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ABSTRACT: Open-air sites represent a fundamental proxy of the Early Holocene adaptive systems in the Iberian
Peninsula. However, its research potential for the study of human—environmental interactions has been minimally
explored. In this work, we present the results of an integrated research programme focused on open-area excavations
at the Mesolithic site of Arenal de la Virgen (Alicante, Spain). Novel multi-scalar geoarchaeological and archaeo-
stratigraphic studies, coupled with featured-based palaeobotanical analysis, were used to design an extensive
radiocarbon dating programme and produce different Bayesian chronological models. Our results distinguish two
different Mesolithic occupation phases, dating to 9.3-9.1 and 8.6-8.3k cal a Br respectively, consisting of combustion
features and lithic scatters. The comparison of occupational dynamics with the nearby palaeoecological records of
Salines and Villena indicated that both Mesolithic phases occurred under relatively stable environmental conditions.
The second Mesolithic phase, however, ended during the onset of the 8.2k cal a sp climatic event, when
sedimentation processes shifted from soil formation to accretion of aeolian sands. We demonstrate that the end of the
Mesolithic occupations at Arenal de la Virgen coincides with the cessation of radiocarbon-dated activity in other
open-air Postglacial sites in the central Mediterranean region of Iberia.
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Martinez de Lagran et al., 2016; Alday et al., 2018; Garcia-
Escarzaga et al., 2022).

The potential effects of the 8.2k cal a sp climatic event on
Late Mesolithic occupation patterns were first proposed in the
Central Ebro basin (Gonzélez-Sampériz et al., 2009). This area
witnessed an intensification of aridity (a decrease of meso-
phytes and lower lake levels), which is thought to have

Introduction

The study of human responses to Early Holocene climatic and
environmental dynamics has become a focal point in
Quaternary research. This period witnessed both gradual,
millennial-scale, changes and abrupt climatic events (ACEs),
with a significant degree of regional variability in vegetation

and hydrological patterns. The Iberian Peninsula (Fig. 1) is one
of the areas of Europe where the impacts of Early to Middle
Holocene environmental dynamics on human systems, espe-
cially the 8.2k cal a Bp climatic event (Rohling and Pé-
like 2005), have been most extensively discussed (Gonzélez-
Sampériz et al., 2009; Fernandez-Lépez de Pablo and
Jochim 2010; Bicho et al., 2010; Cortés et al., 2012; Garcia-
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negatively impacted the Mesolithic populations, forcing their
migration to neighbouring Mediterranean areas of the Maes-
trazgo and the Upper Ebro valley (Gonzalez-Sampériz
et al., 2009; Utrilla et al, 2009). Subsequent research
evaluated in detail this hypothesis through an interstratification
analysis of occupation vs. sterile layers of the Mesolithic
sequences of Botiquerfa dels Moros, Los Bafios, Pontet,
Falguera and Forcas (Fernandez-Lépez de Pablo and Jo-
chim 2010). That work suggested that the abandonment
episodes were not restricted to the Central Ebro basin, but a
recurrent pattern of occupation gaps and reoccupation

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited.
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Figure 1. Left: map of the Iberian Peninsula with the location of the main archaeological sites discussed in the text. Right: detailed view of the
Central Iberian Mediterranean Region where El Arenal de la Virgen site is located.

episodes, spanning the chronology of the 8.2 k cal a sp climatic
event, was also documented in other archaeological se-
quences in the lberian Mediterranean region. Thus, in light
of the discussed chrono-stratigraphic evidence, the kind of
occupation (rockshelter temporary camps) and the composi-
tion of faunal assemblages, it was proposed that these types of
abandonment episodes might have been caused by adjust-
ments in foraging logistic mobility systems during periods of
climatic deterioration.

Immediately after the above papers were published, new
studies from other Iberian areas discussed the impact of the
8.2k cal a sp climatic event on Mesolithic communities
(Bicho et al., 2010; Cortés et al., 2012). In the central
Atlantic coast of Portugal, the 8.2k cal a sp climatic event
was associated with a decrease in upwelling activity,
favouring the concentration of biological marine productiv-
ity in the palaeoestuary of the Muge river (Van Der
Schriek et al., 2008). Building on previous hypotheses
connecting this shift in biological productivity with the onset
of the Muge shell middens (Zilhdo 2003; Martins
et al., 2008), Bicho et al., (2010) demonstrated a clear
chronological correlation using the extensive radiocarbon
record of Mesolithic sites of central Portugal. Thus, in this
area of Atlantic Europe, this climatic event triggered very
significant transformations in patterns of settlement and
subsistence, with semi-permanent occupation shell mounds,
a more intensive exploitation of estuarine resources and the
appearance of cemeteries (Bicho et al., 2010).

In contrast, in the southern coast of Iberia the 8.2k cal a sp
climatic event was tentatively correlated to changes in
thermohaline circulation and increasing upwelling variability
in the Alboran sea, leading to a reduction of marine biological
productivity. It has been suggested that such coastal environ-
mental changes hampered the reliance on marine resources
and favoured the abandonment of some sites during the
Mesolithic period (Cortés et al., 2012).

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.

More recently, different works have examined the impact of
the 8.2k cal a Bp climatic event on Mesolithic settlement
systems using detailed stratigraphic and palaeoclimatic records
on single sites (Garcia-Martinez de Lagran et al., 2016, Garcia-
Escarzaga et al., 2022). In the Upper Ebro Valley, the Artusia
rockshelter provided stratigraphic evidence of two arid events
dated to ca. 8500 cal a sp (Unit 4) and 8200 cal a sp (Unit 7), in
which the tufa formation was interrupted (Garcia-Martinez de
Lagran et al., 2016). The second aridity event (Unit 7) was
associated with a decrease in occupation intensity inferred
from the absolute frequencies of lithic and faunal remains in
the stratigraphic sequence of Artusia, a pattern that has been
also suggested for other Mesolithic sites of the Ebro Valley
(Garcia-Martinez de Lagran et al., 2016).

In Eastern Asturias, the stratigraphic sequence of El Mazo
rockshelter, a shell midden deposit, has provided new evidence
regarding the palaeoenvironmental signal of the 8.2 k cal a sp
climatic event on sea surface temperatures and intertidal mollusc
exploitation patterns in coastal systems of northern Iberia (Garcia-
Escarzaga et al., 2022). Based on 8'%0 stable isotope evidence
from Phorcus lineatus, that study reported a 2.3 °C decrease in
sea surface summer temperatures during ca. 8315-8070 cal a sp,
which was correlated with increasing harvesting pressure of
Patella vulgata, a cold-adapted species.

Finally, different regional studies used time series analyses of
summed probability distributions of calibrated radiocarbon dates
(SPD) to discuss the impact of the 8.2k cal a p climatic event on
Iberian Mesolithic populations (Bernabeu et al., 2014 and 2016;
Montes et al., 2016; Fyfe et al., 2019; Alday et al., 2018;
Fernandez-L6pez de Pablo et al., 2019; McLaughlin et al., 2021;
Clark and Barton 2022). These studies reported very different
results: from studies identifying positive trends in demographic
growth such in the Iberian Atlantic areas of Central Portugal
(McLaughlin et al, 2021) and Asturias—Cantabria (Clark and
Barton 2022), to others that do not identify a clear impact as in
the Mediterranean area (Fyfe 2019) and the Ebro valley (Clark
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and Barton 2022; Alday et al, 2018), or those that, at
subregional level, have identified both positive and negative
trends (Fernandez-Lépez de Pablo et al, 2019; Bernabeu
et al., 2016; Montes et al., 2016).

In the present work, we approach the study of resilience and
vulnerability of Mesolithic communities to Early Holocene
environmental dynamics and ACEs using archaeological data of
open air-sites in the SE Iberian Peninsula. In particular, our case
study follows recent approaches focused on single sites,
encompassing high-precision archaeological chronologies,
coupled with detailed local palaeoclimate records (Blockley
et al, 2018). In this work, we present the methodological design
and first results of an integrated research programme that centres
on new excavations at Arenal de la Virgen, a lake side site in the
Upper Vinalopé Valley (Alicante, Spain). New extensive open-
area excavations, multi-scalar geoarchaeological and archaeo-
stratigraphic studies, together with featured-based palaeobotani-
cal analysis, were conducted to design a specific radiocarbon
programme and produce different Bayesian chronological
models. The posterior probability distributions of each occupa-
tion phase were compared with the environmental dynamics
inferred from the nearby palaeoecological records of the Salines
Playa-lake (Burjachs et al., 2016) and Villena palaeolake (Jones
et al., 2018). The latter’s raw data sets were reproduced for this
study using a novel Bacon age-depth model. The relevance of
this integrated multiproxy archaeological and palaeoecological
approach lies in the identification of the relationship between
settlement dynamics and aridity patterns, during the Early to
Middle Holocene transition, at local and subregional scales in
one of the driest areas of the Iberian Peninsula.

Materials and methods
Site description and regional settings

El Arenal de la Virgen (38.615293 lat.,, —0.926753 long.,
497.77 m a.s.l) is an open-air site located in the southwestern
margin of the Villena palaeolake in the upper Vinalopé Valley

(Fig. 2). The site is located in the Villena basin, about 80 km
from the Mediterranean coast in the southeastern section of the
Iberian Peninsula. The hydrology of this area is characterized
by ephemeral and permanent lagoons as well as ponds fed by
runoff and ground water. Previous geomorphological and
sedimentological studies have shown very intensive aeolian
activity in the area during the Holocene (Casquel et al., 1989;
Jones et al., 2018), producing sand deposits in the form of
dunes and aeolian sheets (Ferrer and Fumanal, 1997). With a
mean annual temperature of 15 °C, and annual precipitation of
324 mm, with yearly peaks in autumn and spring, the
contemporary climate is continental sub-arid Mediterranean.
The annual water balance for the area is manifestly negative,
with a mean annual potential evaporation of 750 mm. The site
lies on a small glacis, covered by an aeolian sand sheet located
between the foothills of the Cretacic relief of Sierra del Catellar
(734 m a.s.l.) and the western bank of the Villena palaeolake.
The site was discovered in the 1950s due to its surface
scattering of Early Cardial Neolithic pottery sherds and lithic
artefacts (Soler, 1965; Fortea 1973; Goémez-Puche and
Fernandez-Lépez de Pablo 2016).

