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a b s t r a c t

The highest concentration of Palaeolithic sites known in the Iberian Peninsula is located in the lower
stretches of the Manzanares and Jarama rivers. This area, together with a number of zones in the Tagus
valley, constitutes one of the most important archives for the knowledge of the European Pleistocene.
The purpose of this paper is to establish the chronological frame and the technological strategies
implemented in manufacturing lithic tools during the Acheulean techno-complex in the middle stretch
of the Tagus basin. Use of large flakes for making bifaces is common in the Acheulean assemblages from
this area, as well as in the rest of the Iberian Peninsula and the south of France.

The earliest Acheulean evidence has been dated to between MIS 15 and MIS 13. From MIS 11/MIS 9 on,
this techno-complex is widespread in the region, until MIS 6, when the last evidence has been recorded.
Handaxes, cleavers on flake and trihedral picks dominate in the châines op�eratoires of façonnage, which
are present in significant percentages. Short châines op�eratoires of d�ebitage prevail in quartzite, and
discoid and polyhedric in flint. Most retouched tools are seldom elaborate. Lithic assemblages with
châines op�eratoires of façonnage exclusively represented by handaxes start to be recorded towards the
end of the Middle Pleistocene. These handaxes are more elaborate than previous and the retouched tools
are more complex.

Among the activities identified in the sites excavated in overbank facies, exploitation of large mam-
mals, particularly proboscideans, is outstanding, as well as the manufacture of lithic tools and the
exploitation of primary flint outcrops. The recording of long recurrent settlements on the same location
is remarkable.

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

The beginning of the Acheulean period in Europe is still being
debated (Moncel et al., in press; Mosquera et al., in press). In
Southern Europe it is recorded since at least MIS 12, although older
dates have been published for sites belonging to this techno-
complex (Falgu�eres et al., 2004; Barsky and de Lumley, 2010;
Lef�evre et al., 2010; Moncel et al., 2013; Pereira et al., 2015).
However, confirmation of these dates by alternative dating
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methods would be desirable (Demuro et al., 2014). In other cases,
the Acheulean character of the lithic industry is not decisive
enough for corroboration (Vallerdú et al., 2014; Santonja et al., in
press).

The diversity of technological strategies in the manufacturing of
lithic tools, particularly handaxes, has prompted some authors to
allude to “Acheuleans” rather than a single Acheulean period in
Western Europe (Moncel et al., in press). The Acheulean in the
Iberian Peninsula and the south of France shows certain techno-
logical characteristics in common with the African Acheulean,
which are not found in the rest of Europe (Clark, 1994; Sharon,
2010). This suggests possible connections with North Africa via
ean in the middle of Tagus basin (Spain): Middle stretch of the river
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the Strait of Gibraltar (Santonja and Villa, 2006; Doronichev and
Golovanova, 2010; Sharon, 2011; Bar-Yosef and Belfer-Cohen, 2013).

The most characteristic morphotypes of the Acheulean, han-
daxes, cleavers, and picks, are frequently made on large flakes in
Africa (Roche et al., 2003; Semaw et al., 2009). Production of these
blanks has been considered one of the most important features of
this techno-complex (Isaac, 1969; Leakey, 1975). The “large flake”
definition of Kleindienst (1962), as one larger than 10 cm, has been
accepted by most researchers. In Europe, the use of large flakes for
bifaces is common only in the Iberian Peninsula (Santonja and
P�erez-Gonz�alez, 2010) and in the basins of the rivers Garonne,
Rhône, Roussillon and Tarn, in Southern France (Tavoso, 1986;
Mourre, 2003; Turq et al., 2010). The availability of coarse grained
rocks, combined with the presence of appropriate -blanks, as
sometimes occurs in the Iberian Peninsula and Southern France,
has been considered as the key factor concerning this distinction.
However, large flakes can also be knapped from fine-grained rocks
(Rolland, 1995; Sharon, 2010), as occurs at sites such as La Noira
(Moncel et al., in press), or at Caune de l'Arago, levels P and Q
(Barsky and Lumley, 2010; Barsky, 2013). However, only a few of
these were used for manufacturing handaxes and cleavers.

Since the end of the Lower Pleistocene, lithic assemblages
composed of cores and flakes have been recorded in Europe (Parfitt
et al., 2010; Turq et al., 2010; Jim�enez-Arenas et al., 2011; Toro et al.,
2011; Oll�e et al., 2013). These industries could actually be the
substratum of the European Ancient Middle Palaeolithic (EAMP),
which has been recorded in the continent since the final MIS 9 or
early MIS 8 (Moncel et al., 2005; Bourguignon et al., 2008; Koehler,
2008; Richter, 2011; Santonja et al., in press). Therefore, in Europe,
the earliest Acheulean coexisted with flake and core industries
which existed on the continent since the final Lower Pleistocene,
and later, since the end of MIS 9, with EAMP. As a result of this
coexistence, the European lithic assemblages developed between
MIS 8 and MIS 6 show different technological solutions derived
from mutual influences (Santonja et al., in press).

In the middle stretch of the Tagus basin, as in the rest of the
Meseta of the Iberian Peninsula (Santonja and P�erez-Gonz�alez,
2010), using large flakes for manufacturing bifaces is a common
practice from the first to the last examples of the Acheulean,
regardless the availability of coarse-grained rocks, although access
to these raw materials can be noticed from its proportional repre-
sentation. The purpose of this paper is to identify the timeframe
and the technological strategies used in manufacturing lithic tools
during the Acheulean techno-complex in the middle stretch of the
Tagus basin.

The highest density of Palaeolithic archaeological sites known in
the Iberian Peninsula lies within the fluvial deposits of the last
stretch of the Manzanares and Jarama rivers, as well as in some
areas of the Tagus valley (Fig. 1) (Rubio-Jara et al., 2002). This is due
on the one hand to the geological characteristics of these valleys,
and on the other hand to modern day demand for aggregates in
Madrid, which have favoured first the accumulation of Pleistocene
deposits, and then access to large sections of those deposits in sand
and gravel quarries (Rubio-Jara et al., 1999; Santonja and Vega,
2002).

The Pleistocene at the Tagus basin has been studied since 1850,
when two elephants were excavated in Tejar de las �Animas, at Cerro
de San Isidro in Madrid (Paz Graells, 1897; Santonja et al., 2001).
Shortly after, the first knapped lithic artifacts were recognized,
including a flint cleaver, which were published in 1863 (Verneuil
and Lartet, 1863). Between 1917 and 1931, under the initiative
and supervision of Hugo Obermaier (1879e1946), several sites
were discovered and investigated (Obermaier, 1925). These works
were carried out during the 1950's and 1960's, with an approach
distant from the accepted premises of the time, although with
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certain international repercussion thanks to the 4th International
Congress of Prehistoric and Protohistoric Sciences and the 5th In-
ternational Quaternary Congress (INQUA), which were held in
Madrid in 1954 and 1957 respectively. From 1970 there was a
renewal of Palaeolithic research, but despite the innovative ap-
proaches (Santonja et al., 1980), the 20th century ended with
disappointing results regarding the knowledge of this period.

During the first decade of the current century, data regarding
Pleistocene human occupation in this area has been significantly
updated. Since the late nineties, systematic research projects have
been implemented in the middle and lower stretches of the Jarama
and Manzanares rivers (Uribelarrea, 2008; Panera, 2009; Rubio-
Jara, 2011), as well as in their interfluve (B�arez et al., 2010; Baena
Preysler et al., 2015), and in the middle stretch of the Tagus river
(Rodríguez de Tembleque, 2008, 2010; L�opez-Recio et al., 2015). The
research programs carried out during the last years in the Man-
zanares and Jarama valleys, as well as in the Tagus valley, are
considered as regional studies of the Pleistocene. They have been
based on systematic field surveys on sections of fluvial deposits,
where a large number of industrial assemblages have been recor-
ded in stratigraphical context. Many of them in gravel bars, and
others on overbank facies. Finally, a series of numerical dates have
updated the general knowledge of the Pleistocene in the South
Submeseta of the Iberian Peninsula, in particular the Acheulean,
which has highlighted this area as one of the most important Eu-
ropean archives for the knowledge of this period.

The lithic industries found in stratigraphy in Pleistocene fluvial
deposits of the low stretches of the rivers Manzanares and Jarama
valleys, and between the mouth of the river Algodor and Puente del
Arzobispo in the river Tagus valley (Fig. 1), are described in this
paper, based on their geomorphological and chronological frame-
works. In this paper we shall use the term bifaces (handaxes,
cleavers and trihedral picks) in the context of current knowledge
about the Acheulean, as it has been recently considered by several
scholars (cf. Díez-Martín and Eren, 2012: 325 ff.; Sahnouni et al.,
2013: 309 ff. and references therein).

