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a b s t r a c t

Two clearly differentiated techno-complexes can be recognised in the Iberian Peninsula during the
second half of the Middle Pleistocene: the Acheulean and the Middle Palaeolithic. In this paper we
present the current state of research on both technological entities, and propose that they represent two
different industrial traditions. The Acheulean, a techno-complex that originated and developed in Africa,
is considered to have reached Western Europe via Gibraltar, and developed only to a limited extent. In
contrast, relict populations with a different technological tradition would have been present on the
European continent since the late Early Pleistocene and developed a technological tradition was based on
the development of chaînes operatoire of d�ebitage. From MIS 10 on these industries had reached a high
degree of complexity and diversity.

© 2015 Elsevier Ltd and INQUA. All rights reserved.
1. Introduction

The Iberian Peninsula has only lately begun to play a leading role
in the most recent debates about the evolution of the European
Ancient Palaeolithic (i.e. Otte,1996; Jaubert,1999; Roebroeks, 2006;
Delagnes et al., 2007; Hopkinson, 2007; Sharon, 2007; Rolland,
2010). The historical development of the discipline throughout
the 19th and 20th centuries traditionally took place in France,
where the concepts of the Acheulean and Mousterian were born
(Sackett, 1981; Monnier, 2006; Groenen, 2008). Although in-
vestigations in Africa have dramatically altered our notion of the
Acheulean techno-complex in recent decades (Isaac, 1969, 1972;
Gowlett, 1986; Clark, 1994; Lycett and Gowlett, 2008; Diez-Martín
and Eren, 2012), we believe that previous schemes underpin
many hypothesis regarding the technological traditions docu-
mented in the Early and Middle Pleistocene of Southern Europe
(Tuffreau, 2004; Nicoud, 2013).

Sites of this period currently known in Spain (Fig. 1) are very
numerous in the fluvial formations of the Atlantic basins and have
well-established chronologies (Bridgland el al., 2006; Santonja and
ntonja).
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Villa, 2006; Santonja and P�erez-Gonz�alez, 2010). This is based both
on a detailed knowledge of the morphostratigraphic sequences of
the valleys in which they occur, and on a significant number of
numerical dates (Santonja and P�erez Gonz�alez, 2002; Falgu�eres
et al., 2006; Cunha et al., 2008; Martins et al., 2009, 2010; Panera
et al., 2011; Moreno et al., 2012; L�opez-Recio et al., 2013; P�erez-
Gonz�alez et al., 2013; Santonja et al., 2014a,b). The present syn-
thesis regarding the Acheulean and Ancient Middle Palaeolithic is
focused on these chronological aspects.

The concept of technocomplex that we adopt here is based on
the assessment of the chaînes operatoires (Geneste, 1985; Perl�es,
1991; Soressi and Geneste, 2011) and on the distinction between
d�ebitage processes focused on the production of flakes from the
systematic exploitation of blanks and shaping processes, whose
aim was the production of unique tools through the implementa-
tion of well defined knapping schemes (B€oeda et al., 1990; Bo€eda,
1991; Inizan et al., 1992; Bo€eda, 2001). Through making use of
these concepts, we believe it is possible to distinguish two clearly-
differentiated techno-complexes in the SW European Pleistocene:
the Acheulean and Industries of cores and flakes that ultimately
evolved into what is commonly known as the Middle Palaeolithic
andMousterian. The Acheulean techno-complex is characterised by
the predominance of chaînes operatoires (c.o.) of façonnage, often
lacking exclusive characters, together with independent or
Acheulean and Ancient Middle Palaeolithic techno-complexes in the
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Fig. 1. Map of the Iberian Peninsula indicating the rivers and sites mentioned in the text. 1: Porto Maior; 2: Gruta da Aroeira; 3: El Sartalejo; 4: Manzanares river sites; 5: Jarama
river sites; 6: Pinedo; 7: Puente Pino; 8: Atapuerca sites (Galeria and Gran Dolina); 9: Torralba; 10: Ambrona; 11: Cuesta de la Bajada; 12: La Boella; 13: Bolomor cave; 14: Solana del
Zamborino; 15: Cueva del Angel; 16: Cave of Las Grajas.
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interactive c.o. of d�ebitage (Bo€eda, 1991). Flake and core industries
would assimilate other techno-complexes in which the c.o. of
d�ebitage take preference, not excluding the presence of c.o. of
façonnage, which can become complex in Mousterian contexts
(Bo€eda, 2001; Molines et al., 2001). Finally, an alternative hypoth-
esis to the traditional evolutionary proposal is discussed, as well as
other more recent hypotheses, which define the independent
origin of the European lithic industries with bifacial macro-tools.
2. The European Acheulean. The sequence in the Iberian
Peninsula

