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Abstract
The TD6 unit of the Gran Dolina contains an assemblage of the Early Pleistocene, interpreted firstly as a home base. More
recently has been proposed a transported origin of the remains according to the sedimentology. Following this model, the remains
should be dragged or lagged in a predictable pattern related to their weight, density, shape, and size. Conversely, the debris
generated in an undisturbed residential camp should retain spatial relations of codependence caused by the depositional process,
not related to inherent variables of materials. To check if the remains were recovered in their original depositional place
(aggregated) or are the product of transportation (segregated or random spatial relation), we have evaluated different variables:
the spatial arrangement between osteological and lithic tools; the integrity of the bones and their structural characters (shape and
tissue composition); postdepositional modifications; and the specimen size distribution. The combined results indicate that the
layers that conform the TD6.2 subunit were undisturbed, while TD6.1 was affected by postdepositional processes, probably
water flows, resulting in a lagged assemblage. In conclusion, TD6.2 is best interpreted as a well-preserved home base and should
play a key role in studies of the behavior of the first European populations.
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Introduction

The key to understanding a site is to comprehend how the
archaeological record is formed, considering its previous ex-
istence in a systemic context (Schiffer 1983, 1987). All

elements that enter into a cultural system are modified,
decomposed, combined with others, used, and abandoned.
LaMotta and Schiffer (1999) argued that the formation pro-
cesses of the archaeological record can be summarized in three
phases: (1) occupation/use; (2) abandonment; and (3) post-
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abandonment. There may be accumulation processes in all
these phases, that is, processes that incorporate materials into
the assemblage and reduction processes that remove objects
from the assemblage (Jiménez-Jáimez 2008). Knowing how
items were transported and accumulated is an unavoidable
issue if we want to reach some level of understanding of the
archaeological assemblages, be it ecological, behavioral, or
both. Aspects of human behavior in sites created by hominins
and subsequently unmodified must not be interpreted at the
same level of understanding as those assemblages that have
been highly disturbed by other processes, generating new ar-
chaeological and/or taphonomic associations. It is essential to
try to understand beforehand how the original assemblages
may have been affected.

Transport and accumulation of bones from the place of
death to the place of final deposition may be the product of
different actors and processes. In this sense, the product of
water flows has been considered one of the most powerful
processes in the formation of fossil accumulations (Shipman
1981; Isaac 1983; Shipman and Rose 1983) and so it has long
been studied (e.g., Voorhies 1969; Dodson 1973;
Behrensmeyer 1975, 1988; Boaz and Behrensmeyer 1976;
Petraglia and Potts 1994; Aslan and Behrensmeyer 1996;
Coard 1999; Giusti et al. 2019). However, it is currently ac-
cepted that bones and teeth disperse as a function of differen-
tial transport according to their structural characteristics
(Rogers and Kidwell 2007; Domínguez-Rodrigo et al. 2014,
2018, 2019b).

One of the pioneering works on the transport effect and
drag produced by water flows on bone samples was the ex-
periment conducted by Voorhies (1969). Through his obser-
vations, he divided the skeletal elements into three groups to
predict the order of transport and dispersion. The distribution
of elements within these groups may indicate the relative im-
portance of the physical characteristics of the bones for their
scattering. These characteristics are size, density, and shape,
as for any other sedimentary particle (Behrensmeyer 1975).
Aslan and Behrensmeyer (1996) also proposed differences in
transport according to the weight of the bones. Coard (1999)
supported these observations since he noted that the speed at
which the bones are transported is related to a series of attri-
butes, such as shape, weight, volume, and density.

More recently, Domínguez-Rodrigo et al. (2018)
experimented on fluvial transport of bones of a recreated ar-
chaeological assemblage, subject to taphonomic alteration of
both low-energy and high-energy water flows. In the statisti-
cal analysis of the samples, they considered three structural
variables of the specimens: anatomical portion (axial skeleton,
long bone epiphyses, and shafts); the shape of the bones (flat,
tube, or cube) according to the relationship of their three-
dimensional axes; and bone structure (cancellous, dense, and
mixed). Results indicated the loss of most of the original spa-
tial taphonomic associations of the original samples and the

metamorphosis of the surviving association. Both
experiments showed that diaphyses and epiphyses preserved
an aggregative relationship. Axial bones suffered of higher
rates of transport, being segregated from dense bones.

Petraglia and Potts (1994) observed that stone tools are
dragged by water flow according to their weight, showing that
groups containingmore elements of larger sizes (somoreweight)
were more affected than others. According to this, lithic artifacts
in lag contexts were in the same location where they were de-
posited by hominins, although theremay be a slight loss of minor
objects. Other types of materials originally deposited in locus
(take as a synonym for undisturbed) were not present, which
would point to segregation between lithic tools and other mate-
rials such as bones and teeth. Two scenarios can be considered
regarding the transported lithic assemblages: (1) scattering of
artifacts and (2) new concentrations of transported objects, mod-
ified concerning the original associations. This may involve scat-
tering by size, emphasizing that larger objects will be closer and
smaller ones further away from the original place of discard by
hominins (Schick 1986; Schick 1987).

These studies noted that flows, whether of high or low
intensity, affect archaeological remains according to their
weight, structure, density, and shape. This leads to the segre-
gation of materials according to these characteristics in the
lagged or dragged assemblages. Therefore, it is expected that
anthropogenic assemblages, in which the remains of the lithic
tools and bones are deposited together, once affected by the
water flow, will show biases from the original assemblages,
with loss of their structural characteristics and their original
spatial properties.

Commonly, accumulations in Pleistocene cave sediments
are produced by natural deaths of animals, the activity of
predators (including humans), and water flows, all of
which may be also influenced by gravitational processes.
Sierra de Atapuerca (Burgos, Spain) is rich in cave beds
of archaeopalaeontological remains dated between the
Early Pleistocene and the Holocene. Among the sedimen-
tary units dated to the late Early Pleistocene, TD6 from
Gran Dolina cave is the richest in the number of remains.

A description of the sedimentary facies of Unit TD6 at
Gran Dolina (Campaña et al. 2016) has suggested that
hominins, other animals, and lithic remains were mostly ac-
cumulated in the cave by geological processes related to chan-
nel and debris flows. According to this hypothesis, the re-
mains would come from the adjacent slope above the cave
or the cave entry. In this scenario, the remains accumulated
in Unit TD6 would be in a secondary position, thereby
reflecting a dragged assemblage. This implies that some of
the inferences made previously regarding the behavior of the
hominins that occupied the cave were wrong—particularly
those that referred to the value of the microstratigraphic record
of archaeopalaeontological assemblages (Canals et al. 2003a;
Saladié et al. 2014) and, by extension, the behavioral
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interpretations—according to which TD6 was reconstructed
as series of living floors.

Recently, Parés et al. (2020) have noted no signs of post-
depositional disturbance or massive transport based on the
magnetic susceptibility axes distribution in this unit.
Besides, the results of Mosquera et al. (2018) had also
defended the in locus character of the remains, given that
“chaînes opératoires” in all raw materials are complete—
meaning that all the products of each knapping stage are rep-
resented, and 12 groups of lithic refits belonging to knapping
sequences and knapping accidents are present. Previous taph-
onomic works also support the undisturbed character of the
association (Saladié et al. 2011, 2014). In this paper, our ob-
jective is to test the dragged, lagged, or undisturbed character
of the TD6 remains through spatial statistics, postdepositional
modifications, and the composition of the osteological ele-
ments according to their shape and structure, two variables
which in turn correlate with the material’s density, always
intending to accept or reject the interpretations related to hu-
man behavior registered in TD6 unit.

The Gran Dolina site and the TD6 unit

Gran Dolina is located in the Railway Trench of Sierra de
Atapuerca (Burgos, Spain). Eleven stratigraphic units were
initially identified from bottom to top (TD1–TD11) (Gil and
Hoyos 1987; Parés and Pérez-González 1995, 1999; Pérez-
González et al. 2001), and then subsequently revised
(Campaña et al. 2017; Rodríguez-Gómez et al. 2017; Parés
et al. 2018) (Fig. 1b). Magnetic polarity dating has situated
Unit TD6 in theMatuyama Chron (>780 ka) (Parés and Pérez-
González 1995, 1999). Combined with electron spin reso-
nance and uranium series, these results show an age of be-
tween 780 and 857 ka (Falguères et al. 1999). The more recent
thermoluminescence and infrared stimulated luminescence
data suggest an age of 960 ± 120 ka (Berger et al. 2008).
Several stratigraphic studies have established that Unit TD6
of Gran Dolina dates to the late Early Pleistocene (Parés and
Pérez-González 1995, 1999; Falguères et al. 1999; Pérez-
González et al. 2001; Berger et al. 2008; Parés et al. 2013).
In addition, direct ESR dating on a Homo antecessor tooth
(ATD6-92) supports an age between 772 and 949 ka (Fig. 1),
in agreement with previous dating studies (Parés et al. 2018).

Almost 20 m2 of the TD6 surface have been excavated in
two phases. The first phase between 1994 and 1997 involved
the excavation of a test pit (Fig. 2a). This excavation affected
about 6 m2, in which abundant hominin remains, fauna, and
lithic tools appeared (Carbonell et al. 1999a). The excavation
of the sedimentary portions overhanging the Gran Dolina sec-
tion, also involving TD6, began in 2003 and finished in 2011.
These works affected a surface of around 12m2. It entailed the
so-called Torreón and the central area (Fig. 2a). In both areas,

abundant archaeological remains were documented in agree-
ment with the sample recovered in the previous period of TD6
excavation (test pit). TD6 is a 3-m-thick unit divided into three
subunits, from bottom to top: TD6.3, TD6.2, and TD6.1.
TD6.3 contains the least anthropic impact. Subunits TD6.2
and TD6.1 show the most intense anthropic activity, as dem-
onstrated by the analyses of both stone tools and bones with
anthropogenic modifications (Fernández-Jalvo et al. 1996;
Díez et al. 1999; Saladié 2009; Saladié et al. 2011, 2012,
2014, 2019; Mosquera et al. 2018). These last two subunits
are the focus of this paper.

Taphonomic and technological data (Carbonell et al.
1999b; Díez et al. 1999; Saladié et al. 2011, 2014; Mosquera
et al. 2018) suggested that hominins played the central role in
the formation of the faunal assemblage of TD6.2. There is less
data for TD6.1, so we will start from the hypothesis that its
composition is consistent with TD6.2. TD6.1 was identified in
the central area and the test pit. However, it is absent in the
“Torreón” area. A high presence of coprolites characterizes
the test pit and part of the central area for TD6.1. During the
enlargement of the excavation surface, a marked change was
observed regarding the composition of the archaeological ma-
terials, characterized by lithic remains and faunal and hominin
specimens with carnivore and anthropogenic modifications,
which were recovered in the central area of the TD6.1 surface.

