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abstract
Keywords: The nature of the LoweMiddle Palaeolithic transition has been one of the most debated questions in early Prehistory
Early Middle Palaeolithic mid-20th century. The root of these debates lies primarily in how early prehistorians constructed chronological mode
Lower Palaeolithic heavily upon index fosksi. Such models havartificial boundaries designed to provide structure to a complex record anc
Middle Palaeolithic than being conceived of as permanent or real, should be frequently examined and revised (Corbey and Roebré
’\AA‘ZL‘ESL::‘;;T] (Monnier, 2006). In this papewe will not focus our efforts on issues relating to nomenclature and systems dfcztiesi

Instead, we will focus on a time frame within which rapid behavioural and technological changes have been docur
period between MIS 9 to 6.

Working ona large scale, and taking account of all of nevéstern Europe and its southern fringes, a group of rese¢
working on the main sites from this period propose an assessment of current research on the emergedivbddfe
Palaeolithi€. Using a rth corpus of archaeological sites, we discuss how humans occupiedvestéin Europe and
southern margins between MIS 9 to 6, focusing particularly on questions of taphonomy, conservation, chron
environment, as well as reviewing the patteftechnological change within lithic assemblages. This overview of currer
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research into the emergence of the Middle Palaeolithic will helpfioedfiture research paths and advance our understanding
of this key period bhuman evolution.
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1. Introduction GThe work on understanding [the Early Middle Palaeolithic] and its
significance in the evolution of archaic European hominids can hebirese
words of conclusion written by/hite et al. (2006jeveal that our knowledgef
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this period remains embryonic. However, they also emphasize that the Westatiscovered within themT(ffreau et al., 1981 The chronological limits and
European record has developed considerably these past years and now opensthewharacteristics of the types of industfiestuate in the works of Commont
research prospects. This paper is part of this double approach. and Breuil, but signifiantly, Bordes established a clear division between the
First of all, it aims to establish critical overview of the currently available Acheulean and the Mousterian, marked by the Eemian Interglacial
record for northwestern Europe (the United Kingdom, the Netherlands,(Risswiirm). Taking a techrgpological perspective, he observed thae
Belgium, Germany, the northern half of France) and its southern margins (t@ow no pure in situ Levallois site in a clearly Rissian oiRfgsian layet
southern half of France), for a chronological period ranfioig the end of the  (Bordes, 195) d@Typologically, the main division between the Lower and
Lower Palaeolithic to the beginning of the Middle Palaeolithic, from MIS 9 to 6,middle Palaeolithic is the presence or absence of bifaces. Technically, it is the
or 337 to 130 ka (afterisiecki and Raymo, 20050ver the past decades, most yresence of facets(] and the Levallois or nehevallois debitage of these
researc.he.rs have come t'o agree tha.t the trar]sition between the Lower died Micﬁakeé( gBordes, 195)
Palaeolithic marks a major change in the history of human evolutiamlfle, The chronecultural framework dined by Bordes in the 1950s was

1999; White and Ashtor}, 2003t wasflrst OT all dém(.ed 'from a ma.LterlaI. point progressively eroded by a series of sites discovered in the 1970s and 1980s,
of view by a technological change involving a shift in production aims fromand the development of theirst radiometric dating methods for the
bifaces to Levalls flakes Bordes, 195)) This obvious material bipartition is Pleistoceneonened., 1982 The simple equations that Lower Palaeolitfiic

still present in most minds, .bUt the available arghaeologlcal data for- norﬂ}kcheuleanl/ztbiface industries without Levallofakes without butt faceting
western Europe and the studies undertaken up until now enable us to establi| 4F%|ss or preRiss and Middle PalaeolithiéMousteriar¥industies without

renewed portrait of lithic technolas during the second half of the Saalian bif ith lloidlak ith butt f . . . d Wi
(Corbey and Roebroeks, 2Q0This technological overview reveals here another ifaces with Levalloislakes wit . utt acetlhg‘lessWurm and Wiirm were
own to be obsolete. A new interpretative framework was constructed for

side to this transition between the Lower and Middle Palaeolithic, going beyon L o
the traditional dichotomies assert and reinforced bslyéinal approaches to these assemblages, based. initially on Wnology, and then on lithic
Levallois technology, on one hand, and bifaces, on the dtherr(er, 2009. technology. for the m.arlal. culture,  whilst t.he development _of
The transition between the Lower and Middle Palaeolithic is currentl)}h_ermOIU”_“nescence_ dating tightened chronological control. In 1976, at
perceived as a period of human history marked by profound behaviourg'ac_hesa'_mvaaSt' lithic .lndustrles with numerous Levalldiskes and
transformationivolving cognitive, social and adaptive changgsifible, 1999;  lacking bifaces were discovered. These dated from before the Last
White and Ashton, 2003which are revealed by the lithic industries. The generallNtrglacial, and were technologically and typologically similar to certain

representation of lithic industries will enable us, in a second phase, to bring fiousterian industries from the Last Glacial period, raising the question of

light spatiotemporal disprities, which will be assessed through an their links with the Acheulean, as well as how the Middle Palaeolithic began

anthropological and behavioural approach, which is now paramount for researgh/ffreau et al. 1981p. 296).The new data from BiachgaintVaast further

into this period [flonnier, 2006; Brenet, 2011; Scott, 2011; Herisson, 2012; Varindermined the Eemian partition, whichfidiively crumbled after the
Baelen. 2014 ). discovery of sites attributed to the Mousterian and correlated to the Saalian

(MaastrichtBelvedere:Roebroeks, 1982, 198bwer level ofRheindahlen:
Bosinski, 197% or to the Riss (Grotte Vauffreygigaud dir., 1988 At the
beginning of the 1980s, this importafthronological overhaél(Jaubert,
In order to understand howis division between the Lower and Middle 1999 P- 40) opened the way to new interpretations of -@échselian
Palaeolithic originated, and the impact of this historiographic legacy withiindustries, leadingTuffreau to redgne the initial stages of the Middle

2. Background
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current debates focused on the transition between these two periods, Wiesmust Paleolithic in northern Francé(ffreau, 1979p. 140). Thidirst clasdication
briefly review over one hundred afifty years of pehistoric studies. of the Saalian industries was mainly based on the presence or absence of

From the beginning of the 19th century onwards, multiple discoveries opifaces and the relative proportion of thetdatin the assemblage. Three
lithic artefacts were made in brick quarries in the north of France, the Unitegroups of industries were differentiatedJpper Acheulean with frequent
Kingdom and Belgium. Members of scholarly societies and academic institutiorisfaces, Upper Acheulean with rare bifaces or-Agheulean and ante
rapidly proved the anthropogenic status of these artefacts. After heated debatéseichselian industries with no bifage§ uffreau, 1979 p. 141). Multiple
the notion of thévery early antiquity of Mafigained ground throughout the 19th Saalian idustry denominations were used throughout the 1980s and 1990s
century among the sciefii community. The evidence for the age of these lithicfor the north of France: Eficheulean with a tendency towards blade
industries was basl on geological work on stratigraphy dhdvial deposits on ~ production {uffreau et al., 198 Ferrassigype Mousterian, Biache facies
one hand, and on typologies of lithic artefacts on the other. This double approachiffreau, 1983, evolved norLevallois Acheulea (Marcy, 1989,
was the key to the success of the pioneering prehistorians who demonstrated @@mbresian facies of the Middle Palaeolithituifreau et al., 1989
GAntiquity of Marg; including Laurent Traulle, Casimir Picard addcques Mousterian of Levalloisian faciesAfnelootVan-derHeijden, 199), etc.
Boucher Crevecoeur de Perthes in France, Joseph PreslofzhEvans and These qualifying terms show that researchers' perceptions of these Saalian
Charles Lyell in England, as well as Philippaarles Schmerling and Edouard industries were changy. The evolved Acheulean status given to these
Dupont (Hurel and Coye dir., 20)1In 1872, following the wdt of Thomsen industries twenty years earlier was progressively discarded. Only the bifaces
(1836) Gabriel de Mortillet proposed a relative chronologyfirdeg periods perceived as reminiscent of the Acheulean point towards the existence of a
based ondhe easiest to discern and the most préciskic industry Qe link between Lower Palaeolithic assemblages and those alassiied as
Mortillet, 1873, 188} This marked the beginning of the division of the Pelonging to the early phase of the Middle Palaeolithic.