In the European continent the Acheulean techno-complex is a
phenomenon clearly restricted to the southern regions, the mani-
festations of which become increasingly weak northwards up the
River Rhine, and is unknown in Central Europe and the Russian
plain (Fig. 2). This suggests that it probably arrived on the continent
via a southern route (Santonja and Villa, 2006; Doronichev and
Golovanova, 2010; Bar-Yosef and Belfer-Cohen, 2013; Rocca, 2013).

The Acheulian techno-complex in the Iberian Peninsula and in
southern France shows technological features in common with the
African Acheulean (Clark, 1994; Sharon, 2007). Shaping is dominant
in the c.o. of these industries, and production is often oriented to-
wards obtaining large flakes that can be used as blanks for making
large bifacial artefacts. The elaboration of tools by retouch is not
common. The essential characteristics of these industries e the
presence of cleavers, for instance e remains largely unclear in the
more northern latitudes, even in regions originally described as
“classic Acheulean”, such as the Somme basin in the north of
Please cite this article in press as: Santonja, M., et al., The coexistence of
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France, where the techno-complex was first recognised and defined
in Europe (Jaubert and Servelle, 1996; Santonja and Villa, 2006;
Mourre and Colonge, 2007; Tuffreau et al., 2008; Turq et al., 2010).

The Acheulean is mainly found in open-air sites, and its pres-
ence in caves has only been reported from a relatively restricted
number of locations, namely, the lowest levels of l'Arag�o in
southern France, the Gruta de Aroeira in Portugal and, to a lesser
degree, in Montmaurin, Haute Garonne, France, and Galería, Ata-
puerca, Spain (Lumley and Barsky, 2004; Turq et al., 2010;
Hoffmann et al., 2013; Oll�e et al., 2013; García-Medrano et al.,
2014). In the case of Galería, the updated information for the
lithic assemblage has been described for complex stratigraphic
units (GII and GIII), but it is not defined for the archaeo-
palaeontological levels (GIIa, GIIb; GIIIa, GIIIb), making it difficult
to interpret the intensity of Acheulean presence at this site. In the
Iberian Peninsula, the Acheulean lithic industries are equally
generally recorded in open air contexts. They reach a high density
in certain fluvial formations of the Atlantic coast, from the Mi~no
river (Galicia) to the Guadalquivir river (Andalucía) (Santonja and
P�erez-Gonz�alez, 2002, 2010). Sometimes, high concentrations of
lithic industries can be observed, for which parallels can only be
found in Africa (Fig. 3).
2.1. The Tagus Basin sequence

One example, which may be viewed as representative of the
evidence from all these basins, is that of the Tagus Basin, especially
in the middle course of the River Tagus and the lower courses of the
Manzanares and Jarama rivers (Table 1). The largest known
Acheulean and Ancient Middle Palaeolithic techno-complexes in the
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Fig. 2. Territories where the Acheulean LCT technocomplex (A) is present and Euroasiatic areas where Acheulean industries with low presence of LCTs have been recorded.

Table 1
Sequence of terraces of the Tagus, Jarama and Manzanares rivers (Based on P�erez-
Gonz�alez, 1980, 1994; Santonja and P�erez-Gonz�alez, 1997; Panera et al., 2011). 1
Arganda I, II and III are units of Complex Terrace of Arganda (P�erez-Gonz�alez, 1971;
P�erez-Gonz�alez et al., 2013). 2 Complex Terrace of Butarque (Goy et al., 1989; Panera
et al., 2014).

Serie Tagus Jarama Manzanares

Toledo Mejorada e Arganda Madrid

Holocene +1e1.5 m
+3e5 m +4e5 m +4e5 m

Late Pleistocene +4e6 m +8 m
+12e15 m

+20 m +18e20 m/A III1 +18e20 m/CTB2

Middle Pleistocene +23e24 m/AII1

+30 m +25e30 m/CTB2?
+30e32 m/A I1

+40 m +35e40 m
+40e41 m +44e46 m

+50 m +52e54 m
+52e53 m

Lower Pleistocene +60 m +60e65 m +60 m
+68e72 m

+75e80 m
+85 m +82e83 m +80e85 m
+95 m +90e100 m +95 m
+105 m
+115 m
+125 m +125e126 m