Lithostratigraphic descriptions, carried out at the end of the
1980s, considered the deposits of TD6 as a rockfall deposit
with limestone boulder and gravel formed by gelivation and
non-channelized water flows (Hoyos and Aguirre, 1995).
After the discovery of Homo antecessor in the test pit area,
the Aurora stratum was defined as a stratigraphic marker. The
Aurora stratum comprised a homogeneous muddy-supported
boulder breccia of 0.20 m in thickness (Parés and Pérez-
González 1999). The muddy matrix contained massive lutites
with clasts larger than 22 cm (boulder). According to Parés
and Pérez-González (1999: Fig. 6), a deposit of calcarenites
marks the top of the Aurora stratum, and a downfall clast
deposit delimits its base. A few years later, the description of
the sedimentary microfacies and soils micromorphology of
the Aurora stratum and archaeostratigraphical research based
on the archaeological and palaeontological record of the test
pit excavations indicated that the archaeological remains of
the Aurora stratum were a microstratified assemblage depos-
ited in a nonhomogeneous stratum (Vallverdú et al. 2001;
Canals et al. 2003b).

The microstratified character of the archaeopalaeontological
assemblage of the Aurora stratum was confirmed in the strati-
graphical observations based on the TD6 central section of
Gran Dolina (Bermúdez de Castro et al. 2008). In this part,
the thickness of the Aurora stratum reaches 0.46 m and is
described as a lithologic sequence of at least six layers of fine
gravels, sands, and muds. Incorrectly, all human remains were
originally attributed to the Aurora stratum in the first works
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(Carbonell et al. 1999a). Current research has shown that
H. antecessor specimens occurred along the several layers of
TD6.1 and TD6.2 (Bermúdez de Castro et al. 2008; Carbonell
et al. 2010; Saladié et al. 2014). The last research of the sedi-
mentary facies of TD6 (Campaña et al. 2016) suggested that
sediment gravity flows and water flows (channel, flood plain,
and decantation) were the primary mechanisms for the accu-
mulation of the remains from allochthonous deposits to Gran
Dolina. However, the sedimentary infillings by rockfall from
the roof of the cave, acting as a cliff, can be considered an
alternative sedimentary model for guiding the description and
interpretation of the TD6 and, in general, Gran Dolina sedimen-
tary succession. The diamictons, debris flow facies described in
Campaña et al. (2016), are common sedimentary facies in the
caves’ interior. However, we regard cave entrances and rock
shelters as a different depositional environment (Ford and
Williams 2007). The current cave entrance points of Gran

Dolina are located in its roof, in the form of ponor (avens or
shafts). The cliff’s slow backward movement provides the pri-
mary rockfall deposits in talus slopes (Luckman 2013), the
classical analogy with the escarpment that provides the sedi-
mentary material that feeds deposits at the feet of rock shelters
and cave entrances.

The TD6.2 bedset in the central part of the Gran Dolina
(SOM Fig. S1) infill lies on a scoured surface, the upper sur-
face boundary of the subunit TD6.3.1, and truncate a massive
mud-supported boulder breccia bedset of TD6.2 located be-
low the SE cave wall. This central part of the TD6.2 bedset
contains an inclined and cemented microstratification made
from coarse and fine gravels and outsized boulders, in open-
work, to clast-supported gravel with yellow-brown sands.
This scour infilling of the TD6.2 is interbedded to the NW
with a microstratified horizontal bedset of microbreccias. This
microbreccia bedset of the central part of TD6.2 contains

Fig. 1 a Stratigraphic section of the Gran Dolina site. b Synthetic
stratigraphic profile with the locations of the available TT-OSL, TL,
IRSL, and ESR/UTh dates from Falguères et al. (1999, 2013), Berger
et al. (2008), Arnold et al. (2015) and Duval et al. (2018). Legend: 1 =
Mesozoic limestone at the roof of Gran Dolina; 2 = speleothem; 3 =
lutites, clay loam/terra rossa; 4 = bat guano; 5 = laminated loamy clays;
6 = calcilutites and calcarenites; 7 = gravels and boulders, clastic flow; 8 =

arrangement of fallen boulders; 9 = main stratigraphic discontinuity; 10 =
secondary unconformity and loamy-clayey-sandy filling; 11 =
Matuyama-Brunhes boundary; 12 = disappearance of Mimomys savini
and first occurrence of Iberomys brecciensis; 13 = location of the
Aurora stratum (containing the hominin remains) at the top of TD6
(modified from Berger et al. 2008)
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Fig. 2 a Scheme of the location of the sites located in the Trinchera del
Ferrocarril in the Sierra de Atapuerca. b Horizontal plot of the
osteological and lithic remains from TD6.1 and TD6.2. c The projection

of materials corresponds to 20 cm from squares G line (650–670 cm of
absolute coordinates of the Y axis in the horizontal plane of surface)
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rhythms (Vallverdú et al. 2001) of poorly sorted fine gravels,
in openwork to clast-supported fabrics and yellow-brown
sands. The yellow-brown sands are massive, graded, and lam-
inated. The rhythmicmicrostratification has limited lateral and
vertical accretion by its centimetric thickness. The mud-
supported boulder breccia located in the SE cave wall forms
coarse prismatic secondary aggregates and contains graded
lamina fragments as mud clast. To the NW cave wall, the
microstratified deposits of the central part of Aurora stratum
are interbedded with two unstratified deposits made from very
inclined gravel and yellow-red muddy sand breccia. These
two bedsets show a typical fall sorting of the gravels (coarse
tails) from fine to coarse gravel sizes (Hétu 2004).

The lower surface boundary of the microstratified
microbreccia bedset, at the center stratigraphic panel of TD6.2,
onlaps the upper surface boundary of this first inclined bedset
above the NW cave wall. At the other lateral termination, the
lower surface boundary of the second bedset of breccia inclined
above the NW cave wall downlaps the upper surface of the
microstratified microbreccia. This depositional geometry be-
tween bedset of NW and central profiles offers a rich analogy
with the “downlap interval” described in Quaternary talus slope
successions (Sanders et al. 2009).

In our opinion, the interpretation of TD6.2 is related to the
backward retreat of the entrance point of the roof escarpment of
the NWwall of the Gran Dolina cave. The feet of the talus slope
show changes in its morphology and sedimentary processes too.
These changes are indicated by the truncations of the upper
surface of TD6.3.1. The talus slope’s modifications by fluvial
incisions suggest a talus cone morphology also typical in the
cave entrance setting. The retreat of the cave escarpment likely
was accompanied by the development of the rills’ hierarchy and
changes in the sediment of the source area at the outer slope
(exocarstic) cave setting. The poor and inclined stratification
with outsized boulders infilling, in the main scour surface of
the lower surface boundary at the center of the TD6.2 profile,
points to colluvial sediments set in an abandoned rill (scour and
fill). The fluvial incision over the cave entrance’s talus slope can
be considered limited by the scours’ size in the top of the TD6.3
boundary surface. The description of the rhythms of beds made
from microbreccias and yellow-brown sands in horizontal strat-
ification (Vallverdú et al. 2001) implies at least four types of
different deposits. Fine gravel beds of one or two lines of fine
gravel with sand support (1), sorted fine gravels grading to sand
(2), matrix support or cemented openwork (sieve deposit) (3),
and coarse bed of fine gravels in clast support fabric (thick bed
load) (4) show the transition from low-density to high-density
(traction carpet) water flows (Todd 1996). Fine gravel with sand
shows coarse tail grading points to subaquatic mass sedimenta-
tion (Nemec and Steel 1984). Openwork fabric of fine- or clast-
supported gravels suggests emersion of levee deposits formation.
The flooding of the foot of the cave sedimentary infilling close to
the NW wall of Gran Dolina, due to episodic currents, is also

indicated by the fragmented graded lamina (aggregate soft
clasts) within the prismatic mud of the boulder breccia of SE
cave wall pointing out sheetwash deposits widely described in
the archaeological cave entrance and rock shelter settings,
infilling openwork rockfall deposits (Lenoble 2016). The epi-
sodic subaquatic sedimentary process, interpreted in the central
area of TD6.2 profile, suggests that there was likely an ephem-
eral body of water in the cave entrance of Gran Dolina.

TD6.1 lies on a weathered surface, observed across the
central area and SE pit test over the top of TD6.2, which
was described as a calcarenite bed in previous stratigraphic
observations in the Test pit area (Parés and Pérez-González
1999). The top of TD6.1 is the erosive unconformity that
separates the lithostratigraphic units TD6 of TD7. The lateral
and vertical changes of the deposits of TD6.1 are like that of
TD6.2. TD6.1 has a scour attached to the inclined breccia of
the NW wall. Above the NE cave wall, this inclined stratifi-
cation of the breccia bedset contains subvertical boulders and
has a convex form and truncated upper surface boundary. The
lower surface boundary of the NW breccia lies on downlap
over the bedsets of the central area profile. These sedimentary
deposits of the central part of TD6.1 are made from sorted fine
and medium gravels poorly stratified in concave bedforms
with openwork and clast-supported fabrics. In the lower part
of the slope of the central area of TD6.1, the concave and
horizontal geometries of the bedsets are amalgamated and
truncated. The boulder set in prismaticmuddy-supported brec-
cia, close to the SE cave wall, presents 0.25 m thick above the
previously described calcarenite bed of the top of TD6.2
(Parés and Pérez-González 1999)

The interpretation of TD6.1 shows the talus cone’s
progradation of the cave entrance to the interior of the cave.
The NW stratigraphic profile of the test pit shows the lower
surface TD6.1 bedset downlap in proximity to the upper surface
boundary of TD6.3.1 (Vallverdú et al. 2001). The sediments at
the entrance point into the vertical escarpment continue their
backward retreat and likely increase the rill catchment area in
the outer exokarstic slope. Limestone sorting and amalgamated
and truncated scours described in the central area of TD6.1 in-
dicate proximal fluvial incisions typical of the talus cone mor-
phology in the entrance cave. Openwork and clast-supported
fabric suggest the participation of water and granular flows.
Large boulders, of outsize measures, set in subvertical position
in the top of the upper and convex surface boundary of the
breccia bedset, located above the NEwall, indicate a preliminary
interpretation based on sedimentary processes described as boul-
der rockfall over snow or ice (Luckman 2013).

Materials and methods

The excavation of TD6 was conducted using Cartesian coor-
dinates on a grid of 1 m2. All-natural cobbles and boulders of
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limestone larger than 10 cm were recorded, as well as each
lithic and bone specimen, regardless of the size. Bearing and
plunge were recorded with respect to the archaeological north.
Bearing is the horizontal angle of the long axis line relative to
some geographic or arbitrary north, and the plunge is the ver-
tical angle of the line relative to the horizontal plane
(McPherron 2018). The objects with a plunge angled of 0
were described as flat, and the objects with a plunge angled
of 90 were described as verticals. We offer the data of the
elongated specimens (with lengths at least twice the widths).
During the excavation, the remains were ascribed to subunits
TD6.1 or TD6.2. Mosquera et al. (2018) have been able to
divide subunit TD6.2 into three archaeological groups of
layers, which they call (from bottom to top), and following
the facies described by Campaña et al. (2016): TD6.2.4,
TD6.2.2/3, and TD6.2.0-1. This partition is the most congru-
ent in the vertical distribution of the remains. It therefore is the
one we will follow in this work to apply statistical tests and
archaeological and taphonomic analyses (Fig. 2c).