Palaeolithic where the two oldest periods (the Chellean and Acheulean) were ~ From 1980 to today, the debate on the Lower to Middle Palaeolithic

followed by the Mousterian period (se®nnier, 200eandHurel and Coye dir., transition has transcended the boundaries of nmestern Europe and
2011, for further details). extended into newields of research, nameBpain, Italy, Central Europe or
At the end of the 19tieentury and the beginning of the 20th century, the Middle East (e.gRonened., 198Picin et al.,, 2013Adler et al., 2014;

research was directed towards tethering this loose chronology of cultures to ~ Wisniewski, 2014; Santonja et al., 2)1%he discoveries of new sites have
specfic geological eras. Thiéuvial terraces of the large sedimentary basins multiplied, and considerable efforts to date occupations have beea mad
of northwest Europe were fundamental to constructinghroneclimatic alongside the development of new radiometric methods (e.g. ESR, UAh, TT
framework for Palaeolithic lithic industries. In northern France, for example, OSL). The enriched corpus of weécorded sites and an increasinfjtyn

the work of Henri Breuil, Victor Commont, Franck Bourdier and Frangois chronological framework for the period between 337 and 130 ka, has led to
Bordes led to successive interpretative models, aiming to correlate the terraces  'enewed interest for this periaaler the past decade. This momentum is
with known Glaciallnterglacial cycles, and by extension to date the industries reflected by a series of PhD theses focusing on sites attributed to the Early



Middle Palaeolithic in northwestern Européoncel (1989, 199%opr Orgnac levels in primary position that are preserved in long sedimentary sequences and

3; Soriano (2001)for Mesvin IV, La Cotte de Saint Brelade and where different independent proxies are available for relative, indirect and direct

GouzeaucourtScott (2006 for a series of English siteBjema (2008pn an dating. Taking these elements into account, each occupation is dsgigae

overview of sites in Aquitaine and the Cantabrian coast; Ashton (2010) for isotopic stage or, when possible, substage (question marks are used in case of

summary of the sites in Great BritaiBrenet (2011)for Cantalouette 1, uncertainties). The accuracy of each correlation is assessed and expressed as ¢

Combe Brune 2 and 3Herisson (2012) for BiacheSaintVaast and  score between 0 and 5, ranging from (0) no correlation, and (1) correlation

Therdonneyan Baelen (2014for KessekOp de Schans. uncertain, vey scant proof, over (2) correlation uncertain, some proof and (3)
As shown by this brief historiographical review, the preskyt chrone good correlation but lack of convergent proof, to (4) precise and convergent

cultural framework was established by cycles of construction andorrelation and (5) perfect, precise and convergent correlation. This score allows

deconstruction of establishetbdels. Rather than directly testing the validity unreliable chronological caetations (@2) to be excluded from the

of the current division between the Lower and Middle Palaeolithic, weinterpretation.

propose in this paper to comprehensively present the available data for a

chronological period assimilated to the end of the Lower Biitlaie and the

beginning of the Middle Palaeolithic in nonitestern Europe and its southern

margins, i.e.

the period between MIS 9 to 6, from 337 to 130 ka.

3. Material and methods

The geographical area investigated here includes -matitern Europe
(United Kingdom, the Netherlands, Belgium, Germany, the northern half of
France) and its southern margins (southern half of Frarigég)l). For
convenience, the geographic breakdown follows the borders of the countries
in question. Only France was dividedarfour geographical sectors due to
the large amount of records present in this area. This subdivision follows the
traditional intervention zones of research teams and the pisgnégional
administrative limits: the northwest (from the tip of the Arioan Massif to
thefirst plains of the Parisian Basin), northeast (from the Parisian Basin to
Alsace), southwest (from the Aquitaine Basin to the western boundaries of
the Massif Central) and the southeast (from the Massif Central to the Alps)
(Fig. 1). Fa each of the eight geographic entitiesimed in this way, all of
the sites in stratigraphic context correlated to isotopic stages 9 to&L@&B7
ka, afterLisiecki and Raymo, 200Qwere examined.

A geodatabase was completed by referent researchezadbrregion using
published and unpublished data from the 123 recorded sites and 236
archaeological layers. The coordinates from the sites wdneedeusing the
WGS84 international projection system in connection with scale analysis. For
each occupationrarchaeological level, a series of criteria wangel in order
to characterize the dataset as consistently as possible.

The occupation context can be primary (in situ remains in the sedimentary
deposits that initially covered them) or secondary (rewbrkenains in deposits
that did not initially cover them). The spatial integrity of the remains is explained:
preserved spatial integrity (no or very little pdspositional disturbance) or
nonpreserved spatial integrity (paipositional phenomena resudf in
considerable redistribution of the remains).

For the chronological setting of the occupations, we chose to use the smallest
common denominator to correlate all of the sites in rehtern Europe and its
southern fringes; the marine isotopic stagédw chronology of the sites and the
different occupations was established using LR04 st&dkki and Raymo,
2009 in order to obtain a ufied chronological framework, informative of broad
climatic tendencies. The marine isotopic stages are not wsstgnify the
climatic and environmental conditions in which the occupations took place. We
will not revisit the discrepancy between marine and continental records, and
varying responses in different environments extending between 42 and 55
latitude. The #ribution of a spedic occupation level to a particular isotopic
stage was clad#d as based on direct radiometric dates on archaeological
remains (TL on heateflint, ESR on teeth, U/Th on bone, etc.), on radiometric
dates on sediments or concreti@iRSL, tephras, etc.), or on methods of relative
chronology (lithostratigraphy, biostratigraphy, terrace system, raised beach,
etc.).

It is essential to recall that certain systems, suchd&sit sequences or
terrace systems, are conducive to establistiiegchronological background. In
some cases, such sequences can be accurately correlated with the isotopic curve
and provide a resolution that is in some instances even higher than those obtained
by radiometric dating techniques. The highest accuraeathed for occupation
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In addition to the archaeological remains, the presence or absence of fausflaping Boedag 1990, 1991, 1997; Garreau, 2000; Chevrier, 0Binally, the
and anthropological remains is also indicated per record. Likewise, for ea¢hain raw méerial of each assemblage was recorded.
record entered in the database, the presence or absence of the following
production systems was registered: dénis (Boeda and Pelegrin,1983; 80
eda,1986,1988a;Van Peer, 1992; Boeda, 1993, 1994; Dibble and\Rzef,
1995 Boeda, 1997 ), blade production (not elongatéidke production, only

4. Results: MIS 9 to 6 regional overview

) An overview of the current knowledge of human occupations correlated from
blades removed from volumetric blade coféspda, 1988l Otte etal., 1990 ;5 g 1o 6 (332130 ka) for each of the eight geographical entities is presented
Revillion, 1994; Beeda, 1997 ), Discoid @oedag 1993; Locht and Swinnen,  pejow, These regionaysopses aim to contextualize the data presented in the
1994; Boeda, 1997; Peresani, 1998003; Locht, 200 Migrating platform  symmarized tables and to assess which past and present research dynamics
core reduction (MPCR)iSysteme par Surface deetlitage Alterre€ (SSDA),  affected the site corpus. They also try to address the potential and the
formerly namediClactoniaig aking (Ashton et al.,1992,1994; Forestier,1993; interpretative limits of each regional dataset withie wider debate on the

United
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France
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Fig.1.Geographic entities studied in Western Europe: Uritedjdom, Netherlands, Belgium, Germany and France. France has been divided in four geographic sectarssiNémim the Mass
Armoricain point to thdirst BassinParisien plains), Nortleast (fronthe BassirParisien to the Alsace plain), Soutlest (from Bassin Aquitain to occiendtal margins of the Massif Central) and-
East (from the Massif Central to the Alps). Background map: image Landsat, courtesy of the U.S. Geological Survey.

Boedag 1997 White, 2000, Quina {Turg,1988; Bourguignon,19y,7Prepared  emergence of the Middle Palaeolithic in Western Europe.

Core Technology \hite et al., 201), others (weakly predetermindthking In order to facilitate comparisons, all the regional overviews are based on
method). The presence or absence of eachesktproduction systems for each the following framework: number of sites, number of occupations
occupation is based on the latest published technological study of the site (cit@dchaeological layers/levels), site context (epén rock shelter, cave,

in the references). Different filitions and realities are thus concealed (for coastal beaclX), resolution of the chrmstratigraphic framework>gn
instance in the Levallois or Discoid denominations), depgndi the authors isotopic stageYz 1 isotopic stage, isotopic swtage), construction of a

and the assemblages. We will return to this crucial topic in the discussion. Fohronostratigraphic framework (lithostratigraphy, radiometric dates,
each record, the presence or absence of four types of shaped tools is furtherntoestratigraphy, terrace system, coastal beaches...), presence or absence of
recorded: pebble tools, bifacésoeda et al., 19%6) referred to asAcheulearE, human remains, degree of preservation of the sites (primary/secondary
bifaces referred to aéMousteriart and trifaces. Note that the trifaces were POsition, spatial integrity, presence/absence of fauna, wood, seeds, pollen,

recently déined as mixed matrices resulting from a combinatiofiatdng and ~ insect...), reconstruction level of the palaeoenvironmental and regional
palaeogeographic framework, state refyional research (early or recent

D. Herisson et al. / Quaternary International 411 (2016233 237



discoveries or both, new data, ongoing research programmes), reference sites
for the region, old or recent regional summaries, contribution of the region to
the debate on the beginnings of the Middle Palaeolithic.

