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Preface

Jean-Jacques HUBLIN

Neandertal studies are undoubtedly critical to understanding the human essence. Neandertals 
are our closest relatives in the evolutionary tree. Their lineage diverged from that of modern 
human ancestors about half a million years ago. The length of this separation was not enough 
for reproductive incompatibility to develop between the groups, but it resulted in the emergence 
of anatomical differences that surpass all the variability observed between living populations 
of our species. Along different pathways, the two lineages independently evolved large brains. 
Some degree of parallelism affected other aspects of their anatomy as well. Both developed very 
distinctive features. This combination of similarities and differences has often made Neandertals 
difficult to understand both biologically and behaviorally. The passion surrounding the scien-
tific debates on these issues come as no surprise.

This particular situation and a long and rich record of discoveries in Europe and in the Levant 
have naturally caused Neandertals to be the most analyzed fossil hominins. Virtually all possible 
methods of investigation in the field of palaeoanthropology have been applied to Neandertals 
and, when a new technique emerges, it is almost inevitably first adjusted on Neandertal mate-
rial before being used to investigate other fossil hominin groups.

The publication of “The Scladina I-4A Juvenile Neandertal” does not simply provide us with an 
exhaustive description of unpublished fossil remains. Like some previous monographic publica-
tions dedicated to specific sets of fossil remains, it offers a remarkable illustration of the current 
available techniques at a given stage of development of the discipline. The impressive effort 
taken to analyze the fragmentary remains of an eight-year-old Neandertal, who lived and died 
some 87,000 years ago in the Meuse Valley, have benefited from the spectacular methodological 
advances witnessed in the field of palaeoanthropology over the last two decades. Following two 
other volumes, one dedicated to the sedimentary filling of Scladina and its palaeoenvironment 
and the other to the archaeological material unearthed in the cave, this volume will therefore 
stand as a main reference along the continuous and disparate flow of Neandertal studies that 
have been produced since the first discoveries of these archaic humans in the middle of the 
nineteenth century.

The study of the Scladina Neandertal juvenile starts with the detailed analysis of its geological 
and archaeological context. Taphonomy has become a key issue to understand the occurrence 
of fossil hominins in archaeological sites. Specifically, the anthropogenic nature of their depo-
sition cannot be taken for granted anymore; site formation and carnivore activities must be 
now seriously investigated. In Scladina Cave, the remains of a deceased child including at least 
the skull and the mandible, but possibly some other parts of the body, were dispersed inside a 
karstic cavity in relation with the formation of a gully, ending up in three different sedimentary 
environments. How these fossils entered the cave is still purely speculative. However, although 
fragmented, the bones were little weathered and are remarkably well preserved.
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A large portion of the analysis of this fossil hominin was conducted at the Department of 
Human Evolution of the Max-Planck Institute for Evolutionary Anthropology in Leipzig, where 
the remains were loaned on several occasions and were CT-scanned. Dr. Michel Toussaint was 
hosted in the department for several periods of time, during which access to the fossil mate-
rial by various specialists was made possible and intense collaborative works could take place. 
Several forms of sampling, including the preparation of histological thin sections, were also 
conducted. The well-preserved and rather complete dentition of the specimen allowed a detailed 
analysis of the dental tissues, from a quantitative and non-quantitative point of view. Imagery 
techniques were largely exploited for the visualization of internal structures and for the study 
of the dental surface microwear.

The sections of this volume where geometric-morphometrics were implemented to analyze 
shapes and forms are quite significant of the evolution of the field. They complement the 
detailed anatomical descriptions and allow the quantitative assessment of subtle morpholo-
gical variations. This is particularly spectacular when dealing with fine internal structures such 
at the enamel-dentine junction in the dental crown. These mathematical tools also allow the 
Scladina individual to be repositioned in the developmental context of Neandertal mandibles, 
emphasizing that Neandertal juveniles seem more advanced along their growth trajectory than 
modern human juveniles of similar dental age.

Key aspects of the results obtained on the Scladina Neandertal relate to its immature nature. 
Changes in life history patterns and developmental rates played a central role in the esta-
blishment of the human niche among hominoids. Approaches based on life history theory 
have initially suggested that the human developmental pattern emerged at an early stage of 
the genus Homo evolution. However, empirical data provided by the fossil record brought no 
support to this notion. Homo erectus and most likely some later Pleistocene hominin forms did 
not display a modern developmental pattern. Specifically regarding Neandertals, the analysis of 
the Scladina juvenile’s dental tissues has been pivotal in highlighting differences with modern 
humans. Enamel and dentine microstructures of this immature Neandertal demonstrate a clear 
discrepancy between its calendar age at death and a developmental age that could be estimated 
on modern standards for dental eruption. These results support the hypothesis of a faster dental 
and/or somatic development in Neandertals.

The Scladina juvenile was also one of the first Neandertals from which ancient DNA was 
extracted and sequenced, at a stage of development of palaeogenetics when only fragments of 
mitochondrial DNA could be analyzed.

Another pioneering study that has been conducted at Scladina addresses the stable isotopes of 
N and C in preserved organic molecules of the bony structure. The palaeodietary reconstruc-
tion it allowed confirms the importance of the consumption of open environment herbivores for 
Neandertals. This diet could have been driven by a choice; alternatively, other sources of game 
could have been difficult to access at the time the Scladina Child lived.

The Scladina hominin provides us with a wealth of information for Neandertals during a time 
period — the early Weichselian — that to date only yielded a limited fossil record in Western 
Europe. It provides invaluable information on the individual Neandertal development and 
shows that many of the distinctive features of the group are already present at a juvenile stage.

The events that allow the preservation of fossil hominins such as those from Scladina are 
extraordinary. The remains of a rare mammal of the Pleistocene landscape have miraculously 
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survived in the sediment of a cave for tens of millennia and unexpectedly escaped total obli-
vion. Facing the material evidence of extinct forms of hominins always provokes deep emotions 
in anyone perceiving their exceptional nature. The never-ending interest of the public for the 
Palaeolithic world is one of the most obvious expressions of this fascination. There is however 
a high risk of betraying the rich message that fossil hominins can deliver to us by turning 
them into inaccessible relics, overprotected in museum showcases. A long tradition of storytel-
ling surrounds Neandertal remains. Some might be satisfied with it, but the truth is that only 
hard work by specialists can unveil some snapshots of these lost existences. The study of a 
fossil hominin can never be considered finished, as new methods of investigation constantly 
appear in the field of palaeoanthropology. It is therefore of the utmost importance to warrant 
access to the fossil material for the scientists. Still there are countless examples of restriction on 
this access. In sharp contrast, the discoverers and curators of the Scladina juvenile Neandertal 
showed exemplar flexibility and openness in supporting all possible studies of these precious 
remains. Their reward is a monograph that provides an impressive variety of results and will 
remain as a model of its kind.

Leipzig, the 18th of August  2014
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Michel Toussaint & Dominique Bonjean (eds.), 2014.
The Scladina I-4A Juvenile Neandertal (Andenne, Belgium) 
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Michel  TOUSSAINT

ovERviEw And ContExt 
oF thE SCLAdinA 

PALAEoAnthRoPoLoGiCAL 
PRojECt

Chapter 1

1. introduction

M any of the most famous Neandertal fossil 
discoveries occurred numerous decades 

ago: Gibraltar (1848), the Neandertal type site 
(1856), Krapina (from 1899), La Quina (from 
1908), La Chapelle-aux-Saints (1908), La Ferrassie 
(from 1909), etc. As a result, their context is not 
precisely known by comparison to current stan-
dards of research, particularly in the absence of 
rigorous stratigraphic and chronological position 
as well as planimetric distribution or strict asso-
ciation with lithic material. Within the Meuse 
River Basin of southern Belgium (i.e. in the 
vicinity of Scladina) this same situation is encoun-
tered in a series of illustrious karstic discoveries 
(Toussaint, 1992, 2001): in 1829-30 at Engis 
by Ph.-Ch. Schmerling (Schmerling, 1833-34; 
Tillier, 1983), in 1866 at La Naulette in the Lesse 
Valley by E. Dupont (Dupont, 1866; Leguebe & 
Toussaint, 1988), and in 1886 at Spy (Fraipont 
& Lohest, 1887). The same may be said about the 
lesser known discovery of some teeth and bones 
at Goyet around 1870 (Rougier et al., 2009, 2014) 
and of a partial femur in 1895 at Fonds de Forêt 
(Twiesselmann, 1961).

To finally have at our disposal Neandertal 
remains from Meuse River Basin caves which 
possess a precise enough context compatible with 
modern scientific requirements, we had to wait 
until the last three decades for the discovery of 
new Middle Palaeolithic human fossils in the sedi-
mentary fillings of three other caves, successively 
in 1984 at Trou de l’Abîme (Couvin; Toussaint et 
al., 2010), from the early 1990s onwards at Scladina 
(Sclayn-Andenne; Toussaint et al., 1998) as well 
as in 1997 at Walou (Trooz; Toussaint, 2011). At 
Couvin and Walou, however, the discoveries are 
limited to an isolated tooth, a decidous mandib-
ular right second molar and a mandibular left first 
premolar, respectively.

This explains the tremendous interest in  the 
discovery of both halves of a mandible, a fragment 

of a maxilla, and a series of teeth, all from the 
same juvenile Neandertal (Figure 1), during the 
excavations of Scladina Cave, on the left bank of 
a small tributary of the Meuse Valley (Figure 2). 
Excavations at Scladina have been conducted 
almost without interruption since 1978 by the 
University of Liège and, at present, by Archéologie 
Andennaise. The importance accorded to the 
context of all the fossils and artefacts at Scladina 
was enhanced by the discovery of the right hemi-
mandible (Scla 4A-1) of a child in 1993, the first 
Neandertal osseous element encountered in 
Belgium in 98 years. A very high degree of reso-
lution has been achieved over the past 10 years 
based on the stratigraphic revision (Pirson, 
2007; Chapter 3, this volume) and an excavation 
method adapted to this stratigraphic complexity 
(Chapter  2, this volume; Bonjean, 2009). In 
this regard, a unique field technique based on 
combined horizontal and vertical excavations on 
a reduced surface has recently been developed in 
order to obtain a very precise stratigraphical posi-
tion for all lithic and faunal artefacts without the 

Figure 1: Refitting of most Scladina Neandertal fossils 
found in former Layer 4A (photograph Joël éloy, AWEM).
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loss of their planimetric distribution, as all the 
Cartesian coordinates are precisely recorded.

2.
 Scientific context of the 
neandertal child, Scladina i-4A

T he anthropological finds from Scladina derive 
from a prehistoric and palaeontological site 

of major importance to the Belgian Meuse Basin 
as well as northwest Europe. The application of 
the latest standards of modern multidisciplinary 
Quaternary research to the excavation of the site 
provides remarkable precision in the contextual 
allocation of these finds, amplifying their interest.

The human fossils found in former Layer 4A 
have each  received a number, from 1 to 20 (for 
example Scla 4A-11 which refers to the isolated 
permanent maxillary right central incisor). In 
addition, as all these fossiles of former Layer 4A 
belong to the same 8-year-old specimen, it has 
been decided to use the code ‘Scladina I-4A’ to 
referred to the juvenile as an individual.

The stratigraphical sequence of the cave had 
been partially described in the pioneering works 
of archaeologists (Otte et al., 1983; Bonjean, 
1998a) and geologists (Deblaere & Gullentops, 
1986; Gullentops & Deblaere, 1992; Haesaerts, 
1992; Benabdelhadi, 1998) who had revealed 
the tremendous potential of the site. The recent 

meticulous reappraisal of the sequence during the 
course of Stéphane Pirson’s (2007) PhD thesis in 
geology at the University of Liège revealed the 
sequence of deposits was much more complex 
and rich in information than previously thought, 
with significant variability in the sedimentary and 
diagenetic processes as well as in the scale of the 
lateral variations of facies.

The cave is also rich in palaeontological and 
palynological information. In this regard, it has 
led to multiple research projects, published in 
numerous papers and PhD theses.

Initial projects focused on palynology (e.g. 
Bastin & Schneider, 1984; Bastin et al., 1986; 
Schneider, 1986), microfauna (Cordy in Bastin 
et  al., 1986), and macrofauna. Many of these 
contributions were developed in the first mono-
graph dedicated to the site (Otte (ed.), 1992; 
Bastin, 1992; Cordy, 1992; Simonet, 1992). Some 
more recent works deal with archaeozoology (e.g. 
Patou-Mathis, 1998a, b; Patou-Mathis & Lόpez-
Bayόn, 1998; Crépin, 2002) and taphonomy 
(Pionnier, 2006; Delaunois et al., 2012).

All this previous research referenced initial 
lower resolution stratigraphic records that have 
been improved in recent years (Pirson, 2007). 
For example, the authors combined all data 
from what they called ‘Layer 4’ (Simonet, 1992; 
Patou-Mathis, 1998a), whereas this vast layer 
was actually very stratigraphically complex.

Figure 2: 3D representation of the Meuse Valley and two of its tributaries, Fond des Vaux (FdV) 
and Samson, with the location of Scladina and Goyet caves (Joël éloy, AWEM).
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Despite this problem, the correlation of infor-
mation gathered from old palaeontological data 
with recent palynological and anthracological 
data (Damblon & Court-Picon, in Pirson, 2007) 
based primarily on the last stratigraphic revisions 
is possible. This association forms an innovative 
palaeoenvironnemental synthesis, confirming the 
remarkable quality of preservation of the Scladina 
deposits (Pirson, 2007).

A variety of dating methods provided 
numerous dates for Scladina: conventional radi-
ocarbon dating of bones and stalagmites; AMS 
dating of animal bones and teeth; U/Th dating 
of concretions, stalagmitic floors, and teeth; TL 
dating of calcite, burned flint, and silt; gamma 
spectrometry of the Neandertal mandible, and ESR 
dating of bones (e.g. Gilot, Szabo & Aitken in Otte 
et al., 1983; Gewelt in Bastin et al., 1986; Gewelt 
et al., 1992; Gilot, 1992; Huxtable & Aitken, 
1992; Debenham, 1998; Bonjean, 1998b; Falguères 
& Yokoyama in Toussaint et al., 1998; Pirouelle, 
2006; Pirson, 2007; Pirson et al., 2008). These 
dates are discussed in Chapter 4 and placed in 
the context of the general stratigraphic sequence 
of Scladina. With few exceptions, all these dates 
become gradually younger from sedimentary 
Unit 5, which yielded the richest prehistoric occu-
pation of the Middle Palaeolithic — some 130,000 ± 
20,000 years BP — up to sedimentary Unit T, near 
the top of the Pleistocene sequence, from which 

a 14C date of 37,300 +370/−320 BP (GrA-32633; 
Pirson, 2007) was recently obtained. Based on 
this set of dates, a palaeoenvironmental synthesis 
can tentatively be related to a hypothetical strati-
graphic position, in which some benchmarks 
appear fairly clearly (see Chapter 4).

Another cave of the Meuse River Basin, 
Walou, located about sixty km east of Scladina, 
has also yielded a magnificent Pleistocene 
sequence whose chronostratigraphy is better 
known (Draily et al. (dir.), 2011; Pirson et al. 
(dir.), 2011). The comparison of the stratig-
raphy of these two caves contributes to the 
establishment of a palaeoenvironmental and 
chronostratigraphic reference for Meuse River 
Basin caves to which other regional archaeo-
logical and palaeoanthropological discoveries 
can be correlated. For example, fossils found in 
an acceptable, albeit less complete, stratigraphy 
than those of Walou and Scladina, may be rein-
terpreted as is notably the case for the decidous 
mandibular right second molar found at Trou de 
l’Abîme, in Couvin (Toussaint et al., 2010, 2011).

In addition to its stratigraphic, palaeontolog-
ical and palaeoenvironnemental interest, Scladina 
yielded some essentially Middle Palaeolithic occu-
pation layers (mainly units 5 and 1A). Numerous 
archaeological studies focusing on lithic typology, 
technology, spatial distribution and raw mate-
rials have been published (for example Otte et al. 

Figure 3: 3D reconstruction of Scladina Cave positioning the Neandertal 
fossils found in former Layer 4A (Joël éloy, AWEM).
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(dir.), 1998, Di Modica & Bonjean, 2004 and more 
recently Di Modica, 2010, 2011).

The event which confers a major international 
appeal for Scladina was the in situ discovery 
(from 1993) of dental and osseous remains of a 
Neandertal child (Figure 3) although the first 
fragments (found in 1990) were not identified at 
that time. The studies offered in this monograph 
correspond only to the first stage of our under-
standing of the human palaeontological heritage 
of the cave as the potential for the discovery of 
Neandertal remains seems far from exhausted. A 
distributional comparison of the location of recov-
ered hominin fossils with the large unexcavated 
areas of the cave provides an indication in this 
respect, notably by highlighting a concentration 
of teeth at the limit of the excavated area. The fact 
that the Neandertal face is only represented by a 
fragment of right maxilla adds another argument 
in this regard.

The outstanding state of preservation of the 
bone material, like that of numerous other lime-
stone caves of the Meuse River Basin, allowed 
the extraction of fossil DNA, animal (Orlando 
et al., 2002) as well as human (Orlando et al., 
2006). At that time one tooth of the child delivered 
the oldest fragment of the Neandertal sequence 
and this sample exhibited a larger genetic vari-
ability than more recent samples, for example 
those of the eponymous Feldhofer site. The δ13C 
and δ15N from Scladina bones, either belonging to 
mammals (Bocherens et al., 1997) or Neandertals 
(Bocherens & Biliou, 1998; Bocherens et al., 
1999, 2001), have also deepened our knowledge 
of the diets of extinct taxa. Some fragments of 
the TRAP protein were also recovered (Nielsen-
Marsh et al., 2009).

3. About human palaeontology

H uman palaeontology is a science whose 
complexity has been steadily increasing 

over the years. A scientist a quarter of a century 
ago could potentially publish alone and satisfy 
research demands by describing fossils anatomi-
cally and by comparing them statistically with the 
corpus of more or less similar hominins.

Today, numerous new disciplines yield infor-
mation about fossils in diverse fields such as the 
details of the internal morphology; diet studied 
by means of isotopic biogeochemistry; DNA, 
both mitochondrial and nuclear, and the timing 
of dental development, microwear analysis, and 

enamel thickness. A number of sophisticated 
techniques are also available: micro-CT scanning, 
synchrotrons, tooth histology, mass spectrometry, 
3D statistical analysis, etc. Obviously, a palaeoan-
thropologist is unable to master them all. Wisdom 
suggests, and this summarizes the philosophy 
governing the present work, the acceptance of 
limitations and the adaptation to them. More than 
ever, multidisciplinary collaborations are impera-
tive. For example, a single tooth has many messages 
to deliver. Accordingly, numerous chapters in this 
monograph take into account the wealth of signals 
recorded within the Scladina Child’s teeth. They 
cover in particular the morphological description 
of the teeth; statistical comparisons; age determi-
nation by histological techniques; analysis of the 
roots; the diet analyzed through microwear of the 
occlusal surface; EDJ, and enamel thickness, etc.

Interest in the contextual study of human 
remains continues to increase. In the past, palae-
oanthropologists were frequently relegated to 
laboratories where they studied human remains 
brought to them by archaeologists. They wrote 
reports annexed to archaeological publications or 
anatomical analyses of human remains with very 
little knowledge of the contexts or conditions of 
discovery.

Current palaeoanthropologists are now 
inclined to put the fossils they are studying in an 
ever more precise chronostratigraphical context 
which allows them to better understand the evolu-
tion of the taxa. They turn to microstratigraphy 
and dating techniques, classify fossils according 
to the isotopic stages, and closely analyze the 
conditions of introduction and modification of the 
fossils in the sediments (taphonomy).

Palaeoanthropologists are now more involved 
from the early stages of the field work: drawing or 
commenting on the distribution maps of bones and 
dental remains, trying to decipher burial practices, 
etc. A good example of the evolution of anthro-
pological practices is provided by the comparison 
of a series of monographs on Neandertals. La 
Chapelle-aux-Saints (Boule, 1911‒1913), Mount 
Carmel (McCown & Keith, 1939), or Shanidar 
(Trinkaus, 1983), are all pure — but very inter-
esting — laboratory projects as opposed to Kebara 
(Bar-Yosef & Vandermeersch (eds.), 1991) and 
Dederiyeh (Akazawa & Muhesen, 2002), which 
reflect a real involvement of palaeoanthropolo-
gists from the beginning of the excavation.

Through numerous collaborations such as 
those currently underway at Scladina, which 
involve Neandertal remains and multidisciplinary 
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focus from the early stages of field work, the 
scientific adventure is coupled with an equally 
exciting human adventure, especially from all the 
personal meetings, discussions and passionate 
debates, etc.

Could we not say that the very purpose of our 
disciplines is to decipher the millions of years of 
the long adventure which slowly transformed 
our early ancestors into current humans, there-
fore, building bridges through the millennia? 
Somehow, palaeoanthropology finds parallels in 
the time machines that have haunted the dreams 
of so many authors like Henri Vernes in “The 
Dinosaur Hunters” (1957 for the original French 
edition), adapted into a comic book by Coria in 
1984, and E.P. Jacobs in his comic book “The Time 
Trap” (1962 for the original French edition).

4.
 Scladina, palaeoanthropology 
in the field

T he exploration of Scladina Cave was initi-
ated in 1971 with speleological work which 

quickly turned into a haphazard collecting of out-
of-context archaeological artefacts. This went on 

until 1977. From 1978, with Marcel Otte's involve-
ment, the excavations immediately took on a 
scientific approach. Very early, the archaeologist 
looked for information relative to the palaeoen-
vironnement and the age of the Palaeolithic 
layers which retained his interest. He initi-
ated collaborations with specialists of the earth 
sciences, mainly geologists (Paul Haesaerts, Franz 
Gullentops), palaeontologists (Jean-Marie Cordy, 
Pierre Simonet, Marylène Patou-Mathis) and paly-
nologists (Bruno Bastin), as well as with dating 
specialists (Etienne Gilot, Michel Gewelt, Yves 
Quinif, etc.).

However, the specialized in situ interven-
tions remained rare. One of them involved Paul 
Haesaerts drawing a few sections on the terrace 
while another saw two sections in the cave itself 
analyzed by Christophe Deblaere and Franz 
Gullentops. Bruno Bastin was involved in palyno-
logical sampling and Yves Quinif in U/Th analysis. 
The palaeontologists were restricted to laboratory 
studies so their work had little impact on excava-
tion. The excavation remained under the exclusive 
control of the archaeological team. No continuous 
geological recording of stratigraphy was possible 
in the course of the excavation.

Anthropological No. Archaeological No. Description Unearthed Identified Square Metre

Scla 4A-1 Sc 1993-148-185 right half of the mandible 16/07/1993 20/07/1993 D29

Scla 4A-2 Sc 1992-1283-96-1 small part of right maxilla 18/02/1992 October 1993 D30

Scla 4A-3 Sc 1992-411-107-1 permanent maxillary 
right second molar 15/10/1992 October 1993 C30

Scla 4A-4 Sc 1993-330-127 permanent maxillary right first molar 14/12/1993 14/12/1993 C30

Scla 4A-5 Sc 1990-81-46 deciduous maxillary 
right second molar 13/03/1990 October 1993 G27

Scla 4A-6 Sc 1990-132-41 mandibular right first premolar (P3) 4/07/1990 October 1993 G27

Scla 4A-7 Sc 1991-574-11 deciduous maxillary right first molar 12/11/1991 October 1993 F27

Scla 4A-8 Sc 1995-286-7-1 permanent maxillary right third molar 14/07/1995 14/07/1995 C32

Scla 4A-9 Sc 1996-203-1 left half of the mandible 12/07/1996 12/07/1996 C28

Scla 4A-11 Sc 1990-81-47 permanent maxillary 
right central incisor 13/03/1990 May 2000 G27

Scla 4A-12 Sc 1990-90-1 permanent mandibular right canine 28/03/1990 July 2001 F27

Scla 4A-13 Sc 2001-262-44 deciduous mandibular 
right second molar 13/11/2001 13/11/2001 E38

Scla 4A-14 Sc 1990-37-1 permanent maxillary 
right lateral incisor 22/02/1990 14/12/2004 H27

Scla 4A-15 Sc 1990-37-25 permanent mandibular 
right central incisor 22/02/1990 14/12/2004 H27

Scla 4A-16 Sc 1990-49-1 permanent maxillary right canine 23/02/1990 16/12/2004 H27

Scla 4A-17 (= Scla 3-2) Sc 1991-526-1 permanent maxillary left lateral incisor 17/10/1991 October 1993 F27

Scla 4A-18 (= Scla 3-3) Sc 1991-590-1 permanent maxillary left  canine 19/11/1991 October 1993 F26

Scla 4A-19 (= Scla 3-4) Sc 1995-108-197-1 permanent mandibular 
left lateral incisor 8/03/1995 10/04/1995 D34

Scla 4A-20 Sc 2006-81-1 permanent mandibular 
right lateral incisor 12/07/2006 12/07/2006 F35 to F37

table 1: List of all Scladina Neandertal remains unearthed in former Layer  4A.
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Fortunately, the situation gradually improved: 
first at the instigation of Dominique Bonjean, 
archaeologist in charge of the excavation since 
1991, followed by the involvement of Stéphane 
Pirson as part of his PhD in geology from the end 
of the summer 2003.

The first discoveries of Neandertal teeth took 
place in 1990 but were not identified as human at 
the time.

The first fossil discovered in situ in Scladina’s 
former Layer 4A was the hemimandible Scla 4A-1 
(Table 1). Found on Friday, July 16th 1993, the 
morphology of the specimen alerted the student 
(Claire Curvers) assigned to the square, who 
informed Dominique Bonjean. Interest increased 
when work resumed the following Monday. The 
nature of the mandible, however, remained uncer-
tain. The decision was made to contact Marcel Otte, 
professor of prehistory at the University of Liège. 
The next day, during a visit to the site, Marcel 
suggested seeking the advice of the present author 
who rushed to the cave and identified the fossil as 
Neandertal (Bonjean et al., 2009). Fortunately, the 
coordinates of the mandible had been recorded in 

three dimensions (Figure 4), like most of the faunal 
remains, but no in situ pictures had been taken.

From that moment on, the excavation of the 
cave took another direction. The field team learned 
to recognize human teeth and bones.

In the cave, continuous attention was given 
to identifying the human remains in situ, and, 
indeed, numerous fossils were recognized at the 
moment of their discovery, such as the left half 
of the mandible, Scla 4A-9 (Figure 5), and the 
permanent maxillary right first molar Scla 4A-4 
(Figure  6). The palaeoanthropologist advised the 
excavation team to contact him if they encoun-
tered more remains with suspicious morphology.

At the same time, a new review was conducted, 
this time with an anthropological focus, of all the 
skeletal and dental remains discovered earlier in 
the stratigraphic layers directly above and below 
the one in which the two hemimandibles were 
found. This allowed the identification of the series 
of Neandertal teeth unearthed in Scladina during 
the years 1990-1992 that had not been recognized 
during the excavation nor when the collections 
were classified.

The recent revision of the stratigraphy (Pirson, 
2007 and Chapter 3) represents a further step in 
the precise positioning of the Neandertal fossils 
within the sediments of the site. The identifi-
cation of an important, previously unnoticed, 
longitudinal gully, 4A-CHE, which had reworked 
a portion of the cave sediments, was crucial to 
understanding how the fossils were deposited. 
As a result, the sediments from which the fossils 
came have been divided into three large strati-
graphic units: the sediments before Stalagmitic 
Floor CC4, the 4A-CHE gully which is subdi-
vided into at least 8 discontinuous lithofacies, 
as well as the four 4A-POC layers. The attempt 
to reposition all the Neandertal remains found 
earlier within these layers and lithofacies of the 
new Pirson stratigraphy was necessary. For that 
purpose, all fossils have been reviewed from a 
combination of plans, sections, and photographs 
corresponding to the time of their discoveries, 
and by virtually projecting them on the closest 
sections (Chapter  5). Through this procedure, 
most fossils could be repositioned within the gully 
(4A-CHE) or the group of layers immediately over 
it (4A-POC). With the help of a new excavation 
method that relies on vertical microstratigraphy, 
future finds will be positioned precisely in the 
context of the new, extremely precise strati-
graphic sequence.

Figure 4: Technical sheet and field plan drawn 
up by a student during the in situ discovery 

of the right hemimandible Scla 4A-1.
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Prior to 1990, human remains had already 
been found in the upper part of the strati-
graphic sequence; however, these discoveries 
have no bearing on the present palaeoanthropo-
logical project. For example, several fossils that 
might correspond to a Neolithic multiple burial 
comprising several individuals seem to have been 
found in the Holocene layers during the early 
work by speleologists (Otte et al., 1988; Otte, 
1990). These are currently inaccessible and were 
never studied in detail. Later, a first metatarsal 
was found in 1982, in Layer 3, apparently in an 
area close to disturbed sediments. Its study was 
not conducive to a definitive taxonomic identifi-
cation although it was probably associated with 
the Neolithic (Leguebe et al., 1989). This fossil 
was also lost. A few other human remains (teeth, 
vertebrae), whose study goes beyond the scope 
of the present monograph, have also been found 
in the sedimentary units 3 and 1B (Toussaint et 
al., 1998).

The facial elements of Scladina I-4A have been 
the subject of a few preliminary reports describing 
the remains and presenting their context (e.g. Otte 
et al., 1993; Toussaint et al., 1994, 1998; Bonjean 
et al., 1996; Toussaint, 1996; Pirson et al., 2005). 
Some detailed analyses were also published, such 
as the age at death (Smith et al., 2007).

The current study of these fossils (Figure 1) is 
the subject of a large international collaboration. 
The following people took part in this monograph:

Figure 5: Left half of the mandible, Scla 4A-9, in situ, on Section D/C 28 (photograph Dominique Bonjean, AA).

Figure 6: Permanent maxillary first right 
molar Scla 4A-4, in situ (Square C 30; 

photographs Dominique Bonjean, AA).
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In Belgium:
Grégory Abrams, MA, Archéologie 
Andennaise
Dominique Bonjean, MA, Archéologie 
Andennaise
Mona Court-Picon (France), PhD, Belgian 
Royal Institute of Natural Sciences
Freddy Damblon, PhD, Belgian Royal 
Institute of Natural Sciences
élise Delaunois, MA, Musée de la préhis-
toire en Wallonie/Prehistomuseum
Kévin Di Modica, PhD, Archéologie 
Andennaise
Paul Haesaerts, PhD, Belgian Royal 
Institute of Natural Sciences
Marcel Otte, PhD, Université de Liège
Stéphane Pirson, PhD, Direction de 
l’Archéologie, Service public de Wallonie
Michel Toussaint, PhD, Direction de 
l’Archéologie, Service public de Wallonie

At the Max Planck Institute for Evolutionary 
Anthropology, in Leipzig, Germany:

Stefano Benazzi (Italy), PhD, now also 
at the Department of Cultural Heritage, 
University of Bologna
Sireen El Zaatari (Lebanon), PhD, now at 
Tübingen University
Katerina Harvati (Greece), PhD, now at 
Tübingen University
Jean-Jacques Hublin (France), PhD
Kornelius Kupczik (Germany), PhD, now at 
the Friedrich-Schiller-Universität Jena.
Adeline Le Cabec (France), PhD, now at 
the ESRF, European synchrotron Radiation 
Facility, Grenoble
Anthony J. Olejniczak (USA), PhD
Matthew Skinner (Canada), PhD, now at 
University College London
Tanya Smith (USA), PhD, now at Harvard 
University
Christine Verna (France), PhD, now at the 
CNRS, Paris

In France:
Sanda Balescu (Belgium), PhD, Lille1 University
Hervé Bocherens, PhD, now at Tübingen 
University
Christophe Falguères, PhD, Museum 
National d’Histoire Naturelle, Institut de 
Paléontologie humaine, Paris
Catherine Hänni, PhD, école Normale 
Supérieure of Lyon

Ludovic Orlando, PhD, formerly at the 
école Normale Supérieure of Lyon, now at 
the University of Copenhagen, Centre for 
Geogenetics
Paul T. Tafforeau, PhD, ESRF, European 
Synchrotron Radiation Facility, Grenoble
Yuji Yokoyama (Japan), PhD, Museum 
National d’Histoire Naturelle, Institut de 
Paléontologie humaine, Paris

In Canada:
Cheryl A. Roy (USA), MA, 
Vancouver Island University
Rhylan McMillan, BA (Distinction), 
Vancouver Island University

In the USA:
Dorien De Vries (Netherlands), MA, Stony 
Brook University, New York,
Kristin L. Krueger, PhD, Department of 
Anthro pology, Loyola University Chicago, 
Chicago Donald J. Reid (UK), PhD, now at 
George Washington University

5.
 overview of the Scladina 
monograph

T his monograph is the third about Scladina 
Cave: a first volume covered the strati-

graphic context — before the recent revision of 
S.  Pirson — and the palaeoenvironnement (Otte 
(ed.), 1992), and a second one dedicated to the 
archaeology (Otte et al. (dir.), 1998). Both were 
written in French, with the exception in each case, 
of one chapter in English concerning TL dating.

After the present overview, this third mono-
graph proposes, in its second chapter, an 
overall presentation of the Scladina site with its 
geographic location, its topography and geology, 
the history of the excavations that have been 
conducted there for over a third of a century, as 
well as the archaeological context and history of 
the anthropological discoveries. The third chapter 
is an overview of the stratigraphic context of the 
Neandertal remains discovered at Scladina. The 
layers presented in that chapter are just those 
related with palaeoanthropological remains, 
namely former layers 4A/4B, as well as those 
directly below (former Layer 5) and above them 
(former Layer 3). The chapter then proceeds with 
an analysis of the sedimentary dynamics of the 
site and its implications for fossil deposition.
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The fourth chapter presents both a palaeoen-
vironmental overview of the site and a critical 
analysis of all dates obtained and integrates this 
data within the newly revised stratigraphy. The 
fifth chapter discusses in detail the stratigraphic 
position of each element of the partial face of the 
Scladina Neandertal child.

In 1994, non-destructive gamma-ray spectrom-
etry applied to the right hemimandible Scla 4A-1 
provided an age of 127 +46/−32 ka  BP, which 
allowed to think that the Scladina I-4A Child lived 
around 100,000 years ago (Chapter 6).

The taphonomy of the Neandertal fossils 
from Scladina is analysed in Chapter 7, using 
four approaches: first, the fossils are examined 
for evidence of different surface modifications; 
second, their spatial and stratigraphic distribu-
tion is analysed; third, these observations are 
compared to the analysis of the faunal material 
found over the last ten years in the new stratig-
raphy as revised by S. Pirson; and finally, in the 

discussion, these different approaches are inte-
grated in order to build a model of successive 
chronological phases in relation to death, burial 
and postdepositional processes, as well as archae-
ological and/or palaeontological excavations.

The eighth chapter presents an estimation of the 
age of the child (Figure 7) as calculated from histo-
logical studies, with an age estimation of 8 years. 
This histological result, clearly the most reliable 
age determination technique, makes the Scladina 
Child younger than previously thought. Indeed, in 
previous papers we concluded that “If the criteria 
of age linked to dental eruption and to the forma-
tion of molar roots observed in modern humans 
are applied to Neandertals, the child of Sclayn […] 
would have been at least 12-13 years old. The persis-
tence of deciduous molars could however indicate 
a younger age, probably hardly more than about 
ten years” (Toussaint et al., 1998: 738). This posi-
tion was complemented in more recent syntheses: 
“Dental age determination compared with cutting 

Figure 7: Evocation of the Scladina Child (Benoît Clarys, 2013, © Archéologie Andennaise).
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teeth and molar root formation in modern humans 
suggests the child died at the age of 12. Yet the 
persistence of deciduous molars is consistent 
with a younger age, but probably not less than 
10. In addition, Granat and Heim's new method 
of Neandertal dental age determination seems to 
indicate the child could not have been older than 
8.5” (Toussaint & Pirson, 2006: 382-383; see also 
Toussaint et al., 2001, 2011).

Can sex be determined on the basis of a 
mandible or teeth not associated with coxal bones? 
This question is discussed in Chapter 9. The temp-
tation is to suggest that the Scladina Child might 
be female; however, the accuracy of sex determi-
nation is questionable.

Chapter  10 systematically describes the 
mandible anatomically, while seeking to distin-
guish the plesiomorphic features from the 
derived ones. This chapter also aims to stastisti-
cally compare the Scladina mandible to samples of 
subadult and adult Neandertals, and also modern 
humans. Chapter  11 develops these morpho-
metric camparisons using 3D geometric analysis. 
The maxillary fragment of the child is presented 
in Chapter 12.

In Chapter 13, the teeth are described 
morphologically, with a focus on their taxo-
nomic implications, before being statistically 
compared to a large collection of similar data. 
Particular aspects of the teeth, enamel thickness, 
enamel-dentine junction morphology, and micro-
computed tomographic quantification of tooth 
root size and tissue proportions, are the subject of 
Chapters 14 to 16.

Two chapters concern the diet of the child, 
using isotopic biogeochemistry (C/N; Chapter 17) 
and dental microwear texture (Chapter 18). Both 
techniques indicate that the child was omnivorous 
but mainly ate meat: biogeochemistry indicates 
the consumption of open environment herbivores, 
while the microwear data also reveals a diet that 
most likely included small amounts of abrasive 
plant foods.

Chapter 19 deals with mtDNA extraction and 
demonstrates that the Scladina Neandertal Child 
was more distantly related to modern humans 
than more recent Neandertals, suggesting that 
the Neandertal population experienced a signifi-
cant demographic bottleneck in the last 50-30 ka 
preceding their extinction.

Chapter 20 places Scladina I-4A within the 
chronological context of the other Neandertal 
remains from the Belgian Meuse River Valley and 
northwest Europe. It discusses the association of 

the La Naulette and Scladina remains to MIS 5 or 
earlier, then addresses the absence of occupation 
during the second part of MIS 4 due to a major 
climatic deterioration, and finally evaluates the 
allocation of Late/Classic Neandertals to MIS 3.

The concluding chapter (21) integrates the key 
findings of this monograph from an multidisci-
plinary perspective, and discusses various ideas 
concerning regional Neandertal research.
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associated with the Scladina scientific 
team, in chronological order
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cal discoveries and evolution of research
(B) = studies of various scientific aspects
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1.
 topography, geography, 
and geology of Scladina

T he village of Sclayn (City of Andenne, 
Province of Namur, Belgium ; Figure 1) is 

situated on the border between High and Middle 
Belgium, along the south bank of the Meuse 
River, between Andenne and Namur : 5 km from 
Andenne and 14 km from Namur. At this loca-
tion the river has cut deeply into the Palaeozoic 
limestone substratum, actively contributing to the 
development of a complex karstic network.

Scladina Cave, in Sclayn, is located on the west 
side of the small Fond des Vaux Valley, through 
which runs a small stream called Ri de Pontainne 
(or Pontine). This brook joins the Meuse River in 
the village approximately 750 m downstream from 
the cave. About fifteen caves are found within the 
west valley wall (Dubois, 1981). Scladina, the main 
one, opens towards the southeast approximately 7 
m below a plateau that served as the interfluvial 
zone between the Meuse and the Ri de Pontainne, 
and about 30 m above the alluvial plain (Figure 2). 
The coordinates of the  site are : 50o 29’ 33” N 
and 5o 01’ 30” E; the altitude is  137.7 m AMSL. 
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Figure 1 : Situation of the village of Sclayn (Andenne) in Belgium; the Meuse Valley incises 
the Palaeozoic limestones and separates High Belgium to the south from the low plateaus 

of Middle Belgium to the north (graphics K. Di Modica, J.-F. Lemaire, SPW).
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The bedrock is composed of Visean Limestone 
(Lower Carboniferous), and Scladina 
is  located within the superior portion of the 
Haut-le-Wastia Member of the Lives Formation 
(Pirson, 2007).

Several other caves are found in the imme-
diate area. Approximately 5 m south of Scladina 
at  a similar elevation is Saint-Paul Cave which, 
20 m to the northwest of its entrance, intersects 
Scladina. Several metres below Saint-Paul another 
gallery develops, called Sous-Saint-Paul. This 
gallery is connected to Saint-Paul by a chimney. A 
survey on Scladina’s terrace (carried out in 1978) 
revealed another karst cavity, which corresponds 
to an expansion of Sous-Saint-Paul. These three 
caves (Scladina, Saint-Paul, and  Sous-Saint-Paul) 
constitute a cave series known in literature as the 
Grottes de Sclayn (caves of Sclayn).

According to Gullentops & Deblaere (1992), 
three terraces of the Meuse have been identified in 
Sclayn. The presence of ancient fluviatile deposits 
was confirmed by the observation of water-worn 
river rocks on the plateau above Scladina, which 
range in size from pebbles to cobbles.

Scladina Cave is a long cylinder-like karst 
structure that extends along the axial plane of an 
anticline. Currently, the excavation of the sedi-
ment within the cave extends about 40 m from 
Scladina’s entrance (50 m from the edge of the 
terrace; Figure 3), and speleological prospecting 
indicates that the cave extends for at least another 
12 m. The height of the gallery is approximately 
6 m. Its width is variable : for the first 12 m (corre-
sponding to metres 10 to 21) the average is only 
6 m, beyond metre 21 it widens considerably. The 
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total width is not known because the cave exten-
sion to the north remains concealed by sediment 
(Figure 4). Toward the south the cave joins Saint-
Paul at about metre  30. The maximum width 
excavated to date is in the order of 12 m at metre 

29 ; however, the total width is estimated to be 
about 20 metres (Pirson, 2007).

Between squares K and L, from metres 22 to 
25, a chimney is present in the ceiling of Scladina. 
Also, on the plateau, approximately 35 m from the 

Figure 4 : At the time of discovery, the cave was filled to the vault with sediments. In some areas, the Holocene 
stalagmitic floor is still partially attached to the stalactites (upper right ; Photograph, July 2010).
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Figure 5 : Longitudinal schematic section of Scladina Cave from the entrance to the aven (from Pirson, 2007; section 
D. Bonjean, M. Chardon ; graphics G. Abrams, K. Di Modica, E. Dermience & A. Laurys, RBINS, J.-F. Lemaire, SPW).
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porch a depression of around 60 m2 was visible 
before the excavation. This dolina indicated the 
presence of an aven, connecting the cave to the 
surface (Figure 5). This structure was discovered 
in 1997 (Bonjean et al., 2002) and is situated on 
the hinge line of the anticline. Today, a concrete 
slab blocks the opening.

2. history of the research

F rom 1910, the karsts of Sclayn were of high 
interest because of their speleological poten-

tial (Donceel et al., 1910). Starting in 1949, the 
immediate area around Scladina was prospected 
by speleologists and amateur archaeologists from 
Namur. Both the Saint-Paul and Sous-Saint-Paul 
caves were exploited after their discoveries in 1951 
and 1953, respectively (Bonjean, 1998a). A  rich 
faunal and archaeological collection ranging 
from the Middle Palaeolithic to the Neolithic was 
exhumed during these excavations, including an 
important Neolithic burial. Unfortunately, the 
absence of recorded context and the dispersal of 
the material to several private collections (to which 
access is limited) prevented any interpretation.

In 1971, Scladina Cave was discovered and 
named by speleologists and amateur archaeolo-
gists from Sclayn (Otte et al., 1983; Otte (ed.), 
1992; Bonjean 1998a). At that time, the cave 
was filled to the vault with sediment. From 1971 
through 1977 they unblocked the passage and 
started work on the first 15 m with the purpose of 

opening a karstic site for tourism. In the process, 
the two metres of sediment directly under the 
ceiling were removed without respecting the 
stratigraphy. Following the discovery of the first 
artefacts, the speleologists contacted several 
professional archaeologists; this initiative, retro-
spectively, would save the cave.

In August 1978, the Department of Prehis tory 
of the University of Liège, under the direction 
of Marcel Otte, collaborated with local amateurs 
from the Cercle Archéologique Sclaynois 
(CAS) to undertake the first scientific excava-
tion (Figure 6). A  10 metre deep test pit on the 
terrace of the cave was opened in the middle of 
a chimney  that leads to the lower network of 
 Sous-Saint-Paul (Figure 5). Before long, the stra-
tigraphy of the site was published for  the first 
time (Otte et al., 1983).

At present, the excavations are carried 
out by the nonprofit organization Archéologie 
Andennaise in conjunction with the University 
of Liège, with support from the City of Andenne 
and the Service public de Wallonie. Dominique 
Bonjean has been the director of the site and its 
excavation since 1991. In 1996, the cave was clas-
sified as an archaeological site and made site 
exceptionnel de Wallonie (exceptional site of 
Wallonia, protected by regional laws) (Bonjean, 
1998a). The present team at Scladina is solely 
dedicated to research and is comprised of local 
personnel including three archaeologists, four 
workers, a laboratory assistant, and a secretary.

Figure 6 : Scladina Cave and the evolution of the site excavation : a. A 2 metre deep trench opened on 
the terrace in the direction of the cave (1972) ; b-c. Two steps in the evolution of the site (1985 and 2005) ; 
d. Today's excavators are equipped with powerful halogen lights, permitting a careful observation of the 
geometry of the stratigraphy (photographs Cercle Archéologique Sclaynois, Archéologie Andennaise).

a

b
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SCLADINA CAVE : ARCHAEOLOGICAL CONTEXT AND HISTORY OF THE DISCOVERIES

Over the first 15 years of field research, the 
interest in Scladina was essentially archaeo-
logical and was linked to the discovery of Middle 
Palaeolithic artefacts primarily recovered from 
former layers 5 and 1A (Otte & Bonjean, 
1998), now understood and communicated as 
sedimentary units 5 and 1A after further sedimen-
tological investigation (Pirson, 2007). The study 
of the stratigraphic context, palaeontology, and 
palynology completed the approach and were the 
subjects of numerous publications (Otte (ed.), 
1992 ; Otte et al. (dir.), 1998).

Since 1993, an emotional dimension has 
been part of the excavation at Scladina with the 
recovery of a mandible, a maxillary fragment, 
and 16 isolated teeth belonging to a juvenile 
Neandertal. This discovery, the most important 
made in Belgium in the 20th century, permitted 
Scladina to join several other Belgian sites that 
have yielded Middle Palaeolithic human remains 
(Toussaint et al., 1994, 1998, 2001, 2011; Bonjean, 
1995; Toussaint & Pirson, 2006). The study of 
this Neandertal child’s remains is the subject of 
this monograph.

3. Sedimentary context

S ince the beginning of scientific research in 
1978, multidisciplinary studies have been 

frequently carried out at the site (Otte (ed.), 1992 ; 
Otte et al. (dir.), 1998 ; Pirson, 2007 ; Pirson et 
al., 2008). These demonstrated that the sediment 
contained evidence of a number of climatic fluc-
tuations belonging to the Upper Pleistocene. From 
a palaeoclimatic perspective, this is one of the 
most complete sequences available to researchers 

in Belgium. The palaeoenvironmental context 
and the chronostratigraphic sequence of Scladina 
are the subject of a specific chapter within this 
volume (see Chapter 4).

The major units that make up the stratigraphic 
sequence were identified in the original works 
(Otte et al., 1983 ; Deblaere & Gullentops, 1986 ; 
Gullentops & Deblaere, 1992 ; Haesaerts, 
1992 ; Benabdelhadi, 1998); however, beginning 
in 2003, a detailed re-examination in the form 
of research for a PhD thesis found a previously 
unknown complexity in the sediment deposition 
(Pirson, 2007). Presently, more than 120 layers, 
divided into 30 sedimentary units, have been iden-
tified in a sequence that is approximately 15 m 
thick. A large number of sedimentary processes 
(e.g., run-off, debris flow, torrential flow, solifluc-
tion, and settling) and post-depositional processes 
(e.g., deep frost, cryoturbation, bioturbation, 
precipitation of iron hydroxide and manganese 
dioxide) are understood, which makes Scladina an 
excellent reference site.

4. Archaeological context

S cladina is one of the major Palaeolithic 
archaeological sites in Belgium. Two impor-

tant Middle Palaeolithic artefact series have been 
recovered here (the assemblages from units 5 and 
1A), which have been studied from a variety of 
perspectives, including typology, technology, 
petrography, spatial distribution, and statis-
tics (Otte et al., 1988 ; Otte et al. (dir.), 1998 ; 
Bonjean et al., 2009a). The excavation methods 
used in the field over the years have profoundly 
evolved and continue to do so. They now follow a 

c

d



Dominique Bonjean et al.

36 E R A U L  1 3 4   2 0 1 4

microstratigraphic approach in combination with 
horizontal and/or vertical excavation.

4.1. Excavation Methods: 
Evolution and difficulties

From its discovery in 1978, Scladina’s Unit 5 
revealed a surprising richness: the first square 
metres probed under the porch delivered tens of 
bones and lithic flakes. The exceptional concentra-
tion of artefacts with relatively fresh, sharp edges 
motivated the researchers to establish an excava-
tion system based on the horizontal cleaning of 
square metres before observing the spatial relation-
ships between the objects (Otte, 1990). Currently, 
close to 20,000 artefacts and bone fragments from 
Unit 5 have been recorded and mapped according 
to their 3-dimensional coordinates. The contex-
tualization of this material permitted the study 
of its distribution within its sedimentary context. 
In addition, systematic screening of the sediment 
through a 2.5 mm mesh added to the exhaustive 
recovery of material. The small pieces obtained 
through screening brought the total number of 
analyzable objects to nearly 100,000.

Hundreds of planimetric plottings of the mate-
rial have been produced, allowing for a detailed 
study of their spatial and altimetric distributions. 
Unfortunately, they showed a mainly homoge-
nous distribution of artefacts in the first chamber 
of the cave (from the entrance to metre  23) in 
terms of the raw material, debitage techniques, 
and debitage typological classes (Otte et al. 
(dir.), 1998 ; Bonjean, 1998b). No clearly circum-
scribed anthropogenic zones were recognized 

through the examination of the spatial distribu-
tion of the objects. The burned bones and those 
with butchering marks were spread across the 
total surface of the first chamber (Patou-Mathis 
& López-Bayón, 1998). Large clusters of morpho-
logically similar lithics were observed ; some 
clusters contained only debitage, while others 
were comprised almost completely of larger 
flakes and blocks. These clusters have been inter-
preted as the possible evidence of activity zones 
(Bonjean, 1998b; Bonjean & Otte, 2004).

Recent stratigraphic observations (Pirson, 
2007) revealed the existence of a gully inside Unit 5, 
clearly visible on the stratigraphic Section H/I 23 
(see Chapter 3, Figure 5). Coming from the 
terrace, the gully was the result of an erosional 
event that likely affected the first 12 m of the cave. 
The formation of this gully generated an intense 
reworking of both sediment and objects, which 
potentially originated several layers underneath. 
Such mechanisms caused by natural phenomena 
can distribute objects in a way that is seemingly 
anthropogenic. The concentration of artefacts 
numerically declines towards the back of the cave, 
which also indicates transportation of the mate-
rial by erosion (Bonjean et al., 2009a). Referring 
again to the maps mentioned above, the refitting 
of lithics from different locations substantiates the 
same direction of movement (Bonjean, 1998b). 
Therefore, caution is necessary during the inter-
pretation of data, especially when identifying the 
difference between anthropogenic and natural 
actions that occurred during sedimentary depo-
sition. For this reason, an excavation method 
adapted for this stratigraphic complexity was 
established (Bonjean, 2009).

Figure 7: View of a 1-metre-wide 
longitudinal section in the middle of 
Square F34. The stratified deposits (units 
6A, 5 and layers 4B-LI and 4B-UN) were 
at first eroded by the event(s) that created 
the gully (Unit 4A-CHE). The different 
steps in the sedimentation of the gully 
represent a second phase. Pleistocene 
and Holocene bioturbations finished 
the reworking phase, visible on the 
sections, creating a mosaic of different 
types of sediment, whose genesis must 
be reconstituted before excavation.

Burrow

Unit 6A

Unit 5

Unit 4A-CHE

4B-LI 4B-UN
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The stratigraphy of Scladina is typical of 
cave environments: irregular, often oblique, and 
ex hibiting complex sedimentary structures often 
caused by erosion (Figure 7). In retrospect, the tradi-
tional excavation method was inadequate because 
it did not allow for the observation of stratigraphic 
subtleties. Furthermore, this method can lead to the 
association of anachronistic remains based on their 
geographic proximity (Bonjean et al., 2009a).

To remedy the problem, a new field approach 
was conceived and applied. Implemented in 2004, 
the system combined horizontal excavation on 
a reduced surface (100 cm long, 10‒50 cm wide) 
with stratigraphic observation and control made 
possible by the use of 2‒4 adjacent vertical sedi-
mentary sections. Therefore, everywhere in the 
cave archaeological investigations now begin by 
the meticulous cleaning of an existing section. The 
section is then photographed and printed. In the 
cave, the excavator annotates the photograph by 
adding the limits and the names of the layers, as 
well as some altimetric information.

The worker subsequently excavates by hori-
zontally removing the sediment on the reduced 
surface, while observing the vertical sections 
 adjacent to the excavation zone so the strati-
graphic structure is respected (Bonjean, 2009). 
In order to precisely observe the nature of the 
sediment that contains an object, the excavator 
establishes a small section at the object’s base. This 
operation permits the verification of the homoge-
neity of the sediment surrounding the object and 
the excavator is also assured what layer the object 
is from. Simultaneously, the spatial distribution in 
three dimensions is recorded. All sediment that is 
removed from the cave is wet screened.

4.2. Prehistoric occupations
The sedimentary deposits of Scladina recorded 
numerous occurrences (Figure 8) of Neandertals 
frequenting the Ri de Pontainne Valley. After 35 
years of investigation, each of the 30 observed 
sedimentary units (Pirson, 2007) have provided at 
least some artefacts.

4.2.1. The principal assemblages

Two assemblages contain a considerable number 
of artefacts. Around 13,500 tools and knapping 
waste products of diverse rock types (e.g., flint, 
quartz, and quartzite) constitute the archaeolo-
gical assemblages from units 5 and 1A.

4.2.1.1. The assemblage from Unit 5

The sedimentary Unit 5 is composed of several 
layers. The sedimentary dynamics in lower 
deposits (Layer 5-G) seem to be dominated by 
solifluction, while the top layer of the deposit 
(Layer 5-J) has heavily eroded the underlying 
layers, and is likely a debris flow (Pirson, 2007; see 
Chapter 3). Archaeological material can be found 
in this unit across the cave, scattered by these 
processes. Most of the environmental elements, 
such as palynology, sedimentary dynamics, 
magnetic susceptibility, point to cold climatic 
conditions during its deposition. The combina-
tion of the available dates for the sequence and 
the other chronostratigraphic data suggests that 
Unit 5 was deposited during a cold phase of the 
Weichselian Early Glacial (Pirson et al., 2008; see 
Chapter 4).

The lithic assemblage is characterized as much 
by the different types and geographic origins of 
raw material as by the nature of the artefacts. 
Flint was transported to the cave in the form of 
small, crudely sculpted nodules, as well as in the 
form of prepared products. The most likely source 
of this material is the Hesbaye region, located 
about 6 km north of the site on the opposite bank 
of the Meuse. Therefore, at one of the numerous 
passages found at confluences, the river must have 
been forded. Some quartz and quartzite pebbles, 
collected from the Meuse alluvium near the cave, 
were also brought to the cave either in their orig-
inal form or, in some cases, anthropogenically 
modified. Blocks of limestone and chert available 
around the site and in the Ri de Pontainne Valley 
were also exploited (Figure 9). Finally, some rare 
pieces manufactured from other raw materials, 
such as fine grained flints or tertiary sandstones, 
perhaps attest to the exploitation of another 
geographic zone and could correspond to a tool 
kit that Neandertals took with them from place to 
place (van der Sloot, 1998).

Guided by a desire to economize material, as 
well as to employ the best type of rock based on 
its functional characteristics (Figure 10), these 
materials were exploited through flexible and 
complementary methods. Preferentially, flint 
had served to produce delicately created tools 
such as scrapers (Figure 11) and points, while 
the local material (quartz and quartzite) was used 
in the production of heavy, asymmetrical pieces 
(Figure 12) such as knives (Figure 13), which were 
easily grasped by their wide backs, opposed to 
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their sharp edges (Di Modica, 2010a; Di Modica, 
2010b; Di Modica et al., in press).

The instruments necessary for the production 
of lithics have also been found. Tens of quartzite 
pebbles recovered from Unit 5 show the character-
istics of their use as stone hammers (i.e. evidence 
of pecking ; Di Modica, 2010b). Recently, evidence 
of the use of bone tools complemented the series 
of pebbles. In fact, an examination of a number 
of bone fragments permitted the identification of 
26 large diaphyseal fragments that were used as 
retouchers (Abrams et al., 2013).

However, the acquisition and use of raw 
tool making materials as the explanation for 
Neandertals to use Scladina is not substantiated, 
since quality materials are absent for several 
kilometres around the site. Therefore, the motiva-
tion to stop at Scladina must be linked to other 
types of resource acquisition, such as the exploi-
tation of animals from the hilly environment 
of the Sillon SambreetMeuse (between the 
Sambre and Meuse valleys). The zooarchaeolog-
ical data suggests that hunting with the purpose 
of building up a surplus of food may have been the 

motivation for habitation at Scladina. Some bones 
show traces of flint cut marks, and faunal anal-
ysis shows that 6 whole chamois had been taken 
to the site and processed there in order to obtain 
skins, meat, tendons and marrow. It is suggested 
that they were likely packaged for transport to 
another site, which suggests that Scladina was a 
hunting camp (Patou-Mathis, 1998a). The preda-
tion of small game was also illustrated by the 
presence of a coxal bone of a hare (Figure 14), 
bearing 18 butchery marks (Bonjean et al., 2011). 
Finally, more than 1000 burned bone fragments 
have been collected, illustrating the existence of 
one or several hearths.

4.2.1.2. The assemblage from Unit 1A

Situated 2 m higher in the stratigraphy, this 
group of artefacts was the first identified by the 
pioneers of the site. Its chronological position can 
be very precisely determined, even though diverse 
processes have reworked the artefacts, predomi-
nantly by debris flows and run-off. The first layer 
in which the assemblage appears is 1A-GL, which 

Figure 9 : The raw material types worked in the assemblage from Unit 5 : a. 
Limestone, b. Quartz, c. & f. Two types of flint, d. Chert, e. Quartzite.
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Not represented on the photographs

Core

Figure 11 : Simple convex side scraper on 
a bulky, asymmetric flint flake coming 
from the assemblage of Unit 5.

Figure 10 : The flint nodules are roughly prepared. Their exploitation shows low 
standardization, which translates as an important flexibility in the concepts of tool making 

(drawings Sylviane Lambermont, refitting, photographs and graphics Kévin Di Modica).
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is dated to between 40,210 +400/-350 BP (GrA-
32635 ; Pirson, 2007) and 37,300 +370/-320 BP 
(GrA-32633; Pirson, 2007). These dates correspond 
to the Weichselian Middle Pleniglacial (MIS 3).

With approximately 4500 artefacts, the 
assemblage of Unit 1A is the second most valu-
able archaeological series of the site. Unlike the 
assemblage of Unit 5, the Unit 1A assemblage is 
characterized by a poorer state of preservation, 
heterogeneity of patina, highly abraded edges of 
the flint artefacts, as well as less circumscribed 
planimetric and stratigraphic distribution.

The differential use of the raw mate-
rials observed in this assemblage is essentially 
controlled by economic imperatives : small blocks 
and river pebbles of flint (Figure 15) or quartzite, 
complete exploitation, and immediate knap-
ping without preparation. The series shows some 
behavioral similarities to that of Unit 5 in terms 
of flint importation strategies and the use of local 
raw materials. These similarities show the stability 
and balance attained by Neandertals in terms of 
their response to their needs and their exploita-
tion of environmental resources. These analogies 

Figure 12 : The refitting of this quartzite pebble 
from Unit 5 shows an interesting debitage 
starting on two secant surfaces, which ends 
on one unique surface. After, the rest of 
the nucleus was used as a stone hammer, 
as shown by the traces of percussion.

Figure 14 : Found in Unit 5, this hare coxal fragment 
attests to the hunting of small game. This bone exhibits 
18 cut marks (drawing Sylviane Lambermont, AWEM ).

Figure 13 : A massive quartzite 
asymmetrical knife from Unit 5.
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Figure 15 : Different faces (above) and schematic drawings (below) of the sequence of debitage 
(a-f) of a small alluvial flint pebble following the Quina conception, recovered in Unit 1A.

seem to ignore the ca. 70,000 years that sepa-
rated the occupations, as well as the climatic and 
environmental variability (Otte et al. (dir.), 1998; 
Di Modica, 2010b, Di Modica et al., in press).

The analysis of faunal remains within Unit 1A 
indicated that less osseous material was present 
than teeth (Lamarque, 2003). Almost 148 
cave bears were counted on their molars ; but 
a minimum of only 9 individuals were repre-
sented by bones, which frequently exhibited 

hyena gnawing marks (Figure 16). The poor pres-
ervation of bone impeded the observation of the 
relationship between Neandertals and fauna. If 
hunting was the major objective for stopping at 
Scladina, as previously suggested, the 1550 bones 
of ungulates recovered, corresponding to 17% of 
identified remains, exhibited no proof of preda-
tion by humans (Bourdillat, 2008). However, 
almost two hundred fragments of burned bone, 
some of which calcined, suggested the use of bone 
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as fuel and, in fact, is the only proof of anthropo-
genic interaction with fauna found so far (Abrams 
et al., 2010).

As excavation at Scladina reached 35 m beyond 
the entrance, an aven became visible (Bonjean 
et al., 2002). The opening of this aven was first 
observed in Layer 1B-TAB (Pirson, 2007). The 
aven was totally filled with sediment from the 
plateau, creating a peculiar stratigraphic sequence 
that developed simultaneously with the sequence 
that was deposited from the entrance. In this new 
sedimentary sequence approximately 100 flint, 
quartz, and quartzite artefacts were recovered 
from the limit between layers Z6 and Z4, as well 
as the basal part of Z4. These artefacts were petro-
graphically and technologically similar to the 
lithic series collected from Unit 1A. Two quartzite 
flakes from the two sedimentary sequences were 
refitted, demonstrating that both archaeolog-
ical collections seem to represent a single human 
occupation.

4.2.2. The small lithic assemblages

The small lithic assemblages are an indicator 
that the cave and the surrounding region were 
frequented by Neandertals for approximately 
100,000 years ; however, their interpretation is 
complicated by the low number of anthropo-
genically modified objects. When faced with 
coherent assemblages composed of thousands 
of pieces, such as those from units 5 and 1A, the 
location and the type of activity, the contempo-
raneous relation to deposits, the consistency of 
assemblages, the reworking processes, and even 
the details of site function are questions that can 

be addressed. However, with only a few tens of 
pieces, all these questions are more difficult to 
confront and to answer because of the absence of 
statistical parameters and contemporaneous links 
such as those established by refitting. Therefore, 
in small assemblages almost all artefacts can only 
be studied for themselves.

Flint flakes from units 2A, 2B and 3, all derived 
from very cryoclastic layers, were character-
ised by a very poor state of preservation of the 
ridges and cutting edges (Figure 17). The lithology 
of the units (particularly the abundance of lime-
stone fragments) as well as the mode of deposition 
and the successive depositional reworking all had 
a powerful effect on the conservation of arte-
facts, and suggest the substantial displacement of 
material from its original context (Di Modica & 
Bonjean, 2004). In each case, is the reworked 
material contemporaneous with the sedimen-
tary unit that contains it ? Did this redistribution 
of artefacts in the cave come from one or several 
older archaeological deposits ? Did the reworking 
of these pieces originate at the entrance of the 
cave or from the overlying plateau ? At this time 
all these questions remain unanswered.

In some of the sedimentary units, the flint 
flakes have a very fresh appearance (Figure 17). 
This is the case for the few pieces found in the silts 
of units 6A, 6B and 6C, which are almost devoid of 
limestone fragments. The freshness of the material 
does not necessarily facilitate its interpretation. 
Does this indicate a taphonomic exception, or is 
this evidence of an occupation site ? Again, this 
question remains unanswered due to the lack 
of material.

The archaeological interpretation of 
Layer 1B-TAB is also difficult. Directly below the 
aven, approximately 100 small, unweathered flint 
flakes and chips with the same white patina were 
recovered. In this place, silty sediment containing 
very few limestone fragments had slid from the 
plateau and had been moderately dispersed in 
the cave. All these factors indicate a coherent 
assemblage, including : freshness of the material, 
taphonomic homogeneity, and a concentration 
of small, relatively unmodified, knapped arte-
facts sparsely spread within the silt matrix. This 
seems to correspond to a location that was used 
by hominids for short periods of time, for which 
the question is whether this activity occurred on 
the plateau beside the aven or, less likely, in the 
cave under an opening that produced light.

Furthermore, under the aven, approximately 
10 reindeer bones with butchery marks were 

Figure 16 : Two cave bear canines (Ursus 
spelaeus). One (up) is altered by the gastric 

acid of a cave hyena (Crocuta spelaea).
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found in Layer Z4. The bones seem to belong 
to a single individual. Their dispersal is limited, 
extended over only 9 m2. Human activity is once 
again suggested to have occurred either on the 
plateau next to the aven, which functioned as a 
collector of waste, or in the cave where the dual 
advantage of both shelter and light was present.

Above the Middle Palaeolithic archaeolog-
ical sequence, some pieces were excavated that 
belonged to later periods. These pieces, frequently 
extracted from perturbed sedimentary contexts 
(e.g. due to bioturbation), are of limited interest. 
Sediment reworked from the plateau to the cave 
through the aven, as well as several other chim-
neys, brought with it some Upper Palaeolithic 
and Mesolithic artefacts. A Neolithic group burial 
was also found at the entrance to the cave, as 
mentioned above. The activity of bioturbators also 
produced some of the most surprising anachro-
nisms : a Roman tile fragment, ceramic pieces, and 
a clay pipe manufactured in Andenne during the 
19th century were all incorporated into the cave 
through different types of burrows (Otte et al. 
(dir.), 1998 ; Otte, 1998 ; Bonjean et al., 2010).

5.
 the Scladina i-4A neandertal 
Child: history of the discoveries

T he first Palaeolithic hominid teeth were 
found at Scladina at the beginning of 1990. 

The first 12 years of excavation had emptied the 
cave up to metre 27, during which several thou-
sand faunal remains had been exhumed from the 
Sedimentary Complex 4A (see Chapter 3), mainly 
attributed to Ursus spelaeus (Simonet, 1992 ; 
Patou-Mathis, 1998b). The first palaeontological 
assessment of the site was done on this material 
(Simonet, 1991).

Unfortunately, nobody had recognized the 
Neandertal remains at this time. The excavators 
did not identify the first 3 teeth of the Neandertal 
child (2 incisors and 1 canine) that were removed 
from excavation Square H27 on either February 22 
and 23, 1990. Over the next 2 years, the excava-
tion extended over 15 m2 toward the back of the 
cave and 8 other teeth were recovered under the 
same conditions as the first 3 ; likely they were not 
recognized. The small maxillary fragment without 
teeth also passed unrecognized in 1992 during the 
excavation of Square D30.

The year 1993 compensated for these first 
 failures. On July 16, Claire Curvers, a student 
from the University of Liège spotted the right 
hemimandible in Square D29 (Figure 18). It was 
precisely recorded in three dimensions. An anthro-
pologist identified it as Neandertal four days later 
(Bonjean et al., 2009b).

From September 1993 on, part of the team 
continued excavation, while the other part took 
advantage of the collections and checked if some 

Figure 17 : The flint artefacts of Unit 2A (above) are patinated with very blunt edges. On the 
other hand, the ones from Unit 6A (below) are fresh with sharp cutting edges.
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pieces of the Neandertal child had escaped the 
vigilance of the excavators and the first analysts. 
Through this process, the aforementioned 11 teeth 
and the maxillary fragment were recovered from 
bags stored over the preceding 4 years.

The field team was also fortunate : on December 
14, 1993, an excavator from Archéologie Andennaise 
recognized the child’s permanent maxillary right 
first molar in Square  C30. After being photo-
graphed at the time of its removal (Figure 19), this 
tooth became the first Belgian Neandertal fossil to 
be pictured in the place of its discovery.

In 1995, 2 teeth escaped the observation of the 
excavators and were recovered during screening. 
However, the excavation being standardized and 
the planimetric map of the remains being suffi-
ciently detailed the 2 pieces could be attributed to 
a precise sedimentary layer (see Chapter 5).

In 1996, the left hemimandible was found under 
spectacular circumstances, and it is by chance that 
its precise position could be recorded. Along the 
left wall of the cave, a limestone slab had detached 
from the roof, and, over time, had put pressure on 
the sediment in the underlying berm. A fracture 
developed and was about to cause the collapse 
of a small portion of the section. The director of 
the site made the decision to remove the fragile 
portion of the berm. On the new section, gener-
ated by the fracture, the left hemimandible was 
found (Figure 20).

Further excavations toward the back of the 
cave lead to the discovery of 2 more isolated teeth. 
The last hominid remain to have been discovered 
is the permanent mandibular right lateral incisor 
from zone F35‒F37 that was recovered in 2006 
during the screening of sediments derived from 
the collapse of an imposing berm weakened by 
several badger burrows.

Figure 19 : Partial top view of Square C30. In the 
middle, the permanent maxillary right first molar 
appears in situ : x = 12 cm, y = 50 cm, z = -466 cm.

Figure 18 : Recreation of the geographic and stratigraphic position of the right hemimandible 
Scla 4A-1 discovered on July the 16th 1993. The sediment of Unit 4A-CHE (the gully) 

contains many limestone fragments and reworked speleothems (photomontage).

This list closes with the discovery of the decid-
uous mandibular right second molar of the child, 
on November 13, 2001, in Square E38 (Figure 21). 
Although this is not the most recent Neandertal 
remain  disco vered at Scladina, it is world-
renowned for being the element of the child that 
was analyzed by gene ticists (see Chapter 19 and 
Orlando et al., 2006).
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thE StRAtiGRAPhiC SEqUEnCE 
oF SCLAdinA CAvE

Chapter 3

1. introduction

A sound knowledge of stratigraphy and an 
in-depth understanding of the genesis of 

sedimentary deposits are essential prerequisites 
for any prehistoric or palaeoanthropological study. 
This is particularly the case for cave entrances 
and rock shelters, where recent analyses have 
highlighted a critical and complex heterogeneity 
of deposits, including factors such as the diver-
sity of sedimentary sources (Figure 1), the effects 
of variable local conditions, specific diagenetic 
phenomena, and the presence of sedimentary 
dynamics dominated by slope processes that 
successively redistribute sediment (e.g., Texier, 
2000, 2001; Ferrier, 2002; Bertran (dir.), 2004; 
Bertran, 2005, 2006; Goldberg & Sherwood, 
2006; Pirson, 2007; Lenoble et al., 2008; Bertran 
et al., 2009).

Because of the complexity of these heteroge-
neous deposits, only detailed stratigraphic studies 
that are built on a large number of cross-sections 

from across the entirety of a site are able to 
provide a sufficient understanding of lateral sedi-
mentary variations and lead to the development of 
an optimal sedimentary record. Such an approach 
is also necessary for determining the accurate 
stratigraphic positioning of anthropological, 
archaeological, or palaeontological discoveries. A 
reliable reconstruction of the genesis of deposits 
— and incidentally the nature and extent of the 
disturbances and hiatuses that occurred during 
their deposition — is also fundamental for under-
standing sedimentary depositional dynamics and 
evaluating the integrity of the material exhumed 
during excavation (e.g., Bertran & Texier, 1995, 
1997; Texier, 2000, 2001; Lenoble & Bordes, 
2001; Lenoble, 2005; Bertran et al., 2006, 2009, 
2012; Lenoble et al., 2008, 2009). Finally, a good 
understanding of sedimentary context is neces-
sary for sampling strategies and analyses such as 
those that focus on the palaeoenvironmental and 
chronostratigraphic aspects of the stratigraphic 
sequence.
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Figure 1: The complexity of the genesis of cave entrance sedimentary sequences (modified after Ferrier, 2002). 
1. Fracturing of the limestone walls; 2. Gravity input from the plateau through the cave porch or avens; 3. 

Infiltration through fissures; 4. Main accumulation zone (rock fan); 5. Redistribution from the rock fans by several 
processes (solifluction, run-off, debris flow, etc.); 6. Aeolian input; 7. Anthropogenic input; 8. Faunal input; 9. 

Endokarstic alluviation; 10. Collapse of sediments (withdrawing) into a lower gallery. Graphics: Joël éloy (AWEM).
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In Belgium, much of the available data for fossil 
hominids has been collected from the numerous 
cave entrances found in the Palaeozoic limestones 
of the centre part of the country (Pirson et al., 
2008). More specifically, all the known Belgian 
Palaeolithic human remains were found at these 
karstic sites (Toussaint & Pirson, 2006; Toussaint 
et al., 2011). However, amongst the 8 Belgian sites 
that have yielded such remains, only the sites that 
have been recently excavated have both a detailed 
stratigraphic log and a good understanding of the 
genesis of the sedimentary deposits (e.g., Toussaint 
& Pirson, 2007). Scladina and Walou caves are the 
most striking of these sites; Neandertal remains 
were discovered at both locations during the 1990s 
(Pirson et al., 2006, 2007; Pirson, 2007; Pirson et 
al. (dir.), 2011; Draily et al. (dir.), 2011). Therefore, 
Scladina Cave holds a special significance in the 
study of fossil hominids in Belgium.

2.

 history of the establishment 
of the stratigraphic record 
at Scladina Cave

T he constitution of the stratigraphic sequence 
at Scladina Cave can be presented in 

3 periods.
The first period began in 1971, the year the 

cave was discovered and explored by speleol-
ogists. Over the course of 7 years (1971‒1977), 
those speleologists removed the top 2 metres of 
sediment from the first 10 horizontal metres of 
the site without recording any stratigraphic data. 
The discovery of lithic material prompted them 
to contact professional archaeologists and cease 
their excavations in 1977. As soon as 1978 the 
University of Liège began its first scientific exca-
vation campaign at Scladina. A few stratigraphic 
records were taken at that time, which lead to the 
definition of the main units of the sequence (Otte 
& Slootmaekers, 1982; Otte et al., 1983).

The second period, during which the initial 
stratigraphic system was supplemented, began 
with the collection of the first stratigraphic 
information from inside the cave by a geologist. 
These studies, as well as the first sedimentolog-
ical analyses, were combined and then used as 
the framework for a university graduate thesis 
(Deblaere & Gullentops, 1986; Gullentops 
& Deblaere, 1992). Simultaneously, the geolo-
gist P. Haesaerts (1992) studied the stratigraphic 
sequence of the cave entrance. Several years later, 

another geologist undertook a sedimentological 
study devoted to the clarification of the context 
of the Neandertal remains (Benabdelhadi, 1998), 
focusing on only 1 small sedimentary profile. 
Finally, the archaeologist in charge of the exca-
vations published new data about specific areas 
of the sedimentary sequence (e.g., Toussaint et 
al., 1994; Bonjean et al., 1996, 1997, 2002) and 
a synthesis of the stratigraphy was completed 
(Bonjean, 1998a; Figure 2). All in all, by the end of 
this period a total of about 10 sedimentary profiles 
were recorded and interpreted.

The third period corresponds with a PhD study 
in geology (Pirson, 2007). October 2003 saw the 
beginning of the detailed stratigraphic recording 
of almost all accessible profiles in Scladina, total-
ling approximately 70, with each one covering 
vertical surfaces that ranged from 1 to 45 square 
metres. Simultaneously, a geological survey of 
the archaeological excavation was conducted 
as systematically as possible in close collab-
oration with D. Bonjean, the archaeologist in 
charge of the site. Following these new records, 
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Figure 2: The former stratigraphic sequence of 
Scladina Cave (after the synthesis of Bonjean, 

1998a based on Otte et al., 1983 and Gullentops & 
Deblaere, 1992). Graphics: Joël éloy (AWEM).
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the stratigraphy of the site appeared much more 
complex than previously thought. The number of 
identified layers expanded from 30 to almost 120, 
grouped into 30 distinct units (Figure 3). These 
units correspond roughly to the former layers 
(e.g., Unit 2B, which is comprised of 5 layers and 
corresponds to former Layer 2B). The differences 
between the new and the previous sequence are 
particularly striking for former layers 6, 4A, and 
1B. The review of these 3 former layers led to the 
identification of 14 units, encompassing more than 
50 layers in total. The field study also revealed 
complex geometries, numerous lithologies, a large 
variety of depositional and diagenetic processes, 
as well as a large number of climatic fluctuations 
that all demonstrate the exceptional nature of this 
stratigraphic sequence.

More recently, ongoing excavation and the 
examination of new profiles has led to the identifi-
cation of some new layers, but only in the second, 
upper half of the sequence (e.g., units 1A and T; 
see Bonjean et al., 2009).

3. Lithostratigraphy

O nly the deposits that are related to the 
palaeoanthropological remains — i.e. 

former Layer 4A — are described below, as well 
as the layers directly below (former layers 5 and 
4B) and above it (former Layer 3). The complete 
lithostratigraphic description is available in 
Pirson (2007). It is worth mentioning here that 
below Scladina Cave another cave has been identi-
fied, called Sous-Saint-Paul Cave. Their respective 
deposits are locally connected through sinkholes, 
but the two sedimentary sequences are separated 
by an important hiatus (Haesaerts, 1992; Pirson, 
2007; Pirson et al., 2008).

3.1. the former stratigraphic record
In the previous stratigraphic system defined for the 
inside of the cave (Otte et al., 1983; Gullentops 
& Deblaere, 1992; Bonjean et al., 1996, 1997; 
Bonjean, 1998a; Figure 2) there was, above Layer 
5 and below Layer 3, from bottom to top :

— a silty layer, sometimes laminated (Layer 4B);
— a stony layer (Layer 4A);
— a thick in situ Stalagmitic Floor CC41.

1 Several “calcitic crusts” (“croûte de calcite”) were 
identified in the former stratigraphic sequence, 
from CC1 to CC8. They correspond to either in situ 
stalagmitic floor, reworked speleothem or even in situ 

Towards the entrance, where Stalagmitic Floor 
CC4 is absent, the top of former Layer 4A is altered. 
In some publications only a single Layer 4 was 
identified (Otte et al., 1983; Bastin, 1992; Simonet, 
1992; Patou-Mathis, 1998) in the same area where 
2 layers would later be mentioned (Gullentops 
& Deblaere, 1992; Bonjean, 1998a). A stalagmitic 
floor was also described inside Layer 4A (called 
CC14; Bonjean et al., 1996; Bonjean 1998a).

3.2. the new stratigraphic record
The careful observation of the sedimentary 
profiles accessible between metres 23 and 43 led 
to a more accurate definition of the succession of 
lithostratigraphic units in former layers 4A and 4B, 
leading to the definition of Sedimentary Complex 
4 (Pirson et al., 2005; Pirson, 2007). Before metre 
23 almost nothing remains of this complex and 
beyond metre 43 it has not been excavated at this 
time (Figure 4).

To stay as consistent with the previous strati-
graphic naming convention as possible it was 
decided that a trailing dash would be added to 
the previously given names, followed by letters 
relating to particular features of each new layer 
(see Pirson, 2007). The new stratigraphy is 
presented below, from bottom to top (Figure 3 and 
Figures 5-7).

3.2.1. Unit 5

Layer 5-G is a silt that is rather rich in limestone 
fragments and contains a few small silicoclastic 
river pebbles. Much of the coarse components 
exhibit a strong preferential orientation, from 
planar to linear (sensu Bertran (dir.), 2004). The 
matrix is either grey-brown, light brown, or grey-
beige with frequent iron staining (rust-coloured 
spots and planes). The structure is generally finely 
granular. At the bottom of the layer a thin (1 mm) 
platy structure has been locally observed. Several 
lithologies superimpose each other (5-GJAC, 
5-GBG, 5-GRO, 5-GBLA, 5-GKBR), which are 
defined by variations in colour and concentra-
tion of limestone pebbles; however, their lateral 
extensions have not yet been ascertained. These 
lithologies might reflect different layers, but this 
has not yet been demonstrated. The bottom of 

or reworked calcitic cementation of the matrix; besides, 
some of these calcitic crusts are lateral equivalent 
(see Pirson, 2007).
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Unit 5 has eroded the top of Unit 6A, creating 
small gullies in the process.

Above 5-G, Layer 5-J has been observed 
at some locations. It consists of a more heter-
ogeneous silt that is grey-yellow in colour and 
includes numerous orange, grey, or beige aggre-
gates (mud balls). When compared with 5-G, 
Layer 5-J contains fewer limestone fragments that 
do not have a clear preferential orientation. The 
clast-matrix relationship is matrix-supported (see 
Tucker, 1991 and Bertran (dir.), 2004). The sedi-
ment is massive and has a rather coarse granular 
structure. The top of 5-J is locally hardened by 
calcite; the layer also locally develops into a gully.

Layer VB of the terrace (Haesaerts, 1992) 
might correspond to a third layer of this unit.

Unit 5 contains the older of the 2 most impor-
tant Middle Palaeolithic assemblages found in 
Scladina (Chapter 2).

3.2.2. Unit 4B

Layer 4B-LI is a finely laminated silt with almost 
no coarse elements. It is composed of alternating 
doublets ranging from less than a millimetre 
up to several millimetres thick. Each doublet 
is composed of a yellowish silty bed at the base 
and a darker clayey bed at the top. Although the 
internal stratification is mostly horizontal, the 
lower and upper limits of Layer 4B-LI dip towards 
the back of the cave. Massive and thicker (centi-
metric) laminas can regularly be observed, as well 
as small (centimetric) erosive phases that locally 
interrupt the horizontal bedding. Cross bedding 
can also be seen. The laminations are sometimes 
less obvious, particularly at the top of the unit. 
There are very few decimetric limestone frag-
ments; underneath them the laminations are 
deformed. Some in situ calcareous concretions 
(1‒5 cm) similar to loess dolls are present locally. 
From the top of the layer, evenly spaced (~30 cm) 
vertical narrow cracks developed downwards.

Frequently, the laminated Layer 4B-LI is inter-
rupted by a decimetric, non-laminated, beige, silty 
facies that either contains a few scattered lime-
stone fragments (layers 4B-BC and 4B-IL2) or 
none (Layer 4B-LR3). Area C-D 40-43 contains 
a rather loose silt with numerous large limestone 
slabs ranging in size from several decimetres to 
over a metre; the dominant type of clast-matrix 
relationship is clast-supported (Layer 4B-KK). The 

2 Facies “4B-LI b” of Pirson et al., 2005.

3 Facies “4B-LI j” of Pirson et al., 2005.
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presence of these non-laminated layers inter-
bedded in 4B-LI allows for the identification of 3 
generations of 4B-LI (upper, middle, and lower). 
The large blocks from Layer 4B-KK sometimes 
deform the stratification of the lower generation 
of 4B-LI, whereas the upper generation fills the 
porosity between the limestone fragments at the 
top of 4B-KK.

Layer 4B-UN was the last layer of Unit 4B that 
was deposited. It is comprised of a rather homo-
geneous, greyish-beige clayey silt and contains 
few limestone fragments. The matrix is rich in 
aggregates (sand-sized and coarser) made of grey 
and compact clayey silt. Calcareous concretions 
similar to those from 4B-LI have been locally 
identified as well as some overall cementing of 
the matrix. A well-developed platy structure, 4‒6 
mm thick, is visible throughout this layer and the 

overlying units 4A-AP and 4A-IP. The lower limit 
of Layer 4B-UN often appears sharp and erosive on 
underlying Layer 4B-LI. However, in some places 
the contact is diffuse and the fine lamination grad-
ually disappears. Layer 4B-UF is a beige clayey 
silt with a few grey mud balls and rare limestone 
fragments. This layer is the likely lateral equiva-
lent of 4B-UN beyond metre 30 (Figures 6 & 7), 
where it lies under 4A-GB.

3.2.3. Sedimentary Complex 4A: units 
4A-AP, 4A-IP, 4A-CHE, and 4A-POC

The former Layer 4A, from which the Neandertal 
remains were unearthed, has been divided into 4 
units, each comprised of several layers. The rela-
tionships between these 4 units are presented in 
Figure 8.

Unit 4A-AP, which is comprised of layers 
deposited before the formation of Stalagmitic 
Floor CC4, starts with layers 4A-LG and 4A-MC. 
These are only visible in a small gully crosscut-
ting Layer 4B-UN (Figure 5). The sediment is a 
grey to grey-beige clayey silt, either with a few 
limestone fragments (Layer 4A-MC) or without 
(Layer 4A-LG). Mud balls have also been observed. 
These deposits are affected by a well-developed 
platy structure (4‒6 mm) that developed down-
wards through Layer 4B-UN and upwards up to 
Unit 4A-IP. Layer 4A-KG superimposes either 

Figure 5 (facing page, above): Section H/I (after 
Pirson, 2007). Limestone blocks under 10 cm were not 
drawn in the field; when they are shown (for units 
5 to 3-SUP), it is with a textural pattern. Symbols 
as in Figure 7. Graphics: Joël éloy (AWEM).

Figure 6 (facing page, below): Section 30/31 (after 
Pirson, 2007). Limestone blocks under 10 cm were not 
drawn in the field; when they are shown (for units 
5 to 3-SUP), it is with a textural pattern. Symbols 
as in Figure 7. Graphics: Joël éloy (AWEM).

Figure 7: Section 32/31 (after Pirson, 2007). Limestone blocks under 10 cm were not drawn in the field; when they 
are shown (for units 5 to 3-SUP), it is with a textural pattern (see graphic symbols). Graphics: Joël éloy (AWEM).
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Figure 8: Diagrams presenting the stratigraphic relationships between the 5 distinct units of 
Sedimentary Complex 4. The 6 stages illustrate the succession of sedimentary and pedological events. 
a) deposition of Unit 4B over Unit 5; b) deposition of Unit 4A-AP; c) deposition of Unit 4A-IP, including 
the formation of Speleothem CC4; at the end of this stage, development of a deep frozen soil from the 
top of CC4; d) deposition of Unit 4A-CHE, eroding the underlying units; e) deposition of Unit 4A-POC; 

f) deposition of units 3-INF and 3-SUP on top of the Complex 4. Graphics: Joël éloy (AWEM).
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Layer 4B-UN or the small gully mentioned above. 
It consists of grey-beige silt, is more or less 
clayey, and is rich in limestone blocks ranging 
from 1 to 10 cm, sometimes up to several decime-
tres. Locally, at the top of the layer, the amount 
of coarser elements decreases. The proportion 
of coarse components also diminishes towards 
the back of the cave. Throughout the layer the 
coarse fragments do not exhibit any noticeable 
preferential orientation. The type of clast-matrix 
relationship is generally clast-supported, but 
matrix-supported relationships are not rare. The 
matrix contains numerous grey centimetric mud 
balls embedded in a more beige coloured sedi-
ment. Beyond metre 30, the likely equivalent of 
4A-KG is Layer 4A-GB; the matrix is close to that 
of 4A-KG but with fewer limestone fragments. 
These 2 layers exhibit a platy structure, particu-
larly well developed (4‒6 mm) in 4A-GB.

Unit 4A-IP is comprised of CC4, an important 
stalagmitic floor, and the layers that were depos-
ited during its formation. The thickness of the 
floor varies between a maximum of several deci-
metres thick at some locations and a minimum of 
only a calcitic lens less than 1 cm thick at others; 
also, it is occasionally completely absent. In 
some places this speleothem can be divided into 
three distinct generations. The sediment that was 
deposited between the generations of calcite is a 
massive silt, almost deprived of coarse elements. 
Locally, some small fragments of limestone, 
calcite, and stalactites have been observed within 
the silty matrix. The sediment that is interbedded 
in the speleothem is locally cemented by calcite. 
Three interbedded layers have been identified in 
different areas of the site, mainly on the basis of 
the colour of the matrix. Layer 4A-OR is a beige-
orange homogeneous silt. Layer 4A-SGR is a silt 
with very few small limestone fragments. The 
matrix is either homogeneous (grey or orange) or 
heterogeneous (grey or orange lenses). It contains 
numerous sand-size aggregates as well as grey 
mud balls. Layer 4A-YS is a beige-yellow silt 
with no coarse fragments. Layers 4A-OR, 4A-SGR, 
and 4A-YS are affected by a thick platy structure 
(2‒5 mm) that is often very well developed. The 
thick platy structure is present particularly where 
the overlying Stalagmitic Floor CC4 is absent or 
thin. Sometimes, a rather diffuse vertical compo-
nent is superposed onto it (sub-angular blocky 
structure). The platy structure developed down-
wards to the base of Layer 4B-UN.

Unit 4A-CHE is the result of an important 
erosional phase that reworked both Stalagmitic 

Floor CC4 and underlying deposits. It consists of 
a succession of cut-and-filled layers that devel-
oped within a large 2 m wide 0.5‒1 m deep gully 
structure. Two distinct gullies have been identi-
fied locally. All in all, 4 main lithologies have been 
observed; they are facies rather than layers, for 
these lithologies alternate in a diverse order, or 
are present in different areas without any means 
of controlling their possible contemporaneity. The 
limits between these facies are generally quite 
sharp. Most coarse components do not exhibit 
any preferential orientation, except for some that 
are locally planar. Platy structures are absent 
throughout the whole unit.

— At the bottom of the unit, Facies 4A-AF 
consists of beige heterogeneous silt with no 
limestone fragments, but with many mud balls 
and tilted decimetric blocks of a laminated yel-
lowish sediment which is similar to that from 
4B-LI. This deposit filled small gullies with 
irregular walls that were caused by the erosion 
of underlying layers (units 5 and 6A) by under-
cutting them locally (scouring). The matrix 
exhibits a structure which is either massive or 
finely granular.
— Facies 4A-GX, which is particularly heter-
ogeneous, consists of a mix between beige silt 
(same type as that of 4A-JA) and mud balls of 
various sizes (from 1 mm to several cm) that 
are composed of compact greyish clayey silt. 
These mud balls are sometimes so numerous 
the overall colour of the facies is grey and the 
sediment is very compact. Limestone blocks 
and speleothem fragments (from millimet-
ric pieces to stalagmites several decimetres 
long) mostly represent the generally abundant 
coarse fraction. Most coarse components do 
not exhibit any preferential orientation. The 
sediment is massive, either clast- or matrix-
supported, and the structure is granular, often 
quite coarse.
— Facies 4A-JA is a yellowish beige silt, some-
times slightly orange, with a few aggregates of 
grey compact clayey silt that are 1 mm to sev-
eral cm in diameter. When the aggregates are 
more abundant, the facies is more similar to 
that of 4A-GX. The coarse elements are of the 
same nature as those from 4A-GX, although 
notably less numerous and smaller. The struc-
ture is massive or finely granular.
— Facies 4A-BK is a brown heterogeneous silt 
with many large speleothem fragments and 
a few limestone blocks. The sediment is mas-
sive, and either clast- or matrix-supported. 
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It contains sand-size aggregates and mud balls. 
The structure is granular.

Last unit of Complex 4A, Unit 4A-POC, is 
comprised of several layers that were deposited 
after the gully developed. These layers cover the 
deposits of both units 4A-IP and 4A-CHE. Layer 
4A-BO is a rather heterogeneous beige-orange 
silt, often with numerous sand-size aggregates and 
mud balls, that changes into an orange silt inter-
bedded with lenses of greyish or grey-beige silt 
(Layer 4A-LEG) towards the top. The structure 
of these two layers is mainly granular. The coarse 
elements (limestone blocks, speleothem frag-
ments, and a few small silicoclastic river pebbles) 
are small (millimetric to centimetric), and some-
times quite numerous. Layer 4A-GV is a rather 
homogeneous greenish-grey clayey silt that devel-
oped into small gullies that are cutting 4A-BO; 
locally, the bottom of 4A-GV is pink-beige. Finally, 
Layer 4A-GBL is an often broadly stratified grey-
beige silt with a few millimetric to centimetric 
coarse fragments (limestone blocks or calcite). The 
top of the layer is locally concretionary.

3.2.4 Unit 3-INF

This unit is very localised. Several layers have 
been identified (3-BMK, 3-HUM, 3-CGO, 3-AG, 
3-LOK), but as of now the stratigraphic relation-
ships have not been completely established. There 
is evidence of carbonate precipitation, both as 
calcite cementing (within 3-INF and at the top of 
Unit 4A-POC) and as thin stalagmitic floors at the 
top and bottom of the unit. These speleothems are 
highly porous and rather brittle. Blocks that are 
several decimetres in diameter are particularly 
frequent in this unit, as well as at the top of under-
lying Unit 4A-POC. Speleothem fragments, often 
quite large, have been observed, as well as a few 
small silicoclastic river pebbles. Layers 3-BMK 
and 3-HUM are the best represented; they both 
consist of heterogeneous silt that is middle to dark 
brown, rather loose, with numerous limestone 
fragments. The type of clast-matrix relationship is 
clast-supported. Numerous sand-size aggregates 
are present, as well as mud balls. The structure 
is granular.

3.2.5 Unit 3-SUP

Layer 3-LHM, which is observable only at a few 
places, exhibits important lateral variations. It 
is composed of a heterogeneous silt that is quite 

loose at some locations, and can be a variety of 
colours: orange-beige, beige, grey, grey-beige, 
or brown. The concentration of coarse elements 
(limestone blocks and speleothem fragments) is 
highly variable. The sediment is massive and the 
type of clast-matrix relationship is either clast- 
or matrix-supported. Some facies are rich in 
sub-millimetric aggregates. The sediment from 
Layer 3-LHM eroded those of the underlying Unit 
3-INF. Layer 3-LHM may in fact be several layers, 
but the current state of excavation does not make 
any verification possible.

Layer 3-EMO is a very stony deposit 
composed of very blunt, rounded, and rather well 
calibrated small limestone elements (1‒4 cm), 
with some sparse blocks that are several decime-
tres large. The matrix is a rather clayey grey-beige 
silt composed almost exclusively of well-rounded 
sand-size aggregates. Under the large blocks, the 
sediment has an openwork structure; elsewhere, 
the voids between the clastic limestone elements 
are partially or totally filled with sand-size aggre-
gates and the sediment exhibits a clast-supported 
structure. Three facies of 3-EMO are superimposed 
on sections H/I 23-30 and 30/31 F-H (3-EMO GV, 
3-EMO B, and 3-EMO S4). The top of Layer 3-EMO 
is lighter in colour and regularly exhibits very 
strong iron and manganese staining. Locally, it is 
cemented by calcite.

From metre 30 towards the back of the cave, 
the proportion of limestone fragments within 
Layer 3-EMO lessens progressively upwards, 
and the gradual change into Layer 3-ASS can be 
observed. The transition to 3-ASS also happens 
towards the back of the cave between metres 
32‒34; there are no more traces of 3-EMO beyond 
that limit. Layer 3-ASS consists of a greyish beige 
clayey silt with characteristic pinkish shades. 
The limestone fragments are sometimes abun-
dant, sometimes rather rare; some silicoclastic 
pebbles (up to 10 cm), as well as speleothem frag-
ments, are also visible. There are traces of some 
diffuse internal stratification. A platy structure is 
visible throughout the layer; while rather coarse 
and noticeable at the top (3‒4 mm), deeper it is 
less visible but sometimes very thick (3‒10 mm). 
Manganese and iron spots as well as iron planes are 
visible. Similar to its lateral equivalent (3-EMO), 
the top of the layer is often lighter in colour. On 
the other hand, the bottom is darker, mouse grey, 
grey-pink, grey-brown, or red-brown, with a very 
diffuse boundary. Beyond metre 38, in the lower 

4 = 3-EMO α, β and γ of Pirson, 2007
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part of Layer 3-ASS there are many small weath-
ered orange bone splinters almost always lying 
parallel to the stratification plane.

Unit 3-SUP contains other layers above 3-ASS 
and 3-EMO (Figure 3); their description is beyond 
the scope of this presentation.

Sedimentary Complex 4A is often directly 
superimposed by different layers, either those 
belonging to Unit 3-INF or Unit 3-SUP, depending 
on the location in the cave (Figures 5‒7).

3.3. Correlations between the 
different stratigraphic records

Table 1 illustrates the correlation between the 
former stratigraphic interpretations and the 
current one. Depending on the area in the cave, 
former Layer 4A corresponds to 1 or several layers 
from units 4A-AP, 4A-IP, 4A-CHE, and 4A-POC. 
The comparison between the records that were 
taken of sections H/I (23-30) and 30/31 (B-H) before 
the stratigraphic reappraisal (Figure 9) and after it 
(Figures 5 & 6) helps to better understand the origin 
of the differences between the 2 systems.

Former Layer 4A was classically defined 
in the first 20 m inside the cave as a stony silt 
(Gullentops & Deblaere, 1992; Bonjean, 1998a) 
situated above the silty Layer 4B, which is deprived 

of any stone, and below the Stalagmitic Floor CC4. 
This, combined with the analysis of figures 5 and 
9a, leads to the suggestion of the equivalence (at 
least partially) of former Layer 4A and Unit 4A-AP 
(mostly Layer 4A-KG).

Laterally, the transition to Unit 4A-CHE has 
not been understood. The huge gully has not been 
identified, even if cut-and-filled small channels 
were locally recognized (Bonjean et al., 1997). The 
sediment from the 4A-CHE gully, rich in coarse 
components like 4A-KG and situated at similar 
depth, has been attributed to former Layer  4A 
(compare Figure 9b with Figure 6). The recent 
reappraisal of transverse cross-sections 30/31 
and 32/31 (Figures 6 & 7) highlighted the impor-
tant erosive boundary of the 4A-CHE gully, and 
showed that the coarse elements from units 4B, 
4A-AP, and 4A-IP are deprived of any reworked 
speleothem fragments, while these are very 
frequent in units 4A-CHE and 4A-POC (Figures 
5‒7 and Figure 10).

The definition of Unit 4A-POC is linked to the 
problem of Stalagmitic Floor CC14 (Pirson, 2007). 
This speleothem was found above a generation of 
former Layer 4A and below a second generation 
of former Layer 4A (Bonjean, 1998a; Figure 9a). 
In the system used at the time (Figure 2), former 
Layer 4A was older than Speleothem  CC4. 

table 1: Attempt at correlating the former stratigraphic systems and the new one (bold italic = units; roman 
= layers). Light brown background: part of the Scladina stratigraphic sequence concerned by this study.
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Figure 9: Previous stratigraphic records of profiles H/I (a) and 30/31 (b-c). 
a and b: after Bonjean (1998a); c: after Benabdelhadi (1998).

a

b

c
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Therefore, this new speleothem covered by 
former Layer 4A had to be older than CC4 and 
had to lie inside former Layer 4A. According to 
the re-examination of data collected in the field, 
from the literature, and from documents relating 
to the previous excavations, nothing corrobo-
rates the existence of this Speleothem CC14. On 
the contrary, everything indicates that CC14 is 
nothing more than a lateral equivalent of CC4; 
the overlying sediment of former Layer 4A corre-
sponds to Unit 4A-POC, which covers both CC4 
and Unit 4A-CHE (Figures 3 & 5). It is worth 
mentioning here that the dates obtained from 
these 2 speleothems are very close (see summary 
in Bonjean, 1998b). This re-evaluation had major 
implications for the stratigraphic position of the 
Neandertal remains (see Chapter  5).

In some areas (beyond metre 34), the silty upper 
part of former Layer 4A (now called Unit 4A-POC) 

was attributed in the previous stratigraphic 
system to the bottom part of former Layer 3, and 
more specifically to Layer 3-ASS. Again, this has 
implications for the positioning of the Neandertal 
child in the sequence, as 3 teeth that were appar-
ently found in former Layer 3 probably came 
from 4A-POC (see Pirson et al., 2005; see also 
Chapter 5).

4.

 history of the filling: 
sedimentary and 
diagenetic processes

T he sediment found in the Scladina sequence 
mainly consists of limestone blocks that 

have detached from the cave porch and walls 
and become embedded in loessic silt. A few 
allochthonous silicoclastic river pebbles and a 

4A-CHE

4B

3-INF

3-SUP

4A-POC

4A-AP

5

-500

-450

D C

Figure 10: Picture of Section 32/31 showing the reworked speleothem fragments, signature of units 
4A-CHE and 4A-POC. The labels are referring to units, not layers (photograph Dominique Bonjean, AA).
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low percentage of sand, both resulting from the 
reworking of a terrace of the Meuse River that is 
preserved on the plateau above Scladina, comple-
ment the aforementioned two other dominant 
components. Slope processes govern the sedi-
mentary dynamics. Blocks from the limestone 
hillside and sediment from the plateau accumu-
lated together with aeolian deposits below the 
cave porch, forming a detritic cone from where 
they were later redistributed towards the inside of 
the cave (“éboulis assistés” sensu Bertran et al., 
2004). Numerous sedimentary processes have been 
identified (Pirson, 2007), including: debris flow, 
run-off, rock fall, solifluction, settling, torrential 
flow, and speleothem formation. Several post-
depositional processes have also been recognised, 
such as: deep frost, cryoturbation, pedogenesis 
(on the cave terrace), formation of secondary 
phosphates, desiccation cracks, cementation of 
sediments by secondary carbonates, bioturba-
tion, etc. Only the processes identified in units 5 
to 3-SUP will be reviewed here, due to their perti-
nence for understanding the sedimentary context 
of the Neandertal child.

4.1. Unit 5
Layer 5-G may have been deposited by soli-
fluction, as suggested by the overall planar to 
linear fabric of the limestone clasts (Bertran 
et al., 1997; Bertran & Coutard, 2004). Also, 
the underlying deposits have been affected by 
deep frost, as attested by a thick platy structure 
visible throughout Unit 6A. It seems probable 
that Layer 5-G, with its iron staining, granular 
structure, and locally finely laminated struc-
ture corresponds to the upper part of this cryosol 
(active layer; see Van Vliet-Lanoë, 1988). This is 
compatible with the development of solifluction 
in 5-G.

In some sections, Layer 5-J has been observed 
superimposing 5-G. Its erosive lower boundary 
(gully) and matrix-supported sediment suggest 
that the main sedimentary process involved was 
a debris flow.

4.2. Unit 4B
The doublets observed in Layer 4B-LI (§ 3.2.2) 
exhibit a fining-upward pattern: the light-coloured 
lamina corresponds to the fast deposition of coarse 
particles (silt) and the overlying dark-coloured 
lamina to finer clayey particles. This normal 
graded bedding and the horizontality of the 

laminations are two arguments that are consistent 
with a decantation deposit. Each doublet corre-
sponds to a distinct input of sediments in a pool. 
The small erosive features and the unstratified 
massive centimetric lamina are indicative of more 
dynamic and turbulent phases of sediment input. 
The deformed laminations under some blocks are 
attributed to the collapse of these blocks from the 
cave ceiling into water-filled sediment. Periods of 
drying are evidenced by vertical cracks (shrinkage 
cracks). The massive deposits that have a granular 
structure interrupt 4B-LI and sometimes contain 
limestone blocks (i.e., layers 4B-BC, 4B-LR and 
4B-IL) are probably linked to a decrease of the 
water depth, the development of rill wash periods, 
and the resulting transportation of the small lime-
stone fragments. A rock fall episode took place 
during the decantation period (Layer 4B-KK), as 
indicated by 2 events: first, the deformation of the 
stratification by collapsing blocks and second, the 
covering of the resulting rockslide by new decan-
tation deposits.

The combined observations for this part of 
Unit 4B allow for the reconstitution of a lateral 
sedimentary sequence with distinct areas:

— The source area of the sediments (erosion 
area) corresponds to the sedimentary cone 
located under the cave porch.
— The transport area corresponds to the first 
metres of the cave where the silty sediments 
have been redistributed by run-off. These sed-
iments frequently exhibit diffuse laminations 
parallel to the slope and laterally change into 
massive facies (4B-IL); some horizontal lami-
nations are also visible (4B-LI). These elements 
indicate that in this area the sedimentation 
took place through alternating periods of 
run-off and decantation. Some gullies have 
also been identified in the same area, on top 
of Unit 4B. Unfortunately, their stratigraphic 
positioning is delicate because the concerned 
cross-sections are disconnected from the rest 
of the site. These gullies might be the first evi-
dence of the important gully 4A-CHE at the 
cave entrance, or, on the contrary, secondary 
small gullies related to Unit 4B, which would 
have transported some of the sediment from 
the sedimentary cone of the source area to the 
settling area.
— The third identified area corresponds to the 
settling area (distal area), where the dominant 
facies is 4B-LI. The decantation took place in a 
large closed basin, which evoked the formation 
of a small lake or a pool.
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The deposition of Layer 4B-UN and its lateral 
equivalent 4B-UF lead to the erosion of the top 
of 4B-LI. Run-off is probably the process respon-
sible for the deposition of these sediments, but the 
important period of deep frost that later affected 
these sediments (cf. infra) has eradicated any 
characteristic sedimentary structures. Similar 
cases of eradication of sedimentary structures by 
frost action have been described in different envi-
ronments (e.g. Van Vliet-Lanoë, 1987; Lenoble, 
2005).

4.3. Sedimentary Complex 4A: units 
4A-AP, 4A-iP, 4A-ChE, and 4A-PoC

Layers 4A-LG and 4A-MC, which have devel-
oped in a small gully structure, may be the result 
of debris flow or hyperconcentrated flow (rill 
wash). The characteristics of the sediment from 
Layer 4A-KG also point to deposition by either 
a debris flow or rill wash. Near the back of the 
cave 4A-KG changes into 4A-GB, which indicates 
a diminution of the flow energy and suggests 
run-off.

An important stabilisation period took place 
after the deposition of Layer 4A-KG, causing 
the development of the Stalagmitic Floor CC4 in 
several phases. The interbedded detritic material 
observed in some places (layers 4A-OR, 4A-SGR, 
and 4A-YS) was probably deposited through 
run-off; as for 4B-UN, any characteristic sedi-
mentary structures have been destroyed by the 
period of deep frost that later affected these layers 
(cf. infra).

The formation of Unit 4A-IP was followed by 
a period of deep frost that affected the sediment, 
as demonstrated by the thick platy structure iden-
tified in the sediments of units 4A-IP and 4A-AP, 
as well as in Layer 4B-UN, and down to the inter-
face with Layer 4B-LI. In a loessic context, such a 
thick platy structure is associated with the contin-
uing development of segregation ice lenses in the 
upper part of a permafrost throughout several 
seasons (Haesaerts & Van Vliet-Lanoë, 1981; 
Haesaerts, 1983; Van Vliet-Lanoë, 1988).

The development of this cryosol was followed 
by an extensive period of erosion that formed a 
large gully (Unit 4A-CHE), which locally reworked 
Stalagmitic Floor CC4 as well as the underlying 
layers from Unit 4A-IP down to Unit 5, some-
times even down to Unit 6A. Fragments of CC4 
and underlying sediments have been incorporated 
into the gully. The different lithofacies present in 

this complicated unit (§ 3.2.3) reflect important 
changes in the sedimentary dynamics:

— The facies that is rich in poorly sorted 
coarse components from 1 to several decime-
tres in diameter (limestone blocks, speleothem 
fragments, and mud balls) deprived of any 
preferential orientation and exhibiting a mas-
sive matrix either with matrix- or clast-sup-
ported structure (4A-BK and partly 4A-GX) is 
evocative of a flow with high sediment con-
centration, similar to a debris flow. The larger 
components are broken speleothems (up to 
50 cm), which have probably not been trans-
ported over long distances; they are mostly 
found near in situ Stalagmitic Floor CC4 
where it is broken. They have probably col-
lapsed and been incorporated from the banks 
of the gully.
— The facies that contains less coarse com-
ponents (or in which the coarse elements are 
smaller) exhibits a matrix-supported struc-
ture, and often contains numerous mud balls. 
It might be indicative of a rather strong rill 
wash (4A-GX pro parte). The massive aspect of 
the matrix is due to the presence of mud balls. 
In these facies the mud balls, the speleothem 
fragments, and the limestone blocks all meas-
ure about 1 cm. These well-sorted coarse ele-
ments are more support for the hypothesis of a 
rill wash (Lenoble, 2005).
— The facies comprised of more homogeneous 
silt, either with less or no coarse components 
at all, would correspond to a lower energy run-
off (4A-JA).
— A particular facies of heterogeneous silt (4A-
AF) is found at the bottom of Unit 4A-CHE. 
It is deprived of coarse components and has 
developed inside a small gully that undercuts 
the anterior deposits. It may reveal a period of 
hyperconcentrated run-off reworking the sed-
iment from Unit 4B, which occurred shortly 
after the debris flow episode that formed 
the gully.

4A-CHE may be interpreted as the result of the 
degradation of a deep frozen soil (‘melting gully’). 
Some specific structures seem difficult to explain 
without this interpretation. The undercutting 
observed at the base of the gully in Unit 4A-CHE 
(facies 4A-AF), eroding Layer 5-G at the bottom of 
Section 30/31 in G (Figure 6), notably suggests the 
local thawing of frozen sediment. The presence of 
a well-documented deep frozen soil immediately 
preceding Unit 4A-CHE (see above) strengthens 
this hypothesis.
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Because of the lack of cross-sections for several 
areas in the cave, the exact course of the large gully 
structure in Unit 4A-CHE could not be reconstructed 
in detail. Its general direction seems to coincide 
with the longitudinal axis of the cave, at least from 
metre 25 through metre 43 (see Chapter 5). A small 
relict section, which is in contact with the cave wall 
near the porch (Section D13/12), reveals an impor-
tant erosive structure affecting the deposits of Unit 
4B. This structure could correspond either to the 
gully or to the supply area associated with the decan-
tation phase of Layer 4B-LI (cf. § 4.2). In the former 
case, this would mean that the gully would origi-
nate from the current cave entrance. Unfortunately, 
previous fieldwork did not provide any evidence of 
the entrance as the source since the 4A-CHE gully 
has only been identified during the new research 
conducted since 2003, after that part of the cave 
was already excavated. The only transverse section 
studied in that area before 2003 is Section 16/17 D-F 
(Gullentops & Deblaere, 1992), but its authors did 
not record the presence of the gully since the base 
of that section only reached the top of Sedimentary 
Complex 4. Benabdelhadi (1998) studied trans-
verse Section 30/31 where the gully would later be 
identified. He describes Layer 4A as a monolithic 
entity, homogeneous, subhorizontal, and without 
any internal stratification, all of which is contra-
dicted by recent observations (Pirson et al., 2005; 
Pirson, 2007; Figure 6). Therefore, it seems prob-
able that the gully structure in Unit 4A-CHE was 
excavated in the first 20 m of the cave without 
having been recognised as such.

After the constitution of 4A-CHE, Unit 4A-POC 
developed through a phase dominated by run-off. 
The silty deposits from 4A-POC indistinctly cover 
the deposits of units 4A-CHE and 4A-IP, including 
Speleothem CC4 (Figure 5). Some lenses and some 
stony deposits suggest concentrated run-off and/
or debris flow, but the limited extent of these 
observations suggests that one must be cautious 
during the interpretation of these structures.

4.4. Unit 3-inF
A short period of stabilisation followed the 
deposition of Sedimentary Complex 4A; it is 
represented by the formation of a small speleo-
them and the concretioning of the top of 4A-POC. 
Unit 3-INF was then deposited. The limited obser-
vations in this part of the stratigraphy do not 
allow for a satisfactory reconstruction of the sedi-
mentary dynamics, although it seems that debris 
flows played an important role. A period of rock 

fall was also recorded, with the frequent presence 
of blocks several decimetres in width. Unit 3-INF 
ends with a new stabilisation phase marked by 
the development of a speleothem accompanied by 
calcitic cementing of the underlying sediment.

4.5. Unit 3-SUP
The deposits at the base of Unit 3-SUP 
(Layer 3-LHM) could not be observed well enough 
to allow a satisfactory reconstruction of the depo-
sitional context. It is probable that debris flow and 
run-off were the dominant sedimentary processes 
in this case as well.

On the contrary, the rest of Unit 3-SUP can 
be described in some detail. Very stony facies are 
characteristic of Layer 3-EMO, which contains 
very blunt and relatively well-sorted lime-
stone fragments, with most clasts measuring 
between 1 and 4 cm. All of the limestone blocks 
are in contact (clast-supported sediment). The 
matrix is composed of well-rounded sand-size 
aggregates. The deposit locally exhibits an open-
work structure. The longitudinal extension of 
3-EMO is limited (ends around metre 34). These 
features suggest a 2-stage deposition process for 
Layer 3-EMO. During the first stage, an ener-
getic flow (torrential flow), with a high sediment 
concentration, produced the sorting of the coarse 
elements transported as bottom load. These coarse 
elements were rounded in the process, while the 
fine particles were evacuated downstream. During 
the second stage, this coarse openwork deposit 
was partially infilled with sand-size aggregates. 
This second stage is indicative of the decrease of 
the energy of the flow, or of an additional phase 
of run-off. This 2-stage deposition process is 
demonstrated by the local presence of an open-
work structure underneath large blocks, several 
decimetres wide. These large blocks prevented the 
infilling of the aggregates during the second stage.

Since the sequence was completely excavated 
between metre 23 and the cave entrance at the time 
of the stratigraphic revision, the impossibility of 
observation caused limitations for understanding 
the genesis of 3-EMO. The strike and dip of the 
layer situates its origin near the cave entrance. The 
process was probably initiated from the detritic 
cone under the cave porch. The related proximal 
facies could not be observed, nor the longitudinal 
variations of the facies of 3-EMO. However, data 
from the previous stratigraphic records allows 
one to visualise that this thick accumulation talus 
probably corresponds to the starting point of the 
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torrential flow. There must have been a gully in 
the area that would have concentrated the flow 
and allowed the transportation and sorting of the 
coarse elements, several centimetres large, that 
have been observed downstream.

The longitudinal Section E/F reveals that 
Layer 3-EMO ends between metres 32 and 34 and 
is progressively replaced by Layer 3-ASS towards 
the back of the cave. This Layer 3-ASS presents a 
facies that is notably less rich in coarse compo-
nents and might correspond to the accumulation 
area of the fine component downstream from the 
area dominated by the torrential flow. Between 
metres 30 and 32, Layer 3-ASS also directly super-
imposes Layer 3-EMO; the facies richer in stones 
observed locally within Layer 3-ASS in this area 
may reflect more energetic flow pulses. Near 
metres 43-42, the bottom of Layer 3-ASS is totally 
lacking any coarse components and exhibits weak 
laminations, reflecting a distal phase of uncon-
centrated wash.

5. Conclusions

T he meticulous study of the sedimentary 
profiles available at Scladina and the contin-

uous geological survey of the archaeological 
excavation that has taken place there since October 
2003 have both allowed for the complete reinter-
pretation of Sedimentary Complex 4. Rather than 
the previous succession of Layer 4B/Layer 4A/
Stalagmitic Floor CC4, more than 20 layers have 
been identified with very different lithologies, but 
more importantly with a more complex distribu-
tion of the different lithostratigraphic units near 
Stalagmitic Floor CC4 than previously under-
stood. All the layers that comprise Sedimentary 
Complex 4 are now divided into 5 distinct units: 
4B, 4A-AP, 4A-IP, 4A-CHE, and 4A-POC.

Another major element of the new strati-
graphic interpretation is the identification of 
an important gully (Unit 4A-CHE) in the upper 
part of Sedimentary Complex 4 that eroded 
Speleothem CC4 and the subjacent layers, locally 
down to units 5 and 6A.

The careful observation of sedimentary lith-
ologies, geometries, and structures led to the 
reconstruction of the genesis of this part of the 
sequence. Following this genetic reconstruction it 
seems obvious that the filling of Scladina is quite 
complex and involves a large number of processes, 
both depositional and post-depositional. Several 
examples illustrate the existence of successive 

lateral facies that were generated simultane-
ously by different processes intervening in certain 
specific areas of the cave, from the entrance to the 
back (e.g., layers 4B-LI and 3-EMO). These succes-
sions reflect the vast complexity of lithologies and 
geometries that can be found in a cave entrance 
sequence particularly well. They remind one that 
the isochronous limits are often notably distinct 
from the lithological limits, following the classic 
Walther’s Law in stratigraphy.

Following the establishment of the new 
stratigraphic sequence the question of the exact 
position of the Scladina Neandertal remains 
became pertinent since all the fossils were found 
before the stratigraphic reappraisal. Therefore, 
the re-examination of all the available data was 
necessary in order to try to determine the objects’ 
stratigraphic position in the new sequence. This 
is the objective of another chapter of this mono-
graph (see Chapter 5; see also Pirson et al., 2005; 
Pirson, 2007).
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Chapter 4

Stéphane PIRSON, Mona COURT-PICON, 
Freddy DAMBLON, Sanda BALESCU, 
Dominique BONJEAN, & Paul HAESAERTS

thE PALAEoEnviRonMEntAL ContExt 
And ChRonoStRAtiGRAPhiC 

FRAMEwoRk oF thE SCLAdinA 
CAvE SEdiMEntARy SEqUEnCE 

(UnitS 5 to 3-SUP)

1. introduction

S ince the first professional excavations in 1978 
(see Chapter 2), numerous studies regarding 

palaeoenvironment and chronostratigraphy have 
occurred at Scladina Cave. This chapter presents a 
synthesis of these analyses, focusing on the layers 
concerning the Neandertal child (Scladina I-4A) 
problem, i.e., layers from sedimentary units 5 to 
3-SUP (see Chapter 3). Several analyses are still in 
progress or will start in the very near future (e.g., 
palynology, heavy mineralogy, and dating); there-
fore, the results delineated below solely represent 
the  progress of current scientific endeavours at 
Scladina Cave.

Most of the available data were obtained 
before the stratigraphic reappraisal began in 2003 
(Pirson et al., 2005; Pirson, 2007; see Chapter 3). 
In the former stratigraphic record, the deposits 
that are addressed in this chapter were divided 
into 4 distinct layers (layers 5, 4B, 4A, and 3; 
Figure 1a). Since the stratigraphic revision, the 
same deposits now encompass more than 25 
layers, which are grouped into 8 main units (units 
5, 4B, 4A-AP, 4A-IP, 4A-CHE, 4A-POC, 3-INF, 
and 3-SUP; Figure  1b). This situation limits the 
possibility for detailed comparisons between 
the 2 data sets (see Chapter 3). In order to avoid 
confusion, whether the data is from the former 
stratigraphic record (e.g., ‘former Layer 4A’) or 
from the current one (e.g., ‘Layer 4A-KG’) will be 
systematically specified.

An attempt at integrating all the disciplines 
involved in palaeoenvironment and chron-
ostratigraphy is presented below, first for the 
palaeoenvironmental context and then for the 
chronostratigraphic framework.

2. Palaeoenvironmental context

T he most numerous results dealing with 
the palaeoenvironment of the Scladina 

Cave sequence come from palaeobotany and 
palaeozoology.

Palynology was the subject of several papers 
in the 1980s-1990s (Schneider in Otte et al., 
1983; Bastin & Schneider, 1984; Bastin et al., 
1986; Schneider, 1986a, 1986b; Bastin, 1990, 
1992). Y. Quinif (2006) recently published 
some of B.  Bastin’s unpublished data. Finally, 
M.  Court-Picon and F. Damblon undertook new 
palynological studies within the framework of 
the Scladina stratigraphic reappraisal (Pirson, 
2007; Pirson et al., 2008), complemented by some 
anthracological data obtained by F. Damblon 
(Pirson, 2007; Pirson et al., 2008).

A few papers also deal with small mammal 
remains (Cordy in Bastin et al., 1986; Cordy, 
1988, 1992) and macrofauna (Gautier in Otte 
et al., 1983; Cordy, 1984, 1988; Cordy in Bastin 
et al., 1986; Simonet, 1992; Patou-Mathis, 1998a; 
Lamarque, 2003). These faunal results only refer 
to the former stratigraphic record; the study of 
the material unearthed after the stratigraphic 
 reappraisal is still in progress. Macrofaunal data 
are complemented by archaeozoological data 
(Patou-Mathis, 1998b; Patou-Mathis & López-
Bayón, 1998; Abrams et al., 2010, 2014).

A synthesis of the palaeontological data was 
presented in the first monograph for Scladina 
Cave (Cordy & Bastin, 1992).

Geologic inquiry also yields informa-
tion about the climatic changes in the Scladina 
sequence. The first palaeoenvironmental inter-
pretations that were deduced from stratigraphy 
and sedimentology gave very little reliable data. 
While Haesaerts (1992) remained very careful, 
insisting on the lack of reference for cave 
entrance sequences in Belgium, the palaeoen-
vironmental reconstruction of Gullentops & 
Deblaere (1992) was based on a model of sedi-
mentogenesis in cave entrances which is no 
longer valid (see Pirson, 2007). In 1999, sampling 
for a magnetic susceptibility study of sediment 
from Scladina took place. It yielded interesting 
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palaeoenvironmental information (Ellwood et 
al., 2004; Figure 2), which was overall in excellent 
agreement with palaeontological data. Finally, 
quite recently, a detailed study of the sedimen-
tary and post-sedimentary processes in the 
Scladina sequence allowed a set of well-docu-
mented climate changes to be evidenced (Pirson, 
2007; Pirson et al., 2008).

All the available palaeoenvironmental infor-
mation for units 5 to 3-SUP is presented below, 
from the oldest to the youngest (see Figure 3).

2.1. Unit 5
Unit 5 is comprised of 2 distinct layers: 5-G and 5-J 
(see Chapter 3; Figure 1b).

Figure 1: The former stratigraphic sequence of Scladina Cave (a; after Bonjean, 1998) compared 
with the new stratigraphic sequence of Scladina Cave (b; after Pirson, 2007).
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Figure 2: Magnetic susceptibility data (graphics 
J.-F. Lemaire, SPW, after Ellwood et al., 2004).

The presence of a linear fabric (sensu Bertran 
(dir.), 2004) affecting limestone fragments in Layer 
5-G suggests the influence of solifluction (Pirson, 
2007), which is a slow downslope displacement 
of sediments involving 2 processes linked with 
ground ice formation (frost-creep and gelifluction; 
Bertran (dir.), 2004). This sedimentary process is 
typical of periglacial environments and therefore 
has a clear climatic signature.

A cold climate is further attested by the pres-
ence of a thick (4-10 mm) platy structure that 
developed in Unit 6A, Layer 5-G being the upper 
part of the cryosol (see Chapter 3). This kind of 
feature indicates deep frost (Van Vliet-Lanoë, 
1988). In Middle Belgium loess sequences, a thick 
platy structure is regularly observed and is inter-
preted as evidence for the continuous growth of ice 
lenses (i.e., during several years) in the upper part 
of permafrost (Haesaerts & Van Vliet-Lanoë, 
1981; Haesaerts, 1983; Van-Vliet-Lanoë, 1988).

The new palynological study (Court-Picon 
& Damblon in Pirson, 2007; Pirson et  al., 
2008) obtained from Layer 5-G suggests cold 
steppic conditions with a relatively open 

landscape (15-20% AP) in which tree genera 
indicate boreal environment (Pinus, Juniperus, 
Betula). Very low frequencies of Quercus are 
also recorded.

Comparing these new results with those 
available in the literature is possible because the 
now-understood Unit 5 is not very thick and 
contains only a few layers. Therefore, the equiv-
alence between Unit 5 and former Layer 5 is well 
controlled and easily translatable.

Palaeontological data (palynology, small 
mammals, and macrofauna) from former Layer 5 
suggest the existence of a cooling by a decrease of 
the tree cover compared to the underlying former 
Layer 6. Small mammals evidence the return of 
arctic taxa (Cordy, 1992). In the upper half of former 
Layer 5, palynology indicates steppic conditions 
(<10% AP; Bastin, 1992); however, small mammals 
and large herbivores show the persistence of forest 
taxa (up to 25%: Cordy, 1992; Simonet, 1992) and 
the bottom of former Layer 5 still yields 50% AP, 
including some mesophilous trees (Bastin, 1992) 
that could be related to the low Quercus content 
from the new palynological data.
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The magnetic susceptibility signal also 
suggests the existence of a cooling in former 
Layer 5 (Ellwood et al., 2004; Figure 2).

2.2. Unit 4B
Unit 4B is composed of 2 main layers: 4B-LI and 
4B-UN (Figure 1a). Locally, other layers have been 
recognized; some are interbedded with 4B-LI, 
while Layer 4B-UF corresponds to a lateral varia-
tion of 4B-UN (see Chapter 3).

Depositional and post-depositional processes 
identified in Unit 4B (Pirson, 2007; see Chapter 3) do 
not yield any climatic information; the fall of large 
stone slabs, run-off, settling, and dessication cracks 
are ubiquitous processes (Bertran (dir.), 2004).

On the other hand, new palynological data 
from Unit 4B indicates arid open steppic condi-
tions (Court-Picon & Damblon in Pirson, 2007; 
Pirson et al., 2008). The 6 samples from layers 
4B-LI and 4B-BC are largely dominated by steppic 
plants (<5% AP); the trees are mainly represented 
by Pinus and Juniperus. The top of Unit 4B, only 
documented by a single sample from Layer 4B-UN, 
shows a slight rise of the conifers (ca. 20%), almost 
exclusively Juniperus. Spores of algae increase in 
frequency. Thus, Layer 4B-UN could represent 
the beginning of the major climatic improvement 
recorded in Sedimentary Complex 4A (§ 2.3).

The connection between these new geolog-
ical and palynological data and the data from the 
literature is globally possible. The palynological 
signal from former Layer 4B (Bastin, 1992) is very 
close to what was recently obtained from Unit 4B 
(5-10% AP, Pinus dominating the trees). Small 
mammals indicate a similar trend on the cave 
terrace (Layer V gris), with the disappearance of 
temperate forest taxa, insectivores, and bats, and 
the strong return of the collared lemming (Cordy, 
1992). On the contrary, the magnetic susceptibility 
signal indicates different conditions: a climatic 
improvement in both former layers 4B and 4A 
(Ellwood et al., 2004). New analyses should be 
undertaken in order to better understand this 
apparent contradiction.

Large mammals from former Layer 4B are 
difficult to use for climatic reconstruction 
because they were originally mixed and studied 
together with the objects from former Layer 
4A, creating the ‘former Layer 4’ assemblage 
(Simonet, 1992). The probable equivalent of 
former Layer 4B on the terrace (Layer V gris) is 
deprived of any faunal remains (Simonet, 1992). 
In addition, former Layer 4B, excavated inside 

the cave after Simonet’s study (i.e., between 1991 
and 2003), as well as the different layers from the 
newly defined Unit 4B (layers 4B-UN, 4B-LI, etc.) 
that were excavated after the stratigraphic reap-
praisal (i.e., since 2003), are both extremely poor 
in macrofaunal remains. Therefore, it is probable 
that most of the large mammal remains labelled 
‘former Layer 4’ come from former Layer 4A 
(cf. § 2.3.2).

2.3. Sedimentary Complex 4A
The correlation of both old and new data is much 
more delicate for Sedimentary Complex 4A. 
While the former stratigraphic system included 
only 1 layer (i.e., Layer 4A; Figure 1a), the strati-
graphic reappraisal demonstrated a much greater 
complexity: 4 major units, encompassing more 
than 10 layers (Figure 1b; Pirson et al., 2005; 
Pirson, 2007; see Chapter 3). Strong lithological 
and geometrical variations have been identified, 
including the presence of an important gully 
structure. Given this context, former and new 
palaeoenvironmental results will be presented 
separately.

2.3.1. New results

2.3.1.1. Unit 4A-AP

Unit 4A-AP is comprised of 3 distinct layers, 
including (from bottom to top): 4A-LG, 4A-MC, 
and 4A-KG (Figure 1b). A fourth layer, 4A-GB, 
corresponds to a possible lateral equivalent of 
4A-KG (see Chapter 3).

The sedimentary processes recognized in 
Unit  4A-AP (debris flow and/or run-off: Pirson, 
2007; see Chapter 3) do not allow the identifica-
tion of any specific climatic condition.

A single sample (from Layer 4A-KG) has been 
studied in the framework of the new palynolog-
ical analyses (Court-Picon & Damblon in Pirson, 
2007; Pirson et al., 2008). The amount of trees, 
especially Pinus and Juniperus, is much higher 
than in underlying layers (ca. 65%), while various 
malacophyll temperate taxa appear (Quercus 
and Ulmus). The presence of charcoal remains of 
Quercus, Populus, and Prunus in Layer 4A-KG 
(Pirson et al., 2008) confirms the local presence 
of mesophilous taxa. Algae levels peak in this 
layer. All of this suggests a clear climatic improve-
ment in Layer 4A-KG, which could correspond to 
the beginning of the major climatic improvement 
recorded in the overlying Unit 4A-IP.
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2.3.1.2. Unit 4A-IP

Unit 4A-IP contains 2 major lithologies. The first 
is a thick stalagmitic floor labelled CC4 that was 
identified during the early stages of excavation 
(e.g., Bastin et al., 1986; Gullentops & Deblaere, 
1992). The second lithology is comprised of 
some silty deposits locally interbedded inside 
Speleothem CC4 (Figure 1b). These silty deposits 
are grouped into 3 distinct layers that have been 
distinguished in different areas of the cave (4A-OR, 
4A-SGR, and 4A-YS; see Chapter 3).

Stalagmitic floors are classically used in 
palaeoenvironmental reconstructions of caves. 
They indicate climatic improvements (e.g., 
Quinif et al., 1994). Given the important thick-
ness of CC4 and its large spatial distribution in 
the cave, this stalagmitic floor probably indicates 
a major climatic improvement. The silty deposits 
interbedded in CC4 (Layer 4A-OR and lateral 
equivalents) were laid down by run-off processes 
(Pirson, 2007) and therefore do not directly record 
any climatic information.

The existence of a strong climatic improvement 
in CC4 is further supported by a recent palyno-
logical study (Court-Picon & Damblon in Pirson, 
2007; Pirson et al., 2008). Unit 4A-IP is repre-
sented by several pollen spectra from Stalagmitic 
Floor CC4 and from Layer 4A-OR.

The spectra from CC4 clearly point to forest 
conditions (50 to 80% AP) with relatively high 

percentages of various temperate malacophyll 
trees like Ulmus, Quercus, Fraxinus, and Carpinus 
coexisting with Pinus and Picea. The presence of 
sclerophyllous liana Hedera (up to 10%) is worth 
mentioning. The analyses have also provided 
evidence for a mass of woody microremains from 
vessels and tracheids. High amounts of monolete 
fern spores were also identified and are most prob-
ably linked to the increase of humidity around 
the cave. The whole pollen assemblage in CC4 
points to a transition from temperate to boreal 
environmental conditions. The general trend 
shows a decrease of temperate taxa, suggesting a 
katathermal phase of a strong climatic improve-
ment. This has to be determined with regard to 
other data.