In 2006, a new research programme consisting of trial
trenches and test pits was conducted in the adjacent field,
allowing Early Holocene archaeological deposits to be located
(Fernandez-L6pez de Pablo et al., 2008). Subsequent fieldwork
in 2007, consisting of a 6-m? test pit, provided the first chrono-
stratigraphic evidence of Mesolithic occupations at this site
(Fernandez-L6pez de Pablo et al., 2011a and 2011b).

Fieldwork methods

A new phase of fieldwork was developed in 2017, following
an open-area strategy which considerably expanded the
excavation area from 6 to 84 m”. The excavation followed
the 2007 fieldwork grid system and datum (497.77 m a.s.l.),
based on 1-m? excavation squares. In addition, each excava-
tion unit was further subdivided into 0.25-m? sub-squares. The
archaeological deposit was manually excavated according to
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Figure 2. (a) Upper Vinalopé Valley: location of the Arenal de la Virgen site and the palaeoecological records of Villena and Salines; (b) 3D
topographic reconstruction of the location of the Arenal de la Virgen site facing the Villena palaeolake (grey colour parcels) and the Sierra del
Castellar; (c) general view of the site during the excavation fieldwork in 2017; (d) site plan showing the excavation units along the different fieldwork

campaigns.

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.
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the dip of strata. The location of each finding was recorded
three-dimensionally using the ARCH-e System Fieldwork, a
wireless data recording network that integrates a robotic total
station (Trimble S8) and fieldwork PDAs with a server
containing the central data repository (Canals et al., 2008;
Canals and Guerra 2011). The sediment was dry sieved
through a 5- and 2-mm mesh on site. A selection of sediment
samples together with the fill of occupation features were wet
sieved (through the same mesh) and floated for recovery of
macro-botanical remains. For every sieve and flotation find,
random x-y-z coordinates were generated within 0.0125 m?
(0.05 x 0.05 x 0.05 m).

During the excavation, the sedimentary units and archae-
ological features were independently recorded as numbered
Strata and Stratigraphic Units (SUs) using the Harris system
(Harris 1989), on the basis of the sediment’s macroscopic
properties (changes in colour, texture and consistency). For
each SU, the excavation process was documented by digital
photography and the morphometric dimensions recorded by
photogrammetry, using mosaics of overlapped digital photo-
graphs georeferenced to the excavation grid with PhotoScan.

Micromorphology, soil chemistry and textural
analysis

Intra-site sedimentary contexts were investigated using micro-
morphology, soil chemistry and textural analysis of both
sedimentary strata (analysis of excavation profiles) and archae-
ological features. During the excavation, field descriptions and
systematic sampling of unearthed surfaces and profiles were
conducted at the site. For the purposes of the work
presented here, a aystematic study of the stratigraphic profile E
was conducted. Twenty thin sections from block sediment
samples were analysed for micromorphology, and 38 bulk
samples for soil chemistry (carbonate content, organic matter,
pH) and texture. Both block and bulk samples were collected
from the same spots and they document vertical and lateral
changes of the stratigraphic sequence. Results obtained from the
analysis of the archgeological features are dealt with in detail
elsewhere (Polo-Diaz et al., 2022).

Radiocarbon dating

A radiocarbon dating programme was specifically designed to
disentangle the occupational palimpsest and to estimate the
duration of each phase. One of the main challenges affecting
the radiocarbon sampling strategy of the Arenal de la Virgen
site was the null preservation of bone, presumably due to
sediment taphonomy and post-depositional processes, and the
lack of charred seeds with the minimum necessary weight for
accelerator mass spectrometry (AMS) radiocarbon dating.

In addition, open-air sites associated with aeolian deposits,
such as Arenal de la Virgen, are very often subject to
bioturbation, pedogenic and deflation processes (Crombé 2015,
Zilhdo 1998), which can potentially affect the spatial and
stratigraphic association between radiocarbon samples and
human activity (Crombé et al., 2013). To avoid stratigraphic
association problems, we selected charcoal samples retrieved
from clearly anthropogenic sedimentary facies associated with
archaeological structures within the sedimentary strata Ill and
IV. The archaeological structures sampled generally correspond
to fire-related features (SU608, SU611, SU612, SU613, SU615,
SU620 and SU623) and dwelling structures (SU604 and
SU628). Finally, we also selected two charcoal samples from
the upper part of Unit IV (SU607) which overlays the
archaeological features of the site’s northern sector (SSUU608
and 611).

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.

The radiocarbon samples correspond to single charcoal
fragments, taxonomically identified according to genus or
species. The high degree of fragmentation prevented us from
determining whether the charcoal samples were part of small
twigs or of outer tree rings (Pettit et al., 2003). They were,
therefore, subject to a certain degree of chronological
uncertainty. In contrast, two samples of pinecone scales,
retrieved in SU604 and 613, provided short-life inbuilt
radiocarbon ages. Considering this, to evaluate the strati-
graphic consistency of the radiocarbon dates and the potential
chronological offset derived from the old wood effect
(Schiffer, 1987) on a feature basis, we dated more than one
sample from features SU608, 613, 615 and 604. The 14C AMS
radiocarbon dating was conducted at the Beta Analytic
laboratory, using their standard pre-treatment techniques for
charcoal samples, applying the acid-alkali-acid (AAA) meth-
od. Calibration was performed with OxCal 4.4 (Bronk
Ramsey, 2017) using the IntCal20 atmospheric curve (Reimer
et al., 2020).

Lithic analysis

For morpho-technical analysis of the lithic assemblage from
Arenal de la Virgen, each lithic remain was classified into a
structural category according to its position inside the
production chain (Carbonell et al.,, 1992) and the technical
attributes of each were also described (Andrefsky 2005; Inizan
et al., 1999). Knapping methods were defined based on the
description of cores, by means of faciality, on the arrangement
of the removals and morphology of the negatives, comple-
mented with the technical attributes identified for the knapping
products. For concordance with the regional setting, the
typological classification of the retouched elements followed
Fortea’s typology, established for the Epipalaeolithic of the
Iberian Peninsula’s Mediterranean region (Fortea, 1973).

Archaeobotanical analysis

About 2025 litres of archaeological sediments were processed
with a flotation machine to recover macro-botanical remains.
In addition to the sieving conducted during flotation, 1- and
0.25-mm meshes were used to retrieve small remains and to
minimize the fragmentation of the material, using a similar
processing technique to that successfully applied on other
archaeological sites (Martinez-Varea, 2016; Vidal-Matutano
et al., 2015). After drying, samples were additionally sieved
through a column of 4-, 2-, 1-, 0.5- and 0.25-mm meshes. The
obtained fractions of each flotation sample were subsequently
sorted using a binocular microscope (Leica M165C) at the
Laboratory of Prehistory and Archaeology Milagro Gil-
Mascarell of the Universitat de Valéncia. Charcoal and seed
analyses were also carried out. Charcoal analysis is based on
the botanical identification of carbonized wood, i.e. determin-
ing which species the charcoal is derived from. Each fragment
was observed under reflected light brightfield/darkfield optical
microscopy with a set of lenses ranging from 50x to 1000x
magnifications. Wood anatomical features were compared
with those provided by specialized literature on plant anatomy
(Schweingruber, 1990) and a reference collection of modern
charred wood.

For the standard analysis, charcoal was broken manually
and without using chemical additives so the samples could be
used for radiocarbon dating (Vernet et al., 1979). To observe
specific features and record images, we used a Hitachi S-4100
scanning electron microscope available at the Central Service
for Experimental Research Support (SCSIE) at the Universitat de
Valencia.

J. Quaternary Sci., 1-25 (2023)
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The frequency of the taxa identified was measured as a
percentage of fragment counts when the sample contained a
statistically meaningful number of charcoals, depending on the
taxonomic diversity (Chabal, 1988; Chabal et al., 1999). The
identified taxa, in addition to the human selection of plant
resources available, reflect part of the woody vegetation that
was exploited and that was thus present among the local flora
(Chabal, 1997). Therefore, charcoal analysis can be consid-
ered a reliable tool for palaeoeconomical and palaeoenviron-
mental reconstruction.

The seeds were identified according to metric and morpholo-
gical criteria, by comparing them with the reference collection
available at the aforementioned laboratory, and by using a
specialized bibliography (Bojhansky and Fargasova, 2007; Cap-
pers et al., 2009).

Off-site pollen analyses and Bayesian age—depth
modelling

Two lake records near Arenal de la Virgen, the Villena
palaeolake and Salines playa-lake, recently published in Jones
et al. (2018) and Burjachs et al. (2016), provide multi-proxy
evidence of the palaeoecological and palaeohydrological dy-
namics during the site’s human occupations. The Villena
palaeolake core is located 1.47 km NE of the Arenal de la
Virgen site. This record provides a 9.3-m-deep sedimentary
succession, spanning Marine Isotope Stage 3 (MIS3) and the Early
and Middle Holocene (Jones et al, 2018). High-resolution
pollen, geochemical and mineralogical data are available from
the Early Holocene to the Middle-Late Holocene transition
framed by a Bayesian age—depth model. They reveal a series of
aridity events, including a prolonged period of aridity spanning
the 8.2k cal a sp climatic event (Jones et al., 2018). The Salines
playa-lake is slightly further afield and is located 10 km south of
the Arenal site. It presents a stratigraphic succession covering Gl-
1, GS-1 and the Early Holocene with pollen (Julia et al., 1994,
Burjachs et al., 2016), mineralogical data (Giralt et al., 1999) and
ostracod data (Roca and Julia 1997). More recently, Burjachs
et al. (2016) integrated the previous pollen, mineralogical, micro-
charcoal and ostracod evidence into a new Bayesian age-depth
model, adding new pollen-based indexes of aridity.

