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FIELD-GUIDE OF THE EXCURSION ON SEPTEMBER 13TH 2008,
AN INTRODUCTION

Freddy DAMBLON, Stéphane PIRSON& Philippe GERRIENNE

1. Royal Belgian Institute of Natural Sciences, &&pent of Palaeontology
2. University of Liege, Department of Palaeontology

Research overview

The first charcoal analyses by a Belgian paladogist were performed in 1932 by Prof. Suzanne
Leclercq (University of Liége) on the archaeologisdes of Mitoc Malul Galben and Ripiceni Izvor in
Romania (Leclercq, 1932). Later some attempt wadentan the Palaeolithic site of La Belle Roche cave,
Belgium (Fairon-Demaret, 1984). From this time haatology has been used in Belgium as a tool dst p
plant systematic, palaeo-ecology, palaeo-climatglegchaeology and dating, not only on Quaternéess
but also on material from other geological periods.

Since the nineties, the investigations in palatoibo at the Royal Belgian Institute of Natural
Sciences have been mainly focused on Quaternamyt pemains. Charcoal and pollen analyses were
performed on loessic deposits, cave infillings pedt deposits to define marker assemblages in seegie
allow palaeoecological reconstruction, provide maktdor dating and contribute to chronostratigraph

The investigations were mainly directed towardshaeological sites from the Atlantic border up to
Siberia because large excavations give accessd® laess sections that make detailed stratigregibiies
possible and systematic collection of charcoal $aseasier (Damblon, 1997, 2006; Dambébral, 1997;
Haesaert®t al. 1996, 2003, 2005). Not only loess and loam depdgim open field were investigated but
also silty and loamy infillings of caves in Belgiuf@amblonet al, in press). Some traces of wildfire were
detected in some sequences. The results obtain&tladina cave are explained hereafter (Pirsoal.,
2008).

Presently, the results are included in the EURASINACROFOSSIL DATABASE (Program
QUEST-Deglaciation) as a contribution to palaeo-pirag tree taxa during the last pleniglacial (Unsiges
of Oxford, Southampton, Bristol).

The Department of Palaeontology also entered liatmaration with various foreign laboratories to
promote new research on ancient charcoal matdneéd in the collections of the Museum. In this way
investigations started on several sites attributedhe Wealden in Belgium as Bernissart, Baudowt an
Hautrage. The main results are explained by difitecentributions in the present volume (Degixal. 2008;
Gerard=et al, 2008; Gomeet al, 2008).

The excursion of September 132008
The field trip will be divided in two parts:

In the morning, visit of the clay/sand quarry ofuttage (Mons basin) of the Wealden (Lower Cretasgou
Barremian/Aptian: about 130 - 112 Ma).

The site is estimated to be contemporaneous tsittef Bernissart which contained the famous |gdans
exposed at the RBINS Museum (see contribution bgieBoit). New investigations were performed at the
occasion of new drilling at Bernissart, while othgealden sites were investigated, notably Hautveite a
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very rich fossil plant flora. Not only leaves amdifs were found but also big pieces of trunks, sahthem
being charcoalified, and deposited in an alluviahtext. The main results will be presented in défe
documents by the multidisciplinary team from NanMaons, Liége, Brussels, Paris and Lyon.

In the afternoon, visit of the Scladina cave abgcl(Meuse basin, nearby Namur).

This Middle Palaeolithic site is famous thanks he tiscovery of human remains of Neandertal type.
Another major interest of the site lies in a vanefpedostratigraphic study which allowed to unterd the
sedimentary dynamics and to carry out a multipretgdy combining sedimentology, micromorphology,
geochemistry, anthracology, palynologyC dating, magnetic susceptibility, macro- and micamal
studies. Preliminary results show a very good caineg between each discipline notably due to a high
precision sampling in a detailed long sequencertat be compared with the long Upper Pleistocene ca
sequence of Walou (Vesdre basin) and with the Belffiess sequence.

References

DAMBLON, F., 1997. Palaeobotanical study of repréaBve Upper Palaeolithic sites in the Central
European Plain: a contribution to the Sc-004 Ptof@histoire Européenndjiege, 11: 245-253.

DAMBLON, F., 2006. Les restes paléobotaniques aobAMalu Galben. In: Otte, M., Chirica, V. &
Haesaerts, P. (dir.)L'Aurignacien et le Gravettien de Mitoc-Malu Galb@ioldavie roumaine)Etudes et
Recherches archéologiques de I'Université de LEGAUL), 72: 67-80.

DAMBLON, F., in press. Les analyses anthracologiqde site de Waloun: Draily, C., Toussaint, M. &
Pirson, S. (éd.).a grotte Walou : fouilles 1996-2004. Volume 2s &eiences de la vie et la chronolagie
Monographie (Etudes et document — Archéologie), aiinistere de la Région wallonne.

DAMBLON, F., HAESAERTS, P. & VAN DER PLICHT, J., 8. New datings and considerations on the
chronology of Upper Palaeolithic sites in the Gieatasiatic PlainPréhistoire Européenn®: 177-231.
DEJAX, J., PONS, D. & YANS, J., 2008. Palynologytbé Wealden facies from Hautrage quarry (Mons
Basin, Belgium). This volume.

FAIRON-DEMARET M., 1984. Paléontologie végétale gééaux fossiles récoltés dans les

paléokarsts de la Belgique. In : Ek, C. & PfefterH.(éd.),Le karst belge. Karstphdanomene in Nordrhein-
WestfalenCologne.Kélner Geographische Arbeiten, 45:107-116.

GERARDS, T., YANS, J., SPAGNA, P. & GERRIENNE, PQ08. Wood remains and sporomorphs from
the Wealden facies of Hautrage (Mons Basin, Belyiupalaeoclimatic and palaeoenvironmental
implications. This volume.

GOMEZ, B., GILLOT, T., DAVIERO-GOMEZ, V., SPAGNA, R YANS, J., 2008. Palaeoflora from the
Wealden facies strata of Belgium - mega- and meseHt of Hautrage. This volume.

HAESAERTS, P., F. DAMBLON, M. BACHNER & G. TRNKA, 996 - Revised stratigraphy and
chronology of the Willendorf Il sequence (Lower Aig). Archaeologia Austriaca80 (1): 25-42.
HAESAERTS, P., BORZIAK, I., CHIRICA, V., DAMBLON, F KOULAKOVSKA, L. & VAN DER
PLICHT, J., 2003 - The East Carpathian loess recardeference for the middle and late pleniglacial
stratigraphy in Central Europ@uaternaire 14(3): 163-188.

HAESAERTS, P., CHEKHA, V.P., DAMBLON, F., DROZDOW.l., ORLOVA, L.A. & J. VAN DER
PLICHT, 2005 — The loess-palaeosol succession dfaKiyenisei basin, Siberia): a reference recordtie
Karga Stage (MIS 3Quaternaire(Paris), 16 (1): 3-24.

LECLERCQ, S., 1932.A propos de I'étude microscopidas Charbons de bois des foyers préhistoriques.
Annales de la Société Géologique de Belgi§ge 218-221.

PIRSON, S., COURT-PICON, M., HAESAERTS, P., BONJEAN & DAMBLON, F., 2008. New data on
geology, anthracology and palynology from the Sdacdcave pleistocene sequence: preliminary results.
This volume.



MEMOIRS OF THEGEOLOGICAL SURVEY OFBELGIUM N. 55 - 2008

AN OVERVIEW OF THE GEOLOGY OF BELGIUM

Stéphane PIRSON, Paul SPAGNA, Jean-Marc BAELE Freddy DAMBLON, Philippe
GERRIENNE, Yves VANBRABANT" & Johan YANS

1. Institut royal des Sciences naturelles de Belgidpépartement de Paléontologie, 29 rue VautietpBO Bruxelles,
Belgium. stef.pirson@skynet.be; freddy.damblon@aksciences.be

2. Faculté Polytechnique de Mons, Service de gémfogdamentale et appliquée, 9 rue de HoudainpB8™ons,
Belgium. Paul.Spagna@fpms.ac.be; Jean-Marc.Baele@#fzx.be

3. Université de Liege, Département de Géologidedtmtanique, Paléopalynologie et Micropaléontoids18, Sart
Tilman, 4000 Liége. p.gerrienne@ulg.ac.be

4. Institut royal des Sciences naturelles de Belgicervice géologique de Belgique, 13 rue Jer@000 Bruxelles,
Belgium. yves.vanbrabant@naturalsciences.be

5. Facultés universitaires Notre-Dame de la Paik rée de Bruxelles, B-5000 Namur, Belgium.
johan.yans@fundp.ac.be

6. Association wallonne d’Etudes mégalithiques,S#ovice de I'Archéologie en province de Liege,idtine de la
Région wallonne, 62 avenue des Tilleuls, B-40004d,iBelgium

(7 figures)

ABSTRACT. The geological context of the two stops of thitapabotany field-trip, i.e. Hautrage quarry
and Scladina cave, is presented. After an overviethie major features of geology of Belgium, fromwvier
Palaeozoic to Quaternary, two specific aspectsegional geology are examined. The first is Monsilas
where Hautrage quarry is located. The second iescand cave entrance deposits. A short introdutbioine
palaeobotany of Belgium is included.

KEYWORDS: Belgium, Palaeozoic, Mesozoic, Cenozoic, Palaeotyot Mons Basin, Wealden facies,
Cave deposits.

1. Introduction

Despite the small size of its territory (ca. 30,%0), Belgium shows a rich geology, encompassaripus
lithologies and covering a large part of the gewaltimescale, from Early Palaeozoic to Holocdfigure
1 presents the regional geology in its Europeamgetnd Figure 2 focuses on the geology of Belgium

Excepting the Quaternary cover, rocks outcroppingelgium can broadly be divided into two large
areas (Fig. 2; Fourmarier, 1954; Robaszynski & Dsipl@83; Boulvain & Pingot, 2002). The northermtpa
of the country mainly exhibits Cenozoic depositasisting of predominantly marine and unconsolidated
sediments (Vandenbergkteal, 1998). They may reach a thickness of several tagisdof meters. Sediment
accumulation in this area resulted from relativa-lewel fluctuations and migration of the sea te th
North/North-West.

The situation in southern Belgium is completelffedtient as consolidated Palaeozoic rocks dominate
over large areas. These rocks have been subjectsttdng deformation at the end of Carboniferous.
However, Mesozoic rocks occur in the region of M@@eetaceous), Liege (Cretaceous) and Arlon (Tidass
and Jurassic). Cenozoic deposits are rather pogphgsented, except in the Mons Basin area.

Almost all these rocks are of sedimentary origdultynck & Dejonghe, 2001). Occurrences of
magmatic rocks are rare (Denaeyer & Mortelmans4185dré, 1983) and metamorphic rocks are restticte
to the Ardenne Anticlinorium and the Brabant Ma¢Bi¢ugnies, 1986; Fielitz & Mansy, 1999).

The following synthesis will focus on the geolajicontext of the two stops of the field trip, i.e.
Hautrage Quarry and Scladina cave. Three aspectieofegional geology will then be more carefully
examined: 1) the major steps of the evolution afetdrial vegetation, 2) the Cretaceous depositglarfis
Basin, concerned by the Hautrage Quarry, and 3Qilternary cave deposits. Upper Palaeozoic deposit
in which are found the limestone where most caw®ldped in Belgium, will also be presented witimso
detail.
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Figure 1. Geological map of Belgium and surrounding areagrdet from the Atlas de Belgique, reproduced with
their kind permission).

Holocene
Pleistocene
— Pliocene
Miocene & Oligocene
L— Eocene
— Cretaceous
MESOZOIC Jurassic
L—  Triassic
— Permian
Upper Carboniferous
Lower Carboniferous
PALAEOZOIC Middle & Upper Devonian s
Lower Devonian
Silurian & Ordovician
L Cambrian

QUATERNARY [

NEOGENE & ARDENNE

PALAEOGENE

CENOZOIC

()
LORRAINE Arlon

LTI

100 km

Figure 2. Geological map of Belgium (after Pirson, 2003; rame¢h from a Geological Survey of Belgium
document). In white: natural regions of SoutherigBeen. In bold black: Variscan structural units.
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2. The geology of Belgium
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Figure 3. Simplified N-S geological section showing the getmcal relationships between the different gealabi
units (after Pirson, 2003, modified from Raoult &lMiez, 1986). The Ardenne allochthon correspotaishe rocks
which has been overthrusted to the North-West erBifabant Parautochthon by the Midi-Eifel-Aachemish complex.
Thicknesses and dips are not respected.

2.1. Lower Palaeozoic

In Belgium, Lower Palaeozoic rocks (Cambrian, Oidiew and Silurian) crop out in the Stavelot, Racro
Serpont and Givonne inliers as well as in the “Basitlirienne du Condroz” (Condroz Silurian Stripflan

the bottom of some valleys of the Brabant Massi§¢R2-3). Most Lower Palaeozoic sediments are rearin
siliciclastic and often turbiditic (Robaszynski &upuis, 1983; Vernierst al, 2001). These deposits were
deformed by the Avalonia-Baltica-Laurentia collis®o between Late Ordovician to Early Devonian
(Sintubin, 1999; Vernierst al, 2001). These Lower Palaeozoic deformations haea lsalled “Caledonian
orogeny” in the literature and are sometimes reterto the “Caledonian Cycle”. Most of the magmatic
occurrences in Belgium date back to this period dg&n 1983). The Lower Palaeozoic rocks are
unconformably covered by Devonian sediments.

2.2. Upper Palaeozoic: the Variscan Cycle

Upper Palaeozoic rocks (Devonian, Carboniferous &w=imian) overly unconformably the Lower
Palaeozoic basement and form the main part of theraps in southern Belgium (Fig. 2). Classically,
several structural units caused by the Variscagemg are recognized (Figs 2-4). From a structuoaitpof
view, Belgium constitutes the northern border o€ tRuropean Variscan belt and belongs to the
Rhenohercynian fold-and-thrust belt, or RhenohdecyZone (Matte, 1986a, 1986b; Franke, 1989). FEo th
North of this belt lies the Brabant Massif, whiclasvnot or little affected by Variscan deformatidime
north of the Rhenohercynian Zone (RHZ) thus cowasp to the Variscan front.

The RHZ encompasses mainly marine or coastal ssdémwhich deposited during the Variscan
cycle in the Rhenohercynian sea. These sediments subsequently deformed by the end of the cycle,
during Variscan orogeny. The Rhenohercynian se&ldpgd on the passive margin between the Brabant
Massif to the North (southern extremity of the ®eéd Sandstone Continent; Ziegler, 1990) and theardz
Giessen-Ostharz ocean (LGO) to the South. Therkisib RHZ is intimately linked to the opening and
closing of that ocean, according to the mechanisihpgate tectonic (Onckeet al, 1999; Vanbrabardt al.,
2002).

In Belgium, the sedimentation during the Variseale can be divided into two main distinct
phases (Robaszynski & Dupuis, 1983).
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The first Variscan sedimentation phase correspdodbe Devono-Dinantian transgression which
reached the continent lying north in three maincessive pulses of the Rhenohercynian sea. Modieof t
sediment input originated from the erosion of LoWataeozoic basement of the Brabant Massif an@ltie
Red Sandstone Continent (NW-Europe). Sediments wansported to the South by rivers discharging in
the Rhenohercynian sea, on the continental shethefBrabant Massif. This situation lasted unti th
beginning of the Variscan orogeny; they are theeefwe-orogenic sediments.

a) During the Lower Devonian (Godefrodd al, 1994), sedimentation is mainly detritic (sands®iand
shales). As a result of the Late Lower Devoniamesgjon, the sea receded to the South and sediinenta
had a more continental character in the Dinantnsediation area.

b) During the Middle Devonian (Bultynckt al, 1991) and Frasnian (Boulvaet al, 1999), marine
transgression resumed to the North and reachedN&neur sedimentation area. Sedimentation was more
calcareous and reefs formed to the South (TsieBQ)L®During the next stage, i.e. in the Famennidrofez

& Dreesen, 1986), an important regression tookelaed resulted in increasing terrigenous input. (e.g
Famenne shales and Condroz sandstones).

¢) The third pulsation, corresponding to the Direm{Paprottet al, 1983a; Hancet al, 2001; Potyet al,
2001), was clearly dominated by carbonate marideremnts, indicating the comeback of warmer and drye
conditions. The polarity of marine influences cheshgluring the Dinantian (Hanes al, 2001). While the
sea was still opened to the South during the Tasiarg the situation reversed during the seconfidiahe
Visean, due to early Variscan deformation.

The second Variscan sedimentation phase relatethetoUpper Carboniferous (Namurian and
Westphalian; Paprotét al, 1983b; Delmeet al, 2001). Sedimentation radically changed during feriod
as the Variscan orogenic belt was forming, leadimgleformation and exhumation of the pre-orogenic
sediments. The tectonic uplift forced the sea toeat to the North and led to the formation of eefand
basin collecting siliciclastic sediments resultfngm the erosion of the Variscan mountain beltt@iecally-
driven sedimentary succession). The direction dinsentary fluxes had then totally changed: sedis et
longer originated from the Brabant Massif to thetNdut from the uplifting Variscan belt to the $iouThe
environment progressively graded from coastal (N&n) to more continental and deltaic (Westphalian)
Coal-bearing sediments are typical from this period

This orogenic event is a direct result of the sudbidn of the LGO oceanic plate since Upper
Devonian (Onckeet al, 1999, p. 76) which led to the collision of RHZ\@onia) with Armorica continent
situated to the South. Collisional tectonic lasteeughout the Namurian and Westphalian and resbutte
intense deformation of the sediments previouslyodied in the Rhenohercynian sea (Oncken, 1998;
Vanbrabant, 2001). Variscan structural units aoably oriented NE-SW in most areas of the RHZ (Rig.
Fig. 4) as a result of the prevailing NW-SE compnes direction.

The Variscan orogeny ended with the developmeti@Midi-Eifel-Aachen thrust complex, during
the Late Westphalian (ca. 300 Ma; Fig. 3-4). An amant thrust sheet known as the “Ardenne
Allochthonous” is overlying the Lower Palaeozoicdiand (Brabant Massif) and its Devono-Carbonifsrou
cover (Namur Synclinorium). The rocks situated hoof this thrust complex belong to the “Brabant
Parautochthonous” (Robaszynski & Dupuis, 1983; RabMeilliez, 1986; Blesset al, 1989).

A long period of emersion prevailed after the ¥eain deformation, i.e. from the end of
Carboniferous to Mid-Cretaceous (ca. 150 Ma). \fery deposits are related to this period. Permiaarsms
continental rocks (conglomerate) are known in thav&ot-Malmédy area (Bultynckt al, 2001) and
Permian marine deposits were cored at depth i€#mpine Basin (Dusat al, 2001).
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2.3. Mesozoic

Lower Mesozoic deposits are poorly representediirr@gion due to dominant continental conditionsruyl
this period. Marine sediments from Triassic andadsic only crop out in southern Belgium (Belgian
Lorraine; Boulvainet al, 2001; Fig. 2). Rocks from that period are alsovin from boreholes in the
Campine Basin (Dusaat al, 2001). Only continental deposits of the Lowert&ceous are preserved in the
Mons Basin, in which the famous Bernisdguanodonwere found (Robaszynskt al, 2001 — see §4).

More or less extended marine deposits formed dudipper Cretaceous due to transgressive pulses.
The Cretaceous sea progressively flooded a large gfaBelgium (Robaszynsket al, 2001). Today,
Cretaceous strata mainly crop out in the Liége-Madt area and in the Mons Basin (Fig. 2). Souther
Belgium may have only been sparsely covered withimaaleposits from this period as this area cantsiit
a small continent connected with Variscan formationGermany (Ziegler, 1990).

2.4. Palaeogene and Neogene

During the Palaeogene and Neogene, the sea epfipdivvaded Belgium, first from both the West ahe
North, then only from the North. From the Miocermevard, marine sediments were more and more distant
from the Sambre and Meuse axis (de Heinzelin, 1868aet al, 2001). This is linked with the generalized
uplift of the Ardenne (Macar, 1976; Demoulin, 1998ad the subsidence of the Netherlands Basin.nguri
the same period, the Belgian Basin was definitetjaited from the Paris Basin by the Weald-Boulogiai
Artois bulge, which is associated with the Ardenpéft (Vandenberghet al, 1998).