4.1. Lhited Kingdom

Eighteen British sites are currently attributed to Mi& @ontaining 33
archaeological layer§;able J), nine of which are from the Thames deposits
(Fig. 2). Further sites are also known from less intensively reseafithéal
systems (i.eSolent:Davis, 2014 Hatch, 201%, but they lack precise dating.
The lower reaches of the Thames are widely accepted ectirgy four post
Anglian interglacials Bridgland, 1994, 2001, 2006; Preece, 1995; Keen,
2001, and have attracted researchergesithe midl9th century. Thdirm

there are also some occurrences further away fiiatroutcrops (e.g. Stoke
Tunnel: Layard, 1920; Scott, 20).1Fluvial capture points aside, probable
sites rich in Levallois remain undated: notably, Caddingsouth Site (near
Luton in BedfordshireBradley and Sampson, 1978nd Finglesham, East
Kent (Pafitt and Halliwell 199¢. OSL dating is often the only available
dating method, and remains problematic in isolation. The appar@wial

biag of the Bitish record may thus be taphonomicfleeting capture and
preservatiore and a lack of loess. Only two EMP cave sites are known:
Pontnewydd, Elwy ValleyAldhouseGreen et al., 20)Zand La Cotte de St.
Brelade (Jersey), a coastasure systemJallow and Cornford, 1986; Scott

et al., 201). The former has produced the only early Neanderthal remains
from Britain (Compton and Stringer, 20).2North Sea and underwater
palaeovalley deposits could also represent potential context for future Saalian

chronostratigraphic record for the Thames underpins our understanding of the sites dscovery in UK as the prospection of Area 240 showed recently, about

British early Middle Palaeolithic (EMP). Recently, the subdivision of British
MIS 7 sites into early and late phases has been proposed, bakedwaley

11 km off the cast of Norfolk and from a depth of 25Tz£ard et al., 2014
Most of the British sites are primary context sites, although they are generally

faunal sequencesthreve, 2001a)ppotentially corroborated by amino acid fluvially rearranged, and gnone (Crayford) was in situSpurrell, 1880a)

ratios on associated Bithynia opercul®eifkman et al., 20).1 The

Most are rich in mammalian faunal remains and molluscs, although direct

stratigraphic position of most Thames sites suggests an early Interglacialidence for vegetation (pollen and plant macros) is less common, leading to the
(Late MIS 8 or early 7) dateHowever, independent correlation of these partial reconstruction

subdivisions within MIS 7 is necessary.

Most British sites occur in opeair contexts, the largest sites being
associated with raw material sources (eg. Crayfopdrrrell, 1880a,b; Scott,
2011, Baker's Hole:Smith, 1911; Wenbai$mith, 1996; Scott, 20)0but

Pontn.ewydd

Brundon !Pswich
) [ ]

Stanton Harcourt
°

Creffield

West Draytone o2

L]
Broom

Harnham
L ]

Selsey
L]

La Cotte de St. Brelade ¢

Holbrook Bay

100 150

Fig. 2Distribution map of British sites from MIS 9 to 6, referencediile 1 Background map: image Landsat, courtesy of the U.S. Geological Survey.
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Fig. 3Distribution map of sites of the Netherlands and Belgium from MIS 9 to 6, referen€edlirs 2 an@®. Background map: image Landsat, courtesy of the U.S. Geological
Survey. date to MIS 9/8 (terrace stratigraphy, OSL), and the archaeology is said to
demonstrate one of the ways in which the principles underlying Levallois

of the environment, characterized by cool, open conditions, and few treefslf‘.’lkIng were already immanent in the Acheulean prior to the widespread

Reconstructing the broader palaeogeography is complicated flayidiés in adopton of classic Levalloiflaking after the MIS 8 Pleniglacial\(hite and

. Ashton, 2003; White et al., 20).1Handaxe manufacture persists alongside
correlating bese phases to MIS sskages (and thus to global sea level) andL loisflaking into MIS 7 at P 4d (wheli ined il
reconstructing the channel breach. Catastrofibading during MIS 12 was evalloisflaking into at Pontnewydd (whefiee-grained raw materials

ampliied by ongoing erosion in the southern North Sea, with a s were rare), potentially at Cuxtdalthough the excavators are reinvestigating

event suggested for MIS B((sschers «dl., 2007; Gibbard, 2007; Gupta et al., the OSL datesBates et al., 20}and d“f‘“g MIS 8 at. Broom (secondary
. ) . L . context) and HarnhanBgtes et al., 20)4With the exception of Cuxton, these
2007. Combined with the progressive sinking of the North Sea plain’. . o -
. . o , . sites are concentrated in the west of Britain, contrastitly the Thames
(Busschers et al., 20))8this resulted in Britain becomindess accessibie . . . A A
. - pattern, potentially feecting raw material effects or the repertoires of different
throughout the early Middle Palaeolithiéshton et al., 201)1 Consegqently, roups, maybe at different imesig. 2
there are few weltlated British late MIS 7 siteg\¢hton et al., 2003; Scott and groups, may e
Ashton, 201}
Most sites were discovered before mechanised gravel extraction and are
now built over; few have been excavated recently, apart from Lion Pit Tramwa%fz' The Netherlands

Cutting (Schreve et al., 2006Cuxton (VenbanSmith, 2004, Harnham Bates . .
et al, 201y and PontnewyddA(dhouseGreen et al., 20)2 A regional In the Netherlands only one walleserved site complex is known from the

overview of the entire British Middle Palaeolithic predated the currenta@lian period. fie Belvedere locale is situated dhe northem edge of the

chronostratigraphic ~ framework COulson, 1990 and recent research Northwest European loed®lt and is located near of the Dutch town of

(AHOB/Pathways to Britain) has concentrated on old collectionsS(itt, Maastricht (province of Limburgsig. 3). 6The multidisciplinary research at the

2011) and redating accessible sites (e.g. Crayford). MaastrichtBelvederequarry between 198thd 1990 remains thigagship of
The site of Pufteet has led to debate concerning the beginning of the Middididdle

Palaeolithic. At thisige, the upper part (Botany Member) of gravels correlated

with the Lynch Hill/Corbets Tey formation of the Thames (MIS9t8) yielded

simple prepared cores (where a surface has been exploited from a minimally

prepared platform) and some Levallois coié@$ite and Ashton, 2003These



Table 1

Data of British sites from MIS 9 to 6, mappedHig. 2. Sites with a secure MIS correlation (index 3, 4 and 5; cf. Seg}iare in bold, sites with an uncertain MIS correlation (index 0, 1 and 2; cf. S&¢toe in italics.

