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Charcoal Analysis at Limon-Raspail (Vaucluse,
Southeastern France): New Data Concerning

the Vegetation and its Management in Provence

at the End of the Neolithic (2880-2580 cal. B.C.)

Analyse anthracologique du Limon-Raspail (Vaucluse, Sud-Est de la France) :

nouvelles données sur la végétation et sa gestion en Provence a la fin du Néolithique
(2880-2580 cal. BC)

Janet BATTENTIER?, Jessie CAULIEZ, Isabelle TaERY-PARISOT® et Claire DELHON®

Abstract: The charcoal analysis of the Late Neolithic open-air settlement of Limon-Raspail (Southeastern France, 2880-2580 cal. B.C.) documents
the vegetal landscape and its management in the Mediterranean hinterland, between the Rhone lower alluvial plain and the alpine foothills,
during a period of increasing agro-pastoral pressure and territorial competition. This area at the edge of the Mediterranean influence is poorly
documented at this time while the foreland seems concerned by a shift from the primary deciduous oak forest to the evergreen shrubland. The
charcoal samples proceed from accumulation in stratified individual and clustered pits used as hearths or middens. The spectrum suggests the
importance of the deciduous oak forest and the exploitation of contrasted formations such as supra-mediterranean, mountain, shrubland and
more humid vegetation. In the uppermost layers, the significant diversification of the taxa — mainly the shrubland ones — may reflect a slight
opening up of the landscape or a change in woody resources supply. The potential biogeographic and socio-economical causes are detailed thanks
to a review of the regional anthracological data.

Résumé : Luanalyse anthracologique du site de plein-air du Limon-Raspail (Sud-Est de la France, 2880-2580 cal. B.C.) documente le paysage végétal
de Larriére-pays méditerranéen, entre la basse vallée du Rhine et les piémonts alpins et sa gestion par un groupe du Néolithique final, au cours d’une
période de pression agro-pastorale et de compétition territoriale croissantes. Cette zone a la marge des influences méditerranéennes reste jusqu'is présent
peu documentée, alors que l'on sait que la chénaie caducifoliée primaire de avant-pays est progressivement remplacée par des formations arbustives
sempervirentes. Les charbons analysés proviennent du remplissage stratifié des fosses, isolées ou groupées, qui ont servi de foyers ou de dépotoirs. Le spectre
anthracologique suggére l'importance de la chénaie caducifoliée er 'exploitation de formations végétales variées, supra-méditerranéennes, montagnardes,
de garrigues et de milieux plus humides. Dans les niveaux supérieurs, une diversification significative des taxons, surtout ceux des formations arbustives,
pourrait refléter une légére ouverture du paysage ou un changement d aire d approvisionnement en bois. Les possibles causes de ces changements, d'ordre
biogéographique et socio-économique, sont détaillées i la lumiére des données anthracologiques disponibles pour la région.

Keywords: Late Neolithic, open-air site, Southeastern France, vegetation, wood charcoal.
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1. INTRODUCTION

Limon-Raspail (Bédoin, Vaucluse, Southeastern France)
is an open-air site, located at nearly 350 m a.s.l. in the
Mediterranean hinterland (Fig. 1), at the foot of the Mont
Ventoux (1912 m a.s.l.), between the lower Rhone allu-
vial plain and the alpine foothills. It was occupied during
the Late Neolithic, between 2880 and 2580 cal. B.C. This
region was exploited for agro-pastoral purposes since the
Early Neolithic (Cardial culture: 5450-4900 cal. B.C.),
and during the Middle and Late Neolithic it was inten-
sively visited as a source of Bedoulian flint. The strategic
position of this region, at the crossroads between northern
and southern Europe and the Alpine area, also explains its
attractiveness in a context of development of the exchange
networks during the Middle Neolithic (e.g. Beeching, 2003;
Léa, 2005; Binder et al., 2012) and then of their diversifi-
cation, during the Late Neolithic (Lemercier ez al., 2004;
Thirault, 2004; Cauliez, 2011).

Around 130 Late Neolithic dwellings have been recorded
in the department of Vaucluse (D’Anna, 1995; Lemercier ez
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al., 2004; Caraglio, 2015). Most of them are not stratified or
are only known from ancient excavations. During the Late
Neolithic, between 3400 and 2100 cal. B.C., the increasing
abundance of polished axes and millstones (Lemercier ez al.,
2004), the repeated evidence of the use of animal traction
(Blaise, 2010) and the increase of the substitution of the
primary deciduous oak forest by evergreen shrubland (Triat-
Laval, 1979; Vernet & Thiébault, 1987; Heinz & Thiébault,
1998) suggest the augmentation of agro-pastoral productions
(Heinz et al., 1993; Lemercier et al., 2004; Blaise, 2010) that
may be linked to a demographic growth (Bouville, 1980;
D’Anna, 1995). For the same period, the finds of many
remains of stone or earthen architecture (Beeching, 2003;
Lemercier et al., 2004; Lemercier & Gilabert, 2009), the
long-lasting settlements of several open-air sites (Blaise, 2005)
and the megalithic burials may illustrate an increasing ancho-
rage to the ground (Beeching, 2003; Cauliez, 2011). In the
same way, the reinforcement of signs of belonging (anthro-
pomorphic art) and the technical advances (for example in
copper metallurgy) may indicate a higher social, economic
and territorial competition (Cauliez, 2011).

