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Summary

We present the discovery of a Middle Pleistocene fossil assemblage at Los Villares locality (Ruidera, Ciudad
Real, Castilla-La Mancha), which has possible evidence of associated human activity. The potential of the
site has been evaluated through multidisciplinary research including taxonomy, anatomy, deep learning, and
direct dating of fossil remains. A surface study carried out in 2017, over a very limited area (2 m?) on the slope
of one of the Ruidera lakes led to the discovery of more than 50 fossil specimens, including cranial (mainly
teeth) and postcranial remains. This rich assemblage is dominated by the remains of Caprinae, although the
presence of some small or medium carnivore remains also stands out. The identification of a cut mark, tested
with Convolutional Neural Networks, suggests the presence of human activity within the bone assemblage.
Several fossils were directly dated using a multi-technique approach involving radiocarbon, U-Th, and ESR
methods. The results constrain the fossil assemblage to between 300 ka and 400 ka, positioning Los Villares
as one of the first Middle Pleistocene localities identified in the Upper Guadiana basin, on the Southern edge
of the Southern Iberian Plateau. These promising initial results show the great potential of the site to contrib-
ute to filling a gap of knowledge in the Pleistocene archaeo-paleontological record of the Iberian Peninsula.
Nevertheless, we also acknowledge the need for systematic excavations in the future, not only to obtain a
better idea of the lateral and stratigraphic extension of the fossil assemblage and its complete taxonomic
composition, but also to confirm the human presence at the site.

Key words: paleontology; Southern Iberian Plateau; Middle Pleistocene; direct dating; taphonomy; cut mark.

Resumen

Presentamos aqui el descubrimiento de un conjunto fésil del Pleistoceno Medio encontrado en Los Villares
(Ruidera, Ciudad Real, Castilla-La Mancha), con posible evidencia asociada de actividad humana. El potencial
del yacimiento ha sido evaluado a través de una investigacion multidisciplinaria que incluye anatomia, Deep
learning y datacidn directa de restos fésiles. Un estudio de los materiales superficiales, donados reciente-
mente y procedentes de un area muy limitada (2 m?) en la ladera de una de las lagunas de Ruidera, condujo
al descubrimiento de mas de 50 especimenes fdsiles, incluidos restos craneales (principalmente dientes) y
postcraneales. Este rico conjunto estd dominado por restos de Caprinae, aunque también destaca la pre-
sencia de algun resto de pequefio o mediano carnivoro. La identificacion de una marca de corte, testada
con técnicas estadisticas utilizando Redes Neuronales (Convolutional Neural Networks), en un resto pone de
manifiesto la presencia de actividad antrdpica en el conjunto. Ademads, varios fdsiles fueron datados direc-
tamente por medio de un enfoque de multiples técnicas que involucran métodos de Radiocarbono, U-Thy
ESR, proporcionando un rango cronoldgico de entre 300 ka y 400 ka para los fdsiles. Este es, que sepamos,
uno de los primeros yacimientos fechados del Pleistoceno medio en la Meseta del Sur de la Peninsula Ibérica,
especialmente en la cuenca alta del Rio Guadiana. Estos prometedores resultados iniciales demuestran el
gran potencial de la localidad de Los Villares para contribuir a llenar un vacio de conocimiento en el registro
arqueoldgico-paleontoldgico del Pleistoceno Medio de la Peninsula Ibérica. No obstante, reconocemos la
necesidad de realizar excavaciones sistemdticas en el futuro para tener no solo una mejor idea de las exten-
siones laterales y estratigraficas, asi como de la composicidn taxondmica del conjunto fésil, sino también para
confirmar la presencia humana en el sitio.

Palabras clave: paleontologia; Submeseta Sur Ibérica; Pleistoceno medio; datacidn directa; tafonomia; marca
de corte.
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1. Introduction

The Iberian Peninsula is characterized by
an abundant and diverse Pleistocene ar-
cheo-paleontological record, with fossil as-
semblages mostly found in karstic (caves,
chambers, or shelters), fluvial (river channels
or floodplains), and marshy or lacustrine en-
vironments (Arribas Herrera & Jorda Pardo,
1999; Jorda Pardo, 2008a). While these locali-
ties cover the entire Peninsula, they are most-
ly concentrated in several geological units
(Jordd Pardo, 2008b) in both mountainous
areas such as the Cantabrian Mountains and
the Pyrenees, the Central System, the lberi-
an, and Coastal-Catalan Ranges and the Bae-
tic System, and the major river basins of the
Tagus, Guadiana (including the Campo de Ca-
latrava sub-basin) and Guadix-Baza. However,
whilst Middle Pleistocene fossil deposits are
frequent in these mountainous regions, only
the Guadix-Baza basin contains numerous
large mammal assemblages, and sites in the
two basins (the Tagus and Guadiana Basins)
in the “Southern Iberian Plateau” are much
less proliferous, leaving a substantial gap in
the record.

For example, in the Cantabrian Mountains
and Pyrenees, El Sidron (Rosas et al., 2012), El
Castillo (Valdés, 1984) and Lezetxiki (Baldedn,
1993) have yielded significant Pleistocene as-
semblages of faunal and human remains, as
have, Pinilla del Valle (Baquedano et al., 2012)
and Jarama VI (Jorda Pardo, 2007) in the Cen-
tral System and the Atapuerca karst complex
(Arsuaga et al., 1999; Bermudez de Castro et
al., 1997), Torralba and Ambrona sites (Fal-
guéres et al., 2006), Cueva de los Casares
(Barandiaran & Altuna, 1973) and Cova de
Bolomor (Fernandez Peris et al., 2008) in the
Iberian and Coastal-Catalan Ranges. Similarly,
among the three basins mentioned by Jorda
Pardo (2008b?), the Guadix-Baza is repre-
sented by a substantial number of fossil sites
including Fonelas P-1 (Arribas Herrera et al.,
2001), Solana del Zamborino (Alvarez-Posada
et al., 2017), and the Orce archaeo-paleonto-
logical complex (Arribas Herrera & Palmquvist,
1998; Titton et al., 2020; Toro-Moyano et al.,

2013). In contrast, the Tagus and Guadiana
basins in the “Southern Iberian Plateau” are
much less proliferous. The Tagus Basin is rep-
resented by fossil sites such as Aridos (Blain
et al., 2014; Santonja et al., 2001), TAFESA
(Sesé, 2010), or Perales del Rio (Sesé & Soto,
2002) and Jordda Pardo (2008a) lists only Pli-
ocene fossil sites such as Las Higueruelas in
the Upper Guadiana basin. This reflects a
real bias in the archeo-paleontological record
of the Southern Iberian Plateau, and more
specifically in the Upper Guadiana Basin
(Garcia-Martinez, 2019).

In this context, the discovery of a new Pleis-
tocene fossil assemblage at Los Villares,
i.e. within the Upper Guadiana basin in the
Southern Plateau, is of particular interest.
Here we report the initial results from a multi-
disciplinary investigation including taxonomy,
taphonomy, and geochronology designed to
evaluate the potential of Los Villares.

