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a b s t r a c t

This paper presents a geoarchaeological study of Middle and Upper Palaeolithic (Châtelperronian,
Aurignacian and Solutrean) occupations preserved at the Bordes-Fitte rockshelter in Central France. The
lithostratigraphic sequence is composed of near-surface sedimentary facies with vertical and lateral
variations, in a context dominated by run-off and gravitational sedimentary processes. Field description
and micromorphological analysis permit us to reconstruct several episodes of sediment slope-wash and
endokarst dynamics, with hiatuses and erosional phases. The archaeostratigraphic succession includes
Châtelperronian artefacts, inter-stratified between Middle Palaeolithic and Aurignacian occupations.
Systematic refitting and spatial analysis reveal that the Châtelperronian point production and flake
blanks retouched into denticulates, all recovered in the same stratigraphic unit, result from distinct and
successive occupations and are not a ‘transitional’ Middle to Upper Palaeolithic assemblage. The ages
obtained by 14C place the Châtelperronian occupation in the 41e48 ka cal BP (calibrated thousands of
years before present) interval and are consistent with the quartz optically stimulated luminescence age
of 39 � 2 ka and feldspar infra-red stimulated luminescence age of 45 � 2 ka of the sediments. The
Bordes-Fitte rockshelter sequence represents an important contribution to the debate about the char-
acterization and timing of the Châtelperronian, as well as its affinities to earlier and later industries.
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Introduction

Until the discovery of the Saint-Césaire Neanderthal human
remains in a stratigraphical unit yielding Châtelperronian lithic
evidence (Lévêque and Vandermeersch, 1980; Vandermeersch,
1984), the Châtelperronian technocomplex was widely attributed
to anatomically modern humans (AMH), based on the Combe-
Capelle burial stratigraphical attribution, and considered as the
first phase of the Upper Palaeolithic (Peyrony, 1948; Sonneville-
Bordes, 1960, 1966; Bordes, 1968).
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Later, the attribution of the teeth found in levels XeVIII of the
Grotte du Renne at Arcy-sur-Cure to Neanderthals by Leroi-
Gourhan (1958) was based on a clear assessment of the Neander-
thal morphological affinities of the teeth and of the temporal bone
found in these levels (Hublin et al., 1996; Bailey and Hublin, 2006).
Recently, the Combe-Capelle burial was directly dated by 14C AMS
to the Mesolithic (Hoffmann et al., 2011). The Neanderthal
responsibility for the Châtelperronian culture is now widely
accepted, with some notable exceptions (Bar-Yosef and Bordes,
2010). Furthermore, Bailey et al. (2009) suggest that AMH were
the makers of all other Early Upper Palaeolithic technocomplexes
and that the Châtelperronian is a ‘transitional’ phase. A direct
ancestral relationship has been suggested between the Mousterian
of Acheulean Tradition Type B and the Châtelperronian (Bordes,
1958; Harrold, 1989; Pelegrin, 1995; Pelegrin and Soressi, 2007),
and the existence of transitional evolutionary phases has been
proposed between these two technocomplexes (Lévêque, 1987).

The second main issue and related debate concerns the expla-
nation of the cultural changes occurring in lithic and bone indus-
tries during the transition from the Middle to the Upper Paleolithic.
In one model, this emergence pre-dated any evidence for the
Aurignacian or modern humans in Europe and so the Châ-
telperronian could only be interpreted as representing the Nean-
derthals’ independent transition to full cultural modernity (Zilhão,
2001, 2006, 2007; d’Errico, 2003). In a second model, the techno-
logical cultural changes in Western Eurasia resulted from an
interaction between the Neanderthal and AMH (Demars and
Hublin, 1989; Harrold, 1989; Mellars, 1989, 1999, 2005; Hublin,
1990; Djindjian et al., 2003). Such a model, based on the contem-
poraneity of the Châtelperronianwith various forms of Aurignacian
(Mellars, 2005), and the coincidence between the timing of the
AMH dispersal and the technological and cultural changes, relies in
large part on the chronological overlap of radiocarbon dates of
bones recovered in occupations assigned by lithic evidence to these
two groups. However, as noted by Mellars (2005), accuracy and
precision of radiocarbon dates in the interval 30 ka BP to 40 ka BP
are notoriously problematic (Conard and Bolus, 2003), and highly
dependent on the bone pre-treatment protocol (Higham et al.,
2006, 2009, 2010). The coexistence model has also been sup-
ported by stratigraphical, sedimentological and palynological
correlations between cave and rockshelter sequences of Western
(Lévêque and Miskovsky, 1987) and Eastern France (Leroyer and
Leroi-Gourhan, 1983).

A second line of argument for the coexistence of the Châ-
telperronian and the Aurignacian in the acculturation model relies
on the archaeological evidence of Aurignacian underlying Châ-
telperronian, observed at the Roc de Combe (Bordes and Labrot,
1967), Le Piage (Champagne and Espitalié, 1967) in Southern
France and at El Pendo, in Northern Spain. However, the tapho-
nomic reappraisal of these sequences, using refitting and spatial
distribution of diagnostic lithic tool types, shows that the inter-
stratifications do not correspond to an archaeological sequence and
may be the result of post-depositional processes (Montes and
Sanguino, 2001; Bordes, 2003). Gravina et al. (2005) have
accepted the re-interpretation of these sites but have used 12 dates
obtained by ultrafiltration protocol on bones from layers B5 to B1e3
of La Grotte des Fées (Châtelperron, Allier), and the typology of
lithic and bone tools recovered in that sequence to support the
coexistence of the Châtelperronian and Aurignacian (Gravina et al.,
2005). Others (Zilhão and d’Errico, 2003; Zilhão et al., 2006) have
suggested that all of the Châtelperronian ages younger than 36.5
14C ka BP obtained by classical AMS protocol are underestimated,
and that the inter-stratified Châtelperronian/Aurignacian/Châ-
telperronian deposits reported by Henri Delporte at the Grotte des
Fées are in fact 19th-century backfill and provide no support for
interstratification. They consider that the overlap of radiocarbon
dates between Châtelperronian and the earliest Aurignacian is a by-
product of imprecision and inaccuracy in the stratigraphic evidence
and the radiocarbon dating (Zilhão and d’Errico, 2003; Zilhão et al.,
2006).

Recent results obtained by palaeo-geneticists based on the
analysis of theNeanderthal genomeshowthat theyare likely tohave
had a role in the genetic ancestry of present-day humans outside of
Africa and that gene flow occurred between Neanderthals and
modern humans (Green et al., 2010). This gene flow is explained by
mixing of Neanderthals with early modern humans (ancestral to
present-daynon-African) in theMiddle East prior to their expansion
into Eurasia. These results did not bring evidence in favor of any of
the two models to explain the cultural changes that have occurred
around 40 ka in south-western Eurasia. Such mixing is compatible
with the archaeological record, which shows that Neanderthals
came into contact with AMH in the Middle-East at least 80 ka ago,
whereas Neanderthals continued to exist in the same region after
that time, probably until 50 ka (Mercier and Valladas, 1994).

The differences in the interpretation of the archaeological
evidence (Gravina et al., 2005; Zilhão et al., 2006) and of the
archaeological association of the few human remains available for
the 40 kae30 ka period (Lévêque and Vandermeersch, 1980; Bailey
et al., 2009; Bar-Yosef and Bordes, 2010) rely on: (1) different
interpretations of the stratigraphic sequences and post-
depositional processes; and (2) the dating methods used.

Thus, an improved scrutiny of the sedimentary processes, the
systematic evaluation of the post-depositional evolution of human
occupation levels (Zilhão et al., 2006, 2009; Texier, 2009; Aubry
et al., 2010; Bertran et al., 2010), and more accurate and precise
dating of the late Middle to Early Upper Palaeolithic (Higham et al.,
2006) are crucial to the debate regarding Neanderthals, modern
humans and their lithic and bone technologies. These objectives
involve newdating (Higham et al., 2010) and reappraisal of material
from old excavations (Bordes, 2003; Soressi, 2010), but new data
and more stratified sequences are also necessary. The reconstruc-
tion of the sedimentary processes in cave or rockshelter context is
a difficult task, particularly near the entrance where endokarstic
and slope dynamics interfere. The Bordes-Fitte rockshelter record
offers a new opportunity to establish the relationship between the
human inputs and the natural processes that have sealed, eroded or
altered the original spatial organization of the archaeological
remains for the time interval during which the Middle to the Upper
Palaeolithic transition took place.

The Roches d’Abilly site

The Roches d’Abilly site is located in Central France, along the
Creuse Valley (Fig. 1), on the southern limit of the Touraine region,
not far from Les Cottés (Pradel, 1961; Soressi et al., 2010) and La
Fontenioux (Pradel, 1952), two sites preserved in caves of the
Poitoux-Charentes cluster of the Châtelperronian distribution area
(Lévêque, 1987; 1997; Pelegrin and Soressi, 2007; Bar-Yosef and
Bordes, 2010). The Creuse Valley contains several Middle and Upper
Palaeolithic occupation sequences conserved in caves, rockshelters,
and open-air sites (Allain, 1976; Aubry et al., 2007).

