official openingaofiew Gallery of Evolution in the capital of Europe
Moreover, February 2009 corresponds to the clostitbe Bernissart Iguanodons’ Yeamarking

the 130" Anniversary of the discovery of these jewels &f RBINS. We are delighted that so many
palaeontologists accepted our invitation to gatheBrussels and to celebrate these unique events,
through highlighting recent developments in thpedfic research fields.

The first section of the meeting is devoted to ¥lerate Palaeontology and Evolution, with a first da
(Monday, February 9) composed of short talks dgaliith various fields of vertebrate palaeontology.
The second day (Tuesday, February 10) is orgardiféetently, composed of longer plenary lectures
tackling some of the main themes developed in #ve Gallery of Evolution of the RBINS (Cambrian
radiations, the first vertebrates, Palaeozoic &sblution, the first land plants, the early tetrdpo
Cenozoic birds, the evolutionary history of theacefans, domestication...). These talks should be
addressed to a wider audience, including univetsiaghers and researchers in the fields of biology
and geology, graduate students, scientific joustsli.

The second section deals with new perspectivesaynigart and other Early Cretaceous terrestrial
ecosystems. The first day of this section (WedngsBabruary 11) is held at Bernissart, the village
where the famous Iguanodons were discovered in .1878s mainly devoted to synthetic
communications about iguanodontids and Early Cestas ecosystems in Belgium, Europe, and the
world. The second day (Friday, February 13), helthe RBINS, is composed of more technical talks
about recent discoveries in Early Cretaceous telaesocalities of the Bernissart area and Eurasia
and about some aspects of dinosaur anatomy.

Two fieldtrips are organized at the occasion of thieeting. On Thursday February 12, Gaél Clément
(Muséum national d’Histoire naturelle, Paris) angrilz Prestianni (Ulg, Liege) lead a visit to the
Upper Devonian locality of Strud, in the Namur AHnme. The estuarine to fluviatile sediments of this
small quarry yielded a rich Famennian vertebratenda among which placoderms, acanthodians,
actinopterygians, sarcopterygian fishes and eatyapods (related to the famoushthyostegs
together with outstanding plant and arthropod nigtefhe visit of a remarkable fossil collection
(fishes, echinoderms, brachiopods...) from the Lowisean 'Marbre Noir de Denée', at the
Maredsous Abbey, is organized by Eric Groessen®l{@&al Survey of Belgium, RBINS). On
Saturday February 14, Johan Yans (FUNDP, Namudslea excursion at Hautrage, in the Hainaut
Province. This site is estimated to be contempanasevith the Iguanodon Cran at Bernissart. The
drilling of a series of boreholes in this “Iguanod@ran” has recently provided the impetus for a
renewed study of the Lower Cretaceous sites of iBelgincluding Hautrage, which yielded a very
rich fossil plant assemblage. Not only leaves aodsf were found, but also big pieces of trunk, som
of them charcoalified, and all deposited in ama#ilicontext.
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We would like to express our sincere thanks topieple and organisations, which have contributed
to this meeting. We are greatly indebted to thigiga Science Policy, our main sponsor, and to its
President, Philippe Mettens, who encouraged thenisgtion of this symposium. The General
Director of the RBINS, Camille Pisani, provided pop, advice and facilities. Willem De Vos,
Kareen Goldfeder and the Communication staff ofRIBENS, as well as members of the Department
of Palaeontology, tirelessly helped us in variotecfical aspects of the organisation and with helpf
hints. Bertrand Panier (RBINS) designed the comieedogo and the cover of this volume. The Mayor
Roger Vanderstraeten, Annette Cornelis, Corinneddgtthe Tourism Office of Bernissart, the Local
Development Agency of Bernissart, and the Geold@idale of Hainaut efficiently provided meeting
support and facilities at Bernissart. Marie-CélBachy generously proposed two grants from the
Raymonde Rivoallan Fund, which allowed us to offeants to several palaeontologists presenting
communications at the meeting. Eric Groessens aud Yan Genabeek organized the visit at the
Maredsous Abbey.

THE ORGANIZING COMMITTEE,

Pascal Godefroit,
Olivier Lambert,
Etienne Steurbaut,
Johan Yans,

Gaél Clément,

Mona Court-Picon,
Adriano Vandersypen



Darwin-Bernissart meeting, Brussels, February 92089



Darwin-Bernissart meeting, Brussels, February 92089

TRIBUTE TO CHARLES DARWIN AND
BERNISSART IGUANODONS:

New Perspectives on Vertebrate Evolution and Early
Cretaceous Ecosystems

BRUSSELS 2009

Programme, Abstracts and Field Trips Guidebook

PrOgramMMIe .o e 1
ADSTIACTS ..ttt e e e 7
Field Trips GUIdEbOOK ........c.cooii i e e 103



Darwin-Bernissart meeting, Brussels, February 92089

Vi



Darwin-Bernissart meeting, Brussels, February 92089

TRIBUTE TO CHARLES DARWIN AND
BERNISSART IGUANODONS:

New Perspectives on Vertebrate Evolution and Early
Cretaceous Ecosystems

BRUSSELS 2009

Programme



Darwin-Bernissart meeting, Brussels, February 92089

PROGRAMME

Sunday February 8, 2009 - Registration of the partipants

15.00-18.00 Arrival of the conference participantsi aegistration at the front desk of the Museurthef
Royal Belgian Institute of Natural Sciences (rue &9, 1000 Bruxelles)

Monday February 9, 2009 - Scientific presentationfor the ‘Vertebrate Palaeontology and
Evolution’ section, at the Royal Belgian Instituteof Natural Sciences (large auditorium)

Session 1 - Moderator: A. Blieck

09.00-10.00 Arrival of the conference participantslaegistration at the front desk of the Museurthef
Royal Belgian Institute of Natural Sciences (rue @9, 1000 Bruxelles)

10.00-10.15 Welcome speech by Etienne Steurbaut biiehe Section Fossil Vertebrates at the RBINS

10.15-10.35 Fack F. & Derycke C. Diet evidence¥@m&an crushing-tootiJochliodug from Soignies
(Belgium)

10.35-10.55 Olive, S., Goujet, D. & Lelievre, H. Am saoudian taxon of Acanthothoraci (Placodermi):
questions on plates homologies and growth

10.55-11.15 Cuny, G., Cavin, L. & Suteethorn, V. Sgkzed dentition in Lower Cretaceous freshwater
hybodont sharks

11.15-11.35 Coffee Break
Session 2 - Moderator: J. Clack

11.35-11.55 Sorin Baciu, D., Mial , C., Grdianu, I. & Niculi , M. Fish fauna from Oligocene bituminous
marls of Marginal Folds Nappe, East Carpathians, &umm

11.55-12.15 Marjanovj D. & Laurin, M. A reevaluation of the evidence popting an unorthodox hypothesis
on the origin of the extant amphibians

12.15-12.35 Fischer, V., Guiomar, M. & Godefroit, New data on the palaeobiogeography of Toarcian
(Lower Jurassic) ichthyosaurs

12.35-12.55 Elgin, R. A., Prondvai, E., Frey, E. & §eii, W. Pterosaur flight dynamics and the evolutbn
flight style within the lineage: initial experimenfindings

12.55-14.15 Lunch
Session 3 - Moderator: J.-M. Mazin

14.15-14.35 Rabi, M. Presence of Sebecosuchiamdytiforms in the Late Cretaceous of Europe

14.35-14.55 si, A. The Late Cretaceous continental vertebrateddrom Ihark(t, western Hungary — a
review of the newest results

14.55-15.15 Gilissen, E. & Smith, T. Early mammaliain diversity: insights from multituberculates

15.15-15.35 Hautier, L. & Saksiri, S. Descriptiontloé masticatory apparatuslafonastes aenigmamus
(Rodentia, Diatomyidae), new insights into the atioh of hystricognathy

15.35-15.55 Serdyuk, N.V. & Vasiliev, S.K. Mammalifauna of Hyena den cave (Altai, Russia)

15.55-16.15 Coffee Break
Session 4 - Moderator: G. Clément

16.15-16.35 Hoch, E. Contribution to the evolutignaistory of the beaked whales

16.35-16.55 Lambert, O., Bianucci, G. , de Muizon&Dooley, A. C. Jr. New stem sperm whales from th
Miocene of Peru

16.55-17.15 Steeman, M. E. The problematic fosdagén whales from Belgium

17.15-18.00 Plenary lecture by Simon Conway Morris. Darwin's conpass: why evolution is predictable
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19.00 Welcome Drink and Beer Party in a typical digesbar, La Bécasse, in the centre of Brussels
(Rue de Tabora 11, 1000 Bruxelles)

Tuesday February 10, 2009 - Plenary lectures: 'Kelloments of Evolution in a Nutshell', at the
Royal Belgian Institute of Natural Sciences (largauditorium)

09.00-09.15 Welcome speech by Camille Pisani, Géigrector of the RBINS
Session 1 - Moderator: A. Milner

09.15-10.00 Mayr, G. Composition and biogeogragplfffinities of the middle Eocene Messel avifauna
10.00-10.45 Bultynck, P. To be or not to be: camocimnts be vertebrates?

10.45-11.05 Coffee Break

11.05-11.50 Blieck, A. Palaeozoic biodiversity, ®gstems and evolution: the case of Ordovician teoD&n
vertebrate-dominated assemblages

11.50-12.35 Gerrienne, P. Early land plant evolutiotremendous success story

12.35-13.20 Clément, G. & Prestianni, C. Biodivigrsif the Devonian tetrapod-bearing locality ofusty
Belgium

13.20-14.30 Lunch
Session 2 - Moderator: E. Hoch

14.30-15.15 Clack, J. What's new in the worldefvonian tetrapods?
15.15-16.00 Milner, A. R. Carboniferous amphibiansl reptiles — experimentation and diversification
16.00-16.45 Bardet, N. Les faunes de reptiles maiinSrétacé terminal du Maroc

16.45-17.05 Coffee Break
17.05-17.50 de Muizon, C & Geisler, J. H. From lamdea, the early evolution of cetaceans

17.50-18.35 Germonpré, M. The domestication ofbg during the Upper Palaeolithic
18.35-19.20 Vignaud, P. Origine de 'Homme: lesvalles du Tchad

20.00 Symposium Dinner at the Royal Belgian InstitiitNatural Sciences

Wednesday February 11, 2009 - Scientific presentatis for the ‘Bernissart and other Early
Cretaceous Terrestrial Ecosystems’ section, at tHsalle communale' in Harchies

09.00-10.00 Bus travel to Bernissart-Harchies
10.00-10.10 Welcome speech by Philippe Mettensi@eat of the Belgian Federal Science Policy Office
Session 1 - Moderator: P. Taquet

10.10-10.30 Buffetaut, E. L'importance historiqueld découverte des Iguanodons de Bernissart

10.30-10.50 Yans, J., Andreu, B., Baele, J.-M.n@grC., de Ricqlés, A., Dejax, J., Dupuis, Calb®un, B.,
Gerards, T., Gerrienne, P., Godefroit, P., GomezGBsselin, R., Leduc, T., Petit, G., Pons, D.,
Preat, A., Robaszinski, F., Schnyder, J., SmithSpagna, P., Steurbaut, E., Taverne, L.,
Tshibangu, J.-P., Van Itterbeeck, J., Vandycke, Sa&neste, C. Integrated results of the new
material from the 2002-2003 boreholes in Bernis@ddns Basin, Belgium)

10.50-11.10 de Ricqglés, A., Godefroit, P. & Yans/drtebrate remains in the 2003 Bernissart drill:
histological assessment

11.10-11.30 Coffee Break

Session 2 - Moderator: D. Norman
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11.30-11.50 Pouech, J. & Mazin, J.-M. Faunal assagels at the Jurassic/Cretaceous boundary: coroparis
between some West European continental sites

11.50-12.10 Buffetaut, E. Early Cretaceous dinasand pterosaurs from the eastern Paris Basin

12.10-12.30 Wilde, V. & Riegel, W. The terrestriaver Cretaceous of Germany ("Wealden")

12.30-14.30 Lunch and visit of the discovery plaicéhe Bernissart Iguanodons
Session 3 - Moderator: E. Buffetaut

14.30-14.50 Pereda Superbiola, X., Ruiz-Omefiadg,Qanudo, J. I., Torcida, F., Sanz, J. L. Lower
Cretaceous dinosaurs of Spain: an overview basettelatal remains

14.50-15.10 Fuentes Vidarte, C., Meijide Calvo, Meijide Fuentes, F. & Meijide Fuentes, M. A new
Iguanodonspecies (Dinosauria, Ornithischia) from the Loweet&ceous of Soria (Spain)

15.10-15.30 Posmosanu, E. Early Cretaceous ornithdipodaurs from Romania

15.30-15.50 Taquet, P. The African cousins of theafgpdons

15.50-16.10 Coffee Break
Session 4 - Moderator: P. Godefroit

16.10-16.30 Pan, R., Wang, Y. & Wang, X. A neweaigadontian dinosaur from the Early Cretaceous Yiixia
Formation of Western Liaoning, China

16.30-16.50 Roolf, C. The attempted theft of dinoskeletons during the German occupation of Belgium
1914-1918 as a topic of the history of sciencethrchistory of total war

16.50-17.10 Goussard, FalmoxesRhabdodorand Rhabdodontidae: How many genera and how many

species?

17.10-17-30 Mazin, J.-M., Pouech, J. & Raslan-Lai¢hd. The Bernissartids: common European crushing
crocodiles

17.30-18.15 Plenary lecture by David B. Norman. Ilguanodontiansrom the Wealden of Britain and
Europe

18.15-19.30 Speech by Mr. Roger VanderstraetenpMafyBernissart
Visit of the ‘Musée de I'lguanodon’ at Bernissart®grinne Detrain
Special auction organized to raise funds for tlagrRonde Rivoallan Fund
19.30 -22.00 Dinner at Bernissart-Harchies
22.00-23.00 Bus travel to Brussels

Thursday February 12, 2009 - Field trip in Strud, pster session and official inauguration of the
new Gallery of Evolution at the Museum of Natural $iences

09.00-10.15 Bus travel to Strud

10.15-11.00 Visit to the Upper Devonian (Famenn@mgrry of Strud, led by Gaél Clément (MNHN, Paris)
and Cyrille Prestianni (ULg, Liege)

12.30-13-30 Lunch at the Abbey of Maredsous

13.30-14.30 Visit to the collection of fossils frahe Carboniferous (Early Visean) '‘Marbre Noir den&e, at
the Abbey, led by Eric Groessens (RBINS, Brussels)

14.30-15.45 Bus travel back to Brussels
15.45-16.05 Coffee break
16.05-17.30 Poster session

17.30 Official inauguration of the new Gallery ofdtution and dinner at the RBINS
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Friday February 13, 2009 - Scientific presentation$or the ‘Bernissart and other Early
Cretaceous Terrestrial Ecosystems’ section at thedyal Belgian Institute of Natural Sciences
(large auditorium)

Session 1 - Moderator: P. Bultynck

09.00-09.20 Christian, A., Dzemski, G. & MdllerT1.Neck utilization and feeding strategy in saumpo
dinosaurs

09.20-09.40 Vandycke, S. & Spagna, P. Crustal téctmontrol of the Early Cretaceous deposits inMoss
Basin (Belgium)

09.40-10.00 Licour, L. Mississipian formations an@t@ceous tectonics : The impact of the actual geotie
reservoir genesis on the past landscapes of thes Magin

10.00-10.20 Quinif, Y. The karstic phenomenon ofrisart pit and the geomorphologic situation i th
Mesozoic times

10.20-10.40 Coffee Break
Session 2 - Moderator: J. Le Loeuff

10.40-11.00 Martin, T., Yans, J., Dupuis, C., Spadh & Kaufmann, O. 3D modelling of the paleozois
surface in the Bernissart area and integratioratd &fom boreholes drilled in the "Cran aux
iguanodons”

11.00-11.20 Masure, E. & Yans, J. Stratigraphy eftfaine Groupe ("Meule" sediments) overlying the
Wealden facies in the BER 3 Borehole (Bernissart$/Basin, Belgium)

11.20-11.40 Schnyder, J., Dejax, J., Keppens, Eiydlg Tu, T. T., Spagna, P., Riboulleau, A. & Yans, J.
Organic matter characterization and organic carbotopes record in the Early Cretaceous
lacustrine setting of Bernissart (Belgium)

11.40-12.00 Yans, J., Dejax, J., Gerards, T., €ene, P., Spagna, P. & Keppens, E. Carbon isotapes o
woody material from Wealden facies of Hautrage (M8asin, Belgium)

12.00-12.20 Gomez, B., Yans, J., Gillot, T., SpadhaCoiffard, C. & Daviero-Gomez, V. From past
collections of Bernissart to recent collectiongafutrage: new taxonomical and environmental
insights

12.20-14.00 Lunch
Session 3 - Moderator: J. Yans

14.00-14.20 Baele, J.-M., Quesnel, F., BourdillBn& Dupuis, C. Cretaceous coastal environmentlen
Mons Basin: Evidences from Cenomanian depositserBettrechies Quarry

14.20-14.40 Dejax, J., Pons, D. & Yans J. Palyniockdgverview of Wealden facies sediments from Bety
and Northern France

14.40-15.00 Leduc, T. diagenesis of the fossil bafiégguanodon bernissartensis

15.00-15.20 Lauters, P, Coudyzer, W. Vercauterer& Bodefroit, P.Iguanodors brain and perspectives on
ornithopod evolution

15.20-15.40 de Santisteban, C. & Santos-Cubed®h@.record of climate and eustatic changes duhiag t
lower cretaceous in the “Arcillas de Morella Forioat (Spain)

15.40-16.00 Coffee Break
Session 4 - Moderator: E. Steurbaut

16.00-16.20 Moreno-Azanza, M., Gasca, J. M. & Canuddl. New data on the Valanginian-Hauterivian
reptile ootaxa of the Iberian Range (NE of Spain)

16.20-16.40 Le Loeuff, J. Insularity and dwarfisniLate Cretaceous European dinosaurs

16.40-17.00 Stein, K. & Sander, M. Quantifying gtbwates in island dwarf sauropods

17.00-17.20 Mallison, H. Rearing for food? Kinedignamic modelling of bipedal/tripodal poses in sqad
dinosaurs

17.20-17.40 Godefroit, P., Jin, L. & Chen, J. A navddle Cretaceous vertebrate locality from Jilownce,
northeastern China

17.40-17.50 Closing of the meeting
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Saturday February 14, 2009 - Field trip in Hautrage

Important: Pair of boots and a windcheater are strongly recented because of the humid environment of the
visited site.

09.00-10.00 Bus travel from Brussels to Hautrage
10.00-12.00 Visit of the Hautrage Quarry, led blgalo Yans (FUNDP, Namur)

12.00-13.00 Bus travel from Hautrage to Brussels

List of posters

The posters will be on display in a special roomirduthe whole meeting time. Therefore, the postélishe
available during talks, coffee breaks and lunclsp&cial poster session is scheduled for Thursdabetieen
16.05 and 17.30, just before the official inaugioratof the new Gallery of Evolution, when the authare
asked to be present besides their poster.

Badiola, A., Canudo, J. |. & Cuenca-Bescds, G. Nanly Cretaceous multituberculate fossils from therian
Peninsula

Bianucci, G., Gatt, M. & Catanzariti, R. Oligo-Miee odontocetes from the Maltese islands: straiigecal
distribution and evolution

Chanthasit, P. The BraincaseRifabdodor(Dinosauria: Ornithopoda): new specimens fromlaite Cretaceous
of southern France

Codrea, V., Godefroit, P., Smith, T. & Jipa-Murz€aMaastrichtian land vertebrates in Rusca Mon&esin
(Romania).

Dumont, M., Borbely, A., Kostka, A. & Pyzalla, A. dmsmission electron microscopy of sauropod bonkmla
inside the nanostructure

Falconnet, J. Permocarboniferous amniotes fromderamstate of the art and perspective

Garcia, G., Godefroit, P., Smith, T., Van Itterdeek, Valentin, X. & Codrea, V. Amniotic eggsheilem the
Haeg Basin (Upper Cretaceous, Romania)

Garcia, G., Andossa, L., Mackaye, H.-T., Vighaud&Brunet, M. Chelonians from the Late Miocene of @ha
(the hominid site TM 266)

Gasca, J. M., Moreno-Azanza, M., & Canudo, J. k @imosaur assemblage of the El Castellar Formation
(Upper Hauterivian - Lowermost Barremian, Teruekigp

Gasulla, J.M., Sanz, J.L., Ortega, F., & Escastgianodon bernissartensisom the Early Aptian of Morella
(Castell6n, Spain)

Godefroit, P., Golovneva, L., Shchepetov, S. & AkxeP. The last polar dinosaurs: high diversitjatést
Cretaceous arctic dinosaurs in Russia

Gregorova, R. Remoras (Teleostei, Echeneidae) frerdtlyocene of the West Carpathians (Czech Republic

Hendrickx, C., Brusatte, S., Young, M., Rayfield, Ruta, M. & Barrett, P. Diversity and disparitysauropod

dinosaurs

Hendrickx, C. & Buffetaut, E. Morphofunctional apsis of spinosaurid quadrates

Krempaska, Z. Dragon$J(sus spelaeysy Johan Paterson Hain (1615 -1675) from Pie(Sigvakia)

Métais, G., Qi, T., Guo, J. & Beard, C. The basdiation of Ruminantia in Asia and the "Dichobun@drdian
Knot"

Pouech, J. & Mazin, J.-M. Description and West pean affinities of the mammalian fauna of Cherves-d
Cognac

Robaszynski, F. Foraminifera from the BernissaririgpF3 in the context of the Mid-Cretaceous traasgion

Santos-Cubedo, A., de Santisteban, C. & Galobafyev dinosaur findings from Arcillas de Morella
Formation (Spain)

Spagna, P., Dupuis, C. & Yans, J. Comparison dfssatological data in two wealden facies sites: The
Bernissart natural pit and the Danube-Bouchon QuafrHautrage (Mons Basin, Belgium). Implication on
their geodynamic history

Valentin, X., Godefroit, P., Tabuce, R., Vianey-Liatl, Garcia, G. & Wu, W. First Maastrichtian vdstate
assemblage from Provence (Vitrolles-La-Plaine, Feanc

Vincent, P. & Suan, G. Diversity and paleogeograplistribution of Early Jurassic plesiosaurs

Wu, W., Dong, Z., Sun, Y., Li, C. & Li, T. A sauropothdsaur from the Cretaceous of Jiutai, Jilin, China



Darwin-Bernissart meeting, Brussels, February 92089

TRIBUTE TO CHARLES DARWIN AND
BERNISSART IGUANODONS:

New Perspectives on Vertebrate Evolution and Early
Cretaceous Ecosystems

BRUSSELS 2009

Abstracts



Darwin-Bernissart meeting, Brussels, February 92089

FISH FAUNA FROM OLIGOCENE BITUMINOUS MARLS OF MARGNAL FOLDS NAPPE,
EAST CARPATHIANS, ROMANIA
Dorin SorinBACIU, Crina MICL U , lonu GR DIANU, Mihai NICULI ..o, 15

NEW EARLY CRETACEOUS MULTITUBERCULATE FOSSILS FRONHE IBERIAN
PENINSULA
AinaraBADIOLA , José Ignacio CANUDO, Gloria CUENCA-BESCOS ..coeieeeeeeeeeeeeee, 16

CRETACEOUS COASTAL ENVIRONMENTS IN THE MONS BASINEVIDENCES FROM
CENOMANIAN DEPOSITS IN THE BETTRECHIES QUARRY
Jean-MarBAELE , Florence QUESNEL, Chantal BOURDILLON, ChristiadBUIS ................ 17

THE MARINE REPTILE FAUNAS FROM THE MAASTRICHTIAN (IATEST CRETACEOUS)
PHOSPHATES OF MOROCCO
NAthAIEBARDET ... .oiiiiiiiiiie ittt ettt e sk e et eene e e e e e aenees 18

OLIGO-MIOCENE ODONTOCETES FROM THE MALTESE ISLANDSTRATIGRAPHICAL
DISTRIBUTION AND EVOLUTION
GiovanniBIANUCCI , Michael GATT, Rita CATANZARITI ..o 19

PALAEOZOIC BIODIVERSITY, ECOSYSTEMS AND EVOLUTIONTHE CASE OF
ORDOVICIAN TO DEVONIAN VERTEBRATE-DOMINATED ASSEMBIAGES

ALQIN BLIECK .ttt ettt ettt e e e e oo et e e e e e e e e bbb e e e e eas bbb e e et e e e e e e anrnee e 20
EARLY CRETACEOUS DINOSAURS AND PTEROSAURS FROM THEASTERN PARIS
BASIN

EFC BUFFETAUT oottt e e e e e et e e e e e e e e e e e e s n e e e eeeeaans 21

THE HISTORICAL SIGNIFICANCE OF THEHGUANODONDISCOVERIES AT BERNISSART
EFC BUFFETAUT oottt e e e e e e e e e e e e e e e e e e e n e e e e e e e ans 22

EARLY CRETACEOUS FLORAS FROM SIBERIA, MONGOLIA, ANDIORTH-EASTERN
CHINA
Eugenia VBUGDAEVA, Valentina S. MARKEVICH ........c.ccooiiiiiiiiim e 23

TO BE OR NOT TO BE: CAN CONODONTS BE VERTEBRATES?
PIEITEBULTYNCK ittt e e et e e e e e e st e et e e e e e e bbb e e e eeessrreeeeeeeeaans 24

THE BRAINCASE OFRHABDODON(DINOSAURIA: ORNITHOPODA): NEW SPECIMENS
FROM THE LATE CRETACEOUS OF SOUTHERN FRANCE
PROMPRErCHANTHASIT e e e e e e e snmnne s 25

NECK UTILIZATION AND FEEDING STRATEGY IN SAUROPOD INOSAURS
AndreasCHRISTIAN , Gordon DZEMSKI, Jan-Thomas MOLLER ........ocoeeeumeeeeeeeeeeeeeeeeeaen 26

WHAT'S NEW IN THE WORLD OF DEVONIAN TETRAPODS?
L ] L= N O I X o TP 27

BIODIVERSITY OF THE DEVONIAN TETRAPOD-BEARING LOCALTY OF STRUD,
BELGIUM
GaélCLEMENT , Cyrille PRESTIANNI .....ooiiiiiii e 28

MAASTRICHTIAN LAND VERTEBRATES IN RUSCA MONTAN BASIN (ROMANIA)
Vlad CODREA, Pascal GODEFROIT, Thierry SMITH, Clin JIPA-MURZEA ............ccccvvvee.n. 29
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SPECIALIZED DENTITION IN LOWER CRETACEOUS FRESHWATREHYBODONT SHARKS
Gilles CUNY, Lionel CAVIN, Varavudh SUTEETHORN .........um et eeeieeeaneees 30

PALYNOLOGICAL OVERVIEW OF WEALDEN FACIES SEDIMENT%ROM BELGIUM AND
NORTHERN FRANCE
JeanDEJAX, Denise PONS, JONAN YANS ... ettt e e ee e e e anes 31

FROM LAND TO SEA: THE EARLY EVOLUTION OF CETACEANS
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FISH FAUNA FROM OLIGOCENE BITUMINOUS MARLS OF
MARGINAL FOLDS NAPPE, EAST CARPATHIANS, ROMANIA

Dorin Sorin BACIU %, CrinaMICL U ! lonu GR DIANU 2, Mihai NICULI 3

! Department of Geology, “Al. I. Cuza” University d& i (Romania), Bd. Carol |, 20A, 700505-1a
(Romania), dsbaciu@clicknet.ro, crina_miclaus@yahomuk
2 The Museum of Natural Sciences, str. Petru Rares2®).5600 Piatra Neamt, Romania,
igradianu@hotmail.com
3Department of Geography, “Al. |. Cuza” Universityf¢a i (Romania), Bd. Carol I, 20A, 700505-la
(Romania), mn_geogr@yahoo.com

The aims of this study are: 1) to establish themsedtological significance of the Bituminous Marls,
which represent a lithostratigraphic marker of @l@gocene in East Carpathians, Romania, 2) to desdhie
taxonomic composition of fish fossil species dis@d in Bituminous Marls, and 3) to reconstruct the
palaeoecology and palaeobathimetry of fish asseyablaased on ecology of recent fish fauna and
sedimentological conclusions.

In the East Carpathians, the Moldavide Nappe Commpresents a complicated tectonic edifice formed
by several tectonic units mainly consisting of @oeous to Early Miocene flysch and molasse depdHiis.
Marginal Folds Nappe (or Vrancea Nappe) is onehef autermost units of the Moldavide Nappe Complex,
structurally interposed between the Tarand Subcarpathian Nappes respectively, and ergppit in several
tectonic half-windows.

During Eocene the sedimentation in area correspgnidi MFN evolved from a calcareous one (Doamna
Limestones) toward a mainly siliciclastic one repreed by a thick pelitic succession (Bisericanirfation) in
the late Eocene, grading into the well known GlobigeeMarls at the Eocene-Oligocene boundary, arvdang
into Oligocene deposits known in the Romanian ggiol literature as Lower Menilite, Bituminous Marl,
Lower Dyssodilic Shale with Kliwa Sandstones, Upjgrssodilic Shale and Menilite, and Guraimului
Formations.

The Bituminous Marls of Marginal Folds Nappe (or Mrea Nappe) although seem to be a monotonous
deposit is, in fact rather a heterolithic deposiainly mudstone with sandstones and some conglaesevéth
“green schist” clasts) consisting of many simple@mposite bed-sets with different sedimentarycstmes (fine
lamination, hummocky and swaley-like cross stredifion, large scale low angle cross stratificatwayy and
lenticular bedding) resulted from different pro@sfrom hemipelagic to tractive, and even debowdl Beside
of sedimentary depositional structures, there dse aeformational meta-depositional structures sash
convolute lamination in bituminous marls (s.s.)adocasts and flame, and convolute lamination irds@me
interlayers; load cast and flame structures aresalt of a liquidization (liquefaction and/or fligdtion) of
sandy sediments due to rapid sedimentation of sawelsundercompacted muds while convolute laminatise
to appear because of current action, loading, suddgular releases of pressure etc. Some posttiepas
structures can also be observed in Bituminous Mauish as: dykes, sills and ptygmatic structures.

The existent facies, interpreted in terms of sediargrprocesses, can be grouped in a facies associat
which has many characteristics of a storm infludnoé- to outer sheedimentary environment/systeBome
intervals of wave influence can also be noticed.

A significant Oligocene fish fauna has been coéidctrom Bituminous Marls of MFN in Bista Half-
Window (Piatra Neamarea). These fishes are well preserved and thectiolh contains specimens of more than
15 species representing about 11 families. The mgsdrtant species include sardinas (Clupeidaekgranges
(Argentinidae), bristlemouth (Gonostomatidae), tiighes (Photichthyidae), lanternfishes (Myctoplkeidarue
cods (Gadidae), boarfishes (Caproidae), seabaSsgsafidae), scabbardfishes (Trichiuridae), windmvgs
(Scophthalmidae). Well represented are mesopelapicies with luminescent organs (Gonostomatidae,
Photichthyidae, Myctophidae), but in the same tiandot of species prefer continental shelf, neartdoot
(Argentinidae, Gadidae, Caproidae, Serranidae, iliickae, Scophthalmidae).

Key words: fish fossils, Bituminous Marls, Oligocene, Margitralds Nappe (MFN), East Carpathians
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NEW EARLY CRETACEOUS MULTITUBERCULATE FOSSILS FROM
THE IBERIAN PENINSULA

Ainara BADIOLA, José Ignacio CANUDO, Gloria CUENCA-BESCOS

Universidad de Zaragoza, Ciencias de la Tierra (A Paleontologia), Pedro Cerbuna, 12, 50009 Zaragoza,
Spain. Grupo Aragosaurus (http://www.aragosaurusnep abadiola@unizar.es, jicanudo@unizar.es,
cuencag@unizar.es

The most abundant and diverse fossils of multitudlate mammals are from the Early Cretaceous of
Western Europe. They range from the Berriasian ofugal and England up to the Barremian of Spainsi#os
of Valanginian age are scarce, and no Hauterivialtitolberculates in Europe is reported. The Earlyt&reous
multituberculate fossils from other areas of Lawaand from Gondwana (Africa) are less diverse. New
multituberculate finds have recently been describeithe late Hauterivian-early Barremian of Spainthe La
Cantalera vertebrate locality, Teruel (Badietal, 2008), and in a Barremian or Aptian locality froime Tetori
Group of Japan (Kusuhashi, 2008). New Barremiawispns have also found in the Wessex Formation from
England (Sweetman, in press).

Here we report around sixteen new isolated teeththef Valanginian/Hauterivian transition (the
Pochancalo site, Villanueva de Huerva Fm.), thetétadan/Barremian transition (the Cantalera siéesa
Fm.), and of the late Barremian (the Vallipén sifefoles Fm.). These assemblages all come from the
Aragonese branch of the Iberian Ranges (north4gasfeSpain). This work summarizes these new fiadd
updates the collection of isolated teeth (aroundnty) from the Galve beds of Barremian age, preshou
described by Crusafont and Gibert (1976). The nisaoderies that we report here increase the resnlof the
multituberculate  mammalian biostratigraphy and @alaogeography of these faunas during the Early
Cretaceous in the lberian Peninsula: an upper tfmathd in Pochancalo-1 is assigned to the Albiotdrédae
family, which represents the first early Hautenvimember in Europe and the first one in the IbeEanly
Cretaceous assemblages; a new pinheirodontid t&@malera abadiBadiolaet al, 2008, has recently been
described in the La Cantalera site, together withdlilest representative of the eobaat&ithaatar Kielan-
Jaworowskeet al, 1987 and a taxon described as Plagiaulacidamlbadfaridae gen. et sp. indet. The latter is
also present in a site of Galve of the same ageeotthbly belongs to a new taxon of the family Rlaacidae.

If this assignment is correct, it will be the firgfpresentative of this family in the Iberian Peania. In the late
Barremian site of Vallip6n, high number of isolatedver and upper teeth &obaataris found, together with
other pinheirodontid and paulchoffatiid specimens.

To date, the most complete Early Cretaceous multituitete fossil record is present in the Iberian
Peninsula, which ranges from the Berriasian to Bderemian assemblages. These Iberian Early Crataceo
multituberculate faunas comprise endemic Iberiamashic survivors (Paulchoffatiidae), those whicle ar
currently only recorded in Britain and in the IzeriPeninsula (Pinheirodontidae, Albionbaataridad,@ssibly
Plagiaulacidae), and others which are also regdtén Asia (Eobaataridae). The presence of the atabd
Eobaatarfrom the Hauterivian/Barremian transition to I&arremian in the Iberian Peninsula, and during the
Barremian in Britain and Aptian or Albian in Asisuiggest that geographical connections between tress
could have existed either sporadically or consyafdk most of the Early Cretaceous. This hypothésis
supported by other palaeontological data such@sthbiconodontidae mammals (Cuenca-Besco6s and Ganud
2003), some Sauropoda and Ornithopoda dinosaursiffoat al, 2002).

Key words: multituberculates, Early Cretaceous, Iberian Peménsystematic, palaeobiogeography
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CRETACEOUS COASTAL ENVIRONMENTS IN THE MONS BASIN:
EVIDENCES FROM CENOMANIAN DEPOSITS IN THE
BETTRECHIES QUARRY

Jean-Marc BAELE 2, Florence QUESNEL?, Chantal BOURDILLON 3,
Christian DUPUIS *

! Faculté Polytechnique de Mons, rue de Houdain, /00 Mons, Belgique, jean-marc.baele@fpms.ac.be
2 BRGM, CDG/MA, 45060 Orléans, Bp6009, Frandeguesnel@brgm.fr
3ERADATA, allée des magnolias, 5, 72100, Le mans, Rreybourdillon@eradata.fr

Cenomanian marine transgressions in the Mons Beflimixed siliclastics-carbonate deposits that are
well exposed in the Bettrechies quarry, NortheranEe (Robaszynski, 1975). Though they are not kihesb
remains of sea invasion pulses since “Wealden tiifMarliere, 1970), these deposits are overlyingttwental,

i.e. lignitic and/or pyritic sands and clays fitlirkarsts in the Devonian bedrock. No dating is labé yet for
these continental sediments but their lithology amdrall stratigraphic location is similar to welstablished
Wealden facies in adjacent areas (i.e. Hautrageigsart, etc.).

Investigations focused on the first, m-thick caézars marine beds referred to as “Sarrazin” in local
denomination. The global succession is as followsabaonglomerates, up to 1m thick, are overlaid by
calcarenites, up to 3m thick, showing one or twghhi cemented beds, especially on top formation.

Conglomerates mainly consist of Lower Devoniandséames pebbles in clayey/calcareous matrix that
deposited in littoral environment. They only ocaurkiarst fillings where collapse of the underlyingyéalden”
sediments preserved them against erosion. Outsidgikareas, red cm-thick stromatolites are fonstkad, as
discontinuous layer on the Devonian bedrock. Thauwsual morphology and growth pattern indicate that
karsts induced ponds, possibly freshwater springsyery shallow coastal environment. Together with
sedimentological evidences, this suggests a colastdscape first dominated by highs, possibly glifor the
emplacement of early Cenomanian deposits.

The overlying calcarenite shows significant lateratiability controlled by shallow marine dynamics
and bedrock topography. Petrographic evidences ftaimed thin-sections and cathodoluminescenceysisal
show that lithification initiated in the marine \@& zone, suggesting that the hardened calcalmutecould be
similar to some modern beachrocks. Asymmetricalraediscus morphologies of the earliest spar cemleny
with solution features are the strongest indicaifor such an environment. The cementation sequactcally
consists of syntaxial overgrowth alternating withrlionate mud infiltration related to (tidal?) sesvel
fluctuations. Iron-stained shrub- @irutexiteslike structures (Fligel, 2004) occur in the muliinfy, now
lithified micrite. They are indicative of bacteriattivity, possibly by iron-oxidizing consortia siar to that
forming the underlying red stromatolithes, but s&rad through the carbonate sediment. The roleaofebial
activity in the mud lithification is still uncledsut is thought to be crucial in the early cementatf modern
beachrocks (Neumeier, 1998).

Thin, discontinuous stromatolithe crusts were albseoved capping a gravel bed (storm deposit?)
intercalated in the calcarenites. They occur inwiae fossil “pools” that could be interpreted asnaad
(dinosaur?) footprints.

This study, which is the first detailing the coastapositional environment for the Cenomanian sedime
in the investigated area, opens perspectives mnetaicting the landscape evolution sequence fromtirgental
(“Wealden”) to marine environments through Cretasetimes.

FLUGEL, E., 2004. Microfacies of carbonate rocksalysis, interpretation and application., Springestlin, 976 p.

MARLIERE, R., 1970. Géologie du bassin de MondieHainaut : Un siécle d'histoir&nn. Soc. Géol. Nord40 : 171-189.

NEUMEIER, U., 1998. Le role de l'activité microbiem dans la cimentation précoce des beachrocksn{géth intertidaux)Terre et
Environnementl2 : 1-183.

ROBASZYNSKI, F., 1975|n: Marliére, R. & Robaszynski, FQocument n° 9. Crétac€onseil Géologique - Commissions Nationales de
Stratigraphie, Ministére des Affaires Economiqussp.
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THE MARINE REPTILE FAUNAS FROM THE MAASTRICHTIAN
(LATEST CRETACEOUS) PHOSPHATES OF MOROCCO

Nathalie BARDET

UMR 5143 du CNRS / Département Histoire de la Terk&yséum National d’Histoire Naturelle, CP 38, 8 rue
Buffon, 75005 PARIS, France, bardet@mnhn.fr

The phosphates of Morocco (Maastrichtian-Lutetido)m part of the Mediterranean Tethyan
phosphogenic province - a complex of warm and shatharine platforms characterised by intense phatsph
sedimentation - that bordered the southern Tettargiim during the Late Cretaceous and Early Palaeogene
These phosphates are very rich in marine vertebeatains, especially selachians, bony fishes antilegphat
are known since the pioneer work of Arambourg (395hce a decade, dynamised by the discoveryeoédnly
proboscidearPhosphateriun{Gheerbrant et el., 1996), important fieldworksédnédeen made in the framework
of and active french-moroccan. These resulted indiseovery of major marine and continental vertabra
faunas, ranging from the Maastrichtian to the Yiamresand including representatives of selachiaosybishes,
reptiles (including birds) and mammals (see Jakilg 2006).

The Late Cretaceous phosphatic series of Morocceatg to late Maastrichtian in age. They have yiéldee

of the richest and most diversified marine repassemblages of the world. The squamates, and rapeeially
the large and fully adapted to marine life Mosaskndr, are by far the most abundant and diversifreduding

six coeval genera of the clades halisauridaliSaurug, mosasaurineMosasaurusPrognathodon Globidens
Carinoden$ and russellosaurinéP(atecarpug (Bardet et al., 2008). They also include the podown
varanoidPachyvaranusThe plesiosaurs are less diversified than the szasals and represented up to now by a
new elasmosaurid genus only. The crocodilians arg s@arce in the Maastrichtian levels and only kndwy

the gavialoid eusuchia@cepesuchusNhereas turtles are highly diversified in thea@algene and represented
by both bothremydid pleurodirans and chelonioidptodirans, only scarce chelonioid remains have been
described up to now in the Maastrichtian phosphaltiesaddition to these marine reptile faunas, searc
continental remains of azhdarchid pterosaurs a$ agebf theropod and titanosauriform dinosaurs hasen
found in these Maastrichtian levels.

The continuous Late Cretaceous - Early Palaeogenspphtic series of Morocco provide and
exceptional framework for am situ study of the K/T faunal turnover, as exemplifieg the extinction of
mosasaurs, plesiosaurs, dinosaurs and pterosauise and of the Cretaceous and the rapid radiadion
crocodiles, chelonians, birds and mammals in thé¢yEmlaeogene. As far as marine reptiles are coedetthe
mosasaurid squamates were highly diversified ansh@dnt during all the Maastrichtian stage and dlieaped
near the K/T boundary, whereas the crocodylifornnsaiaed very scarce at this time. Mirroring thiss@thian
and dyrosaurid crocodyliforms highly diversifiedssmon as the beginning of the Palaeogene (Jowale 2008).
On a palaeobiogeographical point of view, these Sitadntian marine reptile assemblages are chaistiteof
the Southern Tethys margin (between palaeolatita@edN-20°S) and differs from the contemporaneaussoof
the Northern Tethys Margin (around palaeolatitudé R% (Bardet, 2004). These observed paleoecological
segregation is interpreted as revealing differeminél subprovinces, probably linked to palaeoldiital
gradients.

ARAMBOURG, C., 1952. Les vertébrés fossiles desmisnts de phosphates (Maroc-Algérie-Tuniskgtes et Mémoires du Service
Géologique du Marqc92: 1-372.

BARDET, N., 2004. Les faunes de reptiles marins oh@sges Nord et Sud de la Téthys méditerranéenrentie Crétacé supérieur:
systématique et paléobiogéograpliabilitation a Diriger des Recherchggniversité Paris VI, Paris, 95 p.

BARDET, N., PEREDA SUBERBIOLA, X., SCHULP, A., & BAOYA, B. 2008a. New material dfarinodens(Squamata, Mosasauridae)
from the Maastrichtian (Late Cretaceous) Phosplaftdééorocco.Bulletin of the Fort Hays State Universitgpecial Issue,3: 29-
36.

GHEERBRANT, E., SUDRE, J. & CAPPETTA, H. 1996. Al&sncene proboscidean from Morocblature,383:68-71.

JALIL, N.-E., BARDET, N., BOURDON, E., CAPPETTA, HGHEERBRANT, E., JOUVE, S., NOUBHANI, A., OUANAIMIF.,
PEREDA SUBERBIOLA, X., VINCENT, P., AMAGHZAZ, M., BUYA, B., & MCHICHI, M. 2006. Les vertébrés fossleles
phosphates du Maroc. Nouvelle convention et étacdanaissanceEOVAPHOS || Marrakech, p. 01-04-19.

JOUVE, S., BARDET, N., JALIL, N.E., PEREDA SUBERBL®, X., BOUYA, B., & AMAGHZAZ M., 2008. The oldestAfrican
crocodylian: phylogeny, palaeobiogeography, andedshtial survivorship of marine reptiles throudte tCretaceous-Tertiary
boundaryJournal of Vertebrate Paleontolog98(2): 409-421.
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OLIGO-MIOCENE ODONTOCETES FROM THE MALTESE
ISLANDS: STRATIGRAPHICAL DISTRIBUTION AND
EVOLUTION
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Outcropping in the Maltese archipelago is a uniguerine sedimentary succession punctuated by
several hiatuses and deposited over a wide ageahtepanning from the Late Oligocene to the Lateddne.

Fossil whales have been reported from these sedénmas early as the 1gentury, where in 1670 the
Italian Agostino Scilla described and illustrated the first time in the history of science, a fosdale in his
famous work La vana speculazione disingannata dal senddbre recently published records are very scarce
and prevalently limited to poorly diagnostic madéri

In recent years, new odontocete fossil remainse Haeen discovered in almost all the outcropping
stratigraphical sequence, and more or less in moityi Although this new material is rather fragrteay
(prevalently ear bones and teeth), in most cabesidentification to family level was possible. Aefiminary
analysis of these fossils and a revision of theiptesly published records permitted the identifimatof at least
seven odontocete families. Three of them (Kogiid@emtoporiidae and Waipatiidae) constitute firstorels for
the Mediterranean.

The exact stratigraphical provenance of most of tlew material is known. Furthermore, calcareous
nannoplancton analysis from sediments in assooniatith some of the studied material, made posditodér
localisation within the sedimentary successionaAssult we were able to recognize the followingegal trend
and changes in the faunal composition:

1. In the older strata, particularly the Lower and Mé&danembers and in the Lower Main Phosphorite
Conglomerate Bed of the Globigerina Limestone Foiona{Chattian-Burdigalian), the fossil record is
prevalently represented by Platanistoidea with \Atdiftae and Squalodontidae. The waipatiid record
reflects the Mediterranean-Indopacific distributiof this family possibly favored by the wide direct
communications existing between these waters dihiad ate Oligocene-Early Miocene.

2. In the Upper Main Phosphorite Conglomerate Bediarttie Upper member of the Globigerina Limestone
Formation (Langhian) the odontocete fauna is reptedeby Waipatiidae, stem Physeteroidea, Physeterid
and Eurhinodelphinidae.

3. Inthe Blue Clay Formation (Serravallian and/oe [@brtonian) the fossil assemblage is representesidmy
Physeteroidea, Ziphiidae, Kentriodontidae and Panmtimfae. The pontopriid record confirms the wide
geographical distribution of these dolphins, todegresented only biPontoporiafrom the eastern south-
American coasts.

4. In the Greensand and Upper Coralline Formationte (fartonian and/or Messinian) stem Physeteroidea,
Kogiidae, Ziphiidae and possible Pontoporiidae atgtroindeterminate Delphinida are reported. AltHoug
the Late Miocene record from Malta is rather fragtagn none of the new fossil material can be
unquestionably referred to Delphinidae, confirmihgt this family appears only in the Pliocene eaist in
the Mediterranean.

This general trend, in part reflecting a similardency observed in the whole Mediterranean, coald b
related to a global evolution of the whale faund aacondarily to more local factors due to the mmental
changes in the depositional basin.