On the contrary, the pollen spectra from 
Layer 4A-OR yielded much less tree pollen (ca. 
25‒35%), which is only boreal (Pinus, Juniperus, 
and Betula). Almost no temperate taxa were 
identified. They seem to correspond to a forest-
steppe or even to cold steppic conditions. Further 
investigation is necessary to understand the 
apparent contradiction between CC4 and 4A-OR 
pollen assemblages. Nevertheless, a set of char-
coal remains from malacophyll temperate taxa is 
preserved in Layer 4A-OR (Quercus, Fraxinus, and 
a Malaceae; F. Damblon in Pirson, 2007; Pirson 
et al., 2008), in good agreement with the pollen 
record of CC4. This demonstrates the local pres-
ence of malacophilous taxa during Unit 4A-IP.

Figure 3 (next two pages): Scladina Cave’s stratigraphic log including a 
synthesis of the palaeoenvironmental and chronostratigraphical data.

Green amphibole: the percentage of green amphibole in the silt fraction (in green: values 
calculated from the data of Gullentops & Deblaere (1992); in orange: data from Pirson (2007)). 

Dates: synthesis of all the reliable dates available for Scladina sequence.
— black: already published 14C date on bone; 
— black italic : 14C date on calcite (in situ speleothem, reworked speleothem or concretion);
— black bold: 14C date on teeth obtained in Groningen, accurately 
positioned in the new stratigraphic system; 
— blue: U/Th date on in situ speleothem; 
— blue italic: U/Th date on reworked fragments of speleothem or on calcite concretions; 
— blue bold: U/Th date (gamma spectrometry) obtained on the Neandertal mandible;
— red: thermoluminescence date on sediment; 
— red italic : thermoluminescence date on in situ speleothem; 
— red bold: thermoluminescence date on burnt flint (TL) and on sediment (IRSL); 
— green: coupled U/Th–ESR dates on bone. 
— ( ) = problematic date. When an age interval is given (for CC4), the concerned 
total number of dates is indicated by a numeral surrounded by a circle. 

Chronostratigraphy: suggested chronostratigraphic interpretation of 
the Scladina sequence based upon all the available analyses.

MIS: suggestion of correlation with the marine oxygen isotopic stages.
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2.3.1.3. Interface between units 
4A-IP and 4A-CHE

The sediment from units 4A-IP and 4A-AP, as 
well as the sediment from the top of Unit 4B 
(Layer 4B-UN), are both affected by a thick platy 
structure (4-6 mm), indicating a deep frost episode 
(cf. § 2.1 & Figure 3).

2.3.1.4. Unit 4A-CHE

Unit 4A-CHE consists of a series of cut-and-filled 
layers in a complicated gully structure (Figure 1b) 
that has eroded the underlying layers down to the 
top of Unit 6A. The sediment from Unit 4A-CHE is 
very heterogeneous; several lithologies have been 
recognised (see Chapter 3). No climatic infor-
mation is directly recorded in this complicated 
unit. Nevertheless, the existence of a cryosol at 
the interface between units 4A-IP and 4A-CHE, 
as well as some specific sedimentary features 
(Pirson, 2007; see Chapter 3), suggest that this 
gully could correspond to the degradation of a 
deep frozen soil (melting structure).

No palynological data is available from this 
unit. The presence of some fragments of Pinus 
charcoal in 4A-CHE (F. Damblon in Pirson, 2007; 
Pirson et al., 2008) does not have any firm signifi-
cance given the very erosive character of this unit, 
which reworked the underlying deposits where 
Pinus charcoal have been recognised (Pirson, 
2007; see Chapter 3).

2.3.1.5. Unit 4A-POC

Unit 4A-POC is comprised of 4 distinct layers, 
including (from bottom to top): 4A-BO, 4A-LEG, 
4A-GV, and 4A-GBL (Figure 1b; see also 
Chapter 3).

Once again, the sedimentary dynamics of the 
deposits from 4A-POC are dominated by run-off 
processes and do not allow the identification of 
any specific climatic conditions. The few palyno-
logical spectra obtained from this unit suggest 
boreal conditions, underlined by steppic herbs 
and large amount of Pinus (30‒50% AP), comple-
mented by scattered pollen of malacophyll trees, 
mainly Betula (Court-Picon & Damblon in Pirson, 
2007; Pirson et al., 2008). Monolete spores of ferns 
suggest local humidity around the cave. Local 
presence of Pinus is demonstrated by anthra-
cology (Pirson et al., 2008).

2.3.2. Former results

The sediments from the upper part of former 
Layer 4 (generally labelled 4A or V ocre: 
Gullentops & Deblaere, 1992; Haesaerts, 1992; 
Bonjean, 1998) yielded palynological data that 
indicated forest conditions (60‒95% AP) domi-
nated by Corylus and Pinus but with high values 
for mesophilous trees (e.g., Tilia, Quercus, and 
Ulmus), as well as high amounts of ferns (Bastin, 
1992). These pollen assemblages from former 
layers 4A and V ocre are compatible with those 
from the palynological study of sedimentary 
Unit 4A-AP.

Pollen assemblages from Stalagmitic Floor CC4 
(and its lateral equivalent CC14; see Chapter 3) 
indicate temperate forest conditions: 65‒90% AP, 
most of the time dominated by Corylus and Pinus 
but including locally high percentages of Ulmus 
(up to 60%) or Carpinus (up to 20%), together 
with low values of Tilia, Quercus, Fraxinus, Picea, 
Hedera, or Ilex (Bastin, 1992). Monoletes ferns 
are also well represented in this part of former 
Layer 4. The palaeoenvironmental conditions are 
therefore very similar to those deduced from the 
new palynological and anthracological analyses 
from CC4 (see § 2.3.1.2).

Small mammals from former Layer 4A also 
record a rather temperate environment: a strong 
presence of temperate forest taxa (up to 60%) 
and temperate open taxa, an important return of 
chiroptera and insectivores, as well as the disap-
pearance of arctic taxa (Cordy, 1992).

The available data from the large mammals of 
former Layer 4A were studied together with those 
from 4B (“Layer 4” of Simonet, 1992). However, 
as 4B is extremely poor in macrofaunal remains 
(see § 2.2), the presence of more than 75% forest 
taxa (with 50% being Dama dama) amongst 
the large herbivores from the “Layer 4” assem-
blage (Simonet, 1992) is probably related to the 
temperate conditions of 4A.

The magnetic susceptibility signal suggests 
the presence of a climatic improvement in both 
former layers 4B and 4A (Ellwood et al., 2004; 
see § 2.2).

2.4. Sedimentary Complex 3
As for former Layer 4A, palaeoenvironmental 
results from former Layer 3 are delicate to accu-
rately position in the new stratigraphic record. 
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From a single layer in the former stratigraphic 
record, this part of the sequence now includes 2 
major units encompassing about 10 layers, several 
of which are likely lateral equivalents (Figure 1b; 
see also Chapter 3). Former and new results will 
therefore be presented separately.

2.4.1. New results

2.4.1.1. Unit 3-INF

Unit 3-INF is very poorly exposed at the site and 
is therefore still not well understood. It is char-
acterized by dark brownish sediment, suggesting 
the reworking of humic material from the cave 
terrace (Pirson, 2007; see Chapter 3). This unit 
could therefore record a reworked interstadial 
palaeosol, and thus a climatic improvement. The 
local presence of an unsound stalagmitic floor both 
at the bottom and the top of this unit supports this 
hypothesis. However, from a palynological point 
of view, the only available spectrum indicates a 
relatively open environment (10‒30% AP). The 
identified trees are almost exclusively boreal taxa 
(Pinus, Juniperus, and Betula).

2.4.1.2. Unit 3-SUP

The bottom of this unit (Layer 3-LHM) is again 
composed of dark brownish sediments suggesting 
the reworking of humic material, possibly a 
palaeosol (Pirson, 2007). These deposits are prob-
ably related to those from Unit 3-INF.

The major part of Unit 3-SUP is character-
ized by an episode of torrential flow and run-off 
(layers 3-EMO and 3-ASS). It was overlain by a 
debris flow (Layer 3-GRK). No climatic signa-
ture is recorded in these deposits (Pirson, 2007; 
see Chapter 3). The 3 available pollen spectra 
from this part of the sequence suggest a steppic 
environment with some boreal trees (10‒30% AP, 
with Pinus, Juniperus, and Betula; Court-Picon & 
Damblon in Pirson, 2007; Pirson et al., 2008).

A marked cooling is then recorded at the 
interface between 3-GRK and 3-ORH, with the 
presence of a thick platy structure and small cryo-
turbations (Pirson, 2007).

On top of Unit 3-SUP (layers 3-ORH and 
3-ORA), conditions seem to have started to change. 
A climatic improvement, continuing in Unit 2B, 
is recorded by studies under several disciplines 
(geology, palynology, and anthracology; Pirson, 
2007; Pirson et al., 2008; Figure 3).

2.4.2. Former results

Palaeontological investigation has yielded some 
palaeoenvironmental indicators for former Layer 3. 
Palynology recorded a decrease in trees, although 
they still remained well represented (50‒60% AP); 
Pinus or Corylus are the dominant taxa, with local 
occurrence of Tilia (up to 10%) and high amounts 
of monolete fern spores (Bastin, 1992). Small 
mammals also indicate rather contrasting condi-
tions (Cordy, 1992). Herbivores are represented 
by 40% forest taxa, including 10% Dama dama 
(Simonet, 1992). All in all, the published palae-
ontological data from former Layer 3 suggests a 
contrasting environment, with a mixture of taxa 
from temperate forest and colder environments.

The magnetic susceptibility signal, while 
rather irregular, suggests a global cooling event 
when compared to underlying former Layer 4A 
(Ellwood et al., 2004; Figure 2).

As mentioned above, these former data are 
difficult to interpret because how they correspond 
with the different layers of the newly defined 
units 3-INF and 3-SUP is unknown. Depositional 
mixing between different layers that have distinct 
palaeoenvironmental signatures is likely.

2.5. Palaeoenvironmental synthesis
All the available palaeoenvironmental data 
are summarized in Figure 3. Despite the prob-
lems due to the difference between former and 
current stratigraphic records, the overall conver-
gence of the palaeoenvironment results from all 
the available disciplines is worth mentioning, as 
already emphasized by J.-M. Cordy & B. Bastin 
(1992). Consistency also appears at a single-disci-
pline level, as illustrated by the reproducibility 
of the palynological results from distinct sedi-
mentary profiles or from distinct analysts, i.e., 
former results from B. Bastin (1992) and new 
results from F. Damblon and M. Court-Picon (in 
Pirson et al., 2008). The viability of the existence 
of these recorded climatic fluctuations is thus 
strengthened.

The results recently obtained in the fields of 
geology and palynology allow the construction 
of a consistent palaeoenvironmental framework 
for the new Scladina stratigraphic sequence. 
Palynology appears to be more complete, as most 
of the sedimentary processes do not exhibit any 
climatic signals. However, the understanding 
of sedimentary dynamics helps interpreting the 
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palaeobotanical results while post-depositional 
processes provide information about climatic 
events for periods without sediment accumulation 
(e.g., frost action or the formation of authigenic 
phosphates). These 2 approaches therefore appear 
as highly complementary. The available anthra-
cological data supplements and strengthens the 
palynological results, demonstrating the local (or 
at least regional) presence of some of the tree taxa.

Despite the specific character of strati-
graphic records in caves, which often involves a 
highly discontinuous sedimentation rate, these 
concordant palaeoenvironmental results further 
demonstrate the high potential of Belgian cave 
entrance sedimentary sequences as recorders of 
Quaternary climatic changes, as already stated for 
the Walou Cave sequence (Pirson et al., 2006).

3. Chronostratigraphic framework

3.1. Former chronostratigraphic 
interpretations

S everal chronostratigraphic interpretations 
of the Scladina sequence are available in the 

literature, reflecting different steps in the evolu-
tion of this type of research. They are mainly based 
on 3 distinct elements: palaeontology, radiometric 
dates, and magnetic susceptibility.

A few scientists have based their chronostrati-
graphic framework upon palaeontology through 
the classical climatostratigraphical approach (e.g., 
Bastin, 1992; Cordy, 1992; Cordy & Bastin, 1992; 
Simonet, 1992; Bonjean, 1998). The most impor-
tant scheme, on which almost all the others are 
referring to, is that of Bastin (1992). This scien-
tist considered that the stratigraphic sequences 
of Scladina Cave and underlying Sous-Saint-
Paul Cave are in continuity, with the exception 
of a small hiatus. He recorded palynological data 
from the top of the sedimentary sequence of Sous-
Saint-Paul Cave (Layer VIII) that he interpreted as 
a “true signature of the beginning of the Eemian 
[…] and not any other interglacial” (Bastin, 1992:  
621). Therefore, all the subsequent climatic fluc-
tuations were interpreted by reference to this 
system: the end of Eemian in former Layer 7A, 
after a small hiatus; Saint Germain I in former 
Layer 6; and Saint Germain II in former Layer 4A. 
However, this system is no longer valid (Pirson, 

1 “véritable signature du début de l’Eemien (…) à 
l’exclusion de tout autre interglaciaire”

2007; Pirson et al., 2008). The succession of taxa 
that Bastin recorded in Layer VIII is indeed typical 
of the beginning of an interglacial (or an inter-
stadial of an early glacial) but not only from the 
Eemian (e.g., Tzedakis, 1993; Reille et al., 1998; 
de Beaulieu et al., 2006). In addition, several 
arguments suggest that the sedimentary filling of 
the 2 caves (Scladina and Sous-Saint-Paul) is sepa-
rated by an important hiatus (Haesaerts, 1992; 
Pirson, 2007).

Dating specialists who have provided data for 
the Scladina sequence rarely risk interpreting their 
own results in terms of chronostratigraphy. They 
deliver raw data, sometimes carefully suggesting 
some scenarios, and frequently warn against the 
problems inherent in the different dating methods. 
For instance, M. Gewelt et al. (1992) restricted 
themselves to merely indicate the divergence 
between the palynological interpretation and the 
radiometric results, without taking sides, or even 
inferring that palynology-based interpretation is 
more valid. The high imprecision of most of the 
available dates in the sequence, especially for the 
lower half, does not allow for a reliable and accu-
rate chronostratigraphic framework.

The chronostratigraphic interpretation 
based upon the magnetic susceptibility signal, 
proposed by Ellwood et al. (2004), does not 
appear convincing. These researchers consider 
that the sedimentary filling of Scladina Cave is 
characterized by a rather slow sedimentation 
rate comparable to that of marine sediments, and 
stated that this sedimentation rate is constant, the 
sequence thus being deprived of any important 
hiatuses. Following these principles, they consider 
the magnetic susceptibility curve as represent-
ative of a continuous succession of climate 
changes. Then, they position the available dates 
on this curve and extrapolate the age of the iden-
tified climatic events. This way of understanding 
sedimentogenesis in cave entrances is in total 
contradiction with recent studies of cave sedi-
mentary processes (e.g., Campy & Chaline, 1993; 
Ferrier, 2002; Bertran, 2006; Texier, 2007). The 
inadequacy of the slow continuous sedimentation 
rate model is even more obvious when looking 
at the recent reappraisal of the filling history of 
Scladina Cave (Pirson, 2007; see Chapter 3).

The major conclusion is that the arguments 
employed so far that place the whole Scladina 
sequence in Upper Pleistocene are not reliable. 
Bastin’s palynological demonstration situating the 
Eemian is no longer valid. Other palaeontological 
disciplines yield interesting palaeoenvironmental 
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indications (§ 2), but do not provide any accurate 
chronostratigraphic information. The dates from 
the lower part of the sequence (units 7B to 3) do 
not provide the answer either, as they are compat-
ible with the positioning of part of the sequence 
in the late Middle Pleistocene. In fact, given the 
available data from the literature, nothing firmly 
excludes part of the Scladina sequence from the 
Middle Pleistocene.

3.2. Scladina sequence 
chronostratigraphic 
framework: current status

As a consequence of the problems stated above, 
the chronostratigraphic framework of the Scladina 
sequence had to be reconsidered (Pirson, 2007; 
Pirson et al., 2008). Several analyses are still in 
progress in order to test and refine the new chro-
nostratigraphical scheme, which remains rather 
inaccurate in the present state of research. The 
following data, integrating both former and 
new data in the light of the new stratigraphic 
framework, must therefore be considered as a 
preliminary synthesis.

3.2.1. Dates

3.2.1.1. Published dates

The Scladina sequence is the most dated Belgian 
prehistoric site, with more than 60 dates including 
ca. 40 reliable results. A synthesis of these results 
is available elsewhere (Bonjean, 1998; Pirson, 
2007). All the reliable dates are presented in 
Figure 3. They can be divided into 2 groups: units 
5 to 4A-POC in the lower part of the sequence, 
and units 1B-GR to H in the upper part. The other 
dates were considered as aberrant by their authors 
(e.g., Otte et al., 1983; Gewelt et al., 1992) and 
have therefore been discarded here.

In the lower part of the sequence, despite the 
numerous results, very few layers provided radio-
metric data. Most of the available dates come 
from Sedimentary Complex 4 and particularly 
from Stalagmitic Floor CC4. All these dates are 
rather inaccurate (Figure 3). Standard deviations 
frequently reach 20 ka and are often coupled with 
a strong variability of dates for single events, or 
for single objects (e.g., a single stalagmitic floor 
sample provided several dates with an impor-
tant scattering; Gewelt et al., 1992; Bonjean, 
1998). Another problem is the lack of a precise 

stratigraphic position for the dated samples in 
comparison with the new stratigraphic record (see 
Chapter 3). Therefore, because of all these prob-
lems, the available dates cannot be used to either 
build an accurate chronological framework or to 
test and refine the chronostratigraphic frame-
work deduced from the other disciplines. They can 
support several distinct hypotheses: from a strict 
radiometric point of view and taking the standard 
deviations into account, the dates obtained from 
the top of Sous-Saint-Paul sequence, from Unit 5, 
and from Sedimentary Complex 4 (including 
the date obtained directly on the Neandertal 
mandible) are overlapping. Stalagmitic Floor CC4 
could, according to the numerous dates (synthesis 
in Bonjean, 1998 and Pirson, 2007; see also 
Figure 3), either record all MIS 5, only MIS 5a and/
or MIS 5c, or even late MIS 6. The thermolumi-
nescence date obtained on burnt flint from Unit 5 
(130 ± 20 ka BP; Huxtable & Aitken, 1992) as 
well as the gamma spectrometry date performed 
on the Neandertal mandible (127 +46/−32 ka BP; 
Falguères & Yokoyama in Toussaint et al., 1998) 
are also compatible with several scenarios from 
MIS 6 to MIS 5, or even MIS 4 for the hominid 
mandible taking 2σ into account. Finally, the 
dates obtained from the top of Sous-Saint-Paul 
sequence, which should be older than Scladina 
sequence (see § 3.2.2), do not increase the preci-
sion, as they provided a similar chronological 
interval ranging from late Middle Pleistocene 
to early Upper Pleistocene: 130 ± 18 ka BP from 
Layer XII at the bottom of the sequence; 177 ± 17 
to 93 ± 4 ka BP from Layer VIII at the top of the 
sequence (Gewelt et al., 1992).

In the upper part of the Scladina sequence, the 
published dates from former Layer 1A are neither 
particularly accurate nor precisely positioned in 
the new stratigraphic record. The few dates avail-
able for Unit H (Figure 3), either radiocarbon dates 
on calcite or U/Th date on an in situ speleothem, 
clearly point to a Holocene age, which is further 
supported by other data (§ 3.2.5).

3.2.1.2. New dates

Luminescence dating

In July 2006, a sample for luminescence dating 
was collected from Layer 4B-LI. The IRSL signal 
from coarse-grained alkali feldspars (40‒60 
microns) was used for dating the depositional age 
of this layer. The IRSL technique already tested on 
Middle Pleistocene loess sequences of Romania 



80 E R A U L  1 3 4   2 0 1 4

 Stéphane PirSon et al.

(Balescu et al., 2003) and NW France (Balescu, 
2004; Balescu & Tuffreau, 2004) was applied. 
The optical signal was recorded using a Corning 
7-59/Schott BG39 blue transmitting filter combi-
nation (300-500 nm). The equivalent doses (ED) 
were determined using the additive gamma dose 
method on multigrain aliquots. The feldspars 
were stored for 1 year after laboratory irradiation 
in order to avoid the effect of short-term fading. 
Preheating at 160°C for 9 hours was done prior to 
taking IRSL measurements. The ED value is esti-
mated at 420 ± 29 Gy. The external and internal 
contributions to the dose rate were estimated 
from the concentrations of U, Th, and K measured 
by neutron activation. The total dose rate for 
this sample is 3.24 ± 0.26 Gy/ka (see Balescu et 
al., 2003 for further methodological details). The 
apparent IRSL age obtained is 129 ± 13 ka BP. A 
correction for long-term fading (Mejdahl, 1988) 
has been applied using the apparent mean life (t2 = 
516 ka) estimated on infinitely old alkali feldspars 
from a Tertiary or Early Quaternary (?) deposit 
lying on top of the plateau, nearby the cave. It 
yielded a corrected IRSL age of 153 ± 15 ka BP 
(see Balescu et al., 1997 for further details on the 
correction protocol).

This IRSL result suggests a MIS 6 age for 
Unit 4B-LI, consistent with the high green amphi-
bole content of the layer (see § 3.2.4.1). This loess 
was thus deposited during MIS 6 outside or near 
the entrance of the cave. However, it was later 
reworked over a short distance within the cave, 
probably under very dim light conditions; there-
fore, the estimation of the age of the deposition of 
Layer 4B-LI is not possible to obtain from the IRSL 
result alone, it needs the integration of the results 
from other disciplines (see § 3.2.4.1).

Radiocarbon dating

In November 2006, new 14C dates were obtained 
from the upper part of the sequence (Pirson, 
2007; Pirson et al., 2008). They considerably 
improve the chronology. In particular, 3 new 14C 
dates obtained in layers 1B-GRH (GrA-32581: 
43,150 +950/−700 BP), 1A-GK (GrA-32635: 40,210 
+400/−350 BP), and T-GV (GrA-32633: 37,300 
+400/-300 BP) lead to define a rather accurate 

chronostratigraphic framework for this part of 
the stratigraphy, which can be attributed to MIS 
3. Some already published dates (Gewelt et al., 
1992; Bonjean, 1998) are compatible with these 
new results, although they are less accurate. This 
allows the age of Middle Palaeolithic material 
from former Layer 1A to be refined to between 
40 and 37 ka BP (Abrams et al., 2010; Bonjean et 
al., 2011).

3.2.2. Biostratigraphy

The ursids are the dominant taxa in the faunal 
collections from the Caves of Sclayn. The only 
bears recognized so far in the Scladina deposits are 
Ursus spelaeus and Ursus arctos (Simonet, 1992; 
Patou-Mathis, 1998a). From a biostratigraph-
ical point of view, the presence of U.  spelaeus 
indicates that the Scladina sequence could span 
between the end of Middle Pleistocene and Upper 
Pleistocene (e.g., Argant & Philippe, 2002), which 
remains rather inaccurate. However, Simonet 
(1992) did not study Unit 7B, and in Unit 7A the 
bear remains were too poor to “carry out a fruitful 
study2” (Simonet, 1992: 132).

On the other hand, in the sequence from Sous-
Saint-Paul Cave (Simonet, 1992; Nieuwlaet, 
2007; Goubel, 2011), the ursid remains showed 
features from both Ursus spelaeus and Ursus 
deningeri. The transition between these 2 species 
is known to be gradual, following a mosaic-like 
evolutionary path (Argant & Philippe, 2002; 
M.  Germonpré, pers. comm.). Therefore, inter-
preting this information is difficult. Regardless, 
this tends to confirm the existence of a major 
hiatus between the Sous-Scladina and Scladina 
sequences (i.e., between Sous-Saint-Paul Layer VIII 
and Scladina former Layer VII/7A). In Belgium, 
very few data are available on bear evolution. 
Moreover, the sequences, which are accurately 
dated from the end of Middle Pleistocene and 
from the beginning of Upper Pleistocene, are very 
rare. In La Belle-Roche Cave, Ursus deningeri is 
present but in much older deposits (at least 500 
ka; Cordy et al., 1992, 1993; see also Pirson & 
Di Modica, 2011). In the sequence of Walou Cave, 

2 “réaliser une étude fructueuse”

Figure 4 (facing page): The Middle Belgium loess reference sequence. Sg = segregation ice; GA = % of green amphibole in 
the silty fraction (values = average % from Table 1); P = polar; A = arctic; SA = sub-arctic; B = boreal; T = temperate; NTH = 
Nagelbeek tongued horizon; HCR = Humiferous Complex of Remicourt; WHM = Whitish horizon of Momalle; VSG-B and 
VSG-A = Villers-Saint-Ghislain B and A Soils; HARM = Harmignies Soil; IRSL: infrared optically stimulated luminescence 
(Harmignies, after Frechen et al., 2001); DO = Dansgaard-Oeschger events; MIS = marine oxygen isotopic stages.
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in the deposits attributed to the end of MIS 6 
and to MIS 5 (Pirson et al., 2006; Pirson, 2011), 
bear species were confined to Ursus spelaeus 
 (De Wilde, 2011).

The other species found in Scladina, including 
small mammals, have not yet been studied from a 
strict biostratigraphical point of view.

3.2.3. Archaeostratigraphy

Archaeological data does not greatly aid 
in the chronostratigraphic problem of the 
Scladina sequence. Still, some information can 
be gathered.

In former layers 5 and 1A, Mousterian lithic 
material has been unearthed (e.g., Otte et al. (dir.), 
1998; Loodts & Bonjean, 2004; Di Modica, 2010; 
Bonjean et al., 2011; see also Chapter 2). Recently, 
Mousterian artefacts were found in Layer 1A-GL 
and in Unit T. By comparison with the rare reli-
able chronological data that are available for the 
end of Middle Palaeolithic in Belgium (Toussaint, 
1988; Otte et al., 1998; Flas, 2006; Pirson et al., 
2006; Toussaint et al., 2010; Pirson, 2011; Pirson 
et al., 2012), and if the dated material from Unit T is 
not reworked, the deposits from Unit T downwards 
should be older than ca. 40-35 ka BP.

The top of the Scladina sequence has yielded 
some rare Upper Palaeolithic remains in secondary 
position (Otte, 1998), as well as anatomically 
modern human bones suggesting a multiple burial 
that is Holocene in age (Otte et al., 1983: 141).

3.2.4. Comparison with the loess 
sequence

The data gathered within the last 60 years about 
Upper Pleistocene in the Middle Belgium loess belt 
has led to the construction of a well-documented 
pedostratigraphic sequence (e.g., Haesaerts 
et al., 1999, 2011a; Haesaerts, 2004; Pirson, 2007; 
Pirson et al., 2009). This loess sequence is actually 
the most complete record for Upper Pleistocene 

in Belgium and therefore acts as a reference 
sequence. It is presented in Figure 4.

In Belgium, the non-carbonated fine fraction 
from cave entrance deposits is almost entirely 
made of silt with a loessic origin (Ek et al., 1974; 
Chen et al., 1988; Pirson, 1999; Pirson & Draily, 
2011). This is also true for Scladina deposits 
(Gullentops & Deblaere, 1992; Haesaerts, 
1992; Pirson, 2007) and allows detailed corre-
lations between these karstic sequences and the 
loess reference sequences from Middle Belgium 
(Pirson et al., 2006; Pirson, 2007, 2011). In the case 
of Scladina Cave, the most useful tool for compar-
ison with the loess sequence is the mineralogical 
signature of the silt fraction. A few other data 
(lithological and pedological markers) complete 
the system.

3.2.4.1. Heavy mineralogy

In the loess sequences from middle Belgium and 
northwestern France, one of the most useful 
minerals for chronostratigraphic reconstructions 
is green amphibole (e.g., Juvigné, 1978; Balescu, 
1988; Meijs, 2002). The available green amphi-
bole (GA) data for Middle and Upper Pleistocene 
are rather numerous (e.g., Gullentops, 1954; 
Juvigné, 1978; Balescu & Haesaerts, 1984; 
Balescu, 1986, 1988; Meijs, 2002; Balescu, 2004; 
Balescu & Tuffreau, 2004). The integration of all 
the GA data, which can be accurately positioned 
in the detailed loess reference sequence of Middle 
Belgium (see Pirson, 2007), led to the synthesis 
presented in Table 1.

Several researchers have studied the heavy 
mineralogy of the silt fraction at Scladina 
(Gullentops & Deblaere, 1992; Balescu in 
Haesaerts, 1992; Balescu in Pirson, 2007; Pirson, 
2007). The comparison between the GA distri-
butions in Scladina (Figure 3) and in the Belgian 
loess belt (Figure 4 & Table 1) indicates that with 
a GA fraction of 12 to 33%, former layers 7A to 
2B carry the signature of either late Saalian or 
Weichselian loess (MIS 6 or MIS 4-2; Haesaerts, 

table 1 (facing page): Synthesis of the green amphibole data from the Middle Belgian loess belt (after Pirson, 
2007; data from Gullentops, 1954; Juvigné, 1978; Balescu, 1988; Meijs, 2002). The lithostratigraphic divisions 
are based on the new lithostratigraphic scale of Middle Belgium Loess (from Haesaerts et al., 2011a). MIS = 
marine oxygen isotopic stages; A-loess to E-loess: nomenclature of Pleistocene loess following Meijs (2002); 
NTH = Nagelbeek tongued horizon; HCR = Humiferous Complex of Remicourt; N1 to N5 = 5 ‘Nassboden’ 
(tundra gleys) in the lower MIS 6 loess (lower B-loess); Harveng, Les Vaux, Huccorgne, Malplaquet, Rocourt 
pedocomplex, Hees pedocomplex, Montenaken pedocomplex, and Pottenberg pedocomplex: major pedological 
units (see Meijs, 2002 and Haesaerts et al., 2011a). Mean values: average GA values (in %) calculated from the 
available data from the literature; N = number of samples; Range of % = minimal and maximal values.
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Chronostratigraphy MIS Lithostratigraphy Mean values N Range of %

HOLOCENE 1

GEMBLOUX 
FORMATION

Brabant
Member

Luvisol

23 14 16.2 to 34

Upper 
Pleniglacial 2

Decalcified
A-loess

Calcareous
A-loess

NTH

Hesbaye
Member

A-loess 23 8 17 to 27

Middle 
Pleniglacial 3

Vellereille
Member

Harveng

23 11 16 to 35

Les Vaux

Huccorgne

Lower 
Pleniglacial 4

A-loess

Warneton
Member

FA3

13 5 8 to 19Malplaquet

A-loess

Early Glacial
5a
to
5d

Humic complex of 
Remicourt (CHR)

7 6 5 to 8

VELDWEZELT 
FORMATION

Hainaut 
Member 

(top)

Rocourt 
pedocomplex

7 23 3.1 to 18

Eemian 5e

6

Upper B-loess 8 8 4.2 to 11

Hainaut 
Member 
(bottom)

N5

20 15 11 to 32

Lower B-loess

N4
Lower B-loess

N3
Lower B-loess

N2

Lower B-loess

N1

Lower B-loess

7

Vlijtingen 
Member

Hees 
pedocomplex

2 8 0.7 to 2.7

8 C-loess

Humic complex

9

10

11

Riemst 
Member

Montenaken 
pedocomplex 1 3 0.4 to 0.9

D-loess

Op de 
Schans 

Member

Pottenberg 
pedocomplex 0.4 1 0.4

12 E-loess
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1992; Pirson, 2007). The attribution of this part of 
the sequence to MIS 7 can be discarded because 
GA content is too high. In addition, the pres-
ence of low GA values in the overlying deposits 
(Unit  2A) as well as interglacial or early glacial 
conditions in former layers 6 and 4A (§ 2) rule out 
the Weichselian hypothesis. The silts with high 
GA values from Scladina sedimentary units 7A 
to 2B must therefore result from the reworking 
of late Saalian loess (MIS 6), which is corrobo-
rated by the IRSL date from Layer 4B-LI (see § 
3.2.1.2). The late MIS 6 loesses, which have low GA 
content, are thus absent in Scladina, as in some 
loess sections from northwestern France (Cagny-
la-Garenne, Sourdon or Sangatte: Balescu, 1986). 
In this context, temperate conditions recorded in 
units 6B-6A and in former Layer 6 (Pirson et al., 
2008; see also § 3.2.5) point to a MIS  5 age and 
indicate that from Unit 6B upward, the sequence 
can be positioned in Upper Pleistocene. Units 
7A to 6C, with rather high GA concentrations 
(12‒22%), should be positioned either in MIS 6 or 
in MIS 5. This data set indicates that most of the 
Scladina stratigraphic sequence belongs to the 
Upper Pleistocene. The part of the sequence that 
could belong to Middle Pleistocene amounts to 
units 7B to 6C. The GA values from former Layer 
7B must be considered with caution because of 
the probable mixing between loess and the allu-
vial sediments reworked from the plateau.

The decrease of GA in former Layer 2A 
(ca. 3‒12%) suggests, together with other data 
(§ 3.2.4.2), a new allochthonous loessic input in 
the sequence. Compared to the Belgian loess 
sequence, this silt with low GA content observed 
above silt with high GA content must correspond 
to loess from either late MIS 6 or early MIS 4, or 
even late MIS 6 loess reworked during MIS 5. This, 
combined with its stratigraphic position above 
sediments with an interglacial or early glacial 
signature, suggests an early MIS 4 age. However, 
no important allochthonous loessic inputs are 
recorded in early MIS 4 in the Belgian loess-belt, 
and very few GA data are available in this part 
of the loess sequence. Therefore, further analyses 
are required.

3.2.4.2. Lithological markers

Two aeolian inputs attributable to the Upper 
Pleistocene could be recorded as reworked loessic 
material in the Scladina sequence. Unit 2A prob-
ably records the first allochthonous Upper 

Pleistocene loessic deposit in the sequence; 
several arguments led to the proposition of the 
positioning of Unit 2A in Weichselian Lower 
Pleniglacial (Pirson, 2007; Pirson et al., 2008). The 
second allochthonous loessic input is represented 
by the deposits from Unit J. Given their position 
in the stratigraphic sequence of Scladina, as well 
as the comparison with other sequences either 
in a loessic context (e.g., Haesaerts et al., 1997; 
Haesaerts, 2004) or in a cave entrance context 
(Walou Cave: Pirson et al., 2006; Trou Al’Wesse: 
Pirson, 1999; Abri supérieur of Goyet: Toussaint 
et al., 1999), they are interpreted, in the current 
state of research, as probably resulting from the 
reworking of Weichselian Upper Pleniglacial loess 
(MIS 2; Pirson, 2007).

3.2.4.3. Pedological markers

The highly humiferous sediment from Unit 2B has 
been interpreted as the result of the reworking of 
an important humiferous palaeosol, suggesting a 
strong interstadial (Pirson, 2007; Pirson et al., 
2008). This hypothesis is further supported by 
palynological and anthracological data (Pirson 
et al., 2008), as well as by magnetic susceptibility 
data (Ellwood et al., 2004). The stratigraphic 
position of Unit 2B and the correlation with the 
loess reference sequence indicate that this unit 
could correspond to the Humiferous Complex 
of Remicourt, a key marker of the Belgian loess 
belt (Haesaerts et al., 1999, 2011a, 2011b). In 
this case, Unit 2B would belong to the end of 
Weichselian Early Glacial (Figure 4). The GA 
content from Unit 2A is consistent with this attri-
bution (compare Figure 3, Figure 4 & Table 1). The 
high GA values from Unit 2B are not a problem 
since the humic soil could have been developing 
on OIS 6 colluvial material (as already suggested 
by the GA distribution in underlying units). If 
the presence of the Rocourt Tephra in Unit 2B 
was confirmed (although it is still hypothetical; 
Pirson, 2007), the correlation between Unit  2B 
and the Humiferous Complex of Remicourt would 
be demonstrated, as this tephra is classically found 
in this humic complex in the Belgian loess belt 
(e.g., Gullentops, 1954; Haesaerts et al., 1997; 
Juvigné et al., 2008; Pouclet et al., 2008; Pirson 
& Juvigné, 2011).

The important climatic improvement recorded 
in Unit 1B-BRUN could be positioned at the bottom 
of Weichselian Lower Pleniglacial. It would then 
be an equivalent to the Malplaquet soil of the loess 
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reference sequence, correlated by Haesaerts 
(2004) with the Dansgaard-Oeschger event 20 (DO 
20) from the Greenland ice records (Dansgaard 
et al., 1993; Grootes et al., 1993). Weak GA values 
observed in former Layer 1B (6‒10%; Figure 3) are 
consistent with this hypothesis, with this mineral 
becoming much more abundant in the major 
loessic input from Velereille Member (16‒35%, 
with a mean value of ca. 23%; Figure 4 & Table 1).

On the cave terrace, below the cave porch, 
an in situ brown soil has been observed on top 
of former Layer 1B (Haesaerts, 1992). Given its 
nature and stratigraphic position, it could corre-
spond to Les Vaux soil described in the Middle 
Belgian loess reference sequence in Harmignies 
(Haesaerts & Van Vliet, 1974) and Remicourt 
(Haesaerts et al., 1997) from the Weichselian 
Middle Pleniglacial (Figure 4). As far as its facies 
and stratigraphic position are concerned, Les Vaux 
soil exhibits close similarities with the Bohunice 
soil described in Moravia (Valoch, 1976) and 
the Willendorf Interstadial described in Austria 
(Haesaerts, 1990; Haesaerts & Teyssandier, 
2003). These pedological markers represent a 
single interstadial event dated between ca. 42,000 
and ca. 40,000 BP in the Middle Danube Basin. This 
correlation is further supported by the new radio-
carbon dates bracketing the top of 1B-GRI between 
43 and 40 ka BP. The existence of an equivalent 
to the Les Vaux soil has also been proposed for 
2 other Belgian cave entrance sequences: Walou 
Cave (Pirson et al., 2006; Pirson, 2011) and the 
Trou de l’Abîme in Couvin (Toussaint et al., 
2010), which both yielded Neandertal remains. In 
these 2 caves, the correlation with the Les Vaux 
soil is also supported by new radiocarbon data. 
According to Haesaerts (2004), Les Vaux soil can 
be correlated with the DO 12 from the Greenland 
records.

3.2.5. Climatostratigraphy

The palaeoenvironmental data from the Scladina 
sequence has been presented for units 5 to 3-SUP 
in § 2; this is not the place to present a synthesis 
of the whole sequence (see Pirson, 2007; Pirson 
et al., 2008). Figure 3 shows a summary of Scladina 
palaeoclimatic record.

No chronostratigraphical information can be 
directly drawn from this data set. Nevertheless, 
it evidences a succession of climatic events that 
cannot be positioned anywhere in the Pleistocene. 
The significance of some of the climatic changes 

recorded in Scladina still has to be completed by 
further analyses, specifically through palynolog-
ical analyses from speleothems.

Palaeozoological and palaeobotanical data 
clearly show the existence of major climatic 
improvements in former layers 6 and 4A and in 
new units 6B/6A and 4A-AP/4A-IP. A wooded 
temperate to boreal environment is thus attested 
by data from palynology (mesophilous taxa 
including Quercus and Ulmus: Bastin, 1992; § 3), 
large herbivores (important presence of forested 
taxa, notably Dama dama: Simonet, 1992) and 
small mammals (Apodemus, Clethrionomys, and 
Chiroptera: Cordy, 1992). These elements suggest 
the attribution of units 6B, 6A, 4A-AP, and 4A-IP 
(especially Speleothem CC4) to an interstadial of 
an early glacial or even to an interglacial without 
establishing whether or not they belong to either 
MIS 5 or another interglacial complex from the 
Middle Pleistocene. The chronostratigraphic 
interpretation can be refined if this informa-
tion is compared to the heavy mineralogy data 
from the silt fraction (§ 3.2.4.1); units 6B/6A and 
4A-AP/4A-IP could then be attributed to either the 
Eemian or Weichselian Early Glacial. However, it 
is not possible in the present state of research to 
precise the attribution of these 2 major climatic 
improvements inside MIS 5. Furthermore, the 
beginning and the end of MIS 5 are difficult to 
position in the Scladina sequence. The beginning 
of MIS 5 (stage 5e, Eemian) could be either missing 
or recorded in units 6B/6A. As for the end of MIS 
5, the best current hypothesis positions Unit 2A in 
the Weichselian Lower Pleniglacial (MIS 4), with 
Unit 2B recording the end of MIS 5a.

Because of its low GA content, the major 
climatic improvement of Unit 1B-BRUN could 
belong to the Weichselian early Lower Pleniglacial 
(§ 3.2.4.3). The brown soil evidenced on the terrace 
seems to correspond to Les Vaux soil, which is 
further supported by the new radiocarbon dates 
(§ 3.2.4.3). The rest of the sequence records cold, 
steppic conditions. The stratigraphic position of 
these deposits, between Les Vaux soil and the 
Weichselian Upper Pleniglacial (Unit J), indi-
cate that they belong to the Weichselian Middle 
Pleniglacial.

Finally, the Holocene age of Unit H is demon-
strated by its stratigraphic position on top of the 
sequence, by some dates (§ 3.2.1), by palynology 
(Bastin, 1992), as well as by geology (stalagmitic 
floors and important biological activity in the 
sediments; Pirson, 2007).
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3.3. Chronostratigraphic synthesis

All of the results that contribute to the chro-
nostratigraphic framework of the Scladina 
sequence have been reconsidered; henceforth, 
most of the Scladina deposits can confidently be 
positioned in the Upper Pleistocene. The most 
accurate and reliable information comes from the 
combination of climatostratigraphy and the corre-
lation with the Middle Belgium loess sequence. 
Data from other disciplines are compatible with 
this chronostratigraphic scheme.

However, the chronostratigraphic frame-
work currently remains rather inaccurate. Several 
hypotheses can be considered, for instance those 
concerning the location of the beginning and 
end of MIS 5. The most reliable framework in the 
present state of research is presented in Figure 3. 
Considering all disciplinary approaches, the 2 
units that indicate temperate forest conditions 
(i.e., Stalagmitic Floor CC4 in Unit 4A-IP and units 
6B/6A) must be situated inside MIS 5. Whether 
they represent MIS 5e and 5c, or MIS 5c and 5a, or 
some other combination is still unknown.

4. Conclusions and prospects

T he new palaeoenvironmental results from 
the Scladina Cave sequence, obtained from 

the reappraised stratigraphic record, indicate 
a very good concordance between palynology, 
anthracology, and geology. Furthermore, these 
new results correlate with the data from litera-
ture based on the former stratigraphic record. The 
reproducibility of the results and therefore the 
viability of the recorded climatic fluctuations are 
thus strengthened.

With the high complexity of the climatic signal 
recorded in Scladina, the site appears to be an 
exceptional reference for the Upper Pleistocene in 
Belgium, together with the Walou Cave sequence 
(Pirson et al. (dir.), 2011; Draily et al. (dir.), 2011). 
Apart from a few rare loess sequences from Middle 
Belgium (e.g., Haesaerts, 2004; Pirson et al., 
2009), no other sedimentary record in Belgium is 
as complex. These results demonstrate that rapid 
climatic events can be recorded in cave entrance 
sequences in Belgium.

However, the lack of precision of the Scladina 
chronostratigraphic framework is a concern when 
positioning fluctuations in the sequence inside 
the climatically complex Upper Pleistocene (e.g., 
Dansgaard et al., 1993; Grootes et al., 1993). 

A better knowledge of the chronostratigraphic 
framework is therefore necessary. Several analyses 
in progress should improve the chronostrati-
graphic framework. Locating the Rocourt Tephra 
is essential; this tephra is a very good chronostrati-
graphical marker in Belgium (Juvigné et al., 2008; 
Pouclet et al., 2008) and has been proven to be 
very useful in cave sequences (Pirson et al., 2006; 
Pirson & Juvigné, 2011). New dating in care-
fully selected layers, especially in the lower part 
of the sequence (notably U/Th dates on speleo-
thems), is another key point. New heavy mineral 
analyses will also be very useful, since very good 
results have recently been obtained for the Upper 
Pleistocene in several key loess sequences from 
Middle Belgium (Spagna et al., in preparation).

Other analyses that aim to refine the palaeoen-
vironmental data from Scladina Cave are also in 
progress. One of the priorities is the obtention 
of complementary palynological data, notably 
from speleothems other than CC4 (mainly those 
from Unit 6B), in order to try to determine their 
palaeoenvironmental signature and thus refine 
the climatostratigraphic signal. Analysis of the 
faunal material recently excavated in the new 
stratigraphic record would also contribute to 
improve the climatostratigraphical data.
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ChRonoStRAtiGRAPhiC ContExtS

Chapter 5

1. introduction

T he 191 remains of the Neandertal child, 
Scladina I-4A, that have been discov-

ered so far were all unearthed before the recent 
stratigraphic reappraisal of the cave’s sedimen-
tary sequence (see Chapter 3). In the former 
stratigraphic system, most of the remains were 
attributed to Layer 4A, more specifically to the part 
of former Layer 4A situated between stalagmitic 
floors CC14 and CC4 (Bonjean, 1998; Toussaint 
et al., 1998; Chapter  3; Figure 1; Appendix A). 
Three of the discovered teeth (which all belong 
to the same individual) were originally attributed 
to former Layer 3 (Otte et al., 1993; Toussaint 
et al., 1994), but former Layer 4A as their origin 
was soon suggested as a possibility (Bonjean et 
al., 1996, 1997).

The progress of excavation during the last 
decade provided access to new locations in the 
cave. Throughout this process, careful exami-
nation of the numerous available sedimentary 
profiles was undertaken (Pirson, 2007). This 
allowed the highly complex stratigraphy to 
be deciphered more accurately, leading to a 
better understanding of the succession of the 
cave’s different lithostratigraphic units. Former 
Layer 4A is one of the former layers that under-
went the most important organisational changes 
following the stratigraphic reappraisal. Instead 
of one single layer (as it was previously thought 
to be), about 20 layers have now been recognised, 
which are now classified as Sedimentary Complex 
4A (Chapter 3; Pirson et al., 2005; Pirson, 2007). 
Furthermore, Stalagmitic Floor CC14 was proven 
to be a lateral equivalent of Speleothem  CC4. 

1 A 20th fossil, from Square B37 and initially labelled 
Scla 4A-10, was later discarded from the Neandertal 
remains during taphonomic and anthropological 
studies. Re-examination of the excavation documents 
led to the conclusion that this tooth came from a 
bioturbated context.

The  newly defined layers of Sedimentary 
Complex 4A are grouped into 4 distinct units, 
each including several layers (Figure 2). These 4 
units are, from bottom to top:
— Unit 4A-AP, the lowermost unit, including all 

the layers within the complex that are older 
than CC4;

— Unit 4A-IP, including Stalagmitic Floor CC4 
and the layers that are contemporaneous with 
the formation of CC4;

— Unit 4A-CHE, which includes the layers that 
developed inside a large gully structure that 
eroded underlying layers, including CC4;

— Unit 4A-POC, the uppermost unit, superim-
posing both units 4A-IP and 4A-CHE.

The stratigraphic re-evaluation made recon-
sidering the exact position of the Scladina 
Neandertal child remains necessary. This reap-
praisal, only possible because of the rigorous 
excavation methods used at the site, is the subject 
of this chapter. Some of the arguments that will 
be presented have already been published (Pirson 
et al., 2005; Pirson, 2007), but they will be fully 
examined in the present work.
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2. Methods

S everal methods have been used in order to 
determine the exact stratigraphic origin of 

the hominin remains. They include:
— 3-dimensional positioning of each fossil. This 

is only possible for 5 out of the 19 remains, 
because during the early stage of excavation 
only the objects from former Layer 5 were 
recorded in 3-dimensions (see Chapter  2). 
From 1991 onwards, in some areas of the cave, 
objects from other layers (former layers 1B, 2B, 
3, and 4A) were recorded 3-dimensionally in 
situations where the faunal material was very 
abundant. However, the Neandertal remains 
that were unearthed before the 16th of July 1993 
(the date that the hemimandible, Scla  4A-1, 
was discovered) were only recognised later by 

reanalysing the faunal collections. The coordi-
nates only included 2 pieces of location data: 
the square (without relative x-y values) and a 
range of altitudes that are more or less accu-
rate (Table 1);

— projection of the each fossil’s 3-dimension-
nal location onto the nearest sedimentary 
profile(s);

— analysis of some unpublished stratigraphic 
drawings of the Neandertal remains’ immedi-
ate surroundings;

— analysis of the field notes (sedimentologi-
cal descriptions, altitudes of the layer bound-
aries for each square, maps of the excavated 
remains, etc.);

— analysis of numerous pictures (photographs 
and slides) including general views, details 
of the concerned square in horizontal view, 

Anthropological 
number Nature Square x 

(cm)
y 

(cm)
z 

(cm)
Former 
Layer

New stratigraphic record
Unearthed Identified

Unit Layer

Scla 4A-1 right half of the mandible D 29 41 13 −484.5 4A 4A-CHE 4A-GX 16/07/1993 20/07/1993

Scla 4A-9 left half of the mandible C 28 98 75 −478.6 4A 4A-CHE 
(4A-POC)

4A-JA 
(?) 12/07/1996 12/07/1996

Scla 4A-2 small part of right maxilla D 30 / / −477 to −479 4A 4A-POC 
(4A-CHE) ? 18/02/1992 October 1993

Scla 4A-4 permanent maxillary right first molar C 30 12 50 −466 4A 4A-POC 4A-BO 14/12/1993 14/12/1993

Scla 4A-3 permanent maxillary right second molar C 30 / / −464 to −470 4A 4A-CHE or 4A-POC ? 15/10/1992 October 1993

Scla 4A-8 permanent maxillary right third molar C 32 20 to 
80

10 to 
30 −460 to −462 4A 4A-POC 

(4A-CHE)
4A-LEG
(4A-JA) 14/07/1995 14/07/1995

Scla 4A-13 deciduous mandibular right second molar E 38 88 57 −481 4A 4A-POC 4A-LEG 13/11/2001 13/11/2001

Scla 4A-19 
(= Scla 3-4) permanent mandibular left lateral incisor D 34 / / −460 to 

−471,5 3 or 4A 4A-POC or 3-INF 
(3-SUP) ? 08/03/1995 10/04/1995

Scla 4A-18 
(= Scla 3-3) permanent maxillary left canine F 26 / / −461 to −471 3 or 4A 4A-POC

(4A-IP, 4A-CHE, 3-INF) ? 19/11/1991 October 1993

Scla 4A-7 deciduous maxillary right first molar F 27 / / −471 to −481 4A 4A-CHE or 4A-POC 
(4A-IP, 3-INF) ? 12/11/1991 October 1993

Scla 4A-12 permanent mandibular right canine F 27 / / −449 to −461 4A 4A-POC or 3-INF
(4A-IP, 4A-CHE, 3-SUP) ? 28/03/1990 July 2001

Scla 4A-17 
(= Scla 3-2) permanent maxillary left lateral incisor F 27 / / −458 to −470 3 or 4A 4A-POC

(4A-IP, 4A-CHE, 3-INF) ? 17/10/1991 October 1993

Scla 4A-5 deciduous maxillary right second molar G 27 / / −447 to −462 4A 4A-POC or 3-INF
(4A-IP, 4A-CHE, 3-SUP) ? 13/03/1990 October 1993

Scla 4A-6 mandibular right first premolar G 27 / / −463 to −477 4A 4A-CHE or 4A-POC
(4A-IP, 3-INF) ? 04/07/1990 October 1993

Scla 4A-11 permanent maxillary right central incisor G 27 / / −447 to −462 4A 4A-POC or 3-INF
(4A-IP, 4A-CHE, 3-SUP) ? 13/03/1990 May 2000

Scla 4A-14 permanent maxillary right lateral incisor H 27 / / −445 to −454 4A 4A-POC or 3-INF
(4A-IP, 4A-CHE, 3-SUP) ? 22/02/1990 14/12/2004

Scla 4A-15 permanent mandibular right central incisor H 27 / / −445 to −454 4A 4A-POC or 3-INF
(4A-IP, 4A-CHE, 3-SUP) ? 22/02/1990 14/12/2004

Scla 4A-16 permanent maxillary right canine H 27 / / −454 to −463 4A 4A-POC
(4A-IP, 4A-CHE, 3-INF) ? 23/02/1990 16/12/2004

Scla 4A-20 permanent mandibular right lateral incisor F35-37 / / −350 to −500 / 4A-POC or 3-INF
(3-SUP) ? 12/07/2006 12/07/2006

table 1: List of the 19 Neandertal remains discovered so far in Scladina Cave.

Fossil positioned in a specific layer from the new stratigraphic record
Fossil positioned either in 4A-CHE or in 4A-POC
Fossil with a possible origin from several units
Fossil found after the collapse of a profile

Unit or layer xxx = most probable
(Unit or layer xxx) = possible but low probability
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as well as pictures of sedimentary profiles; in 
some cases, some pictures were taken before, 
during, and after the discoveries of the fossils.

These arguments will be presented for each indi-
vidual fossil (§3) in order to compare the location 
data recorded during the excavation of each fossil 
to the new stratigraphic record. In the discussion 
(§4), other arguments linked with the sedimentary 
dynamics or with the anthropological or tapho-
nomic studies will also be considered in order to 
refine the interpretations presented in this chapter.

3.

 Reappraisal of the stratigraphic 
position of the juvenile 
neandertal fossils

3.1. the right half of the 
mandible (Scla 4A-1)

T he right half of the mandible was unearthed 
during excavation on the 16th of July 1993 

in Square D29 (Figures 3 & 4), and was formally 
identified as being Neandertal a few days later 
in the laboratory (Bonjean et al., 2009a). It was 
attributed in the field to former Layer 4A. Its 
3-dimensional coordinates in Square D29 are: x = 
41 cm, y = 13 cm, and z = −484.5 cm (Table 1).

3.1.1. Available arguments

In this area of the cave, the transition between 
former Layer 3 (brownish stony silt with 
numerous bones) and former Layer 4A (yellowish 
silt with some bones and calcite fragments) is very 
well defined. In Square D29, former Layer 4A was 
excavated between −471 and −510 cm.

Closest sedimentary profile

Among the available sedimentary profiles studied 
in the framework of the stratigraphic reappraisal, 
the profile that is the closest to fossil Scla 4A-1 
is Cross-Section 30/31. However, it is still 187 cm 
away. Given the stratigraphic context (and the 
presence of the gully in Unit 4A-CHE), the use 
of such a distant projection must be approached 
carefully. The orthogonal projection of the fossil 
onto this sedimentary profile points to Unit 4A-IP, 
and more specifically to Layer 4A-OR (Figure 5). 
Laterally, both south and north of where the 
object projects onto the sedimentary profile the 
layers change drastically. Toward the south, about 
60 cm away from the projection, Unit 4A-CHE 

is visible. Toward the north, the gully is farther 
away, but about 60 cm away from the projec-
tion, Unit 4A-POC is present. Consequently, on 
the basis of the orthogonal projection alone, the 
possible stratigraphic position of the fossil Scla 
4A-1 remains uncertain; it could be from units 
4A-IP, 4A-CHE, or 4A-POC.

Sedimentary Profile E/D in 28-29-30 (Figure 6), 
perpendicular to Profile 30/31, is closer (~60 cm). 
However, it was drawn before the stratigraphic 
reappraisal (Bonjean et al., 1997). The projec-
tion of the fossil on this profile points to former 
Layer 4A7; following the reinterpretation of this 
profile using photographs and the course of the 
gully (Figure 9), this former layer is probably part 
of Unit 4A-CHE gully structure.
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Figure 4: Spatial 
distribution of the 19 
juvenile Neandertal 
remains. The numbers 
correspond to the 
Scla 4A numbers 
in Table 1.
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Pictures
The examination of the numerous pictures 
taken during the discovery of the fossil facili-
tated a major observation: fossil Scla 4A-1 was 
surrounded by speleothem fragments (Figure 7). 
This allows units 4A-IP and 4A-AP to be discarded 
as candidates, and units 4A-CHE or 4A-POC to 
become the likely origin for this fossil.

Some of the pictures show Square D29 
shortly after the discovery of the right half of 
the mandible. A blue cast of the fossil is seen 
placed in its exact discovery position (Figure 8). 
These pictures permit observations of the under-
lying sediment on a horizontal surface, but also 
observations of two surrounding vertical profiles, 
which are within close proximity to the object (13 
and 41 cm, respectively). The lithofacies 4A-JA and 

Figure 6: Orthogonal projections of the Neandertal remains Scla 4A-1 and 9 on Cross-Section E/D 
(modified after Bonjean et al., 1997). This profile is a sketch drawn long before the stratigraphic 

reappraisal, and the exact correlations with the new stratigraphic record are difficult to make. The two 
CC4 stalagmites are not in the same plan than the section but about 25 cm behind (in E).

Figure 5: Orthogonal projections of the Neandertal remains Scla 4A-1 to 4 on Cross-
Section 30/31 B-E (the complete section, from B to H, is presented in Chapter 3).

4A-GX, typical of the gully from Unit 4A-CHE, are 
recognisable in these images. In this situation, the 
right half of the mandible is from 4A-GX.

Another interesting aspect of these pictures is 
that they allow the course of the gully to be recon-
structed in this area of the cave, especially when 
considering the observed structures and strati-
graphic sequence documented on Profile 30/31 
(Figures 5 & 9).

3.1.2. Synthesis
Observations of sedimentary profiles 30/31 and 
E/D, when combined with the numerous available 
pictures, allowed for a 3-dimensional reconstruc-
tion of the area to be created. This also allowed 
the course and the extent of the left branch of the 
gully to be reconstructed (Figure 9).
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Figure 7: Pictures of the right half of the mandible (Scla 4A-1), represented by a blue cast in 
the discovery position: left, vertical view of Square D29; right, Sedimentary Profile 29/28 in D. 

Numerous speleothem fragments (in white) are recognisable around the fossil.

(4A-GX)

(4A-GX)

(4A-GX)

(4A-JA)

(4A-JA)

?

?

Figure 8: Pictures of the right half of the mandible (Scla 4A-1), represented by a blue cast in the discovery 
position: left, general view of Square D29; right, detail of the angle between profiles 29/28 and D/C. The 

greyish and yellowish facies are probably related to lithofacies 4A-GX and 4A-JA, respectively.

On these grounds, the stratigraphic context 
of the right half of the Scladina Child’s mandible 
can accurately be established as one of the 4A-GX 
lithofacies in Unit 4A-CHE. Some pictures show 
that at this particular location, this Lithofacies 
4A-GX superimposes one of the Lithofacies 4A-JA. 
Since the fossil must be from the left branch of 
the gully, it is confirmed to be from the upper 
Lithofacies 4A-GX in the gully structure seen 
on Sedimentary Profile 30/31 (Tables 1 & 2). This 

complements the results of the projection of the 
fossil onto Profile 30/31.

3.2. the left half of the 
mandible (Scla 4A-9)

The left half of the mandible (Scla 4A-9) was found 
and recognised in situ on the 12th of July 1996 in 
Square C28 (Figure 4), during the excavation of a 
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Figure 10: Small sedimentary profiles threatened by the 
collapse of large stone slabs from the wall. The symbol 

positions the location where the left half of the mandible 
has been found during the rescue excavation of this area.

Fossil no 4A-IP 4A-CHE 4A-POC 3-INF 3-SUP

Scla 4A-1 v

Scla 4A-9 v (v)

Scla 4A-2 (v) v

Scla 4A-4 v

Scla 4A-3 v v

Scla 4A-8 (v) v

Scla 4A-13 v

Scla 4A-19 v v (v)

Scla 4A-18 (v) (v) v (v)

Scla 4A-7 (v) v v (v)

Scla 4A-12 (v) (v) v v (v)

Scla 4A-17 (v) (v) v (v)

Scla 4A-5 (v) (v) v v (v)

Scla 4A-6 (v) v v (v)

Scla 4A-11 (v) (v) v v (v)

Scla 4A-14 (v) (v) v v (v)

Scla 4A-15 (v) (v) v v (v)

Scla 4A-16 (v) (v) v (v)

Scla 4A-20 v v (v)

v 0 5 17 7 0

(v) 10 10 1 5 7

Fossil positioned in a specific layer 
from the new stratigraphic record
Fossil positioned either in 
4A-CHE or in 4A-POC
Fossil with a possible origin 
from several units

Fossil found after the collapse of a profile

table 2: Possible stratigraphic origin of the 19 
Scladina Neandertal juvenile remains. v = most 
probable candidate(s); (v) = unlikely candidate, 

but possible; (empty cell) = impossible.
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small area threatened by the collapse of a stone 
slab from the wall (Figure  10). This fossil was 
attributed to former Layer 4A in the field. Its coor-
dinates in Square C28 are: x = 98 cm, y = 75 cm, 
and z = −478.6 cm (Table 1).

3.2.1. Available arguments

Closest sedimentary profile

The closest profile is Cross-Section 30/31, which is 
more than 2 m away. From such a long distance, 
any projection is difficult to use, especially with 
the complex geometries linked with the unit 
4A-CHE gully. From an altimetric point of view, 
on the basis of the comparison with Profile 30/31, 
the fossil could have originated from units 4A-IP, 
4A-CHE, or 4A-POC.

Pictures

Many pictures of both horizontal and vertical 
views of the area around where the left hemi-
mandible was discovered are available. About 
10  cm under the fossil on a small sedimentary 
profile, an equivalent of Layer 4B-LI (Unit 4B) is 
visible (Figure 11); the upper limit of this layer is 
eroded by what seems to be a 4A-JA lithofacies 
(Unit 4A-CHE). The left half of the mandible is 
pictured in a yellowish sediment (Figure 11) that 
contains laterally some speleothem fragments. 
This sediment closely resembles the appearance of 
a 4A-JA lithofacies from Unit 4A-CHE.

3.2.2. Synthesis

From an altimetric point of view, comparing the 
depth of the fossil with the stratigraphic context 

of the area and with Sedimentary Profile 30/31, the 
left half of the mandible could originate from units 
4A-IP, 4A-CHE, or 4A-POC. The presence of calcite 
fragments allows Unit 4A-IP to be discarded. The 
possible candidates are thus units 4A-CHE or 
4A-POC; on the basis of the photographic anal-
ysis, fossil Scla 4A-9 is probably from a facies of 
Unit 4A-CHE, likely 4A-JA (Tables 1 & 2).

3.3. the right maxilla 
fragment (Scla 4A-2)

The small part of the right maxilla was unearthed 
from Square D30 on the 17th of February 1992 
(Figure 4). It was not assigned any 3-dimensional 
coordinates. This fossil was not identified until 
October 1993 during a re-analysis of the faunal 
collection. Its coordinates are thus inaccurate: x 
and y unknown, and z = −477 to −479 cm (Table 1). 
It was attributed to the top of former Layer 4A.

3.3.1. Available arguments

Closest sedimentary profile

The nearest useable sedimentary profile is trans-
versal Cross-Section 30/31. The distance between 
the fossil and the profile is less than 1 m, although 
the exact distance remains unknown in the 
absence of x and y coordinates. When projecting 
the objects onto Profile 30/31 with its range of 
possible altitudes (−477 to −479 cm), 2 scenarios 
seem possible (Figure 5). If the fossil was lying in 
the southern half of the square (towards C), the 
projection points to Layer 4A-OR (Unit 4A-IP); 
however, the course of the gully in this area 
(cf. §3.1) indicates that an origin from lithofacies 

Figure 11: Left half of the mandible (Scla 4A-9) in its discovery position on Profile D/C 28. The finely 
laminated yellowish sediment at the bottom of the picture on the right corresponds to Layer 4B-LI.
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4A-GX (Unit 4A-CHE) is also possible. If the 
fossil was found in the northern half of the 
square (towards E), layers 4A-GBL or 4A-LEG 
(Unit 4A-POC) seem like more likely candidates. 
Based on these observations, the right maxilla 
fragment could come from units 4A-IP, 4A-CHE, 
or 4A-POC.

At the time of the discovery, the large stalag-
mite situated in Square D30 was attributed to 
Speleothem CC14, and overlying Unit 4A-POC 
was attributed to former Layer 4A. As the fossil 
was found close to the boundary between former 
layers 3 and 4A, and as the bottom of the stalag-
mite was not yet reached by the excavation at that 
time, an attribution to Unit 4A-IP can be excluded. 
The hypothesis of an attribution to Unit 4A-POC 
is the most probable, given the extent of the layer 
in the square. However, an origin from the top of 
Unit 4A-CHE cannot be totally ruled out.

Pictures

No pictures exist of the right maxilla fragment in 
situ. However, the numerous pictures of the area 
near its place of discovery (squares C29, C30, D29, 
and D30) allow observations to be made regarding 
the exact course of the Unit 4A-CHE gully (left 
branch; cf §3.1). This can help to evaluate the 
importance of Unit 4A-CHE in Square D30, 
showing that most of the square was not affected 
by the gully structure (Figure 9).

3.3.2. Synthesis

The projection of the fossil onto Sedimentary 
Profile 30/31, the available pictures, and the posi-
tion of Unit 4A-CHE in the area all indicate that 
most of Square D30 was outside the influence of 
the gully. Positioning the right maxilla fragment 
in Unit 4A-POC seems the best hypothesis, but 
an origin from the top of Unit 4A-CHE cannot be 
totally ruled out (Tables 1 & 2).

3.4. the permanent maxillary 
right first molar (Scla 4A-4)

3.4.1. Available arguments

The Scla 4A-4 molar was identified during excava-
tion on the 14th of December 1993, in Square C30 
(Figure 4). It was attributed to former Layer 4A in 
the field. Its 3-dimensional coordinates in Square 
C30 are: x = 12 cm, y = 50 cm, and z = -466 cm 
(Table 1).

Closest sedimentary profile

The nearest cross-section is Profile 30/31, which 
is 50 cm away. The projection of the molar onto 
this profile points to the bottom of Unit 4A-POC 
(Layer 4A-BO; Figure 5). Given the stratigraphic 
context and because the tooth is 50 cm away from 
the profile, the object may have come from the top 
of Unit 4A-CHE.

Pictures

Numerous pictures of the molar were taken in 
situ (Figure 12). They show that the fossil was 
unearthed from beige-orange sediment rich in 
small calcite fragments. The presence of calcite 
fragments suggests either Unit 4A-CHE or Unit 
4A-POC. The comparison between the lithofacies 
on the pictures and the lithofacies of the layers on 
Sedimentary Profile 30/31 (still visible), together 
with the well-known stratigraphic relationships 
between the layers in this part of the sequence, 
indicate that the tooth Scla 4A-4 was found in 
Layer 4A-BO (Unit 4A-POC).

3.4.2. Synthesis

The pictures of tooth Scla 4A-4 in situ clearly 
show the lithofacies in which the tooth was found. 
This beige-orange sediment corresponds to Unit 
4A-POC, and more specifically to Layer 4A-BO 
(Tables 1 & 2). These arguments allow this molar 
to be precisely and accurately positioned in the 
new stratigraphic record.

3.5. the permanent maxillary right 
second molar (Scla 4A-3)

The molar Scla 4A-3 was collected during sieving on 
the 15th of October 1992, from Square C30 (Figure 
4). It was identified as a Neandertal tooth in the 
laboratory in October 1993. Its 3-dimensional coor-
dinates are rather inaccurate: x and y are unknown, 
and z = −464 to −470 cm (Table 1). In the field, the 
tooth was exhumed from the boundary between 
former layers 4A and 3; the fossil was therefore 
attributed to the top of former Layer 4A.

3.5.1. Available arguments

Closest sedimentary profile

The closest cross-section is Profile 30/31. As this 
tooth was found during sieving, the exact distance 
between the fossil and the profile is unknown 
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(but is a maximum of 1  m). The projection of 
this tooth onto Profile 30/31 suggests its origin 
as the top of Unit 4A-CHE or the bottom of Unit 
4A-POC (Figure 5). If this molar was unearthed in 
the northern part of the square, it could also have 
been exhumed from Layer 4A-OR (Unit 4A-IP).

Pictures

No pictures of this tooth were taken in situ, as its 
discovery precedes the identification of the Neandertal 
child at Scladina. However, numerous pictures of the 
square were taken during the next stage of excava-
tion, when the permanent maxillary right first molar 
(Scla 4A-4) was found (Figure  12). These pictures 
show the nature of the sediment that molar Scla 4A-4 
was found in. The same sediment covered almost 
the entirety of Square C30: a silt rich in limestone 
and calcite fragments, attributable to units 4A-CHE 
or 4A-POC. Only a narrow band of sediment (10 cm 
wide and 40 cm long) situated in the northern part 
of the square contains no calcite fragments; this sedi-
ment corresponds to Layer 4A-OR (Unit 4A-IP).

Field notes

The information collected in the field clearly indi-
cates that the narrow band of Unit 4A-IP in the 
northern part of Square C30 contains no bone or 
tooth remains. This situation suggests eliminating 
Unit 4A-IP from the possible candidates for the 
sedimentary context of Scla 4A-3.

3.5.2. Synthesis

The stratigraphic context of molar Scla 4A-3, 
deduced from the study of both the very close 
Sedimentary Profile 30/31 and the sediments 
visible in the pictures that show the discovery 
of molar Scla 4A-4 (found immediately after Scla 
4A-3), suggests that this tooth likely originates 
either from Unit 4A-CHE (facies 4A-GX) or from 
Unit 4A-POC (Table 1 & 2). An origin from Layer 
4A-OR (Unit 4A-IP) can be discarded, as this unit 
is very poorly represented in this square and 
contains no remains.

Figure 12: The permanent 
maxillary right first molar 
(Scla 4A-4) in situ in Square C30.
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3.6. the crown of the permanent 
maxillary right third molar (Scla 4A-8)

The molar Scla 4A-8 was unearthed on the 14th 
of July 1995 in Square C32 (Figure 4). It was iden-
tified immediately after, during sieving. The field 
observations made during the discovery restrict 
the range of the object’s x and y coordinates. Its 
3-dimensional coordinates in Square C32 are thus: 
x = 20 to 80 cm, y = 10 to 30 cm, and z = −460 to 
−462 cm (Table 1). It was attributed to the top of 
former Layer 4A.

3.6.1. Available arguments

Closest sedimentary profile

The nearest profile is Cross-Section 32/31 
(Figure  13). It is a maximum of 30  cm away 
from where the molar crown was discovered. 
The projection onto the northern half of Square 
C32 (towards D) points to Layer 3-LHM (Unit 
3-INF), while the projection onto the southern 
half of the square (towards B) points to Layer 
4A-LEG (Unit 4A-POC) or, less likely, to the 
upper 4A-JA facies (Unit 4A-CHE). However, 
an attribution to Layer 3-LHM (Unit 3-INF) can 
be ruled out because the sediment of this layer 
is brownish and could not have been confused 
with former Layer 4A; besides, according to the 
data collected in the field, former Layer 3 was 
completely excavated in this square by the 25th 
of March 1995.

Position in comparison with Speleothem CC4

The depth of Speleothem CC4 in Square D32 
(−480 cm at the deepest) confirms that the molar 
Scla 4A-8 (z = −460 to −462  cm) must be from 
above the bottom of Speleothem CC4.

Field notes

An examination of the spatial distribution maps 
of the remains shows that the map concerning 
the tooth Scla 4A-8, at a depth of ~−460 cm, indi-
cates the presence of calcite fragments. Therefore, 
the object must originate from units 4A-POC, 
4A-CHE, or 3-INF, all of which contain calcite 
fragments.

3.6.2. Synthesis

The combination of all the available arguments 
suggest that the tooth originates from Unit 4A-POC, 
and more likely from Layer 4A-LEG, considering 
the position of the tooth in comparison with the 
Profile 32/31 (Tables 1‒2). However, an origin from 
the top of Unit 4A-CHE (Facies 4A-JA) cannot be 
totally ruled out.

3.7. the deciduous mandibular right 
second molar (Scla 4A-13)

The Scla 4A-13 deciduous molar was found on the 
13th of November 2001 in Square E38 (Figure 4). 

Figure 13: Orthogonal projections of the Neandertal remains Scla 4A-8 (C32) and 19 (D34) on Cross-Section 32/31.
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It was identified in situ. Its 3-dimensional coordi-
nates in Square E38 are: x = 88 cm, y = 57 cm, and 
z = −481 cm (Table 1). It was attributed to former 
Layer 4A in the field.

3.7.1. Available arguments

Closest sedimentary profile

Sedimentary profiles E/F 38 and E 38/39 are the 
closest to where the molar was found (12 and 
43 cm, respectively). The projection of the molar 
clearly shows that it is from Unit 4A-POC, and 
more precisely from layers 4A-BO or 4A-LEG.

Pictures

Several pictures of the area are available, 
including pictures with the tooth in situ. They 
show the junction between sedimentary profiles 
E/F and 38/39 (Figure 14). In these pictures, the 
molar can be positioned in comparison with the 
large speleothem fragment present at the corner 
of the two profiles. The tooth appears to be from 
sediment with grey and orange-brown lenses, 
corresponding to Layer 4A-LEG (Unit 4A-POC).

3.7.2. Synthesis

All the arguments, especially the pictures of the 
tooth in situ, demonstrate that the fossil Scla 
4A-13 is from Unit 4A-POC, and more specifically 
from Layer 4A-LEG (Tables 1 & 2).

3.8. the permanent mandibular left 
lateral incisor (Scla 4A-19)

The tooth Scla 4A-19 was found during sieving 
on the 8th of March 1995. It is from Square D34 
(Figure 4). It was attributed to former Layer 3, at 
the boundary with former Layer 4A. However, as 
it came from the last stage of excavation in former 
Layer 3, it is quite possible that a small part of the 
top of former Layer 4A was also accidentally exca-
vated during the process.

The 3-dimensional coordinates are not accu-
rate given the conditions of the object’s discovery: 
the x and y values are unknown, and z = −460 to 
−471.5 cm (Table 1).

3.8.1. Available arguments

Closest sedimentary profile

The 2 available sedimentary profiles for prove-
nancing this incisor are rather far away. The first 
one is Profile E/F 34, which is 1 to 2 m away (the 
absence of x-y coordinates prevents an accurate 
measurement). The projection (Figure 15) suggests 
a possible origin in Layer 4A-LEG (Unit 4A-POC), 
Layer 3-BMK (Unit 3-INF), or less likely from 
layers 4A-BO (Unit 4A-POC), 3-ASS, or 3-EMO 
(Unit 3-SUP).

The second profile is Cross-Section D 32/31 
(Figure 13). It is even farther away from the fossil 
than E/F 34 at between 2 and 3 m, preventing any 
reliable projections. Regardless, the projection 

Figure 14: The deciduous mandibular right second 
molar (Scla 4A-13) in situ in Square E38. Left, angle 
between profiles E/F and 38/39; right, close up of 
the tooth surrounded by an orange-brown and 
grey sediment corresponding to Layer 4A-LEG.
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suggests Unit 3-INF (layers 3-LHM or 3-BMK), 
Unit 4A-POC (Layer 4A-GBL), or Unit 4A-IP 
(Speleothem CC4). However, taking the apparent 
dip observed on Profile E/F into account, an attri-
bution to Unit 4A-IP seems unlikely and can be 
ruled out.

Position in comparison with Speleothem CC4

Near Square D34, Stalagmitic Floor CC4 has been 
observed at several locations in situ (Figure  4). 
In D34, Speleothem CC4 was reached during the 
stage of excavation following the discovery of the 
tooth (at an altitude of around −480  cm), which 
automatically implies that this fossil came from a 
layer overlying CC4. Units 4A-CHE and 4A-IP can 
therefore be discarded as candidates.

3.8.2. Synthesis

All the available arguments indicate that tooth 
Scla 4A-19 was excavated from a layer overlying 
Speleothem CC4 (i.e., postdating Unit 4A-IP). The 
available sedimentary profiles are too far away to 
allow any firm attribution to be made. Given the 
stratigraphic context, however, several units are 
possible candidates: units 4A-POC, 3-INF, or, less 
likely, Unit 3-SUP (Tables 1 & 2).

The fact that tooth Scla 4A-19 came from above 
Speleothem CC4 could explain that this fossil was 
attributed in the field to former Layer 3. At this 

time, Speleothem CC4 was understood to seal 
former Layer 4A. Therefore, it was thought that 
an object from any sediment above CC4 had to 
belong to former Layer 3. In the new stratigraphic 
record Unit 4A-POC is understood to superimpose 
Speleothem CC4, so the fossil could either belong 
to 4A-POC or to former Layer 3 (i.e., to one of the 
layers of Unit 3-INF or to layers 3-ASS or 3-EMO 
of Unit 3-SUP).

3.9. the 10 teeth from squares 
F26, F27, G27, and h27

The squares F26, F27, G27, and H27 yielded 10 
teeth belonging to the Scladina Neandertal child 
between the 22nd of February 1990 and the 19th of 
November 1991: Scla 4A-5, -6, -7, -11, -12, -14, -15, 
-16, -17, and -18 (Figure 4). These teeth were all 
collected before the identification of Neandertal 
remains in July 1993. At this time, the excava-
tion in former Layer 4A was conducted by square 
metres and by ~10 cm thick levels (see Chapter 2). 
Their x and y coordinates inside the square are 
therefore unknown, while the z coordinate corre-
sponds to an altitude range of between 9 and 
15 cm (with extreme z values of −445 and −481 cm 
for all the 10 teeth; Table 1).

Eight of these teeth were attributed in the 
field to former Layer 4A. The 2 others (Scla 4A-17 
and -18) were initially attributed to the bottom of 
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Scla 4A-19

Scla 4A-20

Scla 4A-13

Unit 4A-CHE

Sedimentary Complex 4
(details not drawn)
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X

Figure 15: Orthogonal projections of the Neandertal teeth Scla 4A-13 (E38) and Scla 4A-19 (D34) on 
Sedimentary Profile E/F (after Pirson, 2007). The area of this profile affected by the collapse (squares 35‒37) 

that led to the discovery of the permanent mandibular right lateral incisor (Scla 4A-20) is also shown.
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former Layer 3 and published as such (e.g., Otte 
et al., 1993; Toussaint et al., 1994). Soon after, 
these teeth were suggested to belong to former 
Layer 4A (Bonjean et al., 1996, 1997; Pirson et 
al., 2005). The situation will be re-examined here.

3.9.1. Available arguments

Each of the squares F26, F27, G27, and H27 include 
at least some of the Unit 4A-CHE gully structure 
(Figure 9). This probably explains why Speleothem 
CC4 is mainly absent from these squares. However, 
in the absence of x-y coordinates for the 10 teeth, 
and as the exact course of the gully in this area 
remains unknown, it cannot be excluded that 
some of the fossils may be from an area unaffected 
by the gully. In such a context, all the available 
arguments have been used in order to try to limit 
the uncertainty of the stratigraphic location for 
each of the 10 Neandertal teeth.

Position in comparison with Speleothem CC4

In the 4 squares listed above, Stalagmitic Floor 
CC4 (Unit 4A-IP) is only present in the north-
western quarter of Square F27 and in the 
northern border of Square H27. However, it 
has been regularly observed in the surrounding 
area to the west and to the north (Figure 4). 
Because of the apparent dips observable on 
Sedimentary Profile H/I (Figure  16), and more 
specifically the apparent dip of the planar 
boundary between units 4A-AP and 4A-IP, 

extrapolating the position of the bottom of Unit 
4A-IP is possible in the squares where the spele-
othem was not observed. Most of the time, the 
bottom of Unit 4A-IP corresponds to the bottom 
of Speleothem CC4.

On Sedimentary Profile H/I, the apparent dip 
of the planar limit at the bottom of Unit 4A-IP has 
a value of about 4o (~7 cm/m) between metres 23 
and 28, then tends to be almost horizontal between 
metres 29 and 30. This value (7 cm/m) corresponds 
to the planar limit’s average apparent dip because 
the bottom of Unit 4A-IP regularly deviates from 
this mean value by only a few centimetres. The 
maximum observed deviation on Profile H/I is 
close to 10  cm, but most of the time the devia-
tion is less than 5  cm. This extrapolation has to 
be used carefully, given the important lateral vari-
ations regularly observed in the cave; however, 
it  remains one of the main arguments for the 
 reattribution of these 10 teeth to the new strati-
graphic record.

Based on this extrapolation, the estimated 
depth of the bottom of Unit 4A-IP in the squares 
F26 and F-G-H27 is indicated on Figure 17 (values 
between brackets). The implications for the 10 
teeth are listed below, square by square:
— F26: the extrapolated bottom of Unit 4A-IP is at 

-473 cm. The tooth Scla 4A-18, with an altitude 
value of between −461 and −471  cm, would 
thus be situated above this limit;

— F27: the extrapolated bottom of Unit 4A-IP is at 
−480 cm and the measured depth of the portion 
of the in situ Speleothem CC4 is at −482 cm. 

Figure 16: Orthogonal projections (rectangles) of the 10 Neandertal teeth from squares F26 and FGH-27 on Sedimentary 
Profile H/I. The apparent dips of the bottom of Unit 4A-IP (red; ~7cm/m) and Layer 3-EMO (yellow; ~5cm/m) are also shown.
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This reinforces the reliability of these extrap-
olations. The teeth Scla 4A-12 (z = −449 to 
−461 cm) and Scla 4A-17 (z = −458 to −470 cm) 
are clearly situated higher; the tooth Scla 4A-7 
(z = −471 to −481 cm) is situated slightly above 
or immediately below the bottom of Unit 4A-IP;

— G27: the extrapolated bottom of Unit 4A-IP is 
at −477 cm. The teeth Scla 4A-5 and -11 (z = 
−447 to −462 cm) would thus be situated above 
this limit; the tooth Scla 4A-6 (z = −463 to 
−477 cm) would also be above this limit or at 
the boundary between units 4A-AP and 4A-IP;

— H27: the extrapolated bottom of Unit 4A-IP is 
at −475 cm. This value is comparable to what 
was observed on Sedimentary Profile H/I 27 
(−465 to −473), which again reinforces the reli-
ability of these extrapolations. The teeth Scla 
4A-14 and Scla 4A-15 (z = −445 to −454  cm), 
as well as Scla 4A-16 (z = −454 to −463 cm) are 
thus situated above the bottom of Unit 4A-IP.

As a result, 8 out of 10 teeth are clearly situated 
above the lower limit of Unit 4A-IP, which means 
that they are contemporaneous with or were 
deposited after Unit 4A-IP. The 2 remaining teeth 
are also probably above this limit, even if a posi-
tion immediately below cannot be totally ruled 
out by this analysis.

Position in comparison with Unit 4A-CHE

Unit 4A-CHE is a gully structure that devel-
oped downwards from the top of Unit 4A-IP into 
subjacent layers. Most of the time, Unit 4A-CHE 
extends below the bottom limit of Unit 4A-IP, 
despite it being younger (Figure 2). However, the 
top of Unit 4A-CHE is sometimes situated higher 
than the bottom of Unit 4A-IP (e.g., on profiles 
30/31 in C or 32/31 in B-C-D; Figures 5 & 13).

In this context, the 8 teeth situated above the 
bottom of Unit 4A-IP are most likely not from 
4A-CHE, but this latter hypothesis cannot be 
totally ruled out. The 2 other teeth, Scla 4A-7 (z 
= −471 to −481  cm) and Scla 4A-6 (z = −463 to 
−477 cm), might originate from below Unit 4A-IP 
(extrapolated bottom of Unit 4A-IP at −480 and 
−475  cm, respectively); they could therefore 
belong to Unit 4A-CHE.

Unit 4A-IP vs. Unit 4A-CHE

Often where the 4A-CHE gully is present 
Unit  4A-IP has been completely eroded. As the 
squares F26, F27, G27, and H27 are most probably 
affected by the Unit 4A-CHE gully, Unit 4A-IP has 
probably been eroded from most of these squares. 
As a result, an origin of the teeth in Unit 4A-IP 

itself seems unlikely. However, Unit 4A-IP was 
present on a small portion of F27 and H27 where 
Speleothem CC4 was recorded (Figure 9); small 
parts of the other squares were also potentially 
not affected by Unit 4A-CHE. In such conditions, 
an origin from Unit 4A-IP cannot be totally ruled 
out; however, it is unlikely.

Position in comparison with 
units 3-SUP and 3-INF

Given the local stratigraphic context deduced 
from sedimentary profiles H/I and 30/31, as well 
as from field data, the 10 teeth are not from a layer 
that superimposes Layer 3-EMO (Unit 3-SUP).

Concerning Unit 3-SUP itself and its main 
Layer 3-EMO, the same method as for Speleothem 
CC4 was applied: the apparent dip of the lower 
boundary of Layer 3-EMO observable on 
Sedimentary Profile H/I was used (Figure 16). This 
dip has a value of between 3‒3.5° (~5 to 6 cm/m) 
when viewed on this profile. On Sedimentary 
Profile 30/31, the altitude of Layer 3-EMO varies 
between −470  cm in column F and −441  cm in 
column H due to the presence of a small gully 
in column  F (Figure 18). In such a stratigraphic 
context, the use of average dip is difficult. 
Therefore, only the minimum dip will be taken 
into account (5 cm/m). Furthermore, the minimum 
dip will be applied to the lowest point of Layer 
3-EMO on Profile 30/31, at the bottom of the 
small gully (−470 cm), in order to take the prob-
able meandering course of this gully into account 
when going updip from metre 30 to metres 26-27. 
As a result, the extrapolated depth of the lower 
limit of Layer 3-EMO for squares F-G-H 26-27 will 
represent the lowest possible values for this limit.

Following this reasoning, the lowest possible 
depth of the bottom of Layer 3-EMO (Unit 3-SUP) 
ranges from -450 cm to −445 cm for metre 26, and 
from −455 cm to −450 cm for metre 27 (Figure 17). 
When comparing these values with the depth 
range of each Neandertal tooth, it appears that 
the tooth from Square F26 (Scla 4A-18; z = −461 
to −471  cm) is clearly below Layer 3-EMO and 
thus cannot be from this layer. The same goes for 
4 teeth from metre 27 (Scla 4A-6, -7, -16, -17). The 
lowest value of the depth range of the 5 remaining 
teeth (Scla 4A-5, -11, -12, -14, -15) is close to the 
limit: between −445 and −449 cm. Therefore, for 
these 5 teeth, Layer 3-EMO cannot be totally ruled 
out as their sedimentary context (Table 2).

The same method was applied to Unit 3-INF 
and indicated that the 10 teeth could be from this 
unit, even if it seems unlikely for 5 of them.
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Figure 17: The extrapolated depth (see text) of the bottom of Unit 4A-IP as well as the extrapolated lowest 
possible depth of the bottom of Layer 3-EMO. These extrapolated depths helped reconstruct the stratigraphic 
position of the 10 teeth from squares FGH 27 and F26 relatively to 3-EMO and 4A-IP (see boxes at the right).

Figure 18: Sedimentary Profile 30/31 showing the concave aspect of the bottom of 
Layer 3-EMO (gully; the complete section, from B to H, is presented in Chapter 3).
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Closest sedimentary profile
The nearest cross-section is the longitudinal 
Sedimentary Profile H/I. However, the orthog-
onal projections are not useful for several 
reasons: the complexity of the attitude of struc-
tures in this area, especially with the gully of Unit 
4A-CHE; the concave shape of the lower limit of 
Speleothem CC4 on the transverse axis (Figure 17); 
and the irregular lower boundary of Layer 3-EMO 
(Unit 3-SUP) due to small gullies. The projections 
will therefore not be taken into account. For infor-
mation only, the projection of the fossils from 
Square H27 (which are less than 1 m away) point to 
the following layers (Figure 16): Speleothem CC4 
(Unit 4A-IP) or Layer 4A-OR (Unit 4A-IP) in 
the case of tooth Scla 4A-16; Speleothem CC4 
(Unit  4A-IP) or Layer 3-EMO (Unit 3-SUP) in 
the case of teeth Scla 4A-14 and -15. The projec-
tions of the teeth from squares F26, F27, and G27 
(Figure  16) point to Layer 4A-KG (Unit 4A-AP), 
Layer 4A-OR or CC4 speleothem (Unit 4A-IP), or 
Layer 3-EMO (Unit 3-SUP).

3.9.2. Synthesis

The 10 teeth found in squares F26, F27, G27, and 
H27 are the first human remains discovered at 
Scladina. They were unearthed between 1990 
and 1991, i.e., before the identification of the 
Neandertal child. For these reasons, the available 
data is less numerous and less precise. The strati-
graphic context of the objects is therefore much 
more difficult to establish.

The main arguments concern the stratigraphic 
sequence in the area, deduced from the refer-
ence sections H/I and 30/31, and the comparison 
between the altitude of the teeth and the alti-
tude of the lower limit of units 4A-IP, 3-INF, and 
3-EMO. A first limitation of using these argu-
ments is the lack of precision of the altitude 
values given to the teeth, as they were found 
during sieving. A second limitation is that the alti-
tude of units 4A-IP, 3-INF, and 3-EMO can only be 
obtained following an extrapolation based on an 
average longitudinal dip determined on the refer-
ence Sedimentary Profile H/I. Caution is therefore 
particularly advised here.

Taking all of this into account, suggesting that 
the teeth are from units 4A-IP, 4A-CHE, 4A-POC, 
3-INF, and/or 3-SUP is possible, with a different 
combination of potential units for each tooth (see 
Tables 1 & 2 for the details). An origin from Unit 
3-SUP or Unit 4A-IP is unlikely in all cases. Among 
4A-CHE, 4A-POC, and 3-INF, the best hypothesis 

would be an origin from Unit 4A-POC because it 
is the common possibility between all the 10 teeth.

3.10. the permanent mandibular 
right lateral incisor (Scla 4A-20)

The tooth Scla 4A-20 was discovered on the 12th 
of July 2006 during the sieving of sediment from a 
collapse of Sedimentary Profile E/F 35-37 (Figure 4), 
in an area bioturbated by 2 large badger burrows 
(Figures 15 & 19). The 3-dimensional coordinates of 
this incisor are therefore unknown (Table 1).

3.10.1. Available arguments

Closest sedimentary profile

Two sedimentary profiles influence the interpreta-
tion of this tooth’s context: Profile E/F (Figure 15) 
and Profile F/G. The careful examination of the 
collapse area in 2006 indicates that only some units 
have been affected by this collapse: Sedimentary 
Complex 1B, as well as units 2A, 2B, 3-SUP, 3-INF, 
and 4A-POC (Figure 15). An origin from a unit 
older than Unit 4A-POC can therefore be discarded, 
allowing units 4A-AP and 4A-IP to be excluded. 
In addition, Unit 4A-CHE can also be ruled out 
because this unit does not exist in the area affected 
by the profile collapse (E/F 35-37) and is only visible 
between metres 34 and 32 on Profile E/F.

3.10.2. Synthesis

The units affected by the collapse of the 
Sedimentary Profile E/F in 2006 allow the sedi-
mentary context of the tooth Scla 4A-20 to be 
restricted to a small number of candidates: 
Sedimentary Complex 1B, as well as units 2A, 2B, 
3-SUP, 3-INF, and 4A-POC. An origin from Unit 
4A-CHE is not possible because the unit is absent 
from the squares affected by the collapse. Given 
the available data on the stratigraphic origin of 
the other Neandertal child remains, an origin from 
units 4A-POC or 3-INF seems the most likely, but 
an origin from Unit 3-SUP (mainly Layer 3-ASS) 
cannot be ruled out (Tables 1 & 2).

4. discussion
4.1. where did the Scladina Child 

remains come from? A summary 
of the stratigraphic origin of 
the neandertal remains

T he re-examination of all the available argu-
ments allowed all of the Neandertal remains 



Stratigraphic origin of the juvenile neandertal remainS from Scladina cave

111c h a p t e r  5 t h e  S c l a d i n a  I - 4 a  J u v e n i l e  N e a n d e r t a l

to be organised into the new stratigraphic record, 
sometimes with accuracy, sometimes with a rather 
high uncertainty (Tables 1 & 2; Figure 20).

Most of the time, the comparison between 
the 3-dimensional coordinates of the Neandertal 
remains and the available sedimentary profiles 
was insufficient for positioning the fossils with 
accuracy through orthogonal projections. This 
is due to the high complexity of this part of the 
stratigraphic sequence, particularly the presence 
of the Unit 4A-CHE gully. On the other hand, the 
comparison of these projections with the analysis 
of the available pictures often turned out to be a 
determining factor, especially thanks to the pres-
ence of speleothem fragments in units 4A-CHE 
and 4A-POC. The altitude of the Neandertal 
remains, when compared with the major strati-
graphic marker represented by Speleothem CC4, 
is also an argument that is important for most 
of the fossils.

When taking all the arguments into account, 
3 of the 19 remains could be positioned with 
absolute certainty in a specific layer from the 
new stratigraphic record. These fossils belong to 
2 distinct units postdating the Speleothem CC4: 
units 4A-CHE and 4A-POC. The first of these 
fossils is the right half of the mandible (Scla 
4A-1). It is from the top of Unit 4A-CHE, and more 
specifically from the uppermost 4A-GX lithofa-
cies. This unit corresponds to a large gully, which 
suggests that the right half of the mandible is in 
secondary spatial position. The 2 other fossils 

(Scla 4A-4 and -13) are teeth from Unit 4A-POC: 
the first is from Layer 4A-BO, the other is from 
Layer 4A-LEG. These 2 teeth are likely in tertiary 
spatial position because they belong to the same 
individual as the right half of the mandible (see 
Chapters 10, 12 & 13), which was exhumed from 
an older unit (Unit 4A-CHE, which immediately 
predates Unit 4A-POC). Therefore, these 2 teeth 
underwent a reworking phase from the top of 
Unit 4A-CHE.

Four other fossils are either from Unit 4A-CHE 
or from Unit 4A-POC: the fragment of right 
maxilla (Scla 4A-2), the left half of the mandible 
(Scla 4A-9), and 2 additional teeth (Scla 4A-3 and 
-8). Therefore, despite the possibility of an origin 
from 2 distinct units, the stratigraphic context of 
these 4 fossils is similar to that of the first 3.

Eleven other teeth (Scla 4A-5, -6, -7, -11, -12, 
-14, -15, -16, -17, -18, and -19) could originate from 
several units. All in all, 5 units are possible candi-
dates: 4A-IP, 4A-CHE, 4A-POC, 3-INF, and 3-SUP 
(Table 1).
— Unit 4A-POC is systematically present as a 

possible candidate for each fossil, each time 
either as the most probable (3 out of 11) or as 
one of the most probable (8 out of 11).

— Unit 3-INF is also systematically a possible 
candidate for each of the 11 fossils; it is one of 
the most probable candidates in 6 cases and an 
unlikely candidate in 5 cases.

— Unit 4A-CHE is a candidate for 10 fossils out of 
11; it is one of the most probable candidates in 

Figure 19: Sedimentary Profile E/F showing the two large badger burrows responsible for the accidental collapse 
of a portion of the profile (35-37; Figure 15). The sieving of sediments from this collapsed area led to the discovery 

of the permanent mandibular right lateral incisor (Scla 4A-20). This figure corresponds to the assemblage of several 
pictures; some errors are thus expected (photographs: Archéologie Andennaise; photomontage: K. Di Modica).
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only 2 cases, being an unlikely candidate in the 
8 other cases. In each situation, only the top of 
this unit is concerned.

— Unit 4A-IP is candidate for 10 fossils out of 11 
but it is always as an unlikely candidate.

— Unit 3-SUP, and in particular Layer 3-EMO, is 
only candidate in 6 cases out of 11. It is always 
an unlikely candidate.

The last fossil, the tooth Scla 4A-20, is in a similar 
situation as the 11 above mentioned teeth, 
despite having been found after the collapse of 
Sedimentary Profile E/F 35-37. When taking into 
account both the stratigraphic context of all the 
other Neandertal remains and the layers affected 
by the collapse, an origin from units 4A-POC or 
3-INF seems to be the best hypothesis, while an 
origin from Unit 3-SUP (mainly Layer 3-ASS) 
is unlikely.

The anthropological study of the Neandertal 
remains has clearly demonstrated that all the 19 
fossils are from a single individual (Chapters 10, 
12 & 13). These 19 objects were therefore initially 
deposited within the same stratigraphic unit. Two 
distinct stratigraphic units yielded 7 fossils out of 
19: units 4A-POC and 4A-CHE. The best hypoth-
esis would suppose that the other 12 remains also 
come from one of these 2 units. This hypothesis 

is strengthened by the fact that Unit 4A-POC is 
the only unit systematically represented as one of 
the most probable, if not the most probable, candi-
dates for these 12 remains.

An origin from units 3-INF or 3-SUP is a possi-
bility for 11 fossils out of 19. This would not 
drastically change the outcome of the analysis. 
These 2 units have an erosive lower boundary 
on Unit 4A-POC, and the concerned fossils 
could originate from the reworking of mate-
rial from 4A-POC. In this situation, a second and 
possibly a third reworking phase would have to 
be considered. However, this is unlikely as several 
successive reworking phases would have diage-
netically altered the Neandertal remains, and the 
taphonomic study highlighted their relative unal-
tered state. The remains were said to have a low 
degree of abrasion of edges for the 3 osseous frag-
ments, and an exceptional state of preservation of 
the 16 isolated teeth of the Neandertal child, with 
little alteration (see Chapters 7, 10 & 13). In such 
conditions, an origin of some fossils from Layer 
3-EMO (Unit 3-SUP), laid down through high 
energy dynamics (torrential flow; see Chapter 3), 
seems very unlikely.

In fact, only an origin from Unit 4A-IP would 
really change the situation, as some fossils would 

?

?

?
Possible original stratigraphic position of the 
Neandertal child in the gully of Unit 4A-CHE 

from an unknown location (see text)

Scla 4A-8 (Unit 4A-POC, Layer 4A-LEG)

Possible presence of some child’s teeth
in units 3-INF and 3-SUP
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Figure 20: Sketch evoking the complex depositional history of the Neandertal child remains. This is 
illustrated through 4 remains: the 3 fossils that could be positioned with certainty in a specific layer from 

the new stratigraphic record (Scla 4A-1, -4, and -13), and the left half of the mandible (Scla 4A-9).
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then be from a unit older than 4A-CHE, implying 
that all of the Neandertal remains were originally 
located in that unit. However, each time the origin 
from Unit 4A-IP is considered (10 isolated teeth 
out of the 19 remains) Unit 4A-POC is a much 
more probable candidate. In addition, Unit 4A-IP is 
almost completely deprived of any bone remains.

When taking all the elements into account, 
Unit 4A-POC is the most probable sedimentary 
context for the isolated teeth. This interpretation 
is strengthened by the taphonomic study, which 
indicates that Unit 4A-POC yielded the most 
animal teeth that have the strongest taphonomic 
correlation with the isolated Neandertal teeth (see 
Chapter 7). On the other hand, the 3 bone frag-
ments offer the strongest taphonomic similarities 
with animal bone remains from Unit 4A-CHE. This 
appears to be very consistent as the right half of 
the Neandertal mandible is effectively from Unit 
4A-CHE, while Unit 4A-CHE is the most probable 
context for the left half of the mandible. Regarding 
the small fragment of the Neandertal maxilla, it 
most probably came from Unit 4A-POC, but an 
origin from Unit 4A-CHE is not impossible.

4.2. implications for the depositional 
history and the origin of 
the neandertal remains

Stating that the Neandertal remains were orig-
inally deposited in Unit 4A-CHE and were 
subsequently reworked into one (or several) 
younger unit(s) is reasonable considering the data 
provided. Because of the sedimentary depositional 
dynamics of Unit 4A-CHE, all the Neandertal 
remains are in secondary spatial position.

The secondary spatial position of the Neandertal 
fossils, as well as associated high energy sedimen-
tary dynamics, were already suggested before 
the stratigraphic reappraisal because of several 
arguments: the presence of broken speleothem 
fragments, the occurrence of bones and limestone 
blocks in a very oblique or vertical positions, a 
large longitudinal dispersion (several metres) 
of the anthropological remains, and the vari-
able depths of the different Neandertal remains 
(Bonjean et al., 1996, 1997; Toussaint et al., 1998). 
The integration of these elements led researchers 
to suggest that a thick mud flow2 transported the 
remains. The occurrence of cut-and-fill struc-
tures was also recorded on a sedimentary profile 

2 “coulée boueuse épaisse”

(Profile D/E 28-30; Bonjean et al., 1997; see Figure 
6). However, before the stratigraphic reappraisal, 
the mud flow event was thought to have deposited 
the entire former Layer 4A.

The new stratigraphic record, when combined 
with the reappraisal of the stratigraphic posi-
tion of the Neandertal remains presented in this 
chapter, indicates a much more complex situation.

It is now well established that the Neandertal 
remains were disturbed by an event that created 
an important erosional structure in the form of a 
large and deep gully (Unit 4A-CHE). On its course, 
this gully eroded Speleothem CC4 and underlying 
layers down to Unit 6A (see Chapter 3). In such 
a context, is it possible to establish the primary 
stratigraphic position of the Neandertal child 
osseous fragments and teeth?

Given the sedimentary dynamics of Unit 
4A-CHE, the remains could have been buried 
long before the gully episode and then reworked 
from their initial sedimentary context(s) by the 
gully during its initial high-energy stages. The 
hypothesis of the child being contemporary with 
Stalagmitic Floor CC4 (Unit 4A-IP) or with the 
underlying units (Unit 4A-AP or even units 4B, 
5 or 6A) is conceivable, as the gully reworked 
all of these units. A much older origin cannot be 
totally ruled out either, especially if one takes into 
account an origin from another area of the cave, 
or even from outside the cave. However, there is 
no evidence that the remains were reworked into 
the 4A-CHE gully from another, previously depos-
ited context. On the contrary, all the available data 
points to Unit 4A-CHE being the original sedi-
mentary context of the Neandertal remains:
— The oldest stratigraphic unit that have yielded 

some of the Neandertal remains is Unit 
4A-CHE; none were found in any subjacent 
layers.

— All of the Neandertal remains possibly 
unearthed from 4A-CHE are always from the 
top of the unit, suggesting that these objects 
were incorporated during the last stages of 
the gully’s formation; if they were reworked 
by the gully from a subjacent unit, they would 
probably be at least partly incorporated dur-
ing the initial, high-energy stages of the gully 
structure.

— Their spatial distribution, restricted to the 
course of the 4A-CHE gully, suggests they are 
strictly associated with this structure, even 
if they were later slightly reworked from the 
top of Unit 4A-CHE in the low-energy Unit 
4A-POC, probably through run-off.



Stéphane PirSoN et al.

114 E R A U L  1 3 4   2 0 1 4

— The results of the taphonomy study (see 
Chapter 7) do not suggest any high energy 
reworking; the relative unaltered state of the 
fossils discovered so far, notably the good 
preservation state of the tooth roots (see 
Chapter 16), suggests they were not strongly 
reworked.

— When all of the physical taphonomic attrib-
utes are combined, bones and teeth from units 
4A-CHE and 4A-POC yield the strongest corre-
lation to the Neandertal child (see Chapter 7); 
this suggests that the child remains are part of 
the objects deposited during the gully event.

— The right hemimandible was unearthed from 
Unit 4A-CHE, while the left hemimandible is 
likely also from 4A-CHE, but from another 
layer within the unit; the fact that they have 
been differentially fossilized suggests that the 
Neandertal remains were not yet completely 
fossilized or recrystallised when they were 
incorporated into different layers within Unit 
4A-CHE (see Chapter  7), which strengthens 
the hypothesis of sedimentary Unit 4A-CHE 
being the primary sedimentary context of 
the child.

After the spatial redistribution of the 
Neandertal child remains through the gully 
episode, they were later affected by at least one 
reworking phase, some of the remains initially 
present in Unit 4A-CHE being reworked in Unit 
4A-POC. If some of the teeth were really exca-
vated from units 3-INF and/or 3-SUP, however 
unlikely it may be, a second or a third reworking 
phase would have to be considered.

In this context of complex subsequent redis-
tribution and reworking phases, the important 
spatial distribution of the remains along the longi-
tudinal axis of the cave makes particular sense.

In the present stage of research, the exact 
primary spatial position of the Neandertal fossils 
is still unknown. As the oldest stratigraphic unit 
that yielded some fossils is Unit 4A-CHE, its atti-
tude gives some indications: the direction of the 
redistribution of the Neandertal remains is from 
the entrance to the back of the cave.

Whether the process that brought the 
Neandertal child remains into the cave was 
anthropogenic, biological (bioturbation or carni-
vore activity), or sedimentary, is still unknown. 
If the influence of the gully is proven to be the 
cause of the spatial redistribution of the fossils, 
there is still no evidence to suggest that the event 
which created this gully is related to the process 

that first brought the child remains into Scladina 
Cave. In the present state of research, however, no 
arguments support either the hypothesis that the 
child was brought into the cave by an animal, or 
that it was brought in by anthropological activity, 
for instance in the form of a burial that was later 
reworked by the gully.

4.3. implications for the 
chronostratigraphic context 
of the neandertal remains

The review of the Scladina sequence led to a better 
understanding of the stratigraphic context of the 
Neandertal remains, and therefore determined the 
relative chronology of the events, including the 
relative antiquity of the child.

In the present state of understanding, the 
minimum age of the Neandertal child corresponds 
to the time the objects were deposited. Therefore, 
the hominin remains are, at the youngest, contem-
porary with the deposition of sediment in the 
4A-CHE gully and thus postdate Stalagmitic Floor 
CC4. The proposed chronostratigraphic posi-
tioning for Unit 4A-CHE, however, is not that 
accurate; following the arguments developed in 
Chapter 4, it would span between MIS 5b (if the 
end of CC4 coincides with the end of MIS 5c) and 
early MIS 4 (if the end of CC4 coincides with the 
end of MIS 5a). The best hypothesis is neverthe-
less an age somewhere inside MIS 5b or MIS 5a, as 
Unit 2B best corresponds to the end of MIS 5a (see 
Chapter 4 & Appendix B).

However, as the bones are in secondary spatial 
position in the gully, the age of the deposit must 
theoretically be distinguished from the age of the 
hominin remains. That means that the maximum 
age of the child cannot be firmly established by 
stratigraphy. Despite the wide time span involved 
when taking 2σ into account, the direct dating 
by gamma spectrometry (127 +46/-32 ka BP; 
Yokoyama & Falguères in Toussaint et al., 1998) 
offers a useful maximum age for the fossils.

It has nevertheless been shown that the best 
hypothesis is that the Neandertal child is contem-
poraneous with Unit 4A-CHE (§4.2). If this is 
correct, then the age of the Scladina Neandertal 
remains would correspond to the age of the 
4A-CHE gully structure. Therefore, in the present 
stage of research, the best two hypotheses are 
positioning the Scladina Neandertal remains in 
either MIS 5b or in the beginning of the second 
part of MIS 5a (see Appendix B).
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4.4. implications for the 
palaeoenvironmental context 
of the neandertal remains

Despite the good palaeoenvironmental data from 
Scladina (see Chapter 4), direct consequences for 
the Neandertal child must be considered with 
caution, as these hominin remains were found 
in secondary position. If the contemporaneous-
ness of the Neandertal remains with Unit 4A-CHE 
is correct, this would point to a relative cold and 
open environment, as the gully of Unit 4A-CHE is 
interpreted as a melting gully related to the degra-
dation of a deep frozen soil (see Chapter 4).

5. Conclusions and prospects
A mong the 19 juvenile Neandertal remains 

unearthed to date, 7 could be repositioned 
with accuracy inside the new stratigraphic record 
based on several arguments, including: their 
spatial distribution, projections on the closest 
sedimentary profiles, study of photographs taken 
in the field, and their position in relation to 
Speleothem CC4. Each of these 7 fossils is either 
from Unit 4A-CHE gully or from the directly over-
lying deposits (Unit 4A-POC). Three of these 7 
fossils were even repositioned into a specific layer 
with certainty.

The results of the re-evaluation of the 12 other 
remains are still uncertain, as several sedimentary 
units are still possible candidates. However, an 
attribution to units 4A-POC and 4A-CHE is most 
likely when taking all elements into account, i.e., 
the most probable candidates combined with the 
results of the taphonomic study and with the fact 
that all the remains belong to a single individual.

All the Neandertal remains discovered so far 
are in secondary spatial position. A first spatial 
redistribution phase is linked with the develop-
ment of the large gully of Unit 4A-CHE, while 
during the deposition of Unit 4A-POC some of 
the fossils were reworked from the top of Unit 
4A-CHE. At least two spatial redistribution phases 
are therefore attested. The fact that the Scladina 
Child remains were displaced has been acknowl-
edged since the first in situ discovery in 1993. Due 
to recently establishing a higher resolution strati-
graphic sequence, a better understanding of the 
sedimentary dynamics, and a more accurate posi-
tioning of the Neandertal remains in the new 
stratigraphic record, part of their complex history 
is now better understood; this process led to a clar-
ification of the remains’ mode of deposition and 

a better explanation of their spatial distribution. 
However, as they are in a secondary spatial posi-
tion, neither their initial spatial origin nor the exact 
process that first brought the remains into the cave 
could be determined. Given the course of the gully 
from Unit 4A-CHE, the fossils must be from some-
where closer to the entrance of the cave.

The relative age of the child is difficult to 
establish because all the discovered fossils were 
spatially redistributed and the chronostratigraphic 
context of the sequence is not accurately under-
stood. Their good state of preservation, however, 
does not suggest the strong reworking of mate-
rial under high-energy circumstances. This, 
together with several other arguments, suggests 
that the Neandertal child is probably contempo-
raneous with their deposition in the Unit 4A-CHE 
gully. If this is correct, the age of the child would 
be close to the age of Unit 4A-CHE. Given that 
units 6B to 2B are positioned in MIS 5, and that 
the palaeoenvironmental interpretation of the 
genesis of Unit 4A-CHE points to cold conditions 
(melting gully), the most probable chronostrati-
graphic positioning of Unit 4A-CHE is one of the 
cold phases at the end of the Weichselian Early 
Glacial. Therefore, the two best hypotheses in 
the present stage of research would place the 
Scladina Neandertal remains in either MIS 5b or 
in the intra-MIS 5a cold episode. Compared with 
the Greenland reference sequence, this points to 
either GS 22 or the cold episode in the beginning 
of the second half of GI 21, which are respec-
tively dated to approximately 87,000 BP and 
80,000 BP according to the NorthGRIP chronology 
(NorthGRIP-Members, 2004).

The prospects about the Scladina Neandertal 
child are promising. Thanks to the use of an excava-
tion method adapted to the high complexity of the 
stratigraphic context of Sedimentary Complex 4A 
(see Chapter 2; Bonjean, 2009; Bonjean et al., 
2009b), future fieldwork should make it possible to 
test several hypotheses, even if no new Neandertal 
remains are discovered. The origin of the 4A-CHE 
gully, its flow direction, and its spatial extent 
could notably be improved, leading to better deci-
phering the origin of the hominin remains. On the 
other hand, additional remains of the child will 
also possibly be discovered in the areas where 
the gully has not been excavated yet. This would 
allow testing the hypothesis — however unlikely 
— of the possible presence of new remains of the 
child in pre-gully deposits, possibly even in the 
form of a burial cut and partially reworked by the 
gully of Unit 4A-CHE.
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Evolution of the understanding of the stratigraphic 
position of the Scladina I-4A Neandertal remains

The understanding of the stratigraphic position of Scladina I-4A, exhumed from Sedimentary 
Complex 4A, can be summarized in four phases, reflecting both the establishment of the stra-
tigraphic sequence and the growing importance of multidisciplinary research at Scladina Cave.

1. Phase 1 (until 1994)

The initial phase started at the beginning of excavations in 1978 and ended with the first iden-
tification of Neandertal remains around 1993/1994. 

The archaeologists in charge of excavation completed the first descriptions of the Scladina 
Cave stratigraphic sequence (Otte et al., 1983; see Chapter 3). It was soon complemented by the 
work of geologists P. Haesaerts (1992) on the cave terrace and F. Gullentops and his student C. 
Deblaere inside the cave (Deblaere & Gullentops, 1986; Gullentops & Deblaere, 1992). During 
this period, the stratigraphic interpretation of about 10 sedimentary profiles within the cave 
led to the definition of a synthetic sequence (Otte et al., 1983; Deblaere & Gullentops, 1986; 
Gullentops & Deblaere, 1992), comprised of some 20 main layers that are quite thick and mainly 
arranged subhorizontally on transverse sections, while the longitudinal sections yielded concor-
dant layers, gently dipping towards the back of the cave.

In the stratigraphic system defined inside the cave at the time, the part related to the Neandertal 
juvenile included the following succession, from bottom to top: 

Layer 4B
Layer 4A
Speleothem CC4
Layer 3

In such a context, two remains found in situ (Scla 4A-1 and -4) and two that were redisco-
vered in the collections (Scla 4A-2 and -3) were attributed to former Layer 4A (Otte et al., 1993). 
However, two other teeth found in the collections (Scla 3-2 and -3) were originally attributed to 
the lower part of former Layer 3 (Otte et al., 1993; Toussaint et al., 1994). Three additional teeth 
(Scla 4A-5 to -7), also attributed to former Layer 4A, were identified in October 1993 after the 
information provided in the above-mentioned papers was already delivered. They were published 
for the first time at a later date (Toussaint et al., 1998).

2. Phase 2 (1995-2003)

Additional Neandertal remains were found in former Layer 4A in situ (Scla 4A-8, -9, and -13) and 
in the collections (Scla 4A-11, -12, and -14 to -16)1. A third tooth was found in former Layer 3 in 
1995 (Scla 3-4). However, the possibility was suggested that the three teeth attributed to former 
Layer 3 might be from former Layer 4A, given the fact that the limit between these layers was 
not always precisely identified during excavation in the 1990s (Bonjean et al., 1996: 42, 1997: 22; 
Toussaint et al., 2001: 27). After a careful anatomical study, the three teeth originally assigned 

1 A tooth found in July 1998 in Square B37 was initially labelled Scla 4A-10 (Pirson et al., 2005). It was later 
discarded from the Neandertal remains during taphonomic and anthropological studies. It came from a 
bioturbated context.
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to former Layer 3 were reattributed to former Layer 4A (Toussaint & Pirson, 2006) and renamed 
following the Scla 4A- nomenclature, becoming Scla 4A-17 to -19 (Pirson et al., 2005). 

Another change of the stratigraphic position of the Neandertal remains concerns the identifi-
cation of a stalagmitic floor inside former Layer 4A, called Speleothem CC14. The succession of 
layers then became:

Layer 4B
Layer 4A (lower)
Lower Speleothem CC14
Layer 4A (upper)
Upper Speleothem CC4
Layer 3

The Neandertal remains were found in the upper part of former Layer 4A, situated between 
stalagmitic floors CC14 and CC4 (Bonjean et al., 1996; Bonjean, 1998). 

The secondary spatial position of the anthropological remains, deduced from their wide hori-
zontal dispersion combined with the presence of broken stalagmites and the occurrence of 
bones and limestone fragments in very oblique or vertical positions, was interpreted as resulting 
from a thick mudflow (Bonjean et al., 1996, 1997). A sedimentological study of a profile located 
near the Neandertal remains suggested the colluvial nature of Layer 4A (Benabdelhadi, 1998). 
However, Layer 4A was still understood as a single, subhorizontal layer (Benabdelhadi, 1998; 
Bonjean, 1998) despite the observation of cut-and-filled gullies on a small sedimentary profile 
not far from the Neandertal remains (Bonjean et al., 1997).

3. Phase 3 (after 2003)

Between 2003 and 2007, the detailed stratigraphic recording of around 70 sedimentary profiles 
took place in the context of a PhD study (Pirson, 2007), leading to the definition of about 
120 layers grouped into 30 distinct stratigraphic units. A continuous geological survey of the 
archaeological excavation also took place on a regular basis and is currently still on-going. This 
approach allowed a great variety of lithofacies as well as numerous depositional and post-depo-
sitional processes to be observed (Chapter 3). Complex geometries were also identified. During 
this period an additional tooth was found (Scla 4A-20), on 12 July 2006.

Following this stratigraphic reappraisal, former Layer 4A became ‘Sedimentary Complex 4A’, 
comprised of about 20 layers grouped into 4 units (Pirson et al., 2005; Pirson, 2007). From bottom 
to top these were:

— Unit 4A-AP, the lowermost unit, including all the layers within the complex that are older 
than Speleothem CC4 (= pre-floor layers);

— Unit 4A-iP, including Stalagmitic Floor CC4 and the layers that are contemporaneous with 
the formation of CC4 (= syn-floor layers); 

— Unit 4A-ChE, which includes the layers that developed inside a large gully structure that 
eroded underlying layers, including CC4 (= post-floor and syn-gully layers); and

— Unit 4A-PoC, the uppermost unit, superimposing both units 4A-IP and 4A-CHE (= post-
gully layers).

A key element was the identification of the important gully structure of Unit 4A-CHE in the 
upper part of Sedimentary Complex 4, which locally reworked Speleothem CC4 and eroded 
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underlying layers down to Unit 5, sometimes even down to Unit 6A. Furthermore, Speleothem 
CC14 was proven to be a lateral equivalent of CC4. 

This new stratigraphic record is important for understanding the Neandertal fossils. In a first 
attempt of reinterpreting the stratigraphic position of the child remains, 6 out of the 19 fossils 
were positioned in Unit 4A-CHE and/or Unit 4A-POC (Pirson, 2007), or their former equivalents 
(“couches 4A-chenal” in Pirson et al., 2005). At this time, the attribution of the 13 other remains 
was unclear within Complex 4A. The depositional history and origin of the Neandertal remains 
were also briefly discussed in connection with the gully (Pirson et al., 2005).

4. Phase 4

More recently, during the preparation of this monograph, all the available arguments were 
re-examined in order to try to refine the stratigraphic position of the Neandertal remains. They 
are discussed in Chapter 5.

Evolution of the chronostratigraphic interpretation of the Neandertal remains

In the first few years after the discovery of the Neandertal remains, the chronostratigraphic 
interpretation of the Scladina sequence referenced the results presented in the first mono-
graph that dealt with contextual data (see Otte (ed.), 1992). More specifically, former Layer 
4A was dated to approximately 70,000-80,000 BP and the Saint-Germain II episode according 
to climatostratigraphy based on palaeontological data, even if TL and U/Th dates obtained on 
Speleothem CC4 (supposed at that time to be younger than the Neandertal remains) were older, 
with a mean of approximately 110,000-114,000 BP. In this context, the Neandertal remains were 
dated to around 70,000-80,000 BP (Otte et al., 1993; Toussaint et al., 1994).

A few years later, two distinct scenarios suggested different ages for the Neandertal remains: a 
young age (72,000-85,000 BP) based on palaeontological climatostratigraphy, and an older age 
(between 100,000 and 120,000 BP) based on the acquired numerical ages, either U/Th or TL dates 
on calcite, or TL dates on sediment (Bonjean, 1995; Bonjean et al., 1996, 1997). At the same time, 
direct gamma spectrometry dating was performed on the mandible (Yokoyama & Falguères in 
Toussaint et al., 1998; see Chapter 6). The result (127 +46/–32 ka BP) was the most reliable infor-
mation available for estimating the age of the Neandertal remains, even if has a large range. 
Based on this, the remains were positioned somewhere between MIS 6 and MIS 4 taking the 
standard deviation into account. This high uncertainty did not help resolve the discrepancy 
between the youngest and the oldest chronological scenarios.

Following the stratigraphic reappraisal of the Scladina sequence (2003-2007), the stratigraphic 
position of the Neandertal remains was re-evaluated. This clarified the relative chronology of 
the events inside Sedimentary Complex 4A, including the relative age of the child (Pirson et al., 
2005; Pirson, 2007). Two scenarios were possible. In the first one, the Neandertal remains were 
contemporaneous with the age of the oldest Neandertal-bearing deposit, the gully sequence in 
Unit 4A-CHE. This was the scenario that prescribed the youngest age to the Neandertal juve-
nile. In the new stratigraphic situation, the child would then postdate Speleothem CC4, which 
yielded a variety of dates that were mainly related to MIS 5. The second scenario considered 
that the Neandertal remains were reworked from older deposits eroded by the gully. In such 
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a situation, a maximum age could not be suggested on the basis of stratigraphy. The available 
direct gamma spectrometry dating was again the most reliable information available about the 
age of the Neandertal child, which positions the child between MIS 6 and MIS 4.

During the preparation of this monograph, all the available information was re-examined, leading 
to the present interpretation that is summarised in Chapter 5. Several observations made during 
the taphonomical study of the Neandertal remains are very important (Chapter 7), espe-
cially the conclusion that the Neandertal remains are contemporaneous with the gully of Unit 
4A-CHE. Due to the reappraisal of the palaeoenvironmental data and chronostratigraphy of 
the Scladina sequence (Pirson, 2007; Pirson et al., 2008; see Chapter 4), a reconsideration of the 
age of the gully episode was possible, with major implications for the antiquity of the Scladina 
Neandertal juvenile. The main results are summarised below.

The new palaeoenvironmental framework is mainly based on new results from palynology, 
anthracology, and climatic signals recorded in the sediments themselves through the obser-
vation of sedimentary dynamics and post-depositional processes. These results correlate with 
the data from literature based on the former stratigraphic record (e.g., Cordy & Bastin, 1992). 
Overall, the palaeoenvironmental results from all the available disciplines agree. The data for 
Unit 4A-CHE indicates cold conditions, as the gully is interpreted as a result of the degradation 
of a deep frozen soil (melting structure).

The chronostratigraphic framework of the entire Scladina sequence was also reconsidered, 
based on all the available data sets: numerical dates (luminescence, radiocarbon), biostrati-
graphy, archaeostratigraphy, comparison with the loess reference sequence from Middle 
Belgium (heavy mineralogy, lithological, and pedological markers), and climatostratigraphy. 
This reappraisal concludes that most of the Scladina deposits can confidently be positioned in 
the Upper Pleistocene. However, the chronostratigraphic framework of Scladina is still quite 
imprecise. Several situations still need more attention, such as the location of the beginning and 
end of MIS 5 in the sequence. Interpreting the age of the Unit 4A-CHE gully relies on the inte-
gration of climatostratigraphy and heavy mineralogy, especially comparing green amphibole 
content with data from the loess reference sequence (see Chapter 4). The main arguments are:

— in the lower half of the sequence, from units 7A to 2B, strong green amphibole values (ca. 20%) 
were recorded, suggesting the reworking of either MIS 6 loess or MIS 4-2 loess; 

— between units 7A to 2B, two units (Unit 6B, former Layer 6; Unit 4A-IP, former Layer 4A) 
indicate temperate forest conditions, compatible with an interglacial or an early glacial 
interstadial, notably through palynological and macrofaunal data as well as the presence of 
major stalagmitic floors; 

— combining the first two arguments allows the reworking of MIS 4-2 loess to be discarded as 
a hypothesis and supports the reworking of MIS 6 loess during MIS 5 in the sequence from 
Unit 6B to Unit 4A-IP. The available U/Th and TL dates obtained on Speleothem CC4 (Unit 
4A-IP) are in agreement with the MIS 5 interpretation. As Unit 6B was a strong climatic 
improvement in MIS 5, Unit 4A-IP (and Speleothem CC4) must be positioned in either MIS 5c 
and/or MIS 5a; and

— higher up in the sequence, Unit 2A is interpreted as the first allochthonous loess input of 
MIS 4, and Unit 2B is best interpreted as representing the end of MIS 5a (see Chapter 4).

Following these arguments, and integrating them in the complexity of the Scladina sequence, 
there are several possible interpretations for the chronostratigraphic positioning of the cold 
episode represented by Unit 4A-CHE (see Chapter 4) and the associated Neandertal remains, 
the most probable being the following (Figure 21):
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— if CC4 corresponds to MIS 5c temperate conditions, 4A-CHE would belong to MIS 5b colder 
conditions (GS 22 of the Greenland record, between GI 22 and GI 21, around 87,000 BP; 
NorthGRIP-Members, 2004) and by comparison with the loess sequence, 4A-CHE would then 
be an equivalent of the cold episode separating the last two pedogeneses of the Rocourt pedo-
complex, i.e. Villers-Saint-Ghislain-A (VSG-A) and VSG-B (cf. Pirson et al., 2009; Haesaerts et 
al., 2011). The Scladina Child would then be contemporaneous with the Remicourt lithic 
assemblage (Bosquet et al., 2011; Pirson & Di Modica, 2011);

— if CC4 corresponds to the ‘warmer’ first half of MIS 5a, 4A-CHE would belong to the intra-
MIS 5a cooling (intra-GI 21, around 80,000 BP); by comparison with the loess sequence, 
4A-CHE would then correspond to the cold episode situated between the VSG-B Soil of the 
Rocourt pedocomplex and the Humic Complex of Remicourt (cf. Pirson et al., 2009; Haesaerts 
et al., 2011); and

— if the end of CC4 coincides with the end of MIS 5a, 4A-CHE would belong to one of the cold 
phases inside the first half of MIS 4. In this latest hypothesis, Unit 2B would not belong to 
MIS 5a but to one of the interstadials during the first part of MIS 4 (GI 19 or 20), which is not 
the best current hypothesis.

Since the part of Scladina sequence from Unit 6B to Unit 2B is best attributed to MIS 5, the 
best two hypotheses for the chronostratigraphic positioning of the gully from Unit 4A-CHE are 
to place this unit in either MIS 5b or MIS 5a. Therefore, the Scladina Child would have lived 
either some 87,000 years ago or some 80,000 years ago (Figure 21). These two chronostratigra-
phic hypotheses for the Neandertal juvenile are consistent with the morphometrical studies of 
the fossils (see Chapters 13, 15 & 16).

Figure 21: The two best hypotheses attributing the Scladina I-4A 
juvenile Neandertal remains in either GS 22 (MIS 5b) or 

GI 21 (MIS 5a), in the NorthGRIP sequence (modified after 
NorthGRIP-Members, 2004; Andersen et al., 2007).

GI = Greenland interstadial; GS = Greenland stadial.
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CHAPTER

8

Yuji YOKOYAMA & Christophe FALGUèRES

non-dEStRUCtivE GAMMA-
RAy SPECtRoMEtRy oF thE 

SCLAdinA nEAndERtAL 
MAndiBLE (SCLA 4A-1)

Chapter 6

1. introduction

D uring the early 1980s, developments in the 
field of gamma-ray spectrometry allowed 

the observation of long half-life natural radio-
nuclides such as uranium (238U, 234U), thorium 
(230Th) and protactinium (231Pa; Yokoyama & 
Nguyen, 1980). This new technique does not 
require prior chemical treatment of the sample, 
which is highly advantageous for studying rare 
and valuable objects. This technique was applied 
for the first time in the field of prehistory on 
the fossilized human remains from Caune de 
l’Arago (Yokoyama & Nguyen, 1981). Later, 
other human fossils were dated with this method. 
These include crania, notably that of Biache-
Saint-Vaast; numerous mandibles, such as Fate in 
Italy and Atapuerca in Spain; long bones, such as 
the femur from the Venosa site in Italy; and an 
ilium from the Prince Cave, also in Italy, Qafzeh 6 
skull, Israel and recently Ngandong calvaria, 
Indonesia (Yokoyama et al., 1988, 1997, 2008; 
Yokoyama, 1989).

This paper presents the results obtained in 
1994 from non-destructive gamma-ray spectrom-
etry applied to a the right hemimandible Scla 4A-1 
of the Neandertal child found during the 1993 
archaeological excavations at Scladina Cave.

2. Methods

T he gamma-ray spectrometry method is based 
on radioactive disequilibrium of uranium 

series. During permineralization at the beginning 
of the fossilization process, bones readily absorb 
dissolved trace elements, such as uranium, from 
groundwater. As a consequence, fossilized bones 
may contain a variable amount of uranium (from 
1 to 300 ppm). However, during the early phase of 
fossilization, bones do not take up uranium descen-
dants such as thorium (230Th) and protactinium 

(231Pa), since these nuclides are insoluble in 
water. As time passes, these two nuclides grow 
from their parents decay respectively 234U and 
235U. Measuring the 230Th/234U (or 231Pa/235U) ratio 
therefore yields the date of the sample. Details 
about these methods (U-Th and U-Pa) have been 
well described (Ku, 1976, Ivanovich et al., 1992, 
Bourdon et al., 2003). Gamma-ray spectrometry 
is not only applicable to bones and teeth, but also 
to antlers, reindeer palms, mammoth ivory, shells, 
and corals.

The Scladina sample was placed on a low 
background, high purity ORTEC germanium 
detector (GeHP) connected to a computer 
controlled by a microanalyzer. The detector 
had a relative effectiveness of 25% and a reso-
lution of 0.7 keV at 63 keV. 234U and 230Th 
activities were determined from gamma rays 
directly emitted by these nuclides at 53.3 keV 
and 120.9 keV for 234U, and at 67.7 keV for 230Th. 
238U was determined from its direct daughter, 
234Th, at 63.3, 92.4, and 92.8 keV. Determination 
of 231Pa activity is obtained from those of its 
daughters, 227Th, 223Ra, and 219Rn.

3. Results and discussion

T he Neandertal remains were found in 
Sedimentary Complex 4A. The mandible 

weighs 30.18 g and was counted during 91 effec-
tive days because the level of uranium in the 
mandible is low (Table 1) and did not allow the 
calculation of a date from the 231Pa/235U ratio. The 
age obtained via the 230Th/234U ratio presents an 
important error range due to the measurement 
difficulty of 234U which is superimposed with 
214Pb at 53.2 KeV. The low level of 232Th in the 
sample (the 230Th/232Th ratio is equal to 22) indi-
cates correcting the age on the basis of exogenous 
thorium is not necessary. The age obtained reveals 
that the child lived at least 100,000 years ago.
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Chapter 7

1. introduction

W hen hominid remains are discov-
ered, such as the Neandertal specimen 

Scladina I-4A, many different questions arise. 
These include: What was the cause of death? How 
did the deceased individual, or parts of their body 
or skeleton, enter the site? What happened to the 
fossils between their deposition and the archaeo-
logical excavation that unearthed them ?