The site is a complex of loci situated along a quarried escarp-
ment at the right margin of the Creuse Valley, a cliff with a 300-m-
long exposure of carbonate bedrock, in a geomorphological
context quite distinct from most of the other sites that preserve
the Middle to Upper Palaeolithic transition in south-western
Eurasia. The discovery of lithic industries on the surface of the
slope drew the attention of Jean-Baptiste Barreau to the site in
1925. In 1949, a collapsed rockshelter at the western end of the
quarry (Fig. 2) was excavated and the results summarily published
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by Bordes and Fitte (1950). Seven layers were recognized; the
second from the bottom was attributed to the Mousterian of
Acheulean Tradition and the fourth to the Solutrean, although the
lithic tools found in this last layer did not correspond completely
to what was known for this industry. The authors suggested that
“it can thus be a typologically mixed industry or a mixture of
Figure 1. Location map of the Châtelperronian s
different industries” (Bordes and Fitte, 1950). This last hypothesis
is not considered as the more parsimonious, but “only a wider
excavation will make it possible to resolve this issue” (Bordes and
Fitte, 1950). In 1968, André Chollet carried out a survey to the east
of Bordes and Fitte’s excavation, but the lithic finds did not enable
a secure diagnosis and the site was abandoned. In 1982, Jean-
ites mentioned in the text and studied area.



Figure 2. Plan of archaeological works carried out at the Roches d’Abilly site between 2007 and 2010 (A), 3D representation of the Roches d’Abilly cliff, equidistance between curves
is 1 m (B), portion of the outcrop exploited in open-air and cave quarries until the 19th century (C).
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Claude Marquet carried out a new test excavation near the Bordes
and Fitte excavation but he was called to a halt by the presence of
large and thick slabs of calcarenite, corresponding to the collapsed
roofs of other rockshelters.

In 2007, we initiated new archaeological investigations, almost
2 m from the Bordes-Fitte excavation’s eastern limit and 4 m from
the section published in 1950 (see Fig.1 in Bordes and Fitte,1950) as
well as at other locations along the ca. 300 m long cliff (Fig. 2A).
Using explosives, we were able to remove the large collapsed slabs
of compact calcarenite and access the underlying, intact Palae-
olithic deposits. The data presented in this article only concern the
Bordes-Fitte rockshelter.

Materials and methods

Geoarchaeological approach

The information presented is derived from stratigraphic,
archaeological, and chronological data collected using standard
geoarchaeological field approaches, including geomorphological
and geological study of the site surroundings (Fig. 3A), sedi-
mentological description of carbonate bedrock sections (Fig. 3B),
description and stratigraphic correlation of the rockshelter sili-
ciclastic deposits (Figs. 4 and 5), sampling for micromorpholog-
ical analysis and radiometric dating. Field work included the
systematic description of exposed cross-sections and profiles to
reconstruct stratigraphic events, their vertical and lateral varia-
tions and a description of archaeological remains (Table 1). The
description was made using a comprehensive form addressing
the sedimentary, pedogenic and anthropogenic characteristics of
the deposits (e.g., Keeley and Macphail, 1981; FAO-Isric, 1990) to
collect the data necessary to assess issues of site formation
processes. Geoarchaeological field units (hereafter GFU) were
identified on the basis of lithostratigraphic, pedological and
archaeological criteria and used as field categories. The field
units were later grouped into geoarchaeological complexes
(hereafter GC), taking into consideration only major changes in
the depositional style, as well as major unconformities that
would imply erosional phases or long hiatuses (details in
Angelucci, 2002).

The field descriptions were supplemented with micromor-
phological observations (Table 1). The aim of this analysis was to
support the field observation in order to document the formation
processes operating at the site. Samples from the GFU E and GFU F
were collected as undisturbed blocks cut. Thin sections were
prepared by the Thomas Beckmann Laboratory (Germany) and
observed under a polarizing microscope (Zeiss) with 2.5�, 10�
and 40� magnifications, using plane-polarized light (PPL), cross-
polarized light (XPL), and oblique incident light (OIL). Descrip-
tion of the thin sections follows the guidelines proposed by
Bullock et al. (1985; modified by Stoops, 2003) and Courty et al.
(1989).

Analysis of archaeological remains

The lithic assemblages were systematically studied for weath-
ering and displacement damage (Table 1). The origin of the lithic
raw material was determined by a macroscopical comparison with
hand samples collected in the different geological formations of the
Creuse and Cher River basins (Aubry, 1991). The characterization of
non-local flint was complemented by a binocular examination of
the micro-texture and of the fossil content following the petro-
archaeological approach (Fernandes et al., 2008). The lithic
remains were studied using a typo-technological approach, as
proposed by Pelegrin (1995). In order to assess the sedimentary and
post-depositional evolution processes (Goldberg and Macphail,
2006; Texier, 2009; Bertran et al., 2010), refitting was systemati-
cally tested, considering the stratigraphical relationship, spatial
distribution, and scatter of refitted sets. The faunal remains were
taxonomically studied and a total of 518 tooth fragments (ungu-
lates: 463, carnivore: 55), recovered between 2007 and 2009, were
systematically refitted or anatomically associated.

Radiometric dating

The chronological data (Tables 2 and 3) was obtained by
Accelerator Mass Spectrometry (AMS) 14C and Optically Stimulated
Luminescence (OSL) dating, the latter using quartz and feldspar.
Wood charcoal was found in the GC2 complex, but the material was
poorly associated and too small for dating. Thus, all of the samples
submitted for radiocarbon dating were of compact mammal bone
identified to the species level. Table 2 lists the details of the bones
dated and their provenance.

The Beta Analytic protocol of bone pre-treatment is collagen
extraction with alkali. The bone samples dated at the Oxford
Radiocarbon Accelerator Unit (ORAU) were based on chemical
pre-treatment, target preparation and AMS measurement
procedures outlined in previous publications (Higham et al.,
2006; Brock et al., 2010a,b). Bone collagen was extracted from
whole bone or tooth dentine using the manual Oxford method
(Bronk Ramsey et al., 2004; Higham et al., 2006; Brock et al.,
2010a,b), comprising a decalcification with 0.5 M HCl, an 0.1 M
NaOH wash, then re-acidification using 0.5 M HCl. Each step was
interspersed with rinsing using distilled water. Gelatinization of
the collagen was undertaken with weakly acidic pH3 water at
75 �C in an incubator for 20 h. The supernatant was recovered
using an EziFilter�. All samples were ultrafiltered using
a Vivaspin� 30 kD MWCO ultrafilter (see Bronk Ramsey et al.,
2004; Higham et al., 2006). The >30 kD fraction was freeze-
dried and weighed into pre-combusted tin capsules for
combustion, graphitization and AMS measurement. All ages re-
ported here are conventional radiocarbon ages BP (after Stuiver
and Polach, 1977).

Calibrating dates in this early period has been fraught with
difficulty and controversy, due to the lack of agreement between
different records (Van der Plicht et al., 2004; Bronk Ramsey et al.,
2006; Weninger and Jöris, 2008). The recent publication of the
INTCAL09 curve, extending to 50 ka (Reimer et al., 2009), has
provided us with an interim curve, and further iterations of this are
expected in the future. We used OxCal v4.1 (Bronk Ramsey, 2009)
with the ‘INTCAL09’ dataset (Reimer et al., 2009) for all calibration.
All errors are 1-sigma (Table 2).

For luminescence dating, purified quartz and K-rich feldspar
grains (180e250 mm) were extracted from the sediment in the
usual manner (Aitken, 1985; 1998). The dose in quartz was
measured using 40 s blue light stimulation and detection in the
UV (Hoya U-340), with 8 mm diameter monolayers of grains
mounted on stainless steel discs and a SAR protocol (Murray and
Wintle, 2000) with a preheat of 260 �C for 10 s and a cut-heat of
220 �C. An elevated temperature (280 �C) 40 s blue light stimu-
lation was inserted after every SAR cycle (Murray and Wintle,
2003). The usual laboratory tests were undertaken to confirm
the appropriateness of the protocol (recycling, recuperation). The
initial 0.8 s of the signal minus an early background (interval
4.6 se5.4 s) was used for all calculations. The dose in feldspar
was measured using infra-red (IR) stimulation and detection in
a blue-violet window (Schott BG39/Corning7-59 filters) with
2 mm diameter grain monolayers in stainless steel cups. A post-
IR IR SAR protocol (Thomsen et al., 2008; Buylaert et al., 2009;
Thiel et al., 2011) was used with a 60 s 320 �C preheat, first IR



Figure 3. Geological setting of the Roches d’Abilly site and surrounding area. (A) Geological map of the studied area adapted from Médioni et al. (1974). Modern siliciclastic alluvial
deposits (1), ancient siliciclastic alluvial deposits (2), Mio-Pliocene siliciclastic cherty mud deposits (3), Eocene siliciclastic cherty mud deposits and lacustrine marl and limestone
(4), Upper Cretaceous sand and clay with spongolite and chert (5), Late Cretaceous (Turonian) chalk and calcareous tufa, sandy marls, clastic cherty limestone (bio-calcirudite and
calcarenite) and silicified limestone (6), uncertain tectonic line (7), fault (8), strike and slip, and horizontal bedding (9), described outcrop (10), urban place (11). (B) Upper Turonian
calcareous bedrock synthetic log’s from three outcrops showing the sedimentary sequence and the Bordes-Fittes rockshelter stratigraphic position.
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stimulation at 50 �C (200 s) and the second stimulation (200 s) at
290 �C and a high-temperature (325 �C) IR exposure (200 s) after
each SAR cycle. Thiel et al. (2011), Thomsen et al. (2011) and
Buylaert et al. (submitted for publication) have shown that this
post-IR IR signal is stable, i.e., anomalous fading (Spooner, 1994)
is not detectable. Calculations were made using the initial 2 s of
the post-IR IRSL decay curve minus a background derived from
the last 50 s.