Key words: Cetacea, Odontoceti, Malta, Oligocene, Miocene
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PALAEOZOIC BIODIVERSITY, ECOSYSTEMS AND EVOLUTION:
THE CASE OF ORDOVICIAN TO DEVONIAN
VERTEBRATE-DOMINATED ASSEMBLAGES

Alain BLIECK

Université de Lille 1 : Sciences de la Terre, UMR §18u CNRS « Géosystémes » (LP3), F-59655 Villeneuve
d'Ascq cedex (France), Alain.Blieck@univ-lillel.fr

Vertebrates, excluding conodonts as defined by &gvier (1996), form a monophyletic taxon of
chordate animals known possibly from the Early Caanband certainly from the Early Ordovician to Prése
They encountered major steps of evolution duringRaikaeozoic, and in particular during the Early (Baam-
Ordovician) and Middle (Silurian-Devonian) PalaeiczoThe first fossilized creature possibly attritiiteo
vertebrates isHaikouichthys (Myllokunmingig from the Early Cambrian Konservat-Fossil-Lagerstadif
Chengjiang, China (e.g. Sletial. 2003). Some 40 Ma later, vertebrates made thsiradaptive radiation during
the Ordovician, for which we recognize two majorlagabiogeographic provinces called the Gondwana
Endemic Assemblage and the Laurentia-Baltica-Sib&saemblage (Blieck & Turner 2003). Ordovician
vertebrates come from mostly siliciclastic serieshwrace fossils and lingulid brachiopods, inteted as
transitional to coastal marine environments (e.fulée & Holland 2005, Davie®t al 2007). After the
Hirnantian glaciation, which does not seem to hbbgen an actual extinction event for vertebrates,gtoup
realized a new radiation during the Silurian and/@ean (Long 1993). Silurian vertebrate assemblagesas
the Ordovician ones, dominated by agnathan forhespstracoderms. Silurian vertebrates from the Bakic
basin have been collected in all the environmeritshe marine epicontinental platform up to lagoonal
environments (e.g. Marss & Ejnasto 1978, Schultz8@9)1.%Early Devonian vertebrate assemblages are also
dominated by agnathans, but many jawed forms, theth®stomes, began to become more and more abundant
diversified and dominant upon agnathans at thae timhen placoderms was the most important group of
Gnathostomes (Blieck & Janvier 1999). During theltlé and Late Devonian, most vertebrate assembtages
dominated by Gnathostomes such as placoderms,hachans, chondrichthyans, sarcopterygians. Amoeg th
latter, tetrapods appeared in the Late Devonianaaadnow known from the Old Red Sandstone Continent,
North China and eastern Gondwana (Autralia) (C2@82, Clémenét al 2004). Devonian vertebrates are both
known from continental to near-shore marine, Oldl FBandstones (ORS) and associated facies, and from
marine facies where they are often collected withotlonts and many other invertebrates. In thosmusr
environments they developed many different convargedaptations, and in particular numerdspiny?
phenotypes in the ORS (such as long rostra, lageqadnsions as the cornual plates or cornua chaxderms,
dorsal spines, etc.: Janvier 1996). At the tramsitirom Devonian to Carboniferous, another majoentv
occurred, viz. the ecological replacement of placotws by chondrichthyans (Long 1990). After the estiom of
ostracoderms at the Frasnian-Famennian boundany, tla@ extinction of placoderms at the Devonian-
Carboniferous boundary, chondrichthyans and actarggians became dominant in the fish faunas. This
particularly evident in the Namurian Konservat-Hiekagerstatte of Bear Gulch, Montana, USA (Lund &
Grogan 2005). Kluget al (in press), through a review of ecosystems frbm latest Proterozoic to the Early
Carboniferous, recognized in the history of mariife a series of major steps among which the Demoni
Nekton Revolution. In fact, as concerned with JVerates, their firsBexplosivé radiation is Silurian-Early
Devonian in age and mostly due to ostracoderms:ishthe2Nekton Revolutioh of vertebrates. Their second
main diversity peak is Late Devonian (Frasnian)ge and mostly due to Gnathostomes: this is2Bredation
Revolutior? of vertebrates.

ALLULEE J.L. & HOLLAND S.M. 2005,Palaios20: 518-533.
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EARLY CRETACEOUS DINOSAURS AND PTEROSAURS FROM THE
EASTERN PARIS BASIN

Eric BUFFETAUT
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Supérieure, 24 rue Lhomond, 75231 Paris Cedex Ofgrfee. eric.buffetaut@wanadoo.fr

The Early Cretaceous formations of the eastern FBagn (departments Aube, Meuse, Ardennes,
Haute-Marne), consisting mainly of shallow marirepadsits, with some continental intercalations (biytaf
Barremian age), have yielded relatively abundatitaped fossils, many of them found in the courseheaf
industrial exploitation of natural resources sustphosphate and building stone during th& déntury. Several
of these fossil-bearing formations are no longsilgaccessible, and only a few new finds have lyeported in
recent years. However, a number of hitherto untepgospecimens have been found in old collectiorgchw
need to be inspected in more detail. Besides mdoimas such as ichthyosaurs, plesiosaurs, croemdiland
turtles, dinosaurs and pterosaurs also occur,@srshn the following list.

Hauterivian:
Calcaire a Spatangues:
Ornithopodalguanodon atherfieldensis
Pterosauria: Ornithocheiridae indet.

Barremian:
Ornithopodalguanodon bernissartensis atherfieldensis
Sauropoda indet. (? Brachiosauridae)

Aptian:
Ornithopodalguanodoncf. bernissartensis

Albian:

Sables verts:

TheropodaErectopus superbudheropoda indet.

Sauropoda indet.

Ankylosauria: Nodosauridae indet.

Pterosauria: Ornithocheiridae indet., Azhdarchiohalet.
Gault Clay, Argiles tégulines:

Sauropoda indet.

Pterosauria: Ornithocheiridae indet.

The available material often (but not always) cdss@f isolated elements. Apart from some of the
Barremian specimens, most of the Early Cretaceoossdir finds from the eastern Paris Basin can be
considered as remains of carcasses derived fronbyhéand masses (French Central Massif, London-Briaba
Massif) and ultimately buried in marine sedimeritee number of taxa represented is relatively modast,
some trends in the evolution of faunal assemblaggsbe recognisable. In particular, iguanodontidtbopods,
which are present in the Hauterivian, Barremian Aptian formations, have not been reported fromAh®san
deposits, despite the fact the latter have yieldefhirly large number of dinosaur specimens. Coselgr
sauropods seem to be relatively more abundantbiaAldeposits than in the older formations. Thesgmee in
the Albian Sables Verts of one of the earliest knaoepresentatives of the pterosaur family Azhdalabiis
worth mentioning.

Key words: Early Cretaceous, Paris Basin, Dinosauria, Pterasa
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THE HISTORICAL SIGNIFICANCE OF THE IGUANODON
DISCOVERIES AT BERNISSART
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The ornithopod dinosauguanodonwas first described by Gideon Mantell on the baisagmentary
material from the Wealden of Tilgate Forest (Sussexithern England) in 1824. Although subsequertsfin
notably that of the partial skeleton from Maidstorentributed to a better understandinglgdanodon its
osteology long remained very incompletely knownd &8 general appearance remained poorly undersasod
shown by the iguana-like reconstructions originglpposed by Mantell and the later reconstructiaasa
heavily-built, horned quadruped put forward undeh@rd Owen’s supervision in the 1850s.

The discovery of completiguanodonskeletons in the Bernissart coal mine in 1878téed thorough
reappraisal of the anatomy of this dinosaur, thankily to the work of Louis Dollo. It became pdsdsito
study many hitherto unknown aspects of the ostgolofy Iguanodon This led to Dollo’s well-known
reconstruction of a biped&uanodon with a kangaroo-like stance, as exemplified e/ tiounted skeletons at
the Brussels Museum and by countless illustrationgapers and books. Although Dollo’s conceptioasenh
been shown to be incorrect in various respectspdiimeobiological approach was in many ways inrieeaand
they definitely marked an advance over the eaviiews based on incomplete material from Englands Tiaw
image oflguanodoncontributed greatly to a better, more realistiteipretation of dinosaurs as a whole, which
was complemented during the last decades of tiedstury by the finds of well preserved skeletohsasious
Jurassic and Cretaceous dinosaurs in western Montdrica. The Bernissart discoveries can thus beideres
as a turning point in our knowledge of dinosaurs.

It should not be overlooked that the excavationshan Bernissart mine brought to light not only the
remarkable collection ofguanodonskeletons now displayed in Brussels, but also alttveof other fossils,
including often well preserved remains of plantsects, fishes, amphibians, turtles and crocodiles. made it
possible to attempt reconstructions of the Wealdamironment in whichiguanodonlived. Although the
conditions under which the fossil accumulation arridssart was formed have been the subject of much
controversy, the study of this exceptional localiigs contributed significantly to a better underdiag of
Wealden environments.

Jules Créteur’s discovery of the filgluanodonbones in the Fosse Sainte-Barbe in March 1878 thus
clearly was the beginning of a major episode inhiséory of vertebrate palaeontology.

Key words: Bernissart)guanodon History of Palaeontology
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EARLY CRETACEOUS FLORAS FROM SIBERIA, MONGOLIA,
AND NORTH-EASTERN CHINA
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Volcanogenic-sedimentary deposits containing abmidemains of fresh-water invertebrates,
vertebrates and floras are widely distributed om trritory of Transbaikalia (Russia), Mongolia axdrth-
Eastern China. Such fossil assemblages were fssbdéred during the f'Scentury by A.P. Gerassimov in the
so called “fish shales” of Turga and Vitim BasimsTiransbaikalia. He passed these findings to Acadami
A.F. Middendorf and fishes Lycoptera middendorfij insects Ephemeropsis trisetalis ostracods,
conchostracansBgirdestheria middendorjii and mollusks from these Russian localities waubsequently
described. Similar fossil localities were laterodigered in Mongolia and North-Eastern China. In @hihesh
typical fossil assemblages, with a high level oflemism, were named ‘Jehol (Rehe) biota’ by aladogists.
The attention of the palaeontological society, bst @f the public was attracted at the end of & Qentury,
when feathered dinosaurs, early birds, and aneiegipsperms were unearthed in the Yixian Formatiowest
Liaoning Province. The Yixian Formation is uniquetie world because of the abundance, biodiversity a
exceptional preservation of the recovered foskitsvever, its geological age is still debated.

Jurassic to Aptian ages have been assigned to sthégigraphical unit. According to Chinese
stratigraphers, the age of sediments of Yixian Fdion is Late Jurassic (Chen P.-J., Chang Zh.-L.4,1@%0
Zh.-Y. et al.,, 1998; Lo Ch.-H. et al.,, 1999; Sun QGeak, 1998; Sun Ge et al., 2001), although some
palaeontologists consider it as Early Cretaceous\(:B., Liu Z.-S., 1994,1999; Mao Zh.-Zh. et al., 198\
R.-G., Wu H.-Zh., 1992; Swisher et al., 1999).

“OAr/**Ar analysis of volcanic rocks frm the Yixian Fm showeadues from 121,1+0,2 to 122,9+0,3
million years (Smith et al., 1995). The authorghe$ paper regard these beds as Barremian in ligeugh this
interval corresponds in fact to the Aptian (Granhse al., 2004).

The fossil flora of the Yixian Formation has muchdommon with the Barremian-Aptian flora of
Transbaikalia and Mongolia. The common plants Bogrychites reheensi$u, Neozamites verchojanensis
Vachr., Baikalophyllum lobatunBugd., Pityolepis pseudotsugaoidé&iin et ZhengPodocarpidites reheensis
(Wu), Brachyphyllum longispicurBun, Zheng et MeiScarburgia hiliiHarris, Baikalophyllum lobatunBugd.,
Baiera validaSun et Zheng, cflindleycladus lanceolatuél. et H.) Harris,Ephedrites cheni{Cao et Wu),
Carpolithus multiseminaliSun et ZhengC. pachythelisSun et ZhengBaisia hirsutaKrassil.

The Barremian-Aptian flora of Transbaikalia is higliliversified, cycadophytes and various conifers
being particularly well represented. Principal indessils areBaisia hirsuta Pseudolarixand the bennettite
Otozamites lacustris.

The high diversity of this flora facilitates corrié¢ém with neighboring regions. Related floras ocitur
the Barremian-Aptian Chegdomyn and Chemchukin Fooms of the Bureya Basin (Far Eastern Russia). The
Ussuri (Barremian) and Lipovtsy (Aptian) Formatioofs Razdolnoe basin and the Severosuchan Formation
(Aptian) of Partizansk basin in Southern Primorgatain Cladophlebidium dahuricur®ryn., which is typical
for the Transbaikalia flora.

The Transbaikalia flora can also be correlated whth Aptian flora of Yakutia (Siberia). Both floras
contain typical taxa such &eichenia lobata/achr. andNeozamites verchojanensiachr.

Four characteristic assemblages are recognized AdyKRrassilov in the Early Cretaceous of Mongolia:
1) Baiera manchurica (Berriasian?); 2)Otozamites lacustris-Paseudolarix erengBarremian-Aptian); 3)
Baierella hastata-Araucaria mongolid@ptian); 4)Limnothetis-Limnoniob€Aptian to early Albian(?). Leaves
of OtozamitesandPseudolarixhave been found in Transbaikalia flora, and molqiioal and epidermal studies
show similarities withOtozamites lacustrifrom Mongolia. These plants permit correlation oafsbaikalia
flora with the Early Cretaceous Mongolian florasnfr@on-Tsagan, Manlaj, and Gurvan-Eren. The Yixiad an
Mongolian floras also contain common taxa, k&ervanella some conifers and gnetophytes.

Therefore, the age of the Yixian Formation is nat,our opinion Late Jurassic or situated at the
boundary between the Jurassic and the Cretacamdging from the palaeobotanical data, we can calecthat
the age of this famous stratigraphical unit is Barian to Aptian.

Key words: Jehol biota, Transbaikalia, fossil flora

23



Darwin-Bernissart meeting, Brussels, February 92089

TO BE OR NOT TO BE: CAN CONODONTS BE VERTEBRATES?

Pierre BULTYNCK

Department of Paleontology Royal Belgian Institubé Natural Sciences, Vautier street 29 B-1000 Bsets
Belgium, pierre.bultynck@naturalsciences.be

Conodonts were originally described by Pander iB6618s isolated, microscopic fish teeth. Until the
1920ies they did not receive much attention frodeqatologists. Already in that first period, conflng ideas
arose about the taxonomic treatment of conodordglaeir zoological affinities. However, these peshk were
only thoroughly debated 50 to 80 years later, afterodonts became well known as one of the mosbritapt
tools for marine Paleozoic and Triassic biostrafiuy. In 1969, different sets with biostratigrap$idivisions,
principally from Europe and North America, were mmred at a symposium on Conodont Biostratigraphy in
Columbus (Ohio). Two years later the taxonomic prabof artificial form taxonomy (in which definitio of
conodont species is based on characteristics ofidlugl conodont elements) versus multi-elemenbtemy
was taken up again. The latter is based on findofgsatural conodont assemblages on bedding plarres;
show that different form species constitute a bigty symmetrical apparatus in the “conodont atiimEhis
taxonomic problem was discussed at the 1971 Mar@mgodont Symposium and the use of multi-element
taxonomy was recommended. It should be stressedthat reconstruction of conodont apparatusesti®mg
important for taxonomy but also for the understagddf the function of this apparatus in the conaduorimal.

As such, it is one of the elements to find outzbelogical identity of conodonts.

The fortuitous discovery of a conodont animal in to#lections of the British Geological Survey in
Edinburgh (+/-1980) marked a new period of inteniseu$sions on the zoological affinities of conodofithe
4.5 cm long elongated specimen shows preservafitimedbody outline, some internal soft parts anthtural
assemblage of conodont elements. The specimemaidgi from the Lower CarboniferoGsanton Shrimp bed
near Edinburgh, in which later nine additional sp®ms were found. The specimens were intensivalyiat by
British research teams mainly including conodorpests. As the preservation is moderate, interpogtadf
structures remains open to discussion. The studyeoranton specimens was combined with that dfgper
Ordovician species from South Africa, with inveatigns on the structure of conodont elements aed th
histology-histochemistry and the function of thenedont apparatus. Donoghue, Forey & Aldridge (2000)
finally concluded on the basis of a cladistic plydoetic analysis that conodonts are stem gnathestom
(vertebrates). However this view was in contradittwith the results of earlier histological-histeafical
analyses of conodont hard tissues. These resultsadidupport vertebrate affinities but indicatetpobordate
affinities (Kemp & Nicoll, 1995, 1996; Schulze, 9 Turner, Blieck & Nowlan (2004) stated that twe basis
of their hard tissues conodonts cannot be congidasevertebrates and they assigned them to “umesbsar
questionable basal chordates”. They fully explaitiegir point of view in a manuscript now submitteat f
publication. (Turner, Burrow, Schultze, Blieck, Rdtexroad & Nowlan — False teeth! Why conodonts raot
vertebrates),

Szaniawsky & Bengston (1993) demonstrated the &woldfrom coniform paraconodonts to coniform
euconodonts (= conodonts as discussed above). ES8daniawski (1987) considered that proto- , parsd
euconodonts are a monophyletic clade that may siffinities with chaetognaths. Several vertebratpeets
have stressed that conodont elements differ fromebmate teeth by their ultrastructure and chemical
composition. Moreover, | consider that growth aedaded morphology of conodont elements, the agchitre
of the conodont apparatus, and the early evolutiothat apparatus do no t support a close relatipngith
vertebrate teeth. As a closing comment it can atedtthat conodonts do not fit well in the earlplationary
stage of craniates and vertebrates. Some characteins agreement with a basal chordate position.

Key words: conodonts, taxonomy, function, zoological affirstie
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THE BRAINCASE OF RHABDODON (DINOSAURIA:
ORNITHOPODA): NEW SPECIMENS FROM THE LATE
CRETACEOUS OF SOUTHERN FRANCE

Phornphen CHANTHASIT

UMR 5125 - Paléoenvironnement & Paléobiosphere, Umisité Claude Bernard Lyonl,
2 rue Raphaél Dubois 69622 CEDEX Villeurbanne, Frem,
phornphen.chanthasit@pepsmail.univ-lyon1.fr

Rhabdodorpriscuswas first described from the early Maastrichtidh.@ Nerthe (Bouches-du-Rhéne) by
Matheron in 1896 Rhabdodonfossils have been continued in several Campaniaasiiichtian localities in
Europe especially in southern France. However, alakieletons oRhabdodorhave rarely been found and they
are not well preserved. Particularly the braincasbkich provides important morphological charactéss
phylogenetic analyses was hardly mentioned. Regetwlo new braincases referred Rhabdodonfrom a
locality near Cruzy (Hérault) and from a locality Vitrolles (Bouches-du-Rhéne) have been found. Tarey
more complete and show more braincase elementstltlealoraincases reported in preceding works. Thege n
braincases are described herein and compared se tf@almoxeganother Rhabdodontidae) and those of the
other euornithopod dinosaurs described in theslitee.

Key words: dinosauria, ornithopod&habdodonbraincase, France
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NECK UTILIZATION AND FEEDING STRATEGY IN SAUROPOD
DINOSAURS

Andreas CHRISTIAN, Gordon DZEMSKI, Jan-Thomas MOLLE R

! Universitat Flensburg, Institut fiir Biologie und Sehunterricht und ihre Didaktik, Auf dem Campus 1,
24943 Flensburg, Germany, christian@uni-flensburg.d

Based on a comparison of stress values in thevertebral discs along the vertebral column of thekn
the neck posture is reconstructed for differentgaods. For each specimen, the range of possitdssstalues
in the intervertebral discs is tested for differemck postures in order to find habitual posturdsciv are
characterised by more or less constant stress valamg the neck. In order to reconstruct neck mmeres,
lever arms of muscles, tendons, and ligaments lamdatticulation of adjacent neck vertebrae areyaedl in
some specimens. For comparison, neck anatomy amkdnm@vements are studied in long-necked vertebtikies
giraffes, camels and ostriches. For sauropods ftdérdnt sizes, the energetic costs of neck movesnarg
estimated and compared with the energy expenditofdecomotion and the basal metabolism. The results
indicate considerable differences in the postui wilization of the neck among sauropods. Someogemals,
like BrachiosaurusandEuhelopusused the neck in a similar way as giraffes deenehs the feeding strategy of
other species, likBiplodocusandApatosauruswas more like in camels or ostriches. In a sirsgleropod, the
neck posture may have varied considerably duriffferént activities like standing at rest, locomatior
feeding. Vertical changes of the head during fegdiepended on the spatial distribution of the fdeat. very
large sauropods extensive vertical movements oh#wk or of the whole body during feeding wereoiéfit
only if the sources of food were spaced widely apar

Key words: sauropods, neck, feeding
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WHAT'S NEW IN THE WORLD OF DEVONIAN TETRAPODS?

Jennifer A. CLACK

University Museum of Zoology, Cambridge, Downing,SEambridge CB2 3EJ UK, j.a.clack@zoo.cam.ac.uk

The past 15 years has seen an exponential incnedlse humber of known Devonian tetrapod taxa, with
11 genera now named and other material awaitingrigiion. Since 1993 Devonian tetrapods have been
discovered in North America, Scotland, Latvia, Chigwad Belgium, and further finds from other Russian
localities have also been reported. Correspondirigre has been an expansion in the geographiaal an
environmental range that they are known to havabitad. Thus by the end of the Devonian they areviknio
have occurred in most of the major continental mgswcluding Gondwana. The environments thatéh@pods
inhabited range from fully freshwater, to margimahrine, encompassing estuarine and lagoonal Sites.
implication here is that the earliest tetrapodseweuryhaline and could move around continents atbeg
margins or through shallow interconnecting seas.

The mid- to Late-Devonian was period of great emvinental change: oxgyen levels dropped to an
estimated 13%; temperatures and carbon dioxiddslevere both elevated relative to today; and it duasng this
period that terrestrial plants increased in sizegrdity and range. For the first time, decayingamic matter in
the water contributed to widespread anoxia in butirine and riverine systems. Yet this was the titngng
which the tetrapod stem group also diversified, @nid notable that modifications to breathing aswpport
apparatuses were among the first to occur. Reaead Df Late Devonian tetrapod-like fish and tetdgavith
limbs are serving to close the morphological gajpvben finned and limbed tetrapodomorphs and arenbieg
to show the sequence of acquistion of such chasdatethe origin of limbed tetrapods. The picturevesy
different from scenarios generated in the earf{y @ntury when information was scarce.

Among the most recent developments is the degmmipif Ventastegaas one of the most primitive
tetrapods: in having an enlarged spiracular natakesembles the tetrapod-like figliktaalik from the Frasnian of
Canada. lIts limb girdles are similar to thoséohnthostegamplying the presence of limbs with digits, buhés
some more primitive features in its lower jaw andificase. Its occurrence in Laurussia is consisiatht a
Laurussian origin for limbed tetrapods.

The iconic genuschthyostegehas been restudied, showing that its ear regionpwabably adapted for
underwater audition, whereas its postcranial skrlshows a mixture of aquatic (paddle-like hinddjrfinned
tail) with terrestrial (robust shoulder and fordiimdifferentiated axial skeleton with broad thocacibs)
adaptations. Work is planned to investigate thisctgating a virtual computer model of its skelet@abadult
humeri of Ichthyostegaappear to retain more primitive fish-like featurttan the equivalent stage in
Acanthostegathis has locomotory, ontogenetic, and phylogengtiplications. Discovery of an ichthyostegid
outside East Greenland, in Belgium, has biogeogecaphkignificance.

Much of the recent information has been gathengdhle use of computer-assisted tomography (CT
scanning), which is allowing unprecedented accespréviously intractable specimens. Application soich
techiques at finer and finer resolutions will allave to pose and answer questions that would haee be
considered impossible by earlier workers, suchhaspbsition, size, and direction of muscle attaaftmeAll of
this will help to build an even more complete pietof the transition from fish to tetrapod and frawater to land.

Key words: Devonian, tetrapods, evolution
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BIODIVERSITY OF THE DEVONIAN TETRAPOD-BEARING
LOCALITY OF STRUD, BELGIUM

Gaél CLEMENT *, Cyrille PRESTIANNI 2

! Département Histoire de la Terre, UMR 5143 du CNRMyséum national d'Histoire naturelle, 57 rue
Cuvier, 75231 Paris cedex 05, France, gclement@mfrhn.
2Unité de Paléobotanique - Paléopalynologie - Micrd@antologie (PPM), Département de Géologie,
Université de Liege, Allée du 6 Aolt, Batiment B-4%00 Liege 1, Belgium, cyrille.prestianni@ulg.ac.be

The origin of tetrapods (four-legged vertebrate§pua 365 million years ago, was one of the key
events in the evolution of vertebrates. It chantpedterrestrial ecosystem forever and gave rise nmjor new
group of animals that today numbers some 24,00@dispecies. In contrast to recent morphological an
phylogenetic advances, there remains a seriousirgaqur knowledge of the evolutionary, ecologicaldan
biogeographical context for the origin of tetrapoBew Devonian tetrapod-bearing localities allovhaxstive
environmental and ecological studies. The Strud rgu@amur Province, Belgium) was first investigateyl
Hock (1878) and plant and vertebrate fossil maténan Strud was later published by Lohest (1888Y,dles
(1931) and Stockmans (1948). Unfortunately theipeslocation of the site was lost for more thareatary. An
incomplete lower jaw, first described as a fish aemby Lohest (1888), has been recently determirsed a
tetrapod mandible. Following this discovery, theu8tlocality was rediscovered (2005) and has yitlde
diverse Famennian (Late Devonian) flora and faunamcludes miospores, plant megafossils, arthropots
vertebrates. The new material is abundant and yighluable. Although mainly disarticulated, fossmains
from Strud are regarded as autochthonous. The yudlithe material allows accurate identificatioBane is
well-preserved and delicate elements sucRtaglolepisplates or dentary teeth on lower jaws are alwaysd
unbroken. The CTscan technique has been used trpevirtual 3D reconstructions of remains enclosethe
fine-grained sandstone (e.g., lungfish and tetrdpagr jaws). The exquisite preservation of arthagpand
plants in the highest layers of the section poiats reduced post-mortem transport, allowing tosater the
taphonomic assemblage as a biological communityodgat others, key taxa of the Strud locality asliest
demonstrated pre-ovule plantSloresnetia Pseudosporogonitesand Condrusia exquisitely preserved
malacostracan antriopslike notostracan crustaceans, rhynchodipterid fishgs, rhizodontid tetrapodomorph
fishes andchthyostegdike tetrapods.

Preliminary results indicate that the miospore mdage is characteristic of the GEBré@ndispora
gracilis - Grandispora famennengidiozone (late mid Famennian). This indicates that Strud locality is
slightly older than the Famennian tetrapod siteEadt Greenland (Late Famennian), and is the oldestitly
yielding Moresnetia

The depositional environment of the Late Devoniandtocality, preliminary defined as a flood facies
on an alluvial plain, is rich in crucial data (tescof emersion, of cyclicity, of warm climate, gtdhese deposits
are compared with those of the outstanding Famant@aapod-bearing localities of East Greenlandafid|
fluviatile floodplain facies) and Pennsylvania (esine floodplain facies). The vertebrate faunaeasblage
comparisons of these three localities show conalderfaunal overlap at genus level although sommarkable
differences also occur. If the Strud locality iswfiamed as Late Middle Famennian in age, Belgiaruoences
of Gondwanan taxa are then the very first ones iraf@arica. It is for instance the case for the placm
Groenlandaspisthe lungfishSoederberghiaand the rhizodontid tetrapodomorphs, restricednarginal or
freshwater environments and known to have beenafijodistributed during the Late Famennian times.sEhe
records seem to contradict the previous hypoth@siswide separation between Euramerica and Gondweana
strange fact, and possibly important, is the stromgalance between the high number of vertebratel\ganan
taxa in Euramerica at the end of the Famennian aoadpto the low number of Euramerican taxa in Gomdwa
This interpretation has been recently called thee&GDevonian Interchange" and is still poorly usttsrd.

Key words: Belgium, Late Devonian, Paleobiogeography, Paleoemment, Seed plants, Vertebrates
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MAASTRICHTIAN LAND VERTEBRATES IN RUSCA MONTAN
BASIN (ROMANIA)
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! Babe -Bolyai University, Department of Geology-Paleorgly, 1 Koglniceanu Str., 400084 Cluj-Napoca,
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2 Institut Royal des Sciences Naturelles de Belgique, Depaninde Paléontologie, Rue Vautier 29, B-1000
Bruxelles,Pascal.Godefroit@naturalsciences.b&hierry.Smith@naturalsciences.be

The Rusca Montana Basin is located in Poiana Riountains (Occidental Carpathians, Romania),
south of Mure River. The basin has a triangle-shaped elongatdthe, trended on a westeastern direction. Its
basement involves metamorphic and Upper Cretag@argonian-Early Maastrichtian) flysh deposits. Tiek
(around 2500 m) basin filling sediments pile (Lateet&ceous-? Paleogene) forms an asymmetrical agncli
framed to the north by an important fault. The bdsimed after the Late Cretaceous “Laramian” tectegan
(S ndulescu, 1984), in rather similar way as the nmiging Haeg Basin (Willingshofer et al., 2001). Like in
Haeg Basin, the infilling deposits started to acclateiin the Latest Cretaceous (Maastrichtian) anah thick
continental sequences. However, there are impomgeniogical differences between these basins: Upper
Maastricthian coal deposits were mined in Ruscatitorfor several decades in the last century and gesabg
history of this basin comprises magmatic eventeel to banatites (volcanic breccia, agglomer#aes, flows,
volcanic tuffs, dykes and sills maturing the caeghere in contact). In Hag Basin, the magmatism inference is
weaker, and mainly concerns the Den8iula Formation.

The first geological studies in Rusca Montdegun in 19 century, but its real interest increased only
when the coal started to be mined in the third deaaf the 28 century. The coal-bearing strata yielded rich
macroflora assemblages, including sevétahdanusspecies, ferns, angiosperms (Schafarzik, 1907; oryzs
1913; Givulescu 1966, 1968; Petrescu & &ul984), but also microflorae (Antonescu et &83).

Although some geologists suggested the existenceefal vertebrates too (e.g. Mamulea, 1952; Dinc
et al., 1971, Dinc, 1977), vertebrate fossil have not been reporfedounow in this area. Even the notorious
Nopcsa’s (1905) geological map does not report\arebrate find in this basin. In the last decaate the
easternmost side of the basin (Lunca Cernii), a lsm&trop exposing a short sequence of Maastrichtia
continental deposits of fluvial origin (red siltitay, coarse sand and microconglomerate chani&) fielded
some teeth and bones belonging to dinosaurs (sadititpnosaur, the euornithopddlmoxes Velociraptorinae
indet., Troodontidae indet., other Theropoda indeetitles (?Kallokibotion), indeterminate crocodilians and
multituberculate mammals (Kogaionidae). These fesmie reported for the first time in this commutiaa
Besides vertebrates, these deposits have alsoeglidtbundant vegetal remains (mainly seeds), sradH r
yellowish amber pieces, and rare invertebratesiésmstracods...).

Both the lithology and the fauna are closely simitathose from the Sanpetru and Der€iula formations in
Haeg Basin. One can presume that Rusca MonBasin is nothing else but a western extension lafrger
Maastricthian sedimentary area, which once inclutiedHaeg Basin too. Both basins were depositional centers
for the detrital rocks resulted from the erosiorttef “post-Laramian” sedimentary cover spread ogelareas,
formed on the new thrusted nappes in Occidentgb&hians. These detrital rocks had been reworkethdy
fluvial systems and preserved in these basins wérei@on did not act in an aggressive way. If tHesebasins

are now separed, it is due to the subsequent sipliftthe metamorphic tectonic blocks in Poiana Rusc
Mountains during the Cenozoic.

29



Darwin-Bernissart meeting, Brussels, February 92089

SPECIALIZED DENTITION IN LOWER CRETACEOUS
FRESHWATER HYBODONT SHARKS

Gilles CUNY 2, Lionel CAVIN 2, Varavudh SUTEETHORN 2

! Natural History Museum of Denmark, University of @enhagen, Jster Voldgade 5-7, 1350 Copenhagen K,
Denmark, gilles@snm.ku.dk
2 Department of Geology and Palaeontology, Muséum idtdire naturelle, CP 6434, 1211 Geneéve 6,
Switzerland, lionel.cavin@Uville-ge.ch
% Department of Mineral Resources, Rama VI Road, Bgawok 10400, Thailand, suteethorn@hotmail.com

A new species of hybodont shark with a cuttingtiien, Mukdahanodus trisivakuligen. nov. et sp.
nov., from the Lower Cretaceous Sao Khua Formatfdrhailand has recently been described. After a-twer
in hybodont faunas in Thailand, it was apparentplaeed in the Aptian/Albian ecosystem blgaiodus ruchae,
which independently developed a very similar dentit Thaiodusand Mukdahanodudelong however to two
separate familieshA comparative study indicates that cutting dentisiavith serrated teeth appeared four times
independently within the hybodont sharks over haashort period of time, from the Late Jurassith&Albian.
Moreover, such a dentition occurred only in spesigsnding at least part of their life cycle in fresaters.
Hybodont sharks with a cutting dentition seem tovehaindependently evolved in Southeast Asia
(Mukdahanodusnd Thaiodus)and in the Africa-South America continefoforhiza and Priohybodus) Two
main kinds of cutting dentition can be identifiech@ng hybodonts: high-crownedPrjohybodus)and low-
crowned Mukdahanodugen. nov.,Thaiodusand Pororhiza). The development of these cutting dentitions in
hybodont sharks is linked to a compaction of teeameloid microstructure.

Key words: Hybodont sharks, Cretaceous, cutting dentition
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PALYNOLOGICAL OVERVIEW OF WEALDEN FACIES SEDIMENTS
FROM BELGIUM AND NORTHERN FRANCE

Jean DEJAX ! Denise PONS, Johan YANS®
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2 Université Pierre et Marie Curie-Paris 6, Paris, Frae, Denise.pons@upmc.fr
2FUNDP Geology, UCL-Namur, Belgium, Johan.Yans@fundp.be

Several palynological studies have dealt with Wealfacies sediments from the northern part of
Europe since the pioneering work of Delcourt & Sponin(1955). Beginning with Bernissart famous buried
locality (Yanset al, 2005; Dejaxet al, 2007a), we investigated clays from Baudour andtidge quarries
(Dejaxet al, 2007b, 2008). We now present some new results fhallings at Bernissart (BER-3) and Baudour.
Leaving the Mons Basin, we also present results fBmignies karst filling (in the Namur Synclinoriuatso
called "Parautochtone Brabancon") and from the Lewnije quarry (Pas-de-Calais, northern France) tinas
also a pioneering study (Herngreen, 1971). EacHitpgaelded a rich microflora entirely continental origin.
Fern spores and bisaccate pollen grains are a feaiare of the assemblages, allowing deductionsitatihe
climate and the environment; less numerous, angiospus pollen grains are also present, mostly knas/n
biorecordssensuHughes’ peculiar terminology (Hughes, 1976, 199dgheset al, 1979). These biorecords are
important, as palynological milestones of angiospewolution as well as stratigraphic guide formschtallow
correlations within the English Weald and Wessexiigasvhere the continental Lower Cretaceous is divid
into six MCT (Monosulcate Columellate Tectate) phasmsging from Hauterivian to Aptian.

DEJAX J., PONS D., YANS J. (2007a). Palynology lué dinosaur-bearing Wealden facies in the natutafBernissart (Belgium)Rev.
Palaeobot. Palynol.144, 25-38.

DEJAX J., DUMAX E., DAMBLON F., YANS J. (2007b). Benology of Baudour Clays Formation (Mons Basin,|dd&m): correlation
within the "stratotypic" Wealdenin: Steemans P., Javaux E. (eds.), Recent Advanc&alimology.Carnets de Géologie /
Notebooks on GeologiMemoir 2007/01, 16-28.

DEJAX J., PONS D., YANS J. (2008). Palynology of #ealden facies from Hautrage quarry (Mons Ba&aigium). Mem. Geol. Survey
of Belgium 55, 45-51.

DELCOURT A., Sprumont G. (1955). Les spores etrggale pollen du Wealdien du HainaM&m. Soc. belge Géol., Paléont. Hyd, 1-
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FROM LAND TO SEA: THE EARLY EVOLUTION OF CETACEANS

Christian DE MUIZON !, Jonathan GEISLER?
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Cuvier, PARIS F-75005, France, muizon@mnhn.fr
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Cetaceans are the most highly modified mammalgtagidorigin has always been enigmatic in the last
centuries. It is now unanimously accepted that thBginate among terrestrial artiodactyls during tharly
Eocene. Molecular studies regard the family Hippapotlae as the sister group of Cetaceans. Morplaabgi
analyses (therefore, including fossils) are notsemsual. Some confirm the molecular studies, ottegyard the
Hippopotamidae as the sister group of the excliysiessil anthracotheres, this monophyletic group
representing in turn the sister group of cetaceaAfitities of cetaceans have recently been uneupally
confirmed by discoveries of spectacular fossil iakiBtan Pakicetus and Rodhocetus which bear the
characteristic double-pulleyed astragalus of aaitgls. Therefore, the fossil ungulates, Mesonydhiavhich
have a simple-pulleyed astragalus, cannot be shergroup of cetaceans anymore as they had bgardeal for
several decades.

The oldest known cetacean akicetus a semi-aquatic cetartiodactyl from the early Eecer
Pakistan.Pakicetuswas largely terrestrial (possibly cursorial), laritered the water in search for food or
possibly to protect its skin from the sun or tover® any other kind of dangdPakicetushad osteosclerotic
bones, which are characteristic of semi-aquatic mals. At the same epoch in Pakistangohyuswas a semi-
aquatic artiodactyl of the family Raoellidae, whishregarded as the sister group of cetacean, bighvwnay
also be included in the cetaceans as well. A felilamiyears laterAmbulocetusvas an amphibious cetacean
capable of moving on land but also an agile swimaséng its hind limbs for propulsio®mbulocetusvas a
formidable predator with powerful teeth. During theddle Eocene protocetids are other partly amphibi
cetaceans, although some of them were probablyyheagdable to move on lanRodhocetusremingtonocetids,
Georgiacetusstill had well-developed limbs but they were pessively loosing their links with land. Their
nares significantly migrated backward (thosePakicetusand Ambulocetusvere more or less apical) and their
inner ear acquired adaptation to aquatic life.

During the late Eocene, appeared the first strictyuatic and highly pelagic cetaceans, the
Basilosauridae. Their hind limbs are totally atr@ghand are not functional. The nares are on theabfarse of
the rostrum, on the anterior third of the skullofirthat time the way toward modern cetaceans wagn:dpe
earliest mysticetes are from the latest Eocene dhartica and the oldest odontocetes are from thly ea
Oligocene.

Key words: Cetaceans, Eocene, evolution, aquatic life
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VERTEBRATE REMAINS IN THE 2003 BERNISSART DRILL:
HISTOLOGICAL ASSESSMENT

Armand DE RICQLES !, Pascal GODEFROIT?, Johan YANS?®

! College de France, / (UMR 7072 CNRS-UPMC-UCP)
UPMC Paris Universitas, France, armand.de_ricgles@upfr
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1000 Bruxelles, Belgium , Pascal.Godefroit@naturgiknces.be
3 Facultés Universitaires de Namur, Belgium, jyans@fip.ac.be

Following the 2003 drill in Bernissart (BER 3 boréo examination of the column revealed stony dark
greyish remains at levels -296,5m and -309m resdgt hence within the Wealden clays levels.

Four fragments of a few CC each were carefully asted for further examination by histological
technics. The fragments, numbered Bernissart 329Bernissart 3 309 A, Bernissart 3 309 B, Bssait 3
309 C were dried and resin embedded under gentieuna, the resin temperature being monitored torseau
slow polymerization. The resulting blocks were trihrend sawed on a thin diamond/copper circular biauk
further processed to obtain thin sections followtimg routine palaeohistological technics.

For comparative purposes, some bone material ggbcimen H) as well as a maxillary tooth from a
Bernissariguanodonwere obtained from the RBINS collection. Maxiland dentary teeth froBactrosaurus
were also histologically processed. The resultifgtiin sections were examined under the disseetitdythe
compound microscope, in ordinary and polarizedtligh

Bernissart 3 296, 5 specimen.All the sections show compact bone fragments radcar small cavity
filed by a black material containing some teetmaes. The bone fragments have a complex struaifire
compacted secondary endosteal trabeculae and havergstems. Lack of Sharpey’s fibers preclude that
bone tissues are actually periosteal or dermtdpagh the bones they come from may well have hath an
ontogenetic origin (dentary, maxillary...). The too#tmains suggest thin elongate small teeth withtlaera
pointed tip. The enamel is thin and non prismdthee dentine shows the traditional radially orientadaliculi.
No root system or ankylosis on dentigerous bondddog observed.

Bernissart 3 309 A, B, C specimenall show a more or less dense Haversian boneetiggimately
associated with massive pyrite deposition. Som®nsgapparently preserve the natural free surfat®ioe and
it is possible to observe there some primary (js¢e@) bone tissue, more or less invaded by secpmdéeons
(Haversian systems).

Discussion. The bone tissues observed at level 309 agree witHl previous descriptions of adult
dinosaurian bone tissues (dense Haversian bonggneral, and notably wittguanodon Direct comparison
with a smalllguanodonrib (specimen H, diameter :12x20 mm) even sugdleat the 309 m drill material may
have pertained to a “early adult “ stage, accordmthe incomplete Haversian replacement in theedicial
region, occurrence of LAGs in primary bone and peascularity of the later, although a clear EFS wak
observed. Lack of radial “craks” at the periphentled secondary osteons would not suggest an equigtia
taphonomic episode. The teeth observed at leveb296¢learly differ in size and structure from thees of
Iguanodonand other ornithopods. Their small size, likelgnglerness and thin enamel do not fit with crushing
functions. Unfortunately, lack on information onethmode of ankylosis and on the occurrence of @ ro
precludes further diagnosis. There are also no aeatences of actual (anatomical) relationshipsh vtite
surrounding bone fragments. Whatever it may be,Iticky occurrence of bone and tooth material at two
superposed levels in a small diameter drill underlagain the fossil abundance and value of thei&s=m
Wealden pit.

Key words: bone and tooth histologiguanodon dinosauria, other bony vertebrates remains
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IGUANODON:-LIKE FOOTPRINTS FROM THE ENCISO GROUP
(APTIAN, LOWER CRETACEOUS) OF LA RIOJA (CAMEROS BAS IN,
SPAIN)
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Large ornithopod Iguanodonlike) footprints are relatively abundant in the ci&o Group of the
Cameros Basin (La Rioja, Spain). Casanovas & Saifi®&él and subsequent works) referred these triacks
Iguanodonor to “iguanodontid” ornithopods. A revision ofetlha Rioja footprints allows providing information
about the palaeobiodiversity of the trackmakers.

Moratalla (1993) distinguished three morphotypesgofinodonlike footprints, which are present in La
Magdalena (Préjano), Pefia Untura (San Roman de réajrend Valdeté (Préjano) sites. In this work artfo
morphotype adrosaurichnoidesfrom La Era del Peladillo site (Igea) is also ddased. All of them are
known in the Enciso Group (Aptian).

Morphotype 1. Brachyiguanodonipus It represents graviportal, mesaxonic and triglébotprints.
Wider than long, with a rhomboidal pad per digiidaother sub-rounded and wide in the heel. Shoitsdias
long as wide, with a rounded to blunt distal endidgtch present in the proximal part of the didlitand V.

Morphotype 2. fguanodonipu% This morphotype grouped mesaxonic and tridadbdtprints with
similar length and width, with rounded and widelh8bmetimes the posterior part of the heel isavarand
elongated, probably for the metatarsal support. digis are longer than wide, sub-triangular, wittb-scute
distal ends. The notch (if present) is not well neaitk

Morphotype 3. Indeterminate ichnotaxon. This motgpe grouped mesaxonic and tridactyl footprints.
They are longer than wide, with a pad per digit atfter in the heel. The digits are longer than wigligh a
blunt distal ending. This indeterminate taxon présexl marked notchs and short and rounded heel.

Morphotype 4. Hadrosaurichnoides It represents to mesaxonic and tridactyl footfsi with
approximately as long as wide, with a pad per digil other in the heel. The digits are short ancewidth a
blunt distal ending.Madrosaurichnoidespresent interdigital web and short and roundesl,heithout notch.

The shape differences in the footprints from the Lro@eetaceous Cameros Basin suggest that four
different ichnotaxons are represented. The moggybf the footprints 1, 3 and 4 is coherent whittof
Iguanodonor closely related large iguanodontoids. On the&sbaf the morphotype 2, the presence of more basal
ornithopods (basal ankylopollexians?) cannot bectef.

1m

Morphotype 1: La Magdalena Morphotype 2: Pefia Untura Morphotype 3: Valdete Morphotype 4: La Era del
site. Prejano, La Rioja site. San Roman de Cameros, site. Prejano, La Rioja Peladillo site. Igea, La Rioja
La Rioja

Key words: Iguanodonlike, footprints, La Rioja, Cameros Basin, Spain
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TRANSMISSION ELECTRON MICROSCOPY OF SAUROPOD BONES:
A LOOK AT THE NANOSTRUCTURE

Maitena DUMONT 2, Andras BORBELY 1!, Aleksander KOSTKA !, Anke PYZALLA 2

!Max Planck Institut, Max-Planck Strasse 1 - 40237 Diddorf - Germany, m.dumont@mpie.de

2 Helmholtz—Zentrum Berlin, Glienicker Strasse 1004109 Berlin - Germany, anke.pyzalla@helmholtz-
berlin.de

Bone has a hierarchical structure composed of ramg@ement of materials at many length scales, which
work in concert to achieve excellent mechanicapprties. At the lower nanostructural level bonedmposed
of collagen fibrils as a matrix reinforced with ranal particles. The manner in which these two coreptmare
organized has important consequences for the piepeof the structure. So far the characterizatidn
sauropodomorph fossil bones has been concentratédlymon the microstructural level, previous works
showing that sauropod bones have a similar fibrelimn bone tissue as mammals (cow, elephant...)hén t
present study the nanostructure of the sauropoé bas been analysed by transmission electron rompys
(TEM) and compared with cow bone. This technique axlipith electron diffraction provides the
determination the dimensions and the shapes of BpaBite nanocrystals. Both sauropod and cow sanipie
TEM investigations were prepared with a Focus lomb&aB) system.

The aim of this work is to enlighten the potenti&lT&M in providing precise, localized size analysis
but also information concerning the effect of diagss in fossil bone at the nanolevel.

Key words: TEM, bone structure, sauropod, hanocrystals
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PTEROSAUR FLIGHT DYNAMICS AND THE EVOLUTION OF
FLIGHT STYLE WITHIN THE LINEAGE: INITIAL EXPERIMENT AL
FINDINGS

Ross ELGIN !, Edina PRONDVAI !, Eberhard FREY !, Wolf KRUGER 2

! Staatliches Museum fiir Naturkunde Karlsruhe (SMNKErbprinzenstraRe 13, D-76133 Karlsruhe,
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2Deutsches Zentrum fiir Luft- und Raumfahrt (DLR), Ingtit fiir Aeroelastik, Bunsenstr. 10, D-37073
Gottingen, wolf.krueger@dir.de

The pterosaurs were a group of Mesozoic reptiles dhiginated from a still uncertain ancestor in the
Triassic and persisted until the very end of thetd@eous. They represented an important step ihmeite
evolution, being the first vertebrates to evolveetpowered flight, while some Late Cretaceous fowese
capable of growing to gigantic sizes (~10m wing$paaking them the largest animals to ever takédoair. A
hypothetical evolutionary pathway can be reconsddidrom a simple arboreal glider to the wide Jgrief
flight styles (eg. marine/dynamic soaring, therrsahring) that must have existed within the linedgany
aspects of pterosaur flight dynamics however, paldrly those relating to the wing shape, joint heetics and
a warping of the wing membrane during flappingtitigare still insufficiently understood.

Presented here are the latest experimental findhgfse Karlsruhe based workgroup on pterosauhflig
dynamics. Using three-dimensionally preserved bdmms a wide range of taxa the freedoms of movement
available to both the fore- and hind limb jointsvédeen reconstructed. This allows for a more cohgrgive
review of the wing/hind limb motion in both basaldaderived pterosaurs that will be incorporated fiuture
experimental studies. In addition the initial expemntal results of a wind tunnel, model-based apginoto
understanding pterosaur flight dynamics is comparital those of a theoretical mathematical-basedagh to
provide additional insights into how flight styleadved within the pterosaur lineage.