‘Ventoux

4 1912
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Figure 1: Geographical situation of the
Limon-Raspail site (star) in Provence
(South-Eastern France). Dotted line:
Vaucluse department (© Google Earth
Pro).

Figure 1 : Situation géographique du site
du Limon-Raspail (étoile) en Provence
(Sud-Est de la France). Ligne pointillée :
département du Vaucluse (© Google
Earth Pro).
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Firewood management is often one of the best recorded
aspects of the interaction between past societies and their
vegetal landscape, because of the important amounts of long-
lasting remains it provides in the form of wood charcoal.
Nevertheless, it remains surprisingly under documented for
the end of the Neolithic in the area. The lack of informa-
tion for the final Neolithic prevents us from clearly unders-
tanding the timing and the mechanism of the response of
Mediterranean woodland at a pivotal period for the socio-
natural interactions in a key area, characterized by an already
long tradition of natural resources exploitation. Therefore,
the recovery of charcoal fragments during the excavations at
Limon-Raspail constituted an opportunity to improve the
documentation concerning the final Neolithic vegetation in
Provence and its management by human populations, and
to take another step towards a future synthesis on a regional
scale with high chronological resolution, which is currently
unattainable on the basis of the available data.

2. ARCHAEOLOGICAL SETTING OF THE SITE

The Limon-Raspail site was discovered in 2005, during
grapevine replanting. The overall area of the site, assessed
from the remains recovered in abundance through surveys,
reaches 1.5 ha, among which 250 m? have been excava-
ted under the supervision of J. Cauliez. On that surface

Limon-Raspail: pits

35 pits were found, among which 22 have been completely
excavated and 16 have been sampled for archaeobotanical
investigations (Fig. 2). Six "*C datings carried out on char-
coal fragments and animal bones from the pits (Table 1) fit
between 2880 and 2580 cal. B.C. (Cauliez ez 4/, 2011),
which corresponds to a plateau of the radiocarbon calibra-
tion curve (Reimer et al., 2013).

This domestic settlement is located at the foothill of the
Mont Ventoux (Fig. 1), whose summit (at 14 kms as the
crow flies) is directly visible from the site. The site is loca-
ted at the interface between argillaceous limestone and
Burdigalian molasse, on top of a small hill (350 m a.s.l.)
overlooking the sedimentary basin of the Rhone river to
the West and the Mormoiron-Bédoin basin to the east.
Currently, two rivers traverse this hill: the rivers Auzon
(around 4 km to the south) and Méde (around 1 km to the
north). The low slope declivity and the important sedimen-
tary covering enable a good preservation of the archaeolo-
gical remains.

Indeed, although the occupation layer and the upper-
most layers of the pits have vanished due to the intensive
tillage, the remaining infillings of the hollow structures
display various and numerous remains documenting the
dwellers’ way of life. The 22 excavated pits form two groups
separated by an empty space. The southern group is com-
posed of individual pits, in a more or less parallel arrange-
ment, whereas the pits are clustered in the northern group

PitID 6

@ charcoal samples not o
© no charcoal sample ~ €xcavated

excavated

Figure 2: (See colour plate VI) Plan
of the excavated area showing the
location of the studied pits, with
a zoom on structure 23 (clustered
pits) showing the successive hol-
lowing phases and a photograph of
pit 4 showing the typical filling of a
refuse pit (drawings and photos J.
Cauliez).

Figure 2: (Voir planche couleur VI)
Plan de la zone fouillée et localisation
des fosses étudiées, avec un zoom sur
la structure 23 (fosses groupées) mon-
trant les phases successives de creu-
sement et photographie de la fosse 4
montrant le remplissage typique d’une
fo_vse de rejet (¢ dessins et p/aotogmp/aie:
J. Cauliez).

Pit 4 (refuse pit)
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Pits Layers Lab code B.P. cal. B.C. (20)
4 5 Lyon-4910 | 4145+ 35 | 2877 - 2620
7 5 Poz-16631 | 4140+ 35 | 2875 - 2601
8 5 Lyon-3806 | 4160 + 30 | 2880 - 2632
16 10 Lyon-4911 | 4130+ 35 | 2872 - 2582

23A 8 Lyon-3805 | 4180 + 30 | 2887 - 2666

23B 3 Lyon-4912 | 4170 + 35 | 2885 - 2632

Table 1: Date B.P. and calibrated B.C. Calibration curve IntCal
13, software OxCal 4.2.4 (Reimer et al., 2013)

Tableau 1: Dates B.P et calibrées B.C. Courbe de calibration IntCal
13, software OxCal 4.2.4 (Reimer et al., 2013)

