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INTRODUCTION

The precise chronology and palaeoenvir-
onmental backdrop of the majority of Neandertal 
remains recovered across Europe remain largely 
unknown, mainly due to insufficient  contextual 
information  and  related  archaeological  data 
recorded during late 19th or early 20th century 
excavations.  Unfortunately, several more recent 
excavations also lack a certain degree of preci-
sion  given  the  rarity  of  detailed  stratigraphic 
information coupled with a poor  understanding 
of the nature and importance of taphonomic pro-
cesses.  The latter are tied to complex sediment-
ary dynamics and sediment diagenesis especially 
prevalent  in  cave  entrances  where  most  of  the 
Neandertal remains have thus far been recovered 
and where sedimentary sequences are often com-
pacted and discontinuous (Ferrier, 2002; Texier 
et al.,  2004;  Goldberg  &  Sherwood,  2006; 
Pirson,  2007).   The  occupation  chronology  of 
particular sites is therefore difficult to establish 
with any certainty and remains largely dependent 
on radiocarbon dates.

In the case of Spy, the presence of ana-
tomically modern human (AMH) skeletal material 
mixed  with  Neandertal  elements  cannot  be 

excluded given the scarcity of information con-
cerning the original fieldwork. Furthermore, like 
many other caves in the Meuse Valley,  the site 
served as a collective burial ground throughout 
prehistory,  particularly  during  the  Middle  and 
Late Neolithic. Therefore, new radiocarbon dates 
not only establish the age of the AMH remains, 
but  provide  a  crucial  chronological  control  for 
certain anthropological interpretations.

Neandertal skeletal material from only a 
handful of other sites has been directly dated by 
14C including those from Feldhofer,  Vindija, El 
Sidrón, Okladnikov, Mezmaiskaya, Les Rochers-
de-Villeneuve, Engis and Spy, all of which have 
been attributed to the period between ca. 45,000 
and  30,000  BP  (Ovchinnikov,  2000;  Schmitz 
et al.,  2002;  Serre  et al.,  2004;  Beauval  et al., 
2005;  Higham  et al.,  2006;  Rosas  et al.,  2006; 
Toussaint  & Pirson,  2006;  Krause  et al.,  2007; 
Semal  et al.,  2009; De Torres  et al.,  2010; Pin-
hasi  et al.,  2011).  More recently,  the mandible 
from Cova  del  Gegant  near  Barcelona,  Spain, 
was  directly  dated  using  a  new U-series  tech-
nique (Daura et al., 2010) that may offer further 
opportunities to date Neandertal skeletal material 
beyond the limits of 14C, however more testing is 
required to confirm its reliability.
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RADIOCARBON DATING OF HUMAN REMAINS AND
ASSOCIATED ARCHAEOLOGICAL MATERIAL

Patrick SEMAL, Anne HAUZEUR, Hélène ROUGIER, Isabelle CREVECOEUR,
Mietje GERMONPRÉ, Stéphane PIRSON, Paul HAESAERTS, Cécile JUNGELS,
Damien FLAS, Michel TOUSSAINT, Bruno MAUREILLE, Hervé BOCHERENS,

Thomas HIGHAM & Johannes VAN DER PLICHT

Abstract

The Neandertal skeletal material from Spy cave has finally been directly dated by AMS 14C one hundred twenty-five years  
following their discovery. Fifteen human bones and teeth were dated in order to verify new morphological analyses and determine  
the age of the Spy Neandertals. Collagen from 14 faunal remains and three bone or ivory artefacts were also dated in order to  
establish a radiocarbon framework for the three “fauna-bearing levels” defined by the original excavators. Apart from several dates  
that are clearly too young due to contamination or diagenetic influences, our results show that the three oldest dates (ca. 36,000  
uncal BP) for the two Neandertal adults are reliable given that the quality parameters are within the accepted confidence interval. 
We discuss the results of these new dates and their significance in light of the site's stratigraphy, the local Belgian context, and the  
wider European framework. Radiocarbon dating of Neolithic human skeletal material is also presented and discussed.
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Nevertheless,  recent  reassessments  sug-
gest that a number of these direct dates are prob-
ably  only  minimum  ages  due  to  contamination 
and/or the collagen extraction protocols employed 
(Smith et al., 1999; Higham et al., 2006; Pinhasi 
et al., 2011). Discrepancies of several millennia 
exist between Neandertal skeletal material from 
the  same  site  (Rosas  et al.,  2006)  as  well  as 
between  samples  from  the  same  bone  (Krause 
et al., 2007).  Moreover, inconsistencies between 
dates produced from archaeological material and 
those obtained from associated human bones may 
invalidate the youngest ages as appears to be the 
case,  for  example,  at  Mezmaiskaya  in  Russia 
(Skinner et al., 2005; Toussaint & Pirson, 2006).

DIRECT DATING OF HUMAN REMAINS 
FROM SPY

Previous direct dating attempts

The first attempt to directly date human 
remains  from Spy was carried  out  by P.  Semal 
(Semal  et al.,  1996)  on  an  AMH  frontal  bone 
from the Spy IV individual discovered in 1952 by 
F. Twiesselmann from slope deposits between the 
cave's terrace and the Orneau River.  The first date 
was obtained from a sample with a very low colla-
gen yield (OxA-6112; see Table 1).  However, a 
second attempt (OxA-6252) corroborated the first 
date, thus confirming the piece in question to be 
of  Neolithic  age.  Furthermore,  the  fact  that  the 
specimen  was found lying  on  the  bedrock in  a 
layer  rich in Upper Palaeolithic artefacts clearly 
demonstrates the stratigraphy of the slope deposits 
to be reworked.

The  first  attempt  to  directly  date  the 
Neandertal remains from Spy was carried out by 
M.  Toussaint  (Toussaint  & Pirson,  2006)  on  a 
sample from a right scapula (Spy 572a) housed at 
the Université de Liège (ULg). This fragmentary 
scapula,  attributed to Spy II  since its  discovery 
(Fraipont & Lohest, 1886), presents at least one 
diagnostic  Neandertal  feature  (a  dorsal  sulcus 
along the axillary border;  Trinkaus, 2006; Tous-
saint  et al.,  volume 2: chapter XXVIII-1).  The 
first  date produced by the Oxford Radiocarbon 
Accelerator  Unit  (ORAU)  was  too  young 
(< 25,000 BP), significantly more recent than the 
one provided by the Centre for Isotope Research 

(CIO) at the University of Groningen using a col-
lagen sample extracted by H. Bocherens from the 
same bone (Table 1).  At the time, the pretreat-
ment method used by the ORAU was essentially 
the same as that of the CIO, making it difficult to 
determine  why the results  diverged.   It  is  pos-
sible that these discrepancies relate to the differ-
ential consolidation and decontamination of the 
sampled bone.  The likely contamination of the 
scapula  during  19th  century  consolidation 
efforts,  possibly  with  glue  containing  animal 
bone collagen, is made clear in historical sources 
(see  Geigl  et al.,  this  volume:  chapter  XVIII). 
This  probability  is  further  supported  by  the 
second, slightly older age obtained by the ORAU 
(OxA-8913)  following  the  application  of  a 
solvent  extraction procedure prior to  bone pre-
treatment.  This possible slight contamination by 
modern collagen was not detected in the analysis 
performed by H. Bocherens.

Finally,  a fragment of a human vertebra 
(Spy 737a) discovered in 2002 on the surface of 
the  slope  deposits  connecting  the  cave's  terrace 
and  the  Orneau  River  was  directly  dated  to 
36,250 ± 500 14C BP at the ORAU using an ultra-
filtration  protocol  (Toussaint  &  Pirson,  2006; 
Table 1).   Despite  Spy 737a  not  being  clearly 
associated  with  the  original  Neandertal  skeletal 
material discovered in 1886 (see Toussaint et al., 
volume 2:  chapter  XXVIII-3),  the  quality  para-
meters indicate the date to be reliable (i.e. colla-
gen  yield  and  C:N  ratios  within  the  accepted 
range, see below), supporting the late survival of 
the Spy Neandertals.

New direct dating attempts

Recent re-examination  of  the  unsorted 
faunal  collections  from Spy identified numerous 
hitherto  unpublished  Neandertal  and  AMH 
remains.  These new, untreated specimens, unlike 
those from the original 1886 collection contamin-
ated  by  varnish,  were  suitable for  direct  AMS 
radiocarbon  dating.  Samples  were  selected  in 
order to verify the conclusions of the morphomet-
ric study (Cowgill, volume 2: chapter  XX-1; Cre-
vecoeur  et al.,  volume 2: chapter XX-2;  Rougier 
et al., volume 2: chapter XIX) and address the fol-
lowing questions:
- What is the radiocarbon age of the two Neander-

tal adults (Spy I and Spy II)?
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- Are  there  AMH  remains  among  the  original 
1886 collection and, if so, how old are they?

- What is the radiocarbon age of the Spy III child 
tibia from the original collection published by 
Twiesselmann (1953) as Neandertal?