Key words: pterosaurs, flight dynamics, evolution, aerodyremi
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DIET EVIDENCES ON VISEAN CRUSHING-TOOTH ( COCHLIODUYS)
FROM SOIGNIES (BELGIUM)

Fabrice FACK !, Claire DERYCKE 2
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Begun thirty years ago (Scatt al, 2008), studies of dental microwear traces wesergfally made on
extinct mammals. Most of these analyses of fosmimé concern anthropoids, primates, herbivorous and
carnivorous mammals (Goswagti al, 2005). Other but fewer treated amniotes like cigmd or dinosaur teeth
(Fiorillo, 1998in Goswaniet al, 2005). These traces could be related with dietaaadconsidered more useful
than molar morphology. All these studies concemnestrial forms practising mastication. Comparisams
available for aquatic mammals too like odontocdteéaldwell & Brown, 1964) and sirenians (Domning &
Beatty, 2007) but for the last, mainly on tuskgjsor teeth used for gathering food. Wear traca® wgamined
on grasping teeth of extant fishes (Purretllal, 2006). Before, attempts were made to find weatets on
conodonts (Donoghue & Purnell, 1999) consideredsbme authors as vertebrates. Presence of striae was
signalled in the oldest holocephalan crushing-tgbBt@rraset al, 2008) and exposed, for the first time, in a true
palaeozoic fish tooth (Derycke, 2008). Contraryrtolticuspidate teeth of chondrichthyawith a continuous
replacement of shedding teeth, crushing-teeth ansidered to growth continuously and are more stikife
abrasion due to a slow replacement rate. The tresitnfieche prey even in water is comparable with tWegppen
on mammal molars. From scanning electron microsqimtos, measurements of striae have been made with
the software developed by Ungar Microware 4.02 eifeioday some authors advise to come back to low
magnification (Teafordet al, 2008). This software takes three measures for ea@ length, width, and
orientation. Two essential conclusions can be etdrh from the observation of striation about thet dif
Cochliodus: 1) analysis of the tooth surface reveals twoirtistfamilies of oblique striae generated on aadist
tooth by a vertical movement of mastication, 2}riisition of feature orientations is less homogenthan seen
on a typical pointed tooth of a carnivore and sitfalength is smaller than exposed on a primat¢htonder an
optical microscope. These observations show maisticaif hard objects and could be due to the sedimen
influence (Zangerl, 1981; Purnedit al, 2006) and/or to a durophageous diet. Concernipgmdxchanical
considerations, the hardness of apatite (5) foptlkdator teeth is higher than the calcite ondqi3)he prey test.
Wear traces also depend on tissue density, on éssdimcreasing with the mineralization degree and o
microstructural orientation of fibers. For exampepsion is more rapid when fibers are parallehwlhie surface
and less rapid when perpendicular. Even soft aleasvticles cause erosion (Boyde, 1984).

BOYDE A., 1984. Dependence of rate of physical iemo®n orientation and density in mineralised tes@Anatomy and Embryologi 70 :
57-62.

CALDWELL, D. K. & BROWN D. H., 1964. Tooth wear @scorrelate of described feeding behaviour by therkvhale, with notes on a
captive specimerBulletin Southern California Academy of Scien&X3):128-140.

DARRAS, L., DERYCKE, C., BLIECK, A. & VACHARD, D.2008. The oldest holocephalan (Chondrichthyes) filoenMiddle Devonian
of the Boulonnais (Pas-de-Calais, Fran€e)R. Palevql7 : 297-304.

DERYCKE, C., 2008. Comparisons between oldest chicnithyan crushing-tooth and tooth with cuspsurnal of Vertebrate Paleontology
28(3): 71A.

DOMNING, D.P & BEATTY, B.L., 2007. Use of Tusks ieeding by Dugongid Sirenians : Observations arstsTef Hypotheses'he
Anatomical Record290 : 523-538.

DONOGHUE, P. C. J. & PURNEL, L M. A, 1999. Mamniile occlusion in conodont®aleobiology 25(1), pp. 58-74.

GOSWANI, A., FLYNN, J.J., Ranivoharimanana, L., &y¥$ A.R. 2005. Dental microwear in Triassic amrsatémplications for
paleoecology and masticatory mechanicairnal of Vertebrate Paleontolog®5(2) : 320-329.

PURNELL, M. A, HART, P. J. B., BAINES, D. C., & BE, M. A,, 2006. Quantitative analysis of dental microwear in thpies
stickleback: a new approach to analysis of trogiimlogy in aquatic vertebratéaurnal of Animal Ecology75, 967-977.

SCOTT, R., SCHUBERT, B., GRINE, F., & TEAFORD, N2008. Low magnification microwear: question of ps&an and repeatability.
Journal of Vertebrate Paleontolog®8(3): 139A.

TEAFORD, M., GRINE, F., KAY, R., SCHUBERT, B., & UBIAR, P., 2008. Low magnification dental microweahe problem of
postmortem artefactdournal of Vertebrate Paleontolog8(3): 151A.

ZANGERL, R., 1981. Paleozoic Elasmobranchii Chattttiyes. In: Schultze, H.P. (ed.), Handbook of &lalehyology, 3A, Stuttgart, 115

p.

Key words: dental microwear, Chondrichthyes, Visean, Soignies
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PERMOCARBONIFEROUS AMNIOTES FROM FRANCE: A STATE OF
THE ART AND PERSPECTIVE

Jocelyn FALCONNET
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Muséum national d'Histoire naturelle, CP 38, 57 ru@uvier, 75005 Paris, France, falconnet@mnhn.fr

The Paleozoic continental basins of France havelgieh rather diverse tetrapod fauna. They include
an amount of temnospondyls, of which many archagads and eryopoids, but also a few lepospondyts an
amniotes. These amniotes — exc€jasea rutena— are especially poorly known, as they are comgnonl
represented by a single scrappy specimen, hencemgplicated taxonomic history. Moreover, the recent
statements about their validity and affinities hased on outdated descriptions and figures puldist@re than
eighty years ago. Consequently, a synthesis oesical, geographical, and stratigraphical infdroma—
published or not — is given for each of these tasea basis for a future revision.

The Blanzy-Montceau Basin yielded the type speciofahe ophiacodonti&tereorachis blanziacensis
Langiaux, Parriat & Sotty, 1974, the sole amniotevodng from Stephanian strata in France. A cledative,
Stereorachis dominanSaudry, 1880, is known from the Autunian deposftthe Autun Basin, along the basal
sphenacodontklaptodus bayleiGaudry, 1886, an€allibrachion gaudryiBoule & Glangeaud, 1893, and an
indeterminate bolosaurid parareptile. A sphenactidaf the same ageNleosaurus cynodu&Gervais, 1869)
Nopsca, 1923, was found in the Permian beds of#h8erre Massif Basin. The Lodéve Basin, to theraont
produced remains of various Autunian amniotes uiiclg the diapsidphelosaurus lutevensServais, 1859,
and several partial remains belonging to an ind@tete caseid, toStereorachisas well as two new specimens
identified as an indeterminate sphenacodont andeva amniote of uncertain affinities. Besides, anothe
indeterminate caseid was found in the upper Permgaies (‘Saxonian’) of this basin. The same goedhe
Rodez Basin, where two caseids were collected, fitlse being now Casea rutenaand the second still
indeterminate. Finally, two indeterminate reptilgsre produced by ‘Saxonian’ deposits of the Saifftidue
Basin.

Among these taxa, several are now consideredoasen dubiumHaptodus baylei Callibrachion,
Neosaurul and one have to be assigned to a new gebase@ rutenpbecause the current one appears to be
paraphyletic. Actually, most of these taxa mustrégescribed adequately to assess their validitythed, if
valid (and possible), should be included in a pbgleetic analysis to understand their relationshijis the
better known forms found in North America, and Ewrop

Key words: Paleozoic, France, Amniota, synthesis
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NEW DATA ON THE PALAEOBIOGEOGRAPHY OF TOARCIAN
(LOWER JURASSIC) ICHTHYOSAURS

Valentin FISCHER !, Myette GUIOMAR 2, Pascal GODEFROIT?

! Unite de Paleontologie animale et humaine, Univeysilf Liege, Boulevard du Rectorat, 4000 Liege,
Belgium, val.fischer@student.ulg.ac.be
2 Reserve naturelle geologique de Haute Provence, r@emBernard Dellacasagrande 10, 04005 Digne les
bains, France, m.guiomar@resgeol04.org
% Royal Belgian Institute of Natural Sciences, rueautier 29, 1000 Brussels, Belgium,
Pascal.Godefroit@naturalsciences.be

The Vocontian Basin of SE France was formed alonghtiithwestern border of Tethys during Mesozoic
times. Mainly known for its rich ammonite faunaistbasin has also yielded Jurassic and Cretacebtis/osaur
fossils. The specimens discussed here were disabiretewer Toarcian limestone and marl successioribe
vicinity of Digne-les-Bains, High-Provence Alps. ©nof best-preserved specimens is identified as
Suevoleviathasp., a relatively rare genus previously reportelg a1 the German basins. The specimen is fairly
complete but crushed and embedded in limestone therRalciferumammonite zone. Because the skull is too
damaged to see bone sutures, assignation to thissde mostly based on fin and coracoid morpholddgng
with this specimen, a premaxilla and paddle elemeaf Eurhinosaurus longirostrisand possible
Stenopterygiidae centra were found in nearby bfaaks of theExaratumammonite subzond-élciferumzone,
Lower Toarcian; see Floquet al, 2003 for a detailed stratigraphy). These softlsnaere deposited in anoxic
waters and are coeval with the Posidonia shalesoothwest Germany, the Jet rock formation of naghe
England and Grandcourt shales of Luxembourg, whildwa faunal comparisons between these basins. The
localities from the Vocontian Basin are closer e tTethys than other sites where Toarcian ident#iab
ichthyosaurs have been found in Europe. Neverthalksdentifiable specimens from the Vocontian Baare
also ientified in other basins across Europe. digests that Toarcian ichthyosaurs had wide palagogpbical
distributions and were highly mobile swimmers, petliy adapted to open marine environments.

Key words: Ichthyosauria, Suevoleviathan, Palaeobiogeogrdphg, SE France
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A NEW IGUANODON SPECIES (DINOSAURIA, ORNITHISCHIA)
FROM THE LOWER CRETACEOUS OF SORIA (SPAIN)
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The Zorralbo site near Golmayo (Soria, Spain) beldnggshe upper Hauterivian — lower Barremian
Golmayo Formation (Clemente & Alonzo, 1990; Marlesas & Alonso-Millan, 1998). This locality has
yielded a diversified vertebrate assemblage: dinssa turtle and a “mesosuchian” crocodilian.

Dinosaurs are represented, in order of relativendance, by ornithopoddg(ianodorn, ankylosaurs
(Polacanthu} sauropods (basal member of Titanosauriformes)raheterminate theropods (Fuentes Vidatte
al., 2005).

The lguanodonremains consist of more than 400 cranial, axiad, @ppendicular elements. Most of the
bones, if not all, belong to a single medium-axmé-sized adult individual.

A detailed osteological study of the Soria mater@veals significant differences with currently
dscribediguanodonmaterial, suggesting that this new specimen wbaldng to a nedguanodonspecies.

CLEMENTE, P. & ALONSO, A., 1990. Estratigrafia ydsmentologia de las facies continentales del Ciesamferior en el borde
meridional de la cuenca de los CameEstudios Geolégico#6: 257-276

FUENTES VIDARTE, C., MEIJIDE CALVO, M., MEIJIDE FUHTES, F. ,& MEIJIDE FUENTES, M., 2005. Fauna detebrados del
cretacico inferior del yacimiento de “Zorralbo” &wlmayo (Soria, EspafidRevista Espafiola de PaleontologNaE., 10: 83-92.

MARTIN-CLOSAS, C. & ALONSO-MILLAN, A., 1998. Estragrafia y bioestratigrafia (Charophyta) del Cretécinferior en el sector
occidental de la Cuenca de cameros (CordilleradagRevista Sociedad Geoldgica Espafia: 253-269.

Keywords: Iguanodon Lower Cretaceous, Hauterivien-Barremien, Ornidua Soria, Spain
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CHELONIANS FROM THE LATE MIOCENE OF CHAD
(THE HOMINID SITE TM 266)
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Fossil turtles from the Toros-Menalla localities g Miocene, Chad) are abundant and well diversified
with three families (Pelomedusidae, Testudinidae &ndnychidae) and at least four different speciBise
chelonian material collected at TM 266, the site thas yielded the cranium of the earliest known inaon
Sahelanthropus tchadens{Brunet et al. 2002, 2005), includes remains belonging to the enodyenus of
Cyclanorbinae (Trionychidae) and also one land iset¢Testudinidae). The significant occurrence ofatiqu
soft-shelled forms in association with terrestdpbcimens is consistent with paleoenvironment rgcoctions
of mosaic landscapes (Vignaudat2002; Brunet eal. 2005, Le Fur edl. in press).

BRUNET, M.et al, 2005. New material of the earliest hominid from theper Miocene of ChadNature 434: 752-755.

BRUNET, M. et al, 2002. A new hominid from the Upper Miocene ofa@hCentral AfricaNature 418: 145-151.

LE FUR, S. et al., in press. The mammal assemhifdkee hominid site TM 266 (Late Miocene, Chad Bjsecological structure and
paleoenvironmental implicationSlaturwissenchaften

VIGNAUD, P. et al.,2002. Geology and Palaeontology of the Upper MiecBoros-Menalla fossiliferous area, Djurab Dedédrthern
Chad.Nature 418: 152-155.

Key words: chelonians, Chad, Late Miocene, palaeoenvironments
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AMNIOTIC EGGSHELLS FROM THE HA  EG BASIN
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Abundant eggs and eggshells were collected inUgnger Cretaceous deposits from the dgaBasin
(Romania) during these last decades (Grigoretcal1994, Garciaet al. 2002, Codreaet al. 2002). Their
examination has revealed an important taxonomierdity the different amniotic clades being représegnFive
egg types (testudoid, crocodiloid, geckonoid, dinwil and ratite) have been identified from the Rbpian
main localities: Pui, Tuea, Toteti-baraj and Nla -Vad. Their study provides new data on paleogeogcaph
and paleoenvironment and new insight on reptilimerdity during the Campano-Maastrichtian.

CODREA, Vet al, 2002. Dinosaur egg nests, mammals and otherbrates from a new Maastrichtian site of the HataegiB (Romania).
Comptes-Rendus Palevol, 1: 173-180.

GARCIA, G. et al, 2002. Parataxonomic classification of eggshettenf Pui in the Hateg Basin (Romaniafl Furopean workshop of
vertebrate palaeontology, Sibiu (Romania).

GRIGORESCU, Det al, 1994. Late Maastrichtian dinosaur eggs from tla¢ehl Basin (Romania)n Carpenter, K., Hirsch, K.F. and
Horner, J.R (eds.) Dinosaur Eggs and Babies, Cagbtuniversity Press, pp. 75-87.

Key words: eggshells, Hag Basin, amniotes, Romania
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THE DINOSAUR ASSEMBLAGE OF THE EL CASTELLAR
FORMATION (UPPER HAUTERIVIAN — LOWERMOST BARREMIAN,
TERUEL, SPAIN)

José Manuel GASCA, Miguel MORENO-AZANZA, José Igna@oo CANUDO

Grupo Aragosaurus, Paleontologia, Facultad de Ciga& Universidad de Zaragoza. Pedro Cerbuna 12,
50009 Zaragoza, Spain, gascajm@unizar.es, mmazanzaZ@r.es, jicanudo@unizar.es

The El Castellar Formation is an Early Cretaceousiféymit within the Wealden facies. It presents the
richest Mesozoic terrestrial vertebrate remainghia Iberian Peninsula as well as major dinosauerdity.
Nearly one hundred vertebrate fossil sites are knowthis formation. Most of these sites are si#dain the
Galve sub-basin (Teruel, Spain), a 40-km-long, 20vkinie, NNW-SSE-elongated basin. This is a smatl rif
basin, which formed part of the larger Cretacic Meszgo Basin. It is located in the eastern patheflberian
Chain (NE Spain).

The sedimentary record of the El Castellar Formatwhjch is Upper Hauterivian — Lowermost
Barremian in age and around 50 to 150 m in thicknissdivided into two stagdsy a marlstone interval with
gypsum. Stage 1 (clays intercalated with sandstandslimestones) shows a great variety of subenrmients
and facies (alluvial, palustrine and lacustrineheveas in stage 2 (marls and limestones) an extgrdiallow
carbonate lake developed. The greatest accumulativartebrate remains is located in the palusti@cestrine
deposits at the base of stage 2.

The dinosaur remains are frequently associated \afihndant vertebrate, invertebrate and plant
microfossils such as charophyte utriculi and ostriac In our present study we have integrated theareh done
in the last 20 years and the exhaustive prospeofitine formation that is now being carried outeThllowing
vertebrate groups are among those recognized:cb#iges, chondrichthyes (hybodontid sharks), aniphg)
squamates, chelonians, neosuchian crocodiles,spier® and mammals. They are represented by isdstd
eggshell fragments, coprolites, scales, platesfraggnentary bones. The dinosaur remains from theastellar
Formation usually comprise disarticulated elemetust there are some exceptional cases, such as the
remarkable presence of the sauropgodgosaurus ischiaticu$anz, Buscalioni, Casanovas & Santafé, 1987.
Isolated teeth are the most common type of dinosauains, along with fragmentary vertebral centrd bhone
splinters.

The main groups of Early Cretaceous dinosaurs aseptén the El Castellar Formation. Sauropods are
represented by a high diversity of macronarighsg@osaurus ischiaticy©plosaurus armatysPleurocoelus”
valdensis Euhelopodidae, Camarasauridae?). Theropods aresespted by basal tetanurans (two species of
Baryonychinae, Allosauroidea?) and Maniraptorifosm@det. A and B, “Paronychodontids”, Maniraptora
indet. A and B, Prodeinodofy, Velociraptorinae). Ornithopods (Heterodontosda&d?, “Hypsilophodontidae”,
at least two species of Iguanodontoidea) and tipyve@ns (Ankylosauria, Stegosauria) make up thedlist
derived from dinosaur skeletal remains.

The fragmentary nature of the fossil material frdra tinosaurs of the El Castellar Formation makes it
difficult to make specific assignations at preséitdwever, the association does bear witness tattusually
high palaeobiodiversity (21 taxa) characteristicttué part of the Iberian Peninsula during the ldeuian —
Barremian transition. The studies of the vertical &ateral distribution of the taxa currently beingdertaken
will permit us to establish whether there is a pa&nvironmental or palaeoecological distribution tioé
dinosaurs in the El Castellar Formation.

Key words: Lower Cretaceous, Iberian Basin, Teruel, dinodawnal list
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IGUANODON BERNISSARTENSISFROM THE EARLY APTIAN OF
MORELLA (CASTELLON, SPAIN)

José Miguel GASULLA *, José Luis SANZ, Francisco ORTEGA?,
Fernando ESCASO'?

! Unidad de Paleontologia. Departamento de Biologfacultad de Ciencias. Universidad Auténoma de
Madrid. Cantoblanco, 28049 Madrid. gasuviol@terra.e
2 Facultad de Ciencias. UNED. ¢/ Senda del Rey, 8020 Madrid. fortega@ccia.uned.es
% Museo de las Ciencias de Castilla-La Mancha. Plamla Merced 1, 16001, Cuenca.

Iguanodonis the most abundant dinosaur represented in tveet Cretaceous outcrops of Morella
(Castellon, Spain). The first discoveries in thesaare closely linked to the history of Spanistodaurology. In
fact, the presence dfuanodonin Morellan deposits is part of the first writteeference about dinosaurs in
Spain in the late nineteenth century (Vilanova, 2,81/873). The available material is generally assigtol.
bernissartensisfrom since the first monograph on Spanish dinasg@anz et al, 1982). At present, the
Iguanodonremains has increased significantly due to mdtden the "Cantera del Mas de la Parreta”, a quarr
for the exploitation of clay in which they have idiéied several fossil-sites (Gasulla, 2005).

One of these fossil sites, the denominated CMRa#, yielded a partial and disarticulateggdianodon
skeleton composed by more than 130 cranial anccizosal elements and fragmenighe CMP-5 place is
located in the lower part of the deep red clay pgekbelonging to the "Arcillas de Morella" Formatid his
Formation is mainly constituted by terrigenous seatits that it is located at the beginning of anyEAptian
depositional sequence, being part of the large rméssedimentary basin of "El Maestrazgo".

The locality corresponds to a small channel induitiea muddy deltaic plain. THguanodonremains
were found in a concentration deposit of hardlyn¥5The fossils are placed without a preferentialragiéion in
a horizontal plane and with its long axis paralielthe plane of sedimentation. The elements areimot
anatomical connection and show a low dispersion.mbst complete skeletal parts correspond to theiczdy
dorsal, sacral and antero-caudal regions of thal &keleton, as well as pectoral and pelvic gird@ther
remains are some mandibular elements and sevarlarautopodial remains, being the most signiftsahe
dental pieces and the ungual phalanx of the digibllex).

It has been analyzed the phylogenetic positiorthef individual using the data matrix proposed by
Norman (2002) The three maximum parsimony treesirddashow that théguanodonof CMP-5 is the sister
taxon ofl. bernissartensisin the revised version of the taxonomic analysfidgguanodonproposed by Paul
(2008), the checked characters in the CMP-5 specialso coincide with the condition attributed Ito
bernissartensisWe therefore propose to assign the CMP-5 indalido I. bernissartensisconfirming the
distribution of this taxon in the Lower Cretaceo@ishe Iberian Peninsula.

GASULLA, J. M. 2005. Los dinosaurios de Morella §Bdl6n, Espafia): historia de su investigaciRavista Espafiola de Paleontologia
n.e. X 29-38.

NORMAN, D.B. 2002. On Asian ornithopods (Dinosaui@xnithischia). 4ProbactrosaurusRozhdestvensky, 196&@oological Journal of
the Linnean Societyt36:113-144.

PAUL, G.S. 2008. A revised taxonomy of the iguarmddtinosaur genera and speci@setaceous Research9: 192-216.

SANZ, J.L.; CASANOVAS, M2, L., Y SANTAFE, J. Vte982. Paleontologidn: Santafé, J.V., Casanovas, M.L., Sanz, J.L. y @alz8.
(1982): Geologia y Paleontologia (Dinosaurios) de las Capajgs de Morella (Castellon, Espafidiputacién Provincial de
Castellén y Diputacién de Barcelona: 69-169.

VILANOVA, J. 1872.Compendio de GeologiMadrid. 588 pp.

VILANOVA, J. 1873.Act. Soc. Esp. Hist. Nag; 8.

Key words: Iguanodon early Aptian, Morella (Spain)
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THE DOMESTICATION OF THE DOG DURING THE UPPER
PALAEOLITHIC

Mietie GERMONPRE

Department of Palaeontology, Royal Belgian Institu¢ of Natural Sciences, Vautierstraat 29, 1000
Brussels, Belgium, Mietje.Germonpré@naturalsciencelse

The evolutionary origin of the dog from wolves islestablished via morphological and genetic data.
Between 14,000 and 10,000 years ago dogs are kfroonmWestern Europe, Southern Europe, the Near East,
the Russian Plain and Kamchatka. Genetic resuljgest a much older origin of dogs than indicated by
prehistoric finds (Vilaet al, 1997). According to Lindblad-Toh et al. (2005) ancient genetic bottleneck
accompanying the domestication of dogs occurredireto27,000 years ago. With this in mind, the low
frequency of recognised dog skulls in Upper Pald®olsites is somewhat surprising. In our opiniins likely
that a number of Palaeolithic dog remains haveasonbt been recognized. We conducted an osteometric
analysis on a number of fossil large canids withahms of identifying and distinguishing Palaeatitiogs from
fossil wolves. Based on multivariate techniques, aseld show that the skull morphology of a numbér o
specimens is very similar and distinct from the phalogy of wolves. These fossil skulls are interpdetis
originating from Palaeolithic dogs. The oldest dogur data set, with an AMS age of ¢c. 31,700 BAyam the
Goyet cave (Belgium). The age of the skull impliesttit could be derived from an Aurignacian occigratWe
therefore tentatively propose, pending further ena that the domestication of the dog had alréadyn in
the Aurignacian. The Goyet skull is very similar Epigravettian Eliseevich (Sablin and Khlopachev, 200
Mezin 5490 and Mezhirich dog skulls, which are a@bb8,000 years younger. Compared to fossil andntece
wolves, Palaeolithic dogs exhibit a shorter andhley snout and a relatively wide brain case, lredaction in
carnassial tooth length can not be observed. Tieill size suggests that these first dogs wereelargmals.
They may have been used for helping with the tragkimunting or transport of large, “ice-age” game
(Germonpré et al., in press).

GERMONPRE, M., SABLIN, M.V., STEVENS, R.E., HEDGER,.E.M, HOFREITER, M., STILLER, M., DESPRES, V.Rn, press
Fossil dogs and wolves from Palaeolithic sites @igim, the Ukraine and Russia: osteometry, andig¥ and stable isotopes.
Journal of Archaeological Sciend@Ql 10.1016/j.jas.2008.09.033.

LINDBLAD-TOH, K., et al., 2005. Genome sequencemparative analysis and haplotype structure of tmaastic dogNature438: 803-
819.

SABLIN, M.V. & KHLOPACHEYV, G.A., 2002. The earlieste Age dogs: evidence from EliseevichCurrent Anthropology43, 795-799.

VILA, C., SAVOLAINEN, P., MALDONADO, J.E., AMORIM,I.R., RICE, J.E., HONEYCUTT, R.L., CRANDALL, K.ALUNDEBERG,
J., WAYNE, R.K., 1997. Multiple and ancient origiosthe domestic dog. Science, 279: 1687-1689.

Key words: dogs, domestication, Aurignacian, Goye
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EARLY LAND PLANT EVOLUTION: A TREMENDOUS SUCCESS
STORY

Philippe GERRIENNE

University of Liege, Palaeobotany, Palynology anddvipalaeontology, Department of Geology,
B18, Sart Tilman, 4000 Liége, Belgium, p.gerrienne @:alc.be

Plants most probably started to invade the lanthatbeginning of the Palaeozoic Era. The first fossi
evidence for land plants (Embryophytes) comes fr@peatsed spores: the earliest generally acceppexitseare
from rocks of mid-Ordovician age (Llanvirn, 475 nah years ago). The earliest body fragments of tipéesgts
are parts of sporangia of late Ordovician age (@ara450 million years ago), and the oldest fediéal land
plant fossil is reported from the Middle Siluriaénlock, 425 million years ago). From the Late S$dor
(Pridoli, 418 million years ago) onwards, land plpopulations evolved from patchy standsCafoksoniatype
plants (a few centimetres high, isotomously bradcketh terminal sporangia) to world-widkstributed forests
dominated byArchaeopterismajestic trees at the end of the Devonian (Fanaenr@60 million years ago) or
gigantic Lycophytes and Sphenophytes during the @ufigrous (359-299 million years ago). On their viay
the greening of the continents, plants evolvedaiomous branching, indeterminate growth, secontiasyes
including wood and bark, long-lived roots, leavasterospory and seeds. All those innovations alibthem to
increase size, to enhance propagule dispersiomficitncy, and to colonize almost all terresthabitats. This
had a global scale impact on geophysical and geaiché cycles that peaked during the late Devonvamen
Earth experienced one of the 5 major past extinaimnts. This talk focuses on the evolutionary hjstd key
characters such as secondary xylem and seed aadipn their implication on land plant communitigsalso
summarizes the phylogenetic relationships of ajpmBevonian plant lineages.

Key words: Embryophyte evolution, Silurian, Devonian, Carlferaus
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EARLY MAMMALIAN BRAIN DIVERSITY: INSIGHTS FROM
MULTITUBERCULATES

Emmanuel GILISSEN *, Thierry SMITH ?

! Royal Museum for Central Africa, Department of Afran Zoology, Leuvensesteenweg 13, B-3080 Tervuren,
and Université Libre de Bruxelles, Laboratory of Habgy and Neuropathology CP 620, B-1070 Brussels,
Emmanuel.Gilissen@africamuseum.be
2 Royal Belgian Institute of Natural Sciences, Deparent of Paleontology, 29 rue Vautier, B-1000 Bress,
Thierry.Smith@naturalsciences.be

According to Kielan-Jaworowska (1986, 1997), twstidict types of morphology characterize the brains
of Mesozoic mammals. In some primitive mammalshsagTriconodonand multituberculates, the vermis and
the paraflocculi are very large with no apparentebellar hemispheres and no dorsal midbrain exposur
(cryptomesencephalic type). In the other type ddirbrmorphology (eumesencephalic type), the cerebral
hemispheres are actually well developed, the poesehcerebellar hemispheres is apparent, and iheréarge
dorsal midbrain exposure. Kielan-Jaworowska & Latea(2004) subsequently suggested to abandoertims t
cryptomesencephalic and eumesencephalic brainiseidight of a new interpretation of multituberceleand
eutriconodontan endocasts. In this new interpaiatihe region described as the “vermis” is rathar
impression of the superior cistern covering both tfidbrain and the cerebellar vermis itself. Aagis is an
expansion of the subarachnoid space containindgpsginal fluid. This interpretation suggests tihat superior
cistern must have been large enough in eutricortsdmd multituberculates to press on the intemdaktof the
cranial cavity during development in order to ceetlie triangular bulge evident on the endocastéelaK-
Jaworowska & Lancaster (2004) and Kielan-Jaworowsgktelli & Luo (2004) do not use the term vermis
anymore for the triangular bulge visible on muliiguculate and eutriconodontan endocasts but rejidne
“superior cistern”. In support of this new interf@tion, previous observations suggest that a sirféalarged
vermis” exists in extant species such as the makkpala, in which this enlargement is due to¢kpansion of
the superior cistern, which makes a bulging impoessn the skull. Kielan-Jaworowska & Lancaster @00
further precise that the midbrain (tectum mesenakpis dramatically exposed in the koala brain isutovered
on the endocast. In the current study, we assésqdhw interpretation of the endocranial cast ofsbimic
mammals with new observations of the endocraniat ecaorphology in extant monotremeZaglossus
TachyglossusOrnithorhynchuy marsupials Macropus Thylacinus Protemnodon Sarcophilus Perameles
PhascolomysDasyurts, PhascolarctosDidelphis Lutreoling Caluromys,ChironectesMarmosa Metachirug,
Tenrecidae an®obsonia praedatrixin all genera, the cerebellar vermis is cleaifjible on endocranial casts.
In koalas (genuPhascolarctosthe triangular space covering the midbrain betwtbe posterior portions of the
cerebral hemispheres is evident but cannot be sedfwith the cerebellar vermis, clearly apparehvéen the
cerebellar hemispheres. The bulging aspect of thegular space between the cerebral hemispheregirdy
due to the presence of the venous transverse sinosated anterior to the vermis. An interpretatdternative
to vermis or superior cistern could also be givemthe megachiropterddobsonia praedatrixor instance, this
bulging structure is the pineal organ (Bhatnagaal, 1990). It is very proeminent @ praedatrixendocranial
cast and covers the anterior part of the cerebediamis. On the basis of our current observatiores suggest
returning to the previous terminology used for diésng the endocasts of Mesozoic mammals. It cjeaplpears
that the cerebellar vermis always makes a cleadiple impression on the posterior part of the emdoial
casts.

BHATNAGAR, K.P., FRAHM, H.D., & STEPHAN, H., 1990The megachiropteran pineal organ: a comparativephmogical and
volumetric investigation with special emphasis lo@ temarkably large pineal Dobsonia praedatrixJ. Anat, 168: 143-166.

KIELAN-JAWOROWSKA, Z., 1986. Brain evolution in Megoic mammalsContributions to Geology, University of Wyominge&al
Paper, 3: 21-34.

KIELAN-JAWOROWSKA, Z., 1997. Characters of multitefzulates neglected in phylogenetic analyses dy @aammals Lethaig 29:
249-266.

KIELAN-JAWOROWSKA, Z. & LANCASTER, T.E., 2004. A ne reconstruction of multituberculate endocranialstsaand
encephalization quotient #fryptobaatar Acta Palaeontol. Pol49 (2): 177-188.

KIELAN-JAWOROWSKA, Z., CIFELLI, R.L., & LUO, Z.-X.,2004. Mammals from the Age of Dinosaurs. OrigiEsplution, and
Structure. Columbia University Press, New York, 48

Key words: Mesozoic mammals, multituberculates, brain evohytcerebellum, cistern
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THE LAST POLAR DINOSAURS: HIGH DIVERSITY OF LATEST
CRETACEOUS ARCTIC DINOSAURS IN RUSSIA
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! Royal Belgian Institute of Natural Sciences, Deparhent of Palaeontology, rue Vautier 29, B 1 000
Bruxelles, Belgium, Pascal.Godefroit@naturalsciencese
2Komarov Botanical Institute, Russian Academy of Seinces, Prof. Popov street 2,
St. Petersburg 197 376, Russia, LinaGolovneva@yandeax
3Université de Poitiers — Faculté des Sciences, CNRBIR 6046 — IPHEP, Institut International de
Paléoprimatologie et Paléontologie Humaine, Evolutioet Paléoenvironnements,
40 avenue du Recteur Pineau, 86 022 Poitiers Ceddxtance, geraldine.garcia@univ-poitiers.fr

A Late Maastrichtian vertebrate microfossil assemeéldiscovered at Kakanaut in north-eastern Russia
reveals that dinosaurs were still highly diversifia Arctic regions just before the Cretaceous-aeytmass
extinction Event: small ornithopods, hadrosaurakylosaurians, neoceratopsians, troodontids, deosaurids
and tyrannosaurids. Dinosaur eggshell fragmentenpging to hadrosaurids and non-avian theropodkcate
that at least several latest Cretaceous taxa ceptdduce in polar regions and were probably yeand
residents of high latitudes. Palaeobotanical daggeast that these polar dinosaurs lived in a teatpelimate
(mean annual temperature about 10°), but the alimats apparently too cold for amphibians and eetatfc
reptiles. The high diversity of Late Maastrichtianabaurs in high latitudes, where ectotherms aserth
invalidates hypotheses according to which dinosatinction was a result of temperature declinesedwr not
by the Chicxulub impact.

Key words: dinosaurs, Late Maastrichtian, polar regions, Russi
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A NEW ‘MIDDLE’ CRETACEOUS VERTEBRATE LOCALITY FROM
JILIN PROVINCE, NORTH-EASTERN CHINA
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2Jilin University Geological Museum, Chaoyang Campus6 Ximinzhu Street, Changchun, Jilin Province
130062, People’s Republic of China, cj@jlu.edu.cn
®Department of Palaeontology, The Natural History Mugum, Cromwell Road,
London, SW7 5BD, United Kingdom, R.Butler@nhm.ac.uk

The Quantou Formation (late Early Cretaceous or daatg Cretaceous} located along the eastern
margin of the Songliao Basin in Jilin Province, PGhina. In 2000 and 2002, field parties were oizgthin a
manmade quarry, close to Gongzhuling City. Manyelwate fossils were collected from a single harizo

The most complete dinosaur material collected frtra Quantou Formation is of the small
ornithischianChangchunsaurus parvusvhich is represented by a well-preserved compiéidl and partial
postcranial skeleton, as well as additional refkreanial and postcranial materi@fhangchunsaurus parvus
was originally briefly described by Zan et al. (2R0#&ho recognised that this taxon possesses anuahus
combination of plesiomorphic and derived charadttes. New study of the type material reveals that
Changchunsaurushares synapomorphies with the Chinese Early Crataceerapodadeholosaurusand it is
likely that they are sister taxa; moreov€hangchunsaurupossesses characters that suggest possibleiaffinit
with marginocephalians (Ceratopsia + Pachycephat@a

A left maxilla and a right dentary can be attrémito a new basal neoceratopsian dinosaurefJh, in
press). This new taxon differs from other basalceeatopsians by its deep dentary ramus, the stésgiged
ventral predentary facet of its dentary, its hejereous dentary crowns, and by the denticles atwhdary
ridges asymmetrically distributed on either sidehe& primary ridge on its dentary teeth. Withroraceratops
the new taxon from Gongzhuling represents oneefbst derived non-coronosaurian neoceratopsians.

Isolated and fragmentary material of iguanodontisnosaurs have also been discovered in this tycali
(Chenet al, 2008). Dromaosaurids are represented by a famjerial sickle claw, still in articulation with a
small pedal giglymoid second phalanx, and by iscaldéeth. Other theropods and crocodiles are afgesented
by isolated teeth. Dinosaur eggs are abundant iadsidied, but have not been studied yet.

Two incomplete mammalian dentaries represent atagan, namedhangolestes jilinensiseferable
to the eutherian family Zalambdalestidae (Zaral 2006). A complete skull probably represents lagohew
genus of eutherian mammal.

The Quantou Formation fauna therefore has greangat for improving our understanding of the
fundamental reorganisation of Early - ‘middle’ Ciaus terrestrial ecosystems, which has been tetiged
Cretaceous Terrestrial Revolutighloyd et al 2008).

CHEN, J., BUTLER, R. J., & JIN, L.-Y., 2008. New tasal of large-bodied ornithischian dinosaurs,luding an iguanodontian
ornithopod, from the Quantou Formation (middle &cebus: Aptian—Cenomanian) of Jilin Province, reatitern ChinaNeues
Jahrbuch fuir Geologie und Paldontologie, Abhandiem@48: 309-314.

JIN, L.-Y., CHEN, J., ZAN, S.-Q., & GODEFROIT, Hn press. A new basal neoceratopsian dinosaur frenmiddle’ Cretaceous of Jilin
Province, ChinaActa Geologica Sinica

LLOYD, G. T., DAVIS, K. E., PISANI, D., TARVER, JE., RUTA, M., SAKAMOTO, M., HONE, D. E., JENNINGSR., & BENTON,
M.J., 2008. Dinosaurs and the Cretaceous Terre&ewgolution.Proceedings of the Royal Society B, Biological isms 275:
2483-2490.

ZAN, S.-Q., CHEN, J., JIN, L.-Y, & LI., T., 2003 primitive ornithopod from the Early Cretaceousa@tou Formation of central Jilin,
China.Vertebrata PalAsiatica43: 182-193.

ZAN, S., WOOD, C. B., ROUGIER, G. W., JIN, L.-YCHEN, J., & SCHAFF, C. R., 2006. A new “middle”e&taceous zalambdalestid
mammal, from a new locality in Jilin Province, nwrastern Chinalournal of the Paleontological Society of Koy@&: 153-172.

Key words: ‘middle’ Cretaceous, north-eastern China, terrakétosystem, dinosaurs, zalambdalestid eutherian
mammals
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Bernard GOMEZ !, Johan YANS? Thomas GILLOT 2, Paul SPAGNA3, Clément
COIFFARD “ Véronique DAVIERO-GOMEZ *

! CNRS-UMR 5125 Paléoenvironnements et Paléosphémyétsité Lyon 1 (Claude Bernard), Campus La
Doua, Paléobotanique, Bat. Charles Darwin A, 7, rDabois, F-69622 VILLEURBANNE CEDEX,
FRANCE, bernard.gomez@univ-lyonl.fr, tom6446@hothfgidaviero@univ-lyon1.fr
2 Facultés Universitaires Notre-Dame de la Paix, Déanent de Géologie, 61 rue de Bruxelles, 5000 Namu
Belgium, johan.yans@fundp.ac.be
3 Faculté Polytechnique de Mons, Service de Géoldgimdamentale et appliqué, 9 rue de Houdain, 7000
Mons, Belgium; Paul.Spagna@fpms.ac.be
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Previous studies from the Wealden facies of Belgiestablished the high diversity of fossil plants
(Bommer, 1892; Seward, 1900). However, except lier fernWeichselia reticulatgAlvin, 1968, 1971; Hill,
1990) and conifers and their allies (Harris, 198B4n, 1953, 1957, 1960), most are misidentifielyalid or
poorly studied genera or species. The collectidiseoRoyal Belgian Institute for Natural Sciensésre figured
and type specimens, as well as hundreds of othes® inumerous drawers. The taxonomy of specimens in
collections has been re-evaluated during the teofus/ NTHESIS Project fellowship in January 2008. Wéwe
particularly questioned whether the meso- and nesgéfplants are actually exhaustively listed, asgecially
for each locality. In parallel, we have sampled arelprocessing specimens from the Barremian-Apufiay pit
of Danube-Bouchon’s Hautrage quarry (Mons BasilgiBe), which is coeval from the coal mine SaintaxBe
of Bernissart. The present paper compares both ptagimblages, and also gives new perspectivesamotay
(angiosperm leaves?), palaeoecology and palacoanvént (wildfires?).
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Belgium.Mémoires de I'Institut royal des Sciences natusetle Belgiquel35: 3-27.

ALVIN, K.L., 1960. Further conifers of the Pinacefaem the Wealden Formation of BelgiuMémoires de I'Institut royal des Sciences
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ALVIN, K.L., 1968. The spore-bearing organs of tetaceous ferieichseliaStiehler. Journadf the Linnean Society (Botang)l (384):
87-92.
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Sciences naturelles de Belgiqué6: 1-33.
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de Géologie, de Paléontologie et d’Hydrolage 160-161.

HARRIS, T.M., 1953. Conifers of the Taxodiaceaerfrthe Wealden Formation of BelgiuiMémoires de I'Institut royal des Sciences
naturelles de Belgique.26: 3-43.

HILL, C.R., 1990. Scanning electron microscopy &geobotanyin: Claughter, D. (ed.canning Electron Microscopy in Taxonomy and
Functional Morphology, Systematics Association &b&wolume 41, Clarendon Press, Oxford, pp. 193-234.
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ZALMOXES, RHABDODON AND RHABDODONTIDAE:
HOW MANY GENERA AND HOW MANY SPECIES?

Florent GOUSSARD

Muséum National d’Histoire Naturelle, Départementistoire de la Terre, UMR 5143 CR2P CNRS,
8 Rue Buffon 75005 Paris, goussard@mnhn.fr

A new phylogenetic analysis of basal Euornithopeals into question the validity of the gerdelmoxes
Weishampelet al, 2003 based on Transylvanian remains precedeetéyred to the genuRhabdodon The
revision of the available material permits to dssuhe distribution of some characters ambiguoudate.
Consequently, the genu&glmoxesWeishampelet al, 2003 is considered as junior synonym of the genus
RhabdodonMatheron, 1869. This new study also confirms a lbpssition of Rhabdodonas sister-group of
Iguanodontia. Assumptions of sexual dimorphism arsilar dwarfism are reconsidered in the issuehef t
morphological variability of the genuU®habdodonleading to consider the two Romanian specinfoxes
robustus and Zalmoxes shqiperorumafter Weishampekt al. 2003) like two potential sexual morphs of
Rhabdodon robustus

Key words: RhabdodonZalmoxesRhabdodontidae, systematics
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REMORAS (TELEOSTEI, ECHENEIDAE) FROM THE OLIGOCENE
OF THE WEST CARPATHIANS (CZECH REPUBLIC)

Ruzena GREGOROVA

Department of Geology and Paleontology, Moravian Muwsn, Zelny trh 6, 659 37 Brno, Czech Republic,
rgregorova@mzm.cz

Remoras, or suckerfishes, are elongate brown fisty grow up to 30-90 centimeters long and their
distinctive first dorsal fin takes the form of a dified oval sucker-like organ with slat-like struots that open
and close to create suction and take a firm hoddnag the skin of larger marine animals.

There are 4 extant geneExheneis Phtheirichthys, RemoraRemorina and 8 species. Remoras are
primarily tropical open-ocean dwellers, occasionétiund in temperate or coastal waters if they haiteched
to large fish that have wandered into these areas.

The fossil records of remoras are spare and upvotiney are known only from the Tertiary sediments of
Paratethys (Carpathians, Caucasus) and Tethys g Bwitzerland). The oldest record comes from &madus
Glarus locality in Switzerland, where Wettstein§&Bdescribed a new Oligocene spe&iekeneiglaronensis
Later this fossil representative was assigned tg#misOpistohmyzor{Cope 1889) and Berg (1958) placed it
into its own family Opisthomyzonidae. From the @ligne of the Menilitic Formation of the Poland pzrthe
Carpathians Szajnocha (1926) descrilistheneis carpathic§Wadovice locality). Recently this species was
recorded from eight other localities from the MeigilFormation in Poland (Jerzmanska & Swidnick@032).
Daniltshenko (1958) recordeBcheneis urupensiffom the Miocene of North Caucasudlicklich (1998)
described one specimen of Echeneidae as a protmrksentative of the genksheneisfrom the Frauenweiler
locality (Rupelian, Germany). Brzobohaty et al. 14p mentionedOpisthomyzorfrom the Egerian locality of
Krumvi (Czech Republic).

The new fossil material of remoras from Moravia (@zé&epublic) comes from the Sitime beds —
upper part of the Menilitic Formation, Nannoplank@one NP 23. A paper of O'Toole (2002) was usedhi®r
osteological and comparative analyses of the fosgihants that helped for the taxonomic deternonati

The remoras from the two Moravian localities arelipgrieary attributed to the genem@emorina(2
specimens, Byste/OIlSi locality) andkemora(4 specimens, Litencice locality).

The following characters allow referring the fosglecimens to the gen&emorina 25 — 26 vertebrae;
the neural spine on the preural centrum 3 is sktending only to the anterior edge of the uraiticam;
number of the dorsal-fin rays = 23, number of dmatays = 23. The following characters allow refeg the
fossil specimens to the genBemora number of anal fin-rays =26; number of dorsatrgs > 26; strongly
curved teeth on dentary; the neural spine on thaerpt centrum 3 extends posteriorly behind the hypaphysis
or extends between the anterior edge of the uratu® and the hypurapophysis.

The anatomical study and phylogenetic analysisimglude characters observed in other Tertiansios
material in order to understand the evolution aalk@yeographical distribution of the family Echeaeidn the
region of the Paratethys.

Key words: Teleostei, Echeneidae, West Carpathians, Tertiary
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DESCRIPTION OF THE MASTICATORY APPARATUS OF
LAONASTES AENIGMAMUS (RODENTIA, DIATOMYIDAE), NEW
INSIGHTS INTO THE EVOLUTION OF HYSTRICOGNATHY

Lionel HAUTIER !, Soonchan SAKSIRI?

! Laboratoire de Paléontologie, Institut des Sciencesl@volution, Case Courrier 64, Université Montgir
2, Place Eugéne Bataillon, F-34095, Montpellier ced@5, France. Emai : hautier@isem.univ-montp2.fr;
2 Department of Biology, Faculty of Science, Mahas&ham University; Tambon Khamriang Kantarawichai
district, 44150 Mahasarakham, Thailand

Rodents have undergone an astonishing adaptivati@dithrough the Cenozoic that led them to
represent the most speciose order of mammals. @ainsj the direction of the angular process ofrttamdible
relative to the plane of the incisors, Rodentiaeveommonly divided into two suborders: Sciurognathd
Hystricognathi. The living Laotian rock rahonastes aenigmamuscently discovered (Jenkies al. 2005) in
the Lao People’s Democratic Republic (Lao PDR, Tle#kdistrict), has first been considered as the sole
member of a new hystricognathous family Laonastittamvever, a reexamination of the specimens (Daveson
al. 2006) has shown that this species could represenindving member of the extinct family Diatomyidae
among the “ctenodactyloid rodents&. a sciurognathous family. More recently, molecaaalyses (Huchoat
al. 2007) unambiguously confirmed the paleontologidaiwin demonstrating thadt. aenigmamuss the sister
group of Ctenodactylidae (within the monophyletitei@hystrica). Here, we provide the first complete
description of the masticatory apparatusLabnastes aenigmamuk. offers a rare opportunity to study an
original morphological combination among Ctenohgstrand to investigate evolution of the masticatory
apparatus of hystricognathous rodents as a rebh#. gross anatomy and internal architecture of jtve
musculature has been studied using dissectiongingtrconvergences have occurred during the evautf
Diatomyidae and.. aenigmamugpresents a unique combination of myological angalsgical features that
corresponds to a mixture of sciurognathous andribgginathous characters. This investigation leadisguss
on hystricognathy (Tullberg, 1899), which is sommts confused with sciurognathy, and on its phylegeal
impact. These results bring new insights into thalgion of hystricognathy and have profound impiicas for
the interpretation of the early hystricognath raddassil record.

Key words: masticatory muscles, myology, Diatomyidae, hyegitathy

53



Darwin-Bernissart meeting, Brussels, February 92089

DIVERSITY AND DISPARITY IN SAUROPOD DINOSAURS

Christophe HENDRICKX *, Steve BRUSATTE?, Mark YOUNG *, Emily RAYFIELD ?,
Marcello RUTA !, Paul BARRETT 3

! Department of Earth Sciences, University of Brist@ristol BS8 1RJ, UK, corresponding authors
christophe.hendrickx@hotmail.com
%Division of Paleontology, American Museum of Naturhlistory, New York, NY 10024, USA,
brusatte @gmail.com
3Department of Palaeontology, The Natural History Meism Cromwell Road, London, SW7 5BD, UK,
p.barrett@nhm.ac.uk

A new aspect of sauropod history has been studjednhlyzing the morphological variation of this
successful clade through time. Morphological diifexation, when compared to taxonomic diversityn caveal
macroevolutionary processes that shaped the higibrg clade. This allows investigation into pattewfs
morphological evolution. Results indicate that spod taxonomic richness and morphological varietyéased
together during the initial diversification of thdade. This pattern suggests continued diffusioroutin
morphospace. The sauropod clade shows maximal mogibal and taxonomic diversity in the Late Jurassic
suggesting some degree of common control on dfiGagon patterns in this group. A decline in tagaric
richness in sauropods after the Jurassic/Cretadsmusdary is not accompanied by a correspondingciesh in
morphological diversity, suggesting non-selectivetinetion. Finally, an increase in taxonomic and
morphological diversity through the end of the @oebus corresponds to the radiation of titanosaurs.

Key words: Dinosauria, Sauropoda, Diversity, Disparity
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MORPHOFUNCTIONAL ANALYSIS OF SPINOSAURID QUADRATES

Christophe HENDRICKX *, Eric BUFFETAUT ?

