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Abstract

This paper presents the zooarchaeological, technological, use-wear, and spatial analyses of the earliest sedimentary subu-
nits of TD10 (TD10.3 and TD10.4) of the Gran Dolina site (Sierra de Atapuerca, Burgos, Spain), dated to c. 400 ka. Both
units have yielded Acheulean technology, with occupational models characterized by the superimposition of multiple and
independent events paired with short, sporadic occupations. Subunits TD10.3 and TD10.4 formed during a period in which
the cave was largely reopened after a temporary closure. This period of reopening is evidenced by several blocks that fell
from the ceiling and walls. Fifty-seven groups of refits and anthropic conjoins, of which 43 resulted from deliberate hominin
activity, confirm the low disturbance of the deposits. Contrary to TD10.4, TD10.3 shows good preservation of faunal remains,
although anthropogenic modifications are very scarce. Technologically, both deposits represent well-developed Acheulean
assemblages, with high proportions of large-shaped tools and percussive material, which place this area among those that
have yielded the most evidence of this type among all the excavated Atapuerca sites. The question of why these subunits
contain so many hammerstones, manuports, and large tools associated with faunal remains that have been so scarcely modified
is discussed based on data from spatial, technical, and use-wear analyses, which have identified butchery activities, and for
the first time in the Pleistocene Atapuerca record, borer elements and possible thrusting stone spear tips. Furthermore, the
occupational and technological characteristics of these subunits were compared with other western European archaeological
sites, including the nearby site of Galeria, with which a broad correlation can be made.

Keywords Acheulean occupations - Archaeostratigraphy - Technology - Zooarchaeology - Middle Pleistocene - Sierra de
Atapuerca - Western Europe

Introduction

The cave site of Gran Dolina is located in the Sierra de
Atapuerca (Burgos, Spain), and its evidence of occupations
have been dated to between 0.9 Ma (Duval et al.,
2012, 2022) and 200 ka (Berger et al., 2008a, 2008b). It
contains 12 sedimentary units, of which neither the oldest
three (TD1-TD3) nor the youngest one (TD11) have yielded
an archaeopaleontological record. The former (TD1-TD?3)
contain hydric stages dated to 1.4 Ma (Parés et al., 2018), but
the earliest fossil-bearing facies from outside the cave have
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been dated to 900 ka (TD4) (Alvarez de Posada et al., 2018).
The latter (TD11) lacks an archaeological record, because
at that time the entrance of the cave was already blocked by
sediments.

Unit TD10 is the last archaeological bearing sedimentary
deposit of Gran Dolina (Fig. 1). It is about 3 m thick and
divided into four subunits: TD10.4 to TD10.1, from bottom
to top. The chronostratigraphy of TD10.3-TD10.4 remains
debatable due to the stratigraphic inconsistency of the dates
established. The date for TD10.4 was obtained by means of
ESR-OB at 390+ 55 ka (Moreno et al., 2015), and the date
of the overlying TD10.3 ESR-OB covers a temporal span of
458 +39 to 455 +47 ka. In sum, the age of TD10.4-TD10.3
can be estimated as being between 450 and 350 ka (MIS
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Fig.1 a Location of Gran Dolina and Sierra de Atapuerca, in the
north of the Iberian Peninsula. b Gran Dolina palacomorphology
from the railway trench (south archaeological section) and main
lithostratigraphic units. ¢ Synthetic sedimentary facies column of

10-11) (Berger et al., 2008a, 2008b; Falgueres et al., 1999,
2013; Moreno et al., 2015). The underlying TD9 unit has
been dated to 565+ 56 ka and 544 + 94 ka (Moreno et al.,
2015) and 480 + 130 ka (Berger et al., 2008a, 2008b),
while the overlying TD10.2 subunit is dated to 378 + 10 ka
and 375+ 37 ka (Moreno et al., 2015), 418 +63 ka and
337 +51 ka (Falgueres et al., 1999), and 244 +26 ka (Berger
et al., 2008a, 2008Db).

Gran Dolina was used by Middle Pleistocene hominins as
a butchery site in TD10.2 (Rodriguez-Hidalgo et al., 2016,
2017), a base-camp in Lower TD10.1 (de Lombera-Hermida,
2020; de Lombera-Hermida et al., 2020; Rodriguez-Hidalgo
etal., 2015), and a succession of lower-intensity cumulative
events in Upper TD10.1 (OlIé et al., 2013; Saladié et al.,
2018).
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Gran Dolina site and location of available dates for TD10 (Berger
et al., 2008a, 2008b; Falgueres et al., 1999; Moreno et al., 2015).
From Arteaga-Brieba et al. (2023)

Subunits TD10.3 and TD10.4 were excavated primarily
during the 2014-2019 field seasons over an area of about 95
m?. The completed excavation of TD10 offers the opportunity
to delve more deeply into the following questions: (1) What
diachronic changes or transitions in occupation, subsistence
and technology were recorded in the last unit of Gran
Dolina cave, a 3 m sequence of Middle Pleistocene hominin
occupations? (2) How valuable are lithic assemblages
in the interpretation of the function of occupations,
particularly in karst complexes such as Atapuerca where
different models of hominin occupations occurred in the
same place and similar models of occupations occurred in
different caves? (3) Related to that, to what extent and in
what way might occupational patterns affect the features
of the spatial distribution of the archaeological remains,
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faunal representation, and technological variability? (4) To
what extent might palimpsests provide paleo-ethnographic
information? How should they be dealt with? (5) What
correlations can be drawn with nearby Middle Pleistocene
sites, such as the caves of Galeria and Sima del Elefante,
50 m and 200 m away from Gran Dolina, respectively? And
finally, (6) what other archaeological sites outside Atapuerca
are similar to TD10.3 and TD10.4?

The fact that Gran Dolina contains a long sequence,
which makes it a key site for the European Early and Middle
Pleistocene, may contribute to the formulation of answers
to most of these questions. Analyses of subunits TD10.3
and TD10.4 will complete the study of this sequence,
particularly between TD6 (c. 900 ka) and TD10.2 (c.
400 ka) (Arteaga-Brieba et al., 2023). In addition, analyzing
these two subunits will lead to an improved understanding
of the way in which different patterns of occupation may
affect archaeological assemblages, and will allow us to
characterize the technological and spatial features for
each of the strategies and models of occupation used by
the hominins who visited the cave. Furthermore, this
study will contribute to drawing occupational, subsistence
and technological correlations between Gran Dolina and
Galeria, an issue that was first raised about 7 years ago
(Ollé et al., 20164, 2016b). Finally, taken together with the
lithic assemblage of Galeria, the results of this study will
allow us to add to the current body of knowledge regarding
Acheulean subsistence and technological strategies in the
Sierra de Atapuerca.

An improved understanding of these strategies
in Atapuerca, whose sites contain long sedimentary
sequences that can be correlated in terms of chronological,
occupational, environmental, and subsistence
characteristics, will in turn allow us to better understand
the subsistence strategies of the Middle Pleistocene in
Europe. This is of particular interest with regard to the
severe glacial MIS 12, which seems to have forced the
hominin populations of central and northern Europe to
retract to southern areas, and MIS 11, a long interglacial
stage, which triggered a hominin demographic dispersal
throughout Europe, as evidenced by the increase in the
number of sites on the subcontinent and the behavioral
diversity that they represent (Moncel et al., 2021).

Cave Apertures During the Formation
of Subunits TD10.4 and TD10.3

In order to approach an understanding of subunits
TD10.3 and TD10.4, it is important to first go back to
the lower units: TD9 and TDS. At the top of TDS, the

sediments sealed the main entrance of Gran Dolina,
making the cave an enclosed space. TD8 is an extremely
rich paleontological deposit, including some lithic tools
(c. 30) that were only recovered during the most recent
field seasons, refuting what was thought until the entire
surface had been excavated (Mosquera et al., 2013; Ollé
et al., 2013). During the last stages of TD8, stalagmites,
stalactites, and stalagmitic breccias formed, which were
subsequently partially covered and eroded (unit TD8-9).
TD?9 contains bedded mud of different colors (green, red,
yellowish red) with very weathered limestone gravels
and is rich in phosphates (Campaiia et al., 2017; Pérez-
Gonzélez et al., 2001). TD10.4 sits directly on top of TD9
and contains markedly weathered faunal remains. During
the formation of TD10.4, the cave opened again (Mallol
and Carbonell, 2008; Campaiia et al., 2017), allowing
hominins and other animals to occupy it once again. It
is not a massive opening, as evidenced by the fact that
the sediment contains fewer blocks than the next subunit.
Specifically, 3000 blocks exceeding 10 cm in size have
been recorded in TD10.4, while 16,600 blocks similar in
size were documented in TD10.3 over the same excavation
surface area (c. 95 m?).

The cave apertures during the formation of units
TD10.4 and TD10.3 are evident in the east and southwest
archaeological profiles. The east profile entrance point
is an aven or shaft, similar to other cave entrance spots
in the Trinchera del Ferrocarril sites (Galeria and Sima
del Elefante). The southwest entrance is more unusual
because it consists of a deep fissure (gull), likely related to
Cretaceous anticlinal fractures.

We estimate at least three sediment entry points for levels
TD10.4 and TD10.3. The size of the shaft (or aven) in the
southern section of the excavated surface would have made
it the most accessible entry point for prehistoric hominin
groups. We cannot rule out that entry was gained from
other points in the conduit, given the well-known continuity
between the cavities of the Trinchera del Ferrocarril
(Ortega, 2009).

The Lithostratigraphy of TD10.3 and TD10.4

The stratigraphy of unit TD10 of Gran Dolina has
primarily been described in detail in two publications:
Hoyos and Aguirre (1995) and Campaia et al. (2017).
These studies use two different reference systems to
describe the deposits of TD10. Hoyos and Aguirre’s
reference framework for sedimentary petrography is based
on the weathering processes of the source area for the
paleoclimatic interpretation of the Gran Dolina sediments.
Campaiia et al. (2017) used fluvial sedimentary models in
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an attempt to identify the sedimentary processes and facies
of Gran Dolina.

Sedimentary successions from TD10.3 and TD10.4
lithostratigraphy are relatively in agreement with
archaeostratigraphic units. TD10.4 lithofacies is made
up of sorted very fine boulders and mud has erosional
contacts with TD9 and TD10.3. Microlamined mud on
sorted pavement of very fine boulders suggest transport
in suspension. Generalized boulder black patina and other
sedimentary structures (desiccation cracks, black cryp-
tocrystalline coatings in mud aggregates) point out no
deposition episodes according to basal scour surfaces with
TD9 and TD10.3. Weathering and erosional episodes dur-
ing TD10.4 represent a zonal hiatus and truncation (hiatus
with lacunae)/paraconformity. Hiatus suggested by gen-
eralized black patina and weathering patterns in TD10.4
sediments are reported in cave sedimentology research
(Campy et al., 1994).

Diamicton from TD10.3 contain a bedded lenticular
bedsets of different provenance (entrance points). Rhyth-
mic stratification of very fine graded beds point to grain
flow. Another type of current flow identified in TD10.3
is solifluction using soil micromorphology (unpublished).
Fine to coarse (millimeter to centimeter size) platy micro-
structure on thin section observations point to a slow
rate of solifluction perturbation. Debris creep is largely
reported in cave entrance sedimentology from temperate
settings (Bertran et al., 2010).

Grain Size and Textural Description of TD10.4
andTD10.3

Angular gravels constitute the main grain sediment size and
form the breccias of TD10 unit of Gran Dolina. The follow-
ing lithological descriptions of units TD10.4 and TD10.3 are
based on the conceptual framework proposed by Blair and
McPherson (1999) for coarse sediments.

TD10 has two different bedsets due to the stratification
and the size of the gravels in the matrix. They are
separated by a paraconformity. The upper bedset contains
discontinuous, homogenously fine, bedded granular sandy
mud of one to two granular gravels thick. The lower bedset
is made up of poorly bedded bimodal granular and fine
pebbly sandy mud. The gravel fabric is variably clast-to-
matrix-supported and weakly organized to unorganized.
The gravels are poorly sorted with outsized cobbles and
boulders, ungraded and unimbricated. The upper bedset
contains the archaeological levels of subunit TD10.1. The
lower bedset comprises archaeological levels included in
subunits TD10.2, TD10.3, and TD10.4.
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In terms of sedimentary composition, the lower subunits
are described as follows:

TD10.3 is made up of matrix supported bimodal granular
to fine pebbly sandy mud with outsized coarse boulders and
fine blocks. Prismatic-blocky sandy mud contains dark mot-
tling and variable calcium carbonate cementation.

TD10.4 is formed by variable clast to matrix supported
muddy fine to coarse cobble gravels. Facies of prismatic-
blocky mud and cortex of subangular to rounded cobble
gravels have dark coatings.

Materials and Methods

To determine the function of the hominin occupations
of TD10.3 and TD10.4, we looked at the archaeostratig-
raphy, the characteristics of the lithic and faunal remains
and their spatial distribution, and the lithic refits and tech-
nical conjoins and their distribution. Therefore, the study
involved several disciplines and techniques, each with its
own methodology.

All the materials studied here are deposited at the Cen-
tro Nacional de Investigacion sobre la Evolucion Humana
(CENIEH, Burgos, Spain) and at the Institut Catala de
Paleoecologia Humana i Evolucié Social IPHES-CERCA,
Tarragona, Spain).

Archaeostratigraphy and Spatial Analyses

Archaeostratigraphy and spatial analyses were performed
with ArcGis 10.2 (Esri Spain) in order to individualize the
archaeological deposits, determine the role of the topog-
raphy of the paleosurfaces and visualize the materials. For
this purpose, all spatially recorded archaeological items
were included, comprising all lithic pieces, regardless
of size, bone remains equal to or greater than 20 mm in
length, and natural limestone blocks equal to or greater
than 100 mm. Isolating occupational or temporal packages
in TD10.3 during the excavation was very complicated due
to a lack of clear sedimentary changes all over the surface,
the high number of blocks that disturbed the surface read-
ability, and the relatively low density of archaeopaleon-
tological remains. We started dividing the archaeological
remains into longitudinal, transversal, and diagonal sec-
tions with thicknesses of 10, 15, and 25 cm across the
entire excavation surface. However, the great number of
limestone blocks in this area consistently resulted in pro-
jections showing significant scattering of remains, making
it very difficult to visualize any possible clustering. Eventu-
ally, it was possible to observe some clustering in the block
falls by isolating sections with thicknesses of 50 cm, which
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were systematically followed in all the longitudinal, trans-
versal, and diagonal sections. This revealed that, although
continuous, the block fall episodes slowed down towards
the second half of the TD10.3 sequence. Density maps
were generated through Kernel density classified analysis
using the mass of the lithics and the dimensions of the
faunal remains as population fields, with 5 natural breaks
(Jenks). The mass of the lithics was considered instead of
their dimensions as a more reliable method of approaching
the possible influence of the slope of the deposit on the
distribution of the remains.

For spatial statistics, Besag’s L(r) function allowed us
to characterize the spatial structure of the three groups
(lithic and faunal remains/lithic remains/faunal remains)
and specified whether the points had a uniform, aleatory
or aggregated distribution (Besag, 1977). Acceptance
intervals were obtained through a Monte Carlo simulation
process involving 50 random samplings of the original data
(Baddeley et al., 2000). The curve of the observed data was
interpreted to show an object aggregation process (above
the CSR line), a regular object scattering process (below
the theoretical CSR line), or complete spatial randomness
(if within the CSR line confidence intervals). A cross-
type approach was applied to study point distribution
patterns by material type in order to detect spatial
co-dependency between lithic remains and fauna. We used
an inhomogeneous cross-type L-function (Ripley, 1979) to
determine whether the two material types were spatially
dependent, which would be indicated if the results on the
data line fell outside the acceptable confidence interval.
This can be expressed as either clustered (the probability
that i points are within the distance of any specific radius
of j points is greater than the reference value) or regularly
spaced (the probability that i points are within the distance
of any specific radius of j points is less than the reference
value). This analysis is shown on a bivariate quadruple
chart. Diagonal graphs (top left and bottom right) indicate
the inhomogeneous Lii distribution. Graphs outside the
diagonal (upper right and lower left) indicate the type of
inhomogeneous association of Lij. An overall confidence
interval of 95% was used (Baddeley et al., 2015).

Mass of the Lithic Assemblage

For the first time in Atapuerca, we have assessed the total
mass of the raw materials that the hominins carried or han-
dled into the cave. To do this, each archaeological piece of
all raw materials except Neogene chert was weighed in order
to assess the amount of raw material recovered from the
site. This variety of evaporithic chert was excluded because
it undergoes marked postdiagenetic alteration that causes

a considerable decrease in density and, as a result, a con-
siderable loss of mass (Zornoza-Indart et al., 2017, 2021).
Given that this alteration may vary from piece to piece, we
calculated the mass of the pieces of this raw material by
calculating their volume.