In northern Belgium, Palacogene and Neogene dspast mainly marine sediments, reaching
several hundreds of meters (Vandenberghel, 1998; Lagaet al, 2001). In southern Belgium, the
Palaeogene sea only made a few incursions thady @mssed over the Sambre and Meuse axis soutbward
mainly during the « Bruxellian » (Lutetian pro pdrtand Oligocene (Ek & Ozer, 1976; Robaszynski &
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Dupuis, 1983; Demoulin, 1995b). Residual supeffideposits (mainly marine sands) in the Liege and
Namur areas as well as marine sands trapped itickainsk-holes in the Condroz are testimonies efsth
marine incursions (Robaszynski & Dupuis, 1983; Delimp 1995b). There is, however, an exception with
the subsiding Mons Basin, which continued to ach aedimentary trap for marine deposits duringfitisé
part of Palaeogene (Cornet, 1927a; Robaszynski &uiBy 1983; Dupuis & Robaszynski, 1986;
Vandenberghet al, 1998; Lageet al, 2001). Neogene marine sediments are absent thesouBelgium.

2.5. Quaternary

Apart from a few marine and fluvio-marine deposékted to the coastal plain, Quaternary sedimamof
continental origin in Belgium (e.g. Paepe & Vanhwmrl967, 1976; Haesaerts, 1984a; Gullentipsl.,
2001; Baeteman, 2004).

The glaciers from northern Europe never reachddi®a. However, at their maximum extent, they
went as far as southern Netherlands. Belgium was stiuated at their border. Climate was then fearigl.
Several times, permafrost affected the territorgdsherts & Van Vliet, 1973; Haesaerts, 1984a).

During some particularly cold and dry climatic pes, aeolian deposits covered the region. In
Middle Belgium, a thick silt cover settled down €&s), sometimes reaching ca. 10 meters. To théhNort
these aeolian deposits became more sandy (Paep&Bodrne, 1976).

The formation of today’s drainage pattern goekhache end of Neogene and to Quaternary (de
Heinzelin, 1963; Laurent, 1976; Grimbérieakal, 1995). During the retreat of the Oligocene sears
were flowing to the North on top of the Palaeogeraine sands, originating most of our rivers (consat
streams). Shoreline being situated to the Nortbfgpential orientation of rivers was thus SouthtNoirhe
direction of some of actual streams is still perfienlar to the Variscan structures. These rivees thqually
cut carbonated rocks, shales or sandstones. lenerglly considered that once passed through th&elo
Cenozoic cover, rivers carried on channeling inRhaieozoic hardened rocks but keeping the sanmeaen
orientation (superimposition; e.g. Grimbérieeixal, 1995). However, the impact of transversal Varisca
geological structures should not be neglected.

After the retreat of the Oligocene sea, High Betgiunderwent a generalized uplift (Macar, 1976;
Demoulin, 1995a) leading to an increase of erosie and to the down-cutting of rivers. This, coneol to
the Quaternary global climatic changes, allowed pheservation of alluvial terrace (Alexandre-Pyre &
Kupper, 1976; Cornet, 1995). The best-studied @luerraces are those of the Meuse river (e.gsdPis
1975; Juvigné & Renard, 1992) and the Escaut B@Eavernier & De Moor, 1975; Haesaerts, 1984b),
although their chronology remains rather inaccurate

3. The evolution of terrestrial flora and vegetatio in Belgium: a short review

The earliest terrestrial flora most probably evdiduring the Ordovician (Wellmaet al, 2003), but in
Belgium, the oldest macrofossils of plants are m#ed from the Lower Devonian (Gerrienne, 1993, and
references therein). Those plants are small anglsjnbut they are already diversifieBporogoniteqan
early Bryophyte) has one terminal sporangium atttipeof an unbranched short axi&psterophylluma
vascular plant with lateral reniform sporangiaaisearly representative of the Lycophyt@sjlophyton a
basal Euphyllophyte and a member of the Lignopkyten group, shows axes with lateral branches ending
in paired fusiform sporangi&ooziawith its numerous lateral axes ending in a paipwbid sporangia is
another early Euphyllophyte probably related toghdiest Monilophytes (ferns sensu lato).

During the Middle Devonian, the terrestrial flaladerwent one of its greatest diversification phase
All the modern phyla, Angiosperms excepted, areaaly present. In Belgium, Lycophyte representatres
inconspicuous, but Euphyllophytes are spectaculartye and abundant. At Goé (Leclercq & Banks, 1962
Leclercq & Bonamo, 1971), Monilophytes are représgnby the arborescer®seudosporochnusand
Calamophyton Aneurophytonand Rellimia are bushy Lignophytes. At Ronquiéres, the smathoat
unnoticeabldRuncaria(Stockmans, 1968; Gerrieneeal, 2004) is a major step towards the seed habit, one
of the most important evolutionary innovationshe tistory of plants.
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The Upper Devonian floras are known from localitietonging to the Evieux Formation (upper parthef t
Condroz Sandstones; Fairon-Demaret, 1996) and tierblkenown as the Evieux flora. Lycophytes and
Sphenophytes are rare, but the flora includes emin@gmains of all other phyla. Ferns are represkhy
Rhacophyton a shrub that thrived probably in dense standsviampy or flood plain environments.
ArchaeopterigLignophytes) is everywhere, and forms the earlirgt forests. Under its shadow, the seed
plants (Spermatophytes) diversify: at least 4 d#ffié genera, including the well-knowwioresnetia have
been described (Prestianni, 2005).

During the Carboniferous, Belgium belonged to tinepical Euramerican palaeogeographic
province. More precisely, during the second pathefCarboniferous, Belgium was almost exactly utide
equator. The climate was very humid, and the véigetdlourished in wetlands (peat swamps and their
surroundings). Peat swamp vegetation has been saxébn studied (see among others: Stockmans &
Williere, 1953, 1961), often thanks to the plantrpieralisation preserved in the coal balls (Holn8es
Fairon-Demaret, 1984, and references therein). ddrainant plants of those swamps were the massive,
arborescent Lycophytes épidodendronSigillaria, Lepidophloio¥. Other important members of the peat-
forming community were the arborescent Sphenophf@esamite3. All of those arborescent taxa went
extinct in Belgium as soon as the climate becargerdat the end of the period. The other phyla vedse
represented bysaronius(Marattiales), a tree-fern that could reach 10emsetn heightLyginopterisand
Medullosa(arborescent Pteridosperms, Spermatophytes)Candaites(early conifers), which were either
shrubs or large trees.

The Mesozoic plant record begins with the “Wealtlmes” localities from for example Bernissart
and Hautrage (Dejagt al, 2008; Gomeet al, 2008; Gerardst al, 2008). During Early Cretaceous times,
ferns were abundant in Belgium: one of the mostofasnis theWeichselia which had a massive stem and
large fronds. Gymnosperms were also diversifiedcluging a range of large conifers. The
palaeoenvironment from Bernissart has recently beeanstructed thanks to a detailed palynologitadys
(Dejax et al, 2007a). Lycophytes, ferns, conifers (TaxodiacaPagaceae, Cheirolepidiaceae), and cycads
were identified. To date, no macrofossil of Angiesps has been collected from the Wealden facies of
Belgium, but the presence of pollen grains with iasggermous affinities (biorecord Superret-croton)
indicates that early angiosperms, presumably here; were already present during Lower Cretaceous
times.

Angiosperm remains are much more common during Upper Cretaceous: numerous leaves
(Dicotylophyllum, Dewalquéaare reported by Stockmans (1946) from the Aaclanls in eastern Belgium.
From that time onwards, the floras from Belgiumdiae more and more similar to what we know today,
with a large predominance of Angiosperms in allitzb.

The Tienen Formation, at the Palaeocene/Eocenendaoy (Palaeogene) has been recently
intensively studied. For example, Fairon-DemareB&ith (2002) identified at Dormaal various fruiterh
Menispermaceae, Vitaceae, Icacinaceae, Lythradégesaceae, ?Theaceae and ?Ericaceae suggesting a
warm-humid to subtropical climate. At Hoegaardergther locality from same Formation, an impressive
situ Glyptostroboxylon(Taxodiaceae) forest has been discovered (Faiemdbetet al, 2003). The trees
lived in a swampy lowland environment, comparakdethie Florida Everglades National Park. Several
species oPalmoxylonare reported by Stockmans & Williere (1943) fromieas Eocene localities.

The knowledge of the Quaternary floras of Belgigrbased mainly on pollen and spores but also on
various types of macroremains as wood, charcoalele fruits and seeds. Various studies were mgade b
Vanhoorne in the Flemish Valley on the Lower (EpBleistocene Campine clay of the Formation of
Weelde, and notably the peaty sediments of theeRijksel Clay Member withhzolla tegeliensisand
Salvinia natangsee Paepe & Vanhoorne, 1970; Vanhoorne 2005erOtlvestigations deal with peat and
sand sequences attributed to Cromerian IV intelglédoorbergum) and Holsteinian (Vanhoorne, 20@3).
discussion on chronostratigraphy of the Pleistoceaguences from northern Belgium is presented by
Verbruggen (1999).

During the last glacial, the sand, loess and loalains of Belgium were covered by dry and cold
steppes with grasseédstemisia chenopods, various Asteraceae and other herbdoabsl. It seems that
tundra patches were restricted to humid areas eaty gubstrates. Some conifers like pine and gimiere
present in the valley slopes together with smatidleous malacophyll boreal trees as birch, willowd alder
along the rivers. These tree taxa more or lessnebgghduring episodes of climatic improvements,duuring
the last interglacial (MIS 5e) a more complex sasg@ occurred with the development of dense teatper
forests with well known elm, oak, ash, lime, yewrritbeam and then beech, fire, spruce and pineolild



12 PIRSON, SPAGNA, BAELE, DAMBLON, GERRIENNE, VANBABANT & YANS

be noticed that no complete Eemian sequence wasdext in Belgium (Vanhoorne, 1963; Paegeal,
1973). A similar succession did probably occur dgithe following interstadials of the early glaqisllS 5¢

& 5a) but nowhere in Belgium are they completelgoreled (Mullendergt al, 1966; Paepe & Vanhoorne,
1967; Paepet al, 1973; Verbruggen, 1999; Bastin, 1971, 1992;driet al., 2008). This is probably due to
regular interactions between the sea and the seodst that sealed eroded peat deposits and ldueto t
preservation of peaty lenses in the sands (seeBaet 1999, 2004, 2005).

Recently, new palynological and anthracologicahdaom Walou and Scladina caves, notably on
stalagmite floor (Bastin, 1979, 1990) have beemiokd, providing accurate records of the succegssite
vegetation during the last interglacial-glacial ley(Bastin, 1992; Dambloet al, in press; Pirsort al,
2008; Pirsoret al, in press). However, further investigations aeeded in Scladina to improve the fine
resolution of the chronostratigraphical frame (&rst al, 2008).

A great number of records of pollen, wood, chalctyaits, seeds and remains of plant tissue are
available for the Holocene. They come essentiatiynf peaty sediments for which the complete refexenc
cannot be given here (see notably: Mullenders &lgbtbps, 1957; Mullenders & Coremans, 1961;
Mullenderset al, 1963, 1967; Vanhoorne, 1951; Colteaux, 1969;aMtin967a & b; Munaut & Paulissen,
1973; Damblon, 1969, 1970, 1978a, 1978b, 1994alsatfrom particular archaeological structuress klso
worth to recall that surface pollen spectra recevdee obtained and used as a tool for interprdtialpcene
pollen records (Heim, 1970).

Let us also notice that pollen and macroremairyana of grass and sedge tussocks were used for
reconstructing very recent history of vegetatiod #re impact of human activities on the peaty estEsys
(Damblon, 1981, 1992).

4. Introduction to Hautrage quarry: the geology ofMons Basin

The Mons Basin (MB) is located in the western pdrBelgium, in the Hainaut Province (Fig. 5). It is
connected to the Paris Basin to the West althohgtsédimentary records are significantly diffeienboth
basins. The MB may be considered as a gentle “syictieveloped on a folded and faulted Devonian-

Carboniferous basement (Fig. 6A), and filled withe@ceous-Cenozoic sediments (Robaszynski, 1975;
Robaszynsket al, 2001). The MB is limited by the maximal extemsif the Turonian deposits (Fig. 5).
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4.1. Lithostratigraphy

The deposition of the sediments in the MB is thsulteof relative sea-level fluctuations, due totatism,
subsidence and sedimentary supplies (Fig. 6B).

The oldest sediments of the MB are the “Wealdeiefi recognized in three geological contexts:

- in kilometric outcrops (“pockets”) or weakly bad sediments in the northern part of the MB, from
Hautrage to La Louviere (Fig. 5; Marliere, 1946Hautrage Clays Formation, Baudour Formation and
Saint-Pierre Formation;

- in filling several natural pits (also called “@fq developed through the basement (for example at
Bernissart);

- as white sands and sandstones containing lignideglauconitic material in the eastern part of Nt (=
“Strepy Formation” or “Cénomanien a faciés WealtlisensuGulinck, 1974).

In the MB, the “Wealden facies” are locally cowktey calcirudites, sandstones and conglomerates
of the Albian-Cenomanian Haine Group (Marliere, @9Rich in glauconite and ferriferous illite, tiees
Albian-Cenomanian deposits correspond to neritdirsentation and can reach 180 meters of thickness i
local depressions, or large “pockets”, where thesiglence rate is higher than in adjacents areamé€fo
1927b). These depressions, called “cuves”, ar¢esedtthroughout the basin.

The latest Cenomanian period characterizes the bas large sea-level rise (probably due to
eustatism) with the glauconiferous marls rich Agtinocamax plenusMarls mainly dominate in the
overlying Turonian sediments (“diéves”), showingduent lateral variation of thickness. The Upper
Turonian - Coniacian sedimentation probably reconte eustatic regression / transgression everdhahbi
known world-wide during this period (Ha&k al, 1987). Upper Turonian deposits consist of 5Q@m4&bf
siliceous marls (Chailles de Ville-Pommeroeul) daier by cherty limestone (Silex d’Hautrages) thatibit
increasing lateral changes with time and are capigedardgrounds (Robaszynski, 1975). On top of the
latter, a 0.5 to 2 m-thick bed of highly glauconitiediments (“Craie” de Maisiéres, probably Coriadn
age) mark the lower, transgressive sequence afiiite chalk deposits (Godfriaux, 1968).

Chalks are widespread in the MB during the CoaiaciSantonian, Campanian and Maastrichtian
stages (Robaszynsét al, 2001). The chalk serie is locally covered by phesphatic “Craie de Ciply” and
by the “Tuffeau de Saint-Symphorien”. During Latedétrichtian, the MB experienced a (eustatic?) sea-
level fall with condensed beds (hardgrounds) amdukes. The famous Cretaceous-Palaeogene bousdary i
thus not recorded in the MB, at least in knownisest

The Cenozoic sedimentation starts with the “Dammdan” and “Montian”, Danian (-Selandian) in
age. It partly corresponds to continental depasitl local mammal fossils like those excavated atnih,
which are considered as a key-point for the stragilly of mammals in Europe (Fobéeal, 2005). The latest
Palaeocene consists in argillaceous, glauconifeamalslocally carbonaceous Thanetian sands. Dutieg t
Palaeocene-Eocene interval, continental conditirevailed in the MB as shown by the occurence of
fluviatile deposits, locally containing terrestrfalina (like in Erquelinnes: Rutot, 1881) and tetnial plant
remains (e.g. M. Fairon-Demaret in Pirsetnal, 2002) that are equivalent to tdyptostroboxylorfossil
forest of Hoegaarden (§ 3). Continental conditiaresfurther attested by a large meteoric weatheasfripe
latest Thanetian marine sands and the fluviatirelsaresulting in widespread quartzitic concretifidspuis
et al, 1997; Pirsoret al, 2001). The early Eocene is characterized by ¥anesandy clays. Coarse Lutetian
sand is located only in the eastern part of the MB.
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4.2. Subsidence

As demonstrated in the Saint-Ghislain borehole rifige] 1972), high subsidence rates in the Mons area
recorded since Palaeozoic times. Kilometric-thigper Devonian and Carboniferous series accumulated
the EW-elongated basin called “sillon borain” bydkidt (1980). Abnormal but of lower order of magdiu
subsidence rates are still observed through theoMenozoic, with sedimentary sequences of ca. 200 m
thick in average. The most striking feature of stdsce in the MB is depocentre shift (Marliere, Qp7The
thickness maxima for each sedimentary formationnatesuperimposed, showing that the location chsre
of highest subsidence rate changed with time. Tekiness maxima of the different formations in the
Cenomanian-Lutetian sequence give 800 m when sunwgether. This demonstrates the significant impact
of depocentre shift on sedimentary record in the W8a result of subsidence and except along feextire
zones where layers locally dip as 60°, bedding digsrather small (about 10°; Angeledral, 2006). The
existence of evaporite dissolution in the deep DevDinantian basement and its impact on the deftioma

of the overlying strata have been suggested toagxghe depocentre shift (Delmer, 1972; Dupuis &
Vandycke, 1989). However the very well orientedltfarystem in the MB may also be partly due to the
regional crustal activity (Vandyclet al, 1991; Vandycke, 2002; Spageizal., 2007).

4.3. Chronostratigraphy of the “Wealden facies”

In the last decade, stratigraphic studies of nerelmes and new sections allow to precise the agkeo
“Wealden facies” of the MB (Dejagt al, 2008). The “Wealden facies” of the western pduthe MB - i.e.
Hautrage Clays Formation, Baudour Clays Formatiah3ainte-Barbe Formation - are Middle Barremian to
Earliest Aptian in age (Yaret al, 2005a, 2005b; 2006; Dej&t al, 2007a, 2007b). On the other hand, the
“Wealden facies” of the eastern part of the MB bate Albian in age (Yanst al, 2007) and do contain
dinoflagellates suggesting marine influences. T@érfomanien a faciés wealdien” or “Strépy Formatisn”
Turonian in age (Yanst al, 2002; Yans, 2007).

The Wealden facies may have supplied the fillihgegional endokarsts during Late Cretaceous to
Early Cenozoic (Quiniét al, 2006).
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5. Introduction to Scladina cave: caves and cave gance deposits in Belgium
5.1. Caves in Belgium

More than 3000 caves are known in Belgium. Somthem have been recognized in the Jurassic of south
Belgium (Gaume) or in the Malmedy Permian conglatesrbut most of them open in Middle and Upper
Devonian limestones as well as in Dinantian limesf Their geographic distribution is thus mainly
restricted to Namur and Dinant Synclinoria and tesdfte Massif (Fig. 2; Fig. 7). These Devono-
Carboniferous limestones crop out on more than 1600 (Ek, 1976). The larger caves of the countey ar
located in the Devonian limestone of Calestienriteljgn, Givetian and Frasnian), at the edge ofefk.

An overview of karstic phenomenon in Belgium isegivin Ek (1976, 1995) as well as in Ek & Poty (1082
Formation of Belgian caves mainly dates back tot€uary (Ek & Poty, 1982).

5.2. Cave deposits

These last decades, Quaternary geologists haveddcan marine and ice archives, where continuous
records are preserved and quantitative data oratdimmhanges possible to obtain. However, contihenta
records alone allow a reconstruction of terrespelheoenvironments. On the continent, thick sediarg
sequences allowing a detailed reconstruction oft€nary climate changes are only found in a few
sedimentary environments. In the loess sequenfteggetord is mainly based upon the successionestlo
deposition and soil formation (e.g. Liu, 1985; Kaik& An, 1989). For Upper Pleistocene, some loess
sequences allow high resolution climatic reconsions, similar to those from the reference Greetlme
records (Haesaeres al, 2005; Haesaerts, 2007). In lake sequences, ainmfbrmation is mainly recorded
by palynology. Today, in Europe, several importpatynological sequences covering Upper Pleistocene
and/or a rather large part of Middle Pleistocerekaown (e.g. Woillard, 1979; de Beaulieu & Reill892;
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Reille et al, 1998; Wattst al, 2000). Caves are also interesting environmentthi study of Quaternary.
They act as sedimentary traps, recording periodsna that are usually not preserved in the regpecause
of the erosive dynamic dominating on a contineatalironment (Pirson, 2007). In Belgium, karst i& arfi
the few sedimentary environments allowing detagedly of Quaternary palaeoenvironments, togethtr wi
the loess from Middle Belgium and deposits fromRhemish Valley.