2. Geomorphology and chronostratigraphic sequence of the
terraces at the Tagus, Jarama and Manzanares rivers

The Tagus basin is located within the South Sub-Meseta of the
Iberian Peninsula. It is bounded by the Sistema Central (Gredos and
Guadarrama mountains) to the north, by the Cordillera Ib�erica to
the east, and by Montes de Toledo to the south.

The geological uniqueness of part of the valleys of the Tajo,
Jarama and Manzanares rivers has contributed to the preservation
of lithic industry and faunal remains from the Pleistocene. These
valleys are characterised by the development of a great number of
fluvial terraces, related to Quaternary climatic oscillations; tech-
tonics (Alia, 1960; P�erez-Gonz�alez, 1980; Silva et al., 1988a,b; P�erez-
Gonz�alez, 1994), isostatic rising and blocks adjustment, and litho-
logical structural controls (P�erez-Gonz�alez, 1971), which were
responsible for their configuration.

In the Tagus valley, near the city of Toledo, 12 terrace levels have
been distinguished (P�erez-Gonz�alez, 1994; Roquero et al., 1999)
between þ4e6 m and þ125 m. Upstream from Toledo, in Aranjuez,
karstification of the Miocene evaporite-gypsum has led to the
thickening of the fluvial terraces (P�erez-Gonz�alez, 1971).

In the high-middle trench of the Jarama valley, 19 terrace levels
have been recorded between þ3e5 m and þ190 m (Fig. 2). In the
lower part of the valley, Miocene evaporite-gypsum,which crop out
to the east and south of Madrid, have facilitated synsedimentary
subsidence processes in the underlyingkarst, affecting terraceswith
a relative level lower than þ40 m. These terraces, which upstream
are of stepped andperched types, overlap the oldest ones, giving rise
lean in the middle of Tagus basin (Spain): Middle stretch of the river
valleys, Quaternary International (2015), http://dx.doi.org/10.1016/
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to the Complex Terrace of Arganda (hereafter CTA) (P�erez-Gonz�alez,
1971, 1994; Panera et al., 2011), over which the current floodplain is
set (Figs. 1 and 2). CTA is made up of successively stacked fluvial
sequences, named from bottom to top Arganda I, II, III, whichmatch
upwith terracesþ30e32m,þ23e24m, andþ18e20mrespectively
(P�erez-Gonz�alez andUribelarrea, 2002; Panera et al., 2011). Arganda
I contains several floodplain deposits, whereas Arganda II and III
consist mainly of sand and gravel bars matching channel facies.
Finally, Arganda IV is made up of fluvial fan deposits which can
exceed 20 m in thickness, and originate in the oldest Miocene and
Quaternary relieves from the left margin of the Jarama River, also
prone to contain in situ archaeological sites (Panera et al., 2005).

In the Manzanares valley, upstream from Madrid, 13 terrace
levels have been recorded between þ4e5 m and þ95 m (P�erez-
Gonz�alez, 1994). This system of stepped terraces gives way to a
system of complex terraces, named Complex Terrace of Butarque
(hereafter CTB) (Goy et al., 1989). The terraces formed over evap-
oritic rocks þ25e30 m, þ18e20 m and þ12e15 m, are overlapped
and affected by the synsedimentary subsidence, resulting in a huge
thickness increase of dozens of meters. Silva (2003) names this as
the Manzanares Complex Terrace (TCMZ).

The chronostratigraphy of these fluvial valleys has been estab-
lished on the basis of the terrace sequence combined with palae-
omagnetism, biochronological and numerical data. The
terrace þ75e80 m (Salto de la Zorra), in the Tagus valley, contains
Equus stenonis (Alf�erez, 1978, 1999), and belongs to the final Lower
Pleistocene period, before the Cromerien stage (Aguirre, 1989). A
mandible of a Mammuthus meridionalis, of Lower Pleistocene date
was found at the terrace þ60e65 m, in Valdelobos Superior
(Alf�erez, 1977, 1999). This is consistent with the recorded reverse
polarity, which has been interpreted (Pinilla et al., 1995) as
belonging to Chron Matuyama. In the Jarama valley, the Brun-
heseMatuyama reversal (0.780 Ma ago), took place after the last
moment of the T þ60e65 m terrace sedimentary process and
before the formation of the entrenched terrace þ50e55 m
(<0.780 Ma; P�erez-Gonz�alez et al., 2013). This data is consistent
with that retrieved from the River Arlanz�on valley, where terraces
with relative levels þ85e90 m, þ105e110 m, and þ125e130 m
belong to the Chron Matuyama and precede the Subchron Jar-
amillo, specifically, are older than 1.070 Ma. Furthermore, the
terrace þ60e67 m, which shows reverse polarity (Benito-Calvo
et al., 2008), has been dated by ESR (Electron Spin Resonance) to
at least 0.780 Ma (Moreno et al., 2012), whereas a
terrace þ50e54 m with normal polarity (Benito-Calvo et al., 2008)
has been dated by ESR to 0.670 Ma (Moreno et al., 2012).

In the terrace þ40e45 m of the Tagus River, an assemblage of
macro and micromammals characteristic of the Middle Pleistocene
was found (Alf�erez, 1977, 1999; Sese et al., 2000, 2004). The
terrace þ25e30 m has been dated by IRSL (post-Infrared Stimu-
lated Luminiscence) and AAR (Amino Acid Racemisation) (L�opez-
Recio et al., 2015). The dates obtained by IRSL applied on feldes-
par K grains are >280 ka and 292 ± 17 ka respectively, whereas the
AAR date, taken from three Equus molars, provides a date of
226 ± 37 ka, in Pinedo, suggesting that the fluvial deposits of the
terrace þ25e30 m were laid between the isotopic stadia 9 and 7.

In the Jarama valley, the evolutive stage of micromammals from
�Aridos I -in the Unit Arganda I of CTA (zT þ 30e32 m) (L�opez
Martínez, 1980; Santonja et al., 1980), suggests a Late-Middle, but
not Final Pleistocene date. This is consistent with two dates ob-
tained by AAR, which suggest a period between 294 ka and 425 ka
(379 ± 45 and 332 ± 38 ka), overlapping with the final stretch of
MIS 11, between 335 ka and 370 ka (Panera et al., 2011). In the
Arganda II Unit (zT þ 23e24 m), the micromammal assemblage
from Valdocarros (Sese et al., 2011) places this unit some time later
than �Aridos I, in the Late Middle Pleistocene. AAR analysis applied
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to two samples taken from two consecutive flood sequences pro-
vides dates of 262 ± 68 ka and 254 ± 47 ka respectively, overlapping
with the period between 255 ka and 269 ka (Panera et al., 2011).
Biostratigraphic and numerical dates have not been retrieved from
the Arganda III Unit (zþ18e20 m) due to the high cementation
characteristic of this deposit. Aluvial deposits from Arganda IV have
been dated by OSL (Optically Stimulated Luminescence) between
112 þ 36e22 ka and 8 ± 0.7 ka (Panera et al., 2005, 2011). Taking
into consideration on the one hand the climatic needs of micro-
mammals and herpetofauna from �Aridos 1, Valdocarros and HAT
(Arganda I, II and IV respectively), characteristic of mild climate
(Blain et al., 2012), and on the other hand the overlapping of the
available numerical dates, Arganda I falls within the late MIS 11 or
early MIS 9; Arganda II would match some interestadial period
from MIS 8 (although late MIS 9 or early MIS 7 should not be ruled
out), and the basal third of Arganda IV, downstream from Valdo-
carros, would match with Is 20 of MIS 5a, although some parts
(such as the top) could be dated to the Early Holocene (Panera et al.,
2011).