- What is the radiocarbon age of the newly iden-
tified Neandertal child Spy VI?

- What is the radiocarbon age of the newly iden-
tified human specimens displaying features that 
fall  within  the  known  range  of  Neandertal 
morphometric variability?

DATING OF THE ARCHAEOLOGICAL 
AND FAUNAL MATERIAL

Archaeological context

The nature of the late 19th century excav-
ations  renders  the  archaeological  context  of  the 
Neandertal  individuals  far  from  certain  (Semal 
et al., this volume: chapter II).  The only secure 
contextual element is the presence of several dif-
ferent Middle and Upper Palaeolithic occupations 
illustrated  by  mixed  material  in  several  layers 
defined by the original excavators (Pirson  et al., 
this volume: chapter VI).

The  original  excavators  identified  three 
“fauna-bearing  levels”  (FBLs)  with  the  two 
Neandertal individuals recovered from the deep-
est level (third FBL) between a layer of “brown 
clay” overlying the bedrock and a thin layer of 
“yellow  clay”  (Fraipont  &  Lohest,  1886;  De 
Puydt & Lohest, 1887).  The hard, reddish brec-
cia of the second FBL situated just above the skel-
etons was used to support the absence of mixing 

between  the  deposits.  The  original  stratigraphy 
was subsequently replaced by a “cultural strati-
graphy”  based  on  tool  typology.  Breuil  (1912) 
recognised  four  cultural  levels,  dividing  the 
Middle Palaeolithic assemblage into two differ-
ent  Mousterian  industries  and  associating  the 
Neandertal  remains  with the Upper Mousterian 
level  (second  FBL).   These  new  stratigraphic 
divisions  introduced  an  additional  source  of 
inconsistencies,  further  mixing  the  material. 
Much later, F.  Bordes (1959) identified a Quina 
Mousterian based on the presence of certain typ-
ical  Quina-type  tools.   Moreover,  he  suggested 
that the human fossils may be associated with this 
techno-complex based solely on comparisons with 
other sites having produced Neandertal burials.

In the second FBL, Ulrix-Closset (1975) 
recognised a Late Mousterian assemblage, a trans-
itional industry known as the Lincombian-Ranisi-
an-Jerzmanowician or LRJ (Campbell, 1980; Flas, 
2006), and a significant quantity of Aurignacian 
material (Otte, 1979).  A recent re-analysis of the 
lithic material  from Spy has provided a detailed 
revision of the archaeological sequence, integrat-
ing  current  questions  surrounding  the  so-called 
“transitional  lithic  techno-complexes”  and  the 
Aurignacian (Flas, 2008, this volume: chapter XI; 
Flas et al., this volume: chapter XII).

Previous dating attempts

Only two conventional radiocarbon dates 
were previously obtained on bone samples from 
the 1909 de Loë and Rahir excavations (Table 2) 
submitted  by M.  Otte  to  the  Institut  Royal  du 
Patrimoine Artistique (IRPA-202 and IRPA-203; 
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Lab number 14C date (BP)
Age (BP)  

95 % probability
Calibrated age (cal BP)  

95 % probability
Specimen

Presumed 
taxon

Description Material

OxA-8912 (1) 23,880 +240/-240 24,360 – 23,400 29,350 – 28,110

Spy 572a Neandertal
Fragment of a 
right scapula

boneOxA-8913 (1) 24,730 +240/-240 25,210 – 24,250 30,280 – 29,000

GrA-21546 (1) 31,810 +250/-250 32,310 – 31,310 36,840 – 35,370

OxA-10560 (UF) (1) 36,250 +500/-500 37,250 – 35,250 42,160 – 40,440 Spy 737a Neandertal?
Vertebral 
fragment

bone

OxA-6112 (2) 4,025 +55/-55 4,135 – 3,915 -2,860 – -2,350 (BC)
Spy 569a AMH

Facial skeleton 
(Spy IV)

bone
OxA-6252 (2) 4,230 +70/-70 4,370 – 4,090 -3,010 – -2,585 (BC)

Table 1.  Previous direct dates obtained on human remains from Spy.
(1) Original data from Toussaint & Pirson (2006); (2) Original data from Semal et al. (1996).

Calibration using OxCal 4.1 (Interface build: 54; Bronk Ramsey, 1994) and IntCal09 curve. UF: Ultrafiltration.



P. SEMAL et al.

Dauchot-Dehon & Heylen, 1979).  The bones did 
not  yield  sufficient  collagen  for  14C  dating, 
instead the carbonate fraction was used – a prac-
tice not uncommon in the early days of radiocar-
bon dating.  Only later was it realised that car-
bonates often yield unreliable dates due to chem-
ical exchanges with the depositional environment 
(Olsson,  2009).   Furthermore,  this  was  well 
before the introduction of the AMS 14C technique 
enabling the dating of small,  valuable samples. 
The  IRPA carbonate  dates  are  too  young  and 
provide only minimal ages for the first  (upper) 
and second FBL.

Current dating attempts

The discovery among the RBINS faunal 
collections of new, unvarnished human remains 
provided  the  opportunity  to  obtain  new  AMS 
radiocarbon dates.  Moreover, an assessment of 
the still mostly unpublished, but labelled faunal 
material allowed the original stratigraphic posi-
tion of some of the remains to be determined. In 
several cases, the presence of human modifica-
tions such as traces of ochre and/or cutmarks was 
used to help identify the stratigraphic position of 
the  artefacts  (Germonpré  et al.,  this  volume: 
chapter XV).

Faunal  and  osseous  artefacts  were 
sampled and dated with the aim of: 
- Establishing  a  14C  chronology  for  the  three 

“fauna-bearing levels” constituting De Puydt & 
Lohest (1887) original stratigraphy;

- Addressing specific issues such as the chrono-
logy of  the  Aurignacian  occupation  from the 
second FBL;

- Evaluating  the  14C  chronology  of  the  “red 
layer” containing elements of at least 3 differ-
ent  techno-complexes  (Mousterian,  LRJ,  and 
Aurignacian).

MATERIALS AND METHODS

Sample preparation

The  selected  human  specimens  were 
scanned or  µ-scanned (Semal  et al.,  2005)  and 
then cast by Eric Dewamme (RBINS) using a sil-
icone elastomer (Dow Corning DC 3481).  High-
resolution digital photographs were taken before 
and  after  sampling  with  a  Olympus  E-10  or 
Nikon Coolpix 4500 depending on the size of the 
sample. All data related to the samples and 3D 
models (CT and surface) are stored in the MARS 

(Semal  et al.,  2004;  http://mars.naturalsciences. 
be)  and NESPOS (Gröning  et al.,  2007;  www. 
nespos.org) databases, respectively.  Digital pho-
tos of the bone artefacts and faunal remains were 
taken before and after  sampling using a Nikon 
Coolpix 4500.  Data related to these samples are 
also available in the MARS database.  Photos of 
all specimens were submitted with the CIO and 
ORAU forms  in  order  to  delimit  the  preferred 
sampling areas.

The  bones  and  teeth  submitted  to  the 
CIO were first sampled using a Dremel rotating 
mini-saw as illustrated in  Figure 1.  The surface 
of the samples was subsequently cleaned and the 
internal portion used for collagen extraction.  At 
the ORAU, the specimens were directly sampled 
with  a  high-power,  low-speed  mini-drill  with 
collagen extracted from the resulting powder.

Collagen  extraction  and  radiocarbon  dating 
protocols

The  CIO  operates  both  conventional 
(until 2012) and AMS facilities for large (several 
grams)  and  small  (milligrams)  sample  sizes, 
respectively.  Dating  the  Spy material  was  only 
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Lab number 14C date (BP)
Age (BP)  

95 % probability
Calibrated age (cal BP)  

95 % probability
Specimen Taxon

Description (after Dauchot-  
Dehon & Heylen, 1979)

Material

IRPA-202 20,680 +450/-450 21,580 – 19,780 25,990 – 23,670 de Loë 1909 Fauna Upper level: Perigordian bone

IRPA-203 25,300 +510/-510 26,320 – 24,280 31,080 – 29,280 de Loë 1909 Fauna
Intermediate level: Early 

Aurignacian
bone

Table 2.  Previous direct dates obtained on faunal remains from Spy. Original data from Dauchot-Dehon & Heylen 
(1979). Calibration using OxCal 4.1 (Interface build: 54; Bronk Ramsey, 1994) and IntCal09 curve.
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possible using small  samples and thus required 
the AMS method.   At  the  CIO,  bone  collagen 
extraction  follows  a  procedure  developed  by 
Longin (1970) for the standard chemical pretreat-
ment  of  samples  (Mook  &  Streurman,  1983). 
Bone mineral is dissolved by repeated treatment 
with an acid solution (1-2 % HCl) over several 
days  with  10-20 %  of  the  bone  collagen  dis-
solved in the process.  The raw collagen contain-
ing the carbonaceous contaminates is thoroughly 
washed  with  demineralised  water  before  being 
treated with slightly acidic demineralised water. 
During this treatment, “pure” collagen dissolves 
into  gelatine,  insoluble  material  is  removed by 
centrifuge, and the gelatine is collected by evap-
oration.  The ultra-filtrated samples dated at the 
ORAU  were  prepared  following  the  protocol 
described by Higham et al. (2006).