For the purposes of this work, improve the chronological
resolution of the palaeoecological dynamics, we produced a
new Bayesian age-depth (Supporting Information, section 4)
model using ‘Bacon’ (Blaauw and Christen, 2011) for the
Villena Paleolake.

The raw pollen counts of Villena and Salines (Jones
et al., 2018; Burjachs et al., 2016) were used to produce
two new pollen diagrams for the chronological interval
spanning Arenal de la Virgen’s human occupations.
For Villena, the new pollen diagram was produced accord-
ing to a new Bacon age—depth model (see below), covering
the vegetation dynamics between 7400 and 9100 cal a sp.
For Salines, the pollen diagram represents the vegetation
patterns between 7800 and 9600 cal a sp. In addition, the
pollen data from Salines playa-lake were used to produce
two pollen-based curves reflecting precipitation (according
to Fletcher et al., 2010) and aridity (Burjachs et al., 2016).

Results
Stratigraphy

Five strata were identified in the sedimentary deposit. They are
named, from bottom to top, Units V, IV, Ill, Il and I, based on

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.

field descriptions, texture, soil chemistry and micromorpholo-
gical descriptions (see Figs. 3 and 4).

Unit V

A continuous deposit, 90 cm thick at its deepest point, although
the base of the accumulation was not reached during the
excavation process. This accumulation is fine-grained, consisting
mainly of subangular quartz grains with a bimodal pattern
dominated by fine and medium sands. Very scarce subangular
gravels and clasts of up to 10 cm were randomly documented.
Calcium carbonate concentration is relatively high while the
organic matter content is low and represented mainly by sand-
and silt-sized fragments of charcoal that are randomly distributed.
I[ron-manganese features in the form of stainings and nodules
indicative of temporal waterlogged conditions were frequently
observed in the matrix. No clear internal microstratification was
observed in this unit.

Unit IV

This unit presents 40 cm of maximum thickness, and is docu-
mented in most of the excavation surface except for the
western section, where it was not observed. This is probably
due to the impact of erosive processes (deflation and surface
dynamics) involved in the accumulation of units Ill and . Such
processes were also involved in the erosion of the top section
of the Unit IV in the NE sector. Consisting mainly of fine
sediments, the deposit also includes randomly distributed
limestone gravels, stones and boulders up to 10 cm long.
Shallow pockets filled with dark sediment (archaeological
SU604) of variable morphologies and dimensions are char-
acteristic of this Unit (see ‘Archaeology: occupation features’
below). The formation processes of these dark features in their
sedimentary context are currently the subject of a separate
detailed geoarchaeological study. Textural patterns, pH and
mineral composition of Unit IV were comparable to those
observed in Unit V. The concentration of organic matter was
very similar in all samples from Unit IV (0.11-0.16%), except
in the area corresponding to SU604, where much higher
values (1-1.08%) were observed (Polo-Dfaz et al., 2022). The
carbonate concentration was notable, the highest values
reaching 10-16%. Such concentration of carbonates is directly
linked to the development of calcitic features of pedogenic
origin formed in situ as observed in thin section. Micromor-
phological analysis of the dark pockets of sediment (SU604)
also showed frequent bioturbation features related to soil fauna
and plant growth. The latter points to a discontinuity in
sediment accretion and stable surface conditions during the
formation of Unit IV. A sedimentary discordance related to the
intensification of soil fauna activity detected at different points
of the deposits marks the boundary between strata IV and Il
(Supporting Information-section 1, Fig. S1).

The intense carbonate redistribution suggested conditions of
relatively high humidity, supported by a concentration of
iron—manganese features formed in situ (favoured also by
accumulated decomposing organic matter) and the presence
of vughs in the matrix. The two latter features are probably
indicative of short periods of water saturation affecting the
deposit, possibly from water table fluctuations and/or occa-
sional sedimentary surface events.

Unit Il

This is also a massive accumulation, 20-25 cm thick, with a
NW-SE dip. This deposit is documented in most of the
excavation surface, although it narrows progressively towards
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Figure 3. Stratigraphic sequence of El Arenal de la Virgen. (a) View of the excavation area from the NE showing the entire extension of the East
section. (b) Detail of the southern end of the East section, indicating the strata documented in the profile, from bottom to top: Units V, IV, lll, Il and I.
(c) Detail of the northern end of the East section. Note the lateral variability with respect to the southern end of the profile involving abrupt contact
between Units Il and IV as a result of erosion of Unit Ill and the upper portion of Unit IV. (d) Detail of the southern end of the West section. Note the
run off channel containing a coarse fraction (delimited by discontinuous line) in Unit Il eroding Unit IlI.
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Figure 4. Stratigraphic sequence of Arenal de la
Virgen, corresponding to the Eastern stratigraphic
section with the associated fraction, carbonates,
organic matter and pH values (see Supplementary
Information Table 1).
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the centre of the excavated area to disappear in the NE sector,
where only isolated patches of the unit are preserved. As in the
case of the underlying strata, the sediment is predominantly
fine-grained, with dispersed, embedded, limestone gravels,
stones and boulders with a subangular morphology.

Significantly low calcium carbonate concentrations
(<3-6%) were shown by soil chemistry and supported by
decarbonation features observed via thin-section analysis.
Clay concentration was also significantly lower in Unit IlI
with respect to strata V and 1V, which correlates with calcium
carbonate values and decreased biological activity. This
evidence, in addition to the predominance of fine-medium
quartz sands in the textural pattern, allows us to infer an
environmental shift towards aridification linked to aeolian
dynamics with a relatively high capacity for sediment
classification.

Unit Il

This is a massive accumulation documented in most of the
excavation surface. The deposit shows a NE-SW dip, with a
minimum and maximum thickness of 17 and 47 cm in the NE
and SW sectors, respectively. It also presents erosive upper and
lower boundaries which were clearly detected locally. Lime-
stone gravels and boulders of up to 10 cm were found. They
were generally dispersed, although in the S and W sectors of
the excavation area, they were found to form concentrations
and palaeochannels (Fig. 3d). Possible mixtures of strata Il and
Il were detected locally in the NE and S sectors.
Micromorphological and soil chemistry data from the
analysis of sediments of the E sector of Unit Il showed a
greater concentration of the coarse fraction linked to colluvial
processes from splash, together with a significantly higher
calcium carbonate content despite considerable lateral varia-
bility (12-13% in the NE area and 4-8% in the SE area).
Correlation of this evidence with field observations mentioned
above highlights the role of surface dynamics, linked to
increased environmental humidity in the formation of Unit II.

Unit |

This is a continuous, 30-60-cm-thick accumulation related to
modern levelling and ploughing.

Archaeology: occupation features

Enlargement of the excavation area has significantly increased
the amount of occupational evidence documented on the site
compared to the 2007 excavations. Figure 5a shows the spatial
distribution of the archaeological features along the three
occupation phases documented in the Arenal de la Virgen
sequence. These archaeological features are subject to a more
detailed geoarchaeological analysis elsewhere (Polo-Diaz
et al., 2022). Here, we present a summary description of the
different archaeological features associated with each phase,
relying on morpho-metric characteristics, archaeological
components, radiocarbon dates and some relevant micromor-
phological data.

Below, we present the different features of each archae-
ological phase.

Phase 1

Two archaeological features (SU608 and 611) were identi-
fied in the northern area of the excavation surface,
both stratigraphically associated with Unit IV. SU608
(Fig. 6a) shows an irregular ellipsoid shape, with maximum

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.

dimensions of 0.6 m in length, 0.4 m in width and 0.2 m in
depth. A concentration of limestone clasts was recorded at
the bottom of this structure, whose sedimentary infill
contained a modest density of macro-botanical remains
(1.78/litre) and lithic artefacts. Two charcoal samples
retrieved from the bottom (8220 + 30 Bp, Beta-493220)
and the upper part (7700 + 30 Bp, Beta-493219) of the
sedimentary infill yielded statistically different radiocarbon
dates, suggesting the intrusive character of the upper part
(Beta-493219), considering its similarity to the radiocarbon
ages provided by samples of phase 2 (see below).

SU611 (Fig. 6b) presents very similar morphology and
dimensions to SU608. This shallow pit, located 1.5 m from
SU608, also displays an ellipsoid plan with maximum length
of 0.6 m, width of 0.4 m and depth of 0.2 m. The dark grey/
blackish sediment infill of this structure contains a significant
concentration of Quercus charcoals (25.95/litre), lacking any
other sort of archaeological components (e.g. lithic artefacts,
limestone clasts). An evergreen Quercus sp. charcoal was
radiocarbon dated to 8200 =+ 30 8p (Beta-473942), providing a
statistically similar radiocarbon age to that of SU608.

Phase 2

Phase 2 encompasses six archaeological structures:
SSUU604, 628, 615, 613 612 and 623, showing consider-
able variability in morpho-metric attributes and spatial
distribution between them and with respect to Phase 1.
These structures are all associated with Unit 1V, while
displaying distinct stratigraphic relationships to Unit IIl.
While it was possible to clearly establish the overlying
position of Unit Il with respect to SSUU604, 628, 612 and
623, this was not the case for SSUU615 and 613, due to the
impact of slope processes and the partial erosion of Unit IV
in the NE area of the site.