1.1. Context

1.1.1. Overview of the evidence of the human
presence in the lIberian Peninsula du-
ring the Middle Pleistocene

While the Early Pleistocene archaeological
and fossil record of the Iberian Peninsula is
quite rich and diverse, it shows a significant
hiatus from the end of the Early Pleistocene
to around 500 ka, well into the Middle Pleis-
tocene, where there is little evidence to sup-
port the presence of hominin species. Around
500-400 ka, a human species very different to
the earlier Homo antecessor, both in terms
of body size and shape (Arsuaga et al., 1999,
2015; Carretero et al., 2004) and associated
typo-technological assemblages (Ollé et al.,
2013), has been well documented in Ata-
puerca (Sima de Los Huesos and Gran Dolina
TD10) and Gruta de Aroeira (Daura et al.,
2017) at the end of the Tagus Basin (Portu-
gal). This species, now considered as “pre-Ne-
anderthal” (Arsuaga et al., 2014), produced a
Mode 2 technology associated with systemat-
ic and directional carcass processing, includ-
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ing hunting events like in Gran Dolina TD10
(Garcia-Medrano et al., 2015; Rodriguez-Hi-
dalgo et al., 2017). The rest of the Middle and
Late Pleistocene is well documented by the
presence of Neanderthals in the Iberian Pen-
insula, with Mode 3 technology and numer-
ous fossil sites all around the Iberian Peninsu-
la (Baquedano et al., 2012; Fernandez Peris et
al., 2008; Rodriguez-Perez et al., 2017; Rosas
et al., 2006; Rosas et al., 2017; Walker et al.,
2011). However, whilst the Iberian Peninsula
is characterized by an overall dense and di-
verse Early-to-Late Pleistocene archaeolog-

ical and fossil record, the Southern Plateau,
and the Guadiana Basin, in particular, is clear-
ly contrasting with the big picture, with only
few Middle Pleistocene archeo-paleontologi-
cal localities identified so far.

1.1.2. The Plio-Pleistocene fossil record from
the Southern Plateau and the Guadiana
Basin

The Southern Plateau (Meseta sur) of the lbe-
rian Peninsula is an extended plain of moder-

Figure 1: Geographical setting of the Tagus (green) and Guadiana (brown) Basins. The main fossil sites identified in
the Upper Guadiana basin (yellow circles) are highlighted. 1: Bonete y Piedrabuena (Pliocene); 2: Las Higueruelas
(Pliocene); 3: Valverde de Calatrava | (Lower to Middle Pleistocene) y Il (Pliocene); 4: Cueva de los Toriles (Middle
Pleistocene); 5: Los Villares (Middle Pleistocene); 6: El Provencio (Middle Pleistocene); 7: Fuensanta del Jicar (Lower to
Middle Pleistocene). Modified from https://commons.wikimedia.org/, CC BY-SA 3.0.

Figura 1: Marco geogrdfico de las cuencas del Tajo (verde) y Guadiana (marrén). Se destacan los principales
yacimientos fésiles identificados en la cuenca del Alto Guadiana (circulos amarillos). 1: Bonete y Piedrabuena
(Plioceno); 2: Las Higueruelas (Plioceno); 3: Valverde de Calatrava I (Pleistoceno Inferior a Medio) y Il (Plioceno);
4: Cueva de los Toriles (Pleistoceno Inferior a Medio); 5: Los Villares (Pleistoceno Medio); 6: El Provencio (Pleistoceno
Medio); 7: Fuensanta del Jucar (Pleistoceno Inferior a Medio). Modificado de https://commons.wikimedia.org/,
CC BY-SA 3.0.
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ate altitude (mostly around 600-700 m.a.s.l.)
compared with its Northern part, which is
dissected by the present-day fluvial networks
of the Tagus and Upper Guadiana rivers (Fig.
1). It is bordered by mountain ranges such as
the Central System (to the North), the Iberi-
an Chain (to the Northeast), and the Baetic
System, and Sierra Morena (to the South)
(Casas-Sainz & de Vicente, 2009). The geogra-
phy of this area is characterized by large plain
terrains along the Tagus and Guadiana basins,
except for the Toledo Mountains area, which
roughly separates the two basins. From a ge-
ological point of view, the easternmost part
of the Southern Plateau is mainly composed
of Neogene and Quaternary deposits, except
for some islets within the Campo de Montiel
area which are formed by large limestone
plaques from the Mesozoic era and settled on
much folded Paleozoic substrates giving rise
to more rugged landscapes (Casas-Sainz &
de Vicente, 2009; de la Cruz, 2013; Montero
Gonzalez, 2003; Jiménez Ramirez & Chapar-
ro Sabina, 1989; Ramirez et al., 1982). In the
westernmost part of the Southern Plateau,
Precambrian-Paleozoic substrates are most
common (Casas-Sainz & de Vicente, 2009).
Given these geological and geographical
features, Plio-Pleistocene fossil assemblag-
es identified in the region are found mostly
associated with either the fluvial deposits of
the Tagus and Upper Guadiana basins or the
karstic sedimentary infilling systems in the
easternmost part (Garcia-Martinez, 2019).

Focusing on the Guadiana Basin, a few and
relatively unexplored Pliocene localities have
been described in the literature, such as Las
Higueruelas (Badiola et al., 2007), Bonete y
Piedrabuena (Torres & Mazo, 1991) and Val-
verde de Calatrava Il (Alberdi et al., 1984),
both in the Campo de Calatrava area (Fig. 1).
Their Pliocene chronology has been mostly in-
ferred from biochronology. Lower-to-Middle
Pleistocene localities have been also report-
ed, such as Valverde de Calatrava |, Fuensanta
del Jucar and El Provencio (Dominguez-Solera
et al., 2020; Mazo et al., 1990) (Fig. 1). The
latter two were found in fluvial deposits as-
sociated with the Jucar and Zancara Rivers,
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in terraces positioned +60 m and +15-16 m
above the current river channel, respectively,
and belonged to the Guadiana fluvial network
during Pleistocene times (Mazo et al., 1990;
Santisteban & Schulte, 2007). Based on the
identification of the large mammal taxa Mam-
muthus meridionalis or Hippopotamus am-
phibius major at Valverde de Calatrava | and
Fuensanta del Jucar, age estimates of around
1.3-0.8 Ma (Aguirre, 1989; Mazo, 1999) and 1
Ma (Mazo et al., 1990) were inferred respec-
tively. The archeo-paleontological site of El
Provencio (Cuenca) provided fossil remains
initially attributed to Mammuthus meridion-
alis, suggesting a similar Lower Pleistocene
chronology to the Fuensanta del Jucar assem-
blage (Mazo et al., 1990). However, a Middle
Pleistocene age is more likely as a recent study
suggested that these remains could be in-
stead attributed to Mammuthus trogontherii,
a species covering a younger time range, and
one ESR date obtained from the lowermost
and sterile stratigraphic unit provides a bur-
ial age of around 800 ka (Dominguez-Solera
et al., 2020). Finally, Garcia-Martinez et al.
(2020) and Megia Garcia et al. (2020) recent-
ly reported the discovery of a fossil assem-
blage and associated Middle Paleolithic lithic
tools at the cave site of Cueva de Los Toriles
(Carrizosa, Castilla-La Mancha) (Fig. 1), with a
potential Middle Pleistocene chronology (un-
published data).

1.2. Los Villares locality

In April 2009, P.R.M.M. was informed of the
discovery of bone fragments on one of the
slopes of the Los Villares house state, located
on the “La Colgada” lake, on the right bank of
the Parque Natural de las Lagunas de Ruidera
(Ciudad Real, Castilla-La Mancha) (Fig. 2). It
was not until a decade later that a multidisci-
plinary team was able to gather and provide
the first formal evaluation of this new site,
which is presented here for the first time to
the scientific community.

The Ruidera lakes are a series of 14 lakes
dammed with tuff barriers along ~15 km of a
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Figure 2: Geographical setting of Los Villares locality (Ruidera, Ciudad Real, Castilla-La Mancha). Legend: a) Spain, b)
Castilla-La Mancha province, c¢) Campo de Montiel area. Built with QGIS 3.12.3 -GNU Free License- and free wms data
from Instituto Geografico Nacional (IGN), Spain).