A total of 7972 remains have been recovered in subunits
TD6.2 and TD6.1. The dimensions of the archaeological re-
mains are given in frequencies. Considering that about 94% of
the objects measure less than 9 cm (93.1% of the bones and
95% of the stone tools), we decided to group them into cate-
gories of 3 cm. Layer TD6.2.2/3 has the greatest number of
remains and TD6.1 the least. In the spatial analysis, it included
all remains from which spatial coordinates were taken
(Table 1). The osteological sample refers to bones and teeth
of fauna, hominins, and indeterminate specimens. A general
description of the assemblages is done. For bone description,
we use the division of the limbs in three parts (Domínguez-
Rodrigo 1997): upper (humerus and femur), intermediate (ra-
dius and tibia), and distal (metapodials). We offer the number
of specimens (NSP); number of identified specimens (NISP);
minimal number of elements (MNE), and the minimal number
of individuals (MNI).

The point pattern analysis of the archaeopalaeontological
remains from TD6.1 and TD6.2 subunits of Gran Dolina has
been evaluated, within the perspective of spatial taphonomy

defined as the study of the spatial distribution patterns of the
archaeological remains in relation to their taphonomic attri-
butes (Domínguez-Rodrigo et al. 2018). These analyses are
useful for assessing the deposit processes and the integrity of
the archaeological assemblages and for a reliable interpreta-
tion of past human behaviors (Giusti et al., 2018). The spatial
properties of archaeopalaeontological assemblages may con-
tain high information concerning the biostratinomic phase,
such it is indicated by the referential frameworks
(Domínguez-Rodrigo et al. 2018). The spatial statistical tools
to the sites are used to know if the assemblages have been
reworked or are in situ (Giusti and Azzarello 2016), to assess
the impact of water on any archaeofaunal assemblage
(Domínguez-Rodrigo et al. 2018), to know the spatial rela-
tionship of dependence or independence between fauna and
lithic tools and debris (Giusti and Azzarelo, 2016; Giusti et al.
2019), and also to infer aspects about the socioeconomic or-
ganization of early humans in assemblages through the ob-
served spatial organization (Domínguez-Rodrigo and Cobo-
Sánchez 2017), or even to separate different occupations
through their spatial independence and taphonomic properties
(Marín et al., 2019). We start from the fact that objects in
space can be distributed and related to each other in three
ways:

1. Distribution of grouping—it is considered that the speci-
mens are grouped in space for what underlies a dependen-
cy relationship.

2. Regular dispersal—the remains are regularly separated
from each other, which can also mean a dependency
relationship

3. Random distribution—Poisson process by which there is
no spatial relationship between objects. This can be
interpreted as that there may have been depositional pro-
cesses that have affected the existing spatial relationships
between objects in their original position.

We used Spatstat package v. 3.2.3 (Baddeley et al. 2015) in
R (R Core Team, 2018) for the statistical spatial analysis. To
assess the distribution of the objects and their spatial attributes
in TD6.2.2/3, we have built two independent windows. On the
one hand, it was considered the test pit and the central area. On
the other was drawn the “Torreón” area in order to avoid false
statistical artifacts related to a nonexistent empty space (Fig.
1b). The “Torreón” area has not been analyzed for the other
layers because of the absence of TD6.1 and TD6.2.0/1 there
and only has a few objects in TD6.2.4.

A nonparametric method of Kernel maps was also used to
produce graphic smoothing estimations of intensity. Density
maps were made by using bandwidths selected by sigma
values, which control the degree of smoothing. Corrections
for window-edge effects were considered in all mapping
methods. To select the optimal bandwidth, Diggle and

Table 1 Number of osteological remains and lithic pieces recovered in
TD6.2 and TD6.1 subunits

Subunit Layer Osteological sample Lithic sample Total

TD6.2 TD6.2.4 594 236 830

TD6.2.2/3 4732 388 5120

TD6.2.0/1 1089 207 1296

Total 6415 831 7246

TD6.1 602 124 726

Total 7017 955 7972

In the table are presented the layers that are considered in this study
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Berman’s mean square error cross-validation method and the
likelihood cross-validation method were used (Berman and
Diggle 1989). Diggle’s correction is commonly used to min-
imize the edge effect, but it assumes a Cox clustering process
(Baddeley et al. 2015), which in the present case is inadequate.
For this reason, we selected a likelihood cross-validation al-
gorithm that assumes an inhomogeneous process as shown by
homogeneity tests. Clustering was approached through Clark-
Evans tests using Monte Carlo simulations (n=300). This test
produces R values from 0 (confirmation of the null hypothesis
of theoretical complete spatial randomness (CSR)) to 1 (max-
imum cluster). However, this test assumes homogeneity and
can be biased in inhomogeneous point processes. As a com-
plement, the Hopkins-Skellam test was also used because it is
less sensitive than the Clark-Evans test to inhomogeneity
(Baddeley et al. 2015). This test produces a value of A, which
indicates a random pattern (A=1), clustering (A<1), and regu-
larity (A>1). The test was also performed using a Monte Carlo
simulation.

Lithics and osteological elements from TD6.2 and TD6.1
were considered independently in order to evaluate the spatial
patterns of distributions. We used Ripley’s K functions
(Ripley 1976, 1977, 1979). The K function measures the cu-
mulative average number of points falling within a certain
radius of any given data point. This estimation is corrected
for window-edge effects and modified according to intensity.
However, the K function operates under the assumption that
the point process is homogeneous, and alternative, more ro-
bust modified versions of this test exist. L function can adopt a
centered version of the K function and applies a square root
transformation of the Poisson K function. This stabilizes the
variance (Ripley 1979). We used the quadrat counting (chi-
squared) test of homogeneity by dividing the spatial window
into square meter subunits. The quadrat test was executed via
Monte Carlo (Robert and Casella 2004) simulations (n = 300),
and the result was obtained by averaging all simulations.
According to the results (Supplementary Online Material
[SOM] Table S1), we have applied the inhomogeneous ver-
sion of L functions. Acceptance intervals were obtained via a
Monte Carlo simulation process involving 50 random sam-
plings of the original data (Baddeley 2015). These functions
are used to describe how a point process occurs in any spec-
ified spatial window when the spatial point pattern is nonsta-
tionary. The curve of the observed data was interpreted as
showing an aggregation process of objects (above CSR line),
a regular dispersion process of objects (under the theoretical
CSR line), or complete spatial randomness (if within the con-
fidence intervals of the CSR line).

After the independent evaluation of lithic and osteological
samples, a cross-type approach was implemented to study the
point patterns by material type. The multitype pattern was
oriented to detect spatial codependence between lithic and
osteological remains; archaeological remains and clasts

limestones; and fauna and H. antecessor specimens in
TD6.2.2/3 since it is the layer with the greatest number of
remains. For this purpose, an inhomogeneous cross-type L
function was used (Ripley 1979). The multitype summary
functions are used in the analysis of the dependence between
points of the samples. The Lij indicates the association be-
tween osteological and lithic samples. If the data line is out-
side the confidence acceptance, then both types of materials
are spatially dependent. This can be expressed by being clus-
tered (the probability of i points being within the distance of
any specific radius of j points is higher than the benchmark
value), or regularly spaced (the probability of i points being
within the distance of any specific radius of j points is lower
than the benchmark value). This analysis is displayed in a
bivariable quadruple graph. The diagonal graphs (upper left
and lower right) indicate the inhomogeneous Lii distribution.
The off-diagonal graphs (upper right and lower left) indicate
the inhomogeneous Lij association type. Global 95% confi-
dence acceptance was used (Baddeley et al. 2015).

A positive spatial correlation between the two types of
samples would suggest that the assemblages are found in as-
sociated spatial position, and so the null hypothesis of inde-
pendence (CSR) can be rejected. The rejection of the null
hypothesis could support that the different elements were not
disturbed by flow taphonomic processes since these processes
are disaggregates, not aggregators. The segregation of the two
samples would point to variation in the distribution of types.
Segregation could permit interpretation that the osteological
and lithic samples were deposited in independent events or
that they have been affected by secondary taphonomic pro-
cesses. We assumed that a completely random spatial distri-
bution of the lithic artifacts and faunal remains would suggest
independence deposition events or re-elaboration of these
materials.

For cross-type point comparison in postdepositional altered
bones tested the complete spatial randomness and indepen-
dence (CSRI). For this purpose, the multitype L function
(Lij(r)) was used (both for homogeneous processes). If i = j,
then Lij(r) = Lii(r); that is, it has the same interpretation as the
regular L function regarding clustering, segregation, and ran-
domness. However, if i ≠ j, then Kij(r) measures the depen-
dence between i and j point types. This dependence can be
expressed in association or segregation (above the benchmark
value). The benchmark value, which in the standard L func-
tion implies CSRI, implies point independence here (Ripley
1988). Confidence acceptance was selected via resampling (n
= 50) Monte Carlo methods. CSRI was selected because it
was hypothesized that every mark in the spatial point pattern
would be independently and randomly distributed if transpor-
tation processes caused their accumulation from their original
depositional locus. Transportation would break the interde-
pendent depositional properties that functionally linked lithics
and bones and their taphonomic properties as theywere jointly
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deposited on the ground. These spatial functional and spatially
interdependent properties would have been broken by
resedimentation and allochthonous deposition.

Frequencies of postdepositional modifications are reported
for each of the layers. Manganese oxide stains can exhibit a
dendritic pattern or mask coatings (López-González et al.
2006). Weathering degrees are described according to
Behrensmeyer (1978). Abrasion, trampling, sediment cemen-
tations, and cracks caused by changes in humidity have been
recorded (Shipman 1981; Fiorillo 1984; Thompson et al.
2011; Fernández-Jalvo and Andrews 2016). The diversity of
postdepositional modifications in TD6.2 and TD6.1 samples
is high and they have different natures, although most of them
are related to the possible presence of water flows, or embank-
ments and humidity. Abrasion and trampling can be related to
the movement of bones in the sediment. The aggregation of
manganese oxide stains and cementations may suggest the
presence of water on the surface once the remains are buried.
The weathering supports those humidity changes, although it
can also be related to the origin of the elements of environ-
ments with less radiation protection. The CRSI or seg-
regation between the different modifications suggests
that the actor responsible has not affected the assem-
blage samples in the same way. In this sense, postde-
positional taphonomic processes could not be the accu-
mulator’s agents and we should reject the hypothesis
that the studied samples are reworked.