Two sedimentary environments are usually recoghimecaves: cave interior (endokarst) and cave
entrance (Campy, 1982; Ek & Quinif, 1988). Theyeafexhibit very different type of deposits, reflagt
distinct steps in the evolution of a cave. Enddkardeposits have mainly an alluvial origin and are
characteristic of an active karstic system. Ondbwetrary, cave entrance deposits have a colluvigiro
They lead to the fossilization of the cave aftsrabandon by the river due to the lowering of tlagewtable.
They are coming from various openings (cave patik holes, fissures) and are rich in clasts froendave
walls.

In Belgium, endokarstic deposits have been studleke last 30 years in the course of
multidisciplinary approaches. This led to the camgion of a model integrating sedimentary dynanaicd
palaeoenvironmental reconstruction (see synthesiBlockmanset al, 1999 and Quinif, 2006). Cave
entrance deposits have been studied for more tii&nygars because of their abundant archaeological,
palaeoanthropological and palaeontological reméses Toussaint & Pirson, 2007). More than 300 caves
and rock shelters have yielded prehistorical resya@mom Lower Palaeolithic to Neolithic. Belgiumagkd
an important role in the XIXth century in the geisesf the two disciplines that are prehistory and
palaeoanthropology (Toussaint & Pirson, 2006).

Cave entrance deposits consists of a mixture @éraé components, either autochthonous or
allochthonous, either from a mineralogical, biotmgior anthropological origin (e.g. Ferrier, 2002nes,
2005; Goldberg & Sherwood, 2006; Pirson, 2007).Belgium, the main components are: limestone
fragments from the cave walls, reworked loess fiautside, speleothems, reworked pebbles from fluvial
terrace preserved on the plateau, bones and atogamd material (Pirson, 2007).

These last decades, major progress has been matie understanding of slope processes (e.g.
Bertran, 2004), with major applications for cavérg processes (Ferrier, 2002; Texaral.,, 2004; Bertran,
2006). Generally, sediments accumulate under thie parch and are later redistributed inside theecav
through several sedimentary processes, the mostnoanof which being rock fall, solifluction, washdn
debris flow. In addition, several diagenetic pra@ess can occur: frost action (e.g. stone uplifting,
cryoturbation or platy structure), authigenic maieiormation (mainly carbonates and phosphatesinain
burrowing, trampling, soil formation on the caveaee, ...

It has recently been demonstrated that despiteelinultiplicity of the origin of sediments andtBg
complexity of the sedimentary and post-sedimenfagcesses involved, reliable informations could be
obtained from a careful study of Belgian cave sagese (Pirsort al, 2006; Pirson, 2007). In this view, the
abundance of loessic sediments in regional cavagsph major role as it leads to a good record ef th
palaeoenvironmental fluctuations and allows a gdmgbnostratigraphical correlation with the well-kwo
pedostratigraphical reference sequence of MiddlgiBm loess. Besides, charcoal and pollen graiasvei
preserved in these silt-rich sequences and lead cdosistent reconstructions of Quaternary
palaeoenvironments, as illustrated by the studyatdidina cave (Pirsaet al,, 2008).
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ABSTRACT. The discovery, in 1878, of more than twenty conglgteletons of the ornithopod dinosaur
Iguanodon is one of the most important discoveries in th&ony of palaeontology. Here we shortly
describe the discovery, the excavation, the préparathe exhibition and the study of these exulawary
skeletons.
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1. Introduction

Bernissart is a former coal-mining village in west&elgium, situated less than a km from the Franco
Belgian frontier. In 1878, the Sainte-Barbe Pitg(F1) started to produce one of the greatest dirosa
discoveries of all times: more than 20 completealdted skeletons and several incomplete speciraéns
Iguanodon These were the first complete skeletons everodésed and still remain one of the greatest
accumulations of a single taxon of dinosaur. Thiscavery was a cornerstone in the history of
palaeontology: for the first time, it was possifie the scientific community to realize how dinosateally
looked like. Most of the specimens lgfuanodonare now on display in the renovated Janlet Winghef
Royal Belgian Institute of Naturals Sciences in $&els. Nine of them are standing, mounted within an
enormous glass cage. Many others have been leftein original position, lying on their sides asufm
entombed in the coal mine. This astonishing arrbygoanodonskeletons constitutes one of the most
impressive displays of dinosaurs anywhere in thedvo

2. Before Bernissart

Around 1822, Mary Ann Mantell discovered large ftissd teeth while strolling in the Sussex counialgs

in England. Her husband, the physician Dr. Gideoantdll, was very intrigued by these fossils. He
described them and named thégmanodon(‘lguana tooth’), because of their superficial redéance to
those of living iguanas (Mantell, 1825)guanodon the second representative of the group after
Megalosaurus(Buckland, 1824), was one the few chart memberthef'Dinosauria’, named by Richard
Owen in 1842.

For 56 years, very little was known abdgtianodonand other dinosaurs. Mantell imagined these
antediluvian animal¢o be some kind of giant lizards with elongatedibsd@nd sprawling limbs. In 1854,
the sculptor Waterhouse Hawkins erected a full-semnstruction olguanodonfor the Crystal Palace
exhibition centre in London as a rhinoceros-likasnequadruped with a large spike on its nose.

The first partial dinosaur skeleton, nantéadrosaurus foulklLeidy, 1858, was discovered in 1857
in New Jersey. This skeleton was reconstructed Ioipadal gait at the Academy of Natural Sciences of
Philadelphia, but many questions were still lefanswered about the general appearance of dinosaurs.
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Bernissarf. — Puits No 3.

Figure 1. The Sainte-Barbe pit and mine buildings at the @hithe 19th Century, at the time when the
Bernissart Iguanodons were discovered.
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Figure 2. Drawing by G. Lavalette of a specimenligfianodon bernissartensis discovered in the
Sainte-Barbe pit at Bernissart.

3. The discovery of the Bernissart Iguanodons

In 1878, miners working in the the Sainte-BarbeaPiBernissart reported that the Luronne seam wiasut,
at 322 m depth, by what they called a ‘cran’, aalatame for pits formed by natural collapse throtiyh
coal seams and filled with Lower Cretaceous clajeyosits normally located above the Coal MeasUit&s.
miners had to traverse this ‘cran’ as quickly asgtale 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. Mamtyher specimens were collected by the miners irchlad®n
April 2, the local doctor L’Hoir and the mine mareads. Fages concluded, that these strange objectsin
fact fossil bones filled with pyrite, the ‘fool’sotf’. They rapidly sent fragments of fossil bonesseveral
Belgian specialists. P.J. Van Beneden, a zooldgiet Leuven University, was the first to recogn@aong
the collected specimens teeth of the dinosguanodon(Van Beneden, 1878). On April 12, the management
of the colliery sent a telegram to E. Dupont, dive®f the Royal Museum of Natural History in Bralkss
asking for the services of L. De Pauw, a technibigly experienced in the restoration of fossils.
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Insects
Order Hemiptera
Hylaeoneura lignei Lameere & Severin, 1897
Fishes
Order Palaeonisciformes
Coccolepis macropterus Traquair, 1911
Order Pycnodontiformes
Lepidotes bernissartensis Traquair, 1911
Lepidotes brevifulcratus Traquair, 1911
Lepidotes arcuatus Traquair, 1911
Turbomesodon bernissartensis (Traquair, 1911)
Order Amiiformes
Callopterus insignis Traquair, 1911
Amiopsis dolloi Traquair, 1911
Amiopsis lata traquair, 1911
Notagogus parvus traquair, 1911
Order Pholidophoriformes
Pholidophorus obesus (Traquair, 1911)
Pleuropholis sp.
Order Gonorhynchiformes
Aethalionopsis robustus (Traquair, 1911)
Order Salmoniformes
Pattersonella formosa (Traquair, 1911)
Nybelinoides brevis (Traquair, 1911)
Order Elopiformes
Arratiaelops vectensis (Woodward, 1890)
Amphibian
Caudata incertae sedis
Hylaeobatrachus croyii Dollo, 1885

Turtles
Chitracephalus dumonii Dollo, 1885
Peltochelys duchasteli Dollo, 1885
Crocodiles
‘Goniopholis simus Owen, 1878’
Bernissartia fagesiii Dollo, 1883
Dinosaurs

Iguanodon bernissartensis Boulenger, 1881
Iguanodon atherfieldensis Hooley, 1924
Theropoda indet.

Table 1.Faunal list of thelguanodoncran’ at Bernissart

4. The excavation of the Bernissart lguanodons

During three years, L. De Pauw and his team, coeppdy one museum warder, one moulder and nine
miners, actively excavated the ‘lguanodon CranBatnissart. In August 1878, an important earthquake
blocked the excavation team during two hours inghltery 322 m below ground level. This gallery was
subsequently flooded in autumn, forcing the teamaliandon their researches during several monttes. Th
excavations restarted from May 1879 onwards. Thesevextended horizontally for 50m at the 322 mlleve
The miners also encountered fossiliferous claya depth of 356 m, but the diameter of the ‘cranswa
reduced at only 9m at this level and the skeletegr® consequently completely dislocated (De Pa®@2)L

It was the first time that palaeontologist had dpportunity to collect such a wealth of fossilghin
a single locality. More than twenty more or lessptete skeletons dfjuanodonwere found lying as they
had fallen, little disturbed by their burial (Fig). Besides these dinosaurs, hundreds of fragnoémiants,
hundreds of fishes, several crocodiles and torspisme amphibian, one fragment of insect, and one
carnivorous dinosaur phalanx were also discoveratlé 1).
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The excavation method elaborated by L. De Pauwswsasfficient that it is still used at the present
time during palaeontological excavations. Edghianodonskeleton was split into pieces that were coated
with plaster of Paris. After being sketched andlcagjued, the blocks were carried to the surfacterAfree
years of excavations, about six hundred blocksjliogy more than 130 tonnes, were transported ts8els
in furniture removal vans.

The excavations were stopped in 1881, becausexpenses involved by this enterprise were
considered too high by the Belgian government. Mensilof the Parliament suggested that an Iguanodon
skeleton should be sold abroad in order to coBegplementary subsidies, but public outcry preweiites
transaction. From 1915, the German forces of odaupaunder the initiative of the palaeontologistdd
Jaekel, planned to start new excavations at Bemtigs order to send new Iguanodon skeletons inm@aar
natural history museums. But the preliminary redees were interrupted in 1918 by the end of thetFir
World War (Roolf, 2004). After the war, further fiatives to start new excavations at Bernissartewer
immediately stopped because of the absence of inogh the Belgian government to put up the money for
such researches.

Figure 3. Mounting of the first Iguanodon specimen in the George Chapel of the Nassau Palace.
Note, close to the Iguanodon’s leg, the cassowadyveaallaby skeletons used for comparison.

Figure 4. Exhibition, in the beginning of the 20th Centuo§,the mounted Iguanodon specimens in the
Janlet Wing of the Royal Museum of Natural History.
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5. Preparation and mounting of the Iguanodon skelens

After death, the Iguanodon carcasses were coveratdalgey sediments and their decomposition theeefor
developed in anoxic environment. In such conditisugphate-reducing bacteria were highly involvedhe
putrefaction processes. The hydrogen sulphide,yzemtiduring the hydrolysis of the organic mattethmsse
bacteria, combined with the iron from the sedimeants from the degradation of haemoglobin to form
pyrite, which was deposited in cavities within tt@nes. In contact with damp air, the pyrite oxiditeform

a salt, iron sulphate, or an iron oxide, limoniecomposition of both led to the disintegrationboine
containing them (Leduc, 2004). For that reason,Igb@nodonbones became extremely fragile when they
were extracted from the Bernissart pit.

Once they were arrived in Brussels, tgaanodonblocks were stored in the Museum workshop,
housed in the St George Chapel of the Nassau Ralaewepreserved as an exhibition hall in the Aldert
Royal Library. Between 1878 and 1905, the bonegwepregnated with a carpenter’s glue-based gelatin
and the pyrite was systematically curetted from lbaees. Some vertebrae contained more than 1 kg of
pyrite. The remaining cavities were filled with ftan-pierre’, a stable mixture of paper, glue aald {De
Pauw, 1902).

It was decided to mount the best presemgeinodonspecimens in a lifelike gait. In 1882, the first
specimen was assembled and mounted by L. De Padvhiarteam in the St. George Chapel. The bones
were suspended from scaffolding by ropes that cbelddjusted so as to obtain the most lifeliketpmsior
the complete skeleton, which was then supporteahbiyon framework (Fig. 3). This first mounted sp&en
was publicly exhibited in 1883 in a glass cage troiesed in the interior court of the Nassau Pal&ee.the
Nassau Palace Chapel quickly became too smallhforstorage, preparation, mounting and exhibition of
these numerous and bulky skeletons. In 1891, thangdons and the Royal Museum of Natural History
were transported to a new home in the Leopold Rark899, five specimens were mounted in a glage ca
close to the entrance of the museum. From 1902 miswéhe whole Bernissart exhibition was permayentl
installed in the newly-constructed Janlet Winghef Royal Museum of Natural History (Fig. 4).

Between 1933 and 1937, tlguanodonskeletons were dismantled and treated, becausy years
of changes in temperature and humidity had producgmbrtant damages. The bones were soaked in a
mixture of alcohol and shellac, a natural lacquemreted by coccid insects. The specimens werellatta
into two large glass cages, in order to stabilieetemperature and humidity of their environment.

From 2004 till 2007, the Janlet Wing of the RoBalgian Institute of Natural Sciences was entirely
renovated. At this occasion, the Iguanodon sketetware completely restored again. All the bonesewer
reinforced by a solution in acetone and alcohdyaithetic polyvinyl acetate (‘Mowilith’). New glacages
were constructed to protect the skeletons.

6. The study of the Bernissart Iguanodons

Just after the discovery of the Bernissart Iguansdde. Dupont, then director of the Royal Museum of
Natural History, asked the young naturalist G. Auenger to study these specimens. In 1881, Boaleng
presented his first results to the Belgian AcadarhySciences, Letters and Fine Arts: he described th
anatomy of the pelvis of these dinosaurs and peapdsat the greater number of sacral vertebrag i(sithe
Bernissart form, as opposed to the five sacralebese in the English speciésmantelli merited the
establishment of a new species that he nalgadnodon bernissartensidtJnfortunately, this paper was
refused publication, although a brief highly cidficeview of Boulenger's paper was published by Van
Beneden (1881). The latter claimed that the Beanidguanodons belonged tguanodon mantellialready
described from disarticulated specimens discovénengland. Shortly afterwards, in 1881, Boulenger
accepted a post at the British Museum (Naturalddygtand in 1882 study of the Bernissart lguanodeas
entrusted to L. Dollo. Between 1882 and 1923, Deplliblished many preliminary notes on the Bernissart
fauna and, especially, dguanodon(see bibliographical list in Norman, 1980). Hetitdiguished two species
at Bernissart: most of the specimens belong tdatger forml. bernissartensisthe new species named by
Boulenger, although a single complete individuglresents the smaller and slendiemantelli While
studying in detail several parts of thguanodonskeleton, Dollo was adopting a forensic approazh t
understanding these fossils. He developed a newe sty palaeontology that became known as
palaeobiology: palaeontology can be expanded tesitigate the biology, and by implication the ecglagd

the behaviour of extinct creatures. Dollo’s finahtribution to thdguanodonstory was published in 1923 as
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a synthetic study, to honour the centenary of MBsteriginal paper. He identifiedguanodonas an
ecological equivalent of the giraffe. Its kangalik@ posture enabled it to reach high into thegreegather
its fodder, which it was able to draw into its moly using a long, muscular tongue. The sharp beak
used to nip off tough stems, while the teeth seteepulp the food before it was swallowed. This gaaf
Iguanodonas a gigantic kangaroo-style creature, as deploiddollo, has become iconic during more than
60 years and was reinforced by the distributiorfutifsized replicas of mounted skeletonsigianodon
from Brussels to many of the great museums arouaavorld (Norman, 2005).

In 1980, the British palaeontologist D. Norman I@ied a monographic study défuanodon
bernissartensis Functional analysis of the skeleton indicatedt ttee vertebral column, stiffened by a
network of ossified tendons, was held more or lemszontal while the animal was walking or running.
Norman also believed thatbernissartensisvas mainly a quadrupedal animal. The structurin@fpectoral
girdle, the ratios of the fore-and hindlimb lengttie strongly fused carpal bones, and the presafioeof-
like unguals on the middle three digits of the handgest that the adult bfbernissartensispent most of
its time in a quadrupedal posture, though juveries a predominantly bipedal mode of life.

In 1986, Norman concluded that the small speciesnfBernissart belongs tdéguanodon
atherfieldensidHooley, 1925, a species previously described fiteer\Wealden Beds of the Isle of Wight.

Although the Bernissart Iguanodons were discovéi&@l years ago, these fantastic creatures have
not revealed all their secrets yet. At the occasibrithe last dismounting operation of thguanodon
specimens, the best preserved skulls have beestigated by CT-scanning at Gasthuisberg Hospital in
Leuven. It is now possible to study inaccessibmsiinside the skull without damaging these frefgidsils.
Fig. 5 is a reconstruction, after C-T scanningthaf brain cavity of these animals, dead some 13(Bomi
years ago.

Figure 5. Reconstruction by C-T scanning of the skull areirboflguanodon bernissartensis



130YEARS AGO. THE DISCOVERY OF THEBERNISSART IGUANODONS 33

7. References

BUCKLAND, W., 1824. Notice orMegalosaurusor great fossil lizard of Stonesfiel@iransactions of the
Geological Society of Londp@1: 390-397.

DE PAUW, L.F., 1902Notes sur les fouilles du charbonnage de Bernis€aétouverte, solidification et
montage des Iguanodangmprim. photo-litho, JH. & P. Jumpertz, 150 avAuderghem, Bruxelles,
Belgium.

LEDUC, T., 2004.La diagenése des ossements fossiles: étude bibjibgrue Mémoire de D.E.A. non
publié, Université de Liége, Belgium.

LEIDY, J., 1858.Hadrosaurusand its discoveryProceedings of the Academy of Natural Sciences,
Philadelphia,10: 213-218.

MANTELL, G.A., 1825. Notice on thégguanodon a newly discovered fossil reptile, from the sdods of
Tilgate Forest, in SusseRhilosophical Transactions of the Royal Sogiétys: 179-186.

MARTIN, F. & BULTYNCK, P., 1990.The Iguanodons of Bernissarhstitut royal des Sciences naturelles
de Belgique, Bruxelles, Belgium.

NORMAN, D.B., 1980. On the ornithischian dinosaguanodon bernissartensif Bernissart (Belgium).
Mémoires de I'Institut royal des Sciences natusetle Belgiquel78: 1-103.

NORMAN, D.B., 1986. On the anatomy kffuanodon atherfieldensi©rnithischia, OrnithopodapBulletin

de I'Institut royal des Sciences naturelles de Belg, Sciences de la Terie6: 281-372.

NORMAN, D.B., 2005 Dinosaurs. A very short introductio®xford University Press, Oxford, U.K.

OWEN, R., 1842. Report on British fossil reptilgsrt 1. Report of the Eleventh Meeting of the British
Assaociation for the Advancement of Science, heRlyabouth, July 184166-204. London.

ROOLF, C., 2004. Dinosaurier-Skelette als Kriegzkllturgutraubplanungen, Besatzungpolitik und die
deutsche Palédontologie im Ersten WeltkriBgrichte zur Wissenschaftgeschicié: 5-26.

VAN BENEDEN, P.-J., 1878. Découverte de reptilegagtesques dans le charbonnage de Bernissart, pres
de PéruwelzBulletin de I'Académie royale de Belgiq@ET®série, 45: 578.

VAN BENEDEN, P.-J., 1881. Sur I'arc pelvien cheg inosauriens de BernissaBulletin de I'Académie
royale belge, classe des Scien@s600-608.






MEMOIRS OF THEGEOLOGICAL SURVEY OFBELGIUM N. 55 - 2008

SEDIMENTOLOGY OF THE WEALDEN CLAYS IN THE HAUTRAGE QUARRY

Paul SPAGNA, Christian DUPUI$ & Johan YANS

1. Service de Géologie Fondamentale et Appliquéeylé Polytechnique de Mons, 9 rue de HoudainpMa0ns.
Paul.Spagna@fpms.ac.be; Christian.Dupuis@fpms.ac.be

2. Département de Géologie, Faculté Universitaimtrl Dame de la Paix, 61 Rue de Bruxelles, 5000uMam
Johan.Yans@fundp.ac.be

(7 figures and 1 plate)

ABSTRACT. The wealden facies of Hautrage are here apprdatieugh their depositional environment
characteristics. Lithological, textural and minegital data are used in order to precise the sedofwgical
and geodynamic conditions of the middle Barremiarearliest Aptian interval in Hautrage. The results
suggest the deposition of the wealden facies in@lplain crossed by east-west oriented channlelwiffg
westward). Clayey sediments settled during higlodlevents. Conditions of stability and exundation
allowed the development of poor maturation sospeeially in the lowermost sediments. The pebbidsinv
the sandy channels at the top of the series andizheof the channels (southern front of the qyameflect

an increase of the hydrological energy.