The  main  difficulty  encountered  when 
dating  collagen  is  chemical  and/or  bacterial 
degradation resulting from compounds that eas-
ily  combine  with  carbonaceous  substances 
present  in  the  surrounding  environment.  In 
extreme cases, the collagen may disappear com-
pletely.  Three parameters are employed to assess 
the quality of the extracted collagen (and thus the 
reliability of the 14C date): the yield, carbon con-
tent,  and stable carbon isotope ratio  13C.  The 
C:N ratio is also used as an additional indicator. 
Fresh  bone  contains  about  20 %  collagen  by 
weight,  with  a  carbon  content  of  ca.  50 %.  In 
general,  acceptable results  for  prehistoric  bone 
can  be  expected  when  the  collagen  yield  is 

greater than 1 %, and the carbon content of the 
collagen is greater than 35 %.  The  13C values 
should  generally  range  between  -19  to  -22 %; 
however, these values can be influenced by diet-
ary effects linked to varying photosynthetic car-
bon metabolisms between different plants as well 
as the position of the organism in the food chain 
(Van der Merwe & Vogel, 1978; Lanting & van 
der  Plicht,  1998;  Bocherens  et al.,  2001).   The 
collagen is combusted, purified and transformed 
into  graphite  (e.g.  Aerts  et al.,  2001)  which  is 
then pressed into target holders for the AMS ion 
source  which  measures  the  14C/12C and  13C/12C 
ratios  from  which  the  conventional  14C  age 
(CRA;  Stuiver  &  Polach,  1977)  is  determined 
(van der Plicht et al., 2000).

Calibration

Shortly  after  the  invention  of  radiocar-
bon dating, changes in the strength of the geo-
magnetic  field (Bucha,  1970)  and variations  in 
solar  activity  (de  Vries,  1958;  Stuiver,  1965) 
were  shown  to  effect  the  14C concentration  in 
atmospheric CO2.  These variations in the natural 
14C concentration mean that the 14C clock runs at 
a  pace  that  differs  from  real  clocks,  in  other 
words, radiocarbon years are not directly analog-
ous to calendar years.   Additionally,  complica-
tions arose from isotope fractionation effects and 
uncertainties in the half-life value.  Therefore, a 
special convention has been agreed between 14C 
laboratories  –  conventional  dates  are  reported 
according  to  an  internationally  agreed  half-life 
and corrected for fractionation effects using the 
sample’s  13C content.  These conventional  dates 
are  reported  as  “BP”.  For  archaeology,  this 
means that the  14C timescale is  fixed  and has to 
be calibrated in order to express the radiocarbon 
age as a calendar date.

Traditionally, radiocarbon dates are cal-
ibrated using calibration curves based on wood 
samples  dated  by  both  14C  and  dendrochrono-
logy.  However, this is only possible for samples 
younger than ca. 12,500 years as a corroborating 
dendrochronology is unavailable thereafter. Bey-
ond  this  point,  calibration  curves  are  largely 
based on marine records.  The most commonly 
employed calibration curve is IntCal09 that has 
recently  provided  the  first  calibration  for  the 
complete  14C  dating  range  reaching  to  50  ky 
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Figure 1.  Examples of bone and tooth sampling at
the CIO (left: Spy 430a, a Neandertal third middle 

manual phalanx; right: Spy 33a, a lower right
second premolar).  The bone and tooth root are cut 

using a small saw and the surface is removed.
The remaining sample is used for demineralisation.

430a 33a
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(Reimer  et al., 2009).  This marine-based curve 
nonetheless has large uncertainties connected to 
unknown  reservoir  effects.  Recently  available 
records, most notably a laminated, terrestrial sedi-
mentary  sequence  from  Lake  Suigetsu,  Japan, 
have  provided  significant  refinements  (Bronk 
Ramsey  et al.,  2012;  Reimer,  2012)  that  will 
shortly be incorporated in  a  revised version of 
the calibration program, IntCal13 (Reimer  et al., 
2013).  The Spy dates discussed in this chapter, 
shown  in  SF1  with  uncertainties  plotted  at 
1 sigma, were calibrated using the IntCal09 curve 
and OxCal version 4.1 (Bronk Ramsey, 1994).

RESULTS AND COMMENTS

Human material

AMH remains from the original Spy collection

Five  human  remains  either  previously 
identified  from the  original  Lohest  collection  as 
supposedly  Neandertal  or  recently  discovered 
amongst the faunal  material from Twiesselman's 
excavations  all  date  to  the  Neolithic  (Table 3; 

Figure 2).  The first, Spy 425k, is a fragment of a 
right  fibular  diaphysis  that  refits  with  Spy 26A 
from the original Lohest collection attributed to the 
Spy II  Neandertal  by  Hrdlička  (1930;  see  SF2). 
However, a date of 4,350 ± 35 BP1 (GrA-32621) 
places this fragment squarely in the Neolithic.

The  second,  Spy 398l,  is  a  right  third 
metacarpal  (MTC)  that  articulates  with  the 
MTC 2  (Spy 22B)  from  the  1886  collection. 
Spy 22B presumably  belongs to  a  set  of  MTC 
that  Fraipont & Lohest (1886) attributed to the 
Spy I/II individual.  However, its distal end has a 
metaphyseal surface. The two MTC thus repres-
ent an immature individual that cannot be either 
Spy I  or  II.   Furthermore,  the  direct  date  for 
Spy 398l of 4,800 ± 40 BP (GrA-32628) clearly 
shows  that  neither  represents  an  additional 
Neandertal individual (SF3).

A right phalanx (Spy 425n) matching the 
proximal left  hallucal  phalanx (Spy 25G) attrib-
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Lab number 14C date (BP)
   Age (BP) 

95 % probability
Calibrated age (cal BP) 

95 % probability
Specimen

Presumed 
taxon

Description Material

OxA-20981 (UF) 3,896 +35/-35 3,966 – 3,826 -2,475 – -2,245 (BC) Spy 7A AMH? Left ulna, proximal frag. bone

GrA-32621 4,350 +35/-35 4,420 – 4,280 -3,090 – -2,900 (BC) Spy 425k AMH? Right fibula diaphysis frag. bone

GrA-44542 4,710 +35/-35 4,780 – 4,640 -3,630 – -3,375 (BC) Spy 26C AMH?
Juvenile tibia diaphysis 

(Spy III)
bone

GrA-32628 4,800 +40/-40 4,880 – 4,720 -3,660 – -3,385 (BC) Spy 398l AMH?
Juvenile right third 

metacarpal
bone

GrA-32632 4,835 +35/-35 4,905 – 4,765 -3,700 – -3,530 (BC) Spy 425n AMH?
Right proximal hallucal 

phalanx
bone

GrA-44543 4,085 +35/-35 4,155 – 4,015 -2,860 – -2,495 (BC) Spy 336a Neandertal? Right radius diaphysis frag. bone

GrA-32622 4,600 +35/-35 4,670 – 4,530 -3,510 – -3,125 (BC) Spy 33a Neandertal? Lower right P4 dentine

GrA-32625 4,635 +35/-35 4,705 – 4,565 -3,520 – -3,350 (BC) Spy 432a Neandertal? Juvenile right parietal frag. bone

GrA-32623 35,810 +260/-240 36,330 – 35,330 41,570 – 40,410 Spy 94a Neandertal
Right maxilla frag. attached 

to M3 (Spy I)
compact bone

GrA-32626 36,350 +310/-280 36,970 – 35,790 42,000 – 40,940 Spy 92b Neandertal Upper left I1 (Spy II) dentine

GrA-32630 33,940 +220/-210 34,380 – 33,520 39,600 – 38,000
Spy 430a Neandertal

Right middle 3rd manual 
phalanx (Spy II)

thin compact 
boneOxA-17916 (UF) 32,550 +400/-400 33,350 – 31,750 38,480 – 36,470

GrA-32627 32,970 +200/-190 33,370 – 32,590 38,490 – 36,870 Spy 646a Neandertal
Right hemi-mandible 

(Spy VI)
thin compact 

bone

OxA-17977 (UF) 34,700 +550/-550 35,800 – 33,600 41,070 – 38,670
Spy 589a Neandertal Upper right di1 (Spy VI) dentine

OxA-21610 (UF) 33,950 +550/-550 35,050 – 32,850 40,490 – 37,300

Table 3.  New direct dates obtained on human remains from Spy. Calibration using Oxcal 4.1
(Interface build: 54; Bronk Ramsey, 1994) and IntCal09 curve. UF: Ultrafiltration.