Additionally, we evaluated the composition of the archae-
ological assemblages together with a sample coming from an
undisturbed Masai Camp, an experimental lag set, and an
experimental set transported at a maximum distance of 20 m
(Domínguez-Rodrigo and Cobo-Sánchez 2017; Domínguez-
Rodrigo et al. 2018, 2019a). The three samples are useful to
assess the influence of water currents on a set and if its posi-
tion is secondary (Domínguez-Rodrigo et al. 2019a).
Currently, the referential frameworks for this analysis are still
scarce and future implementations will undoubtedly be neces-
sary to reinforce the established analogies. The validity of the
analogy lies in the fact that we consider the immanent charac-
ters of the remains. The variables considered were bone shape
and structure (Domínguez-Rodrigo et al. 2018). Bones orga-
nized by shape were divided into flat bones (composed mainly
by shaft fragments, ribs, and scapulae, but also mandibular
fragments); cube-shaped specimens (mainly vertebrae and
carpal/tarsal bones); and tube-shaped bones (specimens most-
ly formed by epiphyses). Besides, it is very important to rec-
ognize that we do not have actualistic samples that allow us to
evaluate an assemblage produced by a debris flow from the
point of view of the shape and structure’s composition.
However, this proxy will be useful to evaluate if any of the
analyzed assemblages are lagged or dragged, or on the con-
trary, remain in the deposition site according to these formal
characteristics.

Results

TD6.2.4

TD6.2.4 forms the base of TD6.2 subunit. It has a lower den-
sity of specimens than the overlying sublayer (TD6.2.2/3). It
was identified in the central area of the excavated surface and
the test pit. In TD6.2.4, there were recovered 236 lithic tools.
No preferential bearing of the objects is observed and 47.4%
have a flat inclination (SOM Table S2). The sample is made
up of hammerstones and hammerstone fragments and cores:
tools made on cobbles, flakes, and retouched flakes
(Mosquera et al. 2018). In this set, three groups of lithic refits
formed by two pieces each were found. The refits are at dis-
tances ranging between 10 and 60 cm of one another. Two of
them are products of the knapping process and the third is one
Siret fracture (Mosquera et al. 2018: Table 8). The osteolog-
ical sample comprises 594 remains, three specimens of
H. antecessor, 118 faunal remains, and 473 indeterminate
fragments (SOM Table S3). Up to 85.8% of bones and teeth
and 80.7% of stone tools are less than 60 mm in maximum
length, with the majority measuring less than 30 mm
(Table 2). Remains larger than 60 mm are also present in the
assemblage. The maximum lengths are measured from one
quartzite hammerstone (170 mm) and one shaft of a large
animal (160 mm).

Smoothing Kernel density maps of osteological and lithic
remains showed spatial overlapping between both materials
(SOM Fig. S2). This agrees with the result of Clark-Evans test
which also showed substantial clustering for both. The
Hopkins-Skellam tests coincide to show bone and lithic re-
mains highly clustered (Table 3). However, the interpretation
of the results must be nuanced. The inhomogeneous version of
L tests suggested a random dispersion for bone remains up to
60 cm and slight clustering at longer distances (SOM Fig.
S2c). This tendency toward regular dispersion was also doc-
umented in the case of stone tools, with slight clustering in
distances >80 cm (SOM Fig. S2d). However, the relationship
according to the multitype inhomogeneous L function showed
a trend toward slight clustering beyond a 20 cm of distance.
This points to a codependence in the form of clustering of
lithics and bones after a 20 cm of distance from any random
point (Fig. 3). However, the same test shows no spatial rela-
tion between archaeological remains and the clasts of the layer
(SOM Fig. S3).

According to the structure and shape of the bones, the
assemblage is characterized by the presence of dense and flat
bones, mainly shaft fragments of long bones (Table 4, Fig. 4).
The most common species in this layer are medium-sized
cervids (Dama dama vallonetensis, Cervus elaphus cf.
acoronatus; SOM Table S3). The other taxa include herbivo-
rous and carnivorous species, but the NISP is scarce in all
cases. The taxonomic diversity is homogeneous according to
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the Shannon index (E = 0.6355), without any of the taxa
standing out predominantly above others (Simpson index: D
= 0.3366). A total of 4.7% of specimens with cut marks indi-
cates a complete butchering process, 2.4% of bones show
traces of percussion bone breakage, and 2.1% show peeling.
In total, 9.1% of the remains of layer TD6.2.4 show at least
one anthropogenic modification. Carnivore modifications are
acid digestion corrosion (NSP = 10, 32.2%); pits and scores
(NSP = 7, 22.8%); licking (NSP = 5, 16.1%); pitting (NSP = 1,
3.2%); and crenulated edges (NSP = 1, 3.2%).

The postdepositional modifications of the osteological set
of TD6.2.4 are (SOM Table S4) manganese oxide stains
(31.8%); sediment attached to bone surfaces (9.3%); humidity
cracks (2.5%); abrasion (2.5%); trampling (1.6%); and
weathering (0.5%).Manganese oxide stains exhibit a dendritic
form (98.2%), mask coatings (1.4%), or both (1.4%). In most
cases, a scattered pattern of stains is shown on the entire sur-
face of the bones (96%). This includes fracture edges (dry and
green), articular parts and areas of muscle insertions, and the
rest of bone surfaces. In one case, secondary coating has been
observed (after López-González et al. 2006). Abrasion pro-
duced by water flows on bones occurs in slight stages, affect-
ing in all cases only the edges of fractures. Weathering is
categorized as stage 1, according to Behrensmeyer’s (1978)
referential diagnosis.

Kernel density maps showed spatial overlapping between
cemented bones, humidity cracks, andmanganese oxide stains
(Fig. 5a). This may be related to alternative periods of humid-
ity and desiccation in this area. Weathering, abrasion, and
trampling are scarce and do not show spatial overlapping,
which does not support the inferences of reworking or re-
elaboration. Multitype L cross functions displayed at most of
the postdepositional modifications show spatial clustering be-
tween them (Fig. 5b), although an exclusion model is ob-
served between abrasion and weathering.

TD6.2.2/3

This is the most extensive layer of subunit TD6.2, which also
contains the highest density of materials. The areas excavated
of TD6.2.2/3 are the test pit, the central area, and the
“Torreón.” A total of 388 pieces make up the lithic sample,
which is composed of cobbles, fragments of cobbles,
hammerstones, cores, flakes, and retouched flakes. In
this layer, four groups of lithic refits have been record-
ed. Refits were at a minimum distance of 5 cm and a
maximum of 768 cm (Mosquera et al. 2018). A total of
913 faunal remains, 111 specimens of H. antecessor,
and 3705 indeterminate bone fragments form the osteo-
logical sample (NSP = 4729).

Table 2 Distribution according to
dimensions of the remains of
TD6.2.4, TD6.2.2/3, TD6.2.0/1,
and TD6.1

TD6.2.4 TD6.2.2/3 TD6.2.0/1 TD6.1

Bones Lithic tools Bones Lithic tools Bones Lithic tools Bones Lithic tools

<30 mm 52.7% 41.3% 49.7% 44% 48.3% 49.7% 38.2% 21%

31–60 mm 33.1% 39.4% 35.6% 40.7% 36.6% 25.4% 44.1% 53.1%

61–90 mm 9.6% 16.9% 9.4% 11.8% 10.2% 18.3% 12.7% 19.1%

>90 mm 4.6% 2.4% 5.3% 3.6% 5% 6.5% 5% 6.8%

Table 3 Values of the Clarke-Evans and Hopkins-Skellam tests (300 simulations) for clustering for osteological specimens, lithic tool pieces, and
human remains of TD6.2.4, TD6.2.2/3, TD6.2.0/1, and TD6.1

Bone (fauna and human remains) Lithic tools Human remains

Clark-Evans Hopkins-Skellam Clark-Evans Hopkins-Skellam Clark-Evans Hopkins-Skellam

TD6.2.4 R = 0.78552 A = 0.054647 R = 0.79078 A = 0.19748 R = 1.9887 A = 9.3769

p = 0.006645 p < 2.2e-16 p = 0.006645 p < 2.2e-16 p = 0.7708 p = 0.01541

TD6.2.2/3 R = 0.75735 A = 0.086931 R = 0.77269 A = 0.32527 R = 0.79453 A = 0.81384

p = 0.006645 p < 2.2e-16 p = 0.006645 p < 2.2e-16 p = 0.006645 p = 0.7053

TD6.2.2/3 “Torreón” R = 0.82705 A = 0.20807 R = 0.92343 A = 0.5242 R = 0.5436 A = 0.75824

p = 0.006645 p < 2.2e-16 p = 0.01993 p = 1.741e-09 p = 0.006645 p = 0.6116

TD6.2.0/1 R = 0.75735 A = 0.13314 R = 0.77269 A = 0.1235 R = 0.65075 A = 1.305

p = 0.006645 p < 2.2e-16 p = 0.006645 p< 2.2e-16 p = 0.006645 p = 7 0.6252

TD6.1 R = 0.87916 A = 0.30997 R = 0.86948 A = 0.3601 R = 1.1751 A = 1.0079

p = 0.006645 p < 2.2e-16 p = 0.006645 p = 2.765e-15 p = 0.8771 p = 0.9885
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Specimens smaller than 30 mm are the most abundant in
the assemblage, similar to those between 30 and 60 mm
(Table 2). However, larger remains are also present. The max-
imum length for lithic artifacts is 180 mm of one core on chert
from the “Torreón” area and one flake of chert at the test pit
zone. Among the osteological remains, we found one frag-
ment of cervid antler measuring 270 mm at the “Torreón”
and one rib measuring 260 mm in the test pit area. No major
direction of the remains was observed with respect to the
archaeological north. Half of the objects showed no inclina-
tion (SOM Table S2).

According to the smoothing Kernel density maps, the bone
and lithic specimens showed a clustering distribution in the
test pit, the central area, and in “Torreón.” However, human

remains show a restricted dispersion (SOM Fig. S4). L test for
inhomogeneous samples shows the following results: the os-
teological assemblage displays a clustering distribution in ac-
cordance with an aggregation model (SOM Fig. S5a). The
distribution pattern of the H. antecessor specimens indicates
a regular dispersion (SOM Fig. S5c). Lithic remains have a
regular distribution at distances of less than 80 cm and trend
toward clustering at greater distances (SOM Fig. S5b). None
of the three groups of objects shows random dispersion. In the
“Torreón” area, L test for inhomogeneous distributions sug-
gests a pattern of regular dispersion for the osteological re-
mains at distances less than 20 cm and aggregation of remains
at larger distances (SOM Fig. S6). Lithic remains fall within
the confidence interval of the Poisson line, suggesting a ran-
dom distribution of these materials (SOM Fig. S6). Results
from the L cross-test support that there is a spatial distribution
model of clustering codependence between the osteological
and lithic samples of the central zones and the test pit (Fig.
6a) and in the “Torreón” area (Fig. 6b). In the central and test
pit zone, there is also a clear spatial association between the
remains of fauna and the specimens ofH. antecessor (Fig. 6c).
The spatial model with a tendency to aggregation is also seen
between the archaeological remains and clast in central and
test pit and “Torreón” zones (SOM Fig. S7, S8).