Dose rates were determined using high-resolution gamma
spectrometry (Murray et al., 1987) and the conversion factors of
Olley et al. (1996). For K-feldspar extracts the internal beta dose rate
of 40K was calculated assuming an effective K concentration of
12.5 � 0.5% (Huntley and Baril, 1997).

Bioanthropology

The terms used to describe the single human tooth recovered
follow those of Hillson (2003), and metrics were obtained accord-
ing to the recommendations of Olivier and Demoulin (1990). Dental
developmental age determination is based on Hillson (2003). Non-
metric data were recorded according to ASUDAS system (Turner
et al., 1991). Tooth wear was scored on the basis of dentine expo-
sure surfaces, following Smith (1984).

Regional geological and geomorphological settings

Located in the Touraine region, on the south-western margin of
the Paris Basin (Mégnien et al., 1980; Guillocheau et al., 2000;
Dercourt, 2002), near the confluence of the Claise River with the
Creuse River (a tributary of the Vienne River which joins the Loire
Valley on its left-bank downstream of Tours; Fig. 1), the study area
corresponds to a karstic plateau modeled in Cretaceous rocks
(Nicod, 2002), often covered by Cenozoic deposits. According to
Campy et al. (1994), the study area is a weakly karstic zone. Locally,
the karstic plateau is cut by the Creuse River Valley, a wide and
relatively flat alluvial plain delimited by 15-m-high cliffs on both
banks. The right bank also shows a gentler slope at the boundary
between the cliff and the alluvial plain (Fig. 3A).

Where the Creuse River enters in the Paris Basin (Médioni et al.,
1974; Dercourt, 2002; Larue, 2008), to the south of the study area,
the valley widens, the fluvial terraces become numerous and the
alluvial deposits thicken (Voinchet et al., 2010). The drainage
network was developed according to the main tectonic structures
of the region, with NNW-SSE, ENE-WSW and E-W directions
(Fig. 3A). The bedrock exposed along the Roches d’Abilly cliff is
composed by an Upper Cretaceous (Upper Turonian) lithostrati-
graphic succession of chalk, calcareous tufa with few nodular chert,
sandy marl, and alternating clastic limestone (bio-calcirudite and
calcarenite affected by decalcification, and silicification), with thin
chert bands, and very compact silicified limestone on the top
(Médioni et al., 1974). These lithostratigraphic units were observed
and described in three distinct outcrops on both sides of the valley
(Fig. 3B). Regionally, decalcification of the Upper Turonian unit and
secondary silicification processes have provided abundant large
nodules of a high-quality flint used during all of the prehistory.

The Cenozoic sediments lay on the Turonian carbonate rocks.
This sedimentary cover includes Eocene cherty mudstone and
lacustrine marls and limestone, Mio-Pliocene formations of
mudstone units that overlie the Eocene deposits in some locations,
and Quaternary alluvial deposits with some quartz and flint
pebbles (Fig. 3A).

During the final episode of Upper Cretaceous sub-aerial expo-
sure, and throughout to Quaternary times, the carbonate bedrock
was affected by important weathering processes, such as disso-
lution (Laignel et al., 1999), silicification, ferruginization, and
freee-thaw. The dissolution and freeze-thaw mechanisms were
responsible for the development of an important secondary
porosity, resulting in the development of horizontal inter-bedded
caves and rockshelters (Fig. 3B). Most of these caves and rock-
shelters were subsequently filled by siliciclastic and carbonate
sediments (e.g., Bordes-Fitte rockshelter), and are privileged
environments where archaeological sediments and features were
preserved.
Formation processes at the Bordes-Fitte rockshelter

Stratigraphic record and sedimentary sources

The geoarchaeological field description and the micromor-
phological analysis of the Bordes-Fitte rockshelter filling are
given in Table 1. The lithostratigraphic sequence was divided into
eight field units (GFU AOH), later grouped into six geo-
archaeological complexes (GC 1O6) separated by four main
disconformities and two non-depositional unconformities
(Figs. 4 and 5). Stratigraphic analysis shows that the deposit’s
geometry is strongly adapted to the rockshelter morphology,
with irregular bedding and significant lateral variations (in the
quantity and size of gravels, the grain size distribution and the
presence/absence of some units) due to the multiple origins of
the inputs and the different nature of the involved sedimentary
processes described later. Other factors, such as the quantity of
burrows (both rodents and insects) are related to near-surface
conditions.

From the geometry of the sediments in the Bordes-Fitte rock-
shelter, it is clear that inputs are related to the lithology of the
incised Cenozoic overlying units (through their sub-aerial erosion
and endokarstic and/or down-slope transport and redeposition),
coupled with weathering of the carbonate bedrock (Table 1, Figs. 4
and 5). As indicated by the common presence of quartz grains, the
ultimate origin of the siliciclastic fraction is the widespread Mio-
Pleistocene detrital units found lying on the Upper Cretaceous
bedrock, (Table 1 and Fig. 3A). The clay and silt inputs, however, are
probably also derived from the erosion of earlier Eocene units and of
pre-existing rockshelter sediments. Chemical weathering processes
cannot be excluded in the formation of part of this fine fraction.

Carbonate rock fragments, with various sizes, are present
throughout the geoarchaeological sequence (Fig. 5). The origin of
these rocky carbonate fragments most probably resides in the
normal processes of mechanical degradation of the roof and walls
of the rockshelter, as indicated by their heterometry and varied
shape. However, it cannot be excluded that some of the carbonate
rock fragments with smaller size (clasts 2O4 cm) correspond to
rock fragments brought into the shelter from the outside, or are
related to freeze-thaw weathering of the roof and walls of the
rockshelter followed by short-distance displacement by rapid
water flows (Table 1 and Fig.5 ).

Periglacial features or freeze-thaw impact have not been
observed at the macroscopic observation scale.

Only GC4 and GC5 complexes have been studied at amicroscopic
scale. There is no clear evidence of frost impact and freeze-thaw
action in the GC 4 complex. The lenticular beddings observed are
probably not the result of segregated ice action (ice lensing
formation) but were sorted by water (alluvial context of the sedi-
mentation). The silt and clay capping on the top of free grains is due
to leaching, which confirms water circulation in the sediment,
perhaps in a periglacial context. In the GC 5 complex, observation of
vertical orientation of micaflakes and porosity (elongated and
vertical) could be attributed to frost impact (frost jacking process),
but this is not entirely clear and cannot be confirmed.
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Sedimentary dynamics

The formation of the rockshelter is due to concomitant factors
that include: i) the alternation in the Late Cretaceous carbonate
bedrock of relatively soft beds (bio-calcirudite and calcarenite) and
harder silicified limestone (roof of the shelter); ii) water circulation
into the bedrock with intercalated phases of erosion and accumu-
lation of sediments; iii) and possibly, once the shelter had became
a moist microenvironment, frost action along the shelter’s back-
wall could take place.

After the opening of the rockshelter, the weathering of the
carbonate bedrock started (GC1 complex) and perhaps continued
Figure 4. Schematic 3D representation of the lithostratigraphical sections observed dur
throughout via infilling through cryptocorrosion processes
(carbonate alteration developed under a siliciclastic sedimentary
cover according to Nicod, 1994). The formation of the GC2 complex
is mainly related to an alluvial environment with some lacustrine
characteristics, as expressed by grain size, texture and sedimentary
features (Table 1 and Fig. 5). After the deposition of the GC2
complex, there is a phase of interruption in the sedimentation and
a probable change in the climatic conditions, followed by the
deposition of a slope sequence (GC3 complex), and a phase of roof
collapse resulting in the accumulation of large boulders with
volumes in the order of cubic meters at the interface between the
GC3 and GC4 complexes (first breakdown event; Fig. 5). The
ing the excavation realized between 2007 and 2010 at the Bordes-Fitte rockshelter.



T. Aubry et al. / Journal of Human Evolution 62 (2012) 116e137
interpretation of these breakdown events is not straightforward.
It could indicate: 1) phases of decompression of the rock mass,
which might depend on climatic factors, 2) seismic events, or 3)
a rapid retreat of the cliff related to regional morphodynamic
evolution. Around and under the, broken-down roof blocks, an
erosional unconformity (disconformity), separates the top of GC3
complex from the overlying sequence represented by an alluvial
channel-fill (GC4 and GC5 complexes).

The dynamics that led to the sedimentation of the upper part of
the sequence (GC6 complex) were gravity-driven, with some
concurrent action of water, and sedimentary input coming from the
rockshelter wall and roof (second breakdown event; Fig. 5), and in
part from the slope. Pedogenetic processes and anthropic distur-
bance with associated redeposition are evident.

Lithic assemblages of the Bordes-Fitte sequence

A Solutrean occupation of the shelter, proposed by Bordes and
Fitte (1950) on the basis of the material recovered in their level 4,
has been confirmed during the new excavations by the presence of
bifacial shaping flakes, preforms and several small and large
laurel-leaves in the GC5 complex and more rarely in the GC6
complex. An age of 19,020 � 110 14C yr BP (OxA-22315 e ca.
22,500 cal yr BP; Table 2) has been obtained from a red deer antler
recovered in the GC5 complex, and the enclosing sediments were
dated using OSL on the quartz fraction to 20.6 � 1.2 ka and by IRSL
on the feldspar fraction to 23.1 � 1.2 ka (Fig. 5 and Table 3).
However, the lithic assemblage recovered in the GC5 complex also
includes: 1) large blades detached with an organic soft hammer
following a prismatic unipolar operative scheme, 2) bladelets
extracted from carinated burins (Fig. 6, no 11), 3) nosed-end-
Figure 5. Bordes-Fitte rockshelter synthetic log showing the filled stratigraphic sequence,
calcarenite (1), silicified limestone (by roof rockshelter) (2), bioturbated calcareous sand (3),
matrix-supported breccia (7), organic matter layers (8), non-depositional unconformity (9
archaeological complex (12).
scraper cores, and 4) a single atypical busked burin. Such reduc-
tion sequences are unknown in the regional Upper Solutrean, in
which technology is based on bipolar blade cores (Aubry et al.,
2007), neither correspond to the Proto-solutrean and final
Gravettian blade production (Klaric et al., 2009). Instead, they
correspond to tool types and a blade technology characteristic of
the Aurignacian (Sonneville-Bordes, 1960; Bon, 2002; Bordes,
2006b).