All these questions, and numerous related 
others, are on the topic of ‘taphonomy’ (Efremov, 
1940), i.e. the study of the processes an organism 
is subject to between its death and its discovery 
(Grupe, 2007), including effects induced by the 
passage of an individual from a living commu-
nity to a fossil one (Denys, 2002). Numerous 
applications of this discipline for palaeontology 
and palaeoanthropology have been devel-
oped for over half a century (see, for instance, 
among thousands of contributions : Dart, 1957; 
Behrensmeyer, 1978; Behrensmeyer & Hill, 
1980; Shipman, 1981; Brain, 1981; Binford, 1981; 
Behrensmeyer & Kidwell, 1985; Blumenschine, 
1986; Villa &  Mahieu, 1991; White, 1992; 
Boulestin, 1999; Martin, 1999 ; Behrensmeyer 
et al., 2000; Lyman, 2001; Pickering et al., 2007; 
Krovitz & Shipman, 2007 ).

However, as far as European Pleistocene 
hominid remains are concerned, only a limited 
number of them have been the subjects of tapho-
nomic studies. Some works focus on cut marks 
(e.g. Le Mort, 1988 ; 1989). Others are about canni-
balism, for instance at Krapina (Patou-Mathis, 
1997 ; Frayer et al., 2006 ; Ullrich, 2006), or 
Moula-Guercy (Defleur et al., 1999). Others try 
to apply various aspects of taphonomy to studied 
bones, for example at Atapuerca–Sima de los 
Huesos (Andrews & Fernández-Jalvo, 1997), Le 
Moustier 1 (Ullrich, 2005), Rochers-de-Villeneuve 

(Beauval et al., 2005), and Oliveira Cave 
(Trinkaus et al., 2007).

At Scladina, the 19 fossils (3 bone frag-
ments and 16 isolated teeth) from Sedimentary 
Complex 4A that belong to the 8-year-old juve-
nile Neandertal exhibit a particular set of various 
characteristics. Among these attributes is a plani-
metric dispersal within an elliptical area of around 
13 m long by 6 m wide, a stratigraphic dispersal 
within different layers/units of Sedimentary 
Complex 4A, colour differences between bones 
and between isolated teeth, the presence of 
manganese coatings on some bones, the fact that 
most fossils were scattered in the axial part of the 
cave while some others were discovered nearly 
against the south wall, and the relative complete-
ness of the mandible when the two parts are 
refitted juxtaposed against the relative incom-
pleteness of the maxilla.

This wide variety of information (detailed and 
analysed below) immediately indicates a complex 
depositional history. Therefore, this chapter tries 
to decipher, at least in part, these events. To do 
this, the following approaches were taken into 
consideration:

— the examination of the fossils for evidence 
of different surface modifications and, when 
applicable, their description ;

— the analysis of the spatial and stratigraphic 
distribution of the isolated teeth and frag-
ments of bones;

— the comparison of these observations to 
those from the analysis of faunal remains;

— the integration of all these approaches in order 
to build a model of successive chronolog-
ical phases in relation to death (necrology), 
pre-burial processes (biostratinomy), burial 
processes, post-depositional processes 
(diagenesis), and archaeological or palaeon-
tological excavation.
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2. Material and methods

2.1. Stratigraphic context of 
the neandertal fossils 
from Scladina Cave

A lthough the main stratigraphic units of 
Scladina were identified during the initial 

excavation (e.g. Deblaere & Gullentops, 1986 ; 
Gullentops & Deblaere, 1992 ; Haesaerts, 
1992), the real stratigraphic complexity of the site 
was observed and recorded during the research 
for a PhD in geology (Pirson, 2007). This revi-
sion identified 30 sedimentary units comprised of 
more than 120 layers. Also, numerous sedimen-
tary processes were recognised, including run-off, 
debris flow, torrential flow, and decantation. Post-
depositional phenomena, such as bioturbation, 
the precipitation of manganese, and cryoturbation 
were also recorded. All of these processes have an 
impact on the preservation of both hominid and 
faunal remains.

The stratigraphic revision of former Layer 4A, 
which yielded the hominid remains, demonstrated 
that 4A is clearly much more sedimentologically 
complicated than previously considered (Pirson 
et al., 2005, 2008; Pirson, 2007; see Chapter  5). 
Therefore, former Layer 4A was renamed 
Sedimentary Complex 4A, and is now comprised 

of approximately 20 layers situated around 
Speleothem CC4. They are organized into 4 units 
(Figure 1) :

— underlying Speleothem CC4, Unit 4A-AP 
contains layers 4A-LG, 4A-MC, 4A-GB, and 
4A-KG ;

— Speleothem CC4 and the layers interstra-
tified with CC4 are grouped into Unit 4A-IP. 
Locally, CC4 is divided into 2-3 distinct 
generations that are separated by lenses 
of sediment. The layers interstratified with 
CC4, with which they are contemporary, 
are layers 4A-OR, 4A-SGR, and 4A-YS ;

— a unit composed of several discontin-
uous lithofacies and corresponding with 
the filling of an important gully is called 
Unit 4A-CHE. This gully cross-cuts the 
layers of units 4A-AP and 4A-IP, as well as 
Speleothem CC4. These lithofacies contain 
many limestone fragments, as well as 
calcite fragments eroded from Stalagmitic 
Floor CC4 ;

— layers that were deposited after the gully, 
overlying both units 4A-IP and 4A-CHE, 
constitute Unit 4A-POC, which is divided 
into 4 layers: 4A-BO, 4A-LEG, 4A-GV, and 
4A-GBL.

According to what is currently understood 
from a chronostratigraphic perspective, the entire 
Sedimentary Complex 4A appears to have been 
deposited during the Weichselian Early Glacial 
(for details, see Chapters 4 & 5).

Following the stratigraphic revision, the 
increased number of identified layers caused the 
excavations at Scladina to become much more 
precise. The stratigraphic contexts of bones and 
artefacts are therefore now better understood (for 
excavation methodology see Bonjean et al., 2009;  
see Chapter 2).

2.2. taphonomy of the neandertal child
The Scladina Neandertal fossils have been examined 
under a hand lens and, in some cases, a stereo-
microscope in order to check for the presence or 
absence of numerous classic taphonomic criteria. 
These observations are related to surface colour, 
coloration at breakage sites, surface condition/
lustre (polished, glossy, porous, etc.), weath-
ering traces, adhered matrix, types of fracturing, 
degree of fragmentation, abrasion of fracture 
edges, peeling, trampling, burning, precipitation 
of manganese and iron hydroxides, tool-induced 
marks, carnivore and rodent tooth marks, (micro) 
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Figure 1 : Stratigraphic log of units 6A to 
4A-POC that contained the faunal remains 

used in this study (from Pirson, 2007).
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mammal gnawing, insect action, pathological 
markers, excavation damage, prepa ration damage, 
and sampling damage (Potter & Rossman, 1979 ; 
Binford, 1981; Hill, 1982 ; Ortner & Putschar, 
1985; Behrensmeyer et al., 1986; Noe-Nygaard, 
1989 ; White & Toth, 1989; Haglund, 1992, 1997; 
White, 1992 : 129; Andrews & Fernández Jalvo, 
1997; López-González et al., 2006).

When possible, the features were then classified 
according to the different chronological phases of 
the taphonomic process that they were related to :

1. antemortem trauma, which precedes the 
study area of taphonomy sensu stricto, is 
by definition characterized by the survival 
of the victim. Therefore, these traces show 
clear signs of healing as well as associ-
ated breaks consistent with fresh or ‘green’ 
bone fractures ;

2. perimortem trauma, i.e. damage to bone 
that occurs just before, during, or shortly 
after death, which exhibits no evidence 
of healing ; the associated breaks are 
similar to antemortem fractures, as both 
occur on fresh or ‘green’ bones (Wakely, 
1997; Craig et al., 2005; Knüsel, 2005). 
Perimortem traces can, theoretically, be 
divided into three types : (a) trauma occur-
ring shortly before death but not a direct 
cause of death (e.g. “perimortem injury that 
occurred before death,” see Walker, 2001 : 
577) ; (b) trauma responsible for the death, 
i.e., lethal perimortem damage (fractures 
indicating violence, arrowhead wounds, 
carnivore predation activity, etc.; see Craig 
et al., 2005 ; Knüsel, 2005) ; (c) anthropo-
genic traces occurring shortly after death 
(e.g., “perimortem injury that occurred after 
death” as defined by Walker, 2001: 577) or 
scavenger damage which can sometimes 
be distinguished from perimortem damage 
occurring just before death by other clues, 
such as the location and symmetry of the 
marks, which do not allow assumption 
that these marks could have been inflicted 
on a living person/animal. However, in 
many cases, it is impossible to distin-
guish between these three types of traces, 
as the persistence of collagen allows bone 
to respond to trauma in a similarly elastic 
manner in the three types (Walker, 2001 ; 
Rogers, 2004 ; Craig et al., 2005) ;

3. postmortem damage exhibits no signs of 
healing and is mainly due to site formation 

processes, occurring more or less long after 
death. Postmortem damage consists of 
“stage 2, dry bone breakage” and “stage 3, 
post-fossilization breakage” of Krovitz & 
Shipman (2007). Such damage is inferred 
from numerous taphonomic markers;

4. recovery and post-recovery damage 
induced by archaeological activity, either 
from excavation (e.g., metal tool damage), 
preparation (White & Toth, 1989 ; White, 
1992 : 129), sampling (DNA, biogeochemis-
tery, dating), or museum curation.

2.3. taphonomy of the faunal remains
Since 2005, the archaeologists at Scladina have 
undertaken a systematic examination of the main 
taphonomic signatures of the faunal remains 
from the cave. Six main attributes were used 
including : the general colour of the fossils, the 
number of fractures, the degree of abrasion of 
fractured edges, the condition and lustre of the 
cortical surface (original, polished, cracked), and 
the precipitation of both metallic oxides (mainly 
iron and manganese) and carbonates (Delaunois, 
2010; Delaunois et al., 2012).

This analysis showed that the majority of the 
faunal remains from the same sedimentary layer 
exhibited a similar state of preservation. Between 
the objects from different layers, a logical varia-
tion of the intensity of taphonomic properties 
was observed. When combined, the various phys-
ical attributes observed on the bones of each layer 
provide a unique taphonomic signature that can 
be used as a dynamic tool in the field during exca-
vation, as well as in the laboratory, to evaluate the 
integrity of a group of objects. The results of the 
use of this tool may have large implications on the 
understanding of the contemporaneity of faunal 
remains and their attribution to a specific type of 
environment (Delaunois et al., 2012).

The results of the taphonomic analysis 
described above show the potential for the use 
of this method when analysing the Neandertal 
child, especially because the 2 hemimandibles 
have different taphonomic signatures (e.g. colour, 
surface cracking). Verification of whether or not 
the variation of the taphonomic characteristics 
was unique to the Neandertal child or if they were 
also exhibited on faunal remains from the same 
sedimentary complex was important.

Secondary to this, the results of this study will 
also have stratigraphic, and therefore chronolog-
ical, implications. Because the Neandertal remains 
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were excavated before the stratigraphic revi-
sion (started in 2003 ; Pirson, 2007), the objects 
were attributed to the entirety of the 4A strati-
graphic complex (Bonjean et al., 1997 ; Pirson et 
al., 2005). Later, with the help of the new strati-
graphic framework, some of the objects were 
reattributed to more precise contexts, including 
the gully, Unit 4A-CHE (at least 1 hemimandible), 
or to Unit 4A-POC (post-gully; see Chapter 5). 
The affirmation of this reattribution by a method 
other than stratigraphic observation was relevant. 
To do this, the taphonomic properties examined 

on faunal remains were compared to the ones 
on the Neandertal remains in order to observe if 
commonalities exist. This comparison determined 
whether or not the hominid and faunal remains 
were altered in the same way, which is possibly 
linked to similar biostratinomic and diagenetic 
processes, and thus their deposition in the same 
sedimentary environment. Therefore, the layers 
that provided most of the animal remains that are 
taphonomically similar to the child could become 
potential candidates to have contained the 
Neandertal remains before they were reworked 
into the gully (Unit 4A-CHE).

The fauna that constituted the comparative 
material used in the analysis came mainly from 
recent excavations (2003‒2010) that respected 
microstratigraphy. Only 1 cave bear (Ursus 
spelaeus) phalanx that was exhumed in 1996 was 
added to this collection, due to the pertinence of 
its taphonomic criteria when compared to those 
of the child. The collection is composed of 597 
bones that belong to various mammalian species, 
but mainly to cave bear. The chosen anatomic 
segments were variable, and therefore represented 
objects with different densities. These segments 
include cranial elements, sterna, vertebrae, and 
both upper and lower limb bones.

The 597 bones are from 4 different zones within 
the cave (Figure 2), which are all situated on the 
periphery of the area that yielded the hominid 
remains. One of them is a zone between metres 24 
and 30 adjacent to the concentration of the 10 isolated 
teeth of the child. The 3 other zones are deeper in the 
cave, from metres 32 to 43, and surround the area 
where the other 4 isolated teeth were exhumed.

The faunal remains originate from 16 different 
layers within 7 sedimentary units:

— 6A (6A-YLO, 6A-GRV, 6A-YUP) 1;
— 5 (5-GJAC, 5-GBG, 5-GRO, 5-GBLA, 

5-GKBR) 1 ;
— 4B (4B-LI, 4B-UN) ;
— 4A-AP (4A-KG) ;
— 4A-IP (4A-OR) ;
— 4A-CHE ;
— 4A-POC (4A-BO, 4A-LEG, 4A-GBL).
In addition to this, a complimentary study 

was undertaken due to the fact that most of the 
Neandertal fossils from Scladina are isolated teeth. 
Therefore, a comparison of the Neandertal teeth to 

1  In this paper, these lithologies will be considered 
as layers. The stratigraphic study of this part of the 
sequence, still in  progress, will have to confirm if those 
lithologies are real layers or rather lateral variations 
of facies.
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the isolated incisors of cave bear from the same 
sedimentary units was appropriate. However, the 
excavations after the stratigraphic revision have 
yielded only 52 Ursus spelaeus teeth. To increase 
the sample size, 248 other cave bear incisors were 
selected from 32 m2 of former Layer 4A. These 248 
objects were all reattributed to their original sedi-
mentary units (4A-AP, 4A-CHE, 4A-POC), which 
was made possible thanks to several observations 
recorded during excavation of this specific area. 
Stalagmitic Floor CC4 was excavated when in situ 
on a surface of 6 m2 (F, G, and H from metres 28 
to 29). The altitudes of the teeth were recorded 
which facilitated clarification of whether they 
were excavated from below the stalagmitic floor 
(Unit 4A-AP) or from above it (Unit 4A-POC). Unit 
4A-CHE was also localized in squares G30 and 
H30 through stratigraphic observation of the adja-
cent profiles 30/31 and H/I.

3. Results
3.1. taphonomy of the Scladina 

neandertal fossils

T he three osseous fragments of the Scladina 
Juvenile, including the Scla 4A-1 and 

Scla  4A-9 hemimandibles, and the small part 
of the right maxilla (Scla 4A-2), as well as the 
child’s isolated teeth are all fossilized to some 
degree (the extent of fossilization is presently 
under investigation; Figure 3).

3.1.1. Left hemimandible Scla 4A-9

Scla 4A-9 (Figure 4) consists of the very anterior 
part of the right body, the symphysis, and the 
essentially complete left body, but the ramus is 
not present. It weighs 31.69 g.

4A-1

4A-2

4A-44A-3 4A-5

4A-6 4A-7 4A-8

4A-9

4A-11 4A-12 4A-13 4A-14 4A-15 4A-16 4A-17 4A-18 4A-19 4A-20

Figure 3 : The 19 juvenile Neandertal fossils (scale 1:1): 
4A-1, right hemimandible; 
4A-2, right maxillary fragment; 
4A-3, permanent maxillary right second molar (M2); 
4A-4, permanent maxillary right first molar (M1); 
4A-5, deciduous maxillary right second molar (dm2); 
4A-6, mandibular right first premolar (P3); 
4A-7, deciduous maxillary right first molar (dm1); 
4A-8, permanent maxillary right third molar (M3); 
4A-9, left hemimandible; 
4A-11, permanent maxillary right central incisor (I1); 
4A-12, permanent mandibular right canine (C,); 
4A-13, deciduous mandibular right second molar (dm2); 
4A-14, permanent maxillary right lateral incisor (I2); 
4A-15, permanent mandibular right central incisor (I1); 
4A-16, permanent maxillary right canine (C’); 
4A-17, permanent maxillary left lateral incisor (I2); 
4A-18, permanent maxillary left canine (C’); 
4A-19, permanent mandibular left lateral incisor (I2); 
4A-20, permanent mandibular right lateral incisor (I2).
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The main colour of the fossil is orange 
(dull  yellow orange, 10 YR 7/4 and light yellow 
orange, 10 YR 8/3 and 8/4). Its surface is slightly 
polished.

Numerous thin cracks (Figure 5), visible to the 
naked eye, are present and correspond to stage 1 
of Behrensmeyer (1978) ; no flaking is associated 
with them. The fractures are nearly parallel to the 
inferior margin of the body and present on both 
faces, although mainly the lingual one. There are 
also some subvertical cracks.

Small stains of manganese are present (gener-
ally no more than a few millimetres in diameter, 
but sometimes connected) on both the lingual 
and buccal faces of the fossil (Figure 6). The area 
covered by manganese is at stage  2 of López-
González et al. (2006), which is to say between 
10% and 50%. The colour of the coating is intense 
dark dun (intensity 2) on the buccal surface and 
in the posterior lingual part of the hemimandible, 
but darker (intensity 2 to 3) in the mesial lingual 
area. In most cases, manganese covers the frac-
tures. Some stains of manganese are also present 
inside the fracture that separated the mandible 
in two, as well as inside the dental alveoli. 
Manganese is never precipitated in dendritic 
form on the Neandertal fossils. All the manga-
nese is clearly superimposed over previously 
existing features on the bone's surfaces, such as 
the fractures.

The anterior break of this fossil, which can be 
refitted almost perfectly with the anterior break of 
the right hemimandible (Scla 4A-1), is transversal 

Figure 4 : The left hemimandible Scla 4A-9, labiobuccal 
(above) and lingual (below) surfaces (scale 1:1).

Figure 5 : Cracks on Scla 4A-9.

Figure 6 : The manganese deposits on Scla 4A-9.
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and nearly vertical in the superior half of the body, 
curving distally in its inferior part. The edges of 
the break are sharp on the buccal surface. On the 
lingual surface, adjacent to the anterior fracture, 
a small area of ‘peeling’ was observed (Figure 7), 
which is a pattern related to fractures that have 
occurred in fresh, fibrous osseous material 
(White, 1992 : 140‒143). Some small manganese 
stains are present on the peeled surfaces.

The facial portion of the canine dental alveolus 
is largely missing. The anterior wall of the dental 
alveoli of the four incisors and the buccal face of 
the P4 are also eroded.

The posterior break is affected by some recent 
small fractures, which were the result of the exca-
vation of the object.

Some other excavation damage was detected 
on the lingual surface, below the second molar 
and third molar crypts : metal scraper marks 
made by the excavator who unearthed the fossil 
(Figure 8). Contrary to the thin cracks discussed 
earlier, these marks were made after manganese 
had already precipitated onto the object. Several 
other thin marks are present on the fossil, for 
instance a curved one on the facial surface which 
is inferiorly concave, under M1 and under the 
dental alveolus of P4.

Neither rodent nor carnivore marks, such as 
scoring and furrowing from gnawing/chewing, 
pits, or punctures are observed on 4A-9. Also, no 
cut marks are present.

No real curatorial damage has occurred, and no 
moulding or casting methods have been used, no 
sampling for DNA or isotopic analysis has been 
done. In fact, a replica of this left hemimandible 
was made with a medical scanner and stereo-
lithography. It was then replicated using classical 
moulding methods to produce further copies.

3.1.2. Right hemimandible Scla 4A-1

The Scla 4A-1 (Figure 9) hemimandible consists 
of the right body and ramus. The bone is highly 
lustrous, likely due to fossilization. However, that 
characteristic may be slightly accentuated by the 
presence of wax residue from when both Scla 4A-1 
and Scla 4A-2 were moulded.

The general colour of the fossil is greyish-
green. The two main components are light grey 
(2.5 Y 8/2) and pale yellow (2.5 Y 8/3) with traces 
of grey (7.5 Y 6/1 and 5/1) and pale green. Cracks, 
mainly parallel to the body, are present but not 
as visible as on Scla 4A-9 (Figure 10) ; they are 
at the very beginning of Behrensmeyer (1978) 
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Figure 7 : The peeling adjacent to the 
anterior fracture of Scla 4A-9.

Figure 8 : Excavation damage on Scla 4A-9.

1 cm0

3 cm

0

3 cm

0



Dominique Bonjean et al.

134 E R A U L  1 3 4   2 0 1 4

stage 1. The external wall of the M1 dental alve-
olus exhibits a wider subvertical crack.

A few subtle  manganese stains are present. 
Neither rodent nor carnivore marks, such as 
scores, furrows, pits, or punctures are observed on 
Scla 4A-1.

The anterior break corresponds to that of 
Scla 4A-9 : vertical in its upper part, then distally 
oblique (Figure 11).

The gonion is eroded (Figure 12). On the bone's 
buccal surface a network of surface cracks is 
present in a star-shaped form (Figure 13). No trace 

Figure 9 : The right hemimandible Scla 4A-1, buccal (left) and lingual (right) surfaces (scale 1:1).

Figure 10 : Thin horizontal cracks on 
Scla 4A-1, represented by thin red lines.
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Figure 11 : Fig 11. Side-by-side comparison of the 
anterior break that separates Scla 4A-1 and 4A-9.
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of applied pressure is visible. The cracks appear 
to be the possible result of cortex rupturing that 
origi nated from inside the bone. This rupture 
could have been produced by an expansion of 
the bone from freezing (gélifraction, Guadelli & 
Ozouf, 1994). The condyle is damaged ; its lingual 
part is eroded and its buccal one is missing at least 
4 mm of osseous material. The posterior border is 
also heavily worn.

A straight, thin groove that at first glance 
is very similar to an anthropogenic cut mark, 

is present on the lingual surface of Scla 4A-1 
(Figure 14). However, the position is unusual for 
cut marks and it is the only similar trace observed 
on the three bones of the juvenile, so this mark was 
probably caused by some sedimentary process.

The facial surfaces of some dental alveoli, 
mainly of P3, are heavily abraded.

A small splinter from the upper part of the 
anterior border of the right ramus was detached 
during the excavation process and later refitted 
(Figure 15).

Figure 12 : The eroded gonion of Scla 4A-1.

Figure 13 : The star-shaped fracture of Scla 4A-1.
Figure 14 : The straight thin groove that was likely caused 

by sedimentary processes (between the red arrows).
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Contrary to Scla 4A-9, a mould was prepared 
in order to obtain casts of this fossil and some tiny 
traces of white silicone are still present on it.

3.1.3. Maxilla Scla 4A-2

This fossil (Figure 16) is a part of the right maxilla, 
comprised of just the partial alveolar processes, 
from the complete I1 crypt to the middle of the M1 
crypt. The maxilla is broken mesially, distally, and 
superiorly. On the bone's inferior component, the 
mesial breakage extends along part of the inter-
maxillary suture for a few millimetres in front of 
the incisive canal and then curves distally on the 
superior part. The distal fracture is vertical but 
irregular and located in the middle of the socket of 
the first molar. The floor of the nasal cavity consti-
tutes the superior part of the fossil medially, and 
the floor of the maxillary sinus laterally.

Currently, the superior margin of the fossil is 
somewhat crenulated, especially above the canine 
alveolus (Figure 17).

Figure 15 : The splinter broken off from 
Scla 4A-1 during excavation.
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Figure 16 : The maxilla Scla 4A-2, labiobuccal 
(above) and lingual (below) surfaces (scale 1:1).

Figure 17 : The crenulated margin of Scla 4A-2, 
especially above the canine dental alveolus.
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The general colour of Scla 4A-2 is greyish-
green, relatively similar to that of the right 
hemimandible Scla 4A-1. The main colours are 
pale yellow (2.5 Y 8/3 and 8/4) with traces of 
greyish yellow (2.5 Y 7/2) on the lingual surface 
and bright yellowish brown (10 YR 7/6) on the 
buccal surface.

Some thin cracks are present but not as visible 
as those on Scla 4A-9. There are also some rare 
manganese stains that are as subtle as the ones on 
Scla 4A-1 (Figure 18).

The facial walls of the alveoli of both incisors 
and the anterior part of dm2 and M1 are heavily 
worn; those of the C’ and the P4 are also signifi-
cantly altered.

As for Scla 4A-1, a mould was prepared in 
order to cast the fossil and some tiny traces of 
white silicone are still present.

3.1.4. Isolated teeth

All of the teeth (see Figure 3) from the mandible and 
the maxilla that were found scattered throughout 
the sediment were disarticulated postmortem. The 
alveoli of the permanent teeth are still open and 
not resorbed at all. Such a situation is expected 
as the juvenile died at only 8 years of age (see 
Chapters 8 & 16). Only antemortem trauma could 
have made the child lose a permanent tooth and 

have a resorbed alveolus, which was not the case 
for this individual.

Most of the teeth are nearly complete and very 
well preserved. The roots of the deciduous teeth 
have started to resorb. The roots of the perma-
nent maxillary right second molar (Scla 4A-3) 
are not fully developed. The apexes of some inci-
sors are not completely closed (Scla 4A-16). 
Only two incisors (Scla 4A-20 & Scla 4A-11) 
have  broken roots, which occurred after they 
were lost postmortem.

The 16 isolated teeth of the Neandertal child 
are exceptionally well preserved with little 
alteration. 15 of the teeth exhibit crowns with 
light grey enamel (2.5 Y 8/1 and 8/2) comparable 
to the original colour of in vivo teeth. Their 
roots exhibit a white-yellow colour (yellow 2.5 
Y 8/6, pale yellow 5 Y 8/3 and 8/4, light grey 7.5 
Y 7/2) with the exception of 2 not fully devel-
oped roots that exhibit a darker, greyish colour 
(black 10 YR 2/1 and brownish grey 10 YR 4/1). 
On Scla 4A-3 the dark colour covers the entire 
root while on Scla 4A-6 only the apical part of 
the root is covered (Figure 3).

The 16th isolated tooth, the crown of 
the permanent maxillary right third molar 
(Scla  4A-8), exhibits a dull yellow orange tint 
(10 YR 6/4), probably due to the fact that it 
was not yet erupted and still inside the hemi-
mandible (Scla 4A-9) at the time of death. 
Because of its unique colour in comparison to 
the other 15, Scla 4A-8 was excluded from this 
study. The crown of the permanent mandibular 
right third molar is still included in the right 
hemimandible Scla 4A-1. This crown is visible 
within the alveolus and has the same colour as 
Scla 4A-8.

Four other in situ erupted teeth were within  
the alveoli of the 2 hemimandibles at the time 
of discovery. The original colour of the enamel 
of the M1 and M2 of hemimandible Scla 4A-1 is 
very similar to the 15 isolated teeth that were 
previously described. However, the colour of 
the permanent mandibular left first and second 
molars, still in situ in the hemimandible Scla 
4A-9, is completely different. Their crowns 
exhibit dull yellow orange enamel (10 YR 7/4) 
and are full of microcracks, in which a blue-
black substance has precipitated (possibly 
manganese). If a definite sedimentary context 
gives the bones and teeth within it a homoge-
neous taphonomic signature (as proposed in 
the introduction), Scla 4A-9 was not present 

Figure 18 : The thin cracks of Scla 4A-2.
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within the same sediment as Scla 4A-1 during 
its diagenesis.

3.2. Planimetry and stratigraphy 
of the juvenile neandertal

The remains of the Scladina Neandertal child were 
spread throughout different layers of Sedimentary 
Complex 4A over quite a large horizontal area. The 
understanding of the stratigraphic (see Chapter 3) 
and planimetric context of the isolated teeth and 
fragments of mandible and maxilla is therefore 
very important in deciphering their unique tapho-
nomic histories.

3.2.1. Stratigraphy

Current stratigraphic information indicates that 
the Neandertal remains came from layers that 
were deposited after the Stalagmitic Floor CC4 
(units 4A-CHE and 4A-POC). The remains were 
at least in secondary position, either brought 
from outside the cave or reworked by the erosion 
of one or more sedimentary layers that were 
already present within the cave. Unit 4A-CHE 
has reworked sediment from at least 12 different 
layers from sedimentary units 6A, 5, 4B, and 
Complex 4A.

3.2.2. Spatial distribution

Currently, the excavated area of the Complex 4A 
is approximately 6 m wide by 40 m long 
(see Figure 2). No Neandertal remains have been 
discovered on the terrace or within the first 
15 metres of the cave (i.e. before and including 
metre  25). The fossils were found beyond this 
area, from metre 26 to 38. The child's remains 
were distributed within the second half of the 
cave, along a narrow band included within a 
rectangle that is 6 m wide by 13 m long and sub-
parallel to the cave’s axis. That region dips gently 
towards the back of the cave, and seems to corre-
spond to the course of the 4A-CHE gully. Inside 
the band, the fossils were organized in 3 groups:

— first, 10 teeth were concentrated on a small 
surface of 4 m2 (F26, F27, G27, and H27), 
and are spread perpendicular to the long 
axis of the cave;

— second, the 2 mandibular fragments, 
the fragment of maxilla, and 2 isolated 
teeth were grouped in a rectangle that is 
2.5 m × 2 m and in contact with the left wall 
of the cave (C28, C30, D29, and D30);

— third, 4 isolated teeth were found further 
in the cave, spread in 3 squares (C32, D34, 
E38), and in a zone from F35 to F37.

3.3. Comparative taphonomic study : 
the rest of the faunal remains 

Six physical taphonomic criteria were selected 
for the study of the 597 faunal remains : colour, 
number of fractures, abrasion of fracture edges, 
bone surface state, the preci pitation of manga-
nese, and the precipitation of carbonate. The 
analysis of those attributes is synthesized in Table 
1, where the Neandertal remains are indicated by 
a black triangle.

3.3.1. Colour

The analysis of bones has continuously indi-
cated a distinctive dominant colour of objects 
from the same sedimentary layer, which is some-
times accompanied by variations of intensity. The 
objective of this study was to observe and record 
faunal remains from units 6A, 5, 4B, 4A-AP, 4A-IP, 
4A-CHE, and 4A-POC that exhibit the typical 
colour of the Neandertal hemimandibles and 
maxilla. Therefore, all of the other colours not 
relevant to the Neandertal child, yet observed 
on the faunal remains, are not differentiated in 
Table 1 and are presented as ‘other colour’.

The colours represented on the Neandertal 
fossils are extremely rare amongst the studied 
faunal remains. Only 16 bones (2.8%) could be 
used as comparisons for this study.

The greyish-green colour of the hemimandible 
Scla 4A-1 and the maxilla Scla 4A-2 (Figure 19) is 
totally absent in the material from units 6A and 5. 
Layer 4B-UN has yielded 2 bones that exhibit 
similar colouration : 1 metatarsal (Figure 19-a) and  
1 cranial fragment (Figure 19-g). The most frequent 
similarities have been recorded in Complex 4A 
with 5 remains that have colours very similar to 
those of the Neandertal fossils : 1 pisiform from 
Layer 4A-KG (Figure 19-c); 1 fragment of a radius 
(Figure 19-h), 1 diaphyseal fragment (Figure 
19-b), and 1 rib fragment (Figure 19-e) from Unit 
4A-CHE; and 1 diaphyseal fragment from Layer 
4A-GBL (Figure 19-i).

The orange colour, exhibited on hemi-
mandible Scla 4A-9, is absent from the remains 
of Unit 6A. Higher in the stratigraphic sequence, 
the colour is present on 10 remains (Figure 20). 
They are distributed in layers 5-GRO (pisiform, 
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Figure 19: The greyish-
green colour of the right 
hemimandible Scla 4A-1 (f) and 
the maxilla Scla 4A-2 (d) among 
7 faunal remains (scale 1:1).

Taxon Segment Inventory No Figure

4A-GBL ? Splinter Sc 2006-341-1 19-i

4A-CHE Unidentified Herbivore Rib fragment Sc 2007-668-2 19-e

4A-CHE ? Diaphysis fragment Sc 2007-122-3 19-b

4A-CHE Rupicapra rupicapra Proximal radius fragment Sc 2004-678-1 19-h

4A-KG Ursus spelaeus Pisiform Sc 2006-416-2 19-c

4B-UN Ursus spelaeus Juvenile cranium fragment Sc 2006-477-3 19-g

4B-UN Ursus spelaeus 3rd metatarsal Sc 2004-185-1 19-a

a

3 cm0

b c

d

e

f

g

h

i



T h e  S c l a d i n a  I - 4 A  J u v e n i l e  N e a n d e r t a l
Figure 20 : The orange colour of the hemimandible 
Scla 4A-9 (e) among 10 faunal remains (scale 1:1).

Layer Taxon Segment Inventory No Figure

4A-GBL ? Splinter Sc 2006-341-1 20-k

4A-BO Ursus spelaeus Patella Sc 2006-497-3 20-i

4A-CHE Ursus spelaeus 2nd phalanx Sc 1996-26-12 20-d

4A-CHE ? Hemimandible fragment Sc 2006-510-1 20-a

4A-OR Dama dama 2nd phalanx Sc 2006-330-1 20-f

4A-KG Ursus spelaeus Ulnar fragment Sc 2006-370-8 20-b

4A-KG ? Rib fragment Sc 2006-506-4 20-j

4A-KG Ursus spelaeus Thoracic vertebra Sc 2006-511-1 20-c

5-GBLA Ursus spelaeus Cranium fragment Sc 2008-409-23 20-g

5-GRO Ursus spelaeus Pisiform Sc 2008-156-1 20-h
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Figure 20-h), 5-GBLA (cranial fragment, Figure 
20-g), 4A-KG (thoracic vertebra, Figure 20-c ; rib 
fragment, Figure 20-j ; ulnar fragment, Figure 
20-b), 4A-OR (phalanx, Figure 20-f), 4A-CHE 
(hemimandible fragment, Figure 20-a ; phalanx, 
Figure 20-d), 4A-BO (patella, Figure 20-i), and 
4A-GBL (diaphyseal fragment, Figure 20-k). 
However, of these bones, 4 are more similar 
than the rest. These bones are from layers 4A-KG 
(thoracic vertebra, Figure 20-c), 4A-OR (phalanx, 
Figure 20-f), and 4A-CHE (hemimandible frag-
ment, Figure 20-a ; phalanx, Figure 20-d). One of 
the last two bones listed from 4A-CHE (above) is 
a 2nd phalanx of Ursus spelaeus (Sc 1996-26-12 ; 
Figure 20-d) that has a nearly identical colour 
to the Neandertal hemimandible Scla 4A-9 
and was found approximately 20 cm from Scla 
4A-9. The phalanx was exhumed in 1996 before 
the stratigraphic revision; but by observing 
numerous pictures, it has been clearly attributed 
to 4A-CHE.

The rarity of comparable objects has nega-
tive implications on the viability of a statistical 
approach to this study. Regardless, nearly 
perfect matches based on colour have been 
made between the Neandertal fossils and faunal 
remains which permitted the determination that 

the hominid fossils are most similar to objects 
from Sedimentary Complex 4A.

Among the 597 osseous remains, only one 
diaphyseal fragment (Sc 2006-341-1) from Layer 
4A-GBL exhibits the two different colours 
discussed previously on the same object. 
The cortical surface is light orange in colour 
(Figure  21), which is similar to hemimandible 
Scla 4A-9. A band on the middle part of the cortex 
is greyish-green in colour and highly lustrous, 
which is very similar to hemimandible Scla 4A-1. 
This greyish-green area appears to be superim-
posed over the orange, which is possibly due to 
the object being subjected to multiple sedimen-
tary environments. The specific mechanism(s) 
that would cause a single object to exhibit two 
different colours and lustres inside Unit 4A-POC 
are currently unknown and could be the subject 
of a future analysis.

3.3.2. Number of fractures

The depositional mode of sediment has unavoid-
able impacts on the preservation state of material 
within it. Therefore, Layer 4B-LI, constituted by 
alternating lithofacies of silt and clay caused by 
decantation (low energy) contains the highest 

Figure 21 : The doubly coloured 
splinter (below, scale 1:1, and 
above right, enlarged) Sc 2006-
341-1 and its comparison with the 
hemimandible Scla 4A-1 (above 
left) and Scla 4A-9 (below right ).
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frequency of intact bones (56%). The strati-
graphic distribution of the objects according to 
the number of fractures per bone demonstrates 
an increased amount of alteration as they were 
reworked upwards through the sedimentary 
sequence from Layer 4A-KG to Unit 4A-CHE. For 
example, the number of completely intact bones 
differs between the two layers : 42% intact bones in 
4A-KG, compared to 38% in 4A-CHE. This obser-
vation is accompanied by only 12% of the bones 
from 4A-KG exhibiting 1 fracture, compared to 
18% in 4A-CHE.

The number of fractures per object varies 
between the 3 osseous fragments of the 
Neandertal child: Scla 4A-1 has 1 fracture, Scla 
4A-9 has 2 fractures, and Scla 4A-2 has at least 3 
fractures. Therefore, their dispersion in the 3 cate-
gories allows them to be attributed to any of the 
studied layers since they are comparable to every 
object which renders this method as not useful for 
this study.

3.3.3. Abrasion of fracture edges

The low degree of edge abrasion (‘low’ category ; 
Table 1) that categorizes the 3 osseous frag-
ments of the Neandertal child is a characteristic 
that is also present on a large number of faunal 
remains, constituting the major tendency for 5 
faunal assemblages: 6A-YLO, 6A-YUP, 4B-UN, 
4A-KG, and 4A-CHE. The remains from the other 
studied layers show a globally higher degree of 
abrasion and, therefore, are not comparable to the 
Neandertal child.

3.3.4. The state of the cortex

Climatic agents affect bones that are shallowly 
buried or in direct contact with the atmosphere.  
This effect is also known as “weathering” 
(Behrensmeyer, 1978). The process begins by 
longitudinal followed by transversal cracking, 
the intensity of which varies based on the bone 
density, the age of the individual, the fragmenta-
tion of the bone before the weathering began, the 
degree of fossilization, etc. (Guadelli & Ozouf, 
1994; Guadelli, 2008; Mallye et al., 2009). In 
some extreme cases, lengthy exposure of bones to 
these processes can lead to the formation of long 
rectangular prism-shaped fragments (state 4) that 
can eventually lead to the complete fragmentation 
of the object. Furthermore, during a prolonged 
exposure to the sun the bone cortex can become 
white to greyish-white (Figure 22).

Some of these attributes were observed in the 
material studied; however, they were only mini-
mally visible on the Neandertal remains. Among 
the hominid bones, only the left hemimandible 
Scla 4A-9 has cortex cracking comparable to 
weathering stage 1 (Behrensmeyer, 1978), which 
includes longitudinal cracking parallel to the 
fibrous bone structure, accompanied by thin trans-
versal cracking. Scla 4A-1 and Scla  4A-2 exhibit 
very light superficial cracking that is between 
stages 0 and 1 of Behrensmeyer (1978). Nearly all 
the faunal remains of Scladina are also between 
these two stages of weathering. This attribute is 
not useful for this  study and is not included in 
Table 1.

Figure 22 : An example of typical weathering 
marks on a large bovid ulna.
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Furthermore, the fossils Scla 4A-1 and Scla 
4A-2 both have very highly lustrous surfaces. This 
is a very rare trait for bones used in this study and 
is only visible on 3 bones (0.5%). This character-
istic can be the result of chemical processes as well 
as physical processes, such as run-off. A  highly 
lustrous surface is often accompanied with slightly 
dulled fractured edges (Lenoble, 2005 : 106) and 
this characteristic is also exhibited on these 2 
Neandertal remains. Unfortunately, these 2 fossils 
were traditionally cast which possibly artificially 
changed the lustre of the objects.

3.3.5. Manganese deposits

The origin of the manganese in the sediment must 
be assessed carefully and may possibly result from 
the percolation of rainwater through the lime-
stone; from the deterioration of organic material in 
the sediment; and from bacterial or fungal activity, 
the intensity of which is dependant on the hygro-
thermic conditions as well as pH (Marín Arroyo 
et al., 2008). The precipitation of manganese on 
objects must be used with care in the determi-
nation of the homogeneity of the collection. In 
some layers, large spots of manganese covering 
the faunal material from sedimentary units 6A, 
5, and 4B constitute a viable taphonomic charac-
teristic of the bones from those units. However, 
the Neandertal remains do not exhibit this trait. 

On the contrary, in Layer 4A-KG, manganese vari-
ably affects bones. This variable effect is directly 
linked with the unit’s relationship to Speleothem 
CC4. Often, the remains directly beneath CC4 
do not have any trace of manganese while those 
not protected by the speleothem are affected by 
manganese. The 91 bones and fragments from 
4A-KG of this study do not show any manganese 
(1%) or exhibit regular spots (84%), large spots 
(13%), or are sometimes completely covered (2%). 
This observation allows for the interpre tation that 
the precipitation of manganese occurred after the 
formation of the speleothem.

The hemimandible Scla 4A-9 has regular spots 
of manganese (Figures 6 & 20). Through the strati-
graphic sequence, bones that exhibit the same 
trait are very rare or absent in the 8 layers of 
units 6A and 5. However, the regular spots are 
frequently found on the faunal remains from 
units 4A-CHE and 4A-POC. The largest number 
are found in Layer 4A-KG (Table 1 ; 84%), which 
authorises a strong comparison to Scla 4A-9. The 
spots were determined to be manganese by SEM 
(scanning electron microscopy), coupled to EDS 
(Energy-dispersive X-ray Spectroscopy) which 
was done (by Christian Burlet, Geological Survey 
of Belgium, Royal Belgian Institute of Natural 
Sciences) on the 2nd phalanx of Ursus spelaeus 
(Sc 1996-26-12 ; Figure 20-d) from Unit 4A-CHE.

The fossils Scla 4A-1 and Scla 4A-2 have tiny 
dark grey spots (Figure 23) that could correspond 
to the remnants of precipitated manganese. This 
attribute is strongly associated with the highly 
lustrous cortical surfaces commented on previ-
ously. That peculiar combination is extremely 
rare and is evident on only 3 faunal remains 
from units 4A-CHE and 4A-POC (Sc 2004-678-1, 
Figure 19-h ; Sc 2007-668-2, Figure 19-e ; Sc 2006-
341-1, Figure 19-i).

3.3.6. Carbonate deposits

Although the deposition of carbonates on bone is 
very rare among the studied faunal remains (15 
out of 597 pieces, or 2.5%), their presence is very 
stratigraphically significant. Only layers that are 
superimposed by a stalagmitic floor (e.g. 4A-KG, 
4A-OR, both covered by Speleothem CC4) and 
layers that reworked them (e.g. layers within units 
4A-CHE and 4A-POC) have yielded some remains 
that are partially covered by carbonates. This 
observation, however, has little statistical value 
and, because there are no carbonate deposits on 
the Neandertal remains, is not useful for this study.

Figure 23 : The tiny light grey spots on Scla 
4A-1 (left) compared with the Ursus spelaeus 

proximal radius fragment Sc 2004-678-1 (right).
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3.4. Comparative study between 
the isolated teeth of the 
neandertal child and Ursus from 
Sedimentary Complex 4A

Fifteen isolated teeth from the Neandertal child 
have a crown with light grey enamel as well as a 
white-yellow root. This colour combination, corre-
sponding to the original colour of a tooth in vivo, 
characterizes 30.6% (92 out of 300) of the bear 
teeth from Sedimentary Complex 4A. However, 
this combination is nearly absent from the teeth 
collected from Unit 5.

Within Complex 4A, a second study on the 
same 300 Ursus spelaeus incisors was conducted 
to determine if the unique colour combination 
was typical of a specific sedimentary unit or units. 
Of the sample, 52 teeth were excavated through 

microstratigraphy and 248 were attributed to 
units 4A-AP, 4A-CHE, or 4A-POC.

The results of the study of the bear teeth 
indicate that 66.3% of the teeth with this colour 
combination originate from Unit 4A-POC (61 out 
of 92 pieces), 16.3% from Unit 4A-CHE (15 out of 
92 pieces), and 17.4% from Unit 4A-AP (16 out of 
92 pieces). The fact that most of the teeth with 
the same characteristics as the Neandertal child 
teeth came from 4A-POC is demonstrated by the 
comparison of the inferior Neandertal incisor 
Scla 4A-19 to 26 Ursus spelaeus teeth that were 
excavated from the same square (D34) and Unit 
4A-POC (Figure 24).

This step of the analysis attributes the isolated 
teeth of the Neandertal child to Unit 4A-POC; 
however, this suggestion must be considered with 
prudence.

Figure 24 : In Unit 4A-POC, Square D34, the 26 Ursus spelaeus teeth and fragments of teeth show the same stage of 
abrasion and the original colour as the permanent mandibular left central incisor Scla 4A-19 (center) of the child.

2 cm

0
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3.5. Synthesis

The state of preservation of the Neandertal fossils 
is exceptional and only a small number of simi-
larities are found among the faunal remains from 
the sedimentary units analysed in this study. 
However, this comparative taphonomic analysis 
provides evidence for 7 main taphonomic charac-
teristics (Table 2) :

1 the greyish-green and orange colours of 
the Neandertal mandibular fragments have 
been observed on 9 remains from layers 
5-GRO and 5-GBLA (Unit 5), Layer 4B-UN 
(Unit 4B), Layer 4A-KG (Unit 4A-AP), Layer 
4A-OR (Unit 4A-IP), Layer 4A-GBL (Unit 
4A-POC), as well as from layers of Unit 
4A-CHE ;

2 the small degree of abrasion observed on 
the hominid remains is primarily present 
on the fauna from layers 6A-YLO and 
6A-YUP (Unit 6A), Layer 4B-UN (Unit 4B), 
Layer 4A-KG (Unit 4A-AP), as well as from 
Unit 4A-CHE;

3 the highly lustrous surface is only present 
on 3 remains from Layer 4A-GBL (Unit 
4A-POC) as well as Unit 4A-CHE;

4 the manganese spots typical of Scla 4A-9 
are present on the fauna from Layer 4A-KG 
(Unit 4A-AP), Layer 4A-OR (Unit 4A-IP), 
layers 4A-BO, 4A-LEG and 4A-GBL (Unit 
4A-POC), as well as the layers from Unit 
4A-CHE;

5 the tiny dark grey remnants of spots are 
present only on 3 remains from Layer 
4A-GBL (Unit 4A-POC) as well as those 
from Unit 4A-CHE;

6 the large spots of manganese are frequent 
on remains from the units 6A, 5, and 4B, 
and the Neandertal does not exhibit these;

7 the original colour recorded on the enamel 
and roots of the teeth are mainly present in 
the layers of the Unit 4A-POC.

Finally, when integrating all the taphonomic 
characteristics, the faunal remains from the units 
within the Complex 4A share the most similari-
ties with the Neandertal remains (Table 2). Beyond 
this, when all of the physical taphonomic attrib-
utes are combined, sedimentary units 4A-CHE 
and 4A-POC have yielded most of the bones and 
teeth that have the strongest correlation to the 
Neandertal child. This correlation is in harmony 
with a stratigraphic analysis (see Chapter 5) that 
attributed, when possible, some of the bone frag-
ments to the Unit 4A-CHE and some of the isolated 
teeth to Unit 4A-POC. Among the layers that were 
deposited before the gully, the objects from Layer 
4A-KG have the most taphonomic similarities to 
the Neandertal child.

4.

 discussion : how to interpret 
the presence of the Scladina 
neandertal remains

4.1. highly preserved hominid remains

T he cause of death of the Scladina Child is still 
unknown. No antemortem or perimortem 

traces, such as pathological stigma, wounds due to 
human actions, or carnivore predation are present 
on the remains.

Some observable postmortem traces are 
present on the fossils. The cortices of the three 

table 2: Synthesis of the stratigraphic distribution of faunal remains that exhibit the same 
taphonomic properties as the Neandertal child remains (grey backgrounds). Note that the 

majority are from Sedimentary Complex 4A (4A-POC and 4A-CHE; black borders).

Stratigraphic distribution
of the taphonomic criteria

observed on faunal remains

Layers cross-cut by the gully Gully  Superimposing 

6A- 5- 4B- 4A-AP 4A-CHE 4A-POC
Bone YLO GRV YUP GJAC GBG GRO GBLA GKBR LI UN KG OR CHE BO LEG GBL

Colour
greyish-green

orange

Abrasion low

Lustre high

Manganese
very few spots

regular spots

Isolated teeth

Colour original
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osseous elements of the child exhibit thin cracks 
that are the first effects of weathering. Only the 
left hemimandible Scla 4A-9 has sufficent cracking 
to be attributed to stage 1 of Behrensmeyer 
(1978). Weathering can equally affect objects in 
direct contact with the atmosphere as well as 
those shallowly buried. However, the remains of 
the Neandertal child do not exhibit evidence of 
long exposure to the sun, as they have not been 
bleached white. If the bones experienced any 
exposure to the atmosphere, that exposure was 
necessarily short and may have occurred within 
the protective environment of the cave.

The break under the alveolus of the right inferior 
canine, which has separated the two hemimandi-
bles, is a 'green bone' fracture (Figure  11). The 
presence of a small area of peeling on Scla 4A-9, 
on the inner side of the break between the two 
parts of the mandible, is an additional indicator 
that the breakage occurred on wet or fresh bone 
(stage 1 of Krovitz & Shipman, 2007), so probably 
not long after death.

The only possible cut mark observed on 
Scla 4A-1 is questionable because the position of 
the mark is quite unusual. Removing the tongue 
should have created other marks, which are not 
present. This mark is very close to trampling marks 
(Behrensmeyer et al., 1986 ; Domínguez-Rodrigo 
et al., 2009), which could have been made during 
the reworking of the right hemimandible by sedi-
mentary processes.

4.2. no fossil in primary spatial position
The mode of the first incorporation of the child in 
the sediments is currently unknown. The fossils 
are not in primary spatial position. Since the child 
died, most teeth were lost postmortem, possibly 
when the bones were on the surface. The spatial 
distribution of the remains as well as post-depo-
sitional rounding of the right condyle and the 
absence of the left ramus are all indications of 
displacement after deposition.

The study of the stratigraphic data that are 
available for the osseous Neandertal remains 
further suggests their attribution to the gully of 
Unit 4A-CHE. The sediment that filled the gully 
most likely originated from the terrace and the 
entrance to the cave. The presence of numerous 
calcite fragments throughout the sediment of 
the gully is explained by the dismantling of 
Speleothem CC4 during the event that formed 
the gully. Therefore, the depositional dynamics 
had to be high energy enough to destroy the 

stalagmitic floor, unavoidably affecting the sedi-
ment and objects in its path. The reworking and 
incorporation of the formerly deposited sedi-
ment of at least units 6A, 5, 4B, 4A-AP, and 4A-IP 
provide an explanation for the taphonomic heter-
ogeneity of 4A-CHE.

At the time the child was deposited, at least 
20 m separated the entrance (estimated to have 
been at metre 5) from the location at which the 
closest fossil was found (metre 26). The spatial 
distribution of the child’s remains does not 
reflect one reworking event but several succes-
sive events of varying intensities. The absence of 
hominid remains in the first 25 m from the edge of 
the terrace is possibly explained by an important 
erosional event, resulting in the 4A-CHE gully, that 
reworked the layer within or on which the child 
was deposited. A unique, high-energy erosional 
event across a large surface does not seem to be 
a likely candidate for explaining the stratigraphic 
distribution of the remains into 2 distinct sedi-
mentary units (4A-CHE and 4A-POC) and their 
spatial distribution into the 3 separate areas of 
concentration. Furthermore, a powerful erosional 
event over the long distance of 25 m would 
unavoidably damage material within it ; however, 
the Neandertal remains are well preserved. The 
isolated teeth are nearly unaltered, the 2 hemi-
mandibles can be almost perfectly refitted, and 
on both the hemimandible and the maxilla the 
main evidence of erosion is only on the alveolar 
margins. This observation suggests the remains 
were successively reworked a small distance from 
their original location by low energy processes. 
The economical hypothesis is the Neandertal 
remains were reworked several times from a zone 
at the entrance of the cave (between the porch and 
metre 25) and were then buried relatively quickly 
deeper into the cave.

4.3. the taphonomic message
The taphonomic study of the Neandertal child’s 
remains and their comparison to faunal remains 
provided information as to whether the hominid 
fossils were deposited before (e.g. in units 6A, 5, 4B, 
4A-AP or 4A-IP) or contemporaneously with the gully.

No evidence permits the attestation of the pres-
ence of the fossils in the cave before the event(s) 
that created the gully.

The taphonomic incompatibility of the fossils 
with sedimentary units 6A, 5, and 4B is clear 
when large spots of manganese are observed in 
high frequency on the objects. This argument is 
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based on the hypothesis that this type of deposit 
cannot be easily removed.

The differential alteration between the 2 hemi-
mandibles seems to refute Layer 4A-KG as the 
origin of the objects even though the bone colour 
and the peculiar deposition of regular spots of 
manganese are similar between objects from this 
layer and Scla 4A-9. In fact, Layer 4A-KG and 
its numerous fossils were protected for several 
thousands of years by Speleothem CC4, as the 
thickness of CC4 often reaches 30 cm and can 
support stalagmites up to 1 m high. The resulting 
lengthy interment of bones within Layer 4A-KG 
should have resulted in an intense and uniform 
alteration of all the osseous elements of the 
Neandertal child, as has been observed for nearly 
all the cave bear remains exhumed from it.

The differential alteration of the 2 hemimandi-
bles seems to be a consequence of their interment 
in different sediments from the beginning of the 
process and for a long period of time afterward. 
After this process is complete, a total and radical 
change of colour is difficult to imagine; the current 
understanding is only fracturing, surface altera-
tion, and abrasion of edges can be superimposed 
over the background colour. That hypothesis is 
based on the concept that the colour exhibited 
by the fossil and its manganese staining, initially 
acquired in its primary sedimentary context, are 
not easily removed, which is reinforced by all the 
observations made on all the bones throughout 
the stratigraphy of Scladina since 2005.

According to the evidence provided above, the 
Neandertal remains were not yet fossilized when 
they were distributed into the different sedimen-
tary contexts from which they were collected. 
This scenario would relatively date the fossils to 
approximately contemporaneous with the event 
that created the gully.

4.4. the sequence of events
The taphonomic observations do not provide a 
complete explanation as to why the Neandertal 
remains were discovered in Scladina. Beyond 
the fact the objects themselves were not anthro-
pogenically altered, the reworked sedimentary 
environment in which the fossils were found has 
erased any potential evidence of anthropogenic 
structures (e.g. those caused by ritual activity, 
burials, etc.). However, the fresh state of pres-
ervation of the remains when they entered the 
cave, their spatial and stratigraphic distribution, 
and their differential alteration all authorize the 

proposition of a sequence of events. The propo-
sition is the partial or complete body of the child 
entered the cave when the bones were not yet 
fossilized. Sedimentary processes linked to the 
gully most likely caused the separation of the 2 
hemimandibles, as the causal fracture exhibits 
the characteristic peeling of green bones. The low 
degree of weathering augments this hypothesis; 
the remains did not have a long direct expo-
sure to the atmosphere nor were they shallowly 
buried for a long period of time. No proof that the 
gully-creating mechanisms were what brought 
the maxilla and mandible into the cave has been 
discovered; however, the processes that created 
the gully are known to be responsible for the 
initial reworking of the bones, likely for fracturing 
them, and for their dispersal into different layers 
within Unit 4A-CHE and in superimposing layers 
in Unit 4A-POC. The child’s remains were distrib-
uted in several different sedimentary layers that 
have differentially altered the bones. A proposed 
succession of events follows.

Stage 0 : Layer 4A-KG was deposited. During its 
deposition, numerous cave bear remains were 
incorporated in the sediment. They were altered 
throughout the formation of Speleothem CC4 
(directly superimposing 4A-KG) and in the 
process their colour changed. Evidence for 
their alteration at this time was provided by 
the taphonomic study of the remains from 
the gully (4A-CHE); in fact, numerous bones 
exhibiting the characteristic colour of remains 
from 4A-KG were found in Unit 4A-CHE, sug-
gesting that 4A-KG was heavily reworked by 
the processes that formed the gully.

As of now, according to what has been 
observed, both stratigraphy and taphonomy 
do not suggest that the Neandertal remains 
were present in the cave at that stage.

After the formation of Speleothem CC4, a 
cryosol developed that is evidence of a phase of 
deep-freezing, and affected the sediment below 
the speleothem, including 4A-OR, 4A-KG, and 
up to the summit of 4B-LI (see Chapter 3).

Stage 1 : The processes of the gully caused an 
important erosional event that included the 
partial destruction of Speleothem CC4. This 
event was probably linked to the degradation of 
the cryosol. This erosional event was followed 
by phases of erosion and/or sedimentation pro-
ducing the several layers that constitute Unit 
4A-CHE. These layers appear to be responsible 
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for the reworking of the Neandertal remains 
in the cave. The fossils are well preserved (e.g. 
there is low abrasion on the fractured edges 
of the bones) which demonstrates that some 
of the phases of erosion and/or sedimentation 
were low energy, although some must have 
been high energy in order to have fragmented 
some of Speleothem CC4. The fact that excava-
tion has yet to yield any postcranial elements 
of the child does not preclude their presence 
within the cave.

The processes that formed the gully proba-
bly broke the mandible while it was still fresh 
(hence the green bone fracture and peeling). 
At this time, the possibility exists that the 
teeth were already disarticulated from both the 
mandible and the maxilla. Regardless, the cra-
nium and mandible were not on the surface for 
a long period of time (limited effects of weath-
ering and no evidence of necrophagy). This 
disarticulation logically occurred in the first 25 
metres of the cave, due to the gully’s course 
(see Chapters 3 & 5).

Some erosion/sedimentation phases of the 
gully (Unit 4A-CHE) could have successively 
reworked the bone fragments and some iso-
lated teeth:
— a phase of sedimentation transported 

and deposited hemimandible Scla 4A-1 in 
Square D29 in one of the 4A-GX lithofa-
cies and maybe also the fragment of max-
illa Scla 4A-2 in Square D30;

— a similar process could have deposited 
the hemimandible Scla 4A-9 in one of the  
4A-JA lithofacies, but its stratigraphic con-
text is less secure (see Chapter 5).

Stage 2 : After 4A-CHE was deposited, the layers 
of Unit 4A-POC covered it. Where 4A-CHE 
is not present 4A-POC directly superimposed 
Speleothem CC4. Some isolated teeth were 
reworked from 4A-CHE into 4A-POC:
— a depositional event that is attributable to 

Layer 4A-BO transported and deposited the 
tooth Scla 4A-4 (and maybe also Scla 4A-3) 
in Square C30;

— another event, probably related to 4A-POC 
(see Chapter 5), transported and deposited 
10 teeth in squares F26, F27, G27, and H27, 
closer to the cave entrance than the bones;

— one or several events distributed 4 teeth in 
squares C32, D34, E38, further in the cave 
and in a zone between F35 and F37; one 
tooth was related to Layer 4A-LEG (E38, 

see Chapter  5), the others were probably 
from 4A-POC.

Except for the sedimentation phase that depos-
ited Layer 4A-BO, which is the first in the 
sequence of Unit 4A-POC, the establishment of 
a chronological order for the several phases of 
reworking (stated above) that redistributed the 
16 isolated teeth is nearly impossible.

The taphonomic study does not allow for the 
temporal evaluation of the separation between 
the reworking phenomena of the gully (Unit 
4A-CHE ; stage 1) and those of 4A-POC (stage 2). 
No variability of preservation is observed 
between the molars still  articulated with hem-
imandible Scla 4A-1 (deposited in the gully ; 
stage 1) and the 15 isolated teeth (mostly attrib-
uted to Unit 4A-POC; stage 2). Even though 
some information suggests that these objects 
remained in their respective sedimentary con-
texts for at least 85,000 years (see Chapter 5), 
all of these 15 teeth have maintained their orig-
inal colour.

Stage 3 : From this time, the fossils that were depos-
ited within at least 4 different sedimentary envi-
ronments (2 different layers of 4A-CHE and 
at least 2 layers of 4A-POC) were affected by 
 differential alteration and generated the tapho-
nomic variability recorded in this study.

The different sedimentation phases of 
4A-CHE seem to have incorporated a large 
quantity of remains (mainly Ursus spelaeus) 
by the erosion of previously deposited layers. 
So those bones, already fossilized at the time of 
their reworking, exhibited their specific tapho-
nomic signature. The best example of this is the 
taphonomic variability of the fauna inside the 
gully. On the contrary, the 2 Neandertal hem-
imandibles, which exhibit 2 different tapho-
nomic signatures, appear to not have been 
fossilized at the time that they were reworked, 
suggesting their possible contemporaneity to 
the deposition of 4A-CHE. After the breakage 
and reworking of the mandible, and deposition 
of the various elements in different sediments, 
the still fresh bone fragments obtained the typ-
ical taphonomic signatures of their respective 
sedimentary contexts.

Based on this proposed scenario, the age of 
the Neandertal remains is the same as the gully 
(4A-CHE), which was deposited during the 
Weichselian Early Glacial and most likely during 
the second part (see Chapter 5).



Dominique Bonjean et al.

150 E R A U L  1 3 4   2 0 1 4

5. Conclusions

A lthough detailed taphonomic descriptions 
of hominid remains are frequent in the 

palaeoanthropological literature, few, if any, are 
compared to stratigraphically contemporaneous 
fauna. This comparison is only possible if all of the 
remains are precisely excavated by stratigraphy at 
the scale of individual sedimentary layers, rather 
than just the sedimentary unit or complex. This 
type of study was possible at Scladina because 
the excavation has been conducted with rigorous 
stratigraphic control for approximately the last 
decade. Since then, 1,500 faunal remains have been 
exhumed, some of which have provided inter-
esting comparisons to the hominid remains. The 
observation of the taphonomic attributes that are 
associated to sedimentary dynamics has allowed 
for the construction of several stages of a compli-
cated depositional history of the Neandertal child, 
from the first reworking of the hominid remains 
in the cave until their discovery by archaeologists.

Only a small part of the maxilla has been found 
so far. This fossil, however, articulates perfectly 
with the right hemimandible. As no traces of 
carnivore damage were present on the fossils to 
support the idea that only the mandible with a 
small part of the cranium was brought into the 
cave, the suggestion that at least the entire skull, 
if not the whole individual, was present seems 
reasonable. This infers that the possibility still 
exists for other stimulating palaeoanthropological 
discoveries to be made at Scladina.

Since the hominid remains were discovered 
on both sides of the transversal berm B-H 31 
(Figure 2) that separates the excavation zones, the 
presence of other cranial elements or dentition in 
the berm, which was left for stratigraphic refer-
ence, remains a possibility. However, leaving this 
berm of sediment unexcavated is strategic because 
the profiles provided by the berm are the only 
ones still present that document the dimensions 
of the gully (4A-CHE) in which the Neandertal 
remains were found. Without these sections, the 
depositional dynamics of this structure could not 
be as well understood.

However, stratigraphic analysis allowed the 
tracking of the gully and the retention of infor-
mation about where the gully and the layers of 
Unit 4A-POC are still present in the cave. The 
gully is divided into two branches, separated 
by Speleothem CC4 (see Chapter 5, Figure 9). 
According to the studied sections, the area where 
the gully was most erosive is localized around 

Section 30/31 between G and H, where the gully 
contacts Unit 6A. This northern branch of the 
gully has not yet been fully excavated beyond 
metre 30, and has only been reached on the longi-
tudinal Section F/G 32 to 34 (Figure 2), where the 
erosion of previously deposited sediment and the 
frequency of reworked stalagmite fragments are 
high. The southern branch of the gully appears 
less erosive on sections 30/31 and 32/31 in B-C-D. 
Deeper in the cave the erosive capability of this 
left branch of the gully on previously deposited 
layers decreases (e.g. transversal Profile 41/42 
between C and E). This decrease is also exhibited 
on Section 43/44 between C and E.

All in all, if any other hominid remains are yet 
to be unearthed, they will most likely be found in 
the unexcavated zone towards the northern part 
of the cave (currently located beyond the longi-
tudinal profiles E/F 38 and F/G from 32 to 37) in 
sedimentary units 4A-CHE, 4A-POC, and 3-INF 
(see Chapter 5).

6. Annexes

T he bones and teeth of the Scladina Child 
were sampled for different analyses, some-

times several times (see Chapters 8, 17 & 19). The 
alterations caused by these analyses are now part 
of the general conservation state of these fossils. 
The following list denotes the impacts of these 
alterations.

6.1. Moulding
Most of the fossils were moulded using silicon 
rubber by Michel Toussaint :

— Scla 4A-1, right hemimandible, 1993 ;
— Scla 4A-2, maxilla, 1994 ;
— all isolated teeth except Scla 4A-20.

Because of its fragility, the left part of the mandible 
(Scla 4A-9) was not moulded using the classic 
rubber technique but by creating a replica from 
micro-CT data.

6.2. Palaeodiet (C/n)
The right partial maxilla (Scla 4A-2) was sampled 
in 1996 by Hervé Bocherens, at Paris Jussieu (see 
Chapter 17).

6.3. dnA
The superior right M1 (Scla 4A-4) had its buccal 
roots destroyed during sampling for DNA analysis 
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in Münich by Svante Pääbo, in 1993. The test was 
not successful.

In 2001, a sample was taken from the root and 
the pulpar chamber of Scla 4A-13, the deciduous 
inferior right M2, for mitochondrial DNA analysis 
(see Chapter 19).

In 2007, Johannes Krause, Ludovic Orlando 
(visitor), and Svante Pääbo at the Max Planck 
Institute in Leipzig attempted to get a sample for 
nuclear DNA using the interior of the superior 
right M1 (Scla 4A-4) after it was cut for  histological 
analysis (see 6.4). This attempt was not successful.

6.4. histology
A histological thin section of the superior right M1 
(Scla 4A-4) was prepared in 2006 by Tanya Smith 
at the Max Planck Institute for Evolutionary 
Anthropology (Leipzig, Germany) to estimate the 
biological age of the Scladina Child. The tooth 
was sectioned with an annular saw and then 
embedded in methylmethacrylate resin. The tooth 
was then restored; less than 1.5 mm of the speci-
men’s mesial-distal thickness is missing. In 2007, 
two other teeth (Scla 4A-6 and Scla 4A-11) were 
brought to the European Synchrotron Radiation 
Facility (ESRF) in Grenoble (France), in order to 
confirm results on the long-period lines period-
icity obtained from the physical section of the 
molar. This technique facilitates non-destructive 
analysis of the dental microstructure loss (see 
details in Chapter 8).

6.5. Strontium
Sampling for strontium analysis is limited to a 
vertical, millimetre scale groove on the crown and 
one similar groove on the root of the selected teeth. 
These grooves are nearly invisible to the naked 
eye. Fourteen teeth have been affected by this 
procedure: Scla 4A-3, 4, 5, 6, 7, 8, 11, 12, 13, 14, 16, 
18, 19, and 20. The sampling was done at the Max 
Planck Institute for Evolutionary Anthropology, 
Leipzig (Germany), under the control of Mike 
Richards and Christine Verna.
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1. introduction

1.1. dental microstructure and 
age at death estimation

D ental development in humans and apes 
begins prior to birth and continues 

throughout adolescence. Like many biological 
systems, tooth formation is characterized by a 
circadian (daily) rhythm (reviewed in Smith, 
2006). Teeth grow in a layered fashion through 
the addition of incremental features (that may be 
understood by analogy with tree rings), as well 
as by the progressive activation of secretory cells 
(reviewed in Boyde, 1989). Developmental rate 

Figure 1: Incremental features found in enamel 
and dentine. a) Long-period Retzius lines in enamel 
(arrowed); b) overview of Scladina permanent 
maxillary right first molar (Scla 4A-4) showing the 
position of higher magnification images in a) and 
d); c) Retzius lines (arrowed) and short-period cross-
striations in enamel (light and dark bands indicated 
by brackets); d) Long-period Andresen lines (arrowed) 
and short-period von Ebner’s lines in dentine 
(light and dark bands indicated by brackets).

Chapter 8

and time are permanently recorded by these incre-
mental lines in the enamel and dentine, which 
remain unchanged for millions of years.

Enamel is secreted by cells known as amelo-
blasts, which differentiate at the enamel-dentine 
junction and migrate outward towards what 
becomes the surface of the crown. The tracks left 
by these individual cells are known as enamel 
prisms. The prisms show cross-striations that 
result from the circadian rhythm of enamel secre-
tion (Bromage, 1991; Smith, 2006). The successive 
positions of the advancing front of forming 
enamel are preserved as long-period incremental 
structures termed Retzius lines (Figure 1), which 
contact the enamel surface and form perikymata 
(Figure 2). Cross-striations and Retzius lines are 
also frequently referred to as short- and long-
period structures due to their respective 24-hour 
and greater than 24-hour rhythms (6‒12 days 
in hominins). An important relationship exists 
between these lines, as the long-period line perio-
dicity (repeat interval or number of days between 
long-period lines), may only be determined by 
counting  cross-striations between Retzius lines 
internally. This value is the same for all teeth in 
an individual’s dentition, although it may vary 
among individuals (FitzGerald, 1998).

Dentine is produced by cells known as odonto-
blasts that rhythmically produce daily incremental 
lines known as von Ebner’s lines (equivalent to 
cross-striations), long-period structures known 
as Andresen lines (equivalent to Retzius lines), 
and periradicular bands (equivalent to periky-
mata; Figures 1 & 2; reviewed in Dean, 1995 and 
Smith, 2008). Counts and measurements of these 

a b

c d
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short- and long-period lines provide information 
on the rate and duration of enamel and dentine 
secretion, which may be combined to accurately 
determine the total crown formation time, and 
the rate and duration of crown and root extension 
(e.g., Smith et al., 2006a). Furthermore, the age at 
death in developing dentitions may be precisely 
determined by identifying the birth line (neonatal 
line), and adding subsequent crown and root 
formation time to yield the age.

1.2. tooth growth and age at 
death in fossil hominins

In the past few decades, several studies have used 
information from incremental features preserved 
in dental tissues to determine age at death, as well 
as to infer patterns of life history (development 
scheduling and the timing of reproductive events) 
in juvenile fossil hominins (e.g., Bromage & Dean, 
1985; Dean et al., 1993, 2001; Smith et al., 2007a,b, 
2010). Dental microstructure research on juvenile 
Neandertals has focused on individuals from Devil’s 
Tower, Gibraltar (Dean et al., 1986; Stringer et al., 
1990; Stringer & Dean, 1997; Smith et al., 2010); 
Hortus, France (Ramirez Rozzi, 2005); Le Moustier, 
France (Smith et al., 2010); Obi-Rakhmat Grotto, 
Uzbekistan (Smith et al., 2010, 2011); Engis, Belgium 
(Smith et al., 2010); Krapina, Croatia (Smith et al., 
2010) and an infant from Dederiyeh, Syria (Sasaki 
et al., 2003). These studies were concerned primarily 
with determining the age at death from counts of 
incremental features in the dental enamel.

Other studies have been conducted on the 
number and spacing of long-period growth lines 
(perikymata/Retzius lines) in diverse samples of 
Neandertals and Middle Stone Age and Upper 
Palaeolithic Modern Humans (Mann et al., 1991; 
Ramirez Rozzi, 1993; Mann & Vandermeersch, 

1997, Ramirez Rozzi & Bermudez de Castro, 
2004; Guatelli-Steinberg et al., 2005, 2007a, b; 
Smith et al., 2006b; Guatelli-Steinberg & Reid, 
2008; Reid et al., 2008), in addition to the study 
of Neandertal internal enamel development in 
single permanent molars from Tabun, Israel 
(Dean et al., 2001; Dean, 2007a); La Chaise, France 
(Macchiarelli et al., 2006); and Lakonis, Greece 
(Smith et al., 2009). Research on relative dental 
development in Neandertals has been conducted 
by Wolpoff (1979), Tompkins (1996), Thompson 
& Nelson (2000), and Granat & Heim (2003). Most 
of these studies have suggested that Neandertals 
show more rapid dental development than modern 
humans, although Neandertals appear to overlap 
with the lower end, or shorter-forming portion, of 
the human range. This distinction is of particular 
importance for studies that use modern human 
developmental profiles to assign ages to juvenile 
Neandertals (e.g., Mann & Vandermeersch, 1997; 
Tillier, 2000; Coqueugniot & Hublin, 2007; but 
see Shackelford et al., 2012).

This study aims to assess crown and root forma-
tion time of the juvenile Neandertal Scladina I-4A, 
as well as the age at death. Surface manifesta-
tions of long-period incremental features on tooth 
crowns and roots were quantified, the degree of 
root formation was assessed, and a first molar 
tooth was sectioned to determine the long-period 
line periodicity and to register chronological and 
developmental time. In addition, a sequence of 
developmental stress across the dentition was 
mapped, which allowed registry of teeth forming 
at the same time, and the estimation of the age 
at death. These data were compared with data on 
incremental development in modern humans from 
northern England and southern Africa, as well as 
a large sample of Neandertals (Reid & Dean, 2006; 
Smith et al., 2007b; Guatelli-Steinberg & Reid, 
2008; Reid et al., 2008).

Figure 2: Long-
period incremental 
growth lines 
(indicated by fine 
dotted lines) on 
the surface of the 
mandibular first 
premolar (Scla 4A-6). 
a) tooth crown: 
perikymata, and 
b) tooth root: 
periradicular bands.

a

b
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2. Material and methods

2.1. Preparation

T he dental material from the Scladina 
Juvenile recovered over the past two decades 

provides an exceptional opportunity to examine 
isolated but associated teeth, which are described 
in detail in this volume. For this study, all perma-
nent right tooth types of the Scladina Juvenile 
were examined, save for the mandibular first 
premolar, which has yet to be recovered. The first 
stage in the analysis involved photographic docu-
mentation with stereomicroscopy, followed by 
micro-computed tomographic (micro-CT) scan-
ning with the Skyscan 1076 at Antwerp University 
(Belgium) and Skyscan 1172 (for selected addi-
tional scans) at the Max Planck Institute for 
Evolutionary Anthropology (Germany). Micro-CT 
scanning ensured that the entire sample would be 
accurately preserved digitally, and that the teeth 
would be available for non-destructive study of 
enamel thickness (Olejniczak et al., 2008; Smith 
et al., 2012). High resolution peels and molds of 
all available permanent teeth were made with 
Struers’ Repliset and Coltene President impres-
sion materials, and casts were subsequently 
prepared with Epo-Tek 301 epoxy resin. The casts 
were lightly gold coated with a sputter coater for 
enhanced stereomicroscopic visualization.

In order to determine the long-period line 
periodicity, a histological thin section of the 
permanent maxillary right first molar (Scla 4A-4) 
was prepared. To approximate a plane of 
section passing through the tips of the mesial 
dentine horns, a virtual 3D model was gener-
ated with Vox Blast Software (Vaytek, Inc.; 
Figure 3), the dentine horn tips were located, 
and a virtual plane of section was cut through 
the mesial cusp tips and dentine horns. The 
virtual model was used to orient the tooth prior 
to sectioning, which facilitated the production 
of a physical section plane that was similar to 

the ‘ideal’ virtual plane (Figure 4). In order to 
stabilize the tooth during sectioning, it was first 
embedded in methylmethacrylate resin, and 
then cut with a Logitech annular saw (Figure 5). 
The thin section was mounted to a microscope 
slide according to procedures described in Reid 
et al. (1998). This involved a temporary bond 
with dental sticky wax, lapping one face with 1 
micron alumina, bonding the lapped face with 
UV-curing resin under pressure, lapping the 
other face down to approximately 120 microns, 
and covering the section with a coverslip and 
DPX mounting media. The remaining tooth was 
then removed from the methylacrylate resin 
with dichloromethane and restored to its original 
appearance with temporary dental restoratives 
and dental sticky wax (Figure  6). After the 
two cuts to remove the section for histolog-
ical preparation, it was estimated that less than 
1.5 mm of the specimen’s mesial-distal thickness 
was lost.

Two teeth (Scla 4A-6, Scla 4A-11) were brought 
to the European Synchrotron Radiation Facility in 
Grenoble, France in order to confirm results on 

Figure 4: 
Histological section 
of the permanent 
maxillary right 
first molar crown 
(Scla 4A-4) 
(left) compared 
to the virtual 
(target) plane of 
section (right).

Figure 3: Virtual model of permanent maxillary right 
first molar crown (Scla 4A-4) with the orientation 

used to produce the least oblique virtual section and 
to orient the tooth prior to physical sectioning.

5 mm



Tanya M. SMiTh et al.

158 E R A U L  1 3 4 2 0 1 4

the long-period lines periodicity obtained from 
the physical section of the molar. In order to 
assess internal features non-destructively, small 
portions of the mid-lateral enamel of the maxil-
lary right central incisor were scanned using an 
isotropic 0.7 μm voxel size with propagation phase 
contrast X-ray synchrotron micro-CT performed 
on the beamline ID 19 (Figure 7). This technique 
facilitates non-destructive resolution of dental 
microstructure (invisible with conventional 

micro-CT) at the sub-micron level (Tafforeau, 
2004; Tafforeau et al., 2006), including the long-
period line periodicity (Smith et al., 2007a, 2010; 
Smith & Tafforeau, 2008; Tafforeau & Smith, 
2008).

These scans were performed with a mono-
chromatic beam at an energy of 52 keV using 
a multilayer monochromator. The propagation 
phase effect used to reveal dental microstructure 
was created with a sample-to-detector distance of 

Figure 6: Comparison of the 
Scladina molar (Scla 4A-4) 
before (left) and after (right) 
reconstruction. The small 
amount of missing root 
on the right was removed 
for ancient DNA analysis 
prior to reconstruction. 
(Note the orientation 
and scale is slightly 
different in the panels.)

Figure 5: a) The embedded permanent maxillary right first molar (Scla 4A-4) 
on the annular saw, and b) after the section has been cut.

a

b
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150 mm. Strong ring artefacts due to the multi-
layer and detector were corrected using four 
processing steps: conditional flatfield correction, 
residual horizontal line removal, subtraction of 
a filtered average of all scan projections (general 
ring correction), and finally a correction of 
residual rings on reconstructed slices (adapted 
from Tafforeau, 2004). Virtual histological slices 
were prepared using average projections on a 
virtual thickness of 100 slices (70 μm) after precise 
alignment along incremental features, following 
the protocol described in Tafforeau et al. (2007) 
and Tafforeau & Smith (2008).

2.2. developmental analysis
Crown formation time was determined from the 
mesiopalatal cusp (protocone) of the permanent 
maxillary right first molar according to the proce-
dure described in Boyde (1963, 1990). The neonatal 
line was identified, and daily cross-striations were 
counted and/or measured along a prism track from 
the neonatal line to an accentuated line to yield 
formation time in days (Figure 8). The accentuated 
line was tracked down toward the enamel-dentine 
junction, and the count was continued along a 
prism to the next accentuated line. This process 
was repeated until the enamel cervix was reached. 
It was not possible to determine formation times 
for cuspal and imbricational regions of the crown 
(e.g., Reid et al., 1998; Smith, 2008) due to the 
degree of attrition, which prohibited identification 
of the beginning of imbricational enamel forma-
tion. A particularly marked accentuated line was 
estimated to have been formed at approximately 
435 days of age and matched in the mesiobuccal 
cusp; 47 Retzius lines were counted after this line 
to yield the age at mesiobuccal cusp completion. 
It was not possible to identify a neonatal line in 
this cusp due to heavy attrition that had worn the 
enamel away (Figure 4).

Crown formation times for unworn/lightly 
worn teeth were determined by summing an 
estimate of cuspal formation time with the total 
number of perikymata times the periodicity. 
Cuspal formation time was calculated by two 
different methods and an average value was deter-
mined; a minimum estimate was calculated as 
cuspal thickness divided by the modern human 
mean cuspal daily secretion rate: 3.80 μm/day for 
anterior teeth (Schwartz et al., 2001) and 4.11 μm/
day for postcanine teeth (Smith et al., 2007b). 
Linear cuspal enamel thickness was determined 
from micro-CT slices; measurements were made 

from the tip of the dentine horn to the approxi-
mate position of the first perikymata at the cusp 
surface. A maximum cuspal formation time esti-
mate was calculated with regression equations 
for anterior and posterior modern human teeth 
(Dean et al., 2001; Schwartz & Dean, 2001).

Developmental stress in the enamel and 
dentine of the first molar was mapped, registered 
to hypoplasias on anterior teeth, and subsequent 
long-period lines were counted on tooth crowns 
and roots. Crown initiation ages were determined 
by subtracting coronal developmental time prior 
to the known age stress events. Crown completion 
ages were determined by adding coronal develop-
mental time after the known age stress events. 
This individual’s age at death was determined by 
adding the time of formation of the first premolar 

Figure 7: Scladina permanent maxillary right central 
incisor (Scla 4A-11) scanned with phase-contrast X-ray 
synchrotron microtomography. a) Overview of enamel 
(left) and dentine (right), showing an area (dotted box) 
enlarged in b). b) Developmental features revealed with 

non-destructive synchrotron imaging: Retzius lines 
(large arrows) and daily cross-striations (small arrows).

0.2 mm

0.2 mm

a
b
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after the final registered stress event. The perma-
nent maxillary right third molar initiation age was 
determined by subtracting the estimated time of 
crown formation time from the age at death.

For root development, root length was first 
assessed from casts and photographs of the orig-
inal teeth, and corrections were made for minor 
amounts of missing root. Long-period lines 
(periradicular bands: Smith et al., 2007b) were 
counted from the enamel cervix to the developing 
edge where possible on peels, casts, and original 
specimens using 50× or greater magnification. 
The number of lines was multiplied by the peri-
odicity to determine the formation time in days. 
The overall rate of root extension was determined 
by division of the root length (in microns) by the 
time of formation (in days).

3. Results

T he developmental variables for each tooth in 
the Scladina Juvenile’s dentition are given 

in Table 1. The long-period line periodicity was 
8 days in this individual, which was determined 
in both the histological section of the permanent 
maxillary right first molar and the virtual section 
of the permanent maxillary right central incisor 
imaged with phase contrast synchrotron microto-
mography. The permanent maxillary right first 
molar showed a neonatal (birth) line 13 days after 
mesiopalatal cusp initiation (Figure 7), which 

allowed subsequent developmental time to be 
registered to chronological age. Crown formation 
time of the mesiopalatal cusp was approximately 
872  days, and ages at cuspal crown completion 
were 2.35  years and 2.22 years for the mesio-
palatal and mesiobuccal cusps, respectively. A 
chronology of developmental stress was identi-
fied in the enamel and dentine of the first molar 
at approximately 435, 875, and 1779 days of age, 
which was matched across anterior teeth (Figure 
9). The final known-age developmental stress 
(at 1779 days of age) in the developing mandib-
ular first premolar was used to establish that 
the individual was approximately 8  years old at 
death (~2939 days). Registry of developmental 
stress across the dentition allows the establish-
ment of a developmental chronology (Figure 10), 
including ages at crown initiation and completion 
(see Table S2 in Smith et al., 2007b). Root exten-
sion rates for various teeth are given in Table 2. 
Anterior tooth root formation rates were found to 
be considerably higher than posterior rates.

4. discussion

Crown formation times in the Scladina 
Juvenile permanent maxillary right first 

molar cusps are less than modern human first 
molar mean formation times (Smith et al., 2007b, c, 
2010), but are similar to chimpanzee times (Smith 
et al., 2007d). In the case of Neandertal molars, 

Figure 8: Permanent maxillary right first molar (Scla 4A-4) reconstruction of protocone crown formation 
time. The neonatal line is indicated by the first blue line on the lower left (0), with subsequent calculated 
time indicated for a series of stress events as 153 days, 227 days, 348 days, and 435 days postnatal age. 

The stress event at 435 days (1.19 years) was the most marked until the later stressors at 875 and 
1779 days of age (not shown here). The crown was completed at 859 days of age (2.35 years).
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relatively short formation times may be explained 
in part by differences in cuspal enamel, which is 
approximately 60‒90% thinner than in modern 
humans (Smith et al., 2007b, 2010). Molar cuspal 
enamel formation times are likely to be shorter 
than in modern humans, as overall daily secre-
tion rates do not vary between Neandertals and 
modern humans (Dean et al., 2001; Macchiarelli 
et al., 2006; Smith et al., 2009). Furthermore, 
coronal extension rates for first molar cusps were 
outside the range of modern human values, and 
were more similar to chimpanzee values (Smith 
et al., 2007b, 2010). A similar pattern of thinner 

cuspal enamel and faster coronal extension was 
also found in a Neandertal third molar from 
Greece (Smith et al., 2009).

When the rest of the dentition is examined, 
it appears that certain Neandertal anterior teeth 
form over a greater period of time than modern 
human populations (e.g., permanent maxillary 
lateral incisor), however this is not the case for 
other anterior teeth (e.g., permanent mandib-
ular canine) or the first premolar, which appear 
to form over shorter periods of time than modern 
human populations (Smith et al., 2007b, 2010; Reid 
et al., 2008). Although similarities in perikymata 

Row Tooth Cusp Thick (um) Min (days) Max (days) Pkg Imb (days) Total (days)

Scla 4A-11 Maxillary I1 — worn n/a n/a ~121 968 n/a

Scla 4A-14 I2 — ~800 211 281 ~120 960 1206

Scla 4A-16 C — ~825 217 288 ~131 1048 1301

Scla 4A-2/P4 (unerupted) P4 ling 995 242 327 n/a n/a n/a

buc 775 189 265 n/a n/a n/a

Scla 4A-4 M1 mp worn n/a n/a n/a n/a 872

mb worn n/a n/a n/a n/a 811*

Scla 4A-3 M2 mp 1260 307 396 77 616 967

mb 1155 281 369 78 624 949

dp 1220 297 386 74 592 933

db 1300 316 405 71 568 929

Scla 4A-8 M3 mp 1265 308 397 54+ 432 784+

mb 1405 342 430 58+ 464 850+

mp 1260 307 396 48+ 384 735+

db 1315 320 409 45+ 360 724+

Scla 4A-15 Mandibular I1 — worn n/a n/a ~95 760 n/a

Scla 4A-20 I2 — worn n/a n/a ~101 808 n/a

Scla 4A-12 C — ~660 174 239 ~140 1120 1326

Scla 4A-6 P3 — 830 202 281 94 752 994

Scla 4A-1/P4 (unerupted) P4 ling 890 217 298 n/a n/a n/a

buc 915 223 305 n/a n/a n/a

Scla 4A-1/M1 M1 ml worn n/a n/a n/a n/a n/a

mb worn n/a n/a n/a n/a n/a

Scla 4A-1/M2 M2 ml 965 235 319 n/a n/a n/a

mb 1060 258 345 n/a n/a n/a

dl 885 215 297 n/a n/a n/a

db 1535 373 459 n/a n/a n/a

Scla 4A-1/M3 (unerupted) M3 ml 905 220 303 n/a n/a n/a

mb 905 220 303 n/a n/a n/a

dl 1100 268 355 n/a n/a n/a

db 1655 403 484 n/a n/a n/a

table 1: Developmental variables for the Scladina juvenile tooth crowns. tooth = central incisor (I1), lateral incisor 
(I2), canine (C), first premolar (P3), second premolar (P4), and first, second and third molars (M1, M2, & M3). For 
maxillary molar cusps (Cusp): ‘mb’ = mesiobuccal cusp (paracone), ‘mp’ = mesiopalatal cusp (protocone), ‘db’ = 

distobuccal cusp (metacone), ‘dp’ = distopalatal cusp (hypocone). For mandibular molar cusps: ‘mb’ = mesiobuccal 
cusp (protoconid), ‘ml’ = mesiolingual cusp (metaconid), ‘db’ = distobuccal cusp (hypoconid), ‘dl’ = distolingual cusp 
(entoconid). thick = linear enamel thickness (in microns) taken from micro-CT slices. Slight estimations were made 

for light wear, as indicated by ‘~’. Min = cusp time derived from cuspal enamel thickness divided by 3.80 and 4.11 
microns/day for anterior and posterior teeth respectively. Max = cuspal time derived from the use of regression 

equations (Dean et al., 2001; Schwartz & Dean, 2001). Pkg = perikymata, the number of long-period lines on the 
enamel surface counted from casts of the original teeth. Slight estimations were made for light wear, as indicated 

by ‘~’. imb = total number of perikymata multiplied by 8. total = crown formation time; mean cuspal enamel 
formation time plus the imbricational formation time. ‘*’ Assumes an equal amount of prenatal formation as the 

permanent maxillary first molar mp cusp. ‘worn’ indicates that data are not available due to heavy attrition.
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numbers between Neandertals and modern 
humans have been noted (Guatelli-Steinberg 
& Reid, 2008), this study suggests that certain 
Neandertal teeth are characterized by shorter 
periods of overall crown formation, due to thinner 
cuspal enamel and greater rates of crown exten-
sion. Smith et al. (2007b, 2010) suggested that 

anterior tooth formation times in Neandertals 
may also relate to their absolutely larger crowns.

Due to the lack of comparative hominoid root 
formation data, it is difficult to interpret root 
extension rates in the Scladina individual. This is 
further complicated by the fact that root extension 
rates vary within teeth and among tooth posi-
tions. Limited data on modern humans suggests 
that the first few millimetres of root formation 
takes place at ~3‒4 microns/day (Dean & Beynon, 
1991; Smith et al., 2007a), although the first few 
millimetres of human first molars may form at 
~4‒7 microns/day on average (Macchiarelli et 

Figure 9: Developmental stress matched across 
the anterior dentition. From left to right (maxillary 

above, mandibular below) central incisor, lateral 
incisor, canine. The first stress event (blue arrow) 
was identified in the histological section of the 
permanent maxillary first molar at 875 days of 

age, with the number of subsequent perikymata 
after this event indicated on each tooth. The 
number of periradicular bands between the 

cervix and subsequent stress event (green arrow) 
is indicated, with 113 lines between events (904 
days). Thus this second event occurred at 1779 
days of age. Modified from Smith et al. (2007b).
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Figure 10: Developmental chronology of the Scladina 
Juvenile. Horizontal lines indicate crown formation (white) 

and root formation (black). The position of two stress 
events used to register teeth (see Figure 9) is indicated 

(dotted vertical lines), as well as death (solid vertical line). 
Given that the permanent maxillary lateral incisor and 

first molar had completed root formation prior to death, 
it was not possible to determine the end of root formation 

(indicated by ‘?’). Modified from Smith et al. (2007b).

Tooth Length Rate

RI1 5.94 11.6

RI2 2.63 7.3

RC’ (partial) 3.63 9.6

RC’ (complete) 17.66 11.5

RM1 13.59 *6.5

RM2 5.83 6.4

RI1 5.88 10.8

RI2 6.03 11.1

RC, (partial) 4.04 11.5

RC, (complete) 16.38 10.8

RP3 10.41 7.8

table 2: Cumulative mean root extension rates for 
the Scladina individual’s dentition. tooth = right 

(R), central incisor (I1), lateral incisor (I2), canine (C), 
first premolar (P3), and first and second molars (M1 
— palatal root, M2 — mesiobuccal root). Length is 

in mm, and Rate is in microns/day. Rates are for the 
length of root specified, measured from the enamel 

cervix apically. ‘*’ Minimum rate: based on assumption 
that UM1 root completed formation at death.
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al.,  2006; Dean, 2007b). Chimpanzee first molar 
roots may show similar or slightly faster rates 
of extension (Smith et al., 2007d). The minimum 
average root extension rate estimated for the 
Scladina permanent maxillary first molar palatal 
root (6.5 microns/day) is greater than similar data 
on modern human permanent mandibular first 
molars (6.1 microns/day: Dean, 2007b) or the La 
Chaise permanent mandibular molar (6.3 microns/
day: Macchiarelli et al., 2006). Moreover, because 
the root had completed formation prior to death, 
it is quite likely that the average extension rate in 
the Scladina permanent maxillary first molar was 
greater than 6.5 microns/day. This may have led to 
an earlier age of M1 eruption, although it was not 
possible to determine this conclusively.

Perikymata numbers in the Scladina Juvenile 
fall either near the low end of values reported 
for other Neandertals, or below this range in the 
case of the permanent maxillary and mandibular 
lateral incisors and the permanent mandibular 
central incisor (Table 3). Comparisons of canine 
size between the Scladina Juvenile and the 
Obi-Rakhmat individual may indicate that 
sex differences influence Neandertal variation 
(Figure 11). Modern human females tend to show 
slightly younger ages of tooth initiation, eruption 
and completion (e.g., Smith, 1991; Liversidge, 
2003), in addition to shorter canine crown forma-
tion times than males (Schwartz & Dean, 2001). 
Although it is tempting to suggest that the Scladina 
individual is a female (Toussaint, Chapter 9), 
potentially leading to some degree of advanced 
dental development, confirmation of this awaits 
recovery of associated postcranial material.

When the tooth calcification stages and erup-
tion status of the Scladina Juvenile are compared 
modern human (Smith, 1991; Liversidge, 2003; 
Smith et al., 2010), it is clear that this indi-
vidual is several years younger than a modern 
human juvenile at the same developmental stage. 
For example, the second molar is beyond clin-
ical (gingival) occlusion; second molar eruption 
occurs on average at 10‒13 years of age in global 
human populations. Advanced molar forma-
tion has previously been noted in Neandertals 
(Wolpoff, 1979; Tompkins, 1996). While early 
third molar initiation ages have been reported 
for modern humans of southern African origin 
(Liversidge, 2008), we conclude that age at death 
in Neandertals should not be assessed by compar-
ison with modern human standards, particularly 
those derived from European or North American 
populations. The recovery of postcranial material 
from the Scladina Juvenile would be a welcome 
complement to this study, particularly given 
debates over differences in relative skeletal versus 
dental ages of other well-preserved hominins (e.g. 
Devil’s Tower, Le Moustier 1, Narikotome).
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Tooth Scladina Mean Pkg Min Max N

RI1 ~121 138 121 161 10

RI2 ~120 143 133 156 9

RC’ ~131 138 114 157 14

RM2 96 77 117 11

RI1 ~95 134 118 158 5

R12 ~101 147 110 177 8

RC, ~140 159 135 198 10

RP3 109 88 130 5

table 3: Comparison of perikymata number in the 
Scladina dentition with other Neandertals. tooth 

= right dentition (R), central incisor (I1), lateral 
incisor (I2), canine (C), first premolar (P3) buccal 

cusp, and second molar (M2) mesiobuccal cusp. Slight 
estimations were made for light wear, as indicated 

by ‘~’. Mean pkg (Mean Pkg), minimum (Min), 
maximum (Max), and sample sizes are derived from 

Neandertal data in Guatelli-Steinberg & Reid (2008).

Figure 11: Permanent maxillary canine size variation 
in Neandertals from Scladina (Scla 4A-18; left) and 

Obi Rakhmat Grotto (right, cast of original).
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Chapter 9 iS SEx dEtERMinAtion oF 
thE SCLAdinA i-4A jUvEniLE 

nEAndERtAL PoSSiBLE?

1. introduction

S exual dimorphism is obvious in living and 
extinct primates, including human species 

(Brace, 1973; Frayer & Wolpoff, 1985; Oxnard, 
1987). It is acknowledged that males are, on 
average, taller in stature than females, possess 
stronger bones, bigger teeth, and greater strength 
and muscularity. Throughout human evolution, 
there is also ample evidence of reduction in sexual 
dimorphism.

Consequently, the interpretation of the 
morphology and morphometry of any human 
remain, either modern or ancient, should include 
as accurate an estimation of the sex as possible. 
As with the determination of age at death, the 
identification of the sex of fossil remains has 
implications in fields as varied as taxonomy, 
palaeodemography, palaeopathology, behaviour 
and phylogeny.

Numerous sexing techniques have been devel-
oped for adult modern human bones. They are 
based either on morphological traits, or on metric 
differences (Ferembach et al., 1980; Krogman & 
Işcan, 1986; Bass, 1986). Nearly all categories of 
bones have been taken into account.

Morphological male or female traits may 
sometimes be differentiated by shape, for instance 
the prominent aspect of the male chin against the 
female rounded one (Ferembach et al., 1980; Bass, 
1986), the development of the glabella and inion, 
or the morphology of postcranial features such 
as the distal humerus (Rogers, 1999). However, 
the accuracy of assessment using cranial and 
long bone characteristics is never as good as that 
using pelvic bones, which have a higher predic-
tion accuracy in this regard, over 95% (Krogman 
& Işcan, 1986; Bruzek, 2002). Many discriminant 
functions have been increasingly utilized for sex 
diagnosis over the last half century (among the 
first to develop them were: Giles & Elliot, 1963; 
Giles, 1964; Howells, 1965; Kajanoja, 1966; 
Boulinier, 1968). They were developed through 

the use of modern Homo sapiens sapiens  skeletal 
collections of known ancestry, sex and age such 
as the Hamann-Todd and Terry Collections. 
These functions should be applied only to bones 
closely related to the series for which they were 
developed.

Estimating the sex of juvenile and subadult 
skeletal remains is more difficult. Most tech-
niques in current use derive from adult-centric 
ones, so the question often arises of whether 
juvenile bones, including those from the 
pelvis, can be accurately sexed using these 
criteria (Bass, 1986; Majo, 1992). In fact, due 
to limited sexual dimorphism before puberty, 
no really reliable sex diagnosis techniques 
are applicable for juveniles (Henry-Gambier 
et al., 2007).

In the case of fossillized specimens, the attribu-
tion of sex using modern standards is even more 
 difficult. This probably results from the use of the 
general level of robusticity as a sexual indicator 
(Trinkaus, 1983). Under such conditions, robust 
females are often classified as males while slender 
males might be mistaken for females. As for discri-
minant function analyses, these modern standards 
are almost inapplicable to fossils.

With Neandertal juvenile cranial remains, 
such as those from Scladina, the three problems 
referred to above are combined: the remains 
belonged to sub-adults; traits commonly used 
for  sexing modern humans are not accurate 
enough for fossils; and, finally, mandibles and 
maxillae are not the most accurate bones to use in 
determining sex.

As a consequence of all these problems, 
some palaeoanthropologists with an interest in 
Neandertals simply do not try to assess the sex 
of the fossils they study, especially if the skeletal 
remains do not include the pelvic bones (Madre-
Dupouy, 1992: 247-249; Verna, 2006: 109). The 
assessment of sex is even more problematic with 
fossils of juveniles (Heim, 1982; Teilhol, 2001). 
In the context of the analysis of the Scladina I-4A 
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remains it is important to re-emphasize this diffi-
culty (Heim, 1981‒1982: 462) as the remains 
are from a juvenile represented by an isolated 
mandible and portions of the maxilla. Obviously, 
such precautions are wise. Nevertheless, other 
experts do prefer to discuss and assess the identi-
fication of the sex of their cranial and mandibular 
specimens, even when they are well aware that 
it is often a quite delicate process (Thoma, 1975; 
Mann & Vandermeersch, 1997; Quam et al., 
2001; Thompson & Nelson, 2005). This is exactly 
the approach taken in the present chapter. Even 
though the determination of the sex of the Scladina 
remains may finally prove to be a tricky objective, 
trying to discuss such a nightmarish issue is not 
without interest.

However, as the Scladina fossil remains are 
juvenile and comprised of just a mandible, a 
small piece of maxilla and a few teeth, only a few 
criteria could be taken into account. Metrical traits 
which should still increase during the end of the 
growth were only used when it was possible to get 
comparative data from other juvenile Neandertals.

2. Methods

S ince the beginning of Neandertal palaeo-
anthropological research, attempts have 

been made to determine the sex of the remains 
palaeontologists were studying. For example, as 
early as 1887, Fraipont classified Spy 1 as female 
and Spy 2 as male (Fraipont & Lohest, 1887: 
707-709). Two decades later, Boule (1911-1913) 
considered La Chapelle-aux-Saints male. Henri-
Martin suggested that the partial skeleton from La 
Quina 5 was female, then expressed reservations 
on his determination (Martin, 1923); neverthe-
less, most palaeoanthropologists think the fossil 
is really female (e.g. Vandermeersch, 1965; Heim, 
1976; Trinkaus, 1980; but see Verna, 2006 for a 
critical discussion).

In fact, determination of sex of Neandertal 
bones is always difficult. More than half a century 
ago, Genoves (1954) drew palaeoanthropolo-
gists’ attention to the fact that the sex of some 
fossils had already changed up to five times since 
their discovery!

Regardless of the above reservations, the 
current — if debated — state of the art in Neandertal 
estimation of sex is summarized in some papers 
and books.

In regards to cranial remains, Smith pointed 
out that the morphological and metrical features 

that have to be taken into account are the same as 
for modern humans (Smith, 1980: 364), only with 
varying degrees of differences. Smith focused 
primarily on the shape of the supraorbital torus, 
the morphology of the mastoid process and its 
surrounding area as well as the robustness of 
the nuchal plane. The sexual value of the overall 
dimensions of the Neandertal skull has also been 
emphasized (Heim, 1981-1982); and indeed, cranial 
capacity is generally acknowledged as a reli-
able indicator when sexing adult and subadult 
Neandertals (Thoma 1975; Holloway, 1985; 
Thompson & Nelson, 2005).

Some features of the mandible are also seen as 
useful in sexing Neandertals (Smith, 1976: 183-187; 
Wolpoff, 1976; Heim, 1981-1982), in particular the 
height and thickness of the  symphysis, the height 
at the condyle as well as the condylar breadth.

Other authors emphasize the importance of 
the dimensions of teeth in the attribution of sex 
(Oxnard, 1987). On the contrary, Wolpoff (1979) 
concluded his study of the Krapina remains by 
stating that the dentition was by no means a reli-
able indicator of sex with that sample, as both 
large and small teeth may be found in the same 
dentition. However, it has recently been noted 
(Mann & Vandermeersch, 1997: 524) that the 
sample of teeth from Krapina is at the upper end 
of the Neandertal range as far as size is concerned. 
Therefore Krapina might not represent the best 
series for studying the importance of tooth size 
in evaluating sexual dimorphism in Neandertals. 
So, recent papers resort to Oxnard’s tooth dimen-
sions as a sex indicator for Neandertals (Quam et 
al., 2001; Thompson & Nelson, 2005).

According to Trinkaus (1983: 43), Neandertal 
pelvic morphology provides the most secure criteria 
for the determination of sex although a variety of 
other morphological features can also be used.

Trinkaus also notes that “it is possible to use 
[…] appendicular dimensions to assign sex to 
Neandertal specimens” but not without difficul-
ties such as an overlap in size between males and 
females (Trinkaus, 1983: 44; see also Trinkaus, 
1980). For instance, amongst the numerous 
dimensions of postcranial bones that have been 
used to indicate the sex of modern humans 
(Krogman & Işcan, 1986; Bass, 1986), the vertical 
 diameter of the femoral head is supposed to be 
able to  distinguish male and female Neandertals 
quite well (Trinkaus, 1980, 1983; Thompson & 
Nelson, 2005).

In conclusion of this quick overview, it seems 
clear that only specifically designed techniques, 



Is sex determInatIon of the scladIna I-4a juvenIle neandertal possIble?

169c h a p t e r  9 t h e  S c l a d i n a  I - 4 a  J u v e n i l e  N e a n d e r t a l

which do not presuppose that modern morpho-
logical features are valid for determining the sex 
of Neandertal remains, should be applied. Since 
both taxa bear obvious differences in robust-
ness, some of their anatomical features may not 
have the same sexual meaning. As for the esti-
mation of the sex of the Scladina remains, only a 
few mandibular and dental criteria could be used. 
They are discussed below.

2.1. Measurements

2.1.1. Teeth

2.1.1.1. Crowns

In his monograph dealing with the pattern of 
sexual dimorphism in human evolution, Oxnard 
(1987) developed a technique which cleverly 
avoids the pitfall of applying modern humans 
measurements to fossil taxa. He analysed a 
number of dental samples of extinct hominins, 
including Neandertals. He noticed statistically 
significant bimodal distributions in the BL or 
MD diameters of some categories of fossil teeth 
whose gender had not been estimated from the 
morphology of the hip bone. He interpreted these 
bimodal distributions in the size of the teeth as 
evidence of sexual dimorphism.

In practice, most researchers who referred to 
Oxnard’s approach (Mann and Vandermeersch, 
1997; Quam et al., 2001; Thompson & Nelson, 
2005) made use of the permanent mandibular 
canine breadth, as it is acknowledged that the 
size distribution of the canines shows the greatest 
differences between males and females in recent 
human populations.

Indeed, in Oxnard’s Neandertal sample, the 
range of permanent mandibular canine breadth, 
both sexes included, exhibit a clear bimodal 
pattern. The smaller values, presumably female, 
range from 7.5 to 9.0 mm, with an average of 8.5 
mm (Oxnard, 1987: 81), while the larger values, 
probably male, range from approximately 9.4 to 
10.5 mm, with an average of 10.0 mm.

More recently, Bermúdez de Castro et al. 
(1993; Bermúdez de Castro & Nicolás, 1997) 
assessed the sexual dimorphism of the Atapuerca–
Sima del Huesos Neandertal sample from the 
crown area.

2.1.1.2. Tooth roots

In modern humans, sexual dimorphism is 
greater in root length than in crown diameters 

(Garn  et al., 1978, 1979), and males have longer 
roots than females (Jakobsson & Lind, 1973). The 
role of sex chromosomes in root length also seems 
to be important (Lähdesmäki, 2006; Lähdesmäki 
& Alvesalo, 2007; Le Cabec et al., this volume, 
Chapter 16).

2.1.2. Mandibular corpus

Usually adult male cranial and postcranial 
remains are bigger and more robust than those of 
females. It is reasonable to suppose that this is also 
true for juveniles and conclude that, at an equal 
age,  the  smallest specimens are female and the 
biggest male.

According to Smith (1976: 185) the height 
of the symphysis might be indicative of sexual 
differences. This trait has to be very cautiously 
used as there are important differences between 
this  measurement depending on who took it. 
For Smith (1976), the symphyseal height of the 
Krapina C mandible is 29.6 mm but only 23.7 mm 
for Minugh-Purvis (1988); Krapina E has a 
symphysis height of 34.8 mm for Smith but 34.5 or 
only 31.4 mm for Minugh-Purvis. For Smith, the 
height at the condyle and the condylar breadth 
also exhibit sexual dimorphism. Other mandibular 
dimensions are also used insofar as they reflect 
the size of the mandible with small ones reason-
ably supposed to be female.

If these measurements really exhibit sexual 
differences, the mandible of Scladina must not, 
however, be compared with adult specimens 
but with other immature Neandertals and Early 
Moderns aged over 8 years.

2.2. Morphological features

2.2.1. Teeth

2.2.1.1. External morphology

According to some authors (Scott 1977; Scott & 
Turner, 1997: 106) the presence of a distal acces-
sory ridge on permanent maxillary and mandibular 
canines is one of the most sexually dimorphic, 
albeit moderately, dental traits in modern humans. 
In fact, although more pronounced expressions of 
this trait have a higher frequency in males than in 
females, they are present in both sexes. In the case 
of Neandertals, it has been shown that this feature 
is present on around two thirds of the canines 
(Bailey, 2006) but its significance in the attribu-
tion of sex is unknown and, therefore, reference 
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to it when assessing the sex of the mandible of 
Scladina is unwise.

2.2.1.2. Internal morphology

Secondary dentine deposition could be related 
to sexual dimorphism; males would have thicker 
radicular dentine than females (Schwartz & Dean, 
2005). A large root pulp volume is also considered 
a female trait, though little is known about the 
variability of sexual dimorphism in dental root 
dimensions of fossil populations, which calls for 
some caution in this regard (Le Cabec et al. this 
volume, Chapter 16).

2.2.2. Mandibular features

2.2.2.1. Development of the incisura 
submentalis

A decade ago, Loth & Henneberg (1997) 
suggested that the development of the incisura 
submentalis at the base of the symphysis is usable 
as a reliable morphological indicator of sex in both 
modern and Palaeolithic mandibles. According to 
them, males would tend to exhibit a stronger and 
more frequent expression of this character than 
females. However, the validity of this criteria has 
not yet been rigorously tested.

2.2.2.2. Morphology of the chin

In modern humans, one of the classic traits used 
for sexing mandibles is the robust and square 
shape of the chin in males versus the small and 
rounded aspect with a point in the middle in 
females (Ferembach et al., 1980; Bass, 1986). Such 
a feature is totally inadequate for Neandertals 
as the structure of this region is very different 
(Weidenreich, 1936).

2.2.2.3. Mandibular ramus posterior flexure

According to Loth & Henneberg (1996, 1998), the 
angulation of the posterior border of the mandib-
ular ramus differs between modern males and 
females. In females it would be straight, whereas 
it would be angled at the level of the occlusal 
surface of the molar in males. The accuracy of 
the method would be of 94.2% on combined 
American and African subjects. However, blind 
tests conducted by other researchers to assess 
the precision of this method as an indicator of 

sex provided a much lower overall probability 
of accuracy than that initially reported by Loth 
and Henneberg: below 70% or even much less 
(Koski, 1996; Donnelly et al., 1998; Haun, 2000; 
Hill, 2000; Kemkes-Grottenthaler et al., 2002; 
Balci et al., 2005). Loth & Henneberg (1997) 
also stated that the same differences in ramus 
shape are present on fossil material, notably on 
Neandertals, Homo erectus and australopithe-
cines. Indeed, the Neandertal adolescent mandible 
of Le Moustier  1 might, at first glance, provide 
an argument in favour of Loth and Henneberg’s 
technique. The distinctive flexure of the poste-
rior border of the ramus is present, suggesting 
that the fossil is likely male and is in accordance 
with other sex indicators, e.g. cranial capacity, 
dental metrics and femoral head diameter 
(Thompson & Nelson, 2005). On the contrary, 
a test conducted on three Neandertal and three 
Early Modern Human mandibles whose sex 
had already been estimated from the associated 
os coxae — the bones that exhibit most sexual 
dimorphism in adults — produced results which 
drastically contrasted with those published 
by Loth and Henneberg (Coqueugniot et al., 
2000). The three Neandertal mandibles turned 
out to be male according to the hip bone but 
female according to the posterior flexure of the 
 mandibular ramus, while two of the three Early 
Modern Human mandibles also provided oppo-
site sexual diagnoses. Therefore, it seems that the 
potential usefulness of the presence or absence 
of a distinctive flexure on the posterior margin 
of the mandibular ramus in the determination of 
sex for fossil hominids could have been largely 
overestimated.

2.2.2.4. Gonial Eversion

Traditionally, gonial eversion of the mandible 
is cited as an adult male sex indicator (Ascádi 
& Neméskeri, 1970; Ferembach et al., 1980). 
However, it has recently been proven that this 
criteria has ‘a lower probability of determining 
sex than could be predicted by chance’ and is 
consequently not a reliable indicator of sex 
(Loth & Henneberg, 2000: 86; see also Kemkes-
Grottenthaler et al., 2002 and Oettlé et al., 
2009). Furthermore, it is well known that most 
Neandertal gonions are inwardly inflected (Billy 
& Vallois, 1977: 420), even those that are clearly 
male, such as La Ferrassie 1. Therefore, this trait is 
inapplicable to this taxon.
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3. Results

3.1. teeth

3.1.1. Crowns

T he breadth of the Scladina permanent 
mandibular right canine (Scla 4A-12) is 

8.75 mm. By comparison with Oxnard’s Neandertal 
bimodal distributions — 7.5 to 9.0 mm for probable 
females and 9.4 to 10.5 mm for probable males — 
such a dimension supports the hypothesis that the 
fossil might be female (Figure 1). This diameter is 
also below the average for the permanent mandib-
ular canines of European Neandertal as computed 
by Trinkaus (1983: 167), both sexes included: 9.2 
mm ± 0.8 (n = 29). The breadth of the permanent 
maxillary lateral incisors also has a bimodal distri-
bution and the two specimens from Scladina (Scla 
4A-14 and 17) also fit within the upper part of the 
female range (Figure 1).

However, compared to the crown area of the 
Atapuerca-SH sample (Bermúdez de Castro & 
Nicolás, 1997: 348), the Scla 4A-12 permanent 
mandibular canine is in an intermediate posi-
tion (69.2) between the upper range of specimens 
referred to as females and the lower range of 
supposed males.

Using the crown area, the Scla 4A-6 perma-
nent mandibular first premolar is also in the area 
where it is difficult to distinguish between males 
and females of Atapuerca–Sima del Huesos.

Table 1 presents MD and BL diameters and the 
calculated means of other permanent teeth, espe-
cially incisors and permanent maxillary canines, 
which are supposed to present significant sexual 
dimorphism according to Oxnard (1987). With 
regard to these dimensions, the Scladina fossils are 
either at the upper part of the female distribution 
— for instance breadth of the permanent mandib-
ular central incisor Scla 4A-15 — or undetermined.

3.1.2. Roots

The short roots of these teeth would suggest 
that the Scladina Child may have been female 
(Le Cabec et al., this volume, Chapter 16).

In addition, the pulp cavity volumes of all 
the investigated Scladina teeth are among the 
largest of the Neandertal teeth, which would be 
another argument to suggest a female attribution 
(Le Cabec et al., this volume, Chapter 16).

3.2. Mandible corpus dimensions
Table 2 lists corpus dimensions of the Scladina 
mandible as well as comparable measurements 
from other immature Neandertals and Early 
Moderns aged from about 8 to 16 years.

The Scladina symphyseal height is 27.75 mm. 
The range of Neandertal females close in age 
extend from 22.0 mm in Montgaudier to 28.1 in 
Petit-Puymoyen, while the male range seems to 

Figure 1: Left, permanent mandibular canine breadth (after Oxnard, 1987: 72); 
right, permanent maxillary lateral incisors breadth (after Oxnard, 1987: 74).
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table 1: Ranges and means of some Neandertal teeth (Oxnard, 1987: 72, 74, 77, 81) compared with the Scladina teeth.

Permanent Tooth Oxnard (1987) Scladina

Type Measurement Mode Female Transition Male Female
mean

Male
mean

Inventory 
number Side Dimension 

(mm) Diagnosis

Mandibular central 
incisor breadth bimodal 7.0 8.0 Scla 4A-15 right 6.79 (female)

Mandibular lateral 
incisor length bimodal 6.2 7.5 Scla 4A-20 right 7.03 undetermined

Mandibular canine breadth bimodal 7.5–9.0 9.0–9.4 9.4–10.5 8.5 10.0 Scla 4A-12 right 8.75 female

Maxillary lateral incisor length 7.2 8.4
Scla 4A-14 right 8.21 undetermined

Scla 4A-17 left 8.38 undetermined

Maxillary lateral incisor breadth bimodal 6.9–8.5 8.5–8.9 8.9–10.25 8.0 9.2
Scla 4A-14 right 8.27 female

Scla 4A-17 left 8.4 female

Maxillary canine length 8.2 9.0
Scla 4A-18 left 8.6 undetermined

Scla 4A-16 right 9.05 undetermined

Maxillary canine breadth bimodal 8.0–9.4 9.4–9.9 9.9–11.3 9.0 10.3
Scla 4A-18 left 9.95 undetermined

Scla 4A-16 right 9.65 undetermined

Maxillary second molar length 10.0 11.3 Scla 4A-3 right 10.21 (female)

Maxillary third molar length bimodal 8.2–8.7 8.7–9.9 9.9–11.4 8.8 10.1 Scla 4A-8 right 9.55 undetermined

extend from 28.6 in Atapuerca–Sima del Huesos  
AT-607 Preneandertal to 30.6 mm in Valdegoba. 
According to its height, Scladina might be female, 
but that dimension is very close to the higher 
range of females, so near the interval where male 
and female dimensions overlap.

As far as symphyseal thickness is concerned, 
the Scladina jaw is quite small in comparison with 
other immature specimens of comparable age. In 
fact, only the Montgaudier and Petit-Puymoyen 
mandibles are slightly thinner. If all the sexual 
determinations of the fossils listed in Table 2 are 
correct, Scladina, with a symphyseal thickness 
of 12.36 mm, is clearly in the range of perceived 
Neandertal females of similar age. These values 
range from 11.8 mm at Montgaudier to 13.6 mm 
at Hortus 2-3 and might be extended to 14 mm 
if the Malarnaud mandible was proven to be 
female. Males are obviously thicker, 15 mm at Le 
Moustier 1 and 15.5 mm at Valdegoba.

Other measurements of the Scladina corpus 
thickness provide the same kind of results. 
Corpus thickness at the level of the canine, the 
first and second premolars as well as at the first 
molar is quite small; only the female mandible of 
Montgaudier has smaller dimensions. All males 
have much higher measurements than Scladina. 
Height measurements are less conclusive but 
Scladina always yields small or middle size results.

In conclusion, as far as corpus dimensions are 
concerned, the Scladina mandible is relatively 
small compared with a sample of other Neandertal 
mandibles of comparable ages at death. Such 
observations could tentatively indicate that the 
fossil is female.

3.3. Morphological mandibular features

The incisura submentalis of the Scladina mandible 
is only minimally expressed. According to Loth 
& Henneberg’s observations (1997), this might 
suggest that the fossil belonged to a female.

The other possible morphological indicators of 
the sex of mandibles are not usable in the case of 
Scladina as it has been shown that they are not 
really reliable, especially for Neandertals.

4. discussion

O xnard's technique is a valuable alterna-
tive in the analysis of Neandertal teeth as 

it avoids the problems encountered through the 
application of methods elaborated for the anal-
yses of modern humans. (Madre-Dupouy, 1992). 
Based on Oxnard’s data, some of the teeth from 
Scladina fit within the female range, particu-
larly the permanent mandibular canine which is 
one of the most informative teeth for the deter-
mination of sex. The dimensions of other teeth 
fall into the range of overlap between males and 
females. In addition, the MD and BL diameters of 
the Scladina teeth are almost always below the 
mean of supposed male Neandertals which might 
substantiate a female designation.

However, it seems important to ask oneself if 
the bimodal aspect of the curves of Oxnard is not, 
at least partially, an illusion. Can we really consider 
Neandertals as a homogeneous population? They 
were scattered over a wide geographic area (most 
of Europe and the Middle East) for hundreds of 
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millennia! If the Oxnard method was applied to 
a more limited region, such as the Belgian Meuse 
Basin as well as to fossils of the same period (for 
instance the OIS 3 Neandertals), the method might 
gain more credibility. Unfortunately, the extremely 
small samples of Neandertal teeth which can be 
employed in relatively small geographical areas 
make this attempt difficult.

Mann & Vandermeersch (1997) also empha-
size another problem with Oxnard’s analysis. 
Indeed, Oxnard presents only some graphs and 
a summary table that identifies teeth with signif-
icant sexual dimorphism, but unfortunately, 
without providing numerical data to support 
his observations, which must therefore remain 
provisional.

In conclusion, even if the results of Oxnard are 
interesting and are increasingly used by scholars, 
they should only be accepted as presumption and 
not as unquestionable evidence. Only when they 
are in accordance with other kinds of results can 
they be trusted.

In this regard, it is interesting to note that the 
tooth roots in Scladina are very short and that 
their pulp cavities are very large. Most of the root 
dimensions of Scladina fall within the lower end 
of the Neandertal variation (Le Cabec et al., this 
volume, Chapter 16). These arguments support 
the hypothesis that Scladina would be female.

The measurements of the mandible are often 
used for sexing. The smallest, such as those 
of Montgaudier, are seen as females and the 
largest, such as Le Moustier 1, as males (Mann 
& Vandermeersch, 1997). Obviously, this tech-
nique is size dependent. If fossil mandibles do 
exhibit sexual dimorphism, then the small size 
of the Scladina mandible suggests the specimen 
is female. However, the validity of this technique 
would be enhanced if a bimodal distribution was 
obtained from samples whose sex was previously 
determined using the pelvis.

The reliability of the shape of the incisura submen
talis as a sex indicator is unknown, contrary to, for 
instance, the mandibular ramus posterior flexure.

To conclude this short discussion, it seems 
clear that the indications useful in determining the 
sex of a Neandertal mandible, especially a juve-
nile one, are indeed tenuous. We therefore have 
to admit that, as cautiously pointed out by Heim 
(1981-1982: 462, 465) a third of a century ago, the 
sexual determination of an isolated mandible is 
often unfounded.

5. Conclusion

I n view of the above-mentioned difficulties, it 
is clear that sexual determination of isolated 

Neandertal fossils, e.g. mandibles, should, in the 
future, be envisaged through approaches other 
than those exclusively based on morphology or 
morphometry. In this regard, nuclear DNA is 
sometimes able to provide good results (Green 
et al., 2006). Unfortunately, DNA is not always 
preserved, or not well preserved enough, espe-
cially in the case of very old fossils (over a 
hundred millienia) and discoveries from more 
than a few years. This reliable technique is there-
fore not applicable very often. Other methods 
such as the identification of the male form of the 
TRAP protein could help resolve this complication 
(Nielsen-March et al., 2009).

In the meantime, hopefully other  fragments 
of the Scladina Child will be discovered in 
the years to come, possibly even some pelvic 
fragments, which are more diagnostic for deter-
mination of sex, although less reliable in the case 
of juveniles.

In conclusion and to refer to the question 
expressed in the title of this chapter, and even if 
it is tempting to suggest that the Scladina Child 
might be female, it is obvious that accurate sexing 
of this fossil is probably closer to a dream than to 
an objective achievement.
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Chapter 10 thE jUvEniLE nEAndERtAL 
MAndiBLE FRoM SCLAdinA 

(SCLA 4A-1 & SCLA 4A-9)
Michel TOUSSAINT

1. introduction

M andibles are among the most frequently 
studied bones within the corpus of hominin 

fossils. These studies mainly concern patterns of 
growth and development as well as phylogenetic 
relationships. Regarding Neandertals, one of the 
limitations in these studies is the relatively small 
number of available immature mandibles in each 
age group and at every stage of their evolution, at 
least from MIS 8 — and from MIS 12 or even 13 for 
the first appearance of some Neandertal features 
— to MIS 3. In addition, most of the known 
specimens are incomplete or at worst very frag-
mentary. As a result (Mann & Vandermeersch, 
1997), fossils originating from sites all over Europe 
and the Near-East must be used in order to have 
a graduated series of Neandertal specimens from 
infancy to adulthood, which may unfortunately 
introduce bias that complicates the decoding of 
the influence of other features. Furthermore, it has 
to be considered that the determination of the age 
of Neandertal fossils can vary depending on the 
methods used as most of them are conventional 
methods of anthropology originally designed 
for modern populations applied to Neandertals, 
sometimes with some random corrections. Newer 
determinations, like on Scla 4A-1 & 9, are some-
times based on the most recent histological 
techniques. Another problem that can be encoun-
tered is the difficulty of taking into account 
differences related to sexual dimorphism, which 
is very difficult to evaluate on fossils and partic-
ularly on isolated specimens not associated with 
innominate bones, as is the case for Scla 4A-1 & 9.

Despite such challenges, the Scla 4A-1 & 9 
hemimandibles (Figure 1), the two parts of the 
Scladina I-4A specimen, are of great interest.

The first quality of the specimen is that it 
is one of the most well-preserved Eurasian 
Neandertal juvenile mandibles and by far the most 
complete from the Meuse Basin. In fact, although 
about 25% of the entire Neandertal remains are 

immature individuals (Tillier, 1995; Mann & 
Vandermeersch, 1997), most of them are more or 
less fragmentary, which further accentuates the 
interest of this mandible.

A second essential interest of the specimen 
is its biological age since immature fossil bones, 
notably mandibles and maxillae, are uncommon 
in the European Neandertal age group repre-
sented on Scladina I-4A (Minugh-Purvis, 1988).

Finally, a third major interest of the mandible 
is its antiquity which likely corresponds to MIS 
5 b-a — or less probably to the very beginning 
of MIS 4 — a period in which Neandertal fossils 
are rare in northwestern Europe. In this regard, 
most of the Belgian Neandertals belong to MIS 
3, i.e. Spy, Couvin, Walou and Goyet. In fact, at 
the scale of the Belgian Meuse Basin, six complete 
and partial mandibles have been found since the 
beginning of palaeoanthropological research, 
at the end of the third decade of the 19th century 

Figure 1: Scladina mandible (Scla4A-1 & 9) 
without the refitted teeth found isolated in the 
cave sediments (photograph Joël éloy, AWEM).
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(Toussaint, 2001; Toussaint et al., 2011). Four of 
these belong to adults, i.e. the famous La Naulette 
specimen (Dupont, 1866; Leguebe & Toussaint, 
1988), two from Spy (Fraipont & Lohest, 1887; 
Thoma, 1975) and one from Goyet (Rougier et 
al., 2009). The two remaining mandibles belong 
to children: the partial Spy VI (Crevecoeur et 
al., 2010) and Scladina I-4A (Toussaint et al., 
1998). This information also means that one or 
more mandibles, nearly complete or fragmented, 
have been found in half of the Mosan Neandertal 
fossil sites. It is also of importance to note that by 
adding the teeth of Engis (Tillier, 1983a), Couvin 
(Toussaint et al., 2010) and Walou (Toussaint, 
2011), as well as the maxillary molar, now lost, 
found at Fonds de Forêt (Twiesselmann, 1961), 
all regional Mosan Neandertal sites have yielded 
mandibular remains. At Fonds de Forêt however, 
it is not possible to be certain that the lost molar 
is really from the same taxon as the partial femur 
found on this site.

The Scla 4A-1 & 9 mandible examined here 
was never before completely analysed and only 
briefly described in preliminary papers (especially 
Toussaint et al., 1998).

2. discovery and preservation

T he Scla 4A-1 & 9 mandible was found in 
two major pieces, with, in addition, a set of 

teeth discovered separately and found scattered in 
the sediments of different layers of Sedimentary 
Complex 4A (see Chapter 5). Altogether, the 
different bones and teeth belonging to the 

mandible were found in an elliptical area of about 
13 m in length and 5 m wide. They were discov-
ered in the stratigraphical units 4A-CHE and 
4A-POC, at least in secondary position.

The largest portion of the mandible, referred 
to as Scla 4A-1 (Figure 2), was found on July 
16, 1993 in Square D29. Although not immedi-
ately authenticated as a Neandertal in the field 
(Bonjean et al., 2009), its position was precisely 
recorded in situ as is the case for thousands of 
bones found in Scladina Cave. The fossil consists 
of the biggest part of a right hemimandible 
including the ramus and much of the corpus of 
which the anterior part, that is to say the area 
before the middle of the socket of the canine, is 
missing. Four permanent teeth are present, i.e. 
the completely erupted M1, the nearly erupted 
M2, the germ of M3, partially visible in occlusal 
view in its already open socket, as well as the 
unerupted P4, which had to be studied using 
X-rays and micro-CT. The bone is dense. No indi-
cations of pathology are present. A small splinter 
belonging to the upper part of the anterior border 
of the right ramus was detached during the exca-
vation process and was latter refitted. This right 
hemimandible is fossilized. Its surface is slightly 
polished; but, this may have been accentuated by 
the wax used in moulding the fossil. The main 
colours are grey and pale yellow. Small and thin 
cracks, mainly parallel to the longitudinal axis 
of the body, are present (beginning of stage 1 
of Behrensmeyer, 1978). No manganese coating 
was present. No rodent or carnivore marks were 
observed. The anterior break corresponds to that 
of Scla 4A-9: vertical in its two upper thirds, then 
slightly distally oblique. The gonion is eroded. 
The internal part of the condyle is eroded while 
the external one is partially missing.

The second portion of the mandible, Scla 4A-9 
(Figure 3), was found 3 years after the first part, 
on July 12, 1996 in Square C28, at a horizontal 
distance of about 1 m from Scla 4A-1. The fossil, 
immediately identified as human, is represented 
by the anterior part of the right corpus (missing 
on Scla 4A-1), the symphysis and the left corpus. 
The left ramus is missing. Three permanent left 
teeth are present, i.e. the completely erupted M1, 
the nearly erupted M2, and the unerupted P4. 
The fossil exhibits numerous thin cracks, mainly 
horizontal but also vertical. Manganese coats 
both sides, generally as small stains, but some-
times fused; in most cases, a manganese coating 
covers the cracks. Excavation damage, i.e. marks 

Figure 2: Scla 4A-1 right hemimandible: a. superior 
view; b. inferior view (photographs Joël éloy, AWEM).

a

b
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of an metal scraper used by the excavator, is also 
present, mainly on the inner face. Scla 4A-9 is not 
as heavy as 4A-1. The color is different from the 
other side of the mandible: its main colours are 
dull yellow orange and light yellow orange.

Both Scla 4A-1 and 4A-9 can be perfectly 
refitted. The mandible, taken as a whole, is nearly 
undistorted and fairly well preserved. The right 
part (Scla 4A-1) articulates with the maxillary frag-
ment Scla 4A-2. Some isolated teeth were refitted 
on both parts of the mandible (see Chapter 13).

3. Age and sex

Initially estimated at around 10-11 years using 
conventional methods (Otte et al., 1993; 

Toussaint et al., 1998), the subject’s age has been 
determined more precisely to 8 years thanks to 
a histological study (Smith et al., 2007; see also 
Chapter 8). The sex of an isolated fossil mandible, 
especially one belonging to a juvenile, is virtually 
impossible to determine with certainty. In the case 
of Scladina I-4A, however, various features of the 
teeth and the mandible might suggest a female 
(see Chapter 9).

4. Mandibular morphology
4. 1. Symphyseal region

4.1.1. Decription

4.1.1.1. Anterior face

V iewed from the side with the fossil resting on 
its base, the anterior profile of the symphy-

seal region (Scla 4A-9) leans slightly backward 
(Figure 4). In fact, when the mandible lies on its 
inferior border, its anterior face is entirely hidden 
in superior view (Figure 5). By contrast, this face 
is perceptible in modern juveniles due to a promi-
nent mental protuberance.

The anterior face of the symphyseal region 
(Figure 6) only shows a very slight depression 
which could suggest the presence of a faint incur
vatio mandibulae anterior. The Scla 4A-9 mentum 
osseum rank is only 2 according to Dobson & 
Trinkaus’ (2002) terminology. The  outline of a 
non-projecting tuber symphyseos, or symphyseal 

Figure 3: Scla 4A-9 left hemimandible: a. superior 
view; b. inferior view (photographs Joël éloy, AWEM).

a

b

Figure 4: Scladina mandible (Scla 4A-1 & 9) viewed from the right side showing the receding 
symphyseal region (photograph Joël éloy, AWEM; drawing Sylviane Lambermont, AWEM).
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tubercle, can be observed along the midline 
approximately a third of the way up from the 
base; but, the specimen lacks the lateral tuber-
cles (tubercula lateralia) and, therefore, there 
is no clearly defined modern human-like 
protruding mentum osseum or “chin”. Between 

both anterior walls of the central incisors, on Scla 
4A-9, is a faint vertical ridge which corresponds 
to the symphysis.