To do this, we used the maximum technical
dimensions (technical length in mm X technical width in
mm X technical thickness in mm) according to the Laplace
method (Laplace, 1968). Then, we divided each result by
1000 to transform the result into cm®. Subsequently, using
the formula mass = volume X density, we multiplied each
volume by 2.4, which is the average density of undisturbed
Neogene chert recovered from the environment of the
archaeological sites. To test the statistical reliability of
these mass estimates, we performed these calculations on
50 experimental pieces made from undisturbed Neogene
chert, whose mass was known. We then calculated the
differences between the actual mass and the estimated
mass, which amounted to a total of 1.92 times the actual
mass. Therefore, to correct for this overestimation we
applied a correction factor to the mass estimates by
dividing each result by 1.92.

Raw Material Groups

Raw material groups (RMGs) (Machado et al., 2011)
were macroscopically determined based on the following
characteristics: (1) texture; (2) grain size; (3) color of the
cortical and non-cortical surfaces; (4) inner inclusions
such as veins of other raw materials and/or minerals;
and (5) other characteristics, such as incipient fractures,
microfossils, alterations, etc. The method used here has
previously been applied to the quartzite (Lopez-Ortega
et al., 2017) and quartz (de Lombera-Hermida, 2009; de
Lombera-Hermida et al., 2020) of TD10.1. To determine
the type of neocortex of the blanks, the dorsal or central
surfaces (fresh fractures that allow us to see the interior
texture of the artifacts) and the cortical surfaces were
photographed at low magnification (40x, 20X, and
10 x, Dino-Lite Digital USB Microscope) (Prieto et al.,
2020). The quartz and quartzite from the site are optimally
preserved, but other materials such as sandstone and,
particularly, Neogene chert exhibit intense postdiagenetic
degradation. Ascribing RMG requires good preservation
and a size large enough to observe the characteristics of
the piece. Therefore, we excluded the following from this
analysis: (1) pieces smaller than 10 mm; (2) pieces with
a concretion cover that was difficult to extract without
endangering the piece; (3) totally cortical pieces; and (4)
pieces with degraded surfaces.
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Percussive Material

The cobble assemblage was analyzed and classified into
three technological groups:

1) Unmodified material: complete cobbles without any
trace of use and/or modification. This group also
includes cobbles with poorly preserved surfaces and/
or carbonate crust. These have been called manuports,
because they entered into the occupations from outside.
The only exception are the limestone cobbles, some of
which may have formed inside the karst.

2) Hammerstones: complete and broken cobbles with traces
of percussion on their surfaces, vertices and/or their
fracture plains.

3) Percussive by-products: fragments of cobbles.

We performed a series of statistical tests to assess the cor-
relation between the dimensions of the hammerstones and
the manuports. We first performed a normality test of the
general measurements. Only the length was normally dis-
tributed in both groups (Shapiro—Wilk test, p > 0.05). Con-
sequently, to test the length, we ran a parametric test, while
non-parametric (Mann—Whitney U) tests were run to test
the width and thickness. Finally, chi-square tests were run in
SPSS at a significance level of a«=0.05, in order to check if
some raw materials were selected for use as hammerstones.

Large Tools

In this study, shaped pieces measuring > 10 cm are defined
as large tools. They include heavy-duty tools and large cut-
ting tools (sensu Isaac, 1977), as well as retouched flakes
bigger than 10 cm. In addition, tools slightly smaller than
10 cm but shaped as handaxes, cleavers, and choppers/chop-
ping tools were also included. For these tools, we studied
the raw materials, blanks, faciality and percentage of the
surfaces and perimeter modified by shaping.

Geometric morphometrics analyses were applied to 3D
models to analyze tool shape variation. All the tools were
scanned using the Artec Space Spider 3DScan (ArtecStu-
dio v15 software) and the Breuckmann SmartSCAN3D-HE
Scanner with a 250-mm field of view (Breuckmann Optocat
2012 R2-2206 software). The 3D models were processed
using the AGMT?3-D software v.3.1 (Herzlinger & Goren-
Inbar, 2020; Herzlinger & Grosman, 2018; Herzlinger
et al., 2017). This consists of a data-acquisition procedure
for automatically positioning 3D models in space and fit-
ting them with grids of 3D semi-landmarks. Each point
on the grid consists of two semi-landmarks, one placed
on each face of the artifact, so that a 50X 50 grid provides
5000 landmarks. The dimensionality of the multivariate
outline data was reduced using PCA, and the individual

@ Springer

principal components were visualized in two dimensions
so that the underlying shape variables could be qualita-
tively examined and compared. In order to interpret the
PCA results from a morphological perspective, Procrustes
superimposed shape data were examined using thin-plate
splines to facilitate the visualization of shape changes from
the group mean along relative warp (i.e., PC) axes.

By examining the morphological deformations and XY
plots of specimens from the PCA scatters, it is possible to
interpret shape variation by itself and compare the different
tools within a site or between different sites. In addition,
the derived principal component scores also allow for the
application of other quantitative tests of multivariate equal-
ity of means between the groups (Costa, 2010; Herzlinger &
Goren-Inbar, 2020; Herzlinger & Grosman, 2018).

Cores, Small Tools, and Flakes

The analysis of the cores consisted first of identifying the
raw material and the type of blank used for each core (block,
cobble, flake, etc.). The next step of the core analysis was
carried out after a technical reading (sensu Inizan et al.,
1999) in order to understand and reconstruct the knapping
sequences, especially considering the dynamic nature of
the knapping sequences (Andrefsky, 1998; Dibble, 1995;
Guilbaud, 1995; Inizan et al., 1999).

The technological analysis of the core was inspired by
the logical-analytical system (LAS) (Carbonell et al., 1983,
1992) (Carbonell et al., 1983, 1992) and structured in two
levels of analysis: at a general level to analyze the core as
a whole (i.e., its general characteristics) and an elementary
level to analyze each surface individually (Lombao, 2021;
Lombao et al., 2023; Vaquero, 1999, 2011).

Therefore, in order to define the different knapping meth-
ods and techniques applied in the cores and how they relate
to each other, we used three basic attributes: (a) the number
of percussion surfaces, which can be unipolar (one percus-
sion surface), bipolar (two percussion surfaces), or multipo-
lar (three or more percussion surfaces); b) the number of
flaking surfaces, which can be unifacial (one flaking sur-
face), bifacial (two flaking surfaces), trifacial (three flaking
surfaces) or multifacial (four or more flaking surfaces); and
(c) the orientation of scar removals. Regardless of the num-
ber of flaking surfaces, the most common knapping methods
found were as follows:

e Unipolar longitudinal: removals were performed from
the same percussion platform following the same flaking
axis.

e Bipolar opposed: removals were performed from two
opposing percussion platforms and the direction of the
negatives was also opposing.
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¢ Bipolar orthogonal: extractions were performed from two
adjacent percussion platforms following perpendicular
flaking axes.

e Multipolar centripetal: extractions followed directional
axes oriented towards the center of the flaking surface.

In addition to these freehand knapping techniques, we
also included the bipolar on anvil technique: the core was
supported on an anvil so that each impact resulted in the
detached flake or core having two opposing impact points
not always visible.

Core fragments and cores with partially or completely
altered surfaces were excluded from this analysis of knap-
ping strategies, although they were included in the analysis
of frequencies by raw material.

The technical characteristics of the simple flakes and
flake-blanks of small tools were also analyzed using the
LAS (Carbonell et al., 1983, 1992; Rodriguez—Alvarez,
2004), complemented by some additional attributes, such as
knapping accidents, the presence of a lip, and types of ends.
Shaped pieces smaller than 10 cm were classified as small
tools, with the exception of those slightly smaller, but shaped
as large cutting tools (see the “Large Tools” section). Small
tools were classified by type according to Laplace (1974).

Use-Wear Analyses

Due to the poor preservation of the main raw material
(Neogene chert), preliminary use-wear studies focused
especially on Cretaceous chert, quartzite, and quartz,
although some Neogene chert pieces were also considered.
Firstly, we selected the pieces based on macroscopic
observation, prioritizing well-preserved objects without
clear alterations and fresh edges and ridges. Before
proceeding with the microwear study, some hammerstones,
small and large tools and some flakes were put aside in order
to analyze possible residues on their edges and surfaces. The
bulk of the selection was cleaned and prepared following
the protocols established in previous works (Fernandez-
Marchena et al., 2020; Ollé & Verges, 2014; Pedergnana
et al., 2016; Verges & Oll¢, 2011).

Use-wear and residues were documented with the com-
bined use of optical microscopy, scanning electron micros-
copy (SEM), and 3D digital microscopy (3D DM). Firstly,
a systematic screening at different magnifications was con-
ducted with an optical microscope (Zeiss Axioscope A.1,
with differential interference contrast (DIC) prisms and a
Nomarski interference contrast filter, with 10 X oculars and
EC Epiplan objectives ranging from 5x/0.13 to 50 x /0.5
HD DIC, resulting in nominal magnifications of 50 to 500
times) and a 3D digital microscope (Hirox KH8700, with
a MXG-5000REZ dual illumination revolver zoom lens

allowing for magnifications ranging from 35 to 5000 x).
The pieces with well-preserved use-wear traces and those
with possible residues were also observed with the envi-
ronmental SEM (FEI Quanta 600 ESEM, with an EDX-
EXL System Analytical Oxford energy dispersive X-ray
spectrometer, combined with large field detectors (LFD)
and back-scattered electron detectors (dual BSD)). Obser-
vations were performed entirely in low-vacuum mode,
which does not require sample conductive coating.

To interpret the use-wear traces, we used the experimen-
tal collection of the Laboratory of Technology at IPHES-
CERCA. The collection includes a wide variety of sam-
ples resulting from experiments (i.e., butchery, hide work,
woodwork, vegetal tissues, ochre, projectiles, hafting, etc.),
in which the main varieties of raw materials found in the
Sierra de Atapuerca are well represented (e.g., Asryan &
Oll¢, 2021; Byrne et al., 2006; Ferndndez-Marchena & OlI€,
2016; Fernandez-Marchena et al., 2020; Martin-Viveros &
Oll¢, 2020; Ol1¢€, 2003; Ollé et al., 2016a, 2016b; Pedergnana
& Oll¢, 2017, 2018; Pedergnana et al., 2017).

Lithic Connections

Lithic connections were sought for all the raw materials
present in TD10.3 and TD10.4, excluding pieces smaller
than 10 mm (n = 188) and/or undetermined (altered) items
(n=179) and/or pieces that could not be recovered from
the excavation (n=35). However, 131 lithic items were
not included in this section because they came from the
1993-2004 field seasons, when certain areas of Gran
Dolina were excavated in order to regularize entire sec-
tions of the deposit. These pieces are stored at the Centro
Nacional de Investigacidn sobre la Evolucién Humana
(CENIEH, Burgos, Spain). In total, we looked for lithic
connections among 949 pieces.

We employ the terminology proposed by Sisk and Shea
(2008) in this work, which has also been applied to other sub-
units of TD10 (Lépez-Ortega et al., 2011, 2017 and 2019):

e Refit: intentional connection produced by knapping/
shaping.

e Conjoin: fractures that may have been produced by
natural, postdepositional processes (natural fractures)
and accidental hominin actions during knapping and
use (technological fractures).

Distinguishing between postdepositional and techno-
logical conjoins is often very difficult. In these cases,
we considered the technical characteristics, the distance
between fragments and the spatial context in which they
appeared in order to classify them.
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Zooarchaeology and Taphonomy

To determine taxonomic distribution and human impact,
anatomical and taxonomic identification was performed
with the support of the comparative anatomy collection
at IPHES-CERCA and the atlas published by Pales and
Lambert (1971). Unidentifiable remains were classified
into mass-size groups, in which we considered large
(animals > 300 kg), medium (between 100 and 300 kg),
small (between 10 and 100 kg), and very small (ani-
mals < 10 kg) sizes. In order to determine taxonomic
diversity in the three assemblages, we used the Shannon
diversity index, which expresses how uniform the distri-
bution of species in an assemblage is compared to their
abundance. We also used the Simpson dominance index,
which considers the dominant species within an assem-
blage and indicates the probability that two specimens
belong to the same species.

The faunal remains were observed under a binocular
microscope (OPTECH HZ) with a maximum of 60 X mag-
nification and an intense and oblique light source, follow-
ing the recommendations of Blumenschine et al. (1996).
We identified cut-marks (Shipman & Rose, 1983), per-
cussion marks (Blumenshine & Selvaggio, 1988) and
carnivore tooth marks (Binford, 1981; Brain, 1981). The
presence and absence of each mark were described, as
well as the bone type and area on the bone the alteration
was located.

Fig.2 a Stratigraphic subunits
TD10.3 and TD10.4 projected
in a georeferenced transversal
profile picture of unit TD10. b
Stratigraphic subunits TD10.

3 and TD10.4 projected in a
georeferenced longitudinal
profile picture of unit TD10. ¢
Excavation area of Gran Dolina
TD10.3, field season 2013. d
Excavation area of Gran Dolina
TD10.4, field season 2018

@ Springer

Results

Subunit TD10.3 yielded a total of 24,076 faunal remains
and 1,236 lithic artifacts, while 742 faunal remains and 247
lithic artifacts were recovered from subunit TD10.4 (Fig. 2).

Disentangling Phases inTD10.3 and TD10.4

Given the number of archaeological remains in TD10.3
(n=25,312) and the thickness of this deposit due to block
falls, we endeavored to differentiate hominin occupational
stages. 50-cm-thick sections isolated across the entire surface
(Fig. 3) allowed us to individualize two major stages within
subunit TD10.3: Upper-TD10.3 (TD10.3-Sup) and Lower
TD10.3 (TD10.3-Inf), each of which contained evidence of
different events resulting from hominin and animal occupa-
tions. A polymodal vertical density plot of faunal and lithic
remains supports the existence of two sublevels in TD10.3
(Sup and Inf) superimposed on TD10 (SI Fig. S1).

In view of the remarkably irregular surface of the deposits
due to the large number of blocks, we used the lithic arti-
fact connections to further refine the distinction between
them (Fig. 3g-h). This analysis revealed that no connections
crossed the two sub-units (TD10.3 and TD10.4), and only in
a few cases was there extreme proximity between the base of
one sublevel and the top of the underlying one (e.g., between
TD10.3-Sup and TD10.3-Inf).
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Fig.3 Archaeological materials (artifacts and faunal remains) of
TD10.3 (a) and TD10.4 (b), with some of the sections used to indi-
vidualize archaeostratigraphic deposits (each square=1 m?). Sec-
tion 2: ¢ natural blocks of TD10.3 and TD10.4. d Faunal and lithic
remains of TD10.3 and TD10.4, without distinction of levels and
subunits. e Natural blocks, faunal and lithic remains (¢ +d) of TD10.3
and TD10.4. f Faunal and lithic remains individualizing TD10.3-

The archaeological deposit of TD10.3 is thinner towards
both the back (conventional northeast) and the entrance
(conventional southwest) of the cave. The average thick-
ness of TD10.3 in both areas is about 60 cm. Occupational

D 1

Sup (yellow), TD10.3-Inf (blue) and TD10.4 (red). g Diagonal sec-
tion selected as it contains connections of the three levels/subunits.
It includes natural blocks larger than 30 cm and lithic artifacts from
TD10.3-Sup (yellow), TD10.3-Inf (blue) and TD10.4 (red), as well
as the connections between pieces. h Vertical projection of g. Note
that connections are always shown as straight lines, regardless of the
topography of the deposits

and depositional events of TD10.3-Sup and TD10.3-Inf
have an average thickness of 25 cm and 35 cm, respec-
tively. Archaeological subunit TD10.4 has an average
thickness of 15 cm.
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Finally, the count of archaeological materials is as fol-
lows: TD10.3-Sup contains 11,395 faunal remains and
666 lithic artifacts, and TD10.3-Inf contains 12,681 faunal
remains and 570 lithic artifacts. TD10.4, meanwhile, con-
tains 742 faunal remains and 247 lithic artifacts.

The Lithic Assemblages of TD10.3 and TD10.4
Composition and Mass

A total of 1,483 lithics form the assemblage of TD10.3
(n=1236; 666 for TD10.3-Sup; 570 for TD10.3-Inf) and
TD10.4 (n=247). All raw materials traditionally used at the
Sierra de Atapuerca sites are represented in both subunits:
Neogene chert, Cretaceous chert, quartzite, quartzarenite,
sandstone, limestone, and quartz.