The underlying GC4 complex is interpreted sedimentologically
and according to its micromorphological characteristics as a deposit
in secondary position, yet it contains the majority of the faunal
remains recovered in the rockshelter. The lithic assemblage is
composed of two components that feature a distinct weathering
stigma. The first component (representing around 10% of the lithic
assemblage in the uppermost 5 cm and 45% in the lower 5 cm) is
represented by pieces that are highly patinated, edgeedamaged and
altered by freeze-thaw, produced in the framework of a discoidal
(Boëda, 1993; Peresani, 2003) and a recurrent unidirection Levallois
method. The altered lithic assemblage, associated with siliciclastic
gravels originating from the Cenozoic units overlying the site, is well
sorted as indicated by the over-representation of the 1e5 cm frac-
tion. The test excavations undertaken along the Roches d’Abilly cliff
(Fig. 2A) have revealed that such altered lithic materials are
systematically present in the slope deposits in secondary position.
The unpatinated, fresh lithic second component of the GC4 complex
displays some fragments of ‘strangled’blades, andof blades andend-
scraperswith invasive scalariform retouchmade on blanks extracted
from unipolar prismatic cores (Fig. 6). Diagnostically Solutrean
material is absent. A Dufour bladelet of the sub-type Dufour (Fig. 6,
no 14) was recovered in associationwith bladelet production debris
from nosed-scraper and carinated burin cores similar to those found
palaeoenvironmental interpretation and archaeological attribution. Bio-calcirudite and
polymodal siliciclastic sand (4), unimodal siliciclastic sand (5), siliciclastic sandy-silt (6),
), disconformity (erosional unconformity) (10), geoarchaeological field unit (11), geo-



Table 1
Field descriptions and micromorphological characteristics of the geoarchaeological field units (GFU), and geoarchaeological complexes (GC), in the Bordes-Fitte rockshelter.
Spatial distribution, weathering and displacement damage description of the archaeological remains.

GFU GC Field and micromorphological characteristics Archaeological material distribution
patterns and preservation stage

H 6 Grayish brown siliciclastic fine-medium sandy-loam with some angular and
subangular clasts (2e4 cm are the most represented range) of biocalcarenite
and blocks of silicified limestone (from the rockshelter roof), with random
distribution and orientation patterns. Bioturbation, pedogenesis (alfisols),
anthropic disturbance and redeposition, all intense. Drape geometry with a
depositional massive structure and granular texture. The predominant quartz
grains are angular and subangular, with high sphericity and moderately sorted.
The matrix is silt. The lower boundary is diffuse and poorly distinct.
Thickness is variable, reaching up to some 30 cm.

Archaeological material is rare.

G Moderate brown siliciclastic fine-medium sandy-loam with some angular
and subangular clasts (2e4 cm are the most represented range) of biocalcarenite
and some blocks of silicified limestone (from the rockshelter roof),
with random distribution and orientation patterns. Bioturbation,
pedogenesis (alfisols), anthropic disturbance and redeposition, all intense.
Drape geometry with a depositional massive structure. The predominant
quartz grains are angular and subangular, with highly spheric and
moderately sorted. The matrix is silt. The lower boundary is clear,
sharp and irregular (disconformity). Thickness is variable,
reaching up to some 40 cm.

Archaeological material is rare and is the
result of reworking and redeposition of
archaeological remains of the GFU F.

F 5 Dark yellowish orange siliciclastic fine-medium sandy-silt. Minor bioturbation.
Ribbon channel geometry with some vague depositional trough
cross-lamination structure; also infiltrated below the rockshelter breakdown
roof blocks. The predominant quartz grains are angular and subangular,
with high sphericity and well sorted. The matrix is silt. The lower
boundary is clear, but separating units with low contrast (non-depositional
unconformity). Thickness is variable, reaching up to some 30 cm.
Micromorphology: basic components are 90% coarse silt and a
small proportion of fine sand. Abundant muscovite may correspond
to transported micaflakes, or remnants of limestone weathering.
The microstructure reveal an apedal material, gefuric and porphyric fabric,
and vesicular porosity elongated with vertical orientation.
Calcitic hypocoatings exists around the vesicular voids.

Archaeological material (lithic and faunal)
is numerous. Most of the lithic pieces present a
good edge and surface conservation,
and are not patinated. Materials do not
show a preferential orientation, the mean
inclination of elongated bone or lithic
fragment is of 19� (from 1� to 54� , calculated
on 25 measurements) and are concentrated
at the bottom.

E 4 Dark yellowish orange matrix-supported breccia with angular and
subangular clasts (2e4 cm are the most represented range) of biocalcarenite
and silicified limestone, with some orientation and distributed along the
lower boundary. Minor bioturbation. Ribbon channel geometry with some
vague depositional trough cross-lamination structure. The sediment is also
infiltrated below the rockshelter breakdown roof blocks. The matrix is
silty-coarse-sand with predominant quartz grains, angular and subangular,
with highly spheric and well sorted. The lower boundary is clear, sharp and
irregular over GFU B, GFU C and GFU D (incised channel - disconformity).
Thickness is variable, reaching up to some 20 cm. Micromorphology:
basic components are 60% fine and medium sand and 40% coarse
sand and gravels. The gravels are bioclastic and silicified limestone.
Muscovite is represented by micaflakes of alluvial origin. The microstructure reveal
an apedal material with pellicular grain structure or compact grain structure,
and chitonic fabric with silt coatings around grains. Textural pedofeatures have been
observed: lenticular beddings (sorted grains), silt layer up and medium sand layer
down and capping on the top of free grains (silt and sorted quartz).

Archaeological material (faunal and lithic)
is abundant. The lithic remains included two
distinct components: one deeply patinated,
edge and surface-damaged, weathered by possible
freeze-thaw action; another with a good surface
conservation and all the sizes represented.
The elongated faunal and lithic remains do
not show an orientation pattern and the
mean inclination is of 16� (from 1� to 48� ,
calculated on 40 measurements).

D 3 Dark yellowish orange siliciclastic fine-medium sand with some angular and
subangular fragments (clasts ranging 2e4 cm are the most represented range)
of biocalcarenite with random distribution and orientation patterns.
Without bioturbation. Wedge geometry. Some vague stratification, due to the
presence of discontinuous thin laminae of white carbonate silt intercalations on
the top (at the contact with the rockshelter breakdown roof blocks), is recognized.
The predominant grains of quartz are angular and subangular with high sphericity
and well sorted. The matrix is silt. The lower boundary is clear, but separating units
with low contrast (non-depositional unconformity). Thickness is variable,
reaching up to some 20 cm.

Lithic and faunal archaeological material is
disposed horizontally with no orientation pattern.
Faunal materials are essentially long bone
fragments end teeth. Most lithic remains
present good surface and edge conditions and
are not patinated, but some pieces show a low
degree of rounding on the edges and surfaces;
the pieces smaller than 5 mm are under-represented.

C 2 Dark yellowish orange siliciclastic fine-coarse sandy-clay-silt. Moderate bioturbation.
Lens geometry with a depositional massive structure. The quartz grains, dominant,
are angular and subangular, with high sphericity and moderately sorted.
The matrix is clay-silt. The lower boundary is diffuse and poorly distinct.
Thickness is variable, reaching up to some 30 cm.

Archaeological material is absent.

B Light olive gray siliciclastic fine-medium sandy-silt with minor bioturbation and
dark gray parallel and horizontal organic matter laminae and manganese
concentrations. Pond geometry filling some cavities of carbonate bedrock.
The predominant quartz grains are angular and subangular, with high
sphericity and well sorted. The matrix is silt. The lower boundary is clear,
sharp and irregular over the bedrock or the GFU A (disconformity).
Thickness is variable, reaching up to some 15 cm.

Archaeological material is absent.

(continued on next page)
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Table 1 (continued )

GFU GC Field and micromorphological characteristics Archaeological material distribution
patterns and preservation stage

A 1 White and very light gray calcareous sand with intense bioturbation.
Lobe geometry. The siliciclastic sand fraction is fine-medium and formed
of angular and subangular, with high sphericity, well sorted, predominantly
quartz grains. The matrix is white carbonate silt with some laminar and
nodular structure parallel to the lower boundary (at the contact with the
carbonate bedrock). The lower boundary is clear, sharp and irregular
(disconformity). Thickness is variable, reaching up to some 20 cm.