KEYWORDS. Hautrage, wealden facies, sedimentology, contalepalaeosoils, channels, floodplain.

1. Introduction

Since a few decades, the Geological Service ofFtmulté Polytechnique de Mons studied the wealden
deposits of the Hautrage quarry, thanks to a coctste collaboration with the CBR-Heidelbergcement
industry that uses those clays for their high ahate and silicate contents. During prospective cégms
several boreholes have been realized, sampled aalgzad, in order to decipher the clays and sands
qualities for their future applications. To compleéhe data sets, many cross sections have beeribéesc
and analyzed during and/or after the successiveamxploitation campaigns.

We present here the sedimentological context ofehteposits, based on lithological, textural and
mineralogical data (Spagna, PhD thesis in progress)

2. Geological setting

The wealden clays of the Mons Basin (MB) are maimlycropping in several plurikilometric “pockets”
dispatched along the northern edge of the baseRgsoret al, this volume). The Danube-Bouchon quarry
is localized in one of those pockets, called thaltiage pocket” (Saint-Ghislain entity) at about 20
kilometers north-west of Mons. The wealden clayd sands trapped in this pocket overlie the Namurian
weathered basement, and are recovered by CenorEmianian marine sediments. Due to their
palynological contents, the age of the wealdenmsedis of Hautrage has been included in the middle
Barremian to earliest Aptian interval (Yans, 20D@jaxet al, this volume). This age is representative of the
Mons basin’s western wealden sediments (St-BarbeHautrage Fm and Baudour Fm). On the other hand,
the wealden facies of the eastern part of the Mugsin are dated Late Albian (Thieu Fm.), and even
Turonian for the Strepy Fm. (Yans, 2003; Pirgbal this volume).

In the Hautrage area, the wealden facies (acttfa#yldest sediments of the Mons Basin) are degbgit a
continental system. It can be linked to a majolygtiiat exists during the middle Barremian-earligptian
interval, between the south-east English arealamduture Basin of Paris (Ziegler 1990; Thatyal, 2006).
The relative low sea-level of this period probaalipws this gully to collect the products of thersuinding
Armorican Massif in the south west, and London-BratMassif in the north east.
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3. Lithological, granulometric and mineralogical daa
3.1. Lithological data

The Danube-Bouchon quarry cuts clayey and sandymsets. Those loose deposits frequently contain
organic matters (root traces, millimetric to plueimc lignite and wood fragments, ...), sideritmdoles and
pyrites. The sediments are clearly stratified aast-&est oriented, dipping south with 15 to 25°, dip
shown by different key beds all along the seriég.(E).
As shown in the synthetic log at Fig. 2, the Hagrauccession of 235 meters of wealden sediments
can be divided in 3 parts (Yans, 2003; Spagna, 2005
a) dominance of red ‘clays’ (actually, all the gzad samples contained around 60-70% of micrometri
to millimetric grains of quartz, making them belogthe ‘clayey silt and sands’ or ‘silty and sandy
clays’ categories, but we will use the “clays” tefon more usability) rich in weathered sideritetfz
bottom (Units A to D)
b) alternations of black, grey, white and bluidhys containing various quantities of sands, wood
fragments, pyritic and sideritic nodules (UnitsoB)t
c) dominance of sandy (to conglomeratic) sedimentsin pyrite and wood fragments at the top (J and
K Units).

3.2. Granulometric data

The granulometric evolution of the series is iratiein with the lithologies, and can roughly be defl as
“coarsening upwards” (clay® alternations of clays and san@ssands and pebbles). The D95 values (here
measured from wet sieving analysis, this paramedézulates the grain size corresponding to th& 95
percentile) ranges from smaller thanig®for the finest plastic clay beds to a few centerefor the pebble
beds. Most of the clayey sediments turns arountb 3®0Im (D95) while the same parameter is commonly
measured around 250-300 in the sandy levels (Spagmaprogress.

3.3. Mineralogical data

Quartzh is the predominant mineralogical phase of the wiselries. The clayey fraction (< 2 um) is divided
in three main compounds: kaolinite, smectite (I-Read-layers) and illite. The mineralogical log afyF2
shows the ratio of the other mixed-layers mineratg] illustrates a very clear trend of raising aonof the
chlorite-smectite mixed-layer phase to the basthefsuccession. Seven mineralogical units can fieede

in the whole series, rather unlinked to the litlgidal one (Yans, 2003; Spagna, 2005).



38

P. $°AGNA, C. DUPUIS& J. YANS

235

200

150 o
o0
«<
-
-
=
<
jusi
Gl
o
-

100 o
wn
[}
oy
(o]
o
=
o
°
—
<
o

50

0

Estimated thickness (m)

and 10° at the bottom)

(average dip of 27.7° at the top

Lithological
units

Sands and silty
clays altemnations

Mainly sands

Dark grey
clays
and

silty-sandy
clays

Light grey and
ochre clays
with siderite
and
dark grey clayey

sands
alternations

Grey clays

and
light silty clays
alternations

Mainly sands

Dark clays

Variegated
clays

with

siderite
nodules

Silty grey

‘Weathered Namurian basement

Lithological

composite log

HT99 S1

1
0 10 2

Clay mineralogy log

Clay mineralogy
units
Dominance of the following

minerals (Kaolinite is rather
constant around 25-30 %) :

7 Smectite
6 Illite
Smectite
+
5 Illite
Illite
4 + Smectite
+ Mix.-I. C-S
Tllite
+
3 Mix.-I. C-S
Tl
Smectite
+
Mix.-I. C-S
2 +
L. Tllite
(locally)
1L
.
Tllite
1| +Mix-L.C-S

<- - ->Key bed

— — — Unit limits

Lithological legend Mineralogical legend
Clays == Marls I Kaolinite
Silts ~ Sandy clayey marls Il llitc
- Clayey silts | Compact clays I Chlorite
Silty clays Compact silty clays | Smectite
+0 Sands Ochre siderite nodules || Mix.-I. C-S
Clayey sands | # Red and ochre variegations Bl Mix.-LI-S
Sandyclays % | Red variegations Il Mix-L K-S
| Chalk [ | White variegations (rhyzolite ?) Mix.-I. I-C

Figure 2. General succession of the Hautrage Clays Formation (from Yans 2003 and Spagna 2005).
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141W-472-133

Plate 1 Traces of palaeosaoils : A) red color and variegations of clayey bed; B) “Black pebble”; C) llluviation figure; D)
Rhizolite; E) Cracking figures and F) Sideritic nodules trapping parallel traces of roots (?) (from Yans 2003 and Spagna
in progress.
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4. Sedimentological structures and palaeoenvironméal interpretation
4.1. Palaeosoils

Many traces of palaeosoils can be found in the tdgetwealden facies, especially in the lower pathe
deposit:

- The red color (and marmorosis) of the clays foanhdhe bottom of the series is related to a webthe
(pedogenic oxidizing) of their primitive siderittontain (Plate 1, A);

- “Black pebble” have been observed (Plate 1, Bjetber with illuviation figures (Plate 1, C), rhiite
(Plate 1, D) and crackings (Plate 1, E), all of ebhindicate a poor maturation of the soil (Machette
1985);

- Traces of roots are common, sometimes trappesidieritic nodules (Plate 1, F) what would induced a
secondary phase of sideritization (after the dguaknt of the soil).

All those elements indicate the exundation andil#ialbf the sediments during relatively long pet An
in situ tree stump has also been found within ligh&riegated clays (Fig. 3).

of the studied wood

Figure 4. Outcropping CHE1 channel in the northern parthaf guarry, with the positions of the measured
wood fragments.
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Schematic lithological succession of the DBCH area
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4.2. Channels

Channels are present at different levels in therguhe massive sandy outcrop of the southernrgdeont
(J Unit) is of fluvial origin. Its pebble containvgs an idea of the level of energy that could hbgen
developed at that time. Some other smaller scalaratls are found in the northern part of the quéraited
DBCH area), as the “CHE1" (Fig. 4 and replaced ifitlaological succession in Fig. 5). Two major
plurimetric sandy lenses prograding northward casepthis outcrop. Their fillings are quite complex,
containing lots of smaller scale fining upwardstsinfome coal pieces have also been found heriging);
probably eroded from the underlying Namurian baggme

Wood fragment sizes and orientations have beersuneg inside the “CHE1” channel (around 80
wood samples). The results of this investigatiozady demonstrate an east-west preferential otienta
(Spagnain progres$ which can be used to extrapolate the directiothefmain palaeocurrents (Fig. 7). This
result is rather inconsistent with the deltaic emwiment interpretation that was previously useéxplain
the position and geometry of the wealden deposithe northern edge of the MB (Marliére, 1946).

4.3. Flood plain, lignite beds, ...

During intense rising events, channels were ovedth and clayey sediments, due to the lost of gnerg
could then settling the plain out. The result aist floods may have been a relatively humid enwemt
adapted for the development of a swampy vegetarcov

Those deposits represent the major part of thienseeds. Depending on their mineralogical content,
it will be variably colored: black when rich in @ngic matter, red when presenting a high Fe conlighter
(grey to white) when richer in silt and sand, aods.

Some pure lignite beds (and/or charcoal) are tatgaped in the wealden series of Hautrage (e.g. at
the bottom of the DBCH log of Fig. 6). Togethertwihe carbonized aspect of most of the wood fragrhen
would indicate some big wood fire events at thaique(Gomezet al, this volume).

Figure 6. Piece of coal found in the CHEL filling.
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Orientations of the different sections classes : (cercles = 23 %)

Wood fragment orientation

Classe 1:0to 1,5 cm? Classe 2:1,5to 5cm?
(DB- Hautrage)
Raw data (82 samples)
Classe 3:5to 10 cm? Classe 4 : >10 cm?

T

Figure 7. Orientation of the wood fragments found in the AHHing. Based on more than 80 samples it showtear
preferential east to west trend (Spagna, in pragres

Cercle= 1%

5. Conclusions

The fluvial origin of the deposit is clearly estabked. The palaeoenvironment of the Hautrage agea i
defined as a flooding plain crossed by east-wented channels (flowing westward) in which clayey
sediments had the opportunity to settle out duiirignse rising events. The conditions of stabikityd
exundation allowed the frequent development of poaturation soils, especially at the bottom oftksges.
The pebbles contained in the upper Hautrage weaddiments and the sizes of the channels reflect an
increase of the hydrological energy at the endhefseries.

Those results based on sedimentological studiesbined with the ones obtained on other regional
wealden deposits (i. e. Thieu, Bernissart and Bar)doontribute to the reconstruction of the reglona
palaeoenvironment at the period, the one in whigdlthe famous Iguanodons of Bernissart.
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ABSTRACT. This article focuses on a palynological study arinples from the Wealden facies sediments
filling the Hautrage "pocket” (Mons Basin, Belgiunihe microflora is compared to that found at Besart
and Baudour (Mons Basin). The palynomorphs areonficental origin only. The botanical affinities thie
palynological taxa are mainly ferns, gymnospermsl dreshwater "algae". Also encountered are
stratigraphically important angiospermous polleairgs, allowing us to date the Hautrage Clays Fdonat
as middle Barremian to earliest Aptian.

RESUME. Cet article traite de la palynologie des sédimenfaciés wealdien constituant la "poche" de
Hautrage (Belgique). La microflore est comparéelte de Bernissart et de Baudour. Les palynomorphes
sont d’'origine continentale. L’affinité botaniqueesd principaux taxons se situe chez les fougeres, le
gymnospermes et les "algues" d’'eau douce. La ptésda grains de pollen d’'affinité angiospermienne
s'avere importante sur le plan stratigraphiguemegtant une datation du Barrémien moyen a I'Aptien
plus inférieur.

KEYWORDS: Biostratigraphy, Lower Cretaceous.

1. Introduction

Recently, Yans et al. (2005, 2006) and Dejax €28l07b) analyzed the palynological assemblagheB8P2
meter level at Bernissart (Sainte-Barbe Clays Ftianpand focused their study on angiospermousepoll
found for the first time in the Belgian Wealden iéac Dejax et al. (2007a) emphasized this focus,
highlighting angiospermous pollen and describingriant forms" from Baudour quarry clay samples
(Baudour Clays Formation). We offer here the fipsiynological study of the Wealden facies of the
Hautrage site (Hautrage Clays Formation), and wepeoe its palynological assemblage with those djrea
mentioned in the Mons Basin.

2. Geological setting

The Danube-Bouchon quarry of the Hautrage "pocisesituated in the Mons Basin (Belgium), which can
be regarded as a part of the Paris Basin (MarliE9&0). The sedimentary succession of the MonsnBasi
begins with the Wealden facies (Hautrage Clays &tiom) and continues with Middle-Upper Albian, Uppe
Cretaceous and Cenozoic deposits (Marliere, 19ir§oPet al., 2008). Several boreholes have bemntly
drilled in the quarry and adjacent areas, allowilsgto have a complete succession of the Wealdeesfac
(Spagneet al, 2008). We here especially studied the TRH 3 lmles at a depth of 23,90 metres which
corresponds to the B/C unit (Spagtal, 2008).
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3. Methods

For the purpose of palynological analysis, we pssed several samples of black clay and silt froen th
TRH3 borehole. The treatment involves mainly thetdetion of minerals with hydrofluoric acid (70%),
followed by a filtration using a 9 pum-mesh sievleTElides will be housed in the Royal Belgian s of
Natural Sciences (Brussels).

The morphological classification and nomenclatur@otonié & Kremp (1954 and subsequent papers), as
improved by Dettmann (1963), are followed hereor, the purpose in hand, another nomenclasemsu
Hughes and collaborators (see complete referesicmIHughes, 1994) was also used for three pedalba,
which were defined as "biorecords" in the Engliskedlden. It must be reminded that morphological taxa
and biorecords are not true Linnean taxa, but pat@-or morphotypes which asporae dispersawith no
specific relationship to a mother-plant. A bioretas considered here as a fundamental referenam tax
equivalent to the taxa defined through the uséefcdonventional morphological scheme (Hughes, 1976,
26; Hughes et al., 1979, p. 515); see a commeatayyt "palynological languages" in Dejax et al.Q24).

4. Palynological content

The palynological assemblage of Hautrage quarveig well preserved, suggesting that most of théhere
plants grew close to the place where the palynohswpere buried and that diagenesis was minor, &s th
palynological analysis of Bernissart and Baudoway ctéamples already pointed out. This assemblage is
entirely continental in origin, quite similar toase of these neighbouring localities but somewhsas |
diversified (work in progress). Fern spores (€gncavissimisporites verrucosudeltoidospora minar
Dictyophyllidites harrisi) and bisaccate pollen grainBafvisaccites radiatysare a main feature of these
three assemblages, including macrospobeggtraisporites helios Ephedroid pollen grain€Ephedripites
montanaensjsare abundant, Sciadopityaceae (biorecord Haigerdactisulg aliasCerebropollenitesp.)
pollen grains are less numerous and Araucariacedienpgrains are quite scarce. The angiospermous
biorecord Superratroton is noticeable as among Bernissart and Baudounrddages, somewhat less
abundant than among the latter one; another angiogmus biorecord, the probable Retisdésitat is
extremely rare as among Baudour assemblage [thesectrdssensuHughes et al. (1979) and Hughes
(1994)]. Freshwater "algae" as zygospof@gdidites parvuandSchizosporis reticulatysandBotryococcus

are present.

5. Discussion

The palynological assemblage of the Hautrage quiryypically "Wealden" in aspect: many of the
palynomorphs identified have been reported elsesvhigrce the pioneering work of Delcourt & Sprumont
(1955) dealing with the Wealden facies sedimenthefsame province of Hainaut; for an exhaustistedf

the studies related to the palynology of the Wealfdeies of northern Europe, see Dejax et al. (ap07
Worthy of interest is the occurrence of continergaide-forms already defined in the Wealden facies
sediments from southern and eastern England.

6. Stratigraphic implications

Biorecord Superretroton was defined by Hughes et al. (1979); in the dpson of the species
Stellatopollis hughesiifrom the Upper Barremian (?) of Egypt, Penny @)9&garded it equivalent to this
biorecord. In the "stratotypic" Wealden faciestu# iWeald and Wessex sub-basins, which is datedaoyen
interbeds with ammonites and dinoflagellate cystarding, 1986, 1990), the stratigraphic distribotiof
biorecord Superratroton is attributed to MCT (Monosulcate Columellate Beej phases 3 to 5, ranging
from the middle Barremian to the earliest Aptiaru@gHes, 1994). Yans et al. (2004, 2005) and Dejat. et
(2007a, 2007b) therefore suggested a middle Baaretoi earliest Aptian age for the sediments of Bsart

(at a depth of 322 m) and for the Baudour Claysriadion, and the same dating is proposed here éor th
Hautrage clay (at least for the B/C unit).
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7. Conclusions

The Hautrage Clays Formation contains many contihempalynomorphs including fern spores,
gymnospermous bisaccate pollen grains and angiosper pollen grains. The occurrence of pollen grains
the angiospermous biorecord Supemetton and probable biorecord Retisudentat[sensuHughes et al.
(1979) and Hughes (1994)] denotes a middle Barmentaearliest Aptian age for these sediments, and s
they are confirmed to be of the same age as thddé&fesacies sediments in the natural pit of Beiarisand
the "pocket" of Baudour. This identity in age sugigethat the natural pit of Bernissart and the Kptg' of
Baudour and Hautrage may be the result of the sagahanisms of subsidence, probably demonstrating a
genetic relationship between natural pits andikeht large "pockets” in the Mons Basin. So natynigd (as
the famous "cran de Bernissart") and "pockets” imayhe surface expression of the dissolution oplgee
buried anhydrites (Delmer et al., 1982) and/oramgi crustal activity (Vandycke et al., 1991; Spaghal.,
2007).
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Plate 1
Mentions between brackets mean: slide number /douates after the "England Finder"; scale bar is 10
pm, except (D) which is 50 pm.

(A) Deltoidospora mino{TRH3-23,90-1 / R42-4)

(B) Dictyophyllidites harrisii(TRH3-23,90-2 / U33-1)

(C) Concavissimisporites verrucos(iBRH3-23,90-1 / T33-2)
(D) Dijkstraisporites heliog TRH3-23,90-4 / Q62-1)
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Plate 2
Mentions between brackets mean: slide number /diates after the "England Finder"; scale bar is 10

um.

(A) Parvisaccites radiatu§TRH3-23,90-1 / Q58-4)

(B) Ephedripites montanaengi§RH3-23,90-1 / Q62-4)

(C) Biorecord Hauteriviamactisulc(TRH3-23,90-1 / K33-3/L33-1) [left and right : fes on presumed
proximal and distal faces]

(D) Biorecord Superretroton (TRH3-23,90-2 / P46) [focus on presumed distaéfac

(E) Biorecord Superratroton (TRH3-23,90-2 / R47-3) [torn specimen showingriiiiculate pattern

of the tectum]
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Plate 3

Mentions between brackets mean: slide number /dowates after the "England Finder"; scale bar is 10
pm, except (D) which is 50 um.

(A) Biorecord Superretroton (TRH3-23,90-3 / J55-K55) [left and right : focus presumed proximal
and distal faces]

(B) Biorecord Superretroton (TRH3-23,90-1 / X33) [left and right : focus onepumed proximal and
distal faces]

(C) Probable biorecord Retisuttentat(TRH3-23,90-3 / H52-3)

(D) Schizosporis reticulatud RH3-23,90-4 / K57-L58)
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ABSTRACT. Seven beds were collected from the Barremian-Aptilay pit of Danube-Bouchon’s
Hautrage quarry (Mons Basin, Belgium) for bearibgradant fossil plant mesoremains. Two of those beds
were bulk macerated in hydrogen peroxide and soxiditl the naked eye. The clay bed studied contains
wood preserved as fusains (charcoals), conifey lagés (Cheirolepidiaced&renelopsisand Taxodiaceae
cf. Sphenolepisbearing cuticles as well as inner anatomy, fencalee scales (Cheirolepidiaceakinia)

and cones. The lignite bed includes a much disaimaigsemblage consisting of amber, more abundsainfu
fragments, sterile and fertile fern pinnules andinpe (Osmundacea€ladophlebis Weichseliaceae
Weichselia Matoniaceaé’hlebopteri$, conifer leaves and twigs (Miroviacelrovia and Taxodiaceae cf.
Sphenolepis reproductive organs and seeds. They are prayiimventoried, but identifications and
descriptions at the species level require furthierescopic studies. The plant associations and #taies of
preservation (especially the exquisite anatomicakgrvations of ferns and conifers) clearly suggest
wild fires not only occurred frequently at that &rbut also that these plants were adapted to grasuch
strongly constrained environments.