+147e148 m
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concentration of Palaeolithic sites in the Iberian Peninsula is found
along the Manzanares valley, between the centre of Madrid and its
confluence with the Jarama River da 22 km long valleyd, and in
the lower section of the Jarama river. In the Tagus valley, a sequence
of 12 terraces has been identified (P�erez-Gonz�alez et al., 1994). The
Brunhes-Matuyama boundary has been established in the þ60 m
terrace of this valley (P�erez-Gonz�alez et al., 1994; Pinilla et al.,
1995). Also, a minimum date of 292 ka has been established by
luminescence dating (quartz-OSL and pIRIR on K-feldspar)
for þ25e30 m terrace (L�opez-Recio et al., 2013). On the upper and
middle courses of the Manzanares and Jarama valleys, 12 and 19
stepped alluvial terraces have been identified respectively (P�erez-
Gonz�alez, 1994). On the lower courses, terraces lower than 30 m
have been affected by synsedimentary subsidence due to the
karstic dissolution of the gypsum in the substrate. This process has
produced a great thickening of the fluvial deposits, as well as su-
perposition of deposits from different terrace levels, which can
reach over 40 m. These have been named the Complex Terrace of
Butarque and Complex Terrace of Arganda respectively (P�erez-
Gonz�alez, 1971; Goy et al., 1989; P�erez-Gonz�alez et al., 2013;
Panera et al., 2014). In the Jarama valley, the Brunhes-Matuyama
palaeomagnetic reversal has been identified in sediments be-
tween the end of the formation of the terrace þ60e65 m and the
initial incision of the next terrace at þ50e55 m (P�erez-Gonz�alez
et al., 2013). In the Manzanares valley, the limit between the
Early and theMiddle Pleistocene has been tentatively established at
the þ68e72 m terrace (Goy et al., 1989). However, judging by the
previous data, theþ60m terrace was probably formed at the end of
the Early Pleistocene. In the Jarama river, a combination of nu-
merical dates obtained by aminoacid racemization (AAR), together
with the evolutionary state of the microvertebrates, suggest cor-
relation of the level of the þ30e32 m terrace, to MIS 11 or the
beginning of MIS 9, the level of the þ23e24 m terrace to the
beginning of MIS 7, and the level of the þ18e20 m terrace to be-
tween MIS 6 and MIS 5. In the Manzanares River valley,
the þ25e30 m terrace has been attributed to MIS 11e12 on the
basis of the presence of Megaloceros savini at the Transfesa site
Please cite this article in press as: Santonja, M., et al., The coexistence of
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(Mazo, 2010), and the visible extent of the Complex Terrace of
Butarque (zT þ 18e20 m), spans from MIS 6 to MIS 4 (P�erez-
Gonz�alez et al., 2008; Silva et al., 2012; Ses�e and L�opez-Martínez,
2013).
2.2. Chronology of the Iberian Acheulean

The Acheulean techno-complex in the Iberian Peninsula has
been dated to the second half of the Middle Pleistocene, with
Acheulean and Ancient Middle Palaeolithic techno-complexes in the
15), http://dx.doi.org/10.1016/j.quaint.2015.04.056



Fig. 3. General views of the area excavated at Porto Maior site (Pontevedra) in 2014. The observed accumulation of the lithic industry contains mainly LCTs (58 bifaces, 6 picks, 4
cleavers and 15 large flakes), as well as large quartzite cobbles which were brought to the site. The sedimentary environment corresponds to an overbank fluvial facies.
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various chronologies indicating that it does not pre-dateMIS 12 and
could extend to younger than MIS 8. On occasion, industries earlier
thanMIS 12 have been attributed to the Acheulean techno-complex
in the Iberian Peninsula. The site of Barranc de la Boella (Tarragona)
preserves remains of Mammuthus meridionalis and a lithic industry
in levels with reversed magnetic polarity, which have been dated
by cosmogenic nuclides to between 0.87 and 1.07 Ma (Vallerdú
et al., 2014). The lithic industry comes from three different places
and from different levels. There are a total of nine small series
which contain between 8 and 66 pieces, and a larger one (P1L level
II) with 125 pieces. The last has yielded only 8 slightly retouched
flakes (notches and denticulates) and a piece made on a flake of
larger size, which has been identified as a pick with elemental
configuration (Vallerdú et al., 2014). However, the series from La
Boella, mainly consisting of broken flakes and angular fragments,
does not offer clear technological features that suggest an “Early
Acheulean” interpretation, even though on the African continent,
Acheulean technology is perfectly developed at the time of La
Boella. The presence of the Acheulean techno-complex in North
Africa during the Early Pleistocene (Rhodes et al., 2006) suggests
that its appearance in Europe could have occurred over a compa-
rable chronological range, although, evidence to support such
theory are so far unavailable.