Archaeological material is rare and
constituted by two components.
One component is deeply patinated,
edge and surface-damaged and weathered
by possible freeze-thaw action. The other
component represents large pieces
presenting good edge and surface
conservation and not patinated
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in overlying GC5 complex. The typology of the single retouched
bladelet found and its association with the large keeled blades,
considered as typological markers of the Aurignacian I (Bordes,
2006b), are consistent with the ages of 34,520 � 850 14C yr BP and
35,770 � 380 14C yr BP (41,475e37,511 14C cal yr BP and
41,731e40,135 14C cal yr BP) obtained on two long bones fragments
from the top and the bottom, respectively, of the GC4 complex. The
absence of keeledblades in theGC5 complex, thehigher frequencyof
carinated burin and the single busked burin core for the production
of twisted and rectilinear bladelets at the bottom of GC5 complex
suggest the presence of two distinct Aurignacian occupations of the
site (Sonneville-Bordes, 1960; Bordes, 2006b). The result of
31,640 � 230 14C yr BP (36,037e35,295 14C cal yr BP) obtained for
a long bone fragment collected at the contact between GC4 and GC5
complexes, is stratigraphically and chronometrically consistentwith
this hypothesis.

In the underlying GC3 complex, the highly patinated, rounded,
edgeedamaged and freeze-thaw-altered lithic component in
secondaryposition represents ca. 50%of the total. In theunpatinated
and fresh lithic component, we have identified a reduction
sequence, the objective of which, we interpret, was to obtain small
blades of rectilinear profile, corresponding to the blanks of the
Châtelperronian points recovered at the site (10 fragments corre-
sponding to six Châtelperronian points after refitting Fig. 7A, no 1
and 2). Refitting revealed that such small blades with a flat section
were extracted from both prismatic (Fig. 7) and burin type cores
(Fig. 8, no 3 and 4) using soft stone hammers. A few of the larger
prismatic blades were retouched into end-scrapers (1) or truncated
(4). These two reduction schemes (prismatic bidirectional with
a preferential platform, and flake core) are very similar to those
described for the Châtelperronian material from the sites of Roc de
Combe, la Côte (Pelegrin, 1995), Canaule II (Bachellerie et al., 2008),
Quinçay (Guilbaud, 1993; Roussel and Sorressi, 2010) and Arcy-sur-
Cure (Bodu,1990; Gouedo,1990; Connet, 2002). However, the use of
successive disjointed reduction surfaces and the resulting triangular
section of the prismatic cores observed at La Grande Roche à
Quinçay (Roussel and Sorressi, 2010) is also present, although not
systematically, and the intercalated production of large and small
blades shown by refitting at the Bordes-Fitte rockshelter (Fig. 8e11,
no 1e3) has never been noted elsewhere. The refits that correspond
to the small blade production include some pieces recovered at the
bottom of the GC4 complex, in areas where the GC3 complex is not
protected by roof collapse (Figs. 5, 11 and 12).

In the GC3 complex, unpatinated and fresh lithic components
also include a flake production scheme corresponding to the
discoidal method (Boëda, 1993; Peresani, 2003) and a recurrent
centripetal, Levallois scheme. Some of these flakes have been
modified into notches (Fig. 9, no 1e3), and a single example of
convergent side-scraper was discovered (Fig. 9, no 7).

The oldest human occupation of the rockshelter is represented
by a few large retouched Levallois flakes (Fig. 10) recovered in the
depressions formed at the top of the Cretaceous bedrock inside the
GC1 complex, where it is preserved (Fig. 5).
Characterization of the human occupations

The GC1 archeological assemblage, a total of 63 pieces, is mainly
composed of highly patinated, rounded, edgeedamaged and
freeze-thaw-altered lithic in secondary position (43), and a few
unpatinated and fresh large retouched Levallois flakes made of the
Upper Turonian flint (20). The Levallois flakes (Fig. 10) were
recovered at the bottom of the sequence directly on the bedrock.
The unpatinated component indicates that the production of the
flakes on large preferential Levallois cores took place elsewhere.

The two distinct typo-technological groups of discoidal/Leval-
lois method and Châtelperronian points present in the unpatinated
and fresh lithic component recovered in the GC3 complex (436
pieces coordinated during field work from a total of 3497 pieces)
are very different in terms of raw materials, phases of the repre-
sented operative scheme sequences and refitting success ratio. The
Middle Palaeolithic technological component is made up of several
varieties of Upper Turonian flints available locally (Aubry, 1991),
some represented by a single piece. Nine pieces attest to the long-
distance procurement of raw materials. The macroscopical and
binocular comparison of their micro-texture and fossil content,
with hand samples collected in central France (Aubry, 1991;
Fontana et al., 2009), allow us to identify the presence of Lower
Turonian flint, a fine-grained translucent flint of high-quality
available in the Cher River Valley and its tributaries, 50 km to the
north. The refitting of the diagnostically discoidal and centripetal
Levallois components concerns only six pieces from three groups
being refitted from a total of 52 coordinated pieces.

The Châtelperronian blade production differs in that it is made
on Upper Turonian flint collected in the Bourdel River Valley (5 km
to the east) and locally, in fluvial terraces or in Tertiary units. Refits
indicate the presence of remains corresponding to all production
phases of the Châtelperronian points, except for the cores from
which flake blanks were extracted. One refit of three pieces reveals
two successive retouching fractures during the production of
a Châtelperronian point (Fig. 7A, no 1) and other refits reveal that
some of the blades corresponding to the Châteperronian point
blanks are missing (Fig. 7B). The remains corresponding to the
Châtelperronian point production sequences yielded a high refit
ratio. For the three best representedflint categories, these refit ratios
show 36 pieces from a total of 125 (Fig. 7A), 31 of 91 (Fig. 7B), and 19
of 42 pieces (45%). The spatial pattern of refitting Châtelperronian
lithic remains shows that the first collapse of the shelter is posterior
to the depositionofGFUD (Figs. 5 and11B), and some recurrent non-
anthropogenic reorientation of the smallest remains, corresponding
to the inclination of GFU D took place prior to the collapse of the
shelter. The refittingof pieces fromGFUDwith others recovered into
theGC4 complex is limited to the areanot coveredby the rockshelter
roof fragments (Figs. 5 and 11B). The tooth refits involve longer
distances and are similar in orientation to the Châtelperronian lithic
refits (Fig.11C). This result is consistentwith the notion that, in areas
not sealed by roof collapse, finds from the upper part of GFU Dwere
removedduring the erosional eventpreceding thedepositionofGC4



Table 2
Synthesis of the radiocarbon dates for the Bordes-Fitte rockshelter.

Site GFUa GCb Field reference Lab code Dating
method

Material Material
pre-treatment

N (%) d13C (&) Age (yr BP) 14C calibrated
age (cal yr BP)c

Bordes-Fitte
rockshelter

F 5 LRA 09
P11B no 192

OxA-22315 14C AMS Antler
(Cervus Elaphus)

Ultrafiltration 1.30% �18.25 19,020 � 110 23,284e23,077 (12,2%),
23,026e22,315 (83,2%)

Bordes-Fitte
rockshelter

F 5 LRA 07
N9B no 68

Beta-234193 14C AMS Bone Collagen extraction
with alkali

�20.1 31,640 � 230 36,650e36,078 (47,6%),
36,037e35,295 (47,8%)

Bordes-Fitte
rockshelter

E
(top)

4 LRA 08
N10B no 387

Lyon-6920
(SacA18936)

14C AMS Bone
(Rangifer tarandus)

Ultrafiltration �17.8 34,520 � 850 41,475e37,511 (95,4%)

Bordes-Fitte
rockshelter

E
(bottom)

4 LRA 08
N10B no 507

Beta-249596 14C AMS Bone
(Rangifer Tarandus)

Collagen extraction
with alkali

�20.2 35,770 � 380 41,731e40,135 (95,4%)

Bordes-Fitte
Rock-shelter

D 3 LRA 09
P11A no 307

OxA-22342 14C AMS Tooth
(Equus Cabalus)

Ultrafiltration 0.96% �20.97 37,400 � 800 43,475e41,045 (95,4%)

Bordes-Fitte
rockshelter

D 3 LRA 09
P10B no 155

OxA-22316 14C AMS Bone
(Rangifer Tarandus)

Ultrafiltration 2.10% �19.65 41,200 � 1300 48,010e42,956 (95,4%)

Bordes-Fitte
rockshelter

D 3 LRA 08
O10B no 456

Beta-249595 14C AMS Bone
(Bovid)

Collagen extraction
with alkali

�20.4 32,110 � 280 37,429e36,230 (90%),
35,912e35,606 (5,4%)

a Geoarchaeological field unit.
b Geoarchaeological complex.
c Calibration used OxCal v4.1.7 Bronk Ramsey (2009); r:5; Atmospheric data from Reimer et al. (2009). All errors are 1-sigma.
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complex, along an erosion channel following the limits of the frag-
mented roof blocks (Figs. 4, 5, 11A and C).

The vertical projection of the refitted pieces and of those
assigned to a techno-typological group (Fig. 12) indicates that the
two distinct technological categories detected in the GFU D can be
vertically discriminated, with the lithics corresponding to blade
production systematically overlying those that relate to flake
production. This vertical discrimination of the two technological
groups is best observed in rows 12 to 8 of the grid (Figs. 3 and 12),
where GFU D is thicker, due to topography and lateral variation of
the sedimentological characteristics of the deposit (probably
resulting from gravity-driven processes accumulating but with the
concurrent action of water, as suggested by the orientated pattern
of the refits between more distant pieces; Fig. 11B).