KEYWORDS: Amber, fusain (charcoal), cuticles, ferns, coniféiswer Cretaceous, Hautrage, Belgium.
1. Introduction

Fossil plant megaremains, and especially imprelysifresh-looking Pinuslike conifer cones, were first
reported from the clays of La Louviére in the hamfeBaume (Coemans, 1867). Nevertheless, the Wrald
flora of Belgium was most famously known by theailed descriptions of fern and conifer assemblage
associated with the discovery of 28 complete Igdanoskeletons from the coal mine Sainte-Barbe of
Bernissart (Dupont 1878; Seward, 1900; Bommer, 19%bmewhat similar fern and conifer assemblage
was also mentioned in the literature from the Weslday of Bracquegnies at Houdeng (Bommer, 1882).
fact, materials from more localities (Puits NégeeasBernissart, at Hautrage, Aimeries at Houd€udpt at
Villerot, and Perlonjour quarry at Soignies) weoected during decades and stored in the collestaf the
Royal Belgian Institute of Natural Sciences, bugytlmiemained unstudied for a long while. By theidt
many conifer cones and foliage®irfus belgica Alvin, Pityostrobus andraei(Coemans) Alvin,Pi.
bernissartensiAlvin, Pi. corneti (Coemans) AlvinPi. hautrageanudAlvin, Pi. soigniesiensiAlvin, Pi.
villerotensis Alvin, Pseudoaraucaria gibbos&Coemans) Alvin,Ps. heeri (Coemans) Alvin,Prepinus
sclerophylla Alvin, Abiocaulis verticillatus Alvin, Elatocladus bommerHarris, Sphenolepis kurriana
(Dunker) Schenk) and the fertile and sterile feantg of Weichselia reticulatgStokes et Webb) Fontaine
were revised in much details (Alvin, 1953, 19576091968, 1971; Harris, 1953; Hill, 1990). Howevas,

far as ferns are concerned, one may be surpriggadrbst taxa listed by Bommer (1892) and Sewar@@L9
are still misidentified, invalid or poorly studiggtnera or species (‘morphotaxa’). Similarly, butontrast
with the conclusion by Alvin (1960), one may queséd whether the conifers are actually exhaustively
listed, and especially whether it is the case &mhebed in each locality, which is of tremendousseguence
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for taphonomic and palaeoecological interpretatidissa matter of fact, only three species corredpanto
three conifer cones were described from the clayalftragePityostrobus cornetfCoemans) Alvin (Alvin,
1953), Pi. villerotensis Alvin (Alvin, 1957) andPi. hautrageanusAlvin (Alvin, 1960). Our preliminary
taxonomical study below of fossil plant mega- angsoremains is pointing out whether much diverdifie
plants assemblages existed and whether differencennposition occurred between beds.

2. Material and Methods

Seven beds were sampled in the Danube-Bouchon'srag¢guclay pit quarry (Mons Basin, Belgium) by
three of us (BG, PS, JY) on August 2007 (Fig. 1;1RIFigs A-H). The sediments studied belong to the
Hautrage Clay Formation consisting of continentays, silts and sands, containing lignite remapysite
and siderite nodules in variable proportions (Spagh al., 2007). The Hautrage Clay Fm is middle
Barremian to earliest Aptian in age (Yans, 2003)e Tepositional environment of Hautrage is curyentl
interpreted as a floodplain traversed by numerbasigels (Yans et al., 2002; Yans, 2003).

The fossil plant assemblages from two of them wedeacted after bulk maceration in hydrogen
peroxide (HO,), followed by sieving with tap water with 1-mm-Q@& pm-, and 100-pm-fine mesh sieves.
The organic matter has been subsequently lefty@drair. Sorting, still in progress, has been deitk the
naked eye; it has concern the fraction over 1 mm.

4

Figure 1. Topographic map of the Danube-Bouchon’s Hautrdag it quarry (Mons Basin, Belgium)
showing sampling locations and numbered from norot7.

Figure 2. Conifers photographeth tu in the sampling level no 3. A, branched leafy axefs

Sphenolepis B, three entire, taxodiaceous female corggzhénolepisin connection; C, longitudinal
section of one taxodiaceous female corgghénolepis
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3. Systematic Palaeontology

The sampling level no 1 contains millimetric to Gemetric wood debris preserved as fusains (chas3d&l.
2, Fig. A). Apart from those, the most abundannplaega- and meso-fossils are constituted by steril
conifer leafy axes of two kinds (Pl. 2, Figs B & J1) The genudrenelopsisof the fossil family
Cheirolepidiaceae shows typical cylindrical axebpuls of three tiny leaf tips arranged at about®1@e to
each other, and alternating at about 60° one rotleetnext (PI. 2, Figs. C-F); (2) The axes beanmuge or
less adpressed, helically arranged leaves (Plig®, k=O) are temporarily ascribed to the geSghenolepis
(cf. Sphenolepisbecause of the difficulties in identifying conifieliages based on the morphology only and
the resemblances with the specimen$plienolepis kurrianpgublished by Harris (1953). It is noteworthy
that both conifer leafy axes exhibit apparentlyspreed anatomy and especially a central solid Vascu
bundle (PI. 2, Figs G-I & M-O). In addition the @scale as illustrated in Plate 2 Figs S-T showagral
layers of very fine cuticles correspond to the geflvinia associated witlirrenelopsis The two types of
cones (PI. 2, Figs P-R) and the second type of soales (Pl. 2, Figs U-V) are of uncertain affisti

The sampling level no 2 differs by many componertkhough the wood fragments are also
preserved as fusains, they consist of a largergotiogm of the specimens (PI. 3, Fig. A). Similaditely
arranged leafy axes of c&phenolepiccur, but there are fewer in number (Pl. 3, Aig& O-S). No
Frenelopsisleafy axes and ndlvinia cone scales have been sorted out. Quite frequeldw to orange
pieces of amber exist (Pl. 3, Fig. B). Differen¢rde and fertile fern parts are anatomically presé as
charcoals: sterile pinnules of the Osmundadekelophlebissp. (Pl. 3, Figs E-l) and the Weichseliaceae
Weichselia reticulatgPIl. 3, Figs C-D), tiny circinate fronds of unaer affinities (Pl. 3, Figs J-K), fertile
pinnules of the Matoniace&hlebopteris dunkershowing rounded sori (PI. 3, Figs L-L’), rachiadment
of secondary fertile pinna &¥. reticulata showing the scars where the sori are attache®(Figs. M-M").
The genusMirovia of the family Miroviaceae is mostly representedfiagments of the mid laminas (PI. 3,
Fig. V) and a very few apices (PI. 3, Fig. T) ardéds (PI. 3, Fig. U). The leaves when entire agelledike,
and are well characterized by the stomatal groawaing through the leaf on a single surface (caneid as
the lower surface). Reproductive organs includé@bgus or cone (Pl. 3, Figs W-W’) and relatedlé&ed
scales (PI. 3, Figs X-Y’), and seeds (PI. 3, Fig.afl being of uncertain affinities.

At that stage of the study the sampling level rie 8nly know by taxodiaceous leafy axes and cones
of Sphenolepisbservedn situ during field collections (Fig. 2, A-C).

4, Discussion

Although our study is still at a preliminary stageyveral results can be pointed out. Most bedsotifall,
from the middle Barremian — lowermost Aptian of thanube-Bouchon’s Hautrage clay pit quarry contain
fossil plant mega- and meso-remains. The divewitidautrage is much higher than only the three fema
cones described by Alvin (1953, 1957, 1960) unkerspecies nam&styostrobus cornetfCoemans) Alvin,

Pi. hautrageanusAlvin and Pi. villerotensis Alvin. Some taxa, especially the feri@&adophlebissp.,
Phlebopteris dunkeriand Weichselia reticulatawere already known from coeval clay sediments of
Bernissart, but others suchR®nelopsisandMirovia are reported for the first time (note that smatiades
fragments ofMirovia have been recently identified from Bernissart sedits stored in the RBINS
collections, BG unpublished data). Similarly amiaes reported in the literature and occurs in théeNEB
collections, but it is for the first related to tasum and a fossil plant assemblage. Notable reifiees in
abundance and composition do exist between sampkals no 1 and no 2. They probably represented
ecological changes through time and space. Wikk falefinitively played a major role in the ecosgste
dynamic. However further taxonomic, systematic,htappmic and sedimentological investigations are
needed to clarify whether wild fires resulted imlegical changes from one to another plant assooiatr
they favoured the transport over long distancextelocal vegetation.
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Plate 1 A-H, Photographs of the sampling levels in the Danube-Bouchon’s Hautrage clay pit quarry (Mons Basin,
Belgium) and numbered from no 1 to no 7. 1, blue clays with siderite nodules; 2, lignite; 3, white sands; 4-5, dark
clays with fine sandy beds; 6, sandy clays; 7, dark sandy clays.
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Plate 2 Plant mega- and meso-fossils from the sampling level no 1 in the Danube-Bouchon’s Hautrage clay pit
quarry (Mons Basin, Belgium). A, wood preserved as fusains (charcoals); B-I, conifer leafy axes showing whorls
of three leaves and a central solid vascular tisfuenglopsi3; J-O, conifer leafy twigs showing more or less
adpressed, tiny leaves (cfSphenolepls P-R, cone-like structure of uncertain affinities; S-T, conifer
cheirolepidiaceous female cone scale (Alini&V, conifer female cone scale of uncertain affinity. Scale bars: 10
mm (A, B and J) and 1 mm (other pictures)
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Plate 3 Plant mega- and meso-fossils from the sampling level no 2 in the Danube-Bouchon’s Hautrage clay
pit quarry (Mons Basin, Belgium). A, wood preserved as fusains (charcoals); B, yellow to orange pieces of
amber; C-l, sterile fern pinnules (Cladophlebisd Weichselia); J-K, circinate fern fronds; L-L’, fertile fern
pinnule (Phlebopterjs showing rounded sori; M-M’, pinna fragment showing insertion scars of sori
(Weichselia reticulata); N-S, conifer leafy twigs showing more or less adpressed, tiny leagghéciolepis

T-V, leaf fragments ofMirovia (T, apex; U, base; V several middle laminas); W-Y, cone and scales of
uncertain affinities; Z, seeds of uncertain affinities. Scale bars: 10 mm (A, B, N) and 1 mm (other pictures).
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ABSTRACT. Wood remains and palynomorphs from the Wealders$aof the Danube-Bouchon quarry at
Hautrage (Mons Basin, Belgium) have been studidtkirTpalaeofloristic, palaeoenvironnemental and
palaeoclimatic implications are discussed. Thempabygical study indicates a middle Barremian tdiesir
Aptian age. The wood assemblage includes specimieR®docarpoxylon Taxodioxylon Thujoxylon cf.
Sequoioxylon, Brachyoxylp8 different Pinaceae, and 2 new genera. Tree aimglysis confirms the
palaeogeographical position (around 35°N) of then®Basin during the Early Cretaceous. The compusiti

of the wood assemblage and the tree ring analygigest a humid warm-temperate climate. The compared
analysis of the wood and sporomorph assemblagegestgythat the Hautrage locality was located in an
alluvial or deltaic floodplain, not far from the ashore. Taxodiaceae, Podocarpaceae and various fern
thrived in the floodplain, probably in swampy emviments. Mangroves with Cheirolepidiaceae possibly
existed downstream. Pinaceae and Cupressaceaaitfezlsurroundings.

KEYWORDS: Aptian, Barremian, Charcoal, Fusain, Vitrinitdin@ate.

1. Introduction

This paper is mainly concerned with the interpietabf the wood remains from the Wealden faciethef
Danube-Bouchon quarry at Hautrage (Mons Basin, iBely Wood remains are preserved as “fusain” or
“charcoal” and are present in large quantitiedhatldcality. The palaeoclimatic implications of ithgrowth
rings have already been discussed (Gerards 08i7)).

The wood assemblage was first described and ideshtidind then compared with coeval and modern
localities. The anatomical features (mainly thevwgfo rings) of the wood were also analysed. All this
information is discussed from the palaeoecologiral palaeoclimatic points of views, and accordmthe
Nearest Living Relative method (Mosbrugger, 1999).

The systematics of the palymorphs from 5 palyn@algsamples were also studied and compared
with coeval localities.

The palaeofloristic, palaesoenvironmental and pali@atic implications of the sporomorph and the
wood remain assemblages are discussed.

2. Locality, geology and age
In Belgium, Wealden facies deposits mainly occurttom northern edge of the Mons Basin (Pirson et al.

2008). The Mons Basin is situated along the Hainé morthwestern Sambre valley and is generally
considered as a lateral extension the Paris Bianliere, 1970).
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Plant fossils studied were collected in the DanBbaehon quarry (Hautrage locality), from
sediments belonging to the Hautrage Clays Formaifibis quarry is located at the northern marginhef
Mons Basin (Robaszynski et al., 2001; Yans ef8l02, 2005). The age of this formation has beerudised
at length (Dejax et al., 2008). Recent data indithat the Wealden facies at Hautrage are EarliaGzeus
in age (“Wealdensensu strictppre-Albian in age; Yans et al., 2005).

A palynological study of the dinosaur-bearing Wealdacies in the “natural pit with Iguanodons” of
Bernissart (Belgium) indicated a middle Barremiarearliest Aptian age for the Wealden facies (Dejbax
al., 2007).

The fossils were collected from two outcrops in @&nube-Bouchon quarry. The outcrop noted
CHE in Fig. 1 is located in the northern part of tjuarry. It consists of sandy palaeochannelsraitiery
with white-grey to white variegated plastic claytea rich in wood fragments, pyrite and sideritmdnles.

The CHE-1, CHE-2 and CHE+1 levels are respectitetyeter below, 2 meters below and 1 meter above the
CHE channel level. Variegations clearly indicate firesence of palaeosoils. They are quite commdmein
CHE area where the oldest Wealden sediments dfiliérage series outcrop (Spagna et al., 2008).hase
been sampled around the CHE level.

The levels DB1-5.18 and DB1-6.60 are located instiigthern part of the quarry (Fig. 1); they occur
respectively 5.18 and 6.60 meters below the ovaglygenomanian sediments. They both consist of sandy
and pebble-gravel beds.

Additional material coming from the core of a baskehdrilled through the complete succession in
2001 (Dejax et al., 2008) has also been studied.

3. Material and methods

189 wood samples have been collected. Wood anatgamsyexamined with a scanning electron microscope
(SEM Jeol-5800), in longitudinal radial, longitudirtangential and transverse sections. The spesiraen
described according to the characters defined adified by the IAWA (IAWA Committee, 2004).

Growth ring width has been measured on 42 specinmetie « Centre Européen d’Archéométrie »
of the University of Liege, under a dissecting atenicroscope coupled with a mobile stage and a
micrometer. Mean width and mean sensitivity (MS)énbeen calculated for 10 specimens.

Palynological slides from levels CHE, CHE+1, DBB®. DB1-5.18 and from the palaeosoil were
prepared using the standard palynological methbley were studied under a light microscope. Spotk a
pollen assemblages have been compared with modert@eval assemblages, as well as with the wood

assemblage.
Clay stocks
®
CHE section

Lake

DB 1section

®
0 50 100 m
—

Figure 1. Simplified topographic map of the Danube Bouchoargy at Hautrage, showing the location of the
two studied fossiliferous outcrops.
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Figure 2. (from Gerards et al., 2007 ; modified from Brisenal., 2001). Latitudinal distribution of the ABOE,
and O ring supertypes during the Early Cretacebls.upper part of the diagram shows the propowiotme 3 ring

supertypes in the Hautrage assemblage.
4. Results and discussion

4.1. The wood assemblage

Only 39 out of the 189 collected specimens coulddeatified. All the others were preserved as Ritd,
which does not allow any identification. Vitriniteas presumably formed by the action of sulphurdréat

thriving in wet and anoxic environment and excseiphuric acid (work in progress at Liege Univerksit

The following taxa have been collected from Hawtrd@gxodioxylorHartig (Pl. 1A-D); Thujoxylon
(Unger) Hartig emend. Siss & Velitzelos (Pl. 1E:;HBrachyoxylonHollick & Jeffrey (Pl. 2A-D);
PodocarpoxylorGothan (Pl. 2E-H); cfSequoioxylofforrey ; 3 different undetermind®inaceagand 2 new
genera. The number of specimens for each taxordfatthe different levels is given in Table 1.

Taxon DB15.18 DB16.6 CHE | CHE-1] CHE-Z CHE+L Core
Podocarpoxylon 3 5 2 3
Taxodioxylon 2 5 1 2 3
Thujoxylon 4 1
Cf. Sequoioxylon 2
Brachyoxylon 1
Pinaceae 1 1 1
Gen. nov. 1 1
Gen. nov. 2 1

Table 1 The wood assemblage from Hautrage. DB and CHEhar&wo studied fossiliferous outcrops.
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4.2. Other occurrences of the collected taxa

The presence of one specimerBofichyoxylonat Hautrage has important palaeoenvironmentalidapbns.
This taxon is indeed known to be characteristicadstal zones or mangroves, under warm, globalty we
climates, with alternating dry and wet seasonss Tihipe of climate corresponds to tropical or warm-
temperate climates (Greguss 1967, Vozenin-SerraofsP1990, Philippe 1995, Garcia et al., 1998,
Néraudeau et al., 2003, Philippe et al., 2004).

The genusTaxodioxylonis known worldwide, and is especially abundanEurope (Meijer, 2000).
The genus is found in a wide range of palaesoenmmrts and palaeoclimates, and is not useful asta pa
climate indicator. A survey of the literature inglies that the genlodocarpoxyloris also ubiquitous and
found in various palaeoclimates. It is thereforeangood past climate indicator either.

The Hautrage charcoal assemblage includes 5 spesiwfelhujoxylon This genus is not often
recorded: only 3 other occurrences are known. Atidcate consistently thathujoxyloncan be associated
with a warm-temperate climat&@hujoxylonoccurs together witBrachyoxylonand Brachyphyllumin the
Late Cretaceous Magothy flora (Masschusetts and/lsiadl, USA; Penny, 1947). At that time, the climate
over Masschusetts and Maryland was warm-tempegaistése, 2000). The second occurrence is located in
Tertiary deposits from the Yellowstone NationalkParea (Montana; Beyer, 1954), which also expegdnc
a warm-temperate climate during the Tertiary (Se®t€000). Finally, lamandei and lamandei (200fprie
the presence ofhujoxylonin the Miocene of Rumania. On the basis of the tpfmsemblage, the authors
suggest a warm-temperate climate.

From the analysis of the Appendix A of Philippeakt (2004), it appears that the association of
BrachyoxyloPodocarpoxylon(Mesembrioxyldifpxodioxylon (Taxaceoxyloh is indicative of a warm-
temperate climate.

To summatrize, the wood assemblage from Hautragé pnoably indicates that, during the middle
Barremian - earliest Aptian interval, the Mons Baskperienced a warm-temperate climate, with some
humid tropical characteristics.

Today, two types of warm-temperate climate exis& Mediterranean type (Zonobiome $énsuBreckle
2002) and the “Laurel Forest” type (ZonobiomeséhsuBreckle 2002). The Zonobiome IV, Mediterranean
type, climates are located between 30 and 40°N; ithedude a long dry summer. As deduced from tee tr
ring analysis (see 4.5), this was probably notcme at Hautrage. The Zonobiome V, “Laurel Forggié,
climates are transitional between subtropical/talpclimates and temperate climates. They are éividto

2 subzonobiomes: the subzonobiome V (sr) (30-3%fiNthe eastern border of the continents; rainfill a
year long, with a minimum during winter), and thivsonobiome V (w) (more to the North than the (g
the western border of the continents ; rainfall yahr long, winter rains predominant) (Breckle, 200
During the Early Cretaceous, Hautrage was locatddden 30-35°N, on the eastern border of the cemntin
This is the reason why we believe that the clinbgte at Hautrage at that time was that of the sublzimme

V sr. This type of climate is presumably equivalenthe “Paratropical Climate” of Scotese, 2000.