(Fig. 2). Contrary to the isolated pits, a relative chronology
of the hollowing and use of the clustered pits provides an
approximate estimation of the duration of the occupation.
The infilling of the pits and their morphology, studied by J.
Cauliez and her team (Cauliez ez a/., 2011), made it possible
to distinguish their primary function (mainly that of storage
and combustion) and to state that most of them were later
used as refuse pits. Among the refuse content, the presence
of millstones (fragmented or not), bones of sheep, goat and
cattle (Cauliez er @/, 2011) and cereal grains (discovered
during the sieving but not yet analysed) allows to establish
that agro-pastoral and domestic activities were carried out
on the site. The age-at-death of domestic ruminants are
varied and include young animals, suggesting that the site
were occupied in all seasons. Remains of earthen and woo-
den (wattle) architecture are also present. The ceramic arte-
facts, show no stylistic evolution during the occupation. The
style is influenced by the cultures from regions situated to
the North (Dréome: Allan group, Jura and Suisse: Clairvaux
group) and to the West (Ardeche: Bruyeres group) and to a
lesser extent by those that developed in Southeastern France
(Provence: Couronnian group), which is probably linked
to the location of this site close to the middle Rhone valley
which constitutes a major north-south communication axis.
The integration of the site within exchange networks is also
confirmed by the presence of a fragment of a Pressignien
dagger (sourcing from central western France) and the use
of alpine rocks such as eclogite and jadeite (Cauliez ez 4/,
2011). Some of the individual pits investigated (pits 1, 2,
3, 4, 5, 8 and 14) were established as having been refuse
pits on the basis of their morphology and the nature of the
remains they contained (e.g. butchery refuse: Fig. 2). Pits 9
and 12 present in situ or collapsed pieces of heated earth.
They also contain a bottom ashy layer covered by in situ
fractured stones, probably under the influence of heat. All
these elements have been considered as indicators of com-
bustion pits. The clustered pits 23A to 23E recut each other
and thus three successive phases of hollowing were identified
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(Fig. 2). The date of pit 23B level 3, from the first phase, is
extremely close to the date of pit 23A level 8, from the third
phase ( 1), but their functions imply that a certain interval
of time has elapsed between their respective uses. Indeed,
the last pit (23A), which was initially a storage pit, was
partly dug into the fill of refuse pits from previous phases
(23B and 23E). Storing in a midden seems only possible if
its previous contents is sufficiently old to seem clean or at
least favourable to storage. According to this archacological
record, Limon-Raspail would not be an occasional occupa-
tion and would have either lasted for several years or been
reoccupied several times, although both chronocultural and
radiocarbon data fail in documenting the precise chronology
of the occupation (no ceramic stylistic evolution, overlap-
ping calibrated "“C datings).

Most of the excavated pits presented clearly identified
charcoal accumulations. No refitting of the fragments of
archacological artefacts was possible neither between dif-
ferent pits nor between two layers from a same pit, which
suggests that the wastes were thrown in the refuse pits
directly after their abandonment (Last, 1998), without the
use of an intermediary midden (Salavert, 2010; Bosquet,
2013). In this case, the overlapping layers which composed
the filling of these pits can be reasonably considered as chro-
nological succession, recording the evolution of the dwellers’
way of life (Needham & Spence, 1997) and, regarding the
charcoal wastes, that of the fuel they used (Salavert, 2010).

3. CURRENT ENVIRONMENTAL SETTING
OF THE SITE

The vegetation around the site currently belongs to the
meso-mediterranean vegetation belt. A botanical survey car-
ried out in spring 2015 enabled us to observe that the direct
surrounding of the site (currently covered by a vineyard)
is occupied by the Mediterranean shrubland dominated by
evergreen oak (Quercus ilex) and juniper (Juniperus oxyce-
drus). Abandoned vine crops are overgrown with a shrubby
vegetation—consisting of kermes oak (Quercus coccifera),
blackthorn (Prunus spinosa), whitebeam (Sorbus aria)—
among which young deciduous oak (Quercus pubescens)
and resprouts of olive tree (Olea europaea) are found. This
relatively open vegetation includes a bush layer of thyme
(Thymus), dogwood (Cornus sanguinea), wild asparagus
(Asparagus acutifolius) and sub-spontaneous or post-cultural
grape vine (Vitis vinifera). Aleppo pine (Pinus halepensis) and
maritime pine (Pinus pinaster) are the only taxa currently
represented by fully grown high trees.
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To the north-east, the Mont Ventoux, displays an altitudi-
nal succession of vegetation belts, from the meso- and supra-
mediterranean levels to the mountain and pre-alpine ones
(Gobert & Pautou, 1969). The east-west orientation of the
Ventoux determines the presence on its northern slopes of a
medio-european vegetation mainly characterised by beech-
fir association (Fagus and Abies), whereas a mediterranean
vegetation mainly represented by deciduous oak and Scots
pine (Pinus sylvestris) grows on the southern slopes (Barbero
& Quézel, 1975). However, the Ventoux vegetal landscapes
mainly proceed from reforesting carried out since 1861 in
order to prevent an alarming deforestation already noticed
in 1549 (Guende & Barbero, 1978) and partly resulting
from a high agro-pastoral pressure (Carmantrand, 1955;
Thinon, 2007).