The very low success rate of lithic (Fig. 11A) and tooth fragment
refitting (Fig. 11C) and the distances, confirm the secondary posi-
tion of the GC4 complex remains, suggested by the geological data.
Tooth refitting essentially correspond to fragments recovered in
a restricted area of less than 100 cm2 spanning the entire thickness
(almost 15 cm) of the GC4 complex. A group of four fragments of
the same tooth, recovered in the GC4 and GC5 complexes, reveals
spatial relations over greater distances. The refits, spatial distribu-
tion and orientation patterns observed in the GC4 complex
together suggest that the faunal and lithic remains of this unit were
secondarily dispersed by run-off on the slope around the roof
fragments representing the rockshelter collapse (Fig. 5 and Table 1).
The concentration of refitted bladelets and small flakes corre-
sponding to a typical Aurignacian nosed-core located in quadrant B
of the N-10 square (Fig. 6, no 13, 15 and Fig. 11) reveals that the
deposition of the GC4 complex filled the voids around and under
the irregular lower surface of the collapsed roof slabs. The
Table 3
Synthesis of luminescence (OSL) ages for the Bordes-Fitte rockshelter.

GFU Field reference Lab code Depth, cm Mineral

D LRA 09 P10A S4 092201 200 Quartz
D LRA 09 P10A S1 092202 200 Quartz

LRA 09 P10A S1 Feldspar
F LRA 09 P12A S2 092203 170 Quartz

LRA 09 P12A S2 Feldspar
F LRA 09 N11A S3 092204 150 Quartz

LRA 09 N11A S3 Feldspar

Note: (n) denotes the number of aliquots contributing to the dose.
Aurignacian lithic and faunal components, mixed with the highly
patinated and weathered lithic remains technologically assigned to
the Middle Palaeolithic preserved in the same GC4 complex, must
have been removed from a shelter located higher on the cliff,
whence it was displaced and redistributed by slope processes.

Long-distance procurement of Lower Turonian flint, attested in
the Middle Palaeolithic denticulate component of GFU D, is also
represented by some fragments of large retouched blade in the GC4
complex. In GC4 and GC5, a Tertiary, translucent fine-grained flint
of the Vienne River Valley (30 km to the South) was used.
A carinated-core for bladelet production from this material was
found, as well as two fragments of retouched blades made on
Bathonian jasper from the Creuse River basin (Aubry, 1991).

The spatial distribution of the Solutrean bifacial shaping flakes
and foliate point fragments, made on Upper Turonian flint available
less than 15 km away, surrounds the larger fragmented slabs of the
rockshelter’s roof collapse (Fig. 11A). The Solutrean lithic remains,
only present in the GC5 complex, correspond to flaking activities
occupying a more restricted area, and their distribution and refits
indicate a lower degree of post-depositional degradation than the
Aurignacian blade and bladelet production remains of the GC4
complex, despite a secondary remobilization process (Fig. 11A).

This interpretation of a secondary filling of the GC 5 complex is
supported by OSL ages of 26.5 � 1.7 ka on the quartz fraction and
26.7 � 1.4 ka on feldspar fraction obtained for the sediments
collected under a large collapse-slab (Table 3). Because feldspar is
reset by daylight significantly more slowly than quartz
(e.g., Godfrey-Smith et al., 1988; Fig. 8 in, Thomsen et al., 2008),
a limited exposure of the deposit should result in a significant
difference between feldspar and quartz ages. This is not the case for
the samples collected in the GC5 complex, the quartz and feldspar
Age, ka Dose, Gy (n) Dose rate, Gy/ka w.c. (%)

51� 3 131� 3 23 2.56� 0.12 2
39� 2 102� 4 36 2.62� 0.12 3
45� 2 156� 3 8 3.47� 0.13 3

20.6� 1.2 71� 2 37 3.45� 0.16 4
23.1� 1.2 100� 2 9 4.30� 0.17 4
26.5� 1.7 74� 3 32 2.79� 0.13 1
26.7� 1.4 97� 3 9 3.64� 0.14 1



Figure 6. Scrapers on blades with Aurignacian retouch (1, 2, 3, 4, 6), blades and fragments of blades with Aurignacian retouch (7, 8, 10), fragments of Aurignacian ‘strangled’ blades
(5, 8), Dufour (sub-type Dufour) retouched bladelet (14), bladelet production sequence on keeled cores (11, 12, 13, 15) from GFU E (1e10, 12e16) and GFU F (11).
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ages being indistinguishable (the equivalent doses, dose rates and
luminescence ages for quartz and feldspar are summarized in
Table 3) and, in addition, consistent with the over- and underlying
radiocarbon dates. We conclude that it is very likely that these
sediments were fully reset by daylight exposure prior to burial and
that the lower face of the large fragment of the roof was not in
contact with the ground. We conclude that the dated sediment
corresponds to an interstitial fill accumulated after the Aurignacian
occupation and deposition of the GC4 complex (Fig. 5).

Discussion

Middle Palaeolithic-Châtelperronian-Aurignacian
chronostratigraphy

The ages obtained for Châtelperronian contexts range from
11,910� 200 14C yr BP (a charcoal sample from the black unit of the
Grotte de Grande Roche at Quincay, Ly-790) to 40,650 � 600 14C yr
BP (bone sample from the Grotte des Fées at Chatelperron level
B5A, OxA-13621), >40,000 14C yr BP (Gif-2414) on a charcoal
sample from the level 5B of the Grotte du Loup, and 48,700 � 3600
14C yr BP for a bone sample from level X of the Grotte du Renne at
Arcy (Higham et al., 2010). Twenty thermoluminescence ages are
available for the Roche à Pierrot at Saint-Césaire. Six burnt flints
samples from the Ejop level have produced an average age of
36.3 � 2.7 ka (the ages span between 33.7 � 5.4 ka and
38.2 � 5.3 ka, Mercier et al., 1991).

Evin (1970) has suggested that most of the 14C dates beyond
35 ka BP must be considered minimum ages. Conard and Bolus
(2003) have interpreted the irregularities of the 14C dates
during the 40 ka BPe30 ka BP period as related to fluctuations in
radiocarbon production, and suggested that this explains the
variability in the dates obtained for the German Aurignacian. They
called this the ‘Middle Palaeolithic Dating Anomaly’, although
more recent work has suggested that the variability in the
German dates are more likely to be caused by problems in the



Figure 7. Refits on two prismatic cores corresponding to a Châtelperronian point blades blank reduction sequence from GFU D and the base of GFU E.
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removal of contaminants in the samples (Higham, 2011). Simi-
larly, there are no indications of these variations in production
rate in the principal calibration datasets obtained since (Reimer
et al., 2009). Zilhão and d’Errico (2003) have used the compar-
ison between ages obtained from the same Aurignacian levels of
the inner and outside part of the Grotta di Fumane to argue for
contamination of bones there by more recent carbon. According
to this work, this process must result from percolating ground-
water and also affected the bone samples collected in external
areas of the Grotte du Renne sequence. Based on this explanation
and the hypothesis of a post-depositional mixing with Middle
Palaeolithic remains, they refute the oldest dates obtained for the
Proto-Aurignacian of Northern Spain and conclude that samples
dated from other Châtelperronian sites (Roc de Combe level 8,
Grotte des Fées, level B5) are less problematic and indicate that
this culture precedes the earliest Aurignacian contexts, which are
younger than 36,500 14C yr BP (Zilhão and d’Errico, 2003). From
a reappraisal and comparison of 14C ages obtained on bone and
charcoal, Jorïs et al. (2003) reached a similar conclusion and
proposed a slightly younger limit for the oldest Aurignacian
contexts in France of 35,400 � 708 14C yr BP.

Moreover, more recent dating and re-dating by 14C AMS using
an ultrafiltration protocol for bone samples recovered in levels
assigned to the Châtelperronian (Gravina et al., 2005; Higham et al.,
2010), Uluzzian (Higham et al., 2009) and Early Aurignacian
(Higham et al., 2006) have systematically revealed results older



Figure 8. Intercalated large and Châtelperronian blade blank production on prismatic core (1, 2), and small blades reduction sequence on large flake core (3, 4) found in GFU D and
at the bottom of GFU E.
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than those obtained when other pre-treatment chemical methods
are applied (Higham et al., 2006; Jacobi et al., 2006). The dates
obtained for some Aurignacian contexts (Szmidt et al., 2010) appear
slightly older, but within the statistical interval, than the maximum
Figure 9. Denticulates (1, 2, 3), convergent side-scraper (7), discoidal core (5), and flakes pr
age proposed by Zilhão and d’Errico (2003), while also confirming
the older age of the Uluzzian transitional technocomplex (Higham
et al., 2009). These conclusions have direct implications on the
interpretation of the chronology of theMiddle to Upper Palaeolithic
oduced by a discoidal or centripetal Levallois operative scheme (4, 6) from the GFU D.



Figure 10. Side-scrapers on large Levallois flake from the GFU A.
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sequences, obtained on bones during the last decades by the most
commonly applied ‘Longin collagen method’ (Longin, 1971). Simi-
larly, they relate the significance of the overlap of dates obtained
for distinct cultural contexts of bones older than two to three half-
lives of 14C.

The re-dating based on the ultrafiltration protocol of bone
samples from the Grotte du Renne sequence, dated previously by
the conventional pre-treatment, has confirmed that despite some
discrepancy most of the dates associated with Châtelperronian
remains are substantially older than the Aurignacian ones (Higham
et al., 2010). They span the time interval from 37,500e41,000 14C yr
BP, proposed for the Châtelperronian by Zilhão et al. (2006), based
on the bone dates for Roc de Combe level 8 and Grotte des Fées
level B5.