Site Precise location  Level/Layer MIS Precise Value of MIS Direct dating Indirect dating Relative chronology Context Spatial Human Faunal Levallois Pebble  ¢Acheuleaé  dMousteriag  Trifacial Blade Discoid MPCR/ Quina PCT Others Mainraw  Bibliography
MIS correlation (x/5) integrity remains  femains tools  biface biface shaping SSDA material
Purfleet Botany Pit Botany Gravel 9/8 Early 874 e AAR: MIS 9 (Penkman et al., 2007 Terrace stratigraphy, mammalian biostratigragSecondary No A P P A P? A A A P P Flint Bridgland, 1994; Schreve et al., 2002;
OSL: 154+ 19 ka; 323+ 23 ka; White and Ashton, 2003; Scott, 2011;
292+ 43 ka; 405 27 ka; Bridgland et al., 2013
360+ 62 ka; 267 38ka
(Bridgland et al., 2013
Harnham Harnham Phase | 8 2 4 e e Lithostratigraphy Secondary No A A A A P A A A A ? Flint Bates et al.2014
Harnham Harnham Phase IIl 8 Late 874 e e Lithostratigraphy Primary Yes A A A A A A A A A ? Flint Bates et al., 2014
Harnham Harnham Phase llI 8 Late 874 e OSL: OxL-1341: 248+ 19 ka Mammalian biostratigraphy, lithostratigraphy Primary Yes A P A A P A A A A ? Flint Bates et al., 2014
OxL-1342: 255+ 20 ka;
AAR YiLate 8/early 7
(Bates et al.2014. DMK
values fall within range of
MIS 7
Harnham Harnham Phase IV 8? Late 873 e e Lithostratigraphy Primary Yes A A A A P A A A A ? Flint Bates et al., 2014
Northfleet Baker's Hole Coombe Rock 8 Late 8 4 e AAR: Late 8/early 7 Terrace stratigraphy, mammalian biostratigraSecondary No A P P A P A A A A P Flint Smith 1911; WenbaSmith, 1995
(WenbarSmith, 1995 Scott, 20102011
West Thurrock  Lion Pit Bed 1 8/7 Late 8/ 4 e AAR: MIS 7 Terrace system, mammalian biostratigraphy Primary No A P P A A A A A A P Flint Schreve et al., 2006; Penkman et al., 2007;
Tramway early 7 (Penkman et al., 2007 Scott, 2011
Cutting
WestDrayton/ 8/ Late 8/ 3 e e Terrace system Primary No A A P A A A A A A A Flint Collins et al., 1978; Ashton et al., 2003;
Yiewsley 77 early7? Scott, 2011
Aveley Sandy Lane/ Bed 2 7 Early7 4 e AAR: MIS 7 Terrace stratigraphy, mammalian biostratigrac? No A P A A A A A A A A Flint Schreve, 2001b; White et al., 2006;
Purfleet Road (Penkman et al., 2097 Penkman et al., 2007
Ebbsfleet Ebbsfleet Lower fluvial (Phase 7 Early7 4 e e Terrace stratigraphy, mammalian andlluscan Secondary No A P P A A A A A A P Flint Burchell, 1933, 1935, 1936;
Channel 2) deposits biostratigraphy Kerney and Sieveking, 1977;
WenbarSmith, 1995 Scott et al., 2010
Pontnewydd Lower Breccia 7 Early7 4 TL: 200+ 25 ka U/Th e speleothem underlying: 215 Mammalian biostratigraphy Secondary No P P P A P A A A P P Igneous, Green ed., 1984; Aldhousgreen eal., 2012
269+ 37 ka +36 ka (Schwarz in Green ed., coarse
(AldhouseGreen et 1984,
al. 2019 91e02); 224p 41/31 ka
(lvanovitch et al. in Green ed., 1984)
Crayford Stoneham's Pit Lower Brickearth 7 e 3 e e Terrace stratigraphy, mammalian biostratigracPrimary Yes A P P A A A A A P P Flint Spurrell 1880a,Kennard, 1944;
Scott, 2010; Schreve 1997
Creffield Road ~ St.Barnard's Top of gravelinder 7 e 4 e e Terrace stratigraphy Secondary ? A A P A A A A A A A Flint Brown, 1886, 1887, 1889; Scott, 2010
a6 NA O] S NI K
Creffield Road  School Site Top of gravel under 7 e 4 e e Terrace stratigraphy Secondary ? A A P A A A A A A A Flint Brown 1886, 1887, 1889; Scott 2010
GO NR Ol SIH NIK
Selsey Life Boat Station 7 e 4 e AAR: MIS 7 Raised beaches, mammalian and molluscan ? No A P P A A A A A A A Flint Paffitt, 1998; White et al., 2006
Channel (Penkman et al., 20)3 biostratigraphy
LaCotte de St. H 7?7 e 3 TL, but probably not e Raised beaches, mammalian biostratigraphy Primary No A P P? A A A A A P P Flint Callow and Cornford, 1986
Brelade good
La Cotte de St. G 77 e 3 e e Raised beaches, mammalian biostratigraphy Primary No A P P? A A A A A P P Flint/ Callow and Cornford, 1986
Brelade quartzite
La Cotte de St. D 7 e 3 TL (average of 6 e Raised beaches, mammalian biostratigraphy Primary No A P P? A A A A A P P Flint Callow and Cornford, 1986
Brelade samples):
238+35 ka
(Huxtable in
Callow and
Cornford 198%
La Cotte de St. C 7 e 3 TL (average of 6 e Raised beaches, mammalian biostratigraphy Primary No A P P A A A A A P P Flint Callowand Cornford, 1986
Brelade samples):
238+35 ka
(Huxtable in
Callow and
Cornford 198%
La Cotte de St. B 7 e 3 e e Raised beaches, mammalian biostratigraphy Secondary No A P P A A A A A P P Flint Callow and Cornford, 1986
Brelade
La Cotte de St. A 7 e 3 e e Raised beaches, mammalian biostratigraphy Primary Yes A P P A P A A A P P Flint Callow and Cornford, 1986
Brelade
Aveley Sandy Lane/ Bed 5 7 lLate7 3 e e Terrace stratigraphy, mammalian ? No A P P? A A A A A A A Flint White et al., 2006; Schreve, 2001b
Purfleet Road biostratigraghy
Crayford Norris' Pit Lower Brickearth 7 lLate7 3 e AAR: late MIS 7 Terrace stratigraphy, mammalian Primary Yes A A P A A A A A A P Flint Chandler, 1916; Kennard, 1944; Scott, 2010
(Penkman et al., 20)3 biostratigraghy
OSL: 70 ka §cott, 201)
Brundon Jordan's Pit Bed 3 7 Late 7 3 e U-Series on bone Terrace stratigraphy, mammalian Secondary No A P P A A A A A A A Flint Moir and Hopwood 1939
(7a?) (not cutmarked): 23@ 30 ka; biostratigraghy Szabo ancCollins, 1975 Wymer, 1985;
17430 ka Gzabo and Collins, 19F5AAR Schreve, 2001b; Scott, 2010
Holbrook Bay Stutton and brickearth 7 lLate7? 4 e AAR: MIS 7 (Penkman et al., 20)3 Terrace stratigraphy, mammalian biostratigrac? No A P P A A A A A A A Flint Wymer, 1985Wymer 1999 Scott, 2011
Harkstead Penkman et al., 2013
Ipswich Stoke Tunnel {4218 6.2yS7 lLae7? 3 e AAR: MIS 7 (Penkman et al., 20).3 Terrace stratigraphy, mammalian biostratigragSecondary No A P P A A A A A A A Flint Scott 2011; Wymer 1985;
White etal., 2006;
Penkman et al., 2013
Stanton Harcourt Dix's Pit Stanton Harcourt 7 Late7? 4 e ESR and series (inconclusive) OSL; Terrace system, mammalian biostratigraphy Secondary No A P P A A A A A A P Flint Buckingham et al., 1996; Buckingham 2007;
Channel AAR: MIS 7 (Penkman et al., 2007 Penkman et al., 2007
La Cotte de St. 3 6 e 3 e e Raised beaches, mammalian Primary Yes A P P A A A A A P A Flint Callow and Cornford, 1986
Brelade biostratigraphy, lithostratigraphy
La Cotte de St. 5 6 e 3 e e Raised beaches, mammalian biostratigraphy Primary Yes A P P A P A A P P P Flint Callow and Cornford, 1986
Brelade
Cuxton Rectory site 9ore 2 e OSL: 232.64+ 13.75 ka (RLAHAX2561); Terracestratigraphy Primary No A A A A P A A A ? ? Flint WenbarSmith, 2004
7 197.5p 17.09 ka (RLAHAX2563)
Broom Middle Beds 9-e 2 e OSL: between 325 and 205 ka Terrace stratigraphy Secondary No A A A A P A A A A A Chert Hodfield and Chambers, 2002, 20@&dield,
7? (Toms et al., 2006 2005; Toms et al., 2005
La Cotte de St. F 77e 1 e e Raised beaches, mammalian biostratigraphy Primary No A P P A A A A A P P Flint/ Callow and Cornford 1986
Brelade quartzite
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La Cotte de St. E 77e e e Raised beachemjammalian biostratigraphy Yes A A Flint Callow and Cornford, 1986
Brelade
Table 2
Data of sites of the Netherlands from MIS 9 to 6, mappéddgn3. Sites with a secure MIS correlation (index 3, 4 and 5; cf. Segfiare in bold, sites with an uncertain MIS correlation (index 0, 1 and 2; cf. S8gtoa in italics.
Site Precise locatiorLevel/ MIS Precise Value of Direct dating Indirect dating Relative chronology Context  Spatial Human Faunal Levallois  Pebble ¢Acheuleas Others Main Bibliographyraw
Layer MIS MIS integrity remains remains tools material
correlation
(x/5)
Maastricht  Site A Unit IV 7 (or e 5 TL on burntflint: average ESR dating on Unit IV MIS7 (Pedostratigraphy, Primary  Yes? A A P Flint Van Kolfschoten and Roebroeks,
Belved ere (Subunit  possibly of tenfine grained dates, amolluscs: 22Gt 40 ka lithostratigraphy, terrace stratigraphy, (Unprepared 1985 Roebroeks, 1988;

IV-GB)  9) deriving from the Unit IV (Van Kolfschoten et al., mammal biostratigraphy/an technology) Roebroeks et al., 1992
archaeological 1993 Kolfschoten and Roebroeks, 1985 Vandenberghe et al., 1993e
sites4250+ 20 ka Roebroeks, 1988/andenberghe et al., Loecker,2006; De Warrimont and

1993), or MIS 9 (AAR, molluscan Stassenstraat, 2007; Roebroeks et i
(Huxtable, 19930xford biostratigraphy Ifleijer and 2012; De
reference number Cleveringa 2009 Loecker and Roebroeks, 2012
712Kft)
Maastricht  Site B Unit IV 7 (or e 5 TL on burntflint: average ESR dating on Unit IV MIS7 (Pedostratigraphy, Primary  ? P (very few)A A Flint Van Kolfschoten and Roebroeks,
Belved ere (Subunit  possibly of tenfine grained dates, amolluscs: 22G 40 ka lithostratigraphy, terrace stratigraphy, 1985 Roebroekd988;

IV-B) 9) deriving from the UnitV  (Van Kolfschoten et al., mammal biostratigraphyv/@n Roebroeks et al., 1992
archaeological 1993 Kolfschoten and Roebroeks, 1985 Vandenberghe et al., 1993e
sites¥4250+ 20 ka Roebroeks, 1988/andenberghe et al., Loecker, 2006; De Warrimont and