All the raw materials are available in the immediate sur-
roundings, within 4 km of the site (Garcia-Antén et al.,
2007; Ollé et al., 2013; Garcia-Anton, 2016; de Lombera
et al., 2020). Only the limestone cobbles may have formed
inside the karst. Neogene chert appears as large blocks in
Astaracian gypsiferous and marly limestone formations.
Cretaceous chert is available at Alto de San Vicente and
Valdecuende, at the top of the hill. Cobbles of sandstone,
quartzite, quartz and quartzarenite can be found in the
Middle Pleistocene fluvial terraces of the river Arlanzén
(T8AZN +26-35 m and T7AZN + 38-42; Moreno et al.,
2012), between 2 and 4 km southwest of the site. Finally,
some quartz and quartzite from both the Utrillas Forma-
tion and the River Vena terraces complete these resources.
Except for the chert and limestone, the rest of the cobbles
are considered fluvial materials.

Each piece was weighed, except for the Neogene chert
items, whose mass were approached as described above (see
the “Materials and Methods™ section). We found a total mass
of about 72 kg of raw materials left by hominins between the
two subunits (Table 1).

A total of c. 17 kg came from TD10.3-Sup; 37.3 kg from
TD10.3-Inf; and 17.6 kg from TD10.4. Both the numbers
and the mass of the fluvial materials (quartzite, sandstone,
quartz, and quartzarenite) slightly dominate in TD10.3-Inf
(51%) due to the abundance of quartzite pebbles/cobbles and
hammerstones and the great density of this raw material.

Raw Materials and Lithic Categories

In each deposit, more flakes (complete or fractured) were
found than any other category in most raw materials because
knapping processes result in the extraction of flakes. In
addition, disregarding the nonintentional elements (i.e., the
knapping fragments, because some raw materials are better
given to producing them) and the indeterminate elements
(most of which are of Neogene chert and poorly preserved
sandstone) results in an inventory of intentionally selected
and used lithotypes and categories (Table 2).

In all three deposits, both varieties of chert were mainly
invested in producing flakes and small tools, although Cre-
taceous chert stands out in the latter. All fluvial materials
and limestone were selected for manuports (unmodified cob-
bles) and hammerstones. Most of the hammerstones were
selectively chosen from quartzite. Large tools were equally
made of quartzite, Neogene chert and sandstone. There are
two particular features: (1) no limestone items were recov-
ered from TD10.4 and (2) the lower deposits (TD10.3-Inf
and TD10.4) presented (a) a higher production of flakes in
fluvial materials than in the upper deposit (TD10.3-Sup)
and (b) three pieces with double functions (two core-and-
hammerstones and one core recycled into a small tool).

The assemblage composition of TD10.3-Sup, TD10.3-Inf,
and TD10.4 is shown in Fig. 4.

Statistical analyses confirmed significant differ-
ences among the three deposits, both in type of artifacts
(x*=81.37; df=16; p <0.05) and raw materials (x*=183.35;
df=16; p <0.05). Furthermore, significant differences

Table 1 Number of items,
percentage and mass of lithic

Raw materials

TD10.3-Sup

TD10.3-Inf TD10.4 Total

pieces of TD10.3-Sup, TD10.3- n

% M n % M n % M n % M

Inf, and TD10.4

Chert Neogene 401
Cretaceous 81
Indet.* 13
Limestone 17
Quartzarenite 2
Quartzite 79
Quartz 13
Sandstone 60
Total 666

602 4.7 224 393 6.1 151 61.1 55 776 55 163
121 03 18 3. - 20 8.1 01 119 8 0.5
19 00 4 0.7 - 3 1.2 0.0 20 1.3 0.0
25 50 35 6.1 78 - - - 52 35 128
03 05 4 0.7 00 3 1.2 04 9 06 1
11.8 52 210 36.8 192 47 19 85 336 226 33
1.8 0.0 24 42 01 7 2.8 0.0 44 3 0.2
9 1.2 51 9 41 16 65 31 127 85 85
100 17 570 100 37.3 247 100 17.6 1483 100 723

% =percentage of items in each deposit; M =mass in kg of each raw material and deposit. Indet.* =indeter-

minate, possibly Neogene chert
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Table 2 Raw materials and lithic categories at TD10.3-Sup, TD10.3-Inf and -TD10.4

CHERT
NCh CCh Ch LM QRT QT Qz SD Total®
TD10.3-Sup (%)
Unmodified cobbles (Manuports) - - - 9 (42.8) - 6 (28.5) 1(4.8) 4(19) 20 (3.8)
Hammerst. and frags* - - - 5(25) 1(5) 14 (70) - - 20 (3.8)
Large tools 3(27.3) - - 19.1) - 4(36.3) - 3(27.3) 11(2.1)
Cores 5(50) 5 (50) - - - - - - 10 (1.9)
Small tool 26 (67) 10 (25.6) - - - 2(5.1) 12.5) - 39 (7.4)
Flakes 259 (61.4) 64 (15.1) 6(1.4) 2 (0.5) 1(0.2) 50(12) 9(2.1) 31(7.3) 422 (80.5)
Intentional items 293 (55.8) 79 (15) 6(1.1) 17 (3.2) 2(0.4) 76(14.5) 11 2.1) 40(7.7) 524 (78.7)
Knapping fragments 14 (54) 2(7.7) - - - 3(11.5) 2(7.7) 5(19.2) 26
Indetermined 94 (81) - 7(6) - - - - 15(13) 116
Total 401 (60.1) 81 (12.1) 13(1.9) 17(2.5) 2(0.3) 79(11.8) 13(1.9) 60(9) 666
TD10.3-Inf (%)
Manuports - - - 11(64.7) - 5(29.4) - 1(5.9) 17 (3.4)
Hammerst. and frags* - - - 9 (16.7) - 41 (76) - 4(7.4) 54 (10.7)
Large tools 7(30.4) - - 1(4.3) - 12 (52.2) - 3(13) 23 (4.6)
Cores® 10 (43.5) 2(8.7) - - - 8 (34.8) 3(13) - 23 (4.6)
Small tool 18 (36) 5 (10) - - 1(2) 18 (36) 2(4) 6 (12) 50 (9.9)
Flakes** 145 (43.1) 11(3.3) - 10 (3) 3(0.9) 125@372) 1544) 27(8) 336 (67)
Intentional items 180 (36) 18 (3.6) - 31(6.2) 4(0.8) 208(¢41.4) 204 41(8.2) 503 (88.2)
Knapping fragments 7 - - 3 - 1 4 4 19
Indetermined 37 - 4 1 - 1 - 6 49
Total 224 (39.3) 18 (3.1) 4(0.7) 35(6.1) 4(0.7) 210(36.8) 24@4.2) 51(89) 570
TD10.4 (%)
Manuports - - - - - 2 (66.7) 1(333) - 3(1.3)
Hammerst. and frags* - - - - 2(9.5) 16(76.2) - 3(14.3) 21(10.8)
Large tools 4 (40) - - - - 4 (40) - 2 (20) 10 (4.5)
Cores® 541.7) 1(8.3) - - 1(83) 1(8.3) 1(8.3) 3(25) 12 (5.4)
Small tool 12 (54.5) 3(13.6) - - - 5(22.7) 1(4.5) 1(4.5) 22(9.9)
Flakes** 108 (70.6) 13 (8.5) 2(1.3) - - 19 (11.7) 4(2.6) 8(5.2) 154 (69.3)
Intentional items 129 (57.6) 17 (8.5) 2(0.9) - 3(1.3) 471 73.1) 17 (7.6) 222 (90.7)
Knapping fragments 9 1 - - - - - - 10
Indetermined 14 - 1 - - - - - 15
Total 152 (61.5) 18(7.3) 3(1.2) - 3(1.2) 47(19) 7 (8.5) 17 (6.9) 247

NCh Neogene chert, CCh Cretaceous chert, Ch indetermined chert, LM limestone, QRT quartzarenite, QT quartzite, QZ quartz, SD sandstone
Italics: percentages of raw materials invested in each lithic category (without fragments and indetermined pieces)

*Hammerstones and fragments of hammerstones

**Include complete flakes, broken flakes and flake fragments

$Some elements have played two roles (i.e., core + hammerstone) and have counted for both categories, so the totals may not match the number
of pieces

CPercentages of each category of pieces regarding the total of intentional items

regarding the types of artifacts were found between TD10.3-  total of c. 900 pieces (60.6%, see the “Raw Material Groups” sec-
Sup and the other two underlying deposits, while significant dif-  tion), of which we were able to classify 467 (52%) into 136 RMG
ferences in raw materials were found between all three deposits. (Table 3): 90 quartzite groups, 19 sandstone groups, seven quartz

Raw material groups (RMG). Subunits TD10.3-Sup, TD10.3-  groups, six Neogene chert groups, five quartzarenite groups, five
Inf, and TD10-4 yielded 1483 lithic artifacts, made on seven dif-  limestone groups, and four Cretaceous chert groups (SI Fig. S2).
ferent lithotypes: Neogene chert, Cretaceous chert, quartzite, The high ratio of RMG attribution for sandstone, quartz-
quartzarenite, sandstone, limestone, and quartz. We analyzed a  ite, and especially Cretaceous chert is directly linked to the
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TD10-3-Sup
TD10-3-Inf i
TD10-4 228

0% 10% 20% 30% 40%

B Manuports m Hammerstones

50% 60% 70% 80% 90%

m Large tools

I

100%

Cores mSmalltool m Flakes

Fig.4 Investment of each type of artifact at TD10.3-Sup, TD10.3-Inf, and TD10.4

better preservation of these materials, which allowed us to
identify more taphonomic conditions such as type of neo-
cortex, alterations, etc. Although some pieces of Cretaceous
chert also present a white patina across their surfaces, the
attributes of the only two varieties that exist in the Sierra
facilitate attribution. On average, 67.55% of the quartzite
pieces were ascribed to an RMG, and only 5.86% of the
Neogene chert was possible to identify due to the poor pres-
ervation of both the surface and the interior.

We should mention that, although the diversity of quartz-
ite is high (RMG=90), only four specific RMGs appear in
the three deposits. They are CTb1, CTg, CTh, and CTj2 (SI
Fig. S2).

Percussive Tools

The complete cobble assemblage retrieved from TD10.3
and TD10.4 includes a total of 128 objects (8.6% of the
whole assemblage), of which 103 were analyzed (Fig. 5).
The 25 pieces from the excavations conducted in the 1990s
and deposited in the Museo de la Evolucién Humana (MEH,
Burgos) were not revised. The distribution by levels of the
cobble assemblage is summarized in the following table
(Table 4).

A predominance of quartzite, followed by limestone and
sandstone elements, with a minor representation of other

@ Springer

raw materials (quartz, quartzarenite, and others), was docu-
mented across TD10.3 and TD10.4. In general, the main
difference in raw materials is that limestone elements are
present in TD10.3 while in TD10.4, they are completely
absent (Table 5).

The main alterations identified were weathering dis-
solution (n=28) and fissures (n=9). In terms of sizes (SI
Table S1), the manuports and the hammerstones are of simi-
lar dimensions.

Percussive Assemblage from TD10.3-Sup The assemblage
from TD10.3-Sup comprises a total of 41 objects. The most
abundant tools are manuports (n=19, 45.2%), followed by
hammerstones (n= 14, 33.3%). Quartzite was the main raw
material used for hammerstones (n=7), followed by lime-
stone (n=4). In contrast, most of the manuports are lime-
stone (n=9), followed by quartzite (n =6) and sandstone
(n=3) cobbles.

Statistical comparisons of the manuports and the ham-
merstones found no significant differences in length
(t3; = —0.415, p=0.681) (SI Table S2). The Mann-
Whitney U test found no significant differences in width
(U=114.500, p =0.50), thickness (U=115.500, p=0.52), or
mass (U=383.000, p=0.73) between clusters. These results
confirm the homogeneity of the size of the cobbles that
were collected and transported into the cave during the time
TD10.3-Sup was in use.



Journal of Paleolithic Archaeology (2024) 7:6

Page 130of 51 6

Table 3 Lithic pieces according to raw material, pieces ascribed to RMG, percentage regarding the total number of pieces of each raw material, and number of RMG identified at each deposit

TD10.4

TD10.3-Inf

TD10.3-Sup

Raw material

% Num RMG  No. of pieces Pieces RMG % Num RMG  No. of pieces Pieces RMG % Num RMG

Pieces RMG

No. of pieces

65

13
14

20

151

722
4.4

13
10
18

18
224
35

81 65 80.2
5.7

401

Ch

9.3

23

NCh
LM
QRT
QT

514

235
50

17

100

100
72

24

70.2

33

47

59

151

210
24
51

33

54.4
46

43

79
13
60

14.3

375

Qz

16 11 68.7
75

244

17
95

66.6

34
239

18.3

SD

40

30.7

42.2

566

58

234

153

653

Total

20)

CCh Cretaceous chert, NCh Neogene chert, LM limestone, QRTquartzarenite, QT quartzite, QZ quartz, SD sandstone

None RMG has been found into the Ch (indetermined chert) group (n

Percussive Wear Patterns of TD10.3-Sup We analyzed 10 of
the 14 hammerstones identified in TD10.3-Sup. Overall, we
determined that the hammerstones were not intensively used
based on the macroscopic traces recognized on their surfaces,
as their surfaces exhibited few percussive traces. Nearly all
of them had only one area of use, while one hammerstone
showed two areas with percussive marks. Two hammerstones
bore small battered areas on the surfaces located on convex
and distal areas, while clusters of impact points were more
frequent (n=9), mostly located on convex surfaces. Fractures
were documented on eight hammerstones. Most of the frac-
tures identified were caused by a direct impact; only in one
case was it evident that the hammerstone fractured due to a
fatigue process (the repetitive use of the same area of the tool).

Percussive Assemblage from TD10.3-Inf It comprises 66
pieces. Most of them are hammerstones (54.5%), followed
by manuports (30.3%). Fifty-eight pieces of this assemblage
were analyzed, and a clear dominance of quartzite (60.6%),
followed by limestone (27.3%) and sandstone (12.1%) was
documented in this subunit. The distribution of the raw
materials is clearly biased in terms of technological catego-
ries. The great majority of the hammerstones are on quartzite
(n=27), while the manuports are mainly limestone cobbles
(n=12). The low number of quartzite manuports selected
(n=06) indicates that practically any quartzite cobble that
was transported to the cave was, to some extent, used.

The general mean values for tool size (SI Table S3) were
very similar between the hammerstones and the manuports.
A normality test showed that their dimensions (length,
width, and thickness) were normally distributed (Shapiro—
Wilk test p > 0.05 in all parameters). A #-test comparison of
both groups (manuports and hammerstones) revealed no sig-
nificant differences in length (#,3 o4, =0.810, p=0.42), width
(t33.23;=0.024, p=0.98), or thickness (¢5,=0.042, p=0.96).
Additionally, when comparing their mass, the Mann—Whit-
ney test showed no significant differences between the
hammerstones and the manuports (U=256.000, p=0.33).
Therefore, the similarity in the sizes of the hammerstones
and manuports is statistically supported.

Percussive Wear Patterns of TD10.3-Inf Of the 36 ham-
merstones, 33 were analyzed. In the case of TD10.3-Inf,
a high number of tools bore superficial percussive traces
(n=18), while the rest exhibited deeper percussive marks,
with at least four tools presenting a high degree of surface
modification. The great majority of tools (n=21) had only
one active area. However, interestingly, nine hammerstones
showed two active zones, and two additional hammerstones
had three and four active zones. This indicates that 11 tools
were reoriented (flipped) during their use or they were used
in different events.
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Fig.5 Percussive tools from TD10.3 bearing deep percussive marks (a, b) and large fractures (c), and TD10.4 (d, e) showing a less degree of
modification
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Table 4 Technological

. . Category TD10.3-Sup TD10.3-Inf TD10.4 Total n (%)
categories of the percussive
material from TD10.3 and Unmodified material (manuports) 18 20 1 39 30.4
TD10.4
Hammerstones 14 36 18 68 53.1
Percussive by-products 9 10 2 21 16.4
Total 41 66 21 128 100
Table 5 Percussive elements and raw materials from TD10.3-Sup, TD10.3-Inf, and TD10.4
Limestone (%) Quartzite (%) Quartz (%) Quartzarenite (%) Sandstone (%) Total
TD10.3-Sup
Manuports 9 6 - - 3 18
Hammerstones 4 7 1 1 1 14
Percussive by-products 1 5 - 1 2 9
Total 14 (33.3) 18 (43) 1(24) 2 (4.8) 6 (14.3) 41
TD10.3-Inf
Manuports 12 6 - - 2 20
Hammerstones 3 27 - - 6 36
Percussive by-products 3 7 - - - 10
Total 18 (27.3) 40 (60.6) - - 8 (12.1) 66
TD10.4
Manuports - 1 - - - 1
Hammerstones - 14 1 1 2 18
Percussive by-products - 1 - 1 - 2
Total - 16 (76.2) 1(4.8) 29.5) 2(9.5) 21
Total 32 74 2 4 16 128

The high degree of use is also reflected in the percus-
sive marks identified. Battered areas were documented on
18 hammerstones, and 27 of the hammerstones bore surface
impacts. The distribution of the marks is quite consistent,
with the convex areas of the blanks being preferentially
selected. We identified fractures on 19 hammerstones.