1 BP: conventional 14C dates (see text); BC, cal BP: calendar dates, 
with cal BP = 1,950 + BC.
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uted  to  one  of  the  two  adult  Neandertals  by 
Twiesselmann  (1971)  was  also  discovered 
amongst  the  Spy  fauna.  However,  the  date 
obtained (4,835 ±  35 BP;  GrA-32632)  conclus-
ively demonstrates that neither  of the two pedal 
phalanges are Neandertal (SF4).

The  juvenile  tibial  diaphysis,  Spy 26C, 
forms part of the original collection and was attrib-
uted by Twiesselmann (1971) to the Spy III indi-
vidual. However, the anthropological study of this 
specimen (see Cowgill, volume 2: chapter XX-1) 
concluded that it is probably AMH.  This was sub-
sequently confirmed by a direct AMS radiocarbon 
date (4,710 ± 35 BP; GrA-44542; SF5). Although 
the bone was varnished, the protocol used at the 
CIO  removed  all  the  bone's  surface  before 
sampling therefore rendering the extracted colla-
gen free of surface varnish traces. 

Finally,  the Spy 7A left  ulnar fragment 
from the  original  collection  was  dated,  despite 
the risk of contamination due to glue and/or var-
nish, as a recent morphometric study cast doubts 
concerning its Neandertal affinities (Hambücken, 

volume 2: chapter XXVI-1).  The direct date for 
Spy 7A shows that it is indeed of Neolithic age 
(3,896 ± 35 BP; OxA-20981; SF6). 

Human remains with ambiguous characteristics

Three new specimens were selected from 
the  newly  identified  human  remains  based  on 
their  morphology  and/or  morphometry  being 
compatible  with  a  Neandertal  attribution 
(Table 3;  Figure 3).   The  Spy 336a  radius  was 
selected by Anne Hambücken for dating as her 
study of the upper limb bones suggested it por-
trayed some possible Neandertal features (Ham-
bücken,  volume 2:  chapter XXVI-1).   The 
Spy 33a  lower  right  second  premolar  was  also 
selected as its crown dimensions fall outside the 
variability of recent AMH coupled with the pres-
ence  of  several  archaic  features  such  as  an 
enamel pearl on the distal face of the root (Fig-
ure 3).  However, both specimens returned Neo-
lithic ages (4,085 ± 35 BP; GrA-44543; SF7 and 
4,600 ± 35 BP; GrA-32622; SF8, respectively), 
thus ruling out  the possibly that  they represent 
new Neandertal skeletal material.
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Figure 2.  AMH remains from Spy directly dated to the Neolithic. Spy 398l-604a and 22B (right third and second 
metacarpals with Spy 604a being the distal epiphysis of MTC Spy 398l) in palmar and proximal views; plantar and 

proximal views of Spy 425n and 25G (right and left first proximal pedal phalanges); anterior view of Spy 26A & 425k 
(right fibular diaphysis fragments); lateral view of Spy 7A (left ulna from the 1886 collection identified as AMH by 
Anne Hambücken); anterior view of Spy 26C (tibia diaphysis fragment of the Spy III juvenile).  Specimens from the 

original collection are indicated in italics; newly discovered ones are in plain font. Scales = 1 cm.
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Finally, Spy 432a is a small right parietal 
fragment that refits with a fragmentary juvenile 
rear  cranium  showing  a  slight  depression  and 
transverse  torus  in  the  inferior  part  of  the 
occipital plane.  Although a possible Neandertal 
attribution  was  suspected,  radiocarbon  dating 
once  again  demonstrated  the  specimen  to  be 
Neolithic  (4,635  ±  35  BP;  GrA-32625;  SF9). 
Interestingly,  Spy 432a  is  one  of  two  parietal 
fragments of the juvenile cranium recovered by 
F. Twiesselmann in the 1950s, whereas the other 
fragments come from the 1903 excavations of de 
Loë and Rahir.

The Neolithic specimens

The nine  14C dates for the Spy Neolithic 
specimens  represent  the  largest  sample  ever 
obtained  in  Belgium for  a  Neolithic  sepulchral 
cave.  The distribution of the different calibrated 

dates  suggests  the  site  functioned  as  a  burial 
ground  over  more  than  twelve  centuries  (Fig-
ure 4).   Unfortunately,  the  poor  quality  of  the 
early excavations precludes knowing whether dif-
ferent burial phases were observable.  Even today, 
discerning between extended and brief periods of 
use is not simple.  Moreover, it is impossible to 
decipher  how and why Neolithic  bones became 
“collected” with the Neandertal remains and even-
tually included in the original  Lohest  collection 
despite  several  metres  of  sediments  separating 
deposits  containing  the  two  different  groups  of 
human remains.

Nevertheless,  the  various  radiocarbon 
dates suggest at least two burial phases; the first 
corresponding to the end of the Middle Neolithic, 
around 3,500 BC, represented by five dates from 
three immature  specimens  (MNI = 1),  one sub-
adult and one adult.  This first group differs sig-
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Figure 3.  AMH from Spy with ambiguous features directly dated to the Neolithic. Anterior view of Spy 336a
(right radius fragment isolated by Anne Hambücken); distal view of Spy 33a (lower right second premolar

with a cavity and enamel pearl [arrow]); posterior view of Spy 507a and 507b
(occipital portion of a juvenile calvaria with a small supra-iniac depression).  Scales = 1 cm.

33a

336a

507a & b
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nificantly from a second set of four dates ranging 
between 3,000 BC and 2,400 BC.  The youngest 
date is from the Spy 7A ulna and probably rep-
resents a minimum age due to possible contamin-
ation of the original collection by modern animal 
collagen  (glue)  as  already  suspected  for  the 
Neandertal  scapula  (Spy 573a).   The  three 
remaining dates all belong to the Late Neolithic. 
The fibula fragment that refits with the Spy 26A 
specimen is dated to about 3,000 BC, while dates 
obtained  on  the  Spy IV  cranium  and  the 
Spy 336a radius are situated in a plateau of the 
calibration curve (Figure 4).

Up  until  now,  sixty-four  collective 
burial  sites  from  the  Meuse  Basin  (including 
Spy)  have  been  dated  by  98  radiocarbon 
determinations  (Toussaint,  2007)  of  which  24 
belong  to  the  Middle  Neolithic  and 74  to  the 
Late Neolithic.  Only three sites date to both the 
Middle  and Late  Neolithic:  Grotte  de la  Cave 
(Maurenne,  Hastière,  prov.  of  Namur),  Grotte 
CH1  de  Chauveau  (Godinne,  Yvoir,  prov.  of 
Namur) and Grotte de La Préalle II (Heyd, Dur-
buy,  prov.  of  Luxembourg).   These new dates 
add Spy to the list of Middle and Late Neolithic 
burial  sites.   However,  it  is  important  to  note 
that only a single radiocarbon date is available 
for most sites and we cannot exclude the possib-
ility that the actual number of sites containing 
both Middle and Late Neolithic burials is under-
estimated due to sampling bias.

Neandertal adults: Spy I and Spy II

Individual  teeth  belonging  to  each  of 
the dental sets  found amongst  the unpublished 
material collected during the RBINS excavation 
allowed both adult Neandertals from Spy to be 
directly dated (Figure 5).   These two teeth,  an 
upper right M3 (Spy 94a) identified by P. Semal 
and B. Maureille, and an upper left I1 (Spy 92b) 
identified in the unsorted faunal  material  from 
the  same  excavation by H.  Rougier,  produced 
radiocarbon  dates  that  cluster  around  36,000 
14C BP (Table 3; 35,810 ± 260 BP, GrA-32623, 
SF10;  36,350  +310/-280  BP,  GrA-32626, 
SF11).
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Figure 4.  Calibrated dates (cal BC) for the Spy AMH 
specimens dated to the Middle and Late Neolithic 
projected on the calibration curve using OxCal 4.1 

(Interface build: 54; Bronk Ramsey, 1994).
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Figure 5.  Neandertal remains attributed to Spy I and II directly dated by Semal et al. (2009). Left: Spy 94a, an 
upper right third molar retaining a small alveolar fragment that refits with the Spy 11A maxilla fragment; right: 

Spy 92b, an upper left central incisor that articulates with the lower incisors of the Spy 3 mandible. Specimens from 
the original collection are indicated in italics; newly discovered ones are in plain font. Scales = 1 cm.
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A final, newly dated adult specimen rep-
resented  by  a  third  middle  hand  phalanx 
(Spy 430a)  was  recently identified  by  I.  Creve-
coeur from  the  Spy  faunal  collection.   The 
morphometric characteristics of this specimen are 
fully Neandertal  (Crevecoeur,  volume 2:  chapter 
XXVII; Figure 6).   In total,  ten new Neandertal 
hand  bones  have  been  discovered  amongst  the 
faunal  remains.  Most  belong  to  the  same  indi-
vidual,  helping determine that Spy 430a is actu-
ally an MP 3 of Spy II.