Dense and flat bones (mainly shaft fragments of long
bones) characterize the assemblage according to the structure
and shape of bones (Table 4, Fig. 4). Seventeen taxonomic
groups have been recognized in TD6.2.2/3, including the re-
mains of medium-sized deer and H. antecessor, according to
the NISP, MNE, and MNI (SOM Table S3). However, the

Fig. 3 Multitype inhomogeneous L function for osteological and lithic remains from TD6.2.4 at the central and the test pit areas

Table 4 Distribution of bones from TD6.2.4, TD6.2.2/3, TD6.2.0/1,
and TD6.1 according the bone structure and shape

TD6.2.4 TD6.2.2/3 TD6.2.2/3 TD6.1

NSP % NSP % NSP % NSP %

Bone structure

Cancellous 46 12.8 331 12.7 83 13.5 60 15.0

Cortical 3 83.9 2199 84,2 589 83 332 82.8

Mixed 12 3.3 82 3.1 28 3.5 9 2.2

Shape bone

Cube 35 10.1 279 10.7 77 10.3 49 12.2

Flat 296 87.4 2257 86.4 599 86.8 334 83.3

Tube 10 2.5 76 2.9 24 2.9 18 4.5
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Simpson index (D = 0.3426) and Shannon index (E = 0.5653)
do not seem to demonstrate a predominance of any species
over the others, although a greater presence of artiodactyls and
perissodactyls over other taxonomic groups such as carnivores
or rodents is evident. The taxonomic composition, besides the
presence of cannibalized hominin remains, may be considered
the traditional one of the assemblages of anthropic origin dur-
ing the Pleistocene. Concerning animals, at TD6.2.2/3, a
greater presence of adult individuals has been observed. In
contrast, another profile age has been identified as
H. antecessor, since there is greater representation of young
individuals. The description is the following: one adult individ-
ual of about 17 years old (ATD6-96), one individual between 6-
and 10-year-old, another individual 6-year-old, and finally one
child who was between 2.5- and 3-year-old at the time of his/her
death (Bermúdez de Castro et al. 1997, 2006, 2008; Carbonell
et al. 2005; Martinón-Torres et al. 2019). Considering this, we
can highlight a greater presence of young in the human sample
of this layer, as it seems to suggest the general trend observed
along the entire TD6.2 subunit (Saladié et al. 2012).

In TD6.2.2/3, 545 (11.5%) remains show anthropogenic
modifications, including faunal and hominin specimens.
Almost 40% of upper- and intermediate-limb bones show
cut marks (39.2 and 39.6%, respectively). Metapodials have
a frequency of cut marks of 20.1%. Among long bones, cut
marks are located on the midshafts in 90.5% of the cases.
There are also cut marks on elements of the cranial and post-
cranial axial skeleton. All these characteristics indicate prima-
ry access to the carcasses, without distinctions between differ-
ent weights of animals and hominin remains. The butchering
processes were completed with breakage of the bones, which
can be observed in 109 (2.3%) remains. Peeling was docu-
mented on 76 specimens. Carnivore’s tooth marks were found

on 8.5% of the bones, although they have not been recorded
on H. antecessor specimens. Regarding their distribution, it
should be mentioned that 21% of near-epiphysis portions,
16% of epiphyses, and 8.5% of long bone midshafts show
carnivore tooth marks. This distribution supports the second-
ary access of carnivores to the hominin-processed bones of the
assemblage, indicating they were modifying agents and not
accumulators of the assemblage.

The more abundant postdepositional modifications are the
manganese oxide stains that affect 34.7% of the assemblage
(SOM Table S4). About 98.2% of them show a dendritic
pattern, 0.7% bear mask coatings, and the remaining 0.9%
have both types. Regarding the distribution of stains on bone
surfaces, most are scattered on all sides of the bones. The next
most important postdepositional modification, according to its
frequency in the assemblage, is the cemented sediment at-
tached to bones, which is documented in 24.2% of the items.
Humidity cracks (3.8%), abrasions (1.8%), trampling (1.2%),
and weathering (0.8%) are scarcer. Abrasions affect mostly
the edges of the fracture surfaces (68 of 85 specimens). In
the rest of the specimens, the abrasion is stronger and can
affect the complete fracture surface (0.3% respect to the total
of the assemblage); however, the morphology of the bones has
not been altered. Weathering has been observed in stage 1 in
78.9 % of the cases (30 of 38 specimens), although seven
specimens show stage 2, and one shows stage 4.

Agreeing to the density Kernel maps (Fig. 7a), these mod-
ifications do not seem to show a single pattern of aggregation
among them in the central and test pit areas, although in some
cases we can observe spatial overlaps. Manganese oxide
stains, humidity cracks, and abrasion of the edges show some
spatial coincidence in the central zone of the excavation ac-
cording to the visual examination of the density maps. This

Fig. 4 a Simple correspondence analysis displaying the relationships of a
lagged, dragged, and home base Masai assemblage, and TD6.1 and
TD6.2 layers according the shape of the bones. b Simple

correspondence analysis displaying the relationships of a lagged,
dragged, home base Masai, and TD6.1 and TD6.2 layer assemblages
according the structure of the bones
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may be related to the zones of circulation of water flows,
although the frequency of cracks and abrasions is very low
in the whole of the assemblage. In fact, in the same area, there
are a greater number of unmodified specimens, so the visual
examination of the density maps does not provide a confident
observation. If we consider the modifications of mechanical
origin that could have been caused by the friction of the

sediments, such as the abrasion of the bones and the tram-
pling, the bones with these modifications are not observed to
be predominantly in the same place. A multitype cross L func-
tion (Fig. 7b) allows us to assume a spatial codependence (in
the form of clustering) between the different types of postde-
positional modifications in the central zone and test pit of
TD6.2.2/3. However, some exceptions can be observed.

Fig. 5 a Kernel density maps of distributions of postdepositional
modified and non-modified remains. b Multitype L function for
osteological remains with postdepositional modifications from TD6.2.4.

Ripley’s isotropic correction estimate of L (black line): trans, translation
corrected estimate of L (red line). dBorder-corrected estimate of L (green
line) compared to the theoretical random Poisson process (blue line)
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Fig. 6 aMultitype inhomogeneous L function for osteological and lithic
remains from TD6.2.2/3 in central and test pit areas. b Multitype
inhomogeneous L function for osteological and lithic remains from

TD6.2.2/3 in the “Torreón” area. c Multitype inhomogeneous L
function for faunal and Homo antecessor remains from TD6.2.2/3 in
central and test pit areas
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Trampling shows a spatial relationship of exclusion with the
weathering and the abrasion patterns. There is no spatial rela-
tionship between the cemented sediment attached to
weathering and between the manganese oxide stains and spec-
imens with trampling. The same dynamics are observed in the
“Torreón” area (Fig. 8). The spatial pattern shows a clustering
relationship between all postdepositional modifications, ex-
cept for the specimens with cemented sediment attached and

abraded specimens, which do not maintain spatial
codependence.

TD6.2.0/1

The TD6.2.0/1 is the top layer of TD6.2 subunit. It is pre-
served in the central and test pit areas of the excavation sur-
face. Among the inclinations, flat objects (39.3%) stand out

Fig. 7 a Kernel density maps of the distribution of postdepositional
modified remains from TD6.2.2/3 central and test pit areas. b Ripley’s
isotropic correction estimate of L (black line); trans, translation corrected

estimate of L (red line); border-corrected estimate of L (green line)
compared to the theoretical random Poisson process (blue line)

Archaeol Anthropol Sci           (2021) 13:65 Page 15 of 29    65 



(SOM Table S2). A total of 207 lithic tools were recovered.
The sample consists of cobbles, fragments of cobbles,
hammerstones, cores, flakes, and retouched flakes and con-
tains two groups of refits. The first is made up of one broken
flake and one retouched flake, on which the fracture occurred
during the process of either detaching or retouching the flake.
The second refit is made up of two flakes and one core
(Mosquera et al. 2018). The osteological sample is formed
by 1086 remains: 62 specimens of H. antecessor; 197 faunal
remains; and 827 indeterminate fragments (SOM Table S3).

Almost half of the remains in both the set of bones and teeth,
as in the lithic specimens, are less than 30 mm (48.3 and
49.7%, respectively). However, the other 50% correspond to
larger pieces, some exceeding 90mm (Table 2). A fragment of
a diaphysis reaches 200 mm of length, next to a core of
Neogene chert that reaches 170 mm of maximum length.

According to the Kernel density maps, the lithic and oste-
ological materials are clustered in the same areas (SOM Fig.
S9a, b). L tests (SOMFig. S9c, d) support a regular dispersion
for osteological specimens and random remains for the lithic

Fig. 8 a Kernel density maps of the distribution of postdepositional
modified remains from TD6.2.2/3 “Torreón” area. b Multitype L
function for osteological remains with postdepositional modifications
from TD6.2.2/3 “Torreón” area. Ripley’s isotropic correction estimate

of L (black line): trans, translation corrected estimate of L (red line);
border-corrected estimate of L (green line) compared to the theoretical
random Poisson process (blue line)
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tools. The inhomogeneous multitype cross L function also
offers divergent results since it indicates aggregations of bones
at distances greater than 100 cm and a model of only slightly
of spatial segregation between the lithic remains and the oste-
ological remains (Fig. 9). The same test appoints at an aggre-
gation model in the spatial relation between the archaeological
materials and the limestone clast (SOM Fig. S10)

As in the other layers of TD6.2, TD6.2.0/1 ismainly composed
of bones with a flat-shape and cortical structure (Table 5, Fig. 4).
This is the layer where fewer species have been recognized. At the
level of NISP and MNI, medium-sized deer and specimens of
H. antecessor are the most abundant. Among the specimens of
H. antecessor, at least seven individuals have been identified: one
17-year-old, two of about 14 years, another between 10 and 11
years, one of 6–9, another of 6 years, and one of approximately
3.5 years when they died (Bermúdez de Castro et al. 1997, 2008).
Deer are represented by a MNI of three: one subadult animal and
two prime adults. cf. Bison voigtstendtensis is represented by two
individuals. Other taxa are each represented by one individual per
taxon (SOMTable S3). A slight dominance by the two main taxa
may be reducing the diversity indices obtained for the assemblage
(D = 0.3426; E = 0.5555), although there is no significant differ-
ence as compared to the previous layers.

Cut marks were found on 10.2% of the assemblage. These are
found on herbivorous bones, remains ofH. antecessor, and on one
phalange ofUrsus dolinensis and one cercopithecid phalange. As
in the other layers of TD6, cut marks are located on shafts of long
limb bones (49.5%) and ribs (12.6%), supporting primary access
to fauna and hominins. Anthropogenic bone breakage was

observed on 59 specimens, of which 36 show indentations and
percussion stigmas. Peeling associated with human specimens
was found on 19 items. Carnivore-induced modifications were
found on 9.3% (NSP = 101) of the remains. Tooth marks on long
bones were found in 50% of the near epiphyses, versus in 21.9%
of midshafts and 18.2% of epiphyses. Their disposition matches
the secondary access of these taphonomic actors.