In the Tajo, Jarama and Manzanares valleys, knapped stone
items have been found in terraces dated to the end of the Early
Please cite this article in press as: Santonja, M., et al., The coexistence of
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Pleistocene and the first half of the Middle Pleistocene. However,
the recorded lithic assemblages become more common at
the þ30 m terrace in the Tagus valley, the þ30e32 m terrace in the
Jarama valley, and þ25e30 m terrace in the Manzanares valley.
Acheulean technology with large cutting tools (LCTs) has been
confirmed in abundant assemblages found in all these terraces,
several of which have been excavated, such as Pinedo and Puente
Pino in the Tagus Valley (Querol and Santonja, 1979; Rodríguez de
Tembleque et al., 2005), Transfesa/Tafesa (Baena and Baquedano,
2010) in the Manzanares Valley, and �Aridos 1 and 2 in the Jarama
Valley (Santonja et al., 1980). Fluvial deposition has determined the
availability of raw materials used in lithic production and consti-
tutes an important factor in the configuration of lithic types. Thus,
LCTs are best represented in the Tajo and Jarama river valleys,
where quartzite is abundant, as opposed to the Manzanares valley
where this raw material is not available and flint is more easily
found. Bifaces are generally themost frequent type of tool, followed
by choppers, whereas cleavers and trihedrals are sporadically
present.

In the Duero Basin, characteristic Acheulean sites are known
from the þ20 m terrace of the Tera River, in Zamora, and in
the þ22 m terrace of the River Tormes, in Salamanca. An indication
of the probable chronology of these terraces comes from an ESR age
of 230 þ 30 ka, based on the Al centre measured in quartz grains
obtained from a broadly equivalent terrace level (þ12e17 m) in the
Acheulean and Ancient Middle Palaeolithic techno-complexes in the
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Arlanz�on River valley, Burgos (Moreno et al., 2012). In the Jarama
valley, the Acheulean site of Valdocarros, located in the strati-
graphic unit of Arganda II (¼T þ 23e24 m), has been dated by AAR
to 254 ± 47 and 262 ± 7 ka (Panera et al., 2011). In the Manzanares
valley, the latest dates obtained in relation to the Acheulean in-
dustries correspond to the lowest levels of the visible extent of the
Complex Terrace of Butarque, which might correspond to MIS 6. In
this complex terrace, the Oxígeno archaeological site displays an
extensive and characteristic Acheulean lithic series. Elsewhere, at
the Acheulean sites of Torralba (Soria, Spain) and Duclos (Pyr�en�ees
Orientales, France), both of which have produced cleavers (Fig. 4),
Fig. 4. Torralba site Acheulean industry. 1 and 3: flint amygdaloid bifaces; 2: limestone oval-s
Kombewa flake. Numbers 1, 2, 4, 7 and 8 excavation by F. C. Howell (1961e1962). Numbers 3

Please cite this article in press as: Santonja, M., et al., The coexistence of
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there are OSL multigrain aliquot dates of 209 þ 22 ka and
174 þ 19 ka, and TT-OSL dates of 189 þ 13 ka (top of level BTII), and
235 þ 17 ka and 274 þ 18 ka (bottom of level BTII) respectively
(Falgu�eres et al., 2006; Hern�andez et al., 2012; Santonja et al.,
2014a).
3. The Middle Palaeolithic sequence of the Middle Pleistocene
in the Iberian Peninsula

From the end ofMIS 9 or beginning ofMIS 8, sites with European
Ancient Middle Palaeolithic (EAMP) industries are known
haped biface. 4e8: cleaver on flake in quartzite (n� 4, 5, 7 and 8) and flint (n� 6), n� 8 on
, 5 and 6 excavation by the Marquis of Cerralbo (1909e1913). Drawings by Raquel Rojas.