1993), or MIS 9 (AAR, molluscan Stassenstraat, 2007; Roebroeks et i
(Huxtable, 19930xford biostratigraphy i(leijer and 2012; De
reference number Cleveringa, 200§ Loecker and Roebroeks, 2012
712Kft)
Maastricht ~ Site C Unit IV 7 (or e 5 TL on burntflint: average ESR dating on Unit IV MIS7 (Pedostratigraphy, Primary  Yes P (poorly P A Flint Van Kolfschoten and Roebroeks,
Belved ere (Subunit  possibly of tenfine grained dates, amolluscs: 22G 40 ka lithostratigraphy, terrace stratigraphy, preserved) (frequent) 1985 Roebroeks 1988;

IV-B) 9) deriving from the Unit IV (Van Kolfschoten et al., mammal biostratigraphyv/@n Roebroeks et al., 1992
archaeological 1993 Kolfschoten and Roebroeks 1985 Vandenberghe et al., 1993e
sitesy4250+ 20 ka Roebroeks, 1988/andenberghe et al., Loecker, 2006; De Warrimont and

1993), or MIS 9 (AAR, molluscan Stassenstraat, 2007; Roebroeks et i
(Huxtable, 19930xford biostratigraphy leijer and 2012; De
reference number Cleveringa, 200§) Loecker and Roebroeks, 2012
712Kft)
Maastricht ~ Site D (3ém Unit IV 7 (or e 5 TL on burntflint: average ESR dating on Unit IV MIS7 (Pedostratigraphy, Primary ? A A A Flint Van Kolfschoten and Roebroeks,
Belved erelong section)  (Subunit  possibly of tenfine grained dates, amolluscs: 22G 40 ka lithostratigraphy, terrace stratigraphy, 1985 Roebroeks, 1988;

IV-GR)  9) deriving from the Unit IV (Van Kolfschoten et al., mammal biostratigraphyv/@n Roebroeks et al., 1992
archaeological 1993 Kolfschoten and Roebroeks, 1985 Vandenberghe et al., 1993e
sitesy4250+ 20 ka Roebroeks, 1988/andenberghe et al., Loecker, 2006; De Warrimont and

1993), or MIS 9 (AAR, molluscan Stassenstraat, 2007; Roebroeks et i
(Huxtable, 19930xford biostratigraphy l(leijer and 2012; De
reference number Cleveringa 200§) Loecker and Roebroeks, 2012
712Kft)
Maastricht Site F Unit IV 7 (or e 5 TL on burntflint: average ESR dating on Unit IV MIS7 (Pedostratigraphy, Primary  Yes (some A A A Flint Van Kolfschoten and Roebroeks
Belved ere (Subunit  possibly of tenfine grained dates, amolluscs: 22G 40 ka lithostratigraphy, terrace stratigraphy, rearrangement) 1985 Roebroeks1988;

IV-GR)  9) deriving from the Unit IV (Van Kolfschoten et al., mammal biostratigraphyv/@n Roebroeks et al., 1992
archaeological 1993 Kolfschoten andRoebroeks, 1985 Vandenberghe et al., 19938e
sitesy4250+ 20 ka Roebroeks, 1988/andenberghe et al., Loecker, 2006; De Warrimont and

1993), or MIS 9 (AAR, molluscan Stassenstraat, 2007; Roebroeks et
(Huxtable, 19930xford biostratigraphy leijer and 2012; De
reference number Cleveringa 200p Loecker and Roebroeks, 2012
712Kft)
Maastricht Site G Unit IV 7 (or e 5 TL on burntflint: average ESR dating on Unit IV MIS7 (Pedostratigraphy, Primary  Yes P A A Flint Van Kolfschoten and Roebroeks,
Belved ere (Subunit  possibly of tenfine grained dates, amolluscs: 22t 40 ka lithostratigraphy, terrace stratigraphy, 1985 Roebroeks, 1988;

V-B) 9) deriving from the Unit IV (Van Kolfschoten et al., mammal biostratigraphy/en Roebroeks et al., 1992
archaeological 1993 Kolfschoten and Roebroeks 1985 Vandenberghe et al., 19938e
sitesy4250+ 20 ka Roebroeks, 1988/andenberghe et al., Loecker, 2006; De Warrimont and

1993), or MIS 9 (AAR, molluscan Stassenstraat, 2007; Roebroeks et
(Huxtable, 19930xford biostratigraphy (leijer and 2012; De
reference number Cleveringa 200§ Loecker and Roebroeks, 2012
712Kft)
Maastricht Site H Unit IV 7 (or e 5 TL on burntflint: average ESR dating on Unit IV MIS7 (Pedostratigraphy, Primary  Yes A A A Flint Van Kolfschoten and Roebroeks,
Belved ere (Subunit  possibly of tenfine grained dates, amolluscs: 22G 40 ka lithostratigraphy, terrace stratigraphy, 1985 Roebroeks, 1988;

IV-GR)  9) deriving from the Unit IV (Van Kolfschoten et al., mammal biostratigraphy/@n Roebroeks et al., 1992
archaeological 1993 Kolfschoten and Roebroeks, 1985 Vandenberghe et al., 1993e
sitesy4250+ 20 ka Roebroeks, 1988/andenberghe et al., Loecker, 2006; De Warrimorind

1993), or MIS 9(AAR, molluscan Stassenstraat, 2007; Roebroeks et i
(Huxtable, 19930xford biostratigraphy i(leijer and 2012; De
reference number Cleveringa, 200§ Loecker and Roebroeks, 2012
712Kft)
Maastricht Site K Unit IV 7 (or e 5 TL on burntflint: average ESR dating on Unit IV MIS7 (Pedostratigraphy, Primary  Yes A P (mainly A A Flint Van Kolfschoten and Roebroeks,
Belved ere (Subunit  possibly of tenfine grained dates, amolluscs: 22t 40 ka lithostratigraphy, terrace stratigraphy, on 1985 Roebroeks, 1988;
IV-GR)  9) deriving from the Unit IV (Van Kolfschoten et al., mammal biostratigraphy/@an scrapers) Roebroeks et al., 1992

archaeological 1993
sites?4250+ 20 ka

(Huxtable, 19930xford
reference number
T12Kft)

Kolfschoten andRoebroeks, 1985
Roebroeks, 1988/andenberghe et al.,
1993), or MIS 9 (AAR, molluscan
biostratigraphy leijer and

Cleveringa, 200§

Vandenberghe et al., 1993e
Loecker, 2006; De Warrimont and
Stassenstraat, 2007; Roebroeks et
2012; De

Loecker and Roebroeks, 2012
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Maastricht

Belved ere

Rhenen

Site N Unit IV
(Subunit  9)

IV-GR)

Different S3
locations
(Wageningen,
Lunteren,
Soesterberg,
Maarn,
Amersfoort,
Gooimeer)

6 or

industry’

7 (or possibly 5

TL on burntflint: average ESR dating on Unit IV MIS7 (Pedostratigraphy,
of tenfine grained dates, amolluscs: 226G 40 ka

Primary  Yes A

lithostratigraphy, terrace stratigraphy,

deriving from the Unit IV (Van Kolfschoten et al., mammal biostratigraphy/@an

archaeological
sites¥4250+ 20 ka

(Huxtable, 19930xford
reference number
712Kft)

Early 6 2 e

(Rhenen older?  or

older?

Kolfschoten and Roebroeks 1985
Roebroeks, 1988/andenberghe et al.,
1993), or MIS 9 (AAR, molluscan
biostratigraphy leijer and

Cleveringa, 200§

1993

OSL date for Unit S3: 16iLithostratigraphy, mammalian
+ 19 ka; alongsidebiostratigraphy

additional OSLdates for

under and overlying

deposits

(Busschers et al., 2008;

Van Balen and

Busschers, 2030

Secondary No A P

P (poorly P (mainly A A A
preserved) on scrapers)

A?

A

A?

P (welk
prepared)

Flint

Flint

Van Kolfschoten and Roebroeks,
1985 Roebroeks, 1988;
Roebroeks et al., 1992
Vandenberghe et al., 1993e
Loecker, 2006; De Warrimont and
Stassenstraat, 2007; Roebroeksl.,

2012; De

Loecker and Roebroeks, 2012

Stapert, 1981, 1987, 1991; Niekus
and Stapert, 200¢and references
therein)Van Balen, 2006; van Balen
et al., 2007; Busschers et al., 2008;
van Balen and Busschers, 2010

Table 3

Data of sites of Belgium from MIS 9 to 6, mapped-ig. 3 Sites with a secure MIS correlation (index 3, 4 and 5; cf. Seg}iare in bold, sites with an uncertain MIS correlation (index 0, 1 and 2; cf. Séytwe in italics.