'Department of Earth Sciences, University of Brist@Vills Memorial Building, Queens Road,
Bristol BS8 1RJ, UK, christophe.hendrickx@hotmaibim
’CNRS (UMR 8538 Laboratoire de géologie de I'Ecolerale Supérieure), 16 cour du Liégat,
75013 Paris, France, eric.buffetaut@wanadoo.fr

Five quadrates from the Early Cenomanian of the Kemm area (Morocco) are determined to be from
juvenile and adult spinosaurids. Their morphologgicates two morphotypes and reveals the presentveoco
different taxa of spinosaurids in this site. Morfimztional analysis of quadrate bones and their difauar
condyles has showed that the mechanics of the Iameof spinosaurids was specialized. The posteraots of
the mandible displaced laterally when the jaw modednwards thanks to a helicoidal shape of the ribartet
articulation of the quadrate. Such a lateral movenoé the rami was also possible thanks to a wemkshort
mandibular symphysis and allowed the pharynx towbdened. This jaw mechanic is present in some
ornithocheiroid pterosaurs and living pelecanidibjrwhich are both adapted to piscivory and to lewadthg
large fish. Spinosaurids which were engaged ireastl a partially piscivorous lifestyle were ablectmsume
large fish and may have fed occasionally other pteh as pterosaurs and juvenile dinosaurs.

Key words: Dinosauria, Spinosauridae, Quadrate, Cenomaniamddo
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CONTRIBUTION TO THE EVOLUTIONARY HISTORY OF THE
BEAKED WHALES

Ella HOCH

Gram Museum of Palaeontology, DK-6510 Gram, Denmaeka.hoch@mail.dk

Whales, Cetacea, evolved from terrestrial raodliiodactyls in warm southern Asia in the Early
Eocene. The pakicetids, the oldest known whalespappately 50 Ma, had the general form of large dagh
long snouts and long tails and were waders in @lvalivers and lakes (Thewissen, 2008a,b). In ther lgart of
the Eocene the basilosaurid whales were tropicadceans of a fully aquatic grade (Gingerich, 2005).
Archaeoceti adapted to life in water during the é&me seemingly without acquiring food-gathering virg
capabilities much above crocodilian states. Nepcetinprising Mysticeti, the baleen whales, and Qoloeti,
the toothed whales, are derived from the dorudentirasilosaurids. The credible times of divergence
of Mysticeti and Odontoceti are calculated at ndee Eocene/Oligocene boundary (Gingerich, 2005). The
process of change from archaeocetism to odontotetisy well have been spurred by cranial telescoping
initiating the evolution of structures and capastifor sophisticated sonar (echolocation), a chearaaf the
odontocetes. Encephalization belongs to this coxmplspecializations, with the acoustic sense damtin

Advanced sonar and complex body adaptations gesesa to food webs far below the photic zone in
the global waters. Beaked whales and sperm whaiesng the odontocetes include the deepest-diving
mammals, and possibly the deepest-diving tetrapfmdsigh all ages. Some species may habitually deste
depths of 1-2 kilometresPfiyseter catodormay go deeper), feeding under water pressures06f200
atmospheres, yet breathing at the water's surfiodlarities between beaked whales and sperm whabgs
reflect evolutionary convergence rather than bemttjcators of close relationship, a view contestgdsome
researchers. As it is illustrated by Bianucci & Lemd2007) and supported by other authors, therspghale
lineage, comprising Physeteridae, Kogiidae andnektphyseteroids, form an early, isolated evolwtign
branch, and the beaked whale lineage, Ziphiidady wifossil record not older than Burdigalian oe|&arly
Miocene, groups with the delphinoids and the piataids, and may have evolved from Early Miocene
eurhinodelphinids (Lambert, 2005). Extant ziphiigsstitute the second largest odontocete familyeratfie
delphinids, counted in number of species; &edardius bairdij the northern giant bottle-nosed whale, is the
second largest living odontocete. Six genera aregrized in Recent time, which is slightly belowe #issumed
generic diversity of the ziphiids in Tortonian orrlgaLate Miocene time (e.g. Lindberg & Pyenson, 2006)
Miocene ziphiids became known from the excavatiohthe docks at Antwerp mentioned with appreciation
by G. Cuvier in 1812 for the collections of fossilede by enlightened engineers. These ziphiidsited in the
North Sea when it was open to the oceans only itham direction, between Scotland and Norway, tied
regional climate tended towards cool temperateeOMiocene ziphiids have been described on fofsita the
North Atlantic, the South Atlantic and the Meditarean realms. In all cases the fossils were paskutls or of
lower jaws. A new extinct ziphiid, represented bgaciated skull parts, lower jaw, teeth and pdrtheanterior
body skeleton from Tortonian shallow water depositghe eastern North Sea, the Gram Formation, now
exposed on land in south-western Denmark, will besgnted here. Darwin's famous "descent with
modifications” enounced change (of organisms) thnodime. It indicated no direction of the changes.
Circumstances and surroundings, including othéndi\beings, would influence the direction of evaat and
the changes in complexity of the organisms wouldsilmmmarized by analysts in grades of specializafitre
new, approximately 8 million years old, ziphiidsgidied with an aim of evaluating its grade of sgexation
relative to those of the extant ziphiids.
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GINGERICH, P.D., 2005. Cetacea. Pp 234-252 in KRDse and J.D. Archibald (eds), The Rise of Platé&manmals. The Johns Hopkins
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(Mammalia, Cetacea, Odontoceti), from the Neogdmenowerp (North of Belgium). Geodiversitas 27, 4437.
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Estes et al. (eds), Whales, Whaling, and Oceany&tarss. University of California Press.
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THEWISSEN, J.G.M., 2008b. Raoellids and archaasceThe first ten million years of whale evolutiofifth Conference on Secondary
Adaptation of Tetrapods to Life in Water, Abstsact4. Tokyo. ISBN 978-4-87803-024-6.
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DRAGONS (URSUS SPELAEU$BY JOHAN PATERSON HAIN (1615 -
1675) FROM PIENINY (SLOVAKIA)

ZuzanaKREMPASKA

The Museum of Spis in SpiSsk& Nova Ves, Letna 50, 055piSska Nova Ves, Slovakia,
z.krempaska@gmail.com

The archive records about “Dragon Caves” from Stavare dated back to #Zentury. Johan Paterson
Hain (1615 — 1675), a physician from PreSov wasfitisé who attempted to study the dargon bones fthen
Aksamitka cave near the village of Haligovce, Rigni{Slovakia). In 1672 he published his findings in
Miscellanea Curiosa Medico — Physica Academiae NsgulCuriosorum sive Ephemeridum medico —
physicarum Germanicarunin the article entitlede Draconum Carpaticorum Caverrlie described and drew
the outline of the bones. Here he also mentionhéading effect of the bones and the appearantieeofoon
milk (Album Nihil). Daniel Fischer (1695 — 1746, physician from Ke marok who followed the footssepf
J.P.Hain, had reconstructed the skeleton of thagtin” out of the bones from Aksamitka. He donatesd h
“masterpiece” to the emperor Leopold .

The 330 m long Aksamitka cave (750m above the seal)lés situated in Pieniny National park

(Slovakia). Unfortunately, it is not opened to pabl

Key words: Johan Paterson Hain (1615 — 1675), the dragorsc&ksamitka cave in Pieniny (Slovakia)

57



Darwin-Bernissart meeting, Brussels, February 92089

NEW STEM SPERM WHALES FROM THE MIOCENE OF PERU

Olivier LAMBERT ! Giovanni BIANUCCI 2, Christian de MUIZON 3,
Alton C. DOOLEY, Jr *

!Institut royal des Sciences naturelles de Belgiqipartement de Paléontologie, rue Vautier, 29, 80D
Bruxelles, Belgium, Olivier.Lambert@naturalsciencbs.
%Dipartimento di Scienze della Terra, Universita didRi, via S.Maria, 53, 1-56126 Pisa, Italy,
bianucci@dst.unipi.it
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In both modern sperm whale genera (Cetacea, Odetité’hyseteroidea), the huBbyseterand the
small Kogia, the upper jaw is edentulous. The main food itewejshalopods, which are swallowed by suction.
Physeter which retains elongated jaws, sucks the squidctlir into the oropharyngeal opening, whereas the
extremely shortened snout Kbgia makes easier the process of oral suction. In thesedaxa the cranium is
highly modified, excavated by the supracranial imaaideep dorsal fossa containing the spermaagdincand
other structures associated to the production eam$mission of the sounds. Rhysetey this basin extends far
anteriorly on the rostrum, corresponding to a lagermaceti organ giving to the head a typicaldyaape.

The oldest physeteroids are fragmentary remainsglétom the Late Oligocene. Poorly diagnostic
isolated physeteroid teeth are relatively commoRliocene sediments, but specimens including welbkprved
cranial elements are rare. We report here two yipetserved new skulls from the Miocene part of Rigco
Formation, south coast of Peru. Both skulls are@ated with the mandible and teeth. The first speai, with
part of the hyoid bones and some vertebrae predecoenes from the locality of Cerro la Bruja (Cl&)d is
dated from the late Middle to early Late Miocene (<142 Ma). The second specimen, attributed to the new
genus and specigscrophyseter deinodgnwvas found in a latest Miocene layer (~ 6 Ma)ha tocality of Sud-
Sacaco.

These two taxa share a moderate skull size (cralingih = 460mm for the CIB specimen, lacking the
anterior portion of the rostrum; condylobasal léngt840mm for the almost complete skull of the hygje ofA.
deinodon. In A. deinodoneach upper tooth row bears 12 teeth, with 13 @h dewer row. The CIB specimen
has both maxillary and mandibular teeth as well,the total tooth count is unknown. Upper and loteeth are
robust, with a swollen root, and separated fronhedber by short interalveolar spaces. In both thrarounded
temporal fossa is considerably proportionally larfean in modern sperm whales, suggesting a magsive
musculature and a powerful bite. On the cranium,stipracranial basin is deep, with a high postevall. The
basin is especially wide on the right side compdocethost other physeteroids, overhanging the righit and
antorbital notch. However, the morphology of thexittee and premaxillae at the rostrum base inditiaée the
basin is limited to the cranium, meaning that tphermaceti organ did not invade the dorsal surfdcth®
rostrum.

A preliminary phylogenetic analysis, only includirA. deinodon identified the latter as a stem
physeteroid, more basal than the clade incluéihgseter(family PhyseteridaeKogia (family Kogiidae), their
last common ancestor, and all its descendants.

The slightly smaller and stratigraphically youngdemeinodorhas a shorter, more pointed rostrum than
the CIB specimen. Furthermore its mandible is mgrirned; the zygomatic process of the squamosabig
pointed; the temporal fossa is more posterodorsadtgnded; and the coronoid process of the derganyore
angled. A part of these differences supports theothesis of even more powerful jawsAn deinodorthan in
the CIB taxon. These two sperm whales were muchyligble to feed on other odontocetes, pinnipedd, an
seabirds, using their jaws and full dentition técbatheir prey, tear it to pieces, and swallow it.

Key words: sperm whale, Miocene, Peru, jaws, supracraniahbas
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IGUANODON'S BRAIN AND PERSPECTIVES ON ORNITHOPOD
EVOLUTION

Pascaline LAUTERSY 2 Walter COUDYZER 3, Martine VERCAUTEREN 2, Pascal
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50, 1050 Brussels, Belgium, mvercau@ulb.ac.be
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cwscan@yahoo.com

The brain is generally lost little time after theath of the animal. In particular conditions, thaity or a
natural endocranial cast can be preserved andsséifed 2 Only few insights of the brain of Iguanodon were
available previousfy* > Unfortunately no detailed descriptions were donethese specimens and the brain
morphology of this dinosaur is poorly understood. €£an is a medical technology that allows accestiag
internal parts of the fossils, especially the carpiraincase of dinosaurs, without damaging thém.therefore
now possible to investigate the complex braincdgbendinosaurs and to reconstruct the brain aedrther ear
of these extinct animals. Digital endocasts inaeth®e number of specimens studied. Since 2005, @i isc
used at the Royal Belgian Institute of Natural 8cés in order to reconstruct the evolution of tinairb of
Cretaceous ornithopod dinosaurs, among which tHection of Bernissart’s Iguanodons. Analysis of thrain
morphology brings new insight about the evolutiohtlee brain and the interrelationships of the major
ornithopod lineages.

1. KUROCHKIN, E.V., SAVELIEV, S.V., POSTNOV, A ARPERVUSHOV, E.M., & POPQOV, E.V., 2006. On the braira primitive bird
from the Upper Cretaceous of European Rugsseontological Journal40(6): 655-667.

2. ROGERS, S.W., 1998. Exploring dinosaur neuragatdogy: viewpoint computed tomography scanning analysis of allosaurus
fragilis endocastNeuron 21: 673-679.

3. NORMAN, D.B., 2005. Dinosaurs: a very shortaamction. Oxford University Press, Oxford, 176 p.

4. HULKE, J.W., 1871. Note on a large reptilian Iskbom Brooke, Isle of Wight, probably dinosaurjaand referable to the genus
Iguanodon Quarterly Journal of the Geological Socieg7: 199-206.

5. ANDREWS, C.W., 1897. Note on a cast of the brinity ofIguanodon The Annals and Magazine of Natural Histohyt4: 585-591.

Key words: Iguanodon Ornithopoda, Cretaceous, brain, CT scan
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DIAGENESIS OF THE FOSSIL BONES OF IGUANODON
BERNISSARTENSIS

Thierry LEDUC
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Mineralogy B.18, University of Liege, B-4000 LiégeeBium, thierry.leduc@sciencesnaturelles.be

Bone diagenesis is the alteration of the chemicahposition of the skeleton after the burial.
Specifically, diagenesis is the result of cumukatphysical, chemical and biological processeswhiaimodify
the original chemical and/or structural propertésin organic object and will govern its ultimagd, in terms
of preservation or destruction.

Bone fossilisation is a complex proceabst includes the degradation of organic mattée t
recrystallisation of bone apatite, the enrichmentrace-elements, the precipitation of new minemal®one
cavities and finally the compaction process.

The fossil bones ofguanodon bernissartensidburied in shale about 125 million years ago, were
discovered in a gallery of the Bernissart mine &7& Thirty complete specimens were collected, sorde of
them are exposed in their natural position at tbgaRBelgian Institute of Natural Sciences, whitbays are in
"burial position" (their original position in theine gallery). Since their discovery, the fossil bsmwere treated
in several ways in order to keep their cohesiontarmgduce oxidation by air contact or by variatafrrelative
humidity. The treatments however didn’t preventdheration of pyrite and the formation of secondsuiphate
minerals.

Pyrite was very abundant in iguanodon fossil baare$ made the bones very brittle. The curettage of
the visible pyrite didn’t prevent the oxidation thie rest of it and this still increased further fragility of the
bones. Pyrite oxidation can be limited to irideseenn its surface but it can also transform pynte sulphate
minerals. The growth of those sulphates can comlgléreak the bones.

About fifty samples have been studied. The invasiigy were made with powder X-ray diffraction
techniques (Philips PW-3710 diffractometer, DebgaeSrer camera and Gandolfi camér&eka = 1.9373 A),
scanning electron microscopy, energy dispersivetapmetry and infrared spectroscopy which allowsdta
identify 13 oxidation products of pyrite: more pewtarly the sulphate minerals szomolnokite (Fe&ED),
rozenite (FeS@4H,0), roémerite (FéFe,S0,.14H,0), jarosite (KFgSQ,),(OH)y), natrojarosite
(NaFe(SOy),(OH)e), halotrichite (FE'AI(SO,)4..22H,0), tschermigite [(NHAI(SO,),.12H,0)], melanterite
(FeSQ.7H,0), coquimbite (F&,(SO,)3.9H,0), metavoltine [(K,NaFeFe™*s(SOy)1,0,.18H,0], gypsum
(CasQ.2H,0), anhydrite (CaSg), and also sulphur (S).

Szomolnokite and rozenite are the most abundamihexe minerals and occur in nearly all samples.
These two minerals are only different by the degrédwydration and can transform into each other. This
mechanism is dependant of the relative moistute@environment.

We also identified other minerals like carbonatesfhpatite [CaPO,,COs)s(F,OH)] (recrystallization
of the bone carbonate-hydroxyapatite), sphale#dt®S], hemimorphite (Z%i,0,(OH),.H,0), barite (BaSg),
and quartz (Sig). The last one is already present in all the sasnflee presence of quartz is the result of both
the filling of bone voids and cracks by shale dmrecipitation of authigenic crystals and grains.

Pyrite and barite seemed to form in bone cavitibemthe iguanodons were buried in shale, i.e. in an
anaerobic environment. Sometimes, in a limited &teent) of the bone, some cavities are empty while others
are full or partially full of pyrite or barite ordth. In the last case, pyrite seemed to be forrned f

Apatite that formed during the bone recrystallizatis carbonate-fluorapatite; a small amount 0&CO
has been detected by infrared spectroscopy.

By now, we can state that about twenty mineralseshaeen identified in iguanodon fossil bones by
using these methods. Some of them formed in the lolming the burying process while sulphates ahérot
secondary minerals appeared after the discoverth@figuanodons, as a result of pyrite oxidationeih
localisation will be investigated in polished ahihtsections.

Key words: Iguanodon diagenesis, pyrite, oxidation, sulphate minerals
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INSULARITY AND DWARFISM IN LATE CRETACEOUS
EUROPEAN DINOSAURS

Jean LE LOEUFF

Musée des dinosaures, 11260 Espéraza, France, l@aeuff@yahoo.fr

Late Cretaceous European dinosaurs lived on anpalelgo consisting of many islands with a
fluctuating geography as these islands were segmhtay shallow epicontinental seaways. Followingnper
work by Nopcsa, many researchers still considet tha whole dinosaurian fauna was affected by arsul
dwarfism. Recent excavations in Southern France Spain however have yielded very large saltasaamid
rhabdodontid bones or teeth. Campanian and Malas#iiclocalities in Provence and Languedoc ofterdyie
middle-size dinosaurs with an average length dosme meter for saltasaurid femora. These bonengetl to
10 to 12 meters long dinosaurs, which is relatighall by sauropod standards. Many isolated bonéstleast
two partial skeletons from the Upper Aude Valleyl dhe Aix-en-Provence area are much larger and shatv
European saltasaurids could reach 20 meters infefgis is in agreement with size estimates caledl&om
the ichnological data of the Fumanya tracksite orthlern Spain where more than 3 000 sauropod traaks
been recognized. Improved sampling thus does nofiroo that latest Cretaceous European dinosaurs were
consistently smaller than the Early Cretaceous dimssand does not support hypotheses of a globaifidm
among Late Cretaceous European dinosaurs.

Key words: sauropods, Late Cretaceous, Europe, insularity, fitsmar
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MISSISSIPIAN FORMATIONS AND CRETACEOUS TECTONICS: T HE
IMPACT OF THE CURRENT GEOTHERMAL RESERVOIR GENESIS
ON THE PAST LANDSCAPES OF THE MONS BASIN

Luciane LICOUR

Faculté Polytechnique de Mons, rue de Houdain, 9000 Mons, luciane.licour@fpms.ac.be

The well-known Bernissart Iguanodons were discalehgring mining operations in the Hainaut coal
basin, in the filling of a so-called “natural pifThis natural pit is one of the numerous sinkholeg tiners
encountered as the coal exploitation was activd, that are described and localized in the Delmer \dan
Wichelen inventory (Delmer & Van Wichelen, 1980heT natural pits are irregular cylindrical and rolygh
vertical structures, with a diameter ranging freemesal meters to hundreds of meters for the greate=s. The
brecciated Pennsylvanian sediments they contanftén sealed by Early Cretaceous deposits, i.e. déaal
facies and Albian “meule”, that indicate the penwlden the pits reached the surface.

The pit occurrence matches with the Palaeozoicniselows. As showed by Stevens & Marliére
(1944), the basement appears as a large irregasan,bunderlined by the natural pits. Deep dissmiuin the
Mississipian underlying soluble rocks are one @& $leveral processes that are thought to play arn@min
regional subsidence.

The Mississipian deposits crop out at the Nortithef Mons Basin. They show mainly carbonated
series, and a few stratified breccia layers locatetthe Middle and Late Visean. The Saint-Ghislainebole,
described by Groessens et al. (1979), gave pregibursnations about Visean series, as it revediedoresence
of thick anhydrite layers between 1.900 and 2.500frdepth. Highly permeable karstic breccias disted
under the anhydrites turned this geological expionaborehole into a geothermal well and started th
exploitation of the deep Dinantian reservoir agaergy source.

The origin of the high permeable layer of SaintsBin is of course the main issue in determinirg th
reservoir properties. This raises the question epdearstification in the Hainaut Mississipian fotinas. From
both field investigation on surface karst (Verg&riQuinif, 1997) and natural pit fillings, it appeathat the
whole aquifer allowed intense fluid flow mainly éhgy extensional tectonic regime in the Late JuréSaity
Cretaceous times. The pits could be the result atkganhydrite dissolution that initiated at theeirstection of
faults or fractures and then propagated usingrtexface between carbonates and sulfates, causing/tiole
region to subside.

At a larger scale, the active area of dissolutiothe deep Dinantian rocks moved southward through
geological times. Evidences for this are the diglarf some natural pits located on the northemgeeaf the
basin and the occurrence of the wealden faciessitspio the same area. These facts are regardedias of
the early subsidence.

Also interesting is that thick anhydrite layerdl semain at Saint-Ghislain, whereas it seems dweh
been dissolved away in both northern and southdjacent areas. Tectonic influence may explain bbth t
abnormal thickness of the anhydrites and theimisdedeformation. Variscan orientations were recsghby,
amongst others, Rouchst al. (1984). The above mentioned distribution of ndtyits south of the Saint-
Ghislain area can thus be related to the samenieadtsorder.

STEVENS C. & MARLIERE R., 1944 — Révision de lateadu relief du socle paléozoique du Bassin de MABSB, T. LXVII, pp 145-
175.

GROESSENS E., CONIL R., HENNEBERT, M., 1979 — Leaditien du Sondage de Saint-Ghislain. Stratigraphfaléontologie. Mem.
Expl. Cartes Géol. Min. Belg., n° 22, 137 p.

DELMER A. & VAN WICHELEN P., 1980 — Répertoire dpsits naturels connus en terrains houiller du Hain8GB, PP n°172, 79 p.

ROUCHY J.-M., GROESSENS E., LAUMONDAIS A., 1984 édimentologie de la formation anhydritique viséedeeSaint-Ghislain
(Hainaut, Belgique). Implications paléogéographfeestructurales. BSBG, T.93, fasc. 1-2, pp 105-14

VERGARI A., QUINIF Y., 1997 - Les paléokarsts duiftaut. Geodinamica Acta. 10, 4, pp 175-187.

Key words: natural pits, Mons Basin, Saint-Ghislain borehBlmantian anhydrites, subsidence
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REARING FOR FOOD? KINETIC/DYNAMIC MODELING OF
BIPEDAL/TRIPODAL POSES IN SAUROPOD DINOSAURS

Heinrich MALLISON

Museum fur Naturkunde — Leibnitz-Institut flr Biodiersitats- und Evolutionsforschung an der Humboldt-
Universitat zu Berlin, Invalidenstrasse 43, 1011%®Min, Germany, heinrich.mallison@museum.hu-berlate

Popular art and movies often portray sauropod$igsta rear into a bipedal or tripodal (with tailpport)
pose for feeding or inter- and intraspecific comiSatch suggestions can also be found in the sfitelitierature
(e.g. Borsuk-Bialynicka, 1977; Bakker, 1986), ankkxander (1985) attempted to estimate rearing tahihi
diplodocids based on the position of their CenfeMass (CoM). Rearing would give sauropod an enarsno
height range from which to select their food, altfjlo the long necks already give quadrupedal sadsogceat
reach. Although Stevens & Parrish (2005) argued sharopod necks were fairly stiff, Christian & Dzski
(2007) concluded that their mobility was high. ither case, a bipedal pose would have greatly asae the
maximum feeding height for non-brachiosaurid saodspand open access to food sources beyond the oéac
other animals.

To date, no investigation of the biomechanics ofrgaad rearing has been published. | used
kinetic/dynamic computer modeling to assess thehangics of attaining a bipedal pose, and the torgegsired
to sustain them for a prolonged timeDiplodocusandBrachiosaurus The two genera form the extremes of the
wide range of sauropdoauplans with short forelimbs irDiplodocusand the longest known forelimbs of all
sauropods iBrachiosaurusThe retention of an upright pose was investigatddg a quasi-static approach, and
compared to extent elephants.

Several osteological characters of titanosaurifosome of which are also present in brachiosauaids,
supposedly connected to rearing ability: flared, ik wide range of motion of the femur in the dweliam, and
opisthocoelus anterior caudals as well as a fusbttpymphysis (Borsuk-Bialynicka, 1977). WilsonGarrano
(1999) mentioned the wide gauge of titanosaursegsfii for rearing. The modeling results confirmatta wide
gauge indeed increases stability, but suggestriba¢ of the others is connected to rearing. Toctirgrary,
higher mobility in the post-cervical vertebral coln may be detrimental, because it makes higher Imfzces
in the axial musculature necessary. Aside frometkteemely posterior position of the CoRjplodocusshows
further adaptations that combine with upright fegdithe most mobile neck in Sauropoda, a propaatipmarge
pelvic girdle for large muscles, and chevrons withighly derived shape that allows supporting weahthem
in that area of the tail that touches the groundmtie animal is in an upright pose.

Modeling of the rearing motion showed thiaiachiosauruswould have had serious stability problems,
due to the large moment arm of its CoM around fpgdint. In Diplodocusthe CoM is located close to the hips,
and slight imbalances do not result in large acagtns that threaten to topple the animal. The riogleesults
also indicate that diplodocids could sustain a dé@béripodal pose with significantly less effortath elephants,
while Brachiosauruswould have to produce extreme torques in the ljoibts. Sufficient muscle mass to
produce these can not be placed on the bones,asgeming that dinosaurs were much more muscular tha
mammals. It therefore appears likely that diplodecivere the only sauropods capable of prolongetjhipr
feeding.

ALEXANDER, R. M., 1985. Mechanics of posture andt @ some large dinosaurdoological Journal of the Linnean Socig8B: 1-25

BAKKER, R. T. 1986.The Dinosaur HeresidVilliam Morrow and Company, New York.

BORSUK-BIALYNICKA, M., 1977. A new camarasaurid sapod Opisthocoelicaudia skarzynskigen.n.sp.n.from the Upper Cretaceous
of Mongolia.PalaeontolicaPolonica 37: 5-64.

CHRISTIAN, A. & DZEMSKI, G., 2007. Reconstructiorf the cervical skeleton posture Bfachiosaurus brancalanensch 1914 by an
analysis of the intervertebral stress along thémeécl a comparison with the  results of differeppraachesFossil Record 10:
38-49.

STEVENS, K. A. & PARRISH, J. M., 2005. Neck postudentition, and feeding strategies in Jurassicogad dinosaurdn: Carpenter, K.
& Tidwell, V. (eds.),Thunder Lizards: The Sauropodomorph Dinosalmdiana University Press, Bloomington, pp. 212-23

WILSON, J. A. & CARRANO, M. T., 1999. Titanosaunsdathe origin of “wide-gauge” trackways; a biomegical and systematic
perspective on sauropod locomoti®aleobiology 25(2): 252-267
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A REEVALUATION OF THE EVIDENCE SUPPORTING AN
UNORTHODOX HYPOTHESIS ON THE ORIGIN OF EXTANT
AMPHIBIANS

David MARJANOVI ! Michel LAURIN 2

L2UMR 7179, Equipe “Squelette des Vertébrés”, CNRBirsité Paris 6/MNHN/Collége de France,
4 place Jussieu, case 19, 75005 Paris (Franéejavid.marjanovic@gmx.af, michel.laurin@upmc.fr

The origin of the frogs, salamanders, and caesiliancontroversial. McGowan (2002) published an
original hypothesis on lissamphibian origins: Gymhiona was nested inside the “microsaurian” lepodpts,
this clade was the sister-group of a caudate-gaie@lbanerpetontid clade, and both together wersted
inside the dissorophoid temnospondyls. We havestigated McGowan’s data matrix and disagree with th
scoring of 35% of the cells. All taxa and all bwbtcharacters are affected. In some cases, weadiféerent
interpretation about correspondence between mooghichnd character states, or we delimit stateraifitly
(or use information that was unknown in 2002); Hermore, unlike McGowan, we have decided for each
multistate character separately whether and hovorter it, using the stepmatrix gap-weighting method
recommended by Wiens (2001) for the two most olslio@ontinuous characters. In other cases, we repor
probable typographic errors. When these cells &adacters are revised, the most parsimonious (Fégsre: c)
— now longer by almost 64% — support one of theeehcommonly advocated hypotheses, namely a
monophyletic Lissamphibia which is nested, togethdth its sister-group Albanerpetontidae, within the
temnospondyls (next oleserpetoh— even though we did not add any charactersxartathe very small data
matrix. This exemplifies the impact of errors inalatatrices on the results of phylogenetic analysdding the
only well-known lysorophianBrachydectes however, results in the Lissamphibia-Albanerpétia® clade
becoming the sister-group Brachydectesnd settling within the lepospondyls rather thia temnospondyls,
thus supporting another of the previously publistiede hypotheses (even though we reinterpret eheology
of some skull bones of Brachydectes as less lisk#niam-like than previously thought). This lattemding does
not change if the recently describ@@robatrachuds also added. Finally, whdDoleserpetoris interpreted as
morphologically immature (which means scoring theharacters as unknown instead of known), Lissanigphib
and Albanerpetontidae are again nested within thigrbsaurian” lepospondyls, even thouBhachydectess
not included in this analysis. This, too, does noange if Gerobatrachusis added and likewise treated as
morphologically immature. Except for Lissamphibi@tbanerpetontidae, Batrachia, Branchiosauridgmteon
+ Schoenfelderpetoisymnarthridae Rhynchonkasand to a lesser degree Lissamphibia, bootstraposigpare
at or below 50% under all assumptions. Such lgtiléd to be expected from the small size of tha dwtrix.

MCGOWAN GJ. 2002. Albanerpetontid amphibians fréra Lower Cretaceous of Spain and Italy: a desoripdind reconsideration of their
systematicsZoological Journal of the Linnean Sociét$5: 1-32.
WIENS JJ. 2001. Character analysis in morphologibglogenetics: problems and solutioS8ystematic Biolog$0: 689-699.
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Figure: Strict consensus trees resulting from McGowangimal dataset when all characters are unordeaked (

or all multistate characters are ordered accorttirtge original state numbers){ strict consensus tree resulting

from the modified dataset under the first of figs@amptions, namely whérachydectesindGerobatrachusre
not added andoleserpetoris treated as adult and not paedomorptjicExtant OTUs in bold.

Key words: Amphibia, LissamphibiaBrachydectes, Gerobatrachustepmatrix gap-weighting
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VEGETATION FROM LATE CRETACEOUS DINOSAUR
ECOSYSTEMS IN AMUR RIVER REGION (RUSSIA AND CHINA)
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bugdaeva@ibss.dvo.ru
2 Institute of Geology and Natural Resources, FEBRAB Ryolochny Per., Blagoveshchensk, 675000,
dinomus@ascnet.ru

Dinosaur fossils have been found in Santonian aaddtichtian deposits of the Zeya-Bureya Basin in
Far-Eastern Russia. Dinosaur footprints and bones discovered in the Santonian Yongancun Formaéind,
numerous bones and skin remains were unearthetleinvimastrichtian Yuliangzi Fm (China) and Lower
Tsagayan Subformation (Russia).

During the Santonian the Zeya-Burey Basin was oetlipy a vast, but shallow lake. On the swampy
of this lake, cycadophytes, taxodialeans, coniterd cyatheaceous ferns grew. The slopes were cowgred
representatives of Pinaceae, Podocarpaceae, Jagta®] Fagaceae, Platanaceae and plants produaicgsx
pollens. Probably, Dicksoniaceae and Osmundaceeeiwenderstory.

The lake reduced during the Campanian, while thiefrahd the vegetation changed. The frame of
basin increased. The vegetation was formed by emnifand, in understory, ferns Cyatheaceae and
Polypodiaceae, sometimes bryophytes. Angiospermmaired poorly represented, but their diversity beza
more important.

The rising of the Zeya-Bureya area continued durirey Maastrichtian. River valleys with numerous
small lakes appeared. The vegetation of the firftdiahis stage was abundant and diverse. Plamneonities
of these valleys were represented by bryophytassf€Ophioglossaceae and Cyatheaceae), gymnosperms
(Pinaceae, Taxodiaceae and diverse gnetaleans¥ldpes of the valleys were covered by forests, datad by
angiosperms that mainly produced tricolpate polletants producing «unica»-type pollen, were rangt, b
diversified.

In the ‘mid’-Maastrichtian this type of vegetatiparsisted, but the role of angiosperms increasieely
became dominant, sometimes reaching 44% of thetatdge The taxonomical composition of angiosperms
considerably changed and flowering plants relatetainilies Betulaceae, Juglandaceae, Fagaceae cbima
Myricaceae prevailed.

At the end of the Maastrichtian, the palaeoenvirents changed. The uplift of this area reached its
maximum. The climate became more contrasted, humél lass warm. The vegetation was dominated by
taxodialeans and representatives of Ulmaceae. Amgpmyes monoletd aevigatosporitespredominated.
Angiosperms were diversied and represented bydimse to Betulaceae, Salicaceae, Juglandaceae;ddgse,
and Myrtaceae. The diversity of «unica»-type pollenseased, sometimes reaching 33% of the palymzbg
spectrum.

The Santonian, Campanian and first half of the Maddian stages were favorable for dinosaurs, but
then the fall of temperature and the more contdaslienates provoked the destruction of these etesysand
the extinction of the dinosaurs.

Key words: Cretaceous, vegetation, dinosaurs, Zeya-Bureya basi
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3D MODELLING OF THE PALEOZOIC TOP SURFACE IN THE
BERNISSART AREA AND INTEGRATION OF DATA FROM
BOREHOLES DRILLED IN THE "CRAN AUX IGUANODONS”
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Since 1878-1881 and the discovery of numerous cetekeletons of dinosaurs in Bernissart, several
studies have been dedicated to the paleontologmatent of the “Cran aux Iguanodons” (see refergnne
Bultynck, 1989). However little is known about theometry of the Cran and its integration within Bedeozoic
basement of the Mons Basin. In 2002-2003, three hemholes (BER2, BER3 and BER4) allowed us to
improve our understanding of the geometry of thanCintegrating the new data in a 3D model of the t
surface of the Paleozoic basement.

In the BER2 core (Belgian Lambert coordinates X=28,9v= 130.021, Z=33) the Wealden facies have
been sampled from -265.5 meters of depth. Howeldragraphic analysis (Legrain & Tshibangu, 2004) iatéc
that the top of the wealden strata in BER2 is Isealialmost 40 meters higher, around -227 metethelsame
borehole, Namurian basement has been cut at -2%&randhe BER3 core (Belgian Lambert coordinates:
X=98.870, Y=129.961, Z=24) cuts the Wealden facies265 meters of depth and reached the Carbonierou
basement at -315 meters. The BER4 core (Belgian Lamberdinates X=98.910, Y=129.961, Z=24) did not
reach the natural pit, the clayey sediments foundeu the Meule facies at -246 m being attributedhi®
weathered Namurian basement.

In a first step, the 3D modelling of the top sugax the Paleozoic basement is created at a rdgioake
(area of 340km?) from outcrop limits and borehdlescriptions. In this way the overall geometry uslined.
The studied area is located in the Western partafisgvBasin and near the French border. The methggddo
implemented from a system architecture with fiensfers using ArcGIS, Gocad and a database (Kaufr&an
Martin, 2008). Boreholes descriptions are collecwdictured and stored in a database. In ArcGogshwles
are positioned and formation limits are drawn frdigitized geological maps. In this first step, thekta are
imported in Gocad in order to build a surface BDaspace covering the whole area. In a second tktispnodel
is refined at local scale (~11 km?) in the Bernissaea around the Cran including data from neweholes
(BER2, BER3 and BER4).

NORTH

-370 m
Elevation

Figure: 3D model of the top surface of the Paleozoic baserat regional scale with data from the new bdesho
BERS.

BULTYNCK, P., 1989 Bernissart and the IguanodorRublication of the RBINS, Brussels. 115 p.

LEGRAIN, H. & TSHIBANGU, J.-P., 2004Sondages exploratoires dans le cran aux iguanodenBernissart : Rapport sur les mesures
géophysiques (diagraphie en forage et tomograpsimsiques entre trouspervice de Génie Minier, Faculté Polytechniqué/das,
50 pages + annexes.

KAUFMANN, O. & MARTIN, T., 2008 3D geological modelling from boreholes, crosssedtiand geological maps, application over

former natural gas storages in coal mir@smputers & Geoscience34: 278-290
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STRATIGRAPHY OF THE HAINE GROUP (“MEULE” SEDIMENTS)
OVERLYING THE WEALDEN FACIES IN THE BER 3 BOREHOLE
(BERNISSART, MONS BASIN, BELGIUM)
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Between 75 and 265 meters of depth in the BER 3hioteedrilled in 2002-2003, the sediments have the
typical facies of the Haine Group, locally calledéule”. In its stratotype, located in the Harchisehole (

2.9 km far from the BER 3 borehole), the 173.2 neklfMeule” is divided into five Formations, dateg their

content of ammonites (Amédro, 2002; from base f):tBormation of the Green sandstones of Pommeroeul

(Middle Albian), Formation of Harchies, Formatioh@atillon (both Upper Albiarsensu stricty Formation of

Bracquegnies (Vraconnian) and Formation of the i@alites of Bernissart (Early to Middle Cenomanian).

These latter directly cover the dinosaurs-bearingMén facies. In the BER 3 borehole, the “Meule™vgtithe

following main facies (Yanst al, 2005):

(1) 265 - 170.7 m of depth: argillaceous and caloas glauconiferous sandstone and calcarenite)yiagbcified, rich in
sponges. Local cm-voids and fossiliferous bedsmF268,4 m to base: conglomerate. Harchies Formation

(2) 170.7 - 135.4 m: glauconiferous calcarenitéhviitgonia, locally indurated. Some green conglatierlevels (mainly at
the base). Catillon Formation.

(3) 135.4 - 105.3 m: alternances of sandy gregiliterous, glauconiferous calcarenite and conglatie calcarenite.

Bracquegnies Formation.

(4) 105.3 - 75 m: sandy, glauconiferous calcaegtitcally indurated, cellular and geodic, biodtasvels. Local flints and
pebbles. Calcirudites of Bernissart Formation.

These facies are similar to those described in taecites stratotype (Robaszynstial, 2001). In the
BER3 borehole, the “Meule” may lack the Formatiorttef Green sandstones of Pommeroeul. The incomplete
“Meule” of the BER3 is however thicker (190 m) thidwe one at the Harchies stratotyi€3,2 m). These local
thickness variations are due to the different sidrsie rates and centres in the Mons Basin duringéposition
of the Wealden facies and Meule sediments (Barmetoianiddle? Cenomanian), in relation with deepyalnite
dissolutions and/or extensive regional crustahvégt{Spagneet al, 2007).

The age of the “Meule” at the BER3 borehole is deteech by its content of dinoflagellate cysts. The
biostratigraphy is based on first appearance dadd] of boreal index species which are correlateth the
ammonite and foraminiferal zonal schemes (Fouché&iditeil in Hardenboldet al, 1998). The occurrence of
Surculosphaeridiunflongifurcatumat 261,6 m indicates that the sample can not berdhlian the Middle
Albian. Litosphaeridium conispinumat 252.6m suggests that this level is in the upper of the Middle Albian.

In sample 155.2m, the occurrenceXaphophoridium alatursuggests an Upper Albian adéatosphaeridium
siphoniphorumis recorded in sample 129.2 m, the FAD of the igseis located at the base of the Dispar zone
(Vraconnian) Epelidosphaeridia spinosa observed in sample 102.7 m. The FAD of the sgasiknown in the
Vraconnian.

On the basis of these preliminary results, we ssigfpe following biostratigraphy:

(1) 261.6 - 252.6 m: Harchies Formation (or Greandstones of Pommeroeul Fm?). Upper part of Middle

Albian.

(2) 155.2 - 138.1 m: Catillon Formation. Upper Aslbi
(3) 129.2 m: Bracquegnies Formation. Vraconnian.
(4) 102.7 m: Calcirudites of Bernissart Formatigraconnian or younger (most probably younger).

AMEDRO, F., 2002. Plaidoyer pour un étage Vraconreetre I'Albien sensu stricto et le Cénomanierstésye CrétacéMemoir of the
Royal Academy of Belgiurh28 p.

FOUCHER, J.-C. & MONTEIL, E., 1998. Cretaceous himnostratigraphy, Chart 5; Mesozoic and Cenozeugnce Chronostratigraphic
Framework of European Basina: de Graciansky, P.-C., Hardenbol, J., Jacquin&TVail, P.-R. (Eds.) Mesozoic and Cenozoic
Sequence Stratigraphy of European Basins, SEPM&padlication 60.

SPAGNA, P., VANDYCKE, S., YANS, J. & DUPUIS, C. 2B0Hydraulic and brittle extensional faulting inettWealden facies of
Hautrage (Mons Basin, Belgiunheologica Belgical0/3-4: 158-161.

ROBASZYNSKI, F., DHONDT, A., & JAGT, J.W.M., 200Cretaceousithostratigraphic units (Belgium). In: Bultynck, B Dejonghe, L.
(eds), Guidgo a revised lithostratigraphic scale of BelgilBnyxelles, Geologica Belgica: 121-134.

YANS, J.et al 2005. Description et implications géologiquedipnifaires d’un forage carotté dans le "Cran awalgpdons" de Bernissart.
Geologica Belgica8 : 43-49.

Key words: Dinoflagellates, Bernissart, Mons Basin, Belgiunajrit¢ Group
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COMPOSITION AND BIOGEOGRAPHIC AFFINITIES OF THE
MIDDLE EOCENE MESSEL AVIFAUNA

Gerald MAYR

Forschungsinstitut Senckenberg, Sektion OrnitholegiSenckenberganlage 25, D-60325 Frankfurt/M.,
Germany, Gerald.Mayr@senckenberg.de

Birds are among the most abundant land vertebiiatebe Middle Eocene fossil site Messel in
Germany, and so far more than 500 skeletons haet foeind, which belong to over 50 species. The dalks
an overview of the composition of the Messel avifaand its biogeographic affinities. It has beeoavkm since
a while that compared to coeval avifaunas the Messfauna closely resembles that of North Amerimat, only
recently the striking degree of congruence has hpereciated. Many of the shared arboreal taxgpesred in
North America towards the Oligocene, whereas thergipted in the Old World. A proportionally highmhber
of avian taxa from Messel has its closest extdatives in the Southern Hemisphere, especially ISéumerica.
Disappearance of the stem group representativelese lineages from the Northern Hemisphere cabhaeot
explained by climatic cooling during the Cenozolong, and a better knowledge of Paleogene avifawilas
certainly lead to an increased understanding oéttdution of Cenozoic ecosystems.

Key words: Messel, birds, Eocene, biogeography
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THE BERNISSARTIDS: COMMON EUROPEAN CRUSHING
CROCODILES

Jean-Michel MAZIN *, Joane POUECH?, Julien RASLAN-LOUBATIE 2

1 UMR 5125CNRS, Université Lyonl, Campus de la Doua,
Batiment Géode 69622 Villeurbanne cedex, France, jean-michel.me@univ-lyonl.fr,
joane.pouech@pepsmail.univ-lyonl.fr
217, rue Raspail, 92300 Levallois, France, loubatig@ail.com

The site of Cherves-de-Cognac (Berriasian, Chardframce) is characterized by its rich vertebrate
fauna among which crocodylomorphes are abundant: families are present: Atoposauridae, Bernisdaeti
Pholidosauridae and Goniopholididae, from macroiesnas well as from microremains.

Among the numerous crocodylomorph teeth found ar@s-de-Cognac, many can be referred to the
tribodont morphotype classically considered as ibsamtid posterior teeth. However, numerous moréess
elevated conical teeth showing the same enamehwmmniation are associated with these rounded cr@ands
might represent anterior and intermediate berrisisaeth. As already noted by Buffetaut & Ford {2p and
described by Brinkmann (1992), three morphotypes lba distinguished among tligernissartialike teeth:
anterior conical teeth, intermediate leaf-shapethtand posterior bulbous tribodont teeth.

Bernissartids are very common at Cherves-de-Cogiiace 5360 isolated teeth have been found from
28 levels of the section. This great number of Bpexs, showing the variation of crown morphologyra the
tooth row, shows teeth at different stages of wam unworn bulbous teeth with carinae to stronglyrn
crowns.

Such particular isolated bulbous teeth have beported from several other Late Jurassic to Early
Cretaceous European sites, namely: Guimarota (Kimdgian, Portugal), Chassiron (Lower Tithonian, Fegnc
Boulonnais (Upper Tithonian, France), Galve (Uppéehdiian, Spain), Cherves-de-Cognac (Lower to Middle
Berriasian, France), Middle Purbeck Limestone Grdigpwer and Middle Berriasian, England), Una
(Barremian, Spain), Isle of Wight (Barremian, Emgly Bernissart (Upper Barremian-Lower Aptian, Beig),
Vallipon (Upper Barremian, Spain) and Buenache a@eSierra (Upper Barremian, Spain). These isolated
tribodont teeth are always referred to the geBemissartiaor to the family Bernissartidae. However, Salisbur
(2002) questions the generic identification of thesunded teeth, and notably the specimens fronmy@lanvn
Sly Bed of Middle Purbeck Limestone Group. He argiires this attribution is only based on the simdi¢ of
the enamel ornamentation and apical wear, with Betgian lectotype. He also notes that several upper
Cretaceous European and North American genera suBhaahychampsaAlbertochampsaStangerochampsa
andAllognathosuchushow such posterior tribodont teeth.

However, as far as it is known, the oldest Eusuchiemcodylomorphes are from the Albian-
Cenomanian, and there are some noticeable morghaldatifferences between alligatorid and bernisdaddeth.

For example, intermediate leaf-shaped teeth areraidsartid feature when they do not exist in atlgids;
enamel ornamentation, made of numerous strongcaertirinkles in bernissartid is weakly marked in
alligatorids; posterior rounded teeth are laterabynpressed or kindney-shaped in bernissartidsn ey are
clearly hemispheric in alligatorids. Thus, theyns doubt that these bulbous isolated teeth founthénLate
Jurassic and Lower Cretaceous of Europe can beeadftr the family Bernissartidae, as well as thepaiated
leaf-shaped and conical morphotypes.

So, the bernissartid crocodyliformes were widebktributed in Western Europe during the Late Jurassic
and the Early Cretaceous in continental to margitardl depositions. They were characterized by rdiqudar
heterodont dentition, with crushing bulbous posteteeth reflecting a diet probably based on haelksd
preys, such as freshwater molluscs, crustaceastsangly scaly fishes such as semionotid, commémiynd in
the same faunal assemblages.

BRINKMANN W., 1992. Die Krokodilier-Fauna aus demtér-Kreide (Ober-Barremium) von Ufia (Provinz CuenSpanien)Berliner
Geowissenschatftliche Abhandlung&ig5), 121 pp.

BUFFETAUT E. & FORD R.L.E., 1979. The crocodiliernissartiain the Wealden of the Isle of WigtRalaeontology22: 905-912.

SALISBURY S., 2002. Crocodilians from the Lower @meous (Berriaisian) Purbeck Limestone Group ofsBi Southern Englanc.

Special Papers in Palaeontolagd8, 121-144.

Key words: Bernissartidae, Late Jurassic, Early Cretaceous;dustety, western Europe
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THE BASAL RADIATION OF RUMINANTIA IN ASIA AND THE
“‘DICHOBUNOID GORDIAN KNOT”

Grégoire METAIS %, Tao QI 2, Jianwei GUO?, Chris BEARD 3

! Paléobiodiversité et Paléoenvironnements, UMR 5148IKS, MNHN, UPMC), Département Histoire de la
Terre, Muséum National tHistoire Naturelle, 8 rue Buffon, CP 38, 75231 PariBrance, metais@mnhn.fr
ZInstitute of Vertebrate Paleontology and Paleoanthapgy, Chinese Academy of Sciences, P. O. Box 643,

Beijing 100044, China
3Section of Vertebrate Paleontology, Carnegie MuseafiNatural History, 4400 Forbes Avenue, Pittsburgh,
PA 15213, USAbeardc@CarnegieMNH.org

At present, there is little or no consensus regardhe phylogenetic relationships among primitive
ruminant artiodactyls. Phylogenetically significambrphological characters are thought to be disteith among
the skull and dentition, as well as in limb struetuncompletely known fossil taxa may, therefdre especially
problematic for purposes of phylogeny reconstructiddded to this difficulty is a substantial and lwe
documented level of homoplasy within selenodornibdaictyls.