Percussive Assemblage from TD10.4 It is made up of 21
pieces. In total, we identified 18 hammerstones (85.6%).
The assemblage from TD10.4 is predominantly made of
quartzite, with isolated representation of other raw materials.

In terms of size, the mean dimensions of the hammerstones
were [LXW X T] 70.9 X 54.3 X 39.3 mm, and their mean mass
was 298.5 g (SI Table S4), a similar value to that recorded for
the manuport cobbles. In this case, given the extremely low
number of pieces, no statistical tests were applied.

Percussive Wear Patterns of TD10.4 Fourteen of the 18 ham-
merstones included in the assemblage were analyzed. The
hammerstones from TD10.4 are characterized by the pres-
ence of impact points, mainly with a clustered distribution (on
eight tools), with five artifacts bearing scattered impact marks.
Within the entire hammerstone assemblage, battered areas

located on convex zones of the cobbles were identified on seven
tools, while seven of them also presented fractures. Overall, the
wear traces were generally superficial on the blanks, with only
four tools bearing traces pointing to more intensive use.

When comparing the percussive assemblage diachroni-
cally, there are two points to consider:

a) No significant differences were found in the length
(U=200.500, p=0.26), width (U=201.000, p=0.27),
thickness (U=195.500, p=0.22) or mass (U= 180.000,
p=0.54) of the tools when comparing the hammerstones
from TD10.3-Sup and TD10.3-Inf. This indicates that
the percussive tools from these two deposits are mor-
phologically similar. Nonetheless, TD10.3-Sup yielded
a higher percentage of manuports than TD10.3-Inf.

b) Statistically significant differences were found in the length
(U=205.500, p=0.030) and the width (U=202.500,
p=0.02) of the hammerstones of TD10.3-Inf (larger) and
TD10.4 (shorter). In contrast, no significant differences were
found in the mass of the two groups (U=196.000, p=0.11).
A common characteristic in both levels is that the majority of
the transported cobbles were used to some extent (or at least
have percussive marks and/or fracture on their surfaces).
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When comparing the hammerstones and the manuports
regarding the raw material:

a) InTD10.3-Sup, there is no clear association between the
raw materials in the type of tool (;(2 (5, N=33)=5.37,
p=0.373).

b) On the contrary, in TD10.3-Inf, there is an association
between raw material and type of tools (hammerstone
and manuports) (;(2 (2, N=56)=17.63, p<0.001). This
correlation is most likely related to the overrepresenta-
tion of manuports of limestone (60%, N=12) and ham-
merstones of quartzite (75%, N=27).

c) Finally, in TD10.4, we did not find a statistical asso-
ciation between the raw material and the type of tools
(percussive tools and manuports) (y* (3, N=19)=0.28,
p=0.963). This means that there is an even representa-
tion of raw materials, with no preference in their selec-
tion for a specific type of tool.

In sum, we can argue that based on these results, homi-
nins seemed to select preferentially quartzites to be used as
hammerstones, while limestone cobbles were transported to
the cave but not used.

Large Tools

TD10.3 and TD10.4 together yielded 44 large tools (LT),
most of which are large cutting tools (LCT; n=30) (Fig. 6)
(Table 6). Out of the 44 LT, three of them exhibited a high
degree of alteration, making technological analyses difficult.
Large tools represent 3% of the whole lithic assemblage of
TD10.3 and TD10.4. However, there are quantitative differ-
ences between the deposits. The frequency of LTs is reduced
to less than half at the top of the sequence: from c. 4% in
TD10.4 and TD10.3-Inf to 1.6% in TD10.3-Sup.

By far, the most represented LT type was the handaxe
(sensu Isaac, 1977) (54.5% of large tools), followed by cleav-
ers (sensu Isaac, 1977) (11.3%), unifacial tools (6.8%) and
large sidescrapers (4.5%). The predominance of handaxes
over any other large shaped tool did not occur in TD10.3-
Sup, from which two handaxes and three cleavers were
recovered. In addition, TD10.3-Sup did not yield any chop-
pers or chopping tools, which were only present in the lower
deposits.

Omitting the choppers and chopping tools, which are
made on cobbles, the majority of large tools were made on
flakes in all three deposits (Table 7). In addition, in all three
deposits, the LTs made on blocks/cobbles, although found
in fewer numbers than those made on flakes, were more
intensely shaped in terms of the percentage of the perimeter
that was knapped. In contrast, the LTs on flakes, although
more abundant, include several pieces that were shaped on
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25% of their perimeter or less (SI Fig. S3). Diachronically,
there is a slight increase of LTs on flakes moving up the
sequence (TD10.4=66.7%; TD10.3-Inf=75%; and TD10.3-
Sup=77.7%), and a clear decrease in the intensity of LT
shaping. All of this is regardless of the raw materials used.

To assess the intra-group variability in the shape of the
LCTs, we applied geometric morphometric techniques on
26 LCT 3D models, excluding fragmented tools which had
lost their final shape. The principal component analysis con-
firmed the great heterogeneity of this assemblage. More than
84% of the variability is explained by the first 10 principal
components (SI Table S5). The best characterization of this
assemblage resulted from the combination of PC1 (23.88%)
and PC3 (11.42%) (Fig. 7), although we also explored the
combination of PC1-PC2 and PC2-PC3.

PC1 accounted for 23.88% of the variability and relates to
the profile shape, from thicker pieces on negative values to
thinner tools on positive values. PC2 accounted for 11.62%
of the variability and represents the variation mainly con-
centrated on the proximal parts only, with wider shapes on
negative values and convex proximal parts on positive ones.
PC3 accounted for 11.42% of the variability and described
an axis of variation from pointed and wider-butt bases in
positive values to oval tools with wider distal parts. PC2 and
PC3 therefore represent a similar percentage of variability.
Nevertheless, PC3 gathers more information according to
our assemblage. Therefore, although we also examined the
combination of PC1-PC2 (SI Fig. S4), the best characteri-
zation of this assemblage resulted from the combination of
PC1 and PC3 (Fig. 7).

In general, the intra-group variability was found to be
high and slightly increased along the sequence (Table 8).
However, the LTs of TD10.4 and TD10.3-Inf present very
similar intra-group variability, which seems to reinforce the
differences between TD10.4 and TD10.3-Inf and between
TD10.4 and TD10.3-Sup.

TD10.4 and TD10.3-Inf share the majority of the scat-
ter distribution for this type of tool, with a clear tendency
toward wider butts and thicker implements, together with
classical oval distal ends (tear-drop shape). The Wilcoxon
Rank-sum test on the interpoint distance between group
means found no statistically significant differences between
TD10.4 and TD10.3-Inf (rank sum=345; n1=8; n2=12;
p=0.08). In both cases, tool shape variability was mainly
caused by thickness (see Table 8). In contrast, the mean
shapes between TD10.3-Inf and TD10.3-Sup were found to
be significantly different (rank sum=267; nl=12; n2=7;
p<0.01). TD10.3-Sup presented the highest intra-site vari-
ability. Most of this variation was due to the width of the
tools, which affects also the mid-distal parts. Those tools
present the widest measures in the mid-distal ends. In addi-
tion, a progressive reduction in LT volume was identified
from TD10.4 to TD10.3-Sup.
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Fig.6 Large cutting tools from
TD10.3-Sup: A Neogene chert
handaxe ATA14-M20-1, B
limestone handaxe ATA13-
114-20, C quartzite cleaver

on flake ATA14-N13-14;
TD10.3-Inf: D quartzite
handaxe ATA15-N17-109,

E quartzite handaxe ATA16-
J11-50, F quartzite cleaver

on flake ATA17-J19-92);
TD10.4: G quartzite handaxe
ATA16-N19-199, H Neogene
chert handaxe ATA17-H19-4,
I quartzite handaxe ATA17-
N21-3, J sandstone handaxe
ATA17-K18-103

To sum up, the large tools from TD10.4 and TD10.3
presented high intra-group variability. Also, the dimen-
sions of the tools from TD10.4 and TD10.3-Inf together
differentiate them from those of TD10.3-Sup. A slight
transition was detected from the classical “tear-drop”
shapes in TD10.4 and TD10.3-Inf, to wider shapes increas-
ing their variability in TD10.3-Sup (Fig. 8).

01234567 89 10cm

01234567 89 10cm

Cores

In total, 45 cores were recovered from TD10.3 and TD10.4,
distributed as follows (Fig. 9) (Table 9): 10 cores at TD10.3-
Sup (1.34% of the whole assemblage), 22 at TD10.3-Inf (c.
4%) and 12 at TD10.4 (c. 5%). One core from TD10.3-Inf
was extremely damaged and could not be analyzed.
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Table 6 Types of large tools at
each archaeological deposit

Large tools TD10.3-Sup TD10.3-Inf TD10.4 Total Type
Handaxe Neogene chert 2 6 2 10 24
Quartzite - 5 2 7
Sandstone - 1 2 3
Limestone - 1 - 1
Handaxe fragment Quartzite - 1 - 1
Handaxe tip Quartzite - 2 - 2
Cleaver Neogene chert - - 1 1 5
Quartzite 2 - - 2
Sandstone 1 1 - 2
Pick Quartzite 1 - - 1 1
Chopper Quartzite - 1 - 1 1
Chopping-tool Quartzite - 1 1 2 2
Denticulate Limestone 1 - - 1 1
Distal fragment of LT Quartzite 1 - - 1 1
Rabot Quartzite - 1 - 1 1
Sidescraper Neogene chert 1 - - 1 2
Sandstone 1 - - 1
Unifacial LT Quartzite - 1 1 2 3
Sandstone - 1 - 1
Indetermined LT Neogene chert 1 1 2 3
Sandstone 1 - - 1
Total 11 23 10 44 44

Table 7 Large tools per blank type and raw material (choppers and
chopping tools are excluded)

LT blank TD10-3-Sup  TD10-3-Inf TD10-4 Total
Cobble/block 2 4 3 9
Limestone 1 1
Neogene chert 1 1 2
Quartzite 1 2 2 5
Sandstone 1 1
Flake 7 (77.7%) 12 (75%) 6 (66.7%) 25
Neogene chert 2 5 3 10
Quartzite 2 5 1

Sandstone 3 2 2

Total 9 16 9 34

All three archaeological deposits share a type of knapping
pattern based on the raw materials (SI Fig. S5a) and/or type
of blank (SI Fig. S5b): (1) cores in fluvial materials were
usually flaked through unipolar longitudinal knapping, using
cortical surfaces as striking platforms and hitting at 80° to
90° angles (Fig. 9a, b, f). This strategy is present in TD10.3-
Inf and TD10.4, but it is absent in TD10.3-Sup, where no
cores have been recovered in these raw materials; (2) cores
in Cretaceous chert were usually reduced by orthogonal
and centripetal knapping (Fig. 9j, k); (3) when the blanks
were flakes, the knapping strategy tends to be centripetal
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(although poorly standardized) (Fig. 9e, g, h), while when
the blanks are nodules or fragments (especially in Neogene
chert), the knapping strategy tends to be unipolar longitudi-
nal and orthogonal (Fig. 9d, i). The bipolar technique on an
anvil was also possibly present (Fig. 9c).

Although the flakes are the best represented category
in these assemblages, the reduction sequences tend to be
relatively short based on the number of scars present on the
cores and the cortical reserves of the cores, which would
indicate partial volume management.

Diachronically, no qualitative changes in knapping strat-
egies were found through the progression of the sequence,
but qualitative changes were detected in raw material selec-
tion: the variation in knapping strategies from TD10.4 to
TD10.3-Sup (SI Fig. S5a) is more related to the decrease in
the varieties of raw materials used through the progression
of the sequence: in TD10.4 cores were made on six litho-
types; in TD10.3-Inf, they were made on four lithotypes;
and in TD10.3-Sup on two lithotypes (SI Fig. S5a and c).
Actually, this would also explain why no testing cores were
recovered from TD10.3-Sup, because these hominins only
used Cretaceous and Neogene chert (SI Fig. S5a). Creta-
ceous chert is always good quality, and Neogene chert comes
from the mega-blocks in the gypsiferous and marly lime-
stone facies on the slopes of the hill that need to be broken in
order to bring fragments into the cave, so testing had already
occurred at the supply area.
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Fig.7 PCA on handaxes 3D
models by sites. Illustrations
show hypothetical objects situ-
ated at the extremities of each
principal component, reflecting
the shape trend it represents.
Convex hulls represent the
scatter plot limits on each group
(TD10.3-Sup; TD10.3-Inf;
TD10.4). White area is the
shared space between three
groups

W TD10.3 Sup.
@ TD10.3 Inf.
TD10.4
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Table 8 Intra-assemblage shape % of variability caused by
variability analysis (mean
multidimensional Euclidean (n) Volume Shape variability x (Width) y (Length) z (Thickness)
distance of all artifacts from
its centroid) and distribution of TD10.3-Sup 6 126,408.09 8.27 55.95 2.28 41.77
relative shape variability across TD10.3-Inf 11 143,298.33 7.86 38.96 1.62 59.42
dimensions of Fig. 7 TD10.4 9 190.662.06 7.72 4491 1.44 53.65
TD10.3 SUP TD10.3 INF TD10.4
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Fig.8 Mean shapes of Large Tools by subunits. Color coding represents the relative degree of variability of each individual landmark reflecting
the spatial distribution of variability across the tools
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Fig.9 Cores from TD10.3 and TD10.4. TD10.3-Sup: a Neogene
chert, unipolar longitudinal ATA15-114-35; b Cretaceous chert, uni-
polar longitudinal ATA13-J19-32; ¢ Cretaceous chert, bipolar on an
anvil ATA14-K15-24; TD10.3-Inf: d Neogene chert, unipolar lon-
gitudinal ATA16-M19-523; e quartzite, centripetal ATA17-L15-99;
f quartzite, unipolar longitudinal ATA17-M20-1; g quartz, centrip-
etal ATA17-J13-192; h Neogene chert, centripetal ATA17-H20-42;
TD10.4: i quartzite, unipolar longitudinal ATA17-H12-1; j sandstone,
centripetal ATA18-L21-29; k Neogene chert, orthogonal ATA18-
H19-10

Small Tools

A total of 111 small tools were recovered from TD10.3
and TD10.4 (see Table 2, Fig. 10a—c, e-g, i—j, m, n). The
proportions in the three archaeological deposits, excluding
indeterminable pieces and fragments, were similar: 7.4% for
TD10.3-Sup, 9.9% for TD10.3-Inf and 9.9% for TD10.4. The
following types were identified (Table 10).

Denticulates and side/transverse scrapers were the most
common small tools in all three deposits. However, a turn
occurred over the course of the sequence in which denticu-
lates were more numerous than scrapers in TD10.4, an equal
number of both types were present in TD10.3-Inf, and scrap-
ers became dominant at TD10.3-Sup.
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Although only a few specimens were recovered, there
were two points, four endscrapers distributed among the
three deposits, as well as four double tools, including one
borer (see Fig. 11), and one triple tool. Also interesting is
the almost exclusive use of Neogene and Cretaceous chert
for small tools in TD10.3-Sup (see Table 2)—a bias already
observed among the cores—and the abundance of small
tools in fluvial materials in TD10.3-Inf. This demonstrates
that the presence of these raw materials in TD10.3-Inf was
not only related to percussive material.

Flakes

A total of 912 pieces belong to the simple flake category
(Table 11) (Fig. 10d, h, k, 1, 0). In all three deposits, the
majority of these pieces are complete flakes (56.5%). Tech-
nically, they share several technical attributes: the dorsal
surfaces are mainly non-cortical (c. 68%); they have two or
three (c. 28%) dorsal removals; and they were knapped using
unipolar (58%) or centripetal (27%) directions. The striking
platforms (88%) are mainly non-cortical (80.5%) and flat
(62%), the ventral surfaces present diffuse bulbs (69%), and
the morphology of the flakes is trapezoidal (29%), triangular
(18%) or rectangular (15%).

Only complete flakes were considered in the dimension
analysis. Given the small number of items classified into dif-
ferent RMGs, we did not perform any comparative analyses
of the dimensions.