SU604 (Fig. 7a) was uncovered in 2006 and partially
excavated in 2007, when it was interpreted as a hearth-pit
(Fernandez-Lépez de Pablo et al., 2011a). In 2017, the
extension of the excavated area allowed this feature to be
fully documented. It consisted of a shallow pit with an irregular
subcircular shape, and a maximum length of 3 m, a maximum
width of 2.35 m and a maximum depth of 0.25 m (Fig. 7c),
covering a surface of 5 m% The sediment had a massive
structure, a dark grey—brown colour and contained a variety of
archaeological components as recorded in the field: angular
limestone clasts, land snails, lithic artefacts, some of them with
clear thermal alterations, palaeobotanical remains and ochre
fragments. Both the shape and size of this feature resemble the
‘type B’ pits recently identified at other Mesolithic sites, which
were also located in coversand areas (Peeters and Nie-
kus., 2017; Crombé and Langhor, 2020). Micromorphology
and soil chemistry data from SU604 indicated a notable
increase in organic matter and of biological processes (e.g.
plant growth and soil fauna activity), consistent with stable
environmental conditions, favourable to the formation of this
structure, in parallel to its human occupation.

In the north-eastern section of SU604, a smaller (0.32 m
long, 0.18 m wide and 0.25 m deep) pit-structure was located
(SU625), containing a 0.40-m-long limestone block in a
vertical position (Fig. 7b). This could be interpreted as a
structural feature, possibly a wedge. The spatial and strati-
graphic association of both structures resembled other
examples of dwelling structures documented in European
Mesolithic contexts (Hernek, 2003; Verjux, 2003; Wadding-
ton et al., 2003).

Two radiocarbon dates were available for SU604: the first
one 7750 + 40 sp (Beta-243772), from a wood charcoal of a
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Figure 5. Occupational evidence from El Arenal de la Virgin site. (a) Composite accumulative plan with the archaeological features associated with
each phase. (b) Spatial distribution and vertical archaeo-stratigraphic projections of the lithic materials. (c) Lithic connections (refits, conjoins and
thermal conjoins) documented in the archaeological horizon. The grey-shaded square indicates the test-pit excavated in 2006.

Quercus sp, evergreen, and the second one 7550 + 30 8p
(Beta-493226) from a carbonized Pinus sp. cone. One radio-
carbon age of SU625, 7850 + 30 8p (Beta-473944) was also
obtained from a Quercus sp. evergreen charcoal. The time
interval provided by SU625 and 604 showed a high degree of
chronological consistency, suggesting a single (and short)
occupation phase, considering the inbuilt age resolution of the
charcoal samples (Supporting Information, Fig. S3).

Three combustion features, SSUU613, 615 (Fig. 6d,e) and
623, equally presenting a generic subcircular morphology and
containing limestone clasts were also chronologically asso-
ciated with phase 2. These three features contained variable
concentrations of charcoal (613 = 0.52/L, 615 = 0.73/L and
623 = 1.22/L), which were, however, higher than that
recorded for Unit IV (0.03-0.16/L).

In the NE part of the excavation surface, SU613 presents
maximum dimensions of 1.17 m in length, 1.08 m in width
and 0.17 m in depth, whereas SU615 is a maximum 1.16 m
long, 0.92 m wide and 0.25 m deep. In the southern area of the

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.

excavation, SU623 (Fig. 7d) has maximum dimensions of 0.6
m in length, 0.38 m in width and 0.12 m in depth.

The radiocarbon record again shows a high degree of
chronological consistency among the dates yielded by these three
structures, although some differences were observed between the
pine and oak charcoal samples. SU615 was radiocarbon dated to
7470 + 30 sp (Beta-493224) from a charcoal fragment of conifer,
whilst SU623 produced a radiocarbon age on a Quercus sp.
charcoal fragment of 7750 + 30 sp (Beta-493223). Three
radiocarbon ages were obtained from SU613, two from Quercus
charcoals — 7820 + 30 8p (Beta-493221) and 7770 + 30 sp (Beta-
493225) — and one from a pinecone scale — 7660 + 30 Bp (Beta-
493222). The pinecone scale sample presented an age difference
of 22-245 years (Supporting Information, Fig. S3) compared to the
two oak charcoal samples in this structure. The oak charcoals may
have been influenced by the chronological uncertainty associated
with the old wood effect.

Finally, SU612 (Fig. 5¢) is a shallow pit measuring a
maximum of 0.77 m in length, 0.59 m in width and 0.24 m in
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Figure 6. Arenal de la Virgen. Archaeological features. (a, b) Unit IV Phase 1 (Early Mesolithic); (c—e) Unit IV Phase 2 (Early Mesolithic); (f-h) Unit IlI
Phase 3 (Neolithic). a. SU608; b. SU611; c. SU612; d. SU613; e. SU615; f. SU620; g, h. SU627 (orthophotography and detail of its stratigraphic
position within Unit I1). The red dots indicate the location of the '*C samples. Elevations (in italics) are in centimetres below the datum.

depth. This structure, unlike the SUs of phase 2 presented
above, lacks any other diagnostic archaeological components,
such as clasts and lithic artefacts. Its palaeobotanical record
shows a high density of macro-botanical remains of 1.22/L. An
oak charcoal from this feature was '*C dated to 7680 + 30 sp
(Beta-502077).

Phase 3
Two archaeological features were stratigraphically associated
with Unit Il located in the south-eastern sector of the

excavation area: the shallow pit SU620 (Fig. 6f), which
measures a maximum of 0.87 m long, 0.64 m wide and 0.26

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.

m deep, was radiocarbon dated to 6560 + 30 8p (7555-7425
cal a Bp) using a charcoal sample of Quercus sp. evergreen.
SU627 (Fig. 6g), unlike the rest of the archaeological structures
presented, is a circular pavement area with maximum
dimensions of 0.84 m in length and 0.71 m in width, built of
intricate angular clasts. No radiocarbon dates were available
for this structure given the scarcity and small size of the
charcoals recovered. However, the stratigraphic position of
SU627 (Fig. 6h), in the upper part of Unit lll, indicated a post-
quem chronology with respect to SU620 during the Neolithic
period. Such a chrono-cultural attribution is consistent with
other similar circular pavements documented in the region
(Garcia Atiénzar et al., 2006; Torregrosa et al., 2011).
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Figure 7. Arenal de la Virgen. Archaeological features: a. SU604 (orthophotography); b. SU625 during the excavatlon process — note the vertical
position of the limestone block; c. SU604 cross-section A—A’; d. SU623. The red dots indicate the location of the '*C samples. Elevations (in italics)

are in centimetres below the datum.

Archaeology: radiocarbon dating and Bayesian
chronological modelling

Two different Bayesian chronological models — model 1 and
model 2 — were elaborated to stratigraphically constrain the
posterior probability distributions of the calibrated radio-
carbon ages and to estimate the duration of each chronological
phase (Table 1; Buck et al, 1996; Dye and Buck, 2015).
Considering the stratigraphic information, we decided to use a
conservative three-phase model, sequentially arranging its
phases (two phases in Unit IV and one phase in Unit Ill), and
assuming a random deposition of the dated events within each
phase (Bronk Ramsey, 2009). The prior phasing of the
radiocarbon record is also reported in Table 2 (and in
Supporting Information, Fig. S3 where further details are
provided regarding the lateral changes of the site’s stratigra-
phy). In addition, we used the Span() and Interval() functions in
Oxcal (Bronk Ramsey, 2009), to probabilistically establish the
duration of each occupation phase and the chronological
hiatuses between phases. The calibration of individual dates as
modelled distributions is also reported in Table 1 and Fig. 8.

Model 1 is based on the whole radiocarbon record, 15
dates, showing a robust agreement index [Amodel = 153]
(Table 2). In Phase 1, the oldest occupation phase is composed
of features SU608 and 611. This phase is dated to 9247-9041
cal a p (considering the median of the modelled chronological
boundaries of Unit [V-Phase 1). Both features showed
statistically similar radiocarbon ages, indicating a short
occupation span (0-168 vyears) for this phase at 95.4%
confidence interval (Cl). Phase 1 was culturally assigned to
the Early Mesolithic of Notched and Denticulates.

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.

The interval () function estimates a chronological hiatus
between phases 1 and 2 of 68-625 years (95.4% Cl). This
second occupation phase is well dated at the site, with 12
radiocarbon dates from different combustion structures, one
domestic structure and two samples from the uppermost
section of Unit IV. The chronological range of Phase 2,
according to the medians of the modelled boundaries of Level
IV-Phase 2, was dated to 8630-8292 cal a spr. The Phase 2
timespan was estimated to be 218-397 years (95.4% Cl) and
might reflect the recurrent use of this space over successive
occupation episodes. Such an estimation, however, could
have been influenced by the old wood effect problem (Pettit
et al., 2003). To estimate the chronological uncertainty within
this phase, we decided to conduct pairwise comparisons
between radiocarbon ages of evergreen Quercus charcoal and
pinecone scale samples from features SU604 and SU613. To
do this, we assumed that pinecone scales have inbuilt ages
similar to short-lived samples. Using the Difference() function
in Oxcal, we estimated a potential old wood effect offset of
38-265 vyears for SU604 and 29-232 vyears for SU613,
obtaining, in both cases, a 95.4% CI (Supporting Information
1, Fig. S3). This analysis showed that both features might be
affected by a similar degree of chronological offset due to the
old wood effect. Considering this, we decided to improve the
chronological resolution in Phase 2 by producing a second
Bayesian Phase model (model 2) with the same structure and
prior information as model 1 but using only the radiocarbon
dates on pinecone scales for Phase 2. Under the premises of
model 2 (Tables 2 and 3), the chronological boundaries
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Table 1. Radiocarbon record and calibrated '“C radiocarbon dates (unmodelled posterior distributions) from EI Arenal de la Virgen archaeological