Acheulean and Ancient Middle Palaeolithic techno-complexes in the
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throughout southern Europe and, unlike the Acheulean, they are
found both in caves and in open-air sites (Moncel et al., 2005;
Bourguignon et al., 2008; Koehler, 2008; Richter, 2011). Over the
last few years, the number of EAMP sites has increased significantly,
especially in the Iberian Peninsula, where they were previously
largely unknown. In some cases, the dates of these new EAMP sites
have been attributed to MIS 10, and they are therefore significantly
earlier than some true Acheulean sites. The most representative
EAMP open-air Iberian sites are Cuesta de la Bajada (Teruel),
Ambrona (Soria) and Solana del Zamborino (Granada). Cave sites
with representative EAMP industries include Bolomor (Valencia),
Gran Dolina (Burgos), Cueva de las Grajas (M�alaga) and possibly
Cueva del �Angel (C�ordoba).

3.1. Cuesta de la Bajada

The Cuesta de la Bajada site is located in the T4 terrace fluvial
sequence (þ50e53 m) of the Alfambra River. It consists of 10 fill-
strath stepped terraces with relative heights ranging
between þ2 e 3 m (T10, present-day floodplain), and þ103e104 m
(T1). The results obtained using OSL (264 þ 22/293 þ 24 ka) and
ESR (264 þ 42/350 þ 49) dating display good internal and cross-
methodological consistency permitting the most likely age of the
site to be placed in MIS 8 or 9 (243e337 ka). This chronology is also
consistent with the evidence from the microfaunal evolutionary
stage (Santonja et al., 2014a).

The site was formed around a pond not far from a river and
contains remains of large macrofauna, such as equid, cervid and
other taxa. The formation process and the presence of a consider-
able amount of small debris such as numerous bone fragments
imply that the archaeological assemblage is essentially preserved in
an autochthonous position.

The preservation of all phases of the chaîne op�eratoire confirms
that knapping was performed in situ. The tools and flakes origi-
nated from reshaping and, together with the cut marks observed on
bones, constitute clear evidence that the former were used on-site
prior to being discarded. Blocks displaying traces of impact marks,
especially Neogene limestone blocks, can be found together with
fractured bones. Some of the percussion activities are thought to be
related to the processing of animal remains (Santonja et al., 2014a).

The process of lithic production at Cuesta de la Bajada is very
different from the functional solutions of the European Acheulean
techno-complex, which is characterised by volumetric concepts of
bifacial shaping and the production of large support flakes. Instead,
Cuesta de la Bajada represents a technology focused on d�ebitage,
the application of technical concepts such as ramified production
sequences (Bourguignon et al., 2004), and the recycling of flakes via
resharpening of tools and exhausted cores. This kind of technology
reaches its full development with the Mousterian industries, and
can also be found in the preceding Middle Pleistocene Southern
European core, flake and tool industries, as well as in Central
Europe at sites such as Bilzingsleben, Vertessz€ol€os and Sch€oningen,
which have been dated toMIS 9/MIS 11 (Rocca, 2013 and references
therein), similar to Cuesta de la Bajada.

3.2. Open air sites: Ambrona middle and Solana del Zamborino

The lithic industry of the middle stratigraphic unit of Ambrona
(Rubio-Jara, 1996; Santonja and P�erez-Gonz�alez, 2006), which has
been dated to ~350 ka by combined ESR/U-series of fossil teeth
(Falgu�eres et al., 2006), displays discoidal d�ebitage (cf. Mourre,
2003) and the use of soft hammerstones in retouching. It also
shows a reduced bifacial component, usually bifaces-tool support
(Bo€eda, 2001) and is characterised mainly by the development of
flake tools, scrapers and denticulates (Fig. 5). The industry of Solana
Please cite this article in press as: Santonja, M., et al., The coexistence of
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del Zamborino (Jim�enez et al., 2011), with an estimated age of
~300 ka, based on the association of micro-mammals, is charac-
terised by the development of d�ebitage and flake tools, in associa-
tion with bifaces-tool support, as described for the middle unit of
Ambrona.