Figura 2: Marco geogrdfico de la localidad de Los Villares (Ruidera, Ciudad Real, Castilla-La Mancha). Leyenda: a)
Espafia, b) Provincia de Castilla-La Mancha, c) Zona de Campo de Montiel. Construido con QGIS 3.12.3 -GNU Free
License- y datos wms gratuitos del Instituto Geogrdfico Nacional (IGN), Espaiia).
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Figure 3: Fossiliferous sediments exposed after a
road construction at the house state of Los Villares
(Ruidera, Ciudad Real), in 2009.

Figura 3: Sedimentos fosiliferos expuestos tras la
construccion de una carretera en la urbanizacion Los
Villares (Ruidera, Ciudad Real), en 2009.

headwater of the Guadiana River, that incise
the Mesozoic carbonates forming the high
plateau of Campo de Montiel (Ordoiiez et
al., 2005, Gonzalez Martin et al. (1987) in the
southern part of the Southern Plateau. This
exceptional karstic landcape, is similar to the
Plitvice lakes in Croatia, mentioned in Roman
times (Alvarez et al., 2007; Gonzalez Martin,
2007; Gonzalez Martin et al., 2004; Planchue-
lo, 1952), and has important natural resourc-
es such as fish farms, game animals and per-
petual pastures (Moya-Maleno, 2011).

The current morphology of the lakes dates
from the Holocene, around 6,000 vyears
ago (Gonzédlez Martin et al., 1987; Montero
Gonzalez, 2003). However, geomorphological
studies suggest the constant transformation
of the area over time, both by natural epi-
sodes, such as the earthquake of the 16 cen-
tury, and human action (Hijano, 2013; Lépez
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Sanz, 1993; Martin, 2000), leading to modifi-
cation and, sometimes, the disappearance of
some lakes (Alvarez et al., 2007; Marin Mag-
az, 2007).

The paleontological site of Los Villares is locat-
ed on the eastern slope above the La Colgada
lake at 808 meters above sea level (m.a.s.l.),
i.e. about 21 meters above the current lake
level (787 m.a.s.l.) and about 80 meters from
the shore on a 452 slope. During the construc-
tion of a local road, more than 50 excellen-
tly-preserved faunal fossils were identified
and surface-collected in 2017 by locals from
an area of about 2 m? (Fig. 3).

2. Material and methods

2.1. Fossil assemblage

Anatomical and taxonomic identifications of
all fossil remains recovered from Los Villares
(N=57) were based on the comparative mate-
rial collections from the Museo Nacional de
Ciencias Naturales (MNCN-CSIC). Of the 57
elements, 53 were clean and individualized
(Figs. 4, 5), while three were still embedded
in breccia (Fig. 6). The last specimen was only
studied through pictures since it was recov-
ered in 2009 and access to the original fossil
could not be obtained (Fig. 7).

2.2. Preliminary taphonomic study

First, we analyzed the breakage pattern of the
bones using the Villa and Mahieu model (Vil-
la & Mahieu, 1991). In addition, the surface
of the bones was inspected with a binocular
magnifier to identify and describe potential
marks resulting from human activity. Once
identified, we carried out a deep learning ap-
proach to confirm their human origin.

To accurately identify the type of taphonomi-
cal alteration (i.e., cut mark, tooth mark, tram-
pling mark, etc.) present in the specimen, an
approach combining deep learning and com-
puter vision was employed. Deep learning and
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Figure 4: Examples of dental fossil remains recovered from Los Villares locality (see descriptions in Table 5).
Figura 4: Ejemplos de restos fosiles dentales recuperados en la localidad de Los Villares (ver descripcién en la Tabla 5).

Figure 5: Examples of skeletal elements recovered from Los Villares locality (see descriptions in Table 5).
Figura 5: Ejemplos de elementos dseos recuperados en la localidad de Los Villares (ver descripcidn en Tabla 5).

14
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Figure 6: Examples of brecciated fossil specimens (red arrow) recovered from Los Villares locality (see descriptions
in Table 5).

Figura 6: Ejemplos de especimenes fosiles brechificados (flecha roja) recuperados de la localidad de Los Villares

Figure 7: Felinae mandible recovered from Los Villares
locality. Only pictures could be studied from this
specimen since we did not have access to the original
specimen (see descriptions in Table 5).

Figura 7: Mandibula de Felinae recuperada de la
localidad de Los Villares. Solo se pudieron estudiar
fotografias de este espécimen ya que no tuvimos acceso
al espécimen original (ver descripciones en la Tabla 5).
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(ver descripciones en la Tabla 5).

Computer Vision algorithms based on Convo-
lutional Neural Networks (CNN) have recent-
ly been successfully used to classify different
types of bone surface modifications (e.g.,
(Byeon et al., 2019; Cifuentes-Alcobendas &
Dominguez-Rodrigo, 2019; Dominguez-Rodri-
go et al., 2020). These algorithms have been
able to outperform human analysts in accura-
cy rates while providing more replicable results
and more objectivity than previous methods
(Dominguez-Rodrigo et al., 2020). Here, we
used transfer learning to guarantee optimal
feature extraction of the models with relative-
ly small sample sizes. The models used were
both with sequential (VGG16 and VGG19) and
parallel (ResNet50, DenseNet201, and Incep-
tionV3) architectures, and their accuracy rates
ranged from 89% to 92% in our preliminary
tests. The reader may refer to Dominguez-Rod-
rigo et al. (2020) (ResNet50, VGG16, VGG19,
and InceptionV3 models) and Abellan et al.
(2021) (DenseNet201) for more information
on Artificial Intelligence model building and
tuning. Additionally, we selected a Rectified
Linear Unit (ReLU) as the activation function
and a Stochastic Gradient Descent (SGD) as an
optimizer, since these two have become the
baseline of CNNs for their efficiency and good
overall performance (Goodfellow et al., 2016;
Ketkar, 2017).
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These models were trained on a mixed sam-
ple of images of cut marks (N=488), tooth
marks (N=106), and trampling marks (N=63).
The images were taken at x30 magnification
using a binocular microscope, then turned
to grayscale and trimmed to show only the
inner groove and shoulders of the marks.
Augmentation techniques (i.e., rotation,
skewing, horizontal and vertical translation,
and mirroring) were used to increase sample
variance, avoid overfitting, and improve the
model performance when subjected to imag-
es not used during the training (Ketkar, 2017).
Models were trained on batches of 32 images
of 80x400 pixel resolution (.bmp format) up-
dating the weights with backpropagation for
100 epochs each. The coding and training of
the models were undertaken in Tensorflow
(v. 2.3.0) and Keras (v. 2.4.3), in a Conda en-
vironment capable of CUDA computing with
cuDNN (v. 11.2) (Chetlur et al., 2014).

2.3. Characterization of the sediment

One sample of breccia attached to tooth RV-
001 was collected for laboratory characteri-
zation analyses at CENIEH: grain size analysis
was performed using the Robinson pipette
method, and X-ray Fluorescence (XRF) was
used to obtain some insights into the compo-
sition of the sediment in major elements.

2.4. Direct dating
2.4.1. Samples
Several fossil specimens were collected in situ

and selected for dating purpose, following a
multi-technique approach combining Radio-

carbon (#546, #548 & #549), U-series (#546,
#547 & #548) and Electron Spin Resonance
(ESR) (#546) (Table 1).