Remains of Praedama sp. (the same as Megaloceros according to
Lister, 1994 and Made, 2001) were found in Transfesa/Tafesa, in the
T þ25e30 m, in the Manzanares valley. These remains, together
with the scarcely evolved morphology of E. (Paleoloxodon) antiquus,
suggest this site dates to around the Bihariense-Oldenburgiense
limit (MIS 11e13; Sese and Soto, 2000). Regarding Tafesa, Mazo
(2010) dates this site before MIS 11, due to the presence of Mega-
loceros savini, which is chronologically earlier than Megaloceros
giganteus, and is recorded in MIS 11 (Lister, 1994; Made, 2001).
There are neither numerical dates nor biostratigraphical data for
terraces T þ35e40 m and T þ18e20 m of the River Manzanares.
The CTB could be composed of at least T þ18e20 m andþ12e15 m.
This deposit can reach up to 70 m (Uribelarrea, 2008), although
only 15 m are visible, dated between the Final Middle Pleistocene
and MIS 4. A minimum date of 125 ka has been obtained by TL for
the bottom of the CTB, at the beginning of this unit, in sequence 3 of
Estanque de Tormentas de Butarque (ETB) (Domínguez et al., 2007,
2009). There are two TL dates for sequence 2 of ETB, 78.7 þ 10.7/
�9.7 ka BP and 84.6þ 12.6/�11.2 ka BP (De los Arcos et al., 2008; De
los Arcos et al., 2010). These would be minimum dates, according to
the biochronological data provided by the association of micro-
fauna and the evolutive stage of Microtus brecciensis, which sug-
gests a date in the last quarter of the Middle Pleistocene (Laplana
et al., 2015). In Los Estragales 1, there are two TL dates for the
visible bottom of CTB, overlapping between 111.1 y los 133.3 ka
(P�erez-Gonz�alez et al., 2008). In EDAR Culebro 1, there is one date
obtained by OSL of 120.541 ± 6.851 ka, and another one obtained by
AAR, which stretches between 133 ± 28 and 105 ± 10 ka (Manzano
et al., 2010). Two further dates, of 133 ka and 134 ka, were obtained
by TL in the Arriaga sand quarry (Silva et al., 2012). In Arriaga I, an
association of microfauna with the presence of Microtus brecciensis
has been recorded, thus dating this site to the Final Middle Pleis-
tocene (Sese and Lopez-Martínez, 2013). However, other re-
searchers (Laplana et al., 2015) consider the remains to beMicrotus
cabrerae, belonging to the Upper Pleistocene. Nonetheless, the lack
of biometrical data of the Iberomys (Microtus) lineage towards the
end of the Middle and beginning of the Upper Pleistocene means
that a date in the Late Middle Pleistocene has not been completely
ruled out. The middle stretches of the outcrop of the CTB recorded
at PRERESA, dated to 85.3 ± 4.7 ka and 84.1 ± 5.6 ka (Yravedra et al.,
2012; Panera et al., 2014) belong to MIS 5b-5a; and so does Los
Estragales 2, dated to 90.6 ± 9.1 ka (P�erez-Gonz�alez et al., 2008).
Finally, the apparently non-eroded tops of CTB, are dated to
64.5 þ 15.2/�11.3 and 60.1 ± 3.4 ka in Los Estragales (P�erez-
Gonz�alez et al., 2008). T þ12e15 m, which is overlapped and
entrenched within the CTB in its initial stretch, has provided two
ean in the middle of Tagus basin (Spain): Middle stretch of the river
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Fig. 1. A. Location of the Tajo basin, Iberian Peninsula. B. Sites cited in text of the Tagus, Jarama and Manzanares valleys. C. Geological sketch of the rivers Jarama and Manzanares.
Detail of image B with sites cited in text: 1, Almendro; 2, �Aridos 1 and 2; 3, Arriaga; 4, Ca~nete; 5, Cerro de Miralobos; 6, Dehesa de Cobisa; 7, El Ca~naveral; 8, El Castillo; 9, Los
Estragales; 10, HAT; 11, Hornaguera and Paridera; 12, La Casa del Guarda; 13, La Gavia I; 14, La Puebla de Montalb�an; 15, Las Acacias; 16, Las Estacas; 17, Los Ahijones; 18, Sangrera;
19, Montalvo; 20, Orcasitas; 21, Oxígeno; 22, Peraleda de la Mata; 23, Pinedo; 24, Polígono Industrial de Toledo; 25, Preresa; 26, Puente Pino; 27, Salchicha inferior; 28, Salto de la
Zorra; 29, San Isidro; 30, Santa Elena; 31, Tamujoso; 32, Quinto de Ochavo; 33, Transfesa/Tafesa; 34, Valdocarros; 35, G�ebalo.
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Fig. 2. Terrace sequences from the Tagus, Jarama and Manzanares rivers with indication of the relative altitude in m, in reference with the main channel (S.R., Sangrera river; T.S.,
Tamujoso Steream); Sites cited in text: 2, �Aridos 1 and 2; 4, Ca~nete; 6, Dehesa de Cobisa; 7, El Ca~naveral; 8, El Castillo; 11, Hornaguera and Paridera; 12, La Casa del Guarda; 15, Las
Acacias; 17, Los Ahijones; 18, Sangrera; 19, Montalvo; 20, Orcasitas; 21, Oxígeno; 22, Peraleda de la Mata; 23, Pinedo; 24, Polígono Industrial de Toledo; 26, Puente Pino; 27, Salchicha
inferior; 28, Salto de la Zorra; 29, San Isidro; 30, Santa Elena; 31, Tamujoso; 32, Quinto de Ochavo; 33, Transfesa/Tafesa; 34, Valdocarros; 35, G�ebalo; Paleomagnetic data, relevant
mammal, and numerical dates (BP � 1000): IRSL (post-Infrared Stimulated Luminiscence), AAR (Amino Acid Racemisation), OSL (Optically Stimulated Luminescence), TL (Ther-
moluminescence); Technocomplex: Ach (Acheulean), M.P. (Middle Palaeolithic).
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numerical dates, one of 40 ± 2.7 ka (P�erez-Gonz�alez et al., 2008),
and another one 40.2 ± 4.6 ka (Domínguez et al., 2007, 2009).

3. The Acheulean in the Tagus basin

3.1. Human presence before MIS 13: the first Acheulean traces

No site from this period has ever been excavated. The infor-
mation available derives from intensive surveys carried out on
stratigraphical sections. The scant finds of lithic industry have been
located in the middle and high terraces of the River Tagus and in
some of its tributary rivers on the left bank, within the stretch of
the basin between the mouth of the River Algodor and the town
Puente del Arzobispo (Santonja and P�erez Gonz�alez, 1997,
2000e2001; Rodríguez de Tembleque, 2008; Rodríguez de
Tembleque et al., 2010).

The oldest remains have been recorded in T þ105 m of the River
Tagus, atMontalvo (La Pueblanueva), where a chopper, an exhausted
core and a flake fragment were found (Santonja and P�erez-Gonz�alez,
1997). Two large retouched flakes and two large quartzite scrapers
were found in the Tþ83mof theRiver Pusa (at El Castillo, Belvis de la
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Jara). Lithic industry has been discovered at several locations with
similar stratigraphical position in the terrace T þ75e80 m of the
River Tagus and its affluents (Rodríguez de Tembleque et al., 2010). At
El Espinar (Almonacid del Tajo), two choppers and one denticulate
were found in a level of gravel (Santonja, 1981a,b; Santonja and
Querol, 1982; Santonja and P�erez-Gonz�alez, 2000e2001), as well as
two simpleflakes, onemultifacial core, onequartzite bec and another
retouched item (Rodríguez de Tembleque et al., 2010). Downstream
from Toledo, in Salto de la Zorra, remains of Equus stenonis Cocchi
(Alf�erez, 1977, 1978) have been recorded, as well as three quartzite
flakes -one of which is retouched-, one retouched flint flake and a
further nine pieces which were unclearly knapped. Finally, three
unifacial quartzite cores -of which one was quite large and another
one bipolar-were found at Quinto de Ochavo (Talavera de la Reina)
(Rodríguez de Tembleque et al., 2010). These may indeed be the first
properly contextualized remains of human occupation in a fluvial
environment in the Meseta, and should be dated within the lower
Pleistocene (between 1.3 and 0.9 Ma). In all cases, these are small
assemblages (no more than ten pieces), except for the quartzite
pieces, showing pronounced fluvial rolling and doubtful in many
cases.
ean in the middle of Tagus basin (Spain): Middle stretch of the river
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Fig. 3. Level PNA at Puente Pino during the excavation campaign in 2005.
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In the terraces of the Tagus valley, lithic industry has been
recorded in practically all levels comprised between þ80 m
andþ50 m, both relative levels included, although scarce and, with
exceptions, showing moderate to pronounced fluvial wearing
(Rodríguez de Tembleque, 2008; Rodríguez de Tembleque et al.,
2010). There are also few pieces per level, nearly all made of
quartzite, mainly flakes and cores. In T þ70 m of the stream
Tamujoso (affluent of the River G�ebalo on its left bank, which joins
the River Tagus), seven quartzite pieces have been recorded, five of
which have been clearly stratigraphically located. These include a
multifacial core, three flakes and one biface on flake with mea-
surements of 114 � 85 � 40 mm (Figs. 1 and 2), which could
actually be the first evidence of the Acheulean in the Tagus basin
(Rodríguez de Tembleque et al., 2010). Furthermore, discoid cores,
one nucleiform handaxe and several tools on flake are included
among the 18 pieces found at the T þ60e65 m of River Sangrera
(Santonja and P�erez-Gonz�alez, 2000e2001), in San Bartalom�e de
las Abiertas (downstream Talavera de la Reina).