3.3. Gran Dolina Atapuerca site

The industry of the upper part of the Gran Dolina (Atapuerca
complex, Burgos), the TD10 stratigraphic unit, has been interpreted
during the last years as a paradigm of a supposed Mode 2/Mode 3
transition (Oll�e et al., 2013). The ~4 m-thick TD10 level has been
divided into four subunits labelled, from top to bottom, as TD10.1/2/
3/4. The two topmost subunits have been excavated and have un-
covered three sets of ~50-cm thick levels (TD10.1 Upper, TD10.1
Lower and TD10.2). ESR/U series dates obtained for the upper and
lower part of TD10.1 are 337 ± 29 ka and 379 ± 57 ka, respectively,
whilst for TD 10.2, the corresponding dates are 337 ± 51 ka and
418 ± 63 ka (Falgu�eres et al., 1999). These ESR/U-series dates
indicate that the section was deposited sometime during late MIS
11, MIS 10 or early MIS 9. However, TL dating on polymineral fine-
grain fractions of the lower section at TD 10.2 has produced a
younger age of 244 ± 26 ka; i.e., within MIS 8 (Berger et al., 2008).
The known industry of TD10.1 and TD10.2 lacks the characteristics
typical of the Acheulean techno-complex and may be accepted as
EAMP. The knapping systems are characterised, according to the
excavators (Oll�e et al., 2013), by the predominance of centripetal
schemes that would also include Levallois methods. The latter, in
fact, do exist at this site (see Figs.13c and 18f of Oll�e et al., 2013; also
M.S. personal obs.), although the particular methodology applied to
the Atapuerca assemblage (LogicaleAnalytical System) does not
permit assessment of the data with sufficient precision. The main
component of the consumption phase of the c.o. in the three levels
is the transformation of flakes (by retouching) into conventional
Mousterian assemblage tools. A shaped macro-industry is rare in
TD10.2 and in Upper TD10.1. In Lower TD10.1, it is limited to 15
bifaces and 3 cleavers out of a total of 616 tools (2.9%), and seems to
be characterised as at Ambrona, Solana or Cueva del �Angel by
bifaces-tool support (cf. Fig. 21 of Oll�e et al., 2013). The industrial
assemblage of TD10 is therefore considered to provide evidence of
the transition between Mode 2 and Mode 3. Importantly, however,
the preceding level (TD 10.2) at Dolina lacks Acheulean elements,
and has been already accepted as representative of Mousterian
technology (Oll�e et al., 2013), an opinion with which we agree.

3.4. Other cave sites: Bolomor, Cueva del �Angel and Las Grajas

The cave of Bolomor (Valencia) is another site where a long
occupation has been recorded, spanning from the mid-Middle
Pleistocene to the beginning of the Upper Pleistocene (MIS 9 to
5). The three lower phases at this site have a Middle Pleistocene
date. Phase I and Phase II (l. XIV) have been dated by AAR to
525 ± 125 ka and by TL to 233 ± 35 ka and 225 ± 34 ka, respectively.
Throughout the whole sequence, Middle Palaeolithic type in-
dustries do not indicate any influence of the Acheulean techno-
complex. With the exception of the rare Levallois d�ebitage found
in Phase III (attributed to MIS 6), the industry of Bolomor is centred
on the ramified production of small flake tools and exhausted cores,
and shows a variability that indicates a clear economy of raw ma-
terials and of d�ebitage (Fern�andez-Peris et al., 2008).

Cueva del �Angel (C�ordoba), with its characteristic flake and
bifaces-support Mousterian industry (Barroso-Ruiz et al., 2011, cf.
Fig. 11, p. 121), offers close parallels with Solana and even with
Ambrona, despite lacking Levallois d�ebitage and having a more
younger preliminary U-series age of ~120 ka. The associated fauna
Acheulean and Ancient Middle Palaeolithic techno-complexes in the
015), http://dx.doi.org/10.1016/j.quaint.2015.04.056



Fig. 5. Middle Palaeolithic flint industry (except n� 3 on quartzite) from Ambrona (middle stratigraphic unit). 1e7: Several types of scrapers on flake; 8e11: Resharpening flakes.
Excavation by Santonja and P�erez-Gonz�alez (2013e2014). Drawings by Raquel Rojas.
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at Cueva del �Angel may correspond to the latest part of the Middle
Pleistocene, indicating that the site may in fact be older than the U-
series results suggest.

The cave of Las Grajas (M�alaga), still poorly known despite
having been intensively excavated between 1972 and 1976, com-
prises a long sequence that has been assigned toMIS 8, according to
the evolutionary stage of the microfauna (Ses�e and Sevilla, 1996).
The industrial assemblage of Las Grajas, which completely lacks an
Acheulean macro industry, has been considered as Mousterian of
Please cite this article in press as: Santonja, M., et al., The coexistence of
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non-Levallois facies (Benito del Rey, 1982), and it also includes
characteristic ramification processes.