Available molecular evidence supports a relativahcient dichotomy between living tragulids and
pecorans (horned ruminants). For example, the gesarh tragulids and nonruminant artiodactyls (sdbos
‘Suiformes’ and Tylopoda) lack a short interspersggeat that is present in all pecoran ruminantsnaxed.
Likewise the phylogenetic relationships between Rwamiia and the other groups of cetartiodactyls hema
unclear from both molecular and paleontologicalspectives, and in all cases sources of discrepanttie
appears that these discrepancies between morpbalagind molecular data sets are probably biasethéy
inconsistence of the current fossil record of aictyls in Asia, the region where they probablgioated, and
the resulting poor resolution of the phylogenegtationships between Asian, European, and North foswer
“dichobunoids”, a vast, and loosely delimited graiparaphyletic cetartiodactyls.

One key for resolving discrepancies between mongichl and molecular data is to understand thelbasa
radiation and phylogeny of Selenodontia that appeadenly in the fossil record during the middle &
Ruminants derive from a still non-identified growh Asian dichobunoids. It is generally admitted ttha
dichobunoids represent a heterogeneous and paeticlggsemblage of generalized bunodont to burosedent
artiodactyls that inhabited the three Holarctictawnts during the Paleogene.

Although phylogenetic relationships among the uasidichobunoids remain obscure, attempts to resolve
this Gordian knot have been hampered in part byctimparatively sparse Eocene fossil record of Agidhis
context, the discovery of new taxa of Asian dichwdids represents a potential advance in understgrttie
early phylogeny and biogeography of the group,iartdrn the basal radiation of Ruminantia.

Key words: cetartiodactyls, Ruminantia, Eocene, Asia
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CARBONIFEROUS AMPHIBIANS AND REPTILES —
EXPERIMENTATION AND DIVERSIFICATION

Andrew R. MILNER

Department of Palaeontology, The Natural History Musa, Cromwell Road, LONDON SW7 5BD, UK,
andrew.milner@nhm.ac.uk

Following the evolution of terrestriality in tetraghs in the late Devonian and basal Carboniferod8-(3
350 Ma), the group diversified during the Carborttes. Forty million years later, in the late Mosieovstage of
the Carboniferous (310 Ma), there were at leaslirBages of tetrapod, all filling different nichddsing the
skeletons of early tetrapods and the circumstaimc@gich they occur, we can deduce some of theobiol
and ecological basis of this early diversity. listteview, several aspects of this diversificatigt be outlined.

1. Pattern of respiration. Two mechanisms of resipin can be deduced from the skeleton, namelydbucc
pumping and costal breathing. Costal breathing fierthe development of a neck and more complex food
processing in the mouth.

2. Size. The earliest tetrapods were about a netlength. By the late Carboniferous, there wenm 4
long forms and 12 cm long forms. The latter showdente of progenetic dwarfing in the reduction ie th
numbers of skull bones.

3. Degree of terrestriality. Different associatioos Tetrapoda are found in different preservational
conditions and terrestrial, marginal/amphibious augiatic associations can be recognised. Morphtabgi
evidence for lifestyle includes degree of ossifarabf wrist and ankle bones, presence or absehlegenal-line
canals.

4. Dentition and feeding. In the Moscovian, allrdpbds appear to have been carnivores feeding on
invertebrates or other vertebrates. A range ofaldgpes include piercing, gripping and crushingtite The
skulls of early reptiles show evidence of differantangements of jaw muscles for different feedeahniques.
Immediately after the Moscovian, the first two Biges of unambiguous herbivore appear — the edaptsosad
the diadectids. These were large-bodied forms watf-$tripping and crushing dentitions. They probably
digested cellulose by hind-gut fermentation.

5. Pattern of locomotion. Most forms had long uating bodies and short limbs and would have
progressed using the body for propulsion and tnédias anchors. A few lineages developed longdrsliand
shorter bodies and would have moved by limb-basedting. The aistopods were limbless analogussakes
and had also evolved a snake-like skull.

6. Reproduction and metamorphosis. There is liftlectl evidence of patterns of reproduction. We know
that frog-like eggs were produced by some amphgbiainunknown type. Most early tetrapods show simple
growth and development patterns and only one gofgmphibians — the Dissorophoidea — shows evigefic
a metamorphosis during development. These forme walgle to occupy ephemeral niches as larvae.

7. Mechanism for hearing air-borne sound. All eaglyapods could hear low-frequency ground-borne or
water-borne sound. One group — the temnospondiisd—rog-like ears capable of picking up high frexogcy
air-borne sound, permitting insect detection antthwhe potential for producing and hearing calksuiible to
other tetrapods.

8. Anti-predator defence. One amphibBiegopshows the development of spines protecting th& rec
the earliest known example of an anti-predatormiafe structure.

Our understanding of the relationships and phylggef these early tetrapods is currently in a stdte
flux. Over the next decade we can anticipate thatili stabilise and we will then be able to mapedsbk
adaptations onto a ‘family tree’ and gain underditagy of the evolutionary biology of tetrapod diviicsition on
land.

Key words: coal-swamp, evolution, morphology, Moscovian,aptds
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NEW DATA ON THE VALANGINIAN-HAUTERIVIAN REPTILE
OOTAXA OF THE IBERIAN RANGE (NE OF SPAIN)

Miguel MORENO-AZANZA *, José Manuel GASCA!, José Ignacio CANUDO"

! Grupo Aragosaurus. Universidad de Zaragoza. Pedrattma 12, 50009 Zaragoza, Spain,
mmazanza@unizar.es

Despite the great amount of work on fossil egddhaments that has been carried out during the la
two decades, Lower Cretaceous reptile ootaxa dfgatirly known, especially in Europe. This is duehioth
the lack of well-preserved nests and eggs fromagesin the fossil record and the fact that fragamgrmaterial
is not as abundant as in Upper Cretaceous localifie the prospecting and sieving campaigns urkkartay
our research group Aragosaurus during the lastdiftyears have allowed us to accumulate a wortkftbe to
study material, the Iberian Range, in NE Spain,dmsrged as a priviliged area for filling this gap.

The study area is a small outcrop of the VillanuégdHuerva Formation in a small gully located 2 km
south of the town of Villanueva de Huerva (Zaragpmavince) and less than 100 m away from the syp&ot
section of this Formation. The Pochancalo 1 logadita 1-meter-thick bed of grey clays deposited iifuvio-
lacustrine environment. Fossil remains are relftivebundant and are mainly microvertebrate and tplan
fragments. The vertebrate remains identified arkh fisales and teeth (semionotiformes and hybodgntids
postcranial amphibian bones, chelonian plates, amdcodilian (Atoposauridae, Bernissartidae and
Goniopholidae families), pterosaur, mammal (multérculate) and dinosaur (sauropod and theropotl).tee

Over 200 hundred fossil eggshell fragments haem lwellected at the Pochancalo 1 locality by sigvin
250 kg of sediment. We ascribe most of them to dwfamilies Spheroolithidae, Megaloolithidae,
Prismatoolithidae and Testudoolithidae. Spheroal#hi eggshells have been related to hadrosauriasalirs.
The absence of fossil bones of this group in the ltowst Cretaceous of Europe suggests that more basal
ornithopods laid Spheroolithid eggshells too.

Noticeable is that eggshells ascribed to Megaluidiae are profuse in Upper Cretaceous beds, though
also known in the Jurassic of France and Portuggkiae Barremian of Spain they are unknown at #salmost
Cretaceous. The Pochancalo 1 megaloolithid presenttermediate set of characters between Uppdaceus
and Jurassic ootaxa. Testudoolithidae eggshellerdiifom the ootaxa previously known in the Lower
Cretaceous and may also correspond to a new oespadiestudoolithus

Prismatoolithidae eggshells differ from the ootgx&viously known from the literature by their
external ornamentation. They sligthly resemble o#gggshells that have been collected in youngelitesaof
the Iberian Range, uppermost Hauterivian-Lower Baiaia in age, and may be part of a new oogenusoyiet t
described.

Key words: eggshell, ootaxa, Pochancalo, Lower Cretaceoesalib Range
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PALAEOENVIRONMENTAL CONTEXT OF THE ‘BLACK MARBLE’
OF DENEE (VISEAN, BELGIUM)

Bernard MOTTEQUIN ?, Edouard POTY 2

12 Unité de Paléontologie animale et humaine, Univitésde Liége, Bat. B18, Allée du 6 ao(t, Sart Tilman,
B4000 Liege 1, bmottequin@ulg.ac.be and E.Poty@ulpeic

Fish remains such as isolated teeth or scalesuacemmon in Tournaisian and Viséan (Lower
Carboniferous) rocks of southern Belgium. Moreolage fragments or almost complete fishes areqodatly
rare and only known in two Viséan localities: De®&amur province) and Visé-Richelle (Liége province)

The quarries located around the village of Denée lyaalded rare but remarkably preserved fishes and
invertebrates (including echinoderms and dendroéghtglites). The latter have been collected withia ‘black
marble’ of Denée when this black coloured limestarzes intensively and manually quarried at the ehthe
19" century and at the beginning of the"antury. If it had not been worked, the ‘black hiar of Denée
would have been considered probably as azoic dtieetoarity of the fossils. As most of the excavasi were
subterranean and as they are now flooded and disitse not possible to sample all the fauna amgnéour
fish species have been described for the first trm¢he basis of material collected in Denée: tendrostean
Benedenius deneensand three elasmobranchBephaea fournieri Cratoselache pruvosti, Sphenacanthus
delepine).

The ‘black marble’ of Denée is now included in theolignée Formation of Lower Viséan age
(Moliniacian). This formationd. 60 m thick) consists of a succession of thin-beddemmonly laminated black
limestones (‘black marble’) which alternate witlictibedded, dark-grey limestones (‘thick beds"dételoped
in a confined intra-platform basin [central parttieé Dinant sedimentation area (DSA)] progressividlisd by
distal calcareous turbidites originating from tl@thward prograding shelf to the north. This basas Wwordered
to the south by a discontinuous barrier of Waulanormudmounds built against a major synsedimerfeaunit
separating the DSA from the southern Avesnois sediation area. The alternations of laminated and
bioturbated lithofacies occurring within the Moliém Formation implies that the palaeoenvironmenbrokad
several anoxic to dysoxic periods alternating witbre oxygenated ones due to sea-level fluctuatidriew
magnitude. This periodic confinement of the cenpait of the DSA took place during a third-order issce
characterized by a low sea level, namely the semubrof Hancet al. (2001). Low oxygen concentrations are
also suggested by the existence of dysaerobic mmarsuch as the bivalves of the ‘paper pectenphmatype
and the remarkable preservation of the fauna.

The ‘black marble’ of Denée is a fossil conservatd®posit and belongs more particularly to the
‘obrution deposits’ of Seilacheat al. (1985) (Mottequin 2008). The turbiditic sedimerdatiwith smothering
effect (rapid burial) combined with deficient oxygdion of the bottom waters favoured the exceptiona
preservation of the faunas (e.g. fishes, echinaigbkiuroids) by inhibiting the development of thecrophagous
and saprophagous organisms during the depositithredblack marble’ faciesensu stricto

HANCE L., POTY E. & DEVUYST F.X. 2001. Stratigraphie séqueh& du Dinantien type (Belgique) et corrélatioreate Nord de la
France (Boulonnais, Avesnoifulletin de la Société géologique de Fraid®: 411-426.

MOTTEQUIN B. 2008. The ‘black marble’ of Denée, @s$il conservation deposit from the Lower Carbanifie (Viséan) of southern
Belgium.Geological Journa#3: 197-208.

SEILACHER A., REIF W.E. & WESTPHAL F. 1985. Sedintelogical, ecological and temporal patterns of flelsagerstatten. In
Whittington H. & Conway Morris S. (eds), Extraordny Biotas: Their Ecological and Evolutionary Siigance.Philosophical
Transactions of the Royal Society of Lon@dAd: 5-23.

Key words: ‘black marble’ of Denée, Carboniferous, Viséanigiam
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IGUANODONTIANS FROM THE WEALDEN OF BRITAIN AND
EUROPE

David B. NORMAN

Department of Earth Sciences, University of Camig&CB2 3EQ, UK

Basal (non-hadrosaurid) iguanodontians are, witttmutbt, the most important group of ornithischian
dinosaurs to have been discovered, collected ardiest in Wealden-aged beds across western Eurdpsr T
remains were first recognised and described séiwaity in 1825 on the basis of disarticulated afissociated
remains (primarily distinctive teeth) collected rfrooutcrops of “Tilgate Grit” (Horsham Stone: Hawénh
Stage) in Sussex by Dr and Mrs Mantell (aided b febourers working in several quarries in thenitg of
Whiteman'’s Green, Cuckfield). While such remaingevenique and distinctive at the time, and meritesl
creation of a new genuguanodon(Mantell, 1825), posterity has demonstrated tleatht of this general
morphology are common to a range of ornithopodtbisthian dinosaurs that have now been identifrechf
rocks that span much of the Late Jurassic and Eadiaceous; as well as such geographically dispaegions
as Eurasia, North America and North Africa (Norm2004).

Attempts to rationalize the taxonomy of European M&aaged ornithopods (and approximate
contemporaries from other geographic regions) le@s lthe long-term aim of a series of studies thaktbeen
produced across the past two decades (Norman, 1988, 1991, 2002, and references therein). Suchest
necessarily encompass the range of variation erdibby ‘osteological species’ (consistent operaion
taxonomic units) and need to be based on detaiedomical comparison of known material. Early work
determined that it was appropriate (to ensure héstbstability) to preserve the generic name hbaldshing a
holotypelguanodon anglicugHoll, 1829) by determining a lectotype and paratgeries from the specimens
described collectively by Gideon Mantell. Subsedlyerfurther material was collected from both lower
exposures (Wadhurst Clay — Valanginian Stage) ef Wealden, particularly in the Hastings area (thés
described piecemeal agyjlanodon mantelliby Richard Owen in the Palaeontographical Monphgaseries);
and at the same time occasional remains from theld&e Marls (Barremian) of the Isle of Wight welsca
described by Owen under the same taxonomic name.

The spectacular discovery of fully-articulated dmjiod dinosaurs at Bernissart in the late 1870s
(described in numerous articles by Louis Dollo [1882 sed summarised in Norman, 1980, 1986) added
enormously to the general understanding of theoamabf these types of dinosaurs and led to thegmition of
two distinctive groups of dinosaurs still currenday: Saurischia and Ornithischia (Seeley, 188uyther
material collected from the Isle of Wight was dédsed by J.W. Hulke and by the late 1880s it became
increasingly obvious that the range and varietBofish material attributed to the nominal genlguanodon
manteli” was disparate stratigraphically and morpholadfiz. Richard Lydekker in a series of review papers
(1888-1890) revised the taxonomy of what was themw and created a new taxonomy that encompassed th
lower and upper Wealden representatives, alonghieie known mainland European forms. Recent wogk th
has not benefitted from the examination of the inematerial suggests that a radical taxonomigsien is
necessary.

DOLLO, L.,1882. Premiéere note sur les dinosaur@m8ernissarBulletin de la Musée Royale d'Histoire NaturelleRkgique I: 55-80.

MANTELL, G.A., 1825. Notice on théguanodon a newly discovered fossil reptile, from the saods of Tilgate forest, in Sussex.
Philosophical Transactions of the Royal Society@mfdon CXV: 179-186.

NORMAN, D.B. 1980. On the ornithischian dinosdagonanodon bernissartensisom Belgium.Mémoires de I'Institut Royal des Sciences
Naturelles de Belgiquel 78: 1-105.

NORMAN, D.B., 1986. On the anatomy lfuanodon atherfieldensi®rnithischia: OrnithopodaBulletin de I'Institut Royal des Sciences
Naturelles de Belgiqué&6: 281-372.

NORMAN, D.B., 1990. A review oVectisaurus valdensisvith comments on the family Iguanodontidae. Carpenter, K. & Currie, P.J.
(eds.),Dinosaur systematics: approaches and perspect®ambridge University Press, Cambridge, pp. 14Z-16

NORMAN, D.B., 2002. On Asian ornithopods (DinosaurOrnithischia). 4. Redescription Bfobactrosaurus gobiensiRozhdestvensky,
1966.Zoological Journal of the Linnean Society (Londdi86: 113-144.

NORMAN, D.B., 2004. Basal Iguanodontitn: Weishampel, D.B, Dodson, P., & Osmolska, H., €flse Dinosauria University of
California, Berkeley, pp. 413-437.

SEELEY, H.G., 1887. On the classification of thedibanimals commonly nhamed Dinosauffaoceedings of the Royal Society of London
43:165-171.
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A NEW SAUDI ARABIAN TAXON OF ACANTHOTHORACI
(PLACODERMI): QUESTIONS ON PLATE HOMOLOGIES AND
GROWTH

Sébastien OLIVE! 2 Daniel GOUJET?, Hervé LELIEVRE 2

!Institut Royal des Sciences Naturelles de Belgiques Vautier29, 1000 Bruxelles,
Sebastien.Olive@sciencesnaturelles.be
2UMR 5143 CNRS-Muséum National d’Histoire Naturellde Paris, 8 rue Buffon, 75005 Paris,
goujet@mnhn.fr, lelievre@mnhn.fr

Skull roof patterns of an exceptionally well presat new Saudi (Al Qalibah area) Acanthothoraci
(Placodermi) are described and submitted to twdysisa the first one aims to establish the skubte$
homologies and the second aims to study their drgndcess.

This new taxon presents a skull roof subject torapoirtant variability, not only in relation to the
other Acanthothoraci but also in relation to itsélfis illustrated by the presence of supernumepdates. The
model of placoderm skull roof pattern is generdhgt of Arthrodira, one of the historically earliegroup
described, generally used as a reference for thierefit taxa of this wide group. The interpretatiohthe
acanthothoracid skull roof pattern of the Saudotaftom an arthrodire model is the principal paifithis study.

A new plate has been defined: the endolymphatideplét is an independent plate, which bears the
endolymphatic foramen. Thanks to that new plate iteslogy, news homologies can be proposed within the
main groups of placoderms.

Growth concentric lines have been observed on quates of several specimens. It is the first time
when we can see this kind of lines within the Abatttoraci. They are particularly well observed oacémens
having suffered a partial erosion. Thanks to thisoaa analyse the individual growth of the postepost-
orbital plate, nuchal plate, pre-orbital plate asshtral plate. All present an allometric growth.ring their
development, their relative growth in length is manportant than in width. Despite that allomeimg observe
different growth tendencies according to the plagédure and position in the skull roof. Each plats laa
particular behaviour which patterns the overallpghaf the skull roof.

Key words: Acanthothoraci, growth, homology, Placodermi, Sardbia
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THE LATE CRETACEOUS CONTINENTAL VERTEBRATE FAUNA
FROM IHARKUT, WESTERN HUNGARY — A REVIEW OF THE
NEWEST RESULTS

Attila Sl

Hungarian Academy of Sciences—Hungarian Natural H®y Museum, Research Group for Paleontology,
Ludovika tér 2., Budapest, Hungary, hungaros@freeitai

The Late Cretaceous vertebrate locality at Iharkitha Bakony Mountains (Csehbanya Formation)
yielded the only known Mesozoic continental verédbrfauna from Hungary. The fluvial Csehbanya Fdiona
has yielded associated skeletons and over 500&ésbbones and teeth of at least 24 different beate taxa.
New palynological and paleomagnetic studies furttmnfirmed the earlier established Santonian agthef
bone-bearing beds in the formation. Sedimentoldgicel taphonomical evidences clearly indicate tinat
majority of isolated bones, generally collectedansiliferous pockets, were accumulated in a coegramed,
channel deposit of an alluvial flood plain. Alongtlwthe remains of invertebrates (ostracods andbés),
preliminary results of the stable isotope compositiaken from the tooth enamel indicate a freshwate
environment.

Important elements of the fauna are the lepisastaifand pycnodontiform fishes the latter documented
by jaw elements and teeth, and represent the sdamn European occurrence of these fishes in fatdr
environment. Besides albanerpetontids, amphibiamsepresented by two taxa of a new family of frotise
toppredators in the aquatic habitat of the Ihaddisytem were the mosasaurs (Mosasauridae nsg.)rwhich
are known from well-preserved cranial and abungestcranial material. At least four different taofasmall,
terrestrial lizards are recorded in the assembl&gmains of turtles indicate the presence of aelaiged
bothremydid turtle whose closest relativéd-isxemysmnechinorumlharkutosuchusnakadiiwas a small-bodied
basal eusuchian crocodylian, up to one metre igtterthat is characterized by its heterodont dentihcluding
multicusped teeth, and a unique transverse jaw mewe facilitating effective oral food processing.
Furthermore, the crocodylian assemblage providédkeace for the oldest known alligatoroid eusuchiamg a
ziphosuchian formDoratodon which indicates the faunal exchange between Gandvand the Mediterranean
archipelago.

Pterosaurs were represented by azhdarclidkonydracogalacz) having a wing span of up to four
metres. The non-avian theropod dinosaur assembfagemposed mainly of isolated teeth and postcranial
remains. Several dozens of medium-sized teethreefeio basal tetanurans are identical with thoseahef
Campanian of eastern Austria. Although another amian theropod taxon is known only from a singlellw
preserved ungual phalanx, its characters unambgyaefer it to the Abelisauridae. This find is thilest
occurrence of the group in Europe and it furtheersjthens the paleogeographic argument that besides
Laurasian taxa, the Mediterranean archipelago vaasiahabited by Gondwanan forms already in theydaate
Cretaceous. The richest material of non-avian fhade is from small-bodied dromaeosaurs. Ihark@n®ng
the exceptional localities where avian material esn also found. The few isolated limb bones mdiat least
two different taxa of Enantiornithes. In contrast rhost other Late Cretaceous vertebrate sites inpEuro
rhabdodontid ornithopods are poorly known in IharKihe best represented archosaurian taxa is tthesaarid
ankylosaurHungarosaurudormai. Based on comparative anatomical and phylogemasiityses, several taxa,
reported from the Santonian of lharkdt show a cletationship with much older forms. The closesatiee of
Iharkutosuchusgs Hylaeochampsa vectiarfaom the Barremian of the Isle of Wight. The bassghnuran teeth
from lharkdt strongly resemble the teeth Mf dunkeri from the Wealden of England, amtlingarosaurus
(together withStruthiosaurusare more primitive than their Early to Middle Gre¢ous relatives. These features
of the fauna may suggest that the lharkat aredezkass a refugium during the Santonian.

Key words: vertebrate fauna, Santonian, lharkdt, Hungary
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A NEW IGUANODONTIAN DINOSAUR FROM THE EARLY
CRETACEOUS YIXIAN FORMATION OF WESTERN LIAONING,
CHINA

Rui PAN !, Yihan WANG 2, Xiaolin WANG *

Institute of Vertebrate Paleontology and Paleoanthampgy, Chinese Academy of Sciences, Beijing 100044,
China, P.O.Box 643 deep.bluesea@163.com
2Department of Biology, Capital Normal University,d\105 Northwest Third Ring Road, Beijing 100048,
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In this paper we will report a new juvenile igudoatian dinosaur from Yixian Formation, west
Liaoning. China. So far a lot of feathered theropad small ceratopsian dinosaurs have been repanéd,
quite a few large herbivorous dinosaurs sucbirzhousaurusire known in Yixian Formation. Here we describe
a new species of large herbivorous dinos&ame characters are different from that of the ntegoones. The
premaxilae, unlike that of Jinzhousauruslguanodon bernissartensishe rostral portion doesn’t prominent
curve downward to the tip of the snout. And theyrid expande laterally to produce a flared “bedlie
surangular, like that oAltirhinus andLanzhousaurusthere is a small embayment present at the leiterthe
base of the coronoid process, but such embaymabsent irEquijubusandiguanodon.

The humeri are straight and have low elto-pectanast. That aparently differ with that of
JinzhousaurusHadrosauridaeor Nanyangosaurysut similar withCamptosaurugndOuranosaurus

The illum has a long tape preacetabular processanglightly everted dorsal margin. The preacdtabu
process forms a “u” shape with the public pedundlee pubic peduncle curves smoothly to the ischium
peduncle. These are much l®eranosaurus nigeriensisut quite different withguanodon and Camptosaurus.

The shaft of the pubis is nearly half of the lengthschium, that's quite different witBryosaurus
altus and Tenontosaurus tillettiwhile their pubis has almost the same length of ischidmd its prepubic
process is blade-shaped and expands distally,gaghightly toward its distal end. But the anterpgart of the
blade doesn’t upturn. It also lacks a symphysis. s€hare similar characters witBuranosaurusand
Hadrosaurids

Key words: Iguanodontia, Jehol Biota, Early Cretaceous, Yiiammation, west Liaoning
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LOWER CRETACEOUS DINOSAURS OF SPAIN: AN OVERVIEW
BASED ON SKELETAL REMAINS
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The Lower Cretaceous formations of Spain (mainly WWealden facies [Valanginian-Barremian] and
those correlated with the Urgonian deposits [Bai@e@rf\ptian]; the Purbeck facies [Tithonian-Berriagia
which include the Jurassic-Cretaceous transition, rot considered here) have yielded abundant dimos
remains. The fauna consists of theropods, sauroplaglgophorans and ornithopods; seven genera agaiesp
defined in Spain are exclusively known in this doynThe Spanish record is one of the best knowBLlrope,
only surpassed in biodiversity by the classicabdaur sites of England. Although the earliest dimogsemains
from the Early Cretaceous of Spain were describatién1870s, the first fieldworks were not undertaketil
the 1920s. Most of the meaning discoveries hava besle in the last 25 years.

The most significant Spanish locality is tienservailagerstatof Las Hoyas (Cuenca). Othe important
sites include those of Salas de los Infantes (Bs)tgGalve (Teruel), Morella and Cinctorres (Castello
Golmayo (Soria), Igea (La Rioja), EI Montsec (Lleid@gstellote, Josa and Pefiarroya de Tastavins (Teruel)
and UfAa (Cuenca) have also yielded relevant dimosgaecimens. With the exception of El Montsec (Pgaen
Realm), all the others mentioned belong to theidimeChain (Cameros Basin, Maestrazgo Basin, Ceatrdl
SW Iberian Chain). Dinosaur tracksites, very abahdathe Cameros Basin, are not taken into accbers.

Ornithopods are the most abundant and diversifiembsaurs from the Early Cretaceous of Spain.
Iguanodontoids consists duanodon bernissartensand Iguanodon(Mantellisauru$ cf. atherfieldensifrom
Castellon, Cuenca, Teruel and Burgos, and a newsgamii species yet undescribed from Teruel. Otheni§pa
material is provisionally referred to aguanodonsp. or as lguanodontoidea indet. “Hypsilophodaitidre
represented byHypsilophodoHike and Othnielialike forms from Burgos, Castellén, La Rioja and Tedru
Dryosaurids include¥aldosaurussp. and Camptosaurusvaldensisrom Burgos and Teruel.

Among theropods, the ornithomimosadelecanimimus polyodorand the enantiornithine birds
Iberomesornis romeraliConcornis lacustrisEoalulavis hoyasare known from Cuenca, and the enantiornithine
Noguerornis gonzaleZiom Lleida. Indeterminate enantiornithine speciméave also been found in the same
sites. Spinosauroids includgaryonyxlike and indeterminate baryonychine material fr&urgos, La Rioja,
Teruel and Castellén. In addition, other theropod thave been described in the Spanish record:aallogls,
carcharodontosaurids, dromaeosauritonychodorike andRichardoestesidike, most of them on the basis
of isolated teeth.

The sauropod association is dominated by titandsaon$. Tastavinsaurus sanzand tentatively
Aragosaurus ischiaticuare regarded as basal somphospondylians. The peeeéa member of Titanosauria in
Teruel needs to be confirmed on the basis of mongptzie material. Basal titanosauriforms are represkby
indeterminate brachiosaurids from Castellén aRtbtirocoelus valdensisteeth from Teruel. Teeth similar to
those of Euhelopushave also been described in Teruel.. The only ianesauriform sauropods are a
rebbachisaurid diplodocoid from Burgos (that prdpatepresents a new genus and species) and teeth of
“Oplosaurus armatisrom Teruel.

Finally, the thyreophorans consists of the ankylogolacanthussp. from Burgos, Castellén and Soria,
and indeterminate stegosaurs from Burgos and Teruel.

The dinosaur associations of the Early Cretaceo@pain are singular and complex. These faunas are of
particular palaeobiogeographical interest on actatdirthe special location of the Iberian Plate tovyide a
better knowledge of the connections between the dstam and Gondwanan landmasses during the Early
Cretaceous.

Key words: Dinosaurs, Early Cretaceous, Valanginian-Aptiargisp
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EARLY CRETACEOUS ORNIHTOPOD DINOSAURS FROM ROMANIA

Erika POSMOSANU
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The Early Cretaceous (Berriassian-Valanginian) veatebfauna from the bauxite deposits of Cornet —
Lens 204, North-Western Romania consists of dingsgoterosaurs and possibly birds. Among dinosaurs,
ornithopods are over-represented. The fragmenthsgrticulated, and somewhat sorted nature of theerial
makes establishing the taxonomic identities ancbgenetic age difficult. Tiberiu Jurcsak made thestfir
taxonomic interpretations of the ornithopod faunad aidentified Hypsilophodon sp., Valdosarurus
cannaliculatus Iguanodoncf. mantelli andVectisaurus valdensiglurcsak and Popa, 1978, 1979). The latter
was subsequently considered a junior synonyrigoeénodon atherfieldensi@Norman, 1990). Revision of the
ornithopod fauna concluded thidypsilophodoncan not be attested, tMaldosaurusemains can be identified
as Dryosauridae indet., among Iguanodontidae théerrah is referable tolguanodon sp., and among
euornithopoda, t€amptosaurusp. (Tallodi-Posmosanu and Popa, 1997; Posmos@fa).2

Ornithopod postcranial anatomy is fairly consematiso most of the Cornet material cannot be
taxonomically identified with confidence. NormandaBarrett, 2002 comparedamptosaurusand Iguanodon
teeth and referred, hoggii to as Camptosaurusi Tallodi-Posmosanu and Popa (1997) first recognibed
similarities between the Cornet dentary teeth dude ofC. hogii The lingual surface of the Cornet dentary
teeth crowns (MTCO [Tarii Crisurilor Museum Oraded)]. 333, 19.195, 20.265, 20.796, 20.798) are equally
sub-divided by simple, well-defined and equal sipeiinary and secondary ridges, tertiary ridges aosent.
The lingual surface of each crown is covered byiekthayer of enamel, which exhibits visible transses
fluting. The consistent feature seen in the demitjavhich separat&Samptosaurus hoggfrom any other taxa
according to Norman and Barrett (2002) is the abseari an abbreviated cingulum on the distal magjithe
crown. None of the Cornet dentary teeth crownslayspthis distinctive inrolled edge on the distalrgin of the
crowns, resembling the abbreviated cingulum. Thamentation of the marginal denticles in the bess@rved,
unworn teeth resembles the ornamentation deschigedorman and Barrett (2002) f&@. hogii Thus, the
Cornet dentary teeth can be referredGamptosaurus hoggiiThe systematic position dE. hoggii was
considered at best provisional because the holatges not possess unambiguous diagnostic featNoemén
and Barrett, 2002). According to Carpenter and Wvilg2008), C. hoggii does not belong to the genus
Camptosaurushecauséts dentary is too different to that Gf aphanoeceteandC. dispar.

Because of the isolated, fragmentary nature ofdksils and the fact that some postcranial elemeaits
Dryosauridae are not distinguishable from thosesmofll camptosaurs and small iguanodontids, the &€orn
material can be most confidently identified as alime-sized, camptosaur-like ornithopod, living n€arnet in
Berriassian — Valanginian period.

CARPENTER, K, & WILSON, Y., 2008. A new species@imptosaurugOrnithopoda: Dinosauria) from the Morrison Forioat(Upper
Jurassic) of Dinosaur National Monument, Utah amibanechanical analysis of its forelimbnnals of Carnegie Museym6: 227-
263.

JURCSAK, T., POPA, E., 1978. Resturi de dinosaifigbauxitele de la Cornet (BihoBlymphaea6: 61-64.

JURCSAK, T., POPA, E., 1979. Dinosaurieni ornitopin bauxitele de la Cornet (MunP durea Craiului)Nymphaea7: 37-75.

NORMAN, D.B., 1990. A review oVectisaurus valdensisvith comment son the family Iguanodontidée. Carpenter, K. & Currie, P.J.
(eds.), DinosauBystematics: Approaches and PerspectiGesnbridge University Press, Cambridge, pp.147-161

NORMAN, D.B. & BARRETT, P.M., 2002. Ornithischiannbsaurs from the Lower Cretaceous (Berriassiargngfland.Special Papers in
Palaeontology68: 161-189.

POSMO ANU, E., 2003. Revision of the Early Cretaceousodaur (ornithopoda) collection from the bauxite a@plLens 204 - Cornet,
RomaniaNymphaea, Folia Naturae Biharia80: 25-38.

TALLODI-POSMOSANU, E. & POPA, E., 1997otes on a Camptosaurid dinosaur from the Lowerna€emus bauxite, Cornet —
Romania Nymphaea23-25: 35-44.
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FAUNAL ASSEMBLAGES AT THE JURASSIC/CRETACEOUS
BOUNDARY: COMPARISON BETWEEN SOME WEST EUROPEAN
CONTINENTAL SITES

Joane POUECH, Jean-Michel MAZIN
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joane.pouech@pepsmail.univ-lyonl1.fr
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Study of the Berriasian site of Cherves-de-Cogn@bafente, France) has revealed a rich and
diversified vertebrate fauna, mainly known from @mmicro-remains. This fauna was deposited in @dag
environment, evolving from brackish water to lacingt deposits. Quantitative study of the biodivgréiom
micro-vertebrates leads to understand the deppaltimodalities of this allochtonous fauna broughttle
depositional setting. Three families of aquatictelerates are well represented, associated with iiopk taxa
(crocodilians). The terrestrial fauna is recordedy arccasionally, thanks to exceptional events asdlor
continental washing. Among this fauna, mammalswak represented as they contribute for more thadb ®f
the terrestrial diversity.

The vertebrate fauna identified is close to otherstAFeuropean records from diverse continental or
margino-littoral environnements, and it is inteirggtto replace the information from Cherves-de-Gagim its
temporal and geographical context. Comparison desu/Nest European sites ranging from the Kimmendtpa
the Barremian, which have yielded a well diversiffauna and/or Mesozoic mammals, known for maanod/a
micro-remains: Bornholm (Denmark), Bernissart (Ratg), Isle of Wight and Purbeck Limestone Group
(England), Boulonnais, Canjuers, Cerin and Chasgjfsance), Oker and Solnhofen (Germany), Buenache,
Galve, Las Hoyas, Montsec, Ufia and Vallipon (Sp&nijimarota and Lourinha Group (Portugal).

Multivariate analyses regroup the sites accordinipé ecology (aquatic or terrestrial) of the nfauma
recorded. Differences in depositional environmentage are of weak influence in the organisationthaf
phenograms. On another hand, it seems there igsndniination based on the geographic distributadrihe
sites.

Moreover, this analysis reveals a hierarchy in tkeording of the continental fauna in these
assemblages. Aquatic and amphibious taxa aredapgbsited in the depositional setting. Then, thedspare
currently known, sometimes with others familiedafosaurs. It seems that mammals are present allythe
precedent members are already known in the fossd@rablage.

Finally, the distribution of the mammals familieand the Jurassic/Cretaceous boundary suppose a
faunal change among the mammalian community, wbéziurs probably during the Berriasian, which questi
the positioning of the limit between the two system

Key words: Jurassic/Cretaceous boundary, West European eatdirsites, faunal assemblages
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DESCRIPTION AND WEST EUROPEAN AFFINITIES OF THE
MAMMALIAN FAUNA OF CHERVES-DE-COGNAC
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The site of Cherves-de-Cognac (Berriasien, Early a&€esius, Charente, France) has yielded a
diversified and abundant fauna, mainly known froemtal micro-remains. Several teeth of mammals Heen
found corresponding to six families, present in YWEgrope at the Jurassic/Cretaceous boundary.

Three teeth belong to the order Eutriconodonta, tWothem are reported to the sub-family
Triconodontinae. Multituberculates are known by aque speciesPinheirodon pygmaeusepresented by
several dental morphologies (upper incisors, upmed lower premolars, lower molar). Two families of
symmetrodonts have been identified. The first oflgereuodontidae, is known by an upper molar, bat th
validity of this taxon can be questioned. Thre¢htese reported to the family Spalacotheriidae, mgrithem one
molar is close to the speci8palacotherium evansa&he family Dryolestidae is the one of the besta@epnted
family, known by an upper molar and several lowetars. Finally, a half lower molar (trigonid) isrderred to
the genu$eramus

Terrestrial fauna is known in an unique level in gieglimentary series of Cherves-de-Cognac, where
mammals represent only 0.08% of the vertebrateimgas, but 19% of the family diversity. Among these
terrestrial taxa, mammals contribute for more tBa% of the number of specimens and number of familThe
Cherves-de-Cognac mammalian assemblage is maintgsented by multituberculates Pinheirodontida&o(50
of the known specimens) and Dryolestidae (23%).

By comparison with the others west european sitesjdentified assemblage suggest closer affinities
with the fauna from the Upper Jurassic and the E@rgtaceous, especially with Porto Pinheiro (Beiaia,
Portugal) and particularly with the Purbeck Limest@roup (Berriasian, England), where the six famifrem
Cherves-de-Cognac are already known.

Key words: Cherves-de-Cognac, Berriasian, Mesozoic mammals
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THE KARSTIC PHENOMENON OF BERNISSART PIT AND THE
GEOMORPHOLOGIC SITUATION IN THE MESOZOIC TIMES

Yves QUINIF
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Bernissart pit belongs to a family of great vatiaylindrical features which cross over the
Carboniferous terranes of Pennsylvanian and hagie ibots in the carbonated Mississippian. Theighis are
more of some hundred meters. Their origin is dukatstic phenomena which developed in the Missisaipp
carbonates and evaporites. Some pits are blind: fuemits are situated in the coal bearing fororei
Geological observations have permitted to find aitg which have reached the summit of the Paleozoic
basement. In this case, the upper part of the spifilled by Cretaceous sediments which are datedh fr
Barremian to Albian (in Bernissart pit) or Turonigm Ghlin pit).

The genesis of those pits depends of the intemsity the dating of the deep karstification of the
carbonated and evaporitic Carboniferous. Thus, g&s af the trapped sediments give an upper limitHat
deep karstification. We conclude that this karsgifion has had its intensity maximum from the loweithe
beginning of the upper Cretaceous. During this $inméerval, the limestone’s at the north bordethaf Mons
Basin from Tournai to Soignies are well karstifidithus, we note that an intense phase of karstifinatakes
place during this period. We can also conclude that voids which contain presently hot water in the
geothermal aquifer develop at this time.

Two important problems must be solved: why thisskfication phase takes place during this period
and how can we reconcile dissolution at a precatpvhich can generate a high karstic pit and gioreal
dissolution which can conduct to a regional subsige To have a deep karstification, we must haviegut and
an output of the aggressive fluids. The input regian be localized at the north of the Mons Bashere
limestones outcrop. But the output area remainswbs The deep karstification is essentially prodbliethis
time interval because there is a tectonic phasxt@nsion, which permits subsurface karstificatbthe North
and the deep penetration of aggressive water uih@ePennsylvanian. The output of the saturated isakit
would can possible by convection cells in the th&ss of the Mississippian. The stop of the kacstiion
situated when the great transgressions set umglthie Turonian. Concerning the relation betweasalution
at a precise point which can generate a high kapstiand a regional dissolution, the origin coble in a
beginning dissolution process at a precise poiattrolled by tectonics conditions. After, followingpme
favorable bed, this dissolution could progress e

CORNET J. & BRIARD A., 1870 — Notice sur les puitsturels du terrain houiller. Bull.Soc.Belg.Gé®&al. Et d’Hydr., XXIX, n°5.

DELMER A., LECLERQ V., MARLIERE R., ROBASZYNSKY F.1982 — La géothermie en Hainaut et le sondage i @ons,
Belgique). Ann.Soc.Géol. du Nord, TCI : 189-206.

DELMER A. & VAN WICHELEN P., 1980 — Répertoire dgsiits naturels connus en terrains houiller du HainBrof. Paper, Service
Géologique de Belgique, 172 p.

DUPUIS C. & VANDYCKE S., 1989 — Tectonique et kéisation profonde : un modéle de subsidence o&bjpour le Bassin de Mons.
Ann.Soc.Géol.Belg., 112, 2 : 479-488.
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Sebecosuchian crocodiles are bizarre, deep snoatpbpdont forms well adapted for terrestrial,
carnivorous lifestyle. Most of their record comesni the Upper Cretaceous — Miocene of South Ameaiwh
only a few remains have been reported from the Cagtaceous of Pakistan and the Eocene of Port8gain
and France (Ortega et al., 1996; Carvalho et @b52Paolillo & Linares, 2007). Questionable sebachains
are known from the Eocene of Algeria and Germanyhwrir affinities with the Trematochampsidae cah
excluded (Buffetaut1988). The Sebecosuchia is widely accepted to formoaophyletic group and together
with its presumed sister-taxon, the Notosuchiay thake up the larger clade Ziphosuchia.

The Late Cretaceous crocodile fauna of Europe is iolat@il by eusuchains, no sebecosuchians have been
identified before. The only described non-eusuchiarcodiles ardschyrocampsarom the Campanian of
France andDoratodon from the Campanian of Austria and Spalschyrocampsas considered to be a
trematochampsid anBoratodonis here recognized as a sebecosuchian. PresBattgtodon comprises two
species, the type speci@sratodoncarcharidensBunzel, 1871 from Austria arfdoratodonibericusCompany,
Suberbiola, Ruiz-Omenaca & Buscalio8D05 from Spain. AsDoratodonis mainly known on the basis of
mandibular material (only part of the maxilla hab known from the skull) its phylogentic relatibimshas
been highly controversial during the last two ceiel The most recent study was that of Company; é€2@05)
who performed a phylogenetical analysis which pdederatodonas the sister-taxon of the Sebecosuchia. The
study of newDoratodonmaterial from the Santonian of Hungary (lharkigdlity) and the revision of the type
of D. carcharidengevealed that this taxon is in fact lies withie tBebecosuchia. Comparisons to several non-
neosuchians, including the Notosuchia, Trematoclsadap, Peirosauridae and Araripesuchidae were made
mainly using the literature and the most similagtiwere found with sebecosuchians. The relatiossbfp
Doratodonwithin this group were investigated for the fitighe.

The Hungarian occurrence of the genus is represéytadragmentary maxilla and a dentary and isdlate
teeth. A pterygoid and a quadrate are also refeiwethis form. Comparisons between the two speofes
Doratodonshowed that the Hungarian taxon is more closéitad toD. carcharidenghan toD. ibericus
Concerning the pterygoid from lhark¥oratodonis more primitive than the Baurusuchidae @&@rétesuchus
and propably more closely relatedSebecusZulmasuchusndBarinasuchusecause of the participation of the
pterygoid in the suborbital fenestra and the absefi@n extra pterygoid forameoratodonseems to be more
primitive than these latter three because of tiesgnce of an antorbital fenestra but it is probafye derived
thanPehuenchesuchumecause of the presence of serrated teeth.

The new interpretation ddoratodonimplies that the dispersion of the group to Eureg@es not through
Indopakistan and Asia during the Eocene as prewiaigigested by Carvalho et al. (2005). It is miasty that
Sebecosuchians used the South-American-Africarbléaige which persisted at least until the Aptian #mey
reached Europe from North-Africa through Apulia abéria at least by the Santonian. This hypothésis
consistent with new discoveries from Africa andoalgith the presumed mid-Cretaceous apperaenceeof th
Sebecosuchia as suggested by numerous ghost lnédmsever, it supposes a later derivation of ttoeig than
the vicariant model of Turner (2004).

BUFFETAUT, E., 1988. The Ziphodont Mesosuchian @le from Messel: a reassessmedour. Forsch.-Inst. Senckenbed7: 211-
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FORAMINIFERA FROM THE BERNISSART BORING F3
IN THE CONTEXT OF THE MID-CRETACEOUS TRANSGRESSION

Francis ROBASZYNSKI

Faculté Polytechnique de Mons, 9 rue de Houdain, DAOWONS, francis.robaszynski@fpms.ac.be

The Bernissart well F3 was bored in 2002 throughwihole Cretaceous-Paleogene succession of the
Mons basin to locate the levels of the wealdenefaaontaining the famous Iguanodons of BernisJdre
description of the drilling cores gave the follogilithological units (Yans, 2007):

0-8m: glauconitic sands (Paleogene, Thanetian),

8-75m: glauconitic white chalk, chalk with flinteé cherts, marls, basal glauconitic conglomeralesrtia de
Mons (Middle Cretaceous),

75-265m: sandstones, sandy calcarenites, numegponge spicules, conglomerates (Albian “meule”),
265-315m: black clays and clayey sands (wealddagaBarremian),

315-349m: breccias, fragments of Namurian rocles dgtayey matrix.

The goal of the present study was to have morélsletathe Cretaceous stratigraphic successiormFro
7 to 245.50m, 52 samples were taken and processedldase the foraminiferal content, from which 38
delivered benthic and/or planktonic forms. The ntaostratigraphic results are summarized in whdo¥aes:

245.50 to 189.40m: Upper Albiasensu striai by the association ofrenobulimina chapmantCushm.,
Orithostella jarzevagVass.) A. cf. sabulosg(Chapm.) Gavelinella cenomanicéBrotz).

109.60 to 103.10m: Vraconnian by the associatiors obaltica (Brotz.), Epistominacf. cretosa/spinulifera
(Reuss)Vaginulina strigillata bettenstaedéilbers,

77.50 to 70.60m: Cenomanian/Turonian transitionhwihe association ofG. cenomanica G.balticg
Lingulogavelinella globoséBrotz.),

69.50 to 26.20m: Turonian by the associatiohbfitenella archaeocretacd@ess.Praeglobotruncana stephani
(Gand.), Dicarinella hagni (Scheibn.),Bdelloidina cribrosa(Reuss),Helvetoglobotruncana helveticgBolli),
Marginotruncana sigali (Reich.), M. pseudolinneinaPess.,Globorotalites micheliniana(d’Orb.) and the
mesofossillerebratulina rigida,

24.80 to 8m: Coniacian by the associati@avelinella arnagerensisSolakius, Reussella kellerivVass.,
Stensioeina granulata granula{®lIbertz),Globotruncana linneian&d’Orb.).

A distribution chart of all species of foraminifeicund in the F3 boring will be presented in theteo.

It is to note the lack of the uppermost CenomamisranyRotalipora cushmanivas found below the
basal Turonian conglomerate (“Tourtia de Mons”). Bhene feature was observed at the boring Bernig4art
(Robaszynski, 1972a). The two borings BernissartaR@ 41 where the Upper Cenomanian marls lack are
situated at the marginal northern part of the Moasin when, in the central part, at Trith near Veilemes as
in the southern part near Bettrechies and MaubeihgeCenomanian transgression leaved several metres
marls containindr. cushmanf{Robaszynski, 1972b; Leplat & Robaszynski, 1972).

ROBASZYNSKI F. (1972a).- Les foraminiféres pélagigudes « Dieves » aux abords du golfe de Mons @&y Annales de la Société
géologique du Nordd1, 31-38.

ROBASZYNSKI F. (1972b).- Les « Diéves » de Maubeegéurs deux Tourtias (Crétacé supériefinnales de la Société géologique du
Nord, 91, 193-197.

LEPLAT J. & ROBASZYNSKI F. (1972).- Une couche atRigpores dans les “Diéves” (Crétacé supérieursdansondage a Trith (Nord).
Annales de la Société géologique du N&, 199-202.

YANS J. (2007).- Lithostratigraphie, minéralogiedéagenése des sédiments a facies wealdien dunBasdvions (Belgique)Académie
royale de Belgique, mémoire in 4° de la ClasseSt#sncest.9, n° 2046, 178p.

YANS J., DEJAX J., PONS D., TAVERNE L. & BULTYNCK.R2006).- The Iguanodons of Bernissart are mid@Heremian to earliest
Aptian in ageBulletin de I'Institut royal des Sciences natursle Belgique76, 91-95.
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THE ATTEMPTED THEFT OF DINOSAUR SKELETONS DURING TH E
GERMAN OCCUPATION OF BELGIUM 1914-1918 ASATOPIC OF
THE HISTORY OF SCIENCE AND THE HISTORY OF TOTAL WAR

Christoph ROOLF, M.A.