In the Jarama valley -T þ55e60 m- 33 pieces have been docu-
mented. Bifaces have not been identified among them, but discoid,
bifacial, orthogonal multifacial and kombewa cores have been
recorded (Panera, 2009).

Lithic industry within a stratigraphical context has been recor-
ded at different locations within the terrace þ40e45 m of the River
Tagus. These terrace levels may correspond with MIS 15e12 (see
discussion). Dozens of pieces showing clear Acheulean features
have been recovered from Hornaguera and Paridera (Malpica de
Tajo) (Santonja and P�erez-Gonz�alez, 1997; Rodríguez de
Tembleque, 2008). Most were made of quartzite. The assemblage
is composed mainly of unretouched flakes; also cores, including
one outstanding example from which supports for cleavers were
-detached; one chopper, one cleaver on flake, one trihedral pick and
a thick ovate handaxe-Lithic industry in stratigraphical context was
recorded during the excavation of a skull of Mammuthus trogon-
therii close to the Toledo Industrial Estate (Santonja, 1981a;
Santonja and Querol, 1982; Santonja and P�erez-Gonz�alez,
2000e2001). Also, in Buenavista inferior and Salchicha inferior
chopping tools (Santonja, 1981a) and some trihedral pick and
handaxes (Alf�erez, 1977) have been recorded. In other similar ter-
races an Acheulean-looking industry has been recorded, although
with small numbers of pieces, as in the G�ebalo and Tagus valleys,
both in the area of Talavera de la Reina (Las Estacas, Cerro de Mir-
alobos, etc.), and in La Puebla de Montalb�an (Rodríguez de
Tembleque, 2008).
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3.2. Lithic assemblages recorded between MIS 13 and MIS 6

3.2.1. Terrace þ35e40 m
The site of Puente Pino is related to this level, near Puente del

Arzobispo, some few metres downstream the mouth of the River
Uso. Two sites have been distinguished: Puente Pino TGS and PNA.
TGS is located on the terrace þ40 m of the River Tagus, associated
with deposits of lateral channels which have eroded the terrace. It
consists of a deposit of fluvial gravels sealed by a thick level of silty
clay with inclusions of very fine eolic sand. PNA seems to be
associated with deposits in a terrace þ35 m, entrenched in the T
þ40 m of the River Tagus. The lithic assemblage lies over a deposit
of fluvial sand and is covered by silty clay with very fine sand. Both
levels show a high average density of Acheulean industry (Figs. 3
and 4): at least 70 pieces per m2 in PNA, and about 477 pieces
per m3 in TGS (Rodríguez de Tembleque, 2004; Rodríguez de
Tembleque, 2005a,b, 2008).

The lithic industry is made mainly of quartzite, but also contains
quartz and to a lesser extent flint and other rocks. In both levels
-but particularly in PNA-all the regular elements of the lithic pro-
duction processes are represented in consistent proportions.
Several types of tools have been documented: hammerstones,
some anvils, debris, chunks, un-retouched and retouched flakes
(scrapers, denticulates, backed knives, awls and so forth), cores, of
which some have been apparently retouched, and nucleiform
pieces sometimes with a trihedral point, choppers (mainly uni-
facial), cleavers on flake (types 0, I and II), handaxes of different
types and sizes, sometimes partial, many of them knapped on
flakes; and few trihedral picks, as well as multi-purpose tools. The
multifacial type predominates among the cores, followed by the
bifacial type, often showing centripetal removals and Levallois
features. A significant number of the cores are elemental or simple,
and others are exhausted or in a terminal phase of exploitation.
Remarkable intensity in flaking and use of the cores can be inferred
from the characteristics present in the flakes and progressive cores.
Frequent use of large quartzite flakes for knapping bifaces is
outstanding. Quartz, and especially flint industries are smaller in
size than that made of quartzite, in accordance with the lower
availability and smaller size of those raw materials. Bifaces made of
quartz or flint have not been recorded.

3.2.2. Terrace þ25e30 m
The best-known site in the Tagus valley is Pinedo, in Toledo

(Querol and Santonja, 1979). A lithic assemblage of some 5961
pieces was retrieved, as well as some faunal remains. All the re-
mains were found in secondary positions and linked to channel
bars (Díaz and P�erez-Gonz�alez, 1979), and were retrieved from
110m3 of an area 25m2 Themost common rawmaterial is quartzite
(68%), followed by flint (25%) and quartz (7%). It is inferred from this
data that flint was either highly selected or brought to the site, as its
presence in the gravel deposits is lower than 2% (Querol and
Santonja, 1979). The industry shows moderate fluvial wear and is
characterised by a minimal presence of Levallois flakes, an abun-
dance of entame flakes, and a lack of Levallois cores, the most
predominant being cores withmultifacial and discoid schemes. The
diversity of tools on flake is outstanding, scrapers being the pre-
dominant type. Among the macrotools, the chopper is the most
abundant category, followed by trihedral picks, handaxes and
cleavers on flake. With regard to the handaxes -all of which were
made of quartzite except two of flint-thick ones prevail, with
amygdaloid, ficron or abbevillian silhouettes. They are poorly
elaborated, which explains the high number of partial specimens
and abbevillian types with asymmetric edges and silhouettes. The
cleavers on flake barely show any retouch, and half show wear
traces in their cutting edges. Straight edges predominate, as well as
lean in the middle of Tagus basin (Spain): Middle stretch of the river
valleys, Quaternary International (2015), http://dx.doi.org/10.1016/



Fig. 4. 1e4. Bifaces from level TGS at Puente Pino site in Alcolea del Tajo, Toledo (Spain); 5e8 Handaxes from level PNA at Puente Pino. 7 and 8 are knapped on flake.
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thick bases and Tixier's 0 and I types (Querol and Santonja, 1979;
Fig. 5).

Two sites have been recorded in the left bank of
terrace þ25e30 m of the River Tagus, both in road sections and
gravel quarries. This is probably the same terrace as Pinedo, which
is located about 10 km downstream and on the right bank. The sites
are Ca~nete Bajo (Santonja and P�erez-Gonz�alez, 1997, 2000e2001;
Rodríguez de Tembleque, 2008) and Ca~nete Alto (Rodríguez de
Tembleque, 2008). Some faunal remains and Acheulean industry
have been recorded in a secondary position, particularly in bed load
deposits. These industries show densities, alterations and general
characteristics similar to those from Pinedo. Two sedimentary units
in a channel facies deposit have been distinguished in Ca~nete Bajo,
or Cien Fanegas. Remains of E. (Paleoloxodon antiquus) were found
in the bottom 5m sand deposit, and 130 lithic pieces were retrieved
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from towards the top of the 3 m gravel deposit, all quartzite but six
of flint, among which old industries were frequently used as blanks
(Baena Preysler et al., 2010c). Multifacial cores predominate, and
discoid and Levallois are absent. The presence of specimens aimed
at obtaining supports for bifaces is remarkable. Retouched tools are
scarce. With regard to themacro tools, which are poorly elaborated,
use of old industries and flakes as support is frequent. The pre-
dominant categories are trihedral picks, followed by handaxes,
cleavers on flake and choppers. The trihedral picks, which have
been compared to those from Tafesa (Baena Preysler and
Baquedano, 2004), are small in size, no larger than 15 � 10 cm
(Fig. 5). The handaxes, with a morphology next to that of the
trihedral picks, are poorly executed, and have been made through
non-alternating removals. The cleavers on flake also show small
sizes and are poorly executed, the Tixier's 0 and I types being
ean in the middle of Tagus basin (Spain): Middle stretch of the river
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Fig. 5. Bifaces on quartzite large flakes (1e5) and flint large flakes (6e8): 1e3, Cleavers on flake of Pinedo; 4, Heavy-duty tool from Pinedo; 5, Trihedral pick on flake of Cien Fanegas;
6, Cleaver on flake from Tafesa; 7e8 Handaxes on flake of Tafesa (taken from: 1e4 from Querol and Santonja, 1979; 5, Baena Preysler et al., 2010c; 6e8, Baena Preysler et al., 2010a).
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dominant. Finally, the choppers, which are hardly distinguished
from the cores (Baena Preysler et al., 2010a) were made through
opposite removals that form pointed edges.