4.1.1.2. Posterior surface of the symphysis

The superior third of the posterior surface 
(Figure 7) of the Scla 4A-9 symphysis recedes 
obliquely backwards, producing a relatively 
well expressed alveolar plane (planum alveo
lare). This inclined area is delineated superiorly 
by the alveolar posterior border of the sockets of 
the incisives and canines and inferiorly by the 
superior transverse torus (Figures 8 & 9). This 
thickening (torus transverses superior or margo 
terminalis) extends laterally to about the level of 
the P3, then becomes indistinguishable. Both the 
planum and the torus are vertically divided by a 
thin groove which is the remnant of the fusion 
of both hemimandibles (crista interincisiva 
interna). The planum itself is slightly concave, 
which could correspond to very weak fossae 
subincisivae internae.

In the upper part of the planum is one vascular 
foramen on each side of the sagittal suture. The 
left one has a diameter of around 0.75 mm and 
is at 4 mm from the suture and at around 3 mm 
below the alveolar border. The right one is slightly 
below, at around 3.5 mm from the alveolar border, 
and at 4.7 mm from the suture; its diameter is 
about 0.5 mm.

The well marked genioglossal fossa (fossula 
supraspinata) is overhung by and just below the 
superior transverse torus. This fossa opens slightly 
below the mid-level of the mandible and is trans-
versally oval. Its depth is 1.4 mm. A genial canal 
(foramen supraspinosum) is present at the deepest 
part of the fossa. One small adjacent foramen is 
present in both lateral parts of the fossa, 5 mm 
from the genial canal and around 1 mm below the 
level of its centre.

The genioglossal fossa is bounded below by 
the inferior transverse torus (torus transverses 
inferior of Holl), which is a thickening of the 
posterior part of the base of the mandible. In infe-
rior view, the inferior transverse torus appears to 
be less developed in its postero-central part, a few 
millimeters on each side of the vertical axis of the 
symphysis. Laterally, the torus bulges forming two 
excrescences, the ‘transverse rolls’ (“éminences 
arrondies”, parts of the “bourrelet transversal” 
of Piveteau, 1963: 302), and extends, although 
increasingly less marked, to the level of the 
P3‒P4 septum.

Figure 5: Scladina mandible (Scla 4A-1 & 9) in 
superior view (photograph Joël éloy, AWEM; 

drawing: Sylviane Lambermont, AWEM).

3 cm0

Figure 6: Scladina mandible (Scla 4A-1 & 9), anterior face 
of the symphyseal region (photograph Joël éloy, AWEM).

3 cm0



The juvenile neanderTal mandible from Scladina (Scla 4a-1 & Scla 4a-9)

183c h a p t e r  10 t h e  S c l a d i n a  I - 4 a  J u v e n i l e  N e a n d e r t a l

The lower part of the genioglossal fossa is 
vertically divided by three parallel sagittal ridges 
which join just below the genial canal: a sagittal 
one, and two lateral curved ones. These three 
crests are the mental spine (spina mentalis of 
Weidenreich, 1936: 45). The two small vertical 
areas between the three crests are slightly 
depressed. The two lateral spines end at the 
superior inner part of the excrescences (“bour-
relets transversaux”) while the central mental 

spine goes down between the excrescences and 
continues between the digastric fossae as a series 
of very fine accessory crests which form the 
interdigastric spine.

4.1.1.3. Alveolar border

In the occlusal view, the alveoli of the incisors 
and, to a lesser extent, of the canines, as well 
as the teeth themselves, tend to be placed in a 

Figure 7: Scladina mandible 
(Scla 4A-1 & 9), posterior 
view (photograph Joël éloy, 
AWEM; drawing Sylviane 
Lambermont, AWEM).
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Figure 8: Scladina hemimandible 
(Scla 4A-9), posterior surface 
of the symphysis (graphics 
Sylviane Lambermont, AWEM).
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Figure 10: Scladina mandible (Scla 4A-1 & 9), 
inferior border (photographs Joël éloy, AWEM; 

drawing Sylviane Lambermont, AWEM).

frontal alignment, although slightly arched from 
side to side. In other words, the main axis of the 
central incisors is antero-posterior, the axis of 
the  lateral  incisors is nearly antero-posteriorly 
orientated while that of the canines is slightly 
laterally turned.

In superior view, the width of the central incisor 
alveolus is 4.7 mm and that of the lateral ones 
5.5 mm. The antero-posterior diameters of these 
teeth cannot be measured precisely as the anterior 
walls of the upper part of the corresponding sockets 
are strongly eroded. Nevertheless, the sockets of 
the lateral incisors are slightly longer than those of 
the central ones. The mesiodistal diameter of the 
left canine socket is around 6.8 mm.

4.1.1.4. Inferior border

On the inferior part of the symphyseal region, the 
digastric fossae, attachment sites for the digas-
tric muscles, are well marked (Figure 10). They 
face inferiorly and slightly downwards, are oval 
in shape, and are separated from each other by the 
interdigastric spine, an extension of the mental 

spine. The dimensions of the digastric fossae are 
around 14.5 mm × around 7.5 mm on both sides.

On the basal symphysis, there is a slight arch 
corresponding to a very weak incisura submen
talis. As already pointed out, conspicuous arches 
are usually associated with developed anterior 
marginal tubercles (Rosas, 1995: 552; Quam et al., 
2001: 397; Daura et al., 2005: 63). The fact that 
the incisura submentalis appears to be weakly 
expressed correlates well with the weakness of 
the corresponding anterior marginal tubercles.

4.1.2. Taxonomy

Some important features observed on the 
symphysis of the mandible (Scla 4A-9) are 
archaic/plesiomorphic as on the other imma-
ture Neandertal mandibles (Tillier, 1983b: 143; 
Tillier, 1991: 109):
— on the anterior face, the absence of a modern 

chin with all its components (Rak et al., 2002);
— on the posterior face of the symphysis, a dis-

tinct planum alveolare (Tillier, 1979; Hublin 
& Tillier, 1981; Rightmire, 1990; Quam et al., 



Michel ToussainT

186 E R A U L  1 3 4   2 0 1 3

2001: 400, 429; Daura et al., 2005: 62), a supe-
rior transverse torus (Hublin & Tillier, 1981) 
and a genioglossal fossa (fossula supraspinata; 
Tillier, 1979; Hublin & Tillier, 1981; Tillier, 
1986: 214);

— on the inferior border, a nearly inferior ori-
entation of the digastric fossae (Tillier, 1984; 
Rightmire, 1990; Heim & Granat, 1995; 
Daura et al., 2005), whereas modern humans 
usually have more posteriorly-facing fossae.

Frontal alignment of the anterior alveoli and teeth 
is common, but not constant, among Neandertals, 
including juveniles (Vandermeersch, 1981: 152; 
Tillier, 1986: 209, 213; 1991: 110). However, the 
morphologically modern immature Qafzeh 11 
mandible in a Mousterian context (Tillier, 2002; 
Daura et al., 2005) shows a frontal alignment. So, 
the taxonomic inferences which could be drawn 
on this feature are likely not really founded and 
this feature cannot be considered as derived (Heim 
& Granat, 1995: 85).

4.2. Mandibular body

4.2.1. Height and thickness

The height of the mandibular body (or lateral 
corpus or horizontal ramus) decreases and is 
progressively thickened from the front to the 
rear. This characteristic is often seen as modern 
(Vandermeersch, 1981: 147‒148), but the anal-
ysis of a modern collection (Place Saint-Lambert 
in Liège; personal observation) suggests that it has 
little taxonomic value in juveniles as all combina-
tions of these two measurements are present.

4.2.2. Description

4.2.2.1. External aspect

On both sides, the lateral prominence (protuber
antia lateralis) is at the level of M2, but has only 
vague outlines (Figures 11-13). Other reliefs are 
very poorly expressed and difficult to individ-
ualize as the outer face is smooth. The weakly 
discernible superior lateral torus (torus lateralis 
superior, Weidenreich, 1936: 24, or torus margi
nalis superior, Rosas, 1995), the upper anterior 
branch of the lateral prominence, makes its way 
towards the upper part of the mental foramen. 
Above the lateral prominence and the superior 
lateral torus is the extramolar sulcus (sulcus extra
molaris, Keiter, 1935; Weindenreich, 1936: 24). 
Below the superior lateral torus, the sulcus interto
ralis (Weidenreich, 1936: 24) is not really present, 
just as a very shallow depression barely palpable 
below and behind the foramina, especially on 
the left side (Scla 4A-9). The weak marginal rim 
(torus marginalis inferior; Weidenreich, 1936: 24) 
blends into the inferior border of the corpus.

The anterior marginal tubercle (tuberculum 
marginale anterius) is only weakly expressed; on 
the right side (Scla 4A-1), it is along the external 
edge of the basal border, at the level of P4, below 
the posterior part of the biggest mental foramen 
and below the bridge of bone between both 
foramina.

The left mental foramen (Scla 4A-9; Figure 14a) 
is located at the level of the still included P4 and 
has the aspect of a postero-inferior irregular 
oval depression in which two foramen open, one 
inferiorly and slightly inferiorly and the second 
anteriorly. The longitudinal diameter of the 
depression is about 5.5 mm and its height nearly 
4.1 mm.

The right foramen (Scla 4A-1; Figure 14b) is 
duplicated. The main aperture, 4.4 mm long and 
2.7 mm high, is at the level of the embedded P4 and 

3 cm0

Figure 11: Scla 4A-1 right hemimandible, external 
aspect (photograph Joël éloy, AWEM).

Figure 12: Scla 4A-9 left hemimandible, external 
aspect (photograph Joël éloy, AWEM).
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is posteriorly orientated. The accessory foramen 
(3.8 × 2.0 mm) is behind and slightly below the 
main one, at which it is internally connected but 
externally separated by a bony bridge of ± 2.8 
mm; this foramen just at the level of the septum 
between P4 and M1, and is posteriorly orientated. A 
bridging of the mental foramen has been reported 
on other Neandertals: adults as the Regourdou 
right ramus (Piveteau, 1963-1966); adolescents 
or young adults such as Cova del Gegant (Daura 
et al., 2005) or juveniles such as Combe-Grenal 
(Garralda & Vandermeersch, 2000).

The left mental foramen and the main right 
one are on the lower half of the mandibular body, 
but just below the middle of the body height. The 

small right foramen is near the limit between the 
middle and lower third of the ramus. Different 
methods are used to assess this low position. 
The Virchow index compares the distance from 
the center of the aperture to the basal border (A) 
with the corpus height (B) at that level (I = 100 × 
A / B). Some other authors compare the distance 
from the mental foramen to the basal border and 
to the alveolar border (Rosas, 1995: 552‒553). 
Table 1 provides all these measurements for Scla 
4A-1 and 4A-9 as well as for some other (pre-) 
Neandertal and modern mandibles. It confirms 
that on both sides of the Scladina I-4A mandible, 
the main mental foramen is located in the upper 
part of the lower half of the corpus.

Lateral condylar
tubercle

Eminentia
lateralis rami

Ectocondylar ridge

Lateral prominence
Extramolar sulcus

Torus marginalis
Anterior marginal tubercle

Superior lateral torus

Sulcus intertoralis

Figure 13: Scladina right hemimandible (Scla 4A-1), external aspect 
of the body (graphics Sylviane Lambermont, AWEM).

Figure 14: Scladina mandible, mental foramen: a. left (Scla 4A-9); b. right (Scla 4A-1; photographs Joël éloy, AWEM).

a b
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Specimen  

Age at death Mental foramen

Reference
Classic

Histology 
or Granat’s 
technique

Class
Height 

of 
corpus

Height 
from basal 

margin

Height to 
alveolar 
margin

Virchow 
index

Scla 4A-9 (left) 10-11 yrs 8 yrs S3 24.5 11.0 13.5 44.9 Present author (M. T.)

Scla 4A-1 (right) 23.9 10.3 13.6 43.1 Present author (M. T.)

Ehringsdorf 6 (F, 
109/69; right) adult 27 15 12 55.5 VLček, 1993: 128, 130, 136

Ehringsdorf 6 (F, 109/69; left) 27 13.5 13.5 50 VLček, 1993: 128, 130, 136

La Naulette adult 25 12 48 LegueBe & toussaint, 1988

Mauer adult 34 18 53 BiLLy & VaLLois, 1977

Montmaurin adult 29 15 51.7 BiLLy & VaLLois, 1977

Bañolas (right) adult 61.5 de LumLey-Woodyear, 1973

Bañolas (left) adult 61.6 de LumLey-Woodyear, 1973

Arago 2 adult 39.6 de LumLey-Woodyear, 1973

Spy 1 adult 33 15 45.5 BiLLy & VaLLois, 1977

La Ferrassie 1 adult 35 14 40 BiLLy & VaLLois, 1977

Krapina H adult 35 14 40 BiLLy & VaLLois, 1977

La Quina H9 adult 48.4 de LumLey-Woodyear, 1973

Regourdou (sup. foram.) adult 48.4 de LumLey-Woodyear, 1973

Regourdou (inf. foram.) 33.4 de LumLey-Woodyear, 1973

Circé II (sup. foram.) adult 48.5 sergi & ascenzi, 1955

Circé II (inf. foram.) 34.2 sergi & ascenzi, 1955

Circé III (sup. foram.) adult 35.1 sergi & ascenzi, 1955

Circé III (inf. foram.) 32.4 sergi & ascenzi, 1955

Cova del Gegant 15 yrs or 
adult (31.0) 11.1 (17.0) 35.8 daura et al, 2005:  63

Atapuerca AT-1 adult 30.2 12.1 17 40.1 rosas, 1997: 322, 324

Atapuerca AT-2 adolescent 26.5 9.6 15 36.2 rosas, 1997: 324

Atapuerca AT-3 immature 27.8 10.9 17.7 39.2 rosas, 1997: 324

Atapuerca AT-172 immature 28 11.8 17.1 42.1 rosas, 1997: 324

Atapuerca AT-250 senile 31 11.5 19.8 37.1 rosas, 1997: 324

Atapuerca AT-300 adult 34.3 12.5 22.5 36.4 rosas, 1997: 324

Atapuerca AT-505 adult 26.7 10.4 16.9 38.9 rosas, 1997: 324

Atapuerca AT-605 adult 37.1 16.3 19.8 43.9 rosas, 1997: 324

Atapuerca AT-607 adolescent 27.1 11.9 13.8 43.9 rosas, 1997: 324

Atapuerca AT-888 42 13.3 21.7 31.7 rosas, 1997: 324

Atapuerca AT-950 43.6 11.8 17.8 27.1 rosas, 1997: 324

Roc de Marsal (left) ± 3 yrs 2 yrs  5 months S1 17.6 (7.6) 10 (43.2) madre-duPouy, 1992

Roc de Marsal (left) (9.8) 7.8 (55.7) madre-duPouy, 1992

Roc de Marsal (right) 17.4 (7.9) 9.5 (45.4) madre-duPouy, 1992

Roc de Marsal (right) (8.3) 9.1 (47.7) madre-duPouy, 1992

Archi 1 5-6 yrs (or 3) 2.5 yrs S1 21.3 6.8 11.2 31.9 arnaud, 2014

Combe-Grenal 6-7 yrs 4.5 yrs S3 26.9 10.5 16.4 39.0 genet-Varcin, 1982

Fate 2 9-10 yrs S3 19.9 (9) 45.2 giacoBini et al., 1984 and M. T.

Hortus 2-3 9 yrs S3 25.5 7.8 (17.7) 30.9 de LumLey-Woodyear, 1973

Malarnaud 1 12 yrs 11 yrs 2 months (S4) 24 (11.2) 46.9 heim & granat, 1995

Montgaudier 1 12.5-14.5 S4 23.3 8 (lowest 
foram.)

13.1 (highest 
foram.) 34.3 mann & Vandermeersch, 1997

Valdegoba VB1 13-14 yrs S4 11.7 Quam et al., 2001: 402, 404

Petit-Puymoyen 1 16-17 yrs 14 yrs 4 months S4 28.2 10.5 17.7 37.2 Present author (M. T.)

Neandertal juveniles S1-S4 23.3 ± 4.5 
(n= 13)

10.1 ± 3 
(n= 13)

11.5 ± 1.8 
(n= 13) arnaud, 2014

MHSS juveniles S1 18.2 ± 1.9 
(n= 14) 7.4 ± 0.6 n= 14) 9.9 ± 1.8 

(n= 14) arnaud, 2014

MHSS juveniles S2 21.9 ± 2.2  
(n= 16)

9.7 ± 1.6 
(n= 16)

11.1 ± 1.2 
(n= 16) arnaud, 2014

MHSS juveniles S3 25.4 ± 4.7 
(n= 13)

11.0 ± 2 
(n= 13)

13.3 ± 2.8 
(n= 13) arnaud, 2014

MHSS (Virchow) adult 42-58 BiLLy & VaLLois, 1977

MHSS (Schultz) adult 36-65 BiLLy & VaLLois, 1977

table 1: Position of the mental foramen of Scladina I-4A and comparisons (heights in mm; for age classes, see § 5.1).
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4.2.2.2. Internal aspect

This area is well preserved on both sides of the 
mandible (Figures 15‒17).

The mylohyoid line (linea mylohyoidea) 
extends from the anterior part of the M3 where 

it is close to the alveolar margin. This line is then 
diagonally inclined. On both sides, it merges with 
the surrounding surface of bone below the P3‒P4 
septum, about 5 mm behind and slightly above the 
“éminences arrondies” (see 4.1.1.2.) and around 
15 mm below the alveolar margin.

There is no torus mandibularis as can be seen 
on some adult Neandertals, such as Regourdou 
(Piveteau, 1964: 161).

The planum subalveolaris (also called fossa 
sublingualis and fossa subalveolaris anterior; 
see Weidenreich, 1936: 49) exhibits a triangular 
shape and is flat and smooth.

The submandibular/sublingual fossa (also 
known as fossa  subalveolaris posterior by 
Weidenreich, 1936: 48, fossa submaxillaris by 
Weidenreich 1936: 48 or fovea submaxillare) is 
relatively deep and anterio-posteriorly elongated, 
parallel to the inferior rim.

4.2.2.3. Inferior border

In lateral view, the base of the right hemimandible 
Scla 4A-1 only touches the basal plane on two 
points, below the very posterior part of the right 
P3 and at the gonial angle. The  incisura praean
gularis, or pregonial notch, of Scla 4A-1 between 
these two points, is very long, i.e. 52 mm. The 
depth of this notch is low but regularly increases 
up to the middle of M2, at the level of which the 
deepest point of the incisura is located, then 
rapidly decreases posteriorly.

The anterior marginal tubercles which are 
above the limit between the submental incisure of 
the anterior face of the symphysis and the long 
incisura praeangularis are extremely weak.

Figure 15: Scladina right hemimandible (Scla 4A-1), 
internal aspect (photograph Joël éloy, AWEM).

Figure 16: Scladina left hemimandible (Scla 4A-9), 
internal aspect (photograph Joël éloy, AWEM).

3 cm0

Mylohyoid line

Planum subalveolaris

Submandibular fossa

Mylohyoid
line

Planum subalveolaris

Submandibular
fossa

Transverse torus
inferior

Figure 17: Scladina mandible, internal aspect of the right (Scla 4A-1) and left 
(Scla 4A-9) bodies (graphics Sylviane Lambermont, AWEM).
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In basal view and on both sides, the lower 
margin of the body is slightly lingually concave 
from the gonion to the interdental septum P4/P3 
where it turns strongly medially at the posterior 
limit of the digastric fossa. The margin expands 
from a thin rear edge behind unerupted M3 to a 
progressively thicker one from M2 to P4 and even 
more in the symphyseal region. So, this structure 
decreases continuously and regularly from the 
symphysis to the ramus.

4.2.2.4. Superior border

The superior border of the Scladina mandible 
does not have any retromolar space on the right 
side (Scla 4A-1) on which the corresponding area 
is well preserved; apparently the same is true on 
the left side (Scla 4A-9) where this area is only 
partially preserved. It has been shown that the 
retromolar space only develops near the end 
of the growth period (Tillier, 1988) while the 
Scladina Child is around eight years old (Smith 
et al., 2007).

In the superior view, the root sockets of 
the left and right P3 and of both dm2s can be 
observed. The sockets of the P3 are slightly 
buccoanteriorly orientated. The upper parts of 
the septa between the first P3s and the dm2s 
exhibit marks of remodelling inherent to the 
exfoliation of the dm2s and root resorption, 
a result of the beginning eruption of the still 
embedded P4. Both P3 sockets are not bifurcated. 
The sockets of the dm2s show two roots, mesial 
and distal, with bony septa — also with marks of 
remodelling — separating them.

4.2.3. Taxonomy

4.2.3.1. Mental foramen

A frequent suggestion is that a distal mental 
foramen position, under M1, is a derived feature 
of the European Classic Neandertals (Stringer 
et al., 1984; Tillier, 1988: 127; Rosas, 2001: 81; 
Condemi, 2005). However, the mental foramen of 
more than half of the European Classic Neandertal 
specimens is mesial of the M1, i.e. below P4/M1 or 
below P4 (Trinkaus, 1993), while mental foramina 
placed below the M1 are present in other non-clas-
sical Neandertal fossils (Atapuerca 1, Arago 2 and 
13) as well as in modern human samples (usually 
in a small percentage, but sometimes up to 12,7%). 
Therefore, it is inappropriate to use this trait as a 
Neandertal derived characteristic.

On Scladina I-4A, the mental foramina are 
under P4 on the right side as well as under P4 and 
under the septum P4/M1 on the left side.

4.2.3.2. High placement and diagonal 
disposition of the mylohyoid line

A high placement of the mylohyoid line at the 
level of M3 and a diagonal, or inclined, trajectory 
have both been suggested to be derived Neandertal 
characteristics (Rosas, 2001: 81; see also Daura et 
al., 2005: 65) while in modern humans, the trajec-
tory of the line is more parallel to the alveolar 
border. On both sides of the Scladina mandible, 
the mylohyoid line is close to the alveolar margin 
at the level of the non-erupted M3 and is diago-
nally inclined in front of this tooth.

4.2.3.3. Retromolar space

The retromolar space is often included in the list 
of Neandertal autapomorphies (Stringer et al., 
1984; Tillier, 1988; Condemi, 2001; Rosas, 2001, 
etc.). However, such a view has been challenged 
(Franciscus & Trinkaus, 1995). According to 
Rak (1998b: 362), the space itself is not an auta-
pomorphy but, rather, a result of the anterior 
position of M3.

In fact (Tillier, 1986: 213-214; 1988: 129), 
the presence of a retromolar space is linked to 
a complete permanent dentition including the 
erupted M3. The space is due to the anterior projec-
tion of the lower facial area (Tillier, 1986: 213). 
So none of the Neandertal mandibles with only 
deciduous teeth erupted, such as Pech de l’Azé, 
Roc de Marsal, Archi, etc., has a retromolar space. 
The same absence occurs on mandibles with only 
an erupted M1 such as Fate II, or with erupted M1 
and M2, such as Scladina I-4A.

4.2.3.4. Basal border

From the inferior view, the basal border thick-
ness regularly decreases from the symphysis to 
the gonion and this is sometimes considered as 
a derived characteristic of European Neandertals 
(Piveteau, 1957, 1963; Rosas, 2001: 81). Scla 4A-1 
exhibits this feature.

4.2.3.5. Submandibular fossa

A highly excavated submandibular fossa could 
be another derived characteristic of European 
Neandertals (Creed-Miles et al., 1996; Rosas, 
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2001: 81). Both submandibular fossae Scla  4A-1 
and 4A-9 are relatively deep and anterio-posteri-
orly elongated, parallel to the inferior rim.

4.3. Ramus
Only the right ramus and gonial region are 
preserved on Scla 4A-1. These areas are totally 
missing on the left Scla 4A-9 hemimandible. The 
ramus is in the same plane as the corpus.

4.3.1. Dimensions

The ramus has a minimum width of 35.1 mm., 
a high value compared to other Neandertals of 
similar age.

4.3.2. Description

4.3.2.1. Internal surface

Upper and anterior reliefs of the ramus

The reliefs of the upper part of the internal (orlin-
gual) surface of the right ramus are differently 
marked (Figure  18). The crista endocoronoidea, 
or endocoronoid crest, coursing nearly vertically 
along the inner side of the coronoid process is well 
expressed. The crista endocondyloidea, running 
anterio-inferiorly from the internal border of 

the condyloid process (von Lenhossék, 1920; 
Weidenreich, 1936: 50; 68), is well developed in 
its inferior part but is strongly attenuated near the 
condyle. Both cristae delineate a distinct planum 
triangulare, which is slightly concave in its ante-
rior part, but the depth of which is increased by the 
relief of the surrounding crista endocoronoidea. 
The planum triangulare is, by contrast, often 
nearly flat on some other Neandertals mandibles, 
for instance Regourdou and La Ferrassie 1.

At the junction of the crista endocoronoidea 
and the crista endocondyloidea, just before the 
foramen mandibulare, is a clear eminence, the 
torus triangularis (Weidenreich, 1936: 49; 50; 68).

In front of the medial part of the condyle, the 
fovea subcondylea is nearly imperceptible.

From the torus triangularis, one rounded crest, 
which prolongs the endocoronoid crest, runs 
down anterio-inferiorly to join the linea mylohy
oidea (see Figure 18) and is known as the crista 
pharyngea (Weidenreich, 1936: 68).

Mandibular foramen

The right mandibular foramen of Scladina I-4A, 
i.e. the aperture of the mandibular canal, points 
posteriorly and superiorly (Figures 18 & 19). 
There is a clearly defined lingula, but it does not 
project strongly. The specimen exhibits a narrow 
V-shaped notch in its postero-inferior margin, the 
mylohyoid notch; the specimen does not have a 

Planum triangulare
Crista

endocoronoidea Crista
endocondyloidea

Fovea
subcondylea

Torus triangularis

Crista pharyngea

Lingula
Pterygoid fossa

Mylohyoid groove

Linea
pterygoidea

Mylohyoid notch

Sulcus colli

Mandibular foramen

Figure 18: Scladina right hemimandible (Scla 4A-1), internal aspect of 
the ramus (graphics Sylviane Lambermont, AWEM).
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lingular bridging (Richards et al., 2003: 63). So, 
the Scladina I-4A foramen does not exhibit the 
specific form described as ‘Horizontal-Oval’. In 
this H-O type, the inferior rim of the foramen does 
not dip but extends straight across the foramen; in 
addition, the lingula blends into the inferior rim 
of the mandibular foramen and extends over the 
foramen (see also Coqueugniot, 1999).

A small vascular foramen is present 5.5 mm 
above the upper part of the mandibular foramen.

Mylohyoid groove

The mylohyoid groove descends antero-obliquely 
directly from the mylohyoid notch. The groove is 
not bridged but continuous, like in the Regourdou 
mandible. This sulcus is shallow and not perfectly 
rectilinear but very slightly concave postero-infe-
riorly. The sulcus disappears just behind the level 
of the distal end of the crown of the still included 
third molar, at about 8 mm from the inferior 
border of the mandible.

Pterygoid fossa

The internal side of the inferior half of the right Scla 
4A-1 ramus exhibits a well demarcated subcircular 
and deeply excavated pterygoid fossa, the depth 

of which is emphasized by the internal inflection 
of the gonial region. The fossa has a diameter of 
almost 2 cm. Moving forward, it merges into the 
submandibular fossa which is distinct thanks to a 
blunt rise.

Sulcus colli and tubercles of the 
posterior border of the ramus

Behind and below the inferior part of the crista 
endocondyloidea is the well marked sulcus colli. 
The crest which composes the anterior part of 
the inferior border of this sulcus and continues 
as the posterior, albeit low, border of the mylo-
hyoid groove can be called linea pterygoidea 
(Weindenreich, 1936: 70; Richards et al., 
2003: 20). The length of the sulcus colli is just 
above 15 mm at its axis, which is long when the 
immature state of the fossil is taken into account. 
The maximum width is 5.5 mm. The anterior part 
of the sulcus is relatively deep while its posterior 
component is shallow.

Considerable controversy exits in the naming 
of the tubercles of the postero-medial part of the 
mandibular ramus, (Figures 20 & 21; see Rak et 
al., 1994, 1996; Creed-Miles et al., 1996; Richards 
et al., 2003).

A small tubercle is present at the posterio-
inferior end of the sulcus colli, near and on the 
posterior border of the ramus of Scla 4A-1. It is 
the tuberculum sulcis colli (tsc) of Richards et al. 
(2003: 10), and serves as the attachment for the 
sphenomandibular ligament. In Rak et al.’s (1996) 
terminology, based on Weidenreich (1936), this 
feature would be the tuberculum pterygoideum 
inferius (tpi), even if tpi and tsc are not identical 
(see Richards et al., 2003: 55).

A strongly developed tubercle occurs in the 
upper area of attachment of the pterygoideus 
medialis muscle, a few mm below the tuberculum 
sulcis colli. This structure is the medial ptery-
goid tubercle (m.p.t.) of Rak et al., 1994, 1996). 
In reference to Schumacher’s (1959, 1961, 1962) 
numbering system for tendons of the pterygoi
deus medialis muscle, this fits with septum 6 but 
also, slightly below, the less marked septum 4.

At the internal part of the Scla 4A-1 gonion 
are the scallop tubercles (Antón, 1996: 395, 401) 
which correspond to Schumacher’s septa 2’ 2’’ 2’’’ 
of the pterygoideus medialis muscle. These three 
septa are well separated by shallow depressions.

As far as size is concerned, the septa 6 and in a 
lesser extent 4 are the most hypertrophied while 
the tuberculum sulcis colli and septa 2’, 2’’ and 2’’’ 
are less developed.

0 1 cm

Figure 19: Scladina mandible, right mandibular 
foramen (Scla 4A-1; photograph Joël éloy, AWEM).
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4.3.2.2. Anterior border

In side view, the outline of the anterior margin of 
the ascending ramus is sinuous: nearly straight 
in its anteriorly oblique upper third, and anteri-
orly concave in its lower part. The ramus displays 
rather shallow pre-angular notch (Rak, 1998b: 
360). This depression, when present in Neandertals 
like Regourdou or La Ferrassie, is not well defined. 
By contrast, an often well marked pre-angular 
notch is found in early Homo sapiens as well as in 
modern human mandibles.

In upper as well as in side views, the anterior 
border does not exhibit a retromolar space.

Behind the still included M3, the socket from 
which being already largely opened, is a trian-
gular area. The buccal border of this area is the 
buccinator crest. This crest is well marked in 
adult Neandertals such as Regourdou or Spy I. 
At the mesial end of this area is the opening of 
Robinson’s canal (see Heim & Granat, 1995).

Figure 20: Scladina mandible tubercles 
of the posterior border of the right ramus 
(Scla 4A-1; photograph Joël éloy, AWEM).
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Figure 21: Scladina mandible, tubercles of the posterior border of the 
right ramus of Scla 4A-1 (graphics Sylviane Lambermont, AWEM).
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4.3.2.3. Posterior border

In posterior view, the posterior border of the 
ramus is slightly medially convex in its inferior 
two thirds because of the inward inflection of the 
gonial area. The border thickens from the gonion 
to the condyle, being 3.37 mm at septum 2’’ and 
5.37 mm just above the tuberculum sulcus colli.

In side view, the posterior border is sinuous. 
It is posteriorly concave below the condyle until 
the inferior border of the sulcus colli, then poste-
riorly convex.

4.3.2.4. Inferior border and outline of the 
gonial region

The gonion of the Scadina mandible is only 
preserved on the right side (Scla 4A-1) which is 
slightly abraded. In side view, the gonion does not 
exhibit a sharp angle nor the typical Neandertal 
truncated outline in its uppermost segment, such 
as the one of Saint-Césaire. Nevertheless, this trait 
is present on Scla 4A-1, as pointed out by Heim & 
Granat (1995: 88), but strongly attenuated as its 
gonion profile shows a regular slightly rounded 
outline with a large radius of curvature.

The Scla 4A-1 gonial region is inwardly 
inflected. So, no lateral flaring of this area is 
present. Such an internal inflection is common on 
adult Neandertals (Billy & Vallois, 1977: 420), for 
instance Saint-Césaire, Regourdou, La Chapelle-
aux-Saints, La Ferrassie 1, La Quina 5 and 9, or 
Malarnaud.

4.3.2.5. External surface

A clear tubercle can be observed at the external 
(or lateral) border of the neck of the Scla 4A-1 
condyle (Figures 13 & 22). It is the lateral condylar 
tubercle (LCT; Stefan & Trinkaus, 1998; 
Jabbour et al., 2002) or tuberculum subcondyloi
deum laterale (Weidenreich, 1936: 66) which is 
the attachment area for the temporomandibular 
ligament. In fact, only the base — well marked 
as a break in the general curvature of the area 
— of this eminence is preserved. Nevertheless, 
using Jabbour et al.’s criteria (2002: 148), a score 
of at least 2 and probably 3 — which would mean 
a large tubercle — can be proposed, as it seems 
to project beyond the missing part of the artic-
ular surface.

From the lateral condylar tubercle a blunt 
ridge begins, the crista ectocondyloidea 
(von  Lenhossék, 1920; Weidenreich, 1936) or 

ectocondylar ridge (Figure 13) which goes down 
anteriorly and obliquely to the middle of the 
surface of the ramus where it blends with a large 
raised and blunt swelling, the eminentia lateralis 
rami (Weidenreich, 1936: 65). The small fossa 
present between the posterior part of the mandib-
ular notch and the ectocondylar ridge houses the 
deep masseter muscle (Antón, 1996).

The eminentia extends down to the middle 
region of the lateral surface of the ramus as a 
vertical, but anteriorly and convexly curved 
blunt line (Figure 13). In front of this curve, and 
parallel to it in the inferior part, is a second nearly 
vertical blunt curve. Both curves are related to the 
masseter insertions.

The lateral surface of the coronoid process and 
of all the ramus displays a narrow and shallow 
vertical depression between the anterior border 
of the ramus, the eminentia lateralis and both  
convex curved lines.

4.3.2.6. Superior border

Coronoid process (processus coronoideus)

The moderately sharp but eroded tip of the right 
coronoid process as well as the anterior border of 
the ramus were damaged during the excavation: 
an elongated splinter 34 mm long and 7.5 mm in 
maximum width was pull off and later refitted. 

Figure 22: Scladina right hemimandible 
(Scla 4A-1), lateral surface of the ramus 

(photograph Joël éloy, AWEM).
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The process is sub-triangular in shape. In a lateral 
view, this process is much larger than the condylar 
process. When Scla 4A-1 lies on its inferior border, 
the coronoid process is about 12 mm higher than 
the condyle.

Mandibular notch (incisura mandibulae)

In lateral view, the high configuration of the coro-
noid process gives the outline of the mandibular 
notch or mandibular incisure an asymmetrical 
appearance. The notch is also quite shallow. Its 
deepest point is in the middle third of the distance 
from the coronoid process to the condyle and is 
just behind the middle of its arch. The lowest point 
on the incisure is about 3 mm below the condylion 
when the mandible rests on its base. This is also 
about 16.5 mm from the posterior ramal margin 
at the same level below the condyle. This distance 
is nearly 47% of the minimum ramus breadth 
(Stefan & Trinkaus, 1998: 300, 304).

The length of the notch (condylion-coronion) 
is 30.3 mm and its maximum depth (perpendic-
ular to the length) is 9.6 mm; the index is 31.6. The 
length from the coronion to the juncture between 
the crest of the mandibular notch and Scladina 
I-4A’s very well marked anterior border of the 
articular surface of the condyle, is 26.5 mm.

Mandibular condyle or condylar 
process (Processus condylaris)

Only the right mandibular condyle, or condylar 
process, is preserved (Figure 23), however 
damaged postmortem: the internal part of the 
condyle is nearly complete, but abraded, while 
the lateral part is partially missing, having been 
strongly eroded. The surface of the condyle is 
also superficially abraded in its posterior part. In 
fact, only the central part of the articular surface 
and the central part of the anterior border of the 
condyle are completely preserved.

Based on the present state of preservation, the 
maximum length of the condyle is about 15.7 mm, 
divided in 9.2 mm for the preserved mesial part and 
6.5 mm for the  lateral part; adding at least 1.5 mm 
for the lateral missing part and about 0.5 mm for 
the eroded internal part, the real maximum length 
seems to be at least 17.7 mm. The preserved part 
of the articular surface of the condyle is 13.2 mm. 
The preserved antero-posterior diameter is 8.18 
mm, but due to some erosion this region was at 
least 8.3 mm.

Approximately half of the Scla 4A-1 condyle is, 
in superior view (Figure 23), located outside the 
plane defining the ramus or more precisely by the 
intersection between the condyle and the posterior 
part of the upper edge of the mandibular notch. In 
other words, the condyle occupies a medial posi-
tion with regards to the  crest that  defines the 
mandibular notch (CMN). This  corresponds to 
score IV of Jabbour et al. (2002).

Viewed from the top, the main axis of the 
condyle is directed towards the back and inside 
forming an open angle with the crest of the 
mandibular notch.

4.3.3. Taxonomy

4.3.3.1. Corpus and ramus in the same plane

The alignment of the corpus and the ramus in the 
same plane is seen to be a derived characteristic of 
the Neandertal lineage (Rosas, 2001: 81, 88). This 
is the situation observed on the right Scla 4A-1 
hemimandible.

4.3.3.2. Relationship between the 
mandibular condyle and the crest of 
the mandibular notch

The relationship between the mandibular condyle 
(condyloid process) and the crest of the mandib-
ular notch has long been considered of primary 
importance in the discussion of Neandertal facial 
morphology as well as taxonomy.

In modern humans, the condyle has been 
described as projecting, at least for its main part, 

Lateral                   Medial

0

3cm

Figure 23: Scladina right hemimandible 
(Scla 4A-1), condyle in superior view (graphics 

Sylviane Lambermont, AWEM).
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inside the ramus, and more precisely inside the 
virtual posterior extension of the crest of the 
mandibular notch (for instance Boule, 1911-1913; 
Billy & Vallois, 1977: 426; Vandermeersch, 
1981: 154). On the contrary, the argument that 
with Neandertals an important part of the 
condyle, often half of it or even more, is located 
outside the plane defining the ascending ramus 
(laterally expanded condyle) has been presented. 
In other words, the crest of the mandibular notch 
is often seen as intersecting the anterior margin 
of the condyle in an approximate medial position. 
This feature has been interpreted as a Neandertal 
lineage apomorphy (Rak & Kimbel, 1995; Rak, 
1998a,b; Rosas, 2001: 81; Rak et al., 2002).

However, a more statistical analysis has argued 
that the central position of the crest is not auta-
pomorphic in Neandertals (Jabbour et al., 2002), 
which was confirmed some years later (Wolpoff 
& Frayer, 2005). Indeed, some modern humans 
have a crest that shows the so-called ‘Neandertal’ 
morphology while a few Neandertals exhibit the 
lateral ‘modern’ position (La Quina 9, Zaffaraya 2; 
see Wolpoff & Frayer, 2005: 249). Nevertheless, 
on average, the Neandertal crest is significantly 
placed in a less lateral position than in modern 
humans (Jabbour et al., 2002).

On Scladina I-4A, approximately half of the 
only preserved condyloid process is located 
outside the plane defining the ramus. So, in this 
regard, the mandible shows the more common, 
but not autapomorphic, Neandertal disposition.

4.3.3.3. H-O shape of the 
mandibular foramen

The H-O variety was first pointed out by 
Gorjanović-Kramberger (1906) in his orig-
inal description of the Krapina fossils. Later, 
Kallay (1955, 1970), designated this variant the 
horizontal-oval (H-O) type. The horizontal-oval 
(H-O) shape was seen as an autapomorphy of 
the Neandertals (Stringer et al., 1984: 55), as the 
correlated lingular/mylohyoid bridging (Creed-
Miles et al., 1996: 152; Trinkaus, 2006: 601).

In fact only about half of the Neandertals (43% in 
Smith, 1976: 170; 46.2% in Smith, 1978: 526; 52.6% 
in Frayer, 1992: 31) exhibit the HO morphology 
which, in addition, is present in one fifth of the 
early Upper Palaeolithic Modern Humans (18.2% 
in Frayer, 1992). and even in very small percent-
ages in Late Upper Palaeolithic, Mesolithic and 
Medieval humans. In the Krapina sample, this 

feature is found in 56% of the specimens (Smith, 
1976: 170). Mandibles exhibiting the H-O mandib-
ular foramina pattern include, among others, La 
Ferrassie I, Tabun II or Kebara 2, Krapina J or 59, 
etc. While other specimens, such as Regourdou 
and Fate II, whose mandibular foramen are close 
to Scladina I-4A, Amud 1, La Chapelle-aux-Saints 
or the pre-Neandertal juvenile Atapuerca SH 
AT-6O6 do not exhibit this shape.

In conclusion, it seems wise not to include the 
H-O variety of the mandibular foramen in the list 
of Neandertal autapomorphies even if this config-
uration is a common feature in that taxon.

The Scla 4A-1 hemimandible does not exhibit 
this particular form. On the contrary, the foramen 
exhibits a narrow V-shaped notch in its postero-
inferior margin.

4.3.3.4. Truncated gonion

The gonion of the Neandertal mandible often 
exhibits a distinctive truncated morphology 
(Boule, 1911-13; Weidenreich, 1936: 73; Patte, 
1955: 245-246; Heim 1976: 263; Billy & Vallois, 
1977: 419). In this configuration, the gonial angle 
is formed by an oblique, but quite rectilinear, 
border or third “arista” (Creed-Miles et al., 1996: 
152; Rosas 2001: 78), between the basal border of 
the corpus and the posterior margin of the ramus. 
This is, for instance, the case at La Chapelle-aux-
Saints (Boule, 1911-13), La Ferrassie 1 (Heim, 
1976) and Malarnaud (Heim & Granat, 1995) or 
Saint-Césaire. This trait, which is referred to as 
a truncated gonion or a truncated gonial area, is 
sometimes interpreted as derived (Creed-Miles 
et al., 1996: 151-152; Rosas, 2001). However, 
according to Rosas (2001: 87), such a configura-
tion is only found in 70% of the Neandertals as 
well as in Arago XIII and Mauer.

In contrast, the gonion is well-developed in 
modern humans and in the Sima de los Huesos 
(SH) pre-Neandertal sample. In detail, the poste-
rior margin of the ramus and the inferior margin 
of the corpus of recent Homo sapiens connect as a 
marked angle or a curve with a small radius. The 
SH gonial profile defines a gradual arc connecting 
the posterior border of the ramus with the basal 
border whereas the Neandertal pattern is fore-
shadowed in some fossils such as the AT-605 
mandible. On the mandible of Montmaurin (Billy 
& Vallois 1977: 419), the gonial area forms a 
regular rounded arc with an important curvature 
of the radius.
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The gonion of the Scadina mandible is only 
preserved on the right side (Scla 4A-1) and is 
slightly abraded. In side view, it does not exhibit 
the modern pattern with a sharp angle or an 
arc with a small radius. In contrast, the Scla 
4A-1 gonial profile shows a regular and slightly 
rounded outline with a large radial curvature like 
other Neandertal mandibles such as La Quina 5 
(Verna, 2006). However, the gonial area of Scla 
4A-1 does not present the typical Neandertal 
truncated outline in its extreme expression; never-
theless, this trait is present but attenuated.

4.3.3.5. Curve of the mandibular notch

According to Rak (1998b) and Rak et al. (2002), the 
Neandertal curve of the mandibular notch is char-
acteristic and corresponds to a derived condition, 
being apomorphic or synapomorphic. And indeed, 
the outline of the Neandertal’s mandibular notch 
is seen as asymmetric and shallow with a poste-
rior position for its deepest point. By contrast, 
in modern humans the deepest point would be 
near the midpoint between the coronoid and the 
condylar processes and the shape of the notch is 
symmetric. Scla 4A-1 is closed to this so-called 
Neandertal shape.

However, such a view has been challenged and 
is no longer seen as a Neandertal autapomorphy 

(Stefan & Trinkaus, 1998: 330; Wolpoff & 
Frayer, 2005) as the shape of the mandibular notch 
exhibits tremendous variability within human 
samples, Neandertals included (Weidenreich, 
1936; Piveteau, 1963-66; Heim, 1976; Billy & 
Vallois, 1977).

4.3.3.6. Deeply excavated pterygoid fossa

A deeply excavated pterygoid fossa is a classical 
trait in Neandertals and is considered as derived 
by some authors (Creed-Miles et al., 1996: 152; 
Rosas, 2001: 81). The internal right Scla 4A-1 
ramus exhibits such a well demarcated ptery-
goid fossa. However, it should be pointed out that, 
up to now, this feature has not been discussed 
in the same critical way as some other so-called 
Neandertal apomorphies.

4.3.3.7. Highly excavated 
submandibular fossa

A highly excavated submandibular fossa is 
also interpreted as a derived feature by some 
researchers (Creed-Miles et al., 1996; Rosas, 
2001: 81). On Scla 4A-1, this fossa is quite deep on 
both sides.

Character Archaic 
feature

Possible
Neandertal

derived

Frequent in 
Neandertals but 

not derived
Scladina Reference

Absence of modern chin x yes rak et al., 2002

Planum alveolare and genioglossal fossa x yes tiLLier, 1979

Inferior orientation of digastric fossae x yes tiLLier, 1984

Frontal alignment of anterior alveoli and teeth x yes tiLLier, 1986

Posterior position of  mental foramen below M1 x no (P4) stringer et al., 1984; 
rosas, 2001

Inclination of the mylohyoid line close to alveolar 
margin at M3 level x yes rosas, 2001

Highly excavated submandibular fossa x yes creed-miLes et al., 
1996; rosas, 2001

Thin basal border of the body,  decreasing from 
symphysis to ramus x yes PiVeteau, 1957, 1964: 163

Developed retromolar space x no
coon, 1962; hoWeLLs, 
1975; stringer et al., 
1984; rak, 1998b

Deeply excavated pterygoid fossa x yes creed-miLes et al., 1996

Corpus and ramus in same plane x yes rosas, 2001

Truncated gonial area x slight BouLe, 1911-13; BiLLy & 
VaLLois, 1977; rosas, 2001

Horizontal-Oval (HO) mandibular foramen x no stringer et al., 1984; 

Laterally expanded condyle  with regards to the 
ramus plane x yes rak & kimBeL, 1995; 

JaBBour et al., 2002

Curve of the mandibular notch x yes rak, 1998b; stefan 
& trinkaus, 1998

table 2: Some features of the Scladina mandible (Scla4A-1 & 9) compared with Neandertal characteristics.
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4.3.3.8. Basal border

A continuous and regular decrease of the basal 
border from the symphysis to the ramus is consid-
ered to be a derived characteristic (Piveteau, 1964: 
163; Rosas, 2001: 81). The Scladina I-4A mandible 
corresponds to this pattern.

4.4.Discussion

Table 2 summarizes the main anatomical features 
developed in the paragraphs concerning the 
taxonomy of the symphysis (4.1.2), the mandibular 
body (4.2.3) and the ramus (4.3.3). The few char-
acters of the Neandertals mentioned therein are 
considered archaic, Neandertal derived or simply 
as frequent characters in this taxon. It should be 
noted that in many cases features initially regarded 
as derived are contradicted by scholars when they 
are the subject of detailed studies. In the present 
state of research, it is possible, on Scladina I-4A, 
to consider as possibly derived the inclination of 
the mylohyoid line close to alveolar margin at M3 
level,  the highly excavated submandibular fossa, 
the decreasing of the basal border thickness from 
symphisis to ramus, the deeply excavated ptery-
goid fossa, the corpus and ramus in same plane, 
and the tendancy to have a truncated gonial area. 
Other characters present on Scladina I-4A are 
common among Neandertals, but not exclusive of 
this taxon, notably (Table 2): frontal alignment of 
anterior alveoli and teeth, horizontal-oval (HO) 
mandibular foramen, laterally expanded condyle 

Corpus Value

Infradentale-pogonion angle on resting plane (Scla 4A-9) (98°)

Infradentale-gnathion angle on resting plane (Scla 4A-9) (73°)

Height of the symphysis (Scla 4A-9) 27.75

Thickness at symphysis (Scla 4A-9) 12.36

Index of robustness at the symphysis (Scla 4A-9) 44.5

Height of the body at the canine (Scla 4A-9) 26.32

Thickness of the body at the canine (Scla 4A-9) 13.1

Index of robustness at the canine (Scla 4A-9) 49.8

Height of the body at the C-P3 border (Scla 4A-9) 26.55

Thickness of the body at the C-P3 border (Scla 4A-9) 13.1

Index of robustness at the C-P3 border (Scla 4A-9) 49.3

Height of the body at the P3 (Scla 4A-1) (24.5)

Thickness of the body at the P3 (Scla 4A-1) 12.8

Index of robustness at the P3 (Scla 4A-1) 52.2

Height of the body at the P3-P4 border (Scla 4A-1) (24.35)

Thickness of the body at the P3-P4 border (Scla 4A-1) 13.2

Index of robustness at the P3-P4 border (Scla 4A-1) 54.2

Height of the body at the P4 (Scla 4A-1) 23.9

Thickness of the body at the P4 (Scla 4A-1) 13.1

Index of robustness at the P4 (Scla 4A-1) 54.8

Height of the body at the P4-M1 border (Scla 4A-1) 23.5

Thickness of the body at the P4-M1 border (Scla 4A-1) 13.4

Index of robustness at the P4-M1 border (Scla 4A-1) 57.0

Height of the body at the M1 (Scla 4A-1) 22.2

Thickness of the body at the M1 (Scla 4A-1) 14.0

Index of robustness at the M1 (Scla 4A-1) 63.0

Height of the body at the M1-M2 border (Scla 4A-1) 20.55

Thickness of the body at the M1-M2 border (Scla 4A-1) 14.45

Index of robustness at the P4-M1 border (Scla 4A-1) 70.3

Height of the body at the M2 (Scla 4A-1) 20.3

Thickness of the body at the M2 (Scla 4A-1) 15.8

Index of robustness at the M2 (Scla 4A-1) 77.8

Ramus Value

Angle of the ramus 118.5°

Minimum breadth 35.1

Maximum breadth 38.1

Height of the coronoid process (perpendicular to resting plane) 56.0

Height of the coronoid process (projection) 54.0

Length of the mandibular notch 30.3

Maximum depth of the mandibular notch 9.6

Index of the mandibular notch 31.6

Height of the condyle (perpendicular to resting plane) 43.0

Height of the condyle (projection) 41.6

Length of the ramus 45.5

Minimum height of the ramus (perpendicular to resting plane) 40.2

Minimum height of the ramus (projection) 38.2

Mandible Value

Maximum mandibular length (Martin 68-1) (85.0)

Corpus length (Martin 68) (± 70)

Bicondylar breadth (Martin 65) (± 140)

Bigonial breadth (Martin 66) (± 80)

table 3: Principal measurements (mm and °) 
of the Scladina mandible (Scla 4A-1 & 9).

Ramus minimum breadth Ramus height M 70 Ramus projection height M-70a Coronion height M 70-1 (projection) Ramus minimum height M 70-2 Mandibular angle M 79

Scla 4A-1 values 8 years 35,1 45,5 41,6 54.0 40,2 116

Mean n St. dev. Ref Mean n St. dev. Ref Mean n St. dev. Ref Mean n St. dev. Ref Mean n St. dev. Ref Mean n St. dev. Ref

EN (Early Neandertals) adult 39.15 6 (r) 2.93 1 66.04 4 (r) 3.23 1 60.37 4 (r & l) 4.38 1 66.33 3 (r) 4.86 1 49.47 3 (r) 5.76 1 113.5 4 6.61 1

LN (Late Neandertals) adult 40.55 10 (r) 3.09 1 67.68 5 (r & l) 5.77 1 64.69 8 (r & l) 6.47 1 74.02 4 (r & l) 3.02 1 55.42 6 (r) 7.27 1 107.3 6 3.56 1

Neandertals  (EN + LN) adult 40.03 16 (r) 3.01 1 64.98 6 (r) 3.63 1 63.25 12 (r & l) 6.03 1 69.61 5 (r) 6.33 1 53.44 9(r) 7.09 1 109.8 10 5.63 1

NE juvenile 28.5 11 3.47 5 41.4 6 10.01 5 120.7 10 7.79 5

MPMH (Middle 
Palaeolithic Modern 
Humans)

adult 36.66 3 (r + l) 1 71.33 1 (r) 1 70.5 1 (r) 1 71.5 1(r) 1

UPMH (Upper Palaeolithic 
Modern Humans) adult 39.69 11 3.12 1 63.95 9 (r & l) 6.25 1 57.4 5 (r) 4.17 1 62.0 6(r) 6.67 1 116.68 19 5.65 1

MHSS (Modern Human 
sapiens sapiens) S1 22.4 15 1.6 134.6 20 6.25 3

MHSS S2 23.8 4 4.2 2

MHSS S3 (7-10 
years) 27.4 12 1.9 2 45.4 12 4.3 2 36.4 12 3.1 2 137 4

MHSS adult 33.99 1107 3.19 1 57.06 879 4.89 1 57.74 626 4.97 1 122.19 1037 6.42
table 4: Dimensions and comparisons (mm and °) of 

the right ramus of the Scladina mandible (Scla 4A-1).
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S1: deciduous dentition only; 
S2: deciduous dentition and M1 fully erupted; 
S3: mixed dentition with the M1 and at least 

another fully erupted permanent tooth (but 
usually not the M2); 

S4: permanent dentition only, with the M2 fully 
erupted, but not the M3.

The reported measurements of the Scladina 
mandible and comparison fossils are those 
commonly used in anthropology. These include 
angles such as that of the symphysis as well as 
measurements of the thickness and height of the 
various parts of the mandible. These values are 
presented in Tables 3 to 5.

Measurements of  the Scladina mandible 
were repeatedly taken by the author himself and 
later averaged. Measurements of the comparison 
samples were collected from the literature, with 
the exception of some of Fate 2 and Krapina that 
were also taken by the author.

Significant differences may exist between 
values of the same dimensions obtained by various 
authors. For example, the measurements of the 
Malarnaud 1 mandible as published by Minugh-
Purvis (1988) and Heim & Granat (1995) show 
significant differences, such as a thickness of 12.8 
mm at the symphysis according to Minugh-Purvis 
but 14 mm for Heim & Granat. The same fossil has 
a canine height of 18.2 mm for Minugh-Purvis 
(1988) and 24.4 mm for Arnaud (2014). Another 
problem is that researchers sometimes propose 
different values for the same dimension, either 

Ramus minimum breadth Ramus height M 70 Ramus projection height M-70a Coronion height M 70-1 (projection) Ramus minimum height M 70-2 Mandibular angle M 79

Scla 4A-1 values 8 years 35,1 45,5 41,6 54.0 40,2 116

Mean n St. dev. Ref Mean n St. dev. Ref Mean n St. dev. Ref Mean n St. dev. Ref Mean n St. dev. Ref Mean n St. dev. Ref

EN (Early Neandertals) adult 39.15 6 (r) 2.93 1 66.04 4 (r) 3.23 1 60.37 4 (r & l) 4.38 1 66.33 3 (r) 4.86 1 49.47 3 (r) 5.76 1 113.5 4 6.61 1

LN (Late Neandertals) adult 40.55 10 (r) 3.09 1 67.68 5 (r & l) 5.77 1 64.69 8 (r & l) 6.47 1 74.02 4 (r & l) 3.02 1 55.42 6 (r) 7.27 1 107.3 6 3.56 1

Neandertals  (EN + LN) adult 40.03 16 (r) 3.01 1 64.98 6 (r) 3.63 1 63.25 12 (r & l) 6.03 1 69.61 5 (r) 6.33 1 53.44 9(r) 7.09 1 109.8 10 5.63 1

NE juvenile 28.5 11 3.47 5 41.4 6 10.01 5 120.7 10 7.79 5

MPMH (Middle 
Palaeolithic Modern 
Humans)

adult 36.66 3 (r + l) 1 71.33 1 (r) 1 70.5 1 (r) 1 71.5 1(r) 1

UPMH (Upper Palaeolithic 
Modern Humans) adult 39.69 11 3.12 1 63.95 9 (r & l) 6.25 1 57.4 5 (r) 4.17 1 62.0 6(r) 6.67 1 116.68 19 5.65 1

MHSS (Modern Human 
sapiens sapiens) S1 22.4 15 1.6 134.6 20 6.25 3

MHSS S2 23.8 4 4.2 2

MHSS S3 (7-10 
years) 27.4 12 1.9 2 45.4 12 4.3 2 36.4 12 3.1 2 137 4

MHSS adult 33.99 1107 3.19 1 57.06 879 4.89 1 57.74 626 4.97 1 122.19 1037 6.42

with regards to the ramus plane, and curve of 
the mandibular notch. It also appears that the 
absence of modern chin of the Scladina mandible, 
the planum alveolare and genioglossal fossa, as 
well as the inferior orientation of digastric fossae 
are archaic traits. The absence of retromolar 
space results from the young age of the subject 
(8 years old), as is also the case in other juvenile 
Neandertals. This could also be the case for the  
position of the mental foramen below P4 and not 
M1, although some  adults Neandertals also do not 
have that posterior location.

In conclusion, what characterizes a Neandertal 
mandible like Scla 4A-1/9 lies less in one or 
another derived or supposed derived trait than 
in the unique combination of a set of traits that, 
taken together, correspond to the general pattern 
of Neandertals.

5. Morphometry
5.1. Material and Methods

T his section  statistically compares the 
Scladina mandible to samples of subadult 

Neandertals, subadult modern humans (Neolithic/
Middle Ages/submodern Modern; MHSS), 
Early (EN) and Late (LN) adult Neandertals and 
adult MHSS.

As in Chapter 12, which discusses the maxilla, 
all individuals are attributed to age classes that are 
based on dental eruption:
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Specimen 

Age at death

Sex

Length Breadth
I dent/ 

pog 
angle

I dent/ 
gna  

angle

Symphysis Canine Mental foramen P3 (m1-m2) P4 (m2) M1

Reference
Classic

Histo logy 
or Granat’s 
technique

Class Max Cor-
pus

di1-dm2 
projec-

tion

Bicon-
dylar Bigonial Bicanine

Bi 
dm1/

P3

Bi 
dm2/

P4
Bi M1 Bi M2 H T I H T I H T I H T I H T I H T I

Scla 4A-1 & 9 10–11 yrs S3 (86.0) (± 70) (± 140) (± 80)

Scla 4A-9 (left) 10–11 yrs 8 yrs F (98°) (73°) 27.75 12.36 44.5 26.32 13.1 49.8 23.9 13.2 (24.1) 13.2 (54.8) (23.0) 14.2 (61.7) Present Author (M. T.)

Scla 4A-1 
(right) 10–11 yrs (13.45) 24.5 (24.5) 12.8 23.9 13.1 54.8 22.2 14.0 63.1 Present Author (M. T.)

Molare 1 3–4 yrs S1 (33) (46) (60) (90°) 79° 25.7 14 54.5 20.9 12.2 58.4 maLLegni & 
ronchiteLLi , 1987

Dederiyeh 1 ± 2 yrs S1 30.7 98° 75° 21.6 10.6 49.1 16 11.6 72.5 dodo et al., 2002

Dederiyeh 2 ± 2 yrs S1 31 74° 20.3 10.5 51.7 15.2 10.3 67.8 ishida & kondo, 2002

Barakai ± 3 yrs S1 78.1 55.9 26 50 84° 24.1 12.5 51.9 19.2 13.5 70.3 20.1 14.2 70.6 faerman et al., 1994

Archi 1 5–6 yrs 
or 3 yrs 2.5 yrs S1 27.8 35.8 43.3 49.5 93° 78° 22 13.5 61.4 20 11.8 59.0 18.4 

(r)
13.4 

(r) 72.8

ascenzi & segre, 
1971; tiLLier, 1983b; 
maLLegni & trinkaus, 
1997; arnaud, 2014

Gibraltar 2 
(Devil’s Tower) ± 3 yrs S1 72 25.6 (105) (33.9) 45.8 53.4 93° 79° 21.2 12.6 59.4 22.8 13.6 59.6 tiLLier, 1983b

Roc de Marsal ± 3 yrs G/H: 2 yrs 
5 months S1 (70) (56) 28.4 (95) (72) 30.6 42.3 51.1 93° 74° 20.2 12.6 62.4 17.6 

(r)
12.9 

(r) 17.2 13.2 76.7 madre-duPouy, 1992: 
103; tiLLier, 1983b

Pech de l’Azé 1 2 yrs G/H: 18.5 
months S1 67 49 (26.2) (89) (79) 30.5 (41.1) (49.3) 92.3° 17.8 10 56.2 14.2 11.5 81.0 madre-duPouy, 1992: 

103; tiLLier, 1983b

Krapina A (51) 5–6 yrs S2 11.5 22.5 12.6 56.0 12.3 12.6 smith, 1976; minugh-
PurVis, 1988

La Chaise 
13 (S5) 4–5  yrs 2.5 yrs S2 27.8 (31) 42.5 (52) 83° 85° 22.1 12.8 59.9 21 12.1 57.6 20.5 12.5 60.9 17 12.5 73.5 16.4 12.5 76.2

tiLLier & genet-Varcin, 
1980; tiLLier, 1982;  
minugh-PurVis, 1988

Zaskalnaya VI 9–10 yrs S3 109 66 30 13.4 44.7 19.8 14 70.7 (18) 14 77.8 21.4 13.6 63.5 20.7 13.8 66.7 minugh PurVis, 1988

Combe-Grenal 6–7 yrs 4.5 yrs S3 26.2 13.4 51.1 26.9 13.8 26.9 13.8 51.3 genet-Varcin, 1982

Krapina B (52) 9.5 yrs S3 106.5° 26 (12.0) 46.1 (29.0) 15.6 53.8 16.7 17.9 23.5 smith, 1976; minugh-
PurVis, 1988 

Teshik Tash 1 8.5–
11 yrs

7.5 yrs ± 6 
months S3 95 71 122 83 46.5 54 90° 75° 27.0 13.7 50.7 26.4 17.0 64.4 26 15 57.7 26.5 16.6 62.6 25.1 15.1 60.1 21.2 15.8 74.5

uLLrich, 1955; madre-
duPouy, 1992; 
minugh-PurVis, 1988 

Sipka 1 8–10 yrs S3 30.0 14.0 46.7 heim & granat, 1995; 
madre-duPouy, 1992

Fate 2 9–10 yrs S3 (90°) (78°) (20.5) 12.2 59.5 19.9 12.7 22 (12.5) 18.5 14.0 75.7 giacoBini et al., 
1984 and M. T.

Hortus 2-3 9 yrs S3 F 87° 79° 25.0 13.6 54.4 25.5 15.0 58.8 de LumLey-Woodyear, 1973

Malarnaud 1 12 yrs 11 yrs 2 
months S4 F 87 114 80.5 90.5° 25 14 56 24.4 14.9 61.1 24 14 20.9 20.9 21.5 17.5 81.4

heim & granat, 1995; 
arnaud, 2014; minugh-
PurVis, 1988

Petit-Puy-
moyen 1 16–17 yrs 14 yrs 4 

months S4 F 28.1 12.2 43.4 28.9 27 13 48.1 28.3 29.1 28.0 gaBis, 1956; minugh-
PurVis, 1988 : 179, 185

Ehringsdorf 7 
(G, 1010/69)

10.5–
12 yrs S4 104 84 (126) 82 (35) (49) (71) (81) 92° 73° 28.3 15.3 54.1 25.6 15.6 60.9 (17.0) 20.8 (15.0) 72.1 VLček , 1993; minugh-

PurVis, 1988 

Montgaudier 1 12.5–
14.5 yrs S4 F 22.0 11.8 53.6 24.9 12.15 48.8 (23.3) (13.5) (53.3) 23.3 13.7 58.8 23.3 13.45 57.7 22.45 13.55 60.3 mann & Vandermeersch, 

1997; arnaud, 2014

Krapina C (53) 11 yrs S4 96.5° 23.7 13.6 57.4 (26.0) 17.4 66.9 23.3 16.2 69.5 17.9 22.1 17.5 79.2 21.0 17.1 81.4 smith, 1976; minugh-
PurVis, 1988 

Krapina E-55 15–17 yrs S4 F 95° 31.4 14.1 44.9 23.7 15.0 63.3 28.1 15.2 54.1 25.7 14.8 57.6 26.8 14.4 53.7 25.9 16.5 63.7 smith, 1976; minugh-
PurVis, 1988 

Le Moustier 1 15.5 yrs 
± 1.25 S4 M 88° 82° 30.0 15.0 50.0 27.5 15.0 54.5 27.3 14.2 52.0 25.4 15.2 59.8 27.2 16.6 61.0

Minugh-PurVis, 1988; 
thomPson & BiLsBorough, 
2005; VLček , 1993

Valdegoba VB1 13–14 yrs S4 M 30.6 15.5 50.6 17.0 (16.9) (16.6) (16.6) Quam et al., 2001: 
403–404

Atapuerca SH  
AT-607 (XXIII)

adoles-
cent S4 M 28.6 14.7 51.4 27.1 15.2 15.2 rosas, 1995 

table 5: Dimensions (mm and °) of the symphysis and corpus of the Scladina mandible (Scla 4A-1 & 9) 
compared to other juvenile Neandertal specimens. H = height, T = thickness, I = index.

by mistake or by having measured it at different 
times. So for Krapina E-55, Minugh-Purvis 
(1988) gives 31.4 mm for the height at the symph-
ysis (p. 179) contra 34.5 mm (p. 185), or 13.5 mm 
(p. 188) and 14.1 mm (p. 179) for the thickness at 

the symphysis. In view of such discrepancies, the 
choice of a particular value of a precise measure-
ment of a fossil can, at least when the differences 
are significant, influence statistical analysis and 
inferences drawn from them. Ideally, to avoid 
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Specimen 

Age at death

Sex

Length Breadth
I dent/ 

pog 
angle

I dent/ 
gna  

angle

Symphysis Canine Mental foramen P3 (m1-m2) P4 (m2) M1

Reference
Classic

Histo logy 
or Granat’s 
technique

Class Max Cor-
pus

di1-dm2 
projec-

tion

Bicon-
dylar Bigonial Bicanine

Bi 
dm1/

P3

Bi 
dm2/

P4
Bi M1 Bi M2 H T I H T I H T I H T I H T I H T I

Scla 4A-1 & 9 10–11 yrs S3 (86.0) (± 70) (± 140) (± 80)

Scla 4A-9 (left) 10–11 yrs 8 yrs F (98°) (73°) 27.75 12.36 44.5 26.32 13.1 49.8 23.9 13.2 (24.1) 13.2 (54.8) (23.0) 14.2 (61.7) Present Author (M. T.)

Scla 4A-1 
(right) 10–11 yrs (13.45) 24.5 (24.5) 12.8 23.9 13.1 54.8 22.2 14.0 63.1 Present Author (M. T.)

Molare 1 3–4 yrs S1 (33) (46) (60) (90°) 79° 25.7 14 54.5 20.9 12.2 58.4 maLLegni & 
ronchiteLLi , 1987

Dederiyeh 1 ± 2 yrs S1 30.7 98° 75° 21.6 10.6 49.1 16 11.6 72.5 dodo et al., 2002

Dederiyeh 2 ± 2 yrs S1 31 74° 20.3 10.5 51.7 15.2 10.3 67.8 ishida & kondo, 2002

Barakai ± 3 yrs S1 78.1 55.9 26 50 84° 24.1 12.5 51.9 19.2 13.5 70.3 20.1 14.2 70.6 faerman et al., 1994

Archi 1 5–6 yrs 
or 3 yrs 2.5 yrs S1 27.8 35.8 43.3 49.5 93° 78° 22 13.5 61.4 20 11.8 59.0 18.4 

(r)
13.4 

(r) 72.8

ascenzi & segre, 
1971; tiLLier, 1983b; 
maLLegni & trinkaus, 
1997; arnaud, 2014

Gibraltar 2 
(Devil’s Tower) ± 3 yrs S1 72 25.6 (105) (33.9) 45.8 53.4 93° 79° 21.2 12.6 59.4 22.8 13.6 59.6 tiLLier, 1983b

Roc de Marsal ± 3 yrs G/H: 2 yrs 
5 months S1 (70) (56) 28.4 (95) (72) 30.6 42.3 51.1 93° 74° 20.2 12.6 62.4 17.6 

(r)
12.9 

(r) 17.2 13.2 76.7 madre-duPouy, 1992: 
103; tiLLier, 1983b

Pech de l’Azé 1 2 yrs G/H: 18.5 
months S1 67 49 (26.2) (89) (79) 30.5 (41.1) (49.3) 92.3° 17.8 10 56.2 14.2 11.5 81.0 madre-duPouy, 1992: 

103; tiLLier, 1983b

Krapina A (51) 5–6 yrs S2 11.5 22.5 12.6 56.0 12.3 12.6 smith, 1976; minugh-
PurVis, 1988

La Chaise 
13 (S5) 4–5  yrs 2.5 yrs S2 27.8 (31) 42.5 (52) 83° 85° 22.1 12.8 59.9 21 12.1 57.6 20.5 12.5 60.9 17 12.5 73.5 16.4 12.5 76.2

tiLLier & genet-Varcin, 
1980; tiLLier, 1982;  
minugh-PurVis, 1988

Zaskalnaya VI 9–10 yrs S3 109 66 30 13.4 44.7 19.8 14 70.7 (18) 14 77.8 21.4 13.6 63.5 20.7 13.8 66.7 minugh PurVis, 1988

Combe-Grenal 6–7 yrs 4.5 yrs S3 26.2 13.4 51.1 26.9 13.8 26.9 13.8 51.3 genet-Varcin, 1982

Krapina B (52) 9.5 yrs S3 106.5° 26 (12.0) 46.1 (29.0) 15.6 53.8 16.7 17.9 23.5 smith, 1976; minugh-
PurVis, 1988 

Teshik Tash 1 8.5–
11 yrs

7.5 yrs ± 6 
months S3 95 71 122 83 46.5 54 90° 75° 27.0 13.7 50.7 26.4 17.0 64.4 26 15 57.7 26.5 16.6 62.6 25.1 15.1 60.1 21.2 15.8 74.5

uLLrich, 1955; madre-
duPouy, 1992; 
minugh-PurVis, 1988 

Sipka 1 8–10 yrs S3 30.0 14.0 46.7 heim & granat, 1995; 
madre-duPouy, 1992

Fate 2 9–10 yrs S3 (90°) (78°) (20.5) 12.2 59.5 19.9 12.7 22 (12.5) 18.5 14.0 75.7 giacoBini et al., 
1984 and M. T.

Hortus 2-3 9 yrs S3 F 87° 79° 25.0 13.6 54.4 25.5 15.0 58.8 de LumLey-Woodyear, 1973

Malarnaud 1 12 yrs 11 yrs 2 
months S4 F 87 114 80.5 90.5° 25 14 56 24.4 14.9 61.1 24 14 20.9 20.9 21.5 17.5 81.4

heim & granat, 1995; 
arnaud, 2014; minugh-
PurVis, 1988

Petit-Puy-
moyen 1 16–17 yrs 14 yrs 4 

months S4 F 28.1 12.2 43.4 28.9 27 13 48.1 28.3 29.1 28.0 gaBis, 1956; minugh-
PurVis, 1988 : 179, 185

Ehringsdorf 7 
(G, 1010/69)

10.5–
12 yrs S4 104 84 (126) 82 (35) (49) (71) (81) 92° 73° 28.3 15.3 54.1 25.6 15.6 60.9 (17.0) 20.8 (15.0) 72.1 VLček , 1993; minugh-

PurVis, 1988 

Montgaudier 1 12.5–
14.5 yrs S4 F 22.0 11.8 53.6 24.9 12.15 48.8 (23.3) (13.5) (53.3) 23.3 13.7 58.8 23.3 13.45 57.7 22.45 13.55 60.3 mann & Vandermeersch, 

1997; arnaud, 2014

Krapina C (53) 11 yrs S4 96.5° 23.7 13.6 57.4 (26.0) 17.4 66.9 23.3 16.2 69.5 17.9 22.1 17.5 79.2 21.0 17.1 81.4 smith, 1976; minugh-
PurVis, 1988 

Krapina E-55 15–17 yrs S4 F 95° 31.4 14.1 44.9 23.7 15.0 63.3 28.1 15.2 54.1 25.7 14.8 57.6 26.8 14.4 53.7 25.9 16.5 63.7 smith, 1976; minugh-
PurVis, 1988 

Le Moustier 1 15.5 yrs 
± 1.25 S4 M 88° 82° 30.0 15.0 50.0 27.5 15.0 54.5 27.3 14.2 52.0 25.4 15.2 59.8 27.2 16.6 61.0

Minugh-PurVis, 1988; 
thomPson & BiLsBorough, 
2005; VLček , 1993

Valdegoba VB1 13–14 yrs S4 M 30.6 15.5 50.6 17.0 (16.9) (16.6) (16.6) Quam et al., 2001: 
403–404

Atapuerca SH  
AT-607 (XXIII)

adoles-
cent S4 M 28.6 14.7 51.4 27.1 15.2 15.2 rosas, 1995 

these problems, each author should individu-
ally measure all the fossils they compare. This is 
obviously almost impossible, mainly for financial 
reasons and sometimes due to restricted access to 
fossils. Researchers therefore need to be critical 

about the measurements they use, especially by 
trying to validate them from good quality casts 
and photos. However, the relative inaccuracy 
of anthropological measurements is likely not 
sufficient enough to influence general trends, 
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mandible with the above mentioned samples. 
These analyses include:
— Probabilistic distances (DP) to compare the 

measurements of a fossil to parameters of a 
reference population, according to the formula 
DP = student law (Abs (x−m) / s; n−1; 2);

— ECRA (“écart centré réduit ajusté” of Houët, 
2001) = (x−m) / inverse student law (0.05; n-1) * s.
In both formulas, x = individual value, m = 

sample mean, s = standard deviation, n = number 
of fossils. In the tables corresponding to each spec-
imen, the numbers in brown indicate values of DP 
and ECRA that diverge significantly from the esti-
mated variation of the reference population (DP > 
0.05 or < -0.05; ECRA > 1 or < -1).

The bivariate comparisons used the well-
known technique of equiprobable ellipses 
(Defrise-Gussenhoven, 1955); 95% confidence 
ellipses were plotted using the statistical soft-
ware package PAST (PAlaeontological STatistics, 
version 1.77, 2008; Hammer et al., 2001).

5.2. Results
The mental angle —  infradentale-pogonion angle 
on resting plane — cannot be estimated with preci-
sion on Scla 4A-9 due to the erosion of the anterior 
borders of the alveoli of the central incisors. The 
value appears to be close to 100°. After extensive 
testing, we chose the approximate value of 98°. 
For the same reason, the infradentale-gnathion 
angle on resting plane (Martin 79-1a) is equally 
inaccurate: we estimate 73°. Both angles are not 
significantly different from those of juvenile and 
adult immature Neandertals, both using DP prob-
abilistic distance and ECRA (Table 6). In contrast, 
the infradentale-pogonion angle departs signifi-
cantly from immature and adult MHSS. Regarding 

Scla 4A-9
infradentale-pogonion 98°

infradentale-gnathion 73°

Comparison Samples Angle n mean St dev DP ECRA

Immature NE S1−S4
infra-pog 17 91.8° 5.47 0.274 0.535

infra-gna 12 77.6° 3.58 0.225 −0.584

Immature NE S1−S2
infra-pog 8 90.7° 5.01 0.188 0.616

infra-gna 7 77.7° 3.9 0.274 −0.493

Immature NE S3−S4
infra-pog 9 92.8° 5.96 0.408 0.378

infra-gna 5 77.4° 3.5 0.277 −0.453

Immature MHSS S1
infra-pog 17 78.7° 3.64 0.000 2.501

infra-gna 11 85.3° 3.52 0.006 −1.568

Adult Neandertal
infra-pog 15 97.8° 6.27 0.975 0.015

infra-gna 5 73.9° 2.88 0.770 −0.113

Adult Palaeo MHSS 
(= UPMH)

infra-pog 14 74.6° 7.67 0.009 1.412

infra-gna 5 98.3° 9.3 0.053 −0.980

Adult Meso MHSS infra-pog 24 76° 4.68 0.000 2.272

table 6: Infradentale-
pogonion angle and 
infradental-gnathion angle 
of the Scladina symphysis 
(Scla 4A-1 & 9) compared 
to those of immature and 
adult  Neandertals and 
MHSS, with DP and ECRA.
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Figure 24: Bivariate analysis of  the infradentale-
pogonion and infradentale-gnathion angles of 
the Scladina symphysis (Scla 4A-9) with 95% 

equiprobable ellipses of Neandertals (adults and 
juveniles) and MHSS (adults and juveniles).

although the relatively small size of most juvenile 
mandible comparison samples is often an addi-
tional problem.

Univariate analyses using the methods devel-
oped by F. Houët (2001) were carried out to 
compare the measurements of the Scladina  
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Neandertals, the infradentale-pogonion angle 
changes from 90.7° in the immature class S1-S2 
to 92.8° in immature S3-S4 and to 97.8° in adults, 
indicating a more recessed mandible as the indi-
vidual ages. In the bivariate graph of Figure  24, 
the infradentale-pogonion angle and the infra-
dentale-gnathion angle of the Scladina mandible 
are compared to two samples: Neandertals (imma-
ture and adult) and MHSS (immature and adult). 
Scla 4A-9 is situated outside the area of the 
graph where the two ellipses slightly overlap, in 
an area where only Neandertals are present.

The symphyseal height of Scla  4A-9 departs 
significantly from the average of the compar-
ison samples in the case of immature Neandertals 
of classes S1-S2 and modern humans (MHSS) of 
age classes S1 and S2, both using DP probabil-
istic distance and ECRA (Table 7). In contrast, the 
symphyseal  thickness of the Scladina mandible 
only departs from immature MHSS of class S1 
and from adult late Neandertals. In the bivariate 
graph of Figure 25, symphyseal height and thick-
ness of the mandible are compared to three age 

Scla 4A-9 Symphysis

Height 27.75

Thickness 12.36

Index 44.5

Comparison Samples Measurement n mean St dev DP ECRA

Immature NE S1−S4

Height 24 25.4 4.08 0.57 0.278

Thickness 25 13.1 1.46 0.617 −0.246

Index 24 52.3 5.49 0.191 −0.652

Immature NE S1−S2

Height 9 21.7 2.28 0.029 1.151

Thickness 10 12.1 1.34 0.85 0.086

Index 9 56.05 4.61 0.042 −1.049

Immature NE S3

Height 6 27.4 2.14 0.876 0.064

Thickness 6 13.3 0.69 0.231 −0.53

Index 6 48.9 3.69 0.328 −0.422

Immature NE S4

Height 9 27.9 3.82 0.97 −0.017

Thickness 9 14 1.3 0.243 −0.547

Index 9 50.8 5.51 0.316 −0.464

Immature MHSS S1

Height 11 21.8 1.07 0.000 2.496

Thickness 11 10.9 0.64 0.046 1.024

Index 11 49.9 2.72 0.096 −0.825

Immature MHSS S2

Height 9 22.8 1.69 0.019 1.27

Thickness 9 12 0.99 0.726 0.158

Index 9 52.9 3.55 0.054 −0.977

Immature MHSS S3

Height 11 27.8 2.86 0.986 −0.008

Thickness 11 12.7 1.0 0.741 −0.153

Index 11 46.0 5.0 0.83 −0.099

Immature MHSS S1−S3

Height 32 24.3 3.38 0.315 0.50

Thickness 32 11.9 1.16 0.694 0.194

Index 32 49.3 4.75 0.361 −0.454

Adult Early Neandertals

Height 11 34.71 5.53 0.237 −0.565

Thickness 9 15.23 1.6 0.111 −0.778

Index 9 43.69 6.78 0.863 0.077

Adult Late Neandertals

Height 14 35.34 4.15 0.09 −0.847

Thickness 14 15.4 1.27 0.032 −1.108

Index 12 45.12 6.18 0.972 −0.016
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table 7: Height and thickness 
(mm) of the Scladina symphysis 
(Scla 4A-9) compared to those of 
immature and adult  Neandertals 
and MHSS, with DP and ECRA.

Figure 25: Bivariate analysis of  
the height and thickness of the 
Scladina symphysis (Scla 4A-9)

with 95% equiprobable ellipses of 
juveniles Neandertals and MHSS.
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table 8: Height and thickness (mm) of the Scladina 
mandible (Scla 4A-9) at the level of the left canine 
compared to those of immature and adult  Neandertals 
and immature MHSS, with DP and ECRA.

Scla 4A-9 Canine

Height 26.32

Thickness 13.1

Index 49.8

Comparison Samples Value n mean St. dev. DP ECRA

Immature NE S2-S4

Height 13 24.6 3.03 0.581 0.261

Thickness 13 14.6 1.91 0.447 −0.36

Index 12 58.9 6.1 0.164 −0.678

Immature NE S2 & S3

Height 6 23.2 3.69 0.436 0.329

Thickness 6 13.9 2.01 0.707 −0.155

Index 6 60.3 6.22 0.152 −0.657

Immature NE S4

Height 7 25.8 1.81 0.784 0.117

Thickness 7 15.3 1.71 0.246 −0.526

Index 6 59.2 6.52 0.209 −0.561

Immature MHSS S1

Height 12 19.6 1.35 0.000 2.262

Thickness 12 9.6 0.71 0.000 2.24

Index 12 48.5 3.67 0.73 0.161

Immature MHSS S2

Height 13 20.9 1.85 0.013 1.345

Thickness 13 10.3 1.08 0.024 1.19

Index 13 49.2 3.2 0.854 0.086

Immature MHSS S3

Height 14 23.5 3.87 0.479 0.337

Thickness 14 10.9 1.18 0.085 0.863

Index 14 47.3 4.6 0.596 0.252

Immature MHSS S1−S3

Height 39 21.4 3.07 0.117 0.792

Thickness 39 10.3 1.14 0.019 1.213

Index 39 48.32 3.88 0.705 0.188

Adult Early Neandertals

Height 8 32.54 4.24 0.186 −0.62

Thickness 8 15.71 1.36 0.096 −0.812

Index 8 49.2 6.7 0.931 0.038

Adult Late Neandertals

Height 10 33.75 2.35 0.012 −1.398

Thickness 9 14.96 1.17 0.151 −0.689

Index 8 44.01 3.71 0.163 0.66
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Figure 26: Bivariate analysis of  the height and 
thickness  (mm) of the Scla 4A-9 hemimandible at 
the level of the canine with 95% equiprobable ellipses 
of juvenile Neandertals and juvenile MHSS.

samples of immature Neandertals and imma-
ture MHSS. Scla 4A-9 is situated in the central 
area where the ellipses of the two oldest imma-
ture Neandertal groups (NE S3 & NE S4) and the 
MHSS S3 immature groups overlap, but only just 
over the NE S1-S2 and MHSS S2 groups. Even if 
the symphyseal thickness mean is slightly higher 
in Neandertal age groups than in corresponding 
MHSS age groups, symphyseal dimensions do not 
provide clear taxonomic indications in the case of 
the Scladina specimen.

At the level of the canine, the height and 
thickness of the left hemimandible (Scla 4A-9) 
do not depart significantly from the average of 
the juvenile Neandertal comparison samples nor 
from immature modern human (MHSS) from age 
class S3, both using DP probabilistic distance and 
ECRA (Table 8). In contrast, both the height and 
thickness of the Scladina mandible at the canine 
significantly depart from immature MHSS of 
classes S1 and S2. The height of the mandible also 
significantly departs from adult Late Neandertals. 
The bivariate graph of Figure 26 compares the 
height and thickness of the Scladina mandible 
at the canine to juvenile Neandertals as a whole 
and also to three age groups of immature MHSS. 
Scla  4A-9 is situated close to the centre of the 
ellipse of immature Neandertals and inside the 
ellipses of the MHSS S3 immature group, but just 
at the limit of the MHSS S2 group and outside the 
MHSS S1 group. 

At the level of the P3, the height and thick-
ness of the right hemimandible Scla 4A-1 do not 
depart significantly from the average of the three 
juvenile Neandertal comparison samples nor from 
immature modern humans (MHSS) from age class 
S3, both using DP probabilistic distance and ECRA 
(Table 9). In contrast, both the height and thick-
ness of the mandible at the P3 significantly depart 
from immature MHSS of class S1. Concerning 
immature MHSS of class S2, Scladina is only 
significantly different in terms of the thickness. 
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The height of the mandible also significantly 
departs from adult Late Neandertals. In the bivar-
iate graph of Figure 27, the height and thickness of 
the mandible are compared to two age samples of 
Neandertals  (NE S1-S2 & NE S3-S4) and three age 
groups of immature MHSS. Scla 4A-1 is situated 
in the central area of the graph where the ellipses 
of the two immature Neandertal groups and the 
MHSS S2 and S3 immature groups overlap, but far 
outside the MHSS S1 group. So, as for symphyseal 
dimensions, dimensions at the P3 do not provide 
clear taxonomic indications in the case of the 
Scladina specimen.

The height at the M1 of Scla 4A-1 and 9 only 
departs significantly from the average of the 
immature modern human (MHSS) of age classes S1 
and S2 as well as from adult late Neandertals and 
adult MHSS, using DP probabilistic distance and 
ECRA (Table 10). In contrast, the thickness at the 
M1 only departs from adult MHSS. In the bivariate 
graph of Figure 28, the height and thickness at the 
M1 are compared to samples of immature MHSS 
taken as a whole — but with different symbols 
according to the age classes — and to juvenile 
Neandertals also taken as a whole (due to their 
small number).  Both Scladina hemimandible are 
situated in the central area where the ellipses of 
the immature Neandertal and MHSS S1-S3 groups 
overlap, but in an area where only specimens of 
age group S3 MHSS are present, over the speci-
mens of MHSS groups S1 and S2. 

The minimum breadth of the Scla 4A-1 ramus  
only departs significantly from immature modern 
humans (MHSS) of age classes S1 and S3 (class 
S2 does not contain enough fossils to provide 
reliable results), using DP probabilistic distance 
and ECRA (Table 11). In contrast, the Scladina 
I-4A mandible minimum breadth fits well within 
the variability of both immature and adult 
Neandertals and, despite the young age of eight 
years, within that of adult Upper Palaeolithic and 
modern humans (MHSS).

Scla 4A-1 First 
premoral

Height (24.5)

Thickness 12.8

Index 52.2

Samples n mean St dev DP ECRA

Immature NE S1−S4

Height 18 21.4 4.32 0.483 0.34

Thickness 21 13.8 2.12 0.642 −0.226

Index 16 63.9 9.2 0.223 −0.597

Immature NE S1

Height 8 18.3 3.07 0.083 0.854

Thickness 8 12.3 1.28 0.708 0.165

Index 8 68.1 8.5 0.104 −0.791

Immature NE S2−S3

Height 5 22.7 3.93 0.671 0.165

Thickness 7 14 1.95 0.561 −0.251

Index 5 61.8 9.9 0.387 −0.349

Immature NE S4

Height 5 25.1 3.01 0.852 −0.072

Thickness 6 15.7 1.73 0.155 −0.652

Index 3 56.1 3.6 0.392 −0.252

Immature MHSS S1

Height 10 19.6 1.96 0.034 1.105

Thickness 10 9.6 0.73 0.002 1.938

Index 10 49.4 5.6 0.629 0.221

Immature MHSS S2

Height 13 22.9 2.76 0.573 0.266

Thickness 13 10.8 0.85 0.037 1.08

Index 13 47.5 7.4 0.537 0.292

Immature MHSS S3

Height 12 24.9 3.55 0.912 −0.051

Thickness 12 11.6 0.97 0.242 0.562

Index 12 46.9 7.8 0.511 0.309

Immature MHSS  
S1−S3

Height 35 22.7 3.45 0.605 0.257

Thickness 35 10.7 1.18 0.084 0.876

Index 35 47.8 6.96 0.531 0.311

Adult Early Neandertals

Height 7 32.2 4.71 0.153 −0.668

Thickness 8 15.66 1.5 0.098 −0.806

Index 7 49.55 5.24 0.631 0.207

Adult Late Neandertals

Height 11 33.42 1.92 0.001 −2.085

Thickness 9 14.77 1.23 0.148 −0.695

Index 9 44.56 3.86 0.083 0.858
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Figure 27: Bivariate analysis of  the height and 
thickness  (mm) of the Scla 4A-1 right hemimandible 
at the level of the P3 with 95% equiprobable 
ellipses of juvenile Neandertals and MHSS.

table 9: Height and thickness (mm) of the Scladina right 
hemimandible (Scla 4A-1) at the level of the right P3 
compared to those of immature  Neandertals and MHSS 
as well as of adult Neandertals, with DP and ECRA.
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Figure 28: Bivariate analysis of  
the height and thickness (mm) of 
the Scladina mandible (Scla 4A-1 
& 9) at the level of the M1 with 
95% equiprobable ellipses of 
juvenile Neandertals and MHSS.

table 10: Height and thickness (mm) of the Scladina mandible (Scla 4A-1 & 9) at the level of the M1 
compared to those of immature  and adult Neandertals and MHSS  with DP and ECRA.

Scla 4A-9/M1
Height 23

Scla 
4A-1/M1

Height 22.2

Thickness 14.2 Thickness 14

Index 61.6 Index 63.1

vs Scla 4A-9 vs Scla 4A-1

Comparison Samples n mean St dev DP ECRA DP ECRA

Immature NE (S1-S4)

Height 11 23.7 3.79 0.857 −0.083 0.701 −0.178

Thickness 10 15.8 1.31 0.253 −0.540 0.203 −0.607

Index 10 70.1 10.9 0.456 −0.345 0.537 −0.284

Immature MHSS (S1)

Height 11 16.7 2.1 0.013 1.346 0.026 1.175

Thickness 11 13.4 1.1 0.484 0.326 0.597 0.245

Index 11 80.2 5.7 0.009 −1.465 0.013 −1.346

Immature MHSS (S2)

Height 10 17.7 1.81 0.017 1.294 0.035 1.099

Thickness 10 14.3 0.96 0.919 −0.046 0.762 −0.138

Index 10 81.5 6.6 0.015 −1.333 0.021 −1.232

Immature MHSS (S3)

Height 12 23.5 3.1 0.875 −0.073 0.683 −0.191

Thickness 12 14.4 0.9 0.828 −0.101 0.665 −0.202

Index 12 62.0 8.8 0.965 −0.021 0.903 0.057

Immature MHSS (S1-S3)

Height 33 19.5 3.9 0.376 0.441 0.494 0.340

Thickness 33 14.0 1.0 0.843 0.098 1 0.000

Index 33 73.9 11.6 0.297 −0.521 0.359 −0.457

Adult Early Neandertals

Height 11 30.52 4.26 0.108 −0.792 0.079 −0.877

Thickness 10 15.49 1.04 0.246 −0.548 0.186 −0.633

Index 9 52.07 7.69 0.250 0.537 0.189 0.622

Adult Late Neandertals

Height 11 33.1 1.8 0.000 −2.518 0 −2.718

Thickness 9 14.71 1.49 0.741 −0.148 0.646 −0.207

Index 9 44.6 3.53 0.001 2.088 0.001 2.273

Adult MHSS
Height 490 30.67 3.31 0.021 −1.179 0.011 −1.302

Thickness 200 11.8 1.18 0.043 1.031 0.064 −0.945
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Scla 4A-1 Ramus minimum breadth 35.1

Comparison Samples n Mean Stand. dev. DP ECRA

NE (Neandertal) juvenile (S1-S4) 11 28.5 3.47 0.086 0.854

MHSS (Spitalfields) 2−5 years (S1) 15 22.4 1.6 0.000 3.701

MHSS (Hasanlu−Tapeh) S2 4 23.8 4.2 0.074 0.845

MHSS 7−10 years (S3) 12 27.4 1.9 0.002 1.841

EN adult 6 r 39.15 2.93 0.225 −0.538

LN adult 10 r 40.55 3.09 0.112 −0.78

N (EN + LN) adult 16 r 40.03 3.01 0.122 −0.768

UPMH adult 11 39.69 3.12 0.172 −0.66

MHSS adult 1107 33.99 3.19 0.728 0.177

Belgian MHSS adult 11 33.3 3.45 0.613 0.234

Belgian MHSS S3 8 27.3 3.59 0.066 0.919

table 11: Ramus 
minimum 
breadth of the 
Scladina right 
hemimandible  
(Scla 4A-1)
compared 
to that of 
immature  
and adult 
Neandertals 
and MHSS  with 
DP and ECRA.

Scla 4A-1 Ramus height 45.5

Comparison Samples n Mean Stand. dev. DP ECRA

NE S1-S4 6 41.4 10.01 0.699 0.159

MHSS 7−10 years 
(S3) 12 45.4 4.3 0.982 0.011

Belgian MHSS S3 8 45.2 4.1 0.944 0.031

EN adult 4 r 66.04 3.23 0.008 −1.998

LN adult 5 r&l 67.68 5.77 0.018 −1.385

NE (EN + LN) adult 6 r 64.98 3.63 0.003 −2.088

UPMH adult 9 r&l 63.95 6.25 0.018 −1.28

MHSS adult 879 57.06 4.89 0.018 −1.204

Belgian MHSS adult 11 56.04 4.21 0.031 −1.124

table 12: Ramus height of the 
Scladina right hemimandible  
(Scla 4A-1) compared to that of 
immature  and adult Neandertals 
and MHSS  with DP and ECRA.
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Figure 29: Bivariate analysis 
of  the  minimum breadth 
(mm) of the right ramus 
and the gonion-condyle 
height. The hemimandible 
Scla 4A-1, compared to 
immature Neandertals as 
well as to some Belgian 
immature and adult MHSS.
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Figure 30: ECRA of the symphysis angles as well as of the height and thickness of the Scladina mandible.
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The gonion-condyle height (M 70) along the 
posterior border of the ramus of Scla 4A-1 does 
not significantly differ from the average of imma-
ture Neandertals or of immature modern human 
(MHSS) of age class S3 (Table 12). In contrast, 
it significantly differs from all Neandertal and 
MHSS adults. 

In the bivariate graph of Figure 29 the 
minimum breadth of the ramus and the gonion-
condyle height of the mandible are compared to 
immature Neandertals as well as to some Belgian 
immature and adult MHSS. Scla 4A-1 is situated 
outside the area of adult MHSS but also outside 

the too small sample of juvenile Neandertals and, 
in contrast, in the area of juvenile MHSS of age 
class S3.

The mandibular angle of Scla 4A-1 (116°) only 
departs significantly from immature modern 
humans (MHSS) of age class S1 (Table 13). Clearly, 
the ramus is less inclined on the corpus than in 
modern children (see Giacobini et al., 1984).

5.3. discussion
In the previous section, some dimensions of the 
Scladina mandible were statistically compared 
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table 13: Mandibular angle 
of the right hemimandible  
(Scla 4A-1) compared to 
those of immature  and 
adult Neandertals and 
MHSS  with DP and ECRA.

Scla 4A-1 Mandibular angle (°) 116

Comparison Samples n Mean St. Dev DP ECRA

EN (Early Neandertals) adult 4 113.5 6.61 0.73 0.119

LN (Late Neandertals) adult 6 107.3 3.56 0.058 0.951

Neandertals  (EN + LN) adult 10 109.8 5.63 0.299 0.487

NE juvenile 10 120.7 7.79 0.561 −0.267

UPMH adult 19 116.68 5.65 0.906 −0.057

MHSS juvenile S1 20 134.6 6.25 0.008 −1.422

MHSS adult 1037 122.19 6.42 0.335 −0.491

to different immature and adult Neandertal and 
MHSS samples. In Figure 30, we analyse all ECRA 
dimensions as a series.  It shows that the Scladina 
I-4A mandible differs from immature MHSS of 
classes S1 and frequently S2 as well as, often,  
from adult modern humans (UPMH or MHSS). 
The Scladina mandible fits perfectly with imma-
ture NE S2-S3-S4, including the angles at the 
symphysis, which clearly mark the difference with 
MHSS. It differs more from adult Late Neandertals 
than from adult Early Neandertals, which could 
be linked to the approximate age of the fossil at 
80,000, which relates to either MIS 5b or 5a (see 
Chapter 5: § 4.3).

6. Conclusion

T he anatomical observations and morpho-
metric analysis in this chapter highlight a 

range of features found on immature and adult 
Neandertals.

In terms of morphology, the Scladina mandible 
combines some features generally considered as 
derived — such as, among others (Table 2),  the 
highly excavated submandibular fossa or the 
deeply excavated pterygoid fossa —  and some 
features not unanimously accepted as derived, 
but frequent among Neandertals, for instance 
the laterally expanded condyle. In fact, what 
characterizes a Neandertal mandible, both adult 
and juvenile, lies less in supposed derived traits 
and more in the unique combination of a set of 
traits that, taken individually, are not typical of 
this taxon. In this regard, the Scladina mandible 
matches the general pattern of Neandertals. 

Statistically, the Scladina mandible is close to 
immature Neandertals, particularly those who 
were about the same age at death. Compared 
to adult Neandertals, it seems closer to Early 
Neandertals than to Late Neandertals.
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3-d GEoMEtRiC MoRPhoMEtRiC 
AnALySiS oF thE SCLAdinA 

nEAndERtAL ChiLd’S MAndiBLE 
in A dEvELoPMEntAL ContExt

Chapter 11

1. introduction

T he Scladina specimen represents a subadult 
individual of an Early Neandertal, dated to 

the OIS 5. Age at death is estimated at close to 8 
years (Toussaint & Pirson 2006; Smith et al., 2007 
& Chapter 8). Morphology, both metric and non-
metric, closely aligns the child with Neandertals, 
as does the mtDNA sequences recovered from 
the specimen (Orlando et al., 2006). In this 
study we analyze the three-dimensional shape of 
the Scladina I-4A juvenile mandible and place it 
within a comparative developmental context of 
both modern human and Neandertal samples.

2. Materials and methods

T he fossil sample used in this study comprised 
seven adult and six subadult Neandertal 

mandibles. When the original fossil specimens 
were not available for study, we measured high 
quality casts from the collections of the Division 
of Anthropology (American Museum of Natural 

History, New York), the Department of Human 
Evolution (Max Planck Institute for Evolutionary 
Anthropology, Leipzig) and the Institut de 
Paléontologie Humaine (Paris). We also used a 
recent human comparative sample of thirty two 
adult and thirteen subadult South African Khoisan 
as well as ten adult Greenland and Alaskan Inuit 
mandibular specimens (Table  1). The subadult 
specimens, both Neandertal and modern human, 
were subdivided into six categories based on stage 
of dental eruption : 1. neonate‒2 years old ; 2. 2‒5 
years old ; 3. 5‒8 years old ; 4. 8‒10 years old ; 5. 
10‒15 years old ; and 6. 15‒20 years old. This was 
done because of the uncertainty inherent in the 
aging of individuals based on dental eruption 
stages, and due to the paucity of fossil juvenile 
remains. The age categories were displayed in 
the principal component plots by their number 
(Figure 2). Although the human mandible is sexu-
ally dimorphic (Hrdlička, 1940a,b; Humphrey 
et al., 1999), sexually dimorphic patterns differ 
regionally in modern humans (Humphrey et 
al., 1999) and probably also across taxa. In addi-
tion, sex assignment is very difficult in subadults. 

Figure 1: The Scladina mandible, 
surface rendering of a reconstruction 
so that the two parts are in contact.

3 cm0
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Because no sex information was available for most 
of our samples, males and females were pooled 
in the analysis, and sexual dimorphism was not 
examined in this study.

A surface rendering of the Scladina spec-
imen was measured using the software Amira 
(Figure 1), while the comparative sample was 
measured directly with a Microscribe 3D-X 
(Immersion Corp.) portable digitizer. Fifteen 
osteometric landmarks, defined as homologous 
points that can be reliably and repeatedly located 
and which represented the midline and left side 
of the mandible were used (Table 2 and Figure 2; 
see also Nicholson & Harvati, 2006). All data 
were collected by one observer (KH). This type 
of morphometric analysis does not accommodate 
missing data. Therefore some data reconstruc-
tion was undertaken. Landmarks on specimens 
with minimal damage were estimated during 
data collection, using anatomical clues from the 

preserved surrounding areas. Bilateral land-
marks missing on the left side were estimated 
from the preserved homologues on the right side 
by mirroring-imaging, using reflected relabe-
ling (Harvati, 2003). This procedure exploits the 
Procrustes geometry to reflect the paired land-
marks without having to specify a mirroring 
plane. During reflected relabeling, specimens 
with a missing landmark on one side were least-
squared superimposed with their reflections. The 
coordinates for the missing landmark were then 
substituted from the fitted homologous points in 
the preserved side. The level of error that is intro-
duced by this procedure has been shown to be 
minimal (Harvati, 2003).

The landmark coordinates were processed 
according to geometric morphometric methods. 
Specimen configurations were superim-
posed using Procrustes Generalized Analysis 
(GPA) using the Morpheus software package 

table 1: 70 mandibles 
constitute the basis of 

this comparative study.

table 2: Landmarks used and their definitions.  The first 12 landmarks were 
collected on the left side. Adapted from Nicholson & Harvati, 2006.

Landmark Definition

1. Gonion The point along the rounded posterioinferior corner of the mandible where the line bisecting the 
angle between the body and the ramus would meet

2. Posterior ramus The point at the posterior margin of the ramus at the level of the M3
3. Condyle tip The most superior point on the mandibular condyle
4. Condylion mediale The most medial point on the mandibular condyle
5. Condylion laterale The most lateral point on the mandibular condyle
6. Root of sigmoid process The point where the mandibular notch intersects the condyle
7. Mandibular notch The most inferior point on the mandibular notch
8. Coronion The most superior point on the coronoid process
9. Anterior ramus The point at the anterior margin of the ramus at the level of the M3
10. M3 The point on the alveolar bone just posterior to the midline of the third molar
11. Mental foramen The point in the middle of the mental foramen
12. Canine The point on the alveolar margin between the canine and the first premolar
13. Gnathion The most inferior midline point on the symphysis
14. Infradentale The midline point at the superior tip of the septum between the mandibular central incisors

15. Mandibular orale The most superior midline point on the lingual side of the mandible between 
the two central incisors

Modern humans

Khoisan adults 32 (SAM, UCT)
Khoisan subadults 13 (SAM, UCT)
Inuit adults 10 (AMNH)

Fossils

Neandertal adults (7) Krapina J, La Ferrassie 1, La Quina 9, Montmaurin, 
Regourdou, Tabun 1, Zafarraya

Neandertal subadults (6) Gibraltar 2, Le Moustier, Pech de l’Azé, Roc de Marsal, 
Scladina I-4A, Teshik-Tash

H. heidelbergensis (2) Mauer, Sima 5
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(Slice, 1998). This procedure translates the land-
mark configurations to common origin, scales 
them to unit centroid size (the square root of the 
sum of squared distances of all landmarks to the 
centroid of the object, the measure of size used 
here), and rotates them according to a best-fit 
criteria. During GPS centroid size is removed.

To explore the relationship of Scladina to 
the Neandertal and modern human comparative 
samples, a principal components analysis (PCA) 
was conducted using the superimposed coordi-
nates as variables (shape space). Additionally, 
and in order to analyze the growth trajectories of 
Neandertals and modern humans, we conducted 
a PCA using the superimposed coordinates and 
the logarithm of centroid size (logCS) as variables 
(size-shape space), as outlined by Mitteroecker 
et al. (2004). In such an analysis of size-shape 
space, data logCS has the greatest variance of 
any other variable, and thus the first principal 
component reflects differences in size and can be 
interpreted as a temporal pattern of shape change. 
Higher size-shape principal components in turn 
can be interpreted as spatial patterning of shape 
changes reflecting taxonomic differentiation along 
a growth trajectory. Because biological interpreta-
tions can sometimes be affected by the projection 
of a higher-dimension space onto two dimensions, 

we examined the first three principal components 
following Mitteroecker et al. (2004).

The GPS, size-shape principal components 
analysis, and visualization of shape differences 
along size-shape principal components were 
conducted using Morphologika 2 (O’Higgins & 
Jones, 2006). The three-dimensional plots of prin-
cipal components 1, 2 and 3 were made using the 
SAS software package (SAS Institute, 1999-2001).

3. Results

T he results of the principal components anal-
yses are shown in Figures 3‒6.

Shapespace analysis : Neandertal and modern 
human adults were separated along principal 
component 1 (26.1% of the total variance), although 
there was some overlap along this axis (Figure 
3). PC 1 also separated subadults (both modern 
and Neandertal) from modern human, but not 
Neandertal adults. PC 2 separated Neandertal and 
Khoisan adults from modern human and some 
Neandertal subadults. Inuit adults for the most part 
overlapped with Khoisan subadults along that axis. 
Scladina fell with Neandertals on the positive ends 
of both PC 1 and 2. The two H. heidelbergensis spec-
imens clustered with Neandertals, but fell near the 
zone of overlap with modern humans along PC 1.
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Figure 2: Landmarks used in this analysis (adapted from Nicholson & Harvati, 2006). 

Landmark numbers correspond to those listed in Table 2.
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Shape differences along PC 1 included on 
the Neandertal/subadult (positive) end : a short 
condyle, an infero-posteriorly inclined symphysis, 
an anteriorly placed distal end of the toothrow, 
a medially placed gonion, lateral position of the 
condyle relative to the mandibular notch, and 
a posterior and lateral position of the mental 
foramen. Shape changes along PC 2, on the other 
hand, included on the juvenile/Inuit (positive) end : 
a more posteriorly sloping ramus and posterior 
position of the condyle, short ramus and corpus 
height (as reflected at the level of the canine) , 
anteriorly placed distal end of the toothrow, and 
more medial and anterior position of the canine.

PC 1 was weakly correlated with centroid size 
when the entire sample was considered (r2 = 0.07, 
p = 0.04), but the correlation was much stronger 
when Homo sapiens and Homo neanderthalensis 
were examined separately (Neandertals: r2 = 0.56, 
p  =  0.003; Homo sapiens: r2 = 0.44, p < 0.0001). 
When plotted against centroid size (Figure 4, left 
panel), Neandertals, adults and subadults, were 
clearly more similar in their PC 1 scores to Khoisan 
subadults but were well separated from modern 
human adults. While the subadults had a similar 

starting point, the trajectory of Neandertals with 
increasing size (and time) along PC1 was very 
different from that of modern humans. PC 2 was 
also mildly correlated with centroid size when the 
entire sample was analyzed either in its entirety 
(r2 = 0.16, p = 0.0005) or separately (Neandertals : r2 
= 0.29, p = 0.06; Homo sapiens: r2 = 0.07, p < 0.04). 
Figure 4 (right panel) also shows Neandertals and 
modern humans have a similar starting point on 
PC 2 and this time follow a similar trajectory with 
increasing size, though the Neandertal trajectory 
is longer than that of modern humans.

Formspace analysis: The results of the shape-
space analysis were confirmed with a form 
(or  size-shape) -space analysis. Here principal 
component 1 accounted for 78.9% of the total 
variance (Figure 5) and very closely reflected 
differences in size (Figure 5). PC 1, therefore, can 
be interpreted as a temporal axis with younger 
individuals placed on the negative side and 
older ones on the positive end of the axis. PC 
2 accounted for 5.6% of the total variance and 
showed spatial patterning. This information can 
be interpreted as reflecting taxonomic differ-
ences between Neandertal and modern human 
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Figure 3: Shape-space analysis. Principal components 1 (x-axis) and 2 (y-axis). Shape differences 
shown between Neandertals (positive ends of PC1 and 2), juvenile Homo sapiens (positive 

end of PC1, negative end of PC2) and adult Homo sapiens (negative end of PC1).
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mandibular shape. Neandertals, both subadults 
and adults, and H. heidelbergensis clustered on the 
positive side of PC 2, with modern human adults 
and subadults on the negative side. While there 
was no overlap among adults, some Neandertal 
subadults fell at the edge of the modern human 
range of variation: Le Pech de l’Azé fell very 
close to a Khoisan child of similar chronological 
age; the Le Moustier adolescent fell within the 
range of modern adults on PC 2. Nonetheless, the 
Scladina individual was well on the positive end 
of PC 2, at the edge of the adult Neandertal range 
on that axis (Figure 5).

Although Neandertal and modern human 
subadults are closer to each other than the 
adults are, the principal shape differences distin-
guishing the taxa are already seen in young 
individuals (age category 2 [2‒5 years] being the 
smallest one included in this analysis). Scladina, 
at the dental stage 4, is already characterized 
by the taxonomic features that differentiate 
Neandertals from modern humans. This finding 
is consistent with previous results that the 
anatomical features that distinguish Neandertals 
from modern humans appear either prenatally or 
early postnatally (Ponce de León & Zollikofer 
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Figure 4: Shape-space analysis. Principal component 1 (left panel) 
and 2 (right panel) plotted against centroid size.
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Shape differences along PC1 and 2 are shown. Age categories as follows: 1: Neonate‒2 years old; 

2: 2‒5 years old; 3: 5‒8 years old; 4: 8‒10 years old; 5: 10‒15 years old; 6: 15‒20 years old.
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2: 2‒5 years old; 3: 5‒8 years old; 4: 8‒10 years old; 5: 10‒15 years old; 6: 15‒20 years old.

Figure 7: The modern human (above) and Neandertal 
(below) growth trajectories along PC 1:
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2001, 2006; Bastir et al. 2007). The Neandertal 
growth trajectory is longer along PC 1 and 
overlaps partially only with some of the larger 
individuals from the Inuit sample. Neandertal 
subadults, particularly those in the later stages 
(4‒6), are more advanced along PC 1 than modern 
human children of similar dental stage (Figure 5). 
Scladina, with a dental stage of 4, overlaps on PC 
1 with modern Khoisan adults, while Le Moustier 
(dental stage 6) overlaps with some of the larger 
Inuit adults.

The modern human trajectory along PC 1 
(Figure 7) can be described as showing growth 
in both the vertical and anterior dimension, with 
an increase in the ramal height, a change in the 
orientation between the ramus and the body, 
and an increase in the antero-posterior length 
of the body being the dominant features. The 
Neandertal trajectory is similar in the vertical 
component of growth and is also characterized 
by a change in the relative position and orien-
tation of the ramus and body, though not by a 
pronounced antero-posterior direction of growth 
(Figure 7).

4. discussion and conclusions

T his study shows that the Scladina mandible, 
although quite young in chronological age 

and relatively old in geological age, is already 
characterized by the features that distinguish 
Neandertals from modern humans as reflected 
by our data. The data also found that Neandertal 
juveniles show some of the crucial features 
differentiating Neandertal from modern human 
adults at an early age. Nonetheless both groups 
are characterized by considerable shape change 
throughout ontogeny. These results are consis-
tent with previous work indicating that both 
prenatal development and postnatal growth are 
important in determining the adult Neandertal 
and modern human mandibular shape (Bastir et 
al., 2007). The Neandertal growth trajectory was 
found to be longer than that of modern humans, 
reaching a larger adult form, though the inclu-
sion of a large-bodied modern human group 
(Inuit) resulted in more overlap in size than previ-
ously reported (Bastir et al., 2007). Neandertal 
juveniles appeared to be more advanced than 
modern human juveniles of similar dental stage, 
though this was more apparent in the later 
stages of growth.
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Christine VERNA & Michel TOUSSAINT

thE FRAGMEntARy 
RiGht MAxiLLA oF thE 

SCLAdinA i-4A jUvEniLE

Chapter 12

1. introduction

A fter the initial discovery of the right hemi-
mandible Scla 4A-1, in July 1993, sorting of 

the faunal collections found previously at Scladina 
in the same stratigraphic unit was undertaken. 
During this laboratory work, which mainly took 
place in the second part of 1993, several human 
teeth and a right partial maxilla were identified. 
The teeth had been discovered a few years earlier, 
from 1990 until 1992, and the maxilla in February 
1992, but none of these fossils had been recognized 
as human and more specifically as Neandertal at 
that time. The partial maxilla comes from Square 
D30 and was first attributed to former Layer 
4A; however, according to the recent and more 
precise analysis of the stratigraphy of the cave 
(Chapter 3), it would seem to originate from Unit 
4A-POC, even if an origin from the top of Unit 
4A-CHE cannot be entirely ruled out (Chapter 5).

Below we provide a description of the partial 
maxilla and compare its morphology to samples 
of subadult Neandertals as well as Early Modern 
Humans associated with Middle and Upper 
Palaeolithic industries. Each individual is attrib-
uted to a dental development stage based on 
dental eruption as follows: S1: deciduous denti-
tion only; S2: deciduous dentition and M1 fully 
erupted; S3: mixed dentition with the M1 and at 
least another fully erupted permanent tooth (but 
usually not the M2); S4: permanent dentition only, 
with the M2 fully erupted, but not the M3. The 
Scladina Child belongs to the S3 stage.

Maxillas, in particular immature ones, are 
fragile skeletal elements and are therefore rela-
tively scarce in the fossil record. In addition, 
individuals from age class S1 are far more abun-
dant than those from the other age classes, which 
considerably limits our comparison of Scladina to 
children of similar age. Our Neandertal samples 
include nine individuals distributed as follows: 
four from dental stage S1 (Engis 2, Roc de Marsal, 
Subalyuk 2, Devil's Tower), two S2 individuals (La 

Quina 18; Krapina 46), three S3 (Kůlna, Krapina 47, 
Teshik-Tash) and two S4 (Krapina 48, 49). The 
Pleistocene Modern Human sample includes 
the Middle Palaeolithic individuals Qafzeh  4, 
Qafzeh 11 and Mugharet-el-Aliya as well as eight 
individuals associated with Upper Palaeolithic 
industries (UPMH). Five of these belong to the 
S1 age class (Le Figuier, Grotte des Enfants 1 and 
2, La Madeleine, Le Placard 31); one to S2 (Saint-
Germain-la-Rivière 7); one to either the S2 or S3 
age classes (Le Placard 33) and one to S4 (Cova del 
Parpalló). All data were gathered from the study 
of the original specimen except for Teshik-Tash 
and Cova del Parpalló for which the data were 
recorded from casts.

2. State of preservation

T he Scla 4A-2 maxilla is a single fragment 
from the right mid-facial region that retains 

part of the alveolar and palatine processes and a 
small part of the body (Figure 1). The fragment is 
50 mm in length and 25 mm in both height and 
width. The bone is broken along a subhorizontal 
section at the level of the floor of the nasal fossa, 
so that the frontal process, the upper part of the 
body and the zygomatic process are all missing. 
A small part of the nasal floor is preserved and, 
laterally, parts of the floor of the maxillary sinus 
are revealed by the breakage.

Medially, the bone is preserved up to the 
sagittal midline in its lower part and retains the 
interdental wall between the permanent maxillary 
incisor sockets as well as a portion of the contact 
surface with the left maxilla (Figures 1e & 3a). 
However, the breakage runs laterally upwards so 
that the inferior margin of the piriform aperture 
is missing except for a very small portion at the 
level of the interalveolar septum between the two 
central incisors.

The fragment extends laterally from the 
midline to the mesial part of both the distobuccal 
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and lingual roots of the M1. The alveoli of the 
right incisors, canine and dm1 are well preserved, 
with their medial side almost intact whereas the 
lateral one is eroded (I1, I2) or largely destroyed (C, 
dm1). Only a small part of the palatine process is 
preserved. It extends backward for about 30 mm 
from the orale and does not reach the transverse 
suture.

Six right teeth, found isolated in former 
Layer 4 (see Chapter 5 for more details about the 
stratigraphic origin of the fossils), can be refitted 
in the maxilla (see Chapter 13): both permanent 
incisors (Scla 4A-11 & 14), the permanent canine 
(Scla 4A-16), both deciduous molars (Scla 4A-7 
& 5), and the first permanent molar (Scla 4A-4). In 
addition, the unerupted Scla 4A-2/P4 is visible in 
the bottom of the dm2 socket. The second maxil-
lary molar (Scla 4A-3) and the third molar germ 
(Scla 4A-8) have also been found.

3. Morphology

3.1. Antero-lateral view: external 
face of the body

A nteriorly, the very small preserved portion 
of the inferior margin of the piriform aper-

ture, above the I1-I2 interdental septum (ca. 6.5 mm 
long), shows two crests separated by a prenasal 

groove (fossa intranasalis). In addition, the pres-
ence of a fossa intranasalis suggests a pattern 
similar to the Franciscus (2003) nasal margin 
category 5 (spinal crest fused to the lateral one and 
partially fused to the turbinal) or 6 (partial fusion 
of the spinal and turbinal crests). We shall recall 
here that 67% of Neandertals show configuration 
5 (n = 21), whereas only 3% of Upper Palaeolithic 
Modern Humans and none of the specimens from 
Qafzeh and Skhul (Franciscus, 2003) present this 
pattern. Note also that configuration 6 is very 
rare and was never observed in these Pleistocene 
samples. Group differences are even more marked 
when only subadult individuals are considered 
(see Table 1).

Based on the preserved portion of the nasoal-
veolar clivus, the subnasal height (M48-1, 
Martin, 1928) would be higher than 18 mm and 
may be estimated at close to 19.5 mm. This value 
is higher than all Neandertals belonging to age 
class S1 (Table 2; Figure 2a) but very close to Engis 
2 (19.3 mm). It falls well within the range of the 
class 3 Neandertals, being higher than Teshik-
Tash but lower than Kůlna and Krapina 47, and 
is much lower than the older Krapina 49 indi-
vidual. When compared to Pleistocene Modern 
Humans the subnasal height of Scladina is higher 
than Qafzeh 10 (age class S2) and above all Upper 
Palaeolithic individuals from all age classes, falling 
well outside their range of variation (m = 12.5; 

Figure 1: Scla 4A-2 right maxilla at 1:1 scale. (a) external (antero-lateral), (b) internal, (c) 
superior, (d) inferior, (e) medial and (f) posterior views. Photographs Joël éloy, AWEM.
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e f
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Specimen Age class Internal nasal 
floor pattern

Nasal margin 
configuration

Zygoalveolar 
crest placement

Scladina S3 bilevel 5/6? m2M1

Devil’s Tower(1) (Gibraltar) S1 bilevel – –

Engis 2 (Belgium) S1 bilevel 5 –

Roc de Marsal 1 (France) S1 bilevel 5 m2M1

NEAND Subalyuk 2 (Hungary) S1 bilevel 5 m1m2

La Quina 18 (France) S2 bilevel 5 m1m2l/m2r

Krapina 46 (Croatia) S2 – – M1

Kůlna (Czech Republic) S3 – 5 M1

Krapina 47 (Croatia) S3 sloped 3 M1

Teshik-Tash(c) (Uzbekistan) S3 – M1

Krapina 48 (Croatia) S4 level – –

Krapina 49 (Croatia) S4 sloped 2 –

Qafzeh 4 (Israel) S2 – 4 M1

MPMH Qafzeh 11(1) (Israel) S2 level 4  

Mugharet-el-Aliya(1,2) (Morocco) S3 sloped 3/7  

Arene Candide 6(1) (Italy) S1 bilevel 3,7  

Lagar Velho(1) (Portugal) S1 sloped/bilevel? 7  

Le Figuier (France) S1 level 3 m2

Grotte des Enfants 1 (Italy) S1 level 1 m2

Grotte des Enfants 2 (Italy) S1 level 1 m2

UPMH La Madeleine (France) S1 ((level 3  

Le Placard 31 (France) S1 level – m2M1

Saint-Germain-la-Rivière 7 (France) S2 – – m2M1

Le Placard 33 (France) S2/3 level – m2M1

Cova del Parpalló(c) (Spain) S4 level 1 M1

table 1: Morphological features. Internasal floor pattern and nasal margin configuration following 
the categories defined by Franciscus (2003). nEAnd: Neandertals; MPMh: Middle Palaeolithic 

Modern Humans; UPMh: Upper Palaeolithic Modern Humans. Otherwise indicated, all data were 
recorded by the authors on the original specimens. (c) data collected on a cast; (1) data from Franciscus, 

2003; (2) data from Minugh-Purvis, 1993. See the text for the definition of the age classes.

sd = 1.4; m+2sd = 15.3). Finally, the value measured 
on Scla 4A-2 is also well above the mean obtained 
by Minugh-Purvis (1993) for samples of modern 
humans of similar ages (mid- and late-childhood, 
m = 14.8 and 14.5 respectively) and at the upper 
limit of the variation of a sample of 10-12 dental 
development ages (range = 11-19, m = 14.9, n = 7). 
Therefore, the subnasal height of Scladina is rather 
high and consistent with the range of variation of 
Neandertals, who have a high nasoalveolar region 
when compared to recent humans (Maureille, 
1994). Although Minugh-Purvis (1988) suggested 
that this high subnasal height seen in adult 
Neandertals would not develop before late child-
hood, our data (Table 2) as well as other studies 
(e.g. Madre-Dupouy, 1992; Krovitz, 2003) show 
that young Neandertals (age class S1) already have 
a higher subnasal height than Upper Palaeolithic 
and modern children of similar ages. This might 
not be the case when compared to earlier modern 
humans (associated with Middle Palaeolithic or 
Middle Stone Age industries) but insufficient data 
are available in the fossil record.

The nasoalveolar clivus is a rather flat 
surface, only slightly superio-inferiorly concave, 
and marked by the jugum of the two incisors. 
Laterally, the vertical canine jugum is visible, 
although partially destroyed. Behind it, above 
the molar sockets, the body takes a quite strong 
lateral orientation upwards. Although not enough 
is preserved to assess the infra-orbital topog-
raphy, this lateral projection of the body above 
the post-canine dental alveoli makes it unlikely 
that this piece could have exhibited any strong 
incurvatio inframalaris sagittalis or incurvatio 
horizontalis as described in the ‘flexion’ type 
infraorbital surface of Sergi (1948). Furthermore, 
the preserved morphology shows that the root of 
the zygomatic process, i.e. the zygomaticoalveolar 
crest, emerges at the level of m2/M1, at a location 
more posterior than Subalyuk 2 and La Quina 18, 
similar to the younger individual Roc-de-Marsal, 
but more anterior than all the other S2-S3 indi-
viduals (Table 1). The emergence of the crest is 
overall slightly more anterior in the UPMH sample 
(Table 1), being most often located at the m2 in the 
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S1 age class, m2/M1 in the S2/S3 classes, reaching 
the M1 only in the single individual belonging to 
age class S4. According to Minugh-Purvis (1993), 
the root of the zygomatic process emerges at the 
level of m2/M1 in 56% of 9 modern children aged 
7 to 8 years, and above the M1 in 44% of them. 
However, it emerges at or posterior to the M1 in 
100% of the individuals over 8 years of age. It has 
been shown that in adult Neandertals the root of 
the zygomatic process emerges more posteriorly 
relative to the dentition than in recent humans 
(Rak, 1986; Trinkaus, 1987; Maureille, 1994). 
Indeed, the zygomaticoalveolar crest emerges 
at the level of M2 or M2/M3 on all but one adult 
Neandertals (n = 9, Verna, 2006), whereas it is 
anterior to the M2 on 90% of the recent humans 
(n = 159; Maureille, 1994). This posterior place-
ment of the zygomaticoalveolar crest has been 
linked to the mid-facial prognathism and topog-
raphy characterizing Neandertals (Rak, 1986; 
Trinkaus, 1987). It has also been suggested that 
allometric relationships between infraorbital 
surface topography and infraorbital size could 

explain the Neandertal infraorbital surface topog-
raphy (Maddux & Franciscus, 2009), although 
not entirely (Freidline et al., 2012). The Scladina 
pattern appears rather anterior when compared 
to similarly aged Neandertals, which might then 
reflect a rather low mid-facial prognathism and/
or a relationship with size factors (i.e. an infraor-
bital region not as large as other Neandertals). 
Not enough of the mid-facial region is however 
preserved to test this hypothesis.

3.2. Superior view: floors of nasal 
fossa and maxillary sinus

As stated above, an anterior portion of the nasal 
floor (ca. 28 mm in length and 16 mm in width) 
is preserved. Medially, a very small part of the 
incisive crest is visible at the level of the incisive 
canal opening as well as tiny parts of the nasal 
crest behind that opening. Below that opening, in 
medial view, the incisive canal runs down verti-
cally and emerges on the palatine process (see 

Taxon Age Class Subnasal Height LA1 LA2 LP1 LP2

Scladina I-4A NEAN S3 19.5 12.7 17.1 22.7 17.2

Dederiyeh 2(1) NEAN S1 16.4

Engis 2 NEAN S1 19.3 12.1 18.7

Roc de Marsal NEAN S1 15.0 14.0 20.8 18.0 17.6

Subalyuk 2 NEAN S1 15.9 9.7 16.8 23.6 18.0

Kůlna NEAN S3 24.8 10.9 16.17 13.3

La Quina 18 L NEAN S2 21.6 16.6

Krapina 47 L NEAN S3 22.9 15.5 20.6

Teshik-Tash(c) NEAN S3 18.3 15.3 21.0 22.1 15.3

Krapina 49 L NEAN S4 27.4 16.6 20.7

Qafzeh 4 R MPMH S2 20.1 15.0

Qafzeh 10(2) MPMH S2 18.6

Arene Candide 5B(3) UPMH S1 14.6

Arene Candide 11(3) UPMH S1 13.4

Le Figuier L UPMH S1 11.4 11.3 17.1 21.4 16.6

Grotte des Enfants 2 UPMH S1 11.3 10.5 16.0 15.6

Grotte des Enfants 1 UPMH S1 11.4 10.5 15.5

La Madeleine UPMH S1 13.6 10.6 15.7 21.5

Le Placard 61401-31 R UPMH S1 11.8 17.7

Le Placard 61401-33 R UPMH S2/S3 13.6 19.3 15.2

Saint-Germain-Rivière 7 R UPMH S2 20.2 15.6

Sungir 4(4) UPMH S3 11.0

Cova del Parpalló 1(c) UPMH S4 13.5 13.6 18.2 17.2 11.9

table 2: Subnasal height and arcade length measurements. nEAnd: Neandertals; MPMh: Middle 
Palaeolithic Modern Humans; UPMh: Upper Palaeolithic Modern Humans. Otherwise indicated, 

all data were recorded by the authors on the original specimens. (c) data collected on a cast; (1) 
data from Dodo et al., 2002; Ishida & Kondo, 2002; (2) data from Tillier, 2002; (3) data from Henry-
Gambier, 2001; (4) data from Minugh-Purvis, 1993. See the text for the definition of the age classes.
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below). Postero-laterally, on the preserved portion 
of the floor of the maxillary sinus, two small holes 
(ca. 3 mm) reveal the two root apices of the still 
imbedded P4 (Figure 3a).

Despite the absence of the nasal spine region, 
the preserved morphology allows us to assess 
the internal configuration of the nasal floor, 
following the criteria of Franciscus (2003). The 
Scladina nasal floor shows a bilevel configuration, 
a pattern also shown by five out of eight subadult 
Neandertals (S2-S4) but only one or two UPMH 

(Table 1). According to Franciscus’s (2003) data, 
this bilevel pattern is also found in 87% of adult 
Neandertals (n = 15) but only one of seven MPMH 
(Near East and North Africa) and none of the adult 
UPMH (n = 30).

Furthermore, we can observe the premaxillary 
suture (sutura premaxillaris; see Maureille & 
Braga, 2002) in the anterior part of the nasal floor 
(Figures 3a & 4). The suture runs medio-laterally 
across the entire portion of the nasal floor that is 
preserved, following a rectilinear path.
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Figure 2: Subnasal height (a), anterior arcade 
length LA2 and posterior length LP2 (see text 
for the definition) of Scladina compared to 
Neandertals and Pleistocene Modern Humans.
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MPMh: Middle Palaeolithic Modern Humans;
UPMh: Upper Palaeolithic Modern Humans.
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3.3. inferior view: alveolar 
and palatine process

The palatine process is insufficiently preserved to 
allow any of the standard measurements of the 

palatal and dental arch. In order to compare the 
dental arch size of Scladina to that of other Upper 
Pleistocene individuals we took several linear 
measurements of the arcade length. We measured 
these on the inner side of the alveolar process and 

Nasal fossa �oor

Maxillary sinus �oor

P4 roots
Opening of

incisive canal Incisive canal
Contact surface
with left maxilla

Premaxillar suture

M1 socket dm2 socket P4 crown P3 socket C socket I2 socket

I1 socket

Incisive
foramenIncisive canalPremaxillar sutureGreater palatine groove

Contact surface
with left maxilla

Trace of accessory lateral
interincisive sinus

Figure 3: Superior (a) and inferior (b) views of the Scladina maxilla with main anatomical 
details underlined (photographs Joël éloy, graphics Sylviane Lambermont, AWEM).

a

b
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the landmarks selected were the lowest and most 
medial points on the interalveolar septum. Two 
lengths (LA 1 and LA2) provide an estimate of the 
anterior length of the arcade: LA1 = distance I1/
I1 (or i1/i1) to I2/C (or i2/dc); LA2 = distance I1/I1 
(or i1/i1) to C/P3 (or dc/dm1). In addition, two 
measurements were taken for the posterior part 
of the arcade: LP1 = distance I2/C (or i2/dc) - m2/
M1 (P4/M1); LP2 = distance C/P3 (c/m1) - m2/M1 
(P4/M1).

The distance from the midline (I1/I1) to the I2/C 
septum of Scladina (LA1 = 17.1 mm) falls well 
within the range of variation of both Neandertal 
and UPMH samples, even though it is rather high 
when compared to the UPMH and rather small 
when compared to other Neandertals (Table 2). 
Indeed, it falls within the range of variation of 
the younger S1 Neandertals (with I1 and I2 not 
yet erupted), and close to Engis 2. Although it is 

higher than Kůlna, it falls well below other S3 and 
S4 individuals (Krapina 47, 49 and Teshik-Tash). 
The same distance to the P3-dm1 septum (LA2) 
is also rather low, falling in the lower part of the 
Neandertal range (all age classes pooled) and well 
within the UPMH range (Table 2 & Figure 2b). 
The distance I2/C – m2/M1 (LP1) is by contrast 
among the highest values of our comparative 
samples, being higher than all Neandertals but 
one (Subalyuk 2), Qafzeh 4 (MPMH) and above all 
UPMH individuals (Table 2). The same is true when 
only the first two cheek teeth are considered, i.e. 
the distance LP2 between C/P3 (or c/dm1) and P4/
M1 (or dm2/M1). Overall, Scladina falls among the 
highest Neandertal values, above Qafzeh 4 and 
above all UPMH individuals (Figure 2c).