2.4.2. Radiocarbon dating

The nitrogen percentage (%N) in both bone
(#546, #548, and #549) and dentine (#548)
was measured to establish whether sufficient
collagen for radiocarbon dating was present.
After removing the soft surface, 2-5 mg of
bone/dentine powder was collected with a
handheld Dremel™ drill and measured using
an ANCA elemental analyzer connected to a
Sercon 20-22 isotope ratio mass spectrome-
ter operating in continuous flow mode, using
anin-house gelatine reference. Analyses were
performed at the Australian National Univer-
sity (ANU) Radiocarbon Laboratory, Australia.

2.4.3. U-series dating

Laser ablation (LA) and Solution U-series anal-
yses were carried out using a Nu Plasma HR
MC-ICP-MS in the Radiogenic Isotope Facility
(RIF) at the School of Earth and Environmen-
tal Sciences, the University of Queensland
(Australia).

Laser ablation MC-ICP-MS U-series dating:
The LA analyses were carried out on tooth
fragments collected from samples #546,
#547, and #548 following the principles and
procedures modified after Griin et al. (2014).
Rather than applying off-line reduction of
raw isotope signal intensity data to calculate
the sample’s 22°Th/%8U and 23*U/%8U activity
ratios (or using third-party software such as
lolite for such purpose), we used the MC-ICP-

Table 1: Details of the fossil specimens dated by different methods.

Tabla 1: Detalles de los especimenes fosiles fechados por diferentes métodos.

Lab ID Excavation number Description Purpose

#546 RV001 Caprinae upper molar Radiocarbon, solution U-series & ESR
#547 RV048 Caprinae lower molar Laser Ablation U-series

#548 RV051 Caprinae lower molar Laser Ablation U-series

#549 RV049 Caprinae lower molar Radiocarbon

16



Cuaternario y Geomorfologia (2022), 36 (1-2), 7-35

Figure 8: LA-MC-ICPMS U-series analyses performed across tooth fragments from samples #546, #547, and #548. The
black arrows indicate the direction of the LA analyses. Numerical data may be found in Table 2. Key: LA= laser ablation;
EN= enamel; DE = dentine; CE = cement

Figura 8: Andlisis U-Th por MC-ICPMS con ablacion laser realizados en secciones transversales de los dientes #546, #547
y #548. Las flechas negras indican la direccion de los andlisis por ablacion laser. Los datos numéricos se pueden encontrar
en la Tabla 2. Leyenda: LA= ablacidn laser; ES= esmalte; DE = dentina; CE = cemento.
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MS online data acquisition software designed
for solution analysis to generate baseline fully
corrected isotope ratio data directly from the
mass spectrometer. Then the 2°Th/?38U activi-
ty ratios of the samples were normalized to a
homogeneous tooth standard (used in Griin et
al., 2014) by interpolating through the results
of the standard that was repeatedly measured
at the beginning and then after every five un-
known samples. The 2*°Th/?3U activity ratio
of this standard has been precisely calibrated
by isotope dilution. In each sample, LA tran-
sects made of a succession of several rasters
were performed across the various dental tis-
sues along the tooth cross-sections (Fig. 8).
The resulting mean analytical data obtained
for each laser ablation short transect are giv-
en in Table 2 and are graphically displayed in
Figure 8. This protocol is somehow analogous
to micro-drilling of a series of spots along a
tooth cross-section for solution MC-ICP-MS
dating reported in previous publications (e.g.,
Price et al., 2013, 2017). The difference is that
the laser-ablation protocol does not involve
any chemical separation of U and Th.

U-series analyses of dental tissues by solution
MC-ICPMS: Additional solution U-series anal-
yses were performed on the powdered enam-
el and dentine from #546 (the sample dated
by ESR), following chemical treatment pro-
cedures and MC-ICP-MS analytical protocols
described elsewhere (e.g., Clark et al., 2014;
Zhao et al., 2009). Powdered sub-samples
weighing ~10 mg were spiked with a mixed
29Th-2*3U tracer and then completely dis-
solved in concentrated HNO,. After digestion,
each sample was treated with H,0, to decom-
pose trace amounts of organic matter and to
facilitate complete sample-tracer homogeni-
zation. U and Th were separated using con-
ventional anion-exchange column chemistry
using Bio-Rad AG 1-X8 resin. After stripping
off the matrix from the column using dou-
ble-distilled 7N HNO, as eluent, 3 ml of a 2%
HNO3 solution mixed with a trace amount of
HF was used to elute both U and Thinto a 3.5-
ml pre-cleaned test tube. After column chem-
istry, the U-Th mixed solution was injected
into the MC-ICP-MS through a DSN-100 des-
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olvation nebulizer system with an uptake rate
of around 0.07 ml per minute. U-Th isotop-
ic ratio measurement was performed on the
MC-ICP-MS using a detector configuration to
allow simultaneous measurements of both
U and Th. Closed-system U-series ages were
calculated using the Isoplot/Ex 3.75 Program
(Ludwig, 2003). Results are given in Table 2.

2.4.4. ESR dating

Sample preparation: Tooth #546 was pre-
pared following the same procedure as in Val
et al. (2021): the enamel layer was mechani-
cally separated from the other dental tissues
and both inner and outer surfaces were re-
moved with a dentist drill to eliminate the
volume that received an external alpha dose.
The dentine attached to the enamel layer
was kept aside for subsequent solution bulk
U-series analyses (section 2.4.3.). Enamel and
dentine were ground and sieved <200 um.

ESR dose evaluation: Dose evaluation utilized
the multiple aliquot additive dose (MAAD)
method. The enamel powder of sample #546
was split into eleven aliquots and gamma ir-
radiated at CENIEH (Spain) with a Gammacell
1000 Cs-137 gamma source (dose rate =6.27 +
0.14 Gy/min) to the following doses: 0.0, 49.0,
98.1, 147.0, 196.0, 294.1, 392.1, 588.0, 784.0,
980.0 and 1960.0 Gy. Room temperature ESR
measurements were carried out at CENIEH
with an EMXmicro 6/1 Bruker ESR spectrom-
eter coupled to a standard rectangular ER
4102ST cavity. The following procedure was
used to minimize the analytical uncertainties:
(i) all aliquots of a given sample were carefully
weighted into their corresponding tubes and a
variation of <1 mg was tolerated between ali-
quots; (ii) ESR measurements were performed
using a Teflon sample tube holder inserted
from the bottom of the cavity to ensure that
the vertical position of the tubes remains ex-
actly the same for all aliquots. The following
acquisition parameters were used: 1-10 scans,
1 mW microwave power, 1024 points resolu-
tion, 15 mT sweep width, 100 kHz modulation
frequency, 0.1 mT modulation amplitude, 20
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Table 2: LA-MC-ICPMS U-series analytical results. All errors are 2-0. Key: LA= laser ablation; EN= enamel; DE = dentine;
CE = cement. n.c = not calculable. These results are graphically displayed in Fig. 8.

Tabla 2: Resultados analiticos U-Th por LA-MC-ICPMS. Todos los errores son 2-0. Leyenda: LA= ablacion Idser;
ES= esmalte; DE = dentina; CE = cemento. n.c = no calculable. Estos resultados se muestran grdficamente en la Fig. 8.