Site

Precise locatiorLevel/Layer MIS

Precise Value of MIS Direct dating
MIS correlation

(x/5)

Indirect dating Relative chronology Context

Spatial Human Faunal Levallois Pebble integrity remedAcheuleag

remains tools biface

GMousteriag
biface

Trifacial
shaping

SSDA

Blade Discoid MPCR/ Quina PCT Others Main

raw
material

Bibliography

Kesselt

Op de
Schans

Mesvin terrace e

Petit-Spiennese

Mesvin IV

Kesselt

Kesselt

Saint

e

Nelissen

Op de
Schans
Carriere

Symphorien Helin

Veldwezelt

Veldwezelt

Veldwezelt

Veldwezelt

Veldwezelt

Trooz

Hezerwater

Hezerwater

Hezerwater

Hezerwater

Hezerwater

Grotte
Walou

Late 9/ 4
early 8

Al 7 e 3

WAL 6 e 3
Ftaz w At

inferieur Q

BDA 6 e 3

TDA 6 e 3

GRAO 6 e 3

ZNB 6 e 3

GRA1 6 e 3

DI 6 e 4

e Several OSland ITL dates on loess deposits overlying
the main occupation horizoksarchaeological level 3)

Lithostratigraphy,
terrace system

Primary

(Van de Moortel, 2008

4 UITh dates available on bone and teeth,
giving an average of 28712 ka;
Consequently, the site is generally placed
around 308250 ka (Szabo iahen et al.,
1984

AAR date on

bone (from Cailloutis inferieuryf

286 ka Cubuk, 197%, but date rejected due to imprecision
dating technique and possible reworked character of the
sample

(Haesaerts, 1978

ESR/UWeTh on mammal teeth from younger levels-@land CIt7; 14C on bone,

antler, charcoal and humic

e Lithostratigraphy, Secondary terrace system

e Lithostratigraphy, Secondary terrace system

Lithostratigraphy, Secondary
Biochronology
(mammalian), Terrace

system

3 TL dates (R1/2, R1/3, R1/4) on sediment from Hees 8o{l-Goil) in Nelissen Lithostratigraphy,

brickyard pit are available, giving an average age of£23% ka; several additional TL (sediment) and 14C
(snails, humic material) dates are available for overlying loess depdsitsderts et al., 198Gullentops, 1991
Huijzer, 1993

Vandenberghe et al., 1998; Van den haute et al., 1998; 2003

Wintle unpublished)

Several OSL and ITL dates on loess deposits urater overlying the archaeological level\2a( de
Moortel, 2008

e

TL on heated limestone from younger level-@V
(mean weighted age 90+34.6 ka)

Primary?
terrace system

Lithostratigraphy, terrace system Secondary? ?

Lithostratigraphy, terrace system Secondary

Lithostratigraphy Secondary

Lithostratigraphy Secondary

Lithostratigraphy Secondary

Lithostratigraphy Primary?

Lithostratigraphy Secondary

Lithostratigraphy, biochronology (macerand Secondary? No?
microfauna), tephrachonology, palynology,
anthracology

No A P

No A P

No A P

No A A

No A A

No A A

No A A

No A A

p?

A?

P?

Flint

Flint

Flint

Flint

Flint

Flint

Flint

Flint

P? P

Flint

Flint

Flint

Flint

Flint

Van Baelen et al., 2007, 2008, 2011,
de Moortel,

2008; Meijs et al., 2012; Van Baelen,
2014

Briart et al., 1872; Haesaerts, 1978;
Cahen et al.,

1979; Michel, 1983; Cahen, 1984; Pir
et al.,2009

Cahen and Haesaerts, 1982, 1983; C
etal., 1985;

Cahen, 1984; Watteyne, 1985; Pirson
al., 2009

Cahen and Haesaerts, 1981; Rodleg1
Gysels and Cahen, 1981; Van Neer 1
1985, 1986; Cahen et al., 1984; Caher
Michel, 1986; Soriano, 2000,

2001; Ryssaert, 2004, 2005, 20064,
2006b; Van

Asperen, 2008; Pirson et al., 2009
Meijs and Groenendijk, 1999;
Groenendijk et al.,

2001; Meijs, 2002

Van de Moortel, 2008Meijs, personal
communicationMeijs et al., 2012

De Heinzelin, 1959;

Cubuk,1975; Michel, 1978; Haesaerts,
1978; Cahen, 1984; Escutenaire, 199¢

Modica, 2009; Pirson et al., 2009; Pirs
and Di Modica, 2011

Bringmans et al, 200lab, 20
Bringmans, 2006a,

2006b, 2007; Meijs, 2011; Pirson and
Modica,

2011

Bringmans et al.,
Bringmans, 2006a,
2006b, 2007; Meijs, 2011; Pirson and
Modica,

2011

Bringmans et al.,
Bringmans, 2006a,
2006b, 2007; Meijs, 2011; Pirson and
Modica,

2011

Bringmans et al.,
Bringmans, 2006a,
2006b, 2007Meijs, 2011; Pirson and D
Modica,

2011

Bringmans et al,
Bringmans, 2006a,
2006b, 2007; Meijs, 2011; Pirson and
Modica,

2011

Draily, 2011a,bPirson et al., 2011;
Pirson and Di

Modica, 2011

2001a,b, 20

2001a,b, 200

2001a,b, 20

2001a,b, 20



sediment from younger levels@ B-1, B-
4, B-5, COC5A, CHl to CH6, CH8
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MasnuySaint Le Rissori IV (partof 8 e 2 e e Lithostratigraphy, terrace system Secondary No A A P A A A A A A P A Flint Lefrancq, 1955; Adam and Tuffreau,
Jean Weries brunep 1973; Locht,
1990; Adam, 1991, 2002; Pirson and
Modica, 2011
MasnuySaint Le Rissori  IlIA (partof 8 or 6? e 2 e e Lithostratigraphy, terrace system Secondary No A A P A A A A A A P A Flint  Lefrancq, 1955; Adam and Tuffreau,
Jean Weries brunep 1973; Locht,
1990; Adam, 1991, 2002; Pirson and
Modica, 2011
Le Rissori 8or7? 8or7b? 2 e e
Secondary No A A P A A A A P A A P A Flint
(continued on next page)
Table Jcontinued )
Site Precise Level/Layer MIS Precise  Value of MIS Direct dating Indirect dating Relative chronology Context SpatiaHuman Faunal Levallois Pebble integrity remains reméAcheulead  dMousteriag  Trifacial Discoid ISSDA I Others Bibliography raw
location MIS correlation tools biface biface shaping material
(x/5)
MasnuySaint B (part of Lithostratigraphy, terrace Lefrancqg, 1955; Adam and Tuffreau, 1973; Locht,
Jean Weries brundp system 1990; Adam, 1991, 2002; Pirson and Di Modica, 2011
Liege Mont Saint ~ G-a Martin 6or5d? e 2 e e Lithostratigraphy ? ? A A P A A A ? P? ? ? P 2 Flint Haesaerts et al., 2008; Van der Sloot et al., 2009, 2011
(more spedically at
Court Saint
Hubert)
Saint Carriere S.J. 6? e 2 AAR date on bone on underlying e Lithostratigraphyterrace Secondary No A A P A A A A A A A P 2 Flint De Heinzelin, 1959; Cubuk, 1975; Michel, 1978;
Symphorien  Helin stratigraphic level (see information system Haesaerts, 1978; Cahen, 1984; Escutenaire, 1996; Di
Cailloutis inferieur) Modica, 2009; Pirson et al., 2009; Pirson and Di
Modica, 2011
Harmignies e DAl 6? e 2 e e Lithostratigraphy ? ? A A ? A A A A A ? ? ? ? Flint Haesaerts, 1974; Haesaerts and Van Vliet, 1974; De
Heinzelin et al., 1975; Pirson and Di Modica, 2011
Kesselt Nelissen A2 6? e 2 e Multiple TL (sediment) and 14C (snails, humic material) datesamedable for Lithostratigraphy, overlying loSecondary No A A A A A A A A A A A P Flint Meijs and Groenendijk, 1999; Groenendijk et al.,
deposits laesaerts et al., 198Gullentops 1991; Huijzeterrace system 2001; Meijs, 2002
1993; Vandenberghe et al., 193n den haute et al., 1998, 20@intle, unpublished);
3 TL dates on sediment are available fadentying luvisol (Van den haute, De Corte, 2001)
Veldwezelt Hezerwater ~ VLL Previous: Previous: 2 e e Lithostratigraphy Primary Yes A A A A A A A A A A A P Flint Bringmans et al., 2001a,b, 2003; Bringmans, 2006a,
6 or 5?; late 6 (6.01) 2006b, 2007; Meijs, 2011; Pirson and Di Modica,
now:5  or 2011
5d?; now:
5d
Veldwezelt Hezerwater VLB Previous: Previous: 2 e e Lithostratigraphy Primary Yes A A P A A A A A A A P P Flint Bringmans et al., 2001a,b, 2003; Bringmans, 2006a,
6 or 5?; late 6 (6.01) 2006b, 2007; Meijs, 2011; Pirson and Di Modica,
now:5  or 2011
5d?;now:
5d
Otrange Gisement LS. 6? e 1 e e Lithostratigraphy Primary Yes A A P A A A A A P P P P Flint ThisseDerouette and Destexidamotte 1947, 1949; |
paleolithique Heinzelin de Braucourt 1950; Ulrglosset, 1975;
Otte, 1979; Jungels, 2004, 2005; Di Modica and
Jungels, 2009; Di Modica, 2010
Otrange Gisement G.B. 6? e 1 e e Lithostratigraphy Secondary No A A A? A? P? P? ? ? ? ? A? ? Flint ThisseDerouette and Destextdamotte 1947, 1949; |
paleolithique Heinzelin de Braucourt, 1950; Ulr&losset,
1975; Otte, 1979; Jungels, 2004, 2005; Di Modica and
Jungels, 200Di Modica, 2011
Liege Sainte Wiveau inferieuf26? e 1 e e Lithostratigraphy Secondary No A A P P (sl P A? A A P A P P Flint Lohest and Fraipont, 1912; De Puydt et al., 1912; De
also Wouche . . .
Walburge ( ; ® hammertsone) Puydt,1922; Ulrix-Closset, 1975; Roebroeks, 1981
alsoWiveau C1&
C2 de Commoigp
Trooz Grotte Walou DIl 6-11? e 1 ESR/WeTh on mammal teeth from TL on heated limestone from younger leve? @iean weighted age younger levels-€and Lithostratigraphy, Secondary? No? A A A? A A A A A A A A? P? Flint Draily, 2011a,b Pirsoet al., 2011; Pirson and Di
ClI-7; 14C on 90.3 4.6 ka) bone, antler, charcoal amamic sediment from younger levelséAB-1, B- gf;?;i’:giz%g;mcm Modica, 2011
4, B5, COC5A, CH1 to CH6, CH8 tephrachonology,
palynology, anthracology
Moha Grotte de - 6? e 0 e e e ? ? A P P A P? ? A A P A P P Flint Fraipont and Tihon, 1896; Ulrglosset, 1975;
I'Hermitage Cordy, 1984; Sitlivy, 1996; Van Peer, 2001; Di