The values of the technical (not morphological) length,
width and thickness of the different assemblages did not pre-
sent a normal distribution (p <0.05) (SI Table S6), so non-
parametric tests were applied for the statistical analysis. The
Kruskal-Wallis test (K-W) revealed significant differences
among the lengths (K-W: 12.422; p value: p <0.01), widths
(K-W: 15.779; p value: p<0.01), and thicknesses (K-W:
95.185; p value: p<0.01) of the complete flakes from the
three assemblages. The flakes from TD10.3-Inf were slightly
larger and those from TD10.3-Sup were the smallest.

Nevertheless, examining each lithic assemblage sepa-
rately, it becomes clear that the main differences in the flake
dimensions are not related to raw material types and their
representation within the assemblage. Sandstone and quartz-
ite flakes are slightly longer and wider than their counter-
parts on Neogene and Cretaceous chert, but no statistically
significant differences were found among them, even though
Cretaceous chert is usually available in small nodules (SI
Tables S7 to S9). Only in the TD10.4 assemblage were slight
differences between the width (K-W: 10.843; p=0.01) and
thickness (K-W: 8.1664; p=0.04) of the flakes observed.
Therefore, the statistically significant differences concerning
the length, width and thickness of the assemblages may be
related to diachronic changes, with a focus on the production
of smaller flaking products in TD10.3-Sup.
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Fig. 10 Flakes and small tools from TD10.3-Sup: a quartzite side-
scraper ATA13-TD10.2.2-120-114, b Cretaceous chert transverse
carinated scraper ATA15-TD10.3-L20-29, ¢ Cretaceous chert multi-
ple tool (denticulate+ notch+ endscraper) ATA14-TD10.3-K15-70,
d Cretaceous chert flake ATA16-TD10.3-112-20; TD10.3-Inf: e
quartz denticulate ATA16-TD10.3-H12-150, f sandstone denticulated
scraper ATA16-TD10.3-L17-71, g Neogene chert denticulate 4 side-

Within the flakes and small tools (n=1025), 4.4% of them
(n=45) exhibit a lip, frequently indicative of soft hammering
during flaking (Inizan et al., 1999). Overhang regularization
was performed in 66 pieces (6.4%) in all raw materials. Most
of the flakes and the small tool-blanks had feathered ends (c.
75%), followed by hinged ends (13%), in all three deposits.
Finally, the most common knapping accidents and mistakes
consist of transversal and distal fractures (17%) and stepped
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scraper ATA16-TD10.3-H13-77, h Neogene chert flake ATA16-
TD10.3-N17-30, i) quartzite sidescraper ATA17-TD10.3-L19-169, j
quartzite denticulated point ATA17-TD10.3-J19-23; and TD10.4: k
Neogene chert flake ATA18-TD10.4-112-20, 1 quartzite flake ATA18-
TD10.4-J13-1, m quartzite sidescraper ATA18-TD10.4-L.20-46, n
Neogene chert denticulate ATA18-TD10.4-N16-26, o Neogene chert
flake ATA18-TD10.4-M18-9

ends (11%). Siret fractures account for 4% of the total of
knapping accidents and mistakes.

Diachronically, from the bottom to the top of the
sequence, increases were observed in (1) noncortical dorsal
surfaces; (2) centripetal dorsal removals; (3) bifaceted butts;
and (4) stepped ends, while, interestingly, overhang prepara-
tion decreased along the stratigraphy.
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Table 10 Small tools categories

. Types (%) TD10.3-Sup TD10.3-Inf TD10.4 Total
for each deposit

Abrupt - 1 - 1
Denticulate + notch + endscraper 1 - - 1
Denticulate 10 (25.6%) 21 (42%) 11 (50%) 42
Other - 3 1 4
Borer + sidescraper - 1 - 1
Points 1 - 1 2
Sidescraper + trihedral 1 - - 1
Sidescraper + denticulate 2 1 - 2
Side/transverse scraper 20 (51.3%) 20 (40%) 8 (36.4%) 49
Endscraper 2 1 1 4
Indeterminable 2 2 2 6
Total 39 50 22 111

Functional Studies on the Knapped Material

Although functional studies on TD10.3 are still in their ini-
tial stages, some preliminary results can be presented. To
date, only 19 pieces among those initially screened have
been analyzed: five from TD10.3-Sup and 14 from TD10.3-
Inf. They are of quartzite (n=11), quartz (n=1), Cretaceous
chert (n=4), and Neogene chert (n=3). The sample includes
three sets of quartzite connections, as well as flakes, small
tools, and some large tools (Table 12), thus covering the
main tool groups present in the assemblage, although with
limited representativity. A detailed use-wear analysis of the
TD10.4 materials has not been conducted to date.

Surface preservation of quartz and quartzite pieces was
notably good, with minimal postdepositional surface mod-
ifications (PDSM) observed. Occasional chaotic striations,
slight crystal erosion, and rare edge damage were identi-
fied, as outlined elsewhere (Pedergnana & Ol1é, 2020).
But the chert elements presented characteristic chemical
weathering that especially affected the Neogene variety
(Font et al., 2010). This weathering greatly constrains the
feasibility of a detailed microscopic analysis. However,
neither the screened material nor the ones that underwent
a thorough microscopic investigation exhibited any aggres-
sive postdepositional surface modifications.

In the analyzed sample, there is a high proportion of
pieces with use-wear traces. However, we must consider that
a certain overrepresentation of them can be due to selection

Table 11 Simple flakes and their fragments at the three deposits

Flakes TD10.3-Sup TD10.3-Inf TD10.4 Total
Complete flake 247 178 91 516

>20 mm 105 (42.5%) 112 (62.9%) 42(46.1%) 259 (50%)
Broken flake 51 54 16 121

Flake fragment 124 104 47 275

Total 422 336 154 912

criteria quite steered towards potentially used/usable tools.
There were 12 tools with use-wear identified with different
degrees of precision, 4 pieces with fresh surfaces, of which
3 were resharpened elements and 1 is a core, and finally
3 cases (1 quartzite, 1 Cretaceous chert, and 1 Neogene
chert) were described as indeterminate mainly because of
the weathering or slight PDSM. This weathering includes
patina and desilicification for chert, as well as some chaotic
striations and a slight crystal edge rounding for quartzite.
Different knapping activities were identified among the
three groups of quartzite elements that were parts of refits
and conjoins. In the first case (CT-07-TD10.3-Inf), we iden-
tified a triangular blank with alternate and bifacial retouch
along the lateral edges, which converge in a notched point.
After its initial use for a boring action on a hard material, this
tool was resharpened and used again for the same activity.
Both the resharpening small flake and the final tool show clear
transversal traces, with intensive micro-scars, abrasion of the
border of the crystals, striations, and initial polish formation
(Fig. 11(1), SI Fig. S6). The second set (CT-10-TD10.3-Inf)
is made up of a fractured sidescraper and its distal fragment.
Both elements present very fresh surfaces and edges, with
the only noticeable modifications being a few transversal per-
cussion marks close to the fracture. Consequently, this set is
interpreted as discarded pieces after a sharpening accident
(SI Fig. S7). The third set (CT-02-TD10-3-Inf) involves a
long-distance connection (8.4 m), a complex knapping and
use sequence on an extraordinarily elongated and thin bifacial
point made on a flake that was apparently detached using a
soft hammer. First, the point was fractured likely because of
thrusting action, as suggested by a marked transverse bending
fracture, associated with minor lateral crushing (SI Fig. S8).
Then the proximal part was retaken, slightly retouched on the
distal portion of its left edge, and intensively used in a groov-
ing-sawing action on a hard material, likely bone (Fig. 11 (2)).
The remaining quartzite pieces with use-wear traces
include a large retouched flake (rabot) with macroscopic
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step-terminated scars on the distal edge likely produced by  as a hammerstone (SI Fig. S9); a convex transverse scraper
a chopping action, also bearing clear battering marks onits  used on soft animal matter in a cutting action related to
cortical dorsal face attesting to previous percussion activity ~ butchery activities (SI Fig. S10); and finally, a well-shaped
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«Fig. 11 Refitted quartzite tools with use-wear. (1) Refit CT-
07-TD10.3-Inf; A to D, use-wear traces on the resharpening flake,
with intensive crystal abrasion, edge rounding, transversal striations
and initial polish formation; and E. similar pattern on the tip of the
borer, produced by a rotatory action on a hard matter. (2) Refit CT-02.
TD10-3-Inf; F: distal feather terminated bending transverse fracture
on the ventral face, associated with minor lateral crushing, likely pro-
duced by a thrusting action; G, H, parallel striations (furrows) on the
crystal surfaces, with some edge abrasion and initial polish forma-
tion; I and J: strong striations, edge rounding, and polish at the rim of
the slightly retouched edge producing by a grooving/sawing action on
a hard material. A, B, G, H, I1 (low vacuum SEM), C, D, E, 12,13, J
(OM), F (3D DM)

side scraper with fresh lateral edges but abundant impact
traces—crushing, scarring, and striations—on the proximal
and distal sides that point to its use as a wedge on a medium
to hard material.

The Cretaceous chert group includes a small flake with
clear butchery traces on its lateral edge, which shows con-
tinuous micro-scarring as well as polish development on the
rim of the edge and ridges of the micro-scars, together with
some parallel striations (Fig. 12(1)). A similar action was
identified in the second analyzed flake made of this material.
This piece, however, shows more intensive use on its distal
portion, with micro-scarring, transverse polish and striations
likely produced by a positive scraping action on a medium-
hard material. A compound piece (denticulate + end scraper)
shows dispersed spots of polish along the retouched lateral
and proximal convex edges that could indicate a transversal
action on a soft material, although the weathering of the raw
material prevents a precise assessment. Lastly, a transverse
scraper bears marked macro and micro-scarring all along the
edge, interrupted by resharpening processes, and accompa-
nied by developed edge rounding and some polish, pointing
to a high-angle scraping action on the hide (Fig. 12(2)).

Despite the bad preservation of the Neogene chert arti-
facts, we identified low-magnification use-wear on two of
the three selected pieces. The first was a handaxe, which
shows macro-scarring on both sides of its tip with step-
terminated removals produced by a forceful impact on an
undefined hard material (Fig. 13(1)). The second was the
distal part of a small handaxe, which should actually be
considered a bifacial point. Its tip exhibits a large hinge
terminated bending fracture. A thinning feature, possibly
associated with handle insertion, becomes evident when
the distal and proximal parts are refitted. These combined
features lead us to interpret the artifact as a thrusting spear
point, as illustrated in Fig. 13(2). Furthermore, its metrics
would fit within those published for some spear points (e.g.,
Rots et al., 2011). In both cases, the fracture patterning is
consistent with the proposed forceful activities, although the
limited preservation of the material prevented further find-
ings through microscopic analysis.

Lithic Connections

Together, the TD10.3 and TD10.4 deposits contain a total of
57 connection groups made up of 143 pieces.

The TD10.3-Sup Connections

The TD10.3-Sup connections consist of 44 pieces belonging
to 17 connection groups (Table 13, Fig. 14).

These 44 pieces represent 7.8% of the TD10.3-Sup
assemblage analyzed for connections (n=560). At least
66% of these connections are of anthropic origin, and 32%
of which belong to knapping sequences. At least 29 pieces
are parts of technical conjoins and refits, which include two
hammerstone and fragment groups, four broken flake and
flake fragment groups, and four knapping sequence groups
(SI Table S10).

The following groups are of particular interest:

e SN-06-TD10.3-Sup (Fig. 14a, Fig. 15): knapping
sequence made up of seven flakes (without the core).
From the former flake (location 0), extracted flakes were
found (in order) at 71 cm, 66 cm, 181 cm, 18 cm, and
16 cm. The last flake was broken into two pieces.

e SN-07-TD10.3-Sup (Fig. 14b): made up of a fractured
sidescraper on Neogene chert and the fragment. The
group was considered a postdepositional fracture. How-
ever, the two pieces were separated by a distance of
2.21 m, too great a distance to have occurred naturally
after deposition, so it is conceivable that one of the frag-
ments was moved and used in a location away from the
other after a previous postdepositional fracture.

The TD10.3-Inf Connections

The TD10.3-Inf connections are made up of 79 pieces
belonging to 33 connection groups (Table 14, Fig. 16).

These 79 pieces represent 15% of the whole assemblage
of TD10.3-Inf analyzed for connections (n=522). At least
67% of the connections are of anthropic origin, among which
14% come from knapping sequences. At least 53 pieces were
part of technical conjoins and refits, including four large tool
and flake groups, seven hammerstone and fragment groups,
five broken flake and flake fragment groups, one sidescraper
group and a knapping accident, and four knapping sequences
(SI Table S11).

The following groups are of particular interest:

e CT-02-TD10.3-Inf (Fig. 16a, Fig. 17): transversal frac-
ture of a large quartzite flake, whose distal fragment
is a well-made point. The entire size of the piece is
96 X 52 x 8 mm. When complete, the piece was finely
shaped with soft-hammer percussion. The two fragments

@ Springer
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Fig. 12 (1) ATA15-TD10.3-Inf-
J20, 54. Cretaceous chert flake
with continuous micro-scarring
on its right lateral (A), with a
soft animal matter polish (B and
C) and sporadic linear features
produced by a butchery activity.
(2) ATA15-TD10.3-Sup-L.20,
29. Cretaceous chert trans-
verse scraper with resharpen-
ing evidence and continuous
edge rounding (G) and polish
all along the retouched edge
(E1-E2 and F), resulting from a
high-angle scraping on hide. A,
G (3D DM), B to F (OM)

were found at a distance of about 8 m from one another,
which likely means that, once broken, the larger piece
was moved, used (see Fig. 11(2)) and discarded on the
other side of the occupation.

CT-07-TD10.3-Inf: a quartzite borer and a flake from
resharpening it. They were recovered at a distance of
125 cm from one another. Both the borer and the resharp-
ening flake show traces of boring (Fig. 16b; see Fig. 11
1).

CT-17-TD10.3-Inf (Fig. 16¢c, Fig. 18): three quartzite
pieces, likely produced at recycling a handaxe into a
core. The set is formed by a handaxe-core, one fragment,
and the pointed tip of the handaxe. First, the tip of the
handaxe is removed by knapping. Then, the handaxe-
core is moved about 3 m to the northwest, where another
flake is extracted. The core was again moved 2.9 m to the
southwest, where it was discarded.

SN-05-TD10.3-Inf (Fig. 16d): knapping sequence
consisting of two flakes, one small tool and one core

@ Springer

on Neogene chert. The first flake was detached from
the core at location 0. The core was moved 478 cm
to the northeast, where the second and third flakes
were consecutively detached. They were recovered at
a distance of 60 cm from one another. Again, the core
was moved 311 cm to the northeast and abandoned.

The TD10.4 Connections

The TD10.4 connections are made up of seven groups of 20
pieces, mainly of chert (Table 15, Fig. 19).

These 20 pieces represent 9.4% of the whole TD10.4
assemblage analyzed for connections (n=213). Connec-
tions of anthropic origin account for 80% of these, of which
62.5% belong to knapping sequences. There are 16 pieces
belonging to technical conjoins and refits, which include one
large tool and flake group, three hammerstone and fragment
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Fig. 13 (1) ATA16-TD10.3-Inf-
L13, 15. Macroscopic scarring
on the tip of the handaxe, likely
produced by its use in a force-
fully impact action. Note (B) the
highly weathered surface of the
chert. (2) Refit SN-04-TD10.3-
Inf. Fractured small Neogene
chert bifacial point with a

large hinge terminated bending
fracture on the ventral face (C),
likely produced by a thrusting
action; after refitting, a proximal
thinning for handle arrangement
is noted

5mm

Table 13 Groups of conjoins and refits for each raw material at TD10.3-Sup

TD10.3-Sup (n=560 of 666) Conjoins Refits Total anthropic
Raw material Groups Num. pieces Postdepositional Technical Indet

Sandstone 1 2 2 - - - -

Limestone 1 2 2 - - - -

Quartzite 5 10 2 8 - - 8

Cretaceous chert 4 13 1 1 2 9 10

Neogene chert 6 17 2 6 4 5 11

Total 17 44 9 (20%) 15 (34%) 6 (13.6%) 14 (32%) 29 (66%)

Indet. =some pieces were not categorically ascribed to postdepositional or to technical fractures

groups, one fractured small tool and fragment group, and
one group associated with reshaping a handaxe into a core
(SI Table S12).

Group CRT-30-TD10.4 (Fig. 19a) is of particular interest.
It is made up of a fractured quartzarenite hammerstone and a
fragment. Judging by the hammerstone percussion marks, it
broke due to use. The fragment was recovered at a distance
of 3.36 m from the main piece. Therefore, the hammerstone
was likely used and broke in the northern area of the occu-
pation (where the fragment was found) and was thrown or
moved 3.36 m southward.