4.4. Nearest living relative

The two new genera as well Bsachyoxylonwill not be considered, as they are not comparualitfle any
extant taxa.

Podocarpoxylonclosely compares witlPodocarpus Podocarpusis common in warm- temperate,
subtropical and tropical regions, most from southleemisphere (Farjon, 1998). Its distribution megch
almost exactly the subzonobiome V (sr) of BrecRg0R).

The Taxodioxylonwood type can be found in two extant gendifaxodiumand Cryptomeria The
genusTaxodiumis found in Guatemala, Mexico and Florida (Farj@888), mainly on permanently wet
soils. Cryptomeriaoccurs in Japan and in south-eastern China (Fatjd8&3). Both genera appear to be
characteristic of the subzonobiome V (sr) of Breq@002).

The genusThujoxylonhas close affinities with the extant gentisuja The genus is found under
various climates, ranging from humid cold-tempetaté&ropical (Farjon, 1988), and therefore doesheip
much to reconstruct the climate at Hautrage.
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Nevertheless, the Nearest Living Relative methodogsbrugger, 1999) as applied to wood
assemblage of Hautrage is globally consistent thighsubzonobiome V (sr) climate type deduced frben t
fossils themselves.

4.5. Tree ring analysis

Creber and Chaloner (1985) established 6 categooiestree rings, according to the type of
earlywood/latewood transitions and the earlywodei@od quantities. Those 6 types were redefined by
Brison et al. (2001) as follows:

- Type A: tree rings with little earlywood; shararlywood/latewood transition.

- Type B: tree rings with a wide band of latewoothre gradual earlywood/latewood transition than in
type A.

- Type C: tree rings with a very gradual earlywdatgivood transition.

- Type D: tree rings with a thin band of latewowdll-marked earlywood/latewood transition.

- Type E: tree rings similar to type D, but with anmgradual earlywood/latewood transition.

- Type O: no growth rings.

On the basis of those 6 types, we have definedp8rgipes: ABC, DE and O. Indeed, the distinction
between A, B, C types and D, E types respectivelpften difficult and does not bring any substdntia
palaeoclimatic information (Brison et al., 2001).

Tree ring type could be observed on 42 specimefi$: (8 specimens) have ABC type rings, 81 % (34
specimens) have DE type rings, and 14 % (6 spea)rteave O type rings. Brison et al. (2001, figh&ye
recorded the various latitudinal occurrence of A&#C, DE and O types of tree rings during the Early
Cretaceous. The proportion found in the Hautragerablage is intermediate between that of the 2B¢35°
and 35-45°N. This suggests that the palaeolatinfdthe Mons Basin during the Early Cretaceous was
approximately 35°N, which is consistent with theetd palaeogeographical reconstructions (Scotéx), 2
Thiry et al., 2006).

It is generally admitted that rings over 2 mm irdthi indicate that the growth conditions were good
(Fritts 1976; Morgans 1999). The mean width of Haeitrage wood rings is 1.46 mm. As those woods have
been charcoalified, they have undergone a retradtiat has been estimated at more or less 30%eof th
diameter (Gerards & Gerrienne, 2003). Consequetitly,mean width of the tree rings at Hautrage was
around 1.9 mm before charcoalifcation. It shoukbdbe taken into account that most of the wood irsna
were branch wood. This means that the mean widtheofrunk wood rings was larger (Gerards et 8072,
above 2 mm, clearly indicating that the growth dtods were generally good, with high water avaligh

The Mean Sensitivity (MS) was calculated for thesp@cimens showing more than 15 rings. Their MS
is 0 .42 (ranging from 0.32 to 0.55), which is mthigh. This indicates that the ring width is mwetiable,
and that the environmental conditions were someinisééble.

False rings are frequently observed, which agamwshthat the growth conditions were somewhat
instable or variable.

Rings have been observed in more than 85% of thiBest specimens. In most cases, those rings are of
the DE type (with large amount of earlywood antiditatewood). This suggests that the trees lived i
climate with two well-marked seasons (one growiegsen, and a season of unknown length with no growt
at all). This again is consistent with a warm-terageor a tropical climate.

4.6. Palynological study

The sporomorphs identified at Hautrage, althoughk Wiversified, are globally the same as thoseritest
from Bernissart (Dejax et al., 2007). The presenic8tellatopolis huguesiat Bernissart and at Hautrage
indicates that the two localities are probably maréess coeval, of middle Barremian to earliesti&page
(Dejax et al., 2008).

The following sporomorph taxa have been identified:
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-Spores:

AequitriraditesDelcourt & SprumontAppendicisporite$Veyland & Kriegey CamarozonosporiteBant ex
Potonié Cicatricosisporitedotonié & GelletichConcavissimisporiteBelcourt & SprumontDeltoidospora
Miner, DictyophylliditesCouper emend. DettmaGleicheniiditedRoss KlukisporitesCouper Leptolepidites
Couper MatonisporitesCouper,TrilobosporitesPant ex Potonié/erucosisporitesbrahim.

-Pollen grains:

AraucariacitesCookson ex CoupgeferebropollenitedNilsson ClassopollisPflug, Eucommiidite€Erdtman
ex Potoni¢ Stellatopolis huguesikenny cf. PinuspollenitefRaatz ex Potonjéf. Podocarpiditesookson
ex Couper.

-Algae:
OvoiditesCookson & Dettman.

On the whole, the sporomorph assemblage indicatiesrea humid warm-temperate climate or a tropical
climate.

The presence ddvoiditesdemonstrates that the sedimentation occurredrieshwater environment
(Grenfell, 1995, Dejax et al., 2007), probably maluvial or deltaic floodplain as suggested by pinesence
of Eucomiidites(Kvaceck & Pacltova, 2001). The joint presenceOobiditesand Taxodiumindicates the
existence of swamps, probably peripheral to therriihe presence of Zignemataceae and of a high
proportion of vitrinised woods is consistent wikte thypothesis of acid swamps.

The presence of the genGfassopollisis consistent with the presenceBrachyoxylon as both are
known to be produced by Cheirolepidiaceae (Alvia82, Yi et al., 2003). Cheirolepidiaceae are gdhera
considered as indicative of coastal environmenteven mangroves (Garcia et al., 1998, lamandei &
lamandei, 2005). At Hautrag€Jassopollisand Brachyoxylonare rare, which suggests that the locality was
not immediately close to the sea-shore.

The sporomorplPinuspolleniteds abundant, whereas Pinaceae woods are rare stigpgests that
the trees of the Pincaeace lived at some distanm® the sedimentary basin, and that only their
anemophilous pollen could reach the latter.

No Cupressaceae pollen was found, whereas Cupeassaeod Thujoxylor) is abundant. This
probably means that the wood was brought by ther riystem, and the Cupressaceae lived (far away?)
upstream. Woods of tHeodocarpoxylorand theTaxodioxylon/Sequoioxyldgpes on the one hand, and the
pollen that they producedP¢docarpidites, Cerebropollenife®n the other hand, are roughly equally
abundant. This strongly suggests tRatdocarpoxylonand Taxodioxylon/Sequoioxylowere living in the
sedimentary basin.

In the sample coming from the palaeosoil level, gheres of ferns are extremely abundant, which
indicates that they were most probably living icl@se proximity.

5. Conclusions

The analysis of the sporomorph and the wood assgeblfrom the Danube-Bouchon quarry has yielded the
following information.

- The palynological study confirms the middle Banian to earliest Aptian age of the sediments.

- The wood assemblage is comprised of specimenBodbcarpoxylon Taxodioxylon Thujoxylon cf.
Sequoioxylon, Brachyoxylp8 different Pinaceae, and 2 new genera.

- The composition of the wood assemblage and e fing analysis suggest a humid warm-temperate
climate. Ring analysis also confirms the 35°N padg®graphic position of the Mons Basin during this
period.

- The composition of the wood assemblage and i@ildd comparison of the sporomorphs suggest Heat t
Hautrage locality was located in an alluvial ortdiel floodplain. The locality itself was not faofn the sea-
shore, but not directly close to it. Taxodiacead Bodocarpaceae thrived in the floodplain, probably
swampy environments. Mangroves with Cheirolepiciaggossibly existed downstream.

- The sedimentary basin was colonized by variousisie Pinaceae and Cupressaceae lived in the
surroundings, but presumably not exactly in thalibe
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Plate 1.

A-B. Taxodioxylon Gross view (A) and detail (B) of a transversdisacshowing the O type rings and
the absence of resin ducts.

C. Taxodioxylon Radial section, showing the tracheid pits.

D. Taxodioxylon Radial section, showing the taxodioid cross-figtd

E-F. Thujoxylon Gross view (E) and detail (F) of a transverseigeshowing the DE supertype rings
and the absence of resin ducts.

G-H. Thujoxylon.Gross view (G) and detail (H) of a radial sectishgwing the cupressoid cross-field
pits.
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Plate 2.

A-B-C. Brachyoxylon Radial section, showing the araucarioid cross-field pits

D. Brachyoxylon Tangential section, showing the short uniseriate rays.

E-F. PodocarpoxylonGross view (E) and detail (F) of a transverse section showing the DE supertype
rings and the absence of resin ducts.

G-H. PodocarpoxylonRadial sections, showing the podocarpoid cross-field pits
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ABSTRACT. Recently, the stratigraphy of Scladina Cave hasnbeexamined through detailed and

systematic field records, leading to an importastiew of the sedimentary and diagenetic processes
involved in the sequence genesis. Palynological amtracological analyses have also been undertaken
taking the new stratigraphy into account. This papeesents the preliminary results of these analyse
together with palaeoenvironmental and chronostrapigical implications.

KEYWORDS: Scladina cave, Cave entrance sediments, Uppest®iene, Anthracology, Palynology,
Palaeozoology, Sedimentology, Palaeoenvironment.

1. Introduction (D. Bonjean & S. Pirson)

Discovered by speleologists in 1971, the ScladiaaeChas been excavated under the scientific atyhafri
the University of Liege since 1978. It has beconse @ “school cave” where students from Belgium and
abroad improve their investigation methods for gtehical research in cave sites.

The cave is located in a small valley of a tribytaf the Meuse river, in the village of Sclayn
(province of Namur, Belgium; Fig. 1). It opens tetSouth-East in Visean limestone (Lives Formation)
Scladina consists of a large gallery, 6 m high @20 m wide, connected with other caves. Aftertyhyears
of an almost permanent fieldwork, excavations haaehed 40 m beyond the entrance (Figs 2-4).

Since 1978, the cave underwent several multidiseiry researches, dealing mainly with
archaeology, archaeozoology, large and small mammalynology, stratigraphy and sedimentology (e.g.
Otte, 1992; Otteet al, 1998). More than 17,500 lithic artefacts haveerbesollected in the cave,
corresponding to four main Mousterian occupatioftsousands of faunal remains have also been found
throughout the sequence. However, the most impbfiad from Scladina is undoubtedly the nearly
complete juvenile maxillary and mandible of a Neznal child, unearthed from 1993 onwards (Toussgtint
al., 1994; Bonjean, 1995; Fig. 5). Dated to 127 +3®Bka by gamma spectrometry (Toussainal, 1998),
this fossil has been discovered in secondary positieworked in a deep channel eroding the undwglyi
deposits (Pirsomt al, 2005). It constitutes the main Belgian palaelmamological discovery for the 20th
century, joining other famous Pleistocene fossibsnf Belgium like Spy, Engis or La Naulette (Toussa&t
Pirson, 2006). Unprecedented analyses on dailkyeedta numbers (Smitkt al, 2007) have established
that the individual was * 8 years old at death.dRéyg, thanks to high preservation of organic maten
sequence of mitochondrial DNA has been isolated afuthe 2¢ right lower deciduous molar of the
Neandertal child (Orlandet al, 2006), which became the most ancient Neandiedalidual ever analyzed
at the DNA level.

Recently, in the framework of a PhD in geology r¢Bn, 2007), new palynological and
anthracological analysis were undertaken. This papesents a preliminary synthesis of these new
palaeobotanical and geological results, togethén thieir palaeoenvironmental implications. This reavta
allows us to reconsider the former chronostratibiead framework of the Scladina sequence.
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Figure 1. Location of Scladina cave. Grey areas: distributidd the Palaeozoic carbonated rocks in Belgiunefaf
Toussaint & Pirson, 2007, modified from Ek, 1976).

2. Geology §. Pirson & P. Haesaerts)
2.1. Revision of the stratigraphic sequence

Stratigraphy of Scladina sedimentary sequence bas lelaborated by different scholars, leading & th
definition of ca. 30 layers (Ottet al, 1983; Gullentops & Deblaere, 1992; Haesaert821Bonjearet al,
2002). Recently, the site stratigraphy has beeiewad through detailed and systematic field rec@Rilson
et al, 2005; Pirson, 2007). In parallel, a geologicatvey of the excavation was conducted in close
collaboration with the archaeologist in chargehd# site (D. Bonjean). This led to the definitionaol5m-
thick sedimentary sequence encompassing ca. 12@slayouped in 28 “units” (Fig. 6). These fielddias
revealed complex geometries, numerous lithologissyell as a large variety of sedimentary and dietie
processes (Pirson, 2007). Correlation between ¢we siratigraphic system and the former stratigraighy
possible for the major units, but detailed corielatnvolving layers remains problematic.

The following synthesis will briefly present theajor features of Scladina's sedimentary sequence.
A distinct sedimentary record occurs at the bacthefcave, due to a local collapse of the roof {Bamet
al., 2002; Pirson, 2007). It will not be presentetkhe

2.2. Nature and origin of the deposits

Sediments from Scladina's sequence are mainly ceedpof limestone clasts embedded in a silty matrix.
The limestone clasts are coming from the cave vaild the silty matrix is made of loess reworkedrfro
outside the cave. These two major components arergiy associated with some siliceous pebblesaand
small sand fraction, both originating from an aliverrace of the Meuse preserved on the platezeally,

in situ or reworked speleothems are also present.
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Figure 5. Cast of the Neandertal child mandible and maxillarhe nineteen separate casts were
produced and assembled by Dr Michel Toussaint (MR®6ture: © Archéologie Andennaise.
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2.3. Sedimentary and post-depositional processes

In Scladina, the sedimentary dynamic is governedslope processes. Sediments from the plateau and
limestone fragments from the surrounding cliffs tanalated under the cave porch together with aeolian
deposits. These were subsequently redistributedrttsrthe inside of the cave (“éboulis assistéBertran
et al, 2004). Several sedimentary processes involveddmedistribution have been identified: debris]
run-off, rock fall, settling and torrential flow ifBon, 2007). Speleothem formation occurred wihixunits.
Several post-depositional processes have also ideertified: deep frost (thick platy structure),
cryoturbations, pedogenesis (on the terrace ofcéwe), epigenesis of calcite by phosphates, mutksra
cementation of sediments by calcite, burrowing,(Btcson, 2007).

2.4. Climatic changes recorded in the sediments

Several sedimentary or post-sedimentary processdsneed in the Scladina stratigraphic sequenaavall
climatic reconstruction (Pirson, 2007):

- stalagmitic floors;

- in situ palaeosol on the terrace of Scladina, under the parch (Haesaerts, 1992);

- possible reworked palaeosol inside the cave;

- secondary phosphate around unsound limestonséais;

- solifluction;

- post-depositional effect of ice.

Stalagmitic floors are classically used in cava@aenvironmental reconstructions (e.g. Quaetif
al., 1994). Palaeosol is another classic tool usetiénstudy of Quaternary climatic changes, esgdgdial
loess sequences (e.g. Haesaettsal, 1999, 2003). The four other identified processeed further
explanation.

To demonstrate the presence of a reworked palbhandouse it as a reliable indicator of a climatic
improvement in the sedimentary sequence of a catraree, it has to be further documented by other
elements, such as the association with stalagfioties or data from other disciplines (e.g. paldetogy or
magnetic susceptibility). Moreover, as the palabisaeworked, there is inevitably a certain tinygas
between the climatic improvement itself and theodéon of the sediments. However, the detailed\stof
two complex stratigraphical sequences of cave eBogrgScladina and Walou: Pirson, 2007) indicaté tha
most of the time the reworking processes do notanighing at any time. A rigorous control of stgasiphy
and sedimentary dynamics is however absolutelyssacg.

In caves, the presence of very unsound limestéasscexhibiting a black phosphatic cortex is
classically interpreted as induced by bat guanaraatation (e.g. Martini & Kavalieris, 1978; Karkanet
al., 2000). It is therefore linked to a climatic impement, bats being often considered as a fordgtator
(Cordy, 1992). In Walou and Scladina caves, thesigigenic phosphates are associated with othereglesm
indicating major climatic improvements (Pirson, ZR0

Solifluction is a slow downslope displacement efliments involving two processes linked with
ground ice formation: frost-creep and geliflucti®ertran, 2004). This sedimentary process is typta
periglacial environments and has therefore a digaatic signature. Other sedimentary processessidally
recognized in a slope environment (e.g. run-ofbrgeflow, rock fall) are not secure climatic indfors as
they are active in different climatic environme(®@grtran, 2004).

Two types of post-depositional effects of ice héeen observed in Scladina (Pirson, 2007). The
first one is the development of a thick platy stowe, indicating deep frost (Van Vliet-Lanog, 198938).
The second one is stone tilting linked with crybaition, again testifying the presence of a cry@sain
Vliet-Lanoé&, 1985, 1988).

The distribution of all these climatic indicatansthe stratigraphic sequence of Scladina is ptesen
in Figure 6.
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Figure 6. Scladina cave. Stratigraphic log with a synthesithe palaeoenvironmental and chronostratigrahiata.

“Green hornblende percentage of green hornblende (amphibole) endift fraction (in green: values calculated from

the data of Gullentops & Deblaere, 1992; in oramigea from Pirson, 2007).

“Dates’: synthesis of all the reliable dates availableSaladina sequence.

- black: already publisheldC date on bone;

- black italic: **C date on calciteir{ situ speleothem, reworked speleothem or concretion);

- black bold: **C date on teeth recently obtained in Groningen @eson, 2007), accurately positioned in the new
stratigraphic system;

- blue: U/Th date orin situ speleothem;

- blue italic U/Th date on reworked fragments of speleothemnocalcite concretions;

- blue bold U/Th date (gamma spectrometry) obtained on thendertal mandible;

- red thermoluminescence date on sediment;

- red italic: thermoluminescence date ionsitu speleothem;

- red bold thermoluminescence date on burnt flint;

- green couple of U/Th —ESR dates on bone.

- () = problematic date. When an age intervaliveig (for CC4), the concerned total number of dédesdicated by a
numeral surrounded by a circle.

“Chronostratigraphy attempt in the chronostratigraphic interpretatiof the Scladina sequence based upon all the

available disciplines. The presence @dma damain the former layer 1B lead to questioning theevahce of the

attribution of this part of the stratigraphy to Weichselian middle pleniglacial.

“OIS”: suggestion of correlation with the marine oxygsotopic stages.

(For an A3-version of this figure, see the appendix
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3. Palynology(F. Damblon, M. Court-Picon & S. Pirson)

Among the various cave sites investigated for poiie Belgium (Damblon 1974; Heim in Toussagttal,
1986; Heim, 1993a; Heim, 1993b; Noirel-Schutz, 19®dstin in Cordyet al, 1992), the Scladina cave has
been the object of the most detailed investigatenms hard debates (Bastin & Schneider, 1984; Sdhnei
1986a & 1986Db; Bastiet al, 1986; Bastin, 1992). The controversy is mainlyseal by a combination of
problems linked to stratigraphic resolution, rewngkprocesses, intrusive material, low content padr
preservation state of pollen grains as evoked bycl8z-Goni (1994a, 1994b) and Carrieinal. (1999)
about palynology in caves in general.

Despite these reservations, the new stratigraphtoay achieved by Pirson (2007) was a unique
opportunity to test further palynological investigas on refreshed and clean sections with theadim
- detecting fossil pollen in fine-grained sedimantl speleothems inside the cave;
- comparing the new pollen record with the dataBafstin (1992), notably about the occurrences of
mesophilous taxa, not only in layers formed dufimatic improvements but also in layers correspogd
to dry and cold periods. It was worthwhile indeedcbntrol the presence of possible intrusive polten
Scladina to the light of the new pollen sequenc&/afou cave where modern pollen grains were found i
the whole sequence (Damblenhal, in press). The question is still more complicatgdhe finding of such
mesophilous taxa in Belgian loess sequences evgeiriiglacial deposits (Bastin 1971);
- gaining palaeoenvironmental information in pagiallith pedostratigraphy and anthracology;
- contributing to the chronostratigraphical intexation of the sequence.