On the anterior part of the alveolar process, 
the right wall of a unique incisive foramen can be 
observed behind the medial wall of the I1 socket. 

Figure 4: micro-CT scans data showing the premaxillary suture (as indicated by the arrows).

a

b
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All Neandertals show a unique incisive foramen, 
whereas among recent humans there is more vari-
ation, sometimes with additional openings. A 
deep, larger palatine groove emerges distally at 
the level of the dm2/M1 septum.

The premaxillary suture (sutura premaxillaris) 
can be observed on the palatine process (Figures 3b 
& Figure 4). It runs first distally from the I2-C inter-
alveolar septum along the canine alveolar edge, 
and turns then medially and slightly anteriorly. As 
described above, this suture is also visible on the 
nasal floor (but its possible presence on the lateral 
wall of the nasal fossa cannot be confirmed). In 
addition, slight traces of the secondary interinci-
sive sinus are visible behind the I1-I2 interdental 
septum. Finally, slight traces close to the incisive 
canal might reflect the presence of a medial inter-
incisive sinus (see Maureille & Bar, 1999) but 
the traces are not clear enough to assert it. The 
premaxillar suture is well observed on the micro-
CT data (Figure 4), which show that the suture is 
not restricted to the surface of the palatal face but 
runs upwards inside the bone Micro-CT data also 
show that the lateral interincisive sinus is open in 
its medial part.

A similar pattern, with an open premaxillary 
suture on the palatal face as well as on the nasal 

floor is observed on all the younger Neandertals 
from the S1 dental development with the excep-
tion of Devil’s Tower. The suture is also visible on 
the palatal face of La Quina 18 and Teshik-Tash, 
but is closed on Krapina 47 and Kůlna (Table 3). 
The premaxillary suture is also most often visible 
on the palatal face and nasal floor of the UPMH 
individuals, showing no difference in expression 
with Neandertals (but the data set is limited). 
It has been suggested that the closure of the 
premaxillary suture is delayed on Neandertals 
compared to recent humans (Maureille, 1994; 
Coqueugniot, 1998; Maureille & Bar, 1999; 
Maureille & Braga, 2002). The premaxillar 
suture on Scladina is still open on part of its path, 
adding to the evidence provided by Maureille 
& Bar (1999) on younger individuals. A delayed 
closure of the suture might have allowed a longer 
growth period of the Neandertal midface. In 
addition, Maureille & Bar (1999) have stressed 
that the presence of two interincisive sinuses 
is much more frequent than in recent humans, 
possibly because of their larger incisor size. Our 
data suggest that UPMH show most often only 
one sinus in a pattern similar to recent humans 
(Table  3). More data are however needed on 
Pleistocene Early Modern Humans.

Scla Ded1 DevTo Eng2 PAze RdM Sub2 LQ18 Kra47 Kůlna TTash

NEAND

Age class S3 S1 S1 S1 S1 S1 S1 S2 S3 S3 S3

Origin of the data (1) (2) (3) (1) (3) (1)(3) (1) (1) (3) (1) (3)

Premaxillary suture above crista conchalis x x Yes Yes Yes x x

Premax. suture below crista conchalis x x Yes Yes Yes x x

Premax. suture on the floor of nasal fossae Yes No Yes Yes Yes x Trace

Premax. suture on palatal face Yes Yes No Yes Yes Yes Yes Yes No No Yes

Lateral scondary interincisive sinus Trace Yes No Yes Yes Yes Yes Trace x No

Medial secondary interincisive sinus  Trace? Yes No Yes Yes Yes Yes x x No

Qafz4 GE1 GE2 Le Figuier Plac31 Plac33 StGer7

MPMH 
& 

UPMH

Age class S2 S1 S1 S1 S1 S2/3 S2

Origin of the data (1) (1) (1) (1) (1) (1) (1)

Premaxillary suture above crista conchalis No Yes Yes Yes x

Premax. suture below crista conchalis x Yes Yes x

Premax. suture on the floor of nasal fossae x (No) Yes Yes Yes (Yes)

Premax. suture on palatal face Trace Yes Yes Yes Yes Yes

Lateral secondary interincisive sinus Yes Yes Yes Yes x No

Medial secondary interincisive sinus Yes x No No No No

table 3: Expression of the premaxillary suture in the fossil specimens. nEAnd: Neandertals; MPMh: 
Middle Palaeolithic Modern Humans; UPMh: Upper Palaeolithic Modern Humans. Origin of the data: (1) 

This Study; (2) Dodo et al., 2002; (3) Maureille & Bar, 1999. See the text for the definition of the age classes. 
Scla = Scladina; ded1 = Dederiyeh; devto = Devil's Tower; Eng2 = Engis 2; PAze = Pech de l'Azé (Patte, 1957); 

RdM = Roc de Marsal; Sub2 = Subalyuk 2; Lq18 = La Quina 18; kra47 = Krapina 47; ttash = Teshik-Tash; 
qafz4 = Qafzeh 4; GE = Grotte des Enfants; Plac = Le Placard; StGer7 = Saint-Germain-Rivière 7.
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4. Conclusions

T he maxilla of Scladina is a rather small frag-
ment retaining only parts of the right body, 

palatine and alveolar processes. Its high subnasal 
height (estimated) and the bilevel configuration 
of its internal nasal floor are consistent with the 
Neandertal group. The location of the zygoalve-
olar crest is however not as posterior as similarly 
aged Neandertals. In addition, the  anterior part of 
its dental arcade is rather short  when compared 
to other Neandertals, which is consistent with 
the rather low cervical area of the anterior teeth 
(see Chapter 13) which fall in the lower part of 
the Neandertal range.  Finally, the premaxil-
lary suture is visible on the palatal face and on 
the nasal floor and still open on a large part of its 
path as shown by the Ct-scan data. This add to 
previous studies suggesting a delayed closure of 
the premaxillar suture on Neandertals compared 
to recent humans.
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chapter 13

1. introduction

T eeth found in cave sediments are usually 
well preserved and represent the most fre-

quent hominin fossils.
Beginning with the first detailed studies of 

Neandertal remains these fossils always interested 
palaeontologists who have been describing them in 
more or less details. This was for instance the case 
with the remains from Spy (Fraipont & Lohest, 
1887) and La Chapelle-aux-Saints (Boule, 1911-1913) 
as well as in some overviews (Patte, 1959-1961).

Even if Neandertal teeth contain much morpho-
logical information, for a long time they were not 
widely used for taxonomic and phylogenetic pur-
poses, mainly because this taxon and anatomically 
modern humans, notably Upper Palaeolithics, share 
numerous non-metric features (Bailey & Hublin, 
2006). It is true that some traits are sometimes mistak-
enly viewed as typical of Neandertals (e.g. shovelling). 
It has, however, been shown that Neandertals exhibit 
a specific dental pattern characterized by the high fre-
quency of some traits and their combination, not only 
when the entire dentition is taken into consideration 
but also isolated teeth (Bailey, 2002a, 2006a).

The purpose of this chapter is to provide a 
description of the 24 Scladina teeth, belonging 
to a rare example of juvenile western European 
Neandertal which is dated, probably from MIS 5b 
or MIS 5a. The choice was made to seek the associa-
tions of morphological features which, mainly based 
on the work of S. Bailey, distinguish the teeth of 
Neandertals from other taxa. More specific aspects 
of the teeth, such as enamel thickness, enamel den-
tine junction, and root morphology are analysed in 
other chapters (respectively Chapters 14, 15 & 16).

2. Materials and methods

T able 1 presents all 24 teeth recovered from 
former units 4A and 3 of Scladina Cave, 

either found isolated or within the mandible and 

maxilla (erupted or completely embedded). After 
analysis, it is absolutely certain that all the teeth 
found in the former Layer 4A belong to the same 
juvenile individual, as has been thought since the 
first palaeoanthropological discoveries (Otte et 
al. 1993; Toussaint et al., 1998). It was also under-
stood that the three teeth first assigned to the base 
of Layer 3 actually belonged to the same child as 
the fossils found in former Layer 4A. This obser-
vation also confirmed the secondary position at 
least of all the Neandertal remains already put 

Teeth inven-
tory number Anatomical Tooth Identification Status Refiting

Scla 4A-1/M1 mandibular right first molar in situ: erupted

Scla 4A-1/M2 mandibular right second molar in situ: erupted

Scla 4A-1/M3 mandibular right third molar (crown) in situ: unerupted

Scla 4A-1/P2 mandibular right second premolar in situ: unerupted

Scla 4A-2/P2 maxillary right second premolar in situ: unerupted

Scla 4A-3 maxillary right second molar isolated fits in 4A-4

Scla 4A-4 maxillary right first molar isolated fits in 4A-2

Scla 4A-5 deciduous maxillary right second molar isolated fits in 4A-2

Scla 4A-6 mandibular right first premolar isolated fits in 4A-1

Scla4A-7 deciduous maxillary right first molar isolated fits in 4A-2

Scla 4A-8 maxillary right  third molar isolated fits with 4A-3

Scla 4A-9/M1 mandibular left first molar in situ: erupted

Scla 4A-9/M2 mandibular left second molar in situ: erupted

Scla 4A-9/P2 mandibular left second premolar in situ: unerupted

Scla 4A-11 maxillary right central  incisor isolated fits in 4A-2

Scla 4A-12 mandibular right canine isolated fits in 4A-1 & 9

Scla 4A-13 deciduous mandibular right second molar isolated fits in 4A-1

Scla 4A-14 maxillary right lateral incisor isolated fits in 4A-2

Scla 4A-15 mandibular right central incisor isolated fits in  4A-9

Scla 4A-16 maxillary right canine isolated fits in 4A-2

Scla 4A-17 maxillary left lateral incisor isolated

Scla 4A-18 maxillary left canine isolated

Scla 4A-19 mandibular  left lateral incisor isolated fits in 4A-9

Scla 4A-20 mandibular right lateral incisor isolated fits in 4A-9

Table 1: List of all the Scladina juvenile teeth. in situ = tooth still 
attached to the mandible or maxilla, either erupted or unerupted; 

isolated = the tooth was found isolated in sediments. Except when 
noted as deciduous, all teeth are to be considered as permanent.
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in evidence by their planimetric distribution (see 
Chapters 5 & 7).

Small variations in the identification occurred 
in the preliminary articles published about 
the remains of the Scladina juvenile; they are 
presented in Table 2. This chapter provides the 
final determinations based on a detailed study of 
each tooth.

The descriptions of the 24 Scladina teeth focus 
on diagnostic morphological features of Neandertal 
teeth, in accordance with recent dental anthropo-
logical studies (notably by Bailey 2002a, 2002b, 
2004a, 2004b, 2006a, 2006b; Bailey & Lynch, 2005; 
Bailey & Hublin, 2006; Bailey et al., 2011). The 
terminology used for cusp identification follows 
that of classic procedures (see e.g. Hillson, 1996; 
Scott & Turner, 1997). Occlusal wear has been 
scored according to Molnar (1971). Non-metric 
data were collected following the worldwide inter-
national standard for morphological study, the 
Arizona State University Dental Anthropology 
System, or ASUDAS, developed to reduce subjec-
tivity in tooth description. These non-metric traits 
are scored by using a set of plaques and descrip-
tions of the corresponding variations (Turner 
et  al., 1991; Scott & Turner, 1997) that were 

developed for modern humans. On hominin 
fossils, it sometimes appears that trait expres-
sions may exceed the grades found in modern 
humans; in Scladina for instance, the labial face of 
the permanent maxillary central incisor is, mesi-
odistally, more convex than in the ASUDAS UI-1 
curvature, grade 4. The micro-CT data used for this 
study were recorded at the University of Antwerp 
and at the Max Planck Institute in Leipzig.

All teeth were compared to a sample of 
similar specimens from different periods: Early 
Neandertals (EN), Late Neandertals (LN), Middle 
Palaeolithic Modern Humans (MPMH), Upper 
Palaeolithic Modern Humans (UPMH) as well as 
Middle Ages/submodern Modern Homo sapiens 
sapiens (MHSS) from the city of Liège (Belgium). 
The first four groups are mainly part of the file 
prepared by C. Verna (2006) in her PhD thesis and 
developed thereafter as well as some data collected 
by the present author. The modern group consists 
of personal measurements by the author.

Univariate analyses using the method devel-
oped by F. Houët (2001) were carried out to 
compare the MD (mesiodistal) and BL (buccolin-
gual) measurements of the Scladina teeth with the 
above mentioned samples:

Tooth 
Inventory 
Number

Otte et al., 
1993

tOussaint et 
al., 1998

semal et al., 
2005

PirsOn et al., 
2005

tOussaint 
et al., 2011

Present 
chapter Conclusion

Scla 4A-1 Right 
hemimandible

Right 
hemimandible

Right 
hemimandible

Right 
hemimandible

Right 
hemimandible

Right 
hemimandible identical

Scla 4A-2 Right maxilla 
fragment

Right maxilla 
fragment Right maxilla Right maxilla 

fragment
Right maxilla 
fragment

Right maxilla 
fragment identical

Scla 4A-3 RM2 RM2 RM2 RM2 RM2 RM2 identical

Scla 4A-4 RM1 RM1 RM1 RM1 RM1 RM1 identical

Scla 4A-5 Rdm2 Rdm2 Rdm2 Rdm2 Rdm2 identical

Scla 4A-6 RP1 RP1 RP1 RP1 identical

Scla 4A-7 Rdm1 Rdm1 Rdm1 Rdm1 Rdm1 identical

Scla 4A-8 M3 (unspecified) LM3 LM3 LM3 RM3 different

Scla 4A-9 Left 
hemimandible

Left 
hemimandible

Left 
hemimandible

Left 
hemimandible

Left 
hemimandible identical

Scla 4A-10 LC, declassified

Scla 4A-11 RI1 RI1 RI1 RI1 identical

Scla 4A-12 RC̅ RC̅ RC ̅ RC ̅ identical

Scla 4A-13 Rdm2 Rdm2 Rdm2 identical

Scla 4A-14 RI2 RI2 RI2 RI2 identical

Scla 4A-15 RI2 RI2 RI2 RI1 different

Scla 4A-16 RC̲ RC ̲ RC ̲ RC ̲ identical

Scla 4A-17 
(= Scla 3-2) LI2 LI2 LI2 LI2 LI2 identical

Scla 4A-18 
(= Scla 3-3) LC̲ LC̲ LC̲ LC̲ LC̲ identical

Scla 4A-19 
(=Scla 3-4)

Permanent 
mandibular I 
(unspecified)

Permanent 
mandibular I 
(unspecified)

LI2 more precise

Scla 4A-20 RI2

Table 2: Variations in the identification of the teeth of the Scladina Child (i = incisor; c = canine; P = premolar; M & m = 
molar; d = decidous; r = right; l = left; subscript number or 

_
 = mandibular tooth; superscript number or _ = maxillary tooth).
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— Probabilistic distances (DP) compare the 
measurement of a fossil to parameters of a refer-
ence population, according to the formula DP = 
student law (Abs (x−m) / s; n−1; 2);

— ECRA (“écart centré réduit ajusté” of Houët, 
2001) = (x−m) / inverse student law (0.05; n-1) * s.

In both formulas, x = individual value, m = 
sample mean, s = standard deviation, n = number 
of fossils. In tables corresponding to each tooth, 
numbers in brown indicate values of DP and ECRA   
that diverge significantly from the estimated vari-
ation of the reference population (DP > 0.05 or < 
-0.05; ECRA > 1 or < -1).

Bivariate biometric comparisons were 
conducted from the mesiodistal and buccolin-
gual diameters of the crown to try to clarify 
the taxonomic position of the Scladina teeth. 
The bivariate comparisons made use of the 
well-known technique of equiprobable ellipses 
(Defrise-Gussenhoven, 1955); 95% confidence 
ellipses were plotted using the statistical soft-
ware package PAST (PAlaeontological STatistics, 
version 1.77, 2008; Hammer et al., 2001).

Above each tooth description, the following 
information is given:

— the anatomical identification of the fossil;
— the identification number given during the 

palaeoanthropological study;
— the identification number given either on 

the field at the time of discovery or later during 
laboratory sorting of the palaeontological mate-
rial found in the cave, without any reference to 
the human or non-human nature of the fossil;

— the date of the discovery;
— the date the fossil was identified as human 

(sometimes this is a precise date, sometimes only 
a year and a month);

— the excavation square of the discovery;
— the position of the fossil in the first strati-

graphical interpretation;
— the new stratigraphical position: most prob-

able unit (and sometimes layer); in brackets, 
potential unit (see Chapter 5 for more details).

3. description of the 
Scladina i-4a teeth

3.1. Permanent maxillary right 
central incisor, ri1

Palaeoanthropological identification: Scla 4A-11
field identification: Sc 1990-81-47
date of discovery: 13 March 1990

date of identification: May 2000
Square: G27
Stratigraphic position:

— former stratigraphy: 4A
— new stratigraphy: units 4A-POC or 

3-INF (units 4A-IP, 4A-CHE, 3-SUP)

3.1.1. Description (Figure 1)

This permanent maxillary central incisor fits 
perfectly in the corresponding tooth socket of 
the Scla 4A-2 right maxillary fragment, found 
in Square D30, former Layer 4A, at a distance of 
more than 4 m.

The crown is completely formed and the root 
fully occluded but its tip is broken. The crown and 
the root exhibit numerous microfissures, along 
their length and perpendicular to it. No patholog-
ical conditions are noted.

The incisal rim of the crown presents minor 
transversal occlusal wear, without significant 
dentine exposure (grade 2, according to Molnar, 
1971). The rounded occluso-distal angle is only 
slightly concerned by the occlusal wear. The 
incisal plane of wear slants slightly towards the 
lingual surface.

The lingual surface of the crown is shovel-
shaped (ASUDAS, grade 3). Both mesial and distal 
marginal ridges are well marked but do not contact 
the cingulum. They circumscribe a shallow area, 
the lingual fossa. A large but shallow interrup-
tion groove dissects the distal marginal ridge from 
the cingulum, without reaching the cervix. Two 
extensions of the tuberculum, or lingual tubercles 
(tuberculum dentale), are present but lack free 
apexes. The height of both tubercles is 6.6 mm, 
from the cervix, while the height of the crown is 
10.5 mm on the lingual face. First observed on the 
outer enamel surface (OES), all these features are 
also visible, and even more marked, on the enamel 
dentine junction surface (EDj).

When viewed from the occlusal aspect, the 
labial face is mesiodistally strongly convex (more 
than in the ASUDAS UI-1 curvature, grade 4). 
This face also exhibits an irregular superior-infe-
rior convexity, from the cervical line to the incisal 
edge. In detail, as seen in mesial or distal views, 
the labial face is convex near the cervix, then 
becomes oblique in the inferior half adjacent to 
the incisal edge. Double shovelling is not present 
as the labial surface is smooth (ASUDAS, grade 0).

Both side edges of the crown asymmetrically 
diverge from the cervix: the distal edge is more 
rounded and lower than the mesial one, and the 
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figure 1: Scla 4A-11 permanent maxillary right central incisor: a. mesial and lingual views (1:1 scale); b. photographs, 
drawings and 3D reconstructions of the six faces of the incisor (2:1 scale); c. 3D reconstruction with main anatomical 

features; d. internal sections; e. 3D lingual views at the EDJ without and with enamel (micro-CT data processing 
and graphics J.-F. Lemaire, SPW; pencil drawings S. Lambermont, AWEM; photographs J. Eloy, AWEM).
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mesioincisal corner is sharp. The incisal ridge, 
which is slightly convex downward, slightly 
slopes from the mesial up to the distal sides.

On the mesial and distal marginal ridges, 
near the cervical rim, are interproximal wear 
facets indicating that the tooth was functional. 
The mesial facet is flat and is vertically elongated 
with rounded upper angles. It has no subver-
tical grooves. Its height is 4.4 mm and its width 
2.5 mm. The distal facet is smaller and narrower 
with a rounded upper extremity; height: 3.6 mm 
and width: 1.7 mm. There are no subvertical 
grooves.

As usual on incisors, the V-convexity of the 
enamel line is more marked on the mesial face 
than on the distal one.

The lingual length of the root is about 14 mm 
in its actual state of preservation, but as the tip 
is damaged, at least 1.3 mm has to be added to 
get the original length which is then 15.3 mm or 
slightly more. The section of the root is rounded. 
The apical third of the root is anteriorly convex, 
when viewed from the side. No longitudinal root 
groove is present.

3.1.2. Taxonomy
Neandertal maxillary central incisorts exhibit 
a distinctive combination of features which 
makes them particularly useful for distin-
guishing between Neandertals and modern 
humans (Crummett, 1995; Bailey & Hublin, 
2006; Bailey, 2006a): strong expression of 
lingual marginal ridges and associated marked 
shovelling, labial convexity, developed lingual 
tubercles, and superior-inferior convexity of 
the crown and root when viewed from the side. 
All these features can be found, in moderate 
degrees, in Early Modern Humans, but it is the 
high frequency of the combination of all of 
them and of their marked expression that make 
Neandertals distinctive (Table 3).

The permanent Scla 4A-11 maxillary right 
central incisor of Scladina exhibits the distinctive 
combination of features of Neandertals.

3.1.3. Morphometric analysis

Measurements of Scla 4A-11 are as follows:

Md: 9.90 mm
Bl: 7.98 mm
Md at the cervix: 6.95 mm
Bl at the cervix: 6.95 mm
length of the root: 15.3 mm in its 
current state of preservation
Total length of the tooth: 24.67 mm 
in its current state of preservation

Using Bailey (2006b)’s data, the length of the 
Scla 4A-11 root (± 15.3 mm) fits just between the 
ranges of variation of Neandertals (15.7‒19.7 mm) 
and modern humans (11.7‒15.2 mm). More recent 
results (Le Cabec et al., Chapter 16) confirm that 
Scladina has comparatively very short incisor 
roots compared to those of the other MIS 5 
Neandertals. On the other hand, Scladina displays 
the largest pulp cavities.

The MD and BL diameters of Scla 4A-11 depart 
significantly from the average of the different 
comparison samples only in the case of modern 
humans (MHSS), both in the case of the DP prob-
abilistic distance and ECRA (Table 4). MD and 
BL diameters of the crown are, in the bivar-
iate graph of Figure 2, compared to the ellipses 
(95%) of Early and Late Neandertals as well as of 
MPMH, UPMH and MHSS. Partial overlap of the 
equiprobable ellipses indicate that the dimensions 
of the crown of the central incisor crowns perma-
nent only provide limited taxonomic indications. 
And indeed, in the case of Scla 4A-11, the tooth is 
located in the central area where the four ellipses 
of fossils remains overlap, but outside the 95% 
ellipse of MHSS.

Table 3: Distinctive anatomical features on permanent maxillary central incisors of 
Neandertals, Early Modern Humans (after Bailey, 2006a) and Scla 4A-11.

Permanent Maxillary 
Central Incisors Modality Neandertals Early Modern 

Afro-Asians
Early Modern 

Europeans Scla 4A-11

Lingual marginal 
ridges/shovelling

presence (grade 2 or above) (92)-100% 33.3% 50% yes

strong expression (grade 4 or above) > 50% no no grade 3

Labial convexity
presence > 95% 50% 18.8% yes

expression grade 4 or above: 71% weak (≤ grade 3) weak (≤ grade 3) > grade 4

Lingual tubercles(s)
presence 100% 50% 58.3% yes

strong expression yes weak weak moderate 

Double shovelling
presence 4,30% no no no

expression weak (grade 1)
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3.2. Permanent maxillary 
lateral incisors, i2

3.2.1. Description

Permanent maxillary left lateral 
incisor, LI2 (Figure 3)

Palaeoanthropological identifi-
cation: Scla 4A-17 (= Scla 3-2)
field identification: Sc 1991-526-1
date of discovery: 17 October 1991
date of identification: October 1993
Square: F27
Stratigraphic position:

— former stratigraphy: 3, then 4A
— new stratigraphy: Unit 4A-POC 

(units 4A-IP, 4A-CHE, 3-INF)

The crown and the root are completely formed 
and erupted. The specimen is well preserved. 
However, it is labiolingually cracked in two nearly 
equal parts along its longitudinal axis. It exhibits 
secondary longitudinal and transversal cracks on 
the crown. No pathological conditions are noted.

The incisal rim is slightly worn, a bit rounded 
anterio-posteriorly, but without exposing the dentine 
(stage 2 of Molnar, 1971). The tooth was functional.

Scladina Diameter Value

RI1 (Scla 4A-11)
MD 9.9

BL 7.98

Comparison Samples N Diameter Mean Stand. Dev. DP ECRA

EN right & left
21 MD 9.871 0.846 0.973 0.016

22 BL 8.795 0.527 0.137 −0.744

LN right & left
27 MD 9.235 0.626 0.298 0.517

32 BL 8.050 0.489 0.887 −0.070

MPMH right & left
11 MD 9.809 0.763 0.908 0.053

9 BL 8.156 0.482 0.725 −0.158

UPMH right & left
36 MD 8.739 1.040 0.272 0.550

37 BL 7.532 0.420 0.293 0.526

MHSS right & left
92 MD 8.136 0.642 0.007 1.384

92 BL 6.888 0.473 0.023 1.163

Table 4: Scla 4A-11 
(permanent maxillary right 
central incisor): MD and BL 
dimensions compared to those 
of Early and Late Neandertals 
as well as MPMH, UPMH and 
MHSS, with DP and ECRA.
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figure 3: Scla 4A-17 permanent maxillary left lateral incisor: a. mesial and lingual views (1:1 scale); b. photographs, 
drawings and 3D reconstructions of the six faces of the incisor (2:1 scale); c. 3D reconstruction with main anatomical 

features; d. internal sections; e. 3D lingual views at the EDJ without and with enamel (micro-CT data processing 
and graphics J.-F. Lemaire, SPW; pencil drawings S. Lambermont, AWEM; photographs J. Eloy, AWEM).
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The labial surface of the crown is mesiodistally 
convex, as in ASUDAS, grade 4. In mesial view, 
this face is strongly convex in its cervical part, 
then becomes nearly flat in the direction of the 
incisal edge. In anterior view, the labial surface is 
smooth, without double shovelling (ASUDAS, 
grade 0). Both side edges of the crown asymmet-
rically diverge from the cervix: the distal edge is 
more rounded and lower than the mesial one, and 
the incisal ridge, which is slightly convex down-
ward, rises slightly distally.

The lingual surface of the crown is shovel-
shaped, as in ASUDAS, grade 4. Both mesial and 
distal marginal ridges are well developed. They 
circumscribe a fairly deep lingual fossa.

The lingual tubercle, the striking feature of 
the moderate cingulum, is better marked than 
on the central maxillary incisor Scla 4A-11. It 
looks like a marked cuspule with a free apex 
(grade 6 in Turner et al., 1991: 16, and even more 
pronounced than on ASU UC DAR, grade 5). In 
lingual view, the lower part of the tubercle is 
vertically divided by a slight groove. Two inter-
ruption grooves dissect the tubercle from both 
the distal and the mesial marginal ridges. Both go 
up to the cervix but none of them are expressed 
on the root. The shape of the lingual tubercle 
is slightly asymmetric when viewed from the 
lingual side. Distally, it is closer to the incisal 
edge than it is mesially, so that its free border 
looks obliquely truncated. In its mesial part, the 
lingual fossa also exhibits two blunt vertical 
crests. The usual mamelons of the incisal edge 
have been worn away.

The maximum height of the tubercle from the 
cervix is around 4.7 mm, while the total height of 
the crown is 10.2 mm.

On the mesial and distal faces, the enamel line 
dips inferiorly, forming a rounded V-shape with 
its tip in the direction of the incisal rim. As usual 
on incisors, canines, and premolars, this V-shaped 
convexity is better marked on the mesial face than 
on the distal one.

An interproximal wear facet for the central 
maxillary incisor is present. It is flat, vertically 
elongated, and nearly vertically divided in two. It 
does not exhibit subvertical grooves. Its width is 
1.5  mm. The tooth does not have a distal inter-
proximal wear facet.

The length of the root is about 14.7 mm on 
its lingual border and 15.1 on its labial one. The 
section of the root is irregularly elliptical with 
flattened sides and an anterior-posterior long axis; 
two shallow longitudinal root grooves run on the 

mesial and distal sides of the root, the mesial one 
being a bit more pronounced.

When viewed from the side, the root is ante-
riorly convex and this convexity is in continuity 
with that of the crown. So, the complete profile 
of the tooth, crown and root included, is globally 
convex. In labial or lingual views, the tip of the 
root bends distally.

Permanent maxillary right lateral 
incisor, RI2 (Figure 4)

Palaeoanthropological identification: Scla 4A-14
field identification: Sc-1990-37-1
date of discovery: 22 February 1990
date of identification: 14 December 2004
Square: H27
Stratigraphic position:

— former stratigraphy: 4A
— new stratigraphy: units 4A-POC or 

3-INF (units 4A-IP, 4A-CHE, 3-SUP)

This specimen fits well in the corresponding 
socket of the Scla 4A-2 right maxilla, found in 
Square D30, at a distance of more than 5 m. No 
pathological conditions are noted.

The morphology of this tooth is similar to the 
corresponding permanent maxillary left lateral 
incisor Scla 4A-17.

The crown and the root are completely formed 
and erupted. The specimen is well preserved, 
though it exhibits longitudinal and transversal 
cracks on the crown and a marked longitudinal 
crack on the buccal face of the root.

The incisal rim is slightly worn, a bit rounded, 
but does not expose the dentine (stage 2 of 
Molnar, 1971). In addition, two small chips of 
enamel are missing from the buccal face of the 
incisal rim, one at the mesial angle and another 
one 2 mm off the distal angle. The tooth was 
functional.

The labial face of the crown is extremely 
close to that of its antimere: mesiodistally convex 
(ASUDAS, grade 4), strongly convex in mesial 
view near the cervix, smooth without double shov-
elling, distal angle more rounded than the mesial 
one, and the incisal edge distally. Like its antimere, 
the lingual surface of the crown exhibits marked 
shovelling (as in ASUDAS, grade 4), both marginal 
and distal developed ridges, a deep lingual fossa, 
a moderate cingulum with an asymmetric lingual 
tubercle forming a free apex (grade 6 in Turner 
et al., 1991: 16), two interruption grooves, a tuber-
culum extension, two blunt vertical crests between 



241c h a p t e r  13 t h e  S c l a d i n a  I - 4 a  J u v e n i l e  N e a n d e r t a l

M

10.5cm cm0

Mesial Lingual Distal Buccal Occlusal Apical

Mesiodistal section Buccolingual section

1cm0

a

c

b

ed

D

Permanent Maxillary Right Lateral Incisor Scla 4A-14

Lingual tubercle

Mesial
marginal

ridge

Distal
marginal

ridge

Lingual fossa

Cingulum

Shovelling

Free
apex

Tuberculum
extension

0.5cm0

figure 4: Scla 4A-14 permanent maxillary right lateral incisor: a. mesial and lingual views (1:1 scale); b. photographs, 
drawings and 3D reconstructions of the six faces of the incisor (2:1 scale); c. 3D reconstruction with main anatomical 

features; d. internal sections; e. 3D lingual views at the EDJ without and with enamel (micro-CT data processing 
and graphics J.-F. Lemaire, SPW; pencil drawings S. Lambermont, AWEM; photographs J. Eloy, AWEM).
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the mesial marginal ridge, and the tuberculum 
extension.

The mamelons of the incisal edge have been 
worn away.

The maximum height of the tubercle from the 
cervix is around 4.75 mm, while the total height of 
the crown is 10.05 mm.

The rounded V-shape of the enamel-cement 
junction convexity is better marked on the mesial 
face than on the distal one.

The interproximal wear facet for the central 
maxillary incisor is flat, vertically elongated, and 
with subvertical grooves. Its height is 3.6 mm and 
its width 1.8 mm. The tooth does not have a distal 
interproximal wear facet.

The length of the root is about 14.8 mm on its 
lingual border and 14.9 mm on the labial one. The 
section of the root is irregularly elliptical with 
flattened sides and an anterior-posterior long 
axis; two shallow longitudinal grooves run on the 
mesial and distal sides of the root, the mesial one 
being a bit more pronounced.

When viewed from the side, the root is anteri-
orly convex and this convexity is in the continuity 
of that of the crown. So, the complete profile of 
the tooth, crown and root included, is generally 
convex. In labial or lingual views, the tip of the 
root is tilted distally.

3.2.2. Taxonomy

The Neandertal permanent maxillary lateral inci-
sors exhibit a morphology which is very close to 
that of the permanent maxillary central incisors 
and allow them to be distinguished from anatom-
ically modern humans (Crummett, 1995; Bailey, 
2006a): marked expression of lingual marginal 
ridges with associated shovel shape, labial 
convexity, developed lingual tubercle (tuber-
culum dentale), and superior-inferior convexity of 
the crown and root when viewed from the side 
(Table 5). Compaired with the central incisors, the 
main differences are slightly smaller dimensions.

Both Scla 4A-14 and Scla 4A-17 present the 
typical features of Neandertal permanent maxil-
lary lateral incisors.

3.2.3. Morphometric analysis

Measurements of the permanent maxillary lateral 
incisors are as follows:

Scla 4a-14, ri2

Md diameter: 8.21 mm
Bl diameter: 8.27 mm
Md at the cervix: 5.70 mm
Bl at the cervix: 7.38 mm
length of the tooth: 24.55 mm

Scla 4a-17, li2

Md: 8.38 mm
Bl: 8.40 mm
Md at the cervix: 5.96 mm
Bl at the cervix: 7.65 mm
length of the tooth: 24.45 mm

The MD and BL diameters of Scla 4A-14 and 4A-17 
depart significantly from the average of the different 
comparison samples only in the case of modern 
humans, both in the case of the DP probabilistic 
distance and ECRA. In addition, the BL diameter also 
departs from UPMH (Table 6). The MD and BL diam-
eters of the crown are also, in the bivariate graph 
of Figure 5, compared to the ellipses (95%) of Early 
and Late Neandertals as well as of MPMH, UPMH 
and MHSS. Scla 4A-14 and 4A-17 are situated in 
the area where EN, LN and MPMH ellipses overlap, 
just slightly outside the ellipse of UPMH and clearly 
outside that of modern humans (MHSS). These 
observations indicate that the size of the upper 
lateral incisors distinguish Neandertals and recent 
MHSS (Semal, 1988: 49); however, these dimensions 
do not provide clear taxonomic indications within 
fossil taxa (especially between EN, LN, MPMH)..

Permanent Maxillary 
Lateral Incisors Modality Non-Neandertal

Archaics Neandertals Early Modern 
Afro-Asians

Early Modern 
Europeans Scla 4A-17 Scla 4A-14

Lingual marginal 
ridges/shovelling

presence (grade 2 or above) 100% 100% 83.3% 43% yes yes

strong expression (grade 4 or above) 81% grade 4 grade 4

Lingual tubercles
presence 100% 96% 66.70% 0% yes yes

strong expression cusp-like: 62% 0% 0% cusp-like grade >5 cusp-like 
grade 6

Double shovelling
presence 100% 3.7% 0% 12.50% no no

expression weak

Table 5: Distinctive anatomical features on permanent maxillary lateral incisors of Non-Neandertal 
Archaics, Neandertals, Early Modern Humans (after Bailey, 2006a) and Scla 4A-14 & 17.
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Scladina N Diameter Value

I2

Scla 
4A-14

MD 8.21

BL 8.27

Scla 
4A-17

MD 8.38

BL 8.4

vs Scla 4A-14 vs Scla 4A-17
Comparison Samples N Diameter Mean Stand. Dev. DP ECRA DP ECRA

LN left & right
22 MD 7.713 0.7448 0.512 0.321 0.381 0.431

29 BL 8.145 0.5669 0.827 0.108 0.656 0.220

EN left & right
21 MD 8.242 0.5566 0.955 −0.028 0.807 0.119

21 BL 8.752 0.8600 0.581 −0.269 0.687 −0.196

MPMH left & right
12 MD 7.841 0.6515 0.583 0.257 0.426 0.376

12 BL 7.516 0.5874 0.226 0.583 0.161 0.684

UPMH left & right
28 MD 6.896 0.9547 0.180 0.671 0.132 0.758

31 BL 6.851 0.5265 0.011 1.320 0.006 1.441

MHSS
88 MD 6.302 0.652 0.004 1.472 0.002 1.603

88 BL 6.027 0.477 0.000 2.366 0.000 2.503

Table 6: 
Scla 4A-14 & 
17 (permanent 
maxillary right 
and left second 
incisors): MD and 
BL dimensions 
compared to those 
of Early and Late 
Neandertals as 
well as MPMH, 
UPMH and 
MHSS, with DP 
and ECRA.

figure 5: Bivariate analysis of the mesiodistal and buccolingual diameters of permanent maxillary lateral incisors 
with 95% equiprobable ellipses of EN, LN, MPMH, UPMH & MHSS as well as the position of Scla 4A-14 & 17.
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3.3. Permanent mandibular 
right central incisor, ri1

field identification: Sc 1990-37-25
Palaeoanthropological identification: Scla 4A-15
date of discovery: 22 February 1990
date of identification: 14 December 2004
Square: H27
Stratigraphic position:

— former stratigraphy: 4A
— new stratigraphy: units 4A POC or 

3-INF (units 4A-IP, 4A-CHE, 3-SUP)

3.3.1. Description (Figure 6)

This permanent mandibular right central incisor 
was first identified as a lateral incisor. However, 
the discovery in 2006 of another right mandib-
ular incisor, Scla 4A-20, larger than Scla 4A-15, led 
us to realize that Scla 4A-15 was in fact a central 
incisor (see Table 2).

This tooth fits well in the corresponding 
tooth socket of the Scla 4A-1 mandibular frag-
ment, found in Square D29, former Layer 4A, at a 
distance of nearly 5 m.

The crown and root of this incisor are 
completely formed. The crown exhibits numerous 
vertical cracks, but also some oblique ones. The 
root has some vertical cracks too. No pathological 
conditions have been noted.

The incisal rim of the crown exhibits minor 
occlusal wear which has produced a transversal 
occlusal narrow strip, but without dentine expo-
sure (grade 2 of Molnar, 1971, tending towards 
grade 3). The incisal plane of wear slightly slants 
mesiodistally, as well as slightly lingually. No 
mamelons are still present. The tooth was clearly 
in functional occlusion.

Both mesial and distal marginal ridges are very 
weakly expressed, mainly on the upper half of the 
lingual surface. The lingual surface of the crown 
is not strongly shovel-shaped (ASUDA, grade 2). 
The cingulum is moderately expressed and lacking 
a free apex. It blends into a median ridge which 
is weakly developed. A weak interruption groove 
separates the cingulum from the distal edge of 
the crown.

The height of the crown is 9.2 mm on the 
lingual face while the total length of the tooth is 
22.15 mm.

One third of the way down from the occlusal 
surface the labial face exhibits a moderate degree 
of transversal convexity, as in ASUDAS, grade 

3. In mesial view, this labial face is convex in 
its third portion that is close the cervix, then 
becomes nearly flat in the direction of the incisal 
edge. In anterior view, the labial surface is 
smooth, without double-shovelling. Both lateral 
sides diverge from the cervix. The angle between 
incisal edge and mesial edge is sharp, while the 
angle between incisal edge and distal edge is 
nearly right.

The two interproximal wear facets of Scla 4A-15 
are well marked. Both are vertically orientated 
and nearly flat.

On the mesial and distal faces, the enamel 
line dips inferiorly, forming a V-shape with its tip 
pointing towards the incisal rim. As usual, this V 
convexity is better marked on the mesial face than 
on the distal one.

The root is mesiodistally compressed, with 
its labial component slightly broader than the 
lingual one, forming an elliptical cross-section. 
There are wide and shallow longitudinal devel-
opmental grooves on both the mesial and distal 
faces. When viewed from the side, the labial root 
outline is slightly convex from cervix to apex. The 
upper two thirds of the lingual outline are vertical 
and the lower third is strongly convex. The apex 
is fully closed. In lingual and labial views, the root 
is gently inclined distally, except for the tip of the 
apex which is inclined mesially. The length of the 
root is 13.5 mm.

3.3.2. Taxonomy

Neandertal mandibular central incisors tend to be 
unremarkable and are therefore not very useful 
to establish taxonomical relationships (Bailey, 
2006a). Indeed, they exhibit a combination of 
features also present in other Non-Neandertal 
Archaics (Bailey, 2006a; Bailey & Hublin, 
2006): trace to moderate shovelling, median 
ridge moderately or strongly developed, and 
occasionally a cingulum shelf. In addition, the 
Neandertal mandibular incisor crowns, relative 
to the crowns of their posterior teeth, seem to be 
significantly larger than those of Early Modern 
Humans (Stefan & Trinkaus, 1998). It has also 
been suggested that Neandertals have signifi-
cantly longer mandibular incisor roots relatively 
to Early Modern Europeans (Bailey, 2006b, but see 
Chapter 16 for a critical discussion of this aspect).

The Scladina Scla 4A-15 first right mandib-
ular incisor possesses the features of a Neandertal 
mandibular incisor.
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figure 6: Scla 4A-15 permanent mandibular right central incisor: a. mesial and lingual views (1:1 scale); b. photographs, 
drawings and 3D reconstructions of the six faces of the incisor (2:1 scale) c. 3D reconstruction with main anatomical 

features; d. internal sections; e. 3D lingual views at the EDJ without and with enamel (micro-CT data processing 
and graphics J.-F. Lemaire, SPW; pencil drawings S. Lambermont, AWEM; photographs J. Eloy, AWEM).
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Permanent Mandibular Central Incisors
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3.3.3. Morphometric analysis

Measurements of Scla 4A-15 are as follows:

Md: 6.27 mm
Bl: 6.79 mm
Md at the cervix: 4.30 mm
Bl at the cervix: 6.21
length of the tooth: 22.08 mm

The MD diameter of Scla 4A-15 departs signif-
icantly from the average of the different 
comparison samples only in the case of modern 
humans (MHSS), both in the case of the DP prob-
abilistic distance and ECRA. The same applies for 
the BL diameter (Table 7). In addition, MD and 
BL diameters of the crown are, in the bivariate 
graph of Figure 7, compared to the ellipses (95%) 
of Early and Late Neandertals as well as of UPMH 

Scladina Diameter Value Stand. Dev DP ECRA

RI1 (Scla 4A-15)
MD 6.27

BL 6.79

Comparison Samples N Diameter Mean Stand. Dev. DP ECRA

EN right & left
16 MD 5.759 0.446 0.270 0.537

16 BL 7.619 0.405 0.059 −0.960

LN right & left
23 MD 5.500 0.462 0.110 0.804

25 BL 7.112 0.406 0.436 −0.384

MPMH right & left
6 MD 5.717 0.941 0.582 0.229

9 BL 6.878 0.429 0.843 −0.089

UPMH right & left
27 MD 4.997 0.916 0.176 0.676

28 BL 6.216 0.482 0.244 0.581

MHSS right & left
94 MD 5.058 0.392 0.003 1.556

94 BL 5.712 0.372 0.005 1.460

Table 7: Scla 4A-15 (permanent mandibular 
right central incisor): MD and BL 
dimensions compared to those of Early 
and Late Neandertals as well as MPMH, 
UPMH and MHSS, with DP and ECRA.

figure 7: Bivariate analysis 
of the mesiodistal and 
buccolingual diameters of 
permanent mandibular central 
incisors with 95% equiprobable 
ellipses of EN, LN, UPMH & 
MHSS as well as the position of 
some MPMH and Scla 4A-15.
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and MHSS. Scla 4A-15 is situated in the area 
where EN, LN and UPMH ellipses (95%) overlap, 
however close the upper limit of the MD diam-
eter. Scla 4A-15 is clearly outside the 95% ellipse 
of modern humans. As for the permanent maxil-
lary incisors, this indicates that the dimensions of 
the crown of the mandibular central incisor do not 
always provide many clear taxonomic indications 
as far as fossil taxa are concerned.

3.4. Permanent mandibular 
lateral incisors, i2

3.4.1. Description

Permanent mandibular right 
lateral incisor, RI2 (Figure 8)

Palaeoanthropological identification: Scla 4A-20
field identification: Sc 2006-81-1
date of discovery: 12 July 2006
date of identification: 12 July 2006
Square: F35-F37
Stratigraphic position:

— former stratigraphy: unknown 
(collapse of a sedimentary profile)

— new stratigraphy: units 4A-POC 
or 3-INF (Unit 3-SUP)

This permanent tooth was found isolated in 
collapsed sediments after a section fell down 
during the night of 26‒27 April 2006 in squares 
F35 to F37. Only later, on july 12, during the 
sieving of these sediments, the tooth was recog-
nized as human and identified. According to the 
morphology of the area of collapse, where badger 
dens cross-cut portions of the cave’s sediment, 
it seems that it comes from the Sedimentary 
Complex 4A, possibly Unit 4A-POC (or maybe 
3-INF; see Chapter 5 for more details).

This mandibular lateral incisor fits relatively 
well in the corresponding tooth socket of the 
Scla 4A-1 mandibular fragment, found in Square 
D29, former Layer 4A, at a distance between 6 
and 9 m.

The crown is completely formed and fully 
occluded. The root apex was broken postmortem. 
The crown exhibits numerous vertical cracks, but 
also some oblique ones. No pathological condi-
tions have been noted.

The incisal rim of the crown exhibits minor 
occlusal wear which has produced a transversal, 
occlusal, narrow strip, without dentine exposure 
(grade 2, according to Molnar, 1971). No mamelons 
are present. The tooth was in functional occlusion.

Both mesial and distal marginal ridges are 
moderately expressed, mainly on the upper half 
of the lingual face. There are traces of shovelling, 
as in ASUDAS UI1, grade 2. The cingulum is more 
developed than that of the I1 Scla 4A-15. It lacks a 
free apex, but blends into the central ridge which 
is weakly developed.

The height of the tubercle is 3.95 mm from the 
cervix, while the height of the crown is 9.20 mm 
on the lingual face.

At one third of the way down from the occlusal 
surface, the labial face is moderately and mesio-
distally convex, as in ASUDAS, grade 3. In mesial 
view, this face also exhibits an irregular superior-
inferior convexity, from the incisal edge to the 
cervical line. In anterior view, the labial surface 
is smooth, without double shovelling. Both lateral 
sides asymmetrically diverge from the cervix. The 
angle between incisal edge and mesial edge is 
sharp, while the angle between incisal edge and 
distal edge is much more rounded.

Interproximal wear facets for the adjacent 
teeth are present. Both are vertically elongated 
and nearly flat.

On the mesial and distal faces, the crown-root 
junction line is V-shaped with its tip pointing 
towards the incisal rim. This V-convexity is better 
marked on the mesial face.

The lingual length of the root is about 13.9 mm 
in its actual state of preservation, but as it is broken, 
a few millimetres has to be added to obtain the 
original length which was obviously over 15.0 mm 
(15.23 in Table 2a of Chapter 16). The root is mesi-
odistally compressed, with its labial component 
slightly broader than the lingual one. There are 
wide and shallow longitudinal developmental 
grooves on both mesial and distal faces. When 
viewed from the side, the anterior root outline is 
slightly convex from cervix to apex.

Permanent mandibular left 
lateral incisor, LI2 (Figure 9)

Palaeoanthropological identification: 
Scla 4A-19 (= Scla 3-4)
field identification: Sc 1995-108-197-1
date of discovery: 08 March 1995
date of identification: 10 April 1995
Square: D34
Stratigraphic position:

— former stratigraphy: 3, then 4A
— new stratigraphy: units 4A-POC 

or 3-INF (Unit 3-SUP)
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figure 8: Scla 4A-20 permanent mandibular right lateral incisor: a. mesial and lingual views (1:1 scale); b. photographs, 
drawings and 3D reconstructions of the six faces of the incisor (2:1 scale); c. 3D reconstruction with main anatomical 

features; d. internal sections; e. 3D lingual views at the EDJ without and with enamel (micro-CT data processing 
and graphics J.-F. Lemaire, SPW; pencil drawings S. Lambermont, AWEM; photographs J. Eloy, AWEM).
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This incisor fits relatively well in the corresponding 
tooth socket of the Scla 4A-9 mandibular fragment, 
found in Square C28, at a distance of over 6 m.

The crown is completely formed and fully 
occluded. The root apex is slightly damaged. 
The crown and root exhibit some cracks, mainly 
vertical. No pathological conditions have 
been noted.

The incisal rim of the crown exhibits minor 
occlusal wear which produced a transversal 
narrow strip, with very little dentine expo-
sure (grade 2, according to Molnar, 1971). No 
mamelons are present. The tooth was in func-
tional occlusion.

Both mesial and distal marginal ridges are 
moderately expressed and mainly on the upper 
half of the lingual face. There are small traces 
of shovelling, slightly less than in Scla 4A-20 
(ASUDAS UI1, grade 1). The cingulum lacks a free 
apex, but blends into the central ridge which is 
weakly developed.

The height of the tubercle is 4.1 mm from the 
cervix, while the height of the crown is 9.03 mm 
on the lingual face.

One third of the way down from the occlusal 
surface the labial face is moderately and mesio-
distally convex, as in ASUDAS, grade 3. In mesial 
view, this face also exhibits an irregular superior-
inferior convexity, from the incisal edge to the 
cervical line. In anterior view, the labial surface is 
smooth, without double shovelling. Both lateral 
sides asymmetrically diverge from the cervix. 
The angle between the incisal and mesial edges 
is sharp, while the angle between the incisal and 
distal edges is nearly right but rounded.

An interproximal wear facet for the adjacent 
left central incisor is present. It is vertically elon-
gated and nearly flat.

On the mesial and distal faces the crown-root 
junction line is V-shaped with its tip pointing 
towards the incisal rim. This V-convexity is better 
marked on the mesial face.

10.5cm cm0

Mesial Lingual Distal Buccal Occlusal

Apical

1cm0

a b

Permanent Mandibular Left Lateral Incisor Scla 4A-19

figure 9: Scla 4A-19 permanent mandibular left lateral incisor: a. mesial and lingual views (1:1 scale); b. photographs and 
drawings of the six faces of the tooth (2:1 scale) (pencil drawings S. Lambermont, AWEM; photographs J. Eloy, AWEM).
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Scladina N Diameter Value

I2

Scla 
4A-19

MD 7.2

BL 7.35

Scla 
4A-20

MD 7.03

BL 7.28

vs Scla 4A-19 vs Scla 4A-20
Comparison Samples N Diameter Mean Stand. Dev. DP ECRA DP ECRA

EN right & left
21 MD 6.702 0.572 0.394 0.417 0.573 0.275

21 BL 7.986 0.472 0.193 −0.646 0.150 −0.717

LN right & left
28 MD 6.454 0.485 0.136 0.749 0.246 0.578

34 BL 7.705 0.527 0.505 −0.331 0.426 −0.396

MPMH right & left
12 MD 6.617 0.598 0.350 0.443 0.504 0.314

10 BL 7.400 0.693 0.944 −0.032 0.866 −0.077

UPMH right & left
29 MD 5.956 0.813 0.137 0.747 0.197 0.645

31 BL 6.799 0.491 0.271 0.549 0.335 0.480

MHSS right & left
102 MD 5.692 0.425 0.001 1.790 0.002 1.588

102 BL 6.113 0.385 0.002 1.618 0.003 1.526

Table 8: Scla 4A-19 
& 20 (permanent 
mandibular left 
and right lateral 
incisors): MD and BL 
dimensions compared 
to those of Early and 
Late Neandertals 
as well as MPMH, 
UPMH and MHSS, 
with DP and ECRA.

The lingual length of the root is about 15.0 mm. 
The root is mesiodistally compressed with its 
labial component slightly broader than the lingual 
one. There are wide and shallow longitudinal 
developmental grooves on both the mesial and 
distal faces. When viewed from the side, the ante-
rior root outline is slightly convex from the cervix 
to the apex.

3.4.2.Taxonomy

Neandertal mandibular lateral incisors, like the 
central ones, are not very useful to establish taxo-
nomical relationships (Bailey, 2006a). They exhibit 
a combination of features also present in other 
Non-Neandertal Archaics (Bailey, 2006a ; Bailey 
& Hublin, 2006): trace to moderate shovelling, 
median ridge moderately or strongly developed, 
and occasionally a cingulum shelf. They also 
appear to be distinctive in their relative size, being 
significantly larger relatively to the posterior 
teeth than those of Early Modern Humans.

The two Scladina second mandibular incisors 
exhibit these features.

3.4.3. Morphometric analysis

Measurements of the permanent mandibular 
lateral incisors are as follows:

Scla 4a-20, ri2
Md: 7.03 mm
Bl: 7.28 mm
Md at the cervix: 4.50 mm
Bl at the cervix: 6.79 mm
length of the tooth in its actual 
state of preservation: 22.63 mm

Scla 4a-19, li2
Md: 7.20 mm
Bl: 7.35 mm
Md at the cervix: 4.67 mm
Bl at the cervix: 6.89 mm
length of the tooth: 23.72 mm

The MD and BL diameters of Scla 4A-19 and 
4A-20 only depart significantly from the average 
of the different comparison samples in the case of 
modern humans, both in the case of the DP prob-
abilistic distance and ECRA (Table 8). In addition, 
the MD and BL diameters of the two crowns are, 
in Figure 10, compared to the ellipses (95%) of 
Early and Late Neandertals as well as of MPMH, 
UPMH and MHSS. Both Scla 4A-19 & 20 are 
situated in the area where EN, LN, MPMH and 
UPMH ellipses (95%) overlap. They are outside the 
95% ellipse of modern humans. As for the other 
permanent maxillary and mandibular incisors, 
this indicates that the dimensions of the crown of 
the permanent mandibular lateral incisor provide 
only limited taxonomic indications.

3.5. Permanent maxillary canines, c’
3.5.1. Description

Permanent maxillary right canine, 
RC’ (Figure 11)

Palaeoanthropological identification: Scla 4A-16
field identification: Sc 1990-49-1
date of discovery: 23 February 1990
date of identification: 16 December 2004
Square: H27
Stratigraphic position:

— former stratigraphy: 4A
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— new stratigraphy: Unit 4A-POC 
(units 4A-IP, 4A-CHE, 3-INF)

The tooth is in good condition. The tip of the apex 
is slightly open (1.9 × 1.2 mm), so the root is not 
fully formed. As usual with Scladina teeth, this 
fossil exhibits cracks on the crown, mainly vertical 
ones. It fits well in the corresponding socket of 
the Scla 4A-2 right maxilla, found in Square D30, 
former Layer 4A, at a distance over 4 m. No path-
ological conditions have been noted.

The incisal edge and its main cusp are mostly 
unworn, with a very superficial and small wear 
facet on its tip (Molnar, 1971, stage 2, but very 
close to 1).

On the buccal surface, some very weak double 
shovelling can be seen in contrasting light, espe-
cially on the distal side of the crown (grade 1 
of ASUDAS). Occlusally viewed, the labial face 
is, mesiodistally, strongly convex, more than in 
ASUDAS UI1, grade 4. When viewed from the 

mesial and distal sides this face also exhibits 
an irregular superoinferior convexity, from 
the cervical line to the incisal edge, though the 
convexity is much stronger near the cervix, as is 
also the case for the permanent maxillary incisors.

In buccal and lingual views, the crown is asym-
metrical; it is divergent in its cervical half; in its 
lower half, the mesial part of the incisal edge is 
rounded while the distal edge is mesially oblique 
but nearly straight.

The mesial and distal marginal ridges are well 
expressed. Therefore, traces of shovelling are clear 
(grade 2 of ASUDAS). The canine mesial ridge 
does not form a Bushmen canine.

There is a quite prominent lingual tubercle 
(tuberculum dentale). In its lower half, it is divided 
into two parts by a vertical groove. The mesial part 
forms a separate cusplet with a small but distinct 
free apex (smaller but close to DAR UC grade 5). 
The distal part goes down to the lingual surface, 
forming a tuberculum extension (medial ridge). 

Scla 4A-19

Scla 4A-20
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figure 11:  Scla 4A-16 permanent maxillary right canine: a. mesial and lingual views (1:1 scale); b. photographs, 
drawings and 3D reconstructions of the six faces of the tooth (2:1 scale); c. 3D reconstruction with main anatomical 

features; d. internal sections; e. 3D lingual views at the EDJ without and with enamel (micro-CT data processing 
and graphics J.-F. Lemaire, SPW; pencil drawings S. Lambermont, AWEM; photographs J. Eloy, AWEM).
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On both sides, the lingual tubercle is distinct from 
the marginal ridges but without marked grooves.

No distal accessory ridge is present.
On the mesial and distal faces, the enamel line 

dips inferiorly, forming a rounded V-shape with 
its tip in the direction of the incisal rim; the incisal 
curve of the cervical margin is deeper on the 
mesial face than on the distal one.

There is a rounded interproximal wear facet 
for  the adjacent permanent maxillary lateral 
incisor that is extremely faint and small, but no 
distal interproximal wear facet.

The root is mesiodistally compressed and ovoid 
in its transverse section, and broader labially. It 
has well marked mesial and distal longitudinal 
grooves. There is a rough thickening of the apical 
part of the root surface. In mesial or distal view, 
the anterior border of the root is convex, as is 
also the crown; so, the profile of the tooth, crown 
and root included, is generally convex. The length 
of the root, measured from the lingual aspect, is 
17.1 mm. As the tip of the apex is not completely 
formed, at least 0.5 mm should be added in order 
to obtain the fully developed root length.

Permanent maxillary left canine, 
LC’ (Figure 12)

Palaeoanthropological identifi-
cation: Scla 4A-18 (Scla 3.3)
field identification: Sc 1991-590-1
date of discovery: 19 November 1991
date of identification: October 1993
Square: F26
Stratigraphic position:

— former stratigraphy: 3, then 4A
— new stratigraphy: Unit 4A-POC 

(units 4A-IP, 4A-CHE, 3-INF)

The tooth is in good condition. The tip of the 
apex is still slightly open (2 × 1.4 mm), so the root 
is not fully formed. The fossil exhibits cracks on 
the crown and root, in particular, a strong vertical 
one on the buccal side, but also oblique and sub-
horizontal ones. No pathological conditions have 
been noted.

The morphology of this permanent maxillary 
left canine is quite similar to that of its antimere, 
Scla 4A-16.

The incisal edge and its central cusp are mostly 
unworn. In contrasting light, some very weak 
double shovelling can be seen on the distal side of 
the crown (grade 1 of ASUDAS).

The labial face is mesiodistally (over ASUDAS 
UI1, grade 4) and superoinferiorly (mainly near 
the cervix) strongly convex.

In buccal and lingual views, the outline of 
the crown is slightly narrower than that of its 
antimere and even looks slightly more asym-
metrical; it is divergent in its upper half while 
in its lower half, the mesial part of the incisal 
edge is more rounded. The mesial and distal 
marginal ridges are well expressed, with clear 
traces of shovelling (grade 2 of ASUDAS). The 
lingual tubercle, divided in two in its lower part, 
exhibits a separate cusplet in its mesial part (Dar 
UC grade 4‒5) while its distal part goes down to 
the lingual surface, forming a tuberculum exten-
sion (medial ridge).

No distal accessory ridge is present. There are 
no interproximal wear facets for the adjacent teeth.

As its antimere, the root is mesiodistally 
compressed and ovoid in its transverse section, 
and broader labially. It has well marked mesial and 
distal longitudinal grooves. There is also a rough 
thickening of the apical part of the root surface. 
In mesial or distal view, the anterior border of the 
root is convex, as is also the crown; so, the profile 
of the tooth, crown and root included, is generally 
convex. The length of the root, measured from the 
lingual aspect, is 17.5 mm. As the tip of the apex 
is not completely formed, at least 0.5 mm should 
be added in order to estimate the fully developed 
root length.

3.5.2. Taxonomy

Neandertal permanent maxillary canines are 
usually quite robust. They tend to reflect the 
lingual morphology of the permanent maxillary 
incisors, especially in the lingual surface of the 
crown (Bailey, 2006a). Their main features are 
(Table 9):
— moderate to strong convexity in both mesio-

distal and inferosuperior directions;
— trace of shovelling (at least grade 2 of ASUDAS) 

or semi shovelling (grade 3) are extremely fre-
quent (96%);

— high frequency (84%) of lingual tubercle, some-
times strongly developed;

— moderately high frequency (two thirds) of dis-
tal accessory ridge;

— presence of Bushmen canine (43%);
— a third of the permanent maxillary canines 

exhibit double shovelling, but only weakly 
(grade 1).
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figure 12:  Scla 4A-18 permanent maxillary left canine: a. mesial and distal views (1:1 scale); b. photographs, 
drawings and 3D reconstructions of the six faces of the tooth (2:1 scale); c. 3D reconstruction with main anatomical 

features; d. internal sections; e. 3D lingual views at the EDJ without and with enamel (micro-CT data processing 
and graphics J.-F. Lemaire, SPW; pencil drawings S. Lambermont, AWEM; photographs J. Eloy, AWEM).
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Both maxillary canines from Scladina exhibit most 
of these features: convexity in both inferosuperior 
and mesiodistal directions, trace of shovelling, 
weak double shovelling and developed lingual 
tubercle. Conversely, neither distal accessory 
ridge nor Bushmen canine are present.

3.5.3. Morphometric analysis

Measurements of the permanent maxillary canines 
are as follows:

Scla 4a-16, rc’

Md: 9.05 mm
Bl: 9.65 mm
Md at the cervix: 6.16 mm
Bl at the cervix: 8.67 mm
length of the tooth: 27.31 mm

Scla 4a-18, lc’

Md: 8.60 mm
Bl: 9.95 mm
Md at the cervix: 6.10 mm
Bl at the cervix: 9.02 mm
length of the tooth: 27.30 mm

The MD and BL diameters of Scla 4A-16 and 18 
depart significantly from the average of the recent 
humans (MHSS), both in regard to the DP probabi-
listic distance and ECRA. Also, the MD diameter of 
Scla 4A-16 departs significantly from the average 
of the UPMH comparative sample (Table 10). 
The MD and BL diameters of the Scla 4A-16 and 
18 permanent maxillary canine crowns are, in 
Figure 13, compared to the ellipses (95%) of Early 
and Late Neandertals as well as of MPMH, UPMH, 
and MHSS. Both Scla 4A-16 and 18 are situated in 

Permanent 
Maxillary Canines Modality Non-Neandertal

Archaics Neandertals Early Modern 
Afro-Asians

Early Modern 
Europeans Scla 4A-16 Scla 4A-18

Lingual marginal 
ridges/shovelling

presence (grade 
2 or above) 100% 95.8% 100% 50% yes yes

 expression 42% (grade 3 
or above) max grade 2 max grade 2 grade 2 grade 2

Double shovelling
presence 0% 0−33.0% 12.5% 12.5% yes yes

expression grade 1 grade 1 (grade 1) grade 1 grade 1

Lingual tubercles(s)
presence 100% 84% 20% 50% yes yes

strong expression 
(tubercle form > grade 4) 32% relatively weak relatively weak grade 5 grade 4−5

Canine mesial ridge
(Bushman canine) presence — 42.9% 0% 14.3% no no

Distal accessory ridge
presence — 66.7% 100% 100% no no

large expres-
sion (> grade 3) 20% 50% 50%

Table 9: Distinctive anatomical features on permanent maxillary canines of Non-Neandertal 
Archaics, Neandertals, Early Modern Humans (after Bailey, 2006a) and Scla 4A-16 & 18.

Scladina N Diameter Value

C’

Scla 
4A-16

MD 9.05

BL 9.65

Scla 
4A-18

MD 8.6

BL 9.95

vs Scla 4A-16 vs Scla 4A-18
Comparison Samples N Diameter Mean Stand. Dev. DP ECRA DP ECRA

EN right & left
22 MD 8.716 0.870 0.705 0.185 0.895 −0.064

24 BL 10.035 0.743 0.609 −0.251 0.909 −0.056

LN right & left
24 MD 8.169 0.713 0.229 0.597 0.552 0.292

29 BL 9.551 0.729 0.893 0.066 0.588 0.267

MPMH right & left
14 MD 8.643 0.573 0.490 0.329 0.942 −0.035

13 BL 9.315 0.749 0.663 0.205 0.414 0.389

UPMH right & left
36 MD 7.886 0.457 0.016 1.253 0.128 0.769

33 BL 8.827 0.822 0.324 0.492 0.181 0.671

MHSS right & left
91 MD 7.299 0.468 0.000 1.882 0.007 1.399

92 BL 7.898 0.637 0.007 1.385 0.002 1.622

Table 10: Scla 4A-16  
& 18 (permanent 
maxillary canines): MD 
and BL dimensions 
compared to those 
of Early and Late 
Neandertals as well 
as MPMH, UPMH 
and MHSS, with 
DP and ECRA. 
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the area where EN, LN, MPMH and UPMH ellipses 
overlap. They are outside the ellipse of modern 
humans. Like for most other permanent anterior 
teeth, this indicates that the dimensions of the 
permanent maxillary canine crowns often allow 
to separate fossils from MHSS but do not provide 
clear taxonomic indications within fossil taxa.

3.6. Permanent mandibular 
right canine, rc,

Palaeoanthropological identification: Scla 4A-12
field identification: Sc 1990-90-1
date of discovery: 28 March 1990
date of identification: July 2001
Square: F27
Stratigraphic position:

— former stratigraphy: 4A
— new stratigraphy: units 4A-POC or 

3-INF (units 4A-IP, 4A-CHE, 3-SUP)

3.6.1. Description (Figure 14)

The specimen is very well preserved. The root is 
complete with the tip of the apex still very slightly 
open (1.1 mm). It exhibits some cracks on the 
crown and root, mainly vertical ones. No patho-
logical conditions have been noted. It fits well in 
the corresponding socket divided between Scla 
4A-1 (right part of the mandible) and Scla 4A-9 
(left part). Scla 4A-1 was found in Square D29 at a 
distance of over 2 m from the tooth, and Scla 4A-9 
was found in Square C28, at a distance over 2 m.

The central cusp and the incisal edge are 
slightly worn. There is a very small wear facet 
present on the tip and a transversely elongated 
but narrow wear facet on the mesial part of the 
incisal edge (Molnar, 1971, stage 2).

When viewed from the occlusal aspect, the 
buccal face is mesiodistally strongly convex 
(over ASUDAS, grade 4). When viewed from the 
mesial and distal sides, that face also exhibits a 
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figure 14: Scla 4A-12 permanent mandibular right canine: a. mesial and lingual views (1:1 scale); b. photographs, 
drawings and 3D reconstructions of the six faces of the tooth (2:1 scale); c. 3D reconstruction with main anatomical 
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slight irregular superoinferior convexity, from the 
cervical line to the incisal edge, with a stronger 
convexity near the cervix.

In lingual view, the crown is asymmetrical: the 
mesial half of the incisal edge is nearly horizontal, 
like in incisors, while its lateral part is running 
down distally.

The distal marginal ridge is slightly expressed, 
and the mesial one even less. There is no clear 
shovelling (grade 1 of ASUDAS). A faint distal 
accessory ridge is present (DAR LC grade 1‒2).

The lingual tubercle is very weak, much less 
marked than in the permanent maxillary canine. 
It has no separate cusplet.

The rounded V-shape of the incisal rim is 
deeper on the mesial face than on the distal one.

A flat interproximal wear facet for the second 
right mandibular incisor is present. It is roughly 
rounded.

The root is mesiodistally compressed and has 
well marked mesial, and to a lesser extent, distal, 
longitudinal grooves. Its section is elliptical. In 
proximal view, the anterior border of the root is 
convex, but less so than on the permanent maxil-
lary canines. There is a slight thickening on the 
apical part of the root.

The length of the root, measured from the 
lingual aspect, is 16.5 mm.

3.6.2. Taxonomy

Like the permanent mandibular incisors, the 
permanent mandibular canines are not really 
useful indicators of taxonomic and biological 
distance. Neandertal permanent mandibular 
canines tend to reflect the permanent maxil-
lary canines morphology (Bailey, 2006a). They 
are, however, less robust. The frequency of the 
distal accessory ridge is 50% in Non-Neandertal 

Archaics, nearly 85% in Neandertals, 100% in Early 
Modern Afro-Asians and 28.6% in Early Modern 
Europeans. The Scla 4A-12 permanent mandibular 
canine exhibits a very faint distal accessory ridge.

3.6.3. Morphometric analysis

Measurements of the permanent mandibular right 
canine are as follows:

Md: 7.80 mm
Bl: 8.75 mm
Md at cervix: 5.60 mm
Bl at cervix: 8.46
length of the tooth: 25.89 mm

The MD and BL diameters of Scla 4A-12 depart 
significantly only from the average of the 
recent humans (MHSS) comparison sample, 
in regard to both the DP probabilistic distance 
and ECRA. (Table  11). The MD and BL diame-
ters of the Scla 4A-12 crown are, in Figure 15, 
compared to the ellipses (95%) of Early and Late 
Neandertals as well as of UPMH and MHSS. Scla 
4A-12 is situated in the area where EN, LN and 
UPMH ellipses overlap. The fossil is outside the 
95% ellipse of modern humans. Like for most 
other permanent anterior teeth, this indicates 
that the dimensions of the permanent mandib-
ular canines often allow to separate fossils from 
MHSS but do not provide clear taxonomic indi-
cations within fossil taxa.

3.7. Maxillary right second 
premolar, rP4

Palaeoanthropological identification: 
Scla 4A-2/P4
field identification: Sc 1992-1283-96-1

Scladina Diameter Value

RC, (Scla 4A-12)
MD 7.8

BL 8.75

Comparison Samples N Diameter Mean Stand. Dev. DP ECRA

EN right & left
25 MD 7.830 0.586 0.960 −0.025

24 BL 9.119 0.714 0.611 −0.250

LN right & left
40 MD 7.662 0.386 0.722 0.177

43 BL 8.899 0.878 0.866 −0.084

MPMH right & left
10 MD 7.890 0.886 0.921 −0.045

11 BL 8.400 0.844 0.687 0.186

UPMH right & left
33 MD 7.065 0.636 0.256 0.567

34 BL 8.440 0.695 0.658 0.220

MHSS right & left
99 MD 6.427 0.467 0.004 1.482

99 BL 7.291 0.542 0.008 1.357

Table 11: Scla 4A-12 (permanent 
mandibular right canine): MD and 
BL dimensions compared to those 
of Early and Late Neandertals 
as well as MPMH, UPMH and 
MHSS, with DP and ECRA.
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date of discovery: 18 February 1992
date of identification: October 1993
Square: D30
Stratigraphic position:

— former stratigraphy: 4A
— new stratigraphy: Unit 

4A-POC (Unit 4A-CHE)

3.7.1. Description (Figure 16)

This tooth is unerupted in the Scla 4A-2 right part 
of the maxilla. Its crown is completely formed and 
unworn; a small part of the crown can be seen 
from the bottom of the crypt of the second decid-
uous molar. About half of the root is formed.

The crown has two primary cusps, the proto-
cone (lingual cusp or cusp 1) and the paracone (cusp 
2). The paracone is nearly as high as the protocone, 
as usual in UP4s. The occlusal morphology of the 
fossil tends to be complex. The essential crests of 

both cusps are well developed and present slight 
bifurcations. Mesial and distal accessory ridges, 
visible on the outer enamel surface (OES) and 
even more clearly on the enamel–dentine junction 
(EDj), are present on the slopes of the protocone 
and paracone. The mesiodistal groove exhibits 
two pits: a small mesial fossa and a bigger distal 
fossa. An accessory cusplet with its own crenula-
tion is present on the distal border of the occlusal 
surface. In mesial and distal views, the buccal face 
of the tooth is more convex than the lingual face.

The uncompleted root has a distal groove 
which produces a strong C-shaped cross-section.

3.7.2. Taxonomy

The morphology of the occlusal surface of 
Neandertal upper P4s is somewhat complex 
(Bailey, 2002b, 2006a). They frequently present 
accessory cusplets, more frequently distal than 
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figure 16: Scla 4A-2/P4 unerupted maxillary right second premolar: a. mesial and lingual views (1:1 scale); b. 3D reconstructions 
of the six faces of the tooth (2:1 scale); c. section showing the unerupted premolar in situ; d. 3D reconstruction with main 

anatomical features; e. internal sections; f. 3D lingual views at the EDJ without and with enamel (micro-CT data processing and 
graphics J.-F. Lemaire, SPW; pencil drawings S. Lambermont, AWEM; photographs J. Eloy, AWEM).
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mesial. Both primary cusps have a developed 
essential crest which is often bifurcated. Mesial 
and distal accessory ridges are frequent but more 
often buccally than lingually (Table 12). Scla 4A-2/P4 
associates all the typical Neandertal features.

3.7.3. Morphometric analysis

Measurements of the maxillary right second 
premolar are as follows:

Md: 7.65 mm
Bl: 10.38 mm

The MD and BL diameters of Scla 4A-2/P4 depart 
significantly from the average of the recent humans 
(MHSS) comparative sample, both in the case of the 
DP probabilistic distance and ECRA (Table 13). The 
MD and BL diameters of the Scla 4A-12 crown are, 
in Figure 17, compared to the means of Early and 
Late Neandertals as well as of UPMH and MHSS. 
Scla 4A-12 is situated in the area where EN, LN and 
UPMH ellipses (95%) overlap. The fossil is outside 
the 95% ellipse of modern humans. Like for the inci-
sors and canines, this indicates that the dimensions 
of the P4 crowns do not provide clear taxonomic 
indications within fossil taxa but sometimes allow 
to distinguish between the latter and MHSS.

3.8. Mandibular right first 
premolar, rP3

Palaeoanthropological identification: Scla 4A-6
field identification: Sc 1990-132-41
date of discovery: 04 July 1990
date of identification: October 1993
Square: G27
Stratigraphic position:

— former stratigraphy: 4A
— new stratigraphy: units 4A-CHE 

or 4A-POC (units 4A-IP, 3-INF)

3.8.1. Description (Figure 18)

Found isolated, this mandibular right first premolar 
fits well in the corresponding tooth socket of the 
Scla 4A-1 right mandible, found in Square D29, 
former Layer 4A, at a distance over 3 m.

The tooth is not fully erupted. Approximately 
two thirds of the root are formed. The tooth is well 
preserved, though the crown and the root exhibit 
numerous microfissures, mainly along their length. 
The lower two fifths of the root are dark brown. No 
pathological conditions have been noted.

The crown of the Scla 4A-6 premolar shows a 
sub-triangular outline in occlusal view. It tends to 
be asymmetrically shaped, with an inclination of 

Maxillary Second Premolars Non-Neandertal
Archaics Neandertals Early Modern 

Afro-Asians
Early Modern 

Europeans Scla 4A-2/P4

Mesial/distal accessory ridges 50% 77.8% 40% 33.3% mesial and distal

Accessory  cusps 50% 47.6% 12.5% 33.3% yes

Bifurcated buccal essential crest 50% 70% 0% 0% yes

Table 12: Distinctive anatomical features on maxillary second premolars of Non-Neandertal 
Archaics, Neandertals, Early Modern Humans (after Bailey, 2006a) and Scla 4A-2/P4.

Scladina Diameter Value Stand. dev DP ECRA

RP4 (Scla 4A-2/P4)
MD 7.65

BL 10.38

Comparison Samples N Diameter Mean Stand. Dev. DP ECRA

EN left & right
21 MD 7.624 0.795 0.974 0.016

20 BL 10.513 0.626 0.835 −0.101

LN left & right
31 MD 6.958 0.510 0.185 0.665

31 BL 10.104 0.622 0.661 0.217

MPMH right & left
11 MD 7.073 0.476 0.253 0.545

10 BL 10.150 0.826 0.787 0.123

UPMH right & left
36 MD 6.811 0.683 0.227 0.605

40 BL 9.660 0.630 0.260 0.565

MHSS right & left
200 MD 6.464 0.452 0.009 1.330

200 BL 8.907 0.563 0.010 1.326

Table 13: Scla 4A-2/P4 (maxillary 
right second premolar): MD and 
BL dimensions compared to those 
of Early and Late Neandertals 
as well as MPMH, UPMH and 
MHSS, with DP and ECRA.
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its mesiolingual border. Its occlusal morphology is 
quite complex.

As usual in mandibular first premolars, the 
buccal cusp, or protoconid, is significantly higher 
than the lingual part of the crown, while the 
buccal cusp of the second premolar is usually just 
slightly higher that the lingual cusp. The mandib-
ular right first premolar exhibits a double lingual 
cusp composed of two not very well separated 
parts. One of these, the metaconid, is slightly 
mesially placed. A small accessory cusplet (disto-
lingual accessory cusp) is on the crest lingually 
limiting the distal fossa; it is much smaller and 
more distally placed than the metaconid (ASUDAS 
LP1 cusp, grade 3; Turner et al., 1991: 21).

A mesiodistal groove, or central groove, sepa-
rates the buccal and lingual cusps. An essential 

crest runs down the buccal cusp into this groove 
and fuses with the essential crest running down 
the metaconid, forming a continuous buccolingual 
ridge, the transverse crest. So, the central groove 
is divided into two depressions, the mesial and 
distal fossae, limited by distal and mesial marginal 
ridges. From the distal part of the protoconid, 
a  distal accessory ridge descends to the center 
of the distal fossa. No mesial accessory ridge is 
present. All these features, visible on the outer 
enamel surface (OES), are even better marked 
on the enamel dentine junction surface (EDj). 
The mesiolingual groove is short and only very 
weakly marked.

In proximal and distal views, the buccal face is 
convex near the cervix and nearly flat but oblique 
anterosuperiorly, in its upper two thirds.
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The crown is unworn, or nearly so (Molnar, 
1971, stage 2). There are no interproximal wear 
facets.

The tooth is single-rooted, at least in its already 
formed part. The root deflects distally. Its length 
below the cervix is 10.6 mm on its buccal side and 
9.6 mm on its lingual side. This premolar exhibits 
one distal and two mesial developmental grooves, 
showing the limits of the radicals. The section of 
the cervix is elliptical.

3.8.2. Taxonomy

The occlusal morphology of Neandertal first 
mandibular premolars tend to be complex 
(Bailey, 2006a). It exhibits some traits that, while 
sometimes present in modern human, make 
it  distinctive because of their higher frequency 
and their combination (Table 14; Bailey, 2002a, 
2002b, 2006a):

— complex occlusal morphology with a triangu-
lar outline and a tendency to be asymmetri-
cally shaped;

— well developed and continuous essential/trans-
verse crest;

— higher frequency of the distal accessory ridge 
(90%) than in modern human;

— higher frequency of the mesial lingual groove 
than in modern human;

— frequent presence of a distal accessory cusplet 
co-occurring with the metaconid.

The Scla 4A-6 premolar presents a combination of 
most of these traits.

3.8.3. Morphometric analysis

Measurements of the Scla 4A-6 mandibular right 
first premolar are as follows:

Md diameter: 8.12 mm
Bl diameter: 9.38 mm
Md diameter at the cervix: 5.50 mm
Bl diameter at the cervix: 7.76 mm
length of the tooth: 18.30 mm

The MD and BL diameters of Scla 4A-6 departs 
significantly only from the average of the recent 
humans (MHSS) comparative sample, both in 
regard to the DP probabilistic distance and ECRA. 
The BL diameter of Scla 4A-6 also departs signif-
icantly from the average of the UPMH sample 
(Table 15). The MD and BL diameters of the crown 
of Scla 4A-6 are, in Figure 19, compared to the 
ellipses (95%) of Early and Late Neandertals as 
well as of MPMH, UPMH and MHSS. Scla 4A-6 
is situated in the area where EN, LN and UPMH 
ellipses (95%) overlap, and at the limit of the 
UPMH ellipse. In addition, the fossil is outside the 
95% ellipse of modern humans. As with all inci-
sors, canines and the maxillary second premolar, 
this indicates that the dimensions of the crown of 
the mandibular first premolar do not provide clear 
taxonomic indications except that they allow to 
distinguish fossils taxa from MHSS.

3.9. Mandibular second premolars, P4

3.9.1. Description

Both right and left portions of the Scladina Child 
mandible, namely Scla 4A-1 and Scla 4A-9, have 
an unerupted second premolar.

These two teeth have been extracted from a 3D 
computerized model reconstructed from micro-
CT scans of the fossils recorded at the University of 
Antwerp and the Max Planck Institute in Leipzig, 
with the Amira® software package. These 3D 
reconstructions were then reproduced as physical 
objects via stereolithography.

Mandibular First 
Premolars

Non-Neandertal 
Archaics Neandertals Early Modern 

Afro-Asians
Early Modern 

Europeans Scla 4A-6

Asymmetry/triangular outline 66.7% 94.4% (well 
marked in 39%) 75% 56.3% yes

Distal accessory ridge 75% 90% 50% 100% yes

Mesial accessory ridge 0% 23.5% 0% 12.5% no

Accessory lingual cusp 25% 20.6% 16.7% 7.1% distolingual accessory cusp. grade 3

Transverse crest 50% 96.7% 75% 81.3% yes

Mesial lingual groove 66.7% 64% 25% 50% very weak

Table 14: Distinctive anatomical features on mandibular first premolars of Non-Neandertal 
Archaics, Neandertals, Early Modern Humans (after Bailey, 2006a) and Scla 4A-6.
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figure 19: Bivariate analysis of the mesiodistal and buccolingual diameters of mandibular first premolars 
with 95% equiprobable ellipses of EN, LN, MPMH, UPMH & MHSS as well as the position of Scla 4A-6.

Scladina Diameter Value

RP3 (Scla 4A-6)
MD 8.12

BL 9.38

Comparison Samples N Diameter Mean Stand. Dev. DP ECRA

EN right & left
23 MD 7.878 0.753 0.751 0.155

21 BL 9.057 0.724 0.661 0.214

LN right & left
42 MD 7.536 0.488 0.238 0.592

41 BL 8.994 0.698 0.583 0.274

MPMH right & left
8 MD 7.888 0.426 0.602 0.231

8 BL 8.888 0.599 0.438 0.348

UPMH right & left
39 MD 7.058 0.536 0.055 0.979

39 BL 8.322 0.416 0.015 1.254

MHSS right & left
82 MD 6.578 0.423 0.000 1.830

82 BL 7.330 0.483 0.000 2.132

Table 15: Scla 4A-6 (mandibular right first premolar): MD and 
BL dimensions compared to those of Early and Late Neandertals 

as well as MPMH, UPMH and MHSS, with DP and ECRA.
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Mandibular left second 
premolar, LP4 (Figure 20)

Palaeoanthropological 
identification: Scla 4A-9/P4
field identification: Sc 1996-203-1
date of discovery: 12 July 1996
date of identification: 12 July 1996
Square: C28
Stratigraphic position:

— former stratigraphy: 4A
— new stratigraphy: Unit 4A-CHE 

(Unit 4A-POC), Layer 4A-JA (?)

This tooth is included in the Scla 4A-9 left part of 
the mandible. Its crown is completely formed and 
unworn. Its root is not complete; about two thirds 
are formed (Figure 20).

The crown is asymmetrical in occlusal view, 
with an inclination of the mesiolingual border and a 
truncated mesiolingual lobe. So its outline is some-
what triangular. Its occlusal topography is complex.

The metaconid is well developed, just a little 
lower than the protoconid. It is mesially placed 
and more strongly developed than the metaconid 
of the mandibular right first premolar Scla 4A-6.

A continuous and strong transversal crest, 
visible on the OES and even more clearly on the 
EDj, connects the protoconid and metaconid. 
Because of the mesial position of the metaconid, 
this crest is also mesially disposed and the mesial 
fovea is much smaller than the distal one.

The protoconid does not have any mesial 
accessory ridge. However, it exhibits a central 
ridge which descends from the apex of the cusp 
and, after a few millimetres, divides itself into two 
branches, one forming the continuous transverse 
ridge already mentioned and another, very faint, 
descending to the distal fovea. Slightly more distal 
is the DAR (distal accessory ridge).

In mesial and distal views, the buccal face of 
the tooth is very convex.

The P4 has two accessory lingual cusps. The 
first one is on the distolingual angle of the occlusal 
surface and the second one on the distal marginal 
ridge. They are well separated by shallow grooves 
going down to the center of the distal fovea.

The uncompleted root has a mesiolin-
gual groove which produces a C-shaped root 
morphology or Tomes’ root morphology (Hillson, 
1996: 41, 44). This vertical groove is shallow in its 
cervical third, but becomes increasingly deeper as 
it reaches the end of the root. The lingual part of 
the root is the largest.

Mandibular right second 
premolar, RP4 (Figure 21)

Palaeoanthropological 
identification: Scla 4A-1/P4
field identification: Sc 1993-148-185
date of discovery: 16 July 1993
date of identification: 20 July 1993
Square: D29
Stratigraphic position:

— former stratigraphy: 4A
— new stratigraphy: Unit 

4A-CHE, Layer 4A-GX

This tooth is totally unerupted. It is embedded 
within the Scla 4A-1 right part of the mandible. 
However it is possible to see a very small part of its 
crown by looking carefully through the bottom of 
the alveolus of the right second deciduous molar.

Its crown is completely formed but unworn and 
its root is not complete, like that of its antimere.

The morphology of this tooth is quite similar to 
the corresponding mandibular left first premolar 
unerupted in the Scla 4A-9 left part of the 
mandible.

The crown exhtibits a somewhat triangular 
outline. It is asymmetrical in occlusal view, with 
an inclination of the mesiolingual border.

The metaconid is well developed, just a 
little lower than the protoconid, and is mesially 
disposed. A continuous and strong transversal 
crest connects the protoconid and metaconid. 
This crest is also mesially disposed and the mesial 
fovea is much smaller than the distal fovea.

The protoconid does not have any mesial acces-
sory ridge. As in the left P4, it exhibits a central 
ridge descending from the apex of the proto-
conid which divides itself into two branches, one 
forming the transverse ridge already mentioned. 
A distal accessory ridge is also present.

In lateral view, the buccal face of the tooth is 
irregularly convex.

This right P4, like the left one, has two acces-
sory distolingual cusps and they are at the same 
position. The first lies at the distolingual angle 
of the occlusal surface and the second on the 
distal marginal ridge. They are well separated by 
shallow grooves going down to the center of the 
distal fovea.

As for the left P4, the incomplete root of the 
right P4 has a mesiolingual vertical groove which 
produces a C-shaped root morphology or Tomes’ 
root morphology. The lingual component of the 
root is also the largest.
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figure 20: Scla 4A-9/P4 unerupted mandibular left second premolar: a. mesial and lingual views (1:1 scale); b. 
3D reconstructions of the six faces of the tooth (2:1 scale); c. section showing the unerupted premolar in situ; 

d. 3D reconstruction with main anatomical features; e. internal sections; f. 3D lingual views at the EDJ without 
and with enamel; g. other views of the location of the unerupted premolar (micro-CT data processing and 

graphics J.-F. Lemaire, SPW; pencil drawings S. Lambermont, AWEM; photographs J. Eloy, AWEM).



268 E R A U L  1 3 4 2 0 1 4

Mesial Lingual Distal Buccal Occlusal Apical

Mesiodistal sectionBuccolingual section

1cm0

a

c

d

b

f

10.5cm cm0

g

e

Protoconid Metaconid

Mandibular Right Second Premolar Scla 4A-1/P4

B

L

M

D

Mesial fossa

Protoconid

Distal
accessory

ridgeMetaconid

Transversal
crest

Distal fossa

Lingual
accessory

cusp

0.5cm0

figure 21: Scla 4A-1/P4 unerupted mandibular right second premolar: a. mesial and lingual views (1:1 scale); 
b. 3D reconstructions of the six faces of the tooth (2:1 scale); c. section showing the unerupted premolar in 
situ; d. 3D reconstruction with main anatomical features; e. internal sections; f. 3D lingual views at the EDJ 

without and with enamel; g. other views of the location of the unerupted premolar (micro-CT data processing 
and graphics J.-F. Lemaire, SPW; pencil drawings S. Lambermont, AWEM; photographs J. Eloy, AWEM).
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3.9.2. Taxonomy

Some P4 crown traits are particularly useful to 
distinguish Neandertal P4s from those of modern 
humans and Homo erectus (Table 16; Bailey, 
2002a, 2002b, 2005, 2006a):
— distinctive complex crown outline in occlusal 

view, with marked asymmetry of the lin-
gual contour, caused by the truncation of its 
mesiolingual lobe (± 90% of Neandertal P4s, 
against a third or less in Archaic Homo erec-
tus, Homo sapiens and modern humans);

— mesially placed metaconid which is also large 
and well developed;

— strong and continuous transverse crest 
(over 90% of Neandertal P4s).

— extra lingual cusps (present on ± 90% of 
Neandertal P4s);

— distal accessory ridges, whose frequency in 
Neandertals and Homo erectus (≥ 90%) is higher 
than in modern humans (two thirds or less).

In fact, each of these traits may be present in 
anatomically modern populations but it is the 
frequency with which they occur together within 
a single tooth which is taxonomically diagnostic 
and distinguishes Neandertals from contempo-
rary humans and Homo erectus. In detail (Bailey, 
2002a: 154), 59% of Neandertals exhibit the first 
three traits together and 35% two of these traits, 
whereas 94% of Neandertals present at least two 
of these three features in combination; only 2.4% 
of the modern humans do.

The two Scladina P4s both present the asym-
metry of the lingual contour when viewed 
occlusally, a mesially positioned metaconid, 
multiple lingual cusps as well as a marked trans-
verse crest.

3.9.3. Morphometric analysis
Measurements of the mandibular second premo-
lars are as follows:

Scla 4a-1/P4
MD = 8.0 mm
BL = 9.68 mm

Scla 4a-9/P4
MD = 8.1 mm
BL = 9.3 mm

The MD and BL diameters of both mandibular 
second premolars depart significantly from the 
average of the recent humans (MHSS) compar-
ative sample, in regards to the DP probabilistic 
distance and ECRA. The BL diameter of both teeth 
also departs significantly from the average of the 
UPMH sample (Table 17). The MD and BL diam-
eters of the crown of both mandibular second 
premolars are, in Figure 22, compared to the 
means of Early and Late Neandertals as well as 
of MPMH, UPMH and MHSS. They are situated in 
the area where EN, LN, MPMH and UPMH ellipses 
(95%) overlap. In addition, the fossil is outside the 
95% ellipse of Modern Humans. As with all inci-
sors, canines and other premolars, this indicates 
that the dimensions of the crown of the mandib-
ular second premolar do not always provide clear 
taxonomic indications within fossil taxa but often 
allow to separate the latter from MHSS.

3.10. Permanent maxillary 
right first molar, rM1

Palaeoanthropological identification: Scla 4A-4
field identification: Sc 1993-330-127
date of discovery: 14 December 1993
date of identification: 14 December 1993
Square: C30

Mandibular Second 
Premolars

Non-Neandertal 
Archaics Neandertals Early Modern 

Afro-Asians
Early Modern 

Europeans Scla 4A-1/P4 Scla 4A-9/P4

Asymmetry/triangular outline 16.7% 93.5% 33.3% 33.3% yes yes

Mesial position of the metaconid 100% 96.9% 50% 73.3% yes yes

Transverse crest (continue) 33.3% 93.5% 16.7% 23.5% yes yes

Distal accessory ridge 100% 87.5% 66.7% 25% yes yes

Mesial accessory ridge 20% 12.5% 66.7% 0% - -

Accessory lingual cusps 80% 90.6% 66.7% 50% yes yes

Mesial lingual groove 0% 8% 0% 0% - -

Table 16: Distinctive anatomical features on mandibular second premolars of Non-Neandertal Archaics, 
Neandertals, Early Modern Humans (after Bailey, 2006a) and Scla 4A-1/P4 & Scla 4A-9/P4.



Michel TOUSSAINT

270 E R A U L  1 3 4 2 0 1 4

5,5 6,0 6,5 7,0 7,5 8,0 8,5 9,0 9,5

6,4

7,2

8,0

8,8

9,6

10,4

11,2

12,0

Mesiodistal diameter (mm)

Early Neandertals (EN)
Late Neandertals (LN)
Middle Palaeolithic
Modern Humans
(MPMH)
Early/Late Upper
Palaeolithic Modern
Humans (UPMH)
Modern Homo
sapiens sapiens
(MHSS)

Mandibular Second Premolars 

Scla 4A-1/P4

Scla 4A-9/P4

EN
LN

UPMH

MPMH

MHSS

Bu
cc

ol
in

gu
al

 d
ia

m
et

er
 (m

m
)

figure 22: Bivariate 
analysis of the mesiodistal 
and buccolingual diameters 
of mandibular second 
premolars with 95% 
equiprobable ellipses of EN, 
LN, MPMH, UPMH & MHSS 
as well as the position of 
Scla 4A-1/P4 & 4A-9/P4.

Table 17: Scla 4A-1/P4 & Scla 4A-9/P4 (mandibular second premolars): 
MD and BL dimensions compared to those of Early and Late Neandertals 

as well as MPMH, UPMH and MHSS, with DP and ECRA.

Scladina N Diameter Value

P4

Scla 
4A-1/P4

MD 8.0

BL 9.68

Scla 
4A-9/P4

MD 8.1

BL 9.3

vs Scla 4A-1/P4 vs Scla 4A-9/P4
Comparison Samples N Diameter Mean Stand. Dev. DP ECRA DP ECRA

EN right & left
24 MD 7.729 0.692 0.699 0.189 0.597 0.259

23 BL 9.348 0.501 0.515 0.319 0.925 -0.046

LN right & left
47 MD 7.371 0.637 0.329 0.491 0.258 0.569

47 BL 9.019 0.748 0.381 0.439 0.709 0.187

MPMH right & left
9 MD 7.611 0.535 0.488 0.315 0.387 0.396

9 BL 8.989 0.655 0.322 0.458 0.647 0.206

UPMH right & left
39 MD 7.312 0.577 0.240 0.589 0.18 0.675

40 BL 8.649 0.486 0.040 1.050 0.188 0.663

HSS right & left
90 MD 6.896 0.426 0.011 1.305 0.006 1.423

90 BL 7.973 0.484 0.001 1.774 0.007 1.379
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Stratigraphic position:
— former stratigraphy: 4A
— new stratigraphy: Unit 

4A-POC, Layer 4A-BO

3.10.1. Description (Figure 23)

Immediately recognized as human in the field, 
this permanent maxillary first right molar fits 
perfectly into the corresponding socket of the 
Scla  4A-2 right maxilla fragment found in adja-
cent Square D30, at a distance of about 1 m.

The tooth is completely formed and was func-
tional, as attested by the slight wear of the cuspids 
(grade 2 of Molnar, 1971). The crown and roots, 
with closed apices, were well preserved at the time 
of discovery of the fossil. The buccal roots were 
later sampled for C/N and DNA analysis. On the 
Scla 4A-2 maxilla, the alveoli of the buccomesial 
root is well preserved and that of the buccodistal 
root is partially preserved, from which the shapes 
of the roots can also be studied. Later, in 2007, a 
histological section was obtained from the molar, 
in order to study the age at death of the specimen 
(Smith et al., 2007 & Chapter 7). The two resulting 
portions of the tooth were subsequently glued 
together to the approximate original dimensions 
and coloured with a dental restorative (temporary 
resin acrylic) and dental sticky wax.

No pathological conditions have been noted. 
The right M1 has four main cusps: protocone> 
paracone> hypocone>metacone.

In occlusal view, the Scla 4A-4 crown exhibits a 
skewed rhomboidal surface. The cusps also appear 
to be internally compressed. The tooth is crenu-
lated with essential crests running down from 
the cusps into the depressed occlusal surface. The 
paracone (cusp 2) draws a sharp, but truncated, 
angle. The hypocone (cusp 4) is large, projecting 
lingually and rounded. The metacone (cusp 3) is 
quite small, rounded and shifted internally. A tiny 
distal accessory cusp lies between the hypocone 
and the metacone  on the distal marginal ridge 
(ASUDAS UM cusp 5, grade 2/3). The two buccal 
cusps (paracone and metacone) are more mesi-
ally placed than the lingual cusps (protocone 
and hypocone).

In side view, the protocone (cusp 1) has tiny 
subvertical smooth grooves at the limit of its 
mesial and lingual surfaces; these represent an 
extremely subtle manifestation of the tubercle 
of Carabelli (ASUDAS, grade 1). A small cusp is 
present on the buccal surface of the paracone: 
a very weak parastyle (grade  2 in the ASUDAS 

scoring system). On the lingual face of the crown 
a well marked groove separates the protocone 
and the hypocone. Another groove separates the 
paracone and the metacone on the occlusal half 
of the buccal surface of the crown. Between the 
hypocone and metacone, on the distal surface of 
the tooth, the cervical enamel line forms a faint 
enamel extension directed apically which deviates 
by nearly 1  mm from the horizontal axis of the 
cervical enamel line.

On the mesial face of the crown is a large 
(5  mm) horizontal interproximal wear facet; its 
height is 2.3 mm. This facet slightly affects the 
outline of the crown. On the distal face of the 
crown, no interproximal wear facet is present for 
the second molar, which is normal as the second 
molar was not completely erupted.

The lingual root forms a cone flattened in the 
buccolingual direction. It diverges at first from 
the vertical axis of the crown then bends slightly 
to become again almost vertical. Its apex is fully 
closed. Both the buccal and lingual faces of that 
lingual root have a shallow vertical groove. The 
length of the root is 13.6 mm, measured on the 
lingual face from the middle of the cervix. The two 
buccal roots (now broken) join near the cervical 
line, only separated by a shallow vertical groove. 
The mesiobuccal root is wider than the distobuccal 
one. They diverge at around 5 mm of the cervix. 
The distobuccal root has a length of 12.4 mm and 
is slightly curved distally. The mesiobuccal root is 
10.5 mm and is nearly straight.

3.10.2. Taxonomy

In occlusal view, Neandertal maxillary first molars 
exhibit a few interesting features (Table 18) which, 
however, fall within the range of anatomically 
modern Homo sapiens (amHS; Bailey, 2002b, 
2004a, 2006a, b).

The crowns are usually strongly skewed, 
compared with the maxillary molars of contem-
porary modern humans, with a large hypocone 
projecting lingually. Their shape is therefore 
rhomboidal. The Neandertal M1 is somewhat 
crenulated and has usually four main cusps as 
well as accessory cusps and crests. The buccal 
cusps (paracone and metacone) are more mesi-
ally placed than the lingual cusps (protocone 
and hypocone). The Neandertal metacone is also 
shifted lingually. Cusp 5 is present in two thirds of 
the M1. Carabelli’s cusp is frequently present and 
often well developed. The cusps are more inter-
nally compressed than in modern humans, their 
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figure 23: Scla 4A-4 permanent maxillary right first molar: a. mesial and lingual views (1:1 scale); b. photographs, 
drawings and 3D reconstructions of the six faces of the tooth (2:1 scale); c. 3D reconstruction with main anatomical 

features; d. internal sections; e. 3D lingual views at the EDJ without and with enamel (micro-CT data processing 
and graphics J.-F. Lemaire, SPW; pencil drawings S. Lambermont, AWEM; photographs J. Eloy, AWEM).
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apices being orientated more towards the occlusal 
basin as well as closer; therefore, the occlusal 
polygon, drawn by joining the apices of the four 
main cusps, is smaller than in other human groups 
(Bailey, 2004a: 194). The metacone is relatively 
reduced and internally oriented.

The Scla 4A-4 first maxillary molar presents 
all these Neandertal traits. It is skewed, the buccal 
cusps are mesially placed, the cusps are internally 
compressed, there is a large hypocone.

3.10.3. Morphometric analysis

Measurements of the Scla 4A-4 permanent maxil-
lary first molar are as follows:

Md: 10.57 mm
Bl: 11.92 mm
length of the tooth: (21.0 mm)
Md at the cervix: 7.80 mm
Bl at the cervix: 11.0 mm

The MD and BL diameters of Scla 4A-4 do not 
depart significantly from the average of any of 
the five comparison samples (EN, LN, MPMH, 
UPMH & MHSS), both in regard to the DP proba-
bilistic distance and ECRA (Table 19). When both 
diameters are situated on equiprobable ellipses 

(95%) they are in an area where of all these taxa 
overlap (Figure 24). Like for all incisors, canines 
and premolars, this indicates that the dimen-
sions of the crown of the permanent maxillary 
first molar do not provide taxonomic indica-
tions in the case of Scladina.

3.11. Permanent maxillary right 
second molar, rM2

Palaeoanthropological identification: Scla 4A-3
field identification: Sc 1992-411-107-1
date of discovery: 15 October 1992
date of identification: October 1993
Square: C30
Stratigraphic position:

— former stratigraphy: 4A
— new stratigraphy: units 4A-CHE or 4A-POC

3.11.1. Description (Figure 25)

Like the permanent maxillary right first molar, the 
permanent maxillary right second molar of the 
Scladina juvenile was lost postmortem.

The fossil is well preserved, despite the pres-
ence of numerous vertical cracks. The crown is 

Scladina Diameter Value

RM1 (Scla 4A-4)
MD 10.57

BL 11.92

Comparison Samples N Diameter Mean Stand. Dev. DP ECRA

EN right & left
21 MD 11.817 0.949 0.204 −0.630

21 BVL 12.133 0.671 0.754 −0.152

LN right & left
36 MD 11.008 0.884 0.623 −0.244

37 BL 12.052 0.667 0.845 −0.097

MPMH right & left
19 MD 11.268 0.594 0.255 −0.559

18 BL 12.344 0.655 0.526 −0.307

UPMH right & left
59 MD 10.644 0.731 0.920 −0.051

60 BL 12.038 0.668 0.860 −0.089

MHSS right & left
102 MD 10.020 0.651 0.401 0.425

103 BL 10.988 0.593 0.119 0.793

Table 19: Scla 4A-4 (permanent 
maxillary right first molar): 
MD and BL dimensions 
compared to those of Early 
and Late Neandertals as 
well as MPMH, UPMH and 
MHSS, with DP and ECRA.

Permanent Maxillary 
First Molars

Non-Neandertal 
Archaics Neandertals Early Modern 

Afro-Asians
Early Modern 

Europeans Scla 4A-4

Distal accessory cusplet 25% 63.6% 40% 52.9% yes( tiny)

Carabelli’s trait 75% 68% 33.3% 40.0% yes (tiny)

Mesial accessory cusps 0% 40% 0% 22.2% yes

Hypocone reduction 0% 0% 0% 0% no

Table 18: Distinctive anatomical features on permanent maxillary first molars of Non-Neandertal 
Archaics, Neandertals, Early Modern Humans (after Bailey, 2006a) and Scla 4A-4.



Michel TOUSSAINT

274 E R A U L  1 3 4 2 0 1 4

not completely erupted and is nearly unworn 
(grade 1 of Molnar, 1971). About half of each 
root is formed (max length: 7 mm). No patholog-
ical condition has been observed.

In occlusal view, this M2 exhibits a skewed 
rhomboidal shape. Its occusal surface is very 
complex. It is a crenulated tooth characterized 
by four main cusps and some accessory cusps, 
fissures, and crests. Its shape is slightly different 
from that of the Scla 4A-4 M1 as its distal outline 
is not as rounded but is more transversal due to 
a slightly more important metacone (cusp 3). In 
occlusal view, the protocone (cusp 1) exhibits an 
essential crest descending from its tip (Figure 25c: 
no. 1). Three other essential crests (no. 2-4) are 
present on the mesial marginal ridge: the most 
lingual one  (no. 2) originates from the slope of 
the protocone and the most buccal one (no. 4) 
emanates from the mesial accessory tubercle. 
The paracone (cusp 2) has two essential crests 
(no. 5-6). The metacone has three crests, an 
essential one on its tip and an accessory one on 
each side descending from very small accessory 
cusps (no. 7-9). It is separated from the hypocone 

(cusp 4) by a quite deep groove which runs 
mesio-lingually. The metacone (cusp 3) is slightly 
more developed than on the M1 (ASUDAS, grade 
5). The distolingual corner of the tooth exhibits 
two cusplets: the hypocone itself and a more 
distal cusp 5 (metaconule). Two other small 
accessory cusps are between the protocone and 
the hypocone: one on the middle of the lingual 
border of the occlusal surface and another one 
more internal (no. 10).

In mesiolingual view, the protocone (cusp 1) 
has tiny subvertical smooth grooves on the limit of 
its mesial and lingual surfaces; it is a slightly indi-
vidualized expression of the tubercle of Carabelli 
(ASUDAS, grade 1). The paracone (cusp 2) does 
not have a parastyle.

Scla 4A-3 has three roots. The lingual root is 
oval in shape; its length is 5.6 mm; its opening, 
whose main axis is mesiolingual to distobuccal, 
is 5.5 × 3.7 mm. The mesiobuccal and distobuccal 
roots are fused near the cervix but can be distin-
guished as they are separated by a buccal groove. 
Their irregular opening is 7.5 mm buccolingually 
and 6.4 mm mesiodistally.
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figure 24: Bivariate 
analysis of the 
mesiodistal and 
buccolingual diameters 
of permanent maxillary 
first molars with 95% 
equiprobable ellipses of 
EN, LN, MPMH, UPMH 
& MHSS as well as the 
position of Scla 4A-4.
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figure 25: Scla 4A-3 permanent maxillary right second molar: a. mesial and lingual views (1:1 scale); b. photographs, 
drawings and 3D reconstructions of the six faces of the tooth (2:1 scale); c. 3D reconstruction with main anatomical 

features; d. internal sections; e. 3D lingual views at the EDJ without and with enamel (micro-CT data processing 
and graphics J.-F. Lemaire, SPW; pencil drawings S. Lambermont, AWEM; photographs J. Eloy, AWEM).
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3.11.2. Taxonomy

The morphology of the Neandertal M2 is complex 
(Table 20; Bailey, 2002a, 2002b, 2004, 2006a). The 
Neandertal M2 possesses four developed main 
cusps; indeed, the hypocone is usually well 
developed. Cusp 5 is frequent (two thirds), as is 
Carabelli’s trait (50%). There are accessory cusps 
deriving from the mesial marginal ridge (100%). 
The Scla 4A-3 second maxillary molar presents all 
these Neandertal traits.

3.11.3. Morphometric analysis

Measurements of the Scla 4A-3 permanent maxil-
lary second molar are as follows:

Md: 10.21 mm
Bl: 12.60 mm
Md at the cervix: 8.9 mm
Bl at the cervix: 12.4 mm
length of the tooth: 13.1 mm

The MD diameter of Scla 4A-3 does not depart signifi-
cantly from the average of any of the five comparative 
samples (EN, LN, MPMH, UPMH & MHSS), both in 
regard to the DP probabilistic distance and ECRA. 
On the contrary, Scla 4A-3 departs from the MHSS 
sample as far as the BL diameter is concerned 

(Table 21). When both diameters of Scla 4A-3 are 
situated on equiprobable ellipses (95%) they are in 
an area where all these taxa overlap, even if close 
to the upper limit of the BL diameter of MHSS 
(Figure 26). Like for all incisors, canines, premolars 
and M1, this indicates that the dimensions of the 
crown of the permanent maxillary second molar 
provide  only limited taxonomic indications.

3.12. Permanent maxillary 
right third molar, rM3

Palaeoanthropological identification: Scla 4A-8
field identification: Sc 1995-286-7-1
date of discovery: 14 July 1995
date of identification: 14 July 1995
Square: C32
Stratigraphic position:

— former stratigraphy: 4A
— new stratigraphy: Unit 4A-POC (Unit 

4A-CHE), Layer 4A-LEG (Layer 4A-JA)

3.12.1. Description (Figure 27)

The germ of this permanent maxillary right third 
molar was immediately recognized as human on 
the day of the discovery. When the child was alive 

Table 20: Distinctive anatomical features on permanent maxillary second molars of Non-Neandertal 
Archaics, Neandertals, Early Modern Humans (after Bailey, 2006a) and Scla 4A-3.

Permanent Maxillary 
Second Molars

Non-Neandertal
Archaics Neandertals Early Modern 

Afro-Asians
Early Modern 

Europeans Scla 4A-3

Distal accessory cusplet (5) 100% 68.2% 50% 38.9% yes

Carabelli's trait 66.7% 50% 14.3% 15.8% yes

Mesial accessory cusps 100% 100% 50% 12.5% yes

Hypocone reduction 0% 6% 0% 15% no

Scladina Diameter Value

RM2 (Scla 4A-3)
MD 10.21

BL 12.6

Comparison Samples N Diameter Mean Stand. Dev. DP ECRA

EN right & left
26 MD 10.979 1.096 0.490 −0.341

26 BL 12.444 0.830 0.853 0.091

LN right & left
30 MD 10.521 0.830 0.711 −0.183

30 BL 12.474 0.981 0.898 0.063

MPMH right & left
13 MD 10.454 1.074 0.824 −0.104

12 BL 12.242 0.502 0.490 0.324

UPMH right & left
56 MD 10.154 0.838 0.947 0.034

56 BL 12.175 0.866 0.626 0.245

MHSS right & left
100 MD 9.202 0.678 0.141 0.749

100 BL 11.148 0.671 0.033 1.091

Table 21: Scla 4A-3 (permanent 
maxillary right second molar): MD 
and BL dimensions compared to 
those of Early and Late Neandertals 
as well as MPMH, UPMH and 
MHSS, with DP and ECRA.
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analysis of the 
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of permanent maxillary 
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the tooth was still in its crypt; it was lost post-
mortem. The crown is nearly completely formed 
and is unworn. It is well preserved, despite 
numerous vertical cracks. No root is yet formed. 
No pathological conditions are noted.

In occlusal view, this M3 exhibits a complex 
morphology around a central fovea. The crown is 
crenulated and characterized by numerous cusps, 
fissure, and crests. It is skewed and has a rhom-
boidal shape. The protocone and the paracone are 
the highest cusps.

The paracone (cusp 2) exhibits three crests: 
mesial (Figure 27c: no. 1), essential (no. 2) and 
distal (no. 3). A faint groove on its buccal surface 
corresponds to stage 1 of the parastyle ASU UM 
plaque of ASUDAS.

The protocone (cusp 1) has 2 crests, essential 
(no. 6), and distal (no. 7). Lingually to the distal 
crest of the protocone and distally to the proto-
cone itself is a small rounded independent cusplet. 
Two ridges originate from the mesial marginal 
ridge: a small buccal one (no. 4) which joins the 

essential ridge of the paracone and a central one 
(no. 5) descending from a very faint mesial acces-
sory tubercle (Scott & Turner, 1997: 46).

The distal marginal ridge exhibits three small, 
low cusplets. The one at the limit of the lingual 
and distal faces seems to correspond to a reduced 
hypocone. The more distal one could be cusp 5 
(metaconule; ASUDAS, grade 3) and the more 
buccal one a reduced metacone.

3.12.2. Taxonomy

The Neandertal M3 presents a complex occlusal 
morphology with a hypocone that is often reduced 
(two thirds) or nearly absent (Table 22; Bailey, 
2006a). Frequently, the mesial marginal ridge has 
accessory cusps (two thirds). Cusp 5 may also 
be present (one third). Carabelli’s trait is less 
frequent (14%) than on M1 and M2. Scla 4A-8 has 
a complex morphology, notably a reduced hypo-
cone, a cusp 5 and an accessory cusp on its mesial 
marginal ridge.
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figure 27: Scla 4A-8 permanent maxillary right third molar: a. mesial and lingual views (1:1 scale) ; b. photographs, 
drawings and 3D reconstructions of the six faces of the tooth (2:1 scale); c. 3D reconstruction with main anatomical 

features; d. internal sections; e. 3D lingual views at the EDJ without and with enamel (micro-CT data processing 
and graphics J.-F. Lemaire, SPW; pencil drawings S. Lambermont, AWEM; photographs J. Eloy, AWEM).
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3.12.3. Morphometric analysis

Measurements of the Scla 4A-8 permanent maxil-
lary right second molar are as follows:

Md: 9.55 mm
Bl: 12.20 mm

The MD and BL diameters of Scla 4A-8 do not 
depart significantly from the average of any of the 
five comparison samples (EN, LN, MPMH, UPMH 
& MHSS), both in regard to the DP probabilistic 
distance and ECRA (Table 23). When both diam-
eters are situated on equiprobable ellipses (95%) 
they are in an area where all these five taxa 
overlap (Figure 28). Like for all incisors, canines, 
premolars and UM1 and UM2, this indicates that 
the dimensions of the crown of the permanent 
maxillary third molar do not frequently provide 
clear taxonomic indications.

3.13. deciduous maxillary right 
first molar, rdm1

Palaeoanthropological identification: Scla 4A-7
field identification: Sc 1991-574-11
date of discovery: 12 November 1991
date of identification: October 1993
Square: F27

Stratigraphic position:
— former stratigraphy: 4A
— new stratigraphy: Units 4A-CHE 

or 4A-POC (units 4A-IP, 3-INF)

3.13.1 Description (Figure 29)

This deciduous upper molar consists of a complete 
crown with roots affected by partial resorption, 
but preserved for slightly more than the cervical 
third. The crown is quite heavily worn (Molnar, 
1971, stage 4); its wear is very close to that of the 
right dm1 of La Quina 18 (Figure 30) and, to a 
lesser extent, of the left dm1 of La Quina 18. The 
enamel is vertically cracked over all its surfaces. 
No pathological conditions are noted.

The wear of the occlusal surface makes an 
accurate description difficult. Four cusps (para-
cone, protocone, hypocone and metacone) are 
present. The surface is crossed by some bridges of 
enamel, one joining the protocone and the meta-
cone and another the protocone and hypocone. 
Between these bridges are six dentine areas of 
varying dimension. The cusp tips are internally 
compressed. The paracone is the biggest and the 
highest cusp.

The tooth exhibits a strong cingulum bulge 
near the crown base and, on its buccal face, 

Permanent Maxillary 
Third Molars

Non-Neandertal
Archaics Neandertals Early Modern 

Afro-Asians
Early Modern 

Europeans Scla 4A-8

Distal accessory cusplet 100% 35.3% 33.3% 28.6% yes

Carabelli’s trait 0% 14.3% 0% 25.0% yes

Mesial accessory cusps - 70% 100% 27.5% yes

Hypocone reduction 0% 68.4% 25.0% 57.1% yes

Table 22: Distinctive anatomical features on permanent maxillary third molars of Non-Neandertal 
Archaics, Neandertals, Early Modern Humans (after Bailey, 2006a) and Scla 4A-8.

Scladina Diameter Value

RM3 (Scla 4A-8)
MD 9.55

BL 12.2

Comparison Samples N Diameter Mean Stand. Dev. DP ECRA

EN right & left
21 MD 10.069 0.773 0.510 −0.322

19 BL 12.121 0.868 0.929 0.043

LN right & left
22 MD 9.437 0.594 0.851 0.092

21 BL 12.026 1.224 0.888 0.068

MPMH  right & left
10 MD 9.440 0.631 0.865 0.077

9 BL 12.089 0.891 0.904 0.054

UPMH  right & left
36 MD 9.312 0.936 0.801 0.125

37 BL 11.581 1.141 0.591 0.268

MHSS  right & left
91 MD 8.616 0.659 0.160 0.714

91 BL 10.693 0.818 0.069 0.928

Table 23: Scla 4A-8 (permanent 
maxillary right third molar): MD 
and BL dimensions compared to 
those of Early and Late Neandertals 
as well as MPMH, UPMH and 
MHSS, with DP and ECRA.
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a pronounced mesiobuccal cingulum projection at 
the base of the paracone: the paramolar tubercle 
(tuberculum molare or parastyle). The protocone 
does not exhibit a Carabelli trait.

Interproximal wear facets are present on both 
the mesial and distal surfaces. In occlusal view, 
they affect the outline of the crown. The mesial side 
has a slight ripple parallel to its lower edge, high-
lighted by a breaking of the edge of the buccal side. 
There seems to have been two successive facets, one 
for the deciduous canine and the other for the perma-
nent canine that is superimposed over the first.

3.13.2. Taxonomy

Most Neandertal dm1s have four cusps 
(Châteauneuf, Subalyuk, Shanidar 7, Grotte du 
Renne 34, Gibraltar II). Early Modern Middle 
Palaeolithic Humans are variable: four at Skhûl 
I but three at Qafzeh 4 (Bailey & Hublin, 2006; 
Tillier, 1979). Upper Palaeolithic and MHSS dm1s 
have usually two or three cusps; these teeth are 
more premolar-like than those of Neandertals. It 
has been reported (Bailey & Hublin, 2006) that 
the presence of Carabelli’s structure would be 
diagnostic as such a trait would be absent in MHSS 
dm1s. Scla 4A-7 has four cusps but no Carabelli trait.
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figure 28: Bivariate 
analysis of the mesiodistal 
and buccolingual diameters 
of permanent maxillary 
third molars with 95% 
equiprobable ellipses of 
EN, LN, MPMH, UPMH 
& MHSS as well as the 
position of Scla 4A-8.
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figure 30. Comparison of the wear of maxillary 
right dm1, dm2 and M1 of Scladina I-4A (below) 

and La Quina 18 (above): original specimens.
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figure 29: Scla 4A-7 deciduous maxillary right first 
molar: a. mesial and lingual views (1:1 scale); b. 
photographs, drawings and 3D reconstructions of the 
six faces of the tooth (2:1 scale); c. 3D reconstruction 
with main anatomical features; d. internal sections; 
e. 3D lingual views at the EDJ without and with 
enamel (micro-CT data processing and graphics 
J.-F. Lemaire, SPW; pencil drawings S. Lambermont, 
AWEM; photographs J. Eloy, AWEM).
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3.13.3. Morphometric analysis

Measurements of the Scla 4A-7 deciduous maxil-
lary right first molar are as follows:

Md: 7.52 mm
Bl: 9.29 mm
Md at the cervix: 6.33 mm
Bl at the cervix: 8.65 mm

The MD diameter of Scla 4A-7 departs significantly 
from the average of the MPMH comparative sample, 
only in regard to the DP probabilistic distance, but 
the samples are very small. The BL diameter does 
not depart from any of the comparative samples 
(Table 24). When both diameters of Scla 4A-7 are 
situated on equiprobable ellipses (95%) they are 
in an area where Neandertals, Upper Palaeolithic 
Modern Humans (UPMH) and MHSS overlap 
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figure 31: Bivariate 
analysis of the 
mesiodistal and 
buccolingual diameters 
of deciduous maxillary 
first molars with 95% 
equiprobable ellipses 
of NE, UPMH & 
MHSS as well as the 
position of Scla 4A-7.

Scladina Diameter Value Stand. Dev. DP ECRA

Rdm1 (Scla 4A-7)
MD 7.52

BL 9.29

Comparison Samples N Diameter Mean Stand. Dev. DP ECRA

Neandertals
17 MD 7.84 0.43 0.468 −0.351

17 BL 9.14 0.4 0.713 0.177

MPMH
4 MD 8.6 0.23 0.018 −1.475

4 BL 9.16 0.51 0.815 0.004

UPMH
17 MD 7.37 0.6 0.806 0.118

16 BL 9.15 0.77 0.858 0.085

MHSS
99 MD 7.1 0.61 0.493 0.347

100 BL 8.55 0.56 0.189 0.666

Table 24: Scla 4A-7 (deciduous 
maxillary right first molar): MD and 
BL dimensions compared to those of 
Neandertals as well as MPMH, UPMH 
and MHSS, with DP and ECRA.
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(Figure 31). This indicates that the dimensions of 
the crown of the deciduous maxillary first molar 
do not provide clear taxonomic indications.

3.14. deciduous maxillary right 
second molar, rdm2

Palaeoanthropological identification: Scla 4A-5
field identification: Sc 1990-81-46
date of discovery: 13 March 1990
date of identification: October 1993
Square: G27
Stratigraphic position:

— former stratigraphy: 4A
— new stratigraphy: units 4A-POC or 

3-INF (units 4A-IP, 4A-CHE, 3-SUP)

3.14.1. Description (Figure 32)

This tooth consists of a complete crown. The 
mesiobuccal root is complete, but the lingual 
and distobuccal roots are incomplete, due to the 
beginning of resorption. The enamel is verti-
cally cracked over all its surfaces. No pathological 
conditions are noted.

The occlusal outline of the tooth, which has four 
large main cusps, is rhomboidal; the distal cusps 
(especially the metacone) are placed lingually 
relatively to the mesial cusps (paracone and proto-
cone). The crown is slightly worn (Molnar, 1971, 
stage 2-3), which prevents a detailed description of 
the details of the occlusal basin.

The protocone is the largest cusp. It does not 
have Carabelli’s cusp. A well-developed crista 
obliqua connects the protocone and metacone. 
Another crest connects the metacone and the 
mesial part of the hypocone. The hypocone is 
larger than the metacone.

The lingual surfaces exhibit a vertical groove 
between the protocone and the hypocone. On the 
buccal surface is a similar, but incomplete, groove 
separating the paracone and the metacone.

There is a large distal interproximal wear 
facet in the middle of the distal face of the crown: 
3.9 mm in width × 2.25 mm in height. A small 
mesial interproximal wear facet occurs on the 
lingual part of the mesial face of the crown.

The tooth has three divergent roots, the bucco-
distal and the lingual ones being incomplete, due 
to the erupting P4. The section of the lingual root 
is slightly C-shaped while the sections of both the 
buccal roots are 8-shaped.

3.14.2. Taxonomy

The dental morphology of the Neandertal second 
deciduous maxillary molar is similar to that of the 
permanent M1 (Tillier, 1979; Bailey & Hublin, 
2006), i.e. four main cusps, metacone mesially 
and lingually orientated, hypocone larger than 
metacone and sometimes a large Carabelli’s cusp. 
The Scla 4A-5 deciduous molar is similar to this 
Neandertal pattern, except for the absence of 
Carabelli’s structure.

3.14.3. Metrics

Measurements of the Scla 4A-5 deciduous maxil-
lary right second molar are as follows:

Md: 8.83 mm
Bl: 10.29 mm
Md at the cervix: 7.3 mm
Bl at the cervix: 9.4 mm
length of the tooth: 13.6 mm

The MD and BL diameters of Scla 4A-5 do not 
depart significantly from the average of any of the 
five comparative samples (Neandertals, MPMH, 
UPMH & MHSS), in regard to both the DP proba-
bilistic distance and ECRA (Table 25). When both 
MD and BL crown diameters of Scla 4A-5 are 
situated on equiprobable ellipses (95%) they are 
in an area where Neandertals, Upper Palaeolithic 
Modern Humans and MHSS overlap (Figure 33). 
This indicates that the dimensions of the crown 
of the deciduous maxillary second molar do not 
often provide clear taxonomic indications, espe-
cially in the case of Scla 4A-5.

3.15. Permanent mandibular 
first molars, M1

3.15.1. Description

Permanent mandibular right 
first molar, RM1 (Figure 34)

Palaeoanthropological identification: 
Scla 4A-1/M1 (as part of the right hemimandible)
field identification: Sc 1993-148-185
date of discovery: 16 July 1993
date of identification: 20 July 1993
Square: D29
Stratigraphic position:

— former stratigraphy: 4A
— new stratigraphy: Unit 

4A-CHE, Layer 4A-GX
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figure 32: Scla 4A-5 deciduous maxillary right second molar: a. mesial and lingual views (1:1 scale); b. photographs, 
drawings and 3D reconstructions of the six faces of the tooth (2:1 scale); c. 3D reconstruction with main anatomical 

features; d. internal sections; e. 3D lingual views at the EDJ without and with enamel (micro-CT data processing 
and graphics J.-F. Lemaire, SPW; pencil drawings S. Lambermont, AWEM; photographs J. Eloy, AWEM).
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This tooth, in situ in the Scla 4A-1 right half of the 
mandible, is completely erupted. Its crown was func-
tional. Its roots are also completely formed with 
closed apices. No pathological conditions are noted. 
It is well preserved, except for vertically, and some 
horizontally, orientated microfractures on the crown.

The occlusal surface presents five cusps, 
arranged in a Y5 pattern. The protoconid (cusp 1, 
mesiobuccal) is the largest, followed by the 

metaconid (cusp 2, mesiolingual) and entoconid 
(cusp 4, distolingual), then the hypoconid (cusp 3, 
centrobuccal), and the hypoconulid (cusp 5, disto-
buccal), which is the smallest (ASUDAS, grade 4). 
There is neither cusp 6 (tuberculum sextum/ento-
conulid) nor cusp 7 (tuberculum intermedium/
metaconulid). Wear degree is nearly at stage 3 
of Molnar (1971) with only extremely small 
dentine patches.

Scladina Diameter Value Stand. Dev. DP ECRA

Rdm2 (Scla 4A-5)
MD 8.83

BL 10.29

Comparison Samples N Diameter Mean Stand. Dev. DP ECRA

Neandertals
17 MD 9.43 0.67 0.383 −0.422

17 BL 10.26 0.58 0.959 0.024

MPMH
5 MD 9.58 0.36 0.105 −0.750

5 BL 10.81 0.65 0.468 −0.288

UPMH
17 MD 9.14 0.73 0.676 −0.200

16 BL 10.21 0.55 0.886 0.068

MHSS
47 MD 8.64 0.422 0.654 0.224

47 BL 9.54 0.497 0.138 0.750

Table 25: Scla 4A-5 (deciduous 
maxillary right second molar): 
MD and BL dimensions compared 
to those of Neandertals as 
well as MPMH, UPMH and 
MHSS, with DP and ECRA.

Mesiodistal diameter (mm)

Neandertals (NE)
Middle Palaeolithic
Modern Humans
(MPMH)
Early/Late Upper
Palaeolithic Modern
Humans (UPMH)
Modern Homo
sapiens sapiens
(MHSS)
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figure 33: Bivariate 
analysis of the 
mesiodistal and 
buccolingual diameters 
of deciduous maxillary 
second molars with 
95% equiprobable 
ellipses of NE, UPMH 
& MHSS as well as the 
position of Scla 4A-5.
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figure 34: Scla 4A-1/M1 permanent mandibular right first molar: a. occlusal, mesial and lingual views (1:1 scale); 
b. lingual and occlusal faces, photograps; occlusal face, drawing; 3D reconstruction of the six faces of the tooth 

(2:1 scale); c. 3D reconstruction with main anatomical features; d. internal sections; e. 3D reconstruction with main 
anatomical features at the EDJ; f. 3D views at the EDJ with enamel; g. position of the tooth (micro-CT data processing 

and graphics J.-F. Lemaire, SPW; pencil drawings S. Lambermont, AWEM; photographs J. Eloy, AWEM).
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The mesial marginal ridge, delineating the 
mesial edge of the occlusal surface, exhibits a 
concave profile in anterior view. It does not have 
any clear mesial marginal accessory tubercle, just 
a tiny undulation in its center. Behind the mesial 
marginal ridge, the anterior fovea is transversal, 
wide and quite deep (ASUDAS, Anterior fovea 
LM1, grade 4).

On the outer enamel surface (OES), the mid-
trigonid crest (MTC; Bailey, 2002a, b) is continuous 
but is reduced at the level of the sagittal sulcus 
(Bailey et al., 2011). Its distal slope is marked by 
an oblique groove toward the lingual side, corre-
sponding to the front part of the sagittal sulcus. 
The MTC is formed by the junction of the essen-
tial/middle ridge of the protoconid and the mesial 
accessory ridge of the metaconid (see Skinner 
et al., 2008). On the EDj (enamel-dentine junction) 
surface, the MTC is also continuous but reduced at 
the sagittal sulcus; it has the same origin as the OES, 
i.e. on the middle lobe segment of the protoconid and 
the mesial lobe segment of the metaconid.

The protoconid exhibits a short and low distal 
accessory ridge on the OES and more clearly on 
the EDj. It joins the mesial part of the essential 
crest of the metaconid, forming a faint and inter-
rupted bridge.

The essential crest of the metaconid does not 
exhibit any clear angulation, or deflection, in its 
course towards the central occlusal fossa; so there 
is no real deflecting wrinkle (Turner et al., 1991). 
The distal part of this essential crest of the meta-
conid joins, on the OES, that of the hypoconid, 
creating a Y pattern.

The protoconid lacks a true protostylid (as 
defined by the ASUDAS; Turner et al.,1991: 24).

The hypoconid is well defined and separated 
from the adjacent protoconid and hypoconulid 
by marked grooves, both on the OES and the EDj. 
The hypoconulid, which has one essential crest or 
wrinkle, is well separated from the entoconid on 
the OES and more strongly on the EDj.

A mesial interproximal wear facet, measuring 
2.6 mm in height × 3.2 mm in width, is present on 
the buccal half of the mesial face of the crown. 
Its inferior border is slightly concave; the angles 
between inferior and lateral borders are rounded. It 
does not have any subvertical grooves. In occlusal 
view, this facet slightly alters the outline of the 
crown. As the adjacent right M2 was not at its final 
level at death, and as far as the 3D reconstruction 
visually allowed, there is no real distal interprox-
imal facet. The cervix of Scla 4A-1/ M1 slightly dips 
in the middle of both the buccal and lingual sides.

This M1 does not exhibit any degree of tauro-
dontism. The mesial root is flattened, 8-shaped in 
cross-section, slopes distally, and curves behind 
its apex, where it is divided in two (bifurcated 
apically). Its mesial face exhibits a vertical groove. 
The distal root is also flattened, but C-shaped, 
and slopes distally but with a weaker groove and 
without apical division. The three apices are all 
closed.

Permanent mandibular left first 
molar, LM1 (Figure 35)

Palaeoanthropological identification: 
Scla 4A-9/M1 (as part of the left hemimandible)
field identification: Sc 1996-203-1
date of discovery: 12 July 1996
date of identification: 12 July 1996
Square: C28

— Stratigraphic position: 
Former stratigraphy: 4A

— new stratigraphy: Unit 4A-CHE 
(Unit 4A-POC), Layer 4A-JA (?)

The morphology of this permanent mandibular left 
first molar is very close to that of the corresponding 
right molar.

The tooth is in situ in the Scla 4A-9 left half 
of the mandible. It is completely erupted and has 
a functional crown. Its roots are also completely 
formed with closed apices. No pathological condi-
tions are noted. It is well preserved, except for 
vertically, and some horizontally, orientated 
microfractures on the crown. Black spots of 
manganese are present, mainly on the occlusal 
surface.

Like its antimere, the occlusal surface has five 
cusps, arranged in an Y5 pattern. The protoconid 
(cusp 1) is the largest, followed by the metaconid 
(cusp 2) and entoconid (cusp 4), then the hypoc-
onid (cusp 3), and the hypoconulid (cusp 5), which 
is the smallest (ASUDAS, grade 5). There is no 
cusp 6 (tuberculum sextum/entoconulid) or cusp 7 
(tuberculum intermedium/metaconulid). Wear 
degree is at stage 3 of Molnar (1971) with only 
small dentine patches.