Sample Tif:aes::f U (ppm) B0Th /238y Bay/ B8y 20Th Age (ka) | Initial 24U/ 28U
#547 EN1 1.5 1.177 £0.093 1.584 £ 0.035 131.2+£18.8 1.85+0.06
#547 EN2 1.2 1.118 £+0.058 | 1.568 +0.063 122.5+13.8 1.80 £ 0.07

Average £ 2 s.d. 126.8+12.3 1.82 +0.06
#547 DE3 51.6 1.168 £+0.018 | 1.580+0.010 130.2+2.2 1.84+0.01
#547 DE4 38.2 1.141 £ 0.023 1.578 £0.010 125.3+3.5 1.82+0.01
#547 DE5 26.1 1.179+0.021 | 1.569+0.011 134.1+3.1 1.83+0.01
#547 DE6 39.9 1.140+£0.019 | 1.577 +0.009 125.1+2.2 1.82+0.01
#547 DE7 43.0 1.156 £+ 0.019 | 1.578+0.011 128.0+2.6 1.83+0.01
Average + 2 s.d. 128.6+7.5 1.83+0.01
#547 EN8 11.0 1.083+£0.030 | 1.582+0.020 1142 +5.1 1.80+£0.02
#547 EN9S 2.4 1.021+0.52 1.651 £ 0.045 97.0+8.3 1.86 +0.05
Average + 2 s.d. 105.6 £ 24.3 1.83+0.07
#5438 EN1 1.7 0.558 +0.052 | 1.487 £0.042 49.8+6.0 1.56 £ 0.05
#5438 EN2 0.7 0.630+0.069 | 1.482+0.051 58.4+8.6 1.57 £0.06
Average * 2 s.d. 54.1+12.1 1.56 £ 0.01
#5438 DE3 51.7 0.552+0.010 | 1.414+0.011 52.6+1.0 1.48 £0.01
#5438 DE4 52.9 0.532+0.012 1.426 £ 0.009 49.6 £1.1. 1.49+0.01
Average 2 s.d. 51.1+4.3 1.49 +0.01
#546 EN1 0.4 1.149 £ 0.143 1.461 £ 0.085 148.3 £40.2 1.70+0.12
#546 EN2 0.4 1.036 £ 0.196 | 1.556 +0.099 109.4 £35.3 1.76 £0.13
#546 EN3 0.2 1.016 £ 0.289 1.461 £0.135 118.7 £ 60.3 1.64+£0.18
#546 EN4 0.4 0.922 +0.151 1.479 £0.103 99.4 £27.6 1.63+0.12
Average * 2 s.d. 119.0+42.2 1.68+0.11
#546 DE5 26.4 1.314 £ 0.023 1.561 £ 0.016 167.3+5.6 1.90+0.02
#546 DE6 30.4 1.273 £0.022 1.550 £ 0.014 159.2+4.5 1.86+0.01
#546 DE7 26.9 1.307 £0.027 | 1.549+0.012 168.2+6.2 1.88 +0.02
#546 DE8 26.5 1.397+£0.026 | 1.572+0.012 187.8+6.4 1.97 £0.02
Average t 2 s.d. 170.6 +24.3 1.90+0.10
#546 CE1 11.5 1.901+£0.047 | 1.596 +0.019 n.c. n.c.
#546 CE2 16.5 1.701+£0.050 | 1.601+0.014 319.8+38.9 2.48 +0.16

ms conversion time, and 5 ms time constant.
All aliquots were successively measured within
a short time interval (<1 h). This procedure was
repeated two times over successive days with-
out removing the enamel from the ESR tubes
between measurements to evaluate measure-
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ment and equivalent dose (D,) precisions (Ta-
ble 3). The ESR intensities were extracted from
the T1-B2 peak-to-peak amplitudes of the ESR
signal (Griin, 2000b), and then normalized to
the corresponding number of scans and ali-
quot mass. D, values were obtained by fitting
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a single saturating exponential (SSE) through
the mean ESR intensities derived from the re-
peated measurements. Fitting was performed
with Microcal OriginPro 9.1 software, which is
based on a Levenberg-Marquardt algorithm by
chi-square minimization. Data were weighted
by the inverse of the squared ESR intensity (1/
12) and the inverse of the squared experimental
errors (1/s?) (Griin & Brumby, 1994). The ESR
dose-response curve (DRC) is shown in Figure
9, while numerical fitting results are given in
Table 3. The final 1-0 D error used for age cal-
culation (Table 4) includes both the fitting and
gamma source dose rate errors.

Figure 9: ESR dose-response curve derived from
the measurement of enamel sample #546. The
ESR intensities and associated errors of each
aliquot correspond to the mean value and one
standard deviation derived from the repeated ESR
measurements. Numerical fitting results may be found
in Table 3.

Figura 9: Curvas de crecimiento ESR de la muestra
de esmalte #546. Las intensidades ESR y los errores
asociados para cada alicuota corresponden al valor
medio y una desviacion estandar derivada de las
mediciones ESR repetidas. Los resultados numéricos
se pueden encontrar en la Tabla 3.

Dose rate evaluation and age calculations: No
in situ evaluation of the gamma dose rate as-
sociated with the teeth was performed. Both
the beta and gamma dose rates were derived
from the laboratory analysis of a sediment
sample collected directly from tooth #546. In-
ductively Coupled Plasma Mass Spectrometry
(ICP-MS) analyses were performed on all sed-
iment samples by Genalysis Laboratory Ser-
vices, following a four-acid digest preparation
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Table 3: Detailed ESR results obtained for the enamel
of sample #546. Measurement precision is expressed
as the mean coefficient of variation obtained for
all the aliquots of a given sample after the two or
three repeated measurements. DE precision is the
variation of the DE values derived from the repeated
measurements of a given sample.

Tabla 3: Resultados detallados de ESR obtenidos para el
esmalte de la muestra #546. La precision de la medida
se expresa como el coeficiente medio de variacion
obtenido para todas las alicuotas de una muestra dada
después de dos o tres medidas repetidas. La precision
DE es la variacion de los valores DE derivados de las
mediciones repetidas de una muestra dada.

Sample #546
Average weight per aliquot (mg) 149+0.3
Number of repeated measurements 2
Measurement precision (%) 0.8
SSE fitting (data weighting by 1/1?)

D,precision (%) 1.8
Adj. r-Square 0.998
D,, (Gy) 303+13
D .. (Gy) 1960
D_/D, 6.5
SSE fitting (data weighting by 1/s?)

Adj. r-Square 0.999
D,, (Gy) 303+6
D .. (Gy) 1960
D_./D, 6.5

procedure. The following parameters were
used for the dose rate calculations: an alpha
efficiency of 0.13 + 0.02 (Griin & Katzenberg-
er-Apel, 1994), Monte-Carlo beta attenua-
tion factors from (Marsh, 1999), dose-rate
conversion factors from (Guérin et al., 2011).
Water content values (% wet weight) were
assumed to be 5 + 3 wt.% and 15 £ 5 wt.%
in dentine and sediment, respectively. A long-
term depth value of 1 £+ 1 m was considered
for the cosmic dose rate evaluation. Post-Rn
equilibrium was assumed in dental tissues
and sediment. Beta dose rate evaluation was
performed using a sample geometry sedi-
ment/enamel/dentine. DATA (Griin, 2009), a
Quick Basic-based program was used to cal-
culate US-ESR based on the US model defined
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Table 4: Data inputs and outputs associated with
the ESR age calculations. All errors are given at a 1-0

confidence level.
Tabla 4: Datos asociadas con los cdlculos de edad ESR.