Heinrich-Heine-Universitat Disseldorf, HistorischeSeminar |l (Neuere Geschichte), Universitatsstrae
D — 40225 Dusseldorf, Germany, roolf@uni-duessefdie

My presentation deals with the hitherto largelknmwvn attempts of German scientists to seize Belgia
cultural possessions during the First World WarbRbly the most spectacular examples of these hare t
activities of German palaeontologists and Germaarahhistory museums at the biggest dinosaur eation
site in Europe, which is located in the Belgian towafnBernissart. These took place during the German
occupation of the country between 1914 and 1918oWwimg a plan of the German paleontologist Otekkl
(launched in spring 1915) another Iguanodon sketeteere to be excarvated and transferred to Genaamal
history museums. The work began in June 1916 anddendthout results with the retreat of German top
from Belgium in late 1918.

The establishment of German occupation authoiitiégrge parts of Western and Eastern Europe in the
late summer of 1914 opened up new and unexpectts fof activity for scientists and scientific iigtions.
This included direct participation in the governtmadies as well as counselling functions which wersupport
German occupation policies and war aims. Most bftlaé occupied territories offered ample oppottiesi to
conduct ambitious research projects with the caaifmer of the occupation authorities. This would oftead to
a loot of cultural possessions. That the German patéan was actually a necessary precondition faneso
research projects is illustrated by the followimmsiderations:

To analyse scientific activities during war timei$ necessary and helpful to combine different
approaches. Analytical tools from the history déace can be used in connection with those fromhistery of
particular fields of science and general historithvepecial emphasis on the analysis of modernesiesi in
times of total war. This is of crucial importancechese it is the more or less complete exploitatbrthe
civilian and material resources of occupied coestthat is the hallmark of total warfare in thet2€entury.

The case of the excarvation site in Bernissartndutine First World War shows that even a seemingly
unpolitical, scientific project can become a battteind for different (and often opposing) intergstups within
the occupying body. The driving force behind thenplo further excarvate and ,export” dinosaur siogle from
Bernissart was the paleontologist Otto Jaekel whs & professor at Greifswald university and hadectm
Brugge in Belgium in the spring of 1915 as partaakserve regiment. By proposing new excarvatians/ais
primarily hoping to further his own career. The gatanajor benefactor from the project was going dcthe
Museum of Natural History in Berlin. It was to réee most of the expected fossils and thus to gadstige
among the leading museums of natural history instbdd. The scientific museums and collections iorfith,
Frankfurt, Hildesheim and Hamburg also hoped fboast in their reputation by contributing to costshe new
excarvations. In return, they were to receive ségoanodons of their own. The occupation adminisiratn
Brussels, German authorities and Prussian mingstémi Berlin as well as the German emperor, thiesralorsed
the plans for new excarvations — as long as itndilaffect other war aims in Belgium. Thus, the @ation
authorities strictly refrained from breaking thecdb resistance against the new excarvations byefoftis
resistance originated mainly from the coal mineBénnissart, where the digging was scheduled te pddce. It
was also resisted by the Museum of Natural HistarBrussels. Jaekel, however, had urged for a Germa
administrative body to be superimposed on the mimemforce his plan. This idea that was stronglgated by
the occupying authorities who clearly saw the ingroce of Belgian coal for the German war effort arfth
were also worried about unrest among the workedsiaternational protests against any action thaiccbe
construed as another case of ,cultural barbarishnti® Prussian militarism.

Key words: Belgium, dinosaurs, First World War, German octigmapolicy, plundering cultural assets
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THE RECORD OF CLIMATE AND EUSTATIC CHANGES DURING
THE LOWER CRETACEOUS IN THE “ARCILLAS DE MORELLA
FORMATION” (SPAIN)
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! Departament de Geologia, Universitat de Valéndta46100- BURJASSOT (Valéncia), Spain,
Carlos.santisteban@uv.es
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08201 Sabadell (Barcelona), Spain, andres.santog@iat
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The “Arcillas de Morella” formation is a clastic @ithat contains dinosaur remains - among them thbse
Iguanodon benissartens{Santaféget al 1982) -, from the Maestrat Mesozoic basin. Tlasib was part of the
northern margin of the Tethys and was placed inghstern sector of the Iberian plate during the Lower
Cretaceous.

The “Arcillas de Morella” formation has a maximumctness of 90 m and is early — middle Aptian in
age. It is formed by red clays, sandstones, congflates, green marls and limestones. In the geolibgiature,
the materials of this unit have been interpretedomtinental deposits formed in fluvial floodplanvironments
of a tidal-dominated delta. However, a detailedyasis of the fauna found in the localities with d&aur fossils
and the geometry of the sedimentary bodies allamkithg about a new interpretation.

Most of the deposits of this unit are constitutgdréd clays with intercalations of green marls fiorgn
cycles of marine (marls) and continental (red dlaysterials. The sandstones are present in bigneiiad
bodies or forming laterally extensive units. Theosetones adapted to erosion surfaces. The chaam@e®00 m
in cross section and up to 25 m of depth. In theesjdes the sandstones, there are conglomerages) grarls
and carbonates that contain marine fauna (foraersyifoyster shells and echinoids) and remainsuokg with
borings of marine bivalves. Locally the channeldude very thin laminate facies, with alternatiaissilt and
dark grey lime, rich in organic mater without bidtation traces. Most of the localities with dinos&assils in
this formation are in the infilling parts of thearinels. In these sites remains in anatomical cdiomelcave been
discovered, but also reworked bones that, in sarses; they contain autochthonous marine fauna.

Many of the sandstones bodies are beach depoditsthaly are located inside incised valleys. They
constitute the transgressive system tract of thedesyrepresented by the alternations of green naaudisred
clays. These cycles contain carbonates with tropitaline fauna, at the base, and they finish, on io@m
calcareous paleosoil similar to the modern calidegeloped in semi-arid Mediterranean regions. ldehese
eustatic cycles are in connection with climatic raes developed in the western Tethys during they earl
Cretaceous. Cycles of the same type have alsodessmibed in the sedimentary record of the uppexs3ic of
the eastern Iberia (Santisteban, 2004) and thepeaacognized with independence of the tectonitrob

The existence of climatic changes accompanied btatu®nes in the early Cretaceous in the northern
margin of Tethys, in the eastern Iberia, should haffected the composition and structure of theetrial
ecosystems. The presence of marine and continentahf and autochthonous and allochthonous renaithe i
same fossil sites, reveals the development of géolprocesses that complicates the understandintheof
paleontological record.

SANTAFE, J. V., CASANOVAS, M. L., SANZ, J. L. & CAZADA, S., 1982. Geologia y paleontologia (Dinosasyide las Capas Rojas
de Morella (Castellén, Espafia). Diputaciéon Prowihde Castellén y Diputacion de Barcelona, Castefi@arcelona (Eds.): 1-169.

SANTISTEBAN, C. DE, 2004. Ambiente sedimentarioiglicidad estratigrafica de los materiales de lanfacion “Arenas y arcillas del
Collado” (Cretacico inferior), en el sector de Admte (Valencia)Geogaceta35: 15-18
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The Arcillas de Morella Formation (Aptian, Lower Cre¢ous; eastern lberian Chain, Spain) is widely
known by specialists because it has delivered anddnt and diverse collection of dinosaur rema@algbart
et al. 2003; Ortegeet al. 2006). Despite, only few skeletal fossils haverbdetermined to specific or generic
level. Nowadays, the faunal dinosaur list from tfiemation is shown in Table 1 (references in Sugteal.
2008):

Taxon Site Fossils
Thyreophora| Polacanthus Cantera Mas de la Parreta Postcranjal
Ornithopoda| “Hypsilophodontidae” Teuleria-Millan Postcrania
cf. Hypsilophodorsp. Royo y GOmez collection Tooth
Iguanodonsp. Povet de Sant Llacer; Ana Postcranial
I. bernissartensis El Beltran (Teuleria Azuvi); Cantera Mas de la | Postcranial,
Parreta; Mas Guimera; Masia Eroles; Mas Romelaws, Teeth
Sauropoda | Titanosauriformes Sant Antoni de la Vesp@anteret; Masia Postcranial
Eroles; Cantera Mas de la Parreta
Theropoda | Theropoda indet. Morella; Mas Romeu; El Beltran; Ana Teeth,
Postcranial
Allosauroidea indet. Cantera Mas de la Parreta Teeth
Postcranial
?Carcharodontosauridae  El Beltran Tooth
Spinosauroidea Vallibona Postcranial
Spinosauridae Cantera Mas de la Parreta Positrani
Baryonychinae indet.| Morella; Ana; Cantera MadalParreta Teeth,
Postcranial
Coelurosauria indet. Cantera Mas de la Parreta Teeth
Postcranial

Table 1.Faunal list of the Arcillas de Morella Formation.

We report new fossil findings from the Arcillas d&lorella Formation, including new
“Hypsilophodontidae” material from Mas del Dolcdesiand new Iguanodontia and Titanosauriformes riaater
from Ana site. These new findings will help to urstend the dinosaurs present in the Lower Cretacebhts
Ports (Castellén, Spain).

GALOBART, A., GAETE, R., SANTOS-CUBEDO, A., SUNERI., & VILA, B., 2003. New dinosaur sites in Catalarand Valencia (J/K
boundary and Upper Cretaceous) and a short overafeMesozoic dinosaur sites of Spairhe Palaeontology Newsletter. The
Palaeontological Association. Review Seminar oti®riDinosaur, co-hosted by the Dinosaur Isle Musend the Universtiy of
Portsmouth. Isle of Wight. Abstracg}:103-104.

ORTEGA, F., ESCASO, F., GASULLA, J.M., DANTAS, PAND SANZ, J. L. 2006. Dinosaurios de la Peninsérica. Estudios
Geolbgicos62(1): 219-240.

SUNER, M., POZA, B., VILA, B., AND SANTOS-CUBEDO, A2008. Sintesis del registro fésil de dinosaueibsl Este de la Peninsula
Ibérica. Palaeontologica NovBEPAZ 8: 397-420.
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We studied the sedimentary organic matter (OM) ewinbf a 50-m-long core drilled in lacustrine
Wealden sediments (Middle Barremian-Early Aptiamnirthe dinosaur-bearing Bernissart setting (Belgium
Bulk organic data (Rock-Eval, palynofacies, C/Niagt and carbon isotope measurements on bulk OM and
selected isolated wood fragments were performed.bithk OM distribution shows two organic cyclestthee
stacked in a long-term cyclic pattern. This sequdrasbeen divided into three units. Unit 1 at theebof the
core is characterized by rather low to moderata tmganic carbon (TOC = 2.65 in wt % in averagelgtively
low hydrogen index (HI = 11 to 203 mgHC/gTOC, averaglue: HI = 82 mgHC/gTOC) low proportions of
amorphous organic matter (AOM) and high proportiohwascular plant-derived OM in sieved palynofacies
slides. Units 2 and 3 are characterized by highe€ T®80 wt % in average), with an increasing ancreksing
trend, respectively, relatively higher HI (9 to 3@ HC/gTOC, average value: HI = 159 mg HC/gTO®@} a
generally-dominating AOM content. These featuresiaterpreted in terms of increasimgsitu production and
preservation of OM through time within the fresheranasses. Carbon isotope curve of bulk OM is iméted
as the result of two local patterns in sedimentat{®) the varying contribution af situ AOM vs higher plant-
derived OM, and (2), the possible influence of emea productivity. The trend towards more negatasiges in
the carbon isotope records of wood is similar tat tbserved for bulk OM. Moreover, it is parallelthe one
previously recognized in coeval English Wealdenemeising wood fragments. Therefore, this tren@gsarded
as reflecting the changes of the carbon isotopesratf atmospheric COduring the Middle Barremian-Early
Aptian.

Key words: Wealden facies, Barremian, Aptian, lake, palyniefsic
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MAMMALIAN FAUNA OF HYENA DEN CAVE (ALTAI, RUSSIA)
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The Hyena Den cave is situated in North-westerni ARaissia). It is located on the left bank of thig B
Tigirek River. The cave has a southwestern oriemtafibie entrance is at 115 m above the river leved. ddve
was discovered by Russian scientist N.D. Ovodov1@69. In 2008 the Institute of Archaeology and
Ethnography of the Siberian Branch and Paleontoddditstitute of the Russian Academy of Sciencegesla
new excavations of the site. The Hyena Den cavekerst cavity in Early Silurian limestone. Cave detssof
two horizontal galleries. In 2008, a geologicalfjeeoof untouched horizons was studied in the rigallery of
the cave. Pleistocene sequences of the Hyena Rerheae been divided into 6 levels. The base o$éyeience
is formed by large rocky blocks, which do not resem the cave floor.

Many remains of large and small mammals have bésroekred. The cave was named “Hyena Den”
because a great part of the bones was heavily braki¢h tracks of gastric juice, and hyena’s dagth are
abundant. 3 800 bone fragments of large mammale haen unearthed;7 % of them can be identified and
include the following taxaCanis lupus, Vulpes vulpes, V, corsak, Mustela altaid. meles, Crocuta spelaea,
Panthera spelaesa, Mammuthus primigenius, Equus fegus cf. hydruntinus, Equus sp., Coelodonta
antiquitatis, Cervus elaphus, Megaloceros giganteBes (Pophagus) baicalensis, Bison priscus, Capra
sibirica, Ovis ammon, Ovis-Capr&pecific structure and bone abundance of largenmals does not change
from layer to layer.

More than six thousand small mammal bone fragmbeat® been found in this cave. The structure of
small mammal fauna from Hyena Den cave is typioalLite Pleistocene fauna from Altai. According hoadl
mammals data, layers 1-2 are possibly Holocengénamd layers 3-6 Pleistocene. More than 30 sneathmal
spcies have been recorded: Chiroptera gen idd@scalops altaicaSorex minutissimuy$. mimtus,Crocidura
sp.,Pteromys volansSciurus vulgarisEutamias sibiricusSpermophilusp.,Marmotasp.,Sicistasp.,Allactaga
sp., Apodemus sp., Allocricetulus eversmanniCricetus cricetus Ellobius sp., Miospalax myospalax
Clethrionomys rufocanysC. rutilus, C. glareolus Cricetulus barabensjsAlticola strelzowj A. macrotis
Lagurus lagurusEolagurussp.,Arvicola terrestris Stenocranius gregalidicrotus oeconomy$/. agrestis M.
arvalis, M. middendirfii M. hyperboreusOchotona alpina-hyperboreandO. sp.

Mammal faunas attest the presence, near Hyena &enof steppe landscapes and shrubbery associations
by Late Pleistocene time; forests were not extensivee climate was mild without temperature leapd an
droughts.

The work was supported by the projects nos. 08-G¥880 of the Russian Foundation for Basic
Research.

Key words. Mammals, Late Pleistocene, environment, Altai, Russ
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COMPARISON OF SEDIMENTOLOGICAL DATA IN TWO WEALDEN
FACIES SITES: THE BERNISSART NATURAL PIT AND THE
DANUBE-BOUCHON QUARRY OF HAUTRAGE (MONS BASIN,
BELGIUM). IMPLICATION ON THEIR GEODYNAMIC HISTORY

Paul SPAGNA?, Christian DUPUIS !, Johan YANS?

! UMons, GFA, 9 rue de Houdain, 7000 Mons, Belgiuraul.Spagna@fpms.ac.be -
Christian.Dupuis@fpms.ac.be,
2 FUNDP UCL-Namur, Geology, 61 rue de Bruxelles, 508@mur, Belgium, Johan.yans@fundp.ac.be

This paper compares the wealden deposits of thératgi Danube-Bouchon quarry (Hautrage Clays
Formation) with those found in the recent borehdigi$ed in the Bernissart natural clay pit (Saitarbe Clays
Formation). These two formations have continentii, and are middle Barremian to earliest Aptiarage
(Yans et al 2006; Dejaxet al 2007). Moreover, they have been trapped and coedeill nowadays by
phenomena that can be compared in terms of mechan{gnhydrites layers deep dissolution induced
subsidence) even if the scales of the subsidirg are different.

From a lithological point of view, Hautrage sedirte(235 m-thick) are very heterogeneous, composed
of clays, silts, sands and even conglomeratic beitls,various contains of both sideritic and pyritiodules, and
of pluricentimetrical to plurimetrical in size wodthgments. The environment associated to thosesitspis
interpreted as a flooding plain crossed by numereast-west channels (Spagegaal. 2008). The clayey
sediments (major part of the series) are relatelhdostrine to swampy deposits that took placenduhigh
rising water events when the overflow of the ribbanks leads to the sedimentation of the finesigbest Poor
maturation soils are frequent in the series (maalits bottom), indicating relatively long periodsexudation.
Sandy channels are mainly observed at the topeokdhies (southern front of the quarry), even dfeol(but
smaller) ones have also been described and stirdiesdlower part. Most of the pebble beds arelised on the
eastern part of the south front, probably assatistecolluvial deposits, such as bank sliding, whiould have
been induced by wildfire events (Spagimaprogres3

On the other hand, the 50 meters-thick of Sairae#h8 Clays Formation recently cored (BER3) in the
“Cran aux lguanodons” has been described as ah@nogeneous series, composed of finely laminatekl da
clays (Spagna & Van ltterbeeck, 2006) interpreted/arved sediments. The consistent evolution of hiogh
granulometric content and the organic matter ptigge(see Schnydet al this volume) allows the subdivision
of the wealden series in at least three zones.

At Bernissart the accommodation of the sedimentsponse to the subsidence progression is marked
by the creation of multiple plurimetrical blocksathmoved separately during their downward progoessit
Hautrage, the bigger scale of the subsiding aradsldo the formation of an extrado graben (desdribe
Vandycke & Spagnathis volumg, localised just at the break of slope of the weal strata. The graben
formation is suspected to affect the subsequerimesdation dynamic by a quick induced creation péce,
settled by (lacustrine-like) dark clayey sedimd®sagnain progress.

DEJAX J., PONS D. & YANS J. (2007). Palynology tfetdinosaur-bearing Wealden facies sediments im#teral pit of Bernissart
(Belgium).Review of Palaeobotany and Palynoldgi4, 25-38 (IF 0.867).

SPAGNA P. & VAN ITTERBEECK J. (2006) Lithologicalegcription and granulometric study of the wealdseiefs in two borehole core
drilled in the “Cran aux Iguanodons de Berniss@*W of the Mons Basin, BelgiumPoster - Geologica Belgica Meeting,
Liege.

SPAGNA P., DUPUIS C., & YANS, J. (2008) Sedimentpioof the wealden clays in the Hautrage quakfgmoirs of the Geological
Survey of Belgium n°55 — pp. 35-44.

SPAGNA P. {n progres$ Les facies wealdiens du Bassin de Mons (Belgiqé#ide géodynamique, paléoenvironnementale etisation
industrielle.Phd — Faculté Polytechnique de Mons, Mons.

YANS J., DEJAX J., PONS D., TAVERNE L. & BULTYNCK.R2006). The Iguanodons of Bernissart are middieré@nian to earliest
Aptian in ageBulletin Institut Sciences naturelles Belgidi& 91-95.

Key words: Wealden, paleoenvironment, Hautrage, Bernissadgignamic
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THE PROBLEMATIC FOSSIL BALEEN WHALES FROM BELGIUM

Mette E. STEEMAN

Biological Institute, University of Copenhagen, Uversitetsparken 15, 2100 Copenhagen @,
mesteeman@bio.ku.dk

The Royal Belgian Institute of Natural Sciencesy€8els, houses a large historical collection ofdiéd
Miocene to Pliocene marine mammals, collected duexrpansions of the fortifications of Antwerp dgyithe
middle of the 19 century. Based on the vast amount of material]. Ran Beneden published beautifully
illustrated descriptions of, amongst others, twespgcies of baleen whales that do not belong toddrthe
recent families. They became the foundation of theré taxonomy and understanding of later descrébxithct
mysticetes and they include widely used genera sséHesiocetusand MesocetusTo this day, these species
make up about one third of all described baleemihganysticetes not belonging to recent familieswdver,
Van Benedens mysticete species have also proveel pooblematic. Most of them are based on sevendyges
consisting of single isolated elements from varipags of the skeleton, and they are likely to hariginated
from more than one biological species. Becausemifft syntypes subsequently have been used foraz@maop
for later described material, species that cleantynot closely related have been referred toahwegenus (e.g.
Mesocetus The need for a revision and establishment dbtgpe material is therefore apparent. Cetacean ear
bones are recognised as having good diagnosticeyvalith the periotic slightly more so than the hull
Fortunately, the periotic consists mainly of vergmpact bone and usually preserves well. Most of Van
Beneden’s species contain a periotic among theyggnmaterial. Using the periotic, it is thereforesgible to
establish comparable and diagnostic lectotypesdoeral of Van Benedens species. It should be esigath
that it is not recommended to establish new spdiassd on such limited material, but by using theotic as
lectotypes here, it is possible to define thesd-asthblished and widely cited genera. Comparimegeiperiotics
to those of the better preserved, later descripediss belonging to a contemporary East Atlantim&shows
that the diversity of these mysticete faunas werapgarable.

Key words: Van Beneden, Mysticeti, Taxonomy, Miocene

Figure: lllustration published by P.-J. Van Beneden (18%& partial basicranium including a periotic and
bulla fromldiocetus longifrongone of the most complete syntypes).
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QUANTIFYING GROWTH RATES IN ISLAND DWARF SAUROPODS

Koen STEIN, Martin SANDER

Steinmann Institute, Division Palaeontology, Nussadl 8, 53115 Bonn, Germany
koen.stein@uni-bonn.de

Europasaurus holgerand Magyarosaurus dacuare both of small stature, and the only unequivoca
island dwarf sauropods known so far. A preliminhistological description dEuropasaurugong bones proved
the largest individual was fully grown at about @emgth. The historically debated island dwarf stabf
Magyarosaurus dacu@Nopcsa 1914; Jianu and Weishampel, 1999; Lelo20fi5) has recently been confirmed
by long bone histological analysis (Steital. in Prep.). However, secondary remodellingMagyarosaurus
was so advanced no statements could be made gnovith rate other than it was reduced.

Europasaurudong bones preserve the primary growth recordy wdrtical growth marks. Minimal age
estimates of the studied specimens were obtainedinyting and backcalculating cortical growth matkgotal
5 individuals, estimated at 1, 3, 6, 7 and 17 yeairsmal age, were used to construct a growth cuive
largest individual displays an external fundamestatem, and was estimated at 17 years minimal ldgjag
longbone circumference, it was estimated to hareass of 690 kg. Estimates of mass for the othevithails
were obtained using developmental mass extrapoldfmicksonet al 2000). All individuals plotted on a
smooth growth curve.

Growth curve data show th&uropasaurushad a maximal average growth rate of 74 kglyea2iZ
g/day). On Case’s (1978) chart with maximum grovete versus adult body magjropasaurusplots on the
general dinosaur regression line. However, it hasad away from the sauropods with extremely higbvwgin
rates, towards the prosauropod condition. This méasfecreased its growth rate with a factor 10s Buggests
that sauropod growth rates are highly flexible, ander the right conditions can rapidly be increlsae well as
decreased, analogous to mammals.

CASE, T. R., 1978. Speculations on the growth aaiet reproduction of some dinosauPaleobiology 4: 320-328.

ERICKSON, G. M., AND TUMANOVA, T.A., 2000. Growthurve ofPsittacosaurus mongoliengsborn (Ceratopsia: Psittacosauridae)
inferred from long bone histologgoological Journal of the Linnean Society80: 551-566.

JIANU, C. M. AND WEISHAMPEL, D.B., 1999. The smadleof the largest: a new look at possible dwarfingauropod dinosaurs.
Geologie en Mijnbouw78: 335-343.

LE LOEUFF, J., 2005. Romanian Late cretaceous dimss big dwarfs or small giantsftstorical Biology, 17: 15-17.

NOPCSA, F. von, 1914. Uber das Vorkommen der Dingegin Siebenbiirgeierhandlungen der Zoologisch-Botanischen Geselfscha
54:12-14.

Key words: sauropods, growth, Europe, islands, dwarfism
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THE AFRICAN COUSINS OF THE EUROPEAN IGUANODONS

Philippe TAQUET

Muséum National d’Histoire Naturelle, 8 rue BuffonParis 75005, France, taquet@mnhn.fr

The discovery in Africa in 1966 of the skeletonstefo new Iguanodons in the sediments of the
Gadoufaoua locality (Niger), dating from the Aptidrower Cretaceous), has allowed us to describertew
genera: the first oné)uranosaurus nigeriensis a gracile Iguanodontid, with a facultative lwpkty, with
bumped nasals on the skull and long neural spimeshe dorsal vertebrae. The second dng&dusaurus
arenatusis a heavy, quadrupedal Iguanodontid, with véigrisand robust limbs and a hippopotamus-like body.

These two African Iguanodons are very propdelscendants from the European Iguanodonguasiodon
atherfieldensisandlguanodon bernissartensitheir ancestors were migrating from Europe to @sfrduring the
Lower Cretaceous.

Considering the Aptian datation of the Gadoufaaeality and the morphologic evolution of the Nigeri
Iguanodons, it was suggested in 1975 a Barremianfaigthe Belgian Iguanodons; this age was confirme
recently by a palynological dating of the Wealdedisients of Bernissart (Mons Basin, Belgium).

Key words: Iguanodons, Aptian, Barremian, Niger, Belgium
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FIRST MAASTRICHTIAN VERTEBRATE ASSEMBLAGE FROM
PROVENCE (VITROLLES-LA-PLAINE, FRANCE)

Xavier VALENTIN !, Pascal GODEFROIT? Rodolphe TABUCE?,
Monique VIANEY-LIAUD 3 Géraldine GARCIA !, Wenhao WU?

YPHEP, Université de Poitiers, 40 Avenue du Recteun®au, 86022 Poitiers cedex, France,
geraldine.garcia@univ-poitiers.fr
2Department of Palaeontology, Royal Belgium Instieuof Natural Sciences, rue Vautier 29, 1000 Brussel
Belgium, Pascal.Godefroit@naturalsciences.be
3ISEM, Université Montpellier II, place Eugéne Bathbn, 34095 Montpellier cedex 05, France,
rodolphe.tabuce@univ-montp2.fr

A new Maastrichtian locality from Provence (soutlsteen France) has yielded a diversified vertebrate
fauna, including a zhelesthid mammehklentinella vitrollense (Tabuceet al, 2004) associated with several
groups of reptiles (Squamates, Chelonians, Croeod) and dinosaur families (Abelisauridae,
Dromaeosauridae, Titanosauridae, Rhabdodontidaerokkaaridae). It is the first noticeable report bkt
occurrence of hadrosaurids in Provence. The mooglyobf the dentary and dentary teeth suggeststhieat
hadrosaurid material belongs to a basal form. Itlearly different from hadrosaurid material prexsty
described in Europe. However, the material diseadeso far is too fragmentary to erect a new taXtis new
site offers new perspectives on the diversity amolugion of the European vertebrate ecosystemsnduitie
Maastrichtian. Indeed, the association of hadradawrith titanosaurids an@habdodoris unusual in the latest
Cretaceous of southern France. It questions thethgpis of the replacement of a Early Maastrichteama
dominated by titanosaurid sauropods by a Late Mahtitin assemblage dominated by hadrosaurs duhieag t
Maastrichtian in western Europe (e.g. Le Loaifél, 1994).

LE LOEUFF, J., BUFFETAUT, E., & MARTIN, M., 1994.He last stages of dinosaur faunal history in Europesuccession of
Maastrichtian dinosaur assemblages from the Cabigsouthern France). Geological Magazine, 131:63%5

TABUCE, R.et al, 2004. A eutherian mammal in the latest Cretaceduéitrolles, southern Francécta Paleontologica Polonicad9:
347-356.

Key words: vertebrates, Maastrichtian, Provence, hadrosautidesaur assemblages
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CRUSTAL TECTONIC CONTROL OF THE EARLY CRETACEOUS
DEPOSITS IN THE MONS BASIN (BELGIUM)

Sara VANDYCKE 2, Paul SPAGNA?

! Géologie Fondamentale et Appliquée, UMons, Reshakssociate FNRS, Sara.Vandycke@fpms.ac.be
2 Géologie Fondamentale et Appliquée, UMons, Paul.§pa@fpms.ac.be

In the Mesocenozoic structural geological netwofkhe NW Europe, the Mons Basin is located on a
major inversion crustal zone. Active tectonics dgrthe Cretaceous induced extensional and strigesgstem
well recorded in the sediments of the Mons Basiteims of brittle structures. The deformation analg$ early
Cretaceous Wealden sediments helps to understahd stages of the Cretaceous basin development. This
present analysis has been done mainly in the DaBobehon at Hautrage, after excavating campaigns Th
study also details the relationship between regitatdonic activity and the deposit process.

In the Mons Basin, the outcropping Wealden faciegodits are located on the north edge of the Mons
Basin, where they appear in plurikilometric-sizeatiets (Hautrage, Baudour, Thieu, ..), or in fdénof smaller
natural pits (Bernissart). The investigated Hawgr&lays Formation is middle Barremian to earlieptidn in
age. It is composed of continental clays, silts aadds containing lignite remains, nodular pyrite aiderite
nodules in variable proportions. The depositionaliemment of Hautrage, in the Danube-Bouchon Quéary
interpreted as a flooding plain crossed by E-W maue channels.

Different types of tectonic structures and defoioret are observed. First, spectacular hydraulittifey
with hydroplastic contrasted injection of white-piglays injection in the black sediments was disted.
Displacement has been recognized (around 10 mdtetsgurfaces of fault are not striated. Those bidistic
injection structures are oriented around E-W. Sahé¢hem are indeed deformed by compaction. Secondly
multi-stages of normal faulting are structured immajor E-W graben structure. Centimetric to plugtric
displacements are noted, especially in the chavemsd! bed. This normal faulting coincides with bleginning
of the Mons Basin. Localised on the break of slopehe Wealden strata, the opening of the graben is
interpreted as a response (accommodation) to éward subsidence front movement. On the other hand,
dextral NE-SW strike-slip faults have been observeédese structures cut the E-W graben. Lateral fault
displacement has been proved by sub-horizontdesiisides but also by lateral displacement of th@rbeds
formations observed during the progressive excana®blique jointing has also been observed. $tiike-slip
system is related to regional tectonics. At least] organized NW-SE extensional joints are niaddyeloped in
the black clays beds. This system of jointing carrddated to NE-SW extensional tectonics well knowthe
Mons Basin until the Upper Cretaceous but alschenwhole NW Europe related to the opening of the ¢row
Rhin Graben.

To conclude, tectonic analysis in Wealden sedimemisnecessarily well competent in terms of rocks
mechanics, helps anyway to precise the geodynamicomment during the Early Cretaceous.

Key words: Wealden, tectonics, Mons Basin, clays, faulting
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ORIGINE DE L’'HOMME: LES NOUVELLES DU TCHAD

Patrick VIGNAUD !, MPFT 2
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cedex
?La Mission Paléoanthropologique Franco-Tchadienne este structure de collaboration scientifique entre
I'Université de Poitiers et le CNRS (France), I'Urevsité de N'Djaména et le CNAR (Tchad)

L'Afrique, continent-clé pour l'origine et I'évolon des Hominidés, offre en plusieurs régions de
longues séquences sédimentaires (Mio-Plio-Pléisg)céu sont enregistrés les événements géologigues
climatiques qui canalisent I'évolution des paysagtedes systémes biologiques. Dans ce contextBadsin
intracratonique du Lac Tchad, aujourd'hui en graratéepdésertique et soumis a une intense érosilenée,
renferme de trés nombreux sites fossiliféres ddtédMiocéne sup. a I'Holocéne. Il constitue une mdlav
fenétre, ouverte sur la connaissance de l'originie éévolution des Hominidés anciens.

En 1995, au nord du Tchad, la Mission Paléoanthrgigle Franco-Tchadienne (MPFT) met au jour
"Abel", de son nom scientifiquaustralopithecus bahrelghazafirunet etal 1996, le premier Australopithéque
connu a I'Ouest de la Rift Valley. Il est associgng faune qui indique un age biochronologique de3% Ma.

En 2001, la découverte de Toumai, le plus ancienifldénconnu, dans des sédiments datés de 7 Mauit@nd
revoir de maniere drastique les conceptions dstbire des premieres phases du rameau humain.

Ce crane complet mais déformé et fracturé au abeifenfouissement, a été scanné, "déconstruis' pui
reconstruit en réalité virtuelle 3D. Il est aloxsspible d'intégrer les caracteres morphométrigaaes étude du
crane deSahelanthropus tchadenst de ses relations phylogéniques. L'ensemble atestéres anatomiques et
morphométriques du crane montre dbahelanthropus tchadensappartient bien au rameau humain. Trés
probablement bipéde, il est proche de la divergewee le groupe des chimpanzés. De ce fait, cétteuderte
repousse a plus de 7 Ma I'age de cette dichotdassiquement proposée par les phylogénies moléeslantre
5et6 Ma...

Dans le Mio-Pliocéne, plus de 500 sites paléontqlogs ont maintenant été mis au jour sur 4 secteurs
fossiliferes de composition faunique et d'age diffiés entre 3 et 7 Ma. Plus de 15 000 fossilegtintollectés,
déterminés et inventoriés. Les faunes et les fle@m# étudiées en tant que composantes biologidass
écosystemes. L'étude exhaustive de la faune (taiénguhylogénie, analyses paléoécologiques, ett.ems
cours mais elle permet d'ores et déja de dressesad®@mas environnementaux dans lesquels ont éledué
Hominidés d'Afrique Centrale depuis le Mioceéne sigue.

Dans le Miocéne supérieur (secteur de Toros-Menedla7 Ma), la faune dessine un paysage mosaique
allant de milieux aquatiques a humides (Poissomscddliliens, Tortues, Hippopotamidés, Anthracothésjd
etc.), avec foréts claires et savanes arboréeddBraliens, Bovidés, Giraffidés, Primates, etcdea milieux
plus ouverts de prairies a graminées (LagomorplesgdEs, Bovidés, etc.).

Mis a part de nombreux restes de légumineusesslianges, les macro-restes de végétaux sont absents
des sites tchadiens ; les phytolithes et diatonsibes actuellement en cours d'étude. Le couverttakgst donc
approché par des méthodes indirectes (biogéoclismtiepique et stries d'usure dentaire des grandsnniféres
herbivores). Aprés caractérisation précise dedgatiése, I'analyse isotopique de I'émail dent&iGeet*?O sur
la carbonate hydroxylapatite) a permis notammemhdetrer une certaine ouverture des milieux entee BMa
en Afrigue Centrale (résultats en cours de pulitiont L'étude des usures dentaires des herbivateserdue
difficile par la rareté des structures conservégsdette région désertique ou I'érosion éolieshtrés intense.
Les données de la paléontologie sont confortéedepapntexte sédimentologiques. Les séries mio-pliese
étudiées (entre 3 et 7 Ma) correspondent a uneession de phases humides (lacs), semi-arides €&euv
savanes), voire arides (désert) dans les niveauplies anciens. Diatomites et argiles marquengtéitation
d'épisodes lacustres francs qui transgressennagéchelle sur les facies fluviatiles.

Enfin, la position géographique du Bassin du Lac Tobstdimportante pour la compréhension des
différents échanges fauniques au cours du Mio-Btiecafricain. Les premiers résultats portant sutaicer
groupes taxonomiques (Poissons, Crocodiliens, Boithiens, Hippopotamidés, Carnivores, etc.) momtlen
réle déterminant de I'Afrique Centrale dans la neisglace des échanges fauniques intermittents|@faque
de I'Est, I'Afrigue du Nord et I'Eurasie.

Key words : Chad, Mio-Pliocene, Hominidae, palaeoenvironments
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DIVERSITY AND PALEOGEOGRAPHIC DISTRIBUTION OF EARLY
JURASSIC PLESIOSAURS

Peggy VINCENT %, Guillaume SUAN?

UMR 5143, Paléobiodiversité et Paléoenvironnememépartement Histoire de la Terre, Muséum national
d'histoire naturelle, CP 38-75231 Paris cedex 05akce
2UMR 5125, PaléoEnvironnements et PaléobioSphéreti@nt Géode, Campus de la Doua, Université Lyon
1, 69622 Villeurbanne, France

Early Jurassic plesiosaurs, a group of extinct rearieptiles, were one of the first groups to be
described in the history of vertebrate paleontololygvertheless, the paleogeographic distributiod tre
taxonomic diversity of these forms are still uncjeparticularly because most descriptions and taroo
attributions were realized during the mid 19th &oly 20th century. Here we investigate the palesidity and
paleogeographic distribution of Early Jurassic plesiurs using an extensive taxonomic and anatomgeegion
of most known Early Jurassic specimens. We alsoeptean examination of the biostratigraphic and
sedimentological framework of deposits in whichsthepecimens were discovered, in order to deciphether
their fossil record reflects primary paleobiolodideends or taphonomic/discovery biases. Early diras
Plesiosaur diversity appears to reach its maximuming the Toarcianfélciferumbifrons ammonite zones).
Nevertheless, the inclusion of ghost lineages (imbages which presence is suggested by the phy&iag
relationships, but not present in the fossil regonto the diversity curves indicates that thist@at mostly
reflects the consequence of discovery and tapha@rhiases rather than primary biodiversity trerdddeed,
most strata where numerous plesiosaurs species aigtevered correspond to sediments that were both
deposited under poorly-oxygenated conditions andoged at least in a semi-industrial way during #800's-
1950's. The Lower Jurassic fossiliferous localitlest yielded identifiable plesiosaur species ary @ound in
Western Europe (England, Germany, and France). lapgey the Toarcian stage is the only interval whneoee
than one fossiliferous locality is known (The Hegem, Sinemurian and Pliensbachian stages beinfj eac
represented by only one locality where specimensidentifiable at the species level). The differ€oarcian
fossiliferous sites of Europe do not bear any girgimmon taxon, suggesting a high degree of endernis
Early Jurassic plesiosaurs. Nevertheless, these aitefundamentally diachronous at the ammonite zevel;
this absence of shared taxa might hence reflegbdesh changes rather than paleogeographic trendshef
data are required to determine whether if thisgpatis a consequence of truly limited paleobiogaplic ranges
or the result of high rates of turnover. In additifuture fossil discoveries and refinements of ghglogenetic
relationships are required to precise the evolutibthis diversity at a higher stratigraphic resialn, and hence
determine how plesiosaurs responded to severeoemvéntal change that punctuated this period (i.elyEa
Hettangian and Early Toarcian mass extinction eyents

Key words: Early Jurassic, Plesiosauria, Europe, biostratilyrapalaeogeography
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THE TERRESTRIAL LOWER CRETACEOUS OF GERMANY
(“WEALDEN”)

Volker WILDE !, Walter RIEGEL !?

! Senckenberg Forschungsinstitut und Naturmuseum Rikfurt, Senckenberganlage 25, D - 60325 Frankfurt
am Main, Germany, Volker.Wilde@senckenberg.de
2 Geowissenschaftliches Zentrum der Universitat Gigeen, Abteilung Geobiologie, Goldschmidtstr. 3, D -
37077 Gottingen, Germany, wriegel@gwdg.de

The term “Wealden” has been applied to more or hegsnarine sediments of Lower Cretaceous age,
especially in Europe but also in other parts ofwioeld. Except for the “type”-Wealden in Southern Emgl, the
term “Wealden-facies” should be preferred. Wealftees sediments have been described especialy fro
Western Europe (England, Spain, France, Belgium, Nhtherlands), the northern part of Germany, and
Southern Scandinavia. By far most of the Northw&stman Wealden-facies is representing the Berriasia
early Valanginian filling of a large restricted bragxtending from the area of the Dutch-German bpid the
West to an area North of Braunschweig. To the Sibuths bounded by the Rhenish Massif, and to thehNmy
the Pompecki-Swell or Rise. Intermittent connecitm the marine realm have been suggested espedaoidhie
North and to the West. The Northwest German Wealdeies is known from extensive outcrops along the
southern margin of the basin representing a vaaefluvial to lacustrine sediments including clagandstones,
and coals. The major barrier sandstones are $tdconomic interest and became recently famougHeir
frequent and well preserved dinosaur trackways. Cemdral and northern part of the basin is deephcealed
by Quarternary sediments and especially known fodrexploration wells of the middle of the last teny. It is
occupied by bituminous clays with intercalationgrafnotypic shell beds and marginal clastic intexibahs.

More or less isolated occurrences of Wealden-$as@gliments in the eastern parts of Germany and on
the Pompecki-Swell are only known from deep welld anay be of slightly different age, somehow betwee
Berriasian and Barremian. Another type of Wealdmsiels sediments is today restricted to isolatedstkar
structures on carbonate platforms in the northeant jof the Rhenish massif. They are representing a
karstification “event” or phase leaving structuresv filled with Barremian-age clays and sands iitfiusain
and sometimes yielding dinosaur bones, espedigillgnodon(the same phase or “event” is represented by the
sediments at Bernissart or Hautrage in Belgium).

Key words: Wealden, facies, Germany, Lower Cretaceous
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A SAUROPOD DINOSAUR FROM THE CRETACEOUS OF JIUTAI,
JILIN, CHINA

Wen-hao WU?, Zhi-ming DONG 2 Yue-wu SUN?, Chun-tian LI , Tao LI 3

! Research Center of Palaeontology & StratigraphylindUniversity, Changchun 130026, Jilin, China
2 Institute of Vertebrate Paleontology and Paleoantprogy, CAS, Beijing 100044, China
® Museum of Jilin University, Jilin University, Chagchun 130026, Jilin, China

New basal titanosauriforms have recently been dieyeal all around the world and especially in China.
Here we describe a titanosauriform dinosdiutaisaurus xidiensiéWu et al., 2006) from the Cretaceous
Quantou Formation (‘middle’ Cretaceous) exposeXidi village of Jiutai (Jilin Province, Northeaste€hina).
The holotype consists of a series of 18 articulargérior and middle caudal vertebrae, with 13 dased
chevrons. The caudal bones are mainly composegboiyy tissue, made up of tiny cells. All the caudal
vertebrae are amphicoelous with the posterior $ligatly more concave than the anterior. The caadatra are
slightly constricted at their midlength. The newaathes are situated on the anterior half of tikraeThe
diameters of the centra and the heights of theahepins decrease progressively caudally. Thermaoenplete
transverse processes preserved in the anterioakegidtra, and the chevron surfaces at the vesurédce of the
centrum are well developed, the articular surfagescircular in the anterior caudal centra andathar in the
middle caudal centra. There is a longitudinal prange on the lateral surface of the middle centna. T
chevrons are not bridged at proximal ends and nfatriied at their distal ends, and the haemal danath is
more than half of chevron length.

Jiutaisaurusdisplays several key titanosauriform featureshsagneural arches situated on the anterior
half of the centra, simple and undivided chevraubk, blades of middle chevron curved backward and
downward. Herdiutaisaurusis regarded as a basal titanosauriform dinosaerause it lacks the procoelous
anterior and middle caudals, regarded synapomofphimore derived titanosaurines. But it also pssee two
key features for derived titanosaurines: spongyelierture of caudal centra and the large heamal.can
Recently, several analyses have focused on thedBigamia phylogenetic relationships, however,
interrelationships among basal titanosauriformsséilenot well understood. Unusual featuresiataisaurus
also indicate that titanosauriform evolution maynii@re complicated than was previously suspected.

Key words: Cretaceous, Dinosauria, Sauropoda, Titanosauriforme
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INTEGRATED RESULTS OF THE NEW MATERIAL FROM THE 200 2-
2003 BOREHOLES IN BERNISSART (MONS BASIN, BELGIUM)
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1 Université Libre de Bruxelles, DSTE, Bruxelles, Bgdjue, apreat@ulb.ac.be
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Three new boreholes have been drilled within andratdhe natural pit (“Cran”) of Bernissart in 2002-
2003. They provided exceptional material used forudtidisciplinary research to improve our knowledaf the
Iguanodons-bearing Wealden facies. The BER3 borakalehed 349.95 meters of Thanetian, Late Cretaceous,
Early Cretaceous and Westphalian sediments. Belone@rs of green sandy clays it cuts 67 meters of Lat
Cretaceous chalks and marls with local glaucorstes cherts. The Albian and Cenomanian "meule" satsne
lie between 75 and 265 meters. The Wealden facégped in the "Cran aux iguanodons" of Bernissegt a
recognised between 265 and 315 meters. The lattelaminated dark pyritic clays with mm-thick brownd
white silty levels. The borehole ends within a loiaavith Carboniferous blocks between 315 and &ltneters.
Several topics were investigated such as palynatglydetermination of woody and plant-mesofossigrrents,
to detail the age and paleoenvironments of therigdans. The formation processes of the “Cran” were
documented by multidisciplinary approach, i.e sesfitnlogy of the lacustrine Wealden facies (inclgdatay
mineralogy, granulometry and magnetic susceptilitharacterization of the organic matter with Rewal,
palynofacies, soluble alkane content, carbon isotapd structural analysis. Paleontological conveas also
studied by palaeohistology and diagenesis of theedoagments, characterization of amber, preparstfor
diatoms and ostracods analyses (barren). Moretvealden facies from IRSNB collection (historicahsehes
of 1878-1881) and other sites in the Mons basiru{td@e, Thieu, Baudour) were also investigated,btptr
their content of numerous fishes and coprolitesHautrage and Baudour, we note the discovery dhteé
freshwater sharks and a shinbone of a juvenileopaut. In Thieu the occurrence of dinoflagellate gystggests
the marine influence for the Wealden facies inEastern part of the Mons basin.

Key words: Bernissart, natural pit, Wealden facies, Monsrasoreholes
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CARBON ISOTOPES ON WOODY MATERIAL FROM W EALDEN
FACIES OF HAUTRAGE (MONS BASIN, BELGIUM)
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Carbon isotope ratios are a powerful tool reflagtgeological events through their connection to the
global carbon cycle. They are used as a potent&holstratigraphic tool for geological successionsluiding
the main boundaries. Correlations are found thraugtching carbon isotope profiles in different setd from
pelagic to continental environments. The reliabitiiycarbon isotopes has been demonstrated for foalks,
pedogenic nodules, calcitic shells, dispersed acgzarbon, but no systematic study has been dotilenomv on
fossil woods. A thick succession of the “Wealdeatiés sediments of the Mons Basin (Belgium) cragsiro
the Danube-Bouchon quarry at Hautrage (Hautraggs@tarmation). This 235-m-thick succession encosgms
mainly dark to grey clays and sands, rich in organéatter and fossil woods, deposited in an allupiain. The
palynomorphs, including the primitive pollen of @&gperms, suggest a Middle Barremian to Earliesiafypt
age. We measured the carbon isotope ratios (1¥s)eof 1) dispersed organic carbon (DOC), andn2) fossil
wood (WOOD) collected in the same geological leVéé aim to compare the two signals (DOC and WO@D) t
have a direct comparison in a continental strapigi@section. The **C of DOC and WOOD from the same
geological level are significantly different (avgeadifference about 0.9%.). ThéC of the fossil-woods are
usually more positive than thé*C of DOC. The variability within the WOOD™C is more important than in
the DOC *C. Four main hypotheses may explain these regtitstly, the **C on DOC averages the isotopic
signal of different compounds and tissues (leawesd, and seeds) as they become mixed and dispérsed

13C on WOOD reflects the carbon isotope ratio of alspart of one single tree. It is known that ag$éntree is
a complex system where we can obserV€ variations over a range of 4%.. Secondly, thera srong *°C
variability between different species of plantsHautrage, several families were collected. Thirdiggenesis
can affect the*C of the DOC and the various kinds of woods infeetént way. Fourthly, the fossil woods may
be reworked several times from more ancient geo#devels, especially in the alluvial plain envirent of
Hautrage where thick levels of fluviatile coarseds are observed. However, in the whole succesbioth,
DOC and WOOD *3C profiles show a positive trend. This can be duseveral causes, including glop&O,
variations and/or changes in bioproduction andiheio environmental conditions in the alluvial plaifhis
shows that carbon isotope profiles on wood materéaal be matched to carbon isotope profiles on DOC,
suggesting that fossil woods are a powerful cheratigtaphic tool when sufficient samples are meadum the
studied succession. Whenever possible a contithleofvood taxon is recommended.