As in the right M1, the mesial accessory 
crest of the metaconid and the essential crest of 
the protoconid form the MTC which is, on the 
OES, continuous but reduced at the sagittal sulcus 
(Bailey, 2002b, grade 2). On the EDj surface, the 
MTC is nearly continuous. The essential crest of 
the metaconid does not present deflection. It joins 
the essential crest of the hypoconid, so that the 
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figure 35: Scla 4A-9/M1 permanent mandibular left first molar: a. occlusal, mesial and lingual views (1:1 scale); b. 
lingual and occlusal faces, photograps; occlusal face, drawing; 3D reconstruction of the six faces of the tooth (2:1 
scale); c. 3D reconstruction with main anatomical features; d. internal sections; e. 3D reconstruction with main 

anatomical features at the EDJ; f. 3D views at the EDJ with enamel; g. position of the tooth (micro-CT data processing 
and graphics J.-F. Lemaire, SPW ; pencil drawings S. Lambermont, AWEM; photographs J. Eloy, AWEM).
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tooth has a Y pattern. No well defined distal trig-
onid crest is present.

A mesial interproximal wear facet can be 
observed, on the buccal half of the mesial face 
of  the crown, like on the right M1. Its general 
shape is similar but it can be divided into two 
parts, with a small superior subfacet on the 
buccal side. It does not have subvertical grooves. 
In occlusal view, the outline of the crown is only 
slightly affected. There is no clear distal inter-
proximal facet.

In buccal view, there is a strong but short 
groove separating the protoconid and the hypoc-
onid and a furrow between the hypoconid and 
hypoconulid. Like its antimere, the cervix of 
Scla 4A-9/M1 slightly dips in the middle of both 
the buccal and lingual sides.

The left M1 does not exhibit any degree of 
taurodontism. Its roots are very close to those of 
the right M1. They are flattened and slope distally; 
the mesial one is 8-shaped and curves behind 
its apex, where it is divided in two. It exhibits a 
vertical groove. The distal root is C-shaped. The 
three apices are closed.

3.15.2 Taxonomy

Overall, the morphology of the Neandertal M1s 
tend to be complex (Bailey, 2002b and Table 26, 
from Bailey, 2006a):
— Neandertal M1s nearly always (98%) possess more 

than four cusps, like Homo erectus and Archaic 
Homo sapiens. A few Upper Palaeolithic amHS 
and contemporary humans may have, however 
in very low frequency, four cusps;

— Neandertal M1s exhibit high frequencies of the 
Y-pattern but this feature is not specific to this 
taxon insofar as other human fossils and modern 
humans have almost similar percentages;

— some Neandertal M1s exhibit an entoconulid 
(cusp 6) and a metaconulid (cusp 7), but in rela-
tively low frequencies (Bailey, 2002b: 91, 93), 
which is within the ranges of contemporary 
amHS;

— Neandertal M1s tend to possess a deep and wide 
anterior fovea (Bailey, 2002b), much outside 
the range of Early Modern Europeans, while 
Homo erectus and Archaic Homo sapiens are 
closer to Neandertals;

— The M1s exhibit a well-developed bridge 
of enamel, the mid-trigonid crest (MTC), 
which joins the protoconid and metaconid, 
bordering distally the anterior fovea (Bailey, 
2002b: 91‒94; Bailey & Hublin, 2006: 19). The 
Neandertal MTC is continuous. It is the most 
notable feature differentiating Neandertals 
from contemporary humans.

The first two mandibular molars of Scladina 
exhibit a deep and wide anterior fovea and a 
MTC, two typical characters of the Neandertal M1 
pattern. They also possess five cusps and an Y5 
pattern, like numerous other Neandertal molars.

3.15.3. Metrics

Measurements of the Scla 4A-1/M1 and Scl 4A-9/
M1 molars are as follows:

Scla 4a-1
Md: 11.70 mm
Bl: 10.48 mm

Scla 4a-9
Md: 11.64 mm
Bl: 10.68 mm

The MD and BL diameters of Scla 4A-1/M1 and 
4A-9/ M1 do not depart significantly from the 
average of any of the five comparison samples (EN, 

Permanent 
Mandibular 
First Molars

Non-Neandertal 
Archaics Neandertals Early Modern 

Afro-Asians
Early Modern 

Europeans Scla 4A-9/M1 Scla 4A-1/M1

Four cusps 0% 2% 0% 2.9% no (5 cusps) no (5 cusps)

Fissure pattern: Y 100% 97.3% 100% 92.9% yes yes

Anterior fovea 83.3% 88.6% 83.3% 52.6% yes yes

Mid-trigonid crest 71.4% 93.5% 20% 0% yes yes

Distal trigonid-crest 0% 3% 0% 4% weak weak

Deflecting wrinkle 0% 3.8% 75% 15.8% no no

Cusp 6 0% 36.4% 0% 18.2% no no

Cusp 7 0% 36.1% 50% 6.9% no no

Table 26: Distinctive anatomical features on permanent mandibular first molars of Non-Neandertal 
Archaics, Neandertals, Early Modern Humans (after Bailey, 2006a) and Scla 4A-9/M1 & Scla 4A-1/M1.
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LN, MPMH, UPMH & MHSS), in regard to both 
the DP probabilistic distance and ECRA (Table 27). 
When both MD and BL crown diameters of the 
permanent mandibular first molars are situated 

on equiprobable ellipses (95%) they are in an 
area where Early and Late Neandertals, Middle 
Palaeolithic and Upper Palaeolithic Modern 
Humans as well as MHSS overlap (Figure 36).
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figure 36: Bivariate 
analysis of the 
mesiodistal and 
buccolingual diameters 
of permanent 
mandibular first molars 
with 95% equiprobable 
ellipses of EN, LN, 
MPMH, UPMH & MHSS 
as well as the position of 
Scla 4A-1/M1 & 4A-9/M1.

Scladina N Diameter Value

M1

Scla 
4A-1/M1

MD 11.7

BL 10.48

Scla 
4A-9/M1

MD 11.64

BL 10.68

vs Scla 4A-1/M1 vs Scla 4A-9/M1
Comparison Samples N Diameter Mean Stand. Dev. DP ECRA DP ECRA

EN right and left
28 MD 11.902 0.864 0.817 −0.114 0.764 −0.148

27 BL 11.165 0.731 0.358 −0.456 0.513 −0.323

LN right and left
58 MD 11.291 0.632 0.520 0.323 0.583 0.276

58 BL 10.783 0.567 0.595 −0.267 0.857 −0.091

MPMH right and left
14 MD 11.707 0.812 0.993 −0.004 0.935 −0.038

13 BL 11.385 0.954 0.362 −0.435 0.474 −0.339

UPMH right and left
60 MD 11.512 0.826 0.821 0.114 0.877 0.077

62 BL 10.995 0.522 0.328 −0.493 0.549 −0.302

MHSS
102 MD 10.813 0.679 0.194 0.659 0.226 0.614

103 BL 10.125 0.458 0.440 0.390 0.229 0.610

Table 27: Scla 
4A-1/M1 & 4A-9/
M1 (permanent 
mandibular first 
molars): MD and 
BL dimensions 
compared to those 
of Early and Late 
Neandertals as well 
as MPMH, UPMH 
and MHSS, with 
DP and ECRA.
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3.16. Permanent mandibular 
second molars, M2

3.16.1. Description

Permanent mandibular right 
second molar, RM2 (Figure 37)

Palaeoanthropological identification: 
Scla 4A-1/ M2 (as part of the right hemimandible)
field identification: Sc 1993-148-185
date of discovery: 16 July 1993
date of identification: 20 July 1993
Square: D29
Stratigraphic position:

— former stratigraphy: 4A
— new stratigraphy: Unit 4A-CHE, 

Layer 4A-GX

This tooth, embedded within the Scla 4A-1 right 
half of the mandible, is almost completely erupted. 
Its crown was not yet really functional. The M2 
shows only very superficial wear of the cusp tips’ 
enamel (Molnar, 1971, stade 2). Only two thirds 
of its roots are formed. No pathological conditions 
are noted. It is well preserved, except for rare, 
vertically orientated microfractures on the crown.

The occlusal surface presents five cusps. The 
protoconid is the largest, then the metaconid, 
followed by the hypoconid and entoconid, and 
finally the hypoconulid, the smallest (ASUDAS, 
grade 4). There is no cusp 6 (tuberculum sextum) 
or cusp 7 (tuberculum intermedium/metaconulid).

The mesial marginal ridge does not present 
any clear marginal accessory tubercle. The ante-
rior fovea is transversal, deep and wide (ASUDAS 
LM1, grade 4).

The MTC is formed by the junction of the essen-
tial/middle ridge of the protoconid and the mesial 
accessory ridge of the metaconid (see Skinner 
et al., 2008). This bridge is interrupted in its upper 
half by two grooves. The most lingual  (Figure 37c: 
no. 1) of these grooves corresponds to the central 
groove (sagittal sulcus) which also runs across the 
anterior fovea. The most buccal groove (no. 2) of 
the mid-trigonid crest slopes inward to the central 
fovea, so that the centre of the MTC nearly forms 
a distinct cuspule (no. 3). On the EDj, however, the 
MTC is more continuous but concave at the level 
of the sagittal sulcus. In mesial view, the MTC is 
higher than the mesial marginal ridge.

As on the first molar, the protoconid exhibits 
a distal, but better marked, accessory ridge (no. 4) 
on the OES and the EDj. It joins the central part 
of the essential ridge (no. 5) of the metaconid, 

forming a bridge, interrupted at the level of the 
sagittal sulcus, that can be regarded as a distal 
trigonid crest. The distal part of the essential crest 
of the metaconid joins, on the OES, the essen-
tial crest of the hypoconid, creating a Y5 pattern. 
There is no deflecting wrinkle of the essential crest 
of the metaconid. A weak protostylid is visible on 
the buccal surface of the protoconid (ASUDAS, 
grade 1).

The entoconid presents an essential crest that 
bifurcates mid-way to the occlusal basin, with a 
distal branch (no. 7) joining the sagittal fissure 
and a mesial one (no. 6) joining the transverse 
sulcus between the metaconid and entoconid. The 
hypoconid has a small mesial accessory ridge and 
a long essential crest joining the distal part of the 
essential crest of the metaconid. The hypoconulid 
is grade 3 of ASUDAS; it has an essential crest 
and, mainly on the EDj, a faint accessory crest on 
its buccal part. In buccal view, there is a strong 
but short furrow between the protoconid and the 
hypoconid. A furrow also appears between the 
hypoconid and hypoconulid.

Neither mesial nor distal interproximal facets 
are present.

Both roots are flattened, and slope slightly 
distally. In cross-section, the mesial root is 
8-shaped while the distal root is C-shaped.

Permanent mandibular left second 
molar, LM2 (Figure 38)

Palaeoanthropological identification: 
Scla 4A-9/M2, (as part of the left hemimandible)
field identification: Sc 1996-203-1
date of discovery: 12 July 1996
date of identification: 12 July 1996
Square: C28
Stratigraphic position:

— former stratigraphy: 4A
— new stratigraphy: Unit 4A-CHE 

(Unit 4A-POC), Layer 4A-JA (?)

In situ in the Scla 4A-9 left hemimandible, this 
tooth has a general morphology which is quite 
similar to its Scla 4A-1/M2 antimere.

It is not completely erupted, but somewhat 
more so than Scla 4A-1/M1. The crown is at least 
partly functional with superficial wear of the 
enamel of the tips of the cusps (Molnar, 1971, 
stade 2). The roots are incompletely formed : only 
two thirds are formed. No pathological conditions 
are noted. Numerous microfractures, mainly verti-
cally orientated, can be observed on the crown.
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figure 37: Scla 4A-1/M2 permanent mandibular right second molar: a. occlusal, mesial and lingual views (1:1 scale); 
b. buccal and occlusal faces, photograps; occlusal face, drawing; 3D reconstruction of the six faces of the tooth (2:1 

scale); c. 3D reconstruction with main anatomical features; d. internal sections; e. 3D reconstruction with main 
anatomical features at the EDJ; f. 3D views at the EDJ with enamel; g. position of the tooth (micro-CT data processing 

and graphics J.-F. Lemaire, SPW; pencil drawings S. Lambermont, AWEM; photographs J. Eloy, AWEM).
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figure 38: Scla 4A-9/M2 permanent mandibular left second molar: a. occlusal, mesial and lingual views (1:1 scale); 
b. lingual and occlusal faces, photograps; occlusal face, drawing; 3D reconstruction of the six faces of the tooth 

(2:1 scale); c. 3D reconstruction with main anatomical features; d. internal sections; e. 3D reconstruction with main 
anatomical features at the EDJ; f. 3D views at the EDJ with enamel; g. position of the tooth (micro-CT data processing 

and graphics J.-F. Lemaire, SPW; pencil drawings S. Lambermont, AWEM; photographs J. Eloy, AWEM).
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The occlusal surface presents five cusps, 
arranged in a Y5 fissure pattern in the central 
fossa but with only narrow contact between meta-
conid and hypoconid. The protoconid (cusp 1) is 
the largest, then the metaconid, following by the 
hypoconid and entoconid, then the hypoconulid 
(cusp 5), the smallest (ASUDAS, grade 3). There is 
no cusp 6 or cusp 7.

The anterior fovea is transversal, deep and 
wide. The mesial accessory crest (ridge) of the 
metaconid runs buccally to form a bridge of 
enamel, the mid-trigonid crest, or MTC, with 
the mesial crest of the protoconid. This bridge is 
continuous but interrupted, in its upper half, by 
two grooves, notably the sagittal sulcus (Bailey, 
2002b, grade 2), like its antimere, so that the centre 
of the MTC nearly forms a distinct cusplet. In 
mesial view, the MTC is higher than the mesial 
marginal ridge. There is no deflecting wrinkle, or 
angulation of the essential crest of the metaconid.

just behind the essential crest of the proto-
conid, the distal accessory ridge of this cusp runs 
buccolingually, forming a low distal trigonid crest 
with the anterior part of the essential crest of the 
metaconid. The distal part of the essential crest 
of the metaconid joins, on the OES, the essential 
crest of the hypoconid, creating a Y5 pattern.

A weak protostylid  is present on the buccal 
surface of the protoconid; it is a bit more marked 
than on its antimere.

The essential crest of the entoconid, mid-way 
to the occlusal basin, is divided in four crenu-
lations, therefore being more complex than its 
antimere. The hypoconid has a bifurcated essential 
crest as well as small mesial and distal accessory 
ridges. The hypoconulid is grade 5 of ASUDAS; it 
has an essential crest and a long buccal accessory 
crest. In buccal view, there is a distinct but short 
furrow between the protoconid and hypoconid. A 
large furrow also appears between the hypoconid 
and hypoconulid. Between entoconid and hypoc-
onulid is a weak posterior fovea but better marked 
than on its antimere.

Neither mesial nor distal interproximal wear 
facets are present. Both roots are flattened, and 
slope slightly distally. In cross-section, the mesial 
root is 8-shaped while the distal root is C-shaped.

3.16.2. Taxonomy

The Neandertal permanent mandibular second 
molar is generally similar to the M1 in its 
morphology (Table 28; Bailey, 2002a, 2006a; 
Bailey & Hublin, 2006):

— rarely four cusps (2.7% in Bailey, 2002a; 0% in 
Bailey, 2006a and Table 28), but often at least 
five cusps;

— large anterior fovea;
— mid-trigonid crest (± 95%), rare on the M2 of 

anatomically modern Humans;
— Y pattern much more frequent than in 

European amHS;
— No deflecting wrinkle.

Although each of these individual features may 
be present in anatomically modern humans, 
their frequent association is characteristic of 
Neandertals. Both M2s exhibit a typical Neandertal 
combination of traits: five cusps, large anterior 
fovea, MTC, Y pattern, and absence of deflecting 
wrinkle.

3.16.3. Metrics

Measurements of the permanent mandibular 
second molars are as follows:

Scla 4a-1/M2
Md: 11.97 mm
Bl: 10.68 mm

Scla 4a-9/M2
Md: 12.2 mm
Bl: 10.80 mm

Only the MD diameter of Scla 4A-9/M2 departs 
significantly from the average of one of the five 
comparative samples (MHSS), both in regard to 
the DP probabilistic distance and ECRA (Table 29). 
When both MD and BL crown diameters of the 
permanent mandibular second molars are situ-
ated on equiprobable ellipses, (95%), they are in 
an area where Early and Late Neandertals, Middle 
Palaeolithic and Upper Palaeolithic Modern 
Humans as well as MHSS overlap (Figure 39).

3.17. Permanent mandibular 
right third molar, rM3

Palaeoanthropological identification: 
Scla 4A-1/ M3, as part of the right hemimandible
field identification: Sc 1993-148-185
date of discovery: 16 July 1993
date of identification: 20 July 1993
Square: D29
Stratigraphic position:

— former stratigraphy: 4A
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— new stratigraphy: Unit 
4A-CHE, Layer 4A-GX

3.17.1. Description (Figure 40)

This crown, unerupted in the Scla 4A-1 right hemi-
mandible, is well preserved and, of course, not 
functional. The following description of this tooth 
is therefore based on micro-CT data and stereo-
lithographic models. Its roots are not formed. No 
pathological conditions are noted.

The occlusal surface is complex. It presents 
seven cusps, both on the OES and on the EDj: 
protoconid > metaconid > hypoconid > ento-
conid  >  hypoconulid as well as two very small 
cusps between the hypoconulid and the entoconid 
(one of them is the tuberculum sextum/ento-
conulid or cusp 6).

The mesial marginal ridge does not present 
any marginal accessory tubercle but exhibits some 

anteroposterior crenulations. The anterior fovea is 
transversal, deep and wide.

The mesial accessory ridge (Figure 40d: no. 1) 
of the metaconid and the mesial accessory ridge 
(no. 2) of the protoconid join to form a bridge of 
enamel, the mid-trigonid crest (MTC), interrupted 
in its upper part at the level of the sagittal sulcus.

The distal ridge (no. 3) of the metaconid joins 
the essential ridge (no. 4) of the protoconid to form 
the distal trigonid crest which is much lower than 
the MTC and is interrupted by the sagittal sulcus. 
Between the mesial and distal ridge of the meta-
conid is a short central ridge (no. 5). Other salient 
features are: a distal ridge (no. 6) on the proto-
conid; the bifurcation (no. 7-8) of the essential/
central ridge of the entoconid; an essential ridge 
on both the hypoconid (no. 9) and the hypoco-
nulid (no. 10); a small essential ridge on the two 
small cusps (no. 11-12) between the entoconid 
and hypoconulid.

Table 28: Distinctive anatomical features on permanent mandibular second molars of Non-Neandertal 
Archaics, Neandertals, Early Modern Humans (after Bailey, 2006a) and Scla 4A-9/M2 & Scla 4A-1/M2.

Permanent 
Mandibular 

Second Molars

Non-Neandertal 
Archaics Neandertals Early Modern 

Afro-Asians
Early Modern 

Europeans Scla 4A-9/M2 Scla 4A-1/M2

Four cusps  0% 0% 10% 35% no (5 main cusps) no (5 main cusps)

Fissure pattern: Y 70% 75% 100% 44.4% yes yes

Anterior fovea 75% 88.5% 20% 50% yes yes

Mid-trigonid crest 71.4% 96.2% 0% 4.2% yes yes

Distal trigonid-crest 0% 13.8% 0% 0% very weak very weak

Deflecting wrinkle 0% 0% 0% 0% no no

Cusp 6 0% 50% 0% 23.5% no no

Cusp 7 12.5% 20% 10% 8.3% no no

Table 29: Scla 4A-1/M2 
& 4A-9/M2 (permanent 
mandibular second 
molars): MD and BL 
dimensions compared 
to those of Early and 
Late Neandertals 
as well as MPMH, 
UPMH and MHSS, 
with DP and ECRA.

Scladina N Diameter Value

M2

Scla 
4A-1/M2

MD 11.97

BL 10.68

Scla 
4A-9/M2

MD 12.2

BL 10.8

vs Scla 4A-1/M2 vs Scla 4A-9/M2
Comparison 

Samples N Diameter Mean Stand. dev. DP ECRA DP ECRA

EN right & left
24 MD 12.242 0.826 0.745 −0.159 0.960 −0.024

23 BL 11.320 0.571 0.275 −0.540 0.373 −0.439

LN right & left
57 MD 11.612 0.732 0.627 0.244 0.425 0.401

59 BL 10.963 0.732 0.700 −0.193 0.824 −0.112

MPMH right & left
12 MD 11.083 0.816 0.300 0.494 0.198 0.622

13 BL 11.169 0.670 0.479 −0.335 0.592 −0.253

UPMH right & left
53 MD 11.201 0.848 0.369 0.452 0.244 0.587

67 BL 11.009 0.734 0.656 −0.224 0.777 −0.142

MHSS right & left
92 MD 10.637 0.765 0.085 0.878 0.044 1.029

92 BL 9.835 0.633 0.186 0.671 0.131 0.767
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A vertical depression on the anterior part of 
the buccal surface of the protoconid corresponds 
to a weak protostylid. In buccal view, two vertical 
grooves separate the hypoconid of the adjacent 
cusps 1 and 5.

3.17.2. Taxonomy (Table 30)

The Neandertal M3 usually has five or more 
cusps, with a tuberculum sextum (cusp 6) in 
half of the cases. That tooth has very frequently 
(over 90%) a mid-trigonid crest (MTC) and a 
large anterior fovea. The distal trigonid crest is 
occasionally present (10.5%). Some deflecting 
wrinkles occur (± 7%).

Hence the M3 is probably the most informative 
permanent mandibular molar in distinguishing 
Neandertals from recent and Early Modern 
Humans (Bailey, 2006a). For instance, Early 
Modern Human M3s often have four cusps and 
no MTC.

The Scladina right M3 presents most of the 
Neandertal traits: seven cusps, large anterior 
fovea, MTC, weak distal trigonid crest and tuber-
culum sextum.

3.17.3. Metrics

Measurements of the permanent mandibular third 
molar are as follows:

Md: 11.5 mm

Bl: 11.4 mm

The BL diameter of this tooth departs significantly 
from the five comparative samples only in the case of 
MHSS, both in regard to the DP probabilistic distance 
and ECRA (Table 31). When both MD and BL crown 
diameters  of Scla 4A-1/M3 are situated on equi-
probable ellipses (95%) they are in an area where 
Early and Late Neandertals, Middle Palaeolithic 
and Upper Palaeolithic Modern Humans as well as 
MHSS overlap, but very close to the upper limit of 
BL diameter of MHSS (Figure 41).
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figure 39: Bivariate analysis of the mesiodistal and buccolingual diameters of permanent mandibular second molars 
with 95% equiprobable ellipses of EN, LN, MPMH, UPMH & MHSS as well as the position of Scla 4A-1/M2 & 4A-9/M2.
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figure 40: Scla 4A-1/M3 permanent mandibular right third molar: a. occlusal and distal views (1:1 scale); 
b. 3D reconstruction of the six faces of the tooth (2:1 scale);  c. views of the position of the unerupted molar; d. 3D 

reconstruction with main anatomical features; e. internal sections; f. 3D reconstruction with main anatomical 
features at the EDJ; g. position of the tooth; h. 3D views at the EDJ with enamel; (micro-CT data processing 

and graphics J.-F. Lemaire, SPW; pencil drawings S. Lambermont, AWEM; photographs J. Eloy, AWEM).
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figure 41: Bivariate 
analysis of the mesiodistal 
and buccolingual diameters 
of permanent mandibular 
third molars with 95% 
equiprobable ellipses of 
EN, LN, MPMH, UPMH 
& MHSS as well as the 
position of Scla 4A-1/M3.

Permanent 
Mandibular 

Third Molars

Non-Neandertal
Archaics Neandertals Early Modern 

Afro-Asians
Early Modern 

Europeans Scla 4A-1/M3

Four cusps  0% 0% 28.6% 31.6% no (7 cusps)

Fissure pattern: Y 0% 41.2% 50% 55.6% no

Anterior fovea 75% 92.9% 0% 46.7% yes

Mid-trigonid crest 50% 93.3% 0% 0% yes

Distal trigonid-crest 0% 10.5% 0% 0% yes (weak)

Deflecting wrinkle 0% 6.7% 0% 0% no

Cusp 6 66.7% 50% 40% 41.2% yes

Cusp 7 0% 40% 0% 16.7% no

Table 30: Distinctive 
anatomical features 
on permanent 
mandibular 
third molars of 
Non-Neandertal 
Archaics, Neandertals, 
Early Modern 
Humans (after 
Bailey, 2006a) and 
Scla 4A-1/M3.

Table 31: Scla 4A-1/M3 (permanent 
mandibular right third molar): MD 
and BL dimensions compared to 
those of Early and Late Neandertals 
as well as MPMH, UPMH and 
MHSS, with DP and ECRA.

Scladina Diameter Mean

RM3 (Scla 4A-1/M3)
MD 11.5

BL 11.4

Comparison Samples N Diameter Mean Stand. Dev. DP ECRA

EN right & left
23 MD 12.033 0.745 0.482 −0.345

22 BL 10.673 0.675 0.294 0.518

LN right & left
47 MD 11.596 0.649 0.884 −0.073

49 BL 11.117 0.918 0.759 0.154

MPMH right & left
11 MD 11.627 1.013 0.903 −0.056

11 BL 10.691 0.804 0.399 0.396

UPMH right & left
25 MD 11.016 1.166 0.682 0.201

26 BL 10.746 1.105 0.559 0.287

MHSS right & left
104 MD 10.436 0.924 0.252 0.581

104 BL 9.796 0.761 0.037 1.063
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3.18. deciduous mandibular right 
second molar, rdm2

Palaeoanthropological identification: Scla 4A-13
field identification: Sc 2001-262-44
date of discovery: 13 November 2001
date of identification: 13 November 2001
Square: E38
Stratigraphic position:

— former stratigraphy: 4A
— new stratigraphy: Unit 

4A-POC; Layer 4A-LEG

3.18.1. Description (Figure 42)

The deciduous mandibular right second molar has 
a fully formed crown. Only a small part (3.8 mm) 
of its roots is preserved, the rest being reduced by 

Anterior fovea

Mid trigonid crest

Protoconid

Metaconid

Hypoconid

Entoconid

Mesial Lingual Distal Buccal Occlusal Apical
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section

Buccolingual
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e

10.5cm cm0
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figure 42: Scla 4A-13 deciduous mandibular right second molar: a. mesial and lingual views (1:1 scale); b. photographs, 
drawings and 3D reconstructions of the six faces of the tooth (2:1 scale); c. 3D reconstruction with main anatomical 

features; d. internal sections; e. 3D lingual views at the EDJ without and with enamel (micro-CT data processing 
and graphics J.-F. Lemaire, SPW; pencil drawings S. Lambermont, AWEM; photographs J. Eloy, AWEM).
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the emergence of the right second premolar which 
is still unerupted in the mandible. The tooth was 
still in situ in the Scla 4A-1 right hemimandible 
when the child was alive, but was lost post-
mortem. It was found in Square E38, at a distance 
of 9.5 m from the mandible.

The mesial half of the root was removed in 
2001 for DNA analysis, which provided inter-
esting results (Orlando et al., 2006 & Chapter 17).

The crown is worn. In fact, all the cusps are 
blunt and large areas of dentine are exposed. The 
wear is close to stage 4-5 of Molnar (1971). The 
four lateral faces of the crown are affected by 
some vertical cracks. No pathological conditions 
are noted.

Due to the strong level of wear, the morphology 
of the crown cannot be described in detail. 
Nevertheless, the four major cusps are present as 
well as some additional small cusps. So it seems 
that the crown did present a complex occlusal 
morphology before being worn.

The occlusal plane is nearly horizontal, with 
just the entoconid slightly higher. Only the bottom 
of the anterior fovea is preserved. The mid-trigonid 
crest (MTC) is present but blunt. Between the blunt 
metaconid and the entoconid there is a small cuspid; 
in lingual view, it is separated from the metaconid 
by a distinct fissure, so it could be a trace of cusp 7 
(tuberculum intermedium). Behind the hypoconid, 
the hypoconulid (cusp 5) can be detected.

In buccal view, a small groove limited to the 
upper part of the crown separates the protoconid 
and the hypoconid.

The mesial surface exhibits a transversally 
elongated interproximal wear facet which modi-
fies only slightly the outline of the tooth as seen 
in occlusal view. This facet has a maximal height 
of 1.8 mm, a buccolingual diameter of 3.3 mm, 
and a slightly curved inferior border. The distal 
surface has an interproximal wear facet (height: 
2.5 mm; buccolingual diameter: 4.1 mm) related to 
the presence of the permanent first molar; its infe-
rior border is slightly curved. In occlusal view, this 
facet does affect the outline of the crown.

3.18.2. Taxonomy

According to Bailey & Hublin (2006: 505), 
the primary feature differentiating Neandertal 
deciduous mandibular molars from those of 
anatomically modern humans is the promi-
nent crest that connects the mesial cusps (i.e. the 
mid-trigonid crest or MTC). Machiarelli et al. 
(2006) add that such a morphology seems to be 

associated with a generally more complex enamel-
dentine junction. Other Neandertal features are 
an ovoid occlusal outline, internally compressed 
cusps, and a wide anterior fovea bordered by a 
well-defined mesial marginal ridge (Bailey & 
Hublin, 2006). In contrast, Upper Palaeolithic 
dm2s have a rectangular occlusal outline, with 
more widely spaced cusps and no continuous 
mid-trigonid crest. It should be added that at least 
some immature Neandertal dm2s, such as those of 
Engis 2 and La Chaise, have a MTC which does 
not form a complete bridge (score 1 of Bailey, 
2002b), like some Upper Palaeolithic dm2s, Isturitz 
for instance (Bailey & Hublin, 2006). As far as 
morphology is concerned, the Scla 4A-13 dm2 
closely resembles those of Neandertals. It exhibits 
a complex occlusal morphology and possesses an 
ovoid outline, internally compressed cusps, and 
well defined marginal ridges. An MTC is present, 
although only preserved in its lower part.

It is well known that permanent Neandertal 
molars have a thinner enamel than Homo sapiens 
(Macchiarelli et al., 2006; Olejniczak et al., 
2008; Bayle et al., 2009; Smith et al., 2012). In 
addition, the analysis of the Couvin dm2 has 
recently proved that deciduous Neandertal molars 
present thinner lateral enamel (Toussaint et al., 
2010; Figure 43). Scla 4A-13 exhibits the same 
Neandertal pattern, despite the shortcomings of 
the previously used methods, including at Couvin, 
might have amplified the real range of enamel 
thickness variation of this taxon, which is still 
poorly known (see Chapter 14).

3.18.3. Metrics

The dm2 has a MD diameter of 9.47 mm and a 
BL diameter of 9.38 mm. It has been compared 
to five series of teeth: 1) Preneandertals/Early 
Neandertals; 2) Classic Neandertals; 3) Palaeolithic 
Modern Humans (combination of Mousterian 
from the Middle East and Upper Palaeolithic from 
Europe); 4) Belgian Neolithics; 5) Middle Ages and 
subactual modern humans.

The MD diameter of Scla 4A-13 departs signifi-
cantly from the EN and Palaeolithic Modern Humans 
comparative samples only, both in regard to the DP 
probabilistic distance and ECRA (Table 32). The BL 
diameter is statistically close to all comparison 
samples. Due to its low MD diameter, the tooth 
is outside the ellipse (95%, Figure 44) of the Early 
Neandertals, at the limit of MHSS, and in an area 
where Late Neandertals and Palaeolithic Homo 
sapiens overlap.



Scladina Diameter Value

Rdm2 (Scla 4A-13)
MD 9.47

BL 9.38

Comparison Samples N Diameter Mean Stand. Dev. DP ECRA

EN
11 MD 10.764 0.486 0.024 −1.195

11 BL 9.573 0.438 0.669 −0.198

LN
32 MD 10.266 0.579 0.179 −0.674

32 BL 9.278 0.451 0.823 0.111

Palaeolithics modern 
humans (MPMH & UPMH)

19 MD 10.737 0.601 0.049 −1.003

20 BL 9.465 0.620 0.892 −0.066

Belgian Neolithics
29 MD 10.128 0.458 0.162 −0.701

29 BL 9.017 0.390 0.360 0.454

Belgian Modern Humans
57 MD 10.000 0.492 0.286 −0.537

57 BL 8.660 0.478 0.138 0.752

Table 32: Scla 4A-13 (decidous 
mandibular right second 
molar): MD and BL dimensions 
compared to those of Early 
and Late Neandertals as 
well as Palaeolithic Modern 
Humans (MPMH & UPMH) 
and two samples of Belgian 
MHSS, with DP and ECRA.

Scla 4A-13 Engis 2 La Chaise

3 4 5 6 7 8 9

Neandertal

Thinner Thicker

Neolithic

Modern human

Neandertal range
Neolithic range

Couvin

figure 43: Plot depicting the range of lateral relative enamel thickness index values in the Neandertal, 
Neolithic Homo sapiens and Recent Modern Homo sapiens samples. The Scla 4A-13 deciduous 

molar falls cleary within the range of Neandertals (modified after Toussaint et al., 2010).
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4. discussion

T he crowns of the 24 teeth available for the 
mandible and maxilla of Scladina (Figure 45) 

have been examined one by one in a statistical and 
anatomical perspective in the previous paragraphs. 

It would be useful, and this is one of the purposes of 
this discussion, to analyse them as a series.

 The ECRA of both the MD and BL diame-
ters of all Scladina teeth are shown, in Figures 46 
& 47, compared to a series of samples, i.e. Early 
Neandertals (EN), Late Neandertals (LN), Middle 

figure 45: Scladina mandible (Scla 4A-1 & 9) and maxilla (Scla 4A-2) with 
the isolated teeth refitted (photographs J. Eloy, AWEM).
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Palaeolithic Modern Humans (MPMH), Early/
Late Upper Palaeolithic Modern Humans (UPMH) 
and modern Homo sapiens sapiens (MHSS). It 
thus appears that the diameters of the Scladina 
tooth crowns are never different from those of 
Late Neandertals; only in one case (dm2), the MD 
diameter departs from Early Neandertals. Scladina 
differs slightly from MPMH only for the MD 
diameter of the decidous maxillary first molar. 
Compared to UPMH, significant differences were 
observed with the BL diameter of the permanent 
maxillary lateral incisors and the MD diameter of 
the permanent maxillary canine and with the BL 
diameters of the mandibular premolars. Further 
significant differences occur between Scladina 

and MHSS; this is the case for both the MD and BL 
diameters of all the incisors, canines and premo-
lars and very rarely for molars.

All these observations confirm those that were 
made individually for each tooth. The Scladina 
teeth are therefore systematically within the varia-
bility of Neandertals and present some differences 
with other taxa, especially with MHSS. However, 
on the strict basis of MD and BL diameters, it is 
generally not possible to classify these teeth as 
either Early or Late Neandertals. However, the 
Scladina mandible is outside the ellipse of Early 
Neandertals and inside that of Late Neandertals 
for the deciduous mandibular second molar 
(Figure 44; see also Figure 47).

4A-11
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figure 46: ECRA of both the MD and BL diameters of the maxillary Scladina teeth.
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Morphologically, the Scladina teeth, like those 
of similar sites, do not exhibit any character which 
would be exclusively Neandertal. But, as mentioned 
previously by many scholars, for example Bailey 
(2002a, b; 2004a, b; 2006a, b), most Neandertal teeth 
often possess an original pattern which distin-
guishes them from anatomically modern humans 
because of the higher frequency of their features 
and their combination. The Scladina teeth fit very 
well in the general Neandertal pattern.

Regarding the taxonomic allocation of the juve-
nile teeth from Scladina, there is no doubt, based on 
descriptions and analyzes presented in this chapter, 
that they possess the characteristic Neandertal 
pattern. The question of their attribution to either 
an Early or a Late Neandertal is less obvious. 
However, some clues tend to substantiate a hypo-
thetical allocation to an early classic form of this 
taxon (see Chapters 20 & 21), which is also true of 
some analyzes of specific aspects presented in other 
chapters, including the study of the enamel dentine 
junction (see Chapters 14 & 15).
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chapter 14

1. introduction

O ver the past century, the enamel thickness 
has been extensively used for the taxo-

nomic, phylogenetic, and dietary assessment of 
extant and fossil primates, and is considered an 
effective dental feature to distinguish between the 
thickly-enameled hominin taxa and the relatively 
thin-enameled extant African apes (e.g., Molnar 
& Gantt, 1977; Schwartz, 2000; Martin et al., 
2003; Grine et al., 2005; Olejniczak et al., 2007; 
Vogel et al., 2008).

Even though a general overlap in enamel 
thickness range of variation characterizes the 
genus Homo (Smith et al., 2012), it has been 
observed that recent and fossil Homo sapiens 
possess absolutely and relatively thicker enamel 
than Homo neanderthalensis (Olejniczak et al., 
2008; Benazzi et al., 2011a; Smith et al., 2012). 
These findings mainly depend on differences in 
both dental topography and tissue proportions, 
since Neandertals have more complex enamel-
dentine junction (EDj) surface and larger 
dentine volume than Homo sapiens, resulting 
in lower average and relative enamel thickness 
(e.g., Macchiarelli et al., 2006; Smith et al., 
2007; 2012; Olejniczak et al., 2008; Bayle et al., 
2009a,b, 2010; Benazzi et al., 2011a). Nonetheless, 
some contributions reported a Neanderthal 
enamel thickness in the range of Homo sapiens 
(Benazzi et al., 2011b,c, 2013). This might be due 
to methodological shortcomings of previous 
techniques to compute the enamel thickness 
(Benazzi et al., 2014). In addition, the real 
Neandertal range of variation is not yet clearly 
understood.

With regard to the methodology, prelim-
inary studies on the enamel thickness 
considered physical cross-sections of molar 
teeth (e.g., Molnar & Gantt, 1977; Martin, 
1985; Schwartz, 2000; Grine, 2004, 2005; 
Grine et al., 2005), but concerns have been 
raised about its destructive nature, as well as 

problems related to specimen orientation and 
the reductive information carried by the two-
dimensional (2D) enamel cap morphology when 
compared with the more complex three-dimen-
sional (3D) shape of the crown (Olejniczak, 
2006). Therefore, non-destructive techniques 
based on micro-computed tomography (micro-
CT) were proposed to refine the 2D enamel 
thickness analysis and, most importantly, to 
study the thicknesses of dental enamel in its 
full 3D form (Olejniczak, 2006, followed by 
Olejniczak et al., 2008). However, it has been 
recently emphasized that the suggested digital 
approaches have some methodological flaws 
and can only be applied to molar teeth, thus 
explaining the reason for the low number of 
studies on premolars and anterior teeth (Feeney 
et al., 2010; Smith et al., 2012). In a recent contri-
bution Benazzi and colleagues (2014) addressed 
this issue, providing rigorous guidelines for the 
digital computation of 2D and 3D enamel thick-
ness in molars, premolars, canines and incisors.

The enamel thickness variation in Neandertal 
teeth is difficult to assess. The 2D and mainly the 
3D enamel thickness analyses require unworn 
or slightly worn teeth, which are much less 
frequent in the fossil record than worn teeth. 
Teeth are often affected by a certain amount of 
wear and there is no tool, physical or digital, 
that can be used confidently to restore the 
internal and external original shape of heavily 
worn crowns. This is why unworn or slightly 
worn teeth such as those from the Scladina 
dental sample are of particular value for the 
investigation of enamel thickness variability.

In this contribution we provide the compo-
nents of 2D and 3D enamel thickness of the 
Scladina molars, premolars and canines using a 
new approach recently standardized by Benazzi 
and colleagues (2014). We aim to improve our 
understanding of the Neandertal range of vari-
ation for the enamel thickness, and then to 
promote the comparison of the results.
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2. Materials and methods

T hirteen Neandertal teeth from Scladina, 
Belgium, were considered to compute the 

components of 2D and 3D enamel thickness. Most 
of the teeth are unworn or slightly worn, except 
for three first molars that show moderate dentine 
exposure (wear stage 3, based on Smith, 1984). 
A list of the Scladina teeth included in the anal-
ysis, as well as their wear stage, is reported in 
Tables 1 & 2.

The teeth were scanned with a Skyscan 1172 
micro-CT (Max Planck Institute for Evolutionary 
Anthropology, Leipzig, Germany) using the 
following scan parameters: 100kV, 100µA, with an 
aluminum/copper filter (0.5 mm/0.04 mm thick-
ness). Volume data were reconstructed using 
isometric voxels of 13.74 µm. Each image stack 
was segmented using a semiautomatic threshold-
based approach in Avizo 7 (Visualization Sciences 
Group Inc.) to separate the enamel, the dentine 
and the pulp chamber and to reconstruct 3D 
digital models from the tooth volume data.

Following guidelines underlined by Benazzi et 
al. (2014), the digital models were then imported in 
Rapidform XOR2 (INUS Technology Incorporated, 
Seoul, Korea), and for each tooth class a specific 
protocol was used to compute both the 2D and 
3D enamel thickness. As already emphasized by 
Olejniczak and colleagues (2008), discrepan-
cies are observed between 3D and 2D data due 
to the dimensional loss in the latter. Since the 
3D approach registers variation in enamel thick-
ness across the tooth crown, the 3D data are 
more appropriate than 2D data. However, because 

the latter have been widely used to study homi-
noid teeth (e.g., Smith et al., 2006; 2012), in this 
contribution we also provide the values of the 
components of 2D enamel thickness.

In molars and second premolars, the cervical 
line was digitized using a spline curve and the 
best-fit plane through the points of the curve was 
computed (cervical plane) to separate the crown 
(enamel cap and dentine core) from the root 
(Figures 1 & 2).

For the 3D analysis of molars and second 
premolars, the following measurements were 
obtained from the crown: the volume of the 
enamel cap (mm3); the volume of the dentine core 
(which includes the volume of the coronal pulp – 
mm3); the enamel-dentine junction (EDj) surface 
(the interface between the enamel cap and the 
dentine core – mm2). These measurements were 
used for the computation of both the 3D average 
enamel thickness index (3D AET = volume of 
enamel divided by the EDj surface; index in milli-
metres) and the 3D relative enamel thickness 
index (3D RET = 3D AET divided by the cubic root 
of dentine volume; scale-free index).

For the 2D analysis of molars and second 
premolars, a digital cross-section perpendic-
ular to the cervical plane and passing through 
the two mesial (mesial section) dentine horn tips 
(paracone and protocone in permanent maxillary 
molars; protoconide and metaconide in perma-
nent mandibular molars/second premolars) was 
created. Then, a line was digitized to join the most 
buccal and lingual apical extension of enamel 
(Figures 1 & 2). The following measurements were 
recorded from the sections: the area of the enamel 

figure 1: On the left, a 
best-fit plane (cervical 
plane) was computed on 
the cervical line of Scla 
4A-3 permanent maxillary 
right second molar 
(RM2). For 2D enamel 
thickness, the mesial 
section is perpendicular 
to the cervical plane and 
passes through the mesial 
(paracone and protocone) 
dentine horn tips. In the 
3D enamel thickness, the 
crown is separated from 
the root based on the 
cervical plane to identify 
the enamel cap and the 
dentine core of the crown. 
B = buccal; D = distal; 
L = lingual; M = mesial.
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cap (mm2); the area of the coronal dentine (mm2), 
which includes the coronal pulp; the length of 
the EDj (the linear interface between the enamel 
area and the dentine area – mm); the 2D average 
enamel thickness index (2D AET = the area of the 
enamel cap divided by the length of the EDj; index 
in millimetres); the 2D relative enamel thickness 
index (2D RET = 2D AET divided by the square 
root of the coronal dentine area; scale-free index).

In the 3D analysis of first premolars and 
canines the coronal dentine was separated from 
the root dentine based on the curve digitized on 
the cervical line. The smooth surface interpolating 
the curve was then used to seal the digital model 
of the dentine core (Figures 3 & 4).

In the 2D analysis of first premolars, a virtual 
section of the tooth perpendicular to the best-
fit plane of the cervical line (cervical plane) and 
passing through the main dentine horn tips 
(protoconide and metaconide in mandibular first 
premolars; paracone and protocone in maxillary 
first premolars) was created (Figure 3). Instead, 
each canine was oriented in its anatomical posi-
tion to visualize the buccal and lingual sides. A 
virtual section was created passing through two 

figure 2 : On the left, a best-fit plane (cervical plane) was computed on the cervical line of 
Scla 4A-9/P4 mandibular left second premolar to separate the crown from the root; the enamel cap, the 

dentine core, and the interface between them (enamel-dentine junction (EDJ) surface) were used for the 
computation of the 3D enamel thickness indices. For 2D enamel thickness, the mesial section is perpendicular 

to the cervical plane and passes through the mesial (protoconide and metaconide) dentine horn tips.

figure 3: On the left, a spline curve (black) was digitized on the 
cervical line of Scla 4A-6 mandibular right first premolar (RP3). For the 
2D enamel thickness, the best-fit plane of the curve was computed 
(cervical plane), and a mesial section perpendicular to this plane and 
passing through the mesial (protoconide and metaconide) dentine 
horn tips was created. For the 3D enamel thickness, the coronal 
dentine was separated from the root dentine based on the cervical line, 
which was then interpolated by a smooth surface to seal the bottom 
of the dentine core. B = buccal; D = distal; L = lingual; M = mesial.

figure 4: On the left, a spline curve (black) was 
digitized on the cervical line of Scla 4A-12 permanent 

mandibular right canine (RCı). For 3D enamel thickness, 
the coronal dentine was separated from the root 

dentine based on the cervical line, which was then 
interpolated by a smooth surface to seal the bottom 

of the dentine core. For 2D enamel thickness, the 
cross-section passes through two points digitized 
on the mid-labial and mid-lingual cervical enamel, 
respectively, and one point digitized on the dentine 

horn tip. B = buccal; D = distal; L = lingual; M = mesial.
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points digitized on the mid-labial and mid-lingual 
cervical enamel, respectively, and the dentine 
horn tip (Figure 4). In  both first premolars and 
canines, a line was then digitized to join the most 
buccal and lingual apical extension of enamel. The 
computation of the AET and RET indices (both in 
2D and 3D) follows indications mentioned above.

Comparative data for 2D and 3D enamel 
thickness for Neandertals and Homo sapiens 
were sourced from Smith et al. (2006; 2012) and 
Olejniczak et al. (2008). When possible, for 
2D data standardized score (Z-scores) values 
were computed to establish whether the values 
obtained for the Scladina teeth were closest to 
either the Neandertal or Homo sapiens group 
mean. However, since the comparative data were 
obtained using approaches that have been recently 
refined by Benazzi et al. (2014), who recognized 
shortcomings in the protocol of tooth orienta-
tion, we emphasize that the comparison should be 
considered tentative at best.

3. results

T he values of the components of 2D and 
3D enamel thickness, as well as the AET 

and RET indices for the 13 Scladina Neandertal 
teeth are shown in Tables 1 & 2. Results obtained 
for the first molars should be considered with 
caution, because tooth wear (wear stage 3 based 
on Smith, 1984) affects much more the enamel 
than the dentine, so that the computed AET and 
RET indices are certainly lower than the indices 
we would have computed for the unworn teeth. 
While in some cases 2D and 3D indices supply 

similar results, in other circumstances differences 
between the two approaches are quite notice-
able (e.g., Scla 4A-1/P4, Scla 4A-2/P3, Scla 4A-9/P4, 
Scla 4A-16 RCı). Interestingly, it seems that the 
discrepancy between 2D and 3D data increases 
in premolars and anterior teeth when compared 
with molars, but this tendency might be biased by 
the small sample size. In any case, as mentioned 
above, 3D data (Table 2) are more suitable than 2D 
data (Table 1).

Based on 3D data of the unworn/slightly 
worn teeth (Table 2), premolars have gener-
ally larger RET index than molars (premolars = 
20.89±2.45; molars = 18.61±0.69), but the condi-
tion is reversed for the AET index (premolars = 
1.08±0.11; molars = 1.20±0.04). The canines show 
the lowest values, both for AET (0.77±0.11) and 
RET (13.44±1.03) indices, having absolutely and 
relatively little enamel surrounding a large bulk 
of dentine. Similar results are observed in the 
2D data, at least for the AET indices (molars 
= 1.16±0.08; premolars = 1.0±0.06; canines = 
0.69±0.1) and the canine RET indices (canines 
= 10.43±0.7) (Table 1). However, a reverse 
condition, when compared with 3D data, char-
acterizes the mean 2D RET indices computed for 
molars (19.44±1.74) and premolars (17.58±1.59). 
Therefore, results obtained for canines and molars 
are more consistent between 2D and 3D analysis 
than results obtained for premolars.

When the Scladina molars are compared with 
AET and RET mean values (both 2D and 3D) 
computed for Neandertals and Homo sapiens, 
results are ambiguous. When the three most worn 
first molars are excluded (their low indices ally 
them with Neandertal but might well be an artefact 

Scladina specimens Tooth class Enamel area 
(mm2)

Coronal 
area (mm2)

EDJ length 
(mm)

AET     
(mm)

RET       
(scale-free) Wear stagea

Scla 4A-1/P4 RP4 17.75 31.09 17.51 1.01 18.18 1

Scla 4A-1/M1 RM1 15.58 37.16 18.01 0.86 14.19 3

Scla 4A-1/M2 RM2 19.92 36.78 18.78 1.06 17.49 1

Scla 4A-1/M3 RM3 19.74 32.10 17.10 1.15 20.38 unworn

Scla 4A-2/P3 RP3 19.98 38.03 19.16 1.04 16.91 unworn

Scla 4A-3 RM2 22.14 38.11 19.33 1.15 18.56 unworn

Scla 4A-4 RM1 17.19 39.41 19.00 0.90 14.41 3

Scla 4A-6 RP3 16.14 33.81 17.59 0.92 15.78 unworn

Scla 4A-9/ P4 LP4 17.48 28.58 16.81 1.04 19.45 1

Scla 4A-9/ M1 LM1 15.08 39.57 18.16 0.83 13.20 3

Scla 4A-9/ M2 LM2 22.81 35.12 18.03 1.26 21.34 unworn

Scla 4A-12 RCı 12.53 38.38 20.35 0.62 9.94 1

Scla 4A-16 RCı 16.83 47.95 22.24 0.76 10.93 unworn

Table 1: Values of the components of two-dimensional (2D) enamel thickness measurements in the Scladina teeth (abased 
on Smith (1984); EDJ = enamel dentine junction; AET = average enamel thickness; RET = relative enamel thickness).
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Scladina specimens Tooth 
class

Enamel volume 
(mm3)

Coronal dentine + 
pulp volume (mm3)

EDJ surface  
(mm2)

AET      
(mm)

RET       
(scale-free)

Wear 
stagea

Scla 4A-1/P4 RP4 134.54 131.12 116.88 1.15 22.66 1

Scla 4A-1/M1 RM1 198.26 285.73 202.97 0.98 14.83 3

Scla 4A-1/M2 RM2 229.69 275.63 197.00 1.17 17.92 1

Scla 4A-1/M3 RM3 209.91 230.14 175.59 1.20 19.51 unworn

Scla 4A-2/P3 RP3 142.53 149.72 128.98 1.11 20.81 unworn

Scla 4A-3 RM2 228.29 264.81 194.67 1.17 18.26 unworn

Scla 4A-4 RM1 219.65 286.69 201.23 1.09 16.55 3

Scla 4A-6 RP3 120.58 144.40 131.68 0.92 17.45 unworn

Scla 4A-9/ P4 LP4 132.99 127.69 116.65 1.14 22.64 1

Scla 4A-9/ M1 LM1 194.59 300.40 209.21 0.93 13.89 3

Scla 4A-9/ M2 LM2 257.35 297.81 205.66 1.25 18.74 unworn

Scla 4A-12 RCı 99.56 160.67 144.11 0.69 12.71 1

Scla 4A-16 RCı 145.16 215.02 170.99 0.85 14.17 unworn

Table 2: Values of the components of three-dimensional (3D) enamel thickness 
measurements in the Scladina teeth (abased on Smith (1984); EDJ = enamel dentine 

junction; AET = average enamel thickness; RET = relative enamel thickness).

Tooth class
    AET  RET

Sample N Mean (SD) Min–Max Z−score   Mean (SD) Min−Max Z−score

M1 N 3a 1.05 (0.13) 0.93−1.19     15.37 (1.57) 13.8−16.93

FHS 4b 1.28 1.08−1.58 18.2 15.7−20.9

RHS 37c 1.22 (0.12) 0.98−1.5 18.75 (2.08) 13.95−23.86

  Scla 4A-4   0.90   N=−1.15 
RHS=−2.67   14.41   N=−0.61 RHS=−2.09

M2 N 5a 1.21 (0.08) 1.13−1.29 18.18 (2.05) 15.65−20.85

FHS 1b 1.31 19.8

RHS 25c 1.40 (0.17) 1.13−1.76 21.59 (3.13) 16.49−28.03

  Scla 4A-3   1.15   N=−0.75 
RHS=−1.47   18.56   N=0.19 RHS=−0.97

M1 N 12a 1.01 (0.07) 0.93−1.18     16.06 (1.64) 13.77−20.46  

FHS 6b 1.19 0.96−1.47 18.0 15.2−23.3

RHS 55c 1.07 (0.13) 0.8−1.4 16.99 (2.29) 11.76−22.62

Scla 4A-1/M1 0.86 N=−2.14 
RHS=−1.62 14.19 N=−1.14 RHS=−1.22

  Scla 4A-9/M1   0.83   N=−2.57 
RHS=−1.85   13.20   N=−1.74 RHS=−1.66

M2 N 6a 1.02 (0.08) 0.94−1.14 15.63 (0.87) 14.21−16.8

FHS 4b 1.28 1.17−1.41 18.3 16.3−20.2

RHS 45c 1.19 (0.14) 0.94−1.55 20.51 (2.93) 14.85−27.66

Scla 4A-1/M2 1.06 N=0.5 
RHS=−0.93 17.49 N=2.14 RHS=−1.03

  Scla 4A-9/M2   1.26   N=3 RHS=0.5   21.34   N=6.56 RHS=0.28

M3 N 8a 0.99 (0.06) 0.92−1.1 16.55 (1.28) 14.3−18.34

FHS 2b 1.28 1.15−1.41 20.5 19.2−21.9

RHS 44c 1.24 (0.15) 0.98−1.67 21.63 (2.99) 17.22−31.84

Scla 4A-1/M3 1.15 N=2.67 
RHS=−0.6 20.38 N=2.99   RHS=−0.42

Table 3: Two-dimensional (2D) enamel thickness in the Scladina molar sample, compared with mean 
value indices computed in Neandertal (N), fossil Homo sapiens (FHS) and recent Homo sapiens 

(RHS); when possible, standard deviation (SD), minimum-maximum values and standardized Z-scores 
are provided. Data from aOlejniczak et al. (2008), bSmith et al. (2012), cSmith et al. (2006).

of tooth wear), the Scladina teeth (particularly for 
the RET index) generally fall on the higher end 
or even outside the Neandertal range of variation, 
often in between the currently known Neandertal 
and Homo sapiens mean values (Tables 3 & 4).

The paucity of comparative data for premo-
lars and canines (Smith et al., 2012), which are 
only in 2D, and the incompleteness of statistic 
information given (e.g., standard deviation and 
range values are not provided), limit us in the 
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discussion of the results obtained for the Scladina 
enamel thickness. However, we can summarize 
our findings as follows: the low AET values of the 
Scladina premolars and canines find more corre-
spondence with Neandertal than Homo sapiens 
mean values (Table 5). Similarly, the low RET 
index of the canines is in agreement with values 
observed in Neandertal, while results computed 
for the premolars are more ambiguous, but this is 
certainly due to the extremely small Neandertal 
comparative sample size.

4. discussion and conclusions

A s absence of wear is an essential precon-
dition to compute the values for 2D and 

3D enamel thickness, the unworn/slightly worn 
Scladina teeth represent a valuable sample for the 
advancement of our knowledge on Neandertal’s 
enamel thickness variability.

It is generally accepted that Neandertals had 
a lower average and relative enamel thicknesses 
than Homo sapiens, (e.g. Macchiarelli et al., 
2006; Smith et al., 2007, 2012; Olejniczak et al., 
2008; Bayle et al., 2009a,b, 2010), but shortcom-
ings observed in previous methods might have 
contributed to the confusing result and misrepre-
sent the real range of enamel thickness variation. 
Results obtained for the Scladina teeth point out 
that indeed Neandertals have lower AET and RET 
indices than Homo sapiens, but they also suggest 
that the discrepancy observed in previous studies 
between the two groups (e.g. Smith et al., 2006, 
2012; Olejniczak et al., 2008) has been overem-
phasized, as recently observed by Benazzi and 
colleagues (2011c, 2013a). This does not mean that 
Neandertals and Homo sapiens overlap in AET and 
RET indices, but it suggests that the Neandertal 
range of variation is still unknown. This issue 
could be solved using rigorous and consistent 
methodological protocols in large Homo sapiens 
(recent and fossil) and Neandertal dental samples.

This contribution is one of the few providing 
2D enamel thickness for premolars and canines 

Tooth class
    AET  RET

Sample n Mean (SD) Min–Max   Mean (SD) Min–Max

M1 N 1 1.07     15.13  

RHS 6 1.13 17.05

Scla 4A-4 1.09 16.55

M2 N 4 1.07 (0.08) 0.97−1.14   15.33 (1.83) 13.65−17.56

RHS 6 1.46 23.36

Scla 4A-3 1.17 18.26

M1 N 9 1.17 (0.23) 0.97−1.63   16.77 (3.8) 13.03−24.02

RHS 1 1.05 15.87

Scla 4A-1/M1 0.98 14.83

Scla 4A-9/M1 0.93 13.89

M2 N 4 0.99 (0.11) 0.89−1.13   13.63 (0.47) 13.13−14.18

RHS 9 1.46 23.44

Scla 4A-1/M2 1.17 17.92

  Scla 4A-9/M2 1.25 18.74

M3 N 6 1.06 (0.20) 0.82−1.3   15.43 (2.82) 12.74−19.67

RHS 9 1.45 23.79

Scla 4A-1/M3   1.20     19.51  

Table 4: Three-dimensional (3D) enamel thickness in the Scladina molar sample, compared with mean 
value indices computed in Neandertal (N) and recent Homo sapiens (RHS); when possible, standard 

deviation (SD) and minimum-maximum values are provided (data from Olejniczak et al., 2008).

Tooth class Taxon n AET (mean) RET (mean)

RCı FHS 2 0.87 12.71

RHS 22 0.91 14.43

  Scla 4A-16   0.76 10.93

RCı FHS 4 0.77 10.65

RHS 20 0.81 12.91

  Scla 4A-12 0.62 9.94

RP3 FHS 1 1.26 18.74

RHS 19 1.1 17.69

  Scla 4A-2/P3   1.04 16.91

RP3 FHS 3 1.04 15.81

RHS 17 1.01 17.78

  Scla 4A-6   0.92 15.78

LP4 FHS 2 1.08 16.17

RHS 17 1.20 21.19

Scla 4A-1/P4 1.01 18.18

Scla 4A-9/P4 1.04 19.45

Table 5: Two-dimensional (2D) enamel thickness 
in the Scladina canine and premolar sample, 
compared with mean value indices computed 

in fossil Homo sapiens (FHS) and recent Homo 
sapiens (RHS) ; data from Smith et al. (2012).
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(see also Feeney et al., 2010; Smith et al., 2012), 
and the first providing 3D enamel thickness for 
these dental classes. With regard to the 3D data, 
our results suggest that molars, premolars and 
canines (and presumably incisors) have a different 
and peculiar trend, with premolars having a gener-
ally larger RET index than molars, and canines 
showing the lowest values. Moreover, our results 
confirm that Neandertal canines have lower AET 
and RET indices than Homo sapiens canines, as 
previously suggested by 2D data (Smith et al., 
2012).

We are confident that the values of the 
components of 2D and 3D enamel thickness 
measurements reported in this paragraph for the 
Scladina teeth (Tables 1 & 2), coupled with a thor-
ough explanation of the method, will be useful 
to favor future comparative studies between 
Neandertal and Homo sapiens, making scholars 
aware of the importance to increase the sample 
size to evaluate the enamel thickness range of 
variation of these two human groups.
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chapter 15

1. introduction

D ental crown morphology is often used to 
assess the taxonomic affinity and phylo-

genetic relationship of individual specimens. In 
a number of studies molar crown morphology 
has been found to discriminate between extant 
hominoid species and sub-species (Johanson, 
1974; Uchida, 1992, 1996; Pilbrow, 2003, 2006) 
and extinct hominoid taxa (Weidenreich, 
1937; Robinson, 1956; Sperber, 1974; Wood & 
Abbott, 1983; Suwa, 1996; Bailey, 2002, 2006; 
Irish & Gautelli-Steinberg, 2003; Grine, 2004; 
Hlusko, 2004; Guatelli-Steinberg & Irish, 
2005). However, the effects of dental attrition on 
the outer enamel surface can decrease the taxo-
nomic information of external crown morphology 
and necessitate the use of less comprehensive 
measures of tooth crown shape (e.g. linear crown 
measurements).

Recently, it has been demonstrated that the 
internal structure of the tooth crown, and in partic-
ular the enamel-dentine junction (EDj), retains 
considerable taxonomic information in variably 
worn fossil teeth (e.g. Corrucini, 1987, 1998; 
Olejniczak et al., 2004, 2007; Macchiarelli et al., 
2006; Suwa et al., 2007; Skinner et al., 2008) and is 
able to discriminate chimpanzee species and sub-
species (Skinner et al., 2009). In particular, this is 
because the EDj retains valuable information on 
vertical crown components, such as relative/abso-
lute dentine horn height and crown height, which 
have been lost in the external crown morphology 
of worn teeth. The EDj can therefore be used to 
assess the taxonomic and phylogenetic position of 
individual specimens, populations, and species.

In this contribution we address three questions: 
1) is the EDj morphology of the mandibular molars 
consistent with the classification of Scladina I-4A 
as a Neandertal, 2) are there consistent differences 
in EDj morphology between Early and Classic 
Neandertals, and 3) is the morphology of the EDj 
of the Scladina specimen consistent with other 

Neandertals of a similar geochronological age. We 
use micro-computed tomography to image the 
EDj; geometric morphometric analysis to capture 
the shape of the EDj; and multivariate analyses 
to compare the EDj morphologies among the 
different taxa.

2. Materials and methods

T he materials used for this study are outlined 
in Table 1. The comparative sample consists 

of a large number of Neandertal specimens 
(n = 47), fossil Homo sapiens (n = 19), and recent 
Homo sapiens (n = 55). Specimens that exhib-
ited an abnormal morphology were excluded 
from the comparative sample. In the case of anti-
meres being present for a specimen the side 
that was better preserved was used in the anal-
ysis. The references cited in Table 1 were used to 
establish the taxonomy and tooth position of each 
specimen. Additionally, the tooth position of all 
specimens, based on EDj shape, was evaluated. 
Specimens whose classification was inconsis-
tent were excluded from the comparative sample. 
If specimens were consistently classified to a 
molar position that was different than previously 
published, the specimen was reclassified based on 
the EDj results (and listed with a ‘4’ in the ‘Tooth’ 
column in Table 1).

geometric morphometric analysis
The molars of our comparative sample were 
subjected to micro-CT scanning using both indus-
trial and desktop micro-CT systems with resultant 
voxel resolutions ranging from 14 to 70 µm. The 
image stack of each scan was filtered using a 
three-dimensional median and mean-of-least 
variance filter to facilitate segmentation (using 
Avizo 6.3) into enamel and dentine components. 
The enamel-dentine junction was exported as a 
.ply surface model for the collection of landmarks 
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3 L 1 – SSM

Qafzeh 10 2 L 1 – TAU

Qafzeh 11 2 L 1 – TAU

Qafzeh 15 1 L 1 – TAU

2 L 1 – TAU

Temara mandible 2 L 1 – INSAP

3 L 1 – INSAP

Recent Homo sapiens    (n = 55)

Belgian A31 1 R 1 – RBINS

Belgian A32 1 R 1 – RBINS

Belgian 13e 2 R 1 – RBINS

Belgian 76a 2 L 1 – RBINS

Belgian 89a 1 L 1 – RBINS

Belgian 93a 1 L 1 – RBINS

Belgian 129a 1 L 1 – RBINS

MPI M3 1 L 1 – MPI–EA

MPI M5 1 L 1 – MPI–EA

MPI M71 3 L 1 – MPI–EA

MPI M131 3 R 1 – MPI–EA

MPI M132 3 L 1 – MPI–EA

MPI M133 3 L 1 – MPI–EA

MPI M135 3 L 1 – MPI–EA

MPI M146 2 L 1 – MPI–EA

MPI M162 2 R 1 – MPI–EA

MPI M190 2 L 1 – MPI–EA

MPI M213 3 L 1 – MPI–EA

Romanian R123 1 L 1 – IA

Romanian R167_I75 1 L 1 – IA

Romanian R258_144 1 L 1 – IA

Romanian R488_274 1 L 1 – IA

Romanian R605_1185 1 L 1 – IA

3 R 1 – IA

Romanian R1101_1498 1 R 1 – IA

3 L 1 – IA

Romanian R1160_440 1 L 1 – IA

Romanian R1586_2425 3 L 1 – IA

Romanian R1620_2480 3 R 1 – IA

Romanian R1719_1237 3 L 1 – IA

Romanian R1989_1382 1 L 1 – IA

2 L 1 – IA

Romanian R2070_1423 2 R 1 – IA

Romanian R2525_1641 2 L 1 – IA

Romanian R2602_1673 1 L 1 – IA

NMNH SI12 1 R 4 – NMNH

NMNH SI13 1 L 4 – NMNH

NMNH SI15 1 R 4 – NMNH

NMNH SI34 1 L 4 – NMNH

NMNH SI36 1 L 4 – NMNH

NMNH SI37 1 L 4 – NMNH

NMNH SI38 1 L 4 – NMNH

NMNH SI40 1 L 4 – NMNH

NMNH SI42 1 R 4 – NMNH

NMNH SI44 1 R 4 – NMNH

NMNH SI45 1 R 4 – NMNH

NMNH SI46 1 R 4 – NMNH

NMNH SI47 1 R 4 – NMNH

NMNH SI48 1 R 4 – NMNH

ULAC 58 1 L 1 – ULAC

3 L 1 – ULAC

ULAC 179 3 R 1 – ULAC

ULAC 536 3 L 1 – ULAC

ULAC 790 3 L 1 – ULAC

ULAC 797 1 R 1 – ULAC

Specimen (n = 121) Tooth Side Basis Molar ref Source

Homo neanderthalensis (n = 47)

Abri Suard 5 1 L 1 — TNT

Abri Suard 14_7 1 R 2 1 TNT

Abri Suard 43 3 R 3 1 TNT

Abri Suard 36 2 L 1 — TNT

3 L 1 – TNT

Abri Suard 49 1 R 3 1 TNT

Combe-Grenal I 1 R 1 – MNP

Combe-Grenal IV 1 L 1 – MNP

Combe-Grenal XII 3 L 3 2 MNP

El Sidron SD540 2 L 2 3 MNCN

El Sidron SD755 2 R 4 – MNCN

El Sidron SD780 1 L 2 3 MNCN

El Sidron SD1135 3 R 1 – MNCN

Krapina 52 1 L 1 – CMNH

Krapina 53 1 R 1 – CMNH

2 R 1 – CMNH

3 R 1 – CMNH

Krapina 54 1 L 1 – CMNH

2 L 1 – CMNH

Krapina 55 1 L 1 – CMNH

2 L 1 – CMNH

Krapina 57 2 R 1 – CMNH

3 R 1 – CMNH

Krapina 59 2 R 1 – CMNH

Krapina D1 2 R 2 4 CMNH

Krapina D6 2 L 2 4 CMNH

Krapina D9 2 L 3 4 CMNH

Krapina D79 1 R 2 4 CMNH

Krapina D80 2 R 3 4 CMNH

Krapina D81 1 L 2 4 CMNH

Krapina D86 2 L 3 4 CMNH

Krapina D104 3 R 3 4 CMNH

Krapina D105 2 L 3 4 CMNH

Krapina D106 3 L 2 4 CMNH

Krapina D107 2 L 2 4 CMNH

Lakonis 3 L 3 5 EPSNE

La Quina H9 2 L 1 – TNT

3 L 1 – TNT

Le Moustier 1 L 1 – NMP

2 L 1 – NMP

3 L 1 – NMP

Le Regourdou 2 L 1 – MAA

3 L 1 – MAA

Roc de Marsal 1 R 1 – MNP

Saint-Césaire 1 3 R 1 – MAN

Vindija 11_39 2 R 1 – CNHM

3 R 1 – CNHM

Pleistocene Homo sapiens (n = 19)

Dar es Soltane 2 H4 2 L 1 – INSAP

3 L 1 – INSAP

El Harhoura 2 R 1 – INSAP

3 R 1 – INSAP

Equus Cave H3 3 R 4 – MM

Irhoud 3 1 L 1 – UM

2 L 1 – UM

3 L 1 – UM

Oberkassel D999.02 2 L 1 – LVRB

3 L 1 – LVRB

Qafzeh 9 1 L 1 – SSM

2 L 1 – SSM
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in Avizo 6.3. Worn teeth of which small portions 
of the dentine horns were incomplete were 
reconstructed in Geomagic Studio 10. Molars 
that showed evidence of significant damage, 
missing areas, or an abnormal (i.e. pathological) 
morphology were excluded from this study.

Three sets of landmarks were collected on each 
EDj surface (Figure  1): 1) the CEj RIDGE, capturing 
the shape of the cementum-enamel junction of the 
tooth crown starting at the mesiobuccal corner 
moving lingually; 2) the EDj MAIN, placed on the 
dentine horn tips of the protoconid, metaconid, 
entoconid, and hypoconid, respectively; and 3) the 
EDj RIDGE, capturing the EDj ridge that connects 

the dentine horns starting at the protoconid and 
moving lingually.

For each specimen a single set of homolo-
gous landmarks was created in Mathematica v8.0 
following methods outlined in Skinner (2008) and 
Skinner & Gunz (2010). Briefly, a smooth curve 
was interpolated for both the CEj and EDj RIDGE 
landmark sets using a cubic-spline function. On 
each curve a fixed number of equidistantly-spaced 
landmarks was placed (30 for the CEj RIDGE and 
60 for the EDj RIDGE, see Figure 1). The EDj MAIN 
landmarks were treated as landmarks, whereas 
the former ridge landmarks were treated as semi-
landmarks. Semi-landmarks were subjected to 
sliding (described in Gunz et al., 2005) and, finally, 
the landmark set of each specimen were converted 
to shape coordinates by generalized least squares 
Procrustes superimposition (Gower, 1975; Rohlf 
& Slice, 1990).

A principal component analysis (PCA) of the 
shape coordinates was used to assess the shape 
variation of the different groups at each molar 
position (see Figure 2). A canonical variate analysis 
(CVA) was used to find the axes that best sepa-
rate groups, illustrating the minor but consistent 
differences in EDj morphology between groups. 
As classification based on a CVA can differ for 
the same specimen depending on the number of 
PCs used, we report the cross-validated classifica-
tion results of each specimen using each of 5-20 
PCs. PCA, CVA, and classification were all carried 
out in R and groups were assigned equal prior 
probabilities.

Intraspecific temporal variation in EDj 
morphology of the Neandertal sample was assessed 
by splitting the sample into Early Neandertals 
and Classic Neandertals; early being all speci-
mens dated to >100,000 years and classic being all 
specimens dated to <100,000 years. This date was 

figure 1: The three landmark sets illustrated on the 
EDJ surface of the Scladina permanent mandibular right 
second molar Scla 4A-1/M2. The EDJ MAIN landmarks 

are pictured as red dots, located on the top of the 
four main dentine horns (numbers showing the order 
of collection). The EDJ RIDGE landmarks start at the 

protoconid (MAIN landmark number 1), the CEJ RIDGE 
starts at the mesiobuccal corner. The EDJ and CEJ ridges 

consist of an arbitrary number of landmarks, which 
are later replaced by a fixed number of equally spaced 

semi-landmarks in Mathematica. The number in brackets 
refers to the number of semi-landmarks after the 

derivation of homologous landmarks in Mathematica, 
the landmarks shown here are the original landmarks.

Table 1 (facing page): Comparative sample, showing for each specimen the tooth position and side, 
basis of tooth position certainty, tooth position reference, and source of specimen.

Basis: 1 – specimen is in jaw; 2 – associated dentition; 3 – estimate based on morphology; 4 – classified through 
geometric morphometric analysis in this study. Molar references: 1. Teilhol, 2001; 2. Garralda & Vandermeersch, 
2000; 3. Rosas, 2009; 4. Radovčić et al., 1988; 5. Harvati et al., 2003. Source: CMNH – Croatian Museum of 
Natural History; EPSNE – Ephorate of Palaeoanthropology & Speleology of Southern Greece; GPIH - Geologisch-
Paläontologisches Institut der Universität Heidelberg; IA – Francisc J. Rainer Institute of Anthropology; INSAP 
– Institut National des Sciences de l’Archéologie et du Patrimoine; LVRB – Landschaftsverband Rheinland – 
LandesMuseum Bonn; MA – Le Musée d’Agoulème, France; MAA – Musée d’Art et d’Archéologie du Périgord; 
MAN – Musée d’Archéologie nationale de Saint-Germain-en-Laye; MM – McGregor Museum, kimberley; 
MNCN – Museo Nacional de Ciencias Naturales; MNP – Musée National de Préhistoire, France; MPI-EVA – Max 
Planck Institute for Evolutionary Anthropology; MVFB – Museum für Vor- und Frühgeschichte Berlin; NMNH – 
National Museum of Natural History; RBINS – Royal Belgian Institute of Natural Sciences; SMF – Senckenberg 
Forschungsinstitute und Naturmuseum; SSM – Sackler School of Medicine; TAU – Tel Aviv University; TNT – The 
Neanderthal Tools project of the Neanderthal Studies Professional Online Service (NESPOS); ULAC – Universität 
Leipzig, Institut für Anatomie, Lehrsammlung Anatomie; UM – University Mohammed V-Agdal, Rabat.
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chosen based on previous studies assessing the 
morphological transitions inherent to an accre-
tion of Classic Neandertal morphology (e.g. Dean 
et al., 1998; Hublin, 1998, 2009; Harvati et al., 
2010).

We used a Mann-Whitney U Test to deter-
mine if tooth size (measured as the natural log 
of centroid size) differed significantly between 
groups. The Neandertal and Pleistocene Modern 
Human groups did not differ significantly in log 
centroid size (p = 0.161 for the M1, p = 0.754 for 
M2, and p = 0.934 for M3). When the Neandertal 
group was split into Early and Classic Neandertal 
groups, the log centroid size of these groups also 
did not differ significantly (p = 0.721 for M1, p = 
0.639 for M2, and p = 0.598). Therefore, we restrict 
the results presented here to those in shape space 
only, excluding log centroid size as part of the 
CVA. However, we examined the results in form 
space (see Gunz et al., 2012) and the results were 
broadly similar.

3. results

3.1. classification of Scladina among 
late Pleistocene Homo (Table 2)

B ased on the geometric morphometric anal-
ysis of the EDj of the permanent mandibular 

molars, the Scladina specimen (Figure 3) classifies 
consistently as a Neandertal. The M1 and M2 are 
classified as Neandertal 100% of the time. The M3 
classifies as a Neandertal 56% of the time and as a 
Recent Modern Human 44% of the time (in form 
space 69% and 31%, respectively).

3.2. Temporal variation in neandertal 
molar edj morphology (Table 3)

The Neandertal sample was divided into Early 
and Classic Neandertals, based on their geochro-
nological age. The majority of the Neandertal 
specimens were classified correctly into Early and 
Classic Neandertals according to their geochro-
nological age (Table 3). These results indicate 
that there are subtle but consistent differences in 
Early and Classic Neandertal permanent mandib-
ular molar EDj morphology. A small number of 
specimens did not classify as expected and clas-
sified inconsistently with their geochronological 

figure 2: Scladina EDJ morphology of permanent 
mandibular right molars (Scla 4A-1/M1, M2 & M3) 

in buccal, distal, mesial, and occlusal view.

M1 Accuracy M2 Accuracy M3 Accuracy

Hs (32) 97% Hs (8) 88% Hs (15) 93%

Hsp (3) 100% Hsp (9) 100% Hsp (7) 100%

Hn (14) 100% Hn (18) 100% Hn (14) 100%

Table 2: Classification accuracy of Late Pleistocene 
Homo shown as the percentage of correctly classified 
specimens for each group. A specimen was considered 

classified correctly when at least 75% of analyses (using 
each of 5-20 PCs) classified the specimen correctly.

Table 3: Classification accuracy when Early and Classic 
Neandertals are treated as two separate groups, shown 

as the percentage of correctly classified specimens 
for each group. A specimen was considered classified 
correctly when at least 75% of analyses (using each 

of 5-20 PCs) classified the specimen correctly.

M1 Accuracy M2 Accuracy M3 Accuracy

Hs (32) 97% Hs (8) 100% Hs (15) 93%

Hsp (3) 100% Hsp (9) 100% Hsp (7) 100%

Hne (9) 89% Hne (13) 92% Hne (6) 67%

Hnc (5) 100% Hnc (6) 100% Hnc (8) 100%

hs = recent Homo sapiens, hsp = Pleistocene Homo 
sapiens, hn = Homo neanderthalensis, 

hne = Early Neandertal, hnc = Classic Neandertal.
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figure 3: Principal component analysis and canonical variate analysis of EDJ shape in modern 
humans, Pleistocene Modern Humans and Neandertals for each mandibular molar.

age (i.e., Abri Suard 14-7 LRM1; Krapina D1 
LRM2; Abri Suard 43 LRM3, and Abri Suard 36 
LLM3: see Appendix 1). For the assessment of the 

classification of the Scladina specimens as Early 
or Classic Neandertals, these specimens were 
removed from the analysis. 
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figure 4:  Principal component analysis and canonical variate analysis of EDJ shape for each 
mandibular molar and dividing the Neandertal sample into Early and Classic groups.
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3.3. comparison of Scladina i-4a 
with early and classic 
neandertal morphotypes

In order to evaluate the affinity of Scladina with 
respect to Early and Classic Neandertal samples 
we excluded the ambiguously classified Neandertal 
specimens (see above). The M1 of Scladina is clas-
sified as a Classic Neandertal (100%), the M2 is 
classified as a Classic Neandertal 69% of the time, 
19% as an Early Neandertal and the remaining 
times as a Pleistocene Modern Human (Figure 4). 
The M3 is classified as a Classic Neandertal 63% of 
the time and as a Recent Modern Human 37% of 
the time (see Appendix 1).

The mean shape models of the different groups 
illustrate the subtle differences in Early and 
Classic Neandertal morphology (Figure 5). The 
Early morphology of the M1 is characterised by 
a taller and more distally placed protoconid and 
a cervix that does not undulate in the occlusal-
apical plane. The Classic morphology of the M1 
is characterised by a shorter and more mesially 
placed protoconid, and a cervix that dips in the 
middle of the lingual and buccal sides. Scladina 
shares with the classic morphotype the height 
of the protoconid and the dipping of the cervix 
along the lingual and buccal sides. For the M2 and 
M3 the differences in morphology between Early 
and Classic Neandertals are even more subtle. The 
Early morphotype of the M2 is characterized by the 
more centrally placed entoconid, which Scladina 
shares. The Early morphotype of the M3 is char-
acterized by a slightly taller and more distally 
placed protoconid, a more distal location of both 
the hypoconid and entoconid, and a more mesially 
placed hypoconulid and distal ridge. The classic 
morphotype of the M3 is characterized by a slightly 
shorter and more mesially placed protoconid, a 
more mesial location of both the hypoconid and 
the entoconid, and a more distally located hypoc-
onulid and distal ridge. Scladina shares with the 
Early Neandertals the more mesially placed distal 
ridge, a protoconid height similar to that of the 
Classic Neandertals, but a protoconid position 
similar to Classic Neandertals.

4. discussion

D ating of Scladina has been problematic 
because of the complicated stratigraphy of 

the Sedimentary Complex 4 (Toussaint & Pirson, 
2006), and has been estimated to 127 +46/-32ka 
by gamma spectrometry dating (Toussaint et al., 

1998). However, it has recently been suggested 
that the best hypothesis would be to position the 
Scladina Neandertal remains in MIS 5b or MIS 5a 
(see Chapter 5). Each of the studied Scladina teeth 
is classified as a Classic Neandertal the majority 
of the time. As the date of Scladina is close to the 
cut-off point used in this study, 100ka, it is inter-
esting to see that the EDj morphology of Scladina 
aligns itself stronger with the Classic Neandertal 
sample than to the Early Neandertal sample.

The M3 exhibits a greater variation in its 
morphology within species and greater overlap 
between species. This makes the M3 less reliable 
when used in taxonomic classification studies 
as its results are less consistent compared to 
the classification results of M1 or M2. Therefore, 
the classification results of the Scladina M3 as a 
modern human do not alter the taxonomic posi-
tion of Scladina and can be attributed to the nature 
of the M3 morphology in general.

The ambiguous classification of some Neandertal 
specimens compared to their geochronological age 
illustrates the continuous variation in morphology 
rather than the dichotomous distinction between 
two groups that has been tested here. This is illus-
trated by the oldest Neandertal specimens of our 
comparative sample, the Abri Suard individuals, 
not classifying consistently as Early Neandertals. 

figure 5:  EDJ mean shape comparison between 
Scladina, Early Neandertals, and Classic 

Neandertals, shown from buccal side.
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This demonstrates that as well as having a contin-
uous variation instead of two separate groups, 
the temporal extremities of both the Early and 
Classic Neandertals exhibit significant variation as 
well. However, this study has shown that within 
the Neandertal continuum the differences in EDj 
morphology are consistent enough to successfully 
distinguish between Early and Classic Neandertals.

5. conclusion

T his study confirms the Neandertal affinity 
of the Scladina specimen based on its EDj 

morphology. The intraspecific taxonomic posi-
tion of Scladina shows to be closer to that of the 
Classic Neandertal sample such as the El Sidron 
and Combe-Grenal specimens than to the Early 
Neandertal sample such as the Krapina and 
Abri Suard specimens. Furthermore, this study 
illustrates the presence of subtle yet consistent 
differences in EDj morphology between the Early 
Neandertals and Classic Neandertals.
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appendix 1: Classification results for the complete Neandertal sample using PC 5-20. Specimens that have been 
highlighted in grey have been removed from the sample as they were classified ambiguously. Early Hn = Early Homo 
neanderthalensis, Classic Hn = Classic Homo neanderthalensis, Hs = Homo sapiens, Fossil Hs = Fossil Homo sapiens.

Specimen Tooth Date Expected Early Hn Classic Hn Hs Fossil Hs

Lakonis_LLM3 LM3 <38−44ka Classic 0 16 0 0

Le Moustier LLM1 LM1 40ka Classic 0 16 0 0

Le Moustier LLM2 LM2 40ka Classic 0 16 0 0

Le Moustier LLM3 LM3 40ka Classic 0 16 0 0

Saint-Césaire LRM3 LM3 40ka Classic 0 16 0 0

Vindija 11_39 LRM2 LM2 45−35ka Classic 0 16 0 0

Vindija 11_39 LRM3 LM3 45−35ka Classic 4 12 0 0

El Sidron SD1135 LRM3 LM3 49−39ka Classic 0 15 1 0

El Sidron SD540 LLM2 LM2 49−39ka Classic 0 16 0 0

El Sidron SD755 LRM2 LM2 49−39ka Classic 0 16 0 0

El Sidron SD780_LLM1 LM1 49−39ka Classic 2 14 0 0

Combe-Grenal I LRM1 LM1 70ka Classic 0 16 0 0

Combe-Grenal XII LLM3 LM3 70ka Classic 0 16 0 0

Combe-Grenal IV LLM1 LM1 70ka Classic 0 16 0 0

Le Regourdou LLM2 LM2 70ka Classic 0 16 0 0

Le Regourdou LLM3 LM3 70ka Classic 0 16 0 0

La Quina H9 LLM2 LM2 71−60ka Classic 0 16 0 0

La Quina H9 LLM3 LM3 71−60ka Classic 0 16 0 0

Roc de Marsal LRM1 LM1 90−60ka Classic 0 16 0 0

Scladina 4A−1 LRM1 LM1 100ka ? 0 16 0 0

Scladina 4A−1 LRM2 LM2 100ka ? 3 11 0 2

Scladina 4A−1 LRM3 LM3 100ka ? 0 10 6 0

Krapina 52 LLM1 LM1 130ka Early 16 0 0 0

Krapina 53 LRM1 LM1 130ka Early 16 0 0 0

Krapina 53 LRM2 LM2 130ka Early 16 0 0 0

Krapina 53 LRM3 LM3 130ka Early 16 0 0 0

Krapina 54 LLM1 LM1 130ka Early 16 0 0 0

Krapina 54 LLM2 LM2 130ka Early 16 0 0 0

Krapina 55 LLM1 LM1 130ka Early 15 0 0 1

Krapina 55 LLM2 LM2 130ka Early 16 0 0 0

Krapina 57 LRM3 LM3 130ka Early 16 0 0 0

Krapina 79 LRM1 LM1 130ka Early 16 0 0 0

Krapina 81 LLM1 LM1 130ka Early 15 1 0 0

Krapina D1 LRM2 LM2 130ka Early 10 6 0 0

Krapina D104 LRM3 LM3 130ka Early 16 0 0 0

Krapina D105 LLM2 LM2 130ka Early 16 0 0 0

Krapina D106 LLM3 LM3 130ka Early 16 0 0 0

Krapina D107 LLM2 LM2 130ka Early 16 0 0 0

Krapina D6 LLM2 LM2 130ka Early 16 0 0 0

Krapina D80 LRM2 LM2 130ka Early 14 2 0 0

Krapina D86 LLM2 LM2 130ka Early 16 0 0 0

Krapina D9 LLM2 LM2 130ka Early 16 0 0 0

Krapina 57 LRM2 LM2 130ka Early 16 0 0 0

Krapina 59 LRM2 LM2 130ka Early 16 0 0 0

Abri Suard 14 7 LRM1 LM1 185−101ka Early 9 7 0 0

Abri Suard 36 LLM3 LM3 185−101ka Early 11 5 0 0

Abri Suard 36 LLM2 LM2 185−101ka Early 16 0 0 0

Abri Suard 43 LRM3 LM3 185−101ka Early 6 10 0 0

Abri Suard 49 LRM1 LM1 185−101ka Early 15 1 0 0

Abri Suard 5 LLM1 LM1 185−101ka Early 14 2 0 0
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Micro-coMPuTed ToMograPhic 
quanTificaTion of TooTh rooT 
Size and TiSSue ProPorTionS in 

The Scladina i-4a juvenile, a 
ShorT-rooTed neanderTal

1. introduction

S cladina Cave (Belgium) has yielded the denti-
tion of an eight-year-old juvenile Neandertal 

(Toussaint et al., 1998 & Chapter 1; Smith et al., 
2007 & Chapter 8). A direct date of 127 +46/−32 ka 
BP was obtained on the mandible by gamma-ray 
spectrometry (Toussaint et al., 1998; Yokoyama 
& Falguères, Chapter 6), which points to a wide 
chronological range, between MIS 6 and 4. A 
recent reassessment of the stratigraphy of the site 
attributes the Neandertal remains to a secondary 
deposit (mainly in units 4A-CHE and 4A-POC, 
see Chapters 3 & 5 for description). The general 
chronostratigraphic framework of the sequence 
(Pirson et al., 2005, 2008; this volume, Chapter 4) 
however supports an attribution of the fossil to the 
second half of MIS 5 (Pirson et al., this volume, 
Chapter 5). On a regional scale, and because of 
excessively rigorous climatic conditions, it seems 
currently granted that the territory encompassing 
present-day Belgium and the surrounding areas of 
northwest Europe was deserted by human popu-
lations during the second half of MIS 4 (Cordy, 
1984, 1988; Haesaerts, 1984; Toussaint et al., 
2001; Van Peer, 2001; Pirson & Di Modica, 2011: 
135). This is especially true for the calcareous 
areas where all the Neandertal remains of the 
Mosan Basin have been recovered. Except for the 
La Naulette mandible and for the mandible and the 
fragment of maxilla of Scladina which are more 
ancient, all the Mosan Neandertals are attributed 
to MIS 3, as for the eponymous site of Neandertal. 
This is well established for Spy (Semal et al., 
2009), Couvin (Toussaint et al., 2010), Walou 
(Pirson et al., 2011; Toussaint, 2011) and Goyet 
(Rougier et al., 2009). So there is a clear distinc-
tion between fossils dated to MIS 5‒MIS 4 (for this 
later time period, no Neandertal remains have 
ever been found in Belgium) and those attributed 
to MIS 3. This is the reason why, in this chapter, 
we chose to compare Scladina primarily with 
MIS 5 Neandertals.

Although the dental development of the 
Scladina specimen is well documented (Smith 
et al., 2007; Smith et al., 2010 & Chapter  8), its 
dental morphology has not yet been described in 
detail before the present monograph (Chapters 
13 to 16 & 18). However, it has to be noted that 
Scladina has already been included in two large-
scale studies focusing on the root morphology of 
Neandertals (see Kupczik & Hublin, 2010 for the 
molar root morphology; Le Cabec et al., 2013 for 
the incisors and canines).

Several studies using innovative techniques 
of investigation (e.g. tomographic imaging and 
synchrotron virtual histology) have emphasized 
that tooth roots can yield valuable information 
regarding taxonomy (Wood et al., 1988; Brunet 
et al., 2002; Bailey, 2005; Kupczik & Hublin, 2010; 
Emonet et al., 2012), life history (Smith et al., 2007; 
Smith et al., 2010), diet (Spencer, 2003; Kupczik & 
Dean, 2008; Kupczik & Hublin, 2010), tooth use 
(Le Cabec et al., 2013) and facial biomechanics 
(Smith, 1983). In this context, recent studies 
have shown that tooth root form can distinguish 
Neandertals from anatomically modern humans 
(Bailey, 2005; Kupczik & Hublin, 2010; Le Cabec 
et al., 2013).

Here we document and compare the perma-
nent incisors, canines and first molars’ root 
morphology of the Scladina juvenile to European 
MIS 5 Neandertals from Krapina, Abri Bourgeois-
Delaunay and Regourdou. MIS 5 Neandertals lie 
at the end of step 3 of the accretion model (Dean 
et al., 1998; Hublin, 1998). Although steps 1 and 
2 of the accretion model show some of the facial 
features characterizing the Neandertal lineage, 
the derived Neandertal facial morphology is fully 
achieved in step 4 specimens (Dean et al., 1998; 
Harvati et al., 2010). The interpretation of the 
Neandertal crown and root morphology is very 
likely influenced by the geographic and chron-
ologic distribution of the fossil record, in which 
the later stage of the evolution of the lineage, 
MIS 4‒3 Neandertals, is better represented than 
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earlier phases. Such a discontinuous fossil record 
often prevents an assessment of the intra- and 
interpopulational variability that is crucial for 
our understanding of the evolutionary history of 
the lineage.

The Krapina Neandertals are known for 
having very large crown dimensions compared 
to other European Neandertals, especially 
regarding their anterior teeth (Brose & 
Wolpoff, 1971; Smith, 1976a; Brace, 1979; 
Wolpoff, 1979; Mann & Vandermeersch, 1997; 
Wolpoff, 1999). The same observation was 
made for the Abri Bourgeois-Delaunay sample 
by Genet-Varcin (1975a, b) and Condemi (2001). 
Moreover, Krapina is also the most extensively 
studied MIS 5 Neandertal sample and because of 
its large dental sample size may bias characteri-
zations of MIS 5 Neandertal dental morphology 
(Smith, 1976a; Smith, 1976b; Wolpoff, 1979; 
Fox & Frayer, 1997; Lee, 2006; Schwartz & 
Tattersall, 2006; Olejniczak et al., 2008). 
Regourdou 1 was shown to have rather small 
crowns in comparison to MIS 4-3 Neandertals 
(Maureille et al., 2001).

We used micro-computed tomography (micro- 
CT) to image and quantify internal tooth root 
tissues proportions of Scladina and the compar-
ative MIS 5 Neandertal specimens. This technique 
has the particular advantage that it allows the 
virtual extraction of teeth still embedded in 
their jaws, and to access internal dental struc-
tures such as the pulp cavity. In addition to the 
focus on the Scladina juvenile, this will allow us 
to question whether variation in Krapina can reli-
ably represent MIS 5 Neandertal dental variability 
and whether the other three MIS 5 Neandertals 
samples can be accommodated within the varia-
tion represented by Krapina.

2. Material and methods
2.1. Sample

T he external and the cross-sectional root 
morphology of the teeth of the Scladina 

juvenile will be described for all the teeth present 
in the individual (for an extensive inventory of 
the teeth, see Chapter  1, Table 1 & Chapter 13). 
Further quantitative analyses will be restricted to 
the permanent incisors, canines and first molars, 
which have completed their roots.

In the metric study, the total sample includes 
68 isolated and in situ permanent mandibular and 
maxillary central and lateral incisors, canines and 
first molars from Scladina and comparative MIS 5 
Neandertals (Table 1). The selection of the teeth 
was based on preservation and formation of the 
roots. However, when a small portion of the root 
tip was missing for some anterior teeth, and given 
the small sample sizes available for study, these 
teeth were nonetheless included in the samples. 
The amount of root missing has been estimated 
following the protocol described in Le Cabec 
et  al. (2013), which modeled the missing part as 
an elliptic cone and proved to be of good accuracy 
(Tables 1, 2a & 2b). The comparative Neandertal 
sample from the Croatian site of Krapina includes 
43 teeth. These dental remains have been directly 
dated by ESR to ca. 130±10 ka BP (Rink et al., 
1995). The second Neandertal sample includes a 
complete adult mandible (BD1) and nine non-asso-
ciated isolated teeth (Condemi, 2001) discovered 
at the French site of La Chaise-Abri Bourgeois-
Delaunay (Debénath, 1977), and which are 
attributed to the MIS 5e (Condemi, 2001). In addi-
tion, we analyzed four teeth preserved in situ in 
the adult mandible of Regourdou 1 (Montignac, 

Tooth type Krapina (Krp) Abri Bourgeois-Delaunay (BD) Scladina (Scla) Regourdou 1 (Reg)

I1 55 (Mandible E), 58 (Mandible H), 59 (Mandible J) BD1, BD20, BD21 Scla 4A-15 Right I1*

I2 53 (Mandible C), 54 (Mandible D), 55, 58, 59 BD1 Scla 4A-20* Right I2*

C, 54, 55, 58, 59 BD1, BD13 Scla 4A-12 Right C,

M1 53, 54, 55, 58, 57, 59, D80, D82 BD1, BDJ4C9 Scla 4A-9/M1 Left M1

I1 49 (Maxilla E), 50 (Maxilla F), D123*, D126*, D157, D158 BD12 Scla 4A-11* –

I2 49, 50, D122*, D125, D127, D156, D159, D160 BD10 Scla 4A-14 –

C’ D36, D37, D56, D76, 49, 50* BD11, BD15, BD16 Scla 4A-16* –

M1 45 (Maxilla A), 48 (Maxilla D), D164 – Scla 4A-4 –

Table 1: Samples of permanent teeth of MIS 5 Neandertals. ‘*’ denotes specimens in which a small 
part of the root tip is broken. Values used in the statistics of Tables 2a & 2b include an estimation of the 

missing part of the root following the protocol described in Le Cabec et al. (2013, S.I.1 and S.I.2).

For Tables 1 to 6, abbreviations for permanent teeth are: i1 (mandibular central incisor), i2 
(mandibular lateral incisor), c, (mandibular canine), M1 (mandibular first molar), i1 (maxillary central 

incisor), i2 (maxillary lateral incisor), c’ (maxillary canine), M1 (maxillary first molar). 
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France). This specimen is attributed to the second 
half of MIS 5 (Maureille & Tillier, 2008; Turq et 
al., 2008; Vandermeersch et al., 2008).

2.2. Micro-cT image acquisition 
and 3d model generation.

Isolated and in situ teeth were subjected to micro-
CT at the Max Planck Institute for Evolutionary 
Anthropology (Leipzig, Germany) on a Skyscan 
1172 micro-CT scanner or a BIR ARCTIS 225/300 
industrial micro-CT scanner, with an isotropic 
voxel-size ranging from 25.5 to 34.8 µm. Data 
for BDj4C9 were acquired at the European 
Synchrotron Radiation Facility (Beamline ID  17, 
Grenoble, France) and downloaded from the 
NESPOS website.

In order to facilitate the dental tissue segmen-
tation in Avizo 6.1. (Mercury Systems), the 
reconstructed micro-CT slices were filtered using 
a median filter followed by a mean-of-least-vari-
ance filter (each with a kernel size of three). 
Dental tissues (enamel, dentine and pulp) were 
semi-automatically segmented using thresholding 
and manual editing, as well as the cracks in the 
enamel and dentine when they appeared clearly 
on the scans, to avoid any overestimation of root 
volume and surface area.

On several teeth from Krapina (Krp D36, D56 
and D76) and Abri Bourgeois-Delaunay (BD11, 
BD15 and BD16), hypertrophic cementum has 
been successfully segmented as a separate mate-
rial (see Figures 1, 3 & 5 in Le Cabec et al., 2013 
for more details). As visible on the micro-CT 

Table 2a: Root length estimation for missing root apical portions in damaged or developmentally incomplete 
specimens (incisors and canines). We scored the reason why the root is incomplete as ‘t’ for taphonomical break, 

‘d’ for developmentally incomplete, ‘t/d’ when the reason is uncertain between taphonomy and development. ‘rMd’ 
stands for the mesiodistal radius of the elliptic cone, ‘rll’ for its labiolingual radius, ‘rav.’ for the average of both radii; 

‘hMd’ and ‘hll’ for the height of the cone measured in the mesiodistal and in the labiolingual plane respectively 
and ‘hav.’ for the average of both heights. ‘hMd’, ‘hll’ and ‘hav.’ are italicized since they are used for further 

computations. ‘rl meas.’ stands for the measured root length [incomplete], ‘Total estim. rl’ is the reconstructed 
root length summing the average height and the measured root length, and ‘%age Mis rl’ is the percentage of the 

total root length (bold in the table) represented by the portion of root that has been reconstructed. We notice that for 
Regourdou1 LI1, it is highly likely that the missing part of the root is actually some broken hypertrophic cementum.

Specimen Tooth 
type Side Cause rMD 

[mm]
rLL 

[mm]
rAv. 

[mm]
hMd 
[mm]

hLL 
[mm]

hAv. 
[mm]

RL meas. 
[mm]

Msg RL 
[mm]

%age 
Mis 
RL

Total 
estim. RL 

[mm]
Regourdou 1 I1 R t 0.43 1.18 0.81 0.26 1.11 0.69 15.72 0.69 4.18 16.41

Regourdou 1 I2 R t 1.12 2.09 1.6 0.78 1.05 0.92 16.88 0.92 5.14 17.80

Scla 4A-20 I2 R t 1.13 2.05 1.6 0.51 2.14 1.33 13.9 1.33 8.70 15.23

Scla 4A-11 I1 R t 1 1.07 1.0 1.24 1.45 1.35 13.97 1.35 8.78 15.32

Krp D123 I1 L t 1.32 1.69 1.5 1.36 2.64 2.00 17.57 2.00 10.22 19.57

Krp D126 I1 R t/d 1.03 1.43 1.2 1.31 1.39 1.35 15.24 1.35 8.14 16.59

Krp D122 I2 L d 0.72 1.8 1.3 0.69 1.42 1.06 16.36 1.06 6.06 17.42

Krp 50 [Max. F] C’ R t 1.68 1.79 1.7 1.81 2.29 2.05 20.99 2.05 8.90 23.04

Scla 4A-16 C’ R d 0.5 0.83 0.7 0.37 0.7 0.54 17.15 0.54 3.03 17.69

Specimen Tooth 
type

RSA meas. 
[mm²]

Misg RSA 
[mm2]

%age 
Misg RSA

Total estim 
RSA [mm2]

RV meas. 
[mm3]

Misg RV 
[mm3]

%age 
Misg RV

Total estim. 
RV [mm3]

Regourdou 1 I1 257.47 2.47 0.95 259.93 251.96 0.36 0.14 252.32

Regourdou 1 I2 319.84 8.78 2.67 328.62 355.33 2.24 0.63 357.57

Scla 4A-20 I2 230.23 9.98 4.16 240.21 255.68 3.21 1.24 258.89

Scla 4A-11 I1 239.46 5.52 2.25 244.98 327.83 1.51 0.46 329.34

Krp D123 I1 357.72 11.81 3.20 369.53 576.45 4.67 0.80 581.12

Krp D126 I1 281.84 7.01 2.43 288.85 387.65 2.08 0.53 389.74

Krp D122 I2 360.61 6.04 1.65 366.65 510.62 1.43 0.28 512.06

Krp 50 [Max. F] C’ 430.75 14.64 3.29 445.39 617.58 6.46 1.03 624.03

Scla 4A-16 C’ 309.50 1.73 0.56 311.23 406.63 0.23 0.06 406.87

Table 2b: Root surface area and volume estimations for missing root apical portions in damaged or developmentally 
incomplete specimens (incisors and canines). ‘rSa meas.’ stands for the measured root surface area (bolded), and 
‘rv meas.’ for the measured root volume (bolded). Further abbreviations follow the pattern used in Table 2a above.

From Le Cabec et al. (2013, S.I.1 and S.I.2).

From Le Cabec et al. (2013, S.I.1 and S.I.2).
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scans, most of the Bourgeois-Delaunay teeth 
involved in this study, were affected by a tapho-
nomic demineralization on an even thickness of 
the root involving both dentine and hypertrophic 
cementum when present. These demineralized 
tissues were attributed to their respective non-
affected dental materials.

Following this segmentation process, 3D 
surface models of the teeth were generated using 
a constrained smoothing algorithm in Avizo. Each 
tooth was then virtually divided into crown and 
root(s), by cutting the 3D models at the cervical 
plane defined by a best–fit plane between land-
marks set on the uppermost enamel margins on 
the labial/buccal and lingual sides of the cemento-
enamel junction (Figure 1a).

2.3. Metric study of root 
and crown size.

2.3.1. Quantification of tooth crown size

Given the effects of both occlusal/incisal and 
interproximal wear on mesiodistal diameters, we 
used the dental crowns’ breadths (bucco/labio-
lingual) to account for crown size. Maximum 
buccolingual crown diameter (Cr) was measured 
following the definition of Martin (M81(1) in 
Bräuer, 1988) as the maximal distance between 
the buccal and the lingual aspect of the teeth, 
measured perpendicularly to the mesiodistal 
diameter of the tooth (Figure 1b). The Scladina and 
the Bourgeois-Delaunay crown data were directly 
measured on the specimens using a caliper. Data 
for the Krapina sample and for Regourdou 1 were 
collected from the literature (see Appendix 1 in 
Wolpoff, 1979; Maureille et al., 2001). Since no 
information was found in the literature on the 
dental dimensions of Krapina 59 (except for the 
permanent mandibular left central incisor), the 
buccolingual crown diameter was measured on 
the 3D models as described above.

2.3.2. Quantification of tooth root size

In all the four dental samples under study, root 
measurements were performed on the segmented 
roots on the 3D models in Avizo (mandibular first 

figure 1: Crown and root measurements used in this study (modified after Figure 2 in Le Cabec et al., 2013). After 
defining the cervical plane based on a best fit plane (a), the tooth is virtually cut into a root and a crown (b), which 

allows measurement of the maximum labiolingual crown diameter (b), the cervical area (in light purple) and the root 
length from the center of the cervical plane to the root apex (c). The total root volume includes dentine and pulp (d).

Definition of the 
cervical plane

Labiolingual crown 
diameter

Root length and 
cervical area

Total root volume 
(dentine and pulp)

a

b

c

d
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molar root data from Kupczik & Hublin, 2010; 
incisor and canine data from Le Cabec et  al., 
2013; regarding the specimens with incompletely 
preserved root tips, see Tables 2a & 2b for the esti-
mation of the missing root part). Root length (RL) 
was measured from the center of the pulp cavity 
at the cervical plane to the root apex for single 
rooted-teeth (Figure 1c), on the lingual root of 
the maxillary molars and on the distal root of the 
mandibular molars. In addition, within the most 
complete mandibular dentitions, we computed 
the relative differences in root length of the inci-
sors and canine compared to the root length of 
M1 as follows: p(x) = −100+([RL(x)*100]/RL(M1)), 
with p(x) for this relative difference for each tooth 
type, RL for root length, and x for I1, I2 and C,. The 
cervical surface area (CA) has been computed as 
the area of the section of the tooth at the cervical 
plane previously defined (Figure 1c). The root 
surface area (RSA) as the surface area of the radic-
ular dentine, the total root volume (RV), and the 
volume of radicular pulp (RPV) were measured as 
well (Figure 1d). The hypertrophic cementum was 
included in the total root volume.

2.3.3. Relationship between crown size and 
root size

For each tooth type within each of our four sub-
samples, we estimated the proportion of crown 
size to root length by the ratio: (Cr* 100)/RL. This 
will allow us to discuss the relationship between 
crown size and root size in our samples.

2.4. Statistical analyses
Descriptive statistics (sample size, mean, standard 
deviation, range and coefficient of variation) were 
computed for the crown and root variables. For all 
measurements and for each tooth type, adjusted 
z-scores (Maureille et al., 2001) were performed 
(abbreviated as ‘Azs’, α = 0.05) to test whether 
Scladina can be statistically accommodated within 
the variability of the Krapina sample. Azs<−1 and 
Azs>1 mean that the specimen studied (here, 
Scladina) is excluded from the range of variation 
of the comparative sample (Krapina, in this study) 
while −1<Azs<0 and 0<Azs<1 place the specimen 
in the lower or upper half of the variation of the 
comparative sample, respectively. Azs close to 0 
corresponds to a specimen whose dimensions 
are very similar to the mean of the compara-
tive sample. Statistical analyses and graphs were 

performed using R 2.15.0 (R Development Core 
Team, 2012).

3. results

3.1. description of the external and 
cross-sectional root morphology in 
the Scladina i-4a mixed dentition

O verall, the roots of Scladina are well 
preserved. Table 3 lists the cross-sections 

and a general description of the external root 
morphology of all the Scladina teeth that have 
been scanned. The permanent anterior tooth roots 
show a labial convexity, typical in Neandertals. 
This is illustrated in Figure 2 (from Le Cabec et al., 
2013), showing that the root shape of the Scladina 
I2 falls in the middle of Neandertal variability. 
The fully formed molar roots are divergent and 
do not show the typical Neandertal taurodontic 
morphology.

3.2. crown and root size metrics

3.2.1. Overall variability in crown and 
root size

The surface models of a selection of teeth illus-
trating the variation in tooth morphology in 
the samples are presented in Figure 3. For the 
Krapina and Bourgeois-Delaunay subsamples, 
the coefficient of variation of the buccolingual 
crown diameter (ranging from 3.84% to 7.39% for 
Krapina, and from 0.63% to 3.78% for Bourgeois-
Delaunay, Table 4) is much lower than that of the 
root measurements (RL, RSA, CA and RV) for all 
tooth types (varying from 4.23% to 22.31% for 
Krapina, and from 0.38% to 12.42% for Bourgeois-
Delaunay, Tables 5-8). The root pulp volume is the 
most variable dental parameter for all tooth types 
(CV ranging from 19.01% to 78.55% for Krapina, 
and from 22.61% to 33.06% in Bourgeois-Delaunay, 
Table 9).

3.2.2. Tooth crown size

The tooth crown size descriptive statistics are 
presented in Table 4. The adjusted z-scores show 
that the buccolingual crown diameters of the 
Scladina teeth consistently fall within the lower 
half of the Krapina variation, the M1 being very 
close to the Krapina mean (Figure 4). The inci-
sors of Scladina have crowns strictly smaller than 
the incisors from Bourgeois-Delaunay, and from 
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Table 3 (continues on the next pages): Description of the external root morphology in the Scladina mixed 
dentition. Specimen id: identity of the specimen described; #r: number of roots; (R) stands for right and 

(L) for left, dmx and dmx stand for mandibular and maxillary deciduous molars. P3, P4 and P3, P4 stand for the 
mandibular and maxillary first and second premolars; M for mesial, L for lingual, B for buccal/labial; D for distal; 

MB for mesiobuccal; MD for mesiodistal. It has to be noted that Scla 4A-19 (left I2) has not been scanned.

Tooth Specimen ID Root complete? #R External root morphology
M

ax
ill

ar
y 

de
nt

it
io

n

dm1 (R) Scla 4A-7
3

(supposedly)

More than the cervical third of the roots is preserved. For all 
roots: root resorption. Eight-shaped L root and circular MB 
root. Picture taken at the 2/3 of what is left of the roots. 

dm2 (R) Scla 4A-5 3

3 divergent roots. The furcation occurs at the cervical quarter of 
the divergent roots. One C-shaped L root, one DB and one MB 
eight-shaped roots. Slightly more apical location of the root furca-
tion between the L and the DB roots. MB root complete, L and 
DB root tips broken. Picture taken below at half root. 

I1 (R) Scla 4A-11 1 The root tip is broken (estimation at 8.78% of the total 
root length). Circular root cross-section.

I2 (R) Scla 4A-14 1 The root is complete. More elliptical in root cross-
section. The root tip bends distally.

I2 (L) Scla 4A-17 1 The root is complete. More elliptical in root cross-
section. The root tip bends distally.

C’ (R) Scla 4A-16 1

The root is not fully formed, a small portion of the root tip remains to develop.

Irregular circular root cross-section (broader labially).

Conspicuous thickening with a rough aspect of the apical third of the root 
surface (red lines). This is possibly related with deposition of secondary 
cementum around the apex, suggesting a case of hypercementosis. This 
is however very surprising considering the young age of the Scladina 
Juvenile, and the fact that the canine apex is not fully closed yet.

C’ (L) Scla 4A-18 1

The root is not fully formed, a small portion of the root tip remains to develop.

Irregular circular root cross-section.

Conspicuous thickening with a rough aspect of the apical third of the root 
surface (red lines). This is possibly related with deposition of secondary 
cementum around the apex, suggesting a case of hypercementosis. This 
is however very surprising considering the young age of the Scladina 
Juvenile, and the fact that the canine apex is not fully closed yet.

P4 (R) Scla 4A-2/P4 1 About half of the root is formed. C-shaped cross-
section, strong invagination on the distal side.

L B

D

M

L B

D

M

L B

M

D

L B

D

M

L B

D

M

L B

D

M

L B

D

M

L B

D

M
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the mandibular canine and incisors of Regourdou 
1. The Scladina mandibular canine crown size 
falls in between the values of the two Bourgeois-
Delaunay canines. In contrast, regarding the 
maxillary canine and M1, Scladina has clearly 
larger crowns than the Bourgeois-Delaunay teeth, 
and the same applies for the M1 compared to 
Regourdou 1 (Table 4).

The crown size of the I1 and I2 of Bourgeois-
Delaunay are very close to the Krapina mean, 
while the I2 falls within the lower end of the 
Krapina variation (Table 4). The variability of the 

I1 from Bourgeois-Delaunay is equivalent to the 
one described in Krapina. In contrast, the M1 and 
both the maxillary and mandibular canine crowns 
are strictly smaller than the ones of Krapina.

Regarding the Regourdou 1 mandible, its 
central incisor and first molar have a labiolingual 
crown diameter falling below the lower half of the 
Krapina range of variation (Table 4). The lateral 
incisor is included in the lower half of the Krapina 
variability. In contrast, the mandibular canine 
crown is larger than any value reported for the 
Krapina sample.

Tooth Specimen ID Root complete? #R External root morphology
M

ax
ill

ar
y 

de
nt

it
io

n

M1 (R) Scla 4A-4 3

Only the L root is preserved, while the MB and DB roots are broken at 
the level of the bifurcation, at the cervical third of the roots. From the L, 
one can suppose that the roots were fully formed with closed apices.

The mesiobuccal root appears to be wider 
 buccolingually than the distobuccal root.

Picture taken just above the point of root furcation.

M2 (R) Scla 4A-3 3?

About half of the roots is formed; the furcation point would 
be at the cervical third of the fully formed root. The DB and 
MB roots are not separated yet, and the DB root seems to be 
larger and more flattened mesiodistally than the MB root.

M3 (R) Scla 4A-8 — No root formed yet (crown almost complete).

L B

D

M

L B

D

M

Table 3 (continued): Description of the external root morphology in the Scladina mixed dentition.
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figure 2: Maxillary lateral incisor 
root shape in a large comparative 
context of Neandertals, Early and 
Recent Modern Humans (after 
Figure 7 in Le Cabec et al., 2013). 
Scladina falls right within the 
Neandertal variation, showing a 
pronounced supero-inferior labial 
convexity of its root surface.

a b



Tooth Specimen ID Root complete? #R External root morphology

M
an

di
bu
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r d
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ti
on

dm2 (R) Scla 4A-13 2
Supposedly 2 roots, one M and one D. The roots are broken very 
close to the cervix. Only the very cervical part of the distal root is 
preserved.

I1 (R) Scla 4A-15 1

Root apex is fully closed. Root mesiodistally compressed resulting 
in an elliptical root cross-section. Supero-inferior labial convexity 
of the root surface.

Picture taken at mid-root.

I2 (R) Scla 4A-20 1

Root tip is broken (estimation at 8.70% of the total root length). 
Root mesiodistally compressed resulting in an elliptical root cross-
section. Supero-inferior labial convexity of the root surface.

Sagittal groove on the distal aspect of the root.

Picture taken at mid-root.

C, (R) Scla 4A-12 1

The root is complete.

A slight thickening is observed at the apical root third, and the 
same hypothesis can be made as for the maxillary canines.

Elliptical root cross-section.

Midline groove on the mesial aspect and to a lesser extent on the 
distal aspect of the root.

P3 (R) Scla 4A-6 1

About two thirds of the root are formed.

The mesiodistally compressed root is bent distally and exhibits a 
single central groove on its distal aspect and two grooves on the 
mesial aspect. The cervix is elliptical in cross-section. Picture taken 
at mid-root.

P4 (R) Scla 4A-1/P4 1

About two thirds of the root are formed.

Strong mesiolingual invagination (Tomes’ root morphology 
described in Hillson, 1996). The lingual component of the root is 
the largest. Since the root formation is not complete, it cannot be 
ascertained whether the root would have been completely bifur-
cated more apically.

Picture taken towards the end of the formed root.

P4 (L) Scla 4A-9/P4 1

About two thirds of the root are formed.

Strong mesiolingual invagination (Tomes’ root morphology 
described in Hillson, 1996). The lingual component of the root is 
the largest. Since the root formation is not complete, it cannot be 
ascertained whether the root would have been completely bifur-
cated more apically.

Picture taken towards the end of the formed root.

M1 (R) Scla 4A-1/M1 2

Fully formed roots with closed apices.

In cross-section, the mesial root is 8-shaped while the distal root 
is C-shaped.

The mesial root is bifurcated apically. 

Picture taken towards the end of the roots.

M1 (L) Scla 4A-9/M1 2

Fully formed roots with closed apices.

In cross-section, the mesial root is 8-shaped while the distal root 
is C-shaped.

The mesial root is bifurcated apically. 

Picture taken towards the apical third of the roots.
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Table 3 (continued): Description of the external root morphology in the Scladina mixed dentition.
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3.2.3.  Tooth root size

The root length (RL), surface area (RSA) and 
total volume (RV) of the Scladina teeth are 
included in the lower half of the Krapina vari-
ation (I2 and M1) or strictly smaller (I1, I2 and 
C’) than in the Krapina teeth (Figures 3 & 5 and 
see adjusted z-scores in Figure 4). However, 
the root length of the M1 is very close to the 
Krapina mean. The cervical area (CA) of all the 
Scladina teeth falls within the lower half of the 
Krapina variability. Regourdou 1 and Bourgeois-
Delaunay have strictly larger roots (for RL, 
CA, RSA and RV) than Scladina (Figure  5 & 
Tables 5‒8).

Among the 28 root measurements of Bourgeois-
Delaunay (RL, RSA, CA, RV, excluding RPV), 24 
fall in the lower half of the Krapina range of vari-
ation, whereas only the I1 root length is superior 
to the Krapina upper end. The root length of the I1 
and the cervical area of the I1 and C’ are above the 
Krapina range (Tables 5 & 7).

For Regourdou 1, all the root measurements 
of the I1, except the root pulp volume, are strictly 
inferior to the Krapina range. Overall, the I2, C, and 
M1 of Regourdou 1 are included within the lower 
half of the Krapina variability. It has to be noted 
that the root length of its M1 falls in the upper half 
of the Krapina range of variation (Tables 5‒8).

Table 3 (continued): Description of the external root morphology in the Scladina mixed dentition.

Tooth Specimen ID Root complete? #R External root morphology

M
an

di
bu

la
r d

en
ti

ti
on M2 (R) Scla 4A-1/M2 2

About two thirds of the roots are formed. The point of root furcation is below 
the cervical third of the total root size. 

In cross-section, the mesial root is 8-shaped while the distal root is C-shaped 
Picture taken towards the end of the formed root.

M2 (L) Scla 4A-9/M2 2

About two thirds of the roots are formed. The point of root furcation is below 
the cervical third of the total root size. 
In cross-section, the mesial root is 8-shaped while the distal root is C-shaped 
Picture taken towards the end of the formed root.

M3 (R) Scla 4A-1/M3 — — No root formed yet (crown about complete).

L B

D

M

L B

D

M

figure 3: 3D surface models of selected right teeth for each tooth type from Scladina (Scla), krapina (krp), Abri Bourgeois-
Delaunay (BD) and Regourdou (Reg). Note the presence of hypercementosis on the permanent maxillary canines root 

apex (shown in light brown). Several specimens were mirrored for illustrative purposes (indicated by an asterisk).
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Maxillary Dentition Mandibular Dentition

I1 I2 C’ M1 I1 I2 C, M1

Krapina

N=6 
8.90 ± 0.66 
[8.10−9.50] 
(7.39)

N=8
8.99 ± 0.35 
[8.40−9.50] 
(3.84)

N=6
10.20 ± 0.68 
[9.50−11.10] 
(6.66)

N=3
11.90 ± 0.53 
[11.30−12.30] 
(4.45)

N=3
7.57 ± 0.38 
[7.30−8.00] 
(5.00)

N=5
7.94 ± 0.57 
[7.30−8.75] 
(7.22)

N=4
9.11 ± 0.37 
[8.75−9.50] 
(4.02)

N=8
11.42 ± 0.62 
[10.70−12.15] 
(5.40)

Abri 
Bourgeois-
Delaunay

N=1
8.40

N=1
8.50

N=3
9.23 ± 0.06 
[9.20−9.30] 
(0.63)

—

N=3
7.63 ± 0.29 
[7.30−7.80] 
(3.78)

N=1
7.90

N=2
7.90; 9.10

N=2
10.50; 10.66

Regourdou 1 — — — — N=1
7.00

N=1
7.90

N=1
9.60

N=1
10.40

Scladina 
I-4A

N=1
7.98

N=1
8.27

N=1
9.65

N=1
11.92

N=1
6.79

N=1
7.28

N=1
8.75

N=1
10.68

Table 4: Descriptive statistics for the labiolingual crown diameter (in mm).

Maxillary Dentition Mandibular Dentition

I1 I2 C’ M1 I1 I2 C, M1

Krapina

N=6
18.75 ± 1.28 
[16.59−19.58] 
(6.85)

N=8
19.11 ± 0.83 
[17.42−19.97] 
(4.33)

N=6
23.01 ± 1.07 
[20.94−23.81] 
(4.63)

N=3
13.58 ± 1.32 
[12.07−14.51] 
(9.72)

N=3
19.89 ± 0.84 
[19.36−20.86] 
(4.23)

N=5
19.72 ± 1.78 
[17.70−21.63] 
(9.05)

N=4
23.93 ± 2.16 
[21.04−25.64] 
(9.04)

N=8
16.43 ± 1.48 
[14.47−18.45] 
(9.00)

Abri 
Bourgeois-
Delaunay

N=1
19.79

N=1
18.72

N=3
25.05 ±0.10 
[24.98−25.16] 
(0.38)

—

N=3
17.56 ± 1.58 
[16.46−19.37] 
(9.00)

N=1
19.44

N=2
21.78; 22.22

N=2
13.33; 15.67

Regourdou 1 — — — — N=1
16.41

N=1
17.80

N=1
22.95

N=1
17.00

Scladina 
I-4A

N=1
15.32

N=1
15.15

N=1
17.69

N=1
13.65

N=1
13.80

N=1
15.23

N=1
16.51

N=1
13.41

Table 5: Descriptive statistics for the root length (in mm).

Table 6: Descriptive statistics for the root surface area (in mm2).

Maxillary Dentition Mandibular Dentition

I1 I2 C’ M1 I1 I2 C, M1

Krapina

N=6
355.95 ± 47.04
[288.85–409.32]
(13.22)

N=8
376.03 ± 25.06
[337.81–409.22]
(6.66)

N=6
473.00 ± 43.06
[414.18–539.41]
(9.10)

N=3
—

N=3
337.36 ± 19.60
[320.50–358.86]
(5.81]

N=5
360.49 ± 48.09
[279.72–403.59]
(13.34)

N=4
508.51 ± 93.07
[393.47–619.68]
(18.30)

N=8
615.61 ± 76.35
[491.46–691.67]
(12.40)

Abri 
Bourgeois-
Delaunay

N=1
356.45

N=1
371.10

N=3
492.02 ± 14.02
[481.21–507.86]
(2.85)

—

N=3
331.55 ± 26.65
[305.10–358.40]
(8.04)

N=1
383.05

N=2
427.08; 462.15

N=2
457.84; 555.37

Regourdou 1 — — — — N=1
259.93

N=1
328.62

N=1
468.91

N=1
569.38

Scladina 
I-4A

N=1
244.98

N=1
252.79

N=1
311.23

N=1
—

N=1
195.57

N=1
240.21

N=1
302.09

N=1
446.07

Table 7: Descriptive statistics for the cervical surface area (in mm2).

Maxillary Dentition Mandibular Dentition

I1 I2 C’ M1 I1 I2 C, M1

Krapina

N=6
47.74 ± 9.42
[36.53–59.07]
(19.74)

N=8
41.89 ± 4.98
[35.13–49.56]
(11.89)

N=6
49.15 ± 5.29
[44.64–55.84]
(10.76)

N=3
—

N=3
25.91 ± 1.48
[24.87–27.61]
(5.72)

N=5
30.14 ± 3.91 
[25.13–35.72] 
(13.00)

N=4
45.55 ± 3.16
[41.54–48.54]
(6.94)

N=8
95.01 ± 11.95
[77.99–111.53]
(12.58)

Abri 
Bourgeois-
Delaunay

N=1
33.15

N=1
36.06

N=3
41.59 ± 2.59
[40.00–44.57]
(6.22)

—

N=3
27.00 ± 2.70
[25.30–30.12]
(10.01)

N=1
26.99

N=2
35.20; 43.77

N=2
77.70; 78.79

Regourdou 1 — — — — N=1
23.03

N=1
28.60

N=1
44.03

N=1
85.70

Scladina 
I-4A

N=1
37.19

N=1
33.35

N=1
43.34

N=1
—

N=1
20.99

N=1
24.83

N=1
40.07

N=1
76.08
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By contrast, for most of the tooth types (except 
M1 and I1), the radicular pulp volumes (RPV) of the 
Scladina teeth are systematically higher than the 
Krapina means (Figure 4 & Table 9). The maxillary 
canine even has a RPV strictly superior to Krapina. 
Volumetric proportions of root dentine and pulp 
reveal a consistent pattern for all tooth types. 
Scladina has a larger proportion of pulp despite its 
short roots (Figure 6; Tables 8 & 9). However, the 
I2 and M1 of Krp 53 and the I2 of Krp D122 have 
extremely large pulp cavities, exceeding the corre-
sponding Scladina teeth by 1.4%, 4.1% and 2.0% 
respectively (Figure 6). Regourdou 1 has radicular 
dentine to pulp proportions similar to Bourgeois-
Delaunay for the incisors, and to Krapina for the 
canine and first molar (Figure 6).

The intra-individual comparison in relative 
differences in root lengths has yielded an inter-
esting and consistent pattern (Figure 7 & Table 5). 
Compared to the M1 root length, one observes 
relatively longer mandibular anterior tooth roots 
in our Krapina individuals (Krp 54, 55, 58 and 59; 
27.89% on average), Bourgeois-Delaunay (BD1; 
28.89%) and Scladina (13.19%). The root length  
increases gradually from I1 to mandibular canine 
although both incisors have a similar root length. 

Regourdou 1 follows the same pattern, except that 
its I1 root is shorter than its M1 roots.

3.2.4. Relationship between crown size 
and root size

Figure 8 presents the ratio between the bucco-
lingual crown diameter and the root length for 
each tooth type in our four subsamples. Scladina 
shows consistently the highest value for each 
tooth type, meaning that these teeth display large 
crowns in proportion to their short roots. Crown 
size and root size proportionally contribute with 
the same amount to the tooth size (percentages 
around 50% in Figure 8) in the Scladina incisors and 
canines. However, the first molars have markedly 
short roots for the size of their crown (percentages 
about 80−90% in Figure 8). Overall, Bourgeois-
Delaunay shows relatively small crowns for large 
roots, although it has to be noted that the M1 has 
a proportionally shorter palatal root. Regourdou 1 
follows the same pattern as Bourgeois-Delaunay, 
although its roots are shorter. Finally, Krapina 
shows for all tooth types a very large variability 
that encompasses all the previously described 

Maxillary Dentition Mandibular Dentition

I1 I2 C’ M1 I1 I2 C, M1

Krapina

N=6
549.58 ± 122.61
[389.74–693.61]
(22.31)

N=8
528.47± 72.18
[431.09–633.22]
(13.66)

N=6
690.61 ± 74.58
[617.91–817.26]
(10.80)

N=3
—

N=3
371.65 ± 26.36 
[341.36–389.32]
(7.09)

N=5
430.65 ± 70.13
[313.68–491.84]
(16.29)

N=4
740.28 ± 157.65
[524.13–902.34]
(21.30)

N=8
832.07 ± 148.43
[582.45–999.90]
(17.84)

Abri 
Bourgeois-
Delaunay

N=1
473.62

N=1
504.64

N=3
680.57 ± 46.81
[650.64–734.51]
(6.88)

— N=3
371.12 ± 46.10
[331.53–421.73]
(12.42)

N=1
455.70

N=2
568.60; 656.03

N=2
561.68; 691.22

Regourdou 1 — — — — N=1
252.32

N=1
357.57

N=1
619.29

N=1
774.13

Scladina 
I-4A

N=1
329.34

N=1
310.68

N=1
406.87

N=1
—

N=1
200.08

N=1
258.89

N=1
387.93

N=1
513.92

Table 8: Descriptive statistics for the root volume (in mm3).

Table 9: Descriptive statistics for the root pulp volume (in mm3).

Maxillary Dentition Mandibular Dentition

I1 I2 C’ M1 I1 I2 C, M1

Krapina

N=6
48.86 ± 24.17
[18.88–85.97]
(49.48)

N=8
31.81± 21.82
[12.41–81.67]
(68.60)

N=6
42.67 ± 8.11
[27.27–49.49]
(19.01)

N=3
—

N=3
13.86 ± 8.69
[7.47–23.75]
(62.70)

N=5
27.07 ± 21.27
[8.02–63.03]
(78.55)

N=4
41.77 ± 22.10
[17.19–70.75]
(52.91)

N=8
75.19 ± 42.75
[44.51–167.45]
(56.86)

Abri 
Bourgeois-
Delaunay

N=1
19.40

N=1
11.36

N=3
24.66 ± 5.58
[18.26–28.49]
(22.61)

—

N=3
8.40 ± 2.78
[6.42–11.57]
(33.06)

N=1
16.62

N=2
13.77; 19.37

N=2
38.09; 102.17

Regourdou 1 — — — — N=1
12.53

N=1
16.41

N=1
34.30

N=1
67.88

Scladina 
I-4A

N=1
44.32

N=1
43.33

N=1
66.34

N=1
—

N=1
20.32

N=1
29.60

N=1
55.85

N=1
64.83
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figure 4: Adjusted z-scores (Azs) comparing 
how Scladina fits into the krapina 

variability using six tooth crown and root 
variables (Cr: labiolingual crown  diameter; 
RL: root length; RSA: root surface area; CA: 

cervical area; RV: root volume; RPV: root 
pulp volume). For Azs close to zero, Scladina 
is similar to the krapina mean; for 0<Azs<1 

and −1<Azs<0, Scladina falls whithin the 
upper and the lower half of the variation of 
krapina, respectively; for −1<Azs and Azs>1, 
Scladina is outside of the krapina variation.
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figure 5: Total root volume [mm3] of the mandibular and maxillary permanent incisors, canines 
and first molars of Bourgeois-Delaunay, krapina, Regourdou 1 and Scladina (minimum, first 

quartile, median, third quartile, and maximum; outliers are denoted by circles).
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figure 6: Proportions of tooth root dentine (DV) and pulp (RPV) volumes. The proportions 
of individuals of similar age as Scladina are represented separately.
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patterns. About half of the Krapina sample has 
relatively shorter roots for the size of its crowns, 
while the other half has relatively longer roots for 
its crown size.

To summarize, our results show that overall 
root size is much more variable than crown size. 
The measurements of the Scladina maxillary and 
mandibular teeth fall within the lower half of the 
Krapina range of variation or are excluded from 
their variation. Only the Scladina pulp volumes 
are among the largest measured in our sample. 
The Krapina sample has the largest crown and 

root dimensions of the four samples (Tables 4−9). 
The Bourgeois-Delaunay and Regourdou 1 teeth 
are smaller than those from Krapina but the 
Bourgeois-Delaunay remains are always included 
in the lower half of the Krapina range of variation.

4. discussion

T his study aimed to document the tooth root 
morphology of the permanent mandibular 

and maxillary incisors, canines and first molars 
of the Scladina juvenile. After a description of 
the external morphology of all the roots of the 
Scladina mixed dentition, the root morphology 
of its permanent teeth was further investigated 
using micro-computed tomography and in the 
comparative context of other MIS 5 Neandertals 
from Krapina, Abri Bourgeois-Delaunay and 
Regourdou. Our results show that Scladina has 
comparatively very short tooth roots while the 
size of its crowns is similar to those of the other 
Neandertals. Scladina also displays the largest 
pulp cavities among all samples studied.