The  dating  of  the  manual  phalanx 
(Spy 430a)  at  the  CIO (33,940  +220/-210  BP; 
GrA-32630; SF12) yielded a younger age falling 
outside the 2σ range of the dates for the Spy I and 
II  teeth.   The  date  obtained  by  the  ORAU  on 
another sample of the same bone using an ultra-
filtration protocol (32,550 ± 400 BP; OxA-17916; 
SF12)  is  ca.  1,500 years  younger  than  the  age 
obtained  by  the  CIO.   When  calibrated,  the 
95.4 %  probability  distribution  ranges  from 
39,600 to 38,000 cal BP for GrA-32630 and from 
38,480 to 36,470 cal BP for OxA-17916 (UF2). 
Finally, the probability distribution of the oldest 
date  from Spy 430a  does  not  overlap  with  the 
range of other dates obtained for the two adult 
Neandertals (Spy 94a and 92b; see below).

The Spy VI Neandertal child

The recently published Spy VI Neandertal 
child  was  identified  among  the  faunal  remains 

(Crevecoeur et al., 2010, volume 2: chapter XX-2) 
and is represented by two mandibular fragments, 
along with 4 teeth recovered during the RBINS 
excavations  of  the  slope  deposits.   A  small 
mandibular fragment (Spy 646a) was sent to the 
CIO (Figure 7)  as  it  preserved  portions  of  the 
mandibular corpus also present on the  symmet-
rical and morphologically similar Spy 194a frag-
ment,  therefore  limiting  the  amount  of  lost 
information.   The  date  obtained  confirms  it  to 
indeed  be  Palaeolithic  (32,970  +200/-190 BP; 
GrA-32627;  SF13).   Although  the  C:N  ratio 
could not be calculated due to the lack of pre-
served  collagen,  the  other  quality  parameters 
(δ13C and % C) are good.  Nevertheless, the very 
young age may be tied to the sampled bone being 
very  thin  and  therefore  more  susceptible  to 
taphonomic  processes  than are  the  dentine and 
compact bone used for dating the two adults.

A second attempt was made to date the 
root of one of the teeth from Spy VI.  In order to 
select the most  appropriate sample,  all  the  teeth 
were  micro-CT  scanned  and  the  root  dentine 
volumes  were  evaluated  using  Artecore  1.0 
(www.nespos.org).  The  upper  central  incisor 
(Spy 589a; Figure 7) was selected given the insuf-
ficient  volume  of  available  dentine  in  the  other 
teeth.  The  tooth  was  sent  to  the  ORAU  for 
sampling and dating using the ultrafiltration pro-
tocol.  The sampling should have been limited to 
the root so that the crown would be available for 
further research, unfortunately it was broken dur-
ing the sampling procedure.  The crown dentine 
was then incorporated in the sample for collagen 
extraction. A preliminary age of 34,700 ± 550 BP 
(OxA-17977) was recalculated to 33,950 ± 550 BP 
(OxA-21610; Figure 8;  SF14)  taking  into 
account the background limit for bone.  In cal-
ibrated  terms,  the  95.4 % probability  distribu-
tion ranges from 38,480 to 36,870 cal  BP for 
GrA-32627 and from 40,490 to 37,300 cal BP for 
OxA-21610 (UF; Figure 9).  There is almost no 
overlap  between  the  probability  distribution  of 
the oldest date from Spy VI and the range of the 
oldest dates obtained for Spy I and Spy II.

Discussion of the age of the Neandertal remains

A  majority  of  the  youngest,  directly 
dated  Neandertal  remains  (<  38,000  BP)  have 
recently been challenged by Pinhasi et al. (2011). 
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Figure 6.  Spy 430a, a right middle third manual 
phalanx attributed to Spy II. X-ray: sagittal and 

transverse views derived from CT data showing the 
thin cortical bone of the diaphysis. Scale = 1 cm.

430a

2 UF = Ultrafiltrated samples.
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In many cases, their arguments appear plausible 
given differences of several millennia between the 
youngest and oldest dates of each site obtained on 
different remains from the same layer or several 
samples of the same bone dated by different labor-
atories (Figure 10).  These authors challenge most 
of the dates obtained using the Longin extraction 
method  (without  ultrafiltration),  deemed  most 
likely responsible for the younger ages.  If we con-
sider only the oldest ultrafiltrated dates from each 
site, no date younger that ca. 38-40 ky BP can be 
considered  valid  (Pinhasi  et al.,  2011:  Fig. 3). 
Important inter-laboratory differences also suggest 
that some dating laboratories are not recommended 
for  the  accurate  dating  of  very  old  samples 
(> 30,000 BP).

However, in our opinion these arguments 
are not applicable to all the Spy results; the three 
Neandertal individuals from Spy were dated by 
11 direct radiocarbon dates providing ages ran-
ging between 24,000 and 36,000 BP.  Further-
more,  the  morphometric  study  of  the  remains 
supports  the  hypothesis  that  the  youngest  and 
oldest dates relate to the same individual (Spy II; 
Rougier et al., volume 2: chapter XIX).  The three 
oldest  dates  cluster  around  ca.  36,000  BP  and 
there is no reason to suspect contamination as the 
different quality parameters of the collagen are all 
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Figure 7.  Neandertal remains attributed to Spy VI and directly dated by Crevecoeur et al. (2010).
Left: Spy 646a, a right mandibular fragment in lateral and superior views; right:

Spy 589a, a deciduous upper right central incisor in labial and mesial views.
The dashed lines delimit the part of the root chosen for sampling (see text). Scales = 1 cm.

589a646a

Figure 8.  Uncalibrated dates for the Neandertal 
remains from Spy (direct 14C dates and associated

2σ ranges); sample identifications are given in
Tables 1 and 3. Black = AMS date without 

ultrafiltration; white = ultrafiltrated AMS date. 
Circles indicate dates for which contamination is not 

suspected; squares indicate dates for which 
contamination is suspected or if an older date was also 

obtained on the same sample (see text); diamonds 
indicate dates for which contamination is suspected, 

but the collagen parameters fall within the intervals of 
confidence (see text).
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sound (yield > 1 %; C > 35 %; -19.0 0/00 < δ13C > 
-22.0 0/00  and  2.9 <  C/N >  3.6;  DeNiro,  1985). 
Taken as a whole, this suggests the radiocarbon 
ages for Spy I and Spy II to be reliable (Figure 8).

The  dates  produced  from the  Spy 572a 
scapula  (Spy II?)  are  probably  contaminated  by 
consolidation with a glue or varnish possibly con-
taining animal collagen.  The taphonomic contam-
ination  of  the  very  thin  shaft  fragment  of  the 
Spy 430a  phalanx  is  also  probable  (Figure 8). 
The  ultrafiltrated  sample  dated  by  the  ORAU 
provided a younger  age than the sample treated 
using the Longin procedure (CIO).  While there is 
no overlap between the probability distribution of 
the Spy 430a dates and the oldest dates of Spy I/II 
around 36,000 BP, the C:N ratio for the ORAU 
sample (3.8) is well outside the accepted range, 
suggesting  grounds  for  considering  this  age  as 
problematic.

The  two  dates  obtained  for  the  Spy VI 
child are also younger  than the oldest  dates for 
Spy I  and  II,  but  fall  within  the  range  of  the 
youngest dates obtained for the adults where the 
possibility of contamination by recent  carbon is 
likely (see  above).   Only the first  measurement 
from the ORAU falls within two standard devi-
ations  of  the  secure  dates  for  the  Spy  adult 
Neandertals.  Based on the results of the radiocar-
bon dating and related uncertainties, notably the 
complexity of the site's taphonomy, contemporan-
eity between Spy VI, Spy I and Spy II individuals 
remains possible, although we cannot exclude the 
possibility  that  Spy VI  is  actually  younger  than 
Spy I and Spy II.

The calibrated dates for the Spy Neander-
tals  can  be  divided  into  two groups.   The  first 
comprises  the  three  oldest  dates  situated  at  the 
rather steep part of the calibration curve and cor-
responds to a calibrated age between 42,000 and 
41,000 cal BP.  The second group is composed of 
the younger dates situated in a more complex part 
of the curve with several small plateaux (Figure 9). 
The resolution is lower in this part of the curve and 
different radiocarbon ages can provide similar cal-
ibrated age distributions.

These new dates from Spy (ca. 42-41 ky 
cal BP) are the youngest direct radiocarbon ages 
yet  obtained  on  several  Neandertal  individuals 
from the same site (Spy I, Spy II,  Spy VI) pro-

duced by different laboratories (CIO and ORAU) 
using both traditional and ultrafiltration pretreat-
ment protocols.  Even younger dates (ca. 36 ky 
cal BP) have been claimed for the final Neander-
tal populations of Southern Iberia; however, the 
recent re-dating of several specimens using ultra-
filtration  protocols  has  provided  ages  at  least 
10,000  14C years older than previously reported 
(Wood  et al.,  2013a,  2013b).   The Neandertals 
from  Spy  thus  represent  one  of  the  latest 
Neandertal  populations  in  Europe  and  clearly 
implicate them in the Middle to Upper Palaeo-
lithic transition (Semal et al., 2009; Figure 10).