sequence.
Unit Phase  Stratigraphic Unit/spit V4 Sample Lab. ref 4C BP age B¢ Age (cal a 8p)
v 1 608/3 180-172 Quercus Beta-493220 8220 + 30 -27.9 9394-9027
sp. evergreen
v 2 608/1 166-161 Quercus sp. ever- Beta-493219 7700 + 30 -23.7 8547-8411
green
\% 1 611 170 Quercussp. Beta-473942 8200 + 30 -26.4 9275-9026
evergreen
v 2 625 217 Quercussp. Beta-473944 7850 + 30 -25.5 8765-8546
evergreen
\% 2 613/1 184-187 Quercussp.ever- Beta-493221 7820 + 30 -25.4 8698-8520
green
v 2 613/1 194-190 Quercus Beta-493225 7770 + 30 -25.8 8600-8449
sp. evergreen
v 2 613/2 193-187 Pinus cone scale Beta-493222 7660 + 30 -28.1 8536-8389
Y 2 623/1 215 Quercus Beta-493223 7750 + 30 —-26.6 8594-8430
sp. evergreen
I\ 2 604 217 Quercussp. ever- Beta-243772 7750 + 40 -25.8 8595-8426
green
v 2 604/4 220-216 Pinus cone scale Beta-493226 7550 + 40 - 8420-8210
\% 2 612 187-194 Quercus Beta-502077 7680 + 30 -26.6 8541-8407
sp. evergreen
v 2 615 191 Conifer Beta-493224 7480 + 30 - 8371-8195
v 2 Level 4/top2 180-172 Quercussp. ever- Beta-493228 7790 + 30 -25.8 8636-8458
green
v 2 Level 4/top1 171-168 Conifer Beta-493227 7470 + 30 -23.2 8365-8193
1] 3 620 205 Quercussp. Beta-473943 6560 + 30 -26.0 7560-7425
evergreen

estimated for Phase 2 were 8430-8268 cal a sp, with a span of
0-180 years (95.4% CI), i.e. a significantly shorter one than
that of model 1.

Phase 3 (Unit 11l) was composed of a single radiocarbon age,
Beta-473943, of Early Neolithic chronology. Both models
highlighted a chronological hiatus between phases 2 and 3,
which was associated with the beginning of the deposition of
Unit Il under very arid conditions.

In summary, the Arenal de la Virgen radiocarbon record’s
three-phase Bayesian chronological model revealed two
stratigraphically constrained Mesolithic occupation phases
(Table 3). Cultural radiocarbon activity ceased after the end
of Phase 2, which coincides with the beginning of the
deposition of Unit Il during the 8.2k cal a P event, under
arid conditions. Within Unit Ill, a third occupation phase was
identified during the Neolithic period, after 7.5k cal a 8.

Palaeobotanical evidence

Palaeobotanical remains were generally very scarce, despite
the intensive sampling efforts made. This is a general trend in
open-air deposits with these characteristics. In terms of density
of remains by volume (in litres) in bulk samples, significant
differences between concentrations documented inside and
outside the archaeological features (SU) were found: Unit IV
produced concentrations of 0.09 + 0.06 and 0.78 + 0.57
respectively, excluding SU611, while Unit lll showed densities
of 1.6 + 1.62 and 0.28 + 0.15, respectively. Although the
sediment’s charcoal concentration was low, the final number
of fragments obtained in some structures was statistically
significant (Table 4). Preservation was poor, and numerous
alteration processes were detected (Fig. 9), some of them
associated with wood combustion characteristics (vitrification,
radial cracks), and others with the post-depositional processes
of open-air sites (rounded forms, external patina).

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.

Taxonomic diversity was very low, and was restricted
to the presence of two groups: Pinus and Quercus.
In the case of Pinus, it was not possible to identify the
species; both Aleppo pine and stone pine belong to the
pinoid group in this area. The presence of plant tissue other
than wood is remarkable, since several fragments of pine
scales and pine nut shells were identified (Table 4). Such a
low taxonomic representation is consistent with processes of
anthropogenic selection, rather than charcoal produced by
natural fires.

Regarding Quercus, the evergreen variety was identified in
many cases, including species such as the kermes oak (Q.
coccifera) or the holly oak (Q. ilex). When the conservation
and/or size of the fragments could not be further identified at a
species level, the identification remained at genus. This was
also the case for specimens identified as Conifer, Angiosperm
or Indeterminable.

With regard to the carpological remains, we recovered a
small assemblage of charred seeds, most of which came from
combustion areas (Table 5, Fig. 10). They were identified as
legumes. A precise taxonomic identification was difficult
because seeds do not preserve their surface features. Other
charred seeds were classified as Indeterminate or Indeter-
minable when their state of conservation did not permit their
identification. An interesting residue recovered was the
remains of a fungus, probably carbonized. It corresponds
to the residue of Cenoccocum sp., which inhabits trees and
bush roots. The interpretation of this fungus is problematic,
because, traditionally, its presence integrated in palaeobo-
tanical analyses has tended to be ignored (Alonso and
Lépez 2005). It is therefore important to note its presence,
because it may be related to firewood collection strategies,
with the use of dead wood being a plausible hypothesis,
which is consistent with the enormous contamination of
wood by different fungi (Fig. 9), without ruling out that it
could reflect more recent contamination.

J. Quaternary Sci., 1-25 (2023)
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isotope ratios as a proxy of global temperatures in
the northern hemisphere.

The results of the site’s different phases of occupation
presented some interesting differences regarding the presence
of plant remains (Table 4). During Occupation Phase 1, Early
Mesolithic (ca. 9247-9041 cal a 8p), a preferential exploitation
of Quercus wood (more than 80%) was observed. Given that
the archaeobotanical results obtained were likely to be biased
due to the impact of post-depositional processes, we could not
rule out other possible undocumented plant resources. Never-
theless, these data showed clear trends that could be assessed
based on the good availability and abundance of Quercus
species in the environment.

During Occupation Phase 2, Mesolithic (ca. 8630-8292 cal
a Bp), conifers accounted for at least 15% of the remains. As a
result, the percentage of Quercus, which was still dominant,
fell slightly with respect to the previous phase. Similarly, the
percentage of taxonomically undetermined fragments was high
due to the aforementioned state of preservation (Table 4). It
was interesting to note the presence of pinecone remains,
especially in Phase 2. Although the absolute number of
remains was not very high, it was remarkable, given the
scarcity of carbonized material generally, and of pine wood in
particular. Although the material was too scarce to allow any
hypothesis of human management of this species, the presence
of scales may be due to the fact that they were used as fuel
(they are highly flammable) or for the practice of exposing the
pinecones to fire to obtain pine nuts for consumption, as
observed at other post-Palaeolithic sites (Badal, 1998). The

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.

Modelled date (BP)

presence of Fabaceae seeds has been documented for both
Mesolithic phases. Although the carpological results are
limited in quantitative terms, from a qualitative perspective,
they provide a valuable source of information regarding
gathering strategies of vegetal resources in the Mesolithic
period in lberia. The latter has been observed in the
carpological record of other sites of this same chronology,
such as the Santa Maira cave (Alicante, Spain) (Aura
et al., 2005).

Lithic assemblages: spatial distribution and
morpho-technical analysis

The lithic assemblage recovered in Arenal de la Virgen over
the different fieldwork seasons comprised 2106 lithic remains,
scattered across the excavation area’s 84 m?. Of these, 870
were recorded in the field using the total station, whereas for
the rest, 1236 spatial coordinates were randomly generated
within each sub-square unit.

The spatial distribution showed an uneven scattering pattern
across the excavation area (Fig. 5b). At first glance, a clear
difference in the density of the remains is noticeable between
the southern and the northern half of the area. The southern
sector shows a denser occurrence of lithic remains whereas the
northern sector displays a more disperse distribution pattern,
with two minor concentrations. The first is between columns

J. Quaternary Sci., 1-25 (2023)
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5. Quercus sp. evergreen. Cross section x 70

6. Quercus sp. evergreen. Vitrified cross section x 250

Figure 9. Scanning electron micrographs of some woody taxa identified at the Arenal de la Virgen site.

Table 3. Span() and Interval) queries for the two Bayesian phase
models of El Arenal de la Virgen sequence calculated with OxCal
v4.3.2 (Bronk Ramsey, 2017) (we refer the reader to the posterior
probability distribution plots in Supporting materials-1, Fig. S4).

Model 1 Model 2
Span Level IV Phase 1 (95.4% ClI) 0-168 0-166
Interval Phases 1-2 (95.4% ClI) 68-625 10-727
Span Level IV Phase 2 (95.4% ClI) 218-397 0-180
Interval Phases 2-3 (95.4% Cl) 54-872 6-882

12 and 14 and rows | and J, and the second is in excavation
square 116.

To test the uneveness of the lithic assemblage’s spatial
distribution we performed a Clark-Evans aggregation test (Clark
and Evans, 1954) based on the spatstat package (Baddeley
et al, 2015) in R (v.3.6.3) (R Core Team, 2020). The test yielded
an aggregation index R = 0.80048 (p = 0.002), quantitatively
corroborating that the lithic remains were unevenly scattered
throughout the excavation area (Rabuial, 2021).

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.

Based on a first archaeo-stratigraphic approach, to avoid
precluding the stratigraphic attribution of the lithic assem-
blages to each phase, all the lithic remains recovered in Units
Il and IV were associated with a single archaeological
horizon. This horizon is of variable thickness, ranging from
just 1T cm in the north sector to a maximum of 40 cm in the
southern area, with a mean of 12 cm, and a gentle southeast
dip. Within the archaeological horizon, it was not possible to
identify archaeo-stratigraphic sub-horizons delimited by sterile
layers. This trend is illustrated in Fig. 5b by four, 0.5-m-wide
vertical projections in rows E, G and K as well as in column 7.
This broad vertical distribution pattern can be explained by
different processes, including post-depositional disturbance
(trampling), erosion (deflation and colluvial activity) and
pedogenesis (bioturbation) in aeolian-sandy sedimentary
contexts (Butzer, 1982; Schiffer, 1987; Rolfsen, 1980; Villa
and Courtin, 1983; Wood and Johnson, 1978). Particularly in
the southeastern area, the co-occurrence of deflation and
subsequent colluvial deposition could explain the presence of
typologically related Early Mesolithic assemblages at the
interface with Unit Il

J. Quaternary Sci., 1-25 (2023)

85U8017 SUOLLLOD 3ATER1D 3(dedl|dde ay) Aq peusenob ae ssjoie O ‘8sn Jo sl 1o} AriqiT8uljuO A1 UO (SUONIPUOD-PUR-SULIBYWOY™AB | 1M AeIq Ul UO//SdNL) SUORIPUOD PUe SWIB | 8L 88S *[£202/20/ST] U0 A%IqiT8ulluO A8]IM '8 UOISSD A SSUOSINbPY 81Ued!|Y 8 PepSIBAILN A £05E SbI/Z00T 0T/10p/woo"Ae | Akeiqijeuluo//sdny woly pepeojumoq ‘0 ‘L TyT660T



IMPACTS OF EARLY HOLOCENE ENVIRONMENTAL DYNAMICS ON OPENAIR 15

Table 4. Frequencies of the woody taxa identified at El Arenal de la Virgen site.