This proposition seems to be supported by the 14C and OSL
results for GFU D of the Bordes-Fitte rockshelter (Tables 2 and 3;
Fig. 5). In GFU D, the feldspar age may be slightly older than the
quartz age but both are consistent with the radiocarbon ages. If this
unit was not completely reset by daylight, the effect on the age is
minor. Finally, the heated sample (092201, Table 3), which is more
certain to have been fully reset also gives an age in agreement with
the immediately overlying 14C age. A fragment of a large bovid long
bone from GFU Dwas pre-treated by collagen extractionwith alkali
protocol at Beta Analytic (Table 3). The age range of 32,110� 280 14C
yr BP (37,429e36,230 [90%] cal yr BP, 35,912e35,606 [5.4%] cal yr
BP) is the only result incoherent with its stratigraphic position
(Fig. 5). The size (ca. 15 cm), horizontal disposition and the location
of the sample dated in an area of the square Oe10B, which is not
protected by a fragment of the rockshelter roof (Fig. 11A), suggest
that the hypothesis of an incomplete decontamination of recent
carbon during the pre-treatment is more probable than a down-
ward movement of material derived from the GC5 complex.

The two 14C results reveal that GFU D containing the Châ-
telperronian lithic remains was deposited between 41,200 � 1300
14C yr BP (48,010e42,956 cal yr BP) and 37,400 � 800 14C yr BP
(43,475e41,045 cal yr BP). The sediments of GFU D are dated by OSL
to 45 � 2 ka on the feldspar fraction and to 39 � 2 ka on the quartz
fraction. The sample dated was collected in the square P-10, where
refitting has revealed that Châtelperronian lithic remains of this
area were probably removed from the O/P-11/12 squares (Fig. 11B).
Thus, the OSL age on the quartz fraction (39 � 2 ka) provides
a terminus ante quem to this human occupation. The data indicate
that the Châtelperronian occupation occurs before the collapse of
the rockshelter roof and the deposition of the GC4 complex con-
taining the Aurignacian remains and dated between 35,770 � 380
14C yr BP (41,731e40,135 cal yr BP) and 34,520 � 850 14C yr BP
(41,475e37,511 cal yr BP). The OSL date (51 � 3 ka) on quartz of
a burnt calcarenite fragment from the base of GFU D is
stratigraphically consistent with these results and provides
a terminus post quem for the Châtelperronian. Our results are thus
consistent with the chronology proposed for the Châtelperronian
(42.5e45 cal ka BP) by Zilhão et al. (2006), and (38e41 14C ka BP)
accepted as the most likely dating range by Jorïs and Street (2008,
their Fig. 8).

Homogeneity and evolution of the Châtelperronian lithic industry

The existence of a widespread erosion event between the recent
Middle Palaeolithic and the Châtelperronian levels has long been
observed (Sonneville-Bordes, 1960; 1972; Laville, 1972), and the
importance of freeze-thaw degradation and solifluction affecting
the deposits has been put forward as an explanation for the mixed
characteristics of most of the Châtelperronian series recovered in
karstic sites in south-western France (Peyrony, 1934; 1936;
Sonneville-Bordes, 1960; Rigaud, 1996; 2001). Post-depositional
degradation has also been inferred from the spatial distribution
of the Châtelperronian lithic remains of the open-air occupations of
Canaule II and Vieux-Coutet, interpreted as a soil surface sorted
polygonal pattern related to the cold conditions during the Hein-
rich event 4 (Bertran et al., 2010).

However, such mixtures are not the rule. Middle Palaeolithic
technological components are absent or rarely found in the lithic
series of Canaule II (Bachellerie et al., 2008), and other Châ-
telperronian open-air sites, such as Tambourets (Bricker and Laville,
1977), la Cote (Pelegrin, 1995), Grotte des Cottés (Primault, 2003;
Soressi et al., 2010), in Châtelperronian levels Ejf to Ejo of La Grande
Roche at Quinçay (Lévêque,1987; Roussel and Sorressi, 2010), at the
Grotte du Loup (Mazière and Tixier, 1976) and in Labeko Koba level
IX (Basque Country) (Arrizabalaga and Altuna, 2000). The propor-
tion of discoidal components in the total core assemblage is
comprised at between 6% (level X) and 2% (level VIII) at the Grotte
du Renne (Connet, 2002). In a recent technological reappraisal of
the Roche à Pierrot at Saint-Césaire, Ejop inf is assigned to the
Middle Palaeolithic and Ejop sup to the Châtelperronian (Soressi,
2010). The Ejop sup level appears to comprise a duality in its
technological forms, with almost 50% of the lithics being scrapers
and more than 50% cores that exclusively produced flakes. This is
mirrored amongst the lithic assemblages of levels XeVIII at Arcy-
sur-Cure (Farizy, 1990; Gouedo, 1990; Connet, 2002). This associa-
tion has been interpreted as representative of an early evolutionary
phase of the Châtelperronian (Lévêque, 1987; Farizy, 1990).

Nevertheless, the homogeneity of the Saint-Césaire Ejop sup
lithic assemblage has been questioned by some authors (Bordes,
1981; Sonneville-Bordes, 1989; Rigaud, 1996; Bar-Yosef, 2006).
A spatial study of the lithics and faunal remains in the Ejop sup level
at Saint-Césaire has revealed, on the one hand, a clear association
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between bovid remains and technologically Middle Palaeolithic
lithics and, on the other hand, between Reindeer remains and
Châtelperronian points (Backer, 1993). Furthermore, significant
similarities have been noted in lithic reduction strategies between
the ‘Mousterian’ component in the Ejop level and the Denticulate
Mousterian of Egpf (Guilbaud et al., 1994).

In an attempt to clarify the doubts concerning the integrity of
the sequence and the homogeneity of the Ejop sup level, which has
a central role in the theory of a Neanderthal association with the
Châtelperronian, systematic bone refits of eight stratigraphical
faunal assemblages of the Roche à Pierrot at Saint-Césaire sequence
were carried out by Morin et al. (2005). This study confirmed that
the horse and bison/reindeer proportion varies according to the
distance from the cliff not only in level Ejop sup but also in other
levels. The rarity of inter-layer refits has been put forward as an
argument against the contamination of Ejop sup by material from
the Middle Palaeolithic lower levels and to confirm the homoge-
neity of the lithic assemblages recovered in the sequence (Hublin
and Bailey, 2006).

The hypothesis of the accumulation of Denticulate Middle
Palaeolithic and Châtelperronian materials in the same sedimen-
tary unit, as proposed by Guilbaud et al. (1994), has been also
rejected given the difference between the average TL age of
36.3 � 1.3 ka obtained for the Ejop sup level and 40.28 � 1.84 ka
obtained for level Egpf and considering “that the earliest Châ-
telperronian occupations in France and Spain are dated around
38 ka and 39 ka” (Morin et al., 2005).

Considering the discrepancy between the TL ages of the Roche à
Pierrot at Saint-Césaire Ejop sup level (Mercier et al., 1991) and the
results obtained by radiocarbon AMS using an ultrafiltration
protocol of bone samples recovered in levels assigned to the Châ-
telperronian (Gravina et al., 2005; Zilhão et al., 2006; Higham et al.,
2010), one can ask if the chronological argument advanced by
Morin et al. (2005) is still valid and if the mixed character attested
in the Ejop sup level is the result of successive activities separated
by a long interval of time or the consequence of a new transition
technology, characteristic of the Châtelperronian culture.

The data obtained from the typo-technological and spatial
studies of the Bordes-Fitte GFU D show that the Middle and Upper
Palaeolithic components are made from different raw materials,
have different technological characteristics, spatial distribution and
refit ratios. These four facts could be explained as the result of
different functions, places of production and differences between
tools made on flake and on blades. The flake tools could have been
produced near to local sources, or other extra-regional Lower
Turonian flint sources, or in other locations around the Roches
d’Abilly site, whereas the Châtelperronian blanks and points
produced from local flint, would have been made at the site.
Against this explanation, the vertical distribution of the two tech-
nological components (Fig. 12) indicates a distinct spatial distri-
bution and post-depositional displacement pattern, probably
resulting from the existence of two successive phases of occupation
and distinct post-depositional movements. The most parsimonious
explanation is the existence of a sedimentary hiatus between the
Denticulate Mousterian occupation, represented by the discoidal
and Levallois method, bearing burnt pieces and spatially associated
with burnt silicified limestone detected at the limit between the
GC2 and GC3 complexes (Fig.4). The existence of a hiatus is sug-
gested by the time interval between the age of 51 � 3 ka, obtained
for the burnt calcarenite fragment recovered at the base of the GFU
Figure 11. Horizontal plot of lithic remains assigned to the Solutrean (A), Aurignacian
(B), Châtelperronian (C) and tooth refits from a total of 518 analyzed (ungulates: 463,
carnivores: 55) (C).



Figure 12. Vertical plot of the techno-typological categories defined for the lithic assemblages recovered in the geoarchaeological field units AOF for 6 sections of 50 cm
(see Fig. 11).
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D, the complete absence of burnt pieces in the blade production
component of GFU D, and the ages of 39 � 2 ka and 45 � 2 ka
obtained for the GFU D sediment. Denticulate Mousterian occu-
pation would thus have taken place around 51 ka (as observed in
the French south-eastern Middle Paleolithic occupation sequences;
Vieillevignes et al., 2008), well before the Châtelperronian.