Among the postdepositional modifications, the most abun-
dant are those related to humidity and drying periods (SOM
Table S4). First, manganese oxide stains are on 32.2% of the
assemblage, where 99.2% of the cases show a dendritic pat-
tern, with spots distributed on all surfaces of the bones, includ-
ing fracture surfaces, articular portions, and muscle insertions.
Cemented sediment attached to the bone surfaces can be seen
on the 12.3% of the assemblage. Abrasion is present to a slight
degree on 63 specimens (5.8%), affecting both the edges of
the bone fractures (83.7%) or the entire surface fractures
(16.6%). Humidity cracks were found on 4.8% fragments.
Weathering and trampling are the lesser postdepositional
modifications represented since they are found on 10 remains
each. Among the specimens with weathering, four were clas-
sified as stage 1 and another four as stage 2. A single specimen
for each represents stages 3 and 4. We can see in the Kernel
density maps that these modifications are spatially overlap-
ping in the central area of the excavation (Fig. 10a). Cross
multitype L function allows us to assume a spatial codepen-
dence in all of them, except between weathering- and
trampling-modified bones among which there is no spatial
relationship (Fig. 10b).

Fig. 9 Multitype inhomogeneous L function for osteological and lithic remains from TD6.2.0/1
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TD6.1

The TD6.1 subunit is composed of seven specimens of
H. antecessor, 112 remains of identified fauna, and 480 taxo-
nomically undetermined bone remains; in total, there are 599
bone and tooth specimens. The objects show a predominant
bearing to northeast and northwest respect the archaeological

north. The plunges are also diverse, although highlight
sunken objects eastward (SOM Table S2). The lithic
assemblage is composed by124 items, among which on-
ly flakes and retouched flakes are present. This sample
does not contain pebbles or cores and also none clear
refit has been identified (Mosquera et al. 2018). Around
half of the assemblage has a maximum length between

Fig. 10 a Kernel density maps of the distribution of postdepositional
modified remains from TD6.2.0/1. b Multitype L function for
osteological remains with postdepositional modifications from TD6.2.0/

1. Ripley's isotropic correction estimate of L (black line): trans, translation
corrected estimate of L (red line); border-corrected estimate of L (green
line) compared to the theoretical random Poisson process (blue line)
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30 and 60 mm. Specimens under 30 mm are also abun-
dant (Table 2). Larger specimens are present, although
to a lesser extent. The maximum length of bones is
140 mm (mandible fragment and shaft radius of bison
and femur shaft of deer).

Smoothing Kernel density maps show that the osteological
and lithic remains are superimposed, although the distribution
of lithic remains shows higher dispersion according to visual
examination (SOM Fig. S11a, b). The quadrat chi-square test
showed that osteological and lithic remains at TD6.1 were
distributed significantly differently from a stationary pattern
following an inhomogeneous pattern. L tests show a virtual
distribution in accordance with a Poisson random pattern both
for bones and stone tools (SOM Fig. S11c, d). The multitype
cross-inhomogeneous L function suggests a lack of point-type
spatial interdependence, since the observed data falls within
the confidence acceptance (Fig. 11). A regular spatial distri-
bution is observed between clast and archaeological speci-
mens (SOM Fig S12).

The faunal assemblage is composed of herbivores,
among which the medium-sized deer (SOM Table S3)
and carnivores stand out. The Shannon index (E = 0.645)
and Simpson index (D = 0.3347) indicate that the set con-
tains certain taxonomic diversity without clear dominance
of any taxon. Cut marks were found on 42 (6.9%) remains,
among which there is a clavicle of H. antecessor and one
phalange of U. dolinensis. Eight long bone fragments
show percussion pits and/or notches on shaft portions.

Carnivore tooth marks are on 67 remains. This sample
included one phalange of H. antecessor with evidence
of gastric acid attacks. In fact, this is the only human
specimen from TD6 with carnivore modifications.
According to the bone shape and structure, TD6.1 comprised
mainly flat (83.3%) and cortical bones (82.8%; Table 4, Fig.
4).

The cemented sediment attached to the specimen’s surface
was found on 32 remains (5.3%) and black stains from man-
ganese oxide deposits affect 18 fragments (3%) (SOM
Table S4). These are in the form of detrital stains that affect
all the conserved surfaces of the bones. The disposition pattern
on the surface of the bones is dispersed in all cases, without
distinctions between the articulation and insertions and the
rest of the areas of the bones. Mechanical modifications as
abrasion and trampling are on 2.6 and 0.5%, respectively.
Cracks produced by weathering (stage 1) were documented
on 2.4% of the sample. All changes were in the same
area, showing spatial overlap. Their low frequency does
not seem to agree with large movements of the remains.
However, the small sample size does not allow for re-
liable estimates. Abrasion shows spatial codependence
in the form of clustering with weathering, trampling,
attached cemented sediment attached, and manganese
oxide stains. The same relationship is observed between
attached cemented sediment attached with manganese
oxide stains and trampling. The other combinations
show no spatial relationship (Fig. 12).

Fig. 11 Multitype inhomogeneous L function for osteological and lithic remains from TD6.1
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Vertical distribution

The vertical distribution of lithics and osteological sets
fromTD6.1 and TD6.2 subunits is globally bimodal and
almost symmetrical (Fig. 13). At the bottom of the
sequence—distribution corresponding to TD6.2.4—an ab-
normal value is observed in the line corresponding to the
osteological remains. However, the distribution of the
lithic items resembles that of the fauna except at this

point. The distribution of both lines can be influenced by
the higher density of remains in the TD6.2.2/3 layer. In
the vertical distribution of the clasts, we can observe dif-
ferences with this model. The distribution of clasts is left-
skewed and follows a multimodal pattern with greater
weight at the bottom of the sequence, coinciding with
TD6.2.4 level. However, lower weight was detected in
the presence of blocks coinciding with the area where
there is a higher density of archaeological materials.

Fig. 12 a Kernel density maps of the distribution of postdepositional
modified and non-modified remains. b Multitype L function for
osteological remains with postdepositional modifications from TD6.1.

Ripley’s isotropic correction estimate of L (black line): trans, translation
corrected estimate of L (red line); border-corrected estimate of L (green
line) compared to the theoretical random Poisson process (blue line)
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Discussion

The excavation of the sediments with anthropogenic materials
of TD6 in the scarce 6 m2 of the test pit turned out to be a key
discovery for our knowledge of the first human prehistoric
settlement in Europe. As a result of the study of the sediments
excavated and the materials recovered, new chronologies of
occupation of the continent and the Iberian Peninsula were
proposed (Parés and Pérez-González 1999); a new hominin
species was described (Bermúdez de Castro et al. 1997); the
oldest incidence of the unusual behavior of cannibalism per-
petrated by our genus was documented (Fernández-Jalvo et al.
1996); and the possibility of new debates has arisen regarding
dispersals and the ecological and economic aspects of these
past populations of the Iberian Peninsula (Carbonell et al.
1999b). According to the complete study of the sample,
Bermúdez de Castro et al. (1999: 696–697) described the
TD6 unit as “… a space that was frequently used for several
activities, some of which were carried out from beginning to
end in the cave.” Since then, research on the assemblage has
been refined, in accordance with the enlargement of the sur-
face of excavation as well, increasing the volume of remains
to study in turn. The extension of the excavated surface result-
ed in a more complex stratigraphy in which strong lateral
variations between the two ends of the section and the
central zones were identified, as well as a succession of
different sedimentary facies. Campaña et al. (2016) described
up to nine sedimentary facies in the sequence of this new
sedimentological panel of TD6.2 and TD6.1. According to
their observations, the different layers are made of a mixture
of channel facies, debris flow, food plain, and decantation.
The origin of archaeological materials agreeing to this model
is, at least most of them, allochthonous and they, therefore,
proposed that the remains of human activity once deposited
behaved as clasts and bioclasts inside the sediment of cave
infilling. If this model was correct, the fossils of TD6.2 and
TD6.1 would come from outside the cave and be deposited in
the cave entrance area by different geological processes (grav-
ity flows and fluvial flows) and likely in different time lapses.

This would doubtless raise questions about some previous
studies’ conclusions, especially the interpretation of the as-
semblage as the product of the activity of the hominins in a
home base (Bermúdez de Castro et al. 1999; Carbonell et al.
1999b; Saladié et al. 2011). However, we argue that the sed-
imentary processes are not continuous over time (Arche 1989)
and may need a large amount of time for the formation of the
deposits (Luckman 2013), which could lead to independence
between the accumulation of the sedimentary particles and
archaeological remains. Campaña et al. (2016) observed
weathering processes in clasts along some of the layers de-
scribed in TD6.2.0/1 and TD6.2.2/3. This has important im-
plications regarding the existence of possible temporary hia-
tuses, without erosion or sedimentation, during which

hominin activity could have developed in the first place and
subsequently followed by carnivore activity. This sequencing
was already observed in the taphonomic studies conducted by
Saladié et al. (2011, 2014).

An important problem is that today, there are not available
actualistic frameworks about the composition of the fauna
groups produced by a debris flow. Besides, most studies from
a taphonomic perspective are of assemblages from prehistoric
periods before the genus Homo emergence (e.g., Britt et al.
2009; Domingo et al. 2017). However, it has been found that
the gravitationally accumulated sets are challenging to infer
through the taphonomic models obtained since these carry-
overs do not significantly influence their composition (Britt
et al. 2009). This characteristic fact makes it difficult to estab-
lish robust analogies with the TD6 assemblages where
humans, as actors, and tools, as effectors, come into play,
affecting the taphonomic history whether or not the aforemen-
tioned transport and its reworking exist.

If the debris flow has no effect on the classification by size
or shape of the skeletal elements, we can assume that this will
be similar to the lithic tools. However, water flows can alter
the composition of the original set (Boaz and Behrensmeyer
1976; Petraglia and Potts 1994; Aslan and Behrensmeyer
1996). This difference should be observed in the distribution
of the subunit TD6.2.2/3 since it is where there is a greater
diversity of facies. In this sense, according to Campaña et al.
(2016), there are lateral sedimentary changes of debris flow
facies, channel facies, and floodplain facies. However, the
assemblage homogeneity does not allow observing the differ-
ences between the different types of sedimentary processes on
the osteological sample. It is significant, no differences were
observed in the spatial distribution of the postdepositional
modifications, and not exist dissociation of the archaeological
remains of the subunit.