Downstream from Talavera de la Reina, in the T þ30 m, several
Acheulean assemblages have been identified. Nearly 30 pieces were
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found in Dehesa de Cobisa (Calera y Chozas), including unre-
touched flakes, five cores, several trihedral picks, one chopper and a
partial handaxe (Rodríguez de Tembleque, 2008). In Peraleda de la
Mata and in the surroundings of Puente de Los M�armoles, some
Levallois pieces, handaxes and cleavers on flake have been recorded
lean in the middle of Tagus basin (Spain): Middle stretch of the river
valleys, Quaternary International (2015), http://dx.doi.org/10.1016/
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(Santonja, 1981a; Santonja and P�erez-Gonz�alez, 2000e2001). In La
Casa del Guarda, at the T þ30 m of the stream Lientes-Valgrande
(tributary of the River Tagus on its left bank), faunal remains have
been recordedwithin a low overbank deposit. Additionally, 12 fresh
pieces of flint and quartzite with sharp edges, d�ebitage -some of
which can be refitted- and a unifacially knapped chopper were
recovered (Rodríguez de Tembleque et al., 2007e2008).

Finally, in Miradero de Porquillas (San Bartolom�e de las Abier-
tas), located at the terrace þ26 m of the River Sangrera, affluent of
the River Tagus, a plentiful industrial assemblage was found. This
consisted mainly of quartzite pieces, from which the handaxes are
outstanding (Rodríguez de Tembleque, 2008).

In the valley of the River Jarama, the Arganda I lithostratigraphic
unit in the CTA is equivalent to the T þ30e32 m (P�erez-Gonz�alez
and Uribelarrea, 2002; Panera et al., 2011). In Arganda I a signifi-
cant number of lithic tools have been retrieved from channel bars.
Two sites in floodplain facies have been excavated, �Aridos 1 and
�Aridos 2. With regard to the lithic tools, among the chaînes oper-
atoires of d�ebitage, the low representation of discoids and the
prevalence of less elaborate exploitation schemes such as unipolar
and bifacial schemes is remarkable. The high presence of cortex in
the quartzite flakes suggests a predominance of short lithic chaînes
operatoires, typical of unipolar exploitation schemes. The tools on
flake, among which no complex types have been recorded, show
single retouch types. The flint flakes are slightly more retouched
than those from quartzite, just as occurs at bifaces. The chaînes
operatoire of façonnage, are dominated by choppers, followed by
handaxes and trihedral picks, and to a lesser extent by cleavers on
flake. More than half of the handaxes are partial, most of them
knapped on a flake, and the remaining show amygdaloid silhou-
ettes. The bifaces on flint flake, which are probably imported, are
larger in size than those made from quartzite. The trihedral picks
are briefly elaborated, their final shape adapted to the original
nodule, just like the cleavers on flake, which are of the 0 and I types.

Two paleo-surfaces were distinguished in �Aridos 1, where
112 m2 were excavated (Santonja et al., 1980). In the lower surface,
328 lithic pieces were found associated with the disarticulated and
incomplete remains of one single specimen of E. (Paleoloxodon)
antiquus. The site was interpreted as a butchering site. Nearly three
quarters of the lithic assemblage consists of debris and fragments,
mainly flint, and the rest are flakes, tools and macrotools, sug-
gesting that part of the industry was knapped in situ. Most pieces
are flint, only 4% quartzite and just 1% quartz. Hammerstones and
choppers were made of quartzite, whilst nearly all the retouched
tools were made of flint, as well as the cores -except for one very
large example- and handaxes. There are two Levallois cores and six
Levallois flakes. Among the retouched tools, the lack of scrapers and
notches is outstanding, as well as the high number of burins
showing traces of having been sharpened on different occasions.
The handaxes are represented only by two distal fragments, and
several flakes of resharpening, which suggest that these tools were
introduced already manufactured and were resharpened on site
(Santonja et al., 1980).

200 m from �Aridos 1, the remains of E. (Paleoloxodon) antiquus
were found together with 34 lithic pieces at �Aridos 2 (Santonja and
Querol, 1980). The central portion of the skeleton was found
anatomically connected in the preserved 12 m2 of the site. The
remains were lying over an old floodplain surface, covered and
partially eroded by gravel and sand deposits. The relationship be-
tween the industry and the elephant is not as clear as in �Aridos 1,
although cut marks have been recorded on some bone surfaces
(Yravedra et al., 2010), as well as wear traces on some lithic pieces
(Oll�e, 2005). The industry is mainly made of flint, except for two
flakes and the macrotools of quartzite. Nearly half of the pieces are
d�ebitage and fragments, suggesting that at least part of the flint was
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knapped there, although the chaînes operatoires are not complete.
There are no Levallois among the flakes and only a few are
retouched. The bifaces consist of a handaxe with lanceolate ficron
silhouette, and a cleaver on flake similar to Tixier's II type. The lack
of flakes and d�ebitage suggests that these pieces had probably
arrived on site already configured.

In the San Isidro hill, in Madrid, located in the T þ25e30 m of
the Manzanares valley, discoveries of E. (Paleoloxodon) antiquus
with faunal associations belonging to the Middle Pleistocene (Sese
and Soto, 2002), and Acheulean industry have been unearthed
since the middle of the 19th century. As is usual in the Manzanares
valley, the industry is mainly made of flint. The only available
detailed study is the one carried out on 191 handaxes (Santonja,
1977), in which two assemblages were distinguished; one con-
sisting of thick amygdaloids, relatively symmetrical, and the other
consisting of better made handaxes, retouched with soft ham-
merstone, among which the cordiform, lanceolate and ovoid types
were frequent (Santonja, 1977). Recently a flint trihedral pick and a
quartz chopping-tool have been recorded on this hill, as well as a
unipolar core on quartz flake, an un-retouched flake and a fragment
of a quartzite tool (G�omez Hern�anz et al., 2005).

In the Transfesa site, located in the same terrace 7 km down-
stream from San Isidro, remains of two male adults of Elephas (P)
antiquuswere recorded in the 1950's (Mel�endez and Aguirre, 1958).
These remains were lying on a level of fluvial gravels covered by
associated gravel and marl, which probably would have formed
part of an abandoned meander (Santonja et al., 2001). Remains of
suidae, cervidae and equines were also found. In this same level
(Quero Castro, 2002) the presence of lithic industry has been noted
(Andres and Aguirre, 1974), although it is not possible to establish a
relationship between the lithic tools and the faunal remains. A total
163 lithic pieces come from the basal gravel (Cacho and Martos,
2002). Among these, there are plenty of thick asymmetrical han-
daxes, of abbevillian and amygdaloid types, as well as retouched
flakes and amorphous cores (Rus, 1989).

In 1996 a new site, named Tafesa, was excavated close to that
site (Baena Preysler and Baquedano, 2004; Baena Preysler et al.,
2010a). Silva et al. (2010) locate the site in what they call TCMZ
(T9) o T þ22 m of the River Manzanares, even though it has
traditionally been assigned to the stepped terrace þ25e30 m (Goy
et al., 1989), as can be inferred looking at the topography of the
valley. The lithic assemblage of this site can be compared to those
recorded from sites at the middle terraces of the River Tagus,
located þ25e30 m from Pinedo or Cien Fanegas. An area 100 m2

was excavated on an old floodplain crossed by drainage channels
(Silva et al., 1997). Remains of Elephas (P) antiquus, Bos, mid-sized
deers, Megaloceros savini, and Oryctolagus cuniculus were recor-
ded (Sese, 2010), together with 651 lithic pieces arranged in four
levels. 464 of those pieces were recovered from level IV, in an area
only 30 m2 (Baena Preysler and Baquedano, 2004; Baena Preysler
et al., 2010a). With regard to the lithic industry, there is a minor
use of quartzite and quartz versus flint. The use of old industries as
blanks has been recorded in the configuration of both macrotools
and cores. The high presence of cobbles is remarkable (36%),
although only six of them show percussion marks (Baena Preysler
et al., 2010a; Cuartero, 2010). Macro tools, which consist almost
20% of the total, are also well represented, as well as other tools,
which reach values higher than 30%. The flake production is
focused mainly on bifacial and multifacial operative schemes, and
to a lesser extent on orthogonal and discoid schemes, with no
presence of Levallois (Baena Preysler et al., 2010a), suggesting an
expeditious assemblage. Among the tools on flake denticulates are
dominant, followed by scrapers, notches and becs (Baena Preysler
et al., 2010a). There are no choppers among the macro tools.
There are only two cleavers on flake, in contrast with the 22
ean in the middle of Tagus basin (Spain): Middle stretch of the river
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handaxes and trihedral-picks present, which are thick, with
sinuous edges and barely symmetrical profiles (Fig. 5). The pres-
ence of d�ebitage, hammerstones and some refits suggests the
knapping was carried out on site.
3.2.3. Terrace þ23e24 m
Only data from the Jarama valley are available for this terrace