Zooarchaeology and Taphonomy of TD10.3
andTD10.4

Taxonomic Distribution and Human Impact (Fig. 20)

In TD10.3-Sup, 15 taxonomic groups were identified. The
Simpson index of dominance (D =0.71) and the Shannon
index of uniformity (H’ =0.33) indicate that, although
the assemblage is heterogeneous, some species stand out
above the others. Ungulates, and equids among them, play a
dominant role, together making up about 40% of the NISP

@ Springer
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Fig. 14 TD10.3-Sup lithic remains, refits, conjoins, and blocks bigger than 50 cm. Red lines/circles: refits; blue lines/circles: technical conjoins;

grey lines/circles: postdepositional conjoins. Each square=1 m.?

(number of identified specimens). They are followed by
cervids and bison (Table 16). Carnivores are not abundant
(NISP=152; 8.4%), but they are highly diverse and include
canids and Panthera leo fossilis.

Isolated teeth dominate the assemblage, although remains
of whole skeletons of the three main taxa based on their
NISP were also recovered (Table 17). Anthropogenic modi-
fications are scarce and they are all in the form of cut-marks
(3.6%, n=344) and percussions (0.03%, n=23). Cut-marks
were identified on the trunk bones (ribs and vertebrae) and
on the diaphyses of the limb long bones. Large animals were
the most affected (NISP =9), although cut-marks were also
present on the remains of medium-sized animals (NISP = 3).
Carnivore tooth marks were observed on the 12% of the
assemblage (n=1144) (SI Table 13).

The TD10.3-Inf assemblage is very similar to TD10.3-
Sup in taxonomic representation. However, TD10.3-Inf pre-
sents greater diversity (D=0.70, H’ =0.24), as it contains
up to 18 taxonomic groups. Despite this diversity, Equus
ferus (NISP=1134; 35%), Bison sp. (NISP=933, 28.8%),
and cervids (NISP=640; 19.8%) dominate. Several rhinoc-
eros teeth complete the assemblage, as do a hippopotamus
tooth and four cf. Hemitragus bonalis specimens. Among the
carnivores, the coexistence of two large felids in the same
deposit stands out: Panthera leo fossilis and Homotherium
latidens (Garcia, 2003).

@ Springer

Remains of the complete skeleton were identified among
the most abundant species. The number of isolated teeth is
notable, as is the quantity of distal limb bones. Just like in
TD10.3-Sup, cut-marks are scarce (0.4%, n=52), as are per-
cussion marks (0.3%, n=9). When they were documented,
they were on the ribs and long bones of equids (NISP=2),
bovids (NISP=4), cervids (NISP=1), and unidentifiable
remains of large (NISP =24), medium-sized (NISP=13),
and small (NISP=4) animals, as well as on indeterminate
remains (NISP=4).

In contrast, carnivore modifications were more abundant,
accounting for 10% (NISP=1283) of the TD10.3-Inf assem-
blage. Equids (NISP=175, 6.6%), bovids (NISP =45, 4.8%),
and cervids (NISP=7.3%) were the most affected taxa. They
are followed by unidentifiable large (NISP=353, 15.6%),
medium-sized (NISP=323, 16.1%), and small (108; 13.5%)
animals. Although not as abundant, other taxa also show
evidence of chewing marks on the bone surfaces: cf. Hemi-
tragus bonalis (NISP=1, 25%); Canis/Cuon (NISP =4,
5.9%); Vulpes vulpes (NISP=1; 2.7%); Panthera leo fos-
silis (NISP=4, 9.3%); Oryctolagus sp. (NISP=4; 8); Aves
(NISP=5; 3.8%), and unidentifiable very small animals
(NISP=2, 2.8%). Another 306 (6.7%) remains could not be
taxonomically identified.

The TD10.4 assemblage is made up of 716 faunal remains.
Taxonomic diversity is high, with up to 12 taxonomic groups
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Fig. 15 Spatial distribution of refit code SNO6-TD10.3-Sup of Neogene chert, formed by seven flakes from a knapping sequence

identified. However, this diversity is slightly lower than in
the previous deposits. Some species dominate over the oth-
ers, such as cervids and bison (Table 16), and the assem-
blage is moderately uniform in the distribution of remains by
taxonomic groups (D=0.70, H =0.24). Among the carni-
vores, again two large felids stand out: Panthera leo fossilis
and Homotherium latidens, suggesting a certain continuity
in landscape mosaics between the two subunits (TD10.4 and
TD10.3). Isolated teeth were the most common identified
remains, although the presence of limb and trunk elements
was not negligible (Table 17).

No elements with anthropogenic modifications were
identified in this subunit, although carnivore modifica-
tions were observed on 8% of the assemblage. The affected
taxa comprised cervids (NISP=7), bison (NISP=6), and
equids (NISP=1). An additional 27 unidentifiable elements
of small, medium, and large-sized animals also presented
these modifications.

Subunit TD10.4 is characterized by the influence of the
weathering observed in its sediments and those of underlying
unit TD9. Therefore, no bones have been preserved in TD9,

and its influence on the overlying TD10.4 has resulted in
poorly bone surfaces preserved, with an influence of chemi-
cal corrosion. In addition, a continuous layer of roots grew
on a package of sediments in the eastern half of the site,
which prevented that sediment from preserving any faunal
remains. Therefore, the absence of anthropogenic modifica-
tions in TD10.4 may be related to the poorer preservation of
bone surfaces in this subunit, although carnivore modifica-
tions, usually deeper and more intense, were identified here.

Spatial Statistics

For TD10.3-Sup, Besag’s inhomogeneous L-function indi-
cated a regular distribution of faunal remains at distances of
less than 50 cm and the distribution of clusters at longer dis-
tances (SI Fig. S11). Slight clustering of the lithic remains
was identified at distances of less than 20 cm, regular dis-
tribution from 20 to 75 c¢cm, and random distribution from
75 cm onwards, because the data line matches that of the
Poisson distribution. However, the inhomogeneous mul-
titype L-function showed a clustering trend of fauna and
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Table 14 Groups of conjoins

> TD10.3-Inf (n=522 Conjoin Refits Total anthropic
and refits for each raw material
of 570)
at TD10.3-Inf
Raw material ~Groups Num. pieces Postdepositional Technical Indet
Sandstone 1 2 - - 2 -
Limestone 4 9 - 7 - 2 9
Quartzarenite 1 2 - 2 - - 2
Quartzite 24 58 19 34 - 5 39
Neogene chert 3 8 2 - 2 4 4
Total 33 79 21 (26.5%) 43 (54.4%) 4 (5%) 11 (14%) 54 (68.3%)

Indet. =some pieces were not possible to ascribe for sure to postdepositional or to technical fractures

lithics beyond a distance of 70 cm. This suggests a co-
dependency of stone tools and bones clustering at distances
of 70 cm from any aleatory point.

In TD10.3-Inf, the L-Besag test result for inhomogene-
ous distributions indicated the existence of groups of bones
found at a distance of 120 cm and an aleatory distribution for
lithic remains (SI Fig. S12). The relation of the inhomogene-
ous multitype L-function suggests a clustering trend between
bones and lithics at distances of around 70 cm.

In TD10.4, the inhomogeneous L-function indicated
a regular distribution of faunal remains on the surface of
TD10.4. Lithic remains showed regular distribution at dis-
tances of up to 100 cm. At greater distances, these objects
appeared in clusters (SI Fig. S13). The inhomogeneous

TD10.3-Inf

multitype L-function relation showed that fauna and lithics
were co-dependent in terms of the clustering of stone tools
and bones at distances of 175 cm from any aleatory point.

Archaeological Materials and Topography of Gran
Dolina

The area excavated at the Gran Dolina site corresponds to
the entrance ramp of the cave and part of the outer flat area.
More than half of its surface is markedly inclined toward
the conventional NE, and then stabilizes horizontally in the
eastern area of the surface (see Fig. 1).

Legend:

Blocks>50 cm

(g

Large tools
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« Flakes and others |

A Direction of

refits/conjoins

Fig. 16 TD10.3-Inf lithic remains, refits, conjoins, and blocks bigger than 50 cm. Red lines/circles: refits; blue lines/circles: technical conjoins;

grey lines/circles: postdepositional conjoins. Each square=1 m.?
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Fig. 17 Spatial distribution of technical conjoin code CT-02-TD10.3-Inf on quartzite

The possible role of the topography of Gran Dolina in the
archaeopaleontological scattering as well as the influence
of the high number of blocks that pave the paleo-surfaces
of TD10.3 were spatially visualized for each deposit. We
grouped the archaeopaleontological material by mass (lith-
ics) and dimension (faunal remains) ranges (Figs. 21, 22,
and 23).

TD10.3-Sup (Fig. 21)

This deposit contains 103 natural blocks measuring 50 cm
or larger, although they do not seem to have affected the
distribution of the archaeological remains: the lithics
were homogeneously distributed across the surface of the
excavation, independently of their mass. There was not a
gradient toward the slope. However, heavier pieces were
more abundant in the eastern, flatter half of the excavation,
simply because higher concentrations of lithics were docu-
mented in this area in general. In addition, higher densi-
ties of lithic remains were found in the NW area, which is
flat, but their density by mass does not show any particular
distribution conditioned by the slope. We did not find a
gradient of faunal remains by size in favor of the slope,
as the higher densities were documented in the south of

the major diagonal (NE-SW), with a particular cluster of
sizes <20 mm and > 100 mm at the entrance (SW) of the
cave.

TD10.3-Inf (Fig. 22)

All sizes of faunal remains were concentrated in the east-
ern half of the cave, with higher clusters of pieces larger
than 50 mm in the last third of the whole area. The case
of lithics is similar, although we did not find a gradient by
mass in favor of the slope. Higher mass elements were con-
centrated in the eastern half, but, again, more pieces were
documented in that area in general. Here again large natural
blocks (>50 cm, n=26) do not seem to have played any spe-
cial role, as lithics are spread all over the surface, regardless
of the presence of large blocks.

TD10.4 (Fig. 23)

Bones and lithics were documented in higher densities
in the major diagonal (NE-SW), represented by the large
natural blocks (=50 cm, n=11). No gradient was found
by sizes or mass, as in the upper deposits. Interestingly,
several faunal remains of different sizes were recovered
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Fig. 18 Spatial distribution of technical conjoin code CT-17-TD10.3-Inf on quartzite

in the northwest “corner” of the cave, where the ceiling
is lower and the space narrows. This may mean that the
modern mouth to the cave of Gran Dolina was not yet as
open as during the second half of the Middle Pleistocene.
As such, it may have served as a better shelter for carni-
vores than in later times, when the enormous block fall
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during the formation of TD10.3 enlarged the entrance and
rendered that corner exposed. No differential concentra-
tions, gradients of lithics mass or bones sizes in favor of
the slope were found in this subunit.

To sum up, no gradients of faunal remains by size, nor
lithics by mass in favor of the slope of Gran Dolina were
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Table 15 Groups of conjoins

> TD10.4 (n=213 of 247) Conjoin Refits Total anthropic

and refits for each raw material
at TD10.4 Raw material Groups  Num. pieces  Postdepositional ~ Technical

Sandstone 1 4 4 - - -

Quartzarenite 1 2 - 2 - 2

Quartzite 2 4 - 4 - 4

Neogene chert 3 10 - 2 8 10

Total 7 20 4 (20%) 8 (40%) 8 (40%) 16 (80%)
Fig. 19 TD10.4 lithic remains,
refits, conjoins and blocks TD10.4 10 12] 13 W15 |16 |97 118 _JQ___QQ———%‘i————ZZ\
bigger than 50 cm. Red lines/ L1 | . Lo . t‘.
circles: refits; blue lines/circles: Legend: N [/ *r f ) o p - S

technical conjoins; grey lines/ /

circles: postdepositional con- Blocks>50 cm ™M

joins. Each square =1 m.2
‘ Large tools L

@® Cores

e Hammerstones K

‘e

¢ Manuports c
+ Small tools J
- Flakes and others ‘
|
A Direction of
refits/conjoins
H
I —
< G
\F [

Fig.20 Bone remains from TD10.3-Sup (a), TD10.3-Inf (b), and TD10.4 (c)

found in any of the three deposits. Although most of the
lithic connections were down-slope, some of them were
counter-slope. Therefore, the archaeological materials of
TD10.3 and TD10.4 seem to have remained mostly in place,
preserving most of the spatial relations of when they were
abandoned, although slight postdepositional movement of
some pieces cannot be ruled out.

Discussion

The Occupational Characteristics of TD10.3
andTD10.4

TD10.3 and TD10.4 are the lowermost subunits of unit

TD10, the last archaeological deposit of Gran Dolina,
and they are dated at about 400 ka. TD10.4 represents the
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Table 16 Taxonomic

S X Taxa TD10.3-Sup TD10.3-Inf TD10.4
distribution according to

NISP (number of identified NISP %NISP NISP %NISP NISP %NISP

specimens) in TD10.3-Sup,

TD10.3-Inf and TD10.4 Cervus elaphus/Dama dama 318 17.6 640 19.8 77 29.6
Bison sp. 369 20.4 933 28.8 74 28.5
cf. Hemitragus bonali 7 0.4 4 0.1 -

Artiodactyla 5 0.3 70 2.2 6 2.3
Equus ferus 725 40.1 1134 35.0 42 16.2
Stephanorhinus hemitoechus 8 0.4 10 0.3 8 3.1
Ungulata 2 0.1 9 0.3 8 3.1
Hippopotamus sp. - - 1 0.01 -

Canis/Cuon 54 3.0 68 2.1 9 3.5
Vulpes vulpes 25 1.4 37 1.1 2 0.8
Ursus sp. 4 0.2 0.01 4 1.5
Homotherium latidens - - 2 0.1 2 0.8
Panthera leo fossilis 34 1.9 43 1.3 7 2.7
Felidae (large) gen. sp. indet - - 33 1.0 -

Lynx pardinus spelaeus 5 0.3 0.1 -

Mustelidae indet 5 0.3 3 0.1 -

Carnivora indet 25 1.4 56 1.7 3 1.2
Meles meles - - - - 1 0.4
Mustela cf. putorius - - - - 1 0.4
Marmota cf. marmota 18 1.0 1 0.0 -

Castor fiber 2 0.1 3 0.1 -

Hystrix sp. - - 3 0.1 -

Rodentia 4 0.2 2 0.1 2 0.8
Oryctolagus sp. 64 3.5 49 1.5 10 3.8
Aves 132 7.3 130 4.0 3 1.2
Testudinae - - - - 1 0.4
Total 1806 18.9 3236 25.3 260 40.4

reopening of Gran Dolina, after a period during which
the cave was semi-closed (TD9). It is an archaeological
deposit with a thickness of 15 cm and an assemblage con-
sisting of 749 faunal remains and 247 lithic objects. The
cortical surfaces of bones of TD10.4 are highly altered, a
feature closely related to the weathering observed in the
deposit. This characteristic suggests a long period of suba-
erial exposure. The degradation of bones and other organic
material (roots) contributed to the increase in phosphates.
The lithic remains are generally well preserved, even for
the Neogene chert, which tends to exhibit higher degrees
of alteration in other deposits of Atapuerca.

Subunit TD10.3 overlies TD10.4, and it represents a
period of massive reopening of the cave. This period is
documented by several blocks which fell from the ceiling
and walls, a process that continued to happen throughout
the sedimentation of TD10.3 and TD10.2 (Arteaga-Brieba
et al., 2023).

Even though archaeostratigraphic analyses suggest that
TD10.3 evidences at least four main stages of hominin

@ Springer

occupations, they were extremely difficult to individualize
over most of the excavation surface. However, they could
be grouped into two phases, as there is a certain archaeo-
logical gap towards the halfway point in the sequence.
This gap coincides with a period in which the blocks fell
less frequently, which allowed us to distinguish between
an upper and a lower deposit: TD10.3-Sup and TD10.3-
Inf, respectively.

Although the faunal remains in TD10.3-Sup and
TD10.3-Inf are well preserved, in the former the percent-
age of anthropogenic modifications is very low. In TD10.3-
Inf, some cases of anthropogenic breakage by percussion
were identified, and cut-marks were documented on a few
remains, among which bovids and cervids stand out.