4. Discussion and conclusions

There is a clear coexistence of assemblages with Acheulean and
Middle Palaeolithic affinities during the final third of the Middle
Pleistocene in the Iberian Peninsula. According to the chronologies
of Ambrona, Gran Dolina TD10, and Cuesta de la Bajada, the Middle
Acheulean and Ancient Middle Palaeolithic techno-complexes in the
15), http://dx.doi.org/10.1016/j.quaint.2015.04.056
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Palaeolithic industry began at least as early as MIS 10/MIS 9.
Similarly, the chronologies developed for Valdocarros, Torralba and
the terraces around þ20 m of the Duero basin show that charac-
teristic Acheulean industries were present as late as MIS 6. In the
south of France, the situation seems very similar (Moncel et al.,
2005; Mourre and Colonge, 2007; Bourguignon et al., 2008;
Hern�andez et al., 2012).

In northern France, however, the frequency of the Acheulean
techno-complex s.s. is lower compared to the Iberian Peninsula or
Aquitaine, and the Acheulean seems to have disappeared at some
point after MIS 9. From this period onwards, it can bewidely shown
that flake-core-tool industries collectively assigned to EAMP
reached a technological development comparable to that of the
Mousterian in the Upper Pleistocene (Koehler, 2008; Scott, 2010;
Richter, 2011). At the same time, however, sites with flake-core
industries and tools, and with chronologies spanning either the
pre- or post-MIS 9 period, can be clearly recognised in central and
eastern Europe, where the Acheulean has never been found
(Doronichev and Golovanova, 2010; Haidle and Pawlik, 2010; Rocca,
2013).

Certainly, behavioural aspects should be taken into consider-
ation in a discussion of the changes that occurred in the European
societies of the later Middle Pleistocene (Villa, 2006, 2009; Chazan,
2009; Villa and Lenoir, 2009). However, herewe focus our attention
exclusively on the industry, with a particular emphasis on the
theoretical evolutionary relationship between the two technolog-
ical entities known to have occurred during the Ancient European
Palaeolithic.

This debate has frequently been brought up independently of
the dichotomy observed between the southernmost territories and
the rest of the subcontinent (Monnier, 2006; Hopkinson, 2007;
Moncel et al., 2011, 2012). Sequences such as that recognised in
the Somme basin, north France, more than 30 years ago (Koehler,
2008; Tuffreau et al., 2008), seemed to justify the hypothesis of a
transformation between the Acheulean and the Mousterian that
occurred through different intermediate facies. This hypothesis is
represented by situation E (Fig. 6) of themodel discussed by Chazan
(2009, cf. Fig. 1, p. 239). From MIS 8 onwards, the region is char-
acterised by industries with heterogeneous technological balances:
particularly Cambresian facies grouping assemblages with a clear
Acheulean influence, Epi-Acheulean facies integrating series with
some Acheulean elements and a more significant Mousterian
component, and, some time later (from MIS 7 onwards), fully
Mousterian industries such as Biache, Le Rissori or Therdonne,
Fig. 6. Potential temporal relationships between two autonomous archaeological en-
tities (here, techno-complexes). A. Total overlap in time. B. Clear temporal separation.
C. Continuity without transitional period. D. Partial overlap in time. E. Transitional
interface period. F. Partial overlap in time and mutual influences but non transitional
interfaces (according to Chazan, 2009, modified).
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which show a normalised production of Levallois blanks (Tuffreau,
1992; Koehler, 2008; Tuffreau et al., 2008).

However, the Acheulean s.s. and Mousterian s.s. industries that
coexist for around 150 ka in the Iberian Peninsula and Aquitaine
show a different situation, and appear to be more consistent with
model D rather than model E of Chazan (Fig. 6). If we examine the
general scenario from the south of Europe, the intrusive character
of the Acheulean techno-complex in the Ancient European Palae-
olithic seems evident, as has been already suggested (Otte, 2001).
Under this scenario, the Acheulean would have reached Europe
through Gibraltar (Santonja and Villa, 2006; Santonja and P�erez-
Gonz�alez, 2010) at a later date than its appearance in Africa, Mid-
dle East, India and probably SE Asia.