Modica, 2004
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Huccorgne Abri Sandron - 6? e 0 e e e ? ? A P P A P? ? A A ? A A P ? Flint De Loe, 1883; Fraipont and Tihon, 1896; Uleix
Closset, 1975; Cordy, 1984; Van Peer, 2001




Table 4

Data of German sites from MIS 9 to 6, mappeéim 4. Sites with a secure MIS correlation (index 3, 4 and 5; cf. Seg}iare in bold, sites with an uncertain MIS correlation (index 0, 1 and 2; cf. Séraoe in italics.

Site Level/Layer MIS Precise  Value of MIS Direct dating Indirect dating Relative chronology Context  Spatial integrityHuman Faunal Levallois PebbledAcheulead Mdusteriag Trifacial Blade Discoid MPCR/ Quina PCT Others Main raw tools biface Bibliography
MIS correlation (x/5) remains  remains shaping SSDA material
Steinheim 9/8 ? 4 e Late dHolsteiniarg Lithostratigraphy, biochronolo¢Secondary No P P A A A A No lithic Adam, 1988
(travertine) artefacts
{ OK2 y Ay 3¢&2B, 121 9/8 Late 9/ earld In preparation e Lithostratigraphy Primary  Yes A P A A A A Flint Thieme, 2007; Serangeli et al.,
8 (lake shore) 2012
Serangeli and Conard, 2015
{ OK2y Ay 334 9/8 Late9/ 4 In preparation e Lithostratigraphy Primary  Yes A P A A A A Flint Thieme, 2007; Serangeli et al.,
early 8 (lake shore) 2012
Serangeli and Conard, 2015
Ariendorf 1 8 Late8 4 e e Lithostratigraphy Primary Yes A P P A A A Quartz, Bosinski et al., 1983; Turner et al.,
(loess, tephra) Quartzite 1997; Richter, 2011
Rheindahlen B3 7 72 3 e TL series from Lithostratigraphy Primary  Yes A A P A A A Flint Schmitz and Thissen 1998; Ikinger,
>142 t0>194 ka (loess and soil) 2002; Thissen, 2006
(Frechen eal., 1992
correction ofZoller et
al., 198& )
Rheindahlen B2 7 71 3 e TL series from Lithostratigraphy Secondary | A A A A A P Flint Schmitz and Thissen, 1998; Ikinger,
>142 10>194 ka (loess and soil) 2002; Thissen, 2006
(Frechen et al1992
correction ofZoller et
al., 198& )
Rheindahlen B1 7 71 3 e TL series from Lithostratigraphy Primary  Partial A A A A A A Flint Schmitz and Thissen 1998; Ikinger,

>142 t0>194 ka
(Frechen et al1992

correction ofZoller et

al., 1988 )

(loess and soil)

preservation?

2002; Thissen, 2006
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Table 5

Data of Northeast French sites from MIS 9 to 6, mappeéim 5 Sites with a secure MIS correlation (index 3, 4 and 5; cf. Se8fiare in bold, sites with an uncertain MIS correlation (index 0, 1 and 2; cf. S8ftoa in italics.

Ehringsdorf

Ehringsdorf

Hunas
Rheindahlen
Rheindahlen
Zwochau

Wannen
Ariendorf
Schweinskopf

Markkleeberg

LT, lower travertines 7
(six layers)

UT, upper
travertines

A3

A2

4

¢2yOKSao2A

Murg-

Kalvarienberg

Hundisburg

716

Late7 3
Late7 3
? 5
Early6 3
Early6 3
Early6 4
Early6 3
Middle 4
6

e 4
? 3
Late6 3
Late 6/5 3
? 2

Series of similar ESR dates
produceca 204 ka medium
age of both UT and OT
layers Gchiiler,

2004

Series of similar ESR dates
produced a 204 ka medium
age of both UT and OT
layers Gchler,

2004

In preparation

TL: 129412 ka; 121+ 11 kae
(Scheafer, 1993
e

In preparation

Lithostratigraphy, biochronolo(Primary

(travertine)

Lithostratigraphy, biochronolo(Primary

(travertine)

Lithostratigraphy, biochronolo(Primary

No

No

No

Lithostratigraphy (loess and Secondaty soil)

Lithostratigraphy (loess and Secondary saNo

Lithostratigraphy (moraine) Primary

Tephra chronology

Lithostratigraphy (loess, Primary tephra)

Tephra chronology

Lithostratigraphy (moraine) Primary

Lithostratigraphy (loess and Secondary No soil)

Lithostratigraphy (loess and Secondary No soil)

Lithostratigraphy (moraine) secondary No

Primary

Primary

Yes

Yes

Yes

Yes

No

P? A
P? A
P P
A A
A A
P A
A A
A A
P A
P A
A A
P? A
P A

P A A A A A A A Flint

P A A A A A A A Flint

A A A A A A A A Hornfels

A P A A A A A A Flint

A P A A A A A A Flint

A A A A A A A A Flint

A A A A A A P A Flint,
quartz

A A A A A A P A Quartz,
quartzite

A A A A A A A A Quartz,
quartzite

A A A A A A A A Flint

A A A A A A P A Quartz

A A A P? A A A A Hornfels

P A P A A A A A Flint

BehmBlancke, 1960; Kahlke, 1958;
Heinrich, 1981; Sofafer, 1993;
Schiler, 2004

BehmBlancke, 1960; Kahlke, 1958;
Heinrich,1981; Schkafer, 1993;
Schiler, 2004

Rosendahl et al., 2006

Schmitz and Thissen, 1998;
Ikinger 2002; Thissen 2006
Schmitz and Thissen, 1998;
Ikinger, 2002;Thissen, 2006
Pasda, 1996

Justus, 2000

Bosinski et al., 1983; Turner et al.,
1997; Richter, 2011

Schafer, 1990

Baumann and Mania, 1983;
Schafer, 1993; Sehafer et al., 2003
Conard 1992

Pasda 1994

Ertmer 2012

Site

Exact location

Level/
Layer

MIS  Precise

MIS

5)

Value of MIS

correlation (x/

Direct dating

Indirect dating

Relative chronology

Context

Spatial Human Faunal

integrity remains remains

Levallois Pebble

tools

“Acheuleart’ “Mousterian’ Trifacial Blade Discoid MPCR/Quina PCT Others Main rawBibliography

biface biface shaping SSDA

material

0ST236¥C



L'Epinette Cagny 1(10,11, 9 Early9 5
12)