level. In Las Acacias 114 pieces were retrieved from near the base of
a sectionwhere fragments of Elephas tusks were recorded (Santonja
and Querol, 1977). The raw material is mainly quartzite, and in a
very low proportion, flint. The unifacial and bifacial types dominate
among the cores, and there is one similar to a Levallois. The most
common tools on flake are scrapers, which show deep and regular
retouch (Santonja, 1981a), followed by natural backed knives and
Mousterian points. Macro tools represent more than one third of
the assemblage, including plentiful choppers, handaxes and
cleavers on flake, whereas trihedral picks are barely represented.
Both flat and thick handaxes are equally present, the cordiform,
amygdaloid and protolimande silhouettes being notable. Among the
cleavers on flake, those made on an ordinary flake or II type are
dominant, followed by the 0 type, with generally sinuous edges.

The site of Valdocarros, where the largest extension of an
Acheulean site has ever been excavated in the Iberian Peninsula
after Torralba and Ambrona, is located to the upper third of the
Arganda II stratigraphical unit (zTþ 23e24m). Three sedimentary
episodes have been recorded, which have been named, from bot-
tom to top, I, II and III. Valdocarros I and III consist of wide flood-
plains away from the main course. Valdocarros II consists of an
abandoned meander integrating two different sedimentary envi-
ronments; one towards the bottom, with gravel deposits and sand
in channel facies eroding Valdocarros I, and another one consisting
of a silty-clay and sand fill in which four levels 30e50 cm thick
containing lithic industry and faunal remains have been distin-
guished. In Valdocarros I, 18 m2 have been excavated, and 836m2 in
Valdocarros II (Fig. 6). The association of reptiles and amphibians
recorded in levels 2, 3 and 4 of Valdocarros II suggests a quick cli-
matic shift. This could be matched with the transition betweenMIS
Fig. 6. Aerial view of Valdoca

Please cite this article in press as: Rubio-Jara, S., et al., Large flake Acheu
Tagus valley and lower stretches of the rivers Jarama and Manzanares
j.quaint.2015.12.023
8 and MIS 7 (Blain et al., 2012). The faunal remains are fragmented,
disarticulated and show a similar distribution to that of the lithic
industry. Among the 2750 remains of large mammals retrieved,
Cervus elaphus is the best represented species, followed by Equus
caballus, Bos primigenius and to a lesser extent Capreolus sp., Dama
sp., and Elephas sp. (Yravedra and Domínguez-Rodrigo, 2009). A
small amount of carnivorous remains must be added to this
assemblage (Felix sp., Canis lupus and Vulpes vulpes). Nearly two
thirds of the lithic assemblage consists of flint pieces, a third of
quartzite and the rest is quartz. Flint is mainly used for flake pro-
duction, whilst quartzite is used for both flakes and macrotools.
Scarcely elaborated quartzite cores predominate within the iden-
tified operative schemes (unifacial, bifacial, and to a lesser extent,
jano), as opposed to discoids. The bifacial, multifacial and discoid
types dominate among the flint cores. Only one Levallois core has
been recorded, although several flakes have been obtained by this
method. The retouched tools have been knapped mainly on flint,
whether on flakes, cores or even old industries. The best repre-
sented morphotypes are denticulates, retouched flakes, scrapers
and backed knives. Awls and burins have also been recorded. Most
of bifaces are handaxes, followed by cleavers on flake, whilst
trihedral picks are barely represented. Most handaxes have been
made from quartzite, and some from flint (Figs. 7 and 8). Many of
them have been adapted to the shape of the support, showing few
removals, especially in the case of flakes and old industries used as
blanks. All cleavers on flake are quartzite and 0 or 1 types, char-
acterised by the edges being arranged with only few removals
(Fig. 8). Most choppers are quartzite, some flint and quartz in one
case, showing unifacial simple edges, and to a lesser extent simple
and double bifacial edges.
3.2.4. Complex Terrace of Butarque (CTB)
Several Acheulean lithic assemblages have been found at the

visible base of the initial trench of this terrace, which can reach up to
70 m in thickness (Uribelarrea, 2008). The chronological data can
onlypoint to itspositionwithin theMiddlePleistocene (Laplanaet al.,
2015), as it is not possible to specifywhether it falls inMIS 7 orMIS 6.
rros site (Madrid, Spain).
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Fig. 7. Handaxes on quarzite and flint from Valdocarros II site (Madrid, Spain).
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A total of 4921 pieces were found at the Santa Elena sand quarry
(Cacho and Martos, 2002; Gamazo, 2002), matching different units
within the CTB, which were comprised since the final Middle
Pleistocene to the early Upper Pleistocene. Acheulean and Middle
Palaeolithic industries have been recorded, although the levels
have not been distinguished so far. Bifaces are well represented in
this assemblage, together with a substantial number of Levallois
cores and a certain percentage of tools on blades, which are prob-
ably related to Upper Pleistocene deposits. Among the handaxes,
lanceolate and micoquian specimens are plentiful. Trihedral picks
show slender silhouettes, and those made on kombewa flake,
Levallois and Tixier's V type stand out among the cleavers on flake
(Santonja and Querol, 1980). The faunal association of this sand
quarry can be put down to the Middle Pleistocene, and comprises
Elephas (P) antiquus, Rhinocerotidae indet., Equus caballus, Cervidae
indet., Bovidae indet. cf. Bos/Bison (Sese and Soto, 2002).

A further faunal assemblage dated in theMiddle Pleistocenewas
recorded at the Oxígeno sand quarry (Elephas (P) antiquus, Equus
caballus, Cervidae indet., Bovidae indet. cf. Bos/Bison) (Sese and
Soto, 2002: 448), where 10,416 lithic pieces were retrieved
(Cacho and Martos, 2002; Gamazo, 2002). Within a series of 5000
pieces, mainly flakes and fragments, 219 handaxes were recovered,
as well as 38 trihedral picks and 21 cleavers. Most of them aremade
of flint, and a few of quartzite (Rus and Querol, 1981). Most han-
daxes are made on flake. The thick ones are dominant (195), and
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include lanceolate-micoquian types, as well as amygdaloid and
protolimandes; among the flat handaxes, cordiform, discoid and
ovoid types stand out. The edges have been regularised or sharp-
enedwith a soft hammerstone. The best represented cleavers are of
Tixier's V, II, 0 and I types (1956), showing regular symmetric sil-
houettes, usually shaped with a hard hammerstone, which is also
used for making trihedral picks, mainly on flake.
3.2.5. Interfluve between the Manzanares and Jarama rivers
The sites recorded at Los Ahijones are found on the dividing

platform along the ManzanareseJarama rivers valleys (Figs. 1 and
2). This is characterised by the presence of layers of flint and
carbonated clay belonging to the Middle Miocene, which forms the
headwaters of the main drainage net of the platform, consisting of
Los Migueles stream (affluent of the River Manzanares), and its
tributaries, Los Ahijones and El Ca~naveral stream (B�arez et al.,
2010). The sites recorded in this area are related to the primary
outcrops of siliceous rocks, and to its reiterate use as source of raw
materials (Baena Preysler et al., 2015). In terraces T1, T2 and T3 of
Ca~naveral, dated in the final Middle Pleistocene (T1 > 150 ka BP and
115 þ 32/�19 ka BP for the edaphic horizon developed over T2,
B�arez et al., 2010), nine Acheulean lithic assemblages have been
found. There is a high percentage of handaxes, although cleavers on
flake and trihedral picks are virtually absent.
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Fig. 8. Valdocarros II site (Madrid, Spain). 1e3. Cleavers on flake. 4e7. Handaxes on flake. 8. Cleaver.
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The site of El Ca~naveral (Baena Preysler et al., 2008a, 2008b,
2010b), has also been linked to the direct exploitation of sili-
ceous outcrops, which favoured its exploitation during the
Pleistocene, having been recorded in the same environment
Acheulean and Mousterian lithic assemblages (Baena Preysler
et al., 2008a,b). Several sub-categories concerning the exploita-
tion of recycled material have been distinguished: old industries
have been exploited, retouched or used as hammerstones, having
used cores as hammerstones or vice versa (Baena Presyaler et al.,
2011, 2015).