Todos los errores se dan con un nivel de confianza de

1-c.
Sample | #s46
Enamel
Dose (Gy) 303+9
U (ppm) 0.390 + 0.000
Bay /38y 1.489 £ 0.002
B0Th /24y 0.507 £ 0.001
B0Th/232Th 860
Apparent U-series age (ka) 73.6+0.3
Initial?**U/%8U 1.602 £ 0.002
Alpha Efficiency 0.13+0.02
Water content (%) 0
Initial enamel thickness (um) 613 +61
Dentine
U (ppm) 19.25 +0.02
33y /238y 1.551+£0.001
30Th /234y 0.763 £ 0.001
230Th/22Th 1666
Apparent U-series age (ka) 138.3+0.7
Initial?®**U/%8U 1.815 +0.002
Water (%) 5+3
Removed enamel thickness (um) 6216
Sediment
U (ppm) 0.82 +£0.07
Th (ppm) 3.08+0.14
K (%) 0.48 +0.02
Water (%) 15+5
Removed thickness (um) 47 5
US-ESR age calculations
Internal dose rate (uGy/a) 376
Beta dose rate, dentine (uGy/a) 268 + 30
Beta doserate, sediment (uGy/a) 90+9
Gamma dose rate (uGy/a) 297 +21
Cosmic dose rate (uGy/a) 183+ 18
Total dose rate (uGy/a) 875+ 44
p enamel 1.62
p dentine -0.20
US-ESR age (ka) 346 +23 -21
EU-ESR (ka) 253+12
CSUS-ESR (ka) 418 + 28
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by Griin et al. (1988) and CSUS-ESR age esti-
mates. The CS model defined by Griin (2000a)
is based on the assumption of a closed system
behavior after a rapid uranium uptake event
in dental tissues. The CSUS-ESR age is usually
considered as providing a maximum age con-
straint for the fossil. US and CSUS models are
typically considered to encompass all possible
uptake scenarios. Early uptake (EU)-ESR ages
were also calculated for comparison. All US-
ESR data inputs and outputs are given in Ta-
ble 4. More information about the combined
U-series/ESR dating method may be found in
Duval (2015).

3. Results and Discussion

3.1. Paleontological and taxonomic analysis

Our analysis shows that 45 remains are post-
cranial elements, including mostly elements
from the appendicular skeleton (N=33), while
1 cranial bone and 11 teeth may also be iden-
tified (Figs. 4-7; see detailed information in
Table 5).

Regarding the taxonomic assessment, the an-
atomical characters are not sufficiently pre-
served to enable an attribution to the genus
or species level. We nevertheless identified
that the assemblage is largely dominated by
the presence of remains attributed to the
subfamily Caprinae (~67%): 34 remains may
be securely attributed to this subfamily, while
4 additional specimens may share a similar at-
tribution. In the sample, one single specimen
of the Cervidae family is also represented.
The fossil assemblage includes 4 specimens
that belong to Carnivores, but only 1 of these
can be attributed to a subfamily (the Felinae
subfamily). Finally, one remain belongs to the
Order Lagomorpha, and 13 cannot be taxo-
nomically determined (indet.). Among these
skeletal remains, 35 are assessed as adult/
mature remains, 7 as immature remains, and
15 as indet. The most repeated Caprinae re-
main is the left tibia (N=5, 4 mature, and 1
immature), resulting in the calculation of a
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Table 5: Basic description of the fossil remains collected from Los Villares locality. Key: N/A = not applicable; Indet. =
Indeterminate; * = possible attribution, to be confirmed in the future.

Tabla 5: Descripcion bdsica de los restos fdsiles recolectados en la localidad de Los Villares. Clave: N/A = no aplicable;
indet. = Indeterminado; * = posible atribucion, por confirmar en el futuro.

Anatomy Part Laterality Taxa Development
RV001 Teeth Partial Indet. Caprinae Adult
RV003 Teeth Proximal Left Caprinae Adult
RV004 Teeth Partial Indet. Caprinae Adult
RV032 Teeth Partial Indet. Caprinae Adult
RV044 Teeth Distal Left Caprinae Adult
RV046 Teeth Distal Left Caprinae Adult
RV047 Teeth Complete Left Caprinae Adult
RV048 Teeth Complete Indet. Caprinae Adult
RV049 Teeth Proximal Indet. Caprinae Adult
RVO050 Teeth Proximal Left Caprinae Adult
RV051 Teeth Complete Indet. Caprinae Adult
RV007 Calcaneus Complete Indet. Caprinae Adult
RV022 Calcaneus Body N/A Caprinae Immature
RV029 Calcaneus Distal Left Caprinae Adult
RV017 Scapula Diaphysis Indet. Caprinae Adult
RVO011 Phalanx Shaft Indet. Caprinae Adult
RVO012 Phalanx Proximal Right Caprinae Adult
RV005 Femur Proximal Right Caprinae Adult
RV006 Femur Proximal Left Caprinae Immature
RV002 Humerus Distal Left Caprinae Adult
RV031 Humerus Distal Left Caprinae Immature
RV038 Humerus Distal Right Caprinae Adult
RV009 Metacarpal Indet N/A Caprinae Adult
RV055 Phalanx Indet. Left Caprinae Adult
RV010 Tibia Proximal Left Caprinae Adult
RV021 Tibia Indet. N/A Caprinae Adult
RV025 Tibia Distal Left Caprinae Adult
RV030 Tibia Diaphysis Indet. Caprinae Immature
RV053 Tibia Distal Left Caprinae Adult
RV014 Ulna Distal Left Caprinae Immature
RVO018 Ulna Proximal Left Caprinae Immature
RV020 Ulna Partial Indet. Caprinae Adult
RV013 Vertebra Indet. Indet. Caprinae Immature
RV041 Metacarpal Indet. Indet. Caprinae Indet.
RV019 Scapula Indet. Indet. Caprinae* Adult
RV008 Phalanx Indet. Indet. Caprinae* Adult
RV037 Femur Distal Left Caprinae* Indet.
RV027 Calcaneus Distal Left Caprinae* Adult
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RV056 Teeth Indet. Indet. Carnivore* Adult
RV043 Tibia Indet. Indet. Cervidae Adult
RV054 Mandible Proximal Right Felinae Adult
RV016 Rib Indet. Indet. Indet. Indet.
RV024 Coxal bone Distal Right Indet. Indet.
RV042 Scapula Partial Indet. Indet. Indet.
RVO033 Indet. Proximal Right Indet. Indet.
RV034 Indet. Partial Indet. Indet. Indet.
RV035 Indet. Partial Indet. Indet. Indet.
RV036 Indet. Partial Indet. Indet. Indet.
RV039 Indet. Partial Indet. Indet. Indet.
RV040 Indet. Partial Indet. Indet. Indet.
RV028 Tibia Partial Indet. Indet. Indet.
RV023 Vertebra Proximal Indet. Indet. Indet.
RV026 Vertebra Complete Left Indet. Indet.
RV045 Femur Hemimandible Indet. Indet. Adult
RV052 Femur Complete Indet. Lagomorpha Adult
RV015 Long bone Partial Indet. Large Carnivore Indet. Indet.
RV057 Metacarpal Various Indet. Small Carnivore Indet. Adult

minimum number of 5 Caprinae individuals.
Additionally, 1 Felinae, 1 Cervidae, and 1 Lag-
omorpha were also assessed, totaling a min-
imum number of 8 individuals and 4 taxa in
the assemblage.

3.2. Preliminary taphonomic study

So far, the fossil record recovered at the Los
Villares site is scarce. However, we were still
able to analyze the fracture pattern in 10
long bones found at the site. The analysis of
the fracture outlines shows that most of the
bones have irregular edges. The relation be-
tween the shaft length and preserved length
shows that no bones preserve more than half
of their length. Our study indicates that the
long bones were fractured when they were
already dry, and overall show no evidence of
human activity.

The only exception is the remain RV-017,
which does show potential evidence of hu-
man-made alterations (i.e., cut mark; Fig.
10). This possibility was statistically evaluat-
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ed through an artificial intelligence (Al) ap-
proach. Results show that all the Al models
consistently agree in classifying this bone
surface modification (BSM) as a cut mark (Ta-
ble 6). Moreover, four out of the five models

Figure 10: Detailed picture of the potential human-
made cut mark found on fossil RV-017.