4.1. Taxonomical interest of root 
dimensions: the case of Scladina i-4a, 
a short-rooted MiS 5 neandertal

T he root length of I1, I1, C’ and P4 has been 
proposed to taxonomically discriminate 

Neandertals from anatomically modern humans 
(Bailey, 2005; Bailey & Hublin, 2006). However, 
in view of our results, we recommend a cautious 
taxonomical diagnosis of Neandertal fossil teeth, 
based solely on tooth root metrics (see Le Cabec 
et al., 2013 for examples on taxonomically 
debated specimens). Indeed, the root lengths of 
all the corresponding Scladina teeth (except for 
the premolars which were not studied here due 
to incompleteness of their roots) are outside the 
Neandertal range of variation provided in Bailey 
(2005), but fall within the Upper Palaeolithic range 
of variation sampled in her study. The Scladina 
dental dimensions are very small compared to 
other MIS 5 Neandertals sampled in this study. 
Such interpopulational or interindividual differ-
ences also exist for MIS 3 Neandertals specimens. 
The Spanish Sima de Las Palomas Neandertals 
(Walker et al., 2008) have shorter anterior tooth 
roots than more northern Neandertals, but they 
are still longer than those of Scladina, except for 
an I2 (SP48) and a C’ (SP26).

Krp 54 Krp 58 BD1 Reg Scla

I1

I2

C,

0

20

40

60

Krp 59Krp 55

figure 7: Intra-individual proportions in root length 
of I1, I2 and C, compared to M1 for individuals with 

most complete mandibular dentitions. This percentage 
is calculated as follows: p(x) = − 100 + ([RL(x)*100]/

RL(M1)), with RL for root length, and x for I1, I2 and C,.

figure 8: Proportion of the maximum buccolingual 
crown diameter (Cr, in mm) to the root length 

(RL, in mm) computed as: (Cr* 100)/ RL.
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The first molars of Scladina also have short 
and overall small roots compared to our MIS 5 
Neandertals. They do not display any degree 
of taurodontism, typical root morphology very 
frequently seen in Neandertals.

The case of Scladina thus extends the range 
of variability in tooth root dimensions in 
Neandertals, and requires a careful assessment of 
taxonomical identity using root length including 
both Early and Late Neandertals from different 
geographic origins.

4.2. in light of this study, is krapina 
representative of the MiS 5 
neandertal dental variation?

Both Krapina and Bourgeois-Delaunay are known 
to have large-crowned teeth (Wolpoff, 1979; 
Condemi, 2001). Our results extend these previous 
studies by including the external (root length, 
surface area, and volume) and internal (root pulp 
volume) tooth root measurements.

On the one hand, crown size seems to be stable 
overall in MIS 5 Neandertals (CV<7.5%, Table  4), 
with Scladina, Regourdou 1 and Bourgeois-
Delaunay falling in the majority of cases within the 
lower half of the Krapina variation. On the other 
hand, root dimensions are much more variable 
(on average 11.15% for Bourgeois-Delaunay and 
19.83% for Krapina), especially root pulp volumes. 
This could be explained by the fact that crown 
development is said to be under strong genetic 
control, whereas root development is more influ-
enced by environmental factors (Kovacs, 1967). 
Krapina was found to have the largest crown and 
root dimensions of our Neandertal samples, while 
the Bourgeois-Delaunay teeth are slightly smaller. 
The latter, however, consistently fall within the 
lower half of the Krapina range of variation. These 
two samples thus represent populations with both 
robust crown and root dimensions.

Overall, Regourdou 1 is smaller than Bourgeois-
Delaunay and Krapina, for both crown and root 
dimensions. While Scladina has crowns of compa-
rable size with the other MIS 5 Neandertals, its 
roots are markedly short. Moreover, one can notice 
that variation in relative incisors root dimensions 
(Figure 7) does not appear to be related to geog-
raphy as suggested by the large-rooted Krapina 
and Bourgeois-Delaunay (central Europe and 
southwestern Europe) in contrast to the rela-
tively smaller Scladina and Regourdou 1 (northern 
Europe and southwestern Europe).

In addition, a comparison of the crown dimen-
sions of the four MIS 5 samples with published 
values for the MIS 5e skulls of Saccopastore 1 and 2 
(Italy) indicates a marked variability among Early 
Neandertals. For example, the buccolingual crown 
diameters of the maxillary canine and first molars 
of Saccopastore 1 and 2 reported in Condemi 
(1992) are smaller and consistently excluded from 
the variation we observed in the Neandertals from 
Krapina, Bourgeois-Delaunay and Scladina (see 
also Stringer, 1982 for a comparison between 
Saccopastore and Krapina). However, no infor-
mation is currently available in the literature 
regarding the dimensions of the maxillary tooth 
roots of those Italian specimens. Future studies 
involving micro-CT data are needed to docu-
ment the root morphology in the Saccopastore 
specimens.

Although Krapina is often used because of its 
large sample size, it is not representative of the 
MIS 5 Neandertal variability, this population being 
exceptionally robust. Scladina and Regourdou 1 
are good examples of small-rooted contempora-
neous Neandertals.

4.3. What about crown to root 
size proportions?

The analysis of the proportion of crown size to root 
size reveals that Krapina has relatively large roots 
for the size of its crowns and the same applies to 
Bourgeois-Delaunay and Regourdou 1, although 
to a lesser extent. Conversely, Scladina has rela-
tively short roots for his/her crowns (Figure 8). 
This raises the question whether one can esti-
mate tooth root size from its crown size. In other 
words does a tooth with a large crown have asso-
ciated big root(s)? The case of Scladina suggests 
that there would be no predictive relationship 
between crown size and root size. Interestingly, 
Smith and Paquette (Paquette, 1985; Smith & 
Paquette, 1989) concluded that there was a posi-
tive correlation between crown and root size in 
the Krapina anterior teeth, that is, large-crowned 
teeth have large roots. Conversely, Le Cabec et al. 
(2013) cannot find any significant correlation in a 
geographically and chronologically broad sample 
of Neandertal anterior teeth. Smith and Paquette 
(Paquette, 1985; Smith & Paquette, 1989) have 
also shown that the ratio of the crown labio-
lingual diameter to the root length still distinguish 
Neandertals from extant humans. This discor-
dance may stem from the fact that these authors 
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took into account the crown diameters and the 
corresponding root diameters, whereas Le Cabec 
et al. (2013) tested the correlation between the 
root length and the labiolingual crown diam-
eter. Kupczik & Hublin (2010) have reported that 
mandibular molar root surface area correlates 
significantly with cervical plane area and enamel-
dentine junction area in both Neandertals and 
modern humans. There are indications of a low 
correlation between crown and root size in Recent 
Modern Humans (Garn et al., 1978a; Garn et al., 
1978b; Smith et al., 1986; Ozaki et al., 1988; Smith 
et al., 1989; Kupczik, 2003; Kupczik et al., 2009). 
As pointed out by Spencer (2003) on platyrrhine 
seed-eaters, crown and root size may not covary 
the same way in all taxa. Moreover, as shown 
by the divergence between Smith and Paquette’s 
findings and the Le Cabec et al. (2013) study, 
results may depend on the measurements selected 
(e.g. root length vs. crown diameters, root diam-
eters vs. crown diameters, root surface area vs. 
enamel-dentine junction area). However, the case 
of Scladina with its short roots for its relatively 
large crowns questions the relation of crown size 
to root size in Neandertals.

4.4. What can be discussed about 
sexual dimorphism?

Clinical studies on Recent Modern Humans have 
shown that sexual dimorphism is greater in root 
length than in crown diameters (Garn et al., 1978c; 
Garn et al., 1979), males having longer roots than 
females (Jakobsson & Lind, 1973). Furthermore, 
studies of genetic disorders support the role of sex 
chromosomes in root length (Alvesalo et al., 1991; 
Lähdesmäki, 2006; Lähdesmäki & Alvesalo, 
2007). In the light of these clinical studies, the short 
roots of Scladina would suggest that this individual 
may have been female. Toussaint (Chapter 9) high-
lights the small mandibular corpus dimensions of 
Scladina, in comparison with other Neandertals of 
the same age group, and he further suggests that 
Scladina could have been female. The pulp cavity 
volumes of all the investigated Scladina teeth are 
among the largest of the teeth measured in this 
study. It has been proposed that secondary dentine 
deposition would be related to sexual dimorphism, 
with males having thicker radicular dentine than 
females (Schwartz & Dean, 2005). In addition 
to the short roots, this would be a second argu-
ment to  suggest that this individual may have 
been female.

4.5. how influential can the 
young age of Scladina be 
on its roots dimensions?

Zilberman & Smith (2001) further suggested that 
sexual dimorphism combined with ageing would 
affect the progressive closing of the pulp cavity 
throughout life. Having significantly smaller total 
root volumes than the three other samples, the 
Scladina teeth therefore display thinner dentine 
walls of their large pulp cavities. A possible expla-
nation for this may be the young age of the Scladina 
individual, estimated at eight years old (Smith et 
al., 2007). It has to be reminded that contrary to 
bone which is subject to remodeling throughout 
life, the teeth initiate and complete their miner-
alization while they erupt, to reach functional 
emergence, and they do not remodel afterwards. 
They can be subject to various pathologies or trau-
matic events, the roots can resorb, and the only 
way of healing or changing the shape of a tooth is 
to secrete hypertrophic cementum (see Le Cabec 
et al., 2013 for a discussion in the functional 
context of the Neandertal dentition). Among our 
Krapina sample, Krp53 (Mandible C), whose age at 
death is estimated at 11 years old (Wolpoff, 1979), 
also shows outlier values for the pulp volume of 
its lateral incisor and first molar. The permanent 
maxillary lateral incisor Krp D122 estimated to 
belong to a 13 years old individual also shows a 
large pulp volume (Figure 6). Several studies have 
shown that apposition of secondary dentine on 
the walls of the pulp chamber increases with age 
(Gustafson, 1950; Philippas, 1961; Philippas & 
Applebaum, 1967; Woods et al., 1990; Paewinsky 
et al., 2005). Furthermore, secondary dentine is 
commonly thought to be deposited throughout 
life to compensate for occlusal wear (also referred 
to as tertiary dentine or irregular dentine, e.g. 
Kuttler, 1959), leading to a progressive retraction 
of the pulp (e.g. Broeste et al., 1944; Pedersen, 
1949; Sicher & DuBrul, 1970; Barrett, 1977). 
The filling of the pulp cavity occurs then from the 
cervix to the apex whereas wear erodes the coronal 
dentine core (Berry & Poole, 1976; Barrett, 
1977). No systematic clear-cut identification of 
secondary dentine apposition in the pulp cavity 
could be made from our micro-CT data, as the two 
types of dentine have a very similar density. Yet, 
in some cases, a slight difference in gray-values 
delineates the secondary dentine evenly depos-
ited on the walls of the pulp cavity, in some of 
the older specimens from Krapina (e.g. permanent 
mandibular right canine in Krp59, estimated age 
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at death of 20 years following Wolpoff, 1979) and 
Bourgeois-Delaunay (e.g. BD15, see Figure 1E in 
Le Cabec et al., 2013). Then, only the use of appro-
priate filters (as described in the Materials and 
Methods section and Figure 1E in Le Cabec et al., 
2013) could reveal the border between these two 
materials. Combined observations of photographs 
and of our micro-CT data reveal that the repara-
tive secondary dentine was sometimes exposed by 
severe attrition, e.g. on the permanent mandibular 
left central incisors of Krp58 and Krp59. Therefore, 
differences in individual age could account for 
the difference in pulp volume observed between 
Scladina and Krapina.

4.6. how reliable is it to discuss 
about sexual dimorphism 
and age in fossils?

Although it is impossible to discern the relative 
importance of age and sex in the conformation 
of the Scladina roots, its large pulp cavities are 
likely accounted for by its young age whereas its 
short roots and thin root dentine walls of the pulp 
cavities point that it could be a female individual. 
However, sexual dimorphism in root length and 
root pulp volume cannot account alone for the 
difference between Scladina on one hand, and 
Regourdou 1, Krapina and Bourgeois-Delaunay 
on the other hand. As the two last samples contain 
isolated, non-associated teeth, especially for the 
larger Krapina sample, it is likely that males and 
females are sampled in this archeological popula-
tion. Wolpoff (1979) and Bermúdez de Castro 
et al. (1993) highlight a low sexual dimorphism in 
the dental remains from Krapina. Only mandib-
ular corpus variation accurately estimates the sex 
of the extremes, such as Krp 58 and Krp 59 being 
likely males. This means that, although the level of 
sexual dimorphism in Krapina is low, this popula-
tion likely includes females and is overall larger 
in dental dimensions than Scladina, Regourdou 1 
and Bourgeois-Delaunay. The sex-ratio being 
unknown in our samples, any more developed 
discussion regarding sexual dimorphism would be 
speculative.

4.7. dental development
The short roots of Scladina could be attributable 
to variation in particular dental developmental 
parameters.

Most of the developmental studies have 
focused on enamel growth involving enamel 
secretion and extension rates, and crown forma-
tion time. Although it has been argued that the 
duration of tooth development might have been 
similar in Neandertals and modern humans 
(Guatelli-Steinberg et al., 2005), microstruc-
tural studies on large samples, including Scladina 
in particular, have shown significant develop-
mental differences between Neandertals and 
modern humans (Ramirez Rozzi & Bermudez 
de Castro, 2004; Smith et al., 2007; Smith, 2008; 
Smith et al., 2010). Smith et al. (2010) conclude 
that the faster dental development in Neandertals 
does not seem to be related to ontogenetic stage, 
geological age or geography, albeit Scladina and 
Engis 2, both from Belgian sites, show a particu-
larly rapid dental growth that is also faster than 
other Neandertals for the molars, while some 
of their incisors are slower. Moreover, Bayle 
et al. (2009a; 2009b) also noted a specific pattern 
of dental maturation in the Roc-de-Marsal child 
where incisors are delayed and the first molars 
advanced compared to a sample of modern 
humans. In addition to its peculiar timing of 
dental development, the pattern of dental matu-
ration can be affected by the small dimensions of 
the Scladina’s roots, that is, incisors and molars 
could show intra-individual differences in their 
relative sequence of eruption.

In contrast, very little is known about root 
formation. According to Macchiarelli et al. (2006) 
a late peak in root extension rate occurs in molars 
and this distinguishes Neandertals from anatom-
ically modern humans. Smith et al. (Chapter 8) 
provide values for root extension rate, especially 
for the first molar of Scladina. A finer overview of 
the phenomenon would require a larger amount of 
comparative data. But since crown extension rates 
are much faster in Neandertals than in Recent 
Modern Humans (Smith et al., 2007; Smith et al., 
2010), one could speculate that the same applies to 
root extension rates.

To conclude, one can speculate that the short 
roots of Scladina could result from a shorter 
period of dental development combined with an 
individual faster rate of root extension. Further 
research may investigate in more detail how the 
absolutely and relatively short incisor roots and 
contrasted overall rapid dental development in 
Scladina might have implications in understanding 
the relative differences in intra-individual dental 
maturation sequences within Neandertals.
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4.8. Scladina i-4a in a broader 
comparative context

Compared to a larger sample of Neandertals, 
Early and Recent Modern Humans (see Kupczik 
& Hublin, 2010 for the first molars; see Le Cabec 
et al., 2013 for the anterior teeth), Scladina has 
among the smallest roots documented.

For the anterior dentition, the Scladina root 
metrics fall in the area of overlap of Neandertals 
and the Recent Modern Humans, or even strictly 

in the modern human distribution. Figures 9‒14 
illustrate the position of Scladina among tempo-
rally and geographically broad comparative 
samples: this Neandertal has the shortest roots 
among all Neandertals ranging from MIS 7 to 
3. However, when all root and crown metrics 
are combined into PCA and CVA analyses, the 
results of the cross-validation tests show that 
all maxillary anterior teeth classify correctly 
as Neandertals, as for the I1, while the I2 and C, 
classify among Early Modern Humans (EMH, 
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see Figure 6 and supplementary information 
Figure  1 in Le Cabec et al., 2013). This later 
result can be easily explained, since most of 
the classification is driven by size, the smaller 
Neandertals will have a higher probability to be 
classified as EMH. Le  Cabec et al. (2013) have 
demonstrated that long roots in Neandertals 
likely result from the retention of an ancestral 
condition. The EMH are not yet as specialized as 
the Recent Modern Humans, whence their over-
lapping position between Neandertals and extant 
humans. As pointed out earlier with Sima de las 
Palomas and, here with Scladina, Neandertals 
have a broader variability in root dimensions 
than previously thought, although they remain 
overall significantly larger than extant humans. 
The shape of the anterior roots of the Scladina 
juvenile (see Figure 2, after Le Cabec et al., 2013, 
see this publication for details) are typically 
Neandertal, involving a supero-inferior labial 
convexity of the root surfaces.

The lack of any degree of taurodontism in 
the mandibular first molars of Scladina could be 
taxonomically misleading (Figure 15). Kupczik 

& Hublin (2010) provide a larger comparative 
context for the M1. The root pulp volume of the 
Scladina M1 falls within the lower half of the 
Neandertal descriptive statistics reported (mean 
± standard deviation). Regarding root length, 
surface and volume, the Scladina M1 falls below 
the distribution reported, but should be equal or 
close to the minimal values. All the Scladina M1 
root dimensions fall within the Recent Modern 
Human variation described by Kupczik & Hublin 
(2010).

To summarize, our results highlight the very 
small root dimensions of the Scladina juvenile. 
Krapina shows a large intra-populational vari-
ability and has the largest dental dimensions. 
Specimens from Abri Bourgeois-Delaunay fall in 
the Krapina variability and also exceed Scladina 
in root dimensions. The same is true for the 
Regourdou 1 specimen which has relatively small 
teeth. In addition, the relatively small teeth of 
Regourdou 1 and the short roots of Scladina go 
against the assumption that Krapina can reliably 
be taken as representative of the dental variation 
of MIS 5 Neandertals.
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5. conclusion

U sing micro-computed tomography, the 
present study documents the external and 

cross-sectional root morphology in all teeth of 
the Scladina Child. Moreover, we compare the 
Scladina crown and root, external and internal 
dimensions, to a sample of MIS 5 Neandertal teeth 
from central Europe (Krapina) and southwestern 
France (Bourgeois-Delaunay and Regourdou 1). 
While the crown and root dimensions of 
Bourgeois-Delaunay and Regourdou 1 are well 
within the range of the Krapina sample, the teeth 
of the Scladina juvenile have relatively short tooth 
roots with large pulp cavities. These differences in 
root form among MIS 5 Neandertals may be due to 
geographic variability, sexual dimorphism, indi-
vidual variability in dental development, and age 
modifications of the dental tissues. Furthermore, 
our results suggest that taxonomical diagnosis 
based on root metrics alone has to be considered 
carefully, as shown by the outlier short-rooted 
Scladina.
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dieT and ecology of The 
Scladina i-4a neanderTal 

child: inSighTS froM 
STaBle iSoToPeS

1. introduction

R econstruction of the habitat and diet of fossil 
hominids is essential to understand their 

evolution. In prehistoric sites, zooarchaeological 
analysis of faunal remains yields information about 
possible prey species and how they were acquired 
and processed. In the case of the Neandertal child 
found in former Layer 4A from Scladina Cave, this 
approach is not really helpful since the hominid 
bones are found without an archaeological 
context. In such a case, retrieving palaeoenviron-
mental and palaeodietary information directly 
from the skeletal remains of the Neandertal is 
almost the only way to proceed. Such approaches 
are used since a few decades, particularly the 
isotopic tracking of diet in fossil mammals.

Carbon and nitrogen atoms present in the skel-
etal tissues of a vertebrate are ultimately derived 
from the food intake and their isotopic signature 
is linked to that of the diet consumed during their 
synthesis. When a biogenic fraction can be puri-
fied from fossilized skeletal tissues, this fraction 
contains invaluable palaeobiological information 
about extinct organisms. In the case of a fossil-
ized Neandertal skull and the faunal elements 
associated, it is possible to reconstruct some 
characteristics of the environment around the 
site at the time of life of this individual, and to 
replace this individual within his trophic system. 
A first article was published ten years ago on 
the first isotopic results obtained on the fossil 
material from former Layer 4 of Scladina Cave, 
and this led to some palaeodietary reconstruc-
tion of the Neandertal specimen (Bocherens 
et al., 1999). Since then, new reference work on 
isotopic tracking in terrestrial ecosystems allows 
more detailed reconstructions (e.g. Drucker et al., 
2008, Drucker & Bocherens, 2009). In addition, 
a reappraisal of the stratigraphy of Scladina Cave 
permits the consideration of more faunal elements 
than previously thought in the comparative anal-
ysis (e.g. Pirson et al., 2005). Finally, new isotopic 

data, especially on the mineral fraction of tooth 
enamel, provides additional insight on the palaeo-
ecology of some species that lived at the time of 
the Neandertal child (this work).

2.

 Principles of isotopic tracking 
of Pleistocene terrestrial 
palaeoecosystems in europe 
with fossil mammal bone and 
tooth: collagen, and bioapatite

B ones and teeth are composed of both organic 
and mineral fractions, which are synthesized 

during the lifetime of a vertebrate. The organic 
fraction of bone and dentine is mainly formed of a 
protein, collagen, which contains carbon (around 
40%) and nitrogen (around 15%), while the mineral 
fraction, a calcium phosphate (apatite) with many 
impurities, includes 3 to 5% carbonate. The crystal 
size of apatite is much larger in enamel than in 
bone and dentine, making these last two tissues 
more prone to diagenetic alteration. The isotopic 
signatures of nitrogen are measured in the organic 
fraction (collagen), while the isotopic signatures of 
carbon can be measured in the organic (collagen) 
and the mineral (carbonate) phases.

All the carbon of an organism comes from 
its dietary intake, in the form of proteins, carbo-
hydrates and lipids. Some of these nutrients are 
incorporated directly by the organism and seques-
tered in different tissues, while other molecules 
are synthesized by the organism from dietary 
nutrients. Due to these different biochemical char-
acteristics and isotopic fractionations, the average 
carbon isotopic abundance of a vertebrate is close 
to that of its average diet, but those recorded in a 
given tissue or molecule exhibit specific differences 
(e.g., DeNiro & Epstein, 1978, 1981; Hobson et al., 
1996). The δ13C values of collagen are typically 5‰ 
more positive than those of the average diet, while 
the δ13C values of the carbonate fraction of bone 
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and tooth mineral fraction is 9 to 14‰ more posi-
tive than that of the average diet (e.g., Lee-Thorp 
et al., 1989; Cerling & Harris, 1999; Bocherens 
& Mariotti, 2002). Therefore, the δ13C values of 
collagen and carbonate apatite are typically used 
to track the type of plant food consumed by herbi-
vores and the type of plants at the base of the food 
web to which predators belong.

The carbon isotopic abundances discrimi-
nate between different types of plants, principally 
between marine and terrestrial plants. Terrestrial 
plants in cold and temperate climates use the 
same photosynthetic pathway (‘C3-plants’) 
(Ehleringer et al., 1997). In such environments, 
an isotopic distinction can be seen between 
plants growing under a closed canopy and those 
at the top of the canopy or growing in an open 
environment (e.g., reviews in Broadmeadow & 
Griffiths, 1993; Heaton, 1999). Since herbivore 
teeth and bones record the carbon isotopic abun-
dances of their plant food, it is possible to identify 
which kind of plant was consumed by an herbi-
vore, and therefore to determine in which type of 
environment it lived (e.g., Bocherens et al., 2005a; 
Drucker, 2007; Drucker et al., 2008; Drucker & 
Bocherens, 2009).

Nitrogen is incorporated through dietary 
intake in the organic molecules of an organism's 
tissues. Contrary to carbon, the isotopic signature 
of nitrogen is significantly enriched in vertebrate 
tissues relatively to its average diet, typically by 3 
to 5‰ (review in Bocherens & Mariotti, 2002). 
Therefore, the nitrogen isotopic signature of a 
given individual depends on the isotopic signature 
at the base of the foodweb to which it belongs (i.e. 
in the plants), and on the position of the specimen 
within the foodweb (herbivore or predator).

3. Material

T he material of this analysis is mainly from 
the first excavations (1981‒1990) at Scladina 

Cave, long before the important stratigraphic 
revision (2007). At the time, the research was 
concerned with approximately the first 20 m of 
the cave and the stratigraphy seemed much more 
simple, with a single ‘Layer 4’ superimposed over 
‘Layer  5’. Deeper in the cave, the stratigraphic 
reappraisal revealed the existence of numerous 
layers corresponding to the former layers 4 and 
5 found at the entrance. Unfortunately, the reat-
tribution of the exhumed material to either one 
or several layers of the new stratigraphic record 

is impossible. In this chapter, the material stated 
to be from ‘former Layer 4’ and ‘former Layer 5’ 
must be understood as being from sedimentary 
complexes 4 and 5 (see Chapter 3).

The present study is based on the carbon and 
nitrogen isotopic analyses previously published 
for bones and teeth from former Layer 4 in Scladina 
Cave, including a bone sample from the Neandertal 
child (Bocherens et al., 1999). Since this publica-
tion, it has been shown that the stratigraphical 
origin of the Neandertal is more uncertain than 
previously believed, since the pieces that could be 
precisely located in the stratigraphy come from a 
channel deposit that cuts through former layers 
4 and 5 (Pirson et al., 2005). As an initial posi-
tion in former Layer 5 cannot be ruled out for the 
Neandertal individual, 30 faunal specimens from 
this layer and from the coeval former Layer  Vb 
were also analyzed. This material belongs to 
horse Equus caballus, red deer Cervus elaphus, 
reindeer Rangifer tarandus, chamois Rupicapra 
rupicapra, woolly rhinoceros Coelodonta antiqui-
tatis, mammoth Mammuthus primigenius, cave 
bear Ursus spelaeus, brown bear Ursus arctos and 
wolf Canis lupus.

In former layers 5 and Vb, not all the specimens 
yielded well-preserved collagen. To compen-
sate this lack of isotopic information for some 
species, some tooth enamel of identified taxa 
was analyzed for the carbon isotopic signature 
of the carbonate fraction. Moreover, additional 
samples from former layers  4 (3 teeth of horse 
and fallow deer Dama dama) and 1A in Scladina 
(8  teeth of mammoth, woolly rhinoceros, giant 
deer Megaloceros giganteus, and horse), as well 
as 10 Holocene horse and red deer bone samples 
from Bercy, a Neolithic site in forested context 
(Paris, France, around 5000 years BP; Bocherens 
et al., 1997a & 1997b), and 6 modern red deer bone 
samples from Bialowieza forest (Poland) were 
analyzed using the same method to provide a 
reference dataset for large herbivores feeding 
under a closed canopy or in an open environment.

4. Methods

P rior to collagen extraction of fossil bone, 
an elemental analysis of nitrogen in whole 

bone powder was performed to screen out 
samples without collagen preserved (Bocherens 
et al., 2005b). Samples with more than 0.4% N, 
i.e. at least one tenth of their original collagen, 
have been treated for collagen extraction by the 
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HCl demineralization protocol (Bocherens et al., 
1997a). Briefly, around 300 mg of bone powder is 
decalcified in 1 M HCl for 20 min at room temper-
ature, and filtered through a 5 µm filter. The 
insoluble residue is soaked in 0.125 N NaOH for 
20 hours at room temperature. The rinsed residue 
is heated in closed tubes at 100°C for 17 h in a 
10⁻2 M HCl solution, in order to gelatinize the 
collagen. After filtration through a 5 µm filter, the 
filtrate containing gelatine is freeze-dried. Yield is 
expressed as the amount of freeze-dried gelatine 
relative to the dry weight of bone (in mg.g⁻1). In 
most of the cases, the NaOH step was not used, 
following Bocherens et al. (1999), due to exces-
sive loss in collagen, since tests have demonstrated 
that samples from Scladina Cave could be treated 
that way without any significant influence on the 
collagen isotopic compositions (Bocherens et al., 
1999). Determination of stable carbon and 
nitrogen isotope ratios was performed on a Carlo-
Erba NA1500 CHN-elemental analyzer coupled 
to an isotopic ratio mass spectrometer (Fisons 
Optima) at the department of Earth Sciences in 
University Paris 6 (France), following Bocherens 
et al. (1997a). During the process, the amounts 
of C and N were measured. Isotopic abundances 
measured this way are relative abundances: 
enrichments or depletions of heavy isotopic vari-
eties (13C, 15N) are expressed versus international 
standards. The isotope ratios are expressed for 
carbon as δ13C versus V-PDB (a marine carbonate) 
and for nitrogen as δ15N versus atmospheric N2: 
δX = (Rsample/Rstandard − 1) × 1000, where X stands 
for 13C or 15N and R stands for 13C/12C or 15N/14N, 
respectively. The precision is 0.1‰ for δ13C and 
0.2‰ for δ15N.

Some tooth samples were used for carbon 
isotopic measurement of their enamel carbonate 
fraction. Enamel was physically separated from 
dentine and crushed to a fine powder with mortar 
and pestle. Enamel fragments corresponding 
to the whole tooth crown were used in order to 
average possible seasonal variations within the 
tooth, such as those observed by Fricke & O'Neil 
(1996) and Sharp & Cerling (1998). It was subse-
quently pre-treated according to Bocherens et 
al. (1991): powdered enamel was soaked in 2‒3% 
NaOCl for 20 hours at 20 °C to oxidize organic 
residues, rinsed with distilled water, then treated 
with 1M acetic acid-Ca acetate buffer (pH = 4.75) 
for 20 hrs at 20 °C to remove exogenous carbonate. 
Carbon dioxide was produced from the treated 
powders by dissolution in 100% H3PO4 at 50 °C 
for 5 hours on around 15 mg of powder. Carbon 

dioxide was collected and purified by cryogenic 
distillation in a vacuum line, and carbon isotope 
compositions were measured on a VG Optima gas 
source mass spectrometer. The isotopic ratios are 
expressed as δ13C values with an analytical preci-
sion better than 0.1‰ (Bocherens et al., 1996).

5. results and discussion

T he results of whole bone nitrogen analysis, 
collagen extraction and isotopic analysis, and 

carbon isotopic analysis of the carbonate fraction 
of enamel bioapatite for specimens from former 
layers 5 and Vb are given in Table 1. The result of 
collagen and bioapatite δ13C values of large herbi-
vores used in the palaeoecological reconstruction 
are given in Table 2.

5.1. reliability of the isotopic results
All the collagen samples considered in the palae-
obiological interpretation meet the requirements 
for reliability, i.e. a C/N ratio ranging from 2.9 
to 3.6 (DeNiro, 1985), %N are higher than 8% 
(Ambrose, 1990). Moreover, predictable biogenic 
isotopic patterns, such as more positive δ15N 
values in carnivore dentine than in the bone of 
the same individual (Bocherens, 2000), are indeed 
observed for samples from former Layer 5 in 
Scladina Cave (Table 1).

The reliability of the bioapatite results can 
be assessed by comparing the δ13C values of 
collagen and bioapatite when both types of anal-
yses could be performed on the same individual, 
since these two isotopic signatures are offset by 
a more or less constant value in large herbivores 
(Lee-Thorp et al., 1989; Bocherens & Mariotti, 
1992; Bocherens, 2000). The observed values 
range from 7.3 to 11.3, which is within the range 
seen in modern herbivores.

5.2. Palaeoecology of mammal 
fauna from former layers 4a 
and 5 in Scladina cave

Most palaeoecological studies using bone and 
tooth isotopic tracking in Europe have consid-
ered the steppe-tundra environment and the 
Holocene interglacial, but almost nothing has 
been published so far on older interglacial periods, 
such as the Eemian. In Sedimentary Complex  4 
and Sedimentary Unit 5 (see Chapter  3) from 
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Analysis # Species Piece Layer Excavation # %Nbone
Yield 
mg.g−1 %Ccoll %Ncoll C/Ncoll δ13Ccoll δ15Ncoll δ13Cbioap

SC14700 Equus ferus maxillary tooth 5 SC84 215 (G17) 0.2 −12.8

SC14800 Equus ferus carpal or tarsal bone 5 SC75 (D15) 0.3

SC15000 Cervus elaphus phalanx II Vb SC82 93 1.2 25.6 37.4 13.7 3.2 −21.4 3.6

SC15100 Cervus elaphus mandibular dp4 dental bud Vb SC84 109 (E13) 0.7 14.4 36.9 13.3 3.2 −24.9 10.5 −16.3

SC15200 Cervus elaphus maxillary molar Vb SC84 55 (F22) 0.3 −14.2

SC16600 Rangifer tarandus mandibular tooth Vb SC82 396 0.9 21.7 40.3 14.7 3.2 −20.1 8.1

SC23900 Rangifer tarandus maxillary third premolar Vb SC81 78 0.7 22.4 36.7 13.4 3.2 −23.4 7.6

SC24000 Rangifer tarandus maxillary second premolar Vb no number 0.6 23.3 38.1 13.9 3.2 −23.0 7.3

SC21700 Rupicapra rupicapra left humerus (distal end, subadult) 5 SC86 c13.12 0.2

SC21800 Rupicapra rupicapra left humerus (distal end, adult) 5 SC84 G19 93 0.3

SC21900 Rupicapra rupicapra left humerus (distal end, adult) 5 SC84 D16/68 0.1

SC22000 Rupicapra rupicapra phalanx I 5 SC84 E18.5 0.5 11.4 34.2 12.9 3.1 −20.4 4.9

SC22100 Rupicapra rupicapra phalanx I 5 SC85 − 75 1.2 32.4 38.2 14.1 3.2 −19.9 1.9

SC22200 Rupicapra rupicapra phalanx I 5 SC86 H123 0.2

SC22300 Rupicapra rupicapra phalanx I 5 SC86 H 193 15 0.7 12.9 34.0 13.2 3.0 −20.3 4.5

SC16300 Coelodonta antiquitatis mandibular fourth premolar 5 SC84 325 (G16) 0.1 −12.7

SC16400 Coelodonta antiquitatis mandibular fourth premolar 5 SC84 296 (H19) 0.4 −11.8

SC16500 Mammuthus primigenius tooth fragment 5 SC82 347 0.2 −12.4

SC15300 Ursus spelaeus phalanx II 5 SC85 53 (D17) 0.2

SC15400 Ursus spelaeus phalanx I 5 SC85 316 (F20) 1.2 17.8 35.8 12.9 3.2 −22.8 7.6

SC15500 Ursus spelaeus phalanx I 5 SC85 104 (G22) 0.2

SC15700 Ursus spelaeus phalanx 5 SC84 70 (G20) 2.1 107.7 40.6 14.7 3.2 −21.8 5.4

SC15800 Ursus spelaeus phalanx II 5 SC82 93 1.6 22.5 36.8 13.2 3.3 −21.5 6.1

SC17100 Ursus arctos carpal or tarsal bone Vb SC85 119 (G20) 1.4 22.2 27.2 10.4 3.1 −19.7 4.0

SC16800* Canis lupus maxillary Vb SC83 22 (F19) 0.3 9.3 32.8 11.5 3.3 −19.6 11.1

SC16820* Canis lupus maxillary fourth premolar Vb SC83 22 (F19) 1.1 21.9 39.9 14.5 3.2 −19.9 13.2

SC16840* Canis lupus maxillary first molar Vb SC83 22 (F19) 1.0 15.3 39.1 14.5 3.2 −19.8 13.1

SC16700 Canis lupus maxillary canine Vb SC84 276 (G17) 0.8 18.5 38.5 14.5 3.1 −19.6 11.9

SC16750 Canis lupus mandibular canine Vb SC83 153 (G14) 0.7 9.5 38.7 14.1 3.2 −19.9 13.4

Scladina Cave, the faunal assemblages are ‘mixed’, 
including taxa traditionally associated to forested 
landscape (e.g. red deer, fallow deer), taxa usually 
associated to open environments (e.g. horse) and 
taxa associated to cold environments (e.g. woolly 
mammoth, woolly rhinoceros, reindeer). Such 
mixed assemblages could reflect real biological 
communities containing large mammal species 
exhibiting different ecological needs during 
younger time periods, meaning that their ecolog-
ical specificity has changed through time for 
species still extant, or it could be the consequence 
of a postmortem mixture due to taphonomic 
processes? The carbon isotopic signatures of the 
mammal bones and teeth from former layers 4 and 
5 in Scladina Cave provide a clear answer: some 
members of species that are classically associ-
ated to open or cold environments, such as horse 
or reindeer, exhibit in this case a carbon isotopic 
signature that indicates a dense forest habitat 
(Figure 1). For instance, two horses from former 
Layer 4A and two reindeer from former Layer Vb 
have δ13C values indicative of dense forest condi-
tions. In the case of horses, the reconstructed δ13C 
values of the ecosystem ranges from values found 

in typical steppe-tundra environment, as in former 
Layer 1A in Scladina or Kent’s Cavern to values 
measured on Holocene samples from forested 
context in France (Figure 1). In general, the range 
of δ13C values is quite large when samples from 
former layers 4 and 5 in Scladina Cave are consid-
ered, and some taxa such as horse and cervids 
exhibit no clear partitioning according to open 
and close habitat. It is not clear if the variation 
in δ13C values, and hence of habitat, corresponds 
to stratigraphical differences within former layers 
4 and 5 (Pirson et al., 2005). In any case, the 
ecological selectivity of ungulates was different 
around 100,000 years ago than in more recent 
periods, suggesting either that the landscape 
had no analog with more recent plant forma-
tions, or that some change occurred in the species 
ecological flexibility through time. A possible 
reduction of ecological flexibility could be linked 
to a reduction of genetic diversity through time, 
as suggested for different mammal species during 
the Pleistocene by ancient DNA investigations 
(e.g., Orlando et al., 2002; Shapiro et al., 2004; 
Barnes et al., 2007; Hofreiter, 2007). The carbon 
isotopic results show that large herbivores were 

Table 1: Bone nitrogen analysis, collagen extraction, isotopic, and carbon isotopic analysis of 
the carbonate fraction of enamel bioapatite for animal specimens from former layers 5 and Vb of 

Scladina. The 3 sample numbers followed by ‘*’ are from the same excavation number.
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Analysis # Species Piece Site−layer δ13Ccoll δ13Cbioap Δ13Cbioap−coll

δ13Cecosystem

from 
collagen

δ13Cecosystem

from 
bioapatite

δ13Cecosystem

summary
Reference

6138? Mammuthus primigenius molar Kent’s Cavern nd −10.3 nd nd −24.3 −24.3 BocHerens et al. (1995)

SC600E Mammuthus primigenius molar Scladina−1A −20.9 −12.3 8.6 −25.9 −26.3 −25.9 This work

SC700E Mammuthus primigenius molar Scladina−1A −21.5 −12.0 9.5 −26.5 −26.0 −26.5 This work

SC16500E Mammuthus primigenius molar Scladina−5 nd −12.4 nd nd −26.4 −26.4 This work

61369 Coelodonta antiquitatis tooth Kent’s Cavern −20.2 −8.9 11.3 −25.2 −22.9 −25.2 BocHerens et al. (1995)

61377 Coelodonta antiquitatis tooth Kent’s Cavern −20.8 −11.0 9.8 −25.8 −25.0 −25.8 BocHerens et al. (1995)

61381 Coelodonta antiquitatis tooth Kent’s Cavern −21 −10.8 10.2 −26.0 −24.8 −26.0 BocHerens et al. (1995)

4/3470 Coelodonta antiquitatis tooth Kent’s Cavern −20.2 −10.2 10.0 −25.2 −24.2 −25.2 BocHerens et al. (1995)

61387 Coelodonta antiquitatis tooth Kent’s Cavern −20.2 −10.7 9.5 −25.2 −24.7 −25.2 BocHerens et al. (1995)

60/2104 Coelodonta antiquitatis tooth Kent’s Cavern −21 −12.0 9.0 −26.0 −26.0 −26.0 BocHerens et al. (1995)

SC1100E Coelodonta antiquitatis mandibular 2nd 
premolar Scladina−1A −20 −10.0 10.0 −25.0 −24.0 −25.0 This work

SC1200E Coelodonta antiquitatis mandibular 2nd 
premolar Scladina−1A −21.1 −10.9 10.2 −26.1 −24.9 −26.1 This work

SC16300E Coelodonta antiquitatis mandibular 4th 
premolar Scladina−5 nd −12.7 nd nd −26.7 −26.7 This work

SC16400E Coelodonta antiquitatis mandibular 4th 
premolar Scladina−5 nd −11.8 nd nd −26.8 −25.8 This work

61351 Equus ferus tooth Kent’s Cavern −21.2 −10.2 11.0 −26.2 −24.2 −26.2 BocHerens et al. (1995)

61370 Equus ferus tooth Kent’s Cavern nd −11.6 nd nd −25.6 −25.7 BocHerens et al. (1995)

61375 Equus ferus tooth Kent’s Cavern −21.6 −10.9 10.7 −26.6 −24.9 −26.6 BocHerens et al. (1995)

61376 Equus ferus tooth Kent’s Cavern nd −11.5 nd nd −25.5 −25.6 BocHerens et al. (1995)

61376 Equus ferus tooth Kent’s Cavern nd −12 nd nd −26.0 −26.1 BocHerens et al. (1995)

61378 Equus ferus tooth Kent’s Cavern −21.6 −10.5 11.1 −26.6 −24.5 −26.6 BocHerens et al. (1995)

61386 Equus ferus tooth Kent’s Cavern −21 −11.5 9.5 −26.0 −25.5 −26.0 BocHerens et al. (1995)

61387 Equus ferus tooth Kent’s Cavern nd −11.3 nd nd −25.3 −25.4 BocHerens et al. (1995)

Equus ferus tooth Kent’s Cavern −21.6 −11.2 10.4 −26.6 −25.2 −26.6 BocHerens et al. (1995)

SC4100E Equus ferus maxillary tooth Scladina−1A −21.7 −12.6 9.1 −26.7 −26.6 −26.7 This work

SC4200E Equus ferus maxillary tooth Scladina−1A −21.9 −12.2 9.7 −26.9 −26.2 −26.9 This work

SC4300E Equus ferus maxillary tooth Scladina−1A −21.5 −13.0 8.6 −26.5 −27.0 −26.5 This work

SC14300E Equus ferus maxillary tooth Scladina−4A −20.5 −12.4 8.1 −25.5 −26.4 −25.5 This work

SC14400E Equus ferus maxillary tooth Scladina−4A −23.1 −15.8 7.3 −28.1 −29.8 −28.1 This work

SC14500 Equus ferus tooth Scladina−4A −21.1 nd nd −26.1 nd −26.1 This work

SC14600 Equus ferus bone Scladina−4 −25.1 nd nd −30.1 nd −30.1 This work

SC14700E Equus ferus tooth Scladina−5 nd −12.8 nd nd −26.8 −26.9 This work

B6700 Equus ferus mandibule Bercy nd −15.2 nd nd −29.2 −29.3 This work

B6800 Equus ferus femur Bercy −23.1 −14.9 8.2 −28.1 −28.9 −28.1 This work

B6900 Equus ferus coxal bone Bercy nd −14.8 nd nd −28.8 −28.9 This work

SC4500E Bos or Bison tooth Scladina−1A −20.5 −11.6 8.9 −25.5 −25.6 −25.5 This work

SC4700E Bos or Bison tooth Scladina−1A −20.5 −9.8 10.7 −25.5 −23.8 −25.5 This work

SC13100 Dama dama bone Scladina−4 −23.3 nd nd −28.3 nd −28.3 This work

SC13200 Dama dama bone Scladina−4 −22.3 nd nd −27.3 nd −27.3 This work

SC13500E Dama dama tooth Scladina−4 −24.6 −16.1 8.5 −29.6 −30.1 −29.6 This work

SC19100 Dama dama bone Scladina−4 −23.9 nd nd −28.9 nd −28.9 This work

SC19200 Dama dama bone Scladina−4 −21.8 nd nd −26.8 nd −26.8 This work

SC19300 Dama dama bone Scladina−4 −23.1 nd nd −28.1 nd −28.1 This work

SC19400 Dama dama bone Scladina−4 −22.9 nd nd −27.9 nd −27.9 This work

SC19600 Dama dama bone Scladina−4 −22.4 nd nd −27.4 nd −27.4 This work

Cervus elaphus bone Scladina−1A −19.9 nd nd −24.9 nd −24.9 This work

SC15100 Cervus elaphus bone Scladina−Vb −21.4 nd nd −26.4 nd −26.4 This work

SC15100E Cervus elaphus decidual 4th premolar Scladina−Vb −24.9 −16.3 8.6 −29.9 −30.3 −29.9 This work

SC15200E Cervus elaphus tooth Scladina−Vb nd −14.2 nd nd −28.2 −28.2 This work

B2601 Cervus elaphus humerus Bercy −23 −14.6 8.4 −28.0 −28.6 −28.0 This work

B5000 Cervus elaphus radius Bercy −23.3 nd nd −28.3 nd −28.3 This work

B5400 Cervus elaphus métapode Bercy −21.6 −13.8 7.8 −26.6 −27.8 −26.6 This work

B5200 Cervus elaphus radius Bercy −23.5 −14.8 8.7 −28.5 −28.8 −28.5 This work

B5100 Cervus elaphus radius Bercy −22.3 −14.4 7.9 −27.3 −28.4 −27.3 This work

B5300 Cervus elaphus humerus Bercy −22.5 −15 7.5 −27.5 −29.0 −27.5 This work

B4800 Cervus elaphus tibia Bercy −21.4 nd nd −26.4 nd −26.4 This work

SC16600 Rangifer tarandus tooth Scladina−Vb −20.1 nd nd −25.1 nd −25.1 This work

SC23800 Rangifer tarandus tooth Scladina−Vb −20.9 nd nd −25.9 nd −25.9 This work

SC23900 Rangifer tarandus tooth Scladina−Vb −23.4 nd nd −28.4 nd −28.4 This work

SC24000 Rangifer tarandus tooth Scladina−Vb −23 nd nd −28.0 nd −28.0 This work

SC22000 Rupicapra rupicapra bone Scladina−5 −20.4 nd nd −25.4 nd −25.4 This work

SC22100 Rupicapra rupicapra bone Scladina−5 −19.9 nd nd −24.9 nd −24.9 This work

SC22300 Rupicapra rupicapra bone Scladina−5 −20.3 nd nd −25.3 nd −25.3 This work

Table 2: Collagen and bioapatite δ13C values of large herbivores from Scladina and other northwestern 
European Palaeolithic sites used in the palaeoecological reconstruction.
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figure 2: Hervé Bocherens samples the 
maxillary fragment Scla 4A-2 in preparation 

for stable isotopic analysis (SC18800) at 
the University of Paris Jussieu (1996).

living either in dense forest or open environments 
around Scladina Cave during the time of deposi-
tion of former layers 4 and 5, and the position of 
the Neandertal individual within this landscape 
can also be determined using its stable isotopic 
signatures.

5.3. Trophic position of the 
neandertal child

The determination of the trophic position of the 
Neandertal child (Figure 2) using its δ13C and δ15N 
values requires a comparison with similar data 
from coeval fauna, with the possibility to quan-
tify the contribution of different prey specimen in 
favorable cases (e.g., Drucker & Henry-Gambier, 
2005; Bocherens et al., 2005c). Unfortunately two 
difficulties arise in the case of the Neandertal from 
former Layer 4A in Scladina: the uncertain strati-
graphical origin of the human specimen and the 
large isotopic variations observed in the coeval 
fauna. Therefore it is only possible to derive broad 
trophic conclusions from the collagen isotopic 
signatures, which are nonetheless very interesting.

A comparison of δ13C and δ15N values of the 
Neandertal collagen with fauna from former Layer 

4 and fauna from former Layer 5 is presented in 
Figure 3. It appears clearly that the Neandertal 
isotopic data plot in the same part of the graph 
as animal predators such as cave lion, hyaena and 
wolf. The diet of this human was therefore meat 
oriented, and clearly different from the diet of cave 
bears or brown bears, both bear species exhibiting 
lower δ15N values that point to a mainly vegetarian 
diet. The δ13C value of the Neandertal collagen is 
rather high and indicates that the consumed prey 
were herbivores dwelling in open environments 
and not in dense forests. For instance, species such 
as horse, reindeer, red deer and chamois have δ13C 
values consistent with the possible prey of this 
Neandertal. No collagen could be extracted from 
woolly rhinoceros, but the δ13C values measured 
on the carbonate fraction of tooth enamel indicate 
that this species would have also yielded collagen 
isotopic values consistent with those of possible 
preys of the Neandertal. Interestingly, chamois 
bones from former Layer  5 present abundant 
anthropic activity traces such as butchery marks 
(Patou-Mathis, 1998) and their δ13C values indi-
cate an open environment habitat consistent figure 1: Reconstruction of vegetation type 

based on δ13C of collagen and bioapatite.
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with the δ13C values of Neandertal prey. When 
compared to those of predators, the δ13C and δ15N 
values of Neandertal are most similar to those of 
one wolf from former Layer 5 and of one cave 
lion from former Layer 4, and quite different from 
those of foxes from former Layer 4 (Figure 3).

In conclusion, it is possible to state that the 
Neandertal child was predominantly a meat eater 
and consumed mainly prey living in open envi-
ronment and not in dense forest. It is however not 
possible to tell if this choice was due to the lack 
of forest animals when the Neandertal was living, 
or if dense forest herbivores were present but not 
hunted, due to the uncertainty on the stratigraph-
ical origin of the human specimen.

5.4. comparison with other 
european neandertals

It is difficult to compare directly the isotopic 
results obtained on collagen from Neandertal 
bones coming from different regions and different 
periods due to local and chronological varia-
tions in carbon and nitrogen isotopic signatures 
of plants (e.g., Fizet et al., 1995; Drucker et al., 
2003; Drucker & Bocherens, 2004). However, the 
increasing number of isotopic published results 

on Neandertals makes it tempting to investigate 
possible patterns that could yield hypotheses on 
Neandertal ecology that may be tested further. A 
first step is to sort out the data that may not be 
usable for such a purpose.

Since the initial publication of the isotopic 
results of the Neandertal child from former 
Layer 4A in Scladina (Bocherens et al., 1999), a 
number of other Neandertal specimens have been 
investigated using the isotopic approach. These 
include samples from Belgium (Bocherens et al., 
2001), France (Bocherens et al., 2005c; Beauval 
et al., 2006; Richards et al., 2008), Germany 
(Richards & Schmitz, 2008), and Croatia 
(Richards et al., 2000 & Table 3). Unfortunately, 
not all of these data can be used for reconstruc-
tion of Neandertal trophic ecology. Indeed, a 
significant proportion of these results do not 
comply with the preservation criteria retained for 
biogenic collagen, or the isotopic data on coeval 
fauna required for a valid palaeo-trophic inter-
pretation are missing. For instance, the isotopic 
data measured on collagen from sample 27801 
from Les Pradelles and both Neandertal samples 
from Vindija have been shown some years after 
their original publication to be likely altered 
(Bocherens et al., 2005c; Higham et al., 2006). 
The isotopic data from Feldhofer Neandertals are 

figure 3: Comparison of isotopic values of bone collagen from Scladina I-4A 
with fauna from former Layer 4 (left) and from former Layer 5 (right).
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considered reliable by their authors (Richards 
& Schmitz, 2008) although no actual chemical 
criteria are given, such as carbon and nitrogen 
content and C/N ratios. One juvenile specimen, 
the child from Engis, is also kept apart. Indeed, the 
age at death determined from the tooth eruption 
degree points to an age of 5-6 years (Tillier, 1983; 
Maureille & Bar, 1999) or possibly younger, 
between 3 and 4 years old (Stringer et al., 1990: 
Skinner, 1997). These last estimates are confirmed 
by a new evaluation using an improved modern 
reference dataset (Holly Smith, pers. com., 2007). 
Since it is now known that tooth development in 
Neandertals was faster than in modern humans 
(Smith et al., 2007), this young individual died at 
a younger age than its tooth development indi-
cated, at a time when the 15N-enriched collagen 
linked to the consumption of mother milk was not 
eliminated from the bones (e.g. Fogel et al., 1989; 
Katzenberg et al., 1996; Fuller et al., 2006). It 
is therefore very likely that the high δ15N values 
measured on this specimen are due to this very 
young age and not to a special diet (Bocherens 
et al., 2001).

The remaining carbon and nitrogen isotopic 
signatures from well-preserved collagen extracted 
from weaned Neandertals are plotted on Figure 3. 
The isotopic signatures seem to plot in 3 different 
areas of the graph. The majority of the speci-
mens, including those from southwestern France 
and Spy, exhibit relatively high δ13C and δ15N 
values, one individual supposedly from former 
Layer IV in Scladina exhibits high δ15N value but 
a rather low δ13C value (see discussion below 
about this specimen), and both specimens from 
Feldhofer Cave exhibit lower δ13C and δ15N values 
(Figure 4). Interestingly, the Neandertal child from 
former Layer 4A clusters well with the Belgian 
specimen from Spy that is much younger in age, 
actually one of the youngest Neandertals known 
in Europe with a direct radiocarbon age of around 
35,000 years BP (Semal et al., 2009), and with the 
slightly older specimen from Saint-Césaire in 
southwestern France. The older specimens from 
southwestern France, from Les Pradelles, Les 
Rochers-de-Villeneuve and jonzac, also plot in 
the same range of δ15N values but with slightly 
less negative δ13C values. Quite different are the 

No analysis (excavation) Site Age Piece
yield 

(mg/g)
%C %N C/N δ13C δ15N References

RPB7000 La Roche-à-Pierrot (Saint-Césaire, 
Charentes-Maritimes, France) 36,000 BP (TL of layer) fibula 26.0 40.8 14.2 3.3 −19.8 11.4 BocHerens et al. (2005)

MT200 (SPY OMO 1) Spy (Betche-al-Roche) 
Cave (Belgium) 31,810±250 BP scapula 123.9 41.5 14.4 3.4 −19.8 11.0 BocHerens et al. (2001); 

semal et al. (2009)

Nea1 Kleine Feldhofer Grotte (Germany) 39,900±620 BP right humerus ? ? ? ? −21.6 7.9 ricHards & ScHmitz (2008)

NN1 Kleine Feldhofer Grotte (Germany) 39,240±670 BP right humerus ? ? ? ? −21.5 9.0 ricHards & scHmitz (2008)

S-EVA-2152.1 Jonzac, level 7 (Charentes-
maritimes, France) 40-55,000 BP tooth 2. 0 33.5 12.1 3.2 −19.7 11.2 ricHards et al. (2008)

64801 Les Pradelles (Marillac-le-
Franc, Charente, France) >48,000 BP skull fragment 82.4 38.8 13.7 3.3 −19.1 11.6 Fizet et al. (2005)

M300 (M70 c10 F10-41) Les Pradelles (Marillac-le-
Franc, Charente, France) >48,000 BP skull fragment 107.4 41.1 14.7 3.3 −19.1 11.5 BocHerens et al. (2005)

M400 (H1) Les Pradelles (Marillac-le-
Franc, Charente, France) >48,000 BP mandible 41.5 37.6 13.1 3.3 −19.5 11.4 BocHerens et al. (2005)

OxA-15257 Rochers-de-Villeneuve 
(Vienne, France) 45,200±1100 BP femur 37.2 39.4 14.1 3.3 −19.0 11.6 Beauval et al. (2006)

SC18800 (Scla 4A-2) Scladina Cave (Sclayn, Belgium) OIS5b skull fragment 62.0 38.7 14.1 3.2 −19.9 10.9 BocHerens et al. (2001)

Excluded because of identification problems

MT500 (Scla 1B 4, former Layer IV) Scladina Cave (Sclayn, Belgium) neolithic? phalanx n.d. 39.9 14.7 3.2 −21.2 11.8 BocHerens et al. (2001)

Excluded because of preservation problems
VI-207 Vindija Cave (Croatia) OIS3 mandible 65.0 37.1 13.5 3.2 −19.5 10.1 ricHards et al. (2000)

VI-208 Vindija Cave (Croatia) OIS3 parietal 42.0 36.1 11.7 3.6 −20.5 10.8 ricHards et al. (2000)

27801 Les Pradelles (Marillac-le-
Franc, Charente, France) >48,000 BP skull fragment 7.0 n.d. n.d. n.d. −20.2 9.3 BocHerens et al. (1991)

M100 (H2) Les Pradelles (Marillac-le-
Franc, Charente, France) >48,000 BP skull fragment 13.4 18.9 7.0 3.2 −21.8 8.4 BocHerens et al. (2005)

S-EVA-2152 Jonzac, level 7 (Charentes-
maritimes, France) 40−55,000 BP tooth 1.0 30.2 9.7 3.6 −20.7 10.6 ricHards et al. (2008)

S-EVA-2152.2 Jonzac, level 7 (Charentes-
maritimes, France) 40−55,000 BP tooth 3.0 26.7 8.4 3.7 −21.3 10.3 ricHards et al. (2008)

Excluded because of ontogenic interference
MT100 (Engis 2) Awirs Cave (Belgium) OIS3 skull fragment 176.4 41.7 14.4 3.4 −19.6 12.6 BocHerens et al. (2001)

Table 3: Isotopic results of different Neandertal specimens from Europe. The human phalanx (MT 500) most probably of 
Neolithic age was originally thought to be from a Neandertal from former Layer IV in Scladina (Bocherens et al., 2001).
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isotopic signatures of the Neandertal from the 
former Layer IV from Scladina Cave, with signif-
icantly more negative δ13C values but high δ15N 
values, and both specimens from Feldhofer Cave, 
with significantly lower δ15N values and more 
negative δ13C values (Figure 4).

The palaeodietary interpretation of the isotopic 
patterns observed in European Neandertals 
suggest that the child from the former Layer  4 
in Scladina Cave obtained his protein supply 
from large herbivores living in open conditions. 
In the sites where a comparison could be made 
with coeval carnivores, it appears that these 
Neandertals exhibit the most positive δ15N values, 
as in Saint-Césaire, Spy, Les Pradelles and jonzac, 
pointing to the consumption of a subset of prey 
including predominantly species with partic-
ularly high δ15N values, such as mammoth in 

Saint-Césaire and Spy (Bocherens et al., 2001, 
2005c), large bovids in Les Pradelles (Bocherens, 
2011), and large bovids and horse in jonzac 
(Richards et al., 2008). The comparison with 
coeval fauna shows that similar isotopic signa-
tures do not necessarily indicate similar diets, 
as different prey species could be represented in 
different sites at different periods.

More evidence for dietary variation in 
Neandertals may be provided from the isotopic 
data of the Neandertal from former Layer IV in 
Scladina Cave, with a more negative δ13C value 
suggesting an additional protein source. However 
this specimen is not secured in stratigraphy, and 
its isotopic signatures look suspiciously similar 
to those of two human bones from the Neolithic 
burial ground located on top of the Scladina 
Pleistocene sedimentary layers. Under these 
circumstances, it  is preferable to consider this 
sample as dubious and refrain from discussing 
further dietary  variability within Neandertals 
based on this single specimen.

The case of the Neandertals from Feldhofer 
is even more complicated. Very few faunal spec-
imens from the same site could be analysed 
and their relationship with the human speci-
mens is not clear (Richards & Schmitz, 2008). 
The suggestion made by these authors that the 
isotopic data point to the predominant consump-
tion of deer is not founded since the δ13C of 
these deer are less negative than those of their 
presumed consumer. Some proteins with more 
negative δ13C values need to be included, and they 
could be either dense forest herbivores, although 
they are not observed in the analyzed fauna, or 
freshwater fish. However, the δ15N values seem 
rather low to be consistent with this hypothesis. 
A third hypothesis could be that these specimens 
included high proportions of plant food in their 
diet, as they fall close to the predicted values for 
such a diet (Bocherens, 2009). However, all this 
discussion is pending the assumption that no 
alteration occurred for these collagens, a fact that 
unfortunately cannot be independently assessed 
from the published data.

In summary, the current isotopic data available 
for European Neandertals point to some variability 
in the origin of dietary proteins, with a majority 
of specimens relying on open environment large 
herbivores, and even megaherbivores in the case 
of the last Neandertals from Saint-Césaire and 
Spy. Additional data should allow  testing to see 
if this pattern holds and if chronological and/or 
geographical patterns occur.

figure 4: Comparison of carbon and nitrogen isotopic 
signatures of European Neandertal collagen, excluding 

specimen with clear signs of alteration (see text).
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6. conclusion

T he palaeodietary reconstruction of the 
Nean dertal child from former Layer 4A in 

Scladina Cave points to the consumption of open 
environment herbivores, similar to the majority of 
European Neandertal analysed so far. However, it 
is not possible to tell if this selection was due to 
the absence of dense forest herbivores at the time 
when this specimen was living, or if such animals 
were present but not consumed.
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1. introduction

M icrowear texture analysis, the objec-
tive, repeatable, and three-dimensional 

approach to dental microwear, has proven to be 
a valuable method for characterizing microwear 
surfaces and for distinguishing dietary and non-
dietary tooth use behaviors in a wide range of 
extant taxa, including bovids (e.g., Ungar et al., 
2007), kangaroos (Prideaux et al., 2009), carnivores 
(e.g., Ungar et al., 2010), non-human primates 
(Krueger et al., 2008; Scott et al., 2012) and 
Recent Modern Human groups (e.g., El Zaatari, 
2014; Krueger & Ungar, 2010; Krueger, 2014). 
In particular, this approach can provide different 
information depending on the tooth type exam-
ined. When applied to the anterior dentition, it has 
been effective in differentiating bioarchaeological 
human groups based on diet, non-dietary ante-
rior tooth use, and dietary and/or abrasive loads 
(Krueger & Ungar, 2010). On the other hand, 
when applied to their occlusal molar surfaces, 
microwear texture analysis has been useful in 
distinguishing recent human groups based on 
their diets and food preparation techniques (El 
Zaatari, 2014). The relationship between dental 
microwear texture signatures, diet, and behavior 
established among modern human populations 
has led to additional important insights into 
dietary and non-dietary tooth-use behaviors of 
Neandertals (Krueger, 2011; Krueger & Ungar, 
2012; El Zaatari et al., 2013).

The wide-scale occlusal molar micro-
wear texture analysis of adult Neandertal 
specimens from numerous western Eurasian sites 
has revealed that not all Neandertals are top-level 
carnivores (El Zaatari et al., 2011), as they had 
been perceived based on stable isotope analyses 
(e.g., Bocherens et al., 1999, 2001, 2005; Richards 
et al., 2000; Bocherens & Drucker, 2003; 
Richards & Trinkaus, 2009). Specifically, the 
microwear signatures of many of the Neandertals 
analyzed, especially those that lived in more open, 

cold-steppe habitats, were found to be similar to 
recent human populations whose diets consisted 
almost exclusively or primarily of meat. However, 
some Neandertals, specifically those that lived in 
wooded habitats, were found to have microwear 
textures similar to recent hunter-gatherer groups 
with a mixed diet. This indicates that, at least for 
some Neandertals, plant foods formed an impor-
tant part of the diet (El Zaatari et al., 2011).

Moreover, the application of anterior micro-
wear texture analysis to adult Neandertal 
specimens has helped better understand non-
dietary anterior tooth use behaviors among 
these fossil hominins (Krueger, 2011; Krueger 
& Ungar, 2012). Previous examinations of the 
unusual and excessive anterior dental wear found 
on some noteworthy Neandertal specimens, such 
as La Ferrassie 1 and Spy 1, has been linked to their 
use of their dentition for non-dietary purposes 
(e.g., Stewart, 1959; Wallace, 1975; Smith, 
1976; Wolpoff, 1979). These behaviors have been 
described in a variety of ways, with the most cited 
scenario proposed from ethnographic reports of 
Alaskan Eskimo and Canadian and Greenland 
Inuit, and referred to as the ‘stuff and cut’ method. 
This scenario suggested that Neandertals would 
clamp a piece of meat between their anterior teeth, 
and slice a portion off close to their lips (Brace, 
1967, 1975; Ryan, 1980; Brace et al., 1981). This 
idea has been expanded to propose other types 
of non-dietary anterior tooth use behaviors, such 
as animal hide processing, sinew thread produc-
tion, weaving tasks, wood softening, and tool 
production and retouching (Cybulski, 1974; 
Lukacs & Pastor, 1988; Foote, 1992; Mayes, 
2001). The results of the microwear texture anal-
ysis of Neandertals’ anterior dentition confirmed 
that the Neandertals did in fact use their dentition 
for non-dietary purposes (Krueger, 2011). Yet, 
this analysis also showed that the Neandertals’ 
engagement in such behaviors was linked to 
climatic conditions, such that those that lived 
under cold, open steppe conditions were found to 
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use their anterior dentition in non-dietary behav-
iors much more intensely than those in the warm, 
woodland climates (Krueger, 2011).

For the current study, anterior and molar 
microwear textures of the Scladina Neandertal 
were analyzed. The examination of the microwear 
texture signatures of the Scladina Neandertal is an 
interesting addition to the present dataset of adult 
Neandertal specimens. Not only will it provide 
additional insight into the dietary and behavioral 
strategies of Neandertals as a whole, but it will 
also begin to allow the examination of sub-adult 
Neandertal individuals.

2. Materials

M icrowear data was recovered from one 
permanent canine (RC1; Scla 4A-12) and 

one permanent molar (RM1; Scla 4A-1/M1) of 
the Scladina juvenile. Since it remains unclear 
whether permanent and deciduous dentitions 
have similar levels of resistance to premortem 
masticatory wear, permanent rather than decid-
uous dentitions were selected to represent 
the Scladina individual for this study to allow 
for securely comparing its microwear data to 
similar data available for permanent dentitions 
of: 1)  adult individuals belonging to six recent 
human groups of known or inferred diet, ante-
rior tooth use behaviors, and abrasive loads, 
and 2) adult Neandertal specimens (El Zaatari, 
2014; Krueger, 2014; Krueger & Ungar, 2010, 
2012; El Zaatari et al., 2013).

Aleut
Study sample:  The specimens were collected 

from the islands of Agattu, Amaknak, 
Kagamil, Unmak, and Unalaska, Alaska, 
USA (Hrdlička, 1945) and date to 3400‒400 
years  BP (Coltrain, 2010). Anterior dental 
microwear data was recovered from 24 indi-
viduals and molar microwear data was recov-
ered from 21 individuals.

Diet: The Aleutian diet consists predominantly 
of marine animals including sea mammals, 
fish, shellfish, supplemented by land resources 
including, foxes, birds, rodents, and tubers 
(Hrdlička, 1945; Laughlin, 1963; Coltrain, 
2010).

Abrasive loads: The Aleut are known for their 
extensive chewing of frozen and dried ani-
mal meat and skin (Hoffman, 1993). 
Environmental abrasives, such as sand and 

grit, are hypothesized to have been a daily 
inclusion in their diet (Moorrees, 1957).

Non-dietary anterior tooth use behaviors: 
Ethnographically, the Aleut used their ante-
rior dentition in non-dietary anterior tooth use 
behaviors, including hide production and wood 
softening (Hrdlička, 1945; Moorrees, 1957).

Arikara
Study sample: This sample consists of individu-

als from the Mobridge Site (39WWI), South 
Dakota, USA, and date to 400-300 years BP 
(Jantz, 1973). Anterior microwear data was 
recovered from 18 individuals and molar micro-
wear data was recovered from 16 individuals.

Diet:  The Arikara’s diet had strong emphasis on big 
game, supplemented by a mix of wild and cul-
tivated plant foods including peppers, pump-
kins, grapes, black cherries, beans, squash, 
corn, and sunflowers (Hurt, 1969; Meyer, 
1977; Tuross & Fogel, 1994; Blakeslee, 1994).

Abrasive loads: It has been suggested that the 
Arikara were subject to dietary abrasives from 
corn phytoliths and food processing tech-
niques, including the use of stone mortars, 
as well as the frequent consumption of dried 
strips of game meat (Leigh, 1925; Meyer, 1977).

Non-dietary anterior tooth use behaviors: None 
documented.

Ipiutak
Study sample: These specimens were recovered 

from the site of Point Hope, Alaska, USA, and 
date to 2050-1450 years BP (Larsen & Rainey, 
1948). Anterior microwear data was recovered 
from 22 individuals and molar microwear data 
was recovered from 17 individuals.

Diet: While inhabiting the coast during the sum-
mer months, the Ipiutak’s diet was based on 
caribou, and sea mammals, including seals and 
walrus (Lester & Shapiro, 1968).

Abrasive loads: Point Hope is a coastal site, and 
environmental abrasives, such as sand, would 
have been included in the Ipiutak’s diet.

Non-dietary anterior tooth use behaviors : 
Evidence suggests the Ipiutak used their ante-
rior dentition in intense caribou hide prepara-
tion and processing (Krueger, 2014).

Tigara
Study sample: These specimens were recovered 

from the site of Point Hope, Alaska, USA, and 
date to 750-250 years BP (Larsen & Rainey, 
1948). Anterior microwear data was recovered 
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from 34 individuals and molar microwear data 
was recovered from 27 individuals.

Diet: The Tigara diet consisted predominantly 
of sea mammals, including whales, walrus, and 
seals, and was supplemented by fish, birds, ber-
ries, and other edible plants (Larsen & Rainey, 
1948; Dabbs, 2009; Brubaker et al., 2010).

Abrasive loads: The Tigara’s food preparation 
techniques, which included freezing meat 
underground as a year-round staple (de 
Poncins, 1941; Giddings, 1967), would have 
led to the inclusion of large amounts of envi-
ronmental abrasives, such as sand, in their 
diet. Also, dried and frozen uncooked meat and 
skin -together with its attached subcutaneous 
fat- were often chewed for prolonged periods 
of time (Balikci, 1970).

Non-dietary anterior tooth use behaviors: 
Ethnographically, the Tigara used their ante-
rior dentition in some hide processing and 
sinew thread production (Foote, 1992).

Fuegian
Study sample: The sample consists of specimens 

from the Yamana Tribe of the Beagle Channel 
Islands, Argentine Tierra del Fuego, extreme 
southern South America and date to AD 1880 
(Manzi, 1986). Molar microwear data was 
recovered from 6 individuals.

Diet: The Fuegians relied on seals, sea lions, 

guanaco (Lama guanicoe), shellfish, fish, pen-
guin, and waterfowl for subsistence (Bridges, 
1885; Snow, 1861; Yesner et al., 2003).

Abrasive loads: None documented
Non-dietary anterior tooth use behaviors: 

None documented

Puye Pueblo
Study sample: This sample consists of specimens 

from the volcanic plateau in northcentral New 
Mexico, USA dating to 100‒330 BP (Barnes, 
1994). Anterior microwear data was recovered 
from 18 individuals.

Diet: The Puye Pueblo diet consisted predom-
inantly of maize, squash, and bean agricul-
ture, supplemented by prickly pear, yucca 
fruit, plums, grapes, foxes, deer, rabbits, and 
beeweed (Hewett, 1938; Trierweiler, 1990; 
Barnes, 1994).

Abrasive loads: Maize phytoliths and stone-on-
stone grinding processes contributed die-
tary abrasives, and environmental abrasives, 
including dust and grit common to the open 
setting (Trierweiler, 1990).

Non-dietary anterior tooth use behaviors: None 
documented.

Neandertals
The anterior microwear textures of the 
Scladina juvenile were compared to a sample of 

Site Specimen Palaeovegetation Cover

Spy I Open (cordy, 1988)

La Quina 5
20 Open (BoucHud, 1966; Henri-martin, 1966)

Subalyuk 1 Open (Gross, 1956; Kordos in scHwartz & tattersall, 2002)

Grotte de l’Hyène 
(Arcy-sur-Cure) IVb6 B9 Open (leroi-GourHan, 1988)

Saint-Césaire 1 Mixed (lavaud-Girard, 1993; leroyer & leroi-GourHan, 1993; marquet, 1988, 1993; miskovsky & lévêque, 
1993; morin, 2004; Patou-matHis, 1993) 

Vindija
11.45
11.46
12.1

Mixed (miracle et al., 2010)

Petit-Puymoyen 2
4 Mixed (BœuF, 1969)

Rochelot 1098 Mixed (tournePicHe & couture, 1999)

La Chaise Bourgeois-Delaunay 8 Mixed (FellaG, 1996)

Kebara 2 Mixed (eisenmann, 1992; sPetH & tcHernov, 1998, 2001, 2002)

Tabun II Mixed (Jelinek et al., 1973)

Zafarraya 4 Wooded (Barroso ruiz et al., 2006)

Grotta Breuil 2 Wooded (kotsakis, 1990-1991; stiner, 1994; reccHi, 1995)

El Sidrón SDR-005 Wooded (Fortea et al., 2003)

Lakonis LKH1 Wooded (PanaGoPoulou et al., 2002-2004)

Amud I Wooded (raBinovicH & Hovers, 2004; kolska Horwitz & HonGo, 2006; Belmaker & Hovers, 2008)

Table 1: Neandertal specimens whose occlusal molar microwear textures were used for the comparison with those of the 
Scladina Child (see El Zaatari et al., 2011 for details on the specimens and the palaeovegetation cover reconstructions).
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Neandertals from the site of Krapina (Krueger 
& Ungar, 2012). The Krapina Neandertals date 
to 130,000 ± 10,000, and are generally attrib-
uted to MIS 5e.  If accurate, this would suggest 
these individuals were living in a warm, wooded 
climate (Rink et al., 1995; Simek & Smith, 1997; 
Karavanić, 2004). These Neandertals are noted 
for the presence of labial-lingual rounding (incisor 
beveling) on some specimens, and the cause of 
this has been suggested to be non-dietary ante-
rior tooth use behaviors (Wolpoff, 1979). Labial 
striations on the incisors and anterior dental 
microwear analyses support this hypothesis 
(Lalueza-Fox & Frayer, 1997; Krueger & Ungar, 
2012). Specifically, microwear textures suggest 
that the Krapina Neandertals were engaging in 
moderate non-dietary anterior tooth use behav-
iors that did not require a heavy anterior loading 
regime (Krueger & Ungar, 2012).

The molar microwear data of the Scladina 
juvenile was compared to those of a total of 
20 adult Neandertal individuals from 16 sites 
(listed in Table 1) located in different parts of 
Europe (southern, central, northern) as well as 
the Levant and dating to between MIS 6 to MIS 
3 (El Zaatari et al., 2011, 2013). An analysis of 
the molar microwear textures of these specimens 
examining the effects of time, geography, and 
palaeoecology on their diets showed that their 
diets differed significantly in response to the 
changes in palaeoecological conditions. Indeed, 
the microwear textures of these Neandertals 
indicate that they increased their intake of 
plant foods with the increase in tree cover, 
whereas they increased their intake of meat 
with the spread of cold, open steppic conditions 

(El Zaatari et al., 2011). Thus, for the compari-
sons with the Scladina molar microwear texture, 
the Neandertal specimens were grouped into 
three groups based on habitat, i.e., open, mixed, 
and wooded habitats.

3. Methods
T he microwear analyses of the Scladina teeth 

were conducted on high resolution dental 
casts. Following gentle cleaning of the dentition 
with cotton swabs soaked with distilled water, 
negative molds were first made of the Scladina 
teeth using Coltène President microSystemTM 
(Coltène®; polysiloxane vinyl) impression mate-
rial and the positive casts were then poured using 
Epo-Tek 301 epoxy resin and hardener (Epoxy 
Technologies).

A Sensofar Plµ white-light scanning confocal 
microscope (Solarius Development Inc., Sunnyvale 
California) with a 100× objective lens was used to 
scan the labial surface nearest the occlusal edge 
of the Scladina canine and the crushing/grinding 
facet 9 of the molar. Point clouds were gener-
ated for a total of four adjoining scans for each 
surface, with a lateral sampling interval of 0.18 
µm, and a total field of view of 276 × 204 µm for 
each tooth. Any identifiable defects, such as adhe-
sive or dust particles were then removed and 
photosimulations and 3D images were generated 
using the Solarmap Universal software (Solarius 
Development Inc., Sunnyvale, CA).

The four adjoining scans of each specimen were 
characterized using Toothfrax and SFrax (Surfract, 
www.surfract.com) scale-sensitive fractal analysis 
(SSFA) software packages. Five texture variables 

Table 2: Raw data for the Scladina Neandertal anterior teeth microwear texture and summary statistics for the modern 
human and Neandertal comparative samples. Five texture variables were generated: complexity (Asfc), anisotropy 

(epLsar), scale of maximum complexity (Smc), textural fill volume (Tfv), and heterogeneity (HAsfc9 and HAsfc81).

Asfc epLsar Smc Tfv HAsfc9 HAsfc81

SCLADINA NEANDERTAL 1.22 0.0051 0.34 10778.82 0.44 0.97

Aleut (n = 24)
Mean 0.93 0.0030 0.40 7434.50 0.38 0.61

SD 0.45 0.0011 0.36 5272.19 0.07 0.12

Arikara (n = 18)
Mean 0.77 0.0036 0.38 1897.76 0.37 0.56

SD 0.40 0.0016 0.22 2466.36 0.08 0.12

Ipiutak (n = 22)
Mean 3.43 0.0020 0.34 12143.02 0.66 1.36

SD 3.03 0.0008 0.28 4253.49 0.31 0.80

Tigara (n = 34)
Mean 1.20 0.0032 0.35 7296.02 0.53 0.89

SD 0.99 0.0015 0.12 5391.20 0.26 0.46

Puye Pueblo (n = 18)
Mean 1.24 0.0040 0.31 5093.03 0.48 0.75

SD 1.01 0.0012 0.22 4183.08 0.14 0.32

Neandertals
Krapina (n = 17)

Mean 1.27 0.0031 0.39 5810.11 0.42 0.68

SD 0.45 0.0013 0.14 3620.88 0.08 0.16
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were generated: complexity (Asfc), anisotropy 
(epLsar), scale of maximum complexity (Smc), 
textural fill volume (Tfv), and heterogeneity 
(HAsfc). These variables have been discussed 
in detail elsewhere (see Scott et al., 2005, 2006; 
Ungar et al., 2007). Briefly, complexity (Asfc) is 
a measure of the change of surface roughness 
across different scales of observation. Anisotropy 
(epLsar) is a reflection of the concentration of 
wear feature orientations. Scale of maximum 
complexity (Smc) is an indicator of the size of the 
microwear features. Textural fill volume (Tfv) is 
a reflection of the geometrical shape and depth 
of wear features. Heterogeneity (HAsfc) reveals 
the variability in complexity across the surface. 
It should be noted that the individual heteroge-
neity value for the Scladina molar used in this 
study was calculated using the four scans for this 
tooth without splitting single scans into smaller 
sub-regions, whereas two values of heteroge-
neity for the Scladina canine were calculated by 
dividing each field of view into 3×3 (HAsfc9) and 
9×9 (HAsfc81) grids. Finally, for the four scans, 
median values for each of the five texture varia-
bles were calculated for each tooth.

The values for the five variables for the Scladina 
canine were then compared to data available from 
maxillary central incisors of the modern compar-
ative samples and from maxillary and mandibular 
incisors and canines of the Krapina Neandertals 
(Krueger & Ungar, 2010, 2012; Krueger, 2014). 
Microwear textures have been shown to not differ 
significantly between these tooth types and jaws 

(Krueger, 2011). The values for the texture vari-
ables for the Scladina molar were compared to 
similar data collected from molars of the modern 
human and Neandertal samples (El Zaatari, 
2014; El Zaatari et al., 2011, 2013). The lack of 
significant differences in microwear patterns by 
molar type or position in recent hunter-gatherer 
groups makes it possible to include data from 
molars with different positions for the specimens 
analyzed (El Zaatari, 2010).

4. results

R epresentative 2D photosimulations of the 
surfaces of the Scladina and the comparative 

groups’ dentition are presented in Figures 1 & 2.  
Raw data for the Scladina Neandertal microwear 
textures, along with the summary statistics for 
the modern human and Neandertal comparative 
samples are presented in Tables 2 & 3.  Results are 
illustrated in Figures 3 & 4.

4.1. complexity
The Scladina canine complexity value is 1.22. It 
is nearly identical to, and intermediate between, 
the mean values for the Puye Pueblo and the 
Tigara modern human samples. This value 
also falls within the one standard deviation 
ranges of the means of the Ipiutak and Aleut. 
The complexity value of the Scladina canine 
is very close to the mean value of the Krapina 
Neandertal sample.

Asfc epLsar Smc Tfv HAsfc1

SCLADINA NEANDERTAL 0.76 0.0014 1.67 9422.17 0.13

Aleut (n = 21)
Mean 2.59 0.0028 0.45 10383.20 0.22

SD 1.60 0.0011 0.73 5419.60 0.14

Arikara (n = 16)
Mean 1.15 0.0027 0.82 5672.80 0.20

SD 1.09 0.0015 0.97 5997.80 0.15

Ipiutak (n = 17)
Mean 10.03 0.0019 0.18 13984.20 0.20

SD 7.61 0.0006 0.05 3133.60 0.13

Tigara (n = 27)
Mean 6.41 0.0031 0.22 12434.10 0.29

SD 5.62 0.0016 0.07 4946.70 0.20

Fuegians (n = 6)
Mean 0.95 0.0044 0.40 5224.80 0.11

SD 0.29 0.0014 0.14 3522.50 0.03

Neandertals
Open (n = 5)

Mean 1.08 0.0023 0.30 10770.26 0.11

SD 0.24 0.0008 0.10 1645.88 0.09

Neandertals
Mixed (n = 10)

Mean 1.54 0.0030 0.44 10935.31 0.26

SD 0.47 0.0010 0.57 5519.59 0.14

Neandertals
Wooded (n = 5)

Mean 2.87 0.0023 3.72 14560.62 0.53

SD 0.52 0.0016 4.98 2085.99 0.44

Table 3: Raw data for the Scladina Neandertal molar microwear texture and summary statistics for the modern 
human and Neandertal comparative samples. Five texture variables were generated: complexity (Asfc), anisotropy 

(epLsar), scale of maximum complexity (Smc), textural fill volume (Tfv), and heterogeneity (HAsfc1).
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figure 1: Representative 2D photosimulations of an area of 
276 x 204 µm2 of the anterior dentitions of:  a) Scladina, b) Aleut, c) Arikara, 

d) Ipuitak, e) Tigara, f) Puye Pueblo, g) Neandertal (krapina 73).

The complexity value of the Scladina molar 
falls within the one standard deviation ranges 
of the means of the Arikara, Fuegians, and 
Neandertals from open habitats, and outside the 
ranges of variation of the rest of the modern and 
Neandertal groups.

4.2. anisotropy
The Scladina canine anisotropy value, which is 
0.0051, is higher than the mean values for all the 
modern human samples as well as the sample 
of Krapina Neandertals. It also falls outside the 
ranges of all the comparative groups with the 
exception of the Puye Pueblo and Arikara.

The molar anisotropy value for the Scladina 
juvenile falls within the one standard deviation 
ranges of the means of the Arikara, Ipiutak, and 
Tigara and outside the ranges of the Aleut and 

Fuegians. From the Neandertal groups, the anisot-
ropy value of the Scladina molar falls within the 
ranges of the Neandertals from open as well as 
those from wooded habitats.

4.3. Scale of maximum complexity

The Scladina canine Smc value is 0.34, and is 
identical to that of the Ipiutak. It is also very 
close to the value for the Tigara. The Scladina 
individual is within the range of every modern 
human sample and the Krapina Neandertals.

The Scladina molar has a relatively high value 
for the scale of maximum complexity. This value 
falls within the one standard deviation range of 
the mean of the Arikara from the recent human 
groups and the Neandertals from wooded habitats 
from the Neandertal groups analyzed.

a

b

c

d

e

f
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figure 2: Representative 2D 
photosimulations of an area of 276 x 204 

µm2 of the occlusal molar surfaces of: 
a) Scladina, b) Aleut, c) Arikara, d) Ipuitak, 
e) Tigara, f) Fuegians, g) Neandertal from 

open habitat (Subalyuk 1), h) Neandertal from 
mixed habitat (Vindija 11-46), i) Neandertal 

from wooded habitat (Grotta Breuil 2).
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4.4. Textural fill volume

The Scladina canine textural fill volume is 10,778.82. 
This Tfv value falls within the range of the Ipiutak, 
Tigara, and Aleut, i.e., all the arctic comparative 
samples used in this study, and outside the ranges 
of the Arikara and the Puye Pueblo. It is higher 
than the mean Krapina Neandertal value, and also 
falls outside the range of this sample.

The textural fill volume value for the Scladina 
molar falls within the ranges of one standard 
deviation of the means of the Aleut, Arikara, 
and  Tigara from the recent human groups, as 
well  as the Neandertals from open and mixed 
habitats, and outside the ranges of the remaining 
recent human groups and the Neandertals from 
wooded habitats.

4.5. heterogeneity

The Scladina canine heterogeneity 3×3 and 9×9 
values are 0.44 and 0.97. The 3×3 value is closest 
to the mean of the Puye Pueblo from the modern 
comparative samples. Yet, this value also falls 
within the ranges of the Tigara and Ipiutak from 
Point Hope. The Scladina canine 3×3 value is also 
very close to the mean of the Krapina Neandertal 
sample. On the other hand, the 9×9 value is 
closest to the mean of the Tigara sample, but it 
also falls within the one standard deviation ranges 
of the means of the Ipiutak and Puye Pueblo. The 
Scladina canine 9×9 value is not only considerably 
higher than the mean of the Krapina Neandertals, 
but is also above the range for this sample.

The heterogeneity value (HAsfc1) of the 
Scladina molar falls within the one standard 

figure 3: Plots of the means (dots) and one standard deviation ranges (bars) for the anterior dental 
microwear texture variables for Scladina and the modern human and Neandertal comparative groups.
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deviation of the mean ranges of all the recent 
human and the Neandertal groups analyzed.

5. discussion
5.1. anterior dental microwear textures

M icrowear texture analysis of anterior 
dentition in bioarchaeological modern 

human groups with known dietary and non-
dietary anterior tooth use behaviors have shown 
that the different microwear texture variables 
reflect these behaviors (Krueger & Ungar, 2010; 
Krueger, 2011). The anisotropy variable has 
been demonstrated to be good at distinguishing 
non-dietary from dietary anterior tooth use 
behaviors (Krueger & Ungar, 2010; Krueger, 
2011). Specifically, the samples with low anisot-
ropy values (0.0032 and lower) are those that are 
documented as using their anterior dentition in 

non-dietary behaviors. On the other hand, those 
with higher values are the samples that only 
use their anterior dentition for dietary purposes, 
such as incising a food item (Krueger & Ungar, 
2010; Krueger, 2011). Textural fill volume has 
been associated with anterior loading regimes 
(Krueger, 2011). Those samples with high textural 
fill volume values indicate high anterior loading, 
while those with low values suggest the opposite 
(Krueger, 2011). Both Point Hope samples as well 
as the Aleut have high texture fill volume values. 
These samples are documented to have partici-
pated in high loading regimes which were related 
to various uses of the anterior dentition in non-
dietary behaviors. Heterogeneity 3×3 and 9×9 
has been linked to coarse- and fine-scale abrasive 
particle density and size, respectively (Krueger & 
Ungar, 2010; Krueger, 2011). If the heterogeneity 
values are high, exposure to abrasives were also 
high, and vice versa. Complexity values of ante-
rior dentition have been linked to two factors: 

figure 4: Plots of the means (dots) and one standard deviation ranges (bars) for the molar microwear 
texture variables for Scladina and the modern human and Neandertal comparative groups.
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1) the level of abrasive exposure and 2) the level 
of non-dietary anterior tooth use behaviors 
(Krueger, 2011). Thus, if both factors are high 
or low, complexity will be high or low, respec-
tively. If one factor is high, then complexity will 
be moderate. Lastly, the Smc variable has not been 
shown to be particularly useful for distinguishing 
samples in anterior dental microwear studies, and 
will not be discussed further here.

Overall, in comparison to the modern human 
samples, the Scladina Neandertal anterior micro-
wear texture values for anisotropy, texture fill 
volume, and heterogeneity 9×9 are relatively high, 
while those for heterogeneity 3×3 and complexity 
are relatively moderate. The relatively very 
high Scladina Neandertal anisotropy value and 
its congruence only with the Puye Pueblo and 
Arikara, the two samples that used their ante-
rior dentition solely for dietary purposes, strongly 
indicates only dietary use of the anterior denti-
tion. Similarly, the high textural fill volume value 
of the Scladina Neandertal suggests that this 
individual participated in high anterior loading 
regimes, yet its relatively high anisotropy value 
indicates that these anterior loads were most 
likely associated with incising tough food items 
rather than non-dietary anterior tooth use behav-
iors. Both heterogeneity values for the Scladina 
individual fall within the ranges of the modern 
human comparative groups that were exposed to 
relatively high amounts of dietary and environ-
mental abrasive loads (i.e., Puye Pueblo, and the 
two Point Hope samples). This suggests that the 
Scladina juvenile was also exposed to a relatively 
high amount of environmental and/or dietary 
abrasive loads. The Scladina canine complexity 
value is relatively moderate. Yet, since other 
texture values do not suggest non-dietary anterior 
tooth use behaviors for the Scladina Neandertal, 
this is not a factor here. Thus, the moderate value 
of the Scladina Neandertal is congruent with high 
levels of abrasive exposure only.

In comparison to the Krapina Neandertals, 
the Scladina anterior dental microwear values for 
heterogeneity 3×3 and complexity fall within the 
Krapina sample’s ranges for these two variables. 
This suggests that the Scladina Neandertal was 
exposed to similar amounts of dietary and/or envi-
ronmental coarse abrasive loads as the Krapina 
Neandertals. The Scladina values for the remaining 
variables, i.e., anisotropy, heterogeneity 9×9, and 
textural fill volume, are all higher than those of 
the Krapina Neandertals. This suggests that the 
Scladina juvenile engaged in fewer non-dietary 

tooth use behaviors and was exposed to rela-
tively higher amounts of fine-scale abrasive loads 
compared to the Krapina Neandertals. It should be 
mentioned that the Krapina Neandertal values for 
these variables reflect a moderate anterior loading 
regime associated with moderate non-dietary 
anterior tooth use behaviors and an exposure to 
relatively low amounts of fine-scale abrasive loads 
(Krueger & Ungar, 2012).

The results of the anterior microwear texture 
analysis of the Scladina Neandertal show that, 
while Neandertals are often associated with non-
dietary anterior tooth use behaviors, most often 
associated with intense clamping and grasping 
activities, this is not always the case, at least for 
the Scladina individual. Several explanations can 
be put forth for the lack of a non-dietary anterior 
tooth use signal for the Scladina Neandertal. One 
possible explanation is that perhaps the Scladina 
Neandertal lived during a relatively warm period 
of MIS 5 which would have allowed for the 
release of the anterior dentition from intense non-
dietary behaviors that are often affiliated with 
the processing of hide for protective purposes. 
Unfortunately, this cannot be confirmed as envi-
ronmental reconstructions for the layer from 
which the Scladina Neandertal was recovered are 
unavailable (see Chapter 5). Another explanation 
is that the Scladina Neandertal was too young to 
participate in non-dietary anterior tooth behav-
iors. Indeed, this individual is approximately 
eight years old (Smith et al., 2007), and it remains 
unknown when sub-adult Neandertals would 
have fully participated in adult activities. Thus, 
the anterior dental microwear analysis of the 
Scladina individual offers a unique look into the 
dietary and behavioral strategies of Neandertals, 
and perhaps offers a glimpse into the responsibil-
ities of sub-adults.

5.2. Molar microwear textures

Differences in occlusal molar microwear textures 
of Recent Modern Human groups were found to 
be highly correlated with the ethnographically 
documented or archeologically inferred differ-
ences in the diets and food preparation techniques 
of these groups (El Zaatari, 2014). Specifically, 
the complexity values have been found to be 
positively correlated with the levels of abrasives 
(hard brittle items) ingested. These abrasives can 
either be of dietary nature or can also be extra-
neous particles (i.e., environmental abrasives 
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such as sand, grit, etc) that get attached to the 
food items as a result of food preparation tech-
niques (El Zaatari, 2014). To this end, the two 
Point Hope populations, known to ingest very 
high amounts of environmental abrasives, have 
very high complexity values compared to the 
remaining groups. On the other hand, the anisot-
ropy variable has been found to be linked to the 
level of consumption of softer, but tougher items, 
such that a high anisotropy value would indicate 
the consumption of large amounts of tough foods 
compared to hard foods (El Zaatari, 2014). The 
high anisotropy value of the Fuegians compared 
to the rest of the modern human samples analyzed 
illustrates the relation between the anisotropy 
variable and the consumption of tough foods rela-
tive to abrasive foods. Unlike the other groups, the 
Fuegians’ based their subsistence almost exclu-
sively on meat (a relatively tough dietary item) that 
was generally free of dietary and environmental 
abrasives. The scale of maximum complexity was 
found to be mostly correlated with the size of the 
wear causing particles (El Zaatari, 2014). The two 
Point Hope populations who ingested substantial 
amounts of small sand particles along with their 
food were found to have the lowest, as well as 
the least dispersed, values for scale of maximum 
complexity among the groups analyzed. On the 
other hand, the Arikara whose diet consisted of 
different kinds of plant food abrasives were found 
to have the highest scale of maximum complexity 
mean value and the most dispersion in indi-
vidual values for this variable among the groups 
analyzed (El Zaatari, 2014). Textural fill volume 
values are most likely affected by two factors, the 
amount and size of the abrasive particles. A high 
textural fill volume value would indicate a large 
consumption of abrasive particles or a consump-
tion of very hard abrasive particles that would 
cause deep features on the occlusal molar surface 
(El Zaatari, 2014). The heterogeneity variable 
has not been found to be a differentiating factor 
among the recent human populations analyzed 
to date (El Zaatari, 2014). But, studies of non-
human primates have suggested this variable to 
be associated with the level of individual dietary 
variability. Ingesting different kinds of parti-
cles would increase the variability in microwear 
texture across the tooth surface, and thus would 
lead to a higher heterogeneity value (Scott et al., 
2012).

Compared to the recent human samples, the 
relatively low surface complexity of the Scladina 
molar and its similarity to those of individuals 

belonging to two of the recent human samples, the 
Fuegians and the Arikara, whose diets consisted 
of the smallest amount of abrasives among the 
groups analyzed, reflects a diet focused on softer 
foods with a low level of abrasives for the Scladina 
Neandertal. The low anisotropy value of the 
Scladina molar suggests that this juvenile’s diet 
did not consist exclusively of tough foods. Indeed, 
The Scladina molar has anisotropy value that is 
substantially lower than the Fuegians’ values, 
but falls within the lower range of values of the 
Arikara, a group that is known to have consumed 
substantial amounts of dried bison meat (a tough 
food item) along with dietary abrasives for its 
subsistence. The Scladina molar textural fill volume 
value is relatively intermediate. This most likely 
reflects large abrasive particles since, as illustrated 
by the complexity value, the diet of the Scladina 
Child did not consist of large amounts of abra-
sives. The ingestion of large size abrasive particles 
by the Scladina Child is also supported by its rela-
tively large scale of maximum complexity value. 
This value is substantially higher than individuals 
from Point Hope whose diets consisted of large 
amounts of small extraneous grit and sand parti-
cles and similar to specimens from the Arikara 
group, whose diet consisted of abrasives of dietary 
nature. Overall, the molar microwear texture indi-
cates that the diet of the Scladina Child consisted 
of a mix of soft and tough food items along with 
some abrasive items that were most likely dietary 
rather than environmental in nature. Stable 
isotope analyses have indicated a meat based 
diet for this Neandertal (Bocherens et al., 1999, 
2001). The results of this study are in accord with 
this reconstruction since meat is generally a soft, 
but tough food item. Yet, the microwear data also 
reveals that the diet of the Scladina Child most 
likely included small amounts of abrasive plant 
foods as well.

The Neandertal groups from different palaeo-
ecological conditions were best distinguished 
based on the complexity and heterogeneity vari-
ables. For the complexity variable, the low value 
of the Scladina juvenile is most similar to adult 
Neandertals from open habitats. The Scladina 
heterogeneity value falls within the range of the 
Neandertals from open as well as wooded habitats. 
Yet, it is much closer to the mean of the former 
rather than that of the latter. Neandertals from 
wooded habitats were found to have a relatively 
wide dispersion of values most likely reflecting a 
high level of variation in individual dietary vari-
ability. The relatively low heterogeneity value for 
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the Scladina juvenile reflects a diet consisting 
of low variability in food items ingested by this 
child. Unfortunately, palaeoenvironmental recon-
structions are unavailable for the layers of the 
Scladina site that yielded the Neandertal juvenile 
(see Chapter 5). Thus, it remains unclear whether 
the similarity in molar microwear textures between 
the Scladina juvenile and the adult Neandertals 
from open habitats is simply a reflection of dietary 
similarity in similar environmental conditions or 
whether it was linked to other factors such as the 
young age of this individual.

6. conclusions

I n this study the microwear textures of the 
anterior and molar dentition of the Scladina 

Neandertal were analyzed and compared to those 
of bioarchaeological human populations as well 
as adult Neandertals. The aim of this study was 
to gain insights into the diet and behavior of the 
Scladina juvenile. The results of this study show 
that the Scladina Neandertal used his/her anterior 
dentition solely for dietary purposes and that this 
child did not practice non-dietary anterior tooth 
use behaviors. Concerning diet, the microwear 
textures of the Scladina Child show that the diet 
of this Neandertal can be best described as having 
consisted of a mix of soft and tough foods in addi-
tion to some amounts of dietary abrasives. Also, 
the anterior dental microwear texture results 
suggest that some of the foods ingested by this 
child required a high anterior loading regime. 
Synthesizing these data, perhaps the Scladina 
Neandertal was subsisting on dried meat. Incising 
such a foodstuff would require a high anterior 
loading regime. Once in the oral cavity, it would 
be tough, but as the saliva and molars break it 
down chemically and mechanically, respectively, 
it would become soft. This is just one explana-
tion of many possible ideas, and perhaps further 
research can shed more light. Overall, the dental 
microwear analysis of the Scladina individual 
offered a unique look into the dietary and behav-
ioral strategies of Neandertals, and perhaps also 
offered a glimpse into the diets and responsibili-
ties of sub-adults.
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chapter 19

The following article was written soon after the publication of the first genetic analysis of the 
Scladina Neandertal Child (Orlando et al., 2006). By then — it was in 2006 — sequencing even 
short DNA pieces from ancient material represented a big challenge. It is still true to some 
extent as ancient DNA molecules are nowhere near the long stretches of millions of As, Cs, 
Gs and Ts (nucleotides) that constitute our chromosomes. Those molecules are rather extre-
mely fragmented into 50-100 nucleotide chunks at best and are also chemically degraded, 
which makes their analysis particularly difficult (Paabo et al., 2004). However, the recent years 
have experienced a massive technological revolution. First, so-called next-generation sequen-
cing platforms can now generate millions to billions of sequences in a cost- and time- effective 
manner. This, coupled with sound bioinformatic procedures, makes it possible to identify the 
minority of sequences that come from the Neandertal individual as opposed to the majority of 
those originating from environmental microbes that colonized its bones and teeth after death 
(Schubert et al., 2012, 2014; Der Sarkissian et al., 2014). Second, novel methods have been deve-
loped in ancient DNA research facilitating access to (Dabney et al., 2013; Meyer et al., 2014), 
and possibly even enriching for ancient molecules (Briggs et al., 2009; Burbano et al., 2010). 
This resulted in an unexpected blossoming characterization of ancient genomes (Rasmussen 
et al., 2010, 2011, 2014; keller et al., 2012; Raghavan et al., 2014) that recently culminated with 
the characterization of the complete genome from a horse that lived 700 ka BP ago, and for 
Neandertals, the complete genome sequence of no more than several individuals from Croatia 
(Green et al., 2010), the Caucasus and the Altai (Prüfer et al., 2014). We know today the genome 
of Neandertals, as well as that of other archaic hominins, called Denisovans (Reich et al., 2010; 
Meyer et al., 2012). The sequencing of the genome of the pre-Neandertal Homo heidelbergensis is 
on its way (Meyer et al., 2014; Orlando, 2014). At the same time, our knowledge and understan-
ding of the genetic diversity present amongst modern human populations has improved (The 
1000 Genomes Project Consortium 2012). Therefore, the sequence information available now is 
order of magnitude greater than what we knew back in 2006. The 123 nucleotides characterized 
from the mitochondrial DNA of the Scladina Child represent only 0.000004% of the information 
present in its genome! Therefore, and not surprisingly, what we know today from our rela-
tionships with Neandertals goes well beyond the conclusions that we could draw in 2006. In 
particular, we know now that Neandertals and non-African modern humans share an excess of 
derived (non-chimp-like) mutations (Green et al., 2010; Prüfer et al., 2014). Although alternative 
models could explain this pattern (Yang et al., 2012; Eriksson and Manica, 2014), this probably 
indicates that Neandertal and modern human population outside of Africa admixed, most 
likely around 50 thousand years ago (Sankararaman et al., 2012). This contradicts the picture 
as depicted by mitochondrial DNA alone, where Neandertals and modern humans appeared as 
two distinct entities. This is because mitochondrial DNA can only track one single genealogy 
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where the genome reflects a large number of independent genealogies as recombination makes 
every single gene/locus independent. We can even scan our own genome for segments of 
Neandertal origin (Sankararaman et al., 2014; Vernot & Akey, 2014)! We also know, as hypothe-
sized following the genetic analysis of the Scladina Child, that Neandertal populations were 
limited demographically and harbored only low levels of genetic diversity (Prüfer et al., 2014). 
Therefore, the value of the following article is mostly historical, as it ultimately illustrates that 
knowledge is a moving target and thereby showcases the profound changes in paradigm that 
we experienced over the last few years. There are still many things left to discover about our 
past and our relationships with Neandertals: there is no doubt that the Scladina Child, who 
lived in Belgian at a time when modern humans did not yet discover the European continent, 
could potentially help solve some of the final pieces of the puzzle!

Ludovic Orlando, April 2014.
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1. introduction

I n Europe as a whole, Neandertals and modern 
humans have coexisted from 42-28  ka BP 

(Mellars, 2006; Finlayson, et al., 2006). Though 
the coexistence took place only in some parts of 
the continent, it might have provided enough 
time for interbreeding (Smith et al. 1999; Hublin, 
2000). Between 1997 and 2006, sequences of 
mtDNA hypervariable regions (HVR) have 
been reported from ten Neandertal specimens 
dated 42-28 ka BP from Feldhofer (Germany), 
Mezmaïskaya (northern Caucasus), Vindija 
(Croatia), Engis (Belgium), La Chapelle-aux-
Saints (France), Rochers-de-Villeneuve (France) 
and El Sidron (Spain) (Krings et al., 1997; Krings 
et al. 1999; Ovchinnikov et al., 2000; Krings et 
al., 2000; Schmitz et al., 2002; Lalueza-Fox et 
al., 2005). Comparison with modern humans and 
chimpanzees revealed that Neandertal haplotypes 
were more similar to humans than chimpan-
zees but fall outside the range of modern human 
genetic diversity, making any suggestion that 
Neandertals contributed to the mitochondrial 
gene pool of contemporary humans through inter-
breeding highly unlikely (Currat & Excoffier, 
2004). Furthermore, the facts that (i) Neandertal 
sequences show no preferential regional affinity 
with Europeans and (ii) that the divergence 
between Neandertals and modern humans well 
predated the origin of the current mitochondrial 
diversity of modern humans have been taken 
as key arguments for the validity of the Rapid 
Replacement Model (also called ‘Out of Africa’).

These interpretations have been criticized 
though. For instance, Relethford (2001ab) has 
convincingly demonstrated that the lack of 
regional affinity between Neandertals and modern 
Europeans does not preclude multiregionalism as 
multiregional evolution is not independent from 
regional evolution. Archaic human populations 
(including the European Neandertals) remained 
rather interconnected by gene flow across the Old 
World (Relethford, 1999). And actually, even 
low levels of continued gene flows result in equiv-
alent accumulated Neandertal ancestry for any 
kind of modern human population according to 
migration matrix theory (Relethford, 2001a, b). 
Another critic relied on the fact that Neandertals 
have been compared with current (and not 
ancient) modern humans, leaving open the possi-
bility for recent elimination of Neandertal-like 
sequences from the modern human gene pool as a 
consequence of demographic events (Nordborg, 

1998) or selective sweeps (Hawks & Wolpoff, 
2001). Methodological concerns have also been 
raised since the models used for reconstructing 
phylogenies did not take into account possible 
homoplasic effects occurring on numerous 
mutational hotspots described in mtDNA hyper-
variable regions. Yet a reanalysis of the sequence 
data under appropriate models has surprisingly 
suggested that Neandertals “would be more akin 
to modern humans than what recent claims 
suggest” (Guttierez et al., 2002).

Hence, at this point, it was clear that more 
data were needed for the debate to progress. 
Albeit they came from dispersed locations over 
the whole Neandertal geographic range (west to 
east from Spain to the Caucasus, and north to 
south from Belgium to Croatia), all the Neandertal 
specimens that delivered genetic information 
belonged to the Oxygen Isotopic Stage 3. Older 
Neandertal specimens would offer the opportunity 
to get insights into the long-time evolution of the 
Neandertal gene pool by comparison with other 
Neandertal sequences. As such, it could reveal 
possible drastic changes or long-time stability at 
the time of cohabitation and give insights into the 
Rapid Replacement/Multiregionalism debate. We 
therefore decided to retrieve the first sequence 
information from a Neandertal related to Oxygen 
Isotopic Stage 5 by analyzing the remains of the 
Scladina Child. It is true though two Neandertal 
bones predating the contact with modern humans 
in Europe (>50 and 100‒110 ka BP from Warendorf-
Neuwarendorf (Germany) and Krapina (Croatia) 
were already used for southern-blotting experi-
ments (Scholz et al., 2000). However, the southern 
hybridization approach suffers from serious flaws 
and has been shown to be misleading (Geigl, 
2001). Therefore, so far, the Scladina Child is 
the sole Neandertal specimen that has delivered 
authenticated DNA sequence information related 
to Oxygen Isotopic Stage 5 (Orlando et al., 2006).

2. results

2.1. Sequence authenticity

W e took advantage of previously reported 
Neandertal sequences to use primers 

that favour the amplification of Neandertal DNA. 
PCR was never successful when fragments larger 
than 173 bp were targeted as expected for ancient 
templates (Box 1). We amplified four fragments 
spanning 221 bp of the mtDNA HVR-I. Each PCR 
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Ancient DNA: applications, pitfalls and experimental procedure
Ancient DNA technology offers the unique opportunity to recover genetic information from the 
past (for the last 500,000 years at best). As such, it opens the door for an incredibly wide range of 
applications. Of course, the prehistoric megafauna, with its innumerable bone and tooth remains 
preserved in caves, has represented a precious source of DNA so far (e.g. cave bears, woolly rhinos and 
giant elks in Hänni et al.,  1994; Orlando et al., 2003; Hughes et al., 2006). But besides, ancient human 
individuals (Handt et al., 1996) as well as plant seeds (Jaenicke-Desprès et al., 2003) or pieces of wood 
(Deguilloux et al., 2002), microbes (Drancourt et al., 1998) and ancient viruses (Tumpey et al., 2005), 
coprolithes (Poinar et al., 2003) and even Pleistocene sediments (Willerslev et al., 2003) have also 
delivered nucleotidic sequences, providing valuable information as for the kinship among individuals 
inside necropoles (Kolman & Tuross, 2000), the tempo and mode of the domestication process (Zeder 
et al., 2006) or the consequences of global climate on biodiversity (eg. species richness: Willerslev et 
al., 2004; or population diversity: van Tuinen et al., 2004).

However, recovering ancient DNA is by no standard a straightforward process, mainly because of the 
chemical nature of ancient molecules in itself. DNA decay indeed starts the very moment an organism 
dies. Hydrolytic reactions contribute to extensive fragmentation of the DNA backbone (in molecules 
barely longer than 200 nucleotides), to local loss of sequence information (eg. through base elimination, 
such as depurination) and even to subtle changes in sequence information (e.g. Cytosine modified 
in Uracile as a result of a local deamination; Lindahl, 1993). These features considerably complicate 
the recovery of ancient DNA molecules and extensive laboratory work (including rigorous technical 
procedures as well as redundant experimental controls) is generally requested before any ancient DNA 
molecules can be authenticated (Gilbert et al., 2005).

Briefly, the extraction procedure is conducted in a laboratory specially devoted to ancient DNA work. It 
consists in an overpressurized lab where (i) work surfaces are bleached, (ii) DNA-free materials are used 
and (iii) no modern DNA is stored or manipulated ever. After a typical extraction procedure (sample 
powdering and decalcification followed by DNA purification and concentration), the total amount of 
ancient DNA molecules that can be retrieved is generally not sufficient for sequencing. Therefore, an 
amplification step by Polymerase Chain Reaction (PCR) is most of the times required. The PCR is a 
cycling-amplification process which restores minute traces of a chosen part of the genome into billions 
of copies. The specificity of the reaction is due to short oligonucleotides (DNA primers) that can act as 
probes for the targeted DNA locus. Whenever it is possible, the sequence of the primers is chosen to 
target specifically the DNA of interest. But given the very degraded nature of ancient DNA fragments, 
fresh DNA contaminants very often outcompete their ancient counterparts during the PCR process if 
primer annealing is possible. Therefore, contamination — and false positive amplification — is one of 
the most serious concern in palaeogenetics and scrupulous controls are requested to insure the bona-
fide DNA was actually amplified (and not contaminant by-products).

Note that PCR is often problematic when dealing with ancient templates. Molecules present in the 
soil as well as bone constituents per se (such as the protein Collagen type I) are coextracted with 
DNA molecules and act as Taq polymerase inhibitors, preventing any amplification (Scholz et al., 
2000). Moreover, Maillard reactions may lead to covalent bond formation between DNA and sugar 
residues during the taphonomic process, resulting in templates unsuitable for Taq elongation. Lastly, 
artefactual mutations can be generated by PCR because some bases are turned into others in the 
course of the taphonomic process. The most prevalent of these DNA-damage induced errors leads to 
GC⇒AT mutations (Hofreiter et al., 2001a; Gilbert et al., 2006; Stiller et al., 2006). Consequently, 
no aDNA sequence can be deduced from a single amplification product but must be checked though 
multiple amplification replications to be trusted. Moreover, the cloning (and sequencing) of each PCR 
product is also highly recommended to pinpoint each artefactual mutations along the sequence. All 
these experimental procedures were respected for determining the DNA sequence of the Scladina 
Child. One supplemental precaution was undertaken: the DNA extract was treated with an enzyme 
(namely Uracile-DNA Glycosylase, UDG) to discard all DNA substrates carrying the artefactual 
Uraciles (Hofreiter et al., 2001a). Therefore, PCR products were generated starting from Uracile-free 
DNA templates and were highly unlikely to bear artefactual mutations.

Box 1
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product was cloned and the final sequence was 
deduced from the consensus of 61 clones. But given 
the age of the sample and material limitation, we 
managed to amplify the most 5’ and 3’ fragments 
only once; thus, the 39-first and 59-last nucleo-
tides have been respectively deduced from the 
sequences of 8 and 12 clones from only one ampli-
fication product. These sites exhibit 5 substitutions 
never observed between the already published 
Neandertal sequences : 2 C⇒T, 2 G⇒A and one 
T⇒C. Though some polymorphism has already 
been observed in the same part of the HVR-I 
among other Neandertal sequences (eg. one A/C 
transversion and one C/T transition) and the DNA 
extract was treated with Uracil DNA-Glycosylase 
(to eliminate artefactual GC>AT substitutions, Box 
1), we decided to discard the sequence information 
present in the 39-bp and 59-bp terminal parts of 
the Scladina sequence, leaving 123 bp of sequence 
information. Therefore, the final sequence of the 
Scladina Child consists only on nucleotide posi-
tions that have been recovered from at least two 
(up to four) independent PCR products. As a 
consequence, the final sequence can be considered 
as truly authentic and none of the polymorphic 
sites (with regards to other Neandertal sequences) 
can be regarded as artefactual mutations (i.e. 
DNA-damage induced errors, Box 1). Notably, 
none of these polymorphic sites has been found 
in any of the coworkers (Box 2) (nor in the Homo 
sapiens sequences found in some of the amplifi-
cations), which makes it highly unlikely that the 
Scladina sequence — obtained through combina-
tion of four overlapping PCR fragments — results 
from mosaic association of PCR contaminants, as 
it has been already suggested for other ancient 
sequences (Bandelt, 2005). Likewise, sequence 
differences between the Scladina sequence and 
other Neandertal sequences are not located in any 
of the sites demonstrated by Gilbert et al. (2003) 
as being highly affected by postmortem degrada-
tion in humans.

Furthermore, we are confident that the envi-
ronmental conditions in Scladina Cave are 
particularly prone to biomolecule preserva-
tion (and therefore to DNA preservation). Cave 
bear bones from the same excavation layer as 
the Neandertal child, or from even older layers 
(former Layer  5, Loreille et al., 2001; Orlando 
et al., 2002) already delivered authentic ancient 
DNA. Moreover, 70‒60  ka  BP old nuclear DNA 
sequences were successfully amplified from 
woolly rhinoceroses from Scladina (Orlando et 
al., 2003). Lastly, carbon and nitrogen isotopic 

survey of one maxillary sample from the Scladina 
Neandertal has revealed an atomic C/N ratio 
typical of well-preserved collagen (Bocherens 
et al., 1999).

2.2. comparison with available 
neandertal sequences

The sequence of the Scladina Child has not been 
found among the 7161 human HVR-I sequences 
present in the HvrBase++. It appears more 
distantly related to the Cambridge Reference 
Sequence (1 insertion/deletion, 14 substitutions 
along 123 sites) than to the sequences from other 
Neandertal specimens (3‒4 substitutions). Within 
the 123 bp of sequence information, only 1 substi-
tution distinguished the previously reported 
Neandertal sequences. Therefore, the Scladina 
sequence reveals that the genetic diversity of 
Neandertals has been previously underestimated.

2.3. Phylogenetic analyses
Sequence comparisons were conducted with the 
171 human HVR-I sequences used in Guttierez 
et al. (2002) as a representative subset of the 
overall human diversity. A supplemental dataset 
of 8 chimp haplotypes was used as outgroup. 
The selected models of molecular evolution accu-
rately estimate nucleotide substitution parameters 
and takes into account rate heterogeneity among 
sites (Figure 1). When chimpanzee sequences are 
used as outgroups, all Neandertals cluster apart 
modern humans, in a monophyletic group with 
substantial bootstrap-support (67%). When chim-
panzee sequences are excluded as in Schmitz et 
al. (2002), the separation between Neandertal and 
modern human lineages is supported by almost 
maximum bootstrap values (99%). Importantly, 
these results confirm previous claims of early 
divergence between Neandertal and modern 
human lineages and appear in sharp contrast to 
Gutierrez and colleagues’s report of “no support 
for a branch separating the Neandertal cluster from 
the human sequences” (Guttierez et al., 2002).

2.4. Pairwise comparisons
Pairwise distances were estimated using the best 
phylogenetic model of nucleotide substitution 
and rate heterogeneity (HKY+G+I). According to 
the Rapid Replacement Model, the sequence from 
Scladina, being 70‒60 ka BP closer to the MRCA 
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Ancient or modern human DNA? The contamination case
The study of ancient DNA in human remains is plagued by problems caused by contamination of 
specimens since virtually all human fossils have been handled by human beings (before any DNA 
extraction is started). PCR experiments have clearly shown that human mtDNA sequences can be 
virtually retrieved from almost every ancient animal specimen. For instance, not less than 20 different 
modern human signatures could be retrieved from a 30,000-year-old bear tooth (Upper Cave, 
Zhoukoudian, China) using human-specific PCR primers (Hofreiter et al., 2001b). Monitoring human 
and dog mtDNA in dog bones and teeth from the Neolithic and medieval periods, Malmström et al. 
(2005) systematically found the presence of human DNA, often at levels exceeding the amount of 
authentic endogenous DNA. Likewise, dot blot experiments revealed the presence of human DNA in 
a large diversity of animal fossils (Nicholson et al., 2002). Genomic data from skeletal remains of a 
40,000-year-old cave bear (Noonan et al., 2005) and a 27,000-year-old mammoth (Poinar et al., 2006) 
have more recently identified a significant presence of DNA of human origin.

Because the surface is the only part of the sample that is exposed to human contamination sources, 
it has been advocated to scrap the surface of human fossils or to bleach it with hypochlorite solution 
before DNA extraction to eliminate the false positive results such a contamination may lead to. 
Deliberate contamination of samples (by constant handling for 10 min at 30°C to maximize sweating 
and therefore DNA transfer) have indeed revealed low penetration of contamination sequences inside 
fossils (Malmström et al., 2005). However, it is frequent to recover contaminant DNA on human samples, 
though scraped (Kolman & Tuross, 2000) or bleached (Kemp & Smith, 2005). Interestingly, Gilbert et al. 
(2005) have shown Havers canals and dental tubules offer appropriate circulation routes for exogenous 
DNA penetration in bones and teeth. All in all, the authenticity of ancient human sequences may be, 
most of the time, difficult (if possible) to demonstrate.

One way to circumvent contamination problems would be to excavate human specimens for ancient 
DNA analysis under strict clean and DNA-free conditions (Lalueza-Fox et al., 2006). Similarly, 
choosing the most freshly excavated specimens would lower the rate of contamination with modern 
human DNA. This strategy was followed for the genetic analysis of the Scladina Child. A molar tooth, 
excavated on 13 November, 2001, was selected for ancient DNA analysis. The tooth-root was sampled 
in sterile conditions using a power saw. The blade was sterilized in natrium hydroxide 10%; gloves, 
mobcap, and disposable coat were used. The sequences of all the co-workers that had potentially been 
in contact with the Neandertal sample was determined in order to trace any contamination from 
modern humans. Despite such precautions, some modern human sequences were found in the Scladina 
DNA extract (such was also the case in the very first ancient DNA study on Neandertals; Krings et 
al., 1997). But as all of these could be attributed to one of the coworkers, they could not be mistaken 
for Neandertal sequences. Moreover, we took advantage of Neandertal specific-primers (designed 
according to previously reported Neandertal sequences) to favour the amplification of Neandertal 
DNA by PCR. This procedure allowed to recover an authentic mtDNA sequence of the Scladina Child.

Box 2

between Humans and Neandertals, should exhibit 
fewer substitutions than younger Neandertal 
sequences when compared to contemporary 
human sequences. According to minimum esti-
mates of the HVR-I substitution rate, at least 
3.9% substitution differences are indeed expected 
between sequences that are 70‒60 ka BP distant 
(Excoffier & Yang, 1999). The observed pattern 
though, is the opposite: the pairwise distance 
distributions within humans, and between 
humans and Neandertals, become closer and 
overlap more extensively for younger Neandertals 
(age<42  ka  BP, P<0.001) than for the Scladina 
specimen (Figure 2). The switch towards a modern 

human distribution is however not due to a closer 
proximity of Neandertals and Europeans after 
contact, as Europeans do not appear more closely 
related to Neandertals than humans from other 
continents are.

3. discussion

T he sequence extracted from the Scladina 
Child (Figure 3) has revealed unexpected 

levels of genetic diversity among Neandertals. 
Since its publication (Orlando  et al., 2006), 
this  discovery has been further supported. 
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Another Neandertal  specimen (Monte Lessini, 
Italy, 50 ka BP) has  been shown to carry 
another  divergent mtDNA  haplotype (exhib-
iting two supplemental polymorphic  sites along 

the 123 bp in common with  the Scladina haplo-
type;  Caramelli  et al., 2006). In spite of this 
genetic diversity, all Neandertal haplotypes cluster 
in a monophyletic group that diverged from the 
human lineage long before the coalescence time of 
the MRCA of all contemporary humans (Figure 1).

Pairwise mismatch distribution analyses have 
revealed a second unexpected pattern. Using an 
unbiased data set of 171 modern human sequences, 
pairwise distance uncorrected distributions 
between modern humans and between pairs of 
modern humans and Neandertal sequences were 
shown to largely overlap (Guttierez et al., 2002). 
This result was confirmed here using distances 
corrected for heterogeneity between rate of substi-
tutions (Orlando et al., 2006, Figure 2). What the 
sequence from Scladina reveals is that this situa-
tion has been shaped between 100 and 42 ka BP (all 
the Neandertal sequences younger than 42 ka BP 
are significantly less distant to modern human 
than the Scladina sequence is; Figure 2).

Selective sweep as well as genetic drift could 
explain this pattern. The fact that human mtDNA 
could be subjected to selection has already been 
hypothesized (Hey, 1997; Hey & Harris, 1999). As 
some mtDNA lineages are preferentially associ-
ated with bioenergenetic disorders, the regional 
variation in mtDNA sequences of extant modern 
humans may have been possibly shaped by natural 
selection (Mishmar et al., 2003; Ruiz-Pesini et al., 
2004). If more Neandertal-like haplotypes were 
selected among modern humans in response to 
similar environmental constraints (e.g. climatic 
conditions), the gap between modern humans and 
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between Neandertal and modern human lineages. (A)
Rooted with 8 chimpanzee haplotypes (Maximum of 
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Phylogenetic trees have been reconstructed under 

the best model of molecular evolution (see Orlando 
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figure 3: The sequence extracted from the Scladina Child has revealed unexpected levels of genetic 
diversity among Neandertals. Pictured left: at the Prehistory Service of the University of Liège, Dominique 

Bonjean (front) proceeds to the amputation of one rooth of the Scla 4A-13 molar while Ludovic Orlando 
prepares the tube that will collect the fragments (photographs Michel Toussaint, February 2002).

Neandertals would be reduced all the more than 
selection acted for a long time. Yet our data set 
reveals that the large majority of polymorphic 
sites might become homoplasic under a selec-
tive force. Indeed, only two sites have been fixed 
between the Neandertal and the modern human 
gene pools; at positions 16230 and between posi-
tions 16263 and 16264, Neandertals exhibit, 
respectively, A and G whereas modern humans 
display a gap and an A. By contrast, all polymor-
phic sites observed between Neandertal sequences 
are also polymorphic between modern humans. 
Any selected change on those sites might thus 
bring modern humans closer to Neandertals.

Genetic drift might alternatively have lead 
Neandertal and human mtDNA gene pools to 
become closer at the time Neandertals coex-
isted with premodern Europeans. Consider first 
how much the Neandertal mtDNA gene pool 
was diverse in the past. Now consider a puta-
tive demographic bottleneck that Neandertals 
experienced (for instance, following the competi-
tion with premodern humans in Europe till their 
extinction, or even earlier as a consequence of 

the global climatic changes related to the cold 
Oxygen Isotopic Stage 4 — 74–60 ka BP; Ambrose, 
1998). As for any genetic drift event, less frequent 
haplotypes are the most probable to be lost; in 
populations the less frequent haplotypes are 
the youngest ones, because those have had less 
time than older ones to expand. Then, after the 
genetic drift event, the Neandertal haplotypes 
which are most likely conserved would be those 
that appeared first, that is the haplotypes more 
closely related to the MRCA between modern 
humans and Neandertals. After the drift, the old 
haplotypes are most likely to have become more 
frequent in Neandertal populations, which then 
in turn appeared genetically closer to modern 
human populations than older Neandertal popu-
lations. Interestingly, a recent survey of the 
regional distribution of SNPs within the complete 
human genome sequence is consistent with a 
demographic collapse in human demography at 
the time of the colonization of Europe (40 ka BP, 
Marth et al., 2003).

Though interesting, these results should be 
taken as very preliminary. Only 2 specimens older 
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than 50 ka BP have delivered some genetic infor-
mation so far (Scladina and Monte Lessini) and 
for all but one of the other specimens (Vi-80), the 
available genetic information is still reduced. Any 
inference of the long-term changes in Neandertal 
genetic diversity remains still very speculative and 
additional information is required before drawing 
definitive conclusions.

4.
 Perspectives: neandertal 
genomics

T he Neandertal HVR-I sequences do suggest 
an early divergence of Homo neandertha-

lensis from Homo sapiens and suggest a rather 
weak (if any) admixture. But as the mtDNA is only 
maternally inherited, the mitochondrial evidence 
leave the possibility open that Neandertal father 
contributed to the modern nuclear gene pool. 
Recent technological breakthroughs have made it 
possible to recover nuclear DNA sequences from 
Neandertal specimens. Two-rounds multiplex-
PCRs (Box 3) now allow the recovery of complete 
nuclear gene and therefore to relate genotype and 
phenotype for past individuals/species (Römpler 
et al., 2006). Furthermore, metagenomic screens 
and high-throughput sequencing technology 
now make it possible to recover large amounts 
of genomic information (Box 3). Such genomic 
data will soon furnish the opportunity to test 
our possible Neandertal inheritance through 
both parental lines (Green et al., 2006; Noonan 
et al., 2006). Moreover, comparative genomics of 
chimps, Neandertals and modern humans promise 
to provide the complete list of the functionally 
important genetic changes that gave rise to our 
species.

The first complete mtDNA genome from 
extinct species (two genera of New-Zealand 
moas) was published in 2001 (Cooper et al., 2001). 
In the following five years, two mammoth speci-
mens have delivered complete mtDNA genomes 
(Krause et al., 2005; Rogaev et al., 2006). Now 
the first draft of the Neandertal genome may be 
achieved within the next two years (Green et al., 
2006). Recent technological breakthroughs clearly 
represent the way forward and open the hunt for 
large scale DNA retrieval of other ancient homi-
nids such as the late Homo floresiensis (Brown 
et al., 2004; Morwood et al., 2005). By doing so, 
ancient DNA will place the ‘Rapid Replacement’ 
versus ‘Multiregionalism’ debate in a broader 
context than the single Neandertal-sapiens 

admixture possibility and promises to give invalu-
able insights on our phylogenetic tree. Hopefully, 
the remains from the Scladina Child, as part 
of such projects, will keep on enlightening our 
own origins.
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Technological advances and the dawn of Neandertal genomics

What is metagenomics?

Metagenomic DNA libraries are built in a two-step procedure (i.e. insertion, transformation). First, 
the DNA fragments from a sample are randomly inserted into plasmids (circular DNA of bacterial 
origin) thanks to DNA recombining technology. Then, each modified plasmid is integrated inside a 
bacteria (through a process called transformation). During cell divisions, the plasmid is transmitted 
from mother to daughter cells in bacterial colonies, leading to a clonal amplification of the plasmid. 
Since the sequence of the plasmid is known, the sequence of the inserted fragment can be determined. 
Finally, sequence comparison with already available annotated genomes and characterized sequences 
allow sequence identification. In addition to bona-fide sequences, other types of sequences — mainly 
from environmental bacteria — are characterized through this process (Noonan et al., 2005; Noonan 
et al., 2006).

high-throughput technology: the 454 sequencing system

Recent high-throughput technological breakthroughs have made the dream of sequencing the whole 
Neandertal genome a realistic objective. The strategy that delivered so far the most extensive sequence 
information relies on the 454 Life Science system. Briefly, each DNA fragment from a sample is attached 
to a bead. Beads are mixed and captured in the droplets of an emulsion where PCR amplification 
can occur. As a result, each bead is coated with ten million copies of the initial DNA fragment and 
can be deposited into one of the 1,6 million wells of a fibre-optic PicoTiterPlate for massive parallel 
pyrosequencing (Margulies et al., 2005). Most strikingly, the 454 technology is able to gather 25 million 
bases of sequence information every four hours which outcompetes by more than 60 times the current 
capacity of most automatic sequencing instruments. This sequencing system has already succeeded to 
recover 1-million base of the Neandertal genome from a 100-mg sample (Green et al., 2006).

alternative strategies

One important drawback of both metagenomic library screening and 454 sequencing system is that 
most of the recovered sequences are environment contaminants. A selective (rather than random) 
might be more preferable. Using specific human DNA probes could help for fishing Neandertal genes 
in metagenomic libraries before sequencing, as proposed (and tested) by Noonan and colleagues (2006). 
Alternatively, two-round multiplex-PCRs could help for targeting genes under selection in modern 
humans (Römpler et al., 2006). Briefly, a first PCR amplification using large combinations of primers 
restores numerous DNA fragments to amplifiable levels. Each fragment separately is then amplified 
separately in a second step. This strategy has recently allowed the characterization of the whole 
mtDNA genome of the mammoth (Krause et al., 2006) and of the first complete coding sequence of a 
nuclear gene (Römpler et al., 2006).

Box 3
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1. introduction

T he anthropological discoveries made over 
the past quarter of a century at Scladina Cave 

are far from being the only Neandertal remains 
discovered in the Belgian Meuse River Basin.

Apart from Scladina, at least seven other 
sites have yielded Neandertal fossils (Figure 1; 
Toussaint et al., 2011). Five of them were 
found during the 19th century, at a time when 
the quality of available contextual information 

was far below the standards of modern prehis-
torical research. Most of them were assigned 
to simplistic stratigraphic records, without 
exact distribution plans or contextual analyses. 
These include Engis (1829‒30), La Naulette 
(1866), Goyet (~1870), Spy (1886), and Fonds 
de Forêt (1895). Three of these finds (Engis, La 
Naulette, and Spy) have played a major role in 
the genesis and initial developments of palae-
oanthropology and prehistory (Toussaint, 
1992; 2001).

Figure 1: Location of the sites which have yielded unquestionable Neandertal remains 
in Belgium (graphics Semal & Toussaint, after Toussaint et al., 2011).

1 : Engis
2 : La Naulette
3 : Spy
4 : Fonds de Forêt
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During the last three decades of the 20th 

century, there was a revival of prehistoric research 
in karstic areas, both in terms of excavation 
methods and the development of multidisciplinary 
approaches. This was initiated during the excava-
tion of Remouchamps Cave in 1969 and 1970 by 
the University of Liège, in contexts dating back 
to the end of the Upper Palaeolithic (Dewez et 
al., 1974; Toussaint & Pirson, 2007). In this new 
research context and after nine decades without 
the discovery of any Neandertal remains, the end 
of the 20th and the beginning of the 21st centuries 
were marked by three findings, all of them associ-
ated with more precise information due to newly 
developed methods. These include: an isolated 
deciduous tooth from Trou de l’Abîme in Couvin 
(1984); isolated teeth, a mandible, and a maxilla 
found in former Layer 4A of Scladina Cave (1990‒ 
2006), and a premolar discovered in Walou Cave 
in 1997.

This chapter solely provides anthropological 
context to the juvenile of Scladina from a chron-
ological perspective, both in the Belgian Meuse 
Basin as well as neighbouring regions. It only 
briefly presents the contextual archaeological and 
anthropological data of these discoveries. These 
data are available in full in previous synthetic 
contributions (Toussaint et al., 2001, 2011; 
Toussaint & Pirson, 2006), as well as in more 
specific detailed works (e.g. Toussaint et al., 1998, 
2010; Crevecoeur et al., 2010) and monographs 
(Draily et al., 2011; Pirson et al., 2011; Rougier & 
Semal (eds.), 2013, 2014 in press).