Fig. 13 Vertical distribution of lithics and osteological remains from
TD6.1 and TD6.2 subunits
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We have more tools to evaluate the effect of the water
currents that could affect the remains deposited in the central
area and the test pit throughout the entire unit. According to
the current observations, water flows tend to disperse previ-
ously accumulated objects at any place, reducing the number
of remains of the original set (Schick 1987; Rogers and
Kidwell 2007). Therefore, in lag assemblages, it is common
to have disturbances in original materials’ associations and
composition (Schick 1987). Recent research on the lithic tech-
nology of Unit TD6 indicates the existence of 12 groups of
refits comprising 26 pieces in the three archaeological
sublayers of TD6.2 (Mosquera et al. 2018). However, while
water currents can be expected to reduce the number of trace-
able pieces (Petraglia and Potts 1994), it has also been shown
experimentally that after water disturbance, some groups of
refits may remain in the lag assemblage. Even so, we find in
TD6.2 several pieces of evidence that call into question the
allochthonous origin of at least these pieces. First, refits are
usually retained in the lag assemblages but less frequently in
the dragged ones. Second, when refits are retained, they tend
to be separated from each other by several meters (Schick
1987). In TD6.2, only one refit was found at several meters.
The rest are close refits found at distances of less than 1 m,
with some of the cases being knapping accidents.

On the other hand, the refit at a greater distance belongs to
layer TD6.2.2/3 and is composed of three parts, a core and two
flakes. It is a refit of the knapping sequence, meaning that the
distance between pieces seems to respond to their knapping,
transport, and likely use (Mosquera et al. 2018). The number
of refits may indeed seem low. However, Neogene chert’s
most common raw material is usually poorly preserved in
the Atapuerca deposits, which poses substantial limitations
to the refitting studies. Finally, some of the refitted items were
assigned to different facies by Campaña et al. (2016). For
example, we find a refit that join remains coming from food
plain and debris flow facies (1995 TD6.2.2/3 H17 n° 137 +
2003 TD6.2.2/3 G11 n° 1 + 2007 TD6.2.2/3 F12 n° 147) and
another whose pieces are found in the channel and debris flow
facies (2007 TD6.2.2/3 E13 n° 130 + 2007 TD6.2.2/3 F13 n°
395), respectively (Campaña et al. 2016 fig. 3; Mosquera et al.
2018 fig. 26), which calls into question their interpretation of
the depositional independence of the archaeological materials
in each of the facies.

The spatial disturbance of objects and composition of the
assemblages transported enmasse and affected by water flows
can be evaluated through different parameters, both lagged
and dragged assemblages. According to the reference frame-
works available, water transport can select the remains accord-
ing to their size (Shipman 1981; Schick 1984; Pante and
Blumenschine 2010). Small debris remains or fragments of
bones smaller than 20 mm are particularly vulnerable to flu-
vial winnowing and subtraction from the original deposition
site (Schick 1984; Schick 1987; Pante and Blumenschine

2010). However, under high-energy current conditions and
mass transport, cores and large tools could also be long-
distance transported (Schick 1984; Schick 1987; Petraglia
and Nash 1987). Besides, the greater or lesser presence of
small elements is also determined by the degree of bone break-
age and the presence of stone tool knapping in the original
assemblage (Domínguez-Rodrigo et al. 2014). In the different
archaeological layers presented in this study, no metric bias is
observed in any category, although it should be noted that in
TD6.1 bones of less than 30 mm are less abundant than in the
lower layers. Larger bones (>90 mm) are scarce in all layers.
Although this could be interpreted as the product of the selec-
tion by the influence of water currents, we can reject this
hypothesis considering that it is common for bones of larger
dimensions to be infrequent in assemblages in which
hominins and carnivores have participated in fracturing them
(Bunn 1983), as in the case of TD6.2 and TD6.1 (Saladié
2009; Saladié et al. 2011, 2014). Among the stone tools, the
metric behavior of the pieces is similar. In fact, there are abun-
dant flakes, fragments of flakes, and knapping remains at all
layers, except in TD6.1. The smallest pieces are found next to
cobbles, fragments of cobbles, and cores. This is in addition to
the presence of short-distance refits, already mentioned above,
as well as the presence of the entire production process of the
lithic tools in subunit TD6.2 (Mosquera et al. 2018), which
seems to agree with the fact that it is a set that is not very
disturbed. Unfortunately, the study in degrees of the orienta-
tion of the objects cannot be treated since it is not usually
recorded in the Gran Dolina excavation, and we cannot do a
deep analysis of the fabric. However, the high percentage of
objects with a plunge angle of 0° (or near to 0) agrees with
strongly undisturbed sets by debris flow. More debatable is
the case of TD6.1. However, we are aware that we must ex-
ercise caution with these data concerning the method of re-
cording the orientation.

The presence of anthropogenic bone breakage and the ev-
idence lithic tools’ knapping is typical of the debris abandoned
in the contemporaneous living floor. These debris usually
show spatial models that reflect specific socioeconomic be-
haviors through the spatial interdependence between tools and
bones (Domínguez-Rodrigo and Cobo-Sánchez 2017). High
fluvial energy currents can modify the associations between
both types of materials—modification that should be visible in
the lagged and dragged assemblages, again. In the case of
some talus deposits formed by rock debris streams (debris
flow), the destruction of fossil assemblages has also been ar-
gued (Tanner and Hubert 1991). According to the taphonomic
interpretations, the record of TD6.2 was accumulated by re-
peated occupations in which activities such as the transport of
carcasses and butchery and consumption of the meat and mar-
row were developed (Saladié et al. 2012, 2014). It must also
be noted that there was transport of raw material, knapping,
and use of tools (Carbonell et al. 1999b; Mosquera et al.
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2018). If these activities took place in the space in which the
archaeological materials have been recovered, it is to be ex-
pected that we would find spatial distribution models that
show codependence, despite the scarce excavated surface. L
and L cross tests indicate that there are different spatial distri-
bution patterns in the different layers. On the one hand, these
tests indicate that the osteological and lithic samples’ spatial
distribution from TD6.2.4 and TD6.1 is random. This differs
from TD6.2.2/3 and TD6.2.0/1, where there is spatial depen-
dence with tendencies toward aggregation in the first case and
with regular distribution in the second. On the other hand,
when we evaluate the codependence between the osteological
sample and the lithic sample, patterns of aggregation between
both types of materials are observed in TD6.2.4 and TD6.2.2/
3 (Figs. 3 and 6); a slight spatial codependence of regular type
in TD6.2.0/1 (Fig. 9); and a random association in TD6.1
(Fig.11) (Table 5). Thus, TD6.1 is the only subunit that does
not demonstrate any spatial dependence or aggregation be-
tween the materials deposited.

According to these results, the horizontal and vertical spa-
tial association between the types of remains can be consid-
ered spatially codependent and statistically confirmed in the
three sublayers of TD6.2 (Fig. 13). Considering the horizontal
data, TD6.1 seems to show a random association. The associ-
ation between clasts and archaeological remains shows differ-
ent characteristics. Horizontal codependency is demonstrated
in all layers except TD6.2.4. However, the vertical distribution
demonstrates clear independence between natural rocks and
archaeological materials, pointing out that there is no associ-
ation in each other’s accumulation events. The vertical distri-
bution of the lithic and bone remains does not seem affected
by strong gravitational effects since they show an almost nor-
mal distribution. Their almost identical distribution would be
supporting that it is not the fruit of reworked assemblages.

Other evidence spatial statistics tests the spatial statistics
that allows us to evaluate if the assemblages are more or less
disturbed. According to the experiments with high and low
energy flows conducted by Domínguez-Rodrigo et al. (2018),
the segregation of materials is mainly related to the shape of
the bone and the tissue type. In TD6.2 and TD6.1, there is a
strong predominance of bones of flat morphology and cortical
tissue, mainly represented by diaphyses of long bones. To

evaluate the composition of the layers identified in TD6.1
and TD6.2, we performed three correspondence analyses con-
sidering the shape and structure of the bones from the four
archaeological layers, from one sample of an undisturbed
Masai Camp, one sample corresponding to a lag association,
and one experimental sample of periautochthonous drag (with
a maximum transport distance of 20 m; Domínguez-Rodrigo
and Cobo-Sánchez 2017; Domínguez-Rodrigo et al. 2018,
2019a). Figure 4a represents a simple correspondence analysis
where the four archaeological assemblages are homogeneous,
showing a similar representation of bones according to their
shape. The graphic representation statistically supports the
greater presence of flat-shape bones and the greater absence
of cubes and tube-shaped fragments. In this analysis, TD6.2.4,
TD6.2.2/3, TD6.2.0/1, and TD6.1 are situated at a Euclidean
distance like the lag model and the model of the undisturbed
Masai Camp. The result of the transported set is located out-
side the graph, which indicates that the entirety of unit TD6
could be formed by in locus deposited remains and may be
lagged by taphonomic processes that modified their composi-
tion. The result of the analysis of simple correspondences
according to the bones’ structure (Fig. 4b) from the layers of
TD6.2 offers a result very close to that obtained by the group
from the undisturbed campsite. TD6.1 shows a similar dis-
tance between a lag and campsite models. Finally, in the mul-
tiple correspondence analysis (Fig. 14), the four layers are
grouped in the same area, located near an undisturbed sample.
However, TD6.1 is closer to the lag model, which supports a
greater loss of less dense materials in this set than in the others.
The three correspondence analyses seem to be consistent with
the same result. All layers seem to be slightly disturbed, but far
from the transported sample. Currently, the referential frame-
works that we have are still limited, so these inferences, al-
though solid, should continue to be investigated in the future.

If we consider that the covariance and codependency be-
tween materials have not been lost either horizontally or ver-
tically in the layers of TD6.2, it follows that the deposition of
the remains was in locus and they do not have a transport
origin. Although there is a slight loss of materials, whose
structure is mainly spongy tissue, the spatial dependence has
survived, so the processes, although disturbing the osteologi-
cal sample, have not segregated between fauna and industry.

Table 5 Synthesis of the spatial relation of the osteological and lithic remains from TD61 and TD6.2 subunits

Clark-Evans test Osteological sample Lithic tools Relation faunal-lithic remains

TD6.2.4 Clustering Random in short distances Random in short distances Overlapping/codependence

TD6.2.2/3 Clustering Spatial dependence, aggregation Spatial dependence, regular dispersion and
aggregation in long distances
(more than 80 cm)

Overlapping/codependence

TD6.2.0/1 Clustering Spatial dependence, regular dispersion Spatial dependence, regular dispersion Overlapping/codependence

TD6.1 Clustering Random Random Random
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In this regard, it is well known that most processes and taph-
onomic agents affect the bones according to their density, as
they are more susceptible to disappearing than samples mainly
formed by spongy tissue. Four factors point to the looting by
carnivores of meat residues and other tissues abandoned by
hominins (Saladié et al. 2014). These factors are (1) the dis-
tribution of cut marks on the skeleton and their frequencies,
and percussions mainly made in the central areas of the diaph-
ysis of the long bones of the upper and intermediate elements
of the extremities; (2) the frequency of near-epiphysis por-
tions, flat, and compact bones with carnivore tooth marks;
(3) the disappearance of most elements of the axial skeleton;
and (4) the low presence of epiphyses of long bones (ratio
epiphysis/diaphysis = 0.05). If we also consider the presence
of small remains, both osteological and lithic, we can rule out
that physical transport processes may have caused this reduc-
tion. TD6.1 shows a similar model to TD6.2 regarding the
internal composition of the bones according to their shape
and structure. However, unlike the other assemblages, there
is no dependence between osteological and lithic samples.
This loss of spatial association suggests that removing of ma-
terials could be the product of postdepositional processes that
altered previous associations. In this case, the perturbation by
water currents seems to be the most parsimonious hypothesis,
considering the absence of flakes and knapping waste, the
absence of refits, and the remains’ size. However, there are
two issues to be clarified: (1) the observed pattern of TD6.1
indicates that it is a set also deposited in locus, very far from
what matches with a dragged set; and (2) taking into account

the composition of the assemblages of fauna and
H. antecessor specimens, the first origin of the deposition of
these remains is the same or similar to that observed in the
layers of TD6.2, with hominins being the principal actors.
TD6.1 lateral changes regarding the increase of coprolites
and a decrease of anthropogenic activity could be the
consequence of erosions related to water flow processes.