3.1. Sampling for pollen

A first set of 71 samples has been collected thiougthe Scladina sequence. Their precise posilipis
guaranteed by a detailed knowledge of the stragigraPirson, 2007). These palynological sampleshav
been collected by the stratigraph (S. Pirson) i phesence of the palynologists (M. Court-Picon & F
Damblon). The sampling has been made on specititoss where the layers selected for the palynchigi
study were best developed, carefully avoiding tisgble sources of contamination like bioturbatiomhis
sampling methodology, already applied in Walou d@amblonet al, in press), was preferred to the more
classic one involving regularly spaced samplesrtakg of straight columns on a few sections. Thgoma
problem with this classic methodology lies in tiiadoes not take into account the strong lateraiatians
that characterize cave stratigraphies.

For this first set, taking samples was avoideddme highly disturbed layers as the filling of the
channel 4A-CHE. Other samples have recently bekected and their study is in progress.

3.2. Laboratory treatment for pollen

The method for extracting pollen from sedimentasived from Bastin (1990) and is adapted so aavour
complete dispersion of the pollen grains from tbdiment matrix (Damblost al, in press).

3.3. Pollen count in the sequence of Scladina

A total of 98 taxa have been identified with 21et@nd shrub taxa, 56 herbs, forbs and ferns asasell
algae. For each sample, the pollen and spore cawertss made up to a minimum of 400 grains of teriast
taxa. Percentage calculations were made on ttakdbarboreal and non arboreal taxa.

3.4. Presentation of the data

The pollen data is presented here in a synthetim f@ith a unique bar diagram paralleled with thevne
stratigraphic sequence (Fig. 6). The detailed podeagram will be presented later. Each bar gives t
proportions of the main Plant Functional Types (8)H0dr the North Hemisphere (see Bigeletwal, 2003;
Tarasowetal., 1998; Tarasoet al, 2000): temperate malacophyll trees, boreal malagibtrees and shrubs,
boreal conifers with spruce separately, herbacetepgpe and meadows plants. This kind of diagrantheas
advantages to 1) stress the relationship with tretigraphy and 2) take into account the discomtirsu
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character of the sedimentation in such a sedimgmtarironment. In the same figure, the charcoah dste
8 4) is summarised next to the pollen data.

3.5. The results
3.5.1. The pollen sequence

Independently of their distribution, the main herd forb taxa represented in the sequence are &nace
Cichorioideae, Asteroideadrtemisia Plantagoand Chenopodiaceae while tree taxa are mainlesepted
by Pinus Juniperus Piceg Betulg Corylus Quercus Ulmus CarpinusandHedera Monolete ferns are also
locally well represented, as well as algae likeySbphyceae.

The 71 samples collected in the Scladina sedimedigposits provide a long pollen sequence which
can be drawn in parallel with the new stratigraghghould be stressed here again that such assiooeof
layers is essentially discontinuous due to the derpgeological history of cave infillings. Thereéothe
interpretation of the pollen record will take insmcount the set of geological data that permitgous
understand the origin of each layer (depositiortgss, erosion, or reworking processes).

There is no place here to describe and discusgditen record in detail. Therefore only the gehera
trends will be presented from base to top. The @impn with geological and other data will be preed
and discussed in § 5.

- Unit 7B: very low pollen concentration; pollenegpra highly dominated by steppe herbs and forbs.
Suggesting very dry and cold environment.

- Unit 7A: low pollen concentration; dominance d¢émpe taxa but proportions of trees wRimus and
Juniperusdominant over some amounts@fiercus Suggesting weak climatic improvement with regard
to 7B.

- Unit 6D: very low pollen concentration; dominanmiesteppe taxa, low amount of trees, mainly caosife
Suggesting cold and dry conditions.

- Unit 6C: a little more pollen grains, conifersirig. About the same conditions as in unit 6D.

- Unit 6B: a little higher pollen concentration;real malacophyll trees, mainBetulg draw a maximum
while Corylusis present, the whole suggesting a weak improvemkthe climate. Note that pollen
analyses for the two speleothems preserved in éBtdrin progress.

- Unit 6A: low pollen concentration; relatively ligoercentages of temperate deciduous malacopbgh tat
the base; from base to top a trend is drawn wsingiproportions of steppe herbs at the expentees,
especially malacophyll ones. This trend is uneadggterpret in the present state of research. Assslyn
progress (e.g. in speleothems from unit 6B) shbaeld to better understand this part of the sequence

- Unit 5: a peak in the pollen concentration, etaliy by herbs; the spectra remain dominated lepse
taxa over conifers and other boreal trees. Suggestld steppe conditions.

- Unit 4B: the six samples from the first threedes/in this unit show a clear dominance of stedpatp
despite the variable pollen concentration with akpim layer 4B-LI sup. Suggesting arid open steppe
conditions. The upper layer 4B-UN shows a sligkerof the conifersPinus but mainly Juniperus
Spores of algae are rising in percentages. Thikl@nounce the following steps in the sequence.

- Unit 4A-AP, layer 4A-KG: one sample with very lopollen concentration; but the amount of conifers,
especiallyPinus is much higher than previously while various roafzhyll temperate taxa appear. A
number of charcoal remains, notably@fiercus are preserved in the same layer (8 4). Propartain
algae show a peak. All of this suggests a clearatlc improvement.

- Unit 4A-IP, layer 4A-OR and stalagmitic floor CQ#he pollen concentration in CC4 is low but thecpa
appears highly significant for a strong climaticprmvement through relatively high percentages of
various temperate malacophyll trees lillenus Quercus Fraxinus Carpinusand sclerophylous liana as
Hederathat coexist withPinus andPicea The analyses have provided evidence for a masgotly
micro-remains from vessels and tracheids. Note &igh amounts of monolete fern spores, most
probably linked to the increase of humidity arouhd cave. But even so algae are absent from the
stalagmitic floor.

The whole pollen assemblage in CC4 points to asiti@an from temperate to boreal environmental
conditions. The general trend shows a decreasengperate taxa suggesting a katathermal phase of a
strong climatic improvement. This has to be decidét regard to other data.
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On the contrary in layer 4A-OR, the high pollemcentration with quasi no temperate taxa, but a few
conifers, seems to correspond to forest-steppevem ® cold steppe conditions. Nevertheless, afset
charcoal remains from malacophyll temperate taxaeserved in layer 4A-OR (8 4), in good agreement
with the pollen record in CC4. Further investigai@re necessary to understand this situation.

- Unit 4A-CHE: no sampling in this strongly rewerkinfilling of a channel.

- Unit 4A-POC: very low pollen concentration in tiwo analysed layers. The boreal character of the
assemblages is underlined by steppe herbs anddargent ofPinuscomplemented by scattered pollen
of malacophyll trees, mainBetula Monolete spores of ferns suggest local humidityiad the cave.

- Unit 3-INF: low pollen concentration; the percages of tree pollen, mainly from boreal taxa, isdothan
in 4A-POC. The corresponding environment is an cgieppe.

- Unit 3-SUP, layers 3-EMD 3-ASS, 3-GRK: low pollen concentration; the amooh boreal trees is
irregular but suggesting a globally steppe envirentn

- Layer 3-ORA: low pollen concentration. A disrugtioccurs at this level with a sudden risé’afeaand
Pinusfollowed by various malacophyll taxa. The enviramhcould have been a forest-steppe.

- Unit 2B: low pollen concentration in three laydngt increasing in layer 2B-GB; the high percensagge
PiceaandPinus are paired with low amounts of malacophyll trdés QuercusandTilia, the whole
suggesting more boreal environment. Humid localdd@gms are reflected in the high percentages of
fern spores. Let us notice that the local occurasf@inusandPiceais attested by charcoal remains in
this unit.

- Unit 2A, layer 2A-GK: relatively high concentrati of herb pollen; the spectrum is highly dominabgd
steppe taxa, suggesting very dry and cold condition

- Units 1B-INF and 1B-BRUN: pollen concentration layer 1B-BK reaches the maximum of the whole
sequence. Here the percentages of boreal treenpulith PinusandBetula goes up to 50% and raises
the boreal character of the environment while tresgnce of ferns is attested close by the cave. The
corresponding vegetation could have been a fotepps.

- Unit 1B-JAU and 1B-LIT: back to very low pollemiccentration; the landscape should have been abvere
by cold steppe witlBuniperusandPinusas the main tree components.

- Units 1B-GRI, 1A and T: low pollen concentratifor trees but rather high for steppe herbs andsforb
Percentages for trees do not rise above 5%. Treempece ofHippophae Ephedraand Helianthemum
clearly reflect the open steppe character of thddeape and the hardiness of the climate.

3.5.2. Micro-charcoal

In the whole sequence, brown-black micro-partielespresent and appear in high percentages, uj$tco®
the total of micro-remains, including pollen graiSsich micro-particles may come from wood but &lem
herbs and forbs. The highest amounts were obsémagiers interpreted as reworked palaeosols hkeA,
6B, 2B and even in speleothem CC4. This meansntitdfires were frequent in boreal and boreal/teraper
forest environments.

But micro-charcoal particles are also presentigmicant amounts in layers where palynology
points to a cold steppe environment like in 4B, reifetheir proportions are lower (around 30%, betw
variable). This can be a consequence of runningifinels in the steppe landscape. More thorough
investigations should be made on this question.

3.5.3. Distribution of pollen grains from temperatalacophyll taxa

Despite the good agreement between the main pafisemblages and pedostratigraphy (8 5), we ndtéce t

regular occurrences of very low amounts of pollesirg from temperate malacophyll tre€aiércus, Tilia,

Carpinus, Fagusand evenluglang in the whole pollen record, even in layer fornthding dry and cold

conditions. Their distribution may be explainedlifferent ways:

1) persistence of refuge areas for such tempeaess in the valleys during the pleniglacial perjods

2) input in the cave from long distance transpgriMind,;

3) intrusion of recent pollen in the sequence Kiytiation and bioturbation;

4) secondary input of pollen grains by reworkingnfrolder layers formed during interstadial or igtacial
periods.
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Without entering here in a long discussion on thigzling question, we suspect that the last
hypothesis is more coherent with the constant rkiwgrof the successive layers inside the cave.ddde
some facts to be stressed are:

a) pollen grains of temperate taxa are less frequethe layers of the lower part of the sequermatng to
cold steppe conditions;

b) from 4A-POC upward, such frequencies are riginigyers likely to have been reworked from a pasaé
or containing small remnants of speleothem. Theréupalynological analyses of the other speleothems
and fragments of speleothems in this sequence rgigatan answer;

c) on the contrary to the pollen record at Walouciwhincluded a significant amount of intrusive fies
fashioned pollen grains, the one from Scladina dossshow the same imprint of intrusion, most
probably because sampling was made inside the €veahe other hand, it is highly suspected that a
certain proportion of old pollen grains was rewatkem ancient units or layers like 4A-AP or 2B.

The complexity of the problem will be discussedhia future.
3.6. Conclusion
What can the pollen record tell us in the interptien of the Scladina sequence?

1) The principal contribution of palynology is poovide accurate information on the environment
(vegetation and climate) during the formation o€ teedimentary record. This comes from the good
coherence that appears in the pollen distributfoorn the comparison between the pollen record and
stratigraphy. However, given the specificity of eadeposits, it is necessary to confront the pabygioél
data with those from other disciplines, notablyhaatology and sedimentary dynamics (see § 4-5).

2) In the present pollen sequence, very few t&xecgdceae, a part of Cyperaceae and Poaceae, some
Gentianaand Saxifragd might be assigned to tundra vegetation. The lergrity of the non arboreal taxa
have to be assigned to a steppe biome with thesicldstemisia Chenopodiacead?lantagq various
AsteraceaeEphedra Helianthemumetc. The same conclusion was drawn from the sofdy/alou cave
palynological sequence (Damblenal, in press). On the other side, forest elemergsvainly represented
by boreal trees, either coniferRifus, Picea, Juniperdisor deciduous malacophyll angiospernBetila,
Alnus partly Corylug, and by temperate deciduous malacophyll tréase(cus, Ulmus, Tilia, Fraxinus,
Carpinus, Acerand liana idederd. Fern spores seem to be systematically associatbdorest extensions.

3) As a whole, the pollen record faced with sgnatphy in the Scladina cave shows a general trend
of balance between open steppe vegetation (in éBitand 1A, for example) and temperate to boreasio
(in speleothem CC4) with intermediate steppic emvinents comprising conifers and other boreal tiees
various amounts. Surprisingly spruce is playingoastderable role in some periods, notably the one
recorded in the unit 2B which could characterisénéerstadial episode. As charcoalRi€eawas present in
the same layers (8§ 4), this fact attests of theclhhony of spruce in Belgium during the last ghciycle.
Today, spruce is exclusively planted, mainly in Ardennes.

4) In agreement with the data of McGarry & Cas#d{2004) and Caseldiret al. (2008), only
speleothem CC4 allows drawing a micro-sequencepbgressive evolution of the plant cover aroursl th
site, with a minimal disturbance of the pollen asskages. In the Scladina sequence, the speleothends
a clearly forested episode as deduced from poflentsa comprising up to 80% AP and up to 38% teatper
malacophyll deciduous tree pollen.

5) The scattered distribution of pollen graingvirtemperate taxa in layers where palynology points
to dry and cold conditions is interpreted hereles result of some reworking rather than other sitr
processes or extra-regional inputs. This needbdusterification.

6) In the sequence of Scladina, palynology in lfitgannot give precise information about
chronostratigraphy due to the flash picture readrthe palaeovegetational succession. It may bebastto
the last glacial cycle but with the help of othatadonly. The provisional chronostratigraphicaéiptetation
will be discussed below (8 6) by confrontation dfetpalaeobotanical data with pedostratigraphy,
sedimentology, palaeozoology and dating resultsveNbeless, some key information, as the pollen
microsequence in CC4, may be used as a tool foelation with previous pollen data by Bastin (1992)
Moreover, the very restricted distribution of sotaga, like spruce in 2B, in good agreement witheoth
disciplines (8 5), could provide good markers toarelation process.
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Finally, the present pollen diagram looks promgsés one of the best in Belgium for the record of
vegetation and climate changes in the course dsiglacial cycle, together with the one from Watave
(Damblonet al, in press).

4. Anthracology (F. Damblon)

Analyses of charcoal or charred material are aemgian in Belgian caves (Stockmans 1960; Vanhoorne
Gautier & de Heinzelin, 1980; Fairon-Demaret, 198thoch in Teheux & Otte 1989; Schoch 1994,
Damblon in Jadin, 2003, p. 132; Damblon, in pressifortunately the results of such analyses aret wios
the time deceiving or dubious, due to intrusioesyarking phenomena or lack in stratigraphical cantdn
the contrary, the sequence of Scladina providedaoa @pportunity to collect charcoal samples in ecjze
stratigraphic position and to confront the reswligh those from other disciplines, notably palyrmio
allowing to test palaeoenvironmental interpretagion

4.1. Sampling for charcoal

Up to now, sampling for charcoal was opportunidimh on sections and excavation surfaces. More
systematic collection is planned in the next futhyeextending the sampling to each layer and citigc
larger amounts of sediment.

4.2. Laboratory treatment for charcoal

Charcoal in cave sediments may be found in conagéoirs or dispersed in the matrix or even incluoted
speleothems. The treatment begins with desiccaifotihe sample in an oven. This operation makes the
dispersion of clay easier and contributes to get dharcoal fragment harder. If necessary the usa of
solution of sodium pyrophosphate helps in finishitay dispersion.

Most often it was necessary to apply a chemiedtinent to release charcoal or/and to dissolve
calcite or silicate crystals that obstruct the dites. A sequence of treatment with HF, HCI argd.lgiO
was applied for cleaning the charcoal fragmentsaafig their identification easier.

The determination of the taxa was possible on gemgll fragments, up to ¥a mm if key characters
could be observed, with the aid of a referenceectibn and atlases (Greguss 1955, 1959; Grosséf; 197
Schweingruber 1990, 2001; Hather, 2000; Benkovaw&ingruber, 2004).

4.3. Presentation of the data
The data on charcoal is given in absolute nhumbekimg the limited sampling and the low amount of

fragments into account (Table 1). In the preseatiesdf research, we will only consider the presesfca
taxon and not the number of fragments.

Unit Layer Taxa: number of fragments

2B 2B-HU/-GB Pinus : 82; Picea: 59; Juniperus: 6; Betula: 2; bone: 1
2B-RO Picea: 1

3-SUP 3-ORH Picea: 26

4A-POC 4A-BO Pinus: 16

4A-CHE 4A-CHE Pinus: 6

4A-IP 4A-OR Pinus: 1; Fraxinus : 3; Malaceae: 4; Quercus: 14

4A-AP 4A-KG Pinus: 1; Populus : 5; Quercus: 23; Prunus spinosa: 9

Table 1. The charcoal record of Scladina.
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4.4. The results

Charcoal fragments were found in units 4A-AP to 2B.

The taxa may be put in two categories: the bdreak withPinus, Picea, JuniperuandBetulaon
one side and the temperate deciduous malacoplegs twithQuercus, FraxinusMalaceae anérunust.
spinosaon the other side. The heliophiloBspulusmay be a member of both groups.

Considering the distribution of the taxa in thguence, it clearly appears that the group of teatper
taxa is exclusively represented in layers 4A-KGit(di-AP) and 4A-OR (unit 4A-IP). On the contrary,
charcoal fragments of boreal trees, essentiallyfex are more or less well represented in ui$POC, 3-
SUP and 2BPinusis also present in units 4A-AP and 4A-IP whereeppollen shows relatively high
amounts. The fragments of pine found in unit 4A-Chie not taken in consideration because this unit
consists of reworked sediments filling a large cten

In layer 4A-KG (unit 4A-AP), the charcoal assengglais well dominated bfuercus(Table 1)
which endows it a temperate character. This remdeebt about the local occurrence of oak at tmae tia
fact suspected in the same layer by the pollenrdedominated however by a high percentage of g (
6). In this context, we understand 4A-KG as a pasiclimatic phase that had preceded the climatic
improvement of CC4.

Oak is also present with ash and a member of apefamily in layer 4A-OR (unit 4A-1P) which
lies within speleothem CC4. Here we note a disagese between the charcoal and the pollen assensblage
no temperate taxa are recorded in the pollen gpadirom 4A-OR, largely dominated by steppe herbd an
forbs, while in CC4 the pollen spectra include salvenesophilous taxa, notably oak and ash. Further
analyses are needed to understand this disagreement

By contrast, the agreement between charcoal alienpdata seems very good in the sedimentary
units 4A-POC, 3-SUP and 2B. This is particularle tbase for the last two units, with many charcoal
fragments of pine and spruce. In unit 3-SUP, poliespruce show significant percentages in lay&@rA
while charcoal of the conifer is preserved in |a§€DRH.

At the present stage, some conclusion may be drawn
1) The occurrences of pine charcoal demonstrata$thuswas present locally or at least regionally during
the period of time corresponding to layers 4A-K&®-HU/-GB. However the hypothesis of long distant
transport by wind cannot be excluded for a pathefpine pollen input.

2) Charcoal ofPiceawas also present in three layers from 3-ORH toH2B-GB, a fact which attest the
occurrence of spruce in Belgium during the lastiglacycle as suggested by the pollen record ofstdme
sequence.

3) The charcoal assemblages in 4A-KG and 4A-OR appse the result of temperate to boreal climatic
conditions most probably in connection with thengltic optimum of the sequence recorded by pollen in
speleothem CC4.

4) The charcoal assemblages in the sedimentarg 4AHBO to 2B seem to be the result of boreal diicna
conditions in agreement with the pollen recordhose layers and, to a lesser extent, with pedagtphy
that shows a reworked humic palaeosol in unit 2B.

Finally, the coherence between charcoal and paléga is worth to be pointed out, apart in 4A-OR
for which further investigations are needed. Thergj relationship of the palaeobotanical data \ettter
disciplines, especially with pedostratigraphy, as® to be stressed (see § 5).

5. Palaeoenvironment synthesis: comparison with pwous results (S. Pirson, F. Damblon, M. Court-
Picon, D. Bonjean & P. Haesaerts)

The palaeoenvironmental signatures obtained fram#w palaeobotanical and geological data aragongt
agreement. Palynology appears to be more completamost of the sedimentary processes do not cayry a
climatic signal. However, geology helps in intetprg the palaeobotanical results through the urideding
of the sedimentary dynamics and gives accessnatt events for periods without sediment accunutat
through post-depositional processes (e.g. frogbraabr authigenic phosphates). These two approaches
therefore appear as highly complementary.