Early Holocene Middle Holocene

Phase 1 Mesolithic Phase 2 Mesolithic Phase 3 Neolithic

Phase
608 611 Total 604 613 615 Total 620 627 Total

Stratigraphic Unit - I
Taxa n % n % n % n % n % n n % n % n n %
Pinus sp. 6 10.91 1 7 5.15 2 2 3.45
Pinus (scale) 3 476 6 10.91 3 12 8.82
Pinus (nutshell) 1 1.39 1 0.2
Conifer 1 1.59 1 1.82 2 1.47 1 1 1.72
Quercus sp. evergreen 11 15.28 195 50 206 44.6 12 19.05 7 12.73 19 1397 21 43.8 2 23 39.66
Quercus sp. 34 47.22 143 36.67 177 383 27 42.86 19 3455 10 56 41.18 19 39.6 2 21 36.21
Angiosperm 12 16.67 32 8.21 44 95 10 1587 6 10.91 2 18 13.24 4 8.3 4 6.90
Indeterminable 14 19.44 20 5.13 34 74 10 15.87 10 18.18 2 22 16.18 4 8.3 3 7 12.07
Total 72 100 390 100 462 100 63 100 55 100 18 136 100 48 100 10 58 100

Table 5. Macrobotanical remains identified in the Mesolithic phases of El Arenal de la Virgen

Phase 2: Mesolithic

Phase 1: Mesolithic

Taxon SU608 SU604 SuU613 SU612 Level IV Total

Fabaceae 1 1 2 4

Indeterminate 1 1 2

Indeterminable 1 1

Cenoccocum 1 1

Total 1 2 2 1 10
1

1 mm

1 mm

Figure 10. Charred seed of Fabaceae from SAU613; 2. Pinus sp. scale from SU604.

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd. J. Quaternary Sci., 1-25 (2023)
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Works on lithic refitting (Rabufial, 2021) allow the exclusion
of long-distance movements of lithic materials indicative of
secondary deposition processes. To date, 38 sets of connec-
tions have been identified, consisting of 15 refits, 13 conjoins
and 10 thermal conjoins. These connections involve a total of
86 artefacts, representing 8.35% of the over-10-mm material.
Mean distances for these connections are 0.94 m for the refits,
1.45 m for the conjoins and 0.84 m for the thermal conjoins.
The spatial distribution of these connections (Fig. 5c) is
consistent with that outlined in the distribution of the lithic
assemblage and reinforces the association of the lithic remains
with the archaeological structures of the two Mesolithic
phases. In particular, during Phase 1, two short-distance
connections were recorded in SU611, whereas in Phase 2,
short-distance connections were also recorded in SSUU613,
615 and 604.

The lithic assemblage was mainly composed of chert
(>99%), associated with different reduction and configuration
strategies. A very marginal presence of other lithic raw
materials, such as limestone, quartzite and sandstone was
also documented, in the form of hammers or hammer
fragments and small debris.

Morpho-technical analysis of the lithic assemblage (Rabu-
fial, 2021) showed a predominance of micro-debris (<10 mm;
49.62%). Overall, lithic reduction was overwhelmingly
dominated by flake production strategies: unifacial (unipolar
and bipolar opposed), bifacial (orthogonal and multipolar
centripetal), multifacial (orthogonal and multipolar) and
bipolar on anvil. In contrast, evidence of blade/bladelet
debitage — whether cores, blanks or preparation products —
was extremely scarce (<1%) in the lithic assemblage.

Among the knapping products, complete flakes were the
most abundant (21.46 %), whilst flake fragments represented

16.38 %. A total of 84 retouched artefacts — mainly configured
on flake blanks — were identified in the lithic assemblage. They
corresponded to a reduced set of typological groups, clearly
dominated by notches and denticulates, endscrapers and non-
geometric microliths. Overall, the technical and typological
characteristics of the lithic assemblage fit with those of the
Mesolithic of Notched and Denticulated tradition (Al-
day, 2006), confirming the previous chrono-cultural attribu-
tion (Fernandez-Lépez de Pablo et al., 2011). However,
detailed techno-typological analysis of the lithic assemblage
revealed some differences between Phase 1 and Phase 2
(Rabunal 2021, Rabuial and Fernandez-Lépez de Pa-
blo, 2022). For Phase 1, we find a reduced set of retouched
artefacts configured on large and thick (>8 mm) blanks
(Fig. 11). In contrast, for Phase 2, the typometry of the
configured tools shows a much higher variability, from large
denticulates on thick flakes to non-geometric microlithic
armatures configured on micro-flakes (Fig. 12). It should be
stressed that the modelled radiocarbon chronology for Phase 2
(8630-8292 cal a 8r) overlapped with the first Late Mesolithic
industries in the Tardenoisian tradition in the lberian Medi-
terranean region, characterized by bladelet debitage systems,
the microburin technique and the dominance of trapezoid
microliths (Marti et al., 2009; Garcia-Puchol et al., 2018). In
the Arenal de la Virgen lithic assemblage, such techno-
typological traits are completely absent.

Palaeoecology

The vegetation dynamics substantiated by the new Bacon
depth model is summarized in Fig. 13. For the Early Holocene
section (from 9.1 to 8.3k cal a ), prior to the 8.2k cal a sr
climatic event, the Villena palaeolake was surrounded by

Figure 11. Retouched artefacts from the Mesoltihic Phase 1 of El Arenal de la Virgen: 1. Denticulate; 2. Abrupt; 3 and 4. Endscrapers.

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.
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Figure 12. Retouched artefacts from the Mesolithic Phase 2 of El Arenal de la Virgen: 1, 2 and 3. Denticulates; 4. Notch; 5 and 6. Endscrapers; 7, 8

and 9: non-geometric microliths.

mixed Mediterranean forests of oaks (deciduous and evergreen
Quercus) with thermal taxa, such as the wild-olive (Olea) and
green olive trees (Phillyrea) (Fig. 13, top). The lake shore was
colonized by hazel (Corylus), willows (Salix), ash trees
(Fraxinus), alder (Alnus) and elms (Ulmus).

In contrast, during the formation of Unit Ill, which overlaps
the chronological span of the 8.2k cal a 8 cold climatic event,
the pollen records of the Villena palaeolake show evidence of
increasing aridity. During this episode, we find a decline in
oaks and the pollen taxa of open forests such as pines (also
identified above in the archaeobotanical record) and an
increase in xerophilous scrub taxa (e.g. Erica). This change
seems to be clearly associated with a general decrease in
precipitation, which, in turn, is additionally supported by the
reduction of lake shore trees (Corylus, Salix, Ulmus, Alnus),
sedges (hygrophytes Cyperaceae) and ferns (monolete and
trilete spores) in the diagram. Finally, we found a decrease in
grass taxa such as Poaceae, Cerealia-type and Lygeum, and an
increase in the herbaceous taxa Amaranthaceae. In this
context, it is of note that the appearance of brackish taxa
(Ruppia) immediately before the 8.2k cal a Bp event supports a
significant increase in salinity over that period.

The Salines playa-lake, just 10 km south of the Arenal site,
shows a very similar vegetation dynamic (Fig. 13, bottom). During
the Mesolithic occupation phase, the surrounding forests of Salines
were also dominated by mixed oaks and pines, but with a higher
relative abundance of oaks than in Villena. In Salines, the lake-
shores were colonized by hazel (Corylus), ash trees (Fraxinus),
alder (Alnus) and elms (Ulmus). We observed an increase in
Mediterranean taxa, particularly the wild olive (Olea) and species

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.

of green olive trees (Phillyrea) from 8.8k cal a Bp onwards in both
records. This signifies a gradual increase in aridity, which
culminated during the 8.2k cal a sp climatic event. Such a rise
in aridity is also corroborated by the appearance of brackish
Ruppia, an increase of Amaranthaceae, and a decrease of other
taxa such as Poaceae, Typha-Sparganium, ferns and Cyperaceae.
These results are additionally supported by the aridity quotients of
Salines and Villena published in Burjachs et al. (2016) (Fig. 14).
Overall, cessation of Mesolithic occupation at the site correlates
well with the 8.2k cal a Bp event, which, at a local scale, is
manifested by a dominance of open pine forests, a decrease of
oaks and lake shore trees, and an increase of brackish Ruppia.

Palaeohydrology

The local-scale palaeoenvironmental evolution (Fig. 14) drawn
from the Early Holocene sections of the Villena and Salines
playa-lake records (Jones et al., 2018; Burjachs et al., 2016)
was compared with the global 3'®0 GISP2 curve (Stui-
ver et al.,, 1995; Grootes and Stuiver, 1997; Rasmussen
et al., 2014) and the pollen-inferred regional pluviometric
index (Ip) for the Albordn Sea (Fletcher et al., 2010). The
Salines aridity quotient curve was plotted according to the raw
data, without any smoothing or rolled mean, as previously
published by Burjachs et al. (2016).