The postpositional modifications of the assemblages do not
contradict these interpretations. Campaña et al. (2016) relied
on the frequencies of the postdepositional modifications de-
scribed in Saladié et al. (2011) to defend their hypothesis on
the secondary position by transporting of the fauna and
H. antecessor specimens inside the sediments. For Campaña
et al. (2016), weathering fits with the origin of the archaeolog-
ical specimens from outside the cave. Behrensmeyer (1978:
153) defined weathering “as the process by which the original
microscopic organic and inorganic components of bone are
separated from each other and destroyed by physical and
chemical agents operating on the bone in situ, either on the
surface or within the soil zone.” Weathering is the damage to
bones produced by exposure to the elements and atmospheric
changes before their burial. Bones and teeth are heated and
cooled, moistened and dried, and frozen and thawed. These
processes may produce a range of changes, from slight mod-
ifications (cracks and slight flaking) to complete destruction
the bones when they are not protected by the sediments. In
TD6, weathering is one of the less abundant modifications,
and in most cases, it is found in stage 1 of the stages proposed
by Behrensmeyer (1978). However, although weathering se-
verity may be directly related to the time of bone exposure,
weathering proceeds at different speeds in different microen-
vironments (Gifford 1977; Behrensmeyer 1978), which
makes it difficult to establish standard ratios. The low frequen-
cy of fissures due to subaerial exposures and their low inci-
dence in the TD6 fossils may be related to the fact that
weathering, in general, is usually lighter when the bones are
protected by vegetation or when they are in caves (Shipman
1981), and certainly not when the bones are located in the
open air, where they are exposed to sun radiation.

It seems that Campaña et al. (2016) assumed that changes
in temperature, humidity, or freezing only affect the bones in
open and uncovered spaces. The sediments excavated in TD6
belong to the cave entrance area, and not to the interior and
dark areas, where the microenvironment undoubtedly has
greater stability, so these and other modifications are usually
less important. If we were in the cave’s interior and dark
zones, it could be tentatively presumed that we would not find
the remains in locus of an anthropic occupation since the mi-
croenvironment itself would make the occupation difficult.

The presence of bones with abrasion could support at least
one entry of a small portion of material from another point of
origin. This modification exists in all layers, being found in
less than 2.5% of the remains, except in TD6.2.0/1, which

Fig. 14 Multiple correspondence analysis displaying the relationships of
taphonomic variables according to bone shape and structure and their
relationship with a lagged, dragged, home base Masai, and TD6.1 and
TD6.2 assemblages
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affects 5.8% of the remains. Shipman (1981) attributed the
rolling of the edges to sediments transported by water, al-
though there may be no correlation between the distance of
transport and the degree of abrasion of the bones (Aslan and
Behrensmeyer 1996), since abrasion can be produced by par-
ticles transported by air and water (Bromage 1984) with no
need for the specimens to be transported. The little movement
of the remains would also explain the scarce presence of tram-
pling in the bones of TD6 since this modification is expected
to be more abundant if the remains were transported. Short
displacements can leave little evidence on bone surfaces, be-
ing the segregation according to its structure and forms the
most reliable evidence we currently have (Domínguez-
Rodrigo et al. 2019a). The microwear analysis conducted on
the test pit lithic assemblage for functional purposes showed
relatively good preservation of the stone surfaces (Sala 1997;
Carbonell et al. 1999b; Márquez et al. 2001). Excluding the
macroscopically evident strong alteration of the chert, espe-
cially the Neogene variety, as well as the loss of grain cohe-
sion suffered by the sandstone specimens, the pieces made of
quartz and quartzite revealed good microscopic surface pres-
ervation. Although light to mid postdepositional surface mod-
ifications (PDSM) have been reported, strong erosion or edge
abrasion pointing to transported pieces was not recorded in
any case. As in the Middle Pleistocene TD10.1 subunit of
the same site (Pedergnana and Ollé, in press), these PDSMs
were interpreted as slight abrasion deriving from the presence
of abrasive particles being transported by water, from the
pressure of the sediments, and/or just by very short displace-
ments. These PDSMs sometimes limited but did not prevent
the traceological study.

The most abundant modifications of the assemblages were
not produced during a possible transport. The uniformity in
the distribution of manganese oxide stains, their location at the
edges of fractures in fresh and dry fracture edges of the bones,
and the absence of secondary coatings and masks suggest that
they were formed once the bones were buried under condi-
tions of sedimentary water saturation (López-González et al.
2006). Postdepositional modifications related to wetting and
drying processes, such as sediment cementations and humid-
ity cracks, show spatial distributions of aggregation between
them and with manganese oxides at all layers. This would be
in accordance with the presence of small runoffs or puddles in
fluctuating drying periods, as sedimentological observations
also suggest.

If we consider all the evidence, the archaeological groups
that form TD6.2 preserve high integrity and resolution for
their archaeological interpretation. According to the composi-
tion of abundant bone remains with taphonomic modifica-
tions, we can interpret (1) that hominins transported carcasses
or parts of carcasses inside of the cave; (2) that they intensive-
ly fractured and discarded the bones, in search of the marrow;
and (3) in a place where they also introduced lithic raw

materials of different varieties, they knapped them and used
the lithic tools. Besides, the recent analysis of the anisotropy
of magnetic susceptibility distributions in the lower part of
TD6.2 shows evidence for and a very low-energy hydrody-
namic sedimentation regime (Parés et al. 2020). No signs of
fabric disruption or evidence for massive transport of the sed-
imentary particles (Parés et al. 2020) had been observed, con-
cluding that there had been no postdepositional perturbation in
the TD6 unit. These conclusions allow us to defend our infer-
ences with greater force.

In the different studies in which these activities have been
described (Carbonell et al. 1999b; Díez et al. 1999; Saladié
et al. 2011, 2014; Mosquera et al. 2018), the TD6.2 subunit
has been reported as the fruit of the hominin activity at a home
base. According to Isaac’s (1978) definition for home base,
which he redefined as a central place of foraging (Isaac 1983),
it is a place where the resources obtained are shared and the
center of the social activity for groups of hunter-gatherers. In
these settlement models, bones and stone tools usually remain
grouped in the same places. The concentrations of bones are
the residues of hunting, transportation of carcasses, food-eat-
ing, and the possible ravaging by carnivores (Stanford and
Bunn 2001). The lithic raw material is also transported and
perhaps accumulated, and the lithic tools are elaborated, used,
and discarded. The presence of large cores of Neogene chert,
showing different stages of production and removals of sev-
eral pieces in their surfaces, indicates sequences of knapping
in place and reinforces the idea of structured occupations ac-
cording to a clear plan (Carbonell et al. 1999b; Mosquera et al.
2018). Other daily and social activities, such as meat sharing,
probably took place in the same area, although we do not have
archaeological evidence for this.

So far, TD6.2 is the oldest European assemblage with these
characteristics. It is to be expected that soon, more evidence
will appear with similar characteristics in nearby geographical
areas, as penecontemporaneous or even older deposits are
more and more abundant (e.g., Arzarello et al. 2007;
Bermúdez de Castro et al. 2008; Toro-Moyano et al. 2013;
Vallverdú et al. 2014). Indeed, to date, TD6.2 is the only site
that preserves high integrity and excellent preservation of the
remains that allows us to investigate the behavior of the first
European populations through the abandoned remains in a
well-preserved living floor. This is especially important to
keep in mind since most TD6 sediments will be excavated in
the future.

Conclusions

The present evaluation of the TD6.2 hominin-bearing deposits
at Gran Dolina indicates that the archaeological specimens
were preserved in locus since nothing indicates reworking,
outside origin and subsequent transport inside the cave of
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the archaeological remains. The archaeological materials from
the TD6.2 layers show spatial codependence between stone
tools and osteological remains, structural properties impossi-
ble to maintain in assemblages transported in same meters,
neither by high energy flows nor by low energy flows or
gravitational action. Other pieces of evidence supporting the
deposition in locus are the presence of elements of all sizes
and the short-distance lithic refits, some of them related to
knapping events. All available evidence supports the idea that
the archaeological materials of these layers are the product of
anthropogenic activity in a place of residential activity.
Although carnivores are the main cause of the loss of osteo-
logical material, the sequence observed in TD6.2 suggests that
carnivores’ ravaging after hominin activities did not disturb
the initial spatial associations, at least considerably. However,
their activity is observed in the removal of cancellous tissue
portions (postcranial axial skeleton and epiphyses). The com-
position of the materials according to their shape also was
altered, hence the overrepresentation of flat bones mainly rep-
resented by diaphysis of long bones. This character is also the
result of the loss of elements of lower density (cancellous and
mixed structure).

Regarding TD6.1, despite showing the same pattern in the
structural features of bones, the spatial associations are ran-
dom. This highlights the independence between stone tools
and osteological materials. In this group, a reduced presence
of smaller materials and the absence of lithic refits have also
been reported. These characters suggest that, despite possible
ravaging of carnivores, other processes also affected the as-
semblage, perhaps water flows. However, the assemblage
does not correspond to a dragged assemblage, but to a
lagged one. Consequently, the archaeological material of
TD6.1 was deposited in locus by the hominins, in the
same way as TD6.2, at least in the space in which the
sample has been preserved.

The four assemblages studied (TD6.2.4, TD6.2.2/3,
TD6.2.0/1, and TD6.1) show a similar composition of struc-
tural characters of the bones. This is not surprising if we con-
sider that most of taphonomic actors and processes modified
the composition of archaeological samples in correlation with
the density of bones and their portions. The proxies used by
the methodological approaches related to spatial taphonomy
have been key tools in evaluating the alterations that affected
these assemblages by postdepositional processes.

Layers of TD6.2 have the highest integrity and expected
preservation in an Early Pleistocene assemblage, considering
that during the formation of the deposits, the processes of
accumulation and reduction are common in a systemic con-
text, and neither the sedimentary processes nor the anthropo-
genic activity is continuous overtime in the studied deposits.
Reaffirming our previous interpretations (Saladié et al. 2011,
2012, 2014; Mosquera et al. 2018), TD6.2 was little affected
by geological processes, so the composition and position

derived from the archaeological remains are excellent for the
interpretation of human settlement in Gran Dolina and the
early settlements of Europe.
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