Stratigraphic and archaeological context

Dating results

Imprecisions  inherent  in  the  original 
fieldwork  documents  and  the  mixing  of  the 
archaeological material precludes a precise eval-
uation  of  all  the  techno-complexes  present  at 
Spy.  In much the same way, no reliable informa-
tion is available concerning the exact archaeolo-
gical context of the human fossils (Pirson et al., 
this  volume:  chapter VI).   With  this  in  mind, 
faunal samples derived from the different levels 
defined  by  the  discoverers  in  1886  were  dated 
such that a general radiocarbon chronology for the 
Spy stratigraphy could  be  established (Table 4). 
Samples selected by M. Germonpré were either 
labeled as belonging to a specific FBL or display 
anthropic traces such as ochre and/or cutmarks 
(Germonpré et al., this volume: chapter XV).
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Figure 9.  Distribution on the calibration curve of the 
calibrated dates (cal BP) obtained on the Neandertal 

specimens using OxCal 4.1 (Interface build: 54; 
Bronk Ramsey, 1994).

36,00038,00040,00042,000

Calibrated date (cal BP)

30,000

32,000

34,000

36,000

R
ad

io
ca

rb
on

 d
et

er
m

in
a

tio
n 

(B
P

)

GrA-32626
OxA-10560 (UF)

GrA-32623

OxA-17916 (UF)

GrA-21546

OxA-21610 (UF)

GrA-32630

GrA-32627 

44,000



XVI.  Radiocarbon dating of human remains and associated archaeological material

343

Figure 10.  Distribution of calibrated dates (cal BP) obtained directly on Neandertal specimens. Data: 
Spy (Toussaint & Pirson, 2006; Semal et al., 2009; present study); Engis (Toussaint & Pirson, 2006); Okladnikov 
(Krause et al., 2007); Vindija (Serre et al., 2004; Higham et al., 2006); El Sidrón (Rosas et al., 2006; De Torres 

et al., 2010); Feldhofer (Schmitz et al., 2002); Mezmaiskaya (Ovchinnikov et al., 2000; Pinhasi et al., 2011); Les 
Rochers-de-Villeneuve (Beauval et al., 2005, 2006); Kůlna (Mook, 1988).
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Several  bone  and  ivory  artefacts  were 
also selected in order to date the human occupa-
tions, especially the “red layer” which contained 
mostly Aurignacian material (Table 5; Figure 11). 
With  this  in  mind,  samples  were  selected  that 
could  be  attributed  both  to  a  chrono-cultural 
period  and  a  definitive  FBL.   An  unvarnished 
bone retoucher similar to examples from the De 
Puydt  &  Lohest  excavations  was  also  selected 

from one of the RBINS collections (coll. Castin; 
Spy 8414).  We also dated a flat, perforated ivory 
fragment  in  order  to  estimate  the  chronological 
position of the “red layer”.  Despite the fact that 
this artefact comes from the 1952 excavations of 
the slope deposits,  its  ochre-stained surface and 
strong  similarity  with  other  “ear-like” pendants 
from the “red layer” make its original 1886 asso-
ciation with this layer quite certain (Otte, 1979; 
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Lab number 14C date (BP)
   Age (BP)  

95 % probability
Calibrated age (cal BP)  

95 % probability
Specimen FBL /Anthropic Taxon / Description Material

GrA-37936 25,670 +130/-120 25,930 – 25,430 30,850 – 30,240 Spy 13637 ULg Upper FBL
Coelodonta antiquitatis

Lower P3 or P4
dentine

GrA-37931 26,390 +140/-130 26,670 – 26,130 31,240 – 30,790 Spy 10640 ULg
Cutmarks

Ochre
Rangifer tarandus
Metacarpal frag.

bone

GrA-37934 29,040 +180/-160 29,400 – 28,720 34,490 – 33,160 Spy 13071 ULg Middle FBL
Rangifer tarandus

First phalanx
bone

GrA-44576 32,810 +250/-230 33,310 – 32,350 38,430 – 36,710 Spy IV2E 4207
Moustérien

en place
Equus caballus

Premolar / molar
dentine

GrA-44578 32,910 +250/-230 33,410 – 32,450 38,490 – 36,790 Spy 2F 13531 Ochre
Coelodonta antiquitatis

Second molar
dentine

GrA-32612 34,410 +230/-210 34,870 – 33,990 40,210 – 38,740
Spy D4 19B 121 

1480
Ochre

Rangifer tarandus
Metatarsal frag.

bone

GrA-37932 34,580 +330/-290 35,240 – 34,000 40,550 – 38,780 Spy 14038 ULg
Lower FBL

Red Layer Ochre
Equus hydruntinus

Lower P2
dentine

GrA-32615 34,640 +240/-220 35,120 – 34,200 40,460 – 38,890 Spy D1 227 9D-E Ochre
Ursus arctos

Incisor
dentine

GrA-44546 36,920 +400/-350 37,720 – 36,220 42,440 – 41,220 Spy IV2A 13070 Middle FBL
Rangifer tarandus
Metacarpal frag.

bone

GrA-37933 37,010 +440/-380 37,890 – 36,250 42,560 – 41,240 Spy 10261 ULg  
Mammuthus primigenius

Second molar
dentine

GrA-32616 42,330 +550/-450 43,430 – 41,430 46,540 – 44,750
Spy D3 19B 121 

1474
Déblais sup.

Mammuthus primigenius
Deciduous molar

dentine

GrA-44547 42,750 +850/-650 44,450 – 41,450 48,270 – 44,690 Spy IV2A 13534
Terrace

Black layer
Crocuta crocuta

First molar
dentine

GrA-44548 42,950 +800/-650 44,550 – 41,650 48,360 – 44,890 Spy IV2A 13549
Terrace

Black layer
Mammuthus primigenius

Molar plate
dentine

GrA-32613 44,350 +650/-500 45,650 – 43,350 49,330 – 46,060 Spy D2 Pal Plateau 4
Cave's interior

layer ZB
Coelodonta antiquitatis

Deciduous molar
dentine

Table 4.  New direct dates obtained on faunal samples from Spy. Calibration using OxCal 4.1 (Interface build: 54; 
Bronk Ramsey, 1994) and IntCal09 curve.

Lab number 14C date (BP)
Age (BP)

95 % probability

Calibrated age (cal BP)

95 % probability
Specimen Taxon Description Material

GrA-33639 20,000 +100/-90 20,200 – 19,820 24,290 – 23,500 Spy SP4 - Spy 1952
Mammuthus
primigenius

Fragment of a flat 
perforated “pendant”

ivory

GrA-32617 30,170 +160/-150 30,490 – 29,870 35,060 – 34,560 Spy SP1 - Spy 8414  Bone retoucher bone

GrA-32619 32,830 +200/-190 33,230 – 32,450 38,380 – 36,750 Spy SP2 - Spy 1954  
Flat, triangular spear 

point fragment
bone

Table 5.  Radiocarbon dating results of archaeological samples from Spy. Calibration using OxCal 4.1
(Interface build: 54; Bronk Ramsey, 1994) and IntCal09 curve.
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Khlopachev, this volume: chapter XIV).  Finally, 
a  flat,  triangular  spear  point  fragment,  likely a 
split-based  antler point, was selected.  While its 
archaeological  context  is  uncertain  as  it  was 
recovered from slope  deposits  excavated by F. 
Twiesselmann in 1954, its morphology indicates 
a  definitive  cultural  attribution  to  the  Aurig-
nacian (Flas et al., this volume: chapter XII).

The  stratigraphic  context  of  the  radiocarbon  
chronology

All  of  the  samples  selected  from  the 
three FBLs are within the accepted radiocarbon 
dating  range  (< 50,000  BP)  and  broadly  agree 
with  the  stratigraphy  described  by  the  original 
excavators (Figure 12; De Puydt & Lohest, 1887). 
The  oldest  date  was  obtained  on  a  Coelodonta 
antiquitatis sample  (44,350  +650/-500 BP; 
GrA-32613)  from  the  inner  part  of  the  cave 
(layer  ZB  according  to  Twiesselmann's  strati-
graphy).  Two other samples from the lower FBL 
(or “black layer”) on the terrace were dated to ca. 
43,000 BP  (42,750  +850/-650 BP;  GrA-44547 
and 42,950  +800/-650 BP;  GrA-44548). 
According to the minutes of a meeting following 

the  discovery  of  the  Neandertal  remains  (see 
Semal  et al.,  this  volume:  chapter II),  the  two 
skeletons were found above this lower FBL and 
just  below  the  “red  layer”.   A  Mammuthus 
primigenius milk molar discovered in the upper 
sediments (normally corresponding to the lower 
FBL following an inverse stratigraphy) was also 
dated  to  ca.  43,000 BP  (42,330  +550/-450 BP; 
GrA-32616). Finally, a sample labeled “Mousté-
rien en place” (in situ Mousterian) was dated to 
ca. 33,000 BP (32,810 +250/-230 BP; GrA-44576), 
however  the  quality  parameters  of  the  extracted 
collagen suggest this date may be problematic.