It would have then spread throughout Europe in territories
already occupied by human groups that were, since the Early
Pleistocene, developing technologies exclusively based on the
exploitation of cores and natural blanks to produce flakes. This
technology had its own evolutionary dynamics, and was far from
any volumetric conception typical of the Acheulean (Schick, 1998;
De-Bono and Goren-Inbar, 2001; Otte, 2001; Lycett and Gowlett,
2008; James and Petraglia, 2009; Lycett et al., 2010; Diez-Martín
and Eren, 2012). The rawmaterial has not been a determining factor
on the production of bifaces or macro tools in any of the considered
sites. This becomes particularly evident in the cases of Cuesta de la
Bajada, Ambrona or Gran Dolina (Santonja y P�erez Gonz�alez, 2002;
Oll�e et al., 2013; Santonja et al., 2014a,b), which have yielded
representative chaines operatoires, where the supply of raw ma-
terials occurred in areas next to the sites and where clasts of sizes
(allowing manufacture of large tools) have been recorded. This is
particularly evident in Ambrona, as the raw materials and their
supply areas co-occur in the lower and middle stratigraphical unit,
with Acheulean and Middle Palaeolithic industries respectively.
Representative examples of such industries can be observed at
Orce, Atapuerca-Sima, Elefante, Happisburgh 3, Atapuerca-TD6,
Cueva Negra de Quípar, Isernia, La Micoque or High Lodge in
Western Europe (Ashton, 1992 econtra Gibbard et al., 2009e;
Peretto, 1994; Bridgland et al., 2006; Parfitt et al., 2010; Turq
et al., 2010; Toro et al., 2011; Jim�enez-Arenas et al., 2011; Oll�e
et al., 2013), and in Sinyaya Balka, Kozarnica, Stranska Skala, Kor-
olevo, Vertessz€ol€os, Sch€oningen, Bilzingsleben and Neumark Nord
3 in central and eastern Europe (Terberger, 2006; Haidle and
Pawlik, 2010; Doronichev and Golovanova, 2010; Richter, 2011;
Rocca, 2013). The recognition of an evolutionary dynamic in the
European industries of cores and flakes allows the assessment of all
these series as a non-Acheulean techno-complex of “Mode 2”, an
interpretation that had already been suggested for some of the
lower levels of Arag�o (Lumley and Barsky, 2004) and that could also
be perfectly applicable to the industry of Atapuerca TD6 (cf. Oll�e et
el., 2013), and even more clearly to that of Isernia (Galloti and
Peretto, 2015).

This scenario is equally not consistent with that developed in
Chazan's model. Instead, the situation we observe across southern
Europe seems to correspond better to an evolutionary process of
European populations with core and flake industries that were
superimposed by human groups of African origin associated with
an Acheulean technology. The timing of this event corresponds to
sometime during the Middle Pleistocene, certainly by MIS 12 but
possibly as early as MIS 16, according to some authors (Antoine et
al., 2010; Moncel, 2010). The appearance of the Acheulean tech-
nology in Europe is therefore an unresolved topic. Dates older than
MIS 12 indicated for some Acheulean sites in southern Europe, such
as L'Arag�o (Falgu�eres et al., 2004; Barsky and de Lumley, 2010)
Notarchirico (Pilleyre et al., 1999; Lef�evre et al., 2010) e single
determinations carried out a long time ago-, or La Noira (Moncel
Acheulean and Ancient Middle Palaeolithic techno-complexes in the
015), http://dx.doi.org/10.1016/j.quaint.2015.04.056



M. Santonja et al. / Quaternary International xxx (2015) 1e11 9
et al., 2013), require confirmation through implementation of other
methodologies (Demuro et al., 2014).

This superimposition would have taken place in a context
characterised by very low population densities, and large areas that
remained almost uninhabited during the coldest periods, even in
the south of Europe (Dennell et al., 2011; MacDonald et al., 2012;
Bermúdez de Castro et al., 2013). The possible contacts between
hominin groups, with decreasing intensity from south to north,
could have produced multiple and heterogeneous responses
(Fig. 6F). The lithic industries of the end of the Middle Pleistocene
(MIS 8 to MIS 6) show different technological solutions which may
partly come from mutual influences of both Acheulean and Middle
Palaeolithic techno-complexes. These responses are difficult to
identify in detail, given the geochronological control available and
the information provided by the sequences and sites known to date.
The non-linear evolutionary scenario we propose has a good
counterpoint in recent anthropological models that recognise a
variety of lineages in the European Middle Pleistocene and the
African roots of H. heidelbergensis (Rightmire, 2008; Mounier et al.,
2009; Miraz�on Lahr, 2010; Tattersall, 2011) e connections that in
the past have been explicitly related to the expansion of the
Acheulean techno-complex (Hublin, 2009)-, as well as the signifi-
cant autonomy of the Eurasian populations in relation to those of
the African continent (Dennell et al., 2010; Bermúdez de Castro
et al., 2013).
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