4. Discussion

In the Tagus basin, the first evidence of the Acheulean techno-
complex can be dated to the MIS 15e12 and certainly to MIS 11. If
the Acheulean period entered Europe through the Strait of Gibraltar
(Santonja and Villa, 2006; Santonja and P�erez-Gonz�alez, 2010;
Moncel et al., in press), the Tagus basin necessarily had to play an
important role in its extension throughout Southern Europe. The
valley of the river Tagus, along its 1007 km, connects the south of
the Iberian Peninsula with the other two large basins of the Iberian
Peninsula, the Duero and the Ebro basins.

No site has been excavated in the Tagus basin with a date prior
to MIS 13. The small number of lithic finds referable to this period
are located in the middle and high terraces of the Tagus valley
and in some of its tributaries. In this valley, in the T þ105 m and T
þ83 m, there is evidence of human presence with dates older
than one million years. This comes from a relative date of the
terrace deposit in which poor assemblages of lithic industry have
been found, with no diagnostic specimens which would allow
them to be assigned to a particular techno-complex (Santonja and
P�erez-Gonz�alez, 1997; Rodríguez de Tembleque et al., 2010). In
Please cite this article in press as: Rubio-Jara, S., et al., Large flake Acheu
Tagus valley and lower stretches of the rivers Jarama and Manzanares
j.quaint.2015.12.023
the River Arlanz�on valley, in the Duero basin, the
terrace þ70e78 m with normal polarity (Benito-Calvo et al.,
2008), and dated by ESR to 1.140 Ma (Moreno et al., 2012), may
represent the normal Subchron Jaramillo (0.990e1.070 Ma;
P�erez-Gonz�alez et al., 2013).

The oldest evidence of the Acheulean occurs in a terrace located
at 70 m relative height, where a biface on flake was found. This
could date the beginning of this techno-complex to the end of the
Lower Pleistocene, although new discoveries of greater importance
may well take place. The evidence is more solid in T þ40e45 m at
Hornaguera and Paridera, (Santonja and P�erez-Gonz�alez, 1997;
Rodríguez de Tembleque, 2008). These terrace levels may corre-
spond with MIS 15e12, considering that terraceþ50e55 m (Panera
et al., 2011) could be as old as 0.7e0.6Ma according to the ESR dates
of this terrace level at the Arlanz�on valley, in the Duero basin
(Moreno et al., 2012), and the date 292 ± 17 ka, obtained by IRSL in
the T þ25e30 m of the Tagus valley (L�opez-Recio et al., 2015).

Puente Pino could be the oldest Acheulean site excavated in the
Tagus basin, taking into consideration that PNA could fill an inter-
mediate position between the terraces þ40e45 m and þ30 m of
the regional fluvial sequence of the River Tagus (Rodríguez de
Tembleque, 2004, 2005a, 2008).

Acheulean lithic assemblages become common from
level þ30 m, as has been revealed in the unit Arganda
I z T þ 30e32 m of the Jarama valley, and the T þ25e30 m of the
Tagus and Manzanares valleys. From this moment on, Acheulean
assemblages have been recorded in the valleys of the main and
secondary rivers of the Tagus basin. The T þ25 m has been dated to
the MIS 11e13 (Sese and Soto, 2000; Mazo, 2010), Arganda I to the
end of MIS 11 or early MIS 9 (Panera et al., 2011), and the T
þ25e30 m of the Tagus valley to the final MIS 9 or early MIS 8
(L�opez-Recio et al., 2015).
lean in the middle of Tagus basin (Spain): Middle stretch of the river
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Valdocarros, in the unit Arganda II of the CTA (zT þ 23e24 m),
is the excavated Acheulean site which provides a late date, between
MIS 8 and MIS 7 (Panera et al., 2011; Blain et al., 2012). Lithic in-
dustry assemblages have also been recorded in secondary positions
in the Arganda II gravel bars.

The latest evidence of the Acheulean technocomplex in the
Tagus basin could be located at the T þ18e20 m and in the visible
base of the CTB initial stretch, in the Manzanares valley, which date
to the final Middle Pleistocene (Laplana et al., 2015). The materials
ascribed to the Acheulean found in the Manzanares and Jarama
interfluve have also been ascribed to this time (B�arez et al., 2010;
Baena Preysler et al., 2015).

Fluvial loads have been influential in the choice of rawmaterials
used for manufacturing lithic tools, but not decisive. Thus, in the
Tagus and Jarama valleys, where there is plenty of quartzite, the
châines op�eratoires of façonnage, particularly those set aside for
production of choppers and cleavers, are better represented than in
the Manzanares valley, where flint predominates and quartzite is
absent. Nevertheless in this valleymanufacturing of bifaces on flake
is frequent. Then again, in the in situ sites of the Jarama valley, flint
pieces are frequent in the châines op�eratoires of d�ebitage, despite
being a rare raw material. This could be interpreted as the re-
quirements of the functionality of the site, or else flint was
preferred for knapping tools on smaller flakes.

There is little information about some levels of terraces,
particularly the highest and the lowest. Besides, this information
often comes from old research and publications, making it difficult
to elicit general conclusions.

With regard to macro tools, handaxes, often knapped on large
flakes, are themost frequently recorded tools, followed by choppers,
while cleavers and trihedraletrihedral picks are less represented.
Among the handaxes, thick, asymmetrical, rough types are domi-
nant, with irregular edges and barely retouched. Nevertheless,
more carefully elaborated and balanced specimens are also found,
such as those from San Isidro and Las Acacias (Santonja, 1977;
Santonja and Querol, 1977). The most frequent cleavers on flake
are of Tixier's type 0 and, to a lesser extent, type 1 (Tixier Inizan,
1956). With regard to the cores, the predominant châines
op�eratoires are bifacial and polyhedral, followed by discoid, which
are normally well represented. Levallois cores are exceptional. The
most common retouched tools on flake are scrapers, followed by
denticulates. More elaborated types such as awls and, particularly,
end-scrapers, are scarce.

The main source of information for the characterization of the
lithic industry of the final Middle Pleistocene is the Manzanares
valley, specifically from Tþ18e20 m and from the visible bottom of
the CTB, and also old research of poorly published lithic assem-
blages. Flint is the predominant raw material due to the lack of
quartzite in the load of this river. These deposits contain the last
clearly Acheulean evidence. The châines op�eratoires of façonnage,
with meagre percentages, are almost exclusively represented by
handaxes and to a lesser extent by cleavers on flake and trihedral
picks, choppers being totally absent. Handaxes continue being
manufactured frequently on large flakes, although thick ones are
still predominant. Their silhouettes tend to be well balanced and
symmetrical, and the edges regularized or resharpened by retouch,
although poorly elaborated edges are also present. As for the
cleavers, regular silhouettes are also common. Tixier's types V and
II are predominant, followed by types 0 and I. Flakes have not
usually been detached from the cores in a preconceived manner.
Discoid types are not always present, and when they are, it is in low
percentages. The most common cores are non-organized and with
a low number of removals. With regard to the retouched tools,
scrapers and denticulates are predominant, although all types
described by Bordes (1961) are present.
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The basic differences between the lithic assemblages recorded
on the one hand in the terraces þ30 m and þ23e24 m, and on the
other hand in the terrace þ18e20 m, lie, above all, in the configu-
ration of the châines op�eratoires of façonnage, particularly in the
case of the handaxes, as choppers have hardly been described, and
the percentage of cleavers on flake and trihedral picks is inferior in
the lower terrace. Higher percentages of well-made handaxes, well
balanced and symmetrical, with edges regularized or resharpened
by retouch have been recorded in this level. Cleavers on flake show
regular silhouettes, and Tixier's types V and II are predominant. A
certain rise of the complex types can be observed among the
retouched tools, although scrapers and denticulates continue to
dominate the sample. However, clear differences cannot be estab-
lished in the châines op�eratoires of d�ebitage. The most common
cores are elemental and without an organized exploitation scheme.
Discoids cores are uncommon, and Levallois cores are scarce.

The Acheulean assemblages found in the interfluve between the
Manzanares and Jarama rivers, associated with primary flint out-
crops, are characterized by a high percentage of handaxes, and an
almost total lack of cleavers and trihedral picks (Baena Preysler
et al., 2008a,b; B�arez et al., 2010).