Six  faunal  samples  can  be  directly 
(based on their  labels)  or  indirectly  (traces  of 
ochre)  associated  with  the  second  FBL  (“red 
layer”).  The  oldest date  is  ca.  37,000  BP 
(37,010 +440/-380 BP;  GrA-37933)  and  the 
youngest ca. 29,000 BP (29,040 +180/-160  BP; 
GrA-37934).  This 8,000 year time span is prob-
ably  an  overestimation  of  the  chronological 
range of the second FBL.  Furthermore, consid-
ering the quality of the preserved collagen, some 
of  the  dates  probably  represent  minimum ages. 
One date of ca. 25,600 BP (25,670 +130/-120 BP; 
GrA-37936)  was  obtained  on  a  Coelodonta 
antiquitatis tooth  labelled  as  coming  from  the 
upper  (first)  FBL,  while  a  similar  date  (ca. 
26,400 BP; GrA-37931) was obtained from a cut-
marked and ochre stained Rangifer tarandus meta-
carpal; however, this diagenetically altered sample 
cannot be definitively assigned to the upper FBL.

The  stratigraphic  context  of  the  Neandertal 
specimens

It is important to note that the chronolo-
gical range of the dated samples from the second 
FBL is similar to that of the Neandertal remains 
from the lower FBL, including the contaminated 
samples  (Figure 12).   This  chrono-stratigraphic 
discrepancy  could  be  accounted  for  if  the 
Spy Neandertals were in fact buried in graves, a 
hypothesis rejected by the discoverers, but now 
widely accepted (see Maureille  et al., volume 2: 
chapter XXI).   Although  the  primary  and/or 
intentional  nature  of  the  Neandertal  burials  at 
Spy is not unequivocal, the fact that the majority 
of the hand bones most likely belong to the same, 
more  robust  individual  lends  credence  to  De 
Puydt & Lohest's (1887) description of the ori-
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Figure 11.  Archaeological samples from Spy dated in 
the present study. A: bone retoucher; B: flat triangular 
spear point fragment, likely a split-based antler point; 

C: flat perforated fragment of ivory. Scale = 1 cm.
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ginal position of the now more complete skeleton 
(Rougier  et al.,  volume 2:  chapter  XIX). 
Moreover,  the total  absence of carnivore traces 
on  the  Neandertal  remains  supports  the  indi-
viduals having been immediately buried and pro-
tected from scavengers.  The graves were prob-
ably cut into the lower FBL and it  is therefore 
likely that they correspond chronologically to the 
second FBL occupation. 

No  information  is  available  concerning 
exactly  when  the  breccia  corresponding  to  the 
“red layer” formed, though it may have followed 
the Neandertal occupation(s).  Late Mousterian, 
LRJ  and  Aurignacian  artefacts  have  all  been 
identified from the second FBL. A date from a 
flat  triangular  spear  point  fragment  provides  a 
date  of  ca.  33,000  BP  (32,830  +200/-190 BP; 

GrA-32619)  for  the  Aurignacian  component. 
The LRJ and Late Mousterian techno-complexes 
cannot be directly dated as no specific osseous 
artefacts  were  recovered.   An  ochre  stained 
Ursus  arctos incisor  with  possible  traces  of  a 
perforation  has  been  dated  to  ca.  34,500  BP 
(34,640 +240/-220 BP; GrA-32615); however, it 
is  impossible  to  determine  if  this  possible 
pendant  is  associated  with  a  Proto-  or  Early 
Aurignacian occupation given its comparable age 
with  other  sites  (level  VII  of  Arcy-sur-Cure 
[Higham et al., 2010] or the lower levels of Abri 
Pataud [Higham et al., 2011]) or  those from the 
Châtelperronian levels of Arcy-sur-Cure (Hublin 
et al., 1996; White, 2002; Zilhão, 2007; Higham 
et al.,  2010).   Nevertheless,  the  association 
between LRJ artefacts and pendants is not sup-
ported by current  data  (Flas,  2008)  and a  Pro-
to-Aurignacian or Early Aurignacian attribution 
is  more  compatible  with  our  present  under-
standing  of  the  archaeological  background. 
Unfortunately,  the possibly perforated area was 
destroyed by the sampling procedure and is no 
longer  available  for  use-wear  analysis  or  other 
technological studies.

The Belgian context

Numerous  Palaeolithic  sites  are  known 
in  Belgium  including  several  Aurignacian  and 
Mousterian  sites  as  well  as  three  caves  con-
taining  “transitional”  lithic  artefacts.  However, 
as  elsewhere  in  Europe,  most  were  excavated 
some  time  ago  and  lack  any sound  contextual 
information.  Fieldwork conducted over  the  last 
decade in Belgium (see Pirson et al.,  2012 for a 
synthesis)  has  shown  that  no  Mousterian 
assemblage  younger  than  ca.  38-37,000  BP 
(Vrielynck,  1999;  Toussaint  &  Pirson,  2006) 
exists,  with  the  most  recent  occupations  docu-
mented  at  Scladina  (units  1A  and  T)  and  at 
Walou (layer CI-8) where a Neandertal tooth has 
recently  been  discovered  (Draily  et al.,  2011). 
Following a reassessment  of the archaeological 
material from the Trou de l’Abîme and its reattri-
bution to the Mousterian (Flas, 2008; Toussaint 
et al., 2010), only two Belgian sites have yielded 
transitional  industries:  Spy  and  Goyet.   While 
both contain  LRJ  assemblages,  the  majority  of 
the  excavations  took place  in  the  19th  century 
and no precise chronological  or  palaeoenviron-
mental data is available (Flas, 2008).
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Figure 12.  Distribution of the calibrated dates (cal 
BP) obtained directly on the Neandertal specimens 

and faunal remains. Data: Toussaint & Pirson (2006); 
Semal et al. (2009); present study.
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A  very  early  age  (around  40,000-
38,000 BP)  has  been  proposed  for  two  Meuse 
River  Basin  Aurignacian  assemblages:  Trou 
Magrite  (Otte  &  Straus,  1995)  and  Tiène  des 
Maulins (Groenen, 2005), although in both cases 
the  Aurignacian  artefacts  and  associations 
between  the  dated  samples  and  the  archaeolo-
gical  assemblages are questionable (Flas,  2006, 
2008).  The earliest reliable ages available for the 
Belgian Aurignacian come from the open-air site 
of Maisières-Canal based on climatic and strati-
graphic  correlations  (most  likely  ca.  32,000-
33,000 BP;  Haesaerts,  2004;  Haesaerts &  Dam-
blon, 2004). The single date (32,830 +200/-190 BP; 
GrA-32619) from one of the probable split-based 
antler points found at Spy confirms Aurignacian 
populations to have been present in Belgium from 
at least around 32,000 BP.  However, the quality 
parameters  of  the  collagen  sample  suggest  this 
date to represent a minimum age.

Finally, very few dates are available for 
the later phases of the Aurignacian in Belgium. 
The  dates  from  the  cave  of  Walou  (ca. 
30,000 BP;  Dewez  et al.,  1993;  Pirson  et al., 
2012)  are  worth  mentioning;  however,  while 
dates more recent than 30,000 BP also exist, they 
appear  unreliable  (Flas,  2005).   At  present,  no 
human  remains  are  clearly associated  with  the 
Aurignacian in  Belgium  but  see  Rougier  et  al. 
(2013).

European context

The  Jerzmanowice  points  from 
Spy demonstrate the same blade production tech-
nology; the majority of blades were produced on 
cores with two opposed striking platforms that, 
while  comparable  with  other  LRJ  assemblages 
from  Great  Britain  (Jacobi,  2007)  and  Poland 
(see  Fig. 3  in  Flas,  this  volume:  chapter XI), 
differ from Aurignacian examples (Flas,  2008). 
LRJ assemblages similar to those from Spy and 
Goyet  have  been  dated  to  between 38,000  BP 
and  30,000 BP,  although  the  reliability  of  the 
most  recent  dates  is  debatable (Jacobi,  2007; 
Flas,  2008,  2011).   At  Ranis  (Thuringia,  Ger-
many), the LRJ industry is intercalated between a 
Late  Middle  Palaeolithic  layer  and  an  Aurig-
nacian one (Hülle, 1977).  In the Nietoperzowa 
cave  sequence  (Jerzmanowice,  Poland),  the 
oldest LRJ assemblage (layer 6) has been dated 

to ca. 38,000 BP (Chmielewski, 1961) with the 
most reliable 14C dates for the LRJ in Great Bri-
tain  being  ca.  38-36,000  BP  (Jacobi,  2007; 
Cooper et al., 2012).