Figura 10: Imagen detallada de la posible marca de
corte hecha por humanos encontrada en el fésil
RV-017.
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Table 6: Classification values for the bone surface modifications (BSM) image analyzed. The table shows the confidence
of each model architecture when classifying the BSM into the different three classes. The categories definition can be
found in Dominguez-Rodrigo et al. 2020.

Tabla 6: Valores de clasificacion para la imagen de modificaciones de la superficie 6sea (BSM) analizada. La tabla
muestra la confianza de cada modelo de arquitectura al clasificar el BSM en las tres clases diferentes. La definicion de
las categorias se encuentra en Dominguez-Rodrigo et al. 2020.

Tooth mark Cut mark Trampling mark
DenseNet201 21.79% 77.20% 0.99%
VGG16 0% 100% 0%
VGG19 0.04% 99.95% 0.01%
InceptionV3 0.20% 99.78% 3.21:10°%
ResNet50 0.73% 99.25% 1.79-10°%

achieve confidence rates of 99% or higher,
strengthening the reliability of this identifica-
tion. Also, both parallel and sequential model
architectures achieve similar results, showing
that they are equally suitable for these clas-
sification problems and thus, both should be
considered when conducting Al analyses.

3.3. Geochemical characterization of the
breccia

Grain size analysis shows that the sediment is
silty sand, almost equally dominated by the
sandy (44.1 %) and silty (41.5%) fractions,
while clay represents about 14.4 % of the to-
tal (Table 7). Quantitative XRF analysis shows
that it is largely dominated by Ca (45.4%) and
Si (11.01 %), most likely resulting from car-
bonates and silicates, respectively (Table 8).
The non-negligible amount of Al (4.0%) may
illustrate the presence of clays, in agreement
with grain size analysis, and the presence of
feldspars.

3.4. Dating results
3.4.1. Radiocarbon dating

Although theoretically bone with 0.2 %N
should contain the > 1 % collagen required
for radiocarbon dating, (Brock et al., 2012)
found bone containing 2 0.7 % N had a 73 %
chance of containing sufficient collagen when
extracted and cleaned with an ultrafiltration
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Table 7: XRF results from the brecciated sediment
showing the relative proportions of various major
elements in their oxidized state. LOI = loss of ignition.

Tabla 7: Resultados XRF del sedimento brechificado que
muestran las proporciones relativas de varios elementos
principales en su estado oxidado. LOI = loss of ignition.

Amount (%)
Sio, 11.05
AL,O, 4.04
Fe,O, 1.78
MnO 0.027
MgO 0.39
CaO 45.39
Na,0 0.03
K.0 0.58
TiO, 0.21
P,05 1.25
SO, 0.02
LOI 35.24

protocol. Unfortunately, samples from Los
Villares contained between 0.02-0.07 %N and
were not datable with radiocarbon.

3.4.2. LA U-series analyses

High-resolution LA U-series analyses were
performed to (i) evaluate the spatial distribu-
tion of U-series data across dental tissues of
samples #546, #547, and #547, and (ii) eval-
uate the suitability of sample #546 for com-
bined U-series/ESR dating.
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Table 8: Granulometric results obtained from the
brecciated sediment using the Robinson pipette
method.

Tabla 8: Resultados granulométricos obtenidos del
sedimento brechificado utilizando el método de la
pipeta de Robinson.

Size class | Fraction (um) (;}e‘t;éri\ge:t)
2000-500 30.3
500-212 6.6
Sand
212-53 7.2
Total sand 44.1
53-20 13.0
silt 20-2 28.5
Total silt 41.5
Clay <2 14.4

Sample #547 shows apparent ages that are
systematically >100 ka across dentine and
enamel: the first enamel domain (EN1-EN2)
analyzed, and the dentine return overall
consistent ages of ~127 ka and ~129 ka, re-
spectively, while the second enamel domain
yields younger estimates of ~106 ka. The
asymmetric shape of the age profile suggests
that there is a more recent uranium uptake
overprint from one side of the tooth.

In comparison, sample #548 shows much
younger age estimates, although overall con-
sistent across dentine (~51 ka) and enamel
(~54 ka) (Table 3).

Finally, LA analysis of sample #546 returns
somewhat consistent U-series data within
enamel and dentine domains. No recent over-
print is observed within the tooth. The ura-
nium concentration varies between 0.2 and
0.4 ppm in enamel, and between 26 and 30
ppm in dentine. Similarly, the apparent U-se-
ries ages vary within a relatively narrow range
(dentine) or are all 1-0 consistent (enamel).
Pseudo bulk mean values of ~119 ka and ~171
ka are obtained for the enamel and dentine,
respectively. In contrast, the cement returns
more scattered U-series data, with apparent
U-series age estimates that are close or even
beyond secular equilibrium, indicating that
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the tissue is experiencing uranium leaching.
While the LA raster CE2 provides an apparent
age result of 319.8 + 38.9 ka (Table 3) that
could be interpreted as a minimum age con-
straint for the fossil, the occurrence of urani-
um leaching in this tissue (LA raster CE1) sug-
gests that the reliability of this result should
be considered with caution.

All apparent U-series age estimates should
be regarded as minimum age constraints
(provided there is no evidence for uranium
leaching), since uranium uptake may some-
times be significantly delayed after the death
of the organism. Consequently, a minimum
age of ~130 ka, ~50 ka, and ~170 ka may be
proposed for samples #547, #548, and #546,
respectively. Additionally, these results indi-
cate that the age of the fossil specimens lies
beyond the Radiocarbon time range.

Finally, U-series data collected for sample
#546 show that (i) the enamel tissue has very
low uranium concentrations (<0.5 ppm), and
(i) there is no evidence of uranium leaching
in dentine and enamel tissues (i.e., finite age
can be calculated), unlike in cement. These
two observations indicate that the tooth is
overall suitable for ESR dating: sample prepa-
ration for ESR dating was therefore focused
on an area of the tooth without cement.

3.4.3. ESR dose evaluation

Measurement precision achieved is overall
excellent (0.8%), resulting in a D, repeatability
of <2 % (Table 3). D, value obtained over the
full irradiation dose range is 303 + 13 Grays
(Gy) (Fig. 9). Goodness-of-fit is excellent (ad-
justed r> > 0.99). The corresponding D__/
D, ratio value falls within the recommended
range by Duval and Griin (2016) for a D, value
of this magnitude (5<D__ /D, < 10). Addition-
al dose-response curve (DRC) fitting was per-
formed using data weighting by 1/s?, yielding
virtually the same D, value (Table 3). This illus-
trates the negligible impact of data weighting
on the fitting outcome.
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3.4.4. Combined U-series and ESR age calcu-
lations

Solution U-series analyses of the bulk pow-
dered dental tissues return apparent age es-
timates of ~74 and ~138 ka (Table 4). As min-
imum age constraints for the fossil, they are
not incompatible with the LA results, which
are somewhat older for both tissues. The
differences observed between solution and
LA analyses most likely result from the spa-
tial heterogeneity of U-series data within the
tooth, which may sometimes be significant
since the samples were collected from differ-
ent parts of the tooth. Combined U-series/
ESR age calculations were performed using
solution U-series analytical results since the
powdered enamel sample is the same that
was independently analyzed by ESR, while the
dentine sample was directly attached to this
enamel sample.

Age calculation based on the US model (Griin
et al., 1988) yields a combined US-ESR esti-
mate of 346 +23 -21 ka for tooth #546 (Table
4). Modeled p-values indicate a recent uptake
in the enamel (>0), and a somewhat early up-
take in the dentine instead (p< 0). Dose rate
evaluation indicates that the beta component
from the dentine and the gamma component
represents about 30% of the total value. The
cosmic dose rate is also not negligible, repre-
senting about 20 % of the total value.