In the Iberian Peninsula, the Middle Palaeolithic has been
recorded since MIS 10/9 in sites such as Ambrona, Cuesta de la
Bajada or TD 10 in Atapuerca (Rubio-Jara,1996; Santonja and P�erez-
Gonz�alez, 2006; Oll�e et al., 2013; Santonja et al., 2014), coexisting
with Acheulean sites, such as Torralba and Valdocarros (Santonja
et al., in press). There is conspicuous evidence of the Middle
Palaeolithic during MIS 5 in the Jarama and Manzanares valleys
(Panera et al., 2005; P�erez-Gonz�alez et al., 2008), and even probably
since the final Middle Pleistocene, although the timeframe cannot
be accurately specified (Panera, 2009; Rubio-Jara, 2011). In the
Manzanares valley and in the interfluve between this and the Jar-
ama river, lithic assemblages with a practical dearth of cleavers on
flake, trihedral picks and choppers are recorded, containing
bifaces-tool support (Bo€eda, 2001), and with a stronger Levallois
presence (B�arez et al., 2010; Rubio-Jara, 2011; Baena Preysler et al.,
2015). This could be the result of the relation between the Acheu-
lean and EAMP, as pointed out by Santonja et al. (in press). More
accurate timeframes and detailed techno-economic descriptions of
these lithic assemblages are necessary for their understanding and
characterization.

Many Acheulean lithic assemblages have been found in gravel or
sand bars (Pinedo, Ca~nete, La Gavia I, Santa Elena, Oxígeno). As a
result, the remains have been moved from their original location
and may come from other spots where different activities were
carried out. This type of site provides techno-economic informa-
tion, whereas sites found on overbank facies (�Aridos 1 y 2, San
Isidro, Valdocarros, Transfesa and Tafesa), have optimal preserva-
tion of the spatial relationship of the remains, and also provide
information regarding how the human groups adapted to the
fluvial ecosystems.

Several sites with remains of E. (Paleoloxodon) antiquus associ-
ated with lithic industry are known in the terrace þ25e30 m (San
Isidro, Orcasitas, Transfesa and �Aridos 1 y 2; Santonja et al., 2001),
although they are old findings, incompletely recorded, except for
�Aridos 1 and 2. Remains of proboscidea dating between MIS 6 and
MIS 5 have been recorded in 17 sand quarries at the CTB in the
Manzanares valley, and in at least four cases interaction between
hominins and megafauna were proven (Panera et al., 2014). There
are more Lower Paleolithic sites than Middle Palaeolithic known in
Europe, where exploitation of proboscideans has been proved.
However, the findings recorded from the Manzanares valley reveal
that there were no important changes in the subsistance strategies
with regard to these mammals during the Acheulean and the
Middle Paleolithic.
ean in the middle of Tagus basin (Spain): Middle stretch of the river
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The sector PNA of Puente Pino has been interpreted as a site
where human groups manufactured and used lithic tools in un-
specific activities, based on the presence of complete lithic châines
op�eratoires, and the concentration and diversity of industry and
tools (Rodríguez de Tembleque, 2008). The strategic location of the
site, the record of different archaeological levels and the presence
of several Acheulean sites in the surroundings suggest that the area
was recurrently visited by human groups (Ruiz Zapata et al., 2009).

In Tafesa (Baena Preysler and Baquedano, 2004), presence of
knapping remains, hammerstones and some refits suggests knap-
ping being carried out on site. According to cut marks identified on
diaphysis of large mammals, knapping would be related, at least in
part, to meat consumption (Yravedra, 2010).

The site that gives more information about the interaction be-
tween human groups and the environment is Valdocarros. The
abandoned meander of Valdocarros II was occupied at least on four
different occasions and under different climatic conditions. The
human groups went back several times, probably attracted by the
proximity to a substantial river, the shelter provided by the
meander depression and the dense vegetation. The hominins were
the main agent of accumulation of vertebrate remains, moving the
carcasses from short distances (Yravedra and Domínguez-Rodrigo,
2009). In Valdocarros II, knapping has been related mainly with
core reduction, and in some levels with handaxe shaping and
resharpening. Most sites excavated in the Iberian Peninsula to date
correspond to specific activities, such as exploitation of large
mammal carcasses or knapping lithic tools. Valdocarros, which
presents one of the largest areas with Pleistocene archaeological
remains of the Iberian Peninsula, is a different case.

With regard to raw material collection, the Jarama and Tagus
valleys have yielded plenty of quartzite and quartz cobbles,
whereas the primary flint outcrops from the Manzanares-Jarama
interfluve have been recurrently exploited since the final Middle
Pleistocene (B�arez et al., 2010; Baena Preysler et al., 2015).

Acheulean sites with middle to high industrial density have also
been described from deposits developed on high terraces,þ50m or
more, as well asmiddle ones, sometimes on alluvial fans (Rodríguez
de Tembleque, 1997; Panera, 2009). Despite lacking a timeframe,
these lithic assemblages allow the exploration of the spatial frame
of the Acheulean groups, beyond the activities carried out on the
floodplains (Díez-Martín et al., 2008).

5. Conclusions

Practically all the Acheulean sites have been recorded in fluvial
terraces, which has limited all the available information to this
sedimentary environment. This is due to the ability of this envi-
ronment to generate and preserve deposits, plus the subsistence
potential which characterises Mediterranean fluvial valley ecosys-
tems, which constituted authentic ecological corridors, making the
faunal circulation between different geographic areas and ecosys-
tems easier. Other morphosedimentary environments present in
the basin, such as karstic, have not been subject of systematic
research, and could yet give relevant information on the topic.

Despite lacking an accurate timeframe, the first Acheulean
evidence could be dated to between MIS 15 and 13. In accordance
with the numerous lithic assemblages found in stratigraphical
contexts and by the sites excavated in T z þ30 m, from MIS 11 on,
at most MIS 9, this techno-complex is widely spread throughout
the Tagus basin. Valdocarros (zT þ 23e24 m), ascribed to MIS 8/7,
is the most recent Acheulean site excavated in the Tagus basin,
and one of the most recent of the Iberian Peninsula. The final
Acheulean evidence could be dated to MIS 6, in the T þ18e20 m
and in the visible bottom at the initial stretch of the CTB at the
Manzanares valley.
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As in the case of the African Acheulean, and the rest of the
Iberian Peninsula and Southern France, the châines op�eratoires of
façonnage are present in significant percentages, and the use of
large flakes for shaping bifaces is common, although the available
raw materials have an influence on their representativeness. Han-
daxes, often made on flake, are the most common bifaces. They
tend to be poorly elaborated, with non-regularized or non-
retouched edges. Trihedral picks are scarcely represented, and
cleavers on flake are of 0 and 1Tixier's types. With regard to the
châines op�eratoires of d�ebitage, short examples predominate in
quartzite, and polyhedral and discoid in flint. Levallois presence is
scarce. As observed from sites on overbank facies, there is a certain
preference for flint for knapping small tools. Retouched tools are
usually little elaborated. Scrapers and denticulates are the most
characteristic morphotypes.

To the end of the Middle Pleistocene, in the Manzanares valley
and in the interfluve with the River Jarama, lithic assemblages with
châines op�eratoires of façonnage are present in the archaeological
record, almost exclusively represented by handaxes. These han-
daxes are more elaborate than previous and their edges have been
regularized by retouch. Cleavers on flake of Tixier's V and II types
are also included in these assemblages, as well as complex
retouched tools on flake. Levallois cores are also present. These
assemblages may respond to the interrelation between Acheulean
and EAMP suggested by Santonja et al. (in press).

With regard to the adaptation of the human groups with
Acheulean technology to fluvial ecosystems, the number of sites
where proboscidean remains have been found associated with
lithic industry is outstanding. This is also recorded during the
Middle Palaeolithic, unlike in other European regions, and should
be analysed under the relations which occurred between these
techno-complexes. In other sites, such as Puente Pino or Tafesa, we
do not know the activities carried out by the hominins, beyond
manufacturing lithic tools. Evidence from Valdocarros has shown
for the first time an occupation site where human groups went at
different occasions and under different climatic conditions; where
lithic tools were brought, as well as raw materials for
manufacturing new ones; and where parts of large mammals car-
casses were exploited using these tools. The activities of human
groups with Acheulean technology were developed beyond the
floodplains, according to the lithic assemblages found on the
middle terraces, higher than þ50 m, and by the primary flint out-
crops in the Jarama-Manzanares interfluve, which have been
recurrently exploited since the end of the Middle Pleistocene.
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