Key words: Wealden facies, Mons Basin, carbon isotopes, wdisgersed organic carbon (DOC)
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FAUNA, FLORA, AND PALEOENVIRONMENT OF THE UPPER
DEVONIAN TETRAPOD-BEARING LOCALITY OF STRUD,
BELGIUM

Gaél CLEMENT *, Cyrille PRESTIANNI 2

! Département Histoire de la Terre, UMR 5143 du CNRMyséum national d'Histoire naturelle, 57 rue
Cuvier, 75231 Paris cedex 05, France, gclement@mithn.
2Unité de Paléobotanique - Paléopalynologie - Micrd@antologie (PPM), Département de Géologie,
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1. Introduction

Famennian outcrops of Belgium are located in thenttaand Dinant Synclinoria, the Vesdre Nappe
and the Theux Window. According to Bultynck & Deghre (2002), the Famennian stage, which is mainly
composed of siliciclastic rocks, corresponds tegressive megasequence with oscillating movemardstal
short terms transgressive pulses. Two main groupgdstinguished, namely the Famenne and the Candro
Groups. Depositional environments comprise juxtegosontinental, restricted marine and shallow nearin
environments, including alluvial, lagoonal, evagioritidal, sand barrier, and fore-barrier settings new
transgressive system, consisting of interbeddeézcddstic and carbonate rocks, overlay the Con@ozup.

Most of the quarries, used since thd" ¥@®ntury as building sandstone, are now abandonedti
accessible and few of them are still intensivelgleited.

The recent finding of a Famenni&rhthyostegdike tetrapod in Belgium (Clément et al., 2004 )tle
Paleontology Collection of the Liege University wasexpected and, given the extreme rarity of Devonia
tetrapods worldwide, an important discovery.

On the contrary to almost all Devonian tetrapodringalocalities of the world, the Famennian ‘Old
Red Sandstone’ of Belgium is very well known. Tharenne region (Ardenne, southeastern Belgium)ds th
stratotype area for the Famennian stage. Sedinogytostratigraphy, tectonics, as well as micropatelogy of
the Famennian of Belgium have been studied in gtetail for more than a century. However, largeaoigmal
remains were considered too rare and useless stubdéed in detail. As a result, most vertebrateorespdate
back to the nineteenth century and the early tetintientury.

Recent field works were focused on the rediscowérihe tetrapod-bearing locality. “Strud” was the
only word engraved on the matrix of the tetrapagidojaw and was the only clue to find the origioatcrop. It
rapidly appeared that an important plant and veatebmaterial from Strud collected at the end @f 1i¢"
century is mainly housed in the IRSNB and Liégeeatibns (completed by minor collections in Mons and
Louvain-La-Neuve Universities). This quarry was fimrstestigated by Hock (1878) and plant and vertebrat
fossil material from Strud was later published bghkst (1888), Leriche (1931) and Stockmans (1948). |
collaboration with geologists of the Liege Univeysithe one-century abandoned quarry of Strud was
rediscovered in 2003. This small quarry was they adtive one of the region in the end of the niaetk
century. After clearing, the sedimentary successibthis quarry has been carefully prospected. ttofer
2004, an irregular stratum has been recognizetheatbottom of the south side of the quarry. Amongept
remains, mainly holoptychiid scales, this stratuas falso provided a large lower jaw of the long-$edu
lungfish Soederberghiaa globally distributed Famennian genus known ¢odssociated with tetrapods in
Greenland, Pennsylvania and Australia.

In spring 2005, the north side of the quarry wagestigated and revealed a rich fossil-bearing
succession of differentiated strata. One of thagert provides the same unusual sedimentologyeasatidstone
embedding the historical lower jaw, i.e., a floaties composed of paleosoil clasts. This verteliraéeing
stratum, moreover showing the same rare sedimeyoés the rock surrounding the tetrapod lower jaw,
suggests than thiehthyostegdike tetrapod from Belgium comes from this stratum incomplete isolated
tetrapod maxilla was discovered in this very lape2007, confirming the presence of Devonian teidspat the
Strud locality.

Nevertheless, renewed interest in the Strud quaqgyests the thorough studies of the identificatibn
a miospore assemblage for an accurate and cerddiimgd of the sedimentology and of the faunal aodaf
composition of this tetrapod-bearing locality.

The succession of strata presents on the northém &fi the quarry presents an almost vertical
inclination and is stratigraphically reversed. Tligedent layers can be gathered in three main lithies, from
bottom to top: a dolomitic sandstone, a mixed stama#gsiltstone and a fine-grained siltstone. Thiscession
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corresponds to a channel filling (Thorez, persopnatmunication), i.e., accumulations of sediments detritus
(plant, invertebrate, vertebrate fossil materialfistream channel depending of the current dyrsamtee top of

the section is composed of a greenish fine silesteith complete and exceptionally well preservagstacans
(Triopslike notostraceans, ostracods, and undeterminddcostraceans). This environment is considered as a
temporary pond, pointing the end of the flood event

The composition of the sandstone surrounding theapgetl lower jaw is very unusual (fluviatile
deposits generated by flood events). Such a lithesas usually known in the Evieux Formation in ttegthern
part of the Dinant synclinorium, Ardenne Allochthand the Namur Synclinorium, Brabant Parauthoahtho
(Thorez et al. 1977; Bultynck & Dejonghe 2002) toiethit was first attributed (Clément et al. 200Fhe
palynological study is still in progress, but afbtgdt conclusively shows that the Strud localityaigler than
previously thought (Clément et al. 2004; Blieckakt2007). According to Streel in Prestianni et(2007), it is
now considered to be upper middle Famennian in (8gasu Streel in Bultynck & Dejonghe 2002), i.e.
containing the lower part of the GF Miospore Zone 8o close to but older than the East Greenlartdriah
This also means that the Strud quarry Evieux litbiefa might have the same age as the Souverain-Pré
Formation elsewhere (Bultynck & Dejonghe 2002, fij. However, a more precise correlation between th
different Famennian sections of the Condroz arssstithto be processed.

Although mainly disarticulated, fossil remains fr@trud are regarded as autochthonous. The quality of
the material is surprisingly good, allowing acceratentifications, up to species level. Bone isl\petserved
and delicate elements suchRizyllolepisplates or dentary teeth on lower jaws are alwaysdaunbroken. The
exquisite preservation of arthropods and planthénhighest layers of the section, among which mooseseed
plant cupules representing the earliest seed plantidwide (Prestianni et al. 2007), points to aueed
postmortem transport, allowing to consider the tay@mic assemblage as a biological community.

2. Plant material

Fossil plants at Strud are known since Hock (18&Bprted the presence Bhacophytorin that small
quarry. In his comprehensive review of Belgian Fani@gn localities, Stockmans (1948) considerablyaexied
the floral list.

Each lithology (i.e., dolomitic sandstone, a mixethdstone/siltstone and a fine-grained siltstone)
contains plant remains, but not identical assengsagll the specimens are compressions/adpressiotisno
anatomical details. Brief descriptions of the fbpknt contents for each lithology is given below:

The dolomitic sandstone:These deeply weathered beds contain many axes apjlarent similar
morphology. They consist of large axes withoutilefarts or vegetative endings (see Pl. 1, fim Brestianni
et al. 2007). These show a very typical centrajeidThey are attributed to the gemRisacophytonand belong
probably to the specid®@hacophyton condrusorurhis genus represents one of the major comporudritse
Upper Devonian floras in Belgium.

The mixed sandstone/siltstoneThese beds yield by far the largest diversity:teamphylls, ferns,
progymnosperms and spermatophytes. Plant remamé&i@avever small and disarticulated. Zosterophyles ar
represented byBarinophyton From the stratigraphical point of view, this genis one of the youngest
representatives of the group, as it went extinetnguthe early Carboniferous. One single specimas leen
found. It consists of an axis bearing two strolbikrns are rare; they are representeBbgcophytonin contrast
with a number of other Belgian localities (FairoefDaret 1996)Archaeopterisemains are rare at Strud (see
Pl. 1, fig. 1 in Prestianni 2007). The organisatibrtheir axis and the shape of their leaves areacieristic of
the specieé\rchaeopteris roemerianfGoppert)sensuStockmans, 1948. Two spermatophyte species have bee
collected: Pseudosporogonites halleand Moresnetia zalesskyiwhich respectively correspond to the
Aglospermaand Moresnetiatypes of Prestianni (2005). Finally, many but diged pinnules of unknown
affinities have been found scattered in these (feld4, fig. 2 and 5 in Prestianni et al. 2007).

The fine grained siltstone:This bed is very poor in fossil plants. Only tweesies have been found.
They were collected from two slightly different seéints. The coarser sediment contains well presewedles
of Moresnetia zalesskyihese are here often found connected to the tvtloree distal most dichotomies of the
frond. The other sediment is fine-grained and beteresponds to a mudstone. It essentially contagmirusia
rumexcupules. Two groups of sporangia have been coliefcten the same bedding plane. They are currently
under inverstigation. Their affinities are unknownd those sporangia are left “incertae sedis”.edaeless, on
the basis of their association with the seed plamdrusia they might represent the microsporangia of tktera

3. Invertebrate material
The Strud locality seems to yield the oldest fredbwaotostracean crustacasi¢pslike animal) as

well as undescribed and probably new taxa of matsaoean crustacans. All these exceptionally wekgrved
specimens have been found, together with numerstuiaonds, in the very fine siltstone-mudstone eftitghest
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layers of the section. Some rare large isolateshetts of eurypterid arthropods were also founayets of the
mid-part of the section (i.e., the blackish mixeddstone/siltstone rocks).
No marine invertebrate taxon has been found ingdésion so far.

4. Vertebrate material

Almost all the historical material of Famennian tebrates from Belgium was found during the late
nineteenth century. Some specimens have been lbegand figured at this time (Lohest, 1888) and fiifgn
years later (Leriche, 1931). More recently, some d@steid (Placodermi, Arthrodire) remains have been
described from the Famennian of Esneux (Leliévr82)@s well as a new actinopterygian genus fronEtmty
Famennian of La Fagne (Taverne, 1997). The Paleamstebrate fauna of northern France and Belgium ha
been reviewed and published in 1995 (Cloutier anddiier, 1995; Blieck and Leliévre, 1995; Deryckeag,
1995).

The Famennian vertebrate fauna of Strud has beéewed based on historical and new material. A
brief overview of the composition of this Famemizelgian fauna is reported here below:

Placoderms: The Antiarch Phyllolepis undulathohest, 1888 is common in Strud. Isolated
anterolateral, median-dorsal and nuchal plates baea figured by Lohest (1888) and Leriche (1931).

Isolated median dorsal plates of the rare anti@@cbenlandaspishave been recently found in the
Paleontology collection of Louvain-la-Neuve, Belgiufhis groenlandaspid material from Strud most pbbba
belongs to the same species than the recently ideddBroenlandaspis thorezrom Modave (Janvier and
Clément 2005). The genuBothriolepis is very abundant in some Famennian quarries ofjigel (e.g.
Chévremont, Liege Province and Spontin, Namur Pa®jifbut this antiarch seems to be rare in Struchéso
‘Pterichthys’isolated plates housed in the IRScNB as well dsrian median dorsal plates and pectoral fin
elements recently found).

Acanthodians: Numerous isolated fin spines are present at Sffhdse spines are slender, some of
them are smooth and others are ornamented with nourmeoarallel very fine ridges. No chondrichthyan o
gyracanthid remains has been found at Strud so far.

Actinopterygians: Some isolated remains of very small actinopterygifiave been found in the
greenish fine siltstone/mudstone, some centimdtelsy the level where numerous complete crustaceans
found. A preliminary study of thessolated scales, lower jaws, and cheek bones pesstimat a single genus is
present at Strud.

Porolepiformes: Isolated Holoptychius scales and cleithra are very common in Strud. Cetap
squamations have also been found although craoie plates or lower jaws are strikingly not so camnm

Lungdfishes: Isolated dipnoan dental plates are frequently fanrttie Late Devonian of Belgium. They
are all referred to the geniBpterus but no detailed and accurate study of this mdtkaa been achieved.
Among the numerous different speciesDipterus established during the ninetheenth century, Ler{d931)
has distinguished two different speciBs,nelsoniNewberry, 1887 an®. fourmarieri Leriche, 1931. Both are
present in the Strud outcrop.

The long-snouted dipnoaBoederberghids also present in Strud. An almost complete angd left
lower jaw is undistinguishable, in shape and siZ&oederberghia groenlandideom East Greenland (Clément
& Boisvert 2006). A quite abundant material of graallest long-snouted lungfisharvikia is currently under
description. This latter genus was previously dagwn in East Greenland.

‘Osteolepidids’: Some rhombic, non-cosmine-covered, and tuberclaroemted scales from Strud and
Modave (Destinez, 1904) have been referredstgptopomus(Glyptoloemusor Glyptolaemuy kinnairdi by
Lohest (1888)Glyptopomuss known in the Famennian of Scotland (Jarvik,@9%solated small lower jaws
and scales, shiny cosmine-covered, could poss#inly to a megalichthyid osteolepiform.

Tristichopterids: Numerous isolated thin and rounded scales weredfauiStrud. They present a free
portion consisting of interconnected, sinuous ridgad their internal surface shows a drop-shapet.khhe
tristichopterid genususthenodoris known to be present in the Famennian of Belgasmwell as a larger
tristichopteridae gen. et sp. indet. (Clément, 2@&ment et alin press.

Rhizodontids: An isolated cleithrum from Strud was recently fouindhe Paleontology Collection of
Liege University. After preparation, the waisted andsted shape of this small and complete lefttlcfeim
appears to be very characteristic of the rhizodogtoup.

Among the rhizodontids, the shape of this cleithrigmvery similar to that of the Late Devonian
Strepsodugfrom Colombia (Janvier and Villarroel, 2000, pl8pand ofStrepsodusp. from Turkey (Janvier et
al., 1984, fig. 9A). This genus is known in the @ariferous byStrepsodus sauroideand Btrepsodus
anculonamensifrom United Kingdom and from Queensland, Austtalihis Famennian rhizodont cleithrum is
nevertheless the first occurrence of a Late Devortieandontid from Europe.

Tetrapods: The Late Devonian tetrapod occurrences from Belgagmsists nowadays only by an
incomplete right lower jaw and an incomplete leixitia. The lower jaw, found in Strud during the eteenth
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century and housed in the historical collectiorthaf Liege University, has been referred tddarthyostegdike
form (Clément et al., 2004). The genighthyostegawas previously only known in the Late Famennian of
Greenland (Jarvik, 1996; Marshall et al., 1999;mBI2005). The fragment of maxilla was found in 2007%he
sandstone layer presenting the same unusual sediogynthan that of the historical lower jaw.

5. Environment

The different lithologies provide environmental aslivas climatic information. Globally, the channel
filing matches to an arid climate interrupted lmcasional heavy rainfalls of short duration.

Flooding rains probably reworked the sediment aidhe same time, the surrounding vegetation, in
this case a monotypiRhacophytonpopulation. This suggests a general dry climatth wegular abundant
rainfalls. The conglomeratic siltstone and its fifesous content have been deposited in two phdSestly, low
energy sedimentation allowed the deposition of fir@ned, fossil rich silt. Later, flooding rainsmarked this
silt in more sandy sediment. Such depositional itmmd allowed the mixing of plant fossils and exdpl the
observed diversity as they probably fossilized ififecent environments as well as at different moteesf the
year. The finer grained sediment corresponds tdastestage of the channel filling. It was accurtedan a very
low energy river or in a calm but abandoned charnglopsids are notably absent from the collectetens.

By contrast with East American localities, this ige@neral characteristic for the Upper Devonian efgiim
(Fairon-Demaret 1996). Streel and Marshall (2008)ehsuggested that the Late Devonian emerging \Aarisc
Mountains blocked the humidity of trade winds anduiced aridity in Belgium. As most lycopsids neextev to
complete their life cycle, it is suggested thatlidyimight have disadvantaged them. This might algaain why

a single species ofirchaeopterisis known in Belgium A. hallianaroemeriang, although the genus was
extremely common. Five species are for example knimwoccur in USA.

The Upper Devonian mega-environment in Belgium wéarge lagoonal system developed along the
south of the Euramerican continent. Aridity ledthe development of large evaporitic areas. Thermétion
collected at Strud conforms to those conclusiona amaller scale and demonstrate the Upper Famennia
environments were diversified and included a largege of ecosystems. This favored the plant diversit
partially recorded in the second bed of Strud.

6. Vertebrate paleogeography

Devonian tetrapods seem to present a high levehdémism although thehthyostegdike form from
Strud suggests that they were not as restrict@deagously thought (Clément et al. 2004).

Lohest (1888, pl. VIII: 2, 5) misinterpreted a Deiamntetrapod lower jaw as a large fish remain and
assigned it to a new species @éndrodus, D. TraquairiThis fragment of mandible shows typical tetrapod
characters and looks very similar to the correspanghw portion oflchthyosteggrom Greenland6. Although
the find cannot be referred with certainty lahthyostegait is strong evidence for the existence of a &los
relative of this tetrapod genus outside Greenldmel Giogeographical distribution of Devonian tetd®@ near-
global but extremely restricted (to a single layabr small geographic area) at the generic lewbich was
presumably a result of the colonization of conttaéenvironments that were less favourable to widpersal
than were marine ones (Blieck et al. 2007). The weage of arichthyostegdike form in Belgium extends the
geographical distribution for at least one taxom &wuggests that they were not as restricted asopsy
thought.

The vertebrate assemblage of the Strud site is itapiofor the understanding of paleobiogeographic
relationships of Laurussia with Gondwana. The luifg8sederberghias only known in the Late Frasnian and
Lower Famennian of Australia, in the Late Famenniircast Greenland and Pennsylvania (Ahlberg et al.
2001), and now in the Late Middle Famennian of Befgi The Gondwanan natihyllolepisis typical of the
Famennian stage in Laurussia (East Greenland, Peangy| Russia, and Belgium) (Young 2003). The first
Euramerican taxa of the Rhizodontida, a clade afapetdomorph fishes native from Eastern Gondwana
(Johanson 2004), are only known in the Famennittaped-bearing localities of Pennsylvania (Davisakt
2001, 2004) and now Belgium.

The first dispersal of the Phyllolepida from Southir@ to North-Eastern Gondwana has been dated at
the Pragian—Emsian boundary, during the E'Em bioewéWalliser (1995) (Dupret & Zhu 2008). Indeed,
before this bioevent, the endemism rate of Chimegly vertebrates is very high; then, because @firiiasion
of and the subsequent competition with Gondwarnea, this endemism rate falls drastically (e.g. Gsjeda).

The second major dispersal episode of the Phylidéemiccurs along the northern margin of the
Gondwana, westward until Middle East (Turkey) andthmen South America (Venezuela). The recent
Phyllolepis occurrence from the Middle-Late Devonian of Versau(Young et al. 2000), as well as the
rhizodontid occurrences in the Famennian of Colanarid Turkey (Janvier and Villarroel 2000; Janeeal.
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1984), strengthens the hypothesis of a nonmarsmedial episode across the northern Gondwana naugirg
the Middle/Late Devonian (Young 1990).

The third dispersal episode is dated at the levethef Frasnian—Famennian boundary, between
Gondwana and Euramerica. By that time, the Placod@&hyllolepididae and Groenlandaspididae, and the
Sarcopterygii Rhizodontidae and Megalichthyidae ahd Dipnoi Soederberghiawould have migrated
northward to Euramerica, while the Antiarch Astepadédae and the Sarcopterydiloloptychius migrated
southward to Gondwana. The most probable area afistert" between the two landmasses is the North of
South America (Clément et al. 2005; Dupret et @05).

All the other taxa found in Strud present a higkeleof cosmopolitanism (e.g.Bothriolepis
Holoptychius ‘Dipteridae’, Glyptopomuslarge derived tristichopteridae) and are founthi Late Devonian of
Laurussia and Gondwana but not in China. For exarBathriolepisandHoloptychius respectively the most
widespread placoderm and sarcopterygian, are kniowalmost every Upper Devonian vertebrate-bearing
localities of the world.

The relative position of the two supercontinents @mna and Laurussia during the Late Devonian
was first supposed to be widely separated from etiobr on the basis of paleomagnetism evidence, (éam
der Voo 1988; Kent and Van der Voo 1990; Li et &93). Another hypothesis, based on paleomagnetigm b
also on biogeography and facies distributions, espgd that the two supercontinents were in closgacbn
during the Devonian times (e.g., Scotese and Makert990; McKerrow et al. 2000; Ahlberg et al. 2001;
Johanson, 2004; Young 1990, 2003).

The vertebrate assemblage of Strud, and relatiosigiithe various Famennian vertebrate fauna of the
world, contradict the previous hypothesis of a wikparation between Laurussia and Gondwana. On the
contrary, they reinforce the hypothesis of a camttal connection at or near the Frasnian-Famerboandary
between the southeastern margin of Laurussia ariderarmargin of Gondwana.

7. References

AHLBERG, P.E., JOHANSON, Z., & DAESCHLER, E.B. 2Q0Ihe late Devonian lungfisBoederberghigSarcopterygii, Dipnoi) from
Australia and North America, and its biogeographieglications: Journal of Vertebrate Paleontology?1, pt. 1, p. 1-12.

BLIECK, A., & LELIEVRE, H. 1995. Palaezoic vertehea of Northern France and Belgium. Part | : Hetezi, Osteostraci, Thelodonti,
Placodermi (Devonian): Geobios Mémoire Spécial Ii%9.p. 311-317.

BLIECK, A., CLEMENT, G., BLOM, H., LELIEVRE, H., LKSEVICS, E., STREEL, M., THOREZ, J. & YOUNG, G.CO®. The
biostratigraphical and palaeogeographical framevwebtke earliest diversification of tetrapods (L&evonian)In : Becker, R.T.
& Kirchgasser, W.T. (eds.), Devonian Events andr€lations - SDS volume in honour of M. House. G&alc., London, Spec.
Publ. 278(10): 219-235.

BLOM, H. 2005. Taxonomic revision of the Late Deiamtetrapodchthyostegdrom East Greenland: Palaeontology, v. 48, pt.. 1,14 -
134.

BULTYNCK, P. & DEJONGHE,L. 2002. Devonian lithostratigraphic units (Belgiurimn: Bultynck, P. & Dejonghel.. (eds), Guide to a
revised lithostratigraphic scale of Belgium. GedtagBelgica 4 (1-2): 39-68.

CLEMENT, G. 2002. Large Tristichopteridae (Sarcoyé, Tetrapodomorpha) from the Late FamennianeBxi Formation of Belgium:
Palaeontology, v. 45, pt. 3, p. 577-593.

CLEMENT, G. & BOISVERT, C. A. 2006. Lohest's trurdafalse "Devonian amphibians": evidence for a dngdipterid lungfish in the
Late Famennian of Belgium. Journal of Vertebratie®a#ology, 26, 276-283.

CLEMENT, G., V. DUPRET, & P. JANVIER. 2005. A pritie megalichthyid (Osteolepiformes, Sarcopteryfiiijm the late Devonian of
Turkey, taxonomy - phylogeny - paleogeography.Hgbtith Issues Special Publication 8:6-7.

CLEMENT, G., AHLBERG, P.E., BLIECK, A., POTY, E., HOREZ, J., CLACK, J.A. BLOM, H., & JANVIER, P. 2@0
Palaeogeography: Devonian tetrapod from westerofgeuNature, v. 427, p. 412-413.

CLOUTIER, R., & CANDILIER, A.-M. 1995. Palaeozoiextebrates of Northern France and Belgium : Phrt$larcopterygii (Devonian to
Carboniferous): Geobios Mémoire Spécial, no. 1335-341.

DAVIS, M.C., SHUBIN, N.H., & DAESCHLER, E.B. 2001mmature rhizodontids from the Devonian of North énna: Bulletin of the
Museum of Comparative Zoology, v. 156, pt. 1, pl-187.

DAVIS, M.C., SHUBIN, N.H., & DAESCHLER, E.B. 2004 new specimen oBauripterus taylor{Sarcopterygii, Osteichthyes) from the
Famennian Catskill Formation of North America: Jalrof Vertebrate Paleontology, v. 24, pt. 1, p4B6

DERYCKE, C., CLOUTIER, R., & CANDILIER, A.-M. 1995Palaeozoic vertebrates of Northern France andiBalgPart Il —
Chondrichthyes, Acanthodii, Actinopterygii (Uppersailurian to Carboniferous): Geobios Mémoire $giémo. 19, p. 343-
350.

DESTINEZ, P. 1904. Faune et Flore des Psammité3othadroz: Annales de la Société Géologique de Bedgiy. 31, p. 249-257.

DUPRET, V., & ZHU, M. 2008. The earliest phyllolep{Placodermi, Arthrodira}zavinaspis convergenom the late Lochkovian (Lower
Devonian) of Yunnan (South China). Geological MagaZ45:257-278.

DUPRET, V., CLEMENT, G. & JANVIER, P. 2005. The Braan - Famennian interchange between GondwananEanamerican
vertebrate faunas. Which way? Middle East or Séutterica? Ichthyolith Issues Special Publication-8:8

FAIRON-DEMARET, M. 1996. The plant remains from thate Famennian of Belgim A review. Paleobotanist, 45, 201-208.

HOCK, M.G. 1879. Communication du 16 septembre 18rfhales de la Société géologique de Belgiquegd,igol. VI, p. XCVIII-XCIX.

JANVIER, P., & CLEMENT, G. 2005. A new Groenlandaig Arthrodire (Vertebrata: Placodermi) from tharfennian of Belgium:
Geologica Belgica, v. 8, pt. 1-2 (in press).

JANVIER, P., & VILLARROEL, C. 2000. Devonian verteties of Colombia: Palaeontology, v. 43, pt. 4239-763.

JANVIER, P., LETHIERS, F., MONOD, O., & BALKAS, 01984. Discovery of a vertebrate fauna at the Demm@arboniferous
boundary in SE Turkey (Hakkari Province): JourrfaPetroleum Geology, v. 7, pt. 2, p. 147-168.

109



Darwin-Bernissart meeting, Brussels, February 92089

JARVIK, E. 1950. On some osteolepiform crossoptenyg from the Upper Old Red Sandstone of Scotldfahglinga Svenska
Vetenskapsakademiens Handlingar, ser. 4, v. 2, jpt. 1-35.

JARVIK, E. 1996. The Devonian tetraptzhthyostegaFossils and Strata, v. 40, p. 1-213.

JOHANSON, Z. 2004. Late Devonian sarcopterygiahefsfrom eastern Gondwana (Australia and Antarctéeal their importance in
phylogeny and biogeography, in Arratia, G., Wilstvh,V.H., andCloutier, R, eds., Recent advanceshin drigin and early
radiation of Vertebrates: Miinchen, Verlag Dr. Frield Pfeil, p. 287-308.

KENT, D.V., & VAN DER VOO, R. 1990. Palaeozoic patmeography from paleomagnetism of the Atlanticdbdng continentsin
McKerrow, W.S., and Scotese, C.F., eds., Palaed2aiaeogeography and Biogeography: Geological §odiendon, Memoir
12, p. 49-56.

LELIEVRE, H. 1982.Ardennosteus ubaghaig., n. sp. Brachythoraci primitif (Vertébré, 8dderme) du Famennien d'Esneux (Belgique) :
Annales de la Société Géologique de Belgique, ¥, #01-7.

LERICHE, M. 1931. Les Poissons Famenniens de lgiget: Mémoires de la Classe des Sciences de I&hciedRoyale de Belgique, v.
10, pt. 5, p. 1-72.

LI, z.X.,, POWELL, C.M., & TRENCH, A. 1993. Palaedzoglobal reconstructionsin Long, J.A., ed., Palaeozoic Vertebrate
Biostratigraphy and Biogeography: London, Belhayer25-53.

LOHEST, M. 1888. Recherches sur les poissons deairte paléozoiques de Belgique. Poissons des Pisasndu Condroz, Famennien
supérieur: Annales de la Société Géologique dei@atg mém. 15, p. 112-203.

MARSHALL, J.E.A., ASTIN, T.R., & CLACK, J.A. 199%ast Greenland tetrapods are Devonian in age: @golo 27, no. 7, p. 637-640.

MCKERROW, W.S., MAC NIOCAILL, C., AHLBERG, P.E., AAYTON, G., CLEAL, C.J., & EAGAR, R.M.C. 2000. Theate
Palaeozoic relations between Gondwana and Laurusskranke, W., Haak, V., Oncken, O., and Tanner,eds., Orogenic
processes: quantification and modelling in the &an Belt: Geological Society, London, Special Ralibns, no. 179, p. 9-20.

PRESTIANNI, C. 2005. Early diversification of seeaisd seed-like structurek: Steemans, P., and Javaux, E. (eds.) Pre-Camlmrian t
Palaeozoic Palaeopalynology and Palaeobotany. Batad€5éologie / Notebooks on Geology, Memoir 20B5Abstract 06.

PRESTIANNI, C., STREEL, M., THOREZ, J., & GERRIENNP. 2007. Strud: old quarry, new discoveries. ifiiabry report.In:
Steemans, P., and Javaux, E. (eds.) Recent Advamdealynology. Carnets de Géologie / NotebooksCaology, Memoir
2007/01, Abstract 07.

SCOTESE, C.R., & MCKERROW, W.S. 1990. Revised wamdps and introductionin McKerrow, W.S., and Scotese, C.F., eds.,
Palaeozoic Palaeogeography and Biogeography: Geald&pciety, London, Memoir no. 12, p. 1-21.

STOCKMANS, F. 1948. Végétaux du Dévonien supérideirla Belgique. Mémoires du Musée Royal d'Histdiaturelle de Belgique,
Bruxelles, vol. 110, 84 p.

STREEL, M., & MARSHALL, J. 2006. Devonian—Carbonibeis boundary global correlations and their paleggaphic implications for

the Assembly of Pangaea. In: The XVth Internatiddahgress on Carboniferous and Permian Stratigraf81+496.

TAVERNE, L. 1997.Osorioichthys marginis "Paléonisciforme" du Famennien de Belgique, eplglogénie des Actinoptérygiens

dévoniens (Pisces) : Bulletin de I'Institut Royasd&ciences Naturelles de Belgique, Sciences Terte, v. 67, p. 57-78.

THOREZ, J., DREESEN, R., & STREEL, M. 2006. Fameannin: Dejonghe L. (ed.), Current status of chronogirafhic units named

from Belgium and adjacent areas. Geologica Belddcaxelles, vol. 9, n° 1-2, p. 27-45.

THOREZ, J., STREEL, M., BOUCKAERT, J. & BLESS, M. M. 1977. Stratigraphie et paléogéographie de ldigparientale du
synclinorium de Dinant (Belgiqgue) au Famennien siepé : un modéle de bassin sédimentaire recogstjpar analyse
pluridisciplinaire sédimentologique et micropalémogique.Mededelingen van de Rijks Geologische DieNs$., 28 (2), 17-28.

VAN DER VOO, R. 1988. Paleozoic paleogeography ofthl America, Gondwana, and displaced terranespeoisons of paleomagnetism

with paleoclimatology and biogeographical pattefdsological Society, bull. 100, p. 311-324.

WALLISER, O. H. 1995. Global events in the Devoneamd Carboniferous; pp. 225-250 in O. H. Wallised.), Global events and event

stratigraphy in the phanerozoic. Springer, Betirjdelberg & New York.

YOUNG, G. C. 1981. Biogeography of Devonian veréébs. Alcheringa, 5, 225-243.

YOUNG, G.C. 1990. Devonian vertebrate distributfatterns and cladistic analysis of palaecogeogramyothesesn McKerrow, W.S.,

and Scotese, C.F., eds., Palaeozoic PalaeogeogaaftBiogeography: Geological Society, London, Mgmo. 12, p. 243-255.

YOUNG, G.C. 2003. North Gondwanan mid-Palaeozoicnestions with Euramerica and Asia: Devonian vestbevidence: Courier

Forschunginstitut Senckenberg, no: 242, p. 169-185.
YOUNG, G.C., MOODY, J.M., & CASAS, J.E. 2000. Nevscbveries of Devonian Vertebrates from South Agsgrand implications for
Gondwana-Euramerica contact: Compte-rendus dedémwé des Sciences, Paris, v. 331, p. 755-761.

110



Darwin-Bernissart meeting, Brussels, February 92089

Appendix. List of the biota of the Famennian locatly of Strud, Belgium

FLORA

Filicopsids: Rhacophytosp.

Progymnosperms: Archeopteris roemeriana

Gymnospermes: Condrusia rumex
Pseudosporogonites hallei
Moresnetia zalesskyi

Zosterophyllopsids: Barinophyton condrusorum

Incertae sedis: C€alathiopssp.

Sphenopteris flaccida
Sphenopteris modavensis

INVERTEBRATE FAUNA

Crustacea
Notostraca Triops-liketadpole shrimp
Ostracoda smooth ostracods indet.
Malacostraca large specimens indet.
Eurypterida

large Eurypterida indet.

VERTEBRATE FAUNA

Placodermi
Arthrodira
Phyllolepis undulata
Groenlandaspis thorezi
Antiarcha
Bothriolepissp.
Acanthodii
acanthodian indet.
Actinopterygii
Actinopterygian indet.
Sarcopteryqgii

Dipnomorpha
Porolepiformes
Holoptychius flemingi

Holoptychius nobilissimus

Dipnoi
‘Dipterus’ sp.
Rhynchodipteridae
Soederberghiaf. groenlandica
Jarvikiasp.
Tetrapodomorpha
'‘Osteolepiformes’
Glyptopomussp.
Cosmine-covered osteolepidid (?Megalichthyidae)
Tristichopteridae indet.
Rhizodontida
Rhizodontida indet.
Tetrapoda
Ichthyostegdike form
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Plate |

Figure 1. Location of the Strud locality in Belgium.

Figure 2. The Belgian paleontologist
and paleoanthropologist Maximin
Lohest, from the Liége University,

described numerous Paleozoic
vertebrates from Belgium as well as
prehistoric remains (Neanderthalians
from the Spy cave).

Figure 3. Precise location of the Strud village in the Namtwvince.
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Plate I

Figure 1. Archaeopteris roemeriangGOPPERT) STOCKMANS, ULg n° 15201, scale: 0.5 cm.
Figure 2. Sphenopteris modaven83 OCKMANS 1948, ULg n° 15221, scale: 1 mm.
Figure 3. Condrusia rumeSTOCKMANS, ULg n° 15222, scale 1 mm.
Figure 4. Rhacophytosp. CREPIN, ULg n° 15203, scale 1 cm.
Figure 5. Sphenopteris flaccid@TOCKMANS 1948, ULg n°® 15215, scale 5 mm.
Figures 6-7.Moresnetia zalessk@TOCKMANS, ULg n° 15216 and 15217, scales 0.5 mm.
(from Prestianni et al. 2007)
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Plate Il

Figure 1.PlacodernmPhyllolepis undulatgfrom Leriche 1931), x1.
Figure 2. PlacodernBothriolepis sp.scale: 1 cm.
Figure 3. Left lower jaw of the long-snouted lungfiSoederberghigfrom Clément & Boisvert 2006).
Figure 4. Left lower jaw of a small actinopterygian, scale 1mm
Figure 5. Right cleithrum of a small tetrapodomorph rhizotin
Figure 6. Right lower jaw of arichthyostegdike tetrapod (from Lohest 1888; Clément et al. £08cale 1 cm.

Figure 7.lsolated scale of the large porolepiforHnloptychius

Figure 8. CompleteTriopslike notostracan crustacean, scale: 1 mm.
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Plate IV

Figure 1. Lithostratigraphical subdivsions of the Famenniaag8twithin the Dinant Synclinorium. Dashed lines
correspond to successive oolitic ironstone levelgift-stratigraphical marker beds) (from ThoreZ.e2@06).

Figure 2. Paleogeographical maps of the Devonian and Lated@ddnous times. Stars correpond to the
position of Belgium (from the website "Une introdioa a la géologie de la Wallonie™:
http://www?2.ulg.ac.be/geolsed/geolwal/geolwal.htm).
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TAPHONOMY AND SEDIMENTOLOGY OF THE ‘BLACK MARBLE’
OF DENEE, A FOSSIL CONSERVATION DEPOSIT FROM THE VI SEAN
(MISSISSIPPIAN) OF BELGIUM

Bernard MOTTEQUIN

Unité de Paléontologie animale et humaine, Univeésde Liege, Bat. B18, Allée du 6 aodt, B 4000 Lidge
Belgium, bmottequin@ulg.ac.be

1. Introduction

The localities of Tournai and Visé, respectively tigtorical type areas of the Tournaisian and \fiséa
stages (Hancet al. 2006a-b), have contributed to the fame of the Lo@arboniferous of the Namur-Dinant
Basin [southern Belgium and northern France (Avieshdy the great diversity and the abundance ef th
macrofaunas (see references in Demanet 1958). teless, their study (except rugose corals anobités)
has been neglected for many years. In additionotb these well-known fossiliferous localities, thearries
located around the village of Denée (Namur provir{égure 1) have yielded remarkably preserved rau
fossils (including echinoderms and fishes), whieveéibeen collected within the ‘black marble’ of Bena
black coloured limestone of early Viséan age.

Figure 1. General context of Lower Carboniferous sedimentationorth-western Europe showing the
distribution of emergent areas and Waulsortian rdewat the end of the Tournaisian [modified from Heg
(1990) and Devuyst & Dehantschutter (2007)]. B siBaD = Denée.

All the fossils, with few exceptions, were colleti@t the end of the f&entury and at the beginning of
the 2d" century by quarrymen when the ‘black marble’ waterisively and manually quarried. Most of the
quarries were subterranean and, nowadays, mokeof are disused and flooded. If it had not beerkadyrthe
‘black marble’ of Denée would have been considgnetbably as azoic due to the rarity of the fosditse bulk
of the material is deposited at the Maredsous alfi@sntre Grégoire Fournier’), but additional speens are
housed in the University of Lieége, the Royal Belgiastitut of Natural Sciences (Brussels), and thes&um of
Comparative Zoology (Harvard). A modern systemagidsion is urgently needed for most of the inverddd
phyla; the latest comprehensive list of the faut@es back to Fournier and Kaisin (1929). As isegalty the
case with old collections, the origin of the spemi® is usually not known with precision, except $ome
fossils which have a mention of the quarried léttalVVeine’, ‘les Dris’) on their label. We can qet that most
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of the specimens were collected at Denée, fronetipdoited levels figured by Fournien(Fournier & Pruvost
1928) (Figure 2).

Figure 2. Distribution of fishes within the ‘black marblef Benée (Molignée Formation) as exposed in the
quarries of the Denée area [modified from Fourmdfournier & Pruvost (1928)].

Figure 3. Late Tournaisian sedimentation areas in the NamnaiBasin (not palinspastic) (modified from
Potyet al. 2006). 1. Denée; 2. Salet; 3. Sovet. S.A. = sediati®n area.
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Figure 4. Evolution of the Condroz sedimentation area (C3#) the Dinant sedimentation area (DSA) during
the third-order sequencesA)(5 B) and 6 C) (numbered black arrows) [Tournaisian (Ivorian).twer
Viséan (Moliniacian)] (modified from Hanaa al.2001); see also Figure 3. The Banc d'Or de Baclsamt i

bentonite, locally transformed into a palaeosoli¢Bmbre 1989). The Longpré Formation includes, flase to
top, the Flémalle and the Avins members; the Braibdember corresponds to the top of the Sovet Fiioma
(Potyet al.2002). Mbr: Member; MOL*: Molignée Formation (‘blackarble’ of Denée); MOL**: Molignée
Formation (‘black marble’ of Dinant).

2. Geological setting

The Namur-Dinant Basin developed on the SSE margineoEondon-Brabant Massif (Figures 1 and 3)
in a back-arc extensional setting (Haetel. 2001), north of the Ligerian Arc (e.g. Leeder 1988)the course
of late Tournaisian and early Viséan time, the rasefting that has prevailed since the early Touraaisi
progressively evolved to a rimmed-shelf and toaalbrflat-topped platform of regional extent durthg middle
and late Viséan (Hanoet al 2006b). On the basis of their lithostratigrapbi@racter, several sedimentation
areas have been defined within the Namur-DinanirBhag Poty (1997) and Hancet al. (2001). These are
(Figures 3 and 4): 1) the Hainaut sedimentatiom &ras an area in which subsidence allowed accuimlaf
about 2500 m of Lower Carboniferous rocks, inclgdseveral thick evaporitic intercalations; 2) thanir
sedimentation area (NSA) characterized by the rnpoogimal facies and the less complete lithostratpic
succession; 3) the Condroz sedimentation area (@8#) relatively proximal facies and some sedimgnta
breaks — it displays southward and southwestwatdmaition with the Dinant sedimentation areath4) Dinant
sedimentation area (DSA) displaying the deepesemtscies with the development of carbonate mounds
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characterised by microbially mediated muds (= Watilsn mounds; see references in Lees 2006), asawelh
almost complete stratigraphic succession; 5) thgthson Avesnois sedimentation area (ASA) showisgralar
situation to that of the CSA, but with a markediffedent lithostratigraphy (shallower water facie8) the Visé-
Maastricht sedimentation area suffered block fagltiuring the Devonian and Mississippian. It wasnsxted
with the NSA during the Upper Devonian and Touraaignd evolved to a graben that was open to theple
Basin during the Viséan (Poty 1997). In Belgiune #ibsence of Lower Carboniferous exposures southeof
DSA, due to post-Variscan erosion, does not allogvfirecise delineation of the eastern extensidheofASA.
However, according to recent investigations of @rq2006), it seems, at least, that the ASA bardae
southern margin of the DSA, south of the Waulsartamplex (Figure 5).

Figure 5. Pirotte’s (2006) modified model of stacking of thérd-order sequences (numbered black arrows) in

the southern part of the Dinant sedimentation arghin the southern Avesnois sedimentation aren) the

Lower Tournaisian to Lower Viséan; see also FigufleBN = ‘black marble’ of Denée; DIN = ‘black marble’
of Dinant; Lef. = Leffe.

The ‘black marble’ of Denée was formerly includedtle ‘black marble’ of Dinant (‘V1a’ of the
Belgian authors), but according to Conil (1967priécedes this latter unit, strictly speaking, loa basis of the
foraminifer associations (Figures 4 and 5). Nowthbmrmer units are included in the diachronic Nake
Formation §ensuPoty et al. 2002) of early Viséan age [regional MoliniacianbSiage (e.g. Devuysit al.
2006)]. This formation is developed only in the ttahpart of the DSA between the prograding platf@end the
Waulsortian complex (Hane al. 2001) running along the border between the DSAthad\SA (Figures 3-5).
The Molignée Formation consists of a successiomiofliedded (less than one metre to several mdtiels) t
commonly laminated black limestones which alternaitf thick-bedded, dark-grey limestones (‘thickdb®
(Figure 6). These alternations correspond to tldy§equences’ and ‘monosequences’ of Mamet (1964¢.
contacts between both lithotypes are always clear-c

The range of the ‘black marble’ of Denée, in terblssissippian Foraminifer Zone (MFZ), spans the
interval of the MFZ 9 (upper part) to the MFZ10 acliog to Devuyst and Hance(Poty et al 2006). In the
Salet road section (stratotype of the Molignée Fatiom), the ‘black marble’ of Denée begins at b&d and
ends at bed 273 (Figure 6A); 39 m thick (see HgA&88), Devuyset al. (2006) and Potet al. (2006) for
detailed logs of this section). Thus, it does notespond completely to the Molignée Formation (frioed 169
to the top of bed 294;. 58 m thick) as redefined by Patyal. (2002).

3. The ‘black marble’ of Denée, a fossil conservath deposit

Besides numerous ichnofossils (crawling and grahiages), the ‘black marble’ of Denée has yielded
the following biota: chondrostean and elasmobrafishes (e.g. Traquaim de Koninck 1878; Pruvosh
Fournier & Pruvost 1922, 1928; Woodward 1924; Dkeyet al. 1995, Maisey 2007) (Figures 2, 7A-B),
echinoids (e.g. Jackson 1929) (Figure 7C-D), oplidsr (Fraipont 1904) (Figure 7E), crinoids (Fraip@804)
(Figure 7F), holothuroids (?), dendroid graptolifesy. Ubaghs 1941) (Figure 7G—H), rugose (Figuyeaiid
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tabulate corals, sponges, conulariids, bryozoamachiopods (Delépine 1928) (Figure 7J), phyllocarid
trilobites, bivalves (Demanet 1929) (Figure 7K)sigapods, goniatites (Delépine 1940), nautiloidw] Hoated
plant remains. Most of the fossils belong to thimelathonous epibenthos (Mottequin 2004). The ecHifaina,
including the largest and most remarkable Palaecgmécimens, as well as the fishes, have contdbatgely
to its fame. Nowadays, it is not possible to sangllehe fauna anymore because of the poor expssafrthe
Molignée Formation. Palaeoecology and taphonomyewerdied by Mottequin (2004).

Figure 6. A. Partial log of the Salet road section (stratotypthe Molignée and Salet formations) (modified
from Potyet al. 2006). Bio. = Biostratigraphy; Chrono. = chronasgraphy; Litho. = lithostratigraphy; MFZ =
Mississippian Foraminifer Zones of Devuyst & HaniceRotyet al. 2006).B. Molignée Formation in its
stratotype showing the alternating thicker beddetithinner bedded units. Bed numbers are thosevefl@u
(1966). B = ‘black marble’ facies; T = ‘thick bedscies.

During the Moliniacian, the colonization of theasboor of the central part of the DSA by the bersth
and the diversity of the latter were strongly iefieced by oxygen concentration. Only some organigens able
to develop in this particular environment. Mosttloé bivalves belong to the ‘paper pecten’ morphetfigure
7K) which is diagnostic of dysaerobic environmestsording to Allisoret al. (1995). Echinoderms, especially
the echinoids, seem to have been well adaptedcéotfas poorly oxygenated environment, as indicatetheir
relative abundance in the collection and their @nestionin situ (complete tests with spines in anatomical
connection). This is not surprising because thegarmsms are known in upper dysaerobic facies afero
oxygen deficient basins; Savrdd al. (1984) reported also ophiuroids, holothuroids,ypbbetes, crabs and
gastropods in their lower dysaerobic facies. Ambrachiopods, representatives of the suborder Ptiotitve
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predominate in the collection. Some of them havaespof much greater length than the shell beattiegn
(Delépine 1928) (Figure 7J). These long spines warst probably for support (Brunton & Mundy 1988)dan
acted as a stabilizing snowshoe to prevent shrells sinking in the muddy substrate (Bowetral. 1974). Their
preservation attests to the absence of or only mtimmsport. Productidina would indicate better geyated
conditions than those prevailing during the colatian by bivalves and echinoids.

Figure 7. Fossils of the early Viséan-aged ‘black marbleDehée (Molignée Formationd. Benedenius
deneensigraquair;B. Denaea fournierPruvost;C. Proterocidaris giganteude Koninck;D. Fournierechinus
deneensidacksonE. Taeniaster? fournieriraipont;F. Graphiocrinus longicaudatu@-raipont);G.
Ptiograptus fournierUbaghs;H. Dictyonema fraipontiUbaghs;). Caninophyllunmsp.;J. unidentified productid
brachiopodsK. ‘Pterinopecten’ dumontianu@e Koninck). Scale bars are 5 cm for A-D and JfentE—K.
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The ‘black marble’ of Denée is a fossil conservatdmposit (‘fossil Lagerstatte’; see discussion in
Shields 1998), i.e. the skeletons and the testwgdnisms are preserved in their entirety. Howeseft, parts
have not really been highlighted with certainthaligh Van Straelen (1926) described an enigmasisilfander
the name oMedusina boulengetthat he interpreted as the mould of the exombudlla jellyfish. It has been
assigned to the Medusaeertae sediby Harrington & Moore (1956), but Mottequin (2004)nterpreted it as
a probable burrow. This hypothesis must be confirrbg X-rays analysis. Exceptional burrows have been
recognized within the ‘black marble’ facies suchZzamphycos Rapid burial is considered here as one of the
major factor of preservation [‘obrution depositd Beilacheret al. (1985)]. It is well exemplified by the
excellent preservation of most of the echinodernasv oxygen concentrations prevailing within the sudie
slowed down the disarticulation of the tests anduaed the eventual predators.

Carpentier (1913) and Jackson (1929) have comphecthlack marble’ of Dinant with the lithographic
limestone of Portlandian age from the SolnhoferaaneGermany which is the type of the ‘taphofadiés
dysoxic/anoxic basin’ of Brett al. (1997) based on echinoderm taphonomy. Howevéhgirtase of Denée, the
organisms are essentially benthic and generallgchtihonous, contrary to the lagoon of Solnhofenemnstthe
benthos was imported during storms and only sudviee some days before the re-establishment of isgliae
conditions. The ‘black marble’ is close also to thevbrution deposit typified by the Hunsriick SlafeEmsian
age (Brett & Seilacher 1991) and more especiallyth®y locality of Budenbach. Although the faunastho#
‘black marble’ of Denée are not pyritized, the bunf the organisms in the Belgian conservatiosifateposit
is approximately the same as in the German locéStycliffe et al. 1999). Nevertheless, the environment in
Denée may have been less oxygenated as indicatim lpyesence of bivalves of the ‘paper pecten’pinotype
and the very rare to absent trilobites.