Besides these new results, other palaeoenviromindata are accessible in the literature. Several
disciplines are concerned: macromammals (Gauti@tieet al,, 1983; Cordy, 1984, 1988; Cordy in Bastin
et al, 1986; Simonet, 1992), small mammals (Cordy intidat al, 1986; Cordy, 1988, 1992), palynology
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(Schneider in Ottest al, 1983; Bastin & Schneider, 1984; Bastinal, 1986; Schneider, 1986a, 1986b;
Bastin, 1990, 1992) and magnetic susceptibilityw&bd et al, 2004). The convergent results from all these
disciplines are worth mentioning (e.g. Cordy & Basi992). Unfortunately, detailed comparison b&mwe
the new geological and palaeobotanical data angubéshed data is not possible. The major probkem
strong difference in the stratigraphic accuracye palaeoenvironmental data available in the litgeahave
been defined in the former stratigraphical framecWtappears to be much less accurate than the new o
The lack of precision in the comparison is partaciyl important for the former layers 6, 4A and IIBese
three layers are now concerned with more than daygrs grouped in twelve distinct “units” (Fig.. 6)
Nevertheless, general correlation remains possiRecent and old data show the same global
palaeoenvironmental trends throughout the wholeegce. These major trends are summarized below.

Unit 7B was not sampled during the previous paté@ogical studies. The only available reliable
palaeoenvironmental data for this part of the segeecomes from palynology which indicates steppe
conditions (8 3).

The brownish sediments of unit 7A could resulinirthe reworking of a palaeosol (Pirson, 2007).
This is compatible with the new palynological data: 25% AP dominated by coniferous trees but dlinly
small percentage duercus(§ 3). Ancient data for this part of the sequeisceather heterogeneous and is
thus difficult to interpret.

Former layer 6 yields convergent indications frgadaeontology, pointing to rather temperate
conditions. Palynology indicates 80% AP dominatgdPinus and Corylus with locally high values for
PiceaandTilia and small amounts @uercusandCarpinus(Bastin, 1992). Small mammal studies show the
presence of 40-50% of temperate forest taxa andrtphertant presence of chiroptera (Cordy, 1992)gka
mammals show the same trend (75% of forest taXadimg Dama dama Simonet, 1992). An important
climatic improvement is also recorded in the negd§ined units 6B and 6A. Unit 6B yields three syafétic
floors as well as brownish sediments that couldiitefsom the reworking of a palaeosol (Pirson, 2007
Palynology indicates a forest-steppe environmer@Bn(50% AP dominated by conifer trees) and a more
temperate environment at the bottom of unit 6A (8€2). The unsound limestone clasts from 6A and 6B
exhibiting a black phosphatic cortex (Pirson, 2088 also indicators of a climatic improvement (§624)
and can be correlated with the abundance of bdtsnmer layer 6 (Cordy, 1992).

Sedimentary structures in unit 5 suggest the emite of solifluction (8§ 2.4). A cold environment is
further attested by the presence of a thick platycture developed on top of unit 6A (Pirson, 206&e 8§
2.4) as well as by the pollen data (§ 3). The st&ered is recorded in former layer 5 with the magnet
susceptibility signal (Ellwoockt al, 2004). Previous palaeontological results alsticate globally colder
environments, with a decrease of the tree covethdénsecond half of former layer 5, palynology cades
steppe conditions (<10% AP; Bastin, 1992) simitathe conditions deduced from the new palynological
data. Small mammals record the return of arctia t@ordy, 1992). However, small mammals and large
herbivores show the persistence of forest taxaqb%) and the bottom of former layer 5 still ¢i©l50%

AP including some mesophilous trees (Bastin, 1€a#tdy, 1992; Simonet, 1992).

Unit 4B, dominated by run-off and settling (Pirs@®07), developed under cold steppe conditions
according to the new palynological results (8 3heTsame environment is attested by the ancient
palynological and small mammal data (Bastin, 199&dy, 1992).

An important climatic improvement is recorded framits 4A-AP and 4A-IP. Palynology and
anthracology both indicate boreal to temperate stonvironment (8 3-4). The presence of a thick
stalagmitic floor in 4A-IP (“CC4") is also fully copatible with these conditions (Pirson, 2007). &sds the
ancient data is concerned, temperate forest conditre attested from former palynological studidayer
4A (60 to 95% AP including high values for mesophd trees), especially in the stalagmitic floor CC4
(Bastin, 1992). Small mammals also indicate a teatpesnvironment (up to 60% of temperate forest;tax
return of chiroptera; disappearance of arctic t&@ardy, 1992). Large mammals from former layer 44 a
delicate to use for climatic reconstruction becahsy were studied together with those from 4B (@iet,
1992). However, as former layer 4B is very poomiacrofaunal remains, the presence of more thanaf5%
forest taxa (with 50% obama dam@amongst the large herbivores from the 4A-4B asdage (Simonet,
1992) is probably related to the temperate comstiof 4A. Magnetic susceptibility signal suggests t
presence of a climatic improvement in both fornagrets 4B and 4A (Ellwooedt al., 2004).

Deep frost is recorded between 4A-IP and 4A-CH#ckt platy structure; Pirson, 2007). An
important channel (unit 4A-CHE) immediately followss deep frost episode. It could be a meltinghcleh
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Palynological (8§ 3) and anthracological (§ 4) datan unit 4A-POC indicate boreal forest-steppe
conditions.

Poorly developed stalagmitic floors and carborat®mentation are recorded in unit 3-INF, together
with brownish sediments suggesting the reworking gfalaeosol (Pirson, 2007). However, palynological
data does not confirm this climatic improvemen8)8New palynological analyses are in progress.

The main part of unit 3-SUP is characterized byepisode of torrential flow and run-off (layer 3-
EMO and 3-ASS). It is followed by a debris flowya 3-GRK). No climatic signature is recorded ieda
deposits (Pirson, 2007). New palynological datagests a steppic environment with some boreal {H&s
30% AP, withPinus Juniperus Betulg § 3). Published palaeontological data from forfager 3 suggests a
contrasted environment, with a mixture of taxa freemperate forest and colder milieu (Bastin, 1992;
Cordy, 1992; Simonet, 1992). The magnetic suscéiptisignal, rather irregular, suggests a globabling
compared to underlying former layer 4A (Ellwoetal, 2004). These ancient data are difficult to iptet
because we do not know their correspondance wihdiffierent layers from the newly defined unitsNg=I
and 3-SUP.

A marked cooling is then recorded at the interfae®veen 3-GRK and 3-ORH, with the presence of
a thick platy structure and small cryoturbationsg@h, 2007).

On top of unit 3-SUP, conditions are changing.iportant climatic improvement, continuing in
unit 2B, is recorded by several disciplines. Gemalgfacts are the presence of a possible reworked
palaeosol in layer 3-ORA, a stalagmitic floor op @f 3-ORA and a reworked humic palaeosol in uiit 2
(Pirson, 2007). Palynology also records a disrumpéibthis level with a sudden riseRiteaandPinus(§ 3).
The palynological data is further supported byrtheerous charcoal fragments from unit 2B and frayet
3-ORH, demonstrating the local character of theseferous trees (§ 4). Ancient palynological daithva
high amount of trees (ca. 70% AP) dominatedFiyus and high values of ferns from former layer 2B
(Bastin, 1992) also indicate interstadial condiiorBmall mammals are poorly represented but the
assemblage is compatible with a climatic improvem@ominance of temperate taxa from open field;
Cordy, 1992). Large mammals were studied togethir former layer 2B (Simonet, 1992) and therefore
they cannot be used for palaeoenvironmental reagsigin.

With its light grey color, unit 2A suggests an ion@ant new loess input in the system, which is
further attested by heavy mineral data, showingajomchange in the green hornblende content (Fig. 6
Pirson, 2007). Unit 2A should then correspond told and dry episode in the sequence. This int&poa
is confirmed by the new palynological data (8 3)eTancient palynological data also points to aingdh
former layer 2A (Bastin, 1992). The magnetic susbéjy signal is fully compatible with this interetation
(Ellwood et al, 2004). Large mammals were studied together fatmer layer 2B (Simonet, 1992) and
small mammals are poor and polluted (Cordy, 1982;aso Pirson, 2007). Therefore they cannot be use
for palaeoenvironmental reconstruction.

Between units 1B-INF and 1B-BRUN, a deep frossege is attested (highly cryoturbated interface;
Pirson, 2007).

This cold episode is followed by unit 1B-BRUN, lvia stalagmitic floor and brownish sediments
suggesting a reworked palaeosol (Pirson, 2007)s Tdiimatic improvement is further attested by
palynological data, with relatively high amountstidfes (ca. 50% AP) dominated by boreal taxa (8¢
palynological signal from the underlying unit 1BHNs difficult to interpret in the present state tbk
research. The hypothesis of a downward intrusiomfunit 1B-BRUN is possible because of the frequent
openwork structure in layer 1B-OK (Pirson, 2007).

The rest of the sequence up to unit H is charaetgiby cold steppe environment. This is attested b
the new palynological data (8 3), by all the av@#aancient palaeontological data (layers 1A, 40 38:
Bastin, 1992; Cordy, 1992; Simonet, 1992), as aglby geology because deep frost is recorded onftop
unit 1A (thick platy structure and cryoturbatiofsrson, 2007). A climatic improvement is recordedhis
part of the sequence on the cave terrace, wherestu brown soil-like palaeosol has been described pn to
of former layer 1B (Haesaerts, 1992); it shouldrespond to the top of unit 1B-GRI from the new
stratigraphic system. It is not documented by ottaa. Carbonate cementation on top of unit 1Adalsgo
suggest the presence of an interstadial (Pirso7)2(ut without any other data, this must stayaas
hypothesis.
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On top of the Scladina stratigraphic sequencewbish highly bioturbated sediments from unit H
again suggest the presence of reworked palaedsial.ig consistent with the presence of ca. 10 geiogrs
of stalagmitic floors at this level of the sequereewell as with the numerous badger’s burrowsldging
downwards from unit H (Pirson, 2007). Palynologidata from Bastin (1992) demonstrate the interglaci
signature of these speleothems (CC1).

6. Chronostratigraphy (S. Pirson, F. Damblon & P. Haesaerts)

Several chronostratigraphic interpretations of @ola sequence are available in the literature @agtin,
1992; Cordy, 1992; Cordy & Bastin, 1992; Bonjead98; Ellwoodet al, 2004). The most important one,
on which almost all the others are referring tothigt of Bastin (1992). His scheme rests upon thmam
arguments.

1) On top of the sedimentary sequence of “Souadith”, a cave situated below Scladina and
connected through a hole (Fig. 2), Bastin reconplgginological data he interpreted astaué signature of
the beginning of Eemiaf..) to the exclusion of any other interglacigBastin, 1992, p. 62). Presently we
know this is no more valid. The succession of faaatin recorded is indeed typical from the begigrohan
interglacial (or an interstadial of an early gldctaut not only from Eemian (e.g. Tzedakis, 199%ijlR et
al., 1998; Beaulieet al, 2006).

2) According to Bastin, the stratigraphic sequesic8cladina cave and that of the underlying cave
(“Sous-Scladina”) are in continuity, with the extiep of a small hiatus he situated inside the Eamia
Therefore, he interpreted former layer 7A as thé @nEemian. All the subsequent climatic fluctuaiare
interpreted by reference to this system (Saint Gerrhand Il in former layers 6 and 4A). We thirtlat the
filling of the two caves (Scladina and “Sous-Sahad) are separated by an important hiatus, as stgg®y
several elements (Haesaerts, 1992; Pirson, 2007).

3) The available dates from the reworked stalagnfibor observed on top of “Sous-Scladina”
sequence (layer VIII) seem to validate Bastin'snpaif view: with the exception of an aberrant dat@50
ka), 13 dates bracket this speleothem between a@7/3a ka, with a mean age of 138 ka (Geweelal,
1992). As it is reworked, the sediment in whichhdas been found must be younger. However, the
imprecision of this dating method is rather impottaln addition, the dated material is a reworked
stalagmitic floor whose stratigraphic position rémsamprecise: on the drawing of section 7/8 in@it¢ et
al.,, 1983, planche 4 p. 116), this speleothem is agjdhe cave wall and seems to be located between
Scladina former layers 7A (VII) et 6 (VI) ratherath in “Sous-Scladina” layer VIII. Finally, the date
obtained higher in Scladina sequence (unit 5 aaldgmitic floor CC4) are close to those obtainexirfithis
stalagmitic floor (Fig. 6).

As a consequence, the chronostratigraphical framewafScladina sequence has been reconsidered
(Pirson, 2007). It must be stressed here thathhenostratigraphical interpretation of the sequarceains
rather imprecise in the present state of rese#trchnot the place here to develop all the avédabguments
(see Pirson, 2007). We will focus on three majamants: heavy mineralogy from the silt fraction,
climatostratigraphy and dates.

6.1. Heavy mineralogy

Heavy mineralogy from the silt fraction has beendsd by several scholars in Scladina (Gullentops &
Deblaere, 1992; Balescu in Haesaerts, 1992; BalesBirson, 2007; Pirson, 2007). In the Middle Beig
loess sequence, one of the most useful mineratshfonostratigraphical reconstructions is greembie@nde
(Gullentops, 1954; Juvigné, 1978; Balescu & Hadsa&084; Meijs, 2002; Pirson, 2007). The compariso
between the green hornblende distributions in $utafFig. 6) and in the Belgian loess belt (Me#602)
indicates that former layers 7A to 2B carry thensigre of either Weichselian or late Saalian I¢@#son,
2007). Because of the presence of interglaciaééoly glacial) conditions in former layers 6 and &5 &
6.2), a Weichselian age can be discarded and Ithesst result from the reworking of late Saaliaeds
(OIS 6). Boreal to temperate conditions in units@®B and in former layer 6 indicate that the seqeenc
above former layer 6 can be positioned in Uppeis®Rleene. Former layer 7A, with rather high green
hornblende concentrations, should be positiondgeeith OIS 6 or in early OIS 5. This data set dest@tes
that most of the Scladina stratigraphic sequentmnbe to the Upper Pleistocene.
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The decrease of green hornblende in former lagesw®gests, together with other data (8 5), a new
allochthonous loessic input in the sequence. Coeadptar the Belgian loess sequence, this should sjporel
to the Weichselian lower pleniglacial.

6.2. Climatostratigraphy

The synthesis of Scladina palaeoenvironmental decbas been presented above (8 5). No
chronostratigraphical information can be directlsawin from this data set. Nevertheless, it allows to
evidence a succession of climatic events that @inba positionned anywhere in the Pleistocene.ulset
recall here that the significance of some of thenalic changes recorded in Scladina still have ¢o b
completed by further palaeobotanical analyses, ifspaty through palynological analyses from
speleothems.

Old palaeontological data as well as new palaeoiical data clearly show the existence of major
climatic improvements in former layers 6 and 4AwAoded temperate to boreal environment is thustatie
by data from palynology (mesophilous taxa includi@gercusand Ulmus Bastin, 1992 ; § 3), large
herbivores (important presence of forested taxéghitp Dama dama Simonet, 1992) and small mammals
(ApodemusClethrionomys Chiroptera). These elements suggest the attoibwdf units 6B and 6A as well
as units 4A-AP and 4A-IP to an interstadial of amlye glacial or even to an interglacial, especidtyy
stalagmitic floor CC4. Compared to the data fromavyemineralogy of the silt fraction (8 6.1), this
complexity should be attributed either to EemiancoYeichselian early glacial. However, it is nospible
in the present state of the research, to precesatthibution of these two major climatic improvertsinside
OIS 5.

Besides, the beginning and the end of OIS 5 dfecwt to precisely identify in the sequence. It
seems that unit 2A can be positioned in the Wel@rséwer pleniglacial (§ 6.1) but the presencéaima
damain the former layer 1B (Simonet, 1992) calls fautgon. On the other hand, the top of the layer 1B
complex should be attributed to Weichselian midalniglacial thanks to 1) the dates (8 6.3) andh2)
presence of ain situ brown soil observed on the terrace on top of fortager 1B (Haesaerts, 1992),
probably equivalent to Les Vaux soil describedhe Middle Belgian loess reference sequence (Pirson,
2007).

6.3. Dates

The Scladina sequence is the most dated Belgidnspoec site, with more than 60 dates including 4@
reliable results. A synthesis of these resultv@lable elsewhere (Bonjean, 1998; Pirson, 200fje& new
radiocarbon dates have been recently obtained fagers 1B-GRH, 1A-GK and T-GV (Pirson, 2007). All
the available reliable dates are presented in@-ig.

Despite these numerous results, and apart froewd'€ dates, the uncertainty associated with most
of these dates remains very important, with 1)ddeeh deviations reaching frequently 20 ka in thedopart
of the sequence and 2) strong dispersion of datea §ingle event, or sometimes for a single oleg. a
single stalagmitic floor providing several dateshvan important scattering). Another problem i&did with
the lack of precise stratigraphic position in congman with the new stratigraphic system (8 2.1).tAkse
elements avoid improving the chronostratigraphacrfework deduced from the other disciplines.

In Scladina, the chronology of the upper parthef sequence has considerably been improved thanks
to the combination of the new stratigraphy andttiree new*'C dates obtained between unit 1B-GRI and
unit T. Former data are compatible with these nesults. On the other hand, for the lower half & th
sequence, very few layers gave radiometric datastMbthe numerous available dates are coming then
layer 4A complex, specifically from CC4 stalagmiticor. These dates are rather inaccurate andftivere
can support several distinct hypotheses. For iosta@C4 could either record all OIS 5 or only O 5
and/or OIS 5c. The date obtained on burnt flintrfronit 5 (130 = 20 ka) is also compatible with gale
scenarios when standard deviation is taking intoaat.
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7. Conclusion and perspective§S. Pirson, F. Damblon, M. Court-Picon, D. Bonj&aR. Haesaerts)

The preliminary interpretation of the new resulten Scladina cave sequence indicates a very good
concordance between palynology, anthracology aotbgg. In addition, these new results are alsoaody
agreement with the available data from the liteeatd’he reproducibility of the system and thereftire
reality of the recorded climatic fluctuations dneids demonstrated.

However, complementary analyses are necessargdoradely define the precise nature of the
climatic events and better understand how the patatogical material (including pollen grains) is
incorporated in the deposits. This should leaddfing the limits of the interpretation for all tievolved
disciplines. A better knowledge of the chronostyaphical framework is also absolutely necessary to
position these climatic fluctuations in the Uppdeigtocene reference sequence. Several analyses are
therefore already planned: new palaeontologicallisty especially palynology, in order to improve th
climatostratigraphical data; sampling for locatithgg Rocourt Tephra, a very good chronostratigragbhic
marker in Belgium (e.g. Juvigred al, 2008) which proved to be very useful in caveuseges (Pirsoat al,
2006); new dates in carefully selected layers; heavy mineral analyses in order to complete thergre
hornblende distribution.

A major aspect that stands out from all theselt®s$si the importance of a strong interdisciplinary
approach in the study of cave entrance sedimestgyences. Each discipline brings some informdiidn
only the confrontation of all the data allows aakle interpretation. Excellent complementaritiég@ology
and palaeobotany are worth mentioning.

The results from Scladina also highlight the intpoce of precise and regular stratigraphic records
in cave entrance environments, in order to cortrelnumerous lateral changes of lithofacies andngéy,
and thus to precisely position in time and space tifferent samples for palaeoenvironmental
reconstruction. The geological approach is alsessary for a good control of the sedimentary dynami
and diagenesis.

With the high complexity of the climatic signalcoeded in Scladina, this site appears as an
exceptional sequence for Upper Pleistocene in Belgtogether with Walou cave sequence (Pistoal,, in
press; Drailyet al, in press). Apart from a few rare loess sequefroes Middle Belgium (e.g. Haesaerts,
2004), no other sedimentary record reach suchaspwa in our region. These results demonstratertd
climatic events can be recorded in Belgian caveaane sequences. However, the lack of precisiahef
chronostratigraphic framework in Scladina preserdlypears as a limit for correlating with Upper
Pleistocene high resolution sequences.

A direct consequence from these results in a meaiire is that they should lead to a better
understanding of the climatic fluctuations and pladaeoenvironment in Belgium during the last glaam
well as a better knowledge of the context of thmerous archaeological and palaesoanthropologicahiresn
from cave entrance sequences.
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