TD10.4, TD10.3-Inf and TD10.3-Sup are character-
ized by great taxonomic diversity in which large and
medium-sized ungulates dominate. The closest similari-
ties are between TD10.3-Sup and TD10.3-Inf, in which
equids are dominant in both, in contrast to the underlying
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Fig.21 a TD10.3-Sup. kernel densities of all lithic pieces by mass
(pink) and faunal remains by size (dark green). Purple: coincidence
of high mass of lithics and big sizes of faunal remains. b TD10.3-
Sup topographic reconstruction from the conventional NE, showing

Fig.22 a TD10.3-Inf. kernel densities of all lithic pieces by mass
(pink) and faunal remains by size (dark green). Purple: coincidence
of high mass of lithics and big sizes of faunal remains. b TD10.3-
Inf topographic reconstruction from the conventional NE, showing

TD10.4. However, TD10.3-Inf is characterized by the last
appearance of Homotherium latidens in Gran Dolina, also
present in TD10.4. In both cases, H. latidens coexisted
with another large felid, Panthera leo fossilis. Both taxa
focused on the same size of prey, usually large ungulates.
The presence of both taxa at the same site suggests the
existence of a landscape that combines open and woodland
environments (Antén et al., 2005). Other taxa like Castor
fiber in all three deposits and hippos in TD10.3-Inf indi-
cate aquatic areas. This palaeolandscape is in agreement
with the combined results of the studies of micromam-
mals, reptiles, birds, and pollen. Micromammals and pol-
len suggest open and wet habitats. The presence of mesic
trees in TD10.3 does not point to an extreme environment.
Amphibians and reptiles suggest diverse landscapes, since
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forest taxa are well represented (Blain et al., 2008, 2011;
Cuenca-Bescos, 2011; Rodriguez et al., 2011).

Technologically, both TD10.3 and TD10.4 represent a
well-developed Acheulean, with relatively high proportions
of large tools (an average of 3.7%, excluding fragments and
unidentifiable pieces), most of which were introduced into
the cave already made, although a sort of slight reshaping
was later performed on some of them. Technically and mor-
phometrically, the handaxes are highly heterogeneous, while
those from TD10.4 and TD10.3-Inf present similar intra-site
variability, which increases along the stratigraphic sequence:
a slight transition was detected from the classical “tear-drop”
shapes in TD10.4 and TD10.3-Inf, to wider shapes increas-
ing their variability in TD10.3-Sup.
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Fig.23 a TD10.4 kernel densities of all lithic pieces by mass (pink)
and faunal remains by size (dark green). Purple: coincidence of high
mass of lithics and big sizes of faunal remains. b TD10.4 topographic

Contrary to the large tools, there were flakes produced,
and small tools retouched in situ in all of the main raw
materials, except for in TD10.3-Sup, where cores were only
recovered in Cretaceous and Neogene chert. The existence
of these production and shaping processes is supported by
the number of simple flakes in each assemblage, the refits
and the evidence of shaping found. Sizes tend to be smaller
in both varieties of chert and larger in fluvial materials,
although the dimensions are generally homogeneous within
each assemblage. In all three deposits, hammerstones and
manuports were selected from the same varieties and sizes
of cobbles, especially quartzite cobbles.

It should be noted that the percentage of large tools and
percussive material (altogether an average of 13.8%, excluding
fragments and unidentifiable pieces) is one of the highest in
all the Atapuerca sites excavated to date, comparable only to
Units GII and GIIIb of Galeria (Garcia-Medrano et al., 2014,
2015). As in the case of the large tools, the percussive material
in TD10.3-Sup is also clearly different from that in TD10.3-
Inf. In TD10.3-Sup, percussive material has a lower percentage
(6%), hammerstones exhibit a lower degree of use, and there
is a higher percentage of unmodified material (manuports).
Therefore, the percussive activities in this deposit seem to have
been more sporadic than in TD10.3-Inf, where a higher pro-
portion of hammerstones were recovered with deeper percus-
sive traces. This pattern is also present in TD10.4.

Much of this material with deeper percussive marks
might be related to knapping activities. The proportion of
cores decreases along the sequence, so the knapping events
carried out inside the cave were more numerous in TD10.4
and TD10.3-Inf than in TD10.3-Sup. However, in some
cases, the hammerstones were recovered smashed, a condi-
tion too intense to have resulted from flake production or

X
- 0-5944
. e 59.44-189
. Lithic remains (weight): g @ 189-420
® @ 420-712
@ 712-1220

1-194
1,94-325
325-54
54-11

Faunal remains
(length/width):

reconstruction from the conventional NE, showing blocks bigger than
50 cm, lithics by mass (blue), faunal remains by length/width (yel-
low). Refits (red lines) and anthropic conjoins (blue lines)

tool shaping. Indeed, scarce evidence of the knapping of
large tools has been documented. In addition, flake produc-
tion increases along the sequence, but that does not explain
the smashed hammerstones or the high number of manuports
transported into the cave with no observable macroscopic
marks. The faunal assemblage does not contain traces of
fresh breakage, therefore precluding the possibility that the
hominins who occupied TD10.3 and TD10.4 were systemati-
cally breaking the bones to access the marrow. However, we
cannot rule out the possibility that these smashed hammer-
stones were repeatedly used in knapping in different occu-
pational events, therefore being subject of repeated stress.

So, the question must be raised as to why so many pre-
viously knapped large tools (n=44) were brought into
the occupations, as well as manuports and hammerstones
(n=128), some of which ended up broken and smashed
(n=35). Also, why were 111 small tools knapped on flakes
and over 900 flakes removed (256 of which are 20 mm or
larger) in a faunal assemblage comprising about 25,000
remains, of which only about 0.5% bear cut-marks and
0.04% percussion marks?

In the future, it will be necessary to confirm whether
the manuports and hammerstones might reflect up-to-now
unknown activities that generate minimal modifications on
the tools for the scattered impacts or intense modifications
for the broken and smashed hammerstones. Some of the
large tools show chips and scarring on their distal edges,
which surely means that they were actually used. Perhaps
some of these tools were also used with perishable materials
in activities not yet documented.

Preliminary use-wear analyses on the tools confirm the
generally good preservation of the materials, with virtu-
ally no postdepositional surface modifications besides the
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characteristic chemical weathering of the chert, especially
the Neogene variety. The use-wear results pointed to a vari-
ety of activities, some of them compatible with butchery
activities and other actions related to the treatment of animal
carcasses, like hide processing. This is consistent with that
reported in previous studies of Gran Dolina TD10.1 (Ped-
ergnana & Ollé, 2020) and the Galeria site in broad-surface
assemblages (OlI¢ et al., 2005).

Despite the low representativeness of our functional results
due to the reduced sample analyzed so far, several technologi-
cal and functional aspects should be highlighted. The combina-
tion of technological, refitting, and use-wear analyses showed,
for the first time, that resharpening and retooling processes
were undertaken during the occupations in Atapuerca. In the
case of the borer (see Fig. 11(1)), it was used to bore a hard
material (not sure where), then resharpened inside the cave,
used in a subsequent similar action, and discarded. In the case
of the broken point (see Fig. 11(2)), the piece was involved in
a thrusting action, after which it broke (again, in an unknown
place), then the proximal part was slightly transformed by
retouch, used to groove a bone, and finally discarded. Finally,
several pieces with stepped retouch showed retouch traces and
very fresh edges, apparently ready to be used.

Indeed, this is the first time a boring action on a hard
material has been documented in the Sierra de Atapuerca
record and points to a certainly complex activity for such an
apparently “expeditious” context. And, finally, two pieces
with visible impact fractures point to a thrusting action.

Experimental studies have demonstrated the diagnostic
nature of such distal fractures and that it is possible to distin-
guish between different types of points (Fischer et al., 1984).
Distinguishing between different possibilities, such as thrust
of throwing spears and stone arrow tips, is not so easy in
archaeological artifacts (e.g., Rots & Plisson, 2014, Iovita
& Sano, 2016, Coppe et al., 2022). In archaeological mate-
rial, it is agreed that the secure identification of a spear point
should ideally combine different types of evidence, includ-
ing diagnostic impact traces, step-terminating tip fractures,
microscopic linear impact traces and hafting wear (Rots,
2013; Sano, 2009). Thrusting spear stone tips are rarely
reported in archaeological assemblages, but are relatively
common at Middle Palaeolithic sites such as the MSA and
Late Nubian complex of the Sodmein Cave sequence, Egypt
(Rots et al., 2011) and Hohle Fels, Germany (Rots et al.,
2022). For sites closer in age to TD10.3 and TD10.4, the use
of wooden thrusting spears is well documented at the Mid-
dle Pleistocene site of Schoningen, Germany (Conard et al.,
2020). However, the possibility of stone tools bearing traces
of impact motion or high pressure has also been suggested
there (Rots et al, 2015), based on impact fractures similar to
those reported in this study.

Although this issue deserves specific research, in both
cases the tool broke transversally with both parts recovered
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inside the cave, which seems to support not only a spatial but
a temporal relationship between them, and even the possible
existence of stone tip spears.

The presence of 57 groups of refits and anthropic con-
joins, 43 of which resulted from deliberate hominin activity,
confirm the low disturbance of the deposits. Interestingly,
the spatial distribution of the anthropic refits and conjoins
(including accidental fractures, use and knapping) show that
some pieces were moved to other areas of the cave, cer-
tainly to be used. The majority stayed within the natural fall
radii for knapped pieces, in accordance with analogous evi-
dence from experimental programs (Bargall6 et al., 2018).
In some cases, these radii may have been exceptionally large
in the occupational surfaces of TD10.3, considering that the
ground would have literally been covered by blocks of vari-
ous sizes, which could make knapping products both bounce
off of them and become wedged between them. Theoreti-
cally, the steep slope of the eastern half of the Dolina paleo-
surface would have facilitated the downward movement of
these pieces. However, the density maps show that the slope
did not actually influence the larger concentrations of faunal
remains or lithics when considering both mass and size.

The total mass of the raw materials introduced into each
deposit indicates sporadic and/or practically individual vis-
its, or even more sporadic visits carried out by small groups.
The results of the zooarchaeological and taxonomic studies
point in the same direction, and suggests that the human
occupations were spatially partial, possibly not covering the
entire habitable surface.

Although hominin action on bones is scarce, the cut-
marks documented in TD10.3 coincide with primary access
to the carcasses, mainly of large ungulates. However, this
access does not seem to have been intense inside the cave:
human modifications are absent in TD10.4, but evidence of
carnivores is present and diverse, which indicates the con-
stant prowling of these animals within the cave. The spatial
statistics on TD10.4 show clusters of faunal remains and
lithics at distances exceeding 2 m, and at distances of about
70 cm in TD10.3-Inf and TD10.3-Sup. This surely means
that the activities carried out in TD10.4 took up more space
than those performed in TD10.3, where hominins might
have worked in smaller areas, possibly more constrained by
the high number of large blocks covering the ground.

All of this reinforces the idea of hominin occupational
patches, likely individual, with sporadic and possibly short
visits, leading to the alternating use of the cave by different
predators. This model would explain (1) the remarkable vari-
ety of RMG, each with a reduced number of pieces, which
might mean that a small amount of material was brought into
the cave many times; (2) that only four of the 90 quartzite
RMG were exploited in all three deposits; (3) that the large
tools entered the cave already knapped, and, at most, only
small reshapings were performed inside the site; and (4) that
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some of the spatial relations among refits may result from
the reuse of pieces abandoned in previous visits. Finally, the
number of hammerstones, large tools and refits found among
such a large, but scarcely modified faunal assemblage led
us to explore the possibility that hominins were performing
activities on perishable materials, actions for which we do
not yet have a record.

TD10.3 and TD10.4 in Atapuerca

Comparative zooarchaeological and technological analyses
support the assertion that the TD10.3-Sup, TD10.3-Inf, and
TD10.4 assemblages were formed through the superimpo-
sition of multiple and independent events, similar to those
identified in Upper TD10.1 (Saladié et al., 2018; de Lombera
et al., 2020), the last archaeological deposit in Gran Dolina.
They are consistent with short and sporadic occupations as
part of a catchment territory that was probably exploited
in an area larger than just the Sierra. The mixture of occu-
pational events that do not involve the entire surface gave
rise to spatial horizontal and vertical palimpsests, which are
characteristic of Pleistocene sites in caves (Bailey, 2007,
Bailey & Galanidou, 2009).

Several technological aspects haracterize the sequence
from TD10.4 to TD10.3-Sup: (1) decreasing proportions of
cores, percussive material and small tools; (2) decreasing
knapping of large tools; (3) increasing centripetal knapping
strategies; (4) sudden appearance of high proportions of
fluvial materials in TD10.3-Inf, mainly in the form of ham-
merstones and manuports; (5) increasing number of flakes
in TD10.3-Sup, at the expense of large tools; (6) absence of
choppers and chopping tools in TD10.3-Sup; and (7) exclu-
sive use of both Neogene and Cretaceous chert for knapping
production in TD10.3-Sup, and twice the proportion of Cre-
taceous chert within that deposit, mainly invested in simple
flakes and small tools.

Each of these aspects may be related to occupational/
functional variables of each deposit. For example, the
decrease in the number and shaping of large tools in TD10.3-
Sup may mean that they were not needed as much at the end
of the sequence, or that they were transported outside the
occupation. Other aspects are interrelated, such as the sud-
den appearance of high proportions of hammerstones and
manuports in TD10.3-Inf, which in turn seems to be linked
to the functionality of the occupations, whatever they were.
Also, the exclusive use of chert for knapping production in
TD10.3-Sup may be related to the increase in centripetal
knapping strategies and the decrease in longitudinal unipolar
methods, which were preferentially applied to fluvial materi-
als in the lower deposits.

However, the key question here is how likely is it that all
these aspects occurred together, particularly in TD10.3-Sup?
In response, another hypothesis arises: perhaps these actions

resulted from a change in technology, particularly consider-
ing this upper part of Gran Dolina and the Galeria site.

In our view, the Acheulean that entered Gran Dolina for
the first time in TD10.4 was fully developed and it appar-
ently changed slightly over the course of the sequence. The
maintenance of or decrease in the number and intensity of
knapping of large tools occurred alongside an increase in
flakes. This trend generally occurs from the bottom to the
top of unit TD10. Thus, it is possible that TD10.3-Sup marks
a change of trend from the full Acheulean to a later form.
This is the same deposit that evidences the exclusive use of
chert for the production of flakes and small tools, a trend that
would intensify in the overlying unit: TD10.2.

Subunit TD10.2 and the overlying subunit TD10.1 con-
tain at least two episodes of intense hominin occupations: the
kill-butchering Bison bone-bed of TD10.2 and the residen-
tial Bone-bed level of Lower TD10.1 (de Lombera-Hermida
et al., 2020; OIlI¢ et al., 2016a, 2016b; Rodriguez-Hidalgo
et al., 2015, 2017). So, considering the 3 m of stratigraphic
sequence that make up unit TD10, the same pattern is pre-
sent in TD10.4 and TD10.3 as well as in Upper-TD10.1, the
last archaeological deposit in Gran Dolina. Upper-TD10.1 is
characterized by small and mobile hominin occupations with
low percentages of artifacts, temporal and spatial fragmenta-
tion of reduction sequences of large tools and maybe some
flakes, which means they were not produced there. In addi-
tion, the raw materials became more diverse, and most of
the fluvial materials were acquired from the fluvial terraces
of Arlanzén River and its tributaries, instead of the higher
quality Utrillas facies in the northwest Sierra.

Another technical characteristic is the change from the
classical “tear-drop” (oval) shapes in TD10.4 and TD10.3-
Inf, to wider shapes increasing their variability in TD10.3-
Sup. The instruments present a tendency to lose their shape,
something that was documented up in the sequence in
TD10.1 sublevel (Garcia-Medrano et al., 2015). This vari-
ability is represented in the reduction of the bilateral and
the bifacial symmetries, which in turn occurred due to the
scarce shaping of these tools in TD10.3-Sup. Interestingly,
this same trend also occurs in Lower TD10.1.

The numbers of small tools tend to increase in short, spo-
radic, and mobile hominin occupations, especially in those
in which there is not much meat to process (Mosquera, 1998,
2004; Terradillos and Diez, 2012). In fact, this is evidenced
by the huge number of simple flakes that usually comprise
the assemblages of residential and/or campsites, and it is
the case of Gran Dolina unit TD10, where the percentages
of small tools compared to the whole assemblages are high
in TD10.4 (9.7%), TD10.3-Inf (8.8%), TD10.3-Sup (5.8%),
and Upper TD10.1-A (6.2%), while percentages in intense
occupations are lower: Bison-Bone bed (3.34%) and Lower
TD10.1 (3.2%).
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However, other aspects do not seem to be related to the
type of occupation, such as the knapping strategies docu-
mented. In general, the orthogonal and centripetal strategies
of TD10.3 and TD10.4 also dominated in the other Middle
Pleistocene assemblages of Atapuerca (i.e., TD10.1, Galeria
and Sima del Elefante-TE18-19, whose dates are ¢. 520 ka
for TE18 and c. 250 ka for TE19 (Demuro et al., 2022).
Nevertheless, bifacial centripetal strategies with core surface
hierarchization—virtually absent at TD10.4 and TD10.3—
are present in TD10.2, and very common at TD10.1 and the
upper levels of Galeria.