The new dates  for  the  Spy Neandertals 
are thus closer to the chronological range of the 
LRJ (Flas, 2006; Jacobi, 2007) than they are to 
those  for  the  Late  Mousterian  in  Northern 
Europe, although it cannot be excluded that they 
are Mousterian.  Unfortunately, uncertainties sur-
rounding their  discovery and context  make  the 
possibility  that  the  Neandertal  remains  from 
Spy are  associated  with  the  LRJ  assemblage 
impossible to verify.  Despite the lack of human 
remains associated with this techno-complex, it 
has often been proposed that the LRJ was non-
etheless made by the final  Neandertals  popula-
tions of Northern Europe given its cultural roots 
in the local Late Middle Palaeolithic (e.g. Otte, 
1990).

In Northwest Europe, only the maxillary 
fragment from Kent's Cavern in South-west Eng-
land could be of comparable age based on recent 
dates produced from unmodified faunal remains 
found around it (Higham  et al., 2011), however 
the  integrity  of  the  deposits  has  been  judged 
highly  dubious  (Jacobi  &  Pettitt,  2000;  Flas, 
2008; White & Pettitt, 2012).  Artefacts attribut-
able to  the LRJ were also discovered at  Kent's 
Cavern, but they come from a different area of 
the cave (Jacobi,  2007).   Although the maxilla 
has  been  attributed  to  AMH (Keith,  1927),  its 
fragmentary state and the heavy wear of the teeth 
leave  doubts  open  concerning  this  taxonomic 
attribution.  Recently, Higham et al. (2011) pro-
posed a very early age (ca. 42.5 ky cal BP) based 
on Bayesian modelling for the Kent’s Cavern 4 
maxillary bone, however the direct AMS date of 
the  bone in  question is  actually much  younger 
(OxA-1621; 30,900 ± 900 BP) and is considered 
a minimum age due to probable contamination 
by modern  carbon.   A recent  anatomical  study 
reaffirmed  an  AMH attribution  but  with  some 
Neandertal-like features (Higham et al., 2011).

At  Spy,  the  direct  radiocarbon  date 
obtained  on  the  Aurignacian  spear  point  frag-
ment, likely a split-based  antler point, is one of 
the  earliest  dates  thus  far  published  for  the 
Aurignacian in Northwest Europe. Although pos-
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sibly a minimum age, it is nevertheless coherent 
with what we know about the appearance of this 
techno-complex in the region (Flas, 2004, 2008).

CONCLUSION

The  replacement  of  Neandertals  by 
AMH across Eurasia is one of the most fiercely 
debated  topics  in  palaeoanthropology  (Gravina 
et al.,  2005;  Orlando  et al.,  2006;  Trinkaus, 
2007;  Longo,  2012).   Major  cultural  changes 
connected  to  the  Middle  to  Upper  Palaeolithic 
transition in Europe have been tied to a number 
of  different  techno-cultures:  Late  Mousterian, 
(Proto-)Aurignacian  as  well  as  several  “trans-
itional” techno-complexes including the Châtelp-
erronian in France, the Uluzzian in Italy, the LRJ 
in Northwest Europe, the Bohunician and Szele-
tian in Central Europe, and the Strelestskayan in 
Eastern Europe.

Several scenarios have been advanced to 
explain these biological and cultural “transitions” 
including those which posit  a  certain degree of 
continuity in both of these domains (e.g. Wolpoff 
et al.,  1994;  Trinkaus,  2007).   Others imply the 
complete  replacement  of  the  Neandertals  by 
modern  humans  involving  either  processes  of 
acculturation or independent technological innov-
ations amongst the final Neandertals (e.g. Mellars, 
2005 vs Zilhão, 2006; Hublin et al., 2012).

In  terms  of  the  radiocarbon chronology 
for Northern Europe, dates of ca. 36,000 BP for 
the Spy Neandertals make them coeval with the 
LRJ,  the  only culture  currently  documented  in 
the region during this time period and present in 
the middle  FBL at  Spy.   The new radiocarbon 
dates  discussed  here  also  suggest  that  the 
Neandertal  remains  recovered  from  the  lower 
FBL would have been buried by groups respons-
ible for  the formation of  the second FBL con-
taining  the  LRJ  material.   While  a  Neander-
tal-LRJ association remains plausible, it is diffi-
cult  to  demonstrate  unequivocally  as  no  direct 
relation was established during excavations com-
bined with the fact that Late Mousterian material 
was also identified in the second FBL.  Never-
theless, the authorship of the LRJ has most often 
been attributed to Neandertals and interpreted as 
representing a process of local evolution uncon-

nected  to  an  acculturation  process  (Otte,  1990; 
Flas, 2006, 2011). 

While acculturation scenarios have been 
proposed to explain the emergence of the Châtelp-
erronian (e.g. Mellars, 1998, 1999), no archaeolo-
gical evidence for analogous processes exists for 
the LRJ. This techno-complex has been identified 
across an area as large as the Northern European 
Plain  where  no  contemporaneous  Early  Aurig-
nacian  occupations  have  yet  been  discovered 
(Flas,  2006,  2011).   The  oldest  directly  dated 
occurrence of early anatomically modern humans 
in Europe currently comes from Peştera cu Oase 
in  Romania  at  ca.  35,000  BP  (Trinkaus  et al., 
2003) with examples of AMH remains from other 
European sites having been directly AMS dated to 
around  32,000  BP  (Wild  et al.,  2005;  Soficaru 
et al.,  2006, 2007;  Henry-Gambier  &  Sacchi, 
2008; Prat et al., 2011).  No clear chronological 
overlap between Neandertals and modern human 
populations  in  Europe  is  therefore  perceptible 
based solely on the direct AMS dating of human 
fossils.   If  the  maxilla  from  Kent's  Cavern  is 
indeed AMH and as old as Higham et al. (2011) 
propose, the arrival of AMH populations in this 
part of Europe could be much earlier than previ-
ously  thought  and  an  overlap  between  the  two 
populations  would appear  plausible.   Moreover, 
the recent taxonomic attribution of isolated teeth 
from  the  Grotta  del  Cavallo  (Apulia,  Southern 
Italy)  to  AMH  associates  the  Uluzzian  “trans-
itional industry” with AMH, rather than with the 
Neandertals as previously thought (Riel-Salvatore, 
2009).  The Bayesian modelling of dates produced 
from shells at this site once again indicate a very 
early  age  of  43-44  ky  cal  BP  (Benazzi  et al., 
2011),  however  the  contemporaneity  of  these 
objects and the human remains cannot be unequi-
vocally  demonstrated.  Finally,  while  the  age  of 
the early Upper Palaeolithic  settlements  at  Wil-
lendorf (Nigst, 2010) could also support an early 
presence of AMH groups in Central Europe, the 
lack  of  synchronous  Neandertal  sites  in  the 
vicinity of Willendorf precludes identifying con-
temporary occupations by the two groups.

Taken as a whole, the above discussion 
suggests a complex mosaic of biological and cul-
tural  changes  to  have  occurred  during  the 
Middle-to-Upper Palaeolithic transition that per-
haps  assumed  various  guises  in  different 
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European regions.  However, the precise chrono-
logy  and  palaeoenvironmental  context  of  the 
human  fossils  and industries  of  this  period are 
not yet accurately known and the impact of cli-
mate  on  cultural  and  biological  change  still 
remains  poorly  documented.   This  situation  is 
primarily due to insufficient contextual informa-
tion meaning that  the chronological  framework 
rests almost entirely on radiocarbon dates.  Dif-
ferent  hypotheses  held  to  account  for  changes 
associated with the Middle to Upper Palaeolithic 
transition appear limited by imprecisions inher-
ent in the data collected during early excavations 
and the resolution provided by radiocarbon dat-
ing (Pettitt & Pike, 2001; Higham, 2011).  The 
recent use of Bayesian modelling presents a very 
interesting exploratory tool, however if this new 
category of “probabilistic dates” is used uncritic-
ally or based on uncertain field data new prob-
lems may be introduced.   The direct  dating of 
collagen-specific  amino  acids  such  as 
hydroxyproline  could  also  represent  a  major 
methodological improvement allowing radiocar-
bon ages to be obtained from old contaminated 
samples from which traditional and ultrafiltration 
extraction  protocols  failed  to  produce  accurate 
ages (Marom et al., 2012).

New  multidisciplinary  excavations  are 
absolutely necessary to better understand various 
replacement  scenario(s)  proposed  for  different 
parts  of  Europe.   The  richness  of  Palaeolithic 
sites in the Belgian Meuse Valley, the excellent 
collagen  preservation  of  organic  artefacts  suit-
able for  both  radiocarbon  dating  and  isotopic 
analyses  combined  with  thick  archaeological 
deposits  that  can  be  correlated  with  palaeocli-
matic  sequences  established  for  Central 
European loess deposits makes the region of key 
interest  for  addressing  these  issues  (Haesaerts 
et al., 2003; Pirson et al., 2006, 2012).
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