Etricourt Secteur 2 HUZ 9 9c 5
Manancourt

Etricourt Secteur 2 HUD 9/8 9a 5
Manancourt

Soucy 5l 9 e 5

Soucy 51 9 e 5

Soucy 3-P 9 e 5

Soucy 1 9 e 5

Soucy 5-0 9 e 5

Soucy 3-S 9 e 5

Soucy 2 9 e 5

PlachyBuyon N3 9 e 4

Revelles Les TerreSellier - 9 e 3

Clairy Le Champ Mugotte € 9 e 3
Saulchoix Ay Chemin de Pissy

SaintValery SO 8 e 3
surSomme

BiacheSaint H 7 7e 5
Vaast

BiacheSaint A 7 Te 5
Vaast

BiacheSaint llbase 7 Te 5
Vaast

BiacheSaint E 7 7eor7e 4
Vaast a

BiacheSaint DO 7 7eor7e 4
Vaast a

Abbeville Route de Paris/rue de I'Abreuvoir? e 3

Drucat e 7 e 3

Etricourt Secteur2 LRS 7 7ca 5
Manancout

Etricourt Secteur 2 LGS 7 Late7a 5
Manancourt

Therdonne N3 7 Late7a 5

Montieres| es  Boutmy - 7 Late 7a?
Amiens Muchembled quarr

MaisonsAlfort 716

US-ESR on teeth: 31848 ka; 289% 43 ka;
291+ 44 ka @ahain et al., 2007

TL on burntflint: 274+ 32 ka, 294t 25 ka,

288+ 26 ka (Herisson dir2015)

U/Th on teeth: 35@& 53 ka and 399 60 ka
(Chausse, 2003)

U/Th on teeth: average 3224 ka
(Chausse, 2003)

ESR on sediment: 29653 ka (aurent, 1993 Lithostratigraphy,

biochronology, palynology, terrace system

IRSL in progress Lithostratigraphy

IRSL in progress Lithostratigraphy

U/Th on teeth (unit2, under site 5): average 3@7 ka Lithostratigraphy, terrace
(Chausse, 2003) system, biochronology
U/Th on teeth (unit2, under site 5): average 3@7 ka Lithostratigraphy, terrace

(Chausse, 2003) system, biochronology

U/Th on teeths: average 36B0 ka e Lithostratigraphy, terrace system, biochronology
(Chausse, 2003)
e e Lithostratigraphy, terrace system, biochronology
e U/Th on teeth (unit2, under site 5): average 3@7 ka Lithostratigraphy, terrace
(Chausse, 2003) system, biochronology
e e Lithostratigraphy, terrace system, biochronology
e e Lithostratigraphy, terrace system, biochronology
e e Lithostratigraphy
TL on burntflint: 291.6+ 28 ka; IRSL in progress Lithostratigraphy
263.6+26.2 ka (Debenham, unpublished)
e e Lithostratigraphy
e e Lithostratigraphy
ESR (US) on bone: 25826 ka Bahain, 200); e Lithostratigraphy,

ESR (US) on bone: 24528 ka Bahain et al.,
2019

TL on burntflint (underestimated due to noaeosimetric values): 175
13 ka Huxtable and Aitken1989; Gamma ray spectrometry on human
skull: 263p 53/37 ka {okoyama, 198} upper W&Pa on human skull:
>175 ka {fokoyama, 198 ESR (US) on bone:

230+ 24 ka and on tooth: 22027 ka Bahain,

2007); 219+ 30 ka Bahain et al., 2015

ESR (US) on bone: 19917 ka Bahain, 200y, e
222+ 27 ka Bahain e@l., 2019

ESR (US) on bone: 13927 ka Bahain, 200); e
138+ 28 ka Bahain et al., 2005

e In progress
e e

e In progress
e In progress

TL on burntflint: 178+ 11 ka (ocht et al. e
2010; Herisson, 2012 )

e ESR on quartz: 20857 ka (aurent, 1998

U/Th on bone: 162 9 ka; 206.5 17.8/15.2¢

biochronology, terrace system

Lithostratigraphy
biochronology, terrace system

Lithostratigraphy,
biochronology, terrace system

Lithostratigraphy,
biochronology, terrace system

Lithostratigraphy,
biochronology, terrace system

Terrace stratigraphyithostratigraphy, biochronology

Lithostratigraphy, terrace system

Lithostratigraphy

Lithostratigraphy

Lithostratigraphy
Lithostratigraphy, terrace system ? No
Lithostratigraphy Secondary No

Primary

Primary
Primary
Primary
Primary
Primary
Primary
Primary
Primary
Primary
Primary/
secondary

Secondary

Secondary

Primary

Primary

Primary

Primary

Primary

Primary

Primary

Primary

Primary

Primary

Primary

Yes A
Yes/No A
Yes A
Yes A
Yes A
Yes A
Yes A
Yes A
Yes A
No? A
No A
No A
No A
? A
No A
Yes and P
No

Yes A
No A
No A
Yes? P
No A
Yes A
Yes A
Yes A

P
P

A

P

Flint

Flint

Flint

Flint

Flint

Flint

Flint

Flint

Flint

Flint

Flint

Flint

Flint

Flint

Flint

Flint

Flint

Flint

Flint

Flint

Flint

Flint

Flint

Flint

Flint

Flint

Antoine and Tuffreau, 1993; Laurent, 1993
Tuffreau et al., 1995; Dibble et al., 1997;
Lamotte, 1999; Bahain et al., 2001, 2007,
Tuffreau et al., 2008

Herisson and Goval, 2013; H erisson et a
2015; Herisson et al., 2016

Herisson and Goval, 2013; H erisson et a
2015; Herisson et al., 2016

Lhomme et al., 2000a, 2004; Chausse, 20(
Lhomme, 2007

Lhomme and Connet, 2001; Chaus2@)3;
Lhomme et al., 2004, Lhomme, 2007
Lhomme et al., 2000b, 2004; Chausse, 20C
Lhomme,2007; Nicoud, 2011; Chausse, 20
Lhomme et al., 1998a,b, 2000b, 2004; Cha
2003; Lhomme, 2007

Lhomme et al., 2000a, 2004; Chausse, 20
Lhomme, 2007

Lhomme et al., 2000a, 2004; Chausse, 20(
Lhomme, 2007

Lhomme et al., 2000a, 2004; Chausse, 20C
Lhomme, 2007

Locht et al., 1995

Guerlin et al., 2008

Sellier, 2002; Lhomme et al., 2002; Rocca,
2005

De Heinzelin and Haesaerts, 1983

Marcy, 1986, 1988; Tuffreau, 1986; Leroy,
1990; Amelootvan der Heijden, 1991;
Auguste, 19941995a, 1995b, 2003, 2012;
Auguste and PateMathis, 1994; Louguet,
2004, 2005; Bahain, 2007; Goubel, 2011;
Herisson, 2012

Vandermeersch, 1978; Piningre, 1978; Boe
1986, 1988a,b, 1994; Marcy, 1986, 1988;
Tuffreau, 1986, 1988a; Beyries, 1988;
Huxtable and Aitken, 1988; Yokoyama, 19¢
AmelootVan der Heijden, 1991; Burie, 199
1996; Bahain et al., 1993; Auguste, 1994,
1995a, 1995b, 2003, 2012; Auguste and R«
Mathis, 1994; Dibble, 1995; Leblanc, 1999;
Rougier, 1999, 2003; Marx, 200louguet,
2004, 2005; Auguste et al., 20@5uipert,
2005; Louguet, 2006; Bahain, 2007; Liouvil
2007; Goubel, 2011; Guipert et al., 2011;
Herisson, 2012; H erisson, et al., 2013; Rc
2013

Marcy, 1985, 1986, 1988; Bouchet, 1986;
Tuffreau, 1986, 1988a,b; Auguste, 1988, 1
1994, 1995a, 1995b, 2003, 2012; Tuffreau
Marcy, 1988; Leroy1990; AmelootVan der
Heijden, 1991; Auguste and Patblathis,
1994; Burie, 1996; Leblanc, 1999; Louguet
2004, 2005; Bahain, 2007; Liouville, 2007;
Goubel, 2011; Herisson, 2012;drsson, et a
2013

AmelootVan der Heijden, 1989, 1991;
Auguste, 1994, 1995a, 1995b, 2003, 2012;
Auguste and PateMathis, 1994; Louguet,
2004, 2005; Goubel, 2011; Herisson, 2012
AmelootVan der Heijden, 1989, 1991;
Auguste, 1994, 1995a, 1995b, 2003, 2012;
Auguste and PateMathis, 1994; Louguet,
2004, 2005; Bahain, 2007; Liouville, 2007;
Goubel, 2011; Herisson, 2012

Locht et al., 2013

Locht and Kiefer, 2009; Locht et al., 2013

Herisson and Goval, 2013; H erisson et a
2015; Herisson et al., 2016
Herisson and Goval, 2013; H erisson et a
2015; Herisson et al., 2016
Locht et al., 2000; Gadebois, 2006; Locht e
2010; Herisson, 2012; Coudenneau, 2013;

Herisson et al., 2013; H erissonand Lochi
2014

Commont, 1912; Tuffreau et al., 1981;
Tuffreau, 1983; Bordes, 1984; Antoine, 1990;
Soriano, 2000

Durbet et al., 1997; Hadjouis, 1998
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