In addition, aspects such as the high proportion of large
tools and percussive material in TD10.4 and TD10.3 (par-
ticularly, TD10.3-Inf) are extremely similar to units GII
(lowermost) and GIIIb (uppermost) of Galeria, with a simi-
lar archaeological record in terms of both the faunal taxa and
the lithic industry. Moreover, Galeria is located just 50 m
from Gran Dolina, which allows for the inference that both
caves were used simultaneously during these chronologies.

At a technological level, Galeria is characterized by great
homogeneity and repetitive lithic patterns (Garcia-Medrano
et al., 2014, 2015; OII¢é et al., 2016a, 2016b), although
some technological changes have been identified along the
sequence. These characteristics and diachronic trends are
the following:

a. The proportions of large tools in Galeria are very high
(more than 3% of the assemblage) in all subunits, and
their representation decreases along the sequence (from
6.1 to 3%). In TD10, their proportions are not as high
but higher than in any other Atapuerca record. They also
decrease along the sequence (from c. 4.5% in TD10.4
and TD10.3-Inf to 1.6% in TD10.3-Sup).

b. Cobbles/blocks were shaped to produce about 70% of the
large tools at the bottom (GlIa) of Galeria. This percent-
age reversed along the sequence, through GIIb (c. 50%)
to GlIla and finally GIIIb (30%). In contrast, in Gran
Dolina the majority of the large tools were made from
the beginning on flake, starting in TD10.4 (66.7%), then
in TD10.3-Inf (75%) and in TD10.3-Sup (77.7%), like
the increase in this type of blank along the sequence in
Galeria.

c. The percussive material (manuports and hammerstones)
is very high in both caves, exceeding any other record
excavated up to now at any of the Atapuerca sites. They
range between 11.5 and 26.6% in the Galeria units and
9 and 10% in TD10.3 and TD10.4. The difference is that
while percussive material in Galeria reach the highest
proportions in the last half of the sequence, in Dolina
they reach their highest in TD10.4 and, especially in
TD10.3-Inf.

d. Subunit Gllla of Galeria contained a wider diversity
of raw materials and more chert and sandstone. The
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increase in chert also occurs in the Gran Dolina TD10.3-
Sup deposit.

e. In unit GIII of Galeria the size and knapping intensity
of large tools decrease. This also occurs from TD10.4 to
TD10.3-Sup.

f.  Along the sequence of both caves more complex knap-
ping schemes were progressively introduced, notably
bifacial discoid strategies with core surface hierarchiza-
tion. However, this type of strategy in Dolina is not pre-
sent in TD10.3 and TD10.4, but it is present in TD10.2.
In Galeria it appears in the uppermost subunit GIIIb.

g. Obviously, some of these characteristics, especially
proportions, may be due to functional strategies, occu-
pational strategies or any number of circumstances.
However, taken together, they may also point to par-
ticular correlations between the two sites. We might
suggest that subunit GIIb of Galeria broadly correlates
with subunits TD10.4 and TD10.3-Inf, while subunit
GllIa of Galeria may correlate with TD10.3-Sup of Gran
Dolina. Putting aside subunit TD10.2 for the moment,
with its particular lithic and faunal characteristics, subu-
nit TD10.1, the latest of Gran Dolina, may as well cor-
relate with subunit GIIIb, the latest of Galeria.

It is not now possible to correlate the two sites at the
geochronological level (OlI€ et al., 2016a, 2016b): firstly,
because current dates for TD10.4 (c. 400 ka) are younger
than those for the overlying subunit TD10.3 (458 +39 ka
and 455 +47 ka); and second, because of the great incon-
sistencies inside the Galeria sequence (ESR/US: for the
lower layers (GIIa) 363-350 ka and 220 ka for the upper-
most layer (GIIIb) (Falgueres et al., 2013), but TT-OSL
and pIR-IR methods: 313 + 14 ka for the lowermost subu-
nit Glla, and a range of 260 to 220 ka for GIII (Demuro
et al., 2014)).

Aside from the geochronological inconsistencies, the
Acheulean of TD10.4 and TD10.3 could be the same as the
Acheulean of Galeria GIIb and GlIlla, with a sort of similar
hominin occupational pattern. Although the faunal remains
of Galeria exhibit more intense marks of hominin modifica-
tion than those of TD10.3 and TD10.4, they do not exceed
3%. In addition, hammerstones from Galeria show marks
and fractures resulting from percussion activities (Garcia-
Medrano et al., 2014: 176) in higher proportions than in
TD10.3 and TD10.4. However, the production of flakes and
shaped tools in Galeria is as low as in Dolina. Therefore,
the question about the relation between fauna and lithics in
TD10.4 and TD10.3 still remains unsolved.

The impressive number of hammerstones and manu-
ports in both caves—particularly relevant in Gran Dolina,
where faunal remains were scarcely modified—needs
to be explained. Different hypotheses can be proposed:
one hypothesis already mentioned is that hominins were
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performing activities yet unidentified, which did not leave
marks of use, or if they did, we do not know how to recog-
nize them. Another hypothesis is that the hominins occupy-
ing the cave repeatedly left manuports and hammerstones
there in order to use them in future visits (Garcia-Medrano
et al., 2014, 2015, 2017; Mosquera, 1995). This hypothesis
has also been proposed in relation to the hammerstones,
tested cores and large tools from the upper levels of Sima
del Elefante (de Lombera-Hermida et al., 2015). Another
common-sense hypothesis is that many of these manuports
may have been transported into the caves to use in self-
defense against the predators that actually used these caves,
as these spaces tend to be dark and having a cobble ready
to throw could have made the difference between life and
death. However, this hypothesis cannot explain why they
carried so many manuports if the entrance to the cave and
its surroundings had numerous blocks. It is also possible that
hominins used to carry some cobbles in their daily life as a
preventive means.

The hypothesis of using cobbles as weapons for self-
defense or attack has been proposed for much older sites,
such as Dmanisi (Georgia) (Coil et al., 2020) and Fuente
Nueva 3 (Spain), where at least one-third of the manuports
show no traces of use (Palmgqvist et al., 2023), as is the case
in TD10.3 and TD10.4. Actually, these authors suggest
that the pieces may have been used to drive away carni-
vores in order to steal their prey from them. Although it
is extremely difficult to archaeologically prove this hypoth-
esis, some experimental studies focused on natural “sphe-
roids” from the archaeological site of the Cave of Hearths
(South Africa) point to their use as thrown missiles (Wilson
et al., 2016). In addition, ethnographic studies have docu-
mented examples of current hunter-gatherer communities
that hunt small and medium-sized prey using this method.
Likewise, written documentation recording historical cases
of human confrontations is quite sparse, although there are
some eloquent examples of the skill, strength and precision
with which certain tribes and communities used stones in
confrontations with much better armed intruding settlers,
causing serious casualties among the troops and even their
withdrawal (Isaac, 1987).

All of these scenarios suggest anticipatory behavior
extended to at least two caves (the upper levels of Sima del
Elefante are not fully excavated), during the second half
of the Middle Pleistocene. Because it has not been docu-
mented before or repeated later in the Gran Dolina and Gale-
ria records, it might be assumed either that this behavior
responded to a strategy that subsequently disappeared or that
the needs these pieces were intended for were met by dif-
ferent means. Clearly, none of these caves were a camp or
residential site at that time. If these hominins had one, it was
in another cave no longer known to us.

TD10.3 and TD10.4 in the western European Context

The composition of the archaeological assemblages of
TD10.3 and TD10.4 are intriguing, in our view, because
it comprises many manuports and hammerstones, as well
as numerous handaxes and cleavers associated to a large
faunal assemblage with so few remains with anthropic
modifications.

Comparison with other similar archaeological assem-
blages is difficult because of the nature of the search and
the characteristics of each site. For example, no comparison
can be made with sites where the sediments do not preserve
faunal remains (i.e., most British and western Iberian sites),
nor with sites located on fluvial or marine terraces where
natural cobbles and pebbles are part of the sediments (e.g.,
Terra Amata, in France). In this case, only hammerstones
can be identified, not possible manuports.

On the other hand, some western European archaeo-
logical sites may have a technological composition includ-
ing large cutting tools, but they display very few percus-
sive material (e.g., Cueva del Angel, Spain), or the lithic
assemblages are associated with faunal remains mod-
erately to highly modified by hominins (e.g., level 6 of
Orgnac 3, France). These is also the case of the similar
aged Portuguese site of Aroeira (Almonda), whose level
X yielded a hominin cranium, associated with a faunal
assemblage highly modified by humans and a lithic assem-
blage (Daura et al., 2017, 2018), interestingly resembling
that of TD10.3 and TD10.4. Layer X of the karstic cave of
Aroeira was a residential occupation dated to 436-389 ka,
where the lithic assemblage was mostly made in quartz-
ite and quartz. It includes hammerstones, manuports,
handaxes, centripetal cores, flakes, and retouched flakes.
Some handaxes, flakes and one core showed traces of
woodworking and butchering. Among the faunal remains
identified cervids and equids dominate, although rhino and
bear are also documented (Daura et al., 2018). All techno-
logical characteristics of Aroeira layer X resemble that of
TD10.3 and TD10.4, including a big percentage (c. 22%)
of percussive material (at least n=85) among the total
of lithic items (n=393) in the Portuguese site. The only
noticeable difference so far is the presence of five cleavers
on flake in TD10.3 and TD10.4.

Another archaeological site that achieves even a larger
percentage of percussive material (c. 25% of the total) and
contains large tools on flake is the lithic assemblage from
the entrance breccias of the Spanish cave of Santa Ana
(Caceres) (Garcia-Vadillo et al., 2022). Here too bones show
rare hominin modifications (Rodriguez-Hidalgo, 2008), but
in fact faunal remains are scarce. The type of occupation
of this site has been interpreted as occupational episodes
of low impact and short duration. Different stalagmitic
floors on the cave have yielded radiometric ages between
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183+ 14/—12 and 117+ 17/— 14 ka (Peifia, 2008), but it is
also more than possible that the analyzed assemblage was
of an older age, given two significant technological features:
the absence of Levallois technique and the presence of sev-
eral spheroids, only present in western Europe at the 1.3 Ma
site of Barranco Led6n (Granada, Spain) (Titton et al., 2020).
Unfortunately, the Santa Ana lithic assemblage studied in
Garcia-Vadillo and colleagues (2022) is derived from 7 m
thick Pleistocene breccias and blocks of breccias that have
undergone severe postdepositional alteration, making it dif-
ficult to discern whether the archaeological material comes
from a unitary assemblage.

Other western European Middle Pleistocene sites, both
open-air and cave/shelter occupations, do not fulfil the fea-
tures that characterize TD10.3 and TD10.4. Such is the case,
for example, of the karstic cave of Arago (Tautavel, France),
with a huge stratigraphy entailing from 690 to 400 ka. Unit
IIT of Arago has been quartz dated by ESR 430 + 85 ka, so it
may roughly correspond to TD10.3 and TD10.4 chronologies.
This Unit IIT (Barsky, 2013) shows the highest proportion of
percussive material (12.2%) of the whole deposit of Arago,
whose importance has already been highlighted (Guibert,
2022). However, handaxes and cleavers are very scarce, and
most of them located at the bottom of the whole stratigraphic
sequence (Level P), where percussive material drastically
decreases (1.3%). Unit III entails hominin occupations cor-
responding with seasonal stays (levels D, E and F), bivacs
(level FG) and long-term stays (level G), but all of them with
the numerous signals of hominin modification in bones.

Also in France, the cave of Vallonnet is an interesting
case, with faunal remains hardly modified by hominins and
a high percentage of percussive material. However, the lithic
assemblage is very small (n=104) and recent dating places
the archaeological levels between 1.2 and 1.1 Ma. The assem-
blage therefore lacks large cutting tools (Cauche, 2022).

The US2 unit of the Bois-de-Riquet site also fulfils the
characteristics of both TD10.3 and TD10.4. It is a well-
preserved sedimentary unit with a high proportion of basalt
pebbles and cobbles and a faunal assemblage with little evi-
dence of hominin modification, both cut-marks and break-
age. However, the Bois-de-Riquet unit US2 is dated between
1.07 and 0.99 Ma. As in the case of Vallonnet, the Bois-
de-Riquet lithic assemblage is not Acheulean (i.e., it lacks
LCT), and consists of small-sized flakes, cores, and blanks
on basalt (Bourguignon et al., 2016, 2021).

On the contrary, US4 from the same site is dated to the
beginning of the Middle Pleistocene, around 780 ka to
680 ka. It is an Acheulean containing large flakes on giant
cores, handaxes, cleavers, and polyhedrons (Bourguignon
et al., 2016). However, manuports and hammerstones only
reach 4%. In addition, it seems to contain very few faunal
remains, the zooarchaeological analyses of which have not
yet been published.
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Conclusions

The Acheulean that was brought into TD10.4 was fully
developed and seems to have changed slightly through the
sequence from TD10.3 and from there upwards. After subu-
nit Glla of Galeria, the TD10.4 and TD10.3 records have
the second highest proportions of large tools in all of the
excavated sites at Atapuerca. In both caves, these imple-
ments were usually brought in already shaped. Together with
manuports and hammerstones (in some cases intensely used,
and in others without any clear sign of use) they are possibly
the most characteristic tools in the records of these two sites.
In addition, compared to camp-sites and butchery sites, signs
of hominin intervention on faunal remains are scarce and
the signs of knapping resulting from the production of tools
are equally low, both in TD10.3 and TD10.4 and in Galeria.

Nevertheless, the association of hammerstones, large
tools, small tools and simple flakes with the faunal remains
is undeniable, as evidenced by spatial, zooarchaeological
and, particularly, use-wear analyses, which have revealed
traces of butchering, hide-working and also thrusting evi-
dence in some pieces. Therefore, the hominins who visited
Gran Dolina seem to have been engaged in hunting-related
activities.

Thus, we conclude that TD10.4 and TD10.3 responded
to occupational stages of sporadic visits by small hominin
groups, or even isolated individuals, which would explain
both the low mass of the raw materials and the diversity of
raw material varieties. These small groups possibly never
occupied the entire surface of the cave and they reused some
of the lithics abandoned in previous visits.

Technical analyses suggest that the occupations of
TD10.3-Inf are technologically closer to TD10.4 than to
TD10.3-Sup, where cores are only in chert, choppers and
chopping tools are absent, and the shaping of large tools
is much scarcer. The presence of the latest Homotherium
latidens in TD10.4 and TD10.3-Inf may mean that this
technological proximity may also be chronological. The
relative slowdown in the block falls around the middle of
TD10.3, which separates TD10.3-Inf from TD10.3-Sup,
may indicate an environmental change that would support
this hypothesis.

The presence of numerous refits and conjoins of anthropic
origin and the relative scarcity of postdepositional fractures
pays testament to the good preservation of both deposits,
despite the markedly dynamic character of Gran Dolina
cave at that time: the most intense opening of a cave that
we have recorded so far in the Sierra de Atapuerca sites.
This good preservation is also confirmed by the use-wear
analyses, which confirmed that the unweathered materials
had fresh surfaces and thus provided evidence of limited
postdepositional alterations.
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The Acheulean of TD10.4 and TD10.3 is likely the same
technology as that documented in Galeria. And both caves
were likely used as regular venues for the processing of meat
(and possibly other material) by small groups of hominins.
In this sense, it is possible to broadly correlate TD10.4 and
TD10.3-Inf with Galerfa subunit GIIb, and TD10.3-Sup with
Galeria subunit GIIla. The possible use of Gran Dolina,
Galeria and other Middle Pleistocene caves of Atapuerca
simultaneously must not be excluded. These regular visits
were characterized by short occupations by a few hominins
that reused some of the material left behind during earlier
visits. They may have deliberately left the manuports for
future visits or they may have carried them with them as
weapons for self-defense. This would explain why so much
percussive material was found at the site in the presence of
so little evidence of faunal modification. In many instances,
they may have taken advantage of some of the meat of
the animals possibly hunted by other predators. However,
singular events of hunting likely occurred. These hominins
were not opportunistic, since they did this with large
tools that were shaped before entering the caves. So, the
explanation for why so many of these tools were documented
at the site remains unclear. In fact, the preliminary use-wear
results point to a wider variety of activities than initially
thought, which, in addition to butchery, includes a variety
of percussive actions, intensive resharpening and reuse, and
the presence of thrusting elements.

As far as we know, only the Spanish site of Santa Ana is
comparable to TD10.3 and TD10.4 (i.e., Middle Pleistocene
assemblages containing many manuports and hammerstones,
and also handaxes and cleavers associated with few hominin-
modified faunal remains), although the correlation between
the Santa Ana deposits needs to be refined and excavation
and analysis are still ongoing.

Finally, it is worth noting that neither Galeria nor Gran
Dolina-TD10.3 and TD10.4 were residential sites during the
Acheulean period. If these hominins did use a residential
site in a cave in the Sierra de Atapuerca, it was not in these
caves.
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