4. Sedimentation in the central part of the part ofthe Dinant sedimentation during the early Moliniadgan
4.1. General context

An important factor that influenced the sedimewotatand the palaeoenvironment of the Molignée
Formation was the topographic context inheritednfrine upper part of the Tournaisian. During theribvo
(Tournaisian), the DSA was characterized by thedbu of large Waulsortian mounds whose maximal
development gave rise to a discontinuous barriétsisouth-western part (Waulsortian complex) (L&897).

At the same time, the ASA recorded a subsidence loater than the one of the DSA, from which it was
separated by a synsedimentary fault (Pirotte 200. end of the Tournaisian, i.e. at the end ofthivel-order
sequence 4 of Hanagt al. (2001), is marked by a major sea-level drop whiafuced the emersion of the
shallower areas of the Namur-Dinant Basin (karstifon of the top of the Avins Member) and the bauard
progradation of the shelf during the next sequgseguence 5) (Figure 4B). In the early Viséan (eage 5)
that corresponds to the period of deposition ofMlidignée Formation, the central part of the DSAlged as a
residual intra-platform basin bounded by the prdigmg shelf to the north and the Waulsortian comdeit
against a major synsedimentary fault to the solile eustatic magnitude of this sequence was probaim,
because, in the Namur-Dinant Basin, it is only rded in the DSA. In the ASA, the Terwagne Formation
(sequence 6) lies directly on the Godin Formatseg@ence 4) whereas in the CSA and the NSA, theefor
caps the Avins Member of the Longpré Formation (Haetcal. 2001) that indicates clearly a sedimentary gap
(Figure 3). According to Devuyst (2006), it is patite that the top of the Waulsortian complex enerajeo,
because it was growing in very shallow water atehd of the Tournaisian (Lees 1997), although necetiaf
such emersion has, however, yet been found. Agugrth Devuyst (2006), this may be the result of the
monotonous facies which hinder the recognitionagfds variations.

4.2. Microfacies of the Molignée Formation

Among the thin beds (‘black marble’ facies), themilwant microfacies consists of well-sorted and
laminar packstones to grainstones composed of spdilerids, peloids, moravamminids, plurilocular
foraminifers, algal fragments and other allocherhsimilar size (Figure 8B—C). By their charactadst(flat
parallel laminations, allochems of small dimens)ptisey have been interpreted previously as distélidites
by Overlau (1966), which poured out on the mariteorf and were intercalated with mudstones with
calcispherids and radiolarians (Figure 8A). The ptmkes-grainstones shift laterally to wackestorazkgtones
due to the progressive decrease of the turbidityeats. Moreover, the rugose and tabulate coraisvered in
the ‘black marble’ are always as reworked fragmemitich are transported into the basin via the tlitpi
currents. Numerous skip marks produced by brokeslissiof gastropods and cephalopods also confirm the
existence of bottom currents. The burrows are elarggit(Zoophycossp.; see also section 3). The ‘thick beds’
are mainly composed of bioturbated wackestoneadkgtones with a high diversity of allochems, amathich
include as major components: bryozoans, echinodegastropods, ostracods, trilobites, and foramigife
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(especiallyTetrataxi§ (Figure 8E). Sponge spicules, alg&=ctangulina Globochaete cephalopods, solitary
rugose coralsQyathaxoniasp.), brachiopods, and calcispherids have beenratognized (see section 4.3 for
their interpretation). Rudstones (Figure 8D) angirnggtones occur at the base of some beds. Thefad@s of

the ‘thick beds’ occurring in the Molignée Formatiare reminiscent of those of the underlying Leffenkation
(Noélin Groessens & Noél 1975), though coated clasts andids are less abundant. According to Leteal.
(1977), the carbonate mud of the Leffe Formatioprigbably derived from the Waulsortian mounds dewetb

in the DSA. However, the Leffe facies has never hdentified with certainty in other areas with Weaittian
mounds (Lees 1997). Devuyst (2006) suggested tleagea part of the lime mud of the upper part of ltiedfe
Formation was exported from the mounds when theghed depths at which the accommodation space for
aggradation was reduced.

Figure 8. Microfacies of the Molignée Formation in the Derdea; the bed numbers are those of Mottequin
(2004). A-C, ‘black marble’ facie#\.. Alternation of mudstone, wackestone and packstatieradiolarians, En
Gilotia locality in Maredret (bed 8aB. Well-sorted, laminated grainstone with peloids aaftispherids,
Debras quarry in Salet (bed 4€). Grainstone with peloids and calcispherids, and gtacie with bioclasts,
Debras quarry in Salet (bed 2e). D-E, ‘thick bedsids.D. Rudstone with lithoclasts, crinoids, bryozoans and
peloids, Debras quarry in Salet (bed 2Ea)Wackestone with peloids, trilobites, crinoids, degans and mud
balls, En Gilotia locality in Maredret (bed 24).1 Atale bars are 10 mm.
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4.3. Palaeoenvironmental interpretation of the Moég Formation in the Denée-Salet area

The origin of the alternations of ‘black marble’ atliick beds’ facies has been previously interptete
by Mottequin (2004) as shallowing-upwards parasege® with the ‘thick beds’ at their base and thack
marble’ facies at their top (Figure 6B); their anigvould have been linked to the periodic confinaimef the
DSA due to sea-level fluctuations. Low oxygen canicgions are suggested by the remarkable presamvat
the fauna and the existence of dysaerobic organgrmbl as the bivalves of the ‘paper pecten’ morgiet
Because of the required depth conditions for theaegion of anoxia in Recent confined basins (Mugigl.
1989), Mottequin (2004) suggested that the ‘blackbte’ facies would have been developed betweenahdO
150 m water depth, whereas the ‘thick beds’ woaldehbeen deposited between 150 and 200 m depthlabhis
estimation used the presence of the pluriloculaarfonifer Tetrataxiswithin the ‘thick beds’ which would
indicate a depth less than 200 m, according to (£@87), as well as the reconstruction of the NaBimant
Basin by Hancet al. (2001).

The confinement of the central part of the DSA wesbably due to minimal sea-level fluctuations,
partly induced by glacio-eustasy (see discussiokldattequin 2008). ‘Spasmodic’ synsedimentary teict®rof
the basin may have also influenced the palaecoemwient. Indeed, two major synsedimentary faults Heaen
inferred previously on the basis of thickness \tames of some formations, as well as on suddereachanges.
The first one would have been located in the Sonezt éFigure 4B), but it is believed to have bedivaat least
after the sedimentation of the Braibant Member fognthe cap beds of the Sovet Formation (Hance ;1988
Hanceet al 2001; Devuyst 2006; Post al. 2006). The second fault delimited the southern gfathe DSA and
the northern part of the ASA (Pirotte 2006; FigGjeit appeared probably at the end of the Hastakiaen the
ASA began to differentiate from the DSA with thepaprance of shallower water facies in the formfeboth
were active during the deposition of the Molignéerration, the DSA would have thus evolved as aidirgp
zone.

Devuyst (2006) recognized three large-scale shallpwpwards cycles in the stratotype of the Sovet
Formation (the lateral equivalent of the Molignéaration) which he interpreted as reflecting thetlwards
progradation of the platform margin as successiegarclinoforms. So, most of the turbidites occygnmithin
the ‘black marble’ facies would originate from therthern part of the DSA, as previously suggestetiance
et al. (2001), on the basis of the allochems presenhénplackstones-grainstones. The turbidites wouldtresu
from violent storms, earthquakes or clinoform ibdity due to an oversteepened slope.

The persistence within the Molignée Formation ofidacsimilar to those observed in the Leffe
Formation can be partly explained by the fact thatabrasion of the Waulsortian mounds continuést #ifieir
decay — they stopped growing in the late Tournaisiaand also by the fact that the topography inderirom
these buildups remained for a while. Waulsortianunts are recognized in the Denée-Salet area (e.g.
Delcambre & Pingot 2004).

Because of the random mode of dispersion of thadities, it is very difficult to correlate the vatis
sections exposing the Molignée Formation in the d@eBalet area. The microfacies recognized in Danéle
Salet are different because Salet occupied a mmwdnpal position. So the wackestones-packstonesrdog
mainly in Denée have been interpreted as the dispaivalents of the packstones-grainstones thairdded in
Salet.

5. Conclusions

The ‘black marble’ of Denée, included within the Molée Formation of Moliniacian age and
developed in the central part of the Dinant sediait#on area (corresponding to an intra-platformijads a
fossil conservation deposit and belongs more paaily to the ‘obrution deposits’ of Seilacher al. (1985).
The turbiditic sedimentation with smothering effeombined with deficient oxygenation of the bottoraters
favoured the exceptional preservation of the faupas echinoderms, fishes) by inhibiting the depetent of
the necrophagous and saprophagous organisms dherdeposition of the ‘black marble’ facisensu stricto
The periodic confinement of the central part of bimant sedimentation area was induced by sea-level
fluctuations of low magnitude and took place duraghird-order sequence characterized by a lowesgsd;
namely the sequence 5 of Hamteal. (2001).

6. References

ALLISON, P.E., WIGNALL, P.B. & BRETT C.E. 1995. Redo-oxygenation: effects and recognition.Miarine Palaeoenvironmental
Analysis from Fossi|SOSENCE, D.W.J. & Allison, P.E. (eds}eological Society Special Publicati®8: 97-112.

BOWEN, Z.P., RHOADS, D.C. & MCALESTER, A.L., 197Marine benthic communities in the Upper DevoniaiNefv York.Lethaig 7:
93-120.

125



Darwin-Bernissart meeting, Brussels, February 92089

BRETT, C.E. & SEILACHER, A., 1991. Fossil Lagerstiit a taphonomic consequence of event sedimentdticCycles and Events in
Stratigraphy EINSELE, G., RICKEN, W. & SEILACHER, A. (eds). 8pger-Verlag: Berlin; 283-297.

BRETT, C.E., MOFFAT, H.A. & TAYLOR, W.L., 1997. Eamoderm taphonomy, taphofacies, and LagerstattenGeobiology of
EchinodermsWATERS, J.A. & MAPLES, C.G. (edsThePaleontological Society Paper3: 147-190.

BRUNTON, C.H.C. & MUNDY D.J.C. 1988. Strophalosiaceand aulostegacean productoids (Brachiopoda) fherCraven Reef Belt
(late Viséan) of North Yorkshiréroceedings of the Yorkshire Geological Socié# 55-88.

CARPENTIER, A., 1913. Contribution a I'étude du I@arifere du Nord de la Franddémoires de la Société géologique du Nard2): 1-
434.

CONIL, R., 1967. Problemes du Viséen inférieur danSondrozAnnales de la Société géologique de Belgi§le B413-B429.

DELCAMBRE, B., 1989. Marqueurs téphrostratigrapleisiau passage des calcaires de Neffe vers ceukee Bulletin de la Société
belge de Géologi€8: 163-170.

DELCAMBRE, B. & PINGOT, J.L., 2004. Carte géolog&de Wallonie a 1/25.000. Biesme-Mettet 53/1-2 dtice explicative). Ministére
de la Région Wallonne, Namur.

DELEPINE, G., 1928. Les Brachiopodes du Marbre a@rDinant (Viséen inférieurMémoires du Musée royal d’Histoire naturelle de
Belgique 37: 1-39.

DELEPINE, G., 1940. Les Goniatites du DinantiedalBelgique Mémoires du Musée royal d’Histoire naturelle ddgigue, 91: 1-91.

DEMANET, F., 1929. Les Lamellibranches du Marbré e Dinant.Mémoires du Musée royal d’Histoire naturelle dedigue 40: 1-80.

DEMANET, F., 1958. Contribution & I'étude du Dinemt de la BelgiqueMémoires du Musée royal d’'Histoire naturelle dedgle 141:
1-152.

DERYCKE, C., CLOUTIER, R. & CANDILIER, A.M., 1995Palaeozoic vertebrates of northern France and @algiPart Il -
Chondrichthyes, Acanthodii, Actinopterygii (uppesh&ilurian to Carboniferouseobios Mémoire speciall9: 343-350.

DEVUYST, F.X., 2006 The Tournaisian-Viséan boundary in Eurasia. Deifimif biostratigraphy, sedimentology and early etiolu of the
genus Eoparastaffella (foraminifefphD Thesis, Catholic University of Louvain.

DEVUYST, F.X. & DEHANTSCHUTTER, J.A.E., 2007. Waoldian carbonate mud-banks, BelgiumHacies from Palaeozoic reefs and
bioaccumulations VENNIN, E., ARETZ, M., BOULVAIN, F. & MUNNECKE, A (eds).Mémoires du Muséum national
d’Histoire naturelle 195: 235-238.

DEVUYST, F.X., HANCE, L. & POTY, E., 2006. Molinigan. In Current status of chronostratigraphic units nameahf Belgium and
adjacent areasDEJONGHE, L. (ed)Geologica Belgica9: 123-131.

FOURNIER, G. & KAISIN, F., 1929. Compte rendu dedession extraordinaire de la Société belge ded@imlde Paléontologie et
d'Hydrologie tenue a Yvoir les 19, 20 et 21 septemi®27.Bulletin de la Société belge de Géologie, de Pdtdogie et
d’Hydrologie, 38: 15-45.

FOURNIER, G. & PRUVOST, P., 1922. Découverte d'aison nouveau dans le Marbre noir de DeBédetin de la Classe des Sciences
de I’Académie royale de Belgiq(® ™ série), 8: 210-218.

FOURNIER, G. & PRUVOST, P., 1928. Description desisBons Elasmobranches du Marbre noir de Dektmoires de la Société
géologique du Nord (2): 1-21.
FRAIPONT, J., 1904. Echinodermes du Marbre noibDdeant. Annales de la Société géologique de Belgitemoires in-4°, 2: 5-21.

GROESSENS, E. & NOEL, B., 1975. Etude litho- etshiatigraphique du Rocher du Bastion et du RoclegaBl a Dinantinternational
Symposium on Belgian micropaleontological limitsnfir Emsian to Viséan, Namur 1978gological Survey of Belgium,
Publication n°15: 1-17.

HANCE L. 1988. Le Moliniacien du Synclinorium deraint (Belgique) depuis la région dinantaise jusda’@allée de I'OurtheMémoires
de I'Institut Géologique de I'Université de Louvai#: 1-90.

HANCE, L., POTY, E. & DEVUYST, F.X., 2001. Strataphie séquentielle du Dinantien type (Belgiquejaetélation avec le Nord de la
France (Boulonnais, Avesnoifulletin de la Société géologique de Frante2: 411-426.

HANCE, L., POTY, E. & DEVUYST, F.X., 2006a. Tours#&n. InCurrent status of chronostratigraphic units nameahf Belgium and
adjacent areasDEJONGHE, L. (ed)Geologica Belgica9: 47-53.

HANCE, L., POTY, E. & DEVUYST, F.X., 2006b. Viséam Current status of chronostratigraphic units namednf Belgium and
adjacent areasDEJONGHE, L. (ed)Geologica Belgica9: 55-62.

HARRINGTON, B.J. & MOORE, R.C., 1956. Medusae iraersedis and unrecognizable formsTteatise on Invertebrate Paleontology,
Part F, CoelenterataMOORE, R.C. (ed). Geological Society of America &wahsas University Press, New York and Lawrence,
Kansas: F153-F161.

JACKSON, R.T., 1929. Palaeozoic Echini of Belgilvi@moires du Musée royal d’Histoire naturelle deddglie 38: 1-74.

KONINCK, L.G. (de), 1878. Faune du calcaire carliénei de Belgique. Poissonsnnales du Musée royal d’Histoire naturelle de Bglg,
2:1-152.

LEEDER, M.R., 1988. Recent developments in Carlevaifs geology: a critical review with implicatiofer the British Isles and N.W.
Europe Proceedings of the Geologists’ Associati®f: 73-100.

LEES, A., 1997. Biostratigraphy, sedimentology @atheobathymetry of Waulsortian buildups and peaitd§ortian rocks during the late
Tournaisian regression, Dinant area, BelgiGeological Journal32: 1-36.

LEES, A., 2006. Waulsortian. l@urrent status of chronostratigraphic units namezhf Belgium and adjacent areaBEJONGHE L. (ed.).
Geologica Belgica9: 151-155.

LEES, L., NOEL, B. & BOUW, P., 1977. The Waulsorti&reefs’ of Belgium: a progress repoMémoires de I'Institut Géologique de
I'Université de Louvain29: 289-315.

MAMET, B., 1964. Sédimentologie des facies ‘Marbnesrs’ du Paléozoique franco-beld¢émoires du Musée royal d'Histoire naturelle
de Belgique151: 1-131.

MAISEY, J.G., 2007. The braincase in Paleozoic symiifiorm and cladoselachian sharl@ulletin of the American Museum of Natural
History, 307: 1-122.

MOTTEQUIN, B., 2004. Paléoécologie et interprétatisédimentologique du ‘marbre noir' de Denée (Miséeférieur, Belgique).
Geologica Belgica7: 3-19.

126



Darwin-Bernissart meeting, Brussels, February 92089

MOTTEQUIN, B., 2008. The ‘black marble’ of Denéefassil conservation deposit from the Lower Carlenoius (Viséan) of southern
Belgium.Geological Journal43: 197-208.

MURRAY, J.W., JANNASCH, H.Wet al, 1989. Unexpected changes in the oxic/anoxicfeterin the Black Se&lature 338: 411-413.

OVERLAU, P., 1966La sédimentation viséenne dans I'Ouest du HainalgebPhD Thesis, University of Louvain.

PIROTTE, N., 2006Etude de la transition entre I"Auge dinantaise’lat'‘Ride d’Avesnes’ au Dinantien, au bord sud gud@inorium de
Dinant et en Avesnai®EA Thesis, University of Liege.

POTY, E., 1997. Devonian and Carboniferous tectiricthe eastern and southern part of the BrabassiW (Belgium).Aardkundige
Mededelingen, Leuven University Pre8s143-144.

POTY, E., DEVUYST, F.X. & HANCE, L., 2006. Late Denian and Mississippian foraminiferal and rugoseakaonations of Belgium
and Northern France, a tool for Eurasian correfetiGeological Magazinel43: 829-857.

POTY, E., HANCE, L., LEES, A. & HENNEBERT, M., 200Dinantian lithostratigraphic units (Belgium). Buide to a revised
lithostratigraphic scale of BelgiunBULTYNCK, P. & DEJONGHE, L. (eds)ceologica Belgica4: 69-94.

SAVRDA, C.E., BOTTJER, D.J. & GORSLINE, D.S., 1983evelopment of a comprehensive oxygen-deficientimeabiofacies model:
evidence from Santa Monica, San Pedro and SantzaBaBasins, California Continental Borderlandisierican Association of
Petroleum Geologists Bulletig8: 1179-1192.

SEILACHER, A., REIF, W.E. & WETSPHAL, F., 1985. Setntological, ecological and temporal patternsfasfsil-Lagerstéatten. In
Extraordinary biotas: their ecological and evolutiary significanceWHITTINGTON, H.B. & CONWAY MORRIS, S. (eds).
Philosophical Transactions of the Royal Societyaidon 311: 5-23.

SHIELDS G. 1998. What are Lagerstattémthaia 31: 124.

SUTCLIFFE, O.W., BRIGGS, D.E.G. & BARTELS, C., 1996hnological evidence for the environmental sgttof the Fossil-Lagerstatten
in the Devonian Hunsruck Slate, Germa@gology 27: 275-278.

UBAGHS, G., 1941. Les Graptolithes dendroides dub¥éanoir de Denée (Viséen inférieuBulletin de I'Institut royal des Sciences
naturelles de Belgiquel7 (2): 1-30.

VAN STRAELEN, V., 1926. Sur les premiers restesMtauses trouvés dans le Calcaire carbonifere @=lgique.Bulletin de la Classe
des Sciences de I'’Académie royale de Belgi$jae952-956.

WOODWARD, A.S., 1924. Un nouvel Elasmobrancheatoselache Pruvostien. et sp. nov.) du Calcaire carbonifére inféras Denée.
Livre jubilaire de la Société Géologique de Belgigl: 59-62.

ZIEGLER, P.A., 1990Geological atlas of Western and Central Europ¥ &lition) Shell Internationale Petroleum Maatschappij BD&n
Haag, 239 pp.

127



Darwin-Bernissart meeting, Brussels, February 92089

128



Darwin-Bernissart meeting, Brussels, February 92089

130 YEARS AGO: THE DISCOVERY OF
THE BERNISSART IGUANODONS
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Abstract: The discovery, in 1878, of more than twenty complskeletons of the ornithopod dinosaur
Iguanodon is one of the most important discoveries in tistany of palaeontology. Here we shortly descrie t
discovery, the excavation, the preparation, thebédn and the study of these extraordinary skeist

KEYWORDS. Iguanodon Bernissart, Lower Cretaceous, dinosaurs

1. Introduction

Bernissart is a former coal-mining village in wast Belgium, situated less than a km from the Fsanc
Belgian frontier. In 1878, the Sainte-Barbe Pig(Hi) started to produce one of the greatest dina$iacoveries
of all times: more than 20 complete articulatedetioms and several incomplete specimenigagdnodon These
were the first complete skeletons ever discoveretistill remain one of the greatest accumulationa single
taxon of dinosaur. This discovery was a cornersiantae history of palaeontology: for the first time was
possible for the scientific community to realizewhdinosaurs really looked like. Most of the spedimenf
Iguanodonare now on display in the renovated Janlet WinthefRoyal Belgian Institute of Naturals Sciences
in Brussels. Nine of them are standing, mountetiiwian enormous glass cage. Many others have leéein |
their original position, lying on their sides asufi entombed in the coal mine. This astonishingyaof
Iguanodorskeletons constitutes one of the most impresssgalis of dinosaurs anywhere in the world.

Figure 1. The Sainte-Barbe pit and mine buildings at the @frttie 19th Century, at the time when the
Bernissart Iguanodons were discovered.
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2. Before Bernissart

Around 1822, Mary Ann Mantell discovered large sitzed teeth while strolling in the Sussex
countryside in England. Her husband, the physician@deon Mantell, was very intrigued by these fies$ie
described them and named thiynanodon(‘lguana tooth’), because of their superficial mabéance to those of
living iguanas (Mantell, 1825)Iguanodon the second representative of the group aRkrgalosaurus
(Buckland, 1824), was one the few chart membethefDinosauria’, named by Richard Owen in 1842.

For 56 years, very little was known abdgtianodonand other dinosaurs. Mantell imagined these
antediluvian animalso be some kind of giant lizards with elongatedibsdind sprawling limbs. In 1854, the
sculptor Waterhouse Hawkins erected a full-sizemstruction oflguanodonfor the Crystal Palace exhibition
centre in London as a rhinoceros-like heavy quashiupith a large spike on its nose.

The first partial dinosaur skeleton, nantéaldrosaurus foulkilLeidy, 1858, was discovered in 1857 in
New Jersey. This skeleton was reconstructed in a&dbipgait at the Academy of Natural Sciences of
Philadelphia, but many questions were still lefanswered about the general appearance of dinosaurs.

3. The discovery of the Bernissart Iguanodons

In 1878, miners working in the the Sainte-Barbea®iBernissart reported that the Luronne seam was
cut out, at 322 m depth, by what they called arfGra local name for pits formed by natural collapisrough the
coal seams and filled with Lower Cretaceous clageeposits normally located above the Coal Measures.
miners had to traverse this ‘cran’ as quickly asgiae in order to rejoin the Luronne seam.

On February 28, two miners, J. Créteur and A Bland, found in the clays of the ‘Cran’ what they
believed to be a tree trunk filled with gold. Maother specimens were collected by the miners incMa®n
April 2, the local doctor L'Hoir and the mine manage Fagés concluded, that these strange objects iwe
fact fossil bones filled with pyrite, the ‘fool'soffl’. They rapidly sent fragments of fossil bonesstveral
Belgian specialists. P.J. Van Beneden, a zooldgist Leuven University, was the first to recognizecag the
collected specimens teeth of the dinodguanodon(Van Beneden, 1878). On April 12, the manageméttie
colliery sent a telegram to E. Dupont, directorted Royal Museum of Natural History in Brussels,iagKor
the services of L. De Pauw, a technician highly eiepeed in the restoration of fossils.

Figure 2. Drawing by G. Lavalette of a specimenlgfianodon bernissartensis
as discovered in the Sainte-Barbe pit at Bernissart
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4. The excavation of the Bernissart Iguanodons

During three years, L. De Pauw and his team, coetbbg one museum warder, one moulder and nine
miners, actively excavated the ‘Iguanodon CraBenissart. In August 1878, an important earthquz&eked
the excavation team during two hours in the gal&2¢ m below ground level. This gallery was subsatiye
flooded in autumn, forcing the team to abandonrthesearches during several months. The excavations
restarted from May 1879 onwards. They were extembetontally for 50m at the 322 m level. The minaiso
encountered fossiliferous clays at a depth of 356unhthe diameter of the ‘cran’ was reduced ay @nh at this
level and the skeletons were consequently compldislocated (De Pauw, 1902).

It was the first time that palaeontologist had dip@ortunity to collect such a wealth of fossilghin a
single locality. More than twenty more or less coetg skeletons ofguanodonwere found lying as they had
fallen, little disturbed by their burial (Fig. Besides these dinosaurs, hundreds of fragmentsuatsp hundreds
of fishes, several crocodiles and tortoises, onghéloian, one fragment of insect, and one carniveminosaur
phalanx were also discovered (Table 1).

Insects
Order Hemiptera
Hylaeoneura ligneLameere & Severin, 1897
Fishes
Order Palaeonisciformes
Coccolepis macropterugraquair, 1911
Order Pycnodontiformes
Lepidotes bernissartensisaquair, 1911
Lepidotes brevifulcratu$raquair, 1911
Lepidotes arcuatu$raquair, 1911
Turbomesodon bernissarten§igaquair, 1911)
Order Amiiformes
Callopterus insignidraquair, 1911
Amiopsis dolloiTraquair, 1911
Amiopsis lataraquair, 1911
Notagogus parvusaquair, 1911
Order Pholidophoriformes
Pholidophorus obesu3raquair, 1911)
Pleuropholissp.
Order Gonorhynchiformes
Aethalionopsis robustu§raquair, 1911)
Order Salmoniformes
Pattersonella formoséTraquair, 1911)
Nybelinoides brevigTraquair, 1911)
Order Elopiformes
Arratiaelops vectensi@Voodward, 1890)
Amphibian
Caudata incertae sedis
Hylaeobatrachus croyiDollo, 1885
Turtles
Chitracephalus dumonbollo, 1885
Peltochelys duchastdliollo, 1885
Crocodiles
‘Goniopholis simuwen, 1878
Bernissartia fagesiiDollo, 1883
Dinosaurs
Iguanodon bernissartensBoulenger, 1881
Iguanodon atherfieldensidooley, 1924
Theropoda indet

Table 1.Faunal list of thelguanodoncran’ at Bernissart.
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The excavation method elaborated by L. De Pauw wadfigient that it is still used at the presentei
during palaeontological excavations. Edghanodonskeleton was split into pieces that were coatetl plaster
of Paris. After being sketched and catalogued, tloeks were carried to the surface. After threeryea
excavations, about six hundred blocks, totallingerthhan 130 tonnes, were transported to Brussdlsmiture
removal vans.

The excavations were stopped in 1881, because xpenges involved by this enterprise were
considered too high by the Belgian government. Mensitof the Parliament suggested that an Iguanodon
skeleton should be sold abroad in order to cokegiplementary subsidies, but public outcry prewerttes
transaction. From 1915, the German forces of odtmpaunder the initiative of the palaeontologistaJaekel,
planned to start new excavations at Bernissartrderoto send new Iguanodon skeletons in Germarnralatu
history museums. But the preliminary researchesvierrupted in 1918 by the end of the First Wondr
(Roolf, 2004). After the war, further initiatives start new excavations at Bernissart were immelgiatopped
because of the absence of wish from the Belgiaemgowent to put up the money for such researches.

5. Preparation and mounting of the Iguanodon skeletts

After death, the Iguanodon carcasses were coveyedldyey sediments and their decomposition

therefore developed in anoxic environment. In stmiditions, sulphate-reducing bacteria were higivylved
in the putrefaction processes. The hydrogen sulplpiceluced during the hydrolysis of the organicteraby
these bacteria, combined with the iron from theirsedts and from the degradation of haemoglobinotonf
pyrite, which was deposited in cavities within th@nes. In contact with damp air, the pyrite oxidise form a
salt, iron sulphate, or an iron oxide, limonite.cbmposition of both led to the disintegration ohbaontaining
them (Leduc, 2004). For that reason, lipganodonbones became extremely fragile when they wereaeted
from the Bernissart pit.

Figure 3. Mounting of the firsiguanodonspecimen in the St. George Chapel of the Nassagd’a
Note, close to thiguanodors leg, the cassowary and wallaby skeletons useddimparison.
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Once they were arrived in Brussels, figganodonblocks were stored in the Museum workshop,
housed in the St George Chapel of the Nassau Ralasepreserved as an exhibition hall in the AlbdRoyal
Library. Between 1878 and 1905, the bones were ignated with a carpenter’s glue-based gelatine had t
pyrite was systematically curetted from the bortgsme vertebrae contained more than 1 kg of pyfite
remaining cavities were filled with ‘carton-pieryr@ stable mixture of paper, glue and talc (De Rd1982).

It was decided to mount the best presergrdinodonspecimens in a lifelike gait. In 1882, the first
specimen was assembled and mounted by L. De Padwaigarieam in the St. George Chapel. The bones were
suspended from scaffolding by ropes that could djested so as to obtain the most lifelike position the
complete skeleton, which was then supported by@nframework (Fig. 3). This first mounted specinvess
publicly exhibited in 1883 in a glass cage cong#&ddn the interior court of the Nassau Palace.tBetNassau
Palace Chapel quickly became too small for theagi®rpreparation, mounting and exhibition of thas@erous
and bulky skeletons. In 1891, the Iguanodons aadRibyal Museum of Natural History were transpoitec
new home in the Leopold Park. In 1899, five specsngare mounted in a glass cage close to the ertirtbe
museum. From 1902 onwards, the whole Bernissartbitixin was permanently installed in the newly-
constructed Janlet Wing of the Royal Museum of Katdistory (Fig. 4).

Between 1933 and 1937, tlpuanodonskeletons were dismantled and treated, because yieiars of
changes in temperature and humidity had producedritant damages. The bones were soaked in a miafure
alcohol and shellac, a natural lacquer secretedoogid insects. The specimens were installed into laxge
glass cages, in order to stabilize the temperatadehumidity of their environment.

Figure 4. Exhibition, in the beginning of the 2@entury, of the mounteduanodon
specimens in the Janlet Wing of the Royal Museuatfiral History.

From 2004 till 2007, the Janlet Wing of the RoRalgian Institute of Natural Sciences was entirely
renovated. At this occasion, the Iguanodon sketetwere completely restored again. All the bonesewer
reinforced by a solution in acetone and alcoho$yfthetic polyvinyl acetate (‘Mowilith’). New glascages
were constructed to protect the skeletons (Fig.5).
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Figure 5. The new presentation of the Bernissart Iguanodons.

6. The study of the Bernissart Iguanodons

Just after the discovery of the Bernissart Iguanggd E. Dupont, then director of the Royal Musedm o
Natural History, asked the young naturalist G. AwuBnger to study these specimens. In 1881, Boaleng
presented his first results to the Belgian Acadei$ciences, Letters and Fine Arts: he describeaitaomy
of the pelvis of these dinosaurs and proposedttigagreater number of sacral vertebrae (six) inBémissart
form, as opposed to the five sacral vertebrae énBhglish specieb mantelli merited the establishment of a
new species that he namdéguanodon bernissartensidnfortunately, this paper was refused publication
although a brief highly critical review of Boulenggepaper was published by Van Beneden (1881). atterl
claimed that the Bernissart Iguanodons belongelguanodon mantellialready described from disarticulated
specimens discovered in England. Shortly afterward$381, Boulenger accepted a post at the Brisiseum
(Natural History) and in 1882 study of the Bernis$guanodons was entrusted to L. Dollo. Between21&&d
1923, Dollo published many preliminary notes on Bernissart fauna and, especially, lguanodon(see
bibliographical list in Norman, 1980). He distinghed two species at Bernissart: most of the specielong
to the larger forni. bernissartensisthe new species named by Boulenger, althoughgéestcomplete individual
represents the smaller and slendenantelli While studying in detail several parts of fligganodonskeleton,
Dollo was adopting a forensic approach to undedstan these fossils. He developed a new style of
palaeontology that became known as palaeobiologigepntology can be expanded to investigate tHedyp
and by implication the ecology and the behavioureafinct creatures. Dollo’s final contribution thet
Iguanodonstory was published in 1923 as a synthetic stumionour the centenary of Mantell's original paper.
He identifiedlguanodonas an ecological equivalent of the giraffe. Itadaoo-like posture enabled it to reach
high into the trees to gather its fodder, whiclats able to draw into its mouth by using a longsoular tongue.
The sharp beak was used to nip off tough stemsewind teeth served to pulp the food before it walswed.
This image oflguanodonas a gigantic kangaroo-style creature, as deplyddollo, has become iconic during
more than 60 years and was reinforced by the bligtan of full-sized replicas of mounted skeletoofs
Iguanodonfrom Brussels to many of the great museums arthmevorld (Norman, 2005).

In 1980, the British palaeontologist D. Norman Igiied a monographic study dfuanodon
bernissartensisFunctional analysis of the skeleton indicated tha vertebral column, stiffened by a network of
ossified tendons, was held more or less horizowtdle the animal was walking or running. Normanoals
believed that. bernissartensisvas mainly a quadrupedal animal. The structurdefpectoral girdle, the ratios
of the fore-and hindlimb lengths, the strongly fligarpal bones, and the presence of hoof-like Usgarathe
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middle three digits of the hand suggest that thdtad |. bernissartensispent most of its time in a quadrupedal
posture, though juveniles had a predominantly apetbde of life.

In 1986, Norman concluded that the small speci@® Bernissart belongs tguanodon atherfieldensis
Hooley, 1925, a species previously described fioerMealden Beds of the Isle of Wight.

Figure 6. Reconstruction by C-T scanning of the skull andrbo&lguanodon bernissartensis

Although the Bernissart Iguanodons were discov&&@l years ago, these fantastic creatures have not
revealed all their secrets yet. At the occasiotheflast dismounting operation of tlganodonspecimens, the
best preserved skulls have been investigated bydamining at Gasthuisberg Hospital in Leuven. Itas/n
possible to study inaccessible areas inside thdl skithout damaging these fragile fossils. Fig. § a
reconstruction, after C-T scanning, of the brainityasf these animals, dead some 130 million yegrs a
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1. Introduction to the geology of Belgium

The Hautrage quarry is located in the Western paBedgium. Despite the small size of its territory
(ca. 30.500 km?), Belgium shows a rich geology,oemgassing various lithologies and covering a lgrge of
the geological timescale, from Early Palaeozoic ¢dokene. Figure 1 focuses on the geology of Belgium

Figure 1. Simplified geological map of Belgium.
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Excepting the Quaternary cover, rocks outcroppin@étgium can broadly be divided into two large
areas (Fourmarier, 1954; Robaszynski & Dupuis, 1983

The northern part of the country mainly exhibits @aric deposits consisting in predominantly marine
and unconsolidated sediments (Vandenberghad, 1998). They may reach a thickness of several tagsdof
meters. Sediment accumulation in this area resfiited relative sea-level fluctuations and migratafrthe sea
to the North/North-West.

In southern Belgium consolidated Palaeozoic roakwidate over large areas. These rocks underwent
strong deformations at the end of Carboniferoussddeic deposits are poorly represented due to dorhin
continental conditions during this period. Marireglignents from Triassic and Jurassic only crop owgbinthern
Belgium (Belgian Lorraine; Boulvaiat al, 2001). Rocks from that period are also known flmreholes in the
Campine Basin (Dusagt al, 2001). Continental deposits of the Lower Cretaseare only preserved in the
Mons basin, in which the famous Bernisdgianodonwere found in 1878-1881 (Robaszynskial, 2001).
More or less extended marine deposits formed dutipger Cretaceous due to transgressive pulses. The
Cretaceous sea progressively flooded a large gaBelyium (Robaszynsket al, 2001). Cretaceous strata
mainly crop out in the Liege-Maastricht area andhie Mons basin. In the southern part of Belgiummazeic
deposits are rather poorly represented, excepeifions basin area.

Almost all these rocks are of sedimentary originl§ck & Dejonghe, 2001). Occurrences of magmaditks
are rather rare (Denaeyer & Mortelmans, 1954) aretamorphic rocks are restricted to the Ardenne
Anticlinorium and the Brabant Massif (Fielitz & Mgy 1999).

2. The Mons basin

The Mons basin (MB) is located in the western pABealgium, in the Hainaut Province (Figure 2).dt i
connected to the Paris Basin to the West althohghsedimentary records are significantly differenboth
basins. The MB may be considered as a gentle “swiclileveloped on a folded and faulted Devonian-

Carboniferous basement (Fig. 6A), and filled wittet@ceous-Cenozoic sediments (Robaszyeskil., 2001).
The MB is limited by the maximal extension of therdnian deposits.

Figure 2. Schematic geological map of the Mons basin.

2.1. Lithostratigraphy

The deposition of the sediments in the MB is theultesf relative sea-level fluctuations, due to
eustatism, subsidence and sedimentary suppliesré~8).
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Figure 3. A. North-South section in the Mons basin; vertialplitude = x 10. B. Simplified lithostratigraph§/ o
the Mons basin (from Marliére, 1970).

The oldest sediments of the MB are the “Wealdere&idiecognized in three geological contexts:
- in kilometric outcrops (“pockets”) or weakly bad sediments in the northern part of the MB, froautriage to
La Louviére (Fig. 2; Marliere, 1946) — Hautrage Gldgormation, Baudour Clays Formation and Saintr@ier
Clays Formation;
- in filling several natural pits (also called “@fa developed through the basement (for exampReanissart);
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- as white sands and sandstones containing ligmite glauconitic material in the eastern part of Mg (=
“Strepy Formation” or “Cénomanien a faciés WealllisensuGulinck, 1974).

In the MB, the “Wealden facies” are locally covefad calcirudites, sandstones and conglomerates of
the Albian-Cenomanian Haine Group (locally calledletile”, Marliere, 1946). Rich in glauconite and
ferriferous illite, these Albian-Cenomanian dep®sibrrespond to neritic sedimentation and can redith
meters of thickness in local depressions — for g@larat Bernissart - where the subsidence rategisehithan in
adjacent areas (Cornet, 1927). These depressidles] t@uves”, are scattered throughout the basin.

The latest Cenomanian period characterizes thedfastarge sea-level rise (probably due to eustatisith the
glauconiferous marls rich iActinocamax plenudMarls mainly dominate in the overlying Turoniaedanents
(“Diéves”), showing frequent lateral variation dfidkness. The Upper Turonian - Coniacian sedimemtatio
probably recorded the eustatic regression / trassgyn event which is known world-wide during theriod
(Hacqet al, 1987). Upper Turonian deposits consist of 5 Qondeters of siliceous marls (Chailles de Ville-
Pommeroeul) overlain by cherty limestone (Silex alittage) that exhibit increasing lateral changdh tiune
and are capped by hardgrounds. On top of the Jat€:.5 to 2m-thick bed of highly glauconitic sedints
(“Craie” de Maisieres, probably Coniacian in agegrinthe lower, transgressive sequence of the vtk
deposits.

Chalks are widespread in the MB during the Conigci@antonian, Campanian and Maastrichtian
stages. The chalk series is locally covered bypthesphatic “Craie de Ciply” and by the “Tuffeau dairs-
Symphorien”. During Late Maastrichtian, the MB expeced a (eustatic?) sea-level fall with condenseds
(hardgrounds) and hiatuses. The famous Cretacedasdgane boundary is thus not recorded in the MB, a
least in known sections.

The Cenozoic sedimentation starts with the “Dano-fidori and “Montian”, Danian (-Selandian) in
age. It partly corresponds to continental deposith local mammal fossils like those excavated aintih,
which are considered as a key-point for the strapigy of mammals in Europe (Fok al, 2005). The latest
Palaeocene consists in argillaceous, glauconifeamd locally carbonaceous Thanetian sands. Dutieg t
Palaeocene-Eocene interval, continental conditwasailed in the MB as shown by the occurrencduwfidtile
deposits, locally containing terrestrial faunadlik Erquelinnes: Rutot, 1881). Continental condiiare further
attested by a large meteoric weathering of thestdtbanetian marine sands and the fluviatile saedsiting in
widespread quartzitic concretions (Dupeisal, 1997). The early Eocene is characterized by Yamesandy
clays. Coarse Lutetian sand is located only in #stezn part of the MB.

2.2. Subsidence

As demonstrated in the Saint-Ghislain borehole ifize) 1972), high subsidence rates in the Mons area
are recorded since Palaeozoic times. Kilometrickiipper Devonian and Carboniferous series accustlia
the EW-elongated basin called “sillon borain” bydkidt (1980). Abnormal but of lower order of magdiu
subsidence rates are still observed through theMNenozoic, with sedimentary sequences of ca. 2@@iak in
average. The most striking feature of subsidendbenMB is depocentre shift (Marliere, 1970). Thizkthess
maxima for each sedimentary formation are not soppesed, showing that the location of areas of ésgh
subsidence rate changed with time. The thicknessmmaawf the different formations in the Cenomanian-
Lutetian sequence give 800 m when summed togetlmés. demonstrates the significant impact of depageent
shift on sedimentary record in the MB. As a resifilsubsidence and except along fault-flexure zomesre
layers locally dip as 60°, bedding dips are ratsraall (about 10°; Angelieet al, 2006). The existence of
evaporite dissolution in the deep Devono-Dinanbasement and its impact on the deformation of tteglging
strata have been suggested to explain the depecshift (Delmer, 1972; Dupuis & Vandycke, 1989).wéwer
the very well oriented fault system in the MB mégoabe partly due to the regional crustal actiitgndyckeet
al., 1991; Vandycke, 2002; Spageaal, 2007). “Cuves”, “pockets” and “Crans” are lodagh subsidence
areas, with infillings of Lower Cretaceous and Lowéiddle Cenomanian deposits.

3. The Hautrage quarry
3.1. Localization and geological setting

The Danube-Bouchon quarry is localized in a “pockedilled the “Hautrage pocket” (Saint-Ghislain
entity) at about 20 kilometers north-west of Monise wealden clays and sands trapped in this pdekeng to
the Hautrage Clays Formation. They overlie the Namumweathered basement, and are recovered by
Cenomanian-Turonian marine sediments. In Hautrdogewealden facies are deposited in a continepsaés.
It can be linked to a major gully that exists bedwéhe south-east English area and the future Basis (Thiry
et al, 2006). The relative low sea-level of this perfdbably allows this gully to collect the productsthe
surrounding Armorican Massif in the south west, eoddon-Brabant Massif in the north east.
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The CBR-Heidelbergcement industry mines and use<ltyes for their high aluminate and silicate
contents. During prospective campaigns severalhodee have been realized, sampled and analyzeddéar to
decipher the clays and sands qualities for theturéuapplications. To complete the data sets, nwogs
sections have been described and analyzed duridfpraafter the successive annual exploitation cégmsa
Recently, a modeling has been developed to impitevenining (Figure 4).

Figure 4. Modeling of the Hautrage quarry.

Figure 5. North-South lithological cross-section through Benube-Bouchon quarry of Hautrage (from Spagna
2005).
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Figure 6. General succession of the Hautrage Clays Formétiom Yans, 2007; Spagre al.,, 2008).
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3.2. Sedimentology

The Danube-Bouchon quarry cuts clayey and sandymsed$ rich in organic matter (root traces,
lignite, wood fragments, ...), sideritic noduledgnyrites. The sediments are clearly stratified eadt-west
oriented, global dipping south with 15 to 25° dig,shown by different key beds all along the s€Reagure 5).

As shown in the synthetic log at Figure 6, the IHage succession of 235 meters of wealden sedimants

be divided into 3 parts (Yans, 2007; Spaghal, 2008):

a) dominance of red “clays” (however all the analysathples contained around 60-70% of micrometric to
millimetric grains of quartz, making them belongtie “clayey silt and sands” or “silty and sandgys”
categories, but we will use the “clays” term for maaisability) rich in weathered siderite at thetdot
(Units Ato D)

b) alternations of black, grey, white and bluish clagsitaining various quantities of sands, wood fragts,
pyritic and sideritic nodules (Units E to I)

¢) dominance of sandy (to conglomeratic) sediments iricpyrite and wood fragments at the top (J and K
Units).

Traces of paleosoils can be found in the Hautragddea facies, especially in the lower part of tepakit:

- the red color (and marmorosis) of the clays foatdhe bottom of the series is related to a wegthe

(pedogenic oxidizing) of their primitive siderittontain;

- “black pebble” have been observed together witiviation figures, rhizolite and crackings, all @fhich

indicate a poor maturation of the soil;

- traces of roots are common, sometimes trappsil@ritic nodules.

All these elements indicate the exundation andilgtabf the sediments during relatively long pet® Anin

situtree stump has also been found within lightly vgaied clays.

Channels are present at different levels in thergu@ihe massive sandy outcrop of the southernrguar
front (J Unit) is of fluvial origin. Its pebble ctain gives an idea of the level of energy that ddudve been
developed at that time. During intense rising esecttannels were overflowed, and clayey sedimdotsto the
lost of energy, could then settling the plain othe result of these floods may have been a relgtivemid
environment adapted for the development of a swareggtal cover.

3.3. Mineralogy

Quartz- is the predominant mineralogical phase of the wtsd@ries. The clayey fraction (< 2 um) is
divided in three main compounds: kaolinite, smec(itS mixed-layers) and illite. The mineralogicaf|of
Figure 6 shows the ratio of the other mixed-lay@rarals, and illustrates a very clear trend ofingicontent of
the chlorite-smectite mixed-layer phase to the lmdgbe succession. Seven mineralogical units eaddfined
in the whole series, rather unlinked to the litlgidal one (Yans, 2007; Spagetal, 2008).

3.4. Dating

In the last decade, palynological studies of nevehaoles and new sections allow to precise the &ge o
the “Wealden facies” of the MB (Dejaat al, 2008). The palynomorphs of the “Wealden facigein the
western part of the MB - i.e. Hautrage Clays ForomtBaudour Clays Formation and Sainte-Barbe Fooma
— are continental only. The botanical affinitiestbé palynological taxa are mainly ferns, gymnosmeand
freshwater algae. The stratigraphy of the angiospasnpollen grains suggests a middle Barremian tieesta
Aptian age for the Hautrage Clays Formation, Sad#ehe Clays Formation and Baudour Clays Formation
(Yanset al, 2005a, 2005b, 2006; Dejaxal, 2007a, 2007b).

On the other hand, the “Wealden facies” of theexaspart of the MB are Late Albian in age and do
contain dinoflagellates suggesting marine influsn®éanset al, 2007). The “Cénomanien a faciés wealdien” or
“Strépy Formation” is Turonian in age (Yans, 2007).

The Wealden facies may have supplied the fillingegfional endokarsts during Late Cretaceous to
Early Cenozoic (Quiniét al, 2006).

3.5. Leaves, reproductive organs and wood

One of the most impressive features of the Hauti@pgs Formation is its content in meso- and
megafossil plant remains (including fragments ofodiloGomez et al., 2008; Gerards et al., 2008). Tdrey
preserved as fusains (charcoals), conifer leafys af@heirolepidiacead-renelopsis and Taxodiaceae cf.
Sphenolepisbearing cuticles as well as inner anatomy, fentalee scales (Cheirolepidiaceédvinia) and
cones. The lignite bed includes a much dissimilazeasblage consisting of amber, more abundant fusain
fragments, sterile and fertile fern pinnules amthpe (Osmundace&#adophlebis Weichseliacea®eichselia
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MatoniaceaePhlebopteri}, conifer leaves and twigs (Miroviacedirovia and Taxodiaceae cSphenolepis
reproductive organs and seeds.

The wood assemblage includes specimens Poflocarpoxylon Taxodioxylon Thujoxylon cf.
Sequoioxylon, Brachyoxylprihree different Pinaceae, and 2 new genera. Tirge analysis confirms the
palaeogeographical position (around 35°N) of theadbasin during the Early Cretaceous. The compasitio
the wood assemblage and the tree ring analysisestigg humid warm-temperate climate. Taxodiaceae,
Podocarpaceae and various ferns thrived in thalfilain, probably in swampy environments. Mangrowith
Cheirolepidiaceae possibly existed downstream.deea and Cupressaceae lived in the surroundings.
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