Although a superficial analysis of the lithic assemblage preser-
vation stage could have suggested that the Châtelperronian mate-
rial corresponds to an original mix of Middle and Upper Palaeolithic
technologies, the careful taphonomic study of the Bordes-Fitte
rockshelter GFU D shows otherwise; the mix is of two occupation
phase remains, not two coeval technologies. The best analogies for
the most recent blade component are found in the open-air sites of
les Tambourets (Bricker and Laville, 1977), Canaule (Bachellerie
et al., 2008), La Côte (Pelegrin, 1995), Roc de Combe (Pelegrin,
1995) and in the Châtelperronian levels of la Grande Roche at
Quinçay (Roussel and Sorressi, 2010).

The existence of several evolutionary phases in the Châ-
telperronian lithic technologies was originally proposed by
Lévêque (1987). The oldest, named Proto-Châtelperronian, is
characterized by numerous side-scrapers, denticulates and a few
bifaces associated with burins, end-scrapers on blades and backed
pieces. The series from level B at the Grotte XVI was assigned to this
first phase (Lucas et al., 2003). However, the first results of a tech-
nological study of the Grande Roche at Quinçay sequence (Roussel
and Sorressi, 2010) show that the lithic production associated with
level Egc must be assigned, in fact, to the Mousterian of Acheulean
Tradition and that levels Egf to Ejo both yielding homogenous
Châtelperronian blade blanks for backed point production
throughout are technologically the same.
The hypothesis of the existence of evolution from the Middle
Palaeolithic reduction sequences to the Châtelperronian point
production (Soressi, 2010) cannot be definitively discarded yet.
However, the putative transitional technological stages remain to
be found and the evidence from Quinçay (Roussel and Sorressi,
2010) reveals distinct blank production sequences, retouch tech-
niques, and morphologies for the backed tools of the Mousterian of
Acheulean Tradition (MTA) and the Châtelperronian (Roussel and
Sorressi, 2010). The characteristic bifacial technology of the MTA
(Soressi, 2002) is completely absent in the open-air Châtelperro-
nian sites. The superposition of MTA B and Châtelperronian site
distribution patterns has been used to argue for continuity between
the two (Pelegrin and Soressi, 2007). However, a similar distribu-
tion pattern can be observed well after the MTA, for lithic tools
types and artistic conventions during the Upper Palaeolithic, sug-
gesting that environmental forcing could be an alternative expla-
nation and the current evidence is that, in stratified sequences, the
latest Middle Palaeolithic is a DenticulateMousterian (Vieillevignes
et al., 2008; Bar-Yosef and Bordes, 2010).

Who were the makers of the Châtelperronian technology?

The issue of ‘who made these tools’ is crucial in the debate
regarding the transition from the Middle to the Upper Palaeolithic
(Gambier et al., 2004; Zilhão et al., 2006; Bar-Yosef, 2006; Bailey
et al., 2009; Bar-Yosef and Bordes, 2010; Green et al., 2010).

The Combe-Capelle burial is now known to be Mesolithic
(Hoffmann et al., 2011) and all diagnostic human remains found in
late Middle Palaeolithic contexts are Neanderthal. As for the
‘transitional’ assemblages, the Châtelperronian is the only one that



Figure 13. The Roches d’Abilly Bordes-Fitte rockshelter #1, right maxillary incisor (N-9 #18), (1) distal face, (2) lingual face, (3) labial face, (4) incisal edge.
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has yielded significant human remains from two sites, both clearly
Neanderthal (Lévêque and Vandermeersch, 1980; Hublin et al.,
1996; Bailey and Hublin, 2006). However, the morphological
characteristics of isolated human remains are often non-
discriminant, most dental features are shared (Gambier et al.,
2004), and the number of human remains available for the time
spanning between 30 ka and 40 ka is very limited.

The homogeneity of the assemblages and the association of the
Neanderthal human remains with the Châtelperronian blade
production must be re-evaluated, considering the singular tech-
nological composition of the Ejop sup lithic assemblage of the
Roche à Pierrot at Saint-Césaire. At the Grotte du Renne, the asso-
ciation of the diagnostically Châtelperronian lithics with diagnos-
tically Neanderthal human remains has been explained by an
admixture of Middle Palaeolithic elements within the Châ-
telperronian levels as the result of digging and leveling during the
first Châtelperronian occupation of the site or by post-depositional
processes (Movius, 1969; White, 2001; Bordes, 2006a; Bar-Yosef
and Bordes, 2010). The wide-ranging 14C AMS results obtained on
bones from the Châtelperronian levels XeVIII of the Arcy-sur-
Cure’s sequence, spanning from 21,150 � 160 14C yr BP to
48,700� 3600 14C yr BP, have been interpreted as an argument that
material from several contexts has moved both up and down the
stratigraphic sequence into the Châtelperronian levels (Higham
et al., 2010). The result of 48,700 � 3600 14C yr BP from level X is
interpreted as the dating of a bone sample derived from the lower
Mousterian levels. The awl dated to 37,000� 1000 14C yr BP, and rib
fragment with cut marks to 38,200 � 1200 14C yr BP, located in the
Middle Palaeolithic level XII, but recovered in an area in which
there had been extensive disturbance, are interpreted as derived
from the Châtelperronian occupation. Thus, the dates obtained
suggest a post-depositional disturbance that has to be evaluated in
terms of process and extent; they do not reveal clearly that Middle
Palaeolithic material moved up during the Châtelperronian
occupation.

In this context, the maxillary incisor discovered in the square N-
9 of the Bordes-Fitte rockshelter at the top of GFU D (yielding
Châtelperronian and Middle Palaeolithic lithic components)
directly under the GC4 complex (Aurignacian lithic and faunal
remains mixed with a patinated Middle Palaeolithic lithic compo-
nent) is of major interest. However, its location adjacent to
a collapsed roof fragment and at the erosional limit between GC3
and GC4 complexes, does not permit secure archaeological
assignment to one of these different occupations.

This isolated specimen is a permanent right I2 (Fig.13). The crown
is completely formed but the root apex is still open, suggesting
a developmental age less than nine to 11 years (Smith,1991; Hillson,
2003). The specimen is very fragile, presenting longitudinal cracks
in both the crown and the root. The labial surface is also marked by
a series of fine scratches in a diverse range of orientations. On the
lingual surface, the enamel is covered with a thin layer of sediment.
The apical portion of the root is in a particularly delicate condition,
with the tip broken away. An occlusal attrition facet extending along
the incisal edge was recorded (Smith, 1984; stage 2).

In all, metric (especially buccal-lingual diameter ¼ 6.8 mm) and
non-metric data (according to ASUDAS system) strongly suggest
that this tooth did not belong to a Neanderthal specimen. Also non-
metrical diagnostic features typical in Neanderthals are absent
(namely, tuberculum dentale), shovel shape or double shovel shape
traits (all ASUDAS ¼ 0).
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Conclusions

Archaeological research carried out since 2007 at the Roches
d’Abilly site has revealed a sequence of human occupations that
sheds new light on the Middle to Upper Palaeolithic transition. The
total 3 m-thick deposit preserved at the Bordes-Fitte rockshelter is
composed of typical near-surface (shallow) sedimentary facies,
where autochthonous and allochthonous inputs easily mingle, in
a context dominated by run-off and gravitational sedimentary
processes. The stratigraphic sequence results from several episodes
of sediment slope-wash and endokarst dynamics, with several
hiatuses and important erosional phases. While the stratigraphic
record reveals a complex taphonomic history and alteration of the
original spatial organization of the archaeological remains, as
attested in most of the rockshelter and cave entrance sequences
where a geaoarchaeological approach was applied (Goldberg and
Macphail, 2006; Texier, 2009), the human input, sedimentary
sources and dynamics could be defined, and the processes and
amplitude of the degradation evaluated.

Few sites contain inter-stratified Châtelperronian lithic indus-
tries, and most were excavated in an early phase or are still only
partially published. The archaeological work and study carried out
between2007and2010 at theAbri Bordes-Fitte rockshelter allowus
to establish that the lithic assemblage from the GFU D, comprising
the Châtelperronian blade andMiddle Palaeolithic flake production,
is not homogeneous and corresponds to an accumulation of remains
discarded during successive occupations preserved within a single
stratigraphic unit. Châtelperronian point remains present a high
refit ratio that permits a precise reconstruction of various reduction
sequences, and the refit set spatial distribution indicates a low
degree of post-depositional degradation. This result has important
implications for the interpretation of knapping activities and this
site’s function, aswell as other inter-stratified Châtelperronian lithic
assemblages purporting to display transitional technological char-
acteristics and to define its affinities to earlier and later industries.

Our data offer new evidence on the timing and chrono-
stratigraphical relationship of the Middle Palaeolithic, Châ-
telperronian and Aurignacian occupations in a region intermediary
between the Paris Basin and southern France. Denticulate Mous-
terian, the youngest Middle Palaeolithic occupation of the rock-
shelter, is dated around 51 ka. The ages obtained by 14C AMS and
OSL on samples from the GFU D, and the evaluation of post-
depositional degradation permit us to place the Châtelperronian
occupation in the 41 kae48 ka interval. This Châtelperronian
occupation predates an episode of rockshelter collapse followed by
a main erosional event, and the deposition of the GC4 complex
dated to around 41 14C cal ka BP that contains Aurignacian remains
in secondary position.

The maxillary incisor recovered at the top of GFU D (bearing
most of the Châtelperronian component but immediately overlain
by Aurignacian-bearing GC4 complex) should be better character-
ized by high-resolution microtomography. Also, direct 14C AMS
dating as well as the continuation of the field work at the Bordes-
Fitte rockshelter and other Middle and Early Upper Palaeolithic
occupations detected along the Roches d’Abilly cliff site, will clarify
the relation between this fossil and the different human occupa-
tions recorded in adjacent levels.
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