Three main sources of uncertainty may be
identified. First, the absence of in situ dosim-
etry precludes a proper evaluation of the true
gamma dose rate. Given the non-negligible
weight of this component in the dose rate
evaluation, we anticipate that any heteroge-
neity from the surrounding sedimentary en-
vironment, may potentially significantly im-
pact the calculated age result. However, this
is presently impossible to quantify. In con-
trast, the influence of both long-term depth
and long-term water content can be roughly
assessed. Age simulations using depth values
of 0.5, 2 and 5 m return US-ESR estimates of
~338 ka, ~358 ka, and ~386 ka, respectively,
i.e., 2%, +3%, and +12 % compared to the
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value initially calculated. In all cases, the cal-
culated values remain 1-o consistent with
the age of 346 +23 -21 ka. Variation of the
long-term water content by + 5% and + 10%
compared with the initial value, return US-
ESR estimates that vary by + 3-4% and + 7-8%,
respectively. Again, all the calculated ages re-
main 1-o0 consistent with the age initially cal-
culated. In summary, even when using some-
what extreme long-term depth and water
content values, the US-ESR age remains be-
tween 300 and 400 ka. This chronology would
position the fossil assemblage between MIS 9
and 11 (Lisiecki & Raymo, 2005).

3.5. Significance of Los Villares fossil assem-
blage in the Southern Plateau and the
Spanish archeo-paleontological record

To the best of our knowledge, this is the first
directly dated fossil assemblage of the Mid-
dle Pleistocene age reported in the Guadiana
Basin (Southern Plateau), filling a gap in the
Pleistocene fossil record of the Iberian Pen-
insula (Fig. 11). In the Northern Plateau, the
Atapuerca Complex (Burgos) includes Galeria
TGS level dating >350 ka (Demuro et al., 2014;
Pérez-Gonzalez et al., 2001), Sima de los Hue-
sos dated to around 450 ka (Arsuaga et al.,
2014) and the Gran Dolina TD10 level with an
age of between 320-370 ka (Falgueres et al.,
1999; Moreno et al., 2012). In the surround-
ings of the lberian chain, there are Middle
Pleistocene fossil sites linked to river terraces
such as Torralba and Ambrona complex (So-
ria, Castilla y Ledn) and Cuesta de la Bajada
(Teruel), at ages of 314-366 ka for AS6 from
the Lower Complex of Ambrona (AS1 to AS6;
Falguéres et al., 2006)), and 243-337 ka (for
Cuesta de la Bajada; Santonja et al., 2014).

In the upper Tagus Basin, Aridos 1 and 2 have
yielded micro- and large mammals as well
as Acheulean lithic artifacts (Santonja et al.,
2001 and references therein). They belong
to the stratigraphic unit Arganda |, which has
been chronologically constrained to between
295 and 365 ka based on ESR and Amino Acid
Racemization methods (Panera et al., 2011).
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Downstream in the Tagus Basin, the Gruta da
Aroeira (Portugal) contains Mousterian levels
that include a partial human skull and have
been dated to 390-436 ka (Daura et al., 2017).
In the Coastal-Catalan Ranges, levels XVII-XV
from Cova del Bolomor (Fernandez Peris et
al., 2008), have been dated around 347-242
ka. Finally, in the South of the Iberian Penin-
sula, the Acheulean assemblage and associ-
ated fauna excavated from the site of Solana
del Zamborino (Guadix-Baza basin) have been
recently chronologically constrained to be-
tween around 300-480 ka using magnetostra-
tigraphy (Alvarez-Posada et al., 2017).

Moreover, from an archeological perspective,
the identification of a cut mark on one of the
fossils suggests a human presence in the area
around 300-400 ka. The chronology of the
Los Villares site falls within a period of special
interest, in which several Spanish localities
have provided very distinct lithic assemblag-
es attributed to either Acheulean or Middle
Paleolithic technocomplexes. For some au-
thors, this suggests that different human
groups might have been coexisting in the Ibe-

rian Peninsula during the Middle Pleistocene
(e.g., Méndez-Quintas et al., 2018; Santonja
et al., 2014). For example, Cuesta de la Bajada
(Teruel) site has yielded a Middle Paleolithic
lithic industry and associated fauna possibly
correlated to the MIS 9, while the Ambrona
archaeo-paleontological site, located on the
NE edge of the Central System has produced
an Acheulean assemblage of somewhat close
chronology (e.g., Duval, 2018; Falguéres et
al., 2006).

Among the archeological sites in the region of
Los Villares, the Upper Guadiana Basin, it is
worth highlighting El Sotillo (Arroyo & de la
Torre, 2013; Ciudad Serrano et al., 1983), Al-
bala (Arroyo & de la Torre, 2013; Santonja et
al., 1977), El Martinete (Querol & Santonja,
1983), Porzuna (Vallespi et al., 1979) and De-
hesa and Molino del Emperador (Lépez-Recio
et al., 2001; Morin de Pablos et al., 2007).
While a large number of Acheulean stone
tools have been found in all (e.g., > 1000 bi-
faces in Porzuna), Molino del Emperador is
the only site with a supposedly clear chron-
ostratigraphic context: it is located on the ter-

Figure 11: Main Middle Pleistocene localities in the Iberian Peninsula with similar ages to Los Villares locality.

Figura 11: Principales localidades del Pleistoceno Medio en la Peninsula Ibérica con edades similares a la localidad de
Los Villares.
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race +13/16m of the Guadiana River, which
has been dated by OSL to around 150 ka
(Lopez-Recio et al., 2004). However, this age
should be treated with caution, given some
methodological issues recently reported by
Garcia-Vadillo et al. (2021). The chronologies
of all other sites are based on the typological
assignment of the lithic assemblages and are
therefore more difficult to securely place in
time (Fernandez et al., 2005).

4. Conclusions

The results from this multidisciplinary study
show the Los Villares fossil site is likely to
be a significant archeo-palaeontological ar-
chive in the Southern Iberian Plateau. Not
only does it have a high density of well-pre-
served skeletal and dental remains, but it
also has a crucial chronology and may con-
tain evidence of human activity. As such,
it will fill a gap of knowledge in an area
characterized by a very limited Pleistocene
fossil and archeological record compared
to other Iberian regions (Garcia-Martinez,
2019). Our multi-technique dating approach
provides the first direct age constraints for
the archeo-paleontological assemblage, po-
sitioning Villares around MIS 9-11 i.e., with-
in a time range of great interest for the un-
derstanding of human migrations and occu-
pations in the Iberian Peninsula during the
Middle Pleistocene.

However, we would also like to clearly ac-
knowledge the existing limitations of the
present work to avoid any overinterpretation
of these promising results. For example, the
ESR chronology is based on a very limited
number of samples analyzed, and there is in-
herent uncertainty associated with the gam-
ma dose rate reconstruction and the evalua-
tion of long-term depth and water content.
Nevertheless, considering most sources of
uncertainty, our simulations suggest that the
age of the fossil specimen remains systemat-
ically between 300 and 400 ka. In addition,
the presence of a cut mark suggests possible
human activity at the site, although other hy-
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potheses such as carnivore origin cannot be
ruled out until new additionnal evidence of
human presence can be provided.

Based on these first results, there is now a
crucial need to collect further data about
the spatial and stratigraphic extension of the
fossil assemblage through a proper system-
atic excavation campaign. In particular, fu-
ture investigations will focus on the detailed
description of the stratigraphic and geologi-
cal context. This will enable us to determine
whether the fossil assemblage represents a
single depositional event.
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