X-ray diffraction results showed a growing aridity trend as of
ca.9.1k cal a sp, denoted by the drop in magnesian calcite, a
proxy for water stability in the lake system. Such a decrease was
concomitant with increasing aragonite values (Julia et al., 1998)
and quartz (Clark et al., 2002), signifying lower lake levels. The

J. Quaternary Sci., 1-25 (2023)
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Figure 13. Pollen diagram of the Villena palaeolake (top) and Salines (bottom) based on selected taxa chronologically constrained to the Arenal de
la Virgen chronology. The dots mark rates <1%. The colour plots correspond to an exaggeration of the real values (black). Horizontal shaded areas
represent the radiocarbon-modelled Mesolithic occupation phases of El Arenal de la Virgen.

maximum peaks in aragonite and quartz were dated to ca. 8.6 k
cal a sp, in agreement with the drop in precipitation observed in
the Salinas playa-lake and the Alboran deep-sea core, based on
pollen indexes (Ip). In addition, the highest calcium dolomite
values were observed at ca. 8.3k cal a Bp, when magnesian
calcite reached its lowest values.

In summary, a period of environmental stability could be
found between ca. 9.4 and 8.2k cal a sp, coinciding with the
maximum 80 isotope values in the Greenland GISP-2 record.
Such stability was locally manifested in the aridity quotients of
Salines, the Salines precipitation index and the Villena
palaeolake’s X-ray data. This was despite a long-term trend
of growing aridity with several aridity peaks starting at ca. 8.6k
cal a sp, and culminating with the 8.2k cal a sp event. Such a
trend is consistent with the precipitation index (Ip) observed at
a regional scale in the Alboran deep-sea record. The end of the

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.

Mesolithic occupation at the Arenal de la Virgen site fits well
with the onset of the 8.2k cal a Br event according to the
Greenland records (8300+10/-40 a b2k) (Rasmussen
et al., 2014), when the Salines record shows a significant
increase in the aridity quotient and the Villena palaeolake
presents a peak in calcium dolomite.

Discussion

Archaeological sequence and occupational
evidence

The new excavations at Arenal de la Virgen have considerably
increased the body of occupation features, lithic and
palaeobotanical assemblages documented in previous works

J. Quaternary Sci., 1-25 (2023)
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Figure 14. Multi-proxy palaeohydrological reconstructions in the Upper Vinalopé Valley compared with the two Mesolithic occupation phases of
El Arenal de la Virgen. Two local aridity events (10.3 and 9.4k cal a 8pr) before the Mesolithic occupations of Arenal de la Virgen site. The
10.28-10.4k cal a sp event sensu lato (Bond et al., 1997; Cacho et al., 2001; Combourieu-Nebout et al., 2009; Zielhofer et al., 2017) is manifested by
an increase in the aridity quotient of Salines (adapted from Burjachs et al., 2016) and a decrease in the pluviometric index (Ip) of Alboran (adapted
from Fletcher et al., 2010); the aridity quotient, however, is most pronounced at 8.6k and at 8.2k cal a sp. This 8.2k cal a sp aridity peak is globally
correlated with a decrease in temperature in the GISP2 3'%0 isotopic record (Stuiver, 1995; Grootes and Stuiver, 1997) and, more locally,
by a pronounced increase in calcium dolomite at 8.3k cal a Br in the X-ray diffraction results (XR) (adapted from Jones
et al., 2018). Multiproxy data is available at the Zenodo repository of this article.

(Ferndndez-Lépez de Pablo et al., 2011a). Both the sedimen- of just a few generations, is supported by the occupation span
tary characterization of the stratigraphic sequence and the of the second phase (0-158 years at a 95.4% Cl) inferred from
application of a new programme of '*C AMS dates allowed us our second Bayesian chronological model, built on radio-
to distinguish two Mesolithic occupation phases within Unit carbon determinations from pinecone scales. According to
IV, whose lithic assemblages correspond to the Notched and this, the posthole might be interpreted as a vertical feature,
Denticulated Mesolithic. For the first occupation phase giving structure to a space of domestic activities used along
(9242-9041 cal a 8p), the information derived from archae- successive occupation episodes that resulted in a palimpsest.
ological features seemed to be restricted to the northern area, In sum, the occupational evidence for Phase 2 allows for a first
consisting of two hearthpits. One of them was interpreted as a appreciation of the site structure as a part of a campsite. This
possible dumping feature based on the high density of campsite would have comprised a sheltered (presumably
charcoal remains. In contrast, the second phase (8630-8292 domestic) area and an adjacent activity area with different
cal a Br) was widely documented over most of the excavation combustion features, and other latent combustion features
area, with at least three combustion features, a pit and a suggested by the spatial distribution of the burnt lithic remains
possible altered dwelling with a posthole containing a 40 -cm- (Rabunal, 2021). The taxonomic composition of charcoal
long limestone block. As briefly discussed earlier, the assemblages recovered in the combustion and habitational
interpretation of SU604 as a pit-dwelling requires caution features of Phase 2 shows a clear dominance of Quercus and
because this feature does not represent a primary depositional the probable selection of pine scales as fuel. This, in addition
context. Rather, the presence of combustion residues such as to the presence of Fabaceae seeds, qualitatively supports the
thermo-altered limestone clasts, vegetal charcoals as well as presence of activity areas associated with the combustion
thermo-altered lithic artefacts, ochre and monospecific accu- features.

mulations of the edible land snail Sphincterochila candidissi- Information about the seasonal patterns of occupation is
ma (Fernandez-Lopez de Pablo et al., 2011b) indicates a still very limited, given the null preservation of faunal
complex formation process. The most parsimonious explana- remains and the paucity of fruit seeds. In a previous study,
tion is the interaction of occupational residues, produced we suggested a spring and/or autumn occupation season
during recurrent use of this space, with soil formation according to the ethology of S. candidissima land snails
processes. The chronological association between SU604 (Fernandez-Lépez de Pablo et al., 2011). This remains to be
and the posthole with the limestone wedge, over timescales confirmed by ongoing sequential intra-shell isotopic 3'20
© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd. J. Quaternary Sci., 1-25 (2023)
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analyses (Yanes and Fernandez-Lopez de Pablo, 2017).
More detailed intra-site studies focused on detailed geoarch-
aeological analyses of features (Polo-Diaz et al., 2022), and
the spatial distribution of lithic assemblages (Rabunal et al.,
2022) will be published elsewhere, providing additional
evidence of site formation processes, site structure and
behavioural patterns.

A detailed comparative study of our excavation results
with other Iberian and European open-air Mesolithic sites is
beyond the scope of the present article. Nevertheless, it is
worth briefly mentioning here its significance considering
the level of information currently available for the Notched
and Denticulate Mesolithic in the Iberian Mediterranean
region. In this area, the number of open-air sites with
published habitation features, spatial distribution of
archaeological materials and palaeobotanical evidence is
restricted to Font del Ros (Martinez-Moreno and
Mora, 2011), Sota Palou (C.R.E.P.S., 1985) and Parque
Darwin (Escobar, 2010).

In the Font del Ros site, Unit SG has provided lithic
assemblages, 10 combustion structures and two pits, defining
two main activity areas over an excavation surface of 1200 m?
dated to ca. 10200-9700 cal a sp based on AMS '*C dates on
Corylus avellana shells (Martinez-Moreno and Mora, 2011;
Roda Gilabert et al.,, 2016). The spatial distribution of lithic
artefacts, combustion features, ground stone tools and hazel-
nuts indicates a residential camp function, with spatially
differentiated domestic activity areas. For Sota Palou, the
occupational evidence is more limited, even though it has
been reported in detail (CREPS, 1985; Carbonell and
Mora, 1985). An occupation floor, 15 cm deep on average,
was excavated at Level 10 over 40 m?. The documented body
of archaeological features encompasses two combustion
features, forming shallow pits with rubified sediment and
charcoals, a sitting cobble, and two post bases. The presence
of a latent dwelling that extends outside the excavation area
was hypothesized, based on abrupt changes in the density of
archaeological materials and the spatial distribution of posts
(Carbonell and Mora, 1985). However, the radiocarbon
resolution from Level 10, with two conventional "*C dates of
charcoal aggregates with wide standard errors — 8540 + 180
and 9060 + 360 Bp — does not allow us to evaluate such a
hypothesis. As in Font del Ros, archaeological assemblages
document the presence of carbonized remains of hazelnuts
and groundstones.

Finally, regarding Parque Darwin, the available information
comes from two studies on the lithic and palaeobotanical
assemblages (Escobar, 2010; Berihuete et al., 2017), with very
preliminary descriptions about occupation features, the spatial
distribution and the radiocarbon record. According to the site
planimetry, which covers an excavation surface of ~70 m?, a
total of 21 archaeological features were identified as combus-
tion structures, postholes and a ‘possible dwelling’ (Esco-
bar, 2010). At least 14 of these archaeological features
correspond to combustion features providing charcoal assem-
blages (Berihuete et al, 2017). The AMS radiocarbon
chronology from archaeological features 8 and 11 yielded
statistically significant different ages, 8920 + 40 sp (10
200-9910 cal a 8p) and 8470 + 70 sp (9550-9400 cal a sp).
Such chronological differences are indicative of a palimpsest,
whose formation time and internal phasing remain to be
determined. This synthetic review shows that palimpsests
spanning few centuries are common in other open-air sites of
the Iberian Peninsula, and underlines the need to develop new
radiocarbon dates and bayesian chronological models to
determine the internal phasing and establish their chronolo-
gical boundaries.

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.

Correlation between the occupational sequence
and local-scale paleoenvironmental dynamics

The stratigraphic sequence of El Arenal de la Virgen shows a
sedimentary succession of alternating phases formed under
arid and relatively wetter conditions, which could be
correlated with environmental dynamics observed both at
local and regional scales. The sedimentary context of the
Mesolithic occupations was formed by sands, but with
evidence of pedogenesis, signifying more stable and humid
conditions, as locally recorded by the Villena and Salines
palaeoecological sequences (Burjachs et al., 2016; Jones
et al., 2018). The Bayesian radiocarbon model of the Arenal
sequence reveals two different Mesolithic occupation phases
within Unit 1V, both with lithic assemblages taxonomically
attributed to the Notched and Denticulated Mesolithic. The
two occupation phases were separated by a chronological
hiatus of about 700 calendar vyears, reflecting sedimentary
discontinuities of colluvial origin, according to the micro-
stratigraphic evidence (Supporting Information, Fig. S2).