2.
 Methodological limits of the 
chronological approach

T he quality of available information varies 
greatly for the stratigraphic, archaeological, 

and palaeoenvironmental contexts of the Neandertal 
fossils found in the Meuse River Basin cave sites.

From our perspective, to optimally guarantee 
the accurate context of the fossils found in all 
these sites, the conjunction of three main pieces 
of information is essential:
— human remains must be taxonomically 

well-attributed,
— large sedimentary sequences must be estab-

lished with detailed stratigraphic surveys, and
— chronostratigraphic frameworks must be accu-

rately established.
In addition, two other kinds of information are 

also extremely valuable:
— direct dating of the fossils (14C AMS, gamma 

spectrometry), and
— typical lithic artefacts found in the same 

context as the remains.
In the Meuse River Basin, these criteria are 

rarely met. There are several possible causes for 
this. The first is the antiquity of most excava-
tions. Even when new analyses were undertaken 
as thoroughly as possible, such as the direct 
dating and anthropological analyses of fossils 
at Spy (Rougier & Semal (eds.), 2013), the defi-
ciencies in precise contextual data make rigorous 
correlations between the results of all involved 
disciplines difficult. The second is the lack of 

Cave Town Date of 
discovery Taxonomy

Precise 
stratig-
raphy

Palaeo -
environne-

mental data

Good 
chronostra-

tigraphy

Direct 
dates of 

the fossils

Association of charac-
teristic lithic material

Good Problematic Absence

Engis Flémalle 1829–1830 + – – – (AMS) +

La Naulette Houyet 1866 + (+) – – – +

Goyet Gesves around 1870 + – – – AMS +

Spy Jemeppe-sur-Sambre 1886 + – – – AMS +

Fonds de Forêt Trooz 1895 + – – – – +

Couvin Couvin 1984 + + + (+) – +

Scladina Andenne from 1990 + + + + γ spec-
trometry +

Walou Trooz 1997 + + + + – +

Montigny-le-Tilleuls Montigny-le-Tilleuls 1889 – – – – – +

Tiène des Maulins Rochefort 2002–2008? – – – – – +

Table 1: Assessing the quality of data on Neandertals from the Belgian Meuse River Basin.
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sites in which complex sedimentary situations 
are thoroughly addressed by geological analyses. 
The third is the scarcity of sedimentary sequences 
where a reliable chronostratigraphic framework 
exists. In most cases, the only chronological indi-
cators are a limited number of 14C dates. However, 
the results have to be considered with caution 
due to problems inherent to that technique, such 
as contamination or taphonomic disturbances of 
the dated samples (Higham, 2011). Recent radio-
carbon analyses have shown that the initial ages 
of the fossils from Mezmaiskaya, Vindija, and 
Zafarraya were significantly underestimated (see 
Higham et al., 2006; Pinhasi et al., 2011; Wood 
et al., 2013). To be reliable, 14C dates should be 
obtained through a replicable protocol, they 
should be numerous enough to compose a contin-
uous sequence, and should be cross-checked with 
independent datasets, e.g., from climatostratig-
raphy, the study of tephras, or pedostratigraphic 
markers.

Based on this, only three Neandertal fossils 
(or series of fossils) from the Belgian Meuse 
River Basin are well positioned stratigraphi-
cally, allowing detailed chronostratigraphic and 
palaeoenvironmental studies (Table 1): Walou, 
Couvin, and Scladina. Some human remains from 
Spy and Goyet were directly dated with 14C AMS. 
The radiocarbon dates in the case of the Engis 2 

skull were clearly too young. The chronological 
position of the two other sites is more speculative.

3.
 chronology of the Belgian 
Meuse river Basin neandertals

D espite all the problems evoked above, the 
Neandertal remains from the Meuse River 

Basin can tentatively be classified into different 
groups, combining the 14C chronology of the 
Neandertal remains themselves (AMS), the 14C 
chronology of the associated fauna, and, when 
possible, contextual data (Toussaint & Pirson, 
2006; Pirson & Di Modica, 2011).

3.1. The la naulette problem
In 1866, the discovery of the famous La Naulette 
mandible in the Lesse Valley by the geologist 
édouard Dupont marked an important step in the 
history of palaeoanthropology. The antiquity of 
the fossil was confirmed by a relatively precise 
stratigraphic context — clearly the best for the 
discovery’s time period — and its probable associ-
ation with large, extinct prehistoric mammals.

Dating the La Naulette mandible is chal-
lenging. The stratigraphic sequence of the cave is 
over 11 m high. In his second description, Dupont 
(1867; Figure 2) identified three “ossiferous levels” 

Figure 2: La Naulette: sedimentary profile, after Dupont (1867).
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and seven “stalagmitic sheets”. Three human bones 
- and an isolated tooth - were found in the second 
ossiferous level, between the stalagmitic sheets 2 
and 3, without any associated lithic material. The 
mandible (Figure 3) is thought to have belonged 
to a young female (Leguebe & Toussaint, 1988); 
it is comprised of the left side of the mandibular 
body, the symphyseal region and the anterior 
part of the right side of the body. The three other 
remains are an ulna, a damaged third metacarpal 
as well as a tooth now lost. The human remains 
from La Naulette have never been directly dated. 
However, stratigraphic and palaeoanthropological 
evidence suggest they may be older than Classic 
Neandertals.

The age of the fossils is supported by the 
presence of five overlying stalagmitic levels, 
considering both their thickness and quantity. 
They point to interglacial or early glacial condi-
tions, suggesting MIS 5 or some temperate phase 
of Middle Pleistocene. The mandible has archaic 
features and fits within the biometric variability of 
Neandertals and their pre-Neandertal ancestors. 
Although the ulna and metacarpal show modern 
morphological and metric characters, it does not 
change the likelihood of the mandible’s antiquity.

Two hypotheses can be proposed to explain the 
presence of an archaic mandible and modern-like 

postcranial bones. One explanation is that Dupont 
may have mistakenly associated an ancient 
mandible with modern postcranial remains 
because of the absence of an accurate strati-
graphic record. However, the overall accuracy and 
precision of his stratigraphic observations contra-
dicts this hypothesis, especially when added to 
other evidence, such as the absence of modern 
human bones inside the main section of the cave. 
The second hypothesis is that all the remains are 
from the same layer and the same individual, 
suggesting they are from a very early Neandertal. 
Neandertal characteristics were progressively 
acquired mosaically, resulting in classical speci-
mens around the Eemian interglacial (Dean et al., 
1998; Condemi, 2000). In some of their anatom-
ical details, earlier fossils may be morphologically 
closer to anatomically modern humans than to 
Classic Neandertals. As a consequence, the seem-
ingly modern features of the postcranial bones 
from La Naulette could be interpreted as plesi-
omorphies. Since 1999, a few short excavations 
have occurred at La Naulette, notably to look for 
evidence that addresses the hypotheses presented 
above (Toussaint & Pirson, 2002). New direct 
dates and some palynological analyses are being 
done on some of the recovered speleothems.

Regardless of these two assumptions, in the 
present state of research the La Naulette mandible 
may be the oldest human fossil from the Meuse 
River Basin, dating to at least MIS 5.

3.2. MiS 5 fossils
Until now, and if La Naulette is older than MIS 
5 (cf. supra), only the 8-year-old Neandertal from 
Scladina Cave appears to belong to MIS 5 and 
even possibly to MIS 5a or b (see this volume, 
Chapter 5).

3.3. MiS 4
In the current stage of research, and if the Scladina 
Child does date to MIS 5b or 5a, no human 
remains that date to MIS 4 (± 78‒60 ka BP) have 
been found. This lack of human fossils could be 
related to the current absence of archaeological 
occupations in Belgium during the second half of 
the Weichselian Lower Pleniglacial (second part 
of MIS 4), which corresponds to a major climatic 
deterioration, starting with the development of 
continuous permafrost followed by the first major 
Weichselian loess cover (Haesaerts, 1984; Pirson 
et al., 2009; Pirson & Di Modica, 2011).

Figure 3: La Naulette: ulna, 
mandible (lateral and superior 
views) and third metacarpal.
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3.4. MiS 3 fossils

Based on the quality of available contextual 
data, the Neandertal remains that date to the 
Weichselian Middle Pleniglacial (MIS 3) can be 
ordered in three sub-groups.

3.4.1. MIS 3 on the basis of good 
multidisciplinary context

This sub-group is comprised of the Couvin and 
Walou teeth, i.e., fossils unearthed in recent 
decades with good stratigraphical and palaeoen-
vironnemental information, as well as 14C dates 
for the associated fauna.

The right dm2 (Figure 4), discovered in 1984 
in front of the main entrance of Trou de l’Abîme 
in Couvin during a multidisciplinary program of 
excavation, has been determined as Neandertal due 
to its occlusal morphology and enamel thickness 
(Toussaint et al., 2010). It has good stratigraph-
ical context. A new archaeological study (Flas, 
2008) established that the associated lithic material 
is definitely Mousterian rather than transitional, as 
previously hypothesized (Otte, 1984). However, 
even if the stratigraphic context is well defined, 
no analyses regarding the origin of the sediments 
or the sedimentary dynamics have taken place. 
The chronostratigraphic framework of the site 
is only known because of two 14C dates (46,820 
± 3,290  BP and 44,500 + 1,100/-800  BP) avail-
able from faunal remains found in Layer II, from 
where the Neandertal tooth was exhumed. These 
dates are consistent with the possible presence of a 
palaeosol in overlying Layer III, which might be an 
equivalent of “Les Vaux Soil” and therefore situated 
between 42,000‒40,000 BP at the youngest (Pirson 
et al., 2009; Toussaint et al., 2010). Therefore, the 
Couvin tooth seems to date back to approximately 
45,000 BP.

A mandibular left first premolar (Figure 5) 
was found in 1997 at Walou Cave during the 
second multidisciplinary excavation, which took 
place from 1996 to 2004 (Draily, 2011; Draily et 
al. (dir.), 2011; Pirson et al. (dir.), 2011). Despite 
being the only human remain discovered in the 
site (in Layer CI-8, which is dated around 40,000-
38,000  BP), relatively to the recent Neandertal 
fossils of northwest Europe, it has the best context: 
an accurate stratigraphic position, a strict associ-
ation with a well-characterized archaeological 
lithic industry (i.e., Mousterian), and a well-estab-
lished chronostratigraphic framework based on 
tephrostratigraphy, climatostratigraphy, pedosed-
imentary markers, as well as several dates (14C, 
ESR/U-Th, and TL).

3.4.2. MIS 3 on the sole basis of direct 
AMS radiocarbon dates

This sub-group of fossils is composed of the Spy 
(Figure 6) and Goyet Neandertals, respectively 
discovered in 1886 and ~1870, in conditions which 
do not correspond to current standards of archae-
ological fieldwork. Nevertheless, these fossils are 
extremely valuable for anthropological research.

In recent years, new research on the archae-
ology and palaeoanthropology of Spy has 
occurred at the Royal Belgian Institute of Natural 

Figure 4: The Couvin mandibular deciduous right 
second molar (after Toussaint et al., 2011).
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Figure 5: Walou: mandibular left first premolar (after Toussaint et al., 2011).
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Sciences, which houses most of the site mate-
rial (Fraipont & Lohest, 1887; Rougier & Semal 
(eds.), 2013, 2014 in press). Concurrently, three 
direct AMS radiocarbon dates were performed 
directly on fragments of the two Neandertal 
adults in two different laboratories (Groningen 
and Oxford), which indicated that the skele-
tons date back to around 36,000  BP, (Toussaint 
& Pirson, 2006; Semal et al., 2009, 2013). 
Unfortunately, the stratigraphical, palaeoenviron-
mental, and archaeological context of the fossils 
is not precise enough. Therefore, linking the Spy 
fossils to the end of the Middle Palaeolithic or to 
the Lincombian-Ranisian-jerzmanowician (LRj; 
Flas, 2008) transitional industry is difficult, even 
if the LRj hypothesis is the most attractive.

At Goyet, a fragment of mandible (Figure 7) 
and numerous fragments of human bone with 
anthropogenic traces were recently identified in the 
collections of the Royal Belgian Institute of Natural 
Sciences in the assemblage unearthed around 1870 
by é. Dupont in the third cave (Rougier et al., 2012, 
2014). They were identified as Late Neandertals on 
the basis of a morphometric study supported by 
radiocarbon dating. The absence of a precise strati-
graphic record makes it difficult to reliably associate 
the fossils to the lithic industry found in the cave.

3.4.3. Possible MIS 3 Neandertal remains

The third group is composed of apparently recent 
fossils - or sets of fossils - found during the 19th 
century in conditions, which, like the fossils of 
Spy and Goyet discussed above, do not correspond 
to current standards of archaeological research.

The first, Engis 2 (Figure 8), found by Ph.-Ch. 
Schmerling during the winter of 1829-1830 in a 
highly inaccurate stratigraphic position, exhibits 
clear Neandertal attributes (Tillier, 1983). The 
recently acquired 14C dates at 26,830 ± 340  BP 
and 30,460 ± 210 BP seems to be too young when 

compared to the regional archaeological context, 
probably due to sample contamination (Toussaint 
& Pirson, 2006). An attribution to MIS 3 is the 
most probable hypothesis.

The second, a femur found in 1895 in the caves 
of Fonds de Forêt, was shown to be Neandertal 
(Figure  9; Twiesselmann, 1961); however, the 
conditions of its discovery do not allow it to be 
precisely positioned in a stratigraphical layer, so 
no chronological information is available. The 
possibly associated archaeological industry seems 
to be from the Middle Palaeolithic.

Other arguments often used to support the 
recent dates from Engis and Fonds de Forêt, are 
observations made by excavators of the strati-
graphic proximity of the fossils and the Mousterian 
and early Upper Palaeolithic (e.g. Ulrix-Closset, 
1975, 1990). The structural complexity of cave 
stratigraphy highlighted in recent studies done at 
Walou and Scladina, with frequent erosive bound-
aries, large gullies and other disturbances, clearly 

figure 7: Goyet: fragment of mandible found by 
E. Dupont around 1870 (after Rougier et al., 2009).

Figure 6: Spy: 
two skullcaps 
(after Toussaint 
et al., 2011).
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limits the scope of this argument (Pirson, 2007; 
Pirson & Di Modica, 2011).

3.5. other neandertal remains?
In addition to the eight above-mentioned caves, 
other karstic sites of Wallonia may have also 
yielded Neandertal remains, but serious anal-
ysis have to be carried out before accepting or 
rejecting them into the collection of Neandertal 
sites of the Meuse River Basin. This is the case in 
Montignies-le-Tilleul and in Eprave.

A femur fragment and three metacarpals 
were discovered in 1889 in Rotches de D’Gennly 
Cave, at Montignies-le-Tilleul, in the Sambre 
Valley (Otte, 1986); their possible association 
with the Mousterian industry is interesting, but 
the absence of anthropological studies prevents 
further interpretation.

The oldest sediments of Tiène des Maulins 
Cave, in éprave along the right bank of the Lomme 
River, could date back to 75,000‒60,000 years 
ago (Groenen, 2005; Groenen et al., 2013), but 
without any association with typical Mousterian 

figure 8: Engis 2 skullcap, found by P.-C. Schmerling in the second cave of 
Engis during the winter 1829‒1830 (from Toussaint et al., 2011).

Figure 9: Fonds de Forêt: the Neandertal 
femur (after Toussaint et al., 2011).
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lithic material (Di Modica, 2011). Some bone 
and dental remains have also been attributed 
to the Middle Palaeolithic at this site and were 
interpreted as Neandertals (Groenen, 2010). 
However, no detailed stratigraphic study has been 
conducted to confirm or refute the stratigraphic 
position of these remains and no anthropological 
study was so far made to test their current alloca-
tion as Neandertals (Toussaint et al., 2011).

4. northwest european context

I n addition to the concentration of Neandertal 
remains in the Meuse River Basin, the north-

west European regions surrounding Belgium (i.e. 
Great Britain, The Netherlands, north France, 
and northwest Germany) have also yielded some 
fossils. Within the context of the Scladina discov-
eries, those dating back to the Upper Pleistocene 
(MIS 5‒3; Figure 10) are interesting, although they 
do not offer the best opportunities for dating and 
palaeoenvironment, similar to most of the sites of 
the Meuse River Basin that were excavated long 
ago. Middle Pleistocene remains such as Biache 1 
and 2 or Boxgrove are not included here.

Found in 1856, the Neandertal type specimen 
site, Feldhofer Cave in Germany, is just about 100 
km northeast of the Belgian sites. In fact, Feldhofer 
provided the only Neandertal remains of North 
Rhine-Westphalia that have been directly dated 
by 14C AMS, which produced dates of approxi-
mately 40-39 ka BP (Bonani, 2006; Street et al., 
2006). However, no rigorous in situ stratigraphic 
context was established due to the antiquity of the 
discovery. During field research in 1997 and 2000 
(Feine, 2006; Schmitz et al., 2006), Mousterian 
artefacts were found with new Neandertal remains 
in sediment that was anthropogenically removed, 
at least in part, during the time of industrial use of 
the quarry (Hillgruber, 2006). The original asso-
ciation of the lithic artefacts and the Neandertal 
fossils, either found in 1856, 1997, or 2000, cannot 
be demonstrated, as the new findings are from a 
disturbed context. The chronostratigraphical posi-
tion of the fossils relies solely on direct 14C dates; 
the bones are positioned within disturbed sedi-
ment that has neither climatic markers nor other 
chronostratigraphic data from layers associated to 
the Neandertal remains.

In the Netherlands, no Neandertal remains 
have been found in situ at an archaeological site. 

Figure 10: Location of the sites which have yielded Classic Neandertal remains in nortwestern Europe discussed in 
this chapter: 1. Feldhofer Cave, the Neandertal type site; 2. North Sea, the Zeeland Ridges area; 3. Grotte du Renne at 

Arcy-sur-Cure, Yonne department; 4. kent’s Cavern; 5. La Cotte de Saint-Brelade, Jersey; in green, the geographical 
area of the eight Meuse River Basin sites (graphics Sylviane Lambermont, AWEM & J.-F. Lemaire, SPW).
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The only specimen discovered is a portion of 
human frontal bone found in 2001 within sedi-
ments extracted from the bottom of the North Sea 
in the Zeeland Ridges area, 15 km off the coast 
(Hublin et al., 2009). The remains have neither 
context nor associated lithic material, and there-
fore have no chronostratigraphic data. The 
fossil itself has not been dated directly with 14C 
AMS. However, the details of the supraorbital 
morphology and the shape of the external surface 
of the squama, allow the bone to be assigned to 
Homo neanderthalensis.

In the northern third of France, i.e. north of 
the Seine River, recent Neandertal remains have 
not yet been found. The northernmost French 
Classical Neandertals are those of the Grotte du 
Renne at Arcy-sur-Cure, in the Yonne depart-
ment, Burgundy. They were mainly found in 
Châtelperronian contexts but some teeth are from 
Mousterian layers (Leroi-Gourhan, 1958; Bailey 
& Hublin, 2006).

In Great Britain, there are very few human 
fossils with a chronostratigraphic context that 
dates from MIS 5 to 3. Found in 1927 in an impre-
cise stratigraphic position, the Kent’s Cavern-4 
maxilla with deeply worn teeth was originally 
interpreted as modern. Its direct 14C AMS date 
of 30,900 ± 900 BP (OxA-1621) is now considered 
contaminated and much too recent. A new reas-
sessment of the specimen suggests that its teeth 
possess more modern human than Neandertal 
characteristics (Stringer et al., 2007; Higham 
et al., 2011). According to AMS radiocarbon dates 
obtained using ultrafiltration on animal bones and 
teeth found above and below the reported strati-
graphic context of the object, the maxilla would 
be much older, with a modelled age of 44,180-
41,530 cal BP (approximately between 40,000 and 
37,000 BP; Higham et al., 2011). Based on this data, 
this find would represent the oldest anatomically 
modern human discovered in northwest Europe, 
demonstrating the large and rapid dispersal of 
Early Modern Humans across all Europe more 
than 40  ka ago. However, these dates have been 
challenged on the grounds that the sedimen-
tary context is not well controlled due to poorly 
executed excavations (White & Pettitt, 2012).

A total of 13 Neandertal teeth from one indi-
vidual and an occipital fragment from a juvenile 
human skull were recovered at the Palaeolithic 
site of La Cotte de Saint-Brelade, jersey, at the 
beginning of the 20th century (Stringer & 
Currant, 1986). Recent in situ research provided 
optically stimulated luminescence (OSL) dates 

of the sediments, which could indicate that the 
Neandertal fossils date to between MIS 5 and 3 
(Bates et al., 2013).

5. conclusion

E ight karstic sites have yielded Neandertal 
remains in Belgium, which represents a 

unique concentration in northwest Europe. Even 
if several gaps remain, this allows a hypothetical 
chronological model for the Late Neandertals of 
the Meuse River Basin. Dating back to MIS 5, the 
Scladina Child has a special place in this scheme, 
as, like apparently La Naulette, they are older than 
the other remains. In the current state of research, 
the following pattern emerges as the best hypoth-
esis for Neandertals (Figure 11):

— during MIS 5b or 5a (or less likely early MIS 4) 
Early Classic Neandertals, with the Scladina 
juvenile, are present;

— during the second part of MIS 4 there currently 
is no evidence for occupation of the Belgian 
Meuse River Basin, deduced from the lack of 
human fossils and of archaeological occupa-
tions, which corresponds to a major climatic 
deterioration;

— at approximately 45  ka BP Late Neandertals 
with late Mousterian industries are present, 
represented by the Couvin dm2;

— at approximately 40‒38 ka BP or slightly after 
some Neandertals with late Mousterian indus-
tries, represented by the Walou P3 from Layer 
CI-8 and consistent with the age of the young-
est Mousterian assemblage from Scladina 
Cave, i.e., Unit 1A (40‒37 ka BP) are present;

— at approximately 36  ka  BP Neandertals still 
are present at Spy where the associated lithic 
industry is imprecise: possibly transitional 
LRj, or even late Mousterian; and

— at approximately 33 ka BP probably only mod-
ern humans are present, since after then the 
only known dated industries are Aurignacian, 
e.g., Maisières-Canal and Spy (Semal et al., 
2009; Pirson et al., 2012) and the only proven 
fossil humans associated with those indus-
tries in northwest Europe are Homo sapiens 
sapiens, represented mainly by isolated teeth 
(Bailey et al., 2009).

Such a model is obviously not precise enough. 
Firstly, it is based on too few sites: just eight, 
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figure 11: Hypothetical chronology of the Meuse River Basin Neandertals (modified from Pirson & Di Modica, 
2011). chronostratigraphy: FA3 = Harmignies FA3 soil; HCR = Humiferous Complex of Remicourt; VSG-A = 
Villers-Saint-Ghislain A soil; VSG-B = Villers-Saint-Ghislain B soil; WHM = Whitish Horizon of Momalle.

archaeology: Abîme = Trou de l’Abîme; BvAa = Bos van Aa; Cly-B1 = Le Clypot-B1; Desc = Grotte Descy; 
Harm = Harmignies; Hél = Hélin; Hez = Hezerwater; Mesv = Mesvin (Mesvin IV, Petit-Spiennes III); MSM 
= Mont-Saint-Martin; Nel = Nelissen; OSch = Op de Schans; PtSp = Petit-Spiennes; Rem = Remicourt; 
Riss-4 = Le Rissori-4; Roc = Rocourt; Scladina = Scladina Cave; StH-E2 = Station de l’Hermitage-E2; 
StWal = Sainte-Walburge;TAW = Trou Al’Wesse; TDD = Trou du Diable; Walou = Walou Cave.

The letters and numbers following the abbreviations refer either to a specific 
stratigraphic layer or to a different concentration.
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with only three found within modern multi-
disciplinary excavations and only two others 
having delivered direct reliable 14C AMS dating 
of Neandertal remains. It does not provide a reli-
able date for the La Naulette mandible and for the 
Fonds de Forêt and Engis fossils. Secondly, this 
model does not explain precisely what happened 
in Belgium between 36 and 33 ka BP, so the ques-
tion of the possible overlap and contacts between 
Neandertals and Early Modern Humans in the 
Meuse River Basin cannot be properly addressed 
in terms of chronology.
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chapter 21 The Scladina i-4a juvenile 
neanderTal: a SynTheSiS

Michel TOUSSAINT, Dominique BONJEAN & 
Stéphane PIRSON

1. introduction

A total of 19 Neandertal remains — bones and 
teeth — have been discovered at Scladina 

Cave. They consist of the mandible and a fragment 
of the maxilla of an eight-year-old child (Figure 1). 
Most of these fossils (11 teeth and the fragment 
of the right maxilla) were discovered between 
1990 and 1992 but not identified until after the 
discovery of Scla 4A-1, the right hemimandible, in 
july 1993 (Bonjean et al., 2009).

Many papers have been devoted to these 
remains. Some are just preliminary presentations 
(e.g. Otte et al., 1993; Toussaint et al., 1998), while 
others are detailed studies of specific subjects 
(e.g. Smith et al., 2007). Various contributions, 
often derived from PhD theses or post-doctoral 
research, include the Scladina fossils in aspects 
of general Neandertal studies, for example the 
enamel-dentine junction (Skinner et al., 2010) or 
tooth root size (Le Cabec et al., 2013). Although of 
great interest, these works divide the information 
into a large number of contributions, with only 
little confrontation between all involved disci-
plines and subdisciplines.

Conversaly, this monograph combines 
most of the information obtained for the juve-
nile Neandertal remains from Scladina, in topics 
ranging from their stratigraphic position, their 
chronology, their taphonomy, their age at death, 
their morphology, their DNA, and their isotopes of 
carbon and nitrogen. In this context, this chapter 
summarizes key aspects of this monograph from 
a multidisciplinary perspective and discusses the 
future of Neandertal research in the region.

2.
 Main interdisciplinary results 
of the research at Scladina

2.1. context

2.1.1. Stratigraphic position of the 
Neandertal remains

I n the years following the discovery of the 
Scladina Child, the stratigraphy related to these 

remains was understood as the following sequence, 
from bottom to top: Layer 4B, Layer 4A, Stalagmitic 
Floor CC4, and Layer 3. A few years later, the iden-
tification of a stalagmitic floor inside Layer 4A, 
called CC14, led to the definition of a new strati-
graphic succession: Layer 4B, Layer 4A (lower), 
lower Stalagmitic Floor CC14, Layer 4A (upper), 
upper Stalagmitic Floor CC4, and Layer 3. Most 
of the remains were attributed to the upper part 
of Layer 4A at that time, situated between stalag-
mitic floors CC14 and CC4 (Bonjean et al., 1996; 
Bonjean, 1998), while some teeth, originally attrib-
uted to Layer 3, were reattributed to Layer 4A.

In the context of a PhD thesis (Pirson, 2007), 
detailed stratigraphic observations took place 
of almost all the available sedimentary profiles 
within Scladina, allowing about 120 layers to be 
defined and grouped into 30 distinct stratigraphic 
units. Following this stratigraphic reappraisal, 
former Layer 4A became ‘Sedimentary Complex 
4A’, including about 20 layers grouped into 4 units 
(Chapter 3). These include, from bottom to top:figure 1: The Scladina I-4A juvenile Neandertal remains.
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— Unit 4A-AP, the lowermost unit, including the 
layers within the complex that are older than 
Stalagmitic Floor CC4 (i.e. pre-floor layers);

— Unit 4A-IP, including stalagmitic floor CC4 
(which is in fact an equivalent of CC14) and 
the layers that are contemporaneous with the 
formation of CC4 (i.e. syn-floor layers);

— Unit 4A-CHE, which includes the layers that 
developed inside a large gully structure that 
eroded underlying layers, including CC4 (i.e. 
post-floor and syn-gully layers);

— Unit 4A-POC, the uppermost unit, superim-
posing both units 4A-IP and 4A-CHE (i.e. 
post-gully layers).

For this monograph, all available arguments 
were re-examined in order to refine the strati-
graphic position of the Neandertal remains 
discovered in former Layer 4A (Chapter 5). These 
arguments include the 3-dimensional coordinates, 
the analysis of sedimentary profiles, the projec-
tion of the remains onto the nearest profiles, the 
analysis of field notes, the analysis of pictures, etc.

Based on this, out of the 19 juvenile Neandertal 
remains unearthed to date, seven were accu-
rately and precisely repositioned inside the new 
stratigraphic record (see Chapters 3 & 5). Each 
of these seven fossils is either from the gully in 
Unit 4A-CHE or from the directly superimposing 
deposits (Unit 4A-POC). Three of these seven 
fossils were repositioned with a high degree of 
certainty into a specific layer:
— the right half of the mandible (Scla 4A-1) is 

from the top of Unit 4A-CHE, and more specif-
ically from the uppermost 4A-GX lithofacies;

— two teeth are from Unit 4A-POC, including 
Scla 4A-4 from Layer 4A-BO and Scla 4A-13 
from Layer 4A-LEG.

The stratigraphic provenance of the 12 other 
remains is still uncertain, as several units are 
possible candidates (4A-IP, 4A-CHE, 4A-POC, 
3-INF, and, less likely, 3-SUP). However, an attri-
bution to Unit 4A-POC is most probable when 
considering the results of the taphonomic study 
(Chapter 7) as well as the palaeoanthropological 
analysis, which indicates that the remains are 
from a single individual.

Given the sedimentary depositional dynamics 
of Unit 4A-CHE, all remains unearthed from there 
are at least in secondary spatial position. Some 
remains were subsequently reworked into at least 
one superimposing unit (Unit 4A-POC). These 
reworked remains are therefore in tertiary spatial 

position. The spatial distribution of the fossils 
along the longitudinal axis of the cave is logical 
within this framework. In the present state of 
research, the primary spatial position of the child 
is still unknown.

Because the Neandertal remains were rede-
posited through an episode of gully formation, 
questioning the relationship between the age of 
the remains and this structure is important: were 
the remains reworked from a much older unit, or 
are they contemporaneous with the gully’s forma-
tion? This issue is addressed in the next section.

2.1.2. Chronostratigraphy: 
integrating the disciplines

Several observations made during the taphonom-
ical study of the Neandertal remains (Chapter 7) led 
to the conclusion that the Neandertal remains are 
contemporaneous with the gully of Unit 4A-CHE. 
They include:
— when combining all of the physical tapho-

nomic attributes, animal bones and teeth from 
units 4A-CHE and 4A-POC have the strongest 
correlation to the Neandertal child, which 
suggests that the remains were deposited 
during the gully event;

— the mandible was a ‘green bone’ when it was 
broken into two parts;

— the two halves of the mandible differ in colour 
and have different taphonomical proper-
ties, indicating that they were embedded in 
different sediment before the majority of their 
taphonomic alteration began. This suggests 
that the Neandertal remains were not (at least 
not completely) fossilized when they were 
incorporated into different layers within Unit 
4A-CHE.

These are fully compatible with the following 
stratigraphic arguments:
— the oldest stratigraphic unit that has yielded 

Neandertal remains is Unit 4A-CHE;
— all of the Neandertal remains assigned to 

4A-CHE are from the top of the unit, suggesting 
that these objects were incorporated during 
the last stages of the gully’s formation;

— their spatial distribution, restricted to the 
course of the 4A-CHE gully, suggests they are 
strictly associated with this structure, even if 
they were later reworked from the top of Unit 
4A-CHE into the low energy Unit 4A-POC, 
probably through run-off.
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Along with the reappraisal of the stratigraphic 
sequence, the palaeoenvironmental data and 
chronostratigraphy of the Scladina sequence were 
also re-examined (Pirson, 2007; see Chapter 4). The 
new palaeoenvironmental framework is mainly 
based on new results from palynology, anthra-
cology, as well as climatic signals recorded in the 
sediments themselves through the observation 
of sedimentary dynamics and post-depositional 
processes. These results correlate with the data 
from literature that was based on the former 
stratigraphic record (e.g., Cordy & Bastin, 1992). 
Overall, the palaeoenvironment results from all 
the available disciplines are in agreement. The 
data for Unit 4A-CHE indicates cold conditions, 
which is logical considering that the gully is inter-
preted as a result of the degradation of a deep 
frozen soil (melting structure).

The chronostratigraphic framework of the 
entire Scladina sequence was also reconsidered, 
based on all the available data sets: numerical 
dates (luminescence, radiocarbon), biostratig-
raphy, archaeostratigraphy, comparison with the 
loess reference sequence from Middle Belgium 
(heavy mineralogy, lithological, and pedolog-
ical markers), and climatostratigraphy. This 
reappraisal concludes that most of the Scladina 
deposits can confidently be positioned in the Upper 
Pleistocene. However, the chronostratigraphic 
framework of Scladina is still quite imprecise. 
Several situations still need more attention, such 
as the location of the beginning and end of MIS 5 
in the sequence. Interpreting the age of the Unit 
4A-CHE gully relies on the integration of climato-
stratigraphy and heavy mineralogy, especially the 
green amphibole contents when compared with 
the data from the loess reference sequence (see 
Chapter 4). The main arguments are:
— in the lower half of the sequence, from units 7A 

to 2B, strong green amphibole values (ca. 20%) 
were recorded, suggesting the reworking of 
either MIS 6 loess or MIS 4-2 loess;

— between units 7A to 2B, two units (Unit 6B, 
former Layer 6; Unit 4A-IP, former Layer 4A) 
indicate temperate forest conditions, compat-
ible with an interglacial or an early glacial 
interstadial, notably through palynological 
and macrofaunal data as well as the presence 
of major stalagmitic floors;

— combining the first two arguments allows the 
reworking of MIS 4-2 loess to be discarded 
as a hypothesis and supports the reworking 
of MIS 6 loess during MIS 5, in the sequence 
from Unit  6B to Unit 4A-IP. The available 

U/Th and TL dates obtained on speleothem 
CC4 (Unit  4A-IP) are in agreement with the 
MIS 5 interpretation. With a strong climatic 
improvement evidenced in MIS 5 (Unit 6B), 
Unit 4A-IP (and Speleothem CC4) must be 
positioned in either MIS 5c and/or MIS 5a;

— higher up in the sequence, Unit 2A is inter-
preted as the first allochthonous loess input of 
MIS 4, and Unit 2B is best interpreted as repre-
senting the end of MIS 5a (see Chapter 4).

Following these arguments, and combining 
them with the complexity of the Scladina 
sequence, there are several possible interpreta-
tions for the chronostratigraphic positioning of 
the cold episode represented by Unit 4A-CHE and 
the associated Neandertal remains, the most prob-
able being the following:
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figure 2: The two best hypotheses attributing 
the Scladina I-4A juvenile Neandertal remains 

in either GS 22 (MIS 5b) or GI 21 (MIS 5a), in the 
NorthGRIP sequence (modified after NorthGRIP-

Members, 2004; Andersen et al., 2007).
GI = Greenland interstadial; GS = Greenland stadial.
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— if CC4 corresponds to MIS 5c temperate condi-
tions, 4A-CHE would be part of MIS 5b colder 
conditions (GS 22 of the Greenland record, 
between GI 22 and GI 21, around 87,000 BP; 
NorthGRIP-Members, 2004); in this case, the 
Scladina Child would be contemporaneous 
with the Remicourt lithic assemblage (Bosquet 
et al., 2011; Pirson & Di Modica, 2011);

— if CC4 corresponds to the ‘warmer’ first half of 
MIS 5a, 4A-CHE would belong to the intra-MIS 
5a cooling (intra-GI 21, ~80,000 BP);

The best hypothesis attributes the whole 
sequence from Unit 6B to Unit 2B to part of MIS 5; 
the gully from Unit 4A-CHE is placed in either MIS 
5b or MIS 5a. Therefore, the Scladina Child would 
have lived either ~87,000 years ago, or ~80,000 
years ago (Figure 2). This chronostratigraphic 
hypothesis is consistent with the morphomet-
rical and the diet studies of the fossils (see below, 
§ 2.2.2. & 2.2.5).

2.2. Palaeoanthropology

2.2.1. Morphology

The morphology of the Scladina juvenile mandible 
exhibits a general  pattern that is quite charac-
teristic of Neandertals.  Indeed, the fossil shows 
a typical association of some characters either 
derived Neandertal or, without being derived, 
frequent on this taxon; all of these characters fit 
well with the collection of Neandertal mandibles 
of similar ages (Chapter 10). Statistically, compar-
ative analysis of the shape of the mandible in 
the context of ontogenetic and adult variation of 
Neandertals and modern humans (Chapters 10 
& 11) shows that the fossil has features that distin-
guish Neandertals from modern humans.

The Scla 4A-2 maxilla is a small fragment of 
the right midfacial region that is comprised of 
part of the alveolar and palatine processes, as 
well as a small part of the body (Chapter 12). The 
fossil is consistent with Neandertal maxillae with 
regards to the bilevel configuration of its internal 
nasal floor and its rather high estimated subnasal 
height. The anterior part of its dental arcade does 
not seem very large and the location of its zygoal-
veolar crest is not as posterior when compared to 
other similarly aged Neandertals.

The crowns of the 24 teeth from the mandible 
and maxilla have been examined from anatom-
ical and statistical perspectives (Chapter 13). 
Regarding the taxonomic allocation, the teeth fit 
very well in the characteristic Neandertal pattern, 

even if, as for the teeth from similar sites, they 
do not exhibit characteristics that are exclusively 
Neandertal. Mesiodistal and buccolingual diame-
ters of all crowns were compared to samples of 
Early and Late Neandertals (EN and LN), Middle 
Palaeolithic Modern Humans (MPMH), Upper 
Palaeolithic Modern Humans (UPMH), and 
Modern Homo sapiens sapiens (MHSS) using 
univariate methods, i.e. probabilistic distances 
(DP), écart centré réduit ajusté (ECRA), as well as 
bivariate equiprobable ellipses. Regardless of the 
method, significant differences between Scladina 
and MHSS are present. Slight differences exist for 
the UPMH comparison sample. By contrast, the 
Scladina teeth crowns are never different from 
those of Late Neandertals and rarely from Early 
Neandertals and MPMH.

The analysis of the Scladina teeth enamel thick-
ness (Chapter 14) confirms, using 3D µCT data, that 
Neandertals have lower average enamel thickness 
and relative enamel thickness indices than Homo 
sapiens, and that molars, premolars, canines, and 
possibly also incisors, have a different trend, with 
premolars having generally larger relative enamel 
thickness index than molars, while the canines 
have the lowest values. Tooth root morphology 
has been shown to taxonomically differentiate 
Neandertals from modern humans, for both 
anterior (incisors and canines) and posterior 
(molars) teeth (Chapter 16). Compared to MIS  5 
Neandertals, Scladina I-4A has the shortest root 
dimensions relative to its crown sizes. Scladina 
has also an anterior tooth root shape similar to 
other Neandertals. Moreover, the molar roots are 
lacking any degree of taurodontism.

2.2.2. Scladina, Early or 
Classic Neandertal?

Following the accretion model, the Neandertal 
evolution comprises four Neandertal ‘stages’ 
(Dean et al., 1998; Hublin, 1998): stage 1 or 
“Early-Pre-Neandertals”, before and during 
MIS  12, with fossils such as Arago and Mauer; 
stage 2 or “Pre-Neandertals” from MIS 11 to 9 
with Atapuerca (Sima de los Huesos) or Steinheim 
(no specimens are placed in MIS 8 according to 
the accretion model; Dean et al., 1998); stage 3 
or “Early Neandertals” during MIS 7-5 with, for 
instance, Ehringsdorf, La Chaise, or Lazaret; 
stage 4 or “Classic Neandertals”, during MIS 4 and 
3 with Feldhofer, Spy, La Chapelle-aux-Saints, La 
Ferrassie, Le Moustier, La Quina, etc. The morpho-
logical division between stage 4 and stage 3 of 
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the evolution of Neandertals is the least clear, 
as some late ‘Early Neandertals’ of MIS 5, such 
as Saccopastore or La  Chaise, Abri Bourgeois-
Delaunay, exhibit intermediate conditions 
between Early and Classic Neandertals (Dean 
et al, 1998).

Condemi (2000)’s views are not so different, 
especially regarding MIS 5 to 3: “ Proto-Neande rtals” 
during stage 5, which correspond to the “inter-
mediate condition” of the accretion model, and 
“Classic Neandertals” dating back to stage 4 and 
stage 3 (see also Condemi, 2005).

For Serangeli & Bolus (2008), “Early Neandertals” 
are younger than 200,000 BP but pre-Weichselian, 
while “Classic Neandertals” appear in the largest 
number during the Weichselian, ca. 115,000 years ago, 
which is near the beginning of MIS 5.

In the context of these models, what is the 
place of the Scladina I-4A juvenile specimen 
in Neandertal evolution? The morphology of 
the incisors and canines, as well as the occlusal 
surface of the premolars and molars, present 
some combinations of features that give them 
a general Neandertal appearance (Chapter 13). 
Metrically, MD and BL diameters of the Scladina 
teeth correspond quite well to Early and Classic/
Late Neandertals of the accretion model. For 
some attributes, they are not closely related to 
Early Neandertals but correspond well to Late 
Neandertals instead. Intraspecific temporal varia-
tion in enamel-dentine junction (EDj) morphology 
confirms the intraspecific taxonomic position of 
Scladina, which is closer to that of the Classic 
Neandertals than to the Early Neandertal sample 
(Chapter 15). In addition, the tooth root size is 
most comparable with the Neandertals of MIS 5, 
with the exception of MIS 5e (Chapter 16). In addi-
tion, using ECRA, the mandible seems closer to 
EN than LN. Therefore, the best hypothesis is to 
consider Scladina as a “Classic Neandertal”, but 
with subdividing a continuum, these fossils can be 
considered an “old Classic Neandertal” — “Proto-
Neandertal” from Condemi’s perspective and 
“intermediate condition” of Dean et al.’s view — 
particularly when compared to Late Neandertals, 
such as Spy. The morphology of the Scladina 
teeth seems consistent with the best chronostrati-
graphic hypothesis for the fossils, i.e. MIS 5b or 5a.

2.2.3. Age at death

The final estimation of the dental age of the 
Scladina juvenile, proposed in Chapter 8 (see also 
Smith et al., 2007), was performed using a histo-
logical method that potentially offers the most 

reliable and accurate results. Based on this, the 
Scladina Child appears to have died at 8 years old.

However, summarizing the estimation of the 
age at death previously obtained at Scladina by 
conventional anthropological methods — the 
study of tooth maturation, mainly the beginning 
of calcification; calcification scoring dental; tooth 
emergence; growth of the roots; and root comple-
tion — and then comparing these results to those 
of histology is very useful.

Based on this, a preliminary report concluded 
that “[i]f the criteria of age linked to dental erup-
tion and to the formation of molar roots observed 
in modern humans are applied to Neandertals, the 
Child of Sclayn […] would have been at least 12-13 
years old. The persistence of deciduous molars 
could however indicate a younger age, probably 
not more than about ten years” (Toussaint et al., 
1998: 740). More recently another perspective was 
used: “[d]ental age determination compared with 
cutting teeth and molar root formation in modern 
humans suggest that the child died at age 12, yet 
the persistence of deciduous molars is consistent 
with a younger age, but probably not less than 10” 
(Toussaint & Pirson, 2006: 382-383).

In two methodological studies, Granat & Heim 
(2001, 2003) developed a new model for dental matu-
ration that estimates the age at death of Neandertals 
without referring to the classic modern populations 
dental growth tables. Several postulates forced the 
authors to mention a ‘suspected age’, i.e. an age 
relative to the onset of maturation that is consid-
ered identical in both Neandertals and modern 
humans, rather than an absolute age. Among these 
postulates is the age of only the central deciduous 
incisors as estimated from modern populations’ 
dental growth tables, as well as the notion that the 
deciduous teeth, incisors, canines, and first molars 
of Neandertals begin calcifying at the same time. 
They proposed two methods, one using two math-
ematical formulas and the second using a graph; 
both of them yield the age of a Neandertal from 
the degree of maturation of his/her deciduous 
and permanent teeth, but the graphical approach 
is clearly more approximate. Although it has been 
nearly 15 years since it was established, the palae-
oanthropological community only minimally 
uses this new approach. Comparing results from 
these methods with results obtained by histolog-
ical determination of the individual’s age offers 
a valid test of their applicability. Individually, 
the teeth of Scladina provide an age range from 
7 years 8 months to 10 years 6 months, with most 
of them ranging between 8 years 3 months and 8 
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years 9  months. The average is therefore 8 years 
and almost 6 months. Histological techniques and 
Granat and Heim’s method yield similar results for 
the Scladina Child: only 6% older for Granat’s tech-
nique compared to 25% older when the minimal 
average age of 10 obtained through traditional 
methods are taken into account. Despite its lack 
of acceptance in the anthropological commu-
nity, Granat and Heim’s technique provides an 
interesting perspective, although it slightly overes-
timates the age.

2.2.4. Sex

Numerous sex determination techniques, based 
either on morphological traits or on metric differ-
ences, have been developed for adult bones, but 
they were mainly developed from modern human 
skeletons of known age and sex. Regarding juve-
niles, there are no really precise sex diagnosis 
techniques.

At Scladina, these problems exist: the remains 
belonged to an 8-year-old child, traits commonly 
used for sexing modern humans are not accu-
rate enough for Neandertals, and mandibles and 
maxillae are not the most accurate bones to use 
for determining sex.

The dental technique developed by Oxnard 
(1987) avoids the pitfall of applying modern 
human measurements to other taxa by using the 
bimodal appearance of some dimensions of the 
crowns of teeth, as it is largely acknowledged that 
the size distribution of some teeth, particularly the 
canines, show the greatest differences between 
males and females. On this basis, the Scladina 
juvenile may have been female (Chapter 9).

Other evidence from the histological study and 
the study of tooth roots align with the same inter-
pretation. Based on the Scladina teeth, perikymata 
numbers fall either near the low end or below the 
values reported for other Neandertals, which, 
based on comparisons with other fossils, may 
provide another argument for the determination 
of Scladina as a female (Chapter 9). The Scladina 
tooth roots are very short and fall within the 
lower end of the Neandertal variation. In addition, 
the pulp cavities are very large. Both arguments 
support the hypothesis that the Scladina Child is 
female (Chapter 16).

The dimensions of the mandibular body are 
relatively small when compared with other 
Neandertal mandibles of similar ages at death. 
Even if this is body size dependent, it could tenta-
tively support the hypothesis that the fossil is 
female (Chapter 9).

Although none of these indices are determi-
nant, and even if it is extremely difficult to estimate 
the sex of the Scladina juvenile, the conjunction of 
the various analyses presented in this monograph 
suggests a female trend.

2.2.5. Diet and environment

At Scladina, both techniques used for the recon-
struction of the child’s diet, carbon/nitrogen 
isotopic signatures (Chapter 17) and tooth 
microwear patterns (Chapter 18), indicate 
that the  child mainly ate meat. However, the 
microwear  data also reveals that the diet of the 
child most likely included small amounts of abra-
sive plant foods.

In this regard, and throughout Europe, it 
seems that the Neandertal diet may significantly 
differ in response to the changes in palaeoeco-
logical context, with increased consumption of 
plant foods with the expansion of tree cover and 
the use of meat in cold, open, steppic conditions 
(El Zaatari et al., 2011; see also Chapter 18). 
Scladina microwear texture is within the range of 
Neandertals who lived in both open and wooded 
habitats, but appears closer to the former group, 
which is somewhat expected in the context of a 
cold episode from the second half of Weichselian 
Early Glacial. To complete this information, stud-
ying starch grains and phytoliths in calculus on 
teeth could confirm the consumption of a variety 
of plant foods, such as with the Spy I and II spec-
imens (Henry et al., 2011). However, the Scladina 
teeth are not clearly encrusted with visible 
deposits of calculus, possibly because of the indi-
vidual’s young age.

3.

 Some perspectives for the 
neandertal research in the 
Belgian Meuse river Basin

3.1. Scladina

A t Scladina, the study of Neandertal remains 
still offers interesting prospects, both in the 

field and laboratory.
In the cave, Sedimentary Complex 4A, which 

yielded the Neandertal remains, is far from being 
completely excavated (see Chapter 7). In addition, 
the Middle Palaeolithic context situated near the 
top of the cave in former Layer 1B is not all exca-
vated and has already yielded some human remains. 
Their analyses have not yet been completed.

The origin of the Neandertal remains and how 
they became interred in Sedimentary Complex 4A 
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is also unknown, so excavation will undoubtedly 
continue.

The re-examination of the available sedimen-
tary profiles at the cave entrance is also promising 
in terms of providing new results.

During the final stages of preparing this mono-
graph, the remains of the child were shown to 
date from the end of Weichselian Early Glacial 
(most probably MIS 5b or 5a). This is a significant 
improvement over the previously assumed age, 
which ranged from MIS 6 to MIS 4. However, new 
palaeoenvironmental research to be undertaken in 
parallel with the ongoing excavations will confirm 
or deny the new MIS 5b-5a interpretation.

Analysis of the fossils will undoubtedly 
continue. Ongoing research on the potential use 
of strontium as a marker of Neandertal move-
ment between different ecological niches is a 
good example (Verna et al., 2014). Hopefully the 
current edition of the monograph will inspire 
researchers to continue analysing the Scladina 
remains, incorporating them in different aspects 
of Neandertal research.

3.2. other sites
The chronology of Neandertals in the Meuse River 
Basin, although relatively well established, still 
lacks precision (Chapter 20). This will likely be 
improved in the future by using new radiocarbon 
dates, especially when these methods better control 
the effects of pollutants (glue, varnish), which have 
made some dates, such as Engis 2, appear too 
young. Improvements in 14C dating methods may 
eventually allow the acquisition of dates for fossils 
that are older than what can be currently dated.

New discoveries of Neandertal remains are 
likely to continue, even from museums and 
private collections as recently demonstrated with 
the examples of Spy and Goyet. At Spy Cave, 
the careful analyses of many skeletal remains 
collected by François Twiesselmann’s team in the 
1950s from the debris accumulated on the slope 
between the cave and the Orneau River (Rougier 
et al., 2004), as well as the purchase of a private 
collection of material from the site (Semal et al., 
2009), led to the discovery of various previously 
unidentified Neandertal remains. These find-
ings have also triggered a new comprehensive 
analysis of anthropological and archaeological 
material discovered at Spy since 1886, which led 
to the publication of a large monograph (Rougier 
& Semal (eds.), 2013, 2014 in press). In the caves 
of Goyet, the excavations of 1998 on the terrace 
and in the main cave did not yield palaeolithic 

human remains (Toussaint et al., 1999); most 
of the sediments were removed by E. Dupont in 
the 1870s and his many successors without the 
use of detailed stratigraphic records. In contrast, 
since 2004 numerous human remains from the 
Upper and Middle Palaeolithic were discovered 
in the collections of the Royal Belgian Institute of 
Natural Sciences. Although retrieved by Dupont 
nearly a century and a half ago, they had never 
been analysed in detail (Rougier et al., 2014).

Most of the caves where Neandertal remains 
have been discovered no longer have any signif-
icant amount of in situ sediments, making new 
anthropological discoveries and the acquisition 
of geological and palaeoenvironmental data next 
to impossible. This is the case at Engis and Spy, 
where only the sieving of debris from old excava-
tions on the slope in front of the cave at Spy and 
at the bottom of a small quarry dug adjacent to the 
cave at Engis may yield finds. At Fonds de Forêt, 
the excavations completed ten years ago (before 
the installation of fences to protect bats) yielded 
only contaminated or sterile sediment (Toussaint 
& Pirson, 2004). At Couvin, after the 1984 exca-
vations (Cattelain & Otte, 1985), research 
undertaken between 2009 and 2012 discovered in 
situ sediment, including some Middle Palaeolithic 
artefacts, although the area was quite limited and 
no new humans remains were discovered (Miller 
et al., 2014). In Walou Cave, most of the sediment 
was excavated during two excavation campaigns: 
1985 to 1990 (Dewez dir, 2008) and 1996 to 2004 
(Draily, 2011; Draily et al. (dir.), 2011: Pirson et 
al. (dir.), 2011). In Goyet, as the terrace and the third 
cave were carefully excavated by E.  Dupont and 
his successors, secondary sites on a nearby cliff, 
including an intact entrance recently found below 
the upper rock shelter, provide the best possibility.

Except Scladina, La Naulette provides the 
best opportunity for new in situ anthropolog-
ical discoveries out of the sites that have already 
yielded Neandertal remains, even if the dating of 
the fossils is very imprecise. The human remains 
from La Naulette could be the oldest from the 
Meuse Basin. During some short field campaigns 
that have been conducted since 1999 (Toussaint 
et al., 2000), backfill obstructing the cave was 
removed. In situ sections left by E. Dupont in 
1866‒67 were partially recovered. The continu-
ation of this field program aims to excavate the 
in situ sediment, study palaeoenvironmental 
deposits, and hopefully find new human remains.

At Montignies-le-Tilleul and Le Tiène des 
Maulins, two other karstic sites which supposedly 
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have already yielded Neandertal remains (Otte, 
1986; Groenen, 2005), numerous analysis have to 
be carried out before deciding whether or not to 
add them to the list of Neandertal sites in Belgium 
(see Chapter 20).

Due to the limited number of opportuni-
ties for  new anthropological discoveries in the 
currently available karst sites, new multidisci-
plinary excavations are absolutely necessary for 
finding well-contextualized fossils, ideally in unex-
cavated sites or in caves where human remains 
have not yet been found. Ongoing research at Trou 
Al’Wesse, in Petit-Modave in the Hoyoux Valley, 
could become particularly interesting; excavations 
undertaken in the 21st century at the site (Miller 
et al., 2007), which was only partially excavated 
during the 19th century, provided Mesolithic, 
Aurignacian and Middle Palaeolithic layers.

However, due to the relatively limited palaeoan-
thropological potential of the ongoing excavations 
in Middle Palaeolithic karstic sites an intensive 
survey program is needed to expand our knowl-
edge of regional Neandertals. Such a program 
would require a lot of work before providing 
results, as, so far, all the regional Neandertal 
remains were discovered in large sites, and most 
of these sites, such as Engis, Spy, Goyet, or Fonds 
de Forêt, are highly visible on the landscape 
and were identified long ago, especially because 
speleology was very extensive in the region. In 
this context, finding intact sites like Walou and 
Scladina in the 20th century is extremely rare. 
Their discovery shows the extreme importance of 
developing contacts with speleologists.

When a new cave or rock shelter is discovered 
with archaeological and anthropological poten-
tial, research there must be undertaken from 
a multidisciplinary perspective. A Quaternary 
geologist should be present from the beginning 
of excavations, together with palaeontologists, 
prehistorians, palaeoanthropologists, and experts 
in many other disciplines. The importance of 
understanding the stratigraphic details and the 
sedimentary depositional phenomena is critical 
to any palaeoenvironmental, palaeontological, or 
archaeological interpretation of a karstic site.

In laboratories, the prospect of regional 
Neandertal anthropology remains large, as well 
as throughout all of Eurasia, especially with the 
constant development of new investigation tech-
niques, such as 3D reconstruction with computer 
tomography, isotopic biogeochemistry (13C/15N, Sr, 
Ba, etc.), histology, and DNA extraction (especially 
nuclear DNA). Scladina will be very important for 

developing these future methods due to the rela-
tively large number of fossils discovered at the 
site and the opportunity for future geological and 
palaeoenvironmental studies to be done.
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an excavation journey

Freedom begets creation. For me, the first is linked to the nebulous utopian ideals of those 
who participated in the events of May 1968. The second drove me to the caves of the Meuse 
Valley, with a feverish mind mingling with the powerful attraction of the research of my prede-
cessors and the respectful comprehension of our own origins. My doctorate (1970-1975), full 
of dreams, fragrances, and changes, introduced me to the spirit of adventure that ignited the 
first Liégeois (Otte, 1979) and to the enchantment of these countless gestures recorded as much 
in the stone artefacts as in their lithographic plates: yellowed with time but with a fine and 
faithful drawing style, a damp texture under the hand, as if we entered them (Schmerling, 1833). 
In the poetic turmoil, mastered with great effort, and held in a tactical repose, several prom-
ising situations had already been recorded. So I was brought to touch the sacred deposits on 
the margins of these celebrated caves, all visited to find in them the spirit of the places where 
mysterious civilizations had lived in the past: Montaigle, Chaleux, Furfooz, Goyet, Hastière, 
Modave, Trou Magrite… and Marche-les-Dames, in 1976, directly across the Meuse from 
Scladina! Examination of the artefacts recovered in the old excavations showed the signifi-
cance of the bone industry and the homogeneity of the Aurignacian occupations. With Michèle 
Gustin and Michel Toussaint, we proceeded with meticulous excavations, but the Aurignacian 
material discovered was dispersed in disturbed deposits, mixed with material from Neolithic 
burials. The only intact human occupation at the Grotte de la Princesse was attributed to the 
Early Middle Ages, probably Carolingian, with beautiful painted pottery (Otte et al., 1981). 
The connection with the opposite bank of the Meuse was established by an ingenious fighter, 
Commander Hazée, instructor at the center of the commandos of the Belgian army, where, in 
all innocence, my humble excavations had led me. This Commander had it all: tall and strong, 
a good drinker, the charisma of an adventurer, long episodes on the hardest fronts (katanga, 
korea, China), and leader of men in combat, both in the bistros and in the caves. We immedi-
ately became friends, by the magic of which the stuff of history is woven. Among these military 
men, devout followers, a speleological group was then found, attempting to explore the rocky 
entrails on the slopes of the limestone hills on the south side of the Meuse. Training sessions 
by this circle of brave men were as welcoming as they were demanding, even in the vigor of my 
twenties. It is not necessary or proper to recount the menu here, but other long evenings were 
devoted to a limited circle of ‘selected friends’. Complete confidence was established in this 
group and in June 1976 conceived the idea of a collaboration, sharing methods (they wanted to 
know everything!) and tips on the different cavities found in the rocky massifs surveyed by the 
Cercle Archéologique Sclaynois (CAS).

Through the incendiary tumult that took place at the Place Saint-Lambert in Liège (June 1977), 
our enthusiasm did not dampen the dispute and official and efficient excavations only began 
in August 1978 under the leadership of a local magician, the Mayor of the City of Andenne, 
Claude Eerdekens. Claude, like myself, believed in this affair and brought to it all of the persua-
sive determination of his administration for perpetual and untiring support. For example, he 
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ensured the inspection of the expansion of the quarries neighbouring ‘our’ caves in the Meuse 
Valley and reserved exclusive study to our new association. The Ceramic Museum of the city 
was soon added to the group. Since then, and thanks to the diabolically effective mechanism 
of this group, systematic excavations have been in progress in this vast complex of chambers, 
focusing as much on pure scientific research questions as on the training of students and educa-
tion of school groups and tourists. Meanwhile, having become a professor, several Master's and 
Doctoral theses were completed under my supervision. Scladina Cave is now renowned world-
wide for the quality of the excavations (Bonjean et al., 2011), the innovative research that it has 
engendered, and the discovery of the remains of a young Neandertal in 1993 (Otte et al., 1993). 
International collaboration has brought the best specialists in all fields to the site (Ellwood et al., 
2004), thus avoiding the narrowness of thought that nationalist schools can impose. The current 
experienced team, definitive and exclusively focused on the study of this prodigious site, owes 
its soul and energy to the total dedication of Dominique Bonjean, scientific collaborator at the 
University of Liège. As a result of his work, he and his team have produced a series of publi-
cations, directed the field school and undertaken coordinated research, all within an amicable 
atmosphere created by each member. Contrary to commonly accepted ideas, the excavations 
at Scladina have demonstrated that a range of skills were entirely mastered by hominins more 
than a hundred thousand years ago. Hunting capacities are shown by the flexibility of their 
adaptations at the base of the Ardennes hills. The frequency of chamois in the range of fauna 
hunted demonstrates the precision and rapidity of capture methods, probably linked to the 
mastery of woodworking techniques. Stone artefacts reveal a broad diversity in methods used 
simultaneously, depending on the intended tools and within very large distribution networks, 
from local sources to others located many kilometers from the site. Black colorants perhaps 
indicate a preoccupation with corporal aesthetics. And curious objects (crystals) were brought 
back to the site, just as ‘curiosities’ have been throughout human history.

Marcel Otte with some colleagues in Scladina Cave during the summer of 1980s.
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Yet the successive discoveries of disarticulated fragments of human remains, all from a single 
young individual that is clearly Neandertal, have been the most important scientific aspect 
of this site since 1993. Although the skull was isolated (all fragments come from it), its selec-
tion was dictated by obvious elaborate spiritual concerns because it served to incarnate the 
care given to those within the community: they ensured collective destiny through rituals. The 
disposition in caves itself corresponds more to a funerary concern than to a domestic occupa-
tion; the burial remained protected as if by a vault, by the natural bowels of the earth formed 
by the rocky envelope, as perpetual as one could desire. The discrete striations seen on the inte-
rior of the mandible appeared to reflect specific treatment of the human remains at first glance, 
as often this part of the body indicates, both among the Neandertals and modern populations 
dispersed around the world today (‘skull cults of primitive peoples’) (Gastaut, 1972).

The remains of this young child followed the same logical line of reasoning: an ‘unproductive’ 
being in a hunting society was nonetheless honored, with the worth of an adult hunter and fully 
integrated within its social rank. This simple note clearly indicates the mythical solidarity of the 
group, by including all of its members, including the most humble.

The Chair of Prehistory that I have occupied since 1980 results from the long chain of conse-
quences that began in 1817 when the University of Liège was founded. My distant colleague, 
Philippe-Charles Schmerling, was first a generous doctor. He traded his medical care against 
the discoveries made by quarry workers as the quarries expanded to cut into cavities rich in 
fossils. With hard work and a lot of bold, insightful, and free reflection, he foresaw human 
evolution by combining the remains of extinct animals, stone tools made by humans, and 
human skeletal remains. This fever of discovery and reasoning continued during the 1820s. He 
presented his arguments in several articles for the Académie des Sciences de Paris and then in 
a superb volume which included detailed drawings of stone tools and human skulls and bones, 
including the first Neandertal ever discovered, known as ‘Engis Man’ or ‘Liège Man’ following 
the nomenclature.

Nearly two centuries separate the discoveries of Engis and Sclayn, but the central pivot of 
Liège research was at Spy in 1885-86, where two Neandertal burials were found by an inter-
disciplinary team on the large terrace in front of the cave. Once again, their location supports 
the ritual value of such a cavity, large and opening onto a river and facing an extended plain 
on the horizon. During these historical excavations, religious activities were demonstrated for 
these populations who at the time of discovery were barely accorded the status of being human. 
Burials, human groups, techniques, and rites were finally associated to give this ancient popu-
lation a dignity comparable to that, while still hesitant, accorded to exotic modern populations.

Sclayn is thus placed a long trajectory of research by the Liège School in the Ardennes caves 
and their particular abundance in prehistoric human remains. With the new school of thought 
that has been formed at Scladina, there is no doubt that equivalent productivity will continue.
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The south profile (F/G) of the trench dug on the terrace. Sketch of the stratigraphic sequence drawn 
by Marcel Otte on the 12th of July 1979 (excerpt from the first excavation journal of Scladina).
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1971: one of the very first pictures of the 
entrance of Scladina Cave, taken several days 

after it was discovered on the 15th of June. The 
cave was filled to the vault with sediment.

1971: the speleologists and 
amateur archaeologists 
of the Village of Sclayn 

unblock the passage, 
rapidly removing the 

sediment to allow easier 
access to the cave.

Scladina was discovered in 1971. There were several stages of excavation, beginning with the Cercle Archéologique 
Sclaynois, followed in 1978 by the Service de Préhistoire de l’Université de Liège, and finally Archéologie 
Andennaise (now Centre archéologique de la grotte Scladina) from 1985 until the present. This photo album 
illustrates the important steps of the Scladina project, including the discovery of the Neandertal remains in 1993.

Scladina cave from 1971 to 2014

1972: the first gate is created. A trench is dug on 
the terrace to ameliorate both the access to the 
site and the removal of sediment from the cave.

16.5.1972: to create easier access, two metres of sediment 
are removed from under the ceiling at the cave’s entrance.

1978: amateur 
archaeologists 
protect the site and 
contact Marcel Otte 
of the Department 
of Prehistory of 
the University of 
Liège, who began 
professional 
excavation on the 
2nd of August.

SCLADINA CAVE FROM 1971 TO 2014
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1983: excavation extends into the cave and focuses 
on former Layer 5, which has yielded the major 

Middle Palaeolithic artefact assemblage.

1981: over a three year period, a longitudinal 
trench was dug through the terrace and then 
enlarged to a 16 m2 test pit crossing the entire 

sedimentary sequence of Scladina Cave.

1984: the 3D coordinates of every discovery in 
former Layer 5 are recorded by the students of the 

University of Liège during summer excavation.

1985: sediment 
samples are 

collected from 
the terrace profile 

for microfaunal 
analysis for Jean-

Marie Cordy.
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1985/2: Archéologie Andennaise formally undertakes year-round excavation and ameliorates the working conditions in the cave.

1986: visitors from the city of Andenne observe the 
archaeologists and students working in the cave.

SCLADINA CAVE FROM 1971 TO 2014

1987: excavation has reached twenty metres deep in the cave. 
Here the excavation must start from the vault and a 5 metre thick 
sedimentary sequence must be removed to reach former Layer 5.
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1988: former Layer 5 is completely excavated 
within the first twelve metres of Scladina Cave, 

from the porch at metre 11 to metre 22.

1989: deeper in the cave, the top of the sedimentary 
sequence is covered by a thick Holocene speleothem.

1991: a concentration of cave bear remains 
found at the bottom part of former Layer 
3 in squares D29 and 30 (excerpt of the 
Scladina excavation journal 15, p. 39).1991: the excavation technique consists of removing 

1 or 2 cm of sediment on a 1 m2 surface. The 3D 
coordinates of all the objects are recorded; the finds 

are also drawn on a plan at the scale of 1/20. 1992: reference profiles are kept along the north 
wall of the cave and are still present today.
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1993: a blue cast representing 
the position of the right 
hemimandible Scla 4A-1 

in Layer 4A-GX.

1993: Philippe Frison of 
Archéologie Andennaise 
discovers the permanent 
maxillary first molar 
Scla 4A-4 on the 14th 
of December, 1993.

SCLADINA CAVE FROM 1971 TO 2014

1994: with the financial help 
of the State and the City of 
Andenne a secure metal bridge 
was built and two years later the 
cave is illuminated by lights to 
develop a tourist programme.

1995: the back Profile 29/28 
D-C exhibits the sediments of 
the 4A-CHE gully reworking 
speleothem fragments. Those 
sediments will yield the left 
hemimandible Scla 4A-9 on 
the 12th of July 1996.
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1998: the 
excavation house 
has been present 
on the site since 
the beginning of 
the excavations 
of Archéologie 
Andennaise 
in 1985.

2000: the Archaeological Centre of Scladina Cave 
is enlarged to develop a museum at the site.

1997: an aven is 
identified between 
metres 43 and 
50. Excavation of 
the aven started 
from the plateau.
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2001: again with the help of the State and the City of Andenne, a metal structure is built on the terrace 
of Scladina Cave to ameliorate the work conditions for archaeologists and to welcome tourists.

SCLADINA CAVE FROM 1971 TO 2014
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2002: excavation of former Layer 5 continues on a wide surface to record 
potential horizontal relationships between objects.

2002: to record stratigraphy, profiles are equipped with white elastic ropes.
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2004: a ‘vertical’ excavation strategy is developed to adapt 
to the complex geometry within the stratigraphy.

2003: Stéphane Pirson’s PhD study between 
2003 and 2007 resulted in the reappraisal 

of Scladina’s stratigraphic record.

2004: The 4A-CHE gully is identified by the speleothem fragments that it reworked (Profile C32/31).

SCLADINA CAVE FROM 1971 TO 2014
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2005: two members of the team of Archéologie Andennaise work in the cave. The team is comprised 
of nine permanent employees that work year-round on the Scladina Project.

2005: high resolution photographs allow the recording of geometric subtleties, sediment colour, and texture (Profile 32/31 D-B).
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2006: stratigraphic observations require 
powerful lights. Every archaeologist 
needs two 500 watt lamps: one fixed 
over the excavation zone, the other 
one in front of the Profile H/I 30-23.

2007: throughout the cave, excavation occurs on a small 
surface of 25 cm x 50 or 100 cm. Every find is stratigraphically 

provenanced with the use of multiple profiles (Square J27).

2008: with help from the State, a Cyrax 3D scanner records the inner morphology of Scladina Cave in high resolution.

SCLADINA CAVE FROM 1971 TO 2014
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2008: the scan resolution is 
one dot every 5 mm in 3D.

2009: prior to excavation, the 
profiles are cleaned, carefully 
observed, delineated, and 
annotated on photographs in 
order to record sedimentary 
limits (Profile F/G 37-33).
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2011: Profile 28/27 k-J exhibits a 
geometrically complex stratigraphic 

sequence comprised of debris 
flows, run-off, and cryoturbation.

2010: effects of 
cryoturbation visible 
on a profile between 
the layers 1B-OR (top) 
and 2A-GL (bottom).

2010: good lighting, small surfaces, adapted tools, 
careful observations, and microstratigraphic 

excavations all help to verify the context.

2012: in this part of the cave bridges are built so 
that all excavation units can be investigated.

SCLADINA CAVE FROM 1971 TO 2014
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2013: all layers are vertically excavated: those of Unit 4A-POC (below) 
that may contain Neandertal remains and those of units 1A and T 

(above) that are yielding numerous artefacts of the MIS 3 assemblage.

2014: a tablet computer is now used 
to draw stratigraphy on photos as well 

as locate and annotate artefacts.

Photograph credits:

All photos from 1971 to 1978, Cercle Archéologique Sclaynois
All photos from 1981 to 1986, Service de Préhistoire de l’Université de Liège
All photos from 1987 to 2014 (also including 1985/2): Archéologie Andennaise

Since 1991 Dominique bonjean has been coordinating the Scladina Project, which includes 
continuous excavation of the cave with the Archéologie Andennaise team, conservation, 

scientific publications, and student excavation programmes (see more at www.scladina.be).
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The discovery of the right hemimandible 
Scla 4A-1 reported in the Friday August 6th 

edition of the Le Jour – Le Courrier, 1993.

The discovery of the left hemimandible Scla 
4A-9 reported in the Thursday July 25th 
edition of l’Avenir du Luxembourg, 1996.

Céline Piret, 2011

The Scladina child

THE SCLADINA CHILD



René Hausman, 2008

René Hausman, 2009

Anne-Cécile Derbaudrenghien, 2004

Benoît Clarys, 2013



439T h e  S c l a d i n a  I - 4 A  J u v e n i l e  N e a n d e r t a l

Summaries/Résumés
Chapter 1 Overview and context of the Scladina 

palaeoanthropological project 13

This introduction presents the whole palaeoanthropological project that, since 1993, studied the 
Neandertal remains discovered in Sedimentary Complex 4A at Scladina Cave. This chapter also 
briefly discusses the scientific context, including the stratigraphy, archaeology, and palaeoen-
vironment, within which the 19 remains studied in this monograph (i.e. three bone fragments 
with teeth as well as 16 isolated teeth) were discovered. In addition to some thoughts on the 
nature of palaeoanthropology, it also provides a brief overview of all chapters of the book, 
before concluding with a list of articles written about, or referring to these juvenile remains.

Contexte et évolution du projet paléoanthropologique à la grotte Scladina

Cette introduction a pour objectif de présenter l’ensemble du projet anthropologique qu’a constitué, 
depuis 1993, l’étude des restes néandertaliens découverts dans le complexe des couches 4A de la 
grotte Scladina. Le chapitre évoque aussi brièvement le contexte scientifique, notamment stratigra-
phique, archéologique et paléoenvironnemental, dans lequel se sont produites les découvertes des 19 
fossiles qui composent la collection étudiée dans la présente monographie, c’est-à-dire 3 fragments 
osseux avec dents ainsi que 16 dents isolées. Outre quelques réflexions sur la nature même de la 
paléoanthropologie, il propose une brève présentation de tous les chapitres de l’ouvrage, avant de se 
terminer par une liste des articles concernant les restes juvéniles de l’enfant ou y faisant référence.

Chapter 2 Scladina Cave: archaeological context and history of 
the discoveries 31

Discovered in 1971, Scladina Cave is located on the west side of a small tributary of the Meuse 
River in Sclayn, Belgium (Municipality of Andenne, Province of Namur). Facing towards the 
southeast, the cave is a long cylinder-like karst structure that extends along the axial plane of 
an anticline. Currently, excavation of the sediment within Scladina extends about 40 m from the 
cave’s entrance. Since the beginning of scientific research at Scladina (1978), multidisciplinary 
studies have demonstrated that the cave records numerous climatic fluctuations from the 
Upper Pleistocene. From palaeoclimatic and palaeoenvironmental perspectives, this is one of 
the most complete sequences available to researchers in Belgium. Presently, more than 120 
layers divided into 30 sedimentary units have been identified in a sequence that is approximately 
15 m thick. A large number of sedimentary processes and post-depositional processes are 
recorded, which makes Scladina an excellent reference site. Scladina is also one of the major 
Palaeolithic archaeological sites in Belgium. Two important Middle Palaeolithic assemblages 
have been recovered: the one from Unit 5 (attributed to a cold phase of the Weichselian Early 
Glacial, MIS 5d) and the other from Unit 1A (dated to between 40,210 +400/-350 BP and 37,300 
+370/-320 BP, MIS 3). These have been studied from a variety of perspectives, including typology, 
technology, petrography, spatial distribution, archaeozoology, and statistics. Since 1993, the 
recovery of a mandible, a maxillary fragment, and 16 isolated teeth of an 8 year-old Neandertal 
from Sedimentary Complex 4A permitted Scladina to join the 7 other Belgian sites that have 
yielded Middle Palaeolithic human remains. This discovery is the most important made in 
Belgium during the 20th century. Dated to approximately 90 ka BP, the oldest Neandertal DNA 
has been retrieved from this individual.
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La grotte Scladina : contexte archéologique et historique des découvertes

Découverte en 1971, la grotte Scladina (Sclayn, Commune d’Andenne, Province de Namur) est loca-
lisée sur le versant ouest d’un petit vallon adjacent au cours de la Meuse. Ouverte en direction du 
sud-est, la grotte se présente sous la forme d’un long boyau qui s’enfonce dans le massif en suivant 
l’axe d’un anticlinal. Actuellement, la fouille s’étend sur une longueur de 40 m au départ du porche. 
Depuis le début des recherches scientifiques en 1978, les fréquentes études pluridisciplinaires 
conduites sur le site ont démontré la présence d’un nombre conséquent de fluctuations climatiques 
enregistrées dans la stratigraphie au cours du Pléistocène supérieur. De ce point de vue, il s’agit de 
la séquence la plus complète pour nos régions encore accessible aux chercheurs. À l’heure actuelle, 
plus de 120 couches, réparties en 30 ensembles sédimentaires, ont été répertoriées sur une séquence 
qui totalise près de 15 m d’épaisseur. Un grand nombre de processus sédimentaires et post-déposi-
tionnels y sont enregistrés, ce qui en fait un site de référence en la matière. Scladina est un des sites 
d’occupation majeurs du Paléolithique belge. Deux importantes séries d’artefacts du Paléolithique 
moyen ont été identifiées dans les ensembles sédimentaires 5 (attribué à une phase froide du Début 
Glaciaire Weichsélien, MIS 5D) et 1A (daté entre 40,210 +400/-350 BP and 37,300 +370/-320 BP, 
MIS 3) qui ont été étudiées sous de nombreux angles : typologique, technologique, pétrographique, 
répartition spatiale, calibrages et statistiques. Depuis 1993, une dimension émotionnelle est venue 
s’ajouter par la mise au jour, dans le complexe des couches 4A, d’une mandibule, d’un fragment de 
maxillaire et de 16 dents isolées appartenant à un Néandertalien de 8 ans. En Belgique, cette décou-
verte anthropologique est la plus significative du 20ème siècle. Elle permet à Scladina de rejoindre les 
7 sites belges ayant livré des restes humains du Paléolithique moyen. Estimée à environ 90 ka BP, 
cette mandibule a permis l’analyse de l’ADN néandertalien le plus vieux du monde.

Chapter 3 The stratigraphic sequence of Scladina Cave 49

After providing a short history of how the stratigraphic record at Scladina Cave was established, 
the deposits from Unit 5 to Unit 3-SUP are described. Since 2003, the meticulous study of the 
sedimentary profiles available at Scladina led to the complete reinterpretation of the stratigra-
phic sequence. This chapter describes the deposits related to the Neandertal remains, focusing 
on former Layer 4, referred to here as ‘Sedimentary Complex 4’. 

Rather than the previous succession of ‘Layer 4B/Layer 4A/Speleothem CC4’, more than 20 
layers with very different lithologies have been identified, and even more importantly a much 
more complex distribution of the different lithostratigraphic units near Speleothem CC4 became 
understood. All the layers that comprise Sedimentary Complex 4 are now divided into 5 distinct 
units: 4B, 4A-AP, 4A-IP (including CC4), 4A-CHE, and 4A-POC. Another major element of the 
new stratigraphic interpretation is the identification of an important gully in the upper part 
of Sedimentary Complex 4 (Unit 4A-CHE) that eroded Speleothem CC4 and some subjacent 
layers. 

Sedimentary and diagenetic processes are also discussed for this part of the stratigraphic 
sequence. A large number of depositional and post-depositional processes have been identified. 
Sometimes, successive lateral lithofacies that were generated simultaneously by the interaction 
of different processes in certain areas of the cave were observed. 
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La séquence stratigraphique de la grotte Scladina

Après un bref historique des relevés stratigraphiques à la grotte Scladina, les dépôts sont décrits, 
de l’unité 5 à l’unité 3-SUP. L’étude détaillée des coupes disponibles depuis 2003 a conduit à 
une réinterprétation complète de la séquence stratigraphique. Ce chapitre présente la descrip-
tion des dépôts concernant les restes néandertaliens, mettant l’accent sur l’ancienne couche 4, 
désormais baptisée « complexe sédimentaire 4 ». 

Au lieu de l’ancienne succession « couche 4B/couche 4A/plancher stalagmitique CC4 », plus 
de 20 couches ont été identifiées, avec des lithologies très variées mais aussi et surtout une 
distribution des différentes unités lithostratigraphiques autour du plancher CC4 nettement plus 
complexe que ce qui était précédemment connu. Toutes les couches englobées dans le complexe 
sédimentaire 4 sont désormais regroupées au sein de 5 unités distinctes  : 4B, 4A-AP, 4A-IP 
(englobant CC4), 4A-CHE et 4A-POC. Un autre élément important de la nouvelle interprétation 
stratigraphique concerne l’identification d’un important chenal dans la partie supérieure du 
complexe sedimentaire 4 (unité 4A-CHE), qui érode le spéléothème CC4 ainsi que les couches 
sous-jacentes. 

Les processus sédimentaires et diagénétiques sont également discutés pour la partie de la 
séquence stratigraphique concernée. Un grand nombre de processus dépositionnels et post- 
dépositionnels ont été identifiés, avec dans certains cas la présence de lithofaciès se succédant 
latéralement et générés simultanément par des processus distincts présents dans certaines 
zones spécifiques de la grotte.

Chapter 4 The palaeoenvironmental context and chronostratigraphic 
framework of the Scladina Cave sedimentary sequence 
(units 5 to 3-SUP) 69

Numerous data sets regarding palaeoenvironment and chronostratigraphy have been published 
since excavation began at Scladina Cave, both before and after the stratigraphic reappraisal. 
This chapter presents a synthesis of all these studies, focusing on the units related to the 
Neandertal child (units 5 to 3-SUP). 

Recent palaeoenvironmental results indicate a very good relationship between palynology, 
anthracology, and geology. These are also strongly correlated with the results related to the 
former stratigraphic record (mainly macrofauna, small mammals, palynology, and magnetic 
susceptibility), thus strengthening the viability of the recorded climatic fluctuations. 

From a chronostratigraphic perspective, the integration of all the available data led most of the 
Scladina sequence to be confidently positioned in the Upper Pleistocene. These data include 
biostratigraphy, climatostratigraphy (deduced from palaeontological studies and magnetic 
susceptibility), numerical dates (more than 60), and the comparison with the loess reference 
sequence from Middle Belgium. However, the chronostratigraphic framework currently remains 
rather inaccurate, especially for the lower half of the sequence: the exact position of the begin-
ning and end of MIS 5 is still being debated. The best hypothesis attributes the whole sequence 
from Unit 6B to Unit 2B to part of MIS 5, and Unit 2B to the end of MIS 5a.
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Le contexte paléoenvironnemental et le cadre chronostratigraphique de 
la séquence sédimentaire (unités 5 à 3-SUP) de la grotte Scladina

De nombreuses données relatives au paléoenvironnement et à la chronostratigraphie ont été 
publiées depuis le début des fouilles à la grotte Scladina, soit avant, soit après la révision stra-
tigraphique de 2007. Ce chapitre a pour objectif de présenter la synthèse de toutes ces études, 
en mettant l’accent sur les couches concernées par l’enfant néandertalien (unités 5 à 3-SUP). 

Les nouveaux résultats paléoenvironnementaux indiquent une très bonne concordance entre la 
palynologie, l’anthracologie et la géologie. Ils présentent également une bonne corrélation avec 
les résultats issus de l’ancien système stratigraphique (principalement macrofaune, microfaune, 
palynologie et susceptibilité magnétique), ce qui renforce la réalité des fluctuations climatiques 
enregistrées. 

D’un point de vue chronostratigraphique, l’intégration de l’ensemble des données dispo-
nibles permet de positionner avec assurance la plus grande partie de la séquence de Scladina 
dans le Pléistocène supérieur. Ces données concernent surtout la biostratigraphie, la clima-
tostratigraphie (déduite des études paléontologiques et de la susceptibilité magnétique), les 
dates radiométriques (plus de 60) et la comparaison avec la séquence de référence des loess 
de Moyenne Belgique. Cependant, à l’heure actuelle, le cadre chronostratigraphique demeure 
assez imprécis, particulièrement pour l’attribution de la moitié inférieure de la séquence  : la 
position précise du début et de la fin du SIM 5 sont toujours débattus. L’hypothèse la plus 
probable conduit à positionner l’ensemble de la séquence comprise entre les unités 6B à 2B au 
sein du SIM 5, et l’unité 2B à la fin du SIM 5a.

Chapter 5 Stratigraphic origin of the juvenile Neandertal remainsfrom 
Scladina Cave: re-evaluation and consequences for their 
palaeoenvironmental and chronostratigraphic contexts 93

The 19 remains of the Neandertal juvenile from Scladina Cave were all unearthed before the 
stratigraphic reappraisal. Therefore, reconsidering the stratigraphic position of these remains 
within the new stratigraphic record was necessary. In this chapter, all available arguments are 
re-examined in order to refine the stratigraphic position of each of the Neandertal remains, 
which were discovered in former Layer 4A. On this basis, 7 fossils could be repositioned with 
accuracy inside the new stratigraphic record, either to the gully of Unit 4A-CHE or from the 
deposits that immediately followed (Unit 4A-POC). Three of these 7 fossils were even reattri-
buted to a specific layer. The position of the 12 other remains is still uncertain, as several units 
are possible candidates, but an attribution to Unit 4A-POC appears most likely. 

Given the sedimentary depositional dynamics of Unit 4A-CHE, all the child remains unearthed 
from there are at least in secondary spatial position. They seemed to have been originally depo-
sited in Unit 4A-CHE. Some of them were subsequently reworked into at least one younger unit 
(Unit 4A-POC), being therefore at least in tertiary spatial position. The important spatial distri-
bution of the Neandertal remains along the longitudinal axis of the cave makes particular sense 
in this context of complex subsequent redistribution and reworking phases. However, in the 
present state of research, the exact primary spatial position of the child is still unknown. 

Several arguments, mainly linked with the taphonomical study of the Neandertal juvenile 
remains, led to the conclusion that the child is contemporaneous with Unit 4A-CHE. Therefore, 
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given the most probable chronostratigraphic positioning of this unit (i.e. a cold episode of 
the end of MIS 5), the two best hypotheses for the age of the Neandertal remains are either 
around 87,000 years ago (MIS 5b), or around 80,000 ago (beginning of second half of MIS 5a), 
respectively.

Origine stratigraphique des restes néandertaliens juvéniles de la grotte Scladina : 
réévaluation de leurs contextes paléoenvironnemental et chronostratigraphique

Les 19 vestiges de l’enfant néandertalien de la grotte Scladina ont tous été exhumés avant la révi-
sion stratigraphique de 2007. Dès lors, le réexamen de la position stratigraphique de ces vestiges 
dans la nouvelle séquence stratigraphique était nécessaire. Dans ce chapitre, tous les arguments 
disponibles ont été revus, pour chaque fossile, afin de préciser la position stratigraphique des 
restes néandertaliens découverts dans l’ancienne couche 4A. Sur cette base, 7 fossiles ont pu 
être repositionnés avec précision au sein de la nouvelle séquence ; ils proviennent tous soit du 
chenal de l’unité 4A-CHE, soit des dépôts immédiatement sus-jacents (unité 4A-POC). Trois de 
ces 7 fossiles ont même pu être repositionnés dans une couche spécifique. La position des 12 
autres vestiges reste incertaine, plusieurs unités demeurant des candidats possibles ; toutefois, 
leur attribution à l’unité 4A-POC semble être la plus probable. 

Etant donné la dynamique sédimentaire de l’unité 4A-CHE, tous les vestiges de l’enfant exhumés 
dans cette unité sont au minimum dans une position spatiale secondaire. Ils semblent avoir été 
initialement déposés dans l’unité 4A-CHE. Certains d’entre eux furent ultérieurement remaniés 
au sein d’au moins une unité plus récente (unité 4A-POC), étant dès lors au minimum dans une 
position spatiale tertiaire. L’importante dispersion des restes de l’enfant néandertalien dans 
l’axe longitudinal de la grotte s’explique particulièrement bien dans ce contexte complexe de 
redistributions et remaniements successifs. Cependant, dans l’état actuel des recherches, la 
position spatiale primaire de l’enfant demeure inconnue. 

Plusieurs arguments, principalement liés à l’étude taphonomique des restes de l’enfant néan-
dertalien, conduisent à la conclusion que l’enfant est contemporain de l’unité 4A-CHE. Dès lors, 
étant donné la position chronostratigraphique la plus probable de cette unité (un épisode froid 
de la fin du SIM 5), les deux hypothèses les plus vraisemblables pour l’âge des vestiges néander-
taliens sont respectivement soit autour d’il y a 87.000 ans (SIM 5b), soit autour d’il y a 80.000 
ans (début de la seconde moitié du SIMS 5a).

Chapter 6 Non-Destructive Gamma-Ray Spectrometry of the 
Scladina Neandertal mandible (Scla 4A-1)  125

During the early 1980s, developments in the field of gamma-ray spectrometry allowed the 
observation of long half-life natural radionuclides such as uranium, thorium and protactinium. 
This paper presents the results obtained, in 1994, from non-destructive gamma-ray spectro-
metry applied to the right hemimandible Scla 4A-1 of the Neandertal child from Scladina Cave. 
The fossil was counted during 91 days. The level of uranium in the mandible is low and did not 
allow the calculation of a date from the 231Pa/235U ratio. The age obtained via the 230Th/234U 
ratio presents an important error range due to the measurement difficulty of 234U which is 
superimposed with 214Pb at 53.2 keV. The low level of 232Th in the sample indicates correcting 
the age on the basis of exogenous thorium is not necessary. The age obtained reveals that the 
child lived at least 100 000 years ago.
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La datation non destructive par spectrométrie gamma de la 
mandibule néandertalienne de Scladina (Scla 4A-1)

Au début des années quatre-vingts, les progrès effectués en spectrométrie gamma ont permis la 
détermination de radionuclides naturels à longue demi vie tels que l’uranium, le thorium et le 
protactinium. Le présent article traite des résultats obtenus, en 1994, par spectrométrie gamma non 
destructive sur lhémi-mandibule droite Scla 4A-1 de lenfant néandertalien de la grotte Scladina. Le 
fossile a été compté pendant 91 jours. La teneur en uranium de cette mandibule est très faible et n’a 
pas permis de calculer un âge par le rapport 231Pa/235U. L’âge obtenu par le rapport 230Th/234U 
présente une erreur importante générée par la difficulté d’enregistrer le taux d’234U qui se super-
pose à celui du 214Pb à 53,2 keV. La très faible teneur en 232Th dans l’échantillon indique qu’il n’est 
pas nécessaire d’effectuer une correction sur l’âge par rapport au thorium exogène. L’âge obtenu 
montre que cet enfant a vécu il y a au moins 100 000 ans.

Chapter 7 Taphonomy of the juvenile Neandertal remains from 
Sedimentary Complex 4A, Scladina Cave   127

The 19 fossils (3 bone fragments and 16 isolated teeth) that belong to the 8 year-old juve-
nile Neandertal exhibit a particular set of various characteristics. Among these attributes is 
a planimetric dispersal within an elliptical area of around 13 m long by 6 m wide, a stratigra-
phic dispersal within different layers/units of the Sedimentary Complex 4A, and the relatively 
complete mandible when the two parts are refitted, which is juxtaposed against the relatively 
incomplete maxilla.

These fossils have been examined for the presence or absence of numerous taphonomic features. 
These features include surface colour, surface condition/lustre, weathering traces, degree of 
fragmentation, abrasion of fractured edges, and the precipitation of MnO2. This analysis showed 
that the majority of the faunal remains that came from the same sedimentary layer seem to 
exhibit a similar combination of taphonomic attributes. 

However, the state of preservation of the Neandertal fossils is exceptional and only a small 
number of similarities are found among the faunal remains from the sedimentary units analysed 
in this study (units 6A, 5, and Complex 4A). When all of the physical taphonomic features are 
combined, the sedimentary units 4A-CHE and 4A-POC have yielded the most bones and teeth 
that have the most similarities with the Neandertal child. This correlation is in harmony with 
the stratigraphic analysis that attributed some of the child’s bone fragments to the Unit 4A-CHE 
and some of the isolated teeth to Unit 4A-POC.

How to interpret the presence of the Scladina Neandertal remains? The Scladina Child’s cause 
of death is still unknown. Neither antemortem nor perimortem traces such as pathological 
stigma, wounds due to human actions, or carnivore predation are present on the remains. 
Some observable postmortem traces are present on the fossils. The cortices of the three osseous 
elements exhibit thin cracks that are the first effects of weathering. The fracture located under 
the alveolus of the permanent mandibular right canine, which has separated the two hemiman-
dibles, is a ‘green bone’ fracture, indicated by the presence of a small area of cortical peeling on 
the left hemimandible.

The current hypothesis states that the partial or complete body of the child entered the cave 
when the bones had not yet undergone fossilization to any degree. Sedimentary processes 
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linked to the gully most likely caused the mandible to fracture. The low degree of weathering 
augments this hypothesis; the remains were not directly exposed to atmospheric agents for a 
long period of time.

There is no evidence that the gully-creating mechanisms brought the maxilla and mandible 
into the cave; however, the processes that created the gully are known to be responsible for the 
initial reworking of the bones, for fracturing them, and for their dispersal into different layers 
within Unit 4A-CHE and in superimposing layers in Unit 4A-POC. The child’s remains were 
distributed in several different sedimentary layers that have differentially altered the bones.

Étude taphonomique des restes néandertaliens juvéniles du 
complexe sédimentaire 4A de la grotte Scladina

Les 19 restes humains (3 fragments d’os et 16 dents isolées) appartenant au Néandertalien de 8 ans 
sont caractérisés par une répartition complexe dans le site et un état de conservation hétérogène, 
opposant une mandibule relativement complète à un maxillaire droit très partiel. Les fossiles sont 
étalés dans une zone elliptique longue de 13 m et large de 6 et sont stratigraphiquement distribués 
dans plusieurs couches/ensembles sédimentaires appartenant au complexe sédimentaire 4A.

L’étude de l’état de conservation des fossiles de Scladina vise à mettre en évidence les différentes 
caractéristiques taphonomiques telles, la teinte de la corticale osseuse, l’état de sa surface (lustre), 
les traces de météorisation, le degré de fragmentation, les fractures et usures des bords, les dépôts 
de dioxyde de manganèse. Cette étude met en évidence que la majorité des restes fauniques prove-
nant d’une couche sédimentaire donnée présente un état de conservation similaire.

Néanmoins, l’état de conservation des restes Néandertaliens est exceptionnel et très peu de compa-
raisons taphonomiques ont été enregistrées parmi les restes de faune provenant des ensembles 
sédimentaires analysés (ensembles sédimentaires 6A, 5 et le complexe 4A). En combinant certains 
traits taphonomiques, les restes fauniques (osseux et dentaires) qui présentent les plus grandes affi-
nités avec le Néandertalien juvénile sont ceux qui proviennent des ensembles sédimentaires 4A-CHE 
et 4A-POC. Cette observation est en harmonie avec les analyses stratigraphiques qui ont attribué 
certains des restes osseux et dentaires humains aux ensembles 4A-CHE et 4A-POC.

Quelles sont les raisons de la présence des fossiles humains à Scladina? Les causes du décès sont 
toujours inconnues. Aucune trace antemortem ou perimortem n’a été observée, tels des stig-
mates pathologiques, des blessures infligées par des actions anthropiques ou encore des marques 
commises par des prédateurs. Seules quelques traces postmortem sont visibles : la corticale des trois 
restes osseux de l’enfant présente de très légers fendillements correspondant aux premières actions 
de la météorisation. La fracture, sous l’alvéole de la canine inférieure droite, qui brisa la mandibule, 
s’est opérée sur un os frais (un peeling est présent sur l’hémi-mandibule gauche).

L’hypothèse actuelle privilégie l’incorporation du corps partiel ou complet dans la grotte, quand les 
os n’étaient pas encore reminéralisés par les processus de fossilisation. La mise en place des sédi-
ments du chenal 4A-CHE, est plus que probablement la cause de la fracture de la mandibule. Le 
faible degré de météorisation soutient cette hypothèse de fraîcheur des ossements, ceux-ci n’ayant 
pas été exposés longtemps à l’air libre.

La preuve ne peut être faite de l’apport de la mandibule et du maxillaire de l’enfant par le chenal, 
dans la grotte. Mais les processus qui ont généré le chenal sont tenus pour responsables du premier 
remaniement des ossements dans la grotte, de leur fracturation et de leur dispersion dans les 
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différentes couches des ensembles sédimentaires 4A-CHE et 4A-POC sus-jacent. Ainsi enfouis dans 
des sédiments différents, ils subirent une perminéralisation différenciée.

Chapter 8 Dental development in and age at death of the 
Scladina I-4A juvenile Neandertal  155

Histological study of tooth growth based on biological rhythms in enamel and dentine facili-
tates developmental assessments of fossil hominins with greater precision than other skeletal 
analyses. Quantification of these internal and external incremental features yields ages at 
crown completion, tooth eruption, and root completion. Recent evidence for developmental 
differences between modern humans and Neandertals has been ambiguous. By measuring 
tooth formation in the dentition of the juvenile Neandertal from Scladina, Belgium, we show 
that most teeth formed over a shorter time than in modern humans, and that dental initiation 
and eruption were relatively advanced. By registering developmental stress across the dentition 
we are able to present a precise chronology of Neandertal dental development that differs from 
modern humans. At eight years of age at death, this juvenile displays a degree of development 
comparable to modern human children that are several years older. Age at death in juvenile 
Neandertals should not be assessed by comparison with modern human standards, particu-
larly those derived from populations of European origin. Moreover, evidence from the Scladina 
Juvenile and other similarly-aged hominins suggests that a prolonged childhood and slow life 
history are unique to Homo sapiens.

Le développement dentaire et l’âge au décès du Néandertalien juvénile Scladina I-4A

L’étude histologique de la croissance dentaire, basée sur les rythmes biologiques enregistrés dans 
l’émail et la dentine, documente le développement des homininés fossiles avec une précision 
supérieure à celle fournie par les autres types d’analyses du squelette. La quantification de ces 
caractéristiques internes et externes de croissance déterminent l’âge de l’individu à chaque étape 
du développement de la couronne, de la racine et du degré d’éruption des dents. Des résultats 
récents ont révélé des discordances entre le rythme de croissance dentaire des hommes modernes et 
celui des Néandertaliens. En examinant le degré d’éruption dentaire du Néandertalien juvénile de 
Scladina (Belgique), nous avons mis en évidence, pour la plupart de ses dents, un taux de croissance 
plus rapide que chez les modernes. L’enregistrement de phases de stress dans le développement des 
dents, nous permet d’établir une chronologie du développement dentaire des Néandertaliens qui 
diffère nettement de celle des hommes modernes. A huit ans, ce Néandertalien juvénile présente 
un degré de développement comparable à celui d’enfants modernes plus âgés de quelques années. 
Il en résulte que l’âge au décès des Néandertaliens juvéniles ne devrait plus être évalué sur base de 
comparaisons avec les normes établies sur les humains modernes, surtout s’ils sont d’origine euro-
péenne. De plus, la preuve apportée par le Néandertalien juvénile de Scladina, renforcée par celles 
d’autres homininés du même âge, suggère qu’une enfance prolongée et un développement lent sont 
typiques des Homo sapiens.

Chapitre 9 Is sex determination of the Scladina I-4A juvenile 
Neandertal possible? 167

Numerous sexing techniques, based either on morphological traits or on metric differences, 
have been developed for adult bones, but mainly from modern human skeletons of known age 
and sex. In addition, some bones such as mandibles and maxillae are not as accurate as the pelvic 
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bones in determining sex. Regarding juveniles, there are no really precise sex diagnosis tech-
niques. At Scladina, three problems are combined: traits commonly used for sexing modern 
humans are not accurate enough for Neandertals; the remains belonged to an eight-year-old 
child; all the Scladina remains are fragments of mandibles and maxilla, as well as several teeth.

The statistical dental technique developed by Oxnard avoids the pitfall of applying modern 
human measurements to other taxa, by using the bimodal appearance of some dimensions of 
the crowns of the Neandertal corpus, since it is largely acknowledged that the size distribu-
tion of some teeth, particularly the canines, shows the greatest differences between males and 
females. On this basis, it is possible that the Scladina Juvenile was female. The dimensions 
of the Scladina mandible are relatively small compared with other Neandertal mandibles of 
similar ages at death; this could tentatively confirm that the fossil is female. Evidence from the 
histological study are in line with the same interpretation. Finally, the Scladina tooth roots are 
very short and fall within the lower end of the Neandertal variation, while the pulp cavities are 
very large. These arguments also support the hypothesis that the Scladina Juvenile would be 
female. In conclusion, although none of these facts are determinant, the conjunction of the various 
analyses suggests a female attribution.

La détermination du sexe du Néandertalien juvénile Scladina I-4A est-elle possible?

De nombreuses techniques ont été développées pour déterminer le sexe des restes squelettiques 
humains, certaines d’ordre morphologique, d’autres d’ordre morphométrique. Elles ont été élaborées 
à partir d’ossements adultes modernes d’âge et de sexe connus par l’état civil. Certains ossements 
comme les mandibules et maxillaires ne fournissent cependant pas de résultats aussi précis que 
les os iliaques, qui sont les seuls à fournir une détermination quasi absolue. L’estimation du sexe 
de restes d’enfants est une autre question technique qui est loin d’être réglée. À Scladina, les trois 
problèmes évoqués sont cumulés : les caractères habituellement utilisés pour sexer les ossements 
modernes ne sont pas extrapolables aux Néandertaliens sans difficultés ; les restes appartiennent à 
un enfant de 8 ans ; les fossiles découverts sont des hémimandibules, un fragment de maxillaire et 
des dents.

La méthode statistique développée par Oxnard permet d’éviter l’écueil que constitue la simple 
application à des hommes fossiles de données provenant d’hommes modernes car la méthode se 
base sur la répartition bimodale des dimensions de certains diamètres des couronnes dentaires 
néandertaliennes qui exprime bien que certaines dents, notamment les canines, présentent des diffé-
rences entre hommes et femmes. Sous cet éclairage, Scladina pourrait s’avérer un sujet féminin. Les 
dimensions du corps de la mandibule de Scladina sont assez petites par rapport à celles d’autres 
Néandertaliens d’âge similaire, ce qui pourrait également plaider en faveur du sexe féminin. L’étude 
histologique des dents va dans le même sens. Enfin, les racines des dents de Scladina sont courtes et 
se situent dans le bas de la variation néandertalienne, tandis que les cavités pulpaires sont larges. 
Ces indices supportent également l’hypothèse féminine. En conclusion, et même si aucun argu-
ment n’est absolument déterminant, la conjonction de tous les éléments permet d’envisager, avec 
prudence, une attribution de l’enfant de Scladina au sexe féminin.

Chapter 10 The juvenile Neandertal mandible from Scladina 
(Scla 4A-1 & Scla 4A-9)  179

In this descriptive chapter, each anatomical region of the Scladina mandible is analyzed accor-
ding to features from the symphyseal region and the body to the branch and condyle. The 
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characters are described, illustrated with detailed diagrams, and discussed from the point of 
view of their taxonomic value while attempting to understand if they are archaic/plesiomor-
phic, derived, or linked to the young age of the subject. In this context, and based on numerous 
published studies, it is clear that most of the supposed derived characters from Scladina I-4A 
as well as other Neandertals are not precisely amenable to careful analysis. By contrast, it is 
the general morphology of the mandibles, the typical association of many anatomical features, 
which give fossil remains, including the Scladina mandible, an overall pattern quite characte-
ristic of Neandertals.

La mandibule néandertalienne juvénile de Scladina (Scla 4A-1 & Scla 4A-9)

Dans ce chapitre descriptif, chaque région anatomique de la mandibule de Scladina est analysée 
faces par faces, depuis la symphyse et le corps de l’os jusqu’à la branche et le condyle. Les carac-
tères sont décrits et illustrés, souvent avec des schémas détaillés, puis discutés du point de vue de 
leur valeur taxonomique en tentant de décoder s’ils sont archaïques/plésiomorphes, dérivés néan-
dertaliens ou liés au jeune âge du sujet. À ce propos, et en se basant sur les nombreuses études 
proposées dans la littérature, il apparaît clairement que la plupart des caractères supposés dérivés 
de Scladina, comme des autres Néandertaliens, résistent mal à une analyse approfondie. C’est par 
contre la morphologie globale des mandibules, l’association tout à fait typique d’un grand nombre 
de traits anatomiques, qui confèrent à des fossiles, dont celui de Scladina, un aspect tout à fait 
caractéristique des Néandertaliens.

Chapter 11 3-D geometric morphometric analysis of the Scladina 
Neandertal child’s mandible in a developmental context 215

This chapter conducts a comparative analysis of the shape of the Scladina mandible in the 
context of ontogenetic and adult variation of Neandertals and modern humans. Two modern 
human adult collections are included in the analysis (Inuit and khoisan), one of which (khoisan) 
is also represented by subadults. The fossil sample comprises seven adult and six subadult 
Neandertal individuals, as well as two H. heidelbergensis mandibles. Results show that the 
Scladina mandible is characterized by the features that distinguish Neandertals from modern 
humans as reflected by our data. In general, Neandertal juveniles show some of the features 
differentiating Neandertal from modern human adult mandibles at an early age. Nonetheless 
both groups are characterized by considerable shape change throughout ontogeny.

Analyse morphométrique géométrique tridimentionnelle de la mandibule 
de l’enfant de Scladina dans son contexte développemental

Ce chapitre traite de l’analyse comparée de la forme de la mandibule du Néandertalien de Scladina 
du point de vue ontogénétique et celui de la variation entre les adultes Néandertaliens et les hommes 
modernes. Deux séries d’adultes modernes sont concernées par l’analyse (Inuit et Khoisan), 
dont l’une (Khoisan) est également représentée par des sujets subadultes. Les spécimens fossiles 
comprennent sept adultes et six subadultes néandertaliens, ainsi que deux mandibules d’Homo 
heildelbergensis. Nos données indiquent que la mandibule de l’enfant de Scladina est porteuse 
de traits qui permettent de distinguer les Néandertaliens des hommes modernes. En général, les 
Néandertaliens juvéniles présentent déjà les traits qui différencient les Néandertaliens des hommes 
modernes adultes à un âge précoce. Néanmoins, les deux groupes sont caractérisés par un change-
ment considérable tout au long de leur ontogenèse.
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Chapter 12 The fragmentary right maxilla of the 
Scladina I-4A juvenile 223

The Scla 4A-2 maxilla is a small fragment from the right mid-facial region that retains only part 
of the alveolar and palatine processes as well as a small part of the body. The fossil is consistent 
with the Neandertal group of maxillae with regards to the bilevel configuration of its internal 
nasal floor and its rather high estimated subnasal height. The location of its zygoalveolar crest 
is not as posterior when compared to other similarly aged Neandertals. The anterior part of its 
dental arcade does not seem very large.

Le maxillaire droit fragmentaire de l’enfant de Scladina I-4A

Le maxillaire droit Scla 4A-2 se réduit à un fragment qui comprend une partie des processus palatin 
et alvéolaire et une petite partie du corps de l’os. En raison de la morphologie (de type « bileveled ») 
de son plancher nasal interne et de l’importance de sa hauteur nasale estimée, le fossile s’intègre 
bien dans le groupe des maxillaires néandertaliens, bien que sa crête zygoalvéolaire soit pas aussi 
reculée que celle des autres Néandertaliens. Enfin, la partie antérieure de son arcade dentaire ne 
semble pas très large.

Chapitre 13 The dentition of the Scladina I-4A juvenile Neandertal 233

The purpose of this chapter is to provide a general description of the 24 teeth which belong 
to the Scladina Juvenile mandible and maxilla that are examined in anatomical and statistical 
perspectives.

The descriptions focus on diagnostic morphological features of Neandertal teeth, in accordance 
with recent dental anthropological studies seeking to distinguish the teeth of Neandertals from 
other taxa. Some non-metric data have been collected following the Arizona State University 
Dental Anthropology System (ASUDAS). The micro-CT data used were recorded at the University 
of Antwerp and at the Max Planck Institute in Leipzig. Statistically, the mesiodistal and bucco-
lingual diameters of all crowns have been compared to a sample of similar specimens from 
different periods: Early Neandertals (EN), Late Neandertals (LN), Middle Palaeolithic Modern 
Humans (MPMH), Upper Palaeolithic Modern Humans (UPMH) as well as Belgian Middle 
Ages/ Modern Homo sapiens sapiens (MHSS). The univariate analyses employed are ‘probabi-
listic distances’ (DP) and “écart centré réduit ajusté” (ECRA). Bivariate biometric comparisons 
made use of the well-known technique of equiprobable ellipses.

Regarding the taxonomic allocation, the teeth fit very well in the characteristic Neandertal 
pattern, even if, as other teeth from similar sites, they do not exhibit any character which 
would be exclusively Neandertal. Whatever the statistical method used, significant differences 
quite often occur between the Scladina Juvenile and MHSS. Slight differences do sometimes 
exist with the UPMH comparative sample. By contrast, the Scladina tooth crowns are never 
different from those of Late Neandertals and rarely different from those of Early Neandertals 
and MPMH.
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La dentition du Néandertalien juvénile Scladina I-4A

Les 24 dents appartenant à la mandibule et au maxillaire de l’enfant de Scladina sont décrites dans 
une double approche, à la fois anatomique et statistique.

La description des fossiles se concentre sur les caractères morphologiques et se base sur les études 
récentes qui cherchent à distinguer les dents néandertaliennes de celles des autres taxons. Divers 
caractères non-métriques sont enregistrés en utilisant les plaques comparatives du système ASUDAS 
(Arizona State University Dental Anthropology System), destiné à mieux objectiver les descriptions. 
Les  données microtomographiques des fossiles ont été acquises à l’Université d’Anvers et à l’Ins-
titut Max Planck de Leipzig. Sur le plan statistique, les diamètres mésio-distaux et bucco-linguaux 
des couronnes dentaires sont comparés à des échantillons de Néandertaliens anciens (EN), de 
Néandertaliens classiques (LN), d’Hommes modernes du Paléolithique moyen (MPMH), d’Hommes 
modernes du Paléolithique supérieur (UPMH) ainsi que d’Homo sapiens sapiens récents (MHSS), 
provenant de Belgique et remontant principalement au Moyen Âge et aux Temps Modernes. Les 
techniques statistiques utilisées sont univariées, avec la distance probabiliste (DP) et l’écart centré 
réduit ajusté (ECRA), et bivariées, avec des ellipses équiprobables.

Sur ces bases, il apparaît que la morphologie des dents de Scladina correspond bien au modèle 
général néandertalien, même si, comme les autres dents de ce taxon, elle ne présente aucun carac-
tère qui serait exclusivement néandertalien. Quel que soit le test statistique utilisé des différences 
significatives sont enregistrées entre le spécimen de Scladina et les Homo sapiens sapiens récents 
(MHSS). De légères différences apparaissent parfois avec les Hommes modernes du Paléolithique 
supérieur (UPMH). Les dents de l’enfant de Scladina ne diffèrent par contre jamais de celles 
des Néandertaliens classiques (LN) et rarement des Néandertaliens anciens (EN) et des Hommes 
modernes du Paléolithique moyen (MPMH).

Chapter 14 Enamel thickness in the Scladina I-4A Neandertal teeth 307

Enamel thickness and dental tissue proportions have been recognized as effective taxonomic 
discriminators between Neandertal and modern human teeth. However, most of the research on 
this topic focused on molars, and little information is available for other tooth classes. Moreover, 
the absence of wear is an essential precondition to quantify enamel thickness, but unworn teeth 
are much less frequent in the fossil record than worn teeth. Therefore, the unworn/slightly 
worn Scladina teeth represent a valuable sample for the advancement of our knowledge on 
Neandertal’s enamel thickness variability. In particular, we used 3D µCT data to investigate 
the 2D and 3D enamel thickness of the Scladina molars, premolars and canines. Our results 
confirm that Neandertals have lower average enamel thickness (AET) and relative enamel thic-
kness (RET) indices than Homo sapiens, and that molars, premolars and canines (and maybe 
also incisors) have a different and peculiar trend, with premolars having generally larger RET 
indices than molars, and canines showing the lowest values. We are confident that these results 
improve our understanding of the Neandertal range of variation for the enamel thickness, and 
will be useful for future comparative studies between Neandertal and Homo sapiens.

L’épaisseur de l’émail dentaire du Néandertalien Scladina I-4A

L’épaisseur de l’émail et les proportions des tissus dentaires se révèlent des facteurs taxonomiques 
discriminants entre les dents des Néandertaliens et des Hommes modernes. La plupart des études 
actuelles se focalisent cependant sur les molaires et peu d’informations traitent des autres classes 
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de dents.  En outre, l’absence d’usure est une condition indispensable pour la quantification opti-
male de l’épaisseur de l’émail, même si, sur les fossiles, les dents intactes se rencontrent moins 
fréquemment que les dents utilisées. C’est pourquoi les dents intactes ou légèrement usées du sujet 
juvénile de Scladina constituent d’excellents spécimens qui enrichissent nos connaissances sur la 
variabilité de l’épaisseur de l’émail dentaire chez les Néandertaliens. Nous avons utilisé les données 
microtomographiques 3D pour examiner, en 2D et en 3D, l’épaisseur de l’émail des molaires, des 
prémolaires et des canines du fossile de Scladina. Nos résultats confirment que les Néandertaliens 
présentent des indices d’épaisseur moyenne (AET) et relative (RET) d’émail plus faibles que ceux 
des Homo sapiens, et que les molaires, les prémolaires et les canines (peut-être aussi les incisives) 
ont une tendance différente et particulière : les prémolaires présentent un indice d’épaisseur d’émail 
relative (RET) généralement plus large que celui des molaires et des canines qui affichent les valeurs 
les plus basses. Nous sommes convaincus que ces résultats ont amélioré notre compréhension de 
la variabilité de l’épaisseur de l’émail et stimuleront de nouvelles études comparatives entre les 
Néandertaliens et les Homo sapiens.

Chapter 15 Interspecific and intraspecific taxonomic affinity based 
on permanent mandibular molar enamel-dentine 
junction morphology of the Scladina I-4A juvenile  315

In this contribution we examine the taxonomic affinity of the Scladina specimen based on the 
morphology of the internal structure of the mandibular molars. Specifically, we use microtomo-
graphy to image the enamel-dentine junction (EDJ) of the mandibular molars and geometric 
morphometrics to assess the morphological affinity of the mandibular molars to a comparative 
sample of Homo neanderthalensis, fossil modern humans, and modern humans. In addition to 
confirming the taxonomic status of the Scladina specimen as a Neandertal based on EDJ size 
and shape, we demonstrate consistent patterns of morphological variation in enamel-dentine 
morphology of Early (> 100 ka BP) and Classic Neandertals (< 100 ka BP). In this respect, the 
molar EDJ morphology of Scladina shows a stronger affinity with Classic Neandertals compared 
to its weaker Early Neandertal affinity.

Comparaisons taxonomiques interspécifiques et intraspéci-
fiques basées sur la morphologie de la jonction émail/dentine 

des molaires inférieures du Néandertalien Scladina I-4A

Dans ce chapitre nous examinons les affinités taxonomiques du spécimen néandertalien de Scladina, 
sur base de la morphologie de la structure interne de ses molaires mandibulaires. Nous avons eu 
recours à la microtomographie pour reconstituer l’image de la jonction entre l’émail et la dentine 
(« EDJ ») des molaires inférieures ensuite, ainsi qu’à la morphométrie géométrique pour évaluer 
les affinités morphologiques entre les molaires des Homo neanderthalensis, des Homo sapiens 
fossiles et des hommes modernes. Pour confirmer la position taxonomique néandertalienne du 
spécimen de Scladina sur base de la taille et de la forme de la « EDJ », nous apportons des critères 
pertinents documentant la variation morphologique de la « EDJ » entre les Néandertaliens anciens 
(>100 ka BP) et les Néandertaliens classiques (< 100 ka BP). Ainsi, la morphologie de la « EDJ » des 
molaires du spécimen de Scladina présente une plus forte affinité avec celle des Néandertaliens clas-
siques qu’avec celle des Néandertaliens anciens.
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Chapter 16 Micro-Computed tomographic quantification of tooth root 
size and tissue proportions in the Scladina I-4A juvenile, a 
short-rooted Neandertal  325

Tooth root morphology has been shown to taxonomically differentiate Neandertals from 
modern humans, for both anterior (incisors and canines) and posterior (molars) teeth.

In the present study, the tooth root morphology of the Scladina Child has been investigated 
using micro-computed tomography. The dental tissues were segmented and metric, surface, 
and volumetric measurements were taken on the 3D models of the roots.

Compared to other MIS 5 Neandertals (krapina, Regourdou 1 and Abri Bourgeois-Delaunay), the 
Scladina individual has the shortest root dimensions for given crown sizes, for both anterior and 
posterior teeth. The large krapina sample shows a noticeable variability in dental dimensions, 
the teeth being overall robust and large. We discuss these results in terms of geographical varia-
bility, sexual dimorphism, modification of dental tissues with age and individual variability. In 
addition, we place the Scladina Child in a broader comparative context covering a large sample 
of Lower and Middle Pleistocene hominins. We show that Scladina has an anterior tooth root 
shape similar to other Neandertals and that its tooth root dimensions plot amongst the smal-
lest Neandertals. Moreover, the Scladina molar roots are lacking any degree of taurodontism.

We draw attention to the fact that, despite its large sample size, the krapina Neandertals do 
not fully represent the variability in dental dimensions among MIS 5 Neandertals, and that 
caution should be considered for taxonomical diagnosis relying on dental measurements alone, 
as shown here by the particularly short-rooted Scladina outlier that could be misclassified as a 
modern human.

Quantification tomographique de la taille des racines et de la proportion des tissus 
des dents de Scladina I-4A, un Néandertalien juvénile dotés de courtes racines

La morphologie des racines dentaires a été reconnue comme particulièrement pertinente pour 
discriminer taxonomiquement les Néandertaliens des hommes modernes et ce, à la fois pour les 
dents antérieures (incisives et canines) et postérieures (molaires).

Dans la présente étude, la morphologie racinaire de l’enfant de Scladina a été étudiée en microtomo-
graphie. Les tissus dentaires ont été segmentés et des mesures linéaires, surfaciques et volumiques 
ont été prises sur les modèles 3D des racines.

Comparé à d’autres Néandertaliens du stade isotopique 5 (Krapina, Regourdou 1 et Abri Bourgeois-
Delaunay), l’individu de Scladina présente, sur les dents antérieures et postérieures, les dimensions 
racinaires les plus petites pour une taille de couronne comparable. L’échantillon de Krapina montre 
une variabilité notable en dimensions dentaires, les dents étant en général robustes et grandes. Nous 
discutons ces résultats en termes de variabilité géographique, de dimorphisme sexuel, de modifica-
tion des tissus dentaires avec l’âge et de variabilité individuelle en développement dentaire. De plus, 
nous replaçons Scladina dans un contexte comparatif plus large, impliquant un vaste échantillon 
d’hominidés du Pléistocène inférieur et moyen. Nous montrons que Scladina a une forme [shape en 
anglais] de racine, pour les dents antérieures, similaire à celle des autres Néandertaliens et que ses 
dimensions racinaires le placent parmi les plus petits Néandertaliens. Enfin, les racines des molaires 
de l’enfant de Sclayn montrent une absence de taurodontisme. 
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Nous attirons l’attention sur le fait qu’en dépit d’un grand nombre d’échantillon, les Néandertaliens 
de Krapina ne représentent pas idéalement la variabilité en dimensions dentaires des Néandertaliens 
du stade isotopique 5. Toute attribution taxonomique basée seulement sur des mesures dentaires 
doit être considérée avec prudence, comme le prouve ici le cas particulier des racines dentaires 
courtes de l’enfant de Sclayn qui, sur cette base, pourrait être classifié de façon erronée parmi les 
hommes modernes.

Chapter 17 Diet and ecology of the Scladina I-4A Neandertal Child: 
insights from stable isotopes  351

The Neandertal child from former Layer 4 in Scladina Cave is so far the oldest Neandertal 
that yielded well preserved collagen suitable for stable isotopic analysis (13C/12C, 15N/14N). 
Although the complexity regarding the stratigraphic origin of this specimen makes it diffi-
cult to perform a quantitative palaeodietary reconstruction, interesting conclusions could be 
reached. The δ13C values of herbivores found in former layers 4 and 5 in Scladina Cave indi-
cate a mixture of dense forest and open habitat, although it is not clear whether this situation 
reflects a real mosaic or changes of vegetation through time. Some species traditionally consi-
dered to reflect open and cold environment, such as reindeer, exhibit δ13C values indicative 
of dwelling in dense forest conditions while species traditionally considered to be linked to 
open environments such as horses exhibit δ13C values indicative of dense-forest habitat. These 
results exemplify the ecological flexibility of large herbivorous mammals at the beginning of 
the Upper Pleistocene. The palaeodietary reconstruction of the Neandertal child from former 
Layer  4 in Scladina Cave points to the consumption of open environment herbivores, similar to 
the majority of European Neandertals analysed so far. However, it is not possible to tell if this 
selection was due to the absence of dense forest herbivores when this specimen was living, or if 
such animals were present but not consumed.

L’alimentation et l’écologie de l’enfant néandertalien 
Scladina I-4A: le message des isotopes stables

L’enfant néandertalien de l’ancienne couche 4 de la grotte Scladina est le plus vieux spécimen de 
cette espèce ayant livré à ce jour du collagène bien conservé permettant l’analyse de la teneur rela-
tive en isotopes stables (13C/12C, 15N/14N). Bien que la position stratigraphique complexe de ce 
spécimen ne permette pas une reconstitution paléoalimentaire quantitative, des conclusions inté-
ressantes ont pu être établies. Les valeurs de δ13C des herbivores des anciennes couches 4 et 5 de 
la grotte Scladina indiquent un mélange d’habitats de types ouverts et forestiers denses, sans qu’il 
soit possible de trancher entre une mosaïque d’habitats contemporains et une succession rapide 
d’habitats changeant au cours du temps. Une espèce traditionnellement considérée comme reflé-
tant un environnement ouvert et froid, comme le renne, présente des valeurs de δ13C indiquant 
un habitat de type forestier dense tandis qu’une autre traditionnellement considérée comme liée 
à un milieu ouvert, tel le cheval, présente des valeurs de δ13C indiquant un milieu forestier dense. 
Ces résultats démontrent la flexibilité écologique des grands mammifères herbivores au début du 
Pléistocène supérieur. La reconstitution paléoalimentaire de l’enfant néandertalien de l’ancienne 
couche 4 de la grotte Scladina indique la consommation d’herbivores de milieu ouvert, comparable 
à celle de la majorité des spécimens de Néandertaliens d’Europe analysés à ce jour. Il n’est cepen-
dant pas possible de déterminer si cette sélection est due à l’absence d’herbivores de forêt dense au 
moment où vivait ce Néandertalien, ou si de tels animaux étaient effectivement présents mais non 
consommés.
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Chapter 18 Dental microwear texture analysis and the diet of the 
Scladina I-4A Neandertal Child  363

Microwear analyses have been shown to be an important tool for the reconstruction of tooth 
use for dietary as well as non-dietary purposes for a variety of species including fossil hominins. 
The results of the analysis of the microwear textures of the anterior and of post-canine denti-
tions of the Scladina Neandertal child are presented here. Overall, these results shed further 
light on the dietary and behavioral strategies of Neandertals. In addition, they provide a rare 
glimpse into such strategies among subadult Neandertals.

Analyse des micro-usures dentaires et alimentation 
du Néandertalien juvénile Scladina I-4A

Les analyses des micro-usures se sont révélées un outil important pour la reconstitution du mode 
d’utilisation des dents tant à des fins alimentaires que non alimentaires et ce pour plusieurs espèces 
dont les homininés fossiles. Les résultats obtenus sur la texture des micro-usures de la dentition 
antérieure et postérieure aux canines de l’enfant néandertalien de Scladina sont présentés ici. 
Principalement, ils ont apporté des éléments significatifs sur les stratégies alimentaires et compor-
tementales des Néandertaliens. De plus, ils offrent un premier aperçu de ces stratégies actuellement 
peu documentées chez les Néandertaliens subadultes.

Chapter 19 Neandertal evolution and human origins: 
a tale from the Scladina I-4A Child  379

Ancient DNA offers the unique opportunity to catch evolution red-handed and to document the 
past with genetic information. We used ancient DNA methods to reconstruct short mitochon-
drial sequences from the Scladina Child. Its comparison to orthologous sequences from other 
Neandertal specimens from Croatia, Germany, Italy, and the Caucasus confirmed Neandertals 
as our closest relatives. The Neandertal child from Scladina appeared surprisingly more distantly 
related to modern humans than younger Neandertals. This suggests that the Neandertal popu-
lation experienced a significant demographic bottleneck in the last 30-50 ka BP preceding its 
extinction. In the future, new methodological approaches tailored to the molecular preservation 
state of ancient DNA molecules will likely enable the sequencing of the whole genome of the 
Scladina Child and provide further insights about its evolutionary origins.

Évolution des Néandertaliens et origines de l’homme : 
histoire de l’enfant Scladina I-4A

L’ADN ancien offre une chance exceptionnelle de pouvoir appréhender l’évolution en pleine action 
et documente le passé grâce aux données génétiques. En employant les méthodes d’analyses de 
l’ADN ancien nous avons pu reconstituer de courtes séquences mitochondriales du Néandertalien 
juvénile de Scladina. Sa comparaison avec les séquences orthologues d’autres spécimens néanderta-
liens de Croatie, Allemagne, Italie et du Caucase a confirmé que les Néandertaliens étaient nos plus 
proches parents. De façon surprenante, le Néandertalien de Scladina est apparu moins apparenté 
avec les hommes modernes que l’étaient les autres Néandertaliens plus récents. La population néan-
dertalienne semble donc avoir subi un goulet d’étranglement démographique durant les derniers 
30 à 50 ka BP, avant son extinction. Dans un futur proche, de nouvelles méthodes d’étude mieux 
adaptées à l’état de conservation de molécules de l’ADN ancien seront probablement capables de 
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séquencer le génome complet de l’enfant de Scladina et préciseront sa place dans l’évolution des 
hominidés.

Chapter 20 Scladina I-4A in the chronological context of the 
Neandertals from the Belgian Meuse Valley and 
northwest Europe  395

The anthropological discoveries that occurred over the past quarter of a century at Scladina 
Cave are far from being the only Neandertal remains from the Meuse River Basin, in southern 
Belgium. Indeed, at least seven other karstic sites yielded Neandertal fossils (five during the 
19th century): Engis (1829-30), La Naulette (1866), Goyet (around 1870), Spy (1886) and Fonds 
de Forêt (1895). Three of these finds (Engis, La Naulette and Spy) have played a primary role in 
the genesis and initial developments of palaeoanthropology and prehistory. After nine decades 
without new discoveries, the end of the 20th century was marked by three discoveries of 
Neandertal remains, all of them important because they occurred during excavation campaigns 
that yielded contextual data of quality: an isolated deciduous tooth at Trou de l’Abîme in 
Couvin (1984), the Scladina Juvenile remains from 1990 onwards, and a premolar in Walou Cave 
(1997). Like other Neandertal remains found in the neighbouring regions (France, Great Britain, 
Germany and the Netherlands), these ‘Belgian’ fossils provide the juvenile of Scladina with an 
anthropological context only analysed, in this chapter, from a chronological perspective.

After discussing the variable quality of information available from the stratigraphic, archaeolo-
gical, chronological and palaeoenvironmental contexts of the remains found in the Meuse River 
Basin, the chapter provides a simplified chronology of the regional Neandertals. In the current 
state of research, there are two main groups of fossils. La Naulette mandible might well be the 
oldest fossil, dating from the MIS 5 or even earlier whereas the Scladina Juvenile remains belong 
to a Classic Neandertal (MIS 5b or 5a). During the second part of MIS 4, there are no occupa-
tions of the Belgian Meuse River Basin, due to a major climatic deterioration. The second group 
is composed of Late/Classic Neandertals from the MIS 3, associated with late Mousterian indus-
tries from around 45 ka BP at Couvin to 36 ka BP at Spy, where the associated lithic industry is 
imprecise, possibly transitional L.R.J., or even late Mousterian.

La position chronologique de Scladina I-4A dans le contexte des Néandertaliens 
de la vallée de la Meuse belge et du Nord-Ouest de l’Europe

Les découvertes anthropologiques réalisées à la grotte Scladina depuis un quart de siècle sont loin de 
représenter les seuls restes néandertaliens exhumés dans le bassin mosan belge. En effet, sept autres 
sites karstiques ont livré de tels fossiles. Cinq de ces trouvailles furent effectuées au 19e siècle : Engis 
(1829-30), La Naulette (1866), Goyet (vers 1870), Spy (1886) et Fonds de Forêt (1895). Trois d’entre 
elles, Engis, La Naulette et Spy ont joué un rôle de premier plan dans la genèse et les développe-
ments initiaux de la paléontologie humaine et de la Préhistoire. Après neuf décennies infructueuses, 
la fin du 20e siècle est marquée par trois mises au jour de restes néandertaliens, toutes de grandes 
importance en raison de la qualité des informations contextuelles obtenues dans les fouilles qui les 
ont livrées : une molaire déciduale inférieure au Trou de l’Abîme à Couvin (1984), les restes de l’en-
fant de Scladina à partir de 1990 et une prémolaire à la grotte Walou (1997). Comme d’autres fossiles 
néandertaliens provenant des régions voisines (France, Grande-Bretagne, Allemagne et Pays-Bas), 
ces spécimens “belges” permettent de donner à l’enfant de Scladina un contexte anthropologique qui 
est analysé, dans ce chapitre, uniquement dans une optique chronologique.
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Après une évaluation de la qualité variable des informations relatives au contexte stratigraphique, 
archéologique, chronologique et paléoenvironnemental des découvertes réalisées dans le bassin 
mosan, ce chapitre propose un modèle chronologique des Néandertaliens régionaux. Dans l’état 
actuel de la recherche, deux grands groupes de fossiles apparaissent. La mandibule de La Naulette 
pourrait bien être le plus ancien fossile, remontant au SIM 5 ou auparavant, tandis que les restes 
de l’enfant de Scladina appartiennent à un Néandertalien classique ancien, au cours du SIM 5b ou 
5a. Aucune occupation humaine ne semble avoir été présente au cours de la seconde partie du SIM 
4, en raison d’une péjoration climatique majeure. Le second groupe se compose de Néandertaliens 
classiques tardifs du SIM 3, associés à de l’industrie moustérienne qui s’échelonnent des alentours 
de 45 ka BP (50-47 ka cal BP) à Couvin, aux alentours de 36 ka BP (42-40 ka cal BP) à Spy où l’in-
dustrie associée est difficilement identifiable, peut-être un moustérien très tardif ou alors l’industrie 
de transition que représente le L.R.J.

Chapter 21 The Scladina I-4A juvenile Neandertal: synthesis  409

This concluding chapter of the Scladina monograph comprises two parts. The first synthesizes, 
from an interdisciplinary perspective, some key aspects regarding the context of the Neandertal 
remains from former Layer 4A, discussed through their stratigraphic position, their palaeoenvi-
ronment and chronostratigraphy. In the field of palaeoanthropology, some questions concerning 
the attribution of Scladina to Early or Late Neandertals, the individual age of the remains, their 
sexual attribution as well as the diet are raised. The second part of this final chapter discusses 
various ideas concerning the future of regional Neandertal research, both at Scladina and at the 
other sites of the Meuse River Basin.

Le Néandertalien juvénile Scladina I-4A : synthèse

Le chapitre final de la monographie comprend deux parties. La première partie synthétise, dans 
une optique interdisciplinaire, le contexte des fossiles Néandertaliens de l’ancienne couche 4A qui 
est ainsi abordé par le biais de leur position stratigraphique, de leur paléoenvironnement et de leur 
chronostratigraphie. Dans le domaine plus strictement paléoanthropologique, les questions soule-
vées concernent l’attribution de l’enfant de Scladina à un Néandertalien ancien ou classique, son 
âge individuel, son sexe ou encore son régime alimentaire. La seconde partie du chapitre aborde 
certaines perspectives de la recherche néandertalienne régionale, tant à propos de Scladina que des 
autres sites du bassin mosan.
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