4, MATERIAL AND METHODS

During the rescue excavation the anthracological samples
were carried out in the 16 stratified pits which present the
most complex infilling (Fig. 2). They provided charcoal
assemblages from 31 stratigraphic units. Charcoal fragments
were recovered in the laboratory by sieving, using flotation,
10 litres of sediment through a 2 mm meshed sieve for each
sample.

The taxonomic identification of the charred wood frag-
ments was carried out with a reflection microscope, at
magnifications ranging from 50x to 500x. After being
manually fractured, the three characteristic anatomical
planes (transversal, longitudinal tangential and longitudi-
nal radial) of the fragments were observed and compared to
published descriptions (Schweingruber, 1990; Vernet ez al.,
2001) and with charred wood from the reference collection
of the CEPAM laboratory (UMR 7264, CNRS, Université
Cote d’Azur). For each sample, the analysis continued until
a further 50 fragments did not allow identifying any new
taxon.

To interpret the results of this analysis we have calcula-
ted the percentage of fragments per taxa (Table 2; Fig. 3A).
In order to reduce the over-representation of the dominant
taxa this conventional calculation has been completed by the
percentage of occurrences per taxa (Table 3; Fig. 3B). The
percentage of occurrences enables to perceive the diversity of
taxa in each sample without taking into account the num-
ber of fragments from these taxa (Delhon, 2016). In this
method ‘the presence of a taxon in a sample has a value of 1,
whatever the number of fragments of that taxon. The absence of
a taxon in a sample has a value of 0” (Delhon & Thiébault,
2008, p. 67). The base sum for the calculation of percen-

Limon-Raspail: charcoal analysis
(charcoal identification: J. Battentier)

A Deciduous Quercus
Deciduous oak forest
including
fringe vegetation

] Mountain & supra-
mediterranean vegetation

Pinus sylvestris

Ulmus sp. |

Xinus s

uS Sp. More humid vegetation
'Corylus avellana

M
shrubland

1725 charcoal fragments
31 samples

16 pits inus type mediterranean

More humid

vegetation Corylus avellana

Fraxinus sp.,
Populus sp./Salix sp.

Deciduous
Quercus

Supra-mediterranean ( Pinus sylvestris
& mountain vegetation( Deciduous oak forest
including

fringe vegetation

Abies sp.|

Pinus type Acersp.
mediterranean Prunus avium/sp)
Maloideae

Viburnum sp.
Pistacia sp.

cf. Labiatae Evergreen Quercu:

/
Phillyrea sp/ | Arbutus unedo
Total number of ;113 \

|
Erica sp.

Meso-mediterranean
shrubland

Figure 3: (See colour plate VI) Pie chart of the general results of
the charcoal analysis of Limon-Raspail (all pits taken together).
Taxa are grouped according to their ecological affinities. A: percen-
tage of fragments per taxa (see table 2 for details). B: percentage of
occurrences per taxa (see table 3 for details).

Figure 3 : (Voir planche couleur VI) Diagramme circulaire des résul-
tats généraux de l'analyse anthracologique du Limon-Raspail (toutes
structures confondues). Les taxons sont groupés en fonction de leurs
affinités écologiques. A : pourcentage de fragments par taxon (pour le
détail des résultats se reporter au tablean 2). B : pourcentage d'occur-
rences par taxon (pour le détail des résultats se reporter au tableau 3).

tages is obtained by adding the presences for each sample.
The percentages are calculated for each samples by taking
into account the number of presence of each taxon and,
as base sum, the sum of occurrences per sample. The same
method is used to perform the percentage of occurrences for
the whole corpus, all pits taken together, with the number
of presence of each taxon and as base sum, the global sum
of occurrences.

5. REsuLTS

Most of the 1725 identified fragments offered well-pre-
served anatomical structures. Almost half of the 31 strati-
graphic units exceeded 50 fragments (Table 2). Nineteen
woody taxa were identified on the site (Fig. 3), but half of
the assemblages provided only 3 taxa or less.
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Identified taxa and related vegetation

Deciduous oak (probably Quercus pubescens in this region)
largely dominates the spectrum both in terms of percen-
tage of fragments per taxa (Fig. 3A, Table 2) and in terms
of percentage of occurrences per taxa (Fig. 3B, Table 3).
Regardless of the provenance of the sample, be it from a
refuse or a combustion pit as well as from an individual or a
clustered pit, the deciduous oak dominates each stratigraphic
units. This taxon is the leader of the deciduous oak forest
which is the climax of the ecological succession of meso-
and supra-mediterranean vegetation belts. The deciduous
oak forest includes fringe or understory vegetation, repre-
sented in the spectrum by Acer sp., the Rosaceae (Prunus
avium, Prunus sp. and the Maloideae) and Viburnum sp.
The mountain vegetation is represented by Abies sp. This
taxon currently grows above 1200 m on the northern slope
of the Ventoux (Gobert & Pautou, 1968). Nevertheless,
it was probably more widespread at lower altitude during
the Neolithic in the north-western Mediterranean accor-
ding to pollen data (Muller ez a/., 2007; Magti et al., 2015;
Battentier ez al., 2018).

Pinus sylvestris represents the supra-mediterranean vege-
tation. Ulmus sp., Populus sp. or Salix sp., Fraxinus sp.
and Corylus avellana represent the more humid or riparian
vegetation. Finally, the meso-mediterranean shrubland is
represented by a wide diversity of taxa such as Pistacia sp.,
evergreen Quercus, Arbutus unedo, Erica sp., Phillyrea sp.
and/or Rhamnus alaternus, the Labiatae, Juniperus sp. and
Mediterranean Pinus.

Diversity of the samples

Despite the general dominance of deciduous oak, the
uppermost levels of the individual pits tend to present a
wider taxonomic diversity than the lower ones, notably
regarding shrubland species (Fig. 4). However, it must be
noticed that they also offered more charcoal fragments than
the underlying ones. In order to check if the increasing
number of different taxa in the uppermost levels is related
to the greater number of charcoal fragments identified, the
Shannon and Weaver index (H) has been calculated whene-
ver the diversity exceeded one taxon (Fig. 5). The Shannon
and Weaver index (Shannon, 1948; Shannon & Weaver,
1963) expresses the taxon richness (number of taxa) and
their distribution (evenness), relatively regardless of the
sample size. It has the advantage of being sensitive to the
taxa which are weakly represented. In most of the individual
refuse or combustion pits, the Shannon and Weaver indexes
of the uppermost or middle layers are higher than those of

the lowermost layers, indicating that the taxonomic diversity
of the uppermost layers is in general significantly higher
than that of the lowermost ones (and, consequently, the
evenness is better t00). The reliability of the Shannon index
variation between two layers of the same pit has been chec-
ked thanks to a Mann and Withney test (a nonparametric
test appropriate for the comparison of small independent
samples). At a 2.5% risk threshold, it proved to be signifi-
cant in any case. Thus, the greater diversity of taxa shown
by the uppermost layers comparatively to underlying layers
is not linked to their higher number of charcoal fragments.

If we consider the anthracological results of the cluste-
red pits (23C, 23E, 23A) as a diachronic record spreading
over three phases (Fig. 4), the evolution towards a higher
diversity of taxa and a higher abundance of charcoal frag-
ments is clearer. The relevance of the increasing diversity
was tested using the Shannon and Weaver index (Fig. 5).
In this case too, the values of the Shannon-Weaver index
are higher in the uppermost layers than in the lowermost
ones which indicates that the diversity is indeed increasing
through time, independently to the sample size. The Mann
and Withney test (with a 2.5% risk threshold) has checked
that the H variation between two of these pits is always
significant.

6. DiscussiON

Paleoenvironment

The analysis focus on pits used as hearths or where char-
coal was dumped after the cleaning of hearths. These depo-
sits are related to a short time of accumulation and could
possibly be too occasional to be representative of the whole
diversity of the paleoenvironment when they are considered
individually, as shown by the low number of taxa per sample
(Table 2). However, investigating numerous pits layers, each
of them resulting from a short-term accumulation, does
allow the obtaining of a broader spectrum (Chabal, 1997;
Théry-Parisot ez al., 2010).

The paleoenvironmental interpretation is authorized by
the ecological coherence of the spectrum, and the fact that
it is consistent with the local ecological conditions. The
predominance of deciduous oak associated to fringe taxa
belonging to the understory vegetation (Acer sp., Viburnum
sp. and the Rosaceae) suggest the importance of the deci-
duous oak forest.

The diversity of the xerophile shrubland vegetation refers
to an open vegetation growing on dry ground, contrary to
the mesophilic deciduous oak forest and the meso-hygro-
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Figure 4: (See colour plate VII)
Anthracological histograms
(percentage of fragments per
taxon) of the pits according to
the stratigraphy (see table 2 for
details). Nb: number of identi-
fied fragments; black line: 95%
confidence interval.

Figure 4 : (Voir planche cou-
leur VII) Diagrammes anthra-
cologiques (en pourcentage du
nombre de fragments par taxon)
des fosses selon la stratigraphie
(pour le détail des résultats se
reporter au tablean 2). Nb :
effectif de fragments identi-

fiés ; ligne noire : intervalle de
confiance i 95 %.
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Figure 5: Shannon index values of the refuse,
combustion and clustered pits, whenever the
diversity exceeded one taxon.

Figure 5 : Valeurs de l'indice de Shannon pour
les fo:se: de rejet, de combustion et les fo:se:
groupées dont la diversité était supérieure & un
taxon.
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phile taxa such as Ulmus sp., Populus sp./Salix sp., Fraxinus
sp., Corylus avellana. Abies sp. can also refer to vegetal for-
mations growing on rather wet soils and to contexts cha-
racterised by sufficient air humidity, provided either by
microclimatic condition or/and by closed canopy.

Although deciduous oak is dominant, which is probably
due to the primordial importance of the deciduous oak
forest in the vegetal landscape, the global percentage of
occurrences per taxa (Fig. 3B) seems to be representative of
contrasted formations surrounding the site and frequented
for the fuel supply. Among the formations which coexist
in the local landscape, the meso-hygrophile taxa may grow
close to the rivers or the humid area. The deciduous oak
forest was probably where the soil was deep or little affec-
ted by human activities contrary to the xerophile shrubland
vegetation which develops on dry and poor soils (e.g. slopes,
most exploited areas). However, since the edaphic condi-
tions remain unknown, it is difficult to be more precise
about the organisation of the vegetal landscape.

Land management

In most of the sampled layers from the refuse and the
combustion pits, different formations are represented (Table
2 and Fig. 4). Species from deciduous oak forest, shrubland
and more humid formations are often present in the same
level. In some layers, besides these associations, mountain
and supra-mediterranean vegetation are also represented
(pits 2, 5, 8, 12 and 14).

Whatever the functions of the pits are (refuse or combus-
tion pits), several formations — sometimes very contrasted
— are exploited. The diversified spectra recorded in most of
the pits layers allows to hypothesize the existence of a mosaic
landscape within the fuel gathering territory as shown by
the percentage of occurrences per taxa (Table 3; Fig. 3B).
Furthermore, the increase in the number of shrubland spe-
cies in the upper levels of each pits showing stratified fills
(Fig. 4) may suggest a change of the fuel gathering area
towards more open areas of the landscape or a management
of the exploited vegetation leading — either voluntarily or
otherwise — to the opening up of the landscape. This opening
may be due to browsing, repeated trampling by livestock
and agro-pastoral fires since bones of domestic ruminants
discovered on the site and cereal grains bring evidence of
farming and breeding activities. Several of these mechanisms
may be superimposed but reliable data (anthropogenic pol-
len indicators, frequency of the macro-charcoal) are lacking
in this area, to precise the cause of the opening up of the
landscape. Moreover, the radiocarbon curve plateau hinders
the perception of the time it took to fill the pits and thus
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prevents us from grasping whether it was sufficient or not
to allow a vegetation change.

Tracking vegetation changes

Data from the clustered pits offer a diachronic record
during several phases of the occupation of the site, which
indicates that the meso-mediterranean shrubland, but also
fringe vegetation linked to deciduous oak forest and the
more humid formation, tend to diversify at the end of the
sequence. This evolution may result from several causes. In
particular, the effect of human activities on the vegetation
must be considered, as the Vaucluse region has been inten-
sively frequented during the Neolithic (Fig. 6). Farming
activities are attested since the Early Neolithic Cardial
period either directly by the identification of cereal grains
and bones of domestic ruminants or indirectly, through the
discovery of millstones (Binder & Sénépart, 2004). Several
sites distributed over the Middle, Recent and Late Neolithic
suggest an carly and relatively intense agro-pastoral exploi-
tation, which is more widely documented throughout the
middle Rhone valley (Delhon ez al., 2009). Furthermore,
the Vaucluse region was also visited for its lithic resources
mainly during the Middle Neolithic. Indeed, several nearby
sites (Saint-Martin, les Trois Termes, Rocalibert, La Combe,
I'Abri du Levant de Léaunier and I'Abri Grangeon) seem to
be knapping workshops, specialized in the production of
the bedoulian flint bladelets, which were widely used during
the Chassean Middle Neolithic in the whole north-western
Mediterranean area. This production, which was a large scale
one, often needed heat treatment to improve the pressure
process leading to flint bladelets (Léa, 2005; Roqué-Rosell
et al., 2011). Thus, this production depended on the use of
fuel, most likely in the form of wood. The quantification of
the amount of wood consumed for such activity has never
been attempted so far to our knowledge, but this activity,
among others necessary to the daily-life of the groups that
exploited the flint resources, might also have played a cumu-
lative part in the local pressure on the woody resources,
several centuries before the occupation of Limon-Raspail.
Thus, after three millennia of Neolithic use of the lands-
cape added to a relatively warm, dry and contrasted climate
until cz 4500 cal. B.P. (Digerfeldt ez al., 1997; Magny et al.,
2009; Brisset et al., 2013), the resilience of the deciduous
oak forest may have been somewhat lowered.

On a broader scale, the diversification of the shrubland
taxa is also recorded on most of the Southern France Late
Neolithic sites (Fig. 7). Indeed, from the coastal edge to
the inland, the Meso-mediterranean shrubland is either
the main vegetation recorded in the anthracological spectra
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LPB: Les-Petites-Baties (Binder et al., 2002)
LZR: Les Lauziéres (D'Anna et al., 1989)

LTT: Les Trois Termes (Léa, 2004)

MTD: Mourre du Tendre (Lemercier et al., 2004)
MTN: Les Martins (Léa et al., 2004; Lemercier et al., 2004)
PDB: Plaine des Blancs (Muller et al., 1986)
PRT: Abris Perrets (Hameau & Paccard, 1989)
PTZ: Petit-Auzon (Mignon et al., 2010)

RCL: Rocalibert (Léa, 2004)

RBD: Les Ribauds (Lemercier et al., 2004)
RMD: La Rambaude (Escalon de Fonton, 1980)
SMR: St-Martin (Léa, 2011)

STV: Saint-Estéve (Léa et al., 2004)

VRG: Le Verger (Delaunay et al., 2006)

UNG: Unang (Paccard, 1993)

ALL: Abri du Levant de Léaunier (Léa et al., 2004)
BGL: Les Bagnoles (Sargiano et al., 2010)

BLT: La Blaoute (Léa et al., 2004)

BRM: La Brémonde (D'Anna et al., 1989)

BRS: Les Bartas (Lemercier et al., 2004)

BRT: Le Baratin (Sénépart, 2009)

CLR: La Clairiére (Sauzade et al., 1990)

CMB: La Combe (Léa et al., 2004)

CRN: Céron (Buisson-Catil, 2001;

Binder & Sénépart, 2004)

CSL: Colline Saint-Laurent (Lemercier et al., 2004)
DC: Le Duc (Lemercier et al., 2004)

FBS: Les Fabrys (Lemercier et al., 2004)

GRG: I'Abri Grangeon (Courtin, 1974)

JLR: Les Juilléras (Lemercier et al., 2002)

Figure 6: (See colour plate VIII) Main Neolithic sites in the
Vaucluse department.

Figure 6 : (Voir planche couleur VIII) Principaux sites néolithiques
dans le département du Vaucluse.

or it is co-dominant with deciduous oak forest. Charcoal
and pollen investigations record the development, since the
Middle Neolithic, of the evergreen oak and other sclerophyl-
lous species adapted to dry and shallow soils, to the detri-
ment of the deciduous oak forest (Triat-Laval, 1979; Vernet
& Thiébault, 1987; Heinz & Thiébault, 1998). These taxa,
such as Arbutus unedo, Erica arborea, Pistacia lentiscus, medi-
terranean Pinus (probably Pinus halepensis in this region)
but also Juniperus sp., Phyllirea sp./Rhamnus alaternus, Olea
europea and Buxus sempervirens, increase during the Late
Neolithic. They are able to grow in coppices and are most of
the time light demanding, thermophilous and xerophilous
(Rameau et al., 2008) whereas the deciduous oak is more
mesophilic. The development of the sclerophyllous vegeta-
tion to the detriment of the deciduous oak is greater (and
earlier) when the settlements are closer to the Mediterranean
(Thiébault, 1991; Battentier, 2018). Indeed, the seasonal
contrasts that characterize the Mediterranean climate and
the often-steep topography which favour erosion seem to
enhance the impact of the agro-pastoral activities on the
forest, causing the opening up of the land (Thiébault,
1991; Heinz & Thiébault, 1998; Battentier e al., 2015).
Moreover, in the coastal regions, the anthropogenic pressure

main vegetation recorded:
*Deciduous oak forest
Meso-mediterranean Limon-Raspail
shrubland
Meso-mediterranean shrubland 3400 2550 2100 1900 . B.C)

+ Deciduous oak forest
Deciduous oak forest
+ Fraxinus sp.

data:

ABR: Ambrussum (Chabal, 1997)

ANT: Antonnaire (Heinz, 1991)

/APN: Pendimoun (Battentier et al., 2015)
BCS: Baume Claire Baume Sourde (Heinz, 1991)
BRS: Brassiéres (Delhon, 2007)

BRZ: Baume de Ronze (Thiébault, 1999)
BSG: Boussargues (Figueiral, 1988)

CDR: Clos de Roque (Remicourt et al., 2014)
CHS: Chauve-Souris (Thiébault, 1999)

ERC: Espace Richter (Chabal, 1997)

FVJ: Font-Juvénal (Heinz & Thiébault, 1998)
HB: Hermés & Bousquetas (Chabal, 1999)
JLR: Juilléras (Delhon, 2007)

LGL: Lagarel (Chabal & Figueiral, 2007)
MPG: Ponteau (Battentier, 2018)

MVL: Moulin Villard Il (Chabal, 1997)
NSN: Nasino (Vernet, 1974)

PCR: Plaine de Chretien (Chabal, 1997)
PH: Puech Haut (Favre, 2005)

RCH: Richemont (Figueiral, 1988)

RCS: Rocher du Causse (Chabal, 2003a, b)
RIB: Ribauds (Delhon, 2005)

RQS: Roquessols (Figueiral ef al., 2012)
UNG: Unang (Thiébault, 1994)

VTS: Vautes (Chabal, 2003a, b)

VM: Vieux Mounoi (Thiébault, 2001)

Figure 7: (See colour plate VIII) Dominant vegetal landscape in
the Northwestern Mediterranean low lands according to charcoal
data from archaeological sites which document the Late Neolithic
period.

Figure 7 : (Voir planche couleur VIII) Paysages végétaux prépondé-
rants dans les basses terres de Méditerranée nord-occidentale, d'aprés
les données anthracologiques de sites archéologiques qui documentent

la période du Néolithique final.

seems to begin earlier than in the hinterland (Thiébault,
1991; Battentier, 2018). The North-western Mediterranean
shoreline seems exploited for agro-pastoral purposes since
the early phase of the Impresso-Cardial complex whereas,
in the hinterland, the first Neolithic indicators only appear
during the second phase of this complex (Binder & Maggi,
2001; Binder, 2013; Binder & Lepére, 2014).

The location of Limon-Raspail in the hinterland between
the Rhone alluvial plain and the Alps foothills induces more
temperate climatic conditions than on the shoreline and the
topography allowed the development of a relatively deep
soil, which favours a better resilience of the deciduous oak
forest when it is submitted to anthropogenic disturbances.
Even when the open vegetation taxa become more diverse
in the charcoal spectra from Limon-Raspail, deciduous oak
remains the most abundant species, in number of fragments
and occurrences, in the pits. The climatic and edaphic cha-
racteristics of Limon-Raspail may explain the slight evolu-
tion of the vegetal dynamics toward more open landscapes,
probably as a response to the anthropogenic pressure. The
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presence of Abies sp., a fire-sensitive taxon which currently
belongs to the mountain vegetation belt and that was
more widespread at lower altitude, in the north-western
Mediterranean, before the rise of the anthropogenic impact
according to pollen data (e.g. Muller ez 4/, 2007; Cruise ez
al., 2009; Magri ez al., 2015) suggests a relatively undistur-
bed vegetal cover.

In the lower layers of the pits, the low taxonomic diversity
and the dominance of the deciduous oak may also reflect
the environment when the first dwellers arrived to the site.
Indeed, the exploitation of the tree cover, mainly represented
by deciduous oak in the local vegetation, enables to gene-
rate open spaces thereby facilitating the establishment of the
dwelling and the agro-pastoral activities. Then, the slight
diversification of the charcoal spectra in the upper levels
of the pits from Limon-Raspail may illustrate an enlarge-
ment of the fuel supply territory and/or an intensification
and diversification of human activities, leading to a growing
impact on the vegetation.

However, the charcoal spectrum from Limon-Raspail
is relatively original among the Late Neolithic sites of
Southern France. Most of the time, the meso-mediterranean
shrubland is better represented in terms of percentage of
fragments per taxa and the deciduous forest less predomi-
nant (Fig. 7). Considering the abundance of construction
earth at Limon-Raspail and the large wattle imprints which
suggest the presence of earthen and wooden architecture,
we must consider the possibility that a part of the fragments
identified originate from timber or at least from timber resi-
dues used as fuel. The hypothesis of the presence of timber
among the charcoal assemblage is impossible to confirm
because of the absence of burnt architecture remains in a
primary position, which would have enabled a comparison
between firewood and timber spectra. Nevertheless, the
selection of deciduous oak for timber has been evidenced
for the Neolithic of southern France, at Les Vautes (Chabal,
2003a, b), Cazan (Delhon ez 4/, 2017) and probably Puech
Haut (Fabre, 2005). The possibility that timber could end
up in hearths together with wood especially gathered to be
used as fuel has already been raised in particular for the Early
Neolithic settlements in Belgium and for the Late Neolithic
pile dwellings in Jura (North-western France) (Dufraisse,
2008; Salavert & Dufraisse, 2014, Salavert et al., 2014).
The re-use of timber as fuel or the incorporation of timber
residues as firewood could induce an over-representation of
deciduous oak, which would then partly reflect the selec-
tion of this specie for a specific use (timber) rather than
the actual contribution of the different taxa to the woody
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vegetation around the site. Deciduous oak may have been
selected because of its abundance in the local vegetation
and because it fits some technical requirements thanks to
its dimensions and because it is more or less rot-proof com-
pared to other species.

7. CONCLUSIONS

The interpretation of anthracological data issued from
short term accumulations, in pits with no information about
the duration they recorded, is very challenging. Still, the
high diversity of woody species at Limon-Raspail is rele-
vant to suggest a mosaic vegetal landscape still dominated
by the deciduous oak forest at the end of the Neolithic. In
this area poorly documented for this period when the fore-
land is concerned by the shift from a wide-spread primary
deciduous oak forest to a growing importance of evergreen
shrublands, this result is yet of great interest. The cause of
the slight increase of the sclerophyllous vegetation in the
uppermost levels (ecological dynamic or socio-economical
change?) is not easily identifiable, due to the nature of the
data (charcoal accumulations without clear chronological
relation) and the lack of comparative data. Despite the early
agro-pastoral exploitation and the constant frequentation of
the region throughout the Neolithic, climatic (edge of the
Mediterranean influence), topographic or edaphic factors
may have favoured a better resilience of the forest to the
anthropogenic pressure than in foreland. The presence of
Abies sp. suggests a relatively undisturbed vegetal cover. The
charcoal analysis at Limon-Raspail is a first and promising
step towards a better understanding of the Late Neolithic
environment and its management, in the Mediterranean
hinterland.
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