Cessation of the Mesolithic occupation at the Arenal site is
clearly associated with the beginning of Unit Il deposition.
The contact between Units IV and Il is of major relevance in
this study. It manifested as an abrupt shift from soil formation
processes to the accretion of aeolian sands. This change
reflects the onset of a new arid phase, chrono-stratigraphically
correlated with the 8.2k cal a sp event, reflected at a local scale
in the Salines and Villena pollen and sedimentary records. The
latter shows an expansion of conifers, halophytes (e.g.
Amaranthaceae), and brackish (e.g. Ruppia) and xerophilous
taxa (e.g. Ephedra, Erica), all of which are indicators of
increasing aridity, added to the aridity quotients published in
Burjachs et al. (2016).

Independent chronological models derived from the strati-
graphic sequence of Arenal and the revised section of the
Villena palaeolake show that the beginning of the deposition
of Unit lll was associated with an abrupt increase in the lake’s
hypersaline conditions, during the accepted chronology of the
8.2k cal a BP event. As reported before, this change in
hydrology is also manifested in the Salines record, 11 km from
the Arenal site, and identified in vegetation patterns. A notable
discussion point regarding the evaluation of the impact of
aridity in Mesolithic communities is to determine whether the
local signal associated with the 8.2k cal a sp differs from
ongoing, millennial-scale, climatic trends. Here, we must take
into consideration the sampling resolution of the local
environmental proxies for the period 9.2-7.8k cal a sp. With
four data points, the resolution of the X-ray data of the Villena
palaeolake does not allow to precisely estimate the exact
duration of aridity pulses. However, it must be noted that the
age of the calcium dolomite peak (8.3k cal a 8p) is coeval with
a peak in the aridity quotient in the better-sampled (with 10
data points) record of Salines. According to this evidence, the
Villena and Salines lake systems did not recover to 8.2k pre-
event conditions but aridity persisted in the Upper Vinalopé
during the mid-Holocene ca. 7000 cal a sp (Jones et al., 2018).
This is consistent with recent precipitation reconstructions for
SE lberia based on speleothem records (Budsky et al., 2019)
suggesting enhanced dry spring/summer conditions spanning
9.7-7.8k cal a sp.

The formation of Unit Ill, whose deposition began during the
8.2k cal a sp climatic event according to the results of the
Bayesian chronological model, implied a mixed and very
probably alternating dynamics of aeolian accretion and run off
linked to lake level oscillations of the nearby Villena
palaeolake (Jones et al., 2018). Subsequent Neolithic occupa-
tions were recorded within Unit Ill, even though the
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archaeological evidence in the excavated area is very limited,
without diagnostic potsherds or lithic artefacts. Even though
the date of SU620 is based on a single charcoal sample (and
therefore subject to a certain degree of chronological
uncertainty), both the radiocarbon age of the features
associated with Unit Il and especially the typology of feature
627 agree with an Early Neolithic (senso latu) chronological
attribution. This, in turn, is consistent with the relative
chronology provided by surface findings of Cardial pottery in
the crop fields adjacent to the exaction area (Soler, 1965;
Fernandez-L6pez de Pablo et al., 2008).

In the broader context of the central Mediterranean region of
Iberia (Fig. 1), the end of the Mesolithic occupation at Arenal
de la Virgen coincides with the cessation of radiocarbon-dated
activity in other Postglacial sites such the Tossal de la Roca
rockshelter (Cacho et al., 1995; Cacho and Jorda-Pardo 2009)
and, especially, the open-air sites of El Collado and Benamer
(Fig. 15, and Supporting Information 6). The most relevant
example is the El Collado site, located in the southern sector of
the Valencian gulf, 80 km from El Arenal de la Virgen. This site
has a rich archaeological deposit with lithic, faunal and
mollusc assemblages (Aparicio 2008; Fernandez-Lépez de
Pablo and Gabriel 2016; Fernandez-Lépez de Pablo
et al, 2015) and 14 Mesolithic burials. Its stratigraphic
sequence, recently revised through an extensive radiocarbon
dating programme on human and faunal remains from all the
stratigraphic layers (Fernandez-Lopez de Pablo 2016; Gibaja
et al., 2015), spans ca. 9400-8200 cal a sp.

Benamer is located ca. 50 km from El Arenal de la Virgen, in
which rescue excavations uncovered Late Mesolithic deposits
(about 0.5 m thick) over an area of 200 m? (Torregrosa

© 2023 The Authors Journal of Quaternary Science Published by John Wiley & Sons Ltd.
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et al, 2011). Two radiocarbon determinations (Supporting
Information, Table S3) made on charcoal and pollen show
statistically identical radiocarbon ages for the Late Mesolithic
phase (ca. 8374-8192 and 8383-8190 cal a sp), in agreement
with the lithic typology characterized by the dominance of
trapezes with abrupt retouch. The site lacks evidence of
subsequent Final Mesolithic occupations, suggesting the end
of the Mesolithic presence along the chronological span of the
8.2k cal a Bp event. This interruption of the Mesolithic
occupation at Benamer was concomitant with the deposition
of aeolian sands, signifying an increase of aridity (Ferrer, 2011).
An Early Neolithic phase has been dated to 6575 + 50 sp
(7572-7367 cal a 8p) on a pollen concentration sample, which
is consistent with the Cardial ceramic component of the site,
showing a reoccupation by early farmer communities. In the
Falguera rockshelter, two Late Mesolithic layers Xa and Vllla
are separated by an occupation hiatus of 20-25 cm depth,
during the formation of Layer X (Garcia-Puchol and
Aura, 2006) and Layer IX that correspond to a 5-cm-thick
layer of fluvial gravels. In a previous work we discussed the
potential relationship between this occupational hiatus with
the 8.2k cal a Bp event (Fernandez-Lépez de Pablo and
Jochim 2010). In sum, the radiocarbon evidence from open-air
sites located in this regional unit suggests a wider regional
impact of aridity on Mesolithic settlement systems during the
onset of the 8.2k cal a Br event. Note that this interruption
pattern in the occupational sequences is documented in open-
air sites in different geomorphological settings and sedimen-
tary regimes as well as in a rockshelter. It is interesting to note
that the archaeological sites of Benamer, Falguera and Arenal
de la Virgen show Early Neolithic cultural layers after an
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occupational hiatus spanning the 8.2k cal a sp climatic event
and the Final Mesolithic. In the case of the Serpis River Valley,
where Benamer, Falguera and El Collado are located, different
studies have suggested that this decline on the terminal
Mesolithic settlement was forced by the effects of the 8.2-ka
event as well as the decrease in environmental carrying
capacity in coastal areas due to postglacial flooding of coastal
plains and the significant decrease of coastal lagoon biotopes
(Fernandez-Lépez de Pablo 2016; Brisset et al., 2018; Brisset
and Fernandez-Lépez de Pablo 2022). The archaeological
evidence supports that the subsequent Neolithic transition in
this area involved the rapid spread of farming communities ca.
7.6-7.5k cal a Br in river valleys that were unoccupied, or very
marginally occupied, by Mesolithic populations.

At the local scale of the Upper Vinalopé Valley, the
interruption of the Mesolithic occupations at Arenal de la
Virgen does not seem to imply the abandonment of this area,
but rather a decrease in occupational intensity, coinciding
with maximum peaks in aridity in the Villena palaeolake.
Furthermore, the open-air site of Casa Corona, located 6 km to
the north of Arenal de la Virgen, has provided two Late
Mesolithic burials directly dated to 8.0-7.8 ka (Fernandez-
Lépez de Pablo et al., 2013). However, recent extensive
fieldwork undertaken in 2014 and 2017 at this site, covering a
500-m? excavation surface adjacent to the Late Mesolithic
burials, has confirmed the lack of new funerary evidence. This,
in turn, is consistent with the study of lithic assemblages
(Rabufial, 2021) reporting the presence of trapezes but the lack
of final Mesolithic assemblages with ‘Cocina-type’ triangles.

Conclusion

This work shows the potential of integrated archaeological and
palaeoecological research targeting Early Holocene open-air
sites in aeolian sandy sedimentary contexts in Mediterranean
biomes. At Arenal de la Virgen, the interaction between
different sedimentary processes (colluvial and aeolian sedi-
mentation, cultural deposition and disturbance, run off and
aeolian deflation) with pedogenic processes have led to the
formation of a palimpsest, and prevented good preservation of
organic remains. However, the application of previously
defined fieldwork and post-excavation analytical protocols
has allowed us to disentangle its occupation sequence,
identifying cultural and natural site formation processes,
extracting palaeoethnographic information within each occu-
pation phase, and correlating its occupation history with
palaeoenvironmental dynamics inferred from local palaeoe-
cological records.

Using open-air archaeological data at local and regional
scales, our work provides solid stratigraphic and chronometric
evidence of the impacts of aridity on Mesolithic settlement
systems during the 8.2k cal a sp climatic event in the Iberian
Mediterranean region. This is especially relevant given that in
this area of the Western Mediterranean, as in other regions of
Southern Europe, the archaeological record has been tradi-
tionally biased in favour of rockshelter-oriented research, very
often affected by sedimentary gaps (Berger and Guilaine 2009,
Alday et al., 2018). By expanding the focus to the open-air
archaeological record, in addition to rockshelter research, we
can achieve a broader and more integrated understanding of
Early Holocene socio-ecological dynamics, correcting pre-
vious research biases and addressing the impacts of ACEs on